L))

WY ALSIVI - cliSigull Blive i)

éalall awl

Phys.ici 101 ng a




INSTRUCTOR
SOLUTIONS
MANUAL



Typewritten Text
INSTRUCTOR
SOLUTIONS
MANUAL


Physics and Measurement

CHAPTER OUTLINE

1.1 Standards of Length, Mass, and Time

1.2 Matter and Model Building

1.3 Dimensional Analysis

14 Conversion of Units

15 Estimates and Order-of-Magnitude Calculations
1.6 Significant Figures

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

OQ1l.1 The meterstick measurement, (a), and (b) can all be 4.31 cm. The
meterstick measurement and (c) can both be 4.24 cm. Only (d) does not
overlap. Thus (a), (b), and (c) all agree with the meterstick

measurement.
OQ1.2 Answer (d). Using the relation
1f=12 m(2'54, Cm)( 1 m j: 0.304 8 m
1in 100 cm
we find that
2
1420 ft? (wj =132 m?

OQ1.3 The answer is yes for (a), (c), and (e). You cannot add or subtract a
number of apples and a number of jokes. The answer is no for (b) and
(d). Consider the gauge of a sausage, 4 kg/2 m, or the volume of a

cube, (2 m)’. Thus we have (a) yes; (b) no; (c) yes; (d) no; and (e) yes.

1
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2 Physics and Measurement

OQl4 41€=41€(1L/1.3€)(1qt/1L)1 gal/4 qt) = (10/1.3) gal =~ 8 gallons,
answer (c).

OQ1.6  The number of decimal places in a sum of numbers should be the same
as the smallest number of decimal places in the numbers summed.

214 s
15 S
1717 s
4.003 s

57.573 s =58 s, answer (d).

OQL.7  The population is about 6 billion = 6 x 10’. Assuming about 100 Ib per
person = about 50 kg per person (1 kg has the weight of about 2.2 1b),

the total mass is about (6 x 10°)(50 kg) =3 x 10" kg, answer (d).

OQ1.8 No: A dimensionally correct equation need not be true. Example: 1
chimpanzee = 2 chimpanzee is dimensionally correct.

Yes: If an equation is not dimensionally correct, it cannot be correct.

. . . . . 2
OQ19 Mass is measured in kg; acceleration is measured in m/s”. Force =
. . 2
mass x acceleration, so the units of force are answer (a) kg.-m/s".

OQ1.10 0.02(1.365) = 0.03. The result is (1.37 + 0.03) x 107 kg. So (d) 3 digits are
significant.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ1.1  Density varies with temperature and pressure. It would be necessary
to measure both mass and volume very accurately in order to use the
density of water as a standard.

CQ1l2  The metric system is considered superior because units larger and
smaller than the basic units are simply related by multiples of 10.

Examples: 1km=10"m, 1 mg=10"g=10"kg, 1 ns=10"s.

CQ13 A unit of time should be based on a reproducible standard so it can be
used everywhere. The more accuracy required of the standard, the less
the standard should change with time. The current, very accurate
standard is the period of vibration of light emitted by a cesium atom.
Depending on the accuracy required, other standards could be: the
period of light emitted by a different atom, the period of the swing of a
pendulum at a certain place on Earth, the period of vibration of a
sound wave produced by a string of a specific length, density, and
tension, and the time interval from full Moon to full Moon.

CQ1.4 (a) 0.3 millimeters; (b) 50 microseconds; (c) 7.2 kilograms
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Chapter1 3

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 1.1 Standards of Length, Mass, and Time

P1.1 (@) Modeling the Earth as a sphere, we find its volume as
dar= ézz(6.37 x10° m)’ =1.08 x 10* m’
3 3

Its density is then

m _ 5.98x10* kg
= = =15.52x10° k 3
vV 1.08x10" m’ g/m

(b) This value is intermediate fbetween the tabulated densities oﬂ
aluminum and iron/ Typical rocks have densities around 2000 to

3000 kg/m”. The average density of the Earth is significantly
higher, so higher-density material must be down below the
surface.

P1.2 With V = (base area)(height), V = (ﬂrz) hand p= g, we have

. m _ 1kg 10° mm”®
P arh 7(19.5 mm)*(39.0 mm){ 1m’
p={2.15x10* kg/m’
P1.3 Let V represent the volume of the model, the same in p = g, for both.
m old
Then p,,, =9.35 kg/V and p_, = %
NeXt, pgold — mgold
piron 935 kg
19.3x10° kg/m’
and m, 4 =(9.35 k =229 k
o = g)(7.87x103 kg/m’ 2

P1.4 @ p=m/VandV =(4/3)rr’ =(4/3)x(d/2)’ =xd®/6, where d is the
diameter.

6(1.67x10% kg)

7(24x10"°m)’

Then p=6m/rd’ = =|2.3x10"kg/m’

17 3
(b) 2.3x10 - kg/m3 =[1.0x 10" times the density of osmium
22.6x10° kg/m
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4 Physics and Measurement

P1.5 For either sphere the volume is V = %nﬁ and the mass is

m=pV = p%m‘"’. We divide this equation for the larger sphere by the
same equation for the smaller:

m, _p(4/3)rr’ _r’ _
—= =375
m, p(4/3)ar] .

Then r,=r/5=(4.50 cm)3/5 =

*P1.6 The volume of a spherical shell can be calculated from

V=V,-V, :%n(rf -17)

From the definition of density, p = g , SO

drp(r] - 1)
3

m=pV = p(%n)(rj -r)=

Section 1.2 Matter and Model Building

P1.7 From the figure, we may see that the spacing between diagonal planes
is half the distance between diagonally adjacent atoms on a flat plane.
This diagonal distance may be obtained from the Pythagorean

=L? +*. Thus, since the atoms are separated by a
distance L = 0.200 nm, the diagonal planes are separated by

N+ =[0.141 ),

P1.8 (@) Treat this as a conversion of units using
1 Cu-atom = 1.06 x 10 kg, and 1 cm = 10~ m:

2 3 B
density = 89201%)(10 m][ Cu-atom J

theorem, Ly,

3

m’ )\ 1em ) | 1.06x107 kg
= 842 x 102 Curatom
' cm®
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Chapterl 5

(b) Thinking in terms of units, invert answer (a):

(densi’cy)_1 :( 1cem’ J

8.42 x 10? Cu-atoms

=[1.19x10 cm®/Cu-atom|

(c) For a cube of side L,

°=1.19x10% ecm® - L =|2.28x10*cm|

Section 1.3 Dimensional Analysis
P1.9 (a) Write out dimensions for each quantity in the equation
Up =0, +ax

The variables v and v, are expressed in units of m/s, so
[vf =[v] = LT
The variable a is expressed in units of m/ s [a]=LT7
The variable x is expressed in meters. Therefore, [ax] = L’T™
Consider the right-hand member (RHM) of equation (a):
[RHM] =LT '+L°T

Quantities to be added must have the same dimensions.

Therefore, |equation (a) is not dimensionally correct.

(b) Write out dimensions for each quantity in the equation

y =(2m) cos (kx)

For y, [y]=L
for 2 m, [2m]=L
and for (kx), [kx] = [(2 m’l)x} =L'L

Therefore we can think of the quantity kx as an angle in radians,
and we can take its cosine. The cosine itself will be a pure number
with no dimensions. For the left-hand member (LHM) and the
right-hand member (RHM) of the equation we have

[LHM]=[y]=L  [RHM]=[2m][cos (kx)] =L

These are the same, so |equation (b) is dimensionally correct.
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6 Physics and Measurement

. . . . . 2
P1.10 Circumference has dimensions L, area has dimensions L, and volume
. . 3 . . . 2\1/2 2
has dimensions L°. Expression (a) has dimensions L(L") 2=1?
expression (b) has dimensions L, and expression (c) has dimensions

L(LH)=L" |The matches are: (a) and (f), (b) and (d), and (c) and (e).|

P1.11 (a) Consider dimensions in terms of their mks units. For kinetic
energy K:

|

Solving for [p?] and [p] then gives

2. 2 .
PP =95~ [T

The units of momentum are kg-m/s.

(b) Momentum is to be expressed as the product of force (in N) and
some other quantity X. Considering dimensions in terms of their

mks units,
[N]-[X]=[p]
[X]=s

Therefore, the units of momentum are [N -s].

P1.12 We substitute [kg] =[M], [m]=I[L], and [F]= {kgs m} % into

Newton’s law of universal gravitation to obtain

[M[L] _ [G][M]'
[T

Solving for [G] then gives

[G]=[

(L] | m’

M][T]* kg2

*P1.13 The term x has dimensions of L, 2 has dimensions of LT, and ¢ has
dimensions of T. Therefore, the equation x = ka™t" has dimensions of
L=(LT?)"(T)" or L'T®=L"T™"

The powers of L and T must be the same on each side of the equation.
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Chapter1l 7

Therefore,

L'=L" and

Likewise, equating terms in T, we see that n — 2m must equal 0. Thus,
. The value of k, a dimensionless constant,

cannot be obtained by dimensional analysis |.

P1.14 Summed terms must have the same dimensions.

(@) [X]=[AF]+[Bt]

L=[A]T°+[B]T —»|[A]=L/T° and [B]=L/T|

(b) [dx/dt]=[3At*]+[B]=[L/T]

Section 1.4 Conversion of Units

P1.15 From Table 14.1, the density of lead is 1.13 x 10* kg/ m’, so we should
expect our calculated value to be close to this value. The density of

water is 1.00 x 10° kg/m’, so we see that lead is about 11 times denser
than water, which agrees with our experience that lead sinks.

Density is defined as p=m/V. We must convert to SI units in the
calculation.

_( 2394¢g 1kg (100 cm)3
P=l210m® ){T000 g \ I m
_ ( 2394 g )( 1kg j(l 000 000 cmf‘)
2.10 cm® )L 1 000 g 1m?

={1.14 x 10* kg/m’

Observe how we set up the unit conversion fractions to divide out the
units of grams and cubic centimeters, and to make the answer come
out in kilograms per cubic meter. At one step in the calculation, we
note that one million cubic centimeters make one cubic meter. Our
result is indeed close to the expected value. Since the last reported
significant digit is not certain, the difference from the tabulated values
is possibly due to measurement uncertainty and does not indicate a
discrepancy.
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8 Physics and Measurement

P1.16 The weight flow rate is

S

ton 60 min

P1.17 For a rectangle, Area = Length x Width. We use the conversion
1 m = 3.281 ft. The area of the lot is then

A=LW =(75.0 ft)( Lm )(125 ft)( L m ):

3.281 ft 3.281 ft

P1.18 Apply the following conversion factors: 1 in =2.54 cm, 1 d =86 400 s,
100 cm = Im, and 10° nm =1 m. Then, the rate of hair growth per
second is

2.54 cm/in)(lO‘2 m/cm)(lO9 nm/m)

86 400 s/day

(1. (
rate—(32 m/dayj

=19.19 nm/s

This means the proteins are assembled at a rate of many layers of
atoms each second!

P1.19 The area of the four walls is (3.6 + 3.8 + 3.6 + 3.8) m x (2.5 m) = 37 m’.
Each sheet in the book has area (0.21 m)(0.28 m) = 0.059 m’. The

number of sheets required for wallpaper is 37 m*/0.059 m* = 629 sheets
= 629 sheets(2 pages/1 sheet) = 1260 pages.

The number of pages in Volume 1 are insufficient.

P1.20 We use the formula for the volume of a pyramid
given in the problem and the conversion 43 560 ft
=1 acre. Then,

V =Bh

= %[(13.0 acres)(43 560 ftz/acre)]

x (481 ft)

B

=9.,08x%x10" ft®
ANS FIG. P1.20
or

-2 3
V =(9.08x 107 ft3)(2'83><10 = J

1 ft?

=12.57x10° m’|
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Chapterl 9

P1.21 To find the weight of the pyramid, we use the conversion
1 ton =2 000 Ibs:

F, =(2.50 tons/block) (2.00 x10° blocks)(Z 000 Ib/ton)

=[1.00x 10" Ibs]

PL22  (a) rate= ( 30.0 gal j(l ml) -|714% 102 8%

7.00 min /\ 60 s .
b) rate=7.14x10° £ BLin (2'54 cmﬂ 1m )3
. S 1 gal 1in 100 cm
3
=l270x 1022
S

(¢) To find the time to fill a 1.00-m? tank, find the rate time/volume:

2.70x10™ mSJ

3
2.70><10**£:[
1s

S
270%10%¢ m® " 1
or 010 m =( - 3j=3.70><103i3
1s 270107 m m

and so: 3.70x10° 5(320}(1) ): 1.03 h
S

*P1.23  Itis often useful to remember that the 1 600-m race at track and field
events is approximately 1 mile in length. To be precise, there are 1 609
meters in a mile. Thus, 1 acre is equal in area to

=2 2
(1 acre)| —L ™1 (1609,m) = 4.05%10° m?
640 acres mi

*P1.24  The volume of the interior of the house is the product of its length,
width, and height. We use the conversion 1 ft = 0.304 8 m and
100 cm =1 m.

V =LWH

_ 0.304 8 m 0.304 8 m
—(50.0ft)( Th )x(%ft)( T )

% (8.0 ft)(io'?’?ff m)

=2945m’ =

= (2945 m3)(100 cm

3
) =12.9%x10° cm®|
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10 Physics and Measurement

Both the 26-ft width and 8.0-ft height of the house have two significant
tigures, which is why our answer was rounded to 290 m°.

P1.25 The aluminum sphere must be larger in volume to compensate for its
lower density. We require equal masses:

My = Mg, or PaVar = Pre Ve

then use the volume of a sphere. By substitution,
4 4
pAl(gﬂrAfJ = pFe(gn(Z.OO cm)3j

Now solving for the unknown,

3 3
= (&j(z.oo cm)’ = ( 7.86x10 kg/m ](2.00 cm)’
Pai 2.70x10° kg/m

=23.3 cm?®

Taking the cube root, .

The aluminum sphere is 43% larger than the iron one in radius,
diameter, and circumference. Volume is proportional to the cube of the
linear dimension, so this excess in linear size gives it the
(1.43)(1.43)(1.43) = 2.92 times larger volume it needs for equal mass.

. ATTp o 1Ay
P1.26 The mass of each sphereis m,, = p,\V,, = —
47pe. 1, ,
and mg, = pp Vg, = — Setting these masses equal,

4 4 ’

_npAersl = _onerI?e =My = TR Pre

3 3 Pa
/7.86

rAl = rFe3 270 = rFe(1'43)

The resulting expression shows that the radius of the aluminum sphere
is directly proportional to the radius of the balancing iron sphere. The
aluminum sphere is 43% larger than the iron one in radius, diameter,
and circumference. Volume is proportional to the cube of the linear
dimension, so this excess in linear size gives it the (1.43)° = 2.92 times
larger volume it needs for equal mass.
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Chapter1 11

P1.27 We assume the paint keeps the same volume in the can and on the
wall, and model the film on the wall as a rectangular solid, with its
volume given by its “footprint” area, which is the area of the wall,
multiplied by its thickness t perpendicular to this area and assumed to
be uniform. Then,

-3 3

V=At gives t=%= 3-782;01?an =[1.51 x 10 m|
The thickness of 1.5 tenths of a millimeter is comparable to the
thickness of a sheet of paper, so this answer is reasonable. The film is
many molecules thick.

P1.28 (a) To obtain the volume, we multiply the length, width, and height
of the room, and use the conversion 1 m = 3.281 ft.

V = (40.0 m)(20.0 m)(12.0 m)

3.281 ft T
Im

=(9.60x10° m3)(
=13.39x10° ft°
(b) The mass of the air is
m=p,,V =(1.20 kg/m’)(9.60x10° m*)=1.15x10* kg

The student must look up the definition of weight in the index to
find

F, =mg =(1.15x10* kg)(9.80 m/s?) =1.13x10° N
where the unit of N of force (weight) is newtons.

Converting newtons to pounds,

11b
4.448 N

F = (1.13x10° N)( ): 2.54x10* Ib

P1.29 (a) The time interval required to repay the debt will be calculated by
dividing the total debt by the rate at which it is repaid.

$16 trillion $16 x 10"
T = =[507 yr
$1000/s ~ ($1000/5)(3.156 x 107 syr)

(b) The number of bills is the distance to the Moon divided by the

length of a dollar.
8
_D_38X10°m _ 778707 bills)
! 0.155m

Sixteen trillion dollars is larger than this two-and-a-half billion
dollars by more than six thousand times. The ribbon of bills
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12 Physics and Measurement

comprising the debt reaches across the cosmic gulf thousands of
times. Similar calculations show that the bills could span the
distance between the Earth and the Sun sixteen times. The strip
could encircle the Earth’s equator nearly 62 000 times. With
successive turns wound edge to edge without overlapping, the
dollars would cover a zone centered on the equator and about
4.2 km wide.

P1.30 (@) To find the scale size of the nucleus, we multiply by the scaling
factor

d —_ d datom, scale
nucleus, scale ~ “nucleus, real d

atom, real

=(2.40x10""m) Lffm
1.06x107" m
=6.79x107 ft
or
dnucleus, scale = (679 X 10_3 ft)(wélf%) =({2.07 mm

(b) The ratio of volumes is simply the ratio of the cubes of the radii:

3 3
Vatom = 47[ ra:iom / 3 = ratom = datom
Vnucleus 4ﬂrr?ucleus / 3 rnucleus dnucleus
-10 3
= (WJ =|8.62x10" times as large
. m

Section 1.5 Estimates and Order-of-Magnitude Calculations

P1.31 Since we are only asked to find an estimate, we do not need to be too
concerned about how the balls are arranged. Therefore, to find the
number of balls we can simply divide the volume of an average-size
living room (perhaps 15 ft x 20 ft x 8 ft) by the volume of an
individual Ping-Pong ball. Using the approximate conversion 1 ft =
30 cm, we find

Vieoom = (15 ££)(20 ££)(8 f£)(30 cm/ft)* = 6 x 10" cm’

A Ping-Pong ball has a diameter of about 3 cm, so we can estimate its
volume as a cube:

Viar = (3 cm)(3 cm)(3 cm) = 30 cm’
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Chapter1 13

The number of Ping-Pong balls that can fill the room is

N = Vioom 2 x 10° balls ~|10° balls

ball

So a typical room can hold on the order of a million Ping-Pong balls.
As an aside, the actual number is smaller than this because there will
be a lot of space in the room that cannot be covered by balls. In fact,

even in the best arrangement, the so-called “best packing fraction” is

%72:\/5 =0.74, so that at least 26% of the space will be empty.
P1.32 (a) We estimate the mass of the water in the bathtub. Assume the tub
measures 1.3 m by 0.5 m by 0.3 m. One-half of its volume is then

V = (0.5)(1.3)(0.5)(0.3) = 0.10 m’

The mass of this volume of water is

Myier = PV = (1 000 kg/m?)(0.10 m*) =100 kg|~ 10* kg

(b) Pennies are now mostly zinc, but consider copper pennies filling
50% of the volume of the tub. The mass of copper required is

m V =(8 920 kg/m?)(0.10 m*) = 892 kg|~ 10° kg

copper =P copper

P1.33 Don’t reach for the telephone book or do a Google search! Think. Each
full-time piano tuner must keep busy enough to earn a living. Assume
a total population of 10" people. Also, let us estimate that one person in
one hundred owns a piano. Assume that in one year a single piano
tuner can service about 1 000 pianos (about 4 per day for 250
weekdays), and that each piano is tuned once per year.

Therefore, the number of tuners

:( 1 tuner )( 1 piano j(107 people) ~[100 tuners]

1000 pianos ){ 100 people

If you did reach for an Internet directory, you would have to count.
Instead, have faith in your estimate. Fermi’s own ability in making an
order-of-magnitude estimate is exemplified by his measurement of the
energy output of the first nuclear bomb (the Trinity test at
Alamogordo, New Mexico) by observing the fall of bits of paper as the
blast wave swept past his station, 14 km away from ground zero.

P1.34 A reasonable guess for the diameter of a tire might be 2.5 ft, with a
circumference of about 8 ft. Thus, the tire would make

(50 000 mi)(5 280 ft/mi)(1 rev/8 ft) = 3x 10 rev ~
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14 Physics and Measurement

Section 1.6 Significant Figures

P1.35 We will use two different methods to determine the area of the plate
and the uncertainty in our answer.

METHOD ONE: We treat the best value with its uncertainty as a
binomial, (21.3 £ 0.2) cm x (9.8 £ 0.1) cm, and obtain the area by
expanding:

A =[21.3(9.8)£21.3(0.1)£0.2(9.8) +(0.2)(0.1)] em”

The first term gives the best value of the area. The cross terms add
together to give the uncertainty and the fourth term is negligible.

A={209 cm? +4 cm?

METHOD TWO: We add the fractional uncertainties in the data.

A=(213 cm)(9.8 cm) + (E ' E)
213 9.8

=209 cm?® £2% =209 cm? +4 cm?

P1.36 (@) The + 0.2 following the 78.9 expresses uncertainty in the last digit.
Therefore, there are significant figures in 78.9 + 0.2.

(b) Scientific notation is often used to remove the ambiguity of the
number of significant figures in a number. Therefore, all the digits

in 3.788 are significant, and 3.788 x 10” has significant
figures.

(c) Similarly, 2.46 has three significant figures, therefore 2.46 x 10

has significant figures.

(d) Zeros used to position the decimal point are not significant.
Therefore 0.005 3 has significant figures.

Uncertainty in a measurement can be the result of a number of
factors, including the skill of the person doing the measurements,
the precision and the quality of the instrument used, and the
number of measurements made.

P1.37 We work to nine significant digits:
365.242199 d (24 hj(60 minj( 60 s )
lyr=1yr :
1yr 1d 1h 1 min
=315 569 26.0 s

P138  (a) 756+37.2+0.83+2=796.03—|796|, since the number with the
fewest decimal places is 2.
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Chapter1 15

(b) (0.003 2){2 s.£} x(356.3){4 s.f} =1.140 16 ={2 s.f}

(c) 5.620{4 sf}xn{>4sL}=17.656={4 st} [17.66

P1.39 Let o represent the number of ordinary cars and s the number of sport
utility vehicles. We know 0 = s + 0.947s = 1.947s, and 0 = s + 18.

We eliminate o by substitution:
s+18=1.9475— 0.947s =18 - s=18/0.947 =

P1.40 “One and one-third months” = 4/3 months. Treat this problem as a
conversion:

1 bar 12 months
=19 bars/year
4/3 months 1 year

P1.41 The tax amount is $1.36 — $1.25 = $0.11. The tax rate is

$0.11/$1.25=0.0880 = |8.80%

P1.42 We are given the ratio of the masses and radii of the planets Uranus
and Neptune:
My~ 119, and 2 = 0.969
I\/IU r-U
mass _ M

The definition of density is p = =—, whereV = %n’ﬁ for a

volume
sphere, and we assume the planets have a spherical shape.

We know p,, =1.27 x10° kg/m’. Compare densities:

3
(e
Py My/Vy My )\ Vi My )\ Iy

1

3
:(1.19)(—j ~1.307 9
0.969

which gives

py =(1.3079)(1.27 x 10° kg/m?) = |1.66x 10° kg/m’

P1.43 Let s represent the number of sparrows and m the number of more
interesting birds. We know s/m = 2.25 and s + m = 91.

We eliminate m by substitution:
m=s/2.25—-s+s/2.25=91—1.444s=91

—5=91/1.444=[63]
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16 Physics and Measurement

P1.44 We require

tan@

sin 8 = -3cos 0, or Sin 0 =—tan0=-3
cos 0

360°

o)

For tan'(-3) = arctan(-3), your calculator
may return —71.6°, but this angle is not
between 0° and 360° as the problem ANS. FIG. P1.44
requires. The tangent function is negative

in the second quadrant (between 90° and 180°) and in the fourth
quadrant (from 270° to 360°). The solutions to the equation are then

360° —71.6° = and 180°—71.6 =

*P145 (a) ANS. FIG. P1.45 shows that the hypotenuse >
of the right triangle has a length of 9.00 m
and the unknown side is opposite the angle
¢. Since the two angles in the triangle are
not known, we can obtain the length of the
unknown side, which we will represent as
s, using the Pythagorean Theorem: ANS. FIG. P1.45

s? +(6.00 m)* =(9.00 m)’
s* =(9.00 m)* —(6.00 m)* = 45

6.00 m

which gives s={6.71 m|. We express all of our answers in three
significant figures since the lengths of the two known sides of the
triangle are given with three significant figures.

(b) From ANS. FIG. P1.45, the tangent of 8 is equal to ratio of the
side opposite the angle, 6.00 m in length, and the side adjacent to
the angle, s = 6.71 m, and is given by

6.00m _6.00m _ 0.894
6.71 m

(c) From ANS. FIG. P1.45, the sine of ¢ is equal to ratio of the side
opposite the angle, s = 6.71 m, and the hypotenuse of the triangle,
9.00 m in length, and is given by

sing=—>=071m 15745

tan@ =

9.00m 9.00 m ;
P1.46 For those who are not familiar with solving
equations numerically, we provide a detailed
solution. It goes beyond proving that the T T AT X
suggested answer works. Nl

The equation 2x* — 3%’ + 5x — 70 = 0 is quartic,so ~ ANS. FIG. P1.46
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Chapter 1 17

we do not attempt to solve it with algebra. To find how many real
solutions the equation has and to estimate them, we graph the
expression:

: a2 alo |1 ]2 ]s] s

y=2x"-3x"+5x - 70 ‘ 158 ‘ —24 ‘ 70 ‘ 70 ‘ —66 ‘ -52 ‘ 26 ‘ 270

We see that the equation y = 0 has two roots, one around x = 2.2 and
the other near x = +2.7. To home in on the first of these solutions we
compute in sequence:

When x =-2.2, y = -2.20. The root must be between x = 2.2 and x = -3.
When x =-2.3, y = 11.0. The root is between x = -2.2 and x = -2.3.
When x = -2.23, y = 1.58. The root is between x = -2.20 and x = -2.23.
When x =-2.22, y = 0.301. The root is between x = -2.20 and -2.22.
When x = -2.215, y = -0.331. The root is between x = -2.215 and -2.22.
We could next try x = —2.218, but we already know to three-digit
precision that the root is x = -2.22.

P1.47 When the length changes by 15.8%, the mass changes by a much larger
percentage. We will write each of the sentences in the problem as a
mathematical equation.

Mass is proportional to length cubed: m = kf°, where k is a constant.
This model of growth is reasonable because the lamb gets thicker as it
gets longer, growing in three-dimensional space.

At the initial and final points, m =k/; and m, =k}
Length changes by 15.8%: 15.8% of { means 0.158 times ¢.
Thus t,+0.158 ¢, =, and {,=1.158¢,

Mass increases by 17.3 kg: m; +17.3 kg =m;,

Now we combine the equations using algebra, eliminating the
unknowns ¢, ff, k, and m, by substitution:

From l,=1.158(, wehave ¢} =1.158¢] =1553(;
Then
m, =k¢% =k (1.553)¢; =1.553k¢; =1.553m, and m, =m, /1.553
Next,
m; +17.3 kg = m, becomes m, /1553 +17.3 kg =m;
Solving, 17.3kg = me—m, /1.553 = my (1-1/1.553) =0.356 my
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18 Physics and Measurement

173k
and - my =t

P1.48 We draw the radius to the initial point and the
radius to the final point. The angle § between these
two radii has its sides perpendicular, right side to
right side and left side to left side, to the 35° angle
between the original and final tangential directions
of travel. A most useful theorem from geometry then
identifies these angles as equal: 6= 35°. The whole
circumference of a 360° circle of the same radius is
27R. By proportion, then

2rR 840 m

360°  35°

R :(360 )(840 m) _840m _ 138x10° m
2r 35° 0.611
We could equally well say that the measure of the angle in radians is

27 radlansj — 0.611 rad = 840 m
360° R

48.6 kg |.

ANS. FIG. P1.48

0=35°= 35°(

Solving yields R = 1.38 km.

P1.49 Use substitution to solve simultaneous equations. We substitute p = 39
into each of the other two equations to eliminate p:

3qr =gs

1 1 1
=3qr* +=gs* = —qt’
2 a 2q 2q

3r=s
These simplify to {3I’2 JRCY assuming ¢ # 0.

We substitute the upper relation into the lower equation to eliminate s:
2

3r2+(3r) =t* > 12r* =t BRI

r2

t
We now have the ratio of f to r: F = +/12 = +3.46

P1.50 First, solve the given equation for At:
At= 4QL _ 4QL [i}
kred*(T,-T,) | ke (T,-T,) [Ld?
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Chapter1 19

(@) Making d three times larger with d” in the bottom of the fraction
makes At |nine times smaller|.

(b) |At is inversely proportional to the square of d.

(c) |Plot At on the vertical axis and 1/d* on the horizontal axis.

(d) From the last version of the equation, the slope is
4QL / kr (Th - TC) . Note that this quantity is constant as both At

and d vary.

P1.51 (@) The fourth experimental point from the top is a circle: this point
lies just above the best-fit curve that passes through the point

(400 cm?, 0.20 g). The interval between horizontal grid lines is
1 space = 0.05 g. We estimate from the graph that the circle has a

vertical separation of 0.3 spaces = |0.015 g| above the best-fit

curve.

(b) The best-fit curve passes through 0.20 g:

[0.015 gjxwo:

020¢g

(c) The best-fit curve passes through the origin and the point
(600 cm’, 3.1 g). Therefore, the slope of the best-fit curve is

slope = (31—gj =|52x10° &

600 cm® cm?®

(d) |For shapes cut from this copy paper, the mass of the cutout
is proportional to its area. The proportionality constant is

5.2 g/m” + 8%, where the uncertainty is estimated.

(e) |This result is to be expected if the paper has thickness and

density that are uniform within the experimental uncertainty.

(f)  |The slope is the areal density of the paper, its mass per unit area.

— — -2
P1.52 r=(6.50£0.20) cm =(6.50+0.20)x 10~ m
m = (1.85+0.02) kg
m
p = 4 3
(g) r
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20 Physics and Measurement

also, 5_p :5_m+3_5r
P m r

In other words, the percentages of uncertainty are cumulative.
Therefore,

dp _0.02  3(0.20)
p 18 650
1.85

i (4)7(65% 102 m)’

=0.103,

=[1.61x10°kg/m’

then &p =0.103p ={0.166 x 10° kg /m’

and p+8p=|(1.61+£0.17)x 10’ kg/m’| = (1.6 £ 0.2) x 10° kg/m”.

19.0m ;

*P1.53 The volume of concrete needed is the sum of the
four sides of sidewalk, or

V=2V, +2V, =2(V, +V,) 10.0m
The figure on the right gives the dimensions g
needed to determine the volume of each portion of  ANS. FIG. P1.53
sidewalk:

V,=(17.0 m+1.0 m + 1.0 m)(1.0 m)(0.09 m) =1.70 m®
V, =(10.0 m)(1.0 m)(0.090 m) = 0.900 m®
V =2(1.70 m* +0.900 m’) =| 52 m®

The uncertainty in the volume is the sum of the uncertainties in each

dimension:
06, _012m _ 40
¢, 190m
ow, _001m _ 015 19V _ 006 +0.010+0.011 = 0.027 =
w, 10m Y,
ot _0lem 4o
t, 90cm
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Chapter1 21

Additional Problems

P1.54 (@) Letd represent the diameter of the coin and # its thickness. The
gold plating is a layer of thickness t on the surface of the coin; so,
the mass of the gold is

2
m=pV = p[27z:dz+n:dh}t

= (19.3 - Ii - ){27: (2'414cm)2 +7(2.41 cm)(0.178 cm)}

x(1.8x107 m)(102 ij

Im
=0.00364 g

and the cost of the gold added to the coin is

cost =(0.003 64 g)(?j =$0.036 4 =
g

(b) |The cost is negligible compared to $4.98.|

P1.55 It is desired to find the distance x such that

X 1000 m
100 m X

(i.e., such that x is the same multiple of 100 m as the multiple that
1 000 m is of x). Thus, it is seen that

x> = (100 m)(1 000 m) = 1.00 x 10° m’

and therefore

X =+/1.00x10° m? =

P1.56 (@) A Google search yields the following dimensions of the intestinal
tract:

small intestines: length = 20 ft = 6 m, diameter =1.5in=4 cm
large intestines: length = 5 ft = 1.5 m, diameter =2.5in=6 cm
Treat the intestines as two cylinders: the volume of a cylinder of

diameter d and length Lis V = %d2L.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



22 Physics and Measurement

The volume of the intestinal tract is
V=V +V,

small large
V= %(O.O4m)2 (6m)+ %(0.06m)2 (1.5m)
=0.0117m’=10"?m’

Assuming 1% of this volume is occupied by bacteria, the volume
of bacteria is

Vine =(107 m*)(0.01) =107 m?

bac

Treating a bacterium as a cube of side L = 10° m, the volume of

one bacterium is about L’ = 10™"® m®. The number of bacteria in the
intestinal tract is about

(104L mﬁ(%) = 110" bacteria!|

(b) The large number of bacteria suggests they must be [beneficial],
otherwise the body would have developed methods a long time
ago to reduce their number. It is well known that certain types of
bacteria in the intestinal tract are beneficial: they aid digestion, as
well as prevent dangerous bacteria from flourishing in the
intestines.

P1.57 We simply multiply the distance between the two galaxies by the scale
factor used for the dinner plates. The scale factor used in the “dinner
plate” model is

_ 0.25m
1.0x10° light-years

J =25x10° m/ly

The distance to Andromeda in the scale model will be

D,y = DS =(2.0x10° 1y ) (2.5 10 m/1ly) =

P1.58 Assume the winner counts one dollar per second, and the winner tries
to maintain the count without stopping. The time interval required for
the task would be

$10° (1_5)( 1 hour j( 1 work week) = 6.9 work weeks.
$1 )\ 3600 s 40 hours

The scenario has the contestants succeeding on the whole. But the

calculation shows that is impossible. It just takes too long!

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter 1 23

P1.59 We imagine a top view to figure
the radius of the pool from its
circumference. We imagine a
straight-on side view to use
trigonometry to find the height.

Define a right triangle whose legs
represent the height and radius of
the fountain. From the dimensions
of the fountain and the triangle,
the circumference is C = 2zr and
the angle satisfies tan¢g=h/r.

Then by substitution
h=rtan¢ = (Ejtan(b
2n

ANS. FIG. P1.59
Evaluating,

h= (15;) m)tan55.oo -
T

When we look at a three-dimensional system from a particular
direction, we may discover a view to which simple mathematics

applies.

P1.60 The fountain has height /; the pool has circumference C with radius r.
The figure shows the geometry of the problem: a right triangle has
base r, height /i, and angle ¢. From the triangle,

tan g=h/r

We can find the radius of the circle from its
circumference, C = 27xr, and then solve for the height o

) 0 0\
using -
ANS. FIG. P1.60

h=rtan¢ = (tanq))C/Zﬂ

4
P1.61 The density of each material is p = % = nrrT;h = ﬂTTh
Al: p= 4(51'25 8 = 2.75i3 ; this is 2% larger
7(2.52 em)’ (3.75 cm) cm
than the tabulated value, 2.70 g/cm?.
Cu: p= 4(56'23 8 =(9.36-5 - this is 5% larger
n(1.23 cm) (5.06 cm) cm

than the tabulated value, 8.92 g/cm?.
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24 Physics and Measurement

4(94.4
brass: p = © 5 8 =(8.91-8 5, this is 5% larger
n(1.54 cm) (5.69 cm) cm
than the tabulated value, 8.47 g/cm?.
Sn: p= 4(69'21 &) = 7.68i3 ; this is 5% larger
(175 cm)”(3.74 em) cm
than the tabulated value, 7.31 g/cm?.
Fe: p= 4(2162'1 8 =|7.88-8 5, this is 0.3% larger
n(1.89 cm) (9.77 cm) cm

than the tabulated value, 7.86 g/cm?.
P1.62 The volume of the galaxy is

ar’t=r(10% m)2 (10 m) ~ 10 m’

If the distance between stars is 4 x 10", then there is one star in a
volume on the order of

(410" m)’ ~10° m’
61 3
The number of stars is about 105100m—:?star ~ .

P1.63 We define an average national fuel consumption rate based upon the
total miles driven by all cars combined. In symbols,

total miles driven
average fuel consumption rate

fuel consumed =

or
f=3
C

For the current rate of 20 mi/gallon we have

(100 x 10° cars)(lO4 (mi/yr)/car)
20 mi/gal

=5 x 10" gal/yr
Since we consider the same total number of miles driven in each case,

at 25 mi/gal we have

. (100 x 10° cars)(lO4 (mi/yr)/car)
- 25 mi/ gal

=4 x 10" gal/yr

Thus we estimate a change in fuel consumption of

Af =4x10" gal/yr—5><1010 gal/yr = —1x10" gal/yr
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Chapter 1 25

The negative sign indicates that the change is a reduction. It is a fuel
savings of ten billion gallons each year.

P1.64 (@) The mass is equal to the mass of a sphere of radius 2.6 cm and
density 4.7 g/cm’, minus the mass of a sphere of radius a and
density 4.7 g/cm’, plus the mass of a sphere of radius a and
density 1.23 g/ cm’.

4 4 4
m:pl(gm’ j—pl(gﬂ'a )+pz(§na j
:(%n)[(4.7 g/cmS)(2.6 cm)3 —(4.7 g/cr1r13)a3

+ (1.23 g/cm3)a3]

m=|346 g (14.5 g/cm’)a’
(b) The mass is maximum for [a=0].
o pEg

(d) [Yes]. This is the mass of the uniform sphere we considered in the
first term of the calculation.

(e) |No change, so long as the wall of the shell is unbroken.

P1.65 Answers may vary depending on assumptions:
typical length of bacterium: L = 10° m

typical volume of bacterium: L’ = 10™° m’
surface area of Earth: A=4nr’> =4rn (6.38 x 10° m)2 =5.12x10"*m?

(@) If we assume the bacteria are found to a depth 4 = 1000 m below
Earth’s surface, the volume of Earth containing bacteria is about

V= (47tr2)d =5.12x107 m?

If we assume an average of 1000 bacteria in every 1 mm” of
volume, then the number of bacteria is

( 1000 bacteria

3 3
1 mm? )(101 mmj (5.12x10” m’)=|5.12x 10* bacteria|
mm m

(b) Assuming a bacterium is basically composed of water, the total
mass is

-18 3 3
(1029 bacteria) 10 m 10 1<3g =|10" kg
1 bacterium /\ 1m
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26 Physics and Measurement

P1.66 The rate of volume increase is
v i(énﬁj =47 (3r7) 4 = (4mr?) &
dt dt\3 3 dt dt

(a) (11_\: = 47(6.5 cm)*(0.9 cm/s) =

(b) The rate of increase of the balloon’s radius is
dr _dv/dt _ 478 cm®/s
—= = = _0.225
dt  4zr’  47(13 cm)? cm/s

(c) |When the balloon radius is twice as large, its surface area is

four times larger. The new volume added in one second in
the inflation process is equal to this larger area times an extra
radial thickness that is one-fourth as large as it was when the

balloon was smaller.

P1.67 (a) Wehave B+ C(0) =2.70 g/cm’ and B + C(14 cm) = 19.3 g/cm’.

We know |[B=2.70g/ cm?®|, and we solve for C by subtracting:

C(14cm) =193 g/cm’~B=16.6 g/cm’, s0 |C=1.19 g/cm*

(b) The integral is
m=(9.00 cm?)[ "™

0

(B+Cx)dx
14 cm

=(9.00 cmz)(Bx +%x2]

0
m=(9.00 cm*){(2.70 g/cm®) (14 cm —0)

+(1.19 g/cm*/ 2)[(14 cm)’ — O]}

=340 g +1046 g =1390 g =[1.39 kg
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P1.68 The table below shows « in degrees, o in radians, tan(c), and sin(e) for
angles from 15.0° to 31.1°:
difference between
o (deg) | a(rad) |tan(e) | sin(o) aand tan o
15.0 0.262 0.268 0.259 2.30%
20.0 0.349 0.364 0.342 4.09%
30.0 0.524 0.577 0.500 9.32%
33.0 0.576 0.649 0.545 11.3%
31.0 0.541 0.601 0.515 9.95%
31.1 0.543 0.603 0.516 10.02%

We see that o in radians, tan(¢), and sin(e) start out together from zero

and diverge only slightly in value for small angles. Thus is the

largest angle for which fano-a 0.1.
tano

P1.69 We write “millions of cubic feet” as 10° ft’, and use the given units of
time and volume to assign units to the equation.

V =(1.50 x 10°ft*>/mo)t +(0.008 00 x 10° ft* /mo?)t*
To convert the units to seconds, use

24 h)(3600 s
1d 1h

1 month =(30.0 d)( ) =2.59%10°%s

to obtain

3
v =[150x10° & ( 1 mo )t
mo J\ 2.59x10° s

3 2
+(0.00800><106 ft ]( 1 mo jﬁ

mo” )\ 2.59%x10° s
=(0.579 ft*/s)t+(1.19x 107 ft*/s*)t

or

V =[0.579t+1.19x 10°t’|

where V is in cubic feet and t is in seconds. The coefficient of the first
term is the volume rate of flow of gas at the beginning of the month.
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28 Physics and Measurement

The second term’s coefficient is related to how much the rate of flow
increases every second.

P1.70 (a) and (b), the two triangles are shown.

14 [
b x—1.00 km

ANS. FIG. P1.70(a) ANS. FIG. P1.70(b)

(c) From the triangles,

tan12.0° = % Sy =xtan12.0°

y o
d tan14.0°= —|y =(Xx—1.00 km)tan 14.0°|.
and tan (X=1.00 k) y=( )tan

(d) Equating the two expressions for y, we solve to find |y = 1.44 km.

P1.71 Observe in Fig. 1.71 that the radius of the horizontal cross section of
the bottle is a relative maximum or minimum at the two radii cited in
the problem; thus, we recognize that as the liquid level rises, the time
rate of change of the diameter of the cross section will be zero at these
positions.

The volume of a particular thin cross section of the shampoo of
thickness /1 and area A is V = Ah, where A = nr® = D?/4. Differentiate
the volume with respect to time:

OV _ A0

dt dt dt dt  dt dt dt
Because the radii given are a maximum and a minimum value,
dr/dt =0, so

av dh 1dv 1 dv_ 4 dv

— +A—=AVy>>VYy=——_= > - = —

dt dt A dt nD°/4 dt 7D dt

where v = dh/dt is the speed with which the level of the fluid rises.
(@) For D =6.30 cm,

3
- (65’9 = PET /]
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Chapter 1 29

(b) For D=1.35cm,

4 3
7t(1 35 cm)? —————(16.5cm /s)—m

Challenge Problems
P1.72 The geometry of the problem is shown below.

Y y y
0 4
b 4 x—d d
the mountaintop seen the mountaintop seen from the relationship of both triangles
from distance x a closer distance x—d

ANS. FIG. P1.72
From the triangles in ANS. FIG. P1.72,

tan@ :¥%y = Xtan®

and

tan¢g = Ld —y=(Xx—d)tan¢

Equate these two expressions for y and solve for x:
xtan @ = (x—d)tan¢ — dtan¢ = X(tan ¢ — tan 0)
dtan¢
tan¢g—tan®

Take the expression for x and substitute it into either expression for y:

dtan¢tan®

y=xtanf=|————
tan¢g—tan®
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P1.73

Physics and Measurement

The geometry of the problem suggests we
use the law of cosines to relate known sides
and angles of a triangle to the unknown object A___
sides and angles. Recall that the sides 4, b,
and c with opposite angles A, B, and C have
the following relationships:

a’ =b? +c¢? —2bccos A

object B

R

b

b? =c? +a’> —2cacosB

object C

2 _ A2 2
¢’ =a +b" —2abcosC ANS. FIG. P1.73

For the cows in the meadow, the triangle has

sides a2 = 25.0 m and

b =15.0 m, and angle C = 20.0°, where object A = cow A,
object B = cow B, and object C = you.

(a) Find side c:

¢>=a’*+b>-2abcosC

¢’ =(25.0 m)* +(15.0 m)*

—2(25.0 m)(15.0 m) cos (20.0°)

c=
(b) Find angle A:

a> =b*+c¢*-2bccos A —

a’-b’>—c* _ (25.0 m)* —(15.0 m)* — (12.1 m)*

CosA = =
2bc 2(15.0 m)(12.1 m)

— A=134.8°=
(c) Find angle B:

b*> =c*+a’ —2cacosB —
b*>—c¢*—a*> _ (15.0 m)* —(25.0 m)* — (12.1 m)*
2ca 2(25.0 m)(12.1 m)

—B=[252°]

(d) For the situation, object A = star A, object B = star B, and object
C = our Sun (or Earth); so, the triangle has sides a = 25.0 ly,
b =15.0ly, and angle C = 20.0°. The numbers are the same, except

cosB =

for units, as in part (b); thus, |angle A = 135".
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P1.2 2.15 x 10* kg/m’
P1.4 (a) 2.3 x 10" kg/ m’; (b) 1.0 x 10" times the density of osmium

P16 amp(r) - 1)
3

P1.8 (a) 8.42x10% m . (b) 1.19x10% cm®/Cu-atom;
cm

(c)2.28 x 10°cm
P1.10 (a) and (f); (b) and (d); (c) and (e)

m3

P1.12

kg-s’
P1.14 (@)[A]=L/T’and [B]=L/T; (b) L/T
P1.16 667 Ib/s
P1.18 9.19 nm/s

P120  257x10°m’
3

P122  (a) 7.14><10-2g?a1,- (b) 2.70x 1042, (c) 1.03 h
S

P124  290m’ 2.9 x 10° cm’

P126 7. (1.43)

P1.28 (a) 3.39 x 10’ ft’; (b) 2.54 x 10" Ib

P1.30 (a) 2.07 mm; (b) 8.62 x 10" times as large
P1.32 (a) ~ 10° kg; (b) ~ 10° kg

P1.34 10" rev

P136  (a)3;(b)4;(c)3;(d)2

P1.38  (a) 796; (b) 1.1; (c) 17.66

P1.40 9 bars / year

P142  1.66 x 10’ kg/m’
P1.44 288°; 108°
P1.46 See P1.46 for complete description.

P1.48 138 x 10°m
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32 Physics and Measurement

P1.50 (a) nine times smaller; (b) At is inversely proportional to the square of
d; (c) Plot At on the vertical axis and 1/d? on the horizontal axis;

(d) 4QL/kr(T,-T,)
P152  1.61x10° kg/m’, 0.166x10° kg/m’, (1.61+0.17)x10° kg/m’

P1.54 3.64 cents; the cost is negligible compared to $4.98.
P1.56 (a) 10" bacteria; (b) beneficial

P1.58 The scenario has the contestants succeeding on the whole. But the
calculation shows that is impossible. It just takes too long!

P1.60 h=rtan¢ =(tan8)C/2x
P1.62 10" stars
P1.64 (a) m = 346 g — (14.5 g/cm’)a’; (b) a = 0; (c) 346 g; (d) yes; (e) no change

P1.66 (a) 478 cm’/s; (b) 0.225 cm/s; (c) When the balloon radius is twice
as large, its surface area is four times larger. The new volume
added in one second in the inflation process is equal to this larger
area times an extra radial thickness that is one-fourth as large as it
was when the balloon was smaller.

P1.68 31.0°

P1.70 (a-b) see ANS. FIG. P1.70(a) and P1.70(b); (c) y = x tan12.0° and
y = (x —1.00 km) tan14.0°%; (d) y = 1.44 km

dtangtan

P1.72 —_—
tang—tan®
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Motion in One Dimension

CHAPTER OUTLINE

2.1 Position, Velocity, and Speed

2.2 Instantaneous Velocity and Speed

2.3 Analysis Model: Particle Under Constant Velocity

24 Acceleration

2.5 Motion Diagrams

2.6 Analysis Model: Particle Under Constant Acceleration
2.7 Freely Falling Objects

2.8 Kinematic Equations Derived from Calculus

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

0Q2.1 Count spaces (intervals), not dots. Count 5, not 6. The first drop falls at
time zero and the last drop at 5 x 5s = 25 s. The average speed is
600 m/25 s =24 m/s, answer (b).

0Q2.2  The initial velocity of the car is v, = 0 and the velocity at time ¢ is v. The
constant acceleration is therefore given by

_Av_v-v, _v-0_vV

a=—-=
At t-0 t t

and the average velocity of the car is

VZ(V+VO) =(V+O):!
2 2 2

The distance traveled in time t is AX =Vt = vt/2. In the special case
where a = 0 (and hence v = v, = 0), we see that statements (a), (b), (c),
and (d) are all correct. However, in the general case (a # 0, and hence

33

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



34 Motion in One Dimension

v # 0) only statements (b) and (c) are true. Statement (e) is not true in
either case.

0Q2.3  The bowling pin has a constant downward acceleration while in flight.
The velocity of the pin is directed upward on the ascending part of its
flight and is directed downward on the descending part of its flight.
Thus, only (d) is a true statement.

0Q2.4  The derivation of the equations of kinematics for an object moving in
one dimension was based on the assumption that the object had a
constant acceleration. Thus, (b) is the correct answer. An object would
have constant velocity if its acceleration were zero, so (a) applies to
cases of zero acceleration only. The speed (magnitude of the velocity)
will increase in time only in cases when the velocity is in the same
direction as the constant acceleration, so (c) is not a correct response.
An object projected straight upward into the air has a constant
downward acceleration, yet its position (altitude) does not always
increase in time (it eventually starts to fall back downward) nor is its
velocity always directed downward (the direction of the constant
acceleration). Thus, neither (d) nor (e) can be correct.

0Q25 The maximum height (wWhere v = 0) reached by a freely falling object
shot upward with an initial velocity v, = +225 m/s is found from
Vi =V +2a(y, —y;) = Vi +2aAy, where we replace a with —g, the
downward acceleration due to gravity. Solving for Ay then gives
(Vi-vi) v —(225m/s)

— — — 3
AR 2(-g)  2(-9.80 m/sz)_z'58><10 "

Thus, the projectile will be at the Ay = 6.20 x 10> m level twice, once on
the way upward and once coming back down.

The elapsed time when it passes this level coming downward can be
found by using V; =V} +2aAy again by substituting a = —¢ and solving
for the velocity of the object at height (displacement from original
position) Ay = +6.20 x 10° m.

Vi =V +2aAy

v? = (225 m/s)* +2(-9.80 m/s?)(6.20x 10> m)

v=%196 m/s
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Chapter2 35

The velocity coming down is =196 m/s. Using v, = v, + at, we can solve
for the time the velocity takes to change from +225 m/s to =196 m/s:

(= (Vf - Vi) _ (196 m/s - 225 m/s)

a (—9.80 m/sz) =430s.

The correct choice is (e).

0Q2.6  Once the arrow has left the bow, it has a constant downward
acceleration equal to the free-fall acceleration, g. Taking upward as the
positive direction, the elapsed time required for the velocity to change
from an initial value of 15.0 m/s upward (v, = +15.0 m/s) to a value of

8.00 m/s downward (v; = -8.00 m/s) is given by

_Av_Vi-V, _-8.00m/s —(+15.0m/s) 035

At -
a —-g -9.80 m/s

Thus, the correct choice is (d).

0Q2.7  (c) The object has an initial positive (northward) velocity and a
negative (southward) acceleration; so, a graph of velocity versus time
slopes down steadily from an original positive velocity. Eventually, the
graph cuts through zero and goes through increasing-magnitude-
negative values.

0Q2.8 (b) Using vi =Vv; +2aAy, withv,=-12m/s and Ay = -40 m:
Vi =V +2aAy
v = (=12 m/s)’ +2(~9.80 m/s?)(~40 m)
v=-30m/s

0Q2.9  With original velocity zero, displacement is proportional to the square
of time in (1/2)at’. Making the time one-third as large makes the
displacement one-ninth as large, answer (c).

0Q2.10 We take downward as the positive direction with y = 0 and t = 0 at the
top of the cliff. The freely falling marble then has v, = 0 and its
displacement at t = 1.00 s is Ay =4.00 m. To find its acceleration, we

use
= M =8.00m/s’
(1.00 s)
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36 Motion in One Dimension

The displacement of the marble (from its initial position) at t = 2.00 s is
found from

1
Ay = = at?
y 2

Ay = %(8.00 m/s?)(2.00s)" =16.0 m.

The distance the marble has fallen in the 1.00 s interval from t =1.00 s
tot =2.00 s is then

Ay=16.0m -4.0m =12.0 m.
and the answer is ().

0Q2.11 Ina position vs. time graph, the velocity of the object at any point in
time is the slope of the line tangent to the graph at that instant in time.
The speed of the particle at this point in time is simply the magnitude
(or absolute value) of the velocity at this instant in time. The
displacement occurring during a time interval is equal to the difference
in x coordinates at the final and initial times of the interval,
AX =X = x;.

The average velocity during a time interval is the slope of the straight
line connecting the points on the curve corresponding to the initial and
final times of the interval,

V = Ax/At

Thus, we see how the quantities in choices (a), (e), (c), and (d) can all
be obtained from the graph. Only the acceleration, choice (b), cannot be
obtained from the position vs. time graph.

0Q2.12 We take downward as the positive direction with y = 0 and t = 0 at the
top of the cliff. The freely falling pebble then hasv,=0anda =g =

+9.8 m/s”. The displacement of the pebble at t = 1.0 s is given: y, =
4.9 m. The displacement of the pebble at t = 3.0 s is found from

1 1
Y, = v0t+§at2 = O+E(9.8 m/s?)(3.0s)’ =44 m

The distance fallen in the 2.0-s interval from t = 1.0 s to f = 3.0 s is then
Ay=y,-1y,=44m-49m=39m
and choice (c) is seen to be the correct answer.

0Q2.13 (c) They are the same. After the first ball reaches its apex and falls back
downward past the student, it will have a downward velocity of
magnitude v, This velocity is the same as the velocity of the second
ball, so after they fall through equal heights their impact speeds will
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Chapter2 37

also be the same.

0Q2.14 (b) Above. Your ball has zero initial speed and smaller average speed
during the time of flight to the passing point. So your ball must travel a
smaller distance to the passing point than the ball your friend throws.

0Q2.15 Take down as the positive direction. Since the pebble is released from
rest, Vi =V’ +2aAy becomes

Vi =(4m/s)> =0 +2gh.

Next, when the pebble is thrown with speed 3.0 m/s from the same
height i, we have

v:=(3m/s)’ +2gh=(3 m/s)’ +(4 m/s)’ - v, =5m/s

and the answer is (b). Note that we have used the result from the first
equation above and replaced 2g¢h with (4 m/s)* in the second equation.

0Q2.16 Once the ball has left the thrower’s hand, it is a freely falling body with
a constant, nonzero, acceleration of a = —¢. Since the acceleration of the
ball is not zero at any point on its trajectory, choices (a) through (d) are
all false and the correct response is (e).

0Q2.17 (a) Its speed is zero at points B and D where the ball is reversing its
direction of motion. Its speed is the same at A, C, and E because these
points are at the same height. The assembled answeris A=C=E>B=
D.

(b) The acceleration has a very large positive (upward) value at D. At
all the other points it is —9.8 m/s’. The answerisD>A =B=C=E.

0Q2.18 (i) (b) shows equal spacing, meaning constant nonzero velocity and
constant zero acceleration. (ii) (c) shows positive acceleration
throughout. (iii) (a) shows negative (leftward) acceleration in the first
four images.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ2.1  The net displacement must be zero. The object could have moved
away from its starting point and back again, but it is at its initial
position again at the end of the time interval.

CQ2.2 Tramping hard on the brake at zero speed on a level road, you do not
teel pushed around inside the car. The forces of rolling resistance and
air resistance have dropped to zero as the car coasted to a stop, so the
car’s acceleration is zero at this moment and afterward.

Tramping hard on the brake at zero speed on an uphill slope, you feel
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38 Motion in One Dimension

thrown backward against your seat. Before, during, and after the zero-
speed moment, the car is moving with a downhill acceleration if you
do not tramp on the brake.

CQ23  Yes. If a car is travelling eastward and slowing down, its acceleration is
opposite to the direction of travel: its acceleration is westward.

CQ24  Yes. Acceleration is the time rate of change of the velocity of a particle.
If the velocity of a particle is zero at a given moment, and if the particle
is not accelerating, the velocity will remain zero; if the particle is
accelerating, the velocity will change from zero—the particle will begin
to move. Velocity and acceleration are independent of each other.

CQ25  Yes. Acceleration is the time rate of change of the velocity of a particle.
If the velocity of a particle is nonzero at a given moment, and the
particle is not accelerating, the velocity will remain the same; if the
particle is accelerating, the velocity will change. The velocity of a
particle at a given moment and how the velocity is changing at that
moment are independent of each other.

CQ2.6  Assuming no air resistance: (a) The ball reverses direction at its
maximum altitude. For an object traveling along a straight line, its
velocity is zero at the point of reversal. (b) Its acceleration is that of
gravity: —=9.80 m/ s* (9.80 m/s’, downward). (c) The velocity is
-5.00 m/s’. (d) The acceleration of the ball remains —9.80 m/s as long
as it does not touch anything. Its acceleration changes when the ball
encounters the ground.

CQ2.7  (a) No. Constant acceleration only: the derivation of the equations
assumes that d’x/dt* is constant. (b) Yes. Zero is a constant.
CQ2.8  Yes. If the speed of the object varies at all over the interval, the

instantaneous velocity will sometimes be greater than the average
velocity and will sometimes be less.

CQ2.9  No: Car A might have greater acceleration than B, but they might both
have zero acceleration, or otherwise equal accelerations; or the driver
of B might have tramped hard on the gas pedal in the recent past to
give car B greater acceleration just then.
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Chapter2 39

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 2.1 Position, Velocity, and Speed

P2.1 The average velocity is the slope, not necessarily of the graph line
itself, but of a secant line cutting across the graph between specified
points. The slope of the graph line itself is the instantaneous velocity,
found, for example, in Problem 6 part (b). On this graph, we can tell
positions to two significant figures:

(@ x=0 att=0 and x=10m at t=2s:

_AX _10m-0 _
Vs T AT T 2s-0 20 m/s
(b) x=50m at t=4s:
_AX _50m-0 _
VX,an_E_m_ 1.2 m/s

AX 50m-10 m
© Ve TRE T g5z 2OMS
AX  -50m-50m
(@) Vs = xg = yeozs = |[33M/
@ Vume = 3¢ = MguTge ™ =[0m/s
P2.2 We assume that you are approximately 2 m tall and that the nerve

impulse travels at uniform speed. The elapsed time is then
=2x107% s =

P2.3 Speed is positive whenever motion occurs, so the average speed must
be positive. For the velocity, we take as positive for motion to the right
and negative for motion to the left, so its average value can be positive,
negative, or zero.

A= _2Zm
v 100m/s

(a) The average speed during any time interval is equal to the total
distance of travel divided by the total time:

total distance _ d,, + d_,
total time tett,

average speed =

But d,; =d;,, t,z; =d/V,,, and t;, =d/vg,

d+d _ 2(VAB)(VBA)
d/Vag)+(d/Vga)  Vas * Vea

so average speed = (
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40 Motion in One Dimension

and

=(3.75m/s

average speed = 2{ (5.00 m/s)(3.00 m/s) }

5.00 m/s +3.00 m/s

(b) The average velocity during any time interval equals total
displacement divided by elapsed time.

_ AX
Vx,avg - H

Since the walker returns to the starting point, Ax =0 and

Vyavg = 0l
P2.4 We substitute for ¢ in x = 10#, then use the definition of average
velocity:

t(s) | 200 | 210 | 3.00

x(m) | 40.0 | 44.1 | 90.0

_AX_90.0m-40.0m _50.0 m

Vo = — = = =150.0
@ Vo = g 1.00's 1.00s m/s
b) v, = AX_441m-400m _410m _ .0m/s
At 0.100 s 0.100 s
*P2.5 We read the data from the table provided, assume three significant

figures of precision for all the numbers, and use Equation 2.2 for the
definition of average velocity.

(@) vy, =X-20m-0m ey
“5 " At 1.00s

B v, X FTIM-920m rfen
“s" At 3.00s

© vy, =X=7omo0m e
“s " At 5005
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Section 2.2 Instantaneous Velocity and Speed
P2.6 (a) Atany time, t, the position is given by x = (3.00 m/s”)#".
Thus, at , = 3.00 s: x, = (3.00 m/s%)(3.00 s)* = [27.0 m].
(b) Att,=3.00s+At:x,=(3.00m/s’)(3.00s + At)’, or

X; =(27.0 m +(18.0 m/s) At +(3.00 m/s?)(At)’

(c) The instantaneous velocity at ¢ = 3.00 s is:

_ Ax _ .. (18.0m/s)At+(3.00 m/s?)(At)’
lim — = lim
At—-0 At At=0 At
p— 2 —-
= 21_1}})(18.0 m/s) +(3.00 m/s )(At) =118.0m/s
P2.7 For average velocity, we find the slope of a x(m

secant line running across the graph between
the 15-s and 4-s ©points. Then for
instantaneous velocities we think of slopes of
tangent lines, which means the slope of the
graph itself at a point.

D

t=1.5s,and Point B, at t = 4.0 s, and read the 123438
corresponding values of x. ANS. FIG. P2.7

(@) Att.,=15s,x,=8.0m (Point A)
Att;=4.0s, x,=2.0 m (Point B)

We place two points on the curve: Point A, at

T T 1(S)

Xe =X _ (2.0—8.0) m

V =
"8t -t (4.0-15)s

DS

(b) The slope of the tangent line can be found from points C and D.
(tc=1.0s,x.=9.5m)and (t, =3.5s,x,=0),

The negative sign shows that the direction of v, is along the
negative x direction.

(c) The velocity will be zero when the slope of the tangent line is
zero. This occurs for the point on the graph where x has its

minimum value. This is at t = .

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



42 Motion in One Dimension

P2.8 We use the definition of average velocity.
(a) Vl X,ave = (AX)l . O =
(a),
(Ax), _0-L
b = 2= =|-L/t
( ) VZ,X,ave (A.t)2 t2

(c) To find the average velocity for the round trip, we add the
displacement and time for each of the two halves of the swim:

Vv — (Ax)total - (Ax)l +(AX)2 - +L-L - 0 - @
X,ave,total (At) tl + t2 tl + t2 tl + t2

total

(d) The average speed of the round trip is the total distance the
athlete travels divided by the total time for the trip:

_ total distance traveled _ ‘(Ax)l‘ +|(AX)2‘

Vave, rip —
o (At)total tl +t2
B Gl i Y A
tl +t2 tl +t2
P2.9 The instantaneous velocity is found by
evaluating the slope of the x — t curve at the T
indicated time. To find the slope, we choose ': [N
two points for each of the times below. D[N O T O
NVERE = NN
5-0) m TN
@ V= ((1_0)) ~m/s HARERELEET
i HEEREN fv
5-10) m P S Y
(b) ((4_2; 5 -2.5m/s PSS O O O O,
(5-5) ANS. FIG. P2.9
5-5)m
© V:(S s—45s) =l
0-(-5m
@ V=G £—7 s)) Slem/s

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter2 43

Section 2.3 Analysis Model: Particle Under Constant Velocity

P2.10 The plates spread apart distance d of 2.9 x 10° mi in the time interval
At at the rate of 25 mm/year. Converting units:

1609 m)(103 mm

Im

(2.9%10° mi)( Eee

) =4.7x10° mm

Use d = VvAt, and solve for At:

d:vAteAt:9
v

_4.7x10° mm _

25 mm/ year B

1.9%10° years

P2.11 (@) The tortoise crawls through a distance D before the rabbit
resumes the race. When the rabbit resumes the race, the rabbit
must run through 200 m at 8.00 m/s while the tortoise crawls
through the distance (1 000 m — D) at 0.200 m/s. Each takes the
same time interval to finish the race:

At_( 200 m )_(1 OOOm—Dj
8.00 m/s 0.200 m/s
Solving,
—(0.200 m/s)(200 m) =(8.00 m/s)(1 000 m— D)

1000 m - D = (0:200 m/5)(200 m)
8.00 m/s
5 D=995m

So, the tortoise is 1 000 m - D = from the finish line when
the rabbit resumes running.

(b) Both begin the race at the same time: ¢ = 0. The rabbit reaches the
800-m position at time ¢ = 800 m/(8.00 m/s) = 100 s. The tortoise
has crawled through 995 m when t =995 m/(0.200 m/s) =4 975 s.
The rabbit has waited for the time interval At =4975s-100s =

[4875]

P2.12 The trip has two parts: first the car travels at constant speed v, for
distance d, then it travels at constant speed v, for distance d. The first
part takes the time interval At, = d/v,, and the second part takes the
time interval At, = d/v,.

(a) By definition, the average velocity for the entire trip is
V. = AX/ At, where AX=AX, +AX, =2d, and
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44 Motion in One Dimension

At=At, +At, =d /v, +d/v,. Putting these together, we have

y _(A_d)_ AX; +AX, | _ 2d [ 2wy,
LAt At, +At, d/v,+d/v, v, +V,

We know v,,, = 30 mi/h and v, = 60 mi/h.

Solving for v, gives

=2V.V, >V, = ViV
avg 192 2 2V1 _ Vavg :

_| (30 mi/h)(60 mi/h) |_ ,
s [2(60 mi/h)—(30 mi/h) |
wg = AX/ At, where

AX = AX, + AX, =d +(-d)=0; so, v, =[0].

avg

(V1 +V2)V

(b) The average velocity for this trip is v

(c) The average speed for this trip isv,,, =d / At, whered =d, +d, =

d+d=2dand At=At, +At,=d/v,+d/V,; so, the average speed

is the same as in part (a): v,,, = |30 mi/h.

*2.13 (@) The total time for the trip is tiw = £, + 22.0 min = £, + 0.367 h,
where t, is the time spent traveling at v, = 89.5 km/h. Thus, the
distance traveled is Ax=v,t, =v,_t ., which gives

avg

(89.5 km/h)t, =(77.8 km/h)(t, +0.367 h)
=(77.8 km/h)t, +28.5 km

or (89.5km/h-77.8 km/h)t, =28.5 km
from which, t,= 2.44 h, for a total time of

tw =t +0.367 h =

(b) The distance traveled during the trip is AX=v;t, = v, t ., giving

Ax=V, t... =(77.8 km/h)(2.81 h)=

avg
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Section 2.4 Acceleration

P2.14 The ball’s motion is entirely in the horizontal direction. We choose the
positive direction to be the outward direction, perpendicular to the
wall. With outward positive, V; =-25.0 m/s and v; =22.0 m/s. We use

Equation 2.13 for one-dimensional motion with constant acceleration,

V¢ =V, +at, and solve for the acceleration to obtain

g AV _220m/s—(-250m/s
At 3.50x107 s

P2.15 (@) Acceleration is the slope of the graph of v versus t.
For0<t<5.00s,a=0.
For15.0s<t<20.0s,a=0.

Vi TV

t -t

, = 800 m/s—(-8.00 m/s)

15.0 s—5.00 s =[1.60 m/s’|

We can plot a(t) as shown in ANS. FIG. P2.15 below.

) =[1.34x10* m/s?]

For50s<t<15.0s, a=

a (m/s?)

2.0

1.6

1.0

0.0 1(s)

0 5 10 15 20
ANS. FIG. P2.15
V-V,
For (b) and (c) we use a= ——
£ N

(b) For5.00s<t<15.0s,t,=500s,v,=-8.00m/s, t= 15.0 s, and
vy = 8.00m/s:

o= Vi—V; _8.00m/s—(-8.00 m/s)
t, -t 15.0s-5.00 s

=11.60 m/s>

() Weuset;=0,v,=-8.00m/s, {,=20.0s, and v,=8.00 m/s:

gz Vi _8.00 m/s—(-800m/s) _ 0.800 m/s’
tf _ti 20.0s-0
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46 Motion in One Dimension

P2.16 The acceleration is zero whenever the marble is on a horizontal
section. The acceleration has a constant positive value when the
marble is rolling on the 20-to-40-cm section and has a constant
negative value when it is rolling on the second sloping section.
The position graph is a straight sloping line whenever the speed is
constant and a section of a parabola when the speed changes.

Position as a function of time
100 -

[N} o0
(e} (]

[\ B
S (e}

Position along track, cm

N
/

time

Velocity as a function of time

x component of velocity,
arbitrary units

time

Acceleration as a function of time

acceleration, arbitrary units
(=]
L 2
<

time
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Chapter 2 47

P2.17 (@) Intheintervalf,=0sand {,=6.00 s, the motorcyclist’s velocity
changes from v; = 0 to v, = 8.00 m/s. Then,

V. —V, —
az AV ViV _BOm/s—0_ 1.3 m/s’
At t,—t  60s-0

(b) Maximum positive acceleration occurs when the slope of the
velocity-time curve is greatest, at t = 3 s, and is equal to the slope
of the graph, approximately (6 m/s-2m/s)/(4s—2s) =

2m/s?|

(c) The acceleration a = 0 when the slope of the velocity-time graph is

zero, which occurs at , and also for .

(d) Maximum negative acceleration occurs when the velocity-time
graph has its maximum negative slope, at t = 8 s, and is equal to

the slope of the graph, approximately |-1.5 m/s’|

*P2.18 (a) The graph is shown in ANS. FIG. P2.18 below.

x (m) v (m/s)

0 £(s)

t(s)

ANS. FIG. P2.18

(b) Att=>5.0s,theslopeis v= B m 23 m/s |.
25s

Att=4.0s, theslopeis v= 5; 218 m/s |.
s

Att=3.0s, theslopeis v= Hm 14 m/s |.
34s

Att=2.0s, theslopeis v= som 9.0 m/s |.
40s

(c) a=2V_ 23 mjs 4.6 m/s’
At 50s
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48 Motion in One Dimension

(d) The initial velocity of the car was .

P2.19 (a) The area under a graph of a vs. t is equal to the change in velocity,
Av. We can use Figure P2.19 to find the change in velocity during
specific time intervals.

The area under the curve for the time interval 0 to 10 s has the
shape of a rectangle. Its area is

AV = (2m/s’)(10s) =20 m/s

The particle starts from rest, v, = 0, so its velocity at the end of the
10-s time interval is

v=0v,+ AV =0+20m/s =

Between t =10 s and t = 15 s, the area is zero: Av =0 m/s.
Between t = 15 s and t = 20 s, the area is a rectangle: Av =
(-3m/s%)(5s) =-15m/s.

So, between t =0 s and t = 20 s, the total area is Av = (20 m/s) +
(0m/s) + (-15m/s) = 5m/s, and the velocity at t = 20 s is

(b) We can use the information we derived in part (a) to construct a
graph of x vs. t; the area under such a graph is equal to the
displacement, AX, of the particle.

From (a), we have these points (t, v) = (0s, 0 m/s), (10s,20 m/s),
(155,20 m/s), and (20 s, 5 m/s). The graph appears below.

v (m/s)

The displacements are:
0 to 10 s (area of triangle): Ax = (1/2)(20 m/s)(10 s) = 100 m
10 to 15 s (area of rectangle): AX = (20 m/s)(5s) = 100 m
15 to 20 s (area of triangle and rectangle):
AX =(1/2)[(20-5) m/s](5s) + (5m/s)(5 s)
=375m+25m=625m

Total displacement over the first 20.0 s:

AX =100 m + 100 m + 62.5m =262.5m =
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Chapter 2 49

P2.20 (a) The average velocity is the change in position divided by the
length of the time interval. We plug in to the given equation.

At =200s, x = [3.00(2.00) - 2.00(2.00) +3.00] m=11.0 m.
At =300s, x = [3.00(3.00)° — 2.00(3.00) +3.00] m=24.0m

S0

v A _240m-11.0m _
& At 3.00s—2.00s

(b) At all times the instantaneous velocity is

13.0m/s

E %(3.001;2 —2.00t + 3.00) = (6.00t— 2.00) m/s

Att=2.00s, v=[6.0002.00) - 2.00] m/s = |10.0 m/s|.
Att=3.00s, v=[6.003.00) - 2.00] m/s = |16.0m/s|.

a _Av_160m/s-10.0m/s _
TEAt 3.00s-2.00s

(d) Atalltimes a= %(6.00’[ —2.00)=16.00 m/s’|. This includes both

t=200sand f=3.00s.
(e) From (b), v = (6.00{ - 2.00) =0 — { = (2.00) /(6.00) = |0.333 s.

P2.21 To tind position we simply evaluate the given expression. To find
velocity we differentiate it. To find acceleration we take a second
derivative.

6.00 m/s’

(c)

With the position given by x = 2.00 + 3.00¢ — £/, we can use the rules for
differentiation to write expressions for the velocity and acceleration as
functions of time:

v _dx d
Tt T dt

dv

(2+3t-1?)=3-2t and ax=a=%(3—2t)=—2

Now we can evaluate x, o, and a at { = 3.00 s.
(@) x=(2.00+9.00-9.00)m-=

(b) 2=3.00-6.00)m/s=|-3.00m/s

() a=|-200m/s’
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50 Motion in One Dimension

Section 2.5 Motion Diagrams

P2 @) oo e

®) Or O O— 00—
= - —=
(€) [ [C— > [»
e <= L= -
(d) ~——0 «— <0 <0
- . <t <k 3 Pr——]
(€) <0 = «~——0 0
= — = =
— = reading order

== velocily

== acceleration

(f) One way of phrasing the answer: The spacing of the successive

positions would change with ‘less regularity.‘

Another way: The object would move with some combination of
the kinds of motion shown in (a) through (e). Within one
drawing, the acceleration vectors would vary in magnitude and
direction.

P2.23 (a) The motion is fast at first but slowing until the speed is constant.
We assume the acceleration is constant as the object slows.

a

0

1 | !

0 t

X

Nl
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Chapter 2 1

(b) The motion is constant in speed.

a

0 f

(c) The motion is speeding up, and we suppose the acceleration is
constant.

Section 2.6 Analysis Model: Particle Under Constant
Acceleration

*p2.24 Method One

Suppose the unknown acceleration is constant as a car moving at
v;; = 35.0 mi/h comes to a stop, vV, =0 in X;; — % =400 ft. We find its

acceleration from vZ = v? + Za(xfl —~ Xi):

=329 ftfs’

_ VirVl 00— (35.0 mi/h)’ (5 280 ft)z( 1h )2
2(X;, ;) 2(40.0 ft) mi / \3600s

Now consider a car moving at v, =70.0 mi/h and stopping, v; =0,

with a=-32.9 ft/s’. From the same equation, its stopping distance is

2 2

vy =YV _0-(700 mi/h)2(5 280 ﬂ)ﬁ( I )2
7T 2a 2(-32.9 ft/s?) 3600

SEET

Method Two

1 mi

For the process of stopping from the lower speed v,; we have

vi=vi+ Za()(fl = X-) , 0=v% +2ax,,, and v} = -2ax,, . For stopping
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52 Motion in One Dimension

from v, = 2v, , similarly 0=V}, +2axX,,, and v = -2ax,,. Dividing

gives

: X
Yo 22, x, =40 fx2* =160 ft

Vil Xfl

*P2.25 Wehave v, =2.00x10*m/s, v, =6.00x10° m/s, and
X, — X =150x107 m.
1
(@) X —%-= E(vi + ¥, )t:

C2(x-x) 2(1.50x107 m)
Covi+v,  200x10* m/s +6.00x10° mys

=| 498x107 s

by vi=vl+ Za}((xf —xi):

L~ Vi=Vi _(600x10° mys)’ —(200x10* mys)
Ay 2(1.50x 1072 m)

=[1.20x 10" m/s®

*P2.26  (a) Choose the initial point where the pilot reduces the throttle and
the final point where the boat passes the buoy: X, =0, X; =100 m,

in:30 m/S; V:-:f:?f ax:_3‘5 m/szf andt:?
Ly 58

100 m =0+ (30 m/s)t+%(—3.5 m/s?)t?

(1.75 m/s? )2 — (30 mys)t+100 m =0
We use the quadratic formula:

_ —b++b? — 4ac

23
_ 30 m/s+4/900 m’/s’ —4(1.75 my/s’)(100 m)

2(1.75 m/s?)

30 s+14.1 s
_ “;/_5 m/SQm/ ~1%6 § O

t

t
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P2.27

P2.28

P2.29

Chapter 2 53

The smaller value is the physical answer. If the boat kept moving
with the same acceleration, it would stop and move backward,
then gain speed, and pass the buoy again at 12.6 s.

(b) Vg =V, +at=30 m/s—(35 m/s’)4.53 s =] 14.1 m/s

In parts (a) - (c), we use Equation 2.13 to determine the velocity at the
times indicated.

(a) Thetime given is 1.00 s after 10:05:00 a.m., so

v =0, +at =13.0m/s + (-4.00 m/s’)(1.00 s) = [9.00 m/s

(b) Thetime given is 4.00 s after 10:05:00 a.m., so

vp=v,+at=13.0m/s + (-4.00 m/sg)(4.00 s) =|-3.00m/s

(c) Thetime given is 1.00 s before 10:05:00 a.m., so

v=v,+af =13.0m/s + (-4.00 m/s’)(-1.00s) = [17.0 m/s

(d) |The graph of velocity versus time is a slanting straight line,
having the value 13.0 m/s at 10:05:00 a.m. on the certain date,
and sloping down by 4.00 m/s for every second thereafter.

(e) |If we also know the velocity at any one instant, then knowing the

value of the constant acceleration tells us the velocity at all other

instants

(a) We use Equation 2.15:

X~ X, = %(vi +V, )t becomes 40.0 m= %(vi +280m/s)(850s),

which yields v, =(6.61 m/s|.

(b) From Equation 2.13,

V. -V —
g Jr I:2.80 m/s—6.61 m/s: 0448 /s’

t 8.50s

The velocity is always changing; there is always nonzero acceleration
and the problem says it is constant. So we can use one of the set of
equations describing constant-acceleration motion. Take the initial
point to be the moment when x, = 3.00 cm and z; = 12.0 cm/s. Also, at

t =2.00s, x;,=-5.00 cm.

Once you have classitied the object as a particle moving with constant
acceleration and have the standard set of four equations in front of
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54 Motion in One Dimension

you, how do you choose which equation to use? Make a list of all of
the six symbols in the equations: x;, x, v,;, v, 4, and £. On the list fill in
values as above, showing that x, x, v,, and  are known. Identify a, as

the unknown. Choose an equation involving only one unknown and
the knowns. That is, choose an equation nof involving v, Thus we

choose the kinematic equation

1
X, =X+ Vv t+—at
2

and solve for a,:

We substitute:
" 2[-5.00 cm—3.00 cm—(12.0 ¢m/s)2.00 s)]

4 (2.00 s)*
=[=16.0 em/s*
P2.30 We think of the plane moving with maximum-size backward

acceleration throughout the landing, so the acceleration is constant, the
stopping time a minimum, and the stopping distance as short as it can
be. The negative acceleration of the plane as it lands can be called
deceleration, but it is simpler to use the single general term acceleration
tor all rates of velocity change.

(a) The plane can be modeled as a particle under constant
acceleration, with a, =-5.00 m/s”. Given v, =100 m/s
and vV; = 0, we use the equation v, =V,;+3,l and solve for f:

V. _
t= ;(fa ;(|_0 100m/S:

. —5.00 m/s’

(b) Find the required stopping distance and compare this to the
length of the runway. Taking x, to be zero, we get

5w
Vi, =V, + Za}((xf —xi)

Vi -vZ  0—(100 m/s
Za,  2(-5.00 m/s’)

=[1.000 m]

(c) The stopping distance is greater than the length of the runway;

the plane cannot land |.
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Chapter 2 53

P2.31 We assume the acceleration is constant. We choose the initial and final
points 1.40 s apart, bracketing the slowing-down process. Then we
have a straightforward problem about a particle under constant
acceleration. The initial velocity is

v, = 632 mi/h = 632 mi/h[1609 m}[ LI

- 282
3600 s} s

1 mi

(a) Taking v,;=v,+al with v; =0,

5 Vi —Vy  0-282m/s
’ t 140s
This has a magnitude of approximately 20g.

(b) From Equation 2.15,

X, — X = %(in fv )= %(282 m/s + 0)(LA0's) =

~202 m/s’

P2.32 As in the algebraic solution to Example 2.8, we let f represent the time
the trooper has been moving. We graph

x,, =45+ 45¢

and X = 1.5¢

trocper

They intersect at t=|31 s|.

v (km)
A
1.5

police

0.5 1 officer

T T T = 1(8)
10 20 30 40

ANS.FIG. P2.32

*P233 (a) The time it takes the truck to reach 20.0 m/s is found from
V; =V, +at. Solving for ¢ yields

Vi—V; 200 mfs—0 my/s
= = =10.0
a 2.00 m/s’ °

The total time is thus 10.0 s+ 20.0 s+ 5.00 s= .
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P2.34

P2.35

Motion in One Dimension

(b) The average velocity is the total distance traveled divided by the
total time taken. The distance traveled during the first 10.0 s is

0+20.0

X, =Vt = (10.0) =100 m

With a = O for this interval, the distance traveled during the next
20.0s is

X, =Vt + %aﬁ = (20.0)(20.0) + 0 = 400 m

The distance traveled in the last 5.00 s is

Ryt = (20‘0 * 0)(5.00) -50.0m
The total distance X=X, + X, + X, =100+ 400+ 50=550 m, and the
average velocity is given by V= %: % =157 m/s |.

We ask whether the constant acceleration of the rhinoceros from rest
over a period of 10.0 s can result in a final velocity of 8.00 m/s and a
displacement of 50.0 m? To check, we solve for the acceleration in two
ways.

1) £=00=01=100s,7,=8.00m/s:

Vf

_ 8.00m/s

a=———"—=0.800m/s’
10.0 s
2) t=0x=019=0;t=100s, Xp= 50.0m:
X, =X +Vt e X, & Lav
2 2
2%
= Qf :2(500 n;)=100 Il'l/s2
t (10.0 s)

The accelerations do not match, therefore the situation is impossible.

Since we don’t know the initial and final velocities of the car, we will
need to use two equations simultaneously to find the speed with
which the car strikes the tree. From Equation 2.13, we have

V.=V, +at=v,+(-5.60 m/s?)(4.20 s)

vV, =V, +(5.60 m/s?)(4.20 s) [1]
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Chapter 2 57

and from Equation 2.15,
1
X, — X = E(V” +V )t
1
624n1=5bm+vﬁk420ﬂ 2]
Substituting for v ; in [2] from [1] gives

624n1=%{vﬁ+(560nusg(gzosy+wdy4aos)

1491n/S=Vﬁ+%{560HU%2M£2OQ

Thus, v, -(T0m/]

P2.36 (a) Take any two of the standard four equations, such as

V.=V +al
X; =X = %(in +V, )t

Solve one for 7, and substitute into the other:

Uy =0,—at
1

Thus

L
X, —X =v l——al
f | wf 2

X

We note that the equation is dimensionally correct. The units are
units of length in each term. Like the standard equation

1
X, — X =V, t+ Eaxtz, this equation represents that displacement is
a quadratic function of time.

(b) Our newly derived equation gives us for the situation back in
problem 35,

624nr:wd420g—%p560nu§ﬂ420g2

 624m-494m

v 310m/s
A 420s /
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58 Motion in One Dimension

P2.37 (a) We choose a coordinate system ®
with the x axis positive to the right, X
in the direction of motion of the ANS. FIG. P2.37
speedboat, as shown on the right.

Y

(b) Since the speedboat is increasing its speed, the particle under
constant acceleration model should be used here.

(c) Since the initial and final velocities are given along with the
displacement of the speedboat, we use

Vil A DA

(d) Solving for the acceleration of the speedboat gives

2AX
(e) Wehavewv,=20.0m/s, v, = 30.0 m/s, and X, —X; = Ax= 200 m:

2

W Vi (30.0m/s)f —(20.0 m/s)
20X 2(200 m) -

v

a= 1.25 m/s’

(f) Tofind the time interval, we use v,= v, + af, which gives

V. —V, —
t= f |:30.0m/8 ZOOm/S:

a 1.25 m/s’

P2.38 (a) Compare the position equation x = 2.00+ 3.00¢ — 4.00¢ to the
general form

X; =1 +Vit+%at2

to recognize that x, = 2.00 m, v,=3.00 m/s, and @ = -8.00 m/s’.
The velocity equation, v,= v: + af, is then

2,=3.00 m/s - (8.00 m/s’)t
The particle changes direction when v, = 0, which occurs at

t= % s. The position at this time is

3 3 ¥
X = 2.00 m+(3.00 m/s) [g s] ~(4.00 m/sz)[g s]
=[256 m

(b) From x, =X +vt+ %atz, observe that when x; = x,, the time is
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P2.40

Chapter 2 59

given by t = —ﬁ_ Thus, when the particle returns to its initial
d

position, the time is

. —2(3.00 m/s)
~ _8.00 m/s?

and the velocity is

v, =3.00 m/s—(8.00 m/s’ )G s] =

Let the glider enter the photogate with velocity v, and move with
constant acceleration a. For its motion from entry to exit,

3
=—3s
4

1
X, =X +v t+=at’
2
£=0+ VAL + laAtﬁ = V,Al,
2
1
(a) The speed halfway through the photogate in space is given by

£
Vi, =V + Za[a] = v’ + av,At,

Vi, =4V +av Aty and this is ‘not equal to v, unless a= 0|.

(b) The speed halfway through the photogate in time is given by

AL, . ,
Vi, =V, + 8[7] and this is as determined above.

(a) Let a stopwatch start from f = 0 as the front end of the glider
passes point A. The average speed of the glider over the interval

between f =0 and = 0.628 s is 124 em/(0.628 ) = |19.7 cm/s|,

and this is the instantaneous speed halfway through the time
interval, at £ = 0.314 s.

(b) The average speed of the glider over the time interval between
0628 +139=2.02s5and 0.628 +1.39 + 0431 =245sis
12.4 em/(0.431 s) = 28.8 cm/s and this is the instantaneous speed
at the instant f = (2.02 + 2.45)/2 =223 s.

Now we know the velocities at two instants, so the acceleration is
found from

[(288-19.7) cm/s]/[(2.23- 0.314) 5] =[4.70 cm /s
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60 Motion in One Dimension

() |Thedistance between A and B is not used, but the length of
the glider is used to find the average velocity during a known

time interval.

P2.41 (a) What we know about the motion of an object is as follows:
a=4.00 m/sz, v,=6.00m/s, and v, = 12.0m/s.

V=Vt Za(xf ~ xi) =V + 2aAX
o Lvi-vi)
2a

(120 m/s)" - (6.00 m/s)’ |

A= 2(4.00 m/s7) “USom

(b) From (a), the acceleration and velocity of the object are in the
same (positive) direction, so the object speeds up. The distance is

because the object always travels in the same direction.

() Givena=4.00 m/sz, v, =-6.00m/s, and 7 12.0 m/s. Following
steps similar to those in (a) above, we will find the displacement

to be the same: |AX = 13.5 m.| In this case, the object initially is

moving in the negative direction but its acceleration is in the
positive direction, so the object slows down, reverses direction,
and then speeds up as it travels in the positive direction.

(d) We consider the motion in two parts.

(1) Calculate the displacement of the object as it slows down:
a=4.00 m/sz, v,=-6.00m/s, and P Om/s.
(vi-v?
22
[(0m/s)’ ~(~6.00 m/s)’ |
- 2{4.00 m/s" )

AX =

=—-450 m

The object travels 4.50 m in the negative direction.

(2) Calculate the displacement of the object after it has reversed
direction: a = 4.00 m/sz, v,=0m/s, U= 12.0m/s.

p L)

2a
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Chapter 2 61

|(120m/s) ~(0m/s)’ |

M T om0

The object travels 18.0 m in the positive direction.

Total distance traveled: 4.5 m+ 18.0 m =

P2.42 (a) For the first car, the speed as a function of time is
V, =V, +at = =350 cm/s +(2.40 cm/s? )t

For the second car, the speed is

vV, =V, +a,t=+55cm/s+0
Setting the two expressions equal gives

3.50 cm/s +(2.40 cm/s? )t = 5.5 cm/s

Solving for f gives

. 9.00 cm/s :

240 cm/s’
(b) The tirst car then has speed

v, = vy +ayt = -3.50 em/s +(2.40 em/s?)(3.75 s) =

and this is also the constant speed of the second car.

(c) FPor the first car, the position as a function of time is
X, =X, +V, t+ lalt2
2
=15.0 e (3.50 cm/s)t + %(2.40 cm/s?)t?

For the second car, the position is

X, =10.0 cm + (5.50 cm/s)t

At the point where the cars pass one another, their positions are
equal:

15.0 em— (3.50 em/s)t +%(2.40 cm/s? )t
=10.0 cm +(5.50 cm/s)t

rearranging gives

(1.20 em/s?) 2~ (9.00 em/s)t +5.00 cm = 0
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62 Motion in One Dimension

We solve this with the quadratic formula. Suppressing units,

e 9i\/(9)22(1;§1.2)(5) ) 9?/45_7 690, or [06003]

(d) Atf=0.604s,the second and also the first car’s position is

X, =10.0 cm+(5.50 cm/s)(0.604 s) =

At t =690 s, both are at position
X,, =10.0 cm +(5.50 cm/s)(6.90 s) =

(e) |The cars are initially moving toward each other, so they soon

arrive at the same position X when their speeds are quite
different, giving one answer to (c) that is not an answer to (a).
The first car slows down in its motion to the left, turns around,
and starts to move toward the right, slowly at first and gaining
speed steadily. At a particular moment its speed will be equal
to the constant rightward speed of the second car, but at this
time the accelerating car is far behind the steadily moving car;
thus, the answer to (a) is not an answer to (c). Eventually the
accelerating car will catch up to the steadily-coasting car, but

passing it at higher speed, and giving another answer to (c)

that is not an answer to (a).

P2.43 (a) Total displacement = area under the (o, f) curve fromf = 0 to 50 s.
Here, distance is the same as displacement because the motion is
in one direction.

AX = %(50 m/s)(15 s) + (50 m/s)(40—15) s

+ %(50 m/s)(10 s)

AX = 1875 m = [1.88 km

(b) Fromf=10stot=40s, displacement is

Axz %(50 m/s +33 m/s)(5 s) + (50 m/s)(25 s) =
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(d)

Chapter 2 63

We compute the acceleration for each of the three segments of the
car’s motion:

_Av_(50-0)m/s _

0<t<15s: [ =—= 3.3 m/s’
At 15s-0

15s<t<40s: a,=0

40s<t<50s: 5=V (0-50) mys e
At 50s-40s

ANS. FIG. P2.43 shows the graph of the acceleration during this
interval.

a (m/s?)
5 T S I S
........

|
10 1 20 1 30

ANS FIG. P2.43
For segment Oz,

X, = 0+%alt2 = %(3.3 m/sz)’[2 or

X, = (1.67 m/s? )¢

For segment ab,

Xyis %(15 s)[50 m/s— 0]+ (50 m/s)(t-15s)

or X2=(50 m/s)t—375 m

For segment bc,

area under v vs. t
| fromt = 0to40s

J+%a3(t—40 sy +(50m/s)(t-405s)
or

X, = 375 m+1250 m+%(—5.0 m/s’)(t—40s)’
+(50 m/s)(t—40's)

which reduces to

X, =(250 m/s)t—(2.5 m/s’ Jt’ =4 375 m
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64 Motion in One Dimension

(&) V= total dlsplacerrllent _1875m _ T mie
total elapsed time 50 s

2.44 (a) Take f=0atthe time when the player starts to chase his
opponent. At this time, the opponent is a distance
d=(12.0 m/s)(3.00 s)=36.0 m in front of the player. At time f > 0,

the displacements of the players from their initial positions are

AX s = Vgt + %aplwt2 = %(4.00 m/s? )t [1]
and

AR ™ Vet %aoppmmt2 = (120 m/s)t+0 [2]
When the players are side-by-side, AX; e, = AX ponene +36.0 m. [3]

Substituting equations [1] and [2] into equation [3] gives

%(4.00 m/s?Jt? = (120 m/s)t +36.0 m

or t2+(-600s)t+(-180s%)=0

Applying the quadratic formula to this equation gives

—(=6.00 s)iJ(—6.00 s —4(1)(-18.0 57
2(1)
which has solutions of f = -2.20 s and f = +8.20 s. Since the time

must be greater than zero, we must choose t= as the
proper answer.

=

1
+_
2

=0+ %(4.00 m/s*)(8.20 s)’ = [[34m

(b) AX = i,playe rt aplayer

player

Section 2.7 Freely Falling Objects

P2.45 This is motion with constant acceleration, in this case the acceleration
of gravity. The equation of position as a function of time is

Y :yi-i-Vit-i-%atQ

Taking the positve y direction as up, the acceleration is a = (9.80 m/s’,
downward) = —g; we also know that y, = 0 and 7, = 2.80 m/s. The above
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Chapter 2 63

equation becomes

()
(b)
(c)
(d)

1
—vi——qt
yf i 2 g
y, =(2.80 m/s)t— %(9.80 m/s’ )t’
At£=0100s,  y=[0231m
At£=0200s, y,= [0.364 m|

Att=0300s, ¥,= 10399 m
Att=0500s, y,=10.175m

P2.46 We can solve (a) and (b) at the same time by assuming the rock passes
the top of the wall and finding its speed there. If the speed comes out
imaginary, the rock will not reach this elevation.

vi= v +2a(Yr _Yi)
= (740 m/s)’ - 2(9.80 m/s?)(3.65 m~1.55 m)
=13.6 m’/s’

which gives v; =3.69 m/s.

So the rock does reach the top of the wall with v; = 3.69 m/s|.

(c)

(d)

The rock travels from y, = 3.65 mto y,=1.55 m. We find the final
speed of the rock thrown down:

vi=v’+ 2a(yf —yi)
= (-7.40 m/s) —2(9.80 m/s?)(1.55m-3.65 m)
=959 m? /s’
which gives v, =-9.79 m/s.
The change in speed of the rock thrown down is

[9.79 m/s—7.40 m/s[=[2.39 m/s

The magnitude of the speed change of the rock thrown up is
|7.40 m/s—3.69 m/¢|=3.71 m/s. This ‘does not agree| with
239 m/s.
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66 Motion in One Dimension

(e) |The upward-moving rock spends more time in flight because its

average speed is smaller than the downward-moving rock, so the

rock has more time to change its speed.

P2.47 The bill starts from rest, v, = 0, and falls with a downward acceleration

of 9.80 m/s’ (due to gravity). For an average human reaction time of
about 0.20 s, we can find the distance the bill will fall:

Y. =, +\fit+%at2 — Ay =\fit—%gt2

Ay = 0—%(9.80 m/s?)(0.20 sy’ =-0.20 m

The bill falls about 20 cm—this distance is about twice the distance
between the center of the bill and its top edge, about 8 cm. Thus

David could not respond fast enough to catch the bill.

P2.48 Since the ball’s motion is entirely vertical, we can use the equations for
tree fall to find the initial velocity and maximum height from the
elapsed time. After leaving the bat, the ball is in free fall for f =3.00s

and has constant acceleration a,=-g= 980 m/ s
(a) The initial speed of the ball can be found from
v, =V, +at
O=v,—gt>v =gt
v, =(9.80 m/s?)(3.00s) = [29.4 m/s

(b) Find the vertical displacement Ay:
|
Ay =¥ -y, =E(Vi +Vf)t

Ay = %(29.4 m/s +0)(3.00s)

Ay =
*P2.49  (a) Consider the upward flight of the arrow.

Vif = V;i +28y(yf _Yi)
0= (100 mys)” +2(-9.80 m/s?) Ay

10000 m?/s”
ay =R - [570m]
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Chapter 2 67

(b) Consider the whole tlight of the arrow.
1
Yo=Y vt Ea},t2
0=0+(100 m/s)t + ;(—9.80 m/s? )t

The root f = 0 refers to the starting point. The time of flight is
given by

100 mys
t:—:
190 w3

P2.50 We are given the height of the helicopter: y = k = 3.00¢".
Att=200s,y =3.00(2.00 s)° = 24.0 m and

dy 2
v, e 9.00t> =36.0m/s T

If the helicopter releases a small mailbag at this time, the mailbag starts
its free fall with velocity 36.0 m/s upward. The equation of motion of
the mailbag is

Y, =y +vit +%a’[2
y; = (24.0 m) +(36.0 m/s)t— (4.90 m/s?)

Setting y, = 0, dropping units, and rearranging the equation, we have

4.90F -36.0£-24.0=0

We solve for f using the quadratic formula:

. 360+ \(-36.0Y — 4(4.90)(—24.0)
B 2(4.90)

Since only positive values of  count, we find t=(7.96 s|.

P2.51 The equation for the height of the ball as a function of time is

1

=v +vt——qt

yf y|+V| 29
0=30m+ (—8.00 m/s)t— (4.90 m/sz)’[2
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68 Motion in One Dimension

Solving for £,

1800+ J(=8.00)" — 4(-4.90)(30)  +8.00 + /64 + 588
- 2(—4.90) - —9.80

t=[L79 5]

*P2.52  The falling ball moves a distance of (15 m - /) before they meet, where
h is the height above the ground where they meet. We apply

¥¢= yi+vit_lgt2
2
to the falling ball to obtain

—(15.0 m-h)= —% gt?
L. .3
or =150 m—Egt [1]
Applying y, =y +vi- % gt* to the rising ball gives
)
h=(25 m/s)t—Egt [2]
Combining equations [1] and [2] gives

(25 m/s)’[—%g’[2 =154 m—%g’[2

or t= 12 ot

= =10.60
-

P2.53 We model the keys as a particle under the constant free-fall
acceleration. Take the first student’s position to be y, = 0 and the

second student’s position to be y; = 4.00 m. We are given that the time
of flight of the keysis f =1.50s, and a, =—-9.80 m/s’.

i
(a) We choose the equation y; =y, + Vv, l+ antg to connect the data

and the unknown.
We solve:

1 .
Yf_Yi__at
v = 2 7

¥l 1
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Chapter 2 69

and substitute:

4.00 m—%(—9.80 m/s” }(1.50 s)’
V= TS0 =110.0 m/s
(b) The velocity at any time ¢ > 0 is given by v,,= v, + a,f.

Therefore, at f =1.50s,

v,; =10.0 m/s—(9.80 m/s’ )(1.50 s)=

The negative sign means that the keys are moving downward just
before they are caught.

P2.54 (a) The keys, moving freely under the influence of gravity (g = —g),
undergo a vertical displacement of Ay = +h in time . We use
Ay=vit+1at’ to find the initial velocity as

Ay:Vit-i-%atQ =h

—)h:\fit—lgt2
2

1
A LA [T
! t Tt 2

(b) We tind the velocity of the keys just betore they were caught (at
time f) using v = v, + af:

v=v +at
V= [E + g_t] _ gt
t 2
yon_gt
t 2
P2.55 Both horse and man have constant accelerations: they are g downward

tor the man and O for the horse. We choose to do part (b) first.

(b) Consider the vertical motion of the man after leaving the limb
(with #,= 0 at y,= 3.00 m) until reaching the saddle (at y.= 0).

Modeling the man as a particle under constant acceleration, we
find his time of fall from y, =y, + V},it+-}ayt2.

When v,=0,

,Z(yf —yi) ,2(0—3.00 m)
t= a, A -9.80 m/s’ =[0782 5]
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70  Motion in One Dimension

(@)

P2.56  (a)

(b)

()

During this time interval, the horse is modeled as a particle under
constant velocity in the horizontal direction.

vV, =V, =10.0m/s

X, — X =V, t=(10.0 m/s)(0.782 )=

and the ranch hand must let go when the horse is 7.82 m from the
tree,

Let f = O be the instant the package leaves the helicopter. The
package and the helicopter have a commeon initial velocity of -,

(choosing upward as positive). The helicopter has zero
acceleration, and the package (in free-tall) has constant
acceleration 4, =—¢.

At times t > 0, the velocity of the package is

¥, =Y #a N, =—Vi—(L= (v, + gt)

so its speed is |Vp| =|v,+ gt}

Assume the helicopter is at height  when the package is
released. Setting our clock to f = 0 at the moment the package is
released, the position of the helicopter is
1

Yoot = Yi Vil + antz

Y=kl (_Vi)t
and the position of the package is

1
Yo=Y+ vt Ea},’[2
= H+(-v )t Lo

g =N el 5 9

The vertical distance, d, between the helicopter and the package is
1
Yo — Yo =[ H + (—Vi)t]—[H (v )t- Egtz}

1
d=|=gt’
59

The distance is independent of their commeon initial speed.

Now, the package and the helicopter have a common initial
velocity of +v, (choosing upward as positive). The helicopter has
zero acceleration, and the package (in free-fall) has constant
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Chapter 2 71

acceleration a4, = —g.

At times f > 0, the velocity of the package is

Therefore, the speed of the package at time is v = |\fi e gt| .

The position of the helicopter is
1o
Yret = Yi + Vil + ant

Y = H #+ (+Vi)t
and the position of the package is

i
Yo=Y+ b+ Ea},’[2
y,=H+ (+vi)t—%gt2
The vertical distance, d, between the helicopter and the package is

Yre = ¥p =[H +(+Vi)tJ—{H +(+Vi)t—%gt1

1
d=|=gt’
5 9
As above, the distance is independent of their commeon initial
speed.
Section 2.8 Kinematic Equations Derived from Calculus
P2.57 This is a derivation problem. We start from basic definitions. We are

given | = da_/df = constant, so we know that da_= Jdt.

(a) Integrating from the ‘initial’ moment when we know the
acceleration to any later moment,

[*da=[)dt — a,-a,=Jt-0)

Therefore, |a, = Jt+a,|.

Froma_ =dv /df, dv =a_df.
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72  Motion in One Dimension

Integration between the same two points tells us the velocity as a
function of time:

.[:x dv, = .[[;ax dt :.[[; (a, + Jt)dt

Vo=V, = a}(itJr%Jt2 or |V,=V,+ a}(J;Jr%Jt2

From v, = dx/dt, dx = v df. Integrating a third time gives us x(f):

[Fdx= v dt= [ (v, +at+ %Jtz) dt

K= Wm \f}(it+la}(it2 g
2 6

and |x=1p Jrlamt2 +V, L+ x|
6 2

(b) Squaring the acceleration,
a=(t+a )y =0t +a +2)at

Rearranging,
a s ai+2) [l 1+ axit]
2
The expression for v, was

%= %Jt2 ra t+v,

X

S0 (v~ in):%f[z +ayt

and by substitution

a:z( = aii + ZJ(VX _in)

P2.58 (a) Seethex vs. f graph on the top panel of ANS. FIG. P2.58, on the
next page. Choosex =0at t=0.

Att=3 s,X:%(8m/s)(3 s)=12 m.

Att=5sx=12m+(8 m/s)(2s) =28 m.

Att=7s,x=28m+%(8 m/s)(2 s)
=2361m,
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Chapter 2 73

(b) Seethea vs.t graph at the bottom right. ,,* (™)

8 m/s
3s

ForO0<t<3s a= =2.67 m/s’.

For3<t«<b5s,a=0.

At the points of inflection, f = 3 and 5 s,
the slope of the velocity curve changes
abruptly, so the acceleration is not

defined.
(c) Porbs<t«9s, 81 oS
alm/ s<)
g _ ; :
a:_16 m/S: _4m/82 ...........
f(s)
(d) The average velocity betweent=5and o[ "2 "4 6 8 10 (
7sis
V= Bm/s+0)/2=4m/s 4 loaeio
ANS. FIG. P2.58

Att=6sx=28m+(4m/s)(1s)=[32 m
(e) The average velocity between t =5 and 9 s is

Uy = [(Bm/8) + (-8 m/s8)]/2=0m/s
Atf=9s,x=28m~+ (0m/s)(ls)=

P2.59 (a) To find the acceleration, we differentiate the velocity equation
with respect to time:

a= 3—‘: - %[(—5.00>< 107)t% + (3.00x 10°)t

a=—(10.0x107 )t +3.00x 10°

where g is in m/s? and f is in seconds.
To find the position, take x, = 0 at { = 0. Then, from v = %,

t t

X—0= [vdt= [(-5.00x107t? +3.00x 10%)dt

0 0

s U

3
X= —5.00><107t—+ 3.00x10°—
3 2

which gives

x =—(1.67x107 Jt* + (1.50x 10°)t?
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74  Motion in One Dimension

where x is in meters and { is in seconds.

(b) The bullet escapes when a = 0:

a=-[{100x10")t+3.00x10° =0

3.00x10° s 5
= oo ig = 200x107s=

(¢) Evaluate v when ¢ = 3.00x 107 s:
v =(-5.00x107)(3.00x 10} +(3.00x10°)(3.00% 10°?)
v = —450+ 900 = [450 m/s]

(d) Evaluate x when ¢ = 3.00 x 107 s:
x = —(1.67x107)(3.00x10°)” + (1.50x 10°)(3.00x 10*)’

X =-0.450+1.35={0.900 m

Additional Problems

*P2.60 (a) Assuming aconstant acceleration:

Vf _Vi 42.0 I’I]/S 7
a= = =525
t  800s i
(b) Taking the origin at the original position of the car,
X, = %(vi +v Jt= %(42.0 m/s)(8.00s) =| 168 m

(c) From v; =v,+at, the velocity 10.0 s after the car starts from rest

is:

v, =0+(5.25 mfs?)(10.0s) = | 52.5 my/s

P2.61 (a) From v’ = v’ +2aAy, the insect’s velocity after straightening its
legs is

Y ng + 2a(Ay)
= J0+2(4 000 m/s?)(2.00% 10 m) =

(b) The time to reach this velocity is

- V-V, — 4.00 m/8—20:1.00><10—3 8=
a  4000m/s
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Chapter 2 73

(c) Theupward displacement of the insect between when its feet
leave the ground and its speed is momentarily zero is

vi-v

2a

0—(4.00 m/s)’
Ay = -[0816 m|
Y 2980 m/) B

Ay =

P2.62 (a) The velocity is constant between f,= O and t = 4 s. Its acceleration
is @

©) a=(v,—v,)/0s—4s)=(18—[-12]) (m/s)/5 s = |6.0 m/s’

() a=(v,—v,)/(18s-13s)=(0-18) (m/s)/5s = |-3.6 m/s’

(d) Weread fromthe graph that the speed is zero
‘att:6 s and at 185‘.

(e) and (f) The object moves away from x = 0 into negative coordinates
fromt = 0tof=6s, but then comes back again, crosses the origin

and moves farther into positive coordinates until , then

attaining its maximum distance, which is the cumulative distance
under the graph line:

Ax=(-12 m/s)(4 s) +%(—12 m/s)(2 s) +%(18 m/s)(3 s)

+(18 m/s)(4 s)%(18 m/s)(5 s)
=84 m

(g) We consider the total distance, rather than the resultant
displacement, by counting the contributions computed in part (f)
as all positive:

d=+60m + 144 m = [204 m|

P2.63 We set i, = 0 at the top of the clitf, and find the time interval required

tor the tirst stone to reach the water using the particle under constant
acceleration model:

1
Y=YVt ant2
or in quadratic form,
(e
—Ea},t -Vt+y; -y, =0
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76  Motion in One Dimension

(a) If wetake the direction downward to be negative,
Yr=-500m v,;=-200m/s, and a,=-9.80 m/s’

Substituting these values into the equation, we find
(4.90 mfs?)t% +(2.00 mfs)t —50.0 m=0

We now use the quadratic formula. The stone reaches the pool
after it is thrown, so time must be positive and only the positive
root describes the physical situation:

- -2.00 m/s + J(z.oo m/s)’ —4(4.90 m/s’)(=50.0 m)
- 2(4.90 m/s”)

=[3.00 5|

where we have taken the positive root.

(b) For the second stone, the time of travel is
f=3.00s-1.00s=2.00s

. 1
Since y, =y, +V,t+ antg,

-50.0 m—%(—9.80 m/s”)(2.00 s)’

2.00s

=1-15.3m/s

The negative value indicates the downward direction of the initial
velocity of the second stone.

(c) For the first stone,
v, =V, +at, =-2.00 m/s+(-9.80 m/s*)(3.00 s)
Vi =[-314 m/s

For the second stone,
¥ =Vt =153 m/s+(-9.80 m/s*)(2.00 s)
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Chapter 2 77

P2.64 (a) Area A, is arectangle. Thus, A, =hw =19{.
Area A, is triangular. Therefore, A, = %bh = %t(vx ~V,).
The total area under the curve is

A=A1+AQ =int+w

and since v_—v_ =a.f,

1
A-v 1+=at
}(I+2 x

(b) |The displacement given by the equation is: X= vt + %ax’[2 , the

same result as above for the total area.

*P2.65 (a) Take initial and final points at top and bottom of the first incline,
respectively. If the ball starts from rest, v, =0, a = 0.500 m/s? and

xr—x; = 9.00 m. Then
v =v2 +2a(x, - x) = 0% + 2(0.500 m/s?)(9.00 m)
vV, =|3.00 m/s

(b) To tind the time interval, we use
X, —X =Vit+ Lae
2
Plugging in,
9.00=0+

(0.500 m/s?)t?
t=

(c) Take initial and final points at the bottom of the first plane and
the top of the second plane, respectively: v; = 3.00 m/s, vy= 0, and
xr—x;=15.0 m. We use

N |

vi=vl+ Za(xf —~ xi)

which gives
2

Vi-vi 0-(3.00m/s)
2(x;-x)  2(15.0m)

a= —0.300 m/s’
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78  Motion in One Dimension

(d) Take the initial point at the bottom of the tirst plane and the final
point 8.00 m along the second plane:

2, =3.00 m/s, x,— x; =8.00m, a = -0.300 m/s’
v =v? + 2a(x, - %) = (3.00 m/s)” +2(~0.300 m/s?)(8.00 m)
=420 m? /s’

*P2.66  Take downward as the positive y direction.
(a) While the woman was in free fall, Ay=144 ft, v, =0, and we take
a=g=2320 ft/s’. Thus,

Ay =vit+ %aﬁ —144 ft = 0+ (16.0 ft/s?)??

giving t,; = 3.00 s. Her velocity just before impact is:

Ve =V, + gt=0+(320 ft/s?)(3.00 ) =| 96.0 ft/s

(b) While crushing the box, v, =960 ftfs, v, =0, and
Ay =18.0 in.=1.50 ft. Therefore,

ViVl _0-(960R)S) 4 g g

a0y T 20150 f)

or |a=3.07x10° ft/s* upward |= 96.0g.

(¢) Time to crush box:

_AY Ay 2(150 )
T UM T 04960 ftfs

2

At

or |At=3.13x107 g

P2.67 (a) The elevator, moving downward at the constant speed of
5.00 m/s has moved d=vAt=(5.00 m/s)(5.00 s)=25.0 m below

the position from which the bolt drops. Taking the positive
direction to be downward, the initial position of the bolt to be x; =

0, and setting f = 0 when the bolt drops, the position of the top of
the elevator is

1
Ye =Yg + Vel + EaEtQ

yg = 25.0 m+ (5.00 m/s)t
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Chapter 2 79

and the position of the bolt is

1
Yp = Ypi t Vgl + EaBtQ

Vg = %(9.80 m/s? )¢’

Setting these expressions equal to each other gives
Ye=Ye
25.0 m+(5.00 m/s)t = %(9.80 m/s? )t
4.90t” - 5.00t—25.0=0

The (positive) solution to this is t=[2.83 s]

(b) |Both problems have an object traveling at constant velocity being

overtaken by an object starting from rest traveling in the same

direction at a constant acceleration.

(c)

The top of the elevator travels a total distance
d=(5.00 m/s)(5.005+2.83 5)=39.1 m
trom where the bolt drops to where the bolt strikes the top of
the elevator. Assuming 1 floor = 3 m, this distance is about
(39.1 m)(1 floor/3 m) =13 floors.

P2.68 For the collision not to occur, the front of the passenger train must not
have a position that is equal to or greater than the position of the back
of the freight train at any time. We can write expressions of position to
see whether the front of the passenger car (I’) meets the back of the
treight car (F) at some time.

Assume at f = 0, the coordinate of the front of the passenger car is
xp, = 0; and the coordinate of the back of the freight car is x;, = 58.5 m.

At later time £, the coordinate of the front of the passenger car is
1. o
Xp = Xp +Vp L+ Eapt
1
Xp = (40.0 m/s)t+ —(-3.00 my/s?
and the coordinate of the back of the freight car is
Xp = X + Vgt + %apt2
Xg = 585 m + (16.0 m/s)t
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80 Motion in One Dimension

Setting these expression equal to each other gives
% =

(40.0 m/s)t + %(—3.00 m/s’ )1;2 =585 m+(16.0 m/s)t

or (1.50)t7 + (-24.0)t + 58.5=0
after simplifying and suppressing units.

We do not have to solve this equation, we just want to check if a
solution exists; if a solution does exist, then the trains collide. A
solution does exist:

(~24.0) + 4J(~24.0)" - 4(1.50)(58.5)

=
2(1.50)
- 24.0 + /576 — 351 e 240+4/225 24.0+15
a 3.00 300 300

The situation is impossible since there is a finite time

tor which the front of the passenger train and the

back of the freight train are at the same location.

P2.69 (a) Aswe see fromthe graph, from A
about —50 s to 50 s Acela is cruising 200 7
at a constant positive velocity in the
+x direction. From 50 s to 200 s,
Acela accelerates in the +x direction = Y
reaching a top speed of about
170 mi/h. Around 200 s, the
engineer applies the brakes, and the
train, still traveling in the +x direction,
slows down and then stops at 350 s. Just after 350 s, Acela
reverses direction (v becomes negative) and steadily gains speed
in the —x direction.

100 A %L\‘E.’

v (mi/h)

E(s)

—100

ANS. FIG. P2.69(a)

(b) The peak acceleration between 45 and 170 mi/h is given by the
slope of the steepest tangent to the v versus ¢ curve in this
interval. From the tangent line shown, we find

AV (155—-45) mi/h

da= ]_ e R
TP TN (100-50) s

= (2.2 (mi/h)/s|=0.98 m/s’
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Chapter 2 81

(c) Let us use the fact that the area A
under the v versus f curve equals the 200 -
displacement. The train’s
displacement between 0 and 200 s is

100 4
3

v{mi/h)

equal to the area of the gray shaded oL N s
region, which we have approximated RIS AE Th
with a series of triangles and i

rectangles. ANS. FIG. P2.69(c)

AXy_ .00 = area, + area, + area, + area, +areag
~ (50 mi/h)(50 s) + (50 mi/h){50 s)
+{160 mi/h}{100 s)
+ %(50 s)(100 mi/h)

+ %(100 s)(170 mi/h — 160 mi/h)

= 24 000{mi/h)(s)
Now, at the end of our calculation, we can find the displacement
in miles by converting hours to seconds. As1h =3 600 s,

24 000 mi
2= VLY e
3600 s ](S) ml

AXg 006 = [

P2.70 We use the relation v? =v’ +2a(X, — X.), where v,= -8.00 m/s and
U= 16.0 m/s.

(a) The displacement of the first object is AX = +20.0 m. Solving the
above equation for the acceleration 4, we obtain

ViV
2AX
_(16.0 m/s)’ —(-8.00 m/s)’
B 2(20.0 m)
a=|+4.80 m/s?

(b) Here, the total distance d = 22.0 m. The initial negative velocity
and final positive velocity indicate that first the object travels
through a negative displacement, slowing down until it reverses
direction (where v = 0), then it returns to, and passes, its starting
point, continuing to speed up until it reaches a speed of 16.0 m/s.
We must consider the motion as comprising three displacements;
the total distance d is the sum of the lengths of these
displacements.
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82 Motion in One Dimension

We split the motion into three displacements in which the
acceleration remains constant throughout. We can find each
displacement using

vy
22
Displacement AX, =—d, for velocity change -8.00 — 0 m/s:
VQ _V_Q - B oy 2 oyl 2
AX, = i—vi 0 (8.00m/s):(8) IR d1:8—
22 22 22 22

Displacement AX, = +d, for velocity change 0 — +8.00 m/s:

o _Vi-Vvi_ (8.00m/s)’-0_ 8 g
2 23 23 23 2 23

Displacement AX,= +d, for velocity change +8.00 — +16.0m/s:

o V-V _ (160 m/s) —(8.00 m/s)’ _16 -8
¢ 2a 2a 2a

167 -8

L 723

Suppressing units, the total distance isd = d, +d, + d,, or

8) 16°-8 16°+8’
d:d1+d2+d3:2[E]+ = 7

d;

Solving for the acceleration gives

vi-vi (16 m/s) +(8 m/s) (16 m/s)’ +(8 m/s)’
2d 2d ) 2(22.0 m)

a=|7.27 m/s’

P2.711 (a) In order for the trailing athlete to be able to catch the leader, his
speed (7;) must be greater than that of the leading athlete (v,), and
the distance between the leading athlete and the finish line must
be great enough to give the trailing athlete sufficient time to make
up the deficient distance, d.

=

(b) During a time interval f the leading athlete will travel a distance
d, = v,t and the trailing athlete will travel a distance d, = v,f. Only

when d, =d, + d (where d is the initial distance the trailing athlete

was behind the leader) will the trailing athlete have caught the
leader. Requiring that this condition be satistied gives the elapsed
time required for the second athlete to overtake the first:
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Chapter 2 83

giving

d
(vi-v,)

(c) In order for the trailing athlete to be able to at least tie for first
place, the initial distance D between the leader and the finish line
must be greater than or equal to the distance the leader can travel
in the time f calculated above (i.e., the time required to overtake
the leader). That is, we must require that

DdeZVQtZVQ |:(V_LV):| or dQZ
1 2

P2.72 Let point 0 be at ground level and point 1 be at the end N
of the engine burn. Let point 2 be the highest point the |
rocket reaches and point 3 be just before impact. The i "ll
data in the table below are found for each phase of the [
rocket’s motion. ol ¥3

(Otol): vi-(80.0m/s)y =2(4.00 m/s’)(1 000 m)  ANS.FIG.P2.72
SO V= 120 m/s. Then, 120 m/s = 80.0 m/s + (4.00 m/s?)¢
giving £ =10.0 s.
(1to2) 0-(120m/s)’ = 2(-9.80 m/ )y~ 1)
giving y,—y,=735m,
0-120m/s = (—9.80 m/s%)t
giving t =12.2s.
This is the time of maximum height of the rocket.
(2to 3) Vf —0=2(-9.80 m/s’)(-1 735 m) or v,=-184 m/s
Then v,=-184 m/s = (-9.80 m/ s )t
giving f =18.8 s.
(a) t,,=10s+122s+188s=[41.05|

®) (y;-y)_ =[173km

fofal

(©) Vi =
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84 Motion in One Dimension

f X v a

0 Launch 0.0 0 80 +4.00

#1 End Thrust 10.0 1 000 120 +4.00

#2 Rise Upwards 222 1235 0 -9.80

#3 Fall to Earth 41.0 0 -184 -9.80
P2.73 We have constant-acceleration equations to apply to the two cars

separately.

(a) Letthe times of travel for Kathy and Stan be {, and f,, where
t;=1t,+1.00s

Both start from rest (v, = v, ; = 0), so the expressions for the
distances traveled are

X, = %amtf{ = %(4.90 m/s?)t

and X = %ahstg :%(3.50 m/s?)(t, +1.00 s

When Kathy overtakes Stan, the two distances will be equal.
Setting x; = x, gives

%(4.90 m/s* )ty = %(3.50 m/s”)(t, +1.00 s)*
This we simplity and write in the standard form of a quadratic as

ti —(5.00t)s—2.50 s’ =0

b +/b? — 4ac

We solve using the quadratic formula t= —

£

22
suppressing units, to find
5+ f5° — 4(1)(-2.5
f (5~ 40(25) 54435 e
2(1) 2

Only the positive root makes sense physically, because the
overtake point must be after the starting point in time.

(b) Use the equation from part (a) for distance of travel,

1

X, = Eax,th{ = %(4.90 m/s”)(5.46 s)’ =
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Chapter 2 83

(c) Remembering that v . =v_,= 0, the final velocities will be:

Vi = Aty = (4.90 mfs?)(5.46 s)=[267 m/s

Vo= a ot = (3.50 m/s?)(6.46 )=[22.6 m/s

P2.74 (a) While in the air, both balls have acceleration a4, = a, = —g (where
upward is taken as positive). Ball 1 (thrown downward) has
initial velocity vy, = —v,, while ball 2 (thrown upward) has initial

velocity vy, = ,. Taking ¥ = 0 at ground level, the initial y
coordinate of each ball is v, = y,, = +h. Applying

Ay=y-y =vi+ % at’ to each ball gives their y coordinates at

time £ as

Ball 1: y1—|'1=—\!0t+%(—g)t2 or Y, =|']—\_l0’[_%g[2

Ball2: y,-h= +\!0’[+%(—g)t2 or |y, = h+V0t—%gt2

At ground level, ¥ = 0. Thus, we equate each of the equations
tound above to zero and use the quadratic formula to solve for
the times when each ball reaches the ground. This gives the
tollowing:

Balll: 0=h-vg, —%gtf — gt2 + (2v,)t, + (-2h) =0

_—2v,=4f(2v) —4(g)(2h) _ v, [hfﬁh
24 g Vg

Using only the positive solution gives

g

so

Ball2: 0=h+v., —%gtﬁ — gtJ + (—2\;0)t,2 +(-2h) =0

__(_zvo)i\/(_zvo)z_4(9)(—2h) Vo, Y * on
b 29 9 H ’

Again, using only the poesifive solution,

2
vV, vV, 2h
==+ =] +—
g Y [9} Y
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86 Motion in One Dimension

Thus, the difference in the times of flight of the two balls is
At=t, -

g g g g g g g

(b) Realizing that the balls are going downward (v < 0) as they near
the ground, we use ’Ufz — o] + 2a(Ay ) with Ay =k to find the
velocity of each ball just before it strikes the ground:

Ball 1:

vy, = V2 + 22, (-h) = —\/(—vo)2 +2(-g)(~h) =[-JvZ +2gh

Ball 2:

Wy = —\/Vgi +2a, (—h) = —\/(+VO)2 +2(—g)(—h) = —\fvg +2¢h

(c) While both balls are still in the air, the distance separating them is

szz‘Bh:[hJFVot—%th]—[h—Vgt—%gtzj: 2v,t

P2.75 We translate from a pictorial representation through a geometric
model to a mathematical representation by observing that the

distances x and y are always related by x"+ 1’ = L*.

(a) Ditferentiating this equation with respect to time, we have

2xd—x + Zyd—y =0
dt dt

Now the unknown velocity of B is ?j% = Vg and % = -V,

so the differentiated equation becomes
dy  x(dx) (X B
&3 (3o

=tan 0, so VB:[ ! ]V

o |

But wno

(b) |We assume that 8 starts from zero. At this instant 1 /tan@ is infinite,
and the velocity of B is infinitely larger than that of A. As 6 increases,
the velocity of object B decreases, becoming equal to v when 6 = 45°,

After that instant, B continues to slow down with non-constant

acceleration, coming to rest as 6 goes to 90°.
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Chapter 2 87

P2.76
Time Height Ah At v midpoint
£ (s) h (m) (m) (s) (m/s) time £ (s)
0.00 5.00 0.75 0.25 3.00 0.13
0.25 575 0.65 0.25 2.60 0.38
0.50 6.40 0.54 0.25 2.16 0.63
0.75 6.94 0.44 0.25 1.76 0.88
1.00 7.38 0.34 0.25 1.36 1.13
1.25 7.72 0.24 0.25 0.96 1.38
1.50 7.96 0.14 0.25 0.56 1.63
1.75 8.10 0.03 0.25 0.12 1.88
2.00 8.13 -0.06 0.25 -0.24 213
2.25 8.07 -0.17 0.25 -0.68 2.38
2.50 7.90 -0.28 0.25 -1.12 2.63
2.75 7.62 -0.37 0.25 -1.48 2.88
3.00 7.25 -0.48 0.25 -1.92 313
3.25 6.77 -0.57 0.25 -2.28 3.38
3.50 6.20 -0.68 0.25 -2.72 3.63
375 552 -0.79 0.25 -3.16 3.88
4.00 473 -0.88 0.25 -3.52 413
4.25 3.85 -0.99 0.25 -3.96 438
4.50 2.86 -1.09 0.25 -4.36 4.63
475 1.77 -1.19 0.25 -4.76 4.88
5.00 0.58
TABLE P2.76
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88 Motion in One Dimension

The very convincing fit of a single straight line to the points in the
graph of velocity versus time indicates that the rock does fall with
constant acceleration. The acceleration is the slope of line:

~1.63 m/s* =|1.63 m/s’ downward

aavg =

¥ im/s})

*P2.77  Distance traveled by motorist = (15.0 m/s)t

Distance traveled by policeman = %(2_00 m/s” )t?

(a) Intercept occurs when 15.0t=1t°, or t= :

(b)  v(officer)=(2.00 m/s*)t=| 30.0 my/s

(¢) x(officer)= %(2.00 m/fs? Jt? =

*p2.78 The train accelerates with 4; = 0.100 m/s? then decelerates with
a; = —0.500 m/s’. We can write the 1.00-km displacement of the train as

X=1000 m= %alAtf +V; AL +%82At§

with f = i + £ Now, v;; = a,Al; = —-a,Al,; therefore

2
100 m= a2 ). 1o (284)
2 a 2 d,

1000 m:la1[1—ﬂ}m;f
2 a

2

1000 m= %(0.100 m/s’ )[1

Atlzd% s=129s

CaAt, 129
—a, 0500

_ 0100 m/s’ Y
~0.500 m/s* )

At,
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Chapter 2 89

Total time = At= At, + At, =129 s +26 s=

*P2.79  The average speed of every point on the train as the first car passes Liz
is given by:

AX  860m
AX_ _573
At 150s m/s

The train has this as its instantaneous speed halfway through the 1.50-s
time. Similarly, halfway through the next 1.10 s, the speed of the train
. 8.60m
is

1.10s
573m/sto7.82m/sis

%(1.50 s)+ %(1.10 s)=1.30s

=7.82 m/fs. The time required for the speed to change from

L Av,  7.82 m{s-5.73 m/s >
th lerat ra, =—>== =1.60
so the acceleration is: a, AL 130 < m/s

P2.80 Let the ball fall freely for 1.50 m after starting from rest. It strikes at
speed given by

vi=vl+ Za(xf —~ xi)
vZ = 042(-9.80 m/s?)(~1.50 m)
vV, =-542 m/s
[f its acceleration were constant, its stopping would be described by
vi=vl+ Za}((xf —~ xi)
0= (-5.42 m/s) +2a,(-107 m)

a - 294 m?’ /¢’
T 2.00%x10% m

Upward acceleration of this same order of magnitude will continue for
some additional time after the dent is at its maximum depth, to give
the ball the speed with which it rebounds from the pavement. The
ball’s maximum acceleration will be larger than the average
acceleration we estimate by imagining constant acceleration, but will

still be of order of magnitude .

= +1.47 x10° m/s’
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90 Motion in One Dimension

Challenge Problems

P2.81 (a) Fromthe information in the problem, we model the blue car as a
particle under constant acceleration. The important “particle” for
this part of the problem is the nose of the car. We use the position
equation from the particle under constant acceleration model to
tind the velocity v, of the particle as it enters the intersection

X=X, +V0’[+%at2

5280 m=0+v,(3.108)+ %(—2.10 m/s?)(3.10 )’
-V, =123 m/s

Now we use the velocity-position equation in the particle under
constant acceleration model to find the displacement of the
particle from the first edge of the intersection when the blue car
stops:

v? = vi +2a(x—x)

vi-yl 0-(123m/s)
23 2(—2.10 m/sz)

=[35.9 m

Or ¥—¥,=AX=

(b) The time interval during which any part of the blue car is in the
intersection is that time interval between the instant at which the
nose enters the intersection and the instant when the tail leaves
the intersection. Thus, the change in position of the nose of the
blue car is 4.52 m + 28.0 m = 32.52 m. We find the time at which
the car is at position x = 32.52 m it it is at x = 0 and moving at
123 m/satf=0:

Sz x0+v0t+%at2

—32.52 m=0+(123 m/s)t + %(—2.10 m/s?)t?

—-1.05t* +12.3t-3252=0
The solutions to this quadratic equation are f = 4.04 s and 7.66 s.
Qur desired solution is the lower of two, so t= , (The later

time corresponds to the blue car stopping and reversing, which it
must do if the acceleration truly remains constant, and arriving
again at the position x = 32.52 m.)

(c) We again define f = 0 as the time at which the nose of the blue car
enters the intersection. Then at time { = 4.04 s, the tail of the blue
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Chapter 2 91

car leaves the intersection. Therefore, to find the minimum
distance from the intersection for the silver car, its nose must
enter the intersection at ¢ = 4.04 s. We calculate this distance from
the position equation:

X=X, + Vb + %at2 =0+0+ %(5.60 m/s’)(4.04 )’ = [45.8 m

(d) We use the velocity equation:

V=V, +at=0+(560 m/s?)(4.04 5) =

P2.82 (a) Starting from rest and accelerating at 4, = 13.0 mi/h - s, the bicycle
reaches its maximum speed of v, = 20.0 mi/h in a time

V-0 200mi/h

t,,= = : =154s
’ a, 13.0 mi/h s

Since the acceleration a_ of the car is less than that of the bicycle,
the car cannot catch the bicycle until some time £ > £, (that is,

until the bicycle is at its maximum speed and coasting)). The total
displacement of the bicycle at time ¢ is

1
AX, = Eahtg,l T Vi (t - th,l)

_[1.47 ﬁ/ij
"\ 1mi/h

S
= (294 ft/s)t 226 ft

{%[13.0 mi/ h](1.54 s)* +(20.0 mi/h)(t - 1.54 s)}

The total displacement of the car at this time is

AX, = Lat? = [M]F[goo%]ﬁ } =(6.62 ft/s* )1’
2 1mi/h /| 2 s

At the time the car catches the bicycle, AX, = Ax;. This gives
(6.62 ft/s” Jt" =(29.4 ft/s)t - 226 ft
or t'-(444s)t+3425" =0

that has only one physically meaningtul solution £ > ¢, ;. This
solution gives the total time the bicycle leads the car and is

(b) The lead the bicycle has over the car continues to increase as long
as the bicycle is moving faster than the car. This means until the
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92 Motion in One Dimension

car attains a speed of v.= v, . = 20.0 mi/h. Thus, the elapsed
time when the bicycle’s lead ceases to increase is

o= Vo _ 20.0 mi/h
a  9.00mi/h-s

At this time, the lead is

=222s

C

(AXh — AX, )max = (AXD — AX, )‘t:Q.QQ s
=[(294 ft/5)(2.22 5)— 226 ft]|
-[(6:62 ft75*)(2.22 5 |

or  (AX,—AX,) =

P2.83 Consider the runners in general. Each completes the race in a total time
interval T'. Each runs at constant acceleration a for a time interval At,

so each covers a distance (displacement) Ax, = %aAtQ where they

eventually reach a final speed (velocity) v =aAl, after which they run
at this constant speed for the remaining time (T — At) until the end of
the race, covering distance AX, =v(T — At)=aAt(T — At). The total

distance (displacement) each covers is the same:
AX = AX, + AX,
= %aAtQ + aAt(T — At)
= aEAt2 + At(T—At)}

AX

S0 a= 1
Emg2 + At(T - At)

where AXx=100m and T'=104s.
(a) For Laura (runner1), At, =2.00s:

a;, = (100 m)/(18.8 s%) = |5.32 m/s’

For Healan (runner 2), At, =3.00s:

a, = (100 m)/(26.7 s°) = |3.75 m/s’
(b) Laura (runner1):ov, =a Al, = |10.6 m/s
Healan (runner 2): v, = a,At, = |11.2 m/s
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Chapter 2 93

(¢) The 6.00-s mark occurs after either time interval At. From the
reasoning above, each has covered the distance

AX = aEAt2 + At(t—At)}

where f = 6.00 s.

Laura (runner 1): AX; =53.19 m

Healan (runner 2): AX,=50.56 m

‘So, Laura is ahead by (53.19 m—50.56 m) = 2.63 m.

(d) Laura accelerates at the greater rate, so she will be ahead of
Healen at, and immediately after, the 2.00-s mark. After the 3.00-s
mark, Healan is travelling faster than Laura, so the distance
between them will shrink. In the time interval

from the 2.00-s mark to the 3.00-s mark, the distance between
them will be the greatest.

During that time interval, the distance between them (the position
of Laura relative to Healan) is

1 1
D = AX, — AX, = albmf + AL (t—Atl)}—EaQtQ

because Laura has ceased to accelerate but Healan is still
accelerating. Differentiating with respect to time, (and doing
some simplification), we can solve for the time f when D is an
maximuim:

(::1_?: Al —at=0
which gives

2
=AY, (:—1] ~(2.00 s)[%) ~284s
] .

Substituting this time back into the expression for D, we find that
D = 4.47 m, that is, Laura ahead of Healan by
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94 Motion in One Dimension

P2.84 (a) The factors to consider are as follows. The red bead falls through
a greater distance with a downward acceleration of g. The blue
bead travels a shorter distance, but with acceleration of ¢sin8. A

tirst guess would be that the blue bead “wins,” but not by much.
We do note, however, that points @, , and © are the

vertices of a right triangle with & ©) as the hypotenuse.

(b) The red bead is a particle under constant acceleration. Taking
downward as the positive direction, we can write

1
AY = Yo+ V,l+ = a,t’

1
as D:Egté

which gives |, = [—|.

(c) The blue bead is a particle under constant acceleration, with
a= ¢sin@. Taking the direction along L as the positive direction,

we can write

1
Ay =Y+ v, t+ Ea},t2
Leo o oo
as L= E(gsmG)tB

which gives |tz = ’ Z.L .
gsing

(d) For the two beads to reach point ©) simultaneously, ¢, = ¢;. Then,

70 [2L
g Ygsing

Squaring both sides and cross-multiplying gives
29Dsin8=2gL

or sing=—.
D

We note that the angle between chords @& ©) and © is
90°—9, so that the angle between chords @& © and @& is
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Chapter 2 93

6. Then, sinf= %, and the beads arrive at point ©

simultaneously.

(e) Once we recognize that the two rods form one side and the
hypotenuse of a right triangle with 6 as its smallest angle, then
the result becomes obvious.

P2.85 The rock falls a distance 4 for a time interval Al; and the sound of the
splash travels upward through the same distance d for a time interval
Al, before the man hears it. The total time interval
At=Atl, + At, =240s.

(a) Relationship between distance the rock falls and time interval
Aty

1
d:EgAtf

Relationship between distance the sound travels and time interval
At d= VAL, where v, =336 m/s.

d=v.At, = %gAtf
Substituting At, = At — A, gives

2%:(&—&2)2

(At,)’ —2[&: +V—QSJMQ +AC =0

336 m/s
9.80 m/s?

(AL)* —(73.37)At, +5.76 = 0

(At,) - 2[2.40 s+ ]A’[Q +(2408) =0

Solving the quadratic equation gives

AL, =0.078 6s — d=VvAt, =[264 m]

(b) Ignoring the sound travel time,
d= %(9.80 m/s?)(240 s)’ = 28.2 m, an error of [6.82%]
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96 Motion in One Dimension

ANSWERS TO EVEN-NUMBERED PROBLEMS

P2.2 0.02s

P2.4 (a) 50.0 m/s; (b) 41.0 m/s

P2.6 (a) 27.0 my; (b) 27.0 m + (18.0 m/s) At + (3.00 m/s’)(At? ); (c) 18.0 m/s
P2.3 (a) +L/t; (b)-L/t; () 0; (d) 2L/t + £,

P2.10 1.9 x 10 years

P2.12 (a) 20 mi/h; (b) 0; (c) 30 mi/h

P214  134x10°m/s’

P2.16 See graphs in P2.16.

P2.18 (a) See ANS. FIG. P2.18; (b) 23 m/s, 18 m/s, 14 m/s, and 9.0 m/s;
(c)4.6 m/s?%; (d) zero

P2.20  (a) 13.0m/s; (b) 10.0 m/s, 16.0 m/s; (c) 6.00 m/s’; (d) 6.00 m/s%

()0.333s
P2.22 (a—e) See graphs in P2.22; (f) with less regularity
P2.24 160 ft.
P2.26 453s

P2.28 (a) 6.61 m/s; (b) —0.448 m/s’
P2.30 (a) 20.0 s; (b) No; (c) The plane would overshoot the runway.
P2.32 31s

P2.34 The accelerations do not match.
P2.36 (@) X, =X, =Vt —%axtz; (b) 3.10 m/s

P2.38 (a) 2.56 my; (b) -3.00 m/s
P2.40 19.7 cm/s; (b) 4.70 cm/s’; (c) The length of the glider is used to find the

average velocity during a known time interval.

P2.42 (a) 3.75s; (b) 5.50 cm/s; (c) 0.604 s; (d) 13.3 cm, 47.9 cmy; (e) See P2.42
part (e) for full explanation.

P2.44  (a)820s (b)134m

P2.46 (a and b) The rock does not reach the top of the wall with v, = 3.69 m/s;

(c) 239 m/s; (d) does not agree; (e) The average speed of the upward-
moving rock is smaller than the downward moving rock.

P248  (a)294m/s; (b) 441 m
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Chapter 2 97

P250 7965
P252  0.60s
P254 () :‘ ; () E_g_t

P2.56 (a) (v, +gt); (b) = g’[2 @ |v -

;@5 91:2

P2.58 (a) See graphs in P2.58; (b) See graph in P2.58; (c) —4 m/s’; (d) 32 m;
(e) 28 m

P2.60 (a) 5.25 m/s?% (b) 168 my; (¢) 52.5 m/s

P262  (a)0; (b) 6.0 m/s% (¢) -3.6m/s’; (d)att =6sand at 18s;
(eand f) t =18 s; (g) 204 m

P2.64 (@) A=v, t+ %axtz; (b) The displacement is the same result for the total
area.

P2.66 (a) 96.0 ft/s; (b) 3.07 x10° ftfs* upward ; (c) 3.13x107 s

P2.68 The trains do collide.

P270  (a) +4.8 m/s’; (b) 7.27 m/s’

P2.72 (a)41.0s; (b) 1.73 kmy, (c) —184 m/s

P2.74 (a)Balll:ylzh—Vot—%th, Ball 2: y, = h+V0t——gt2 2:; (b) Ball 1:

—JVi +2gh, Ball 2: ~JV2+20h; (o) 204

P2.76 (a and b) See TABLE P2.76; (c) 1.63 m/s’ downward and see graph in
P2.76

P278  155s
P2.80 ~10° m/s’
P2.82 () 3.45 s; (b) 10.0 ft.

P2.84 (a) The red bead falls through a greater distance with a downward
acceleration of g. The blue bead travels a shorter distance, but with
acceleration of gsinf. A first guess would be that the blue bead

“wins,” but not by much. (b) ’2 ; (€ Z,L ; (d) the beads arrive
g gsing@

at point ©) simultaneously; (e) Once we recognize that the two rods

torm one side and the hypotenuse of a right triangle with 8 as its
smallest angle, then the result becomes obvious.
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Vectors

CHAPTER OUTLINE

3.1 Coordinate Systems

3.2 Vector and Scalar Quantities

33 Some Properties of Vectors

34 Components of a Vector and Unit Vectors

|* An asterisk indicates a question or problem new to this edition

ANSWERS TO OBJECTIVE QUESTIONS

0Q31 Answer (e). The magnitude is J107 +10° m/s.

0Q3.2 Answer (e). If the quantities x and y are positive, a vector with
components (—x, y) or (x, —y) would lie in the second or fourth
quadrant, respectively.

*0Q3.3 Answer (a). The vector —2D, will be twice as long as D, and in the

opposite direction, namely northeast. Adding D,, which is about

equally long and southwest, we get a sum that is still longer and due
east.

0Q3.4 The ranking isc = e > a > d > b. The magnitudes of the vectors being
added are constant, and we are considering the magnitude only—not
the direction—of the resultant. So we need look only at the angle
between the vectors being added in each case. The smaller this angle,
the larger the resultant magnitude.

0Q3.5 Answers (a), (b), and (c). The magnitude can range from the sum of the
individual magnitudes, 8 + 6 = 14, to the ditference of the individual
magnitudes, 8 — 6 = 2. Because magnitude is the “length” of a vector, it
is always positive.

98
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Chapter 3 99

0Q36 Answer (d). If we write vector A as

(Ao A )=(HAL]A))

and vector B as
B},”

.8,)-(.

s

then

BY| B | AYD

B-A= (o= (A -[B-[A] = (311,
which would be in the fourth quadrant.
0Q3.7 The answers are (a) yes (b) no (c) no (d) no (e) no (f) yes (g) no. Only

torce and velocity are vectors. None of the other quantities requires a
direction to be described.

s

0Q3.8 Answer (c). The vector has no y component given. It is therefore 0.

0Q39 Answer (d). Take the difference of the x coordinates of the ends of the
vector, head minus tail: 4 - 2 = -6 cm.

0Q3.10 Answer (a). Take the difference of the y coordinates of the ends of the
vector, head minus tail: 1 — (-2) =3 cm.

0Q3.11 Answer (c). The signs of the components of a vector are the same as the
signs of the points in the quadrant into which it points. If a vector
arrow is drawn to scale, the coordinates of the point of the arrow equal
the components of the vector. All x and y values in the third quadrant
are negative.

0Q3.12 Answer (c). The vertical component is opposite the 30° angle, so
sin 30° = (vertical component)/50 m.

0Q3.13 Answer (c). A vector in the second quadrant has a negative x
component and a positive y component.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ3.1 Addition of a vector to a scalar is not defined. Try adding the speed

and velocity, 8.0 m/s + (15.0 m/s ’i\): Should you consider the sum to
be a vector or a scalar? What meaning would it have?

CQ3.2 No, the magnitude of a vector is always positive. A minus sign in a
vector only indicates direction, not magnitude.

CQ3.3 (a) The book’s displacement is zero, as it ends up at the point from
which it started. (b) The distance traveled is 6.0 meters.
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100 Vectors

CQ3.4  Vectors A and B are perpendicular to each other.

CQ3.5  The inverse tangent function gives the correct angle, relative to the +x
axis, for vectors in the first or fourth quadrant, and it gives an incorrect
answer for vectors in the second or third quadrant. If the x and y
components are both positive, their ratio y/x is positive and the vector
lies in the first quadrant; if the x component is positive and the y
component negative, their ratio y/x is negative and the vector lies in
the fourth quadrant. If the x and y components are both negative, their
ratio y/x is positive but the vector lies in the third quadrant; if the x
component is negative and the y component positive, their ratio y/x is
negative but the vector lies in the second quadrant.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 3.1 Coordinate Systems

P3.1 ANS. FIG. P3.1 helps to visualize the x and y
coordinates, and trigonometric functions will
tell us the coordinates directly. When the polar
coordinates (r, §) of a point P are known, the
Cartesian coordinates are found as

X=rcosf® and y=rsinf

Then,
X=rcosf = (5.50 m)c05240°
=(5.50 m)(-0.5) =
y =rsin@ =(5.50 m)sin 240°
=(5.50 m)(-0.866) =
P3.2 (@) Weuse x=rcos6. Substituting, we have 2.00 = r cos 30.0°, so
2.

(b) From y=rsin, we have y = rsin30.0° = 2.31sin 30.0° = [1.15].
*P3.3 (a) The distance between the points is given by

d= \/(Xz - )(1)2 + (y2 - y1)2
= J(2.00—[-3.00])* +(—4.00 — 3.00)°
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Chapter3 101

d=+25.0+49.0 =| 8.60 m

(b) To find the polar coordinates of each point, we measure the radial
distance to that point and the angle it makes with the +x axis:

r. = (2.00)* +(-4.00)* =~/20.0 =[ 447 m
0= tan”!(-200) -

2.00
r, = /(-3.00)° +(3.00)* =~18.0 =[ 424 m
0, = measured from the +x axis.

P3.4 (@) X=rcos6 andy =rsinf, therefore,

x, = (2.50 m) cos 30.0°, y, = (2.50 m) sin 30.0°, and

(X,,¥;) ={(2.17,1.25) m|

x, = (3.80 m) cos 120°, y, = (3.80 m) sin 120°, and

(X,, ¥,) ={(-1.90, 3.29) m|

(b) d=(Ax)? +(Ay)? =/4.07% +2.04’m =

P3.5 For polar coordinates (r, 6), the Cartesian coordinates are (x = r cos6,
y = r sin6), if the angle is measured relative to the +x axis.

(@) [(-3.56 cm, —2.40 cm)|

(b) (+3.56 cm, —2.40 cm) —|(4.30 cm, - 34.0°)

(@) (7.12 cm, 4.80 cm) — |(8.60 cm, 34.0°)

(d) (-10.7 cm, 7.21 cm) —{(12.9 cm, 146°)

P3.6 We have r =/x* +y* and 0 = tan™ (Xj

X

(@) The radius for this new point is

JEX)P+y? =P +y? =

and its angle is

tan-l(i):
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102 Vectors

(b) \/ (=2x)? +(=2y)* =[2r]. This point is in the third quadrant if (x, v)
is in the first quadrant or in the fourth quadrant if (x, y) is in the

second quadrant. It is at an angle of |180° + 6.
(c) \/(3x)2 +(=3y)* = . This point is in the fourth quadrant if (x, y)

is in the first quadrant or in the third quadrant if (x, y) is in the

second quadrant. It is at an angle of |-6 or 360— 6.

Section 3.2 Vector and Scalar Quantities
Section 3.3 Some Properties of VVectors

P3.7 Figure P3.7 suggests a right triangle where, relative to angle 6, its
adjacent side has length d and its opposite side is equal to width of the
river, y; thus,

tan@ = %—>y =dtan®

y = (100 m)tan(35.0°) = 70.0 m

The width of the river is )

P3.8 We are given R = A +B. When two vectors are y
added graphically, the second vector is positioned ¥
with its tail at the tip of the first vector. The resultant
then runs from the tail of the first vector to the tip of

(0.29)

the second vector. In this case, vector A will be A B
positioned with its tail at the origin and its tip at the
point (0, 29). The resultant is then drawn, starting at
the origin (tail of first vector) and going 14 unitsin ~ (©*:0) I x

.

the negative y direction to the point (0, —14). The R

YY_(0-14)

second vector, B, must then start from the tip of A

at point (0, 29) and end on the tip of R at point
(0, —14) as shown in the sketch at the right. From ANS. FIG. P3.8
this, it is seen that

B is 43 units in the negative y direction
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Chapter3 103

P3.9 In solving this problem we must contrast
displacement with distance traveled. We draw a CEFT TSN
diagram of the skater’s path in ANS. FIG. P3.9, % 5m \
which is the view from a hovering helicopter so
that we can see the circular path as circular in
shape. To start with a concrete example, we have
chosen to draw motion ABC around one half of a ~ANS. FIG.P3.9
circle of radius 5 m.

The displacement, shown as d in the diagram, is the straight-line
change in position from starting point A to finish C. In the specific case
we have chosen to draw, it lies along a diameter of the circle. Its

magnitude is ‘a| = ‘—10.0f| =10.0 m.

The distance skated is greater than the straight-line displacement. The
distance follows the curved path of the semicircle (ABC). Its length is

half of the circumference: s = %(Zn'r) =5.00r m =15.7 m.

A straight line is the shortest distance between two points. For any
nonzero displacement, less or more than across a semicircle, the
distance along the path will be greater than the displacement
magnitude. Therefore:

The situation can never be true because the distance is
an arc of a circle between two points, whereas the
magnitude of the displacement vector is a straight-line

cord of the circle between the same points.

P3.10 We find the resultant F, +F, graphically by y
placing the tail of F, at the head of F,. The

resultant force vector F, +F, is of magnitude

and at an angle of

|57° above the x axis|.

0123N

ANS. FIG. P3.10
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104 Vectors

P3.11 To find these vector expressions
graphically, we draw each set of
vectors. Measurements of the
results are taken using a ruler
and protractor. (Scale: 1 unit =

0.5m)
(a) A+B=[52mat60°
(b) A-B=|3.0m at330°]

(c) B-A=[3.0mat150°]

(d A-2B=|52m at300°

ANS. FIG. P3.11

P3.12 (@) The three diagrams are shown in ANS. FIG. P3.12a below.

ANS. FIG. P3.12a

(b) The diagrams in ANS. FIG. P3.12a represent the graphical
solutions for the three vector sums: R, =A+B+C,R, =B+C+A,

and R,=C+B+A.
P3.13 The scale drawing for the

graphical solution should be | =+ Lt T S
similar to the figure to the b : 135 ft
200 ft 130° ¢

direction of the final
displacement from the ) ' .
starting point are obtained (Scale; humit=20ff)

by measuring d and 6 on the ANS. FIG. P3.13
drawing and applying the scale factor used in making the drawing.

The results should be |d = 420 ft and 6 = -3°|.

right. The magnitude and } — : e
|
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*P3.14  ANS. FIG. P3.14 shows the graphical

addition of the vector from the base camp to aet

lake A to the vector connecting lakes A and -

B, with a scale of 1 unit = 20 km. The R

distance from lake B to base camp is then \

the negative of this resultant vector, or

\
~R=[310kmat57°Sof W |- / 5= il

Section 3.4 Components of a Vector
and Unit Vectors
P3.15 First we should visualize the vector either in our
mind or with a sketch, as shown in ANS. FIG.

P3.15. The magnitude of the vector can be found
by the Pythagorean theorem:

A,=-250 [ -25.0 | *
A,=40.0

ANS. FIG. P3.15

A=A+ A =(=25.0)* +(40.0)’

=[47.2 units|

We observe that

A

tang = —

A

SO

A

¢=tan'| == |=tan (@) = tan ' (1.60) = 58.0°
A 25.0

The diagram shows that the angle from the +x axis can be found by

subtracting from 180°: 6 =180°—-58° =

P3.16 We can calculate the components of the vector A using (A, A,) =

(A cos 6, A sin 0) if the angle 6is measured from the +x axis, which is
true here. For A = 35.0 units and 0 = 325°,

A, =28.7units, A, = -20.1 units
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106 Vectors

P3.17  (a) [Yes]

(b) Let v represent the speed of the camper. The northward
component of its velocity is v cos 8.50°. To avoid crowding the
minivan we require v cos 8.50° 2 28 m/s.

We can satisfy this requirement simply by taking
v >(28.0 m/s)/cos8.50° =28.3 m/s.

P3.18 The person would have to walk
(3.10 km)sin 25.0° =|1.31 km north|

and (3.10 km)c0s25.0° =|2.81 km east

P3.19 Do not think of sin 8 = opposite/hypotenuse, but jump right to y =
R sin 6. The angle does not need to fit inside a triangle. We find the x
and y components of each vector using x = 7 cos 6 and y = r sin 6. In
unit vector notation, R = RX? + Ryj.

(@) x=12.8cos 150°, y = 12.8 sin 150°, and |(X,y) = (~11.1i +6.40j) m

(b) x=3.30 cos 60.0°, y = 3.30 sin 60.0°, and |(X,y) = (1.65i + 2.86}) cm

(©) x=22.0cos215° y = 22.0 sin 215°, and |(X,Yy) = (~18.0i —12.6]) in

P3.20 (@) Her net x (east-west) displacement is -3.00 + 0 + 6.00 = +3.00
blocks, while her net y (north-south) displacement is 0 + 4.00 + 0 =
+4.00 blocks. The magnitude of the resultant displacement is

R = (X * (Vo) = 4/(3.00)? +(4.00)? =5.00 blocks

and the angle the resultant makes with the x axis (eastward
direction) is

6 =tan™ (%j =tan ' (1.33) = 53.1°.

The resultant displacement is then [5.00 blocks at 53.1° N of E|.

(b) The total distance traveled is 3.00 + 4.00 + 6.00 = {13.00 blocks|.

P3.21 Let +x be East and +y be North. We can sum the total x and y
displacements of the spelunker as

> x =250 m +(125 m)cos 30° =358 m
>y =75m+(125 m)sin 30°~150 m =-12.5 m
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Chapter 3 107

the total displacement is then

d=(Zx)’ +(Zy)' =358 m)’ +(-125 m)’ =358 m

at an angle of

6=tan’ [QJ =tan™ (— 12.5 m) =-2.00°

3 X 358 m

or |d =358 m at 2.00° S of E|

P3.22 We use the numbers given in Problem 3.11:
A=300m, 6, =30.0°
A, =Acos@, =3.00c0s30.0°=2.60 m,
Ay = Asin g, =3.00sin30.0° = 1.50 m
So A=Aji+Aj=(260i +1.50j) m

B =3.00m, 6, =90.0°

B, =0,B,=3.00m— B =3.00j m

then  A+B= (2.60i + 1.50]) +3.00 =

—_

2.60i + 4.50j)m

P3.23 We can get answers in unit-vector form just by doing calculations with
each term labeled with an ioraj. There are, in a sense, only two

vectors to calculate, since parts (c), (d), and (e) just ask about the
magnitudes and directions of the answers to (a) and (b). Note that
the whole numbers appearing in the problem statement are assumed
to have three significant figures.

We use the property of vector addition that states that the components
of R = A +B are computed as R, = A _+B, and R,=A +B,.

(a) (A+|§):(3€—2j)+(—i—4j): 2i - 6]

(b) (A—B):(3€—2j)—(—€—4j): 41 +2]
() ‘A+I§‘:\/22+62 =1[6.32]
(d) |A-B|=v4*+2? =[4.47]

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



108

P3.24

P3.25

Vectors

© Guy=tan(-2 ] =706
-1 2 o
G\Afs\ = tan Z =

The east and north components of the displacement from Dallas (D) to
Chicago (C) are the sums of the east and north components of the
displacements from Dallas to Atlanta (A) and from Atlanta to Chicago.
In equation form:

dDC east = dDA east + dAC east

=(730 mi)cos5.00° — (560 mi)sin 21.0° = 527 miles

dDC north = dDA north + dAC north

=(730 mi)sin 5.00° + (560 mi)cos21.0° = 586 miles
By the Pythagorean theorem,

d = \/(dDC east )2 + (dDC north )2 =788 mi

Then, f=tan’ [dmﬂ] =48.0°

DC east

Thus, Chicago is |788 miles at 48.0° northeast of Dallas|.

We use the unit-vector addition method. It is just as easy to add three

displacements as to add two. We take the direction east to be along +i.
The three displacements can be written as:

A

d, =(-3.50 m)]

d, =(8.20 m)cos 45.0°i +(8.20 m)sin 45.0°]
=(5.80 m)i +(5.80 m)]j

d, =(-15.0 m)i

The resultant is

R=d, +d, +d, =(~15.0 m +5.80 m)i +(5.80 m—3.50 m)j

=(-9.20 m)i +(2.30 m)j

(or 9.20 m west and 2.30 m north).

The magnitude of the resultant displacement is

R|= JRZ+R? =/(-9.20 m)’ +(2.30 m)’ =[9.48 m
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The direction of the resultant vector is given by

R
0 =tan"' [R—y] = tan‘l( 230 m ) =

« -9.20m

P3.26 (a) See figure to the right.
(b) C=A+B=2.00i+6.00j+3.00i —2.00]

=15.00i + 4.00j

D =A-B =2.00i +6.00] — 3.00i +2.00]

~1.00i +8.00]

~ 1 =) I A VI
() C=+25.0+16.0 attan™ (g) =16.40 at 38.7° ANS. FIG. P3.26

D= \/(—1.00)2 +(8.00)° at tan™* (%)

D =8.06 at (180° - 82.9°) =[8.06 at 97.2°

pP3.27 We first tabulate the three strokes of the novice golfer, with the x
direction corresponding to East and the y direction corresponding to
North. The sum of the displacement in each of the directions is shown
as the last row of the table.

East North
x (m) y (m)
0 4.00
1.41 1.41

-0.500 -0.866
+0.914 4.55

The “hole-in-one” single displacement is then

[R|= X +]y]" ={/(0.914 m)’ +(4.55 m)’ =4.64 m

The angle of the displacement with the horizontal is

f=tan’ (Xj = tan_l( 4.55m ) =78.6°
X 0914 m
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110 Vectors

The expert golfer would accomplish the hole in one with the
displacement |4.64 m at 78.6° N of E|.

P3.28 We take the x axis along the slope downhill. (Students, get used to this
choice!) The y axis is perpendicular to the slope, at 35.0° to the vertical.
Then the displacement of the snow makes an angle of 90.0° + 35.0° +
16.0° = 141° with the x axis.

(a)

(b)

ANS. FIG. P3.28

Its component parallel to the surface is
(1.50 m) cos141°=-1.17 m,
or 1.17 m toward the top of the hill.

Its component perpendicular to the surface is
(1.50 m)sin141° =0.944 m, or 0.944 m away

from the snow.

P3.29 (a) The single force is obtained by summing the two forces:

(b)

F +F

+F,
120 cos (60.0°)i + 120 sin (60.0°)]

—80.0 cos (75.0°)i +80.0 sin (75.0°)]

F = 60.0i +104j — 20.7i +77.3] = (39.3i + 181}) N

We can also express this force in terms of its magnitude and

direction:

|F|=+/39.3* +181* N =
181
f=tan'| — |=|77.8°
an (39.3)

A force equal and opposite the resultant force from part (a) is
required for the total force to equal zero:

FSZ_IEZ

(~39.31 - 181j) N
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P3.30 ANS. FIG. P3.30 is a graphical depiction of the three displacements
the football undergoes, with A corresponding to the 10.0-yard
backward run, B corresponding to the 15.0-yard sideways run, and

C corresponding to the 50.0-yard downfield pass. The resultant
vector is then

R=A+B+C=-10.0i - 15.0j + 50.0i
= 40.0i - 15.0j

R|=[(007 +(-15.07]" =

A|=10.0

I¢/=50.0
ANS. FIG. P3.30
P3.31 (@) We add the components of the three vectors:
D=A+B+C=6i-2]
D] = V6> +27 =[632m at = 342°

(b) Again, using the components of the three vectors,
E=-A-B+C=-2i+12j
E[=v22+12* =[122m at = 99.5°

P332  Weare given A =-8.70i +15.0j, and B =13.2i—6.60j, and
A-B+3C=0. Solving for C gives

3C=B-A=219i-21.6j
C=7.30i-7.20j or C,=[730cm];C, =

P3.33 Hold your fingertip at the center of the front edge of your study desk,
defined as point O. Move your finger 8 cm to the right, then 12 cm
vertically up, and then 4 cm horizontally away from you. Its location

relative to the starting point represents position vector A. Move three-
fourths of the way straight back toward O. Now your fingertip is at the

location of B. Now move your finger 50 cm straight through O,
through your left thigh, and down toward the floor. Its position vector

now is C.
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112 Vectors

We use unit-vector notation throughout. There is no adding to do here,
but just multiplication of a vector by two different scalars.

(a) A =[8.00i+12.0j— 4.00k

= A B 2 ~
(b) B :Z =12.00i +3.00j — 1.00k
(c) C=-3A=|-24.0i-36.0j +12.0k

P3.34  Weare given B =B,i+B,j+B,k =4.00i +6.00j +3.00k. The magnitude
of the vector is therefore

\B| =4.00% +6.00% +3.00% =[7.81

And the angle of the vector with the three coordinate axes is

o =cos™ A;—g(l)) = is the angle with the x axis
4 6.00 S - . .
B =cos 78l = is the angle with the y axis
_ . 1(3.00) _ 5] : .
Y =cos —a1) is the angle with the z axis
P3.35 The component description of A is just restated to constitute the

answer to part (a): A= -3.00, A, = 2.00.

A

(@ A=Ai+A]j=|-3.00i+2.00]
(b) |A]=[A2+A? =/(-3.00)" +(2.00)" =[3.61

f=tan’ i =tan! (&) =-33.7°
A -3.00

X

fis in the second quadrant, so 6 = 180° + (—33.7°) =[146°|.
(0 R.=0,R,=-4.00, and R=A+B, thusB=R-A and
B,=R,-A,=0-(-3.00) =3.00, B,= R,—A,=-4.00 - 2.00 = —6.00.

Therefore, B =|3.00i —6.00j|.
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P3.36

P3.37

P3.38

Chapter 3

We carry out the prescribed mathematical operations using unit
vectors.

o

—A+B= (5.00i ~1.00j- 3.0012) m

€| =(5.00 m)’ +(1.00 m)’ +(3.00 m)* =[5.92m]

(b) D=2A-B=|(400i-11.0j+150k)m

D] =/(4.00m) +(11.0m)* +(15.0 m)* =

(a) Taking components along i and ], we get two equations:

6.00a — 8.00b +26.0 =0
and
—-8.00a +3.0006 +19.0=0

(a)

Substituting a = 1.33b — 4.33 into the second equation, we find

—8(1.330—4.33)+3b+19=0—7.67b =53.67 — b =7.00
and so a = 1.33(7.00) — 4.33 = 5.00.
Thus [a=5.00, b ="7.00]. Therefore, 5.00A +7.00B +C = 0.

113

(b) |In order for vectors to be equal, all of their components must be

equal. A vector equation contains more information than a

scalar equation, as each component gives us one equation.

The given diagram shows the vectors individually, y
but not their addition. The second diagram
represents a map view of the motion of the ball.
According to the definition of a displacement, we
ignore any departure from straightness of the actual

path of the ball. We model each of the three motions
as straight. The simplified problem is solved by
straightforward application of the component
method of vector addition. It works for

adding two, three, or any number of vectors.

(@) We find the two components of each of
the three vectors

A =(20.0 units)cos90° = 0

and A =(20.0units)sin 90° = 20.0 units

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way

ANS. FIG. P3.38

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



114 Vectors

B, = (40.0units)cos45° = 28.3 units
and B, =(40.0units)sin 45° = 28.3 units
C, = (30.0units) cos 315° = 21.2 units
and C, =(30.0units)sin315° = —21.2 units
Now adding,
R =A +B +C =(0+283+21.2) units = 49.5 units

and R =A +B +C = (20 +28.3 — 21.2) units = 27.1 units

so R=|495i+27.1j

(b) |R|=(49.5) +(27.1 =[56.4

R
0 =tan™ (R—yj =tan’ (Ej =

< 49.5
P3.39 We will use the component method for a precise y
answer. We already know the total displacement, ) H*J\*
so the algebra of solving a vector equation will N \B\b
guide us to do a subtraction. N\ T ghacd
A\ 120° R=A+B
We have B=R—-A: \‘ N300«
A, =150c0s120° = -75.0 cm ANS. FIG. P3.39
A, =150sin120° =130 cm
R, =140c0s35.0° =115 cm
R, =140sin35.0° = 80.3 cm
Therefore,

B =[115 — (~75)i +[80.3 — 130]j = (190? - 49.7]) cm

B =190% +49.7* =
o= tanl(_ﬁ) _

190
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P3.40 First, we sum the components of the two vectors for the male:
d, . =d,. . +d,  =0+(100 cm)cos23.0°=92.1 cm
dypy = dypy +dypy, =104 cm +(100 cm)sin23.0° =143.1 cm

magnitude: d,,, =+/(92.1 cm)? +(143.1 cm)* =170.1 cm
direction: tan™ (143.1 / 92.1) =57.2° above +X axis (ﬁrst quadrant)

followed by the components of the two vectors for the female:

d,, =d,; +d,, =0+(86.0 cm)cos28.0°=75.9 cm
dyg = dyg, +d,, =84.0 cm +(86.0 cm)sin 28.0° =124.4 cm

magnitude: d,; =+/(75.9 cm)* +(124.4 cm)? = 145.7 cm
direction: tan™ (124.4 / 75.9) =58.6° above +X axis (first quadrant)

P341  (a) E=(17.0 cm)cos (27.0°)i 7Y

+(17.0 cm) sin (27.0°)

o

27°

E =|(15.11 +7.72)) cm

272

(b) F=(17.0 cm) cos (117.0°)i
+(17.0 em) sin (117.0°)] 7

-
G

F= (-7.72? +15.1j) cm

ANS. FIG. P3.41

Note that we did not need to explicitly identify the angle with the
positive x axis, but by doing so, we don’t have to keep track of
minus signs for the components.

A

() G=[(-17.0 cm) cos (243.0°)]i +[(~17.0 cm) sin (243.0°)|]

G= (—7.72i - 15.1]) cm

P3.42 The position vector from radar station to ship is
$=(17.3sin136°1 +17.3cos136°] ) kn = (12.0i - 12.4] ) km
From station to plane, the position vector is
p= (19.6 sin153°] +19.6c0s 153°] + 2.2012) km

or

P =(8.90i - 17.5j+2.20k] km
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(a) To fly to the ship, the plane must undergo displacement

B=5-P= (3.12? +5.02j—2.2of<) km

(b) The distance the plane must travel is

D =|D|=4/(3.12) +(5.02)’ +(2.20)° km =
P3.43 The hurricane’s first displacement is

(41.0 km/h)(3.00 h) at 60.0° N of W

and its second displacement is
(25.0 km/h)(1.50 h) due North

With i representing east and j representing north, its total
displacement is:

[(41.0 km /h)cos60.0°](3.00 h)(-i)
+[(41.0 km/h)sin 60.0°](3.00 h)]

+(25.0 km/h)(1.50 h)j
=61.5 krn(—i)+ 144 km j

with magnitude /(61.5 km)? +(144 km)’ =[157 km)

P3.44 Note that each shopper must make a choice whether to turn 90° to the
left or right, each time he or she makes a turn. One set of such choices,
following the rules in the problem, results in the shopper heading in
the positive y direction and then again in the positive x direction.

Find the magnitude of the sum of the displacements:
d =(8.00 m)i +(3.00 m)]j + (4.00 m)i = (12.00 m)i +(3.00 m)j
magnitude: d = /(12.00 m)? +(3.00 m)* =12.4 m

|Impossible because 12.4 m is greater than 5.00 m.|

P3.45 The y coordinate of the airplane is constant and equal to 7.60 x 10° m
whereas the x coordinate is given by x = vt, where v, is the constant

speed in the horizontal direction.

Att=30.0s we have x = 8.04 x 10>, so v, = 8 040 m/30 s = 268 m/s. The
position vector as a function of time is

S _ 2 3 2
P = (268 m/s)ti +(7.60x 10° m)]
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A

At t=45.0s,P = [1.21 x 10%1 +7.60 x 1031} m. The magnitude is

p= \/(1.21 x10*) +(7.60x10°)" m =

and the direction is

0= tan! 7.60%10°
1.21x10*

) = \32.2° above the horizonta1|

P3.46 The displacement from the start to the finish is
161 +12] — (51 +3j) = (111 +9j)
The displacement from the starting point to A is f (11i + 9]) meters.

(@) The position vector of point A is

5i+3j+ 1{111+9]) =[5 +11H)i +(3+9)] | m

(b) For f =0 we have the position vector |(5 + O)i +(3+ O)j meters.

(c) |This is reasonable because it is the location of the starting point,

50+ 3] meters.

(d) For f=1=100%, we have position vector
G+ 11)i +(3+ 9)j meters = |161 + 12j meters|.

(e) |This is reasonable because we have completed the trip, and this is

the position vector of the endpoint.

P3.47 Let the positive x direction be eastward, the positive y direction be
vertically upward, and the positive z direction be southward. The total
displacement is then

d =(4.80i +4.80]) cm + (3.70] - 3.7012) cm
= (4.80i +8.50] 3.7012) cm
(a) The magnitude is d = /(4.80)" +(8.50)" +(~3.70)* cm =[10.4 cm],

(b) Its angle with the y axis follows from

cosf = %, giving |6 =35.5°|.
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Vectors

Additional Problems

P3.48

P3.49

P3.50

The Pythagorean theorem and the definition of the tangent will be the
starting points for our calculation.

(a) Take the wall as the xy plane so that the coordinates are x = 2.00 m
and y = 1.00 m; and the fly is located at point P. The distance
between two points in the xy plane is

d= \/(Xz _Xl)z * (yz _y1)2
so here d = /(2.00 m — 0)* + (1.00 m — 0) =

(b) 6=tan™ [X] — tan™! [M] —26.6°, s0T=[2.24m, 26.6°
X 2.00 m
We note that —i = west and —j = south. The given ®

mathematical representation of the trip can be
written as 6.30 b west + 4.00 b at 40° south of west
+3.00 b at 50° south of east +5.00 b south.

N
w—E
S

(@) The figure on the right shows a map of the H = 1 block
successive displacements that the bus ©
undergoes. ANS. FIG. P3.49

(b) The total odometer distance is the sum of the magnitudes of the
four displacements:

6.30b+4.00b+3.00b+5.00b =

A

() R=(-6.30-3.06+1.93) bi+(-2.57 —2.30—5.00) b]
=_7.44bi-9.87 bj

= /(744 b)* +(9.87 b)? at tan™ (%) south of west

=12.4 b at 53.0° south of west

=[12.4 b at 233° counterclockwise from east|

To find the new speed and direction of the aircraft, we add the
vector components of the wind to the vector velocity of the aircraft:

A

V = v,i +Vv,] =(300+100c0s30.0°)i +(100sin 30.0°)
v = (3871 +50.03) mi/h

V| =]390 mi/h at 7.37° N of E|
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P3.51 On our version of the diagram we have
drawn in the resultant from the tail of the
first arrow to the head of the last arrow.

The resultant displacement R is equal to
the sum of the four individual

displacements, R=d, +d, +d, +d,. We
translate from the pictorial representation
to a mathematical representation by
writing the individual displacements in

unit-vector notation:
ANS. FIG. P3.51

d, = 100i m

d, = -300j m

d, =(-150 cos 30°)i m +(— 150 sin 30°)j m =-130i m -75j m

d, = (=200 cos60°)i m + (200 sin60°)j m =—100i m + 173j m
Summing the components together, we find

R,=d,+d, +d,, +d,, =(100+0-130-100) m = —130 m

R, =d,, +d, +d;, +d,, =(0-300-75+173) m = -202 m

so altogether

R=d, +d, +d, +d, =|(~130i - 202])m

Its magnitude is

IR|=/(-130) +(~202)° =[240m

R —
We calculate the angle ¢ = tan™ (R—y] =tan™ (2—23) =57.2°.

X

The resultant points into the third quadrant instead of the first
quadrant. The angle counterclockwise from the +x axis is

6 =180 +¢ =[237°]

*P3.52  The superhero follows a straight-line path at d
30.0° below the horizontal. If his
displacement is 100 m, then the coordinates j

NE
100 \
m SR
of the superhero are: | ‘

x = (100 m)cos(-30.0°) = ANS. FIG. P3.52
y = (100 m)sin (~30.0°) =
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120 Vectors

P3.53 (a) Take the x axis along the tail section of the snake. The
displacement from tail to head is

(240 m)i +[(420 - 240) m] cos (180° - 105°)i

(180 m)sin75°j =287 mi—174 mj

Its magnitude is /(287)" +(174)" m =335 m.

_ distance

From v = A the time for each child’s run is
Inge: At = distance _ 335 m(h)(1 km)(3600's) _ 101 s
v (12 km)(1000 m)(1 h)
Olaf: At= 22015 _ 156
3.33m

Inge wins by 126-101= 25.4 s|.

(b) Olaf must run the race in the same time:

V:i_420m(3610}?s)( km j: Eokm7h

At 101s 10° m

P3.54 The position vector from the ground under the controller of the first
airplane is

T, =(19.2 km)(cos 25°)i +(19.2 km)(sin 25°)] + (0.8 km)k
= (17.4i +8.11j + 0.812) km
The second is at
T, = (17.6 km)(cos20°)i +(17.6 km)(sin 20°)j + (1.1 km)k
= (16.5i +6.02j+ 1.112) km
Now the displacement from the first plane to the second is
P, ¥, =(-0.8631 - 2.00§ +0.3k) km
with magnitude

J(0.863) +(2.09)* +(0.3)* km =
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Chapter3 121

The tensions T, and T, act as an equivalent tension T (see ANS.
FIG. P3.55) which supports the downward weight; thus, the
combination is equivalent to 0.150 N, upward. We know that T, =

0.127 N, and the tensions are perpendicular to each other, so their
combined magnitude is

T=T2+T2=0150 N > T? =(0.150 N)’ - T?
— 2 2 —
T} =(0.150 N)* - (0.127 N)* -» T, =0.078 N
T

7y Tx

ANS. FIG. P3.55
From the figure, 6 = tan™ (Ty /TX) =32.1°. The angle the x axis
makes with the horizontal axis is 90° — 6 =[57.9°|.

From the figure, the angle the y axis makes with the horizontal

axis is 6 =[32.1°|.

Consider the rectangle in the figure to have height H and width

W. The vectors A and B are related by A +ab + bc =B, where
A =(10.0 m)(c0s50.0°)i +(10.0 m)(sin50.0°) ]

A= (6.42? + 7.66]) m

B =(12.0 m)(c0s30.0°)i +(12.0 m)(sin 30.0°)]

B= (10.4i + 6.00}) m

%Z—Hj and bc¢ = Wi

y

>
S

=

ANS. FIG. P3.56
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122 Vectors
Therefore,
B-A=ab+bc
(3.96?— 1.66}) m=Wi-Hj—>W=39mand H=1.66 m

|The perimeter measures 2(H + W) =11.24 m.

(b) The vector from the origin to the upper-right corner of the
rectangle (point d) is

B +Hj =10.4 mi +(6.00 m +1.66 m)j = 10.4 mi +7.66 m]

magnitude: \/(10.4 m)” +(7.66 m)’ =12.9 m
direction: tan™ (7.66/ 10.4) =36.4° above + X axis (first quadrant)

P357  (a) R,=[2.00], R, =[1.00] R, =
(b) |R|=RZ+RZ+R? =400+ 1.00+9.00 = 14.0 =[3.74

(c) cosb, =%‘:9X = cos ™" ‘REX =[57.7° from + x|
cos®, =i:>9y =cos™' RT =|74.5° from +y)|

R] R]
cosb, =i:>(9Z =cos™" i =(36.7° from + z|

R] R]

P3.58 Let A represent the distance from island 2 to

island 3. The displacement is A = A at 159°.
Represent the displacement from 3 to 1 as

B =B at298°. We have 476 km at 37°+ A +B =0.
For the x components:
(4.76 km)cos37° + Acos159°

+Bcos298° =0
3.80 km—-0.934A+0.470B=0

B=-8.10 km +1.99A
For the y components:
(4.76 km)sin 37° + Asin 159° + Bsin298° = 0
2.86 km +0.358A—-0.883B =0

ANS. FIG. P3.58
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Chapter 3 123

(a) We solve by eliminating B by substitution:
2.86 km +0.358 A —0.883(-8.10 km +1.99A) =0
2.86 km +0.358A+7.15 km-1.76 A=0
10.0 km =1.40A
A=|7.17 km

(b) B=-8.10 km+1.99(7.17 km) =[6.15 km

P3.59 Let 6 represent the angle between the y
directions of A and B. Since A and B have 072 g
the same magnitudes, A,B,and R=A+B 7
form an isosceles triangle in which the angles e 0

A \
are 180° -0, Q, and Q The magnitude of R = ~
2 2 2 B

is then R = 2Acos(§j. This can be seen from ANS. FIG. P3.59

=~

applying the law of cosines to the isosceles triangle and using the fact
that B = A.

Again, A, —B,and D = A -B form an isosceles triangle with apex
angle 6. Applying the law of cosines and the identity

1—cosf =2sin? (gj

gives the magnitude of D as D = 2A sin(g).
The problem requires that R = 100D.

Thus, 2Acos(§j =200A sin(gj. This gives

0)_ 5
tan(zj =0.010 and |6 =1.15

P3.60 Let 9 represent the angle between the directions
of A andB. Since A and B have the same
magnitudes, A, B,and R=A+B form an
isosceles triangle in which the angles are

180° -6, g, and g The magnitude of R is then

K
| 6
D -B

R = 2Acos(§j. This can be seen by applying the  ,\s F1G. P3.60
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124 Vectors

law of cosines to the isosceles triangle and using the fact that B = A.
Again, A, —-B,and D = A -B form an isosceles triangle with apex
angle 6. Applying the law of cosines and the identity

1—cosf =2sin? (gj

gives the magnitude of D as D =2A sin(g).
The problem requires that R = nD or

cos(g) = nsin(g) giving (6 = 2tan™" (%) )

The larger R is to be compared to D, the smaller the angle between A

and B becomes.

P3.61 (a) We write B in terms of the sine and cosine of the angle 6, and
add the two vectors:

A+B= (—60 cmj) +(80 cm cos6)i + (80 cm sin6)j
A +B = (80 cm cos8)i + (80 cm sinf— 60 cm)]j
Dropping units (cm), the magnitude is

A+B| =[(80 cos6)’ +(80 sin6—60) |
A+B =]

1/2

=[(80)° (cos? 6 +sin?6) - 2(80)(60)sin6 + (60)’ ]

1/2

|A+B|=[(80) +(60)" —2(80)(60)siné |

|A+8| =[10,000—(9600)sin6]"* cm
(b) For 6=270°, sinf =-1, and |A +B|=[140 cm]
() For 6=90°, sinf=1, and |A +B|=[20.0 cm]

(d) |They do make sense. The maximum value is attained when A
and B are in the same direction, and it is 60 cm + 80 cm. The

minimum value is attained when A and B are in opposite

directions, and it is 80 cm — 60 cm.
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P3.62 We perform the integration:

se=

0T dt :_[(?‘380 s(1.2? m/s—9.8tj m/sz)dt
510380

=12t m/s‘:ms— (9.8] m/sz)%O

(128 m/s)(0.38 5-0)-(9.8) m/ ﬂ(%}

=10.4561 m—0.708] m

gr _d(4i+3]-2tk)
dt dt

P363  (a)

=2k =|-(2.00 m/s)k

(b) The position vector at t = 0 is 47+ 3]. Att=1s, the position is

4i +3j -2k, and so on. The object is moving straight downward

dr . -
at2m/s, so at represents |1ts velocity Vect0r|.

P3.64 (@) The very small differences 4
between the angles suggests
we may consider this region of
Earth to be small enough so tree
that we may consider it to be 7
flat (a plane); therefore, we <
may consider the lines of
latitude and longitude to be
parallel and perpendicular, so
that we can use them as an xy
coordinate system. Values of
latitude, 6, increase as we ANS. FIG. P3.64
travel north, so differences
between latitudes can give the y coordinate. Values of longitude,
¢, increase as we travel west, so differences between longitudes
can give the x coordinate. Therefore, our coordinate system will
have +y to the north and +x to the west.

north v

line of latitude

west

line of longitude

start

Since we are near the equator, each line of latitude and longitude
may be considered to form a circle with a radius equal to the
radius of Earth, R = 6.36 x 10° m. Recall the length s of an arc of a
circle of radius R that subtends an angle (in radians) A9 (or A¢) is
given by s =RA8 (or s = RA¢). We can use this equation to find
the components of the displacement from the starting point to the
tree—these are parallel to the x and y coordinates axes. Therefore,
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126 Vectors

we can regard the origin to be the starting point and the
displacements as the x and y coordinates of the tree.

The angular difference A¢ for longitude values is (west being
positive)

A¢ =[75.64426° - 75.64238°]
=(0.00188°)(7 rad /180°)
=3.28x107 rad

corresponding to the x coordinate (displacement west)
x=RA¢ =(6.36x10° m)(3.28x 10~ rad) =209 m

The angular difference A for latitude values is (north being
positive)

A6 =[0.00162° - (-0.00243°)]
=(0.00405°)(x rad / 180°)
=7.07x10" rad

corresponding to the y coordinate (displacement north)
y =RA6 =(6.36x10° m)(7.07x 10 rad) =450 m
The distance to the tree is
d=x*+y? = /(209 m)? +(450 m)’ =

The direction to the tree is

tan—l (Xj - tan—l (@j =65.1°= |651° N of W|
X 209 m

(b) |Refer to the arguments above. They are justified because the

distances involved are small relative to the radius of Earth.

P3.65 (@) From the picture, Fil =aj+ bj.
(b) |[R,=+a’+b’

=
© |R,=R,+ck=ai+bj+ck %‘
-

/{7 /‘\ b

o]

X

ANS. FIG. P3.65
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Chapter 3 127

P3.66 Since 7
A +B=6.00j, 2+8
we have $=20
. A N ", 619 A
(AX+Bx)i+(Ay+By)j:0i+6.00j A B,
giving A +B,=0—> A =-B,. ANS. FIG. P3.66

Because the vectors have the same magnitude and x components of
equal magnitude but of opposite sign, the vectors are reflections of
each other in the y axis, as shown in the diagram. Therefore, the two
vectors have the same y components:

A, =B, =(1/2)(6.00) = 3.00

Defining 6 as the angle between either A or B and the y axis, it is seen
that

A, B
c059=—y:—y:ﬂ20.600—>0=53.1°
A B 500

The angle between A and B is then [¢ =26 = 106°].

Challenge Problem
P3.67 (@) Youstartatpoint A: T, =T, = (30.0i - 20.0}) m.
The displacement to B is
f, — T, = 60.0i +80.0j — 30.0i +20.0j = 30.0i +100j
You cover half of this, (15.0? + 50.0]), to move to
f, = 30.0i — 20.0j +15.01 +50.0j = 45.0i +30.0]
Now the displacement from your current position to C is
f. — T, = —10.0i — 10.0]j — 45.0i — 30.0j = —55.0i — 40.0]

You cover one-third, moving to

F, = +AF, = 45.01 +30.0] + %(—55.0? ~40.0j) =26.71 +16.7]
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128 Vectors

The displacement from where you are to D is

T, —T, = 40.0i —30.0]—26.7i - 16.7] = 13.3i — 46.7]
You traverse one-quarter of it, moving to

Fo=t, 42 (Fy - 1) = 2670 +16.7) + l(13.3? - 46.7)

4 4
=30.0i +5.00]

The displacement from your new location to E is

f. —F, =—70.0i +60.0j — 30.0i — 5.00] = —100i +55.0]

of which you cover one-fifth the distance, —20.0i + 11,0},

moving to

f, + AF,. = 30.0i +5.00j — 20.0i +11.0j = 10.0i +16.0j

The treasure is at (10.0 m, 16.0 m) .

(b) Following the directions brings you to the average position of the
trees. The steps we took numerically in part (a) bring you to

O ry+T,
e 3l-t)=(252)

then to

(Fatf) Fe—(Fa+F)/2 T, +T, +T

2 3 3

then to

(FA+‘B+”C)+FD—(FA+FB+FC)/3 T T T T,

3 4 4

and last to

(FA+FB+FC+FD)+FE—(FA+FB+*C+FD)/4

4 5
A+t +T, + 1,

This center of mass of the tree distribution is the same location

whatever order we take the trees in.
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P3.2 (a) 2.31; (b) 1.15

P3.4 (a) (2.17,1.25) m, (-1.90, 3.29) m; (b) 4.55m
P3.6 (a)r,180° - 6; (b) 180° + 6; (c) -0

P3.8 B is 43 units in the negative y direction
P3.10 9.5 N, 57° above the x axis

P3.12 (a) See ANS. FIG. P3.12; (b) The sum of a set of vectors is not affected
by the order in which the vectors are added.

P3.14 310 km at 57° S of W

P3.16 A,=28.7 units, A = -20.1 units

P3.18 1.31 km north and 2.81 km east

P3.20 (a) 5.00 blocks at 53.1° N of E; (b) 13.00 blocks
P322  (260i+450j) m

P3.24 788 miles at 48.0° northeast of Dallas

P3.26  (a) See ANS. FIG. P3.24; (b)5.00i + 4.00],~1.00i + 8.00]; (c) 6.40 at 38.7°,
8.06 at 97.2°

P3.28 (a) Its component parallel to the surface is (1.50 m) cos 141° = -1.17 m,
or 1.17 m toward the top of the hill; (b) Its component perpendicular to
the surface is (1.50 m) sin 141° = 0.944 m, or 0.944 m away from the
snow.

P3.30 42.7 yards
P3.32 C, =7.30 cm; Cy =-7.20 cm

P3.34 59.2° with the x axis, 39.8° with the y axis, 67.4° with the z axis
P3.36  (a) 5.00i—1.00j—3.00Kk, 5.92 m; (b) (4.00i—11.0j+15.0k) m, 19.0) m
P3.38  (a) 49.51 +27.1j;(b) 56.4, 28.7°

P3.40 magnitude: 170.1 cm, direction: 57.2° above +x axis (first quadrant);
magnitude: 145.7 cm, direction: 58.6° above +x axis (first quadrant)

P3.42  (a) (3.12i+ 5.02j-2.20 &)km,- (b) 6.31 km

P3.44 Impossible because 12.4 m is greater than 5.00 m
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130 Vectors

P346  (a) (5=11f)i+(3+9f)] meters; (b) (5+0)i+(3+0)j meters; (c) This
is reasonable because it is the location of the starting point, 5i +3j

meters. (d) 161 + 12j meters; (e) This is reasonable because we have
completed the trip, and this is the position vector of the endpoint.

P3.48 2.24 m, 26.6°

P3.50 390 mi/h at7.37° N of E
P3.52 86.6 m, -50.0 m

P3.54 2.29 km

P3.56 (a) The perimeter measures 2(H + W) = 11.24 m; (b) magnitude: 12.9 m,
direction: 36.4° above +x axis (first quadrant)

P358  (a)7.17 km; (b) 6.15 km

P3.60 6=2tan™ (lj
n

P3.62  0.456i m—0.708] m

P3.64 (a) 496 m, 65.1° N of W; (b) The arguments are justified because the
distances involved are small relative to the radius of the Earth.

P3.66  $=20=106°
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Motion in Two Dimensions

CHAPTER OUTLINE

4.1 The Position, Velocity, and Acceleration Vectors

4.2 Two-Dimensional Motion with Constant Acceleration
4.3 Projectile Motion

4.4 Analysis Model: Particle in Uniform Circular Motion
4.5 Tangential and Radial Acceleration

4.6 Relative Velocity and Relative Acceleration

|* An asterisk indicates an item new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

OQ4.1  The car’s acceleration must have an inward component and a forward
component: answer (e). Another argument: Draw a final velocity
vector of two units west. Add to it a vector of one unit south. This
represents subtracting the initial velocity from the final velocity, on the
way to finding the acceleration. The direction of the resultant is that of
vector (e).

OQ4.2 (i) The 45° angle means that at point A the horizontal and vertical
velocity components are equal. The horizontal velocity component is
the same at A, B, and C. The vertical velocity component is zero at B
and negative at C. The assembled answerisa=b=c>d=0>e.

(ii) The x component of acceleration is everywhere zero and the y
component is everywhere —9.80 m/ s> Thenwehavea=c=0>b=d=e.

OQ4.3  Because gravity pulls downward, the horizontal and vertical motions
of a projectile are independent of each other. Both balls have zero
initial vertical components of velocity, and both have the same vertical
accelerations, —¢; therefore, both balls will have identical vertical
motions: they will reach the ground at the same time. Answer (b).

131
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132 Motion in Two Dimensions

0OQ4.4  The projectile on the moon is in flight for a time interval six times
larger, with the same range of vertical speeds and with the same
constant horizontal speed as on Earth. Then its maximum altitude is
(d) six times larger.

OQ4.5 The acceleration of a car traveling at constant speed in a circular path
is directed toward the center of the circle. Answer (d).

0OQ4.6  The acceleration of gravity near the surface of the Moon acts the same
way as on Earth, it is constant and it changes only the vertical
component of velocity. Answers (b) and (c).

0OQA4.7  The projectile on the Moon is in flight for a time interval six times
larger, with the same range of vertical speeds and with the same
constant horizontal speed as on Earth. Then its range is (d) six times
larger.

0Q4.8  Let the positive x direction be that of the girl’s motion. The x
component of the velocity of the ball relative to the ground is (+5 - 12)
m/s = -7 m/s. The x-velocity of the ball relative to the girl is (-7 — 8)
m/s = -15m/s. The relative speed of the ball is +15 m/s, answer (d).

0Q4.9 Both wrench and boat have identical horizontal motions because
gravity influences the vertical motion of the wrench only. Assuming
neither air resistance nor the wind influences the horizontal motion of
the wrench, the wrench will land at the base of the mast. Answer (b).

0OQ4.10 While in the air, the baseball is a projectile whose velocity always has a
constant horizontal component (v, = v,,) and a vertical component that
changes at a constant rate (Av, / At=a, =—g). At the highest point on

the path, the vertical velocity of the ball is momentarily zero. Thus, at
this point, the resultant velocity of the ball is horizontal and its
acceleration continues to be directed downward (a, =0, a, = -g). The
only correct choice given for this question is (c).

OQ4.11 The period T = 2zr/v changes by a factor of 4/4 = 1. The answer is (a).

0OQ4.12 The centripetal acceleration a = v’ /r becomes (3v)’/(3r) = 30°/r, so it is
3 times larger. The answer is (b).

0Q4.13 (a) Yes (b) No: The escaping jet exhaust exerts an extra force on the
plane. (c) No (d) Yes (e) No: The stone is only a few times more dense
than water, so friction is a significant force on the stone. The answer is

(a) and (d).
OQ4.14 With radius half as large, speed should be smaller by a factor of 1/4/2,

so that a = v°/r can be the same. The answer is (d).
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ANSWERS TO CONCEPTUAL QUESTIONS

CQ4.1 A parabola results, because the originally forward velocity component
stays constant and the rocket motor gives the spacecraft constant
acceleration in a perpendicular direction. These are the same
conditions for a projectile, for which the velocity is constant in the
horizontal direction and there is a constant acceleration in the
perpendicular direction. Therefore, a curve of the same shape is the
result.

CQ4.2  The skater starts at the center of the eight, goes clockwise around the
left circle and then counterclockwise around the right circle.
v v
e

?;, ~ HN/ A \Iv
vl \ '
a )

aj

N S N\al "
v v

CQ4.3  No, you cannot determine the instantaneous velocity because the
points could be separated by a finite displacement, but you can

determine the average velocity. Recall the definition of average
velocity:

g oM
TEOAt
CQ4.4  (a) On a straight and level road that does not curve to left or right.

(b) Either in a circle or straight ahead on a level road. The acceleration
magnitude can be constant either with a nonzero or with a zero value.

CQ4.5 (a) Yes, the projectile is in free fall. (b) Its vertical component of
acceleration is the downward acceleration of gravity. (c) Its horizontal
component of acceleration is zero.

CQ4.6

CQ4.7  (a) No. Its velocity is constant in magnitude and direction. (b) Yes. The
particle is continuously changing the direction of its velocity vector.
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134 Motion in Two Dimensions

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 4.1 The Position, Velocity, and Acceleration Vectors

P4.1 We must use the method of vector addition and North
the definitions of average velocity and of average

East
speed. i

R 3600 m

(a) For each segment of the motion we model / o
the car as a particle under constant velocity. ~ 1s0m
Her displacements are :
R = (20.0 m/s)(180 s) south
+ (25.0 m/s)(120 s) west
+(30.0 m/s)(60.0 s) northwest

3000 m

ANS. FIG. P4.1

Choosing i = east and] = north, we have
R =(3.60 km)(—}) +(3.00 km)(—1) +(1.80 km)cos 45°(—i)
+(1.80 km)sin 45°(j)
R =(3.00+1.27) km(=1) +(1.27 — 3.60) km(})
=(—4.271-2.33]) km

The answer can also be written as

R =/(-4.27 km)? +(~2.33 km)? = 4.87 km

at tanl(@) = 28.6°
4.27

or 4.87 km at 28.6°S of W

(b) The total distance or path length traveled is
(3.60 + 3.00 + 1.80) km = 8.40 km, so

_( 840km \(1.00 min }(1000m \ _
average speed = Z00min || 6003 71233 m/s
3
(c) Average velocity = 487x10°m _ 13.5m/s along R
360's
P4.2 The sun projects onto the ground the x component of the hawk’s

velocity:

(5.00 m/s)cos(—60.0°) =[2.50 m/s
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*P4.3 (a) For the average velocity, we have
g = x(4.00) - x(z.oo))i N ( y(4.00) - y(2.00) )A.
ave 400s-2.00s 400s-2.00s
5.00 m —3.00 m)i N (3.00 m —1.50 m)c
2.00s 2.00s

V., =| (1.00i +0.7503) m/s

avg

(b) For the velocity components, we have

dx
v, =—=a=1.00
gt m/s

and v, = ‘;—i’ =2ct =(0.250 m/s’)t

Therefore,

V =v,i+Vv,j=(1.00 m/s)i+(0.250 m/s?)t]

V(t=2.00's)=(1.00 m/s)i +(0.500 m/s)]

and the speed is

|V(t=2.00 5)|=/(1.00 m/s)? +(0.500 m/s)? =

P4.4 (@) From x=-5.00sinwt, we determine the components of the
velocity by taking the time derivatives of x and y:
Vv, = ax = (E)(—S.OO sin wt) = =5.00w cos wt
dt \dt
_dy _(d _ .
and v, = i (em (4.00-5.00 cos mt) =0 +5.00w sin wt
Att=0,

v =(-5.00@c0s0)i +(5.000 sin0)j =|-5.000i m/s

(b) Acceleration is the time derivative of the velocity, so

a =M = 45 000 coswt) = +5.0007 sinwt
dt  dt

dv
and a, = d—ty = (%)(5.00(0 sin wt) = 5.000w” cos wt

Att=0,

A

a=(5.000”sin0)i +(5.000? cos0) j =|5.000°] m/s
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136 Motion in Two Dimensions

(€) F=xi+yj=|(4.00 m)j+(5.00 m)(~sin wti —cos wt))

(5.00 m)w[—cosa)t? + sincotﬂ

<l
I

QI
]

(5.00 m)w* [sin wti + cos a)tﬂ

(d) |the object moves in a circle of radius 5.00 m
centered at (0, 4.00 m)

P4.5 (@) The x and y equations combine to give us the expression for T:

F =18.0ti +(4.00t—4.90t?)j, where T is in meters

and t is in seconds.

(b) We differentiate the expression for T with respect to time:

- g _ %[18.0ﬁ +(4.00t - 4.90t)j
d d .

= —(18.0t)i + —(4.00t — 4.90t>
18001+ gl )

v =18.0i + [4.00 - (9.80)t] j, where V is in meters per second

and t is in seconds.

(c) We differentiate the expression for V with respect to time:

._adv_d 2 f
a="2 = —{18.0i +[4.00-080)t]j}
d

2 d ~
=9 18.0)i + 214.00— (9.801t
g (18:0)1+[4.00-(9.80)t]

d=-9.80] m/s’

(d) By substitution,

7(3.00 s) ={(54.0 m)i — (32.1 m)j

V(3.005) =|(18.0m/s)i — (25.4 m/s)j

4(3.005) = |(-9.80 m/s?)]
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Section 4.2 Two-Dimensional Motion with Constant
Acceleration

P4.6 We use the vector versions of the kinematic equations for motion in
two dimensions. We write the initial position, initial velocity, and
acceleration of the particle in vector form:

4=23.00j m/s%; v, =5.00i m/s; T, = 0i +0j
(@) The position of the particle is given by Equation 4.9:

ro=t +\7it+%ét2 =(5.00 m/s)ti +%(3.00 m/s?)t}]

5.00ti +1.50t%]

where 7 is in m and t in s.

(b) The velocity of the particle is given by Equation 4.8:

V, =V, +at=|5.00i +3.00t j

wherevisinm/s and fin s.

(c) To obtain the particle’s position at t = 2.00 s, we plug into the
equation obtained in part (a):

7, = (5.00 m/s)(2.00 8)i +(1.50 m/s?)(2.00 s)']
- (10.0i + 6.00]) m

so x;=[100m]y, =[6.00m|

(d) To obtain the particle’s speed at t = 2.00 s, we plug into the
equation obtained in part (b):

—

V, =V, +at=(5.00 m/s)i+(3.00 m/s?)(2.00 s)]

P =V
=(5.001 +6.00]) m/s

Vi = Vi V4 =4(5.00 m/s) +(6.00 m/s)’ =

P4.7 (a) We differentiate the equation for the vector position of the
particle with respect to time to obtain its velocity:

. dr _(d 2 2\ -
V== (Ej(?).()()l — 6.00t j) =|-12.0tj m/s
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138 Motion in Two Dimensions

(b) Differentiating the expression for velocity with respect to time
gives the particle’s acceleration:

a=V - (i](—lz.()tj) =[-12.0j m/s’

dt  \dt
(c) By substitution, whent=1.00s,

F= (3.00? _ 6.ooj)m; V=-12.0] m/s

*P4.8 (a) For the x component of the motion we have x; = x; + vt + 0 at’.

0.0l m=0+(1.80x10" m/s)t +%(8 x 10" m/s’)t?

(4x10" m/s?)t* +(1.80x 10" m/s)t—-102 m =0

1
t= ~1.80%107
(2(4>< 1014m/sz)J{ X107 m/s

£(1.8x107 m/s)* —4(4x 10" m/sZ)(—102m)}

_1.8x107 +1.84x10” m/s
8x 10" m/s?

We choose the + sign to represent the physical situation:

(= 239 10° m/s
8x 10" m/s?

=549x107" s

Here
_ 1_ .
Yi =Y, -l-vyit-'-an.t

=0+0 +%(1.6x 10° m/s?)(549x 107 s’

=241x10" m

So, | F, =(10.01 +0.241j) mm

(b) V;=V;+at
=1.80x107i m/s
+(8x10"1 m/s? +1.6x10”] m/s?)(5.49x 107" s)
=(1.80x 10" m/s)i +(4.39x10° m/s)i +(8.78x10° m/s)j

=| (1.84x 107 m/s)i+(8.78x10° m/s)]
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(© [v,|=(1.84x10" m/s) +(8.78x10° m/s)’ =[ 1.85x 10" m/s

Vv 5
(d) 6=tan™ [v_y) =tan™ (Mj =

y 1.84x 107

P4.9 Model the fish as a particle under constant acceleration. We use our
old standard equations for constant-acceleration straight-line motion,
with x and y subscripts to make them apply to parts of the whole
motion. Attt =0,

v, = (4.00? + 1.00]) m/s and f, = (10.00i - 4.00j) m
At the first “final” point we consider, 20.0 s later,

v, =(20.0i—5.00j) m/s

Av, 20.0m/s—-4.00m/s _

a, = —=X 0.800 m/s>
@ =5 200s /
AV, 5. 1,
a = y _—5.00 m/s—1.00 m/s: 20300 m/s?
At 20.0s
_ 2
(b) 6=tan"| 2300M/ST )55 60 =[339° from + x axis]
0.800 m/s

(c) Att=25.0s the fish’s position is specified by its coordinates and
the direction of its motion is specified by the direction angle of its
velocity:

L o
X; =X +vxit+§axt

=10.0 m +(4.00 m/s)(25.0 s) + %(0.800 m/s*)(25.0 s)

=360 m

_ 1 .
Yi =Y, +Vyit+5ayt

1
=—4.00 m +(1.00 m/s)(25.0 s) + E(_0'3OO m/s*)(25.0 s)
=

Vi =V, +a,=4.00 m/s+(0.800 m/s?)(25.0 5) =24 m/s
Vy =V, +a,t=1.00 m/s—(0.300 m/s*)(25.0 s) = —6.50 m/s

Vv _
0 =tan"' [V—y] = tan‘l(mj =

. 240m/s
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140 Motion in Two Dimensions

P4.10 The directions of the position, velocity, and acceleration vectors are
given with respect to the x axis, and we know that the components of a
vector with magnitude A and direction @ are given by A, = A cos@and

Ay = A sin@; thus we have

f, =29.0 cos 95.0° i +29.0sin95.0° j =—2.531+28.9 ]

V, = 4.50 cos 40.0° i +4.50 sin 40.0° ] =3.451+2.89 ]

d =1.90 cos 200° i +1.90 sin 200° j = -1.79 1 +-0.650 j
where T isinm, V inm/s, d inm/s’, and t in s.

(@) From v, =v, +at,

N

V, =(3.45—-1.79t)i +(2.89 — 0.650t)]

where V inm/s and tin s.
(b) The car’s position vector is given by
- 1.,

r,=r.+vt+—at
2

= (-2.53+3.45t + %(—1.79)t2)i +(28.9+2.89t + %(—0.650)t2 )j

|

-

F, = (~2.53+3.45t - 0.893t%)i +(28.9+2.89t—0.325¢")]

where ¥ isinm and fin s.

Section 4.3 Projectile Motion
P4.11 At the maximum height v, =0, and the time to reach this height is

found from

V.-V, 0-v, V.
Vi =V taytas t= LA U= A=
a, -0 g

The vertical displacement that has occurred during this time is

2 2 g 29

Im
3.281 ft

(Ay)max = VYrant

Thus, if (Ay) =12 ft( ): 3.66 m, then

v, =429(Ay),.. =+2(9.80 m/s)(3.66 m) =8.47 m/s
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Chapter 4 141
and if the angle of projection is 8 = 45°, the launch speed is

Vi 8.47 m/s
—_ i _ _
V,=——= Sndse 12.0 m/s

sin@

*P4.12  From Equation 4.13 with R =15.0 m, v, =3.00 m/s, and 6, =45.0°

_v’sin260 _ v’sin90° _ 9.00 m® /s’
Gpiaet R R 15.0 m

P4.13 (@) The mug leaves the counter horizontally with a velocity v,; (say).

If t is the time at which it hits the ground, then since there is no
horizontal acceleration,

=1 0.600 m/s*

X =V t>t=x,/v, >t=(1.40m/v,)

At time {, it has fallen a distance of 1.22 m with a downward
acceleration of 9.80 m/s’. Then

yf = yi +Vyit +%ayt2
0=122m-(4.90m/s*)(1.40m/v,)*
Thus,

_ \/(4.90 m/s?)(1.40 m)* _
s 1.22 m B

281 m/s

(b) The vertical velocity component with which it hits the floor is
Vi =V, tat—v, =v, +(-0)(1.40m/v,)
vy =0+(-9.80 m/s*)(1.40 m/2.81 m/s) =-4.89 m/s

Hence, the angle 6 at which the mug strikes the floor is given by

V —
9=tan'| L |=tan’ (—4'89 m/sj =-60.2°
Y, 281 m/s

xf

The mug s velocity is 60.2° below the horizontal when it strikes

the ground.

P4.14 The mug is a projectile from just after leaving the counter until just
before it reaches the floor. Taking the origin at the point where the
mug leaves the bar, the coordinates of the mug at any time ¢ are

1
X; =X, +vxit+Eaxt2 — X, =0+V,t =X, =Vt
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142 Motion in Two Dimensions

and
1 5 1 5 1 >
Yi :yi+Vyit+Eat — VY :_O"'O_Egt — Y :_Egt

(@) When the mug reaches the floor, y,= hand x,=d, so

—h:—lgtzahzlgtzet: /@
2 2 g

is the time of impact, and

d
X, =V t>d=v t—>v, :I

in =d i
2h

(b) Just before impact, the x component of velocity is still

0.,.,=70

xf xi
while the y component is

2h
Vi =V, tat—o v, =0-gt=-g E =—,/2gh
Then the direction of motion just before impact is below the
horizontal at an angle of

v —y/2gh
6=tan"' 2 = tan™ J

\Y

xf d g

2h

0 =tan™ (ih) = —tan™ (2—h)
d d

because the x component of velocity is positive (forward) and the
y component is negative (downward).

The direction of the mug’s velocity is tan™ (2h/d) below the

horizontal.
P4.15 We ignore the trivial case where the angle of projection equals zero
degrees.
2 sin” 6, V7 (sin 26,
poVisin'ep _vi(sin20) o
29 9
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3visin®6, _ vi(sin20,)

SO

29 g
2 _sin’6, _ tan6,
or == =
3 sin20, 2

thus, 6, =tan™ (%) =

The horizontal range of the projectile is found from x = vt = v, cos6;t.
Plugging in numbers,

x = (300 m/s)(cos 55.0°)(42.0 s)

x=17.23x10° m

The vertical position of the projectile is found from
L o . e
=v,t——gt° =v;sinft——gt
y=Vit=749 Snot==49
Plugging in numbers,

y =(300m/s)(sin 55.0°)(42.0 s) — %(9.80 m/s*)(42.0s)’

=[1.68x10° m

(@) The vertical component of the salmon’s velocity as it leaves the
water is

V,; = +V;sinf = +(6.26 m/s) sin 45.0° = +4.43 m/s
When the salmon returns to water level at the end of the leap, the
vertical component of velocity will be

Vy =-V,; =-443m/s

If the salmon jumps out of the water at t = 0, the time interval
required for it to return to the water is

_Vy—Vy _ 443 m/s-443 m/s
a —9.80 m/s’

y

At =0.903 s

The horizontal distance traveled during the leap is
L=V At = (Vi cos 19)Ati
=(6.26 m/s)cos45.0°(0.903 s) = 4.00 m
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144 Motion in Two Dimensions

To travel this same distance underwater, at speed v = 3.58 m/s,
requires a time interval of
t, :E:le‘lzs
v 358m/s
The average horizontal speed for the full porpoising maneuver is
then

AX _ 2L _ 2(400 m) -

vV =—= =
& At At +At, 0903s+1.12s
(b) From (a), the total time interval for the porpoising maneuver is
At=0903s+1.12s=2.02 s

Without porpoising, the time interval to travel distance 2L is

_2L_ 800m

At =
> v 358m/s

=2723s

The percentage difference is

AL = AL 100% = -9.6%

2

|P0rpoising reduces the time interval by 9.6%.

P4.18 (a) We ignore the trivial case where the angle of projection equals
zero degrees. Because the projectile motion takes place over level
ground, we can use Equations 4.12 and 4.13:
v;’sin260, _ v;>sin’6,
9 29

R=h—

Expanding,
2sin 26, =sin” 6,
4sin @, cosH, = sin” 6,
tang, =4

6, =tan"'(4) =

(b) The maximum range is attained for 6, = 45°:

_ Vsin[2(76.0°)] andR__ = v} sin[2(45.0°)] _ v}

g g g

R
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then

_ V/sin[2(76.0°)] _ R
™ g sin[2(76.0°)]  sin[2(76.0°)]

R =

(c) |Since g divides out, the answer is the same on

every planet.

*P4.19  Consider the motion from original zero height to maximum height h:

2
yf

or V,; =+/2gh

Now consider the motion from the original point to half the maximum
height:

\Y :v§i+2ay(yf —yi) gives 0=v;;—2g(h-0)

Vi =V, t+2a, (yf —yi) gives v§h:Zgh+2(—g)(%h—0)
SO Vyn :\/ﬁ
2

1 1
At maximum height, the speed is Vv, = 5\/ Vp V= 5\/ V2 +gh

Solving,

e [T
3

Now the projection angle is

6, =tan™ \\//—i' =tan™ “,—jhg/r; = tan'\/6 =

P420  (a) x,=v,t=(8.00m/s)cos?20.0°(3.00s) =

(b) Taking y positive downwards,
_ L o
Yi = Vyit + E gt
y; = (8.00 m/s)sin20.0°(3.00 s) + %(9.80 m/s?)(3.00 s)
=152.3 m

() 10.0 m =(8.00 m/s)(sin20.0°)t + %(9.80 m/s*)t?
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P4.21

P4.22
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Motion in Two Dimensions

Suppressing units,

4.90t* +2.74t-10.0=0
_—2.74%/(2.74)" +196

=[1.1
9.80

The horizontal component of displacement is x; = vt = (v; cos6)t.
Therefore, the time required to reach the building a distance d away is

t=

. At this time, the altitude of the water is
V; cosb,

2
Y, :vyit+layt2:vi sin 6, d_|_g9[_d
2 v,cos6, ) 2\ Vv, cosb,

Therefore, the water strikes the building at a height # above ground
level of

gd”

h=y =|dtang - — 9%
Y e 2v;* cos’ 6,

(@) The time of flight of a water drop is given by
1
+o,t+ —a, £
yf Yi 7
1
0=y, _Eg r

Fort, >0, the rootis t, = \/Zyl = \/2(2'35 1112) =0.693 s.
g 9.8 m/s

The horizontal range of a water drop is
[
X = X v t+—at
2
= 0+1.70m/s (0.693s)+0=1.18 m

This is about the width of a town sidewalk, so space for
a walkway behind the waterfall. Unless the lip of the channel is

well designed, water may drip on the visitors. A tall or inattentive

person may get his or her head wet.

(b) Now the flight time t,is given by

0= +0——gt2,whe1rey2 y .

S,
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From the same equation as in part (a) for horizontal range,
x, = 0,t,, where x, = x,/12:

X t
— 1 — 1
X, =V,t, > —=V,

12 V12
_ X _ Vv, _170m/s _
v, = = = =10.491 m/s
N RN RN il (L Y

The rule that the scale factor for speed is the square root of the
scale factor for distance is Froude’s law, published in 1870.

P4.23 (@) From the particle under constant velocity model in the x
direction, find the time at which the ball arrives at the goal:

X — X _
X, =x +tvtot="1 "= 60m -0 =299 s
V.. (20 m/s) cos 53.0°

Xl

From the particle under constant acceleration model in the y
direction, find the height of the ball at this time:

1
Ye=Yi t Vyi‘t + antz

1
y;=0+(20.0 m/s) sin 53.0°(2.99 s) - 5 (9.80 m/s%)(2.99 s)*

Y;=394m
Therefore, the ball clears the crossbar by

3.94m-3.05m=

(b) Use the particle under constant acceleration model to find the
time at which the ball is at its highest point in its trajectory:
Ve =Vyi  (20.0 m/s)sin53.0°—0 _ 163 s
9.80 m/s’ '

Vy =V, — gt t=

Because this is earlier than the time at which the ball reaches the

goal, the ball clears the goal on its way down.

P4.24 From the instant he leaves the floor until just before he lands, the
basketball star is a projectile. His vertical velocity and vertical
displacement are related by the equation vj; = v;; +2a, (yf - yi).
Applying this to the upward part of his flight gives
0=V +2(-9.80m/s?)(1.85-1.02) m. From this, v, = 4.03 m/s. [Note

that this is the answer to part (c) of this problem.]
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148 Motion in Two Dimensions

For the downward part of the flight, the equation gives
vZ =0+2(~9.80m/s?)(0.900 — 1.85) m. Thus, the vertical velocity just
before he lands is v,, = -4.32 m/s.

(@) His hang time may then be found from v, =v,, +4a,t:
—4.32m/s=4.03m/s + (-9.80 m/s’)t

or t=(0.852s|.

(b) Looking at the total horizontal displacement during the leap, x =
vt becomes

2.80m =1, (0.852s)
which yields v,; =|3.29 m/s|.
(o) Vv, =[4.03 m/s|. See above for proof.

V.
(d) The takeoff angle is: = tan™ - =tan™ (403_111/5} =
329 m/s

(e) Similarly for the deer, the upward part of the flight gives

2

Vi = Vo +2a, (yf — yi)
0=V +2(-9.80 m/s?)(2.50~1.20) m
so v,=504m/s
For the downward part, v, =v;; +2a,(y; —y;) yields
vZ =0+2(~9.80m/s?)(0.700 - 2.50) m and v,; = -5.94 m/s.
The hang time is then found as v,; =v,; +at:

-5.94m/s=5.04m/s+(-9.80 m/s*)t and

P4.25 (@) For the horizontal motion, we have x,=d = 24 m:

X, =X +V t+ laXt2
2
24 m =0+V,(cos53°)(2.25)+0
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(b) As it passes over the wall, the ball is above the street by
Ye =Y vt %aytz
y; =0+(18.1 m/s)(sin 53°)(2.2's)
+%(—9.8 m/s?)(2.2 )’ =8.13 m

So it clears the parapet by 8.13 m -7 m = 1.13 m|.

(c) Note that the highest point of the ball’s trajectory is not directly
above the wall. For the whole flight, we have from the trajectory

equation:
y; =(tan®;)x, - S — X3
! 2v; cos’ 6,
2
or 6 m=(tan53°)x, — 9.81’)?1/28 - X3
2(18.1 m/s)” cos~ 53°
Solving,

(0.0412m™)x} -1.33x, +6m =0

and, suppressing units,

L = 133% J1.332 — 4(0.041 2)(6)
f 2(0.0412)

This yields two results:
x;=26.8mor 544 m
The ball passes twice through the level of the roof.

It hits the roof at distance from the wall

26.8m—-24m =

P4.26 We match the given equations:
X, =0+(11.2 m/s)(cos 18.5°)t

0.360 m = 0.840 m +(11.2 m/s)(sin 18.5°)t—%(9.80 m/s? )¢’

to the equations for the coordinates of the final position of a projectile:

X; =X +int
1
Yi =Yi +Vyit_Egt
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150 Motion in Two Dimensions

For the equations to represent the same functions of time, all
coefficients must agree: x;, =0, y, = 0.840 m, v, = (11.2 m/s) cos 18.5°,

v, =(11.2m/s) sin 18.5°, and g = 9.80 m/s".

(@) Then the original position of the athlete’s center of mass is the

point with coordinates (xi, yi) =|(0, 0.840 m)|. That is, his original

position has position vector ¥ = 0i +0.840j m.

(b) His original velocity is V; = (11.2 m/s)(cos 18.5°)i +

(11.2m/s)(sin18.5°)j =|11.2 m/s at 18.5°| above the x axis.

(c) From (4.90 m/s”)#*— (3.55 m/s)t — 0.48 m = 0, we find the time of
flight, which must be positive. Suppressing units,

Lo (3.55)+ J(=3.55)* — 4(4.90)(~0.48)

=0.841s
2(4.90)
Then x, = (11.2 m/s) cos 18.5°(0.841 s) = [8.94 m|.
P4.27 Model the rock as a projectile, moving with constant horizontal

velocity, zero initial vertical velocity, and with constant vertical
acceleration. Note that the sound waves from the splash travel in a
straight line to the soccer player’s ears. The time of flight of the rock
follows from

1
Yi =Yi -'-Vyit-'-iayt2

~40.0m=0+0+ %(—9.80 m/s?)t?
t=2.86s

The extra time 3.00 s — 2.86 s = 0.140 s is the time required for the
sound she hears to travel straight back to the player. It covers distance

(343 m/s) 0.143 s = 49.0 m = /X +(40.0 m)’

where x represents the horizontal distance the rock travels. Solving for
x gives x = 28.3 m. Since the rock moves with constant speed in the x
direction and travels horizontally during the 2.86 s that it is in flight,

Xx=283m=v_t+0t°
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P4.28 The initial velocity components of the projectile are
x,=0 and y,=h
v,;=0v;cos6 and v,=v,sinf
while the constant acceleration components are
a,=0 and a,=-¢

The coordinates of the projectile are
X, =X +V t+ % at’ =(v,cosf)t and
1_., . 1 5
Y=V, +vyit+§ayt =h+(v, sm@)t—agt

and the components of velocity are
Vi =V, +at=v,cosf and
vy =V, +at=v;sinf-gt

(a) We know that when the projectile reaches its maximum height,
v,=0:
W

_V;sinf

Vy =V sinf-gt=0—|t .

(b) At the maximum height,y =h__:

N = N+ (V, sin@)t—%gtz

. . 2
hmax :h+ViSin9Vism0—% [Viséne]

h =h+ (Vi sin@)2
max zg

P4.29 (a) Initial coordinates: |Xi =0.00 m, y, =0.00 m|

(b) Components of initial velocity: |v,; =18.0 m/s, v,; =0

(c) |Free fall motion, with constant downward acceleration
g=9.80m/s>.

(d) |Constant velocity motion in the horizontal direction.| There is no

horizontal acceleration from gravity.
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152 Motion in Two Dimensions

() Vv,=Vvitat — |V, =V,

Ve =V tat = v

1
(f) xf:xi+vxit+5axt2 — X, =Vt

_ 1 . _ 1
Yi =Yi +Vyit+5ayt - Y __Egt

(g) We find the time of impact:
1
=——gt
Yi > g

1 2h (2500 m)
Ch=—lgt t= /—: |20 ) -39 4]
9t 7 g V980 m/s’ 2

(h) Atimpact, v,,=v,=18.0 m/s, and the vertical component is

v, = —gt

= —g\/% =—2gh = _\/2(9.80 m/s?*)(50.0 m) =-31.3m/s

Thus,

v, = vt v,7 =180 m/s) + (313 m/s)’ =

and

V. —
0, = tan"" {_vf] — tan! (ﬂ) _

B 18.0

which in this case means the velocity points into the fourth
quadrant because its y component is negative.

P4.30 (@) When a projectile is launched with speed v, at angle 6, above the
horizontal, the initial velocity components are v,; = v; cos 6,and v,,
= v, sin 6. Neglecting air resistance, the vertical velocity when the

projectile returns to the level from which it was launched (in this
case, the ground) will be v, = —v,,. From this information, the total

time of flight is found from v, = v, + a t to be

t = Vit = Vyi - —Vyi = Vyi - 2Vyi or t_ = 2V, sin 6

a, —g g g

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter 4 153

Since the horizontal velocity of a projectile with no air resistance
is constant, the horizontal distance it will travel in this time (i.e.,
its range) is given by

. 2
R =Vt =(V, cos@i)[%J = VEi(ZsinOi cos6))

xi total
_ vsin(26,)
g

Thus, if the projectile is to have a range of R = 81.1 m when
launched at an angle of 6, = 45.0°, the required initial speed is

_[Rg _ [(81.1m)(9.80m/s?) _
Vi_\/sin(gei)_\/ sin (90.0°) =[282 s

(b) With v,=282m/s and 6, = 45.0° the total time of flight (as found
above) will be
L _2visinG _ 2(28.2m/s)sin (45.0°)
ol g 9.80m/s>

=[4.07 5|

(c) Note that at 6. =45.0°, and that sin (20, will decrease as 6, is

increased above this optimum launch angle. Thus, if the range is
to be kept constant while the launch angle is increased above

45.0°, we see from v, =JRg/sin(26,) that

the required initial velocity will increase|.

Observe that for 6, < 90°, the function sin#, increases as 6.is
increased. Thus, increasing the launch angle above 45.0° while
keeping the range constant means that both v, and sin6. will
increase. Considering the expression for t, ., given above, we see

that |the total time of flight will increase|.

P4.31 We first consider the vertical motion of the stone as it falls toward the
water. The initial y velocity component of the stone is

V,; =V;sin@ = —(4.00 m/s)sin 60.0° = -3.46 m/s
and its y coordinate is
Yi=Yitvt +%ayt2 =h+(v, Sme)t_%gtz

Yy, =2.50-3.46t - 4.90t>
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154 Motion in Two Dimensions

where y is in m and f in s. We have taken the water’s surface to be at
y = 0. At the water,

4.90¢* + 3.46t —2.50 = 0

Solving for the positive root of the equation, we get

36+ J(3.46)" - 4(4.90)(-2.50)

2(4.90)
(= 3464781
9.80
t=0443s

The y component of velocity of the stone when it reaches the water at
this time ¢ is

V=V, +at=-346-gt=-781m/s
After the stone enters to water, its speed, and therefore the magnitude

of each velocity component, is reduced by one-half. Thus, the y
component of the velocity of the stone in the water is

V,; =(-7.81m/s)/2=-3.91m/s,
and this component remains constant until the stone reaches the
bottom. As the stone moves through the water, its y coordinate is
Ye =y vt +%ayt2
y; =-3.91t
The stone reaches the bottom of the pool when y, = -3.00 m:
Yy, =-391t=-3.00 > t=0.767s

The total time interval the stone takes to reach the bottom of the pool is

At=0.4435+0.767 s =
*P4.32  (a) The time for the ball to reach the fence is
_Ax_ 130m  _ 159 m

v, V; c0s35.0° v,

X1 1

t

At this time, the ball must be Ay =21.0 m—1.00 m =20.0 m above
its launch position, so

Ay = v t+ %ayt2
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gives
2
200 m= (Vi Sm350°)[m]_%(980 m/sz)(159 m]
or
(4.90 m/s?)(159 m)’

(159 m)sin35.0°~20.0 m =

v2

from which we obtain

(4.90 m/s?)(159 m)’

v, = =|41.7

- \/(159 m)sin35.0°—200m - L7 /]
(b) From our equation for the time of flight above,

159m 159 m
t= - -[3.81 5]
v. 417 m/s S

(c) When the ball reaches the wall (at t = 3.81 s),

V, =V,c0835.0° = (41.7 m/s)c0s35.0° =

v, =Vv;sin35.0°+at
=(41.7 m/s)sin 35.0°~ (9.80 m/s?)(3.81 s)

[l
and v=,|Vi+V] = \/(34.1 m/s)’ +(-13.4 m/s)’ =

Section 4.4 Analysis Model: Particle in Uniform Circular
Motion
P4.33 Model the discus as a particle in uniform circular motion. We evaluate

its centripetal acceleration from the standard equation proved in the
text.

_V' _(200m/s)

=(377 m/s?

“r 1.06 m

The mass is unnecessary information.
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156 Motion in Two Dimensions

2
P4.34 Centripetal acceleration is given by a = VE To find the velocity of a

point at the equator, we note that this point travels through 27R,
(where R, =6.37 x10° m is Earth’s radius) in 24.0 hours. Then,

27R, _ 27(6.37x10° m)
T (24 h)(3600 s/h)

V= =463 m/s

and,

_v? _ (463 mys)’
"R 637x10°m

= |0.033 7 m/s> directed toward the center of Earth

2
. .. \4 .
*P4.35  Centripetal acceleration is given by a, = —. Let f represent the rotation
r

rate. Each revolution carries each bit of metal through distance 2zr, so
v=2rrf and

V2
8 == 4*rf? = 1009

C

A smaller radius implies smaller acceleration. To meet the criterion for
each bit of metal we consider the minimum radius:

. _(100g )1/2 _(100-9.8 m/s? "
An’r 472 (0.021 m)

1
=344 —( oUs )= 2.06x 10° rev/min
s\1 min

*P4.36  The radius of the tire is 7 = 0.500 m. The speed of the stone on its outer
edge is

2rr 27(0.500 m)
V, = = =110.5
YT T (60.0 /200 rev) [105 m/s|
and its acceleration is

_ V' _(105m/s)’ _

R 0.500 m

219 m/s? inward

2
P4.37 Centripetal acceleration is a, = Y v= a.r, wherea_=20.0g, and
r

speed v is in meters per second if r is in meters.
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We can convert the speed into a rotation rate, in rev/min, by using the
relations 1 revolution = 277, and 1 min = 60 s:

_ _ lrev)_1lrev [a
V= = Jar( S )< A

2rr
_Trev [20.0(9.80 m/Sz)(&ZSl ft)( 60 s j
2r 29.0 ft 1m 1 min

=|45.0 rev/min‘

P4.38 (a) Using the definition of speed and noting that the ball travels in a
circular path,
d 27R
V = = —
At T
where R is the radius of the circle and T is the period, that is, the

time interval required for the ball to go around once. For the
periods given in the problem,

8.00 rev/s > T = __1 . 0.125s
8.00 rev/s
6.00 rev/s > T = __1 . 0.167 s
6.00 rev/s
Therefore, the speeds in the two cases are:
8.00 rev/s > v = 27(0.600 m) =30.2m/s
0.125s
27 (0.
6.00 rev/s — v = 2ZH090M) _ g e
0.167 s

Therefore, [6.00 rev/s| gives the greater speed of the ball.

2 2
(b) Acceleration = V- = (9607 m/s)"
r 0.600 m

(10.87 m/s)*

0.900 m
8 rev/s gives the higher acceleration.

=(1.52x 10° m/s?|.

(c) At6.00rev/s, acceleration = =|1.28x10° m/s?| So

*P4.39  The satellite is in free fall. Its acceleration is due to gravity and is by
effect a centripetal acceleration: a. = g. So

T
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158 Motion in Two Dimensions

Solving for the velocity,

v =/rg =4/(6,400 +600)(10° m)(8.21 m/s?)
=] 7.58x10° m/s

and

_2rr _27(7,000x10° m) _

T — 3
v 758x10° m/s 5.80x 10" s

1 min

T =5.80x10’ s( ) =96.7 min

Os

Section 4.5 Tangential and Radial Acceleration

P4.40 From the given magnitude and direction of the I
acceleration we can find both the centripetal 7
and the tangential components. From the ~

centripetal acceleration and radius we can find l'/ 2.50m_ /309
the speed in part (b). r =2.50 m,a =15.0m/s’. |

(@) The acceleration has an inward radial % /
component: TNs ”

a - 15.0 m/s?

a, =acos 30.0° = (15.0 m/sz)(cos 30°) ANS. EIG. P4.40

=13.0 m/s’

(b) The speed at the instant shown can be found by using

a =

v? =ra, =2.50 m(13.0 m/s)
=32.5 m’/s’
v=+/325 m/s=[5.70 m/s]

© @=a+a

soa = a—al = \/(15.0 m/s?) ~(13.0 m/s?)" =[7.50 m/s?

V2
r
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P4.41 Since the train is changing both its speed and
direction, the acceleration vector will be the
vector sum of the tangential and radial
acceleration components. The tangential
acceleration can be found from the changing
speed and elapsed time, while the radial
acceleration can be found from the radius of
curvature and the train’s speed.

tFirst,/ let’s convert the speed units from km/h ANS. EIG. P4.41
om/s:

v, =90.0 km/h = (90.0 km/h)(10> m/km)(1 h/3600 s)
=25.0 m/s

v, =50.0 km/h = (50.0 km/h)(10> m/km)(1 h/3600 s)
=13.9 m/s

The tangential acceleration and radial acceleration are, respectively,

S AV _139m/s=250m/s oy m/s®  (backward)

At 150 5
v: _ (13.9 m/s)’ :
and 8, == % =129 m/s (inward)
50 a= @ +a =,(1.29 m/s?) +(-0741 m/s*) =148 m/s’

at an angle of

tan™ m =tan™ 0741 m/s m/s’ =29.9°
a 1.29 m/s? '

C

therefore, d =|1.48 m/s® inward and 29.9° backward

P4.42  (a) See ANS.FIG. P4.42.

(b) The components of the 20.2 m/ s’ and the

22.5m/s” accelerations along the rope together
constitute the centripetal acceleration:

a, =(22.5 m/s?) cos (90.0° - 36.9°)

ANS. FIG. P4.42

+(20.2 m/s?) cos 36.9° =(29.7 m/s?

2

(0 a = VT 50V =far =297 m/s*(1.50 m) = 6.67 m/s tangent to

the circle.
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160 Motion in Two Dimensions

P4.43 The particle’s centripetal acceleration is v /r = Bm/ s)2 /2m =

4.50 m/s”. The total acceleration magnitude can be larger than or equal
to this, but not smaller.

(@) |Yes. The particle can be either speeding up or slowing down,

with a tangential component of acceleration of magnitude

V6% —45% =397m/s.

(b) |No. The magnitude of the acceleration cannot be less than
v2/r=45m/s%

Section 4.6 Relative Velocity and Relative Acceleration

*P4.44  The westward speed of the airplane is the horizontal component of its
velocity vector, and the northward speed of the wind is the vertical
component of its velocity vector, which has magnitude and direction
given by

v =+/(150 km/h)? +(30.0 km/h)* =[ 153 km/h
0= tan! ( 30.0 km/h
150 km/h

P4.45 The airplane (AP) travels through the air (W) that can move relative to
the ground (G). The airplane is to make a displacement of 750 km
north. Treat north as positive y and west as positive x.

(@) The wind (W) is blowing at 35.0 km/h, south. The northern
component of the airplane’s velocity relative to the ground is

Varc)y = (Vapw)y (Vi g), =630 km/h-35.0km/h
=595km/h

) = | 11.3° north of west |

We can find the time interval the airplane takes to travel 750 km
north:

Ay = (VAP’G)y At —

A=, Y o 70km g oeh
(Varc), 595km/h
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(b) The wind (W) is blowing at 35.0 km/h, north. The northern
component of the airplane’s velocity relative to the ground is

Varg )y = (VAp,w)y +(Vi g )y =630 km/h+35.0km/h

=665 km/h
We can find the time interval the airplane takes to travel 750 km
north:
ar=, Yo POk g5y,

"~ (Varc), 665km/h

(c) Now, the wind (W) is blowing at 35.0 km/h, east. The airplane
must travel directly north to reach its destination, so it must head
somewhat west and north so that the east component of the
wind’s velocity is cancelled by the airplane’s west component of
velocity. If the airplane heads at an angle 8 measured west of
north, then

(VAP,G)x = (VAP,W)x + (VW,G )
=(630 km/h)sin@ +(—35.0km/h)=0
sin® =35.0/630 - 6 =3.18°

The northern component of the airplane’s velocity relative to the
ground is

Varc)y = (Vapw)y (Vi o)y = (630 km/h)cos3.18°+0
=629 km/h

We can find the time interval the airplane takes to travel 750 km
north:

no &Y 750km

(Vi) 629Km/h L19h

P4.46 Consider the direction the first beltway (B1) moves to be the positive
direction. The first beltway moves relative to the ground (G) with
velocity vy, ; = v,.

(a) The woman'’s velocity relative to the ground is v,y = vy g + Uy g =
v, + 0 = v,. The time interval required for the woman to travel
distance L relative to the ground is
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162 Motion in Two Dimensions

(b) The man’s (M) velocity relative to the ground is v\, = 0,5 + Vg, ¢
=0, + v,. The time interval required for the man to travel distance
L relative to the ground is

L
Atman =
v, +V,

(c) The second beltway (B2) moves in the negative direction; its
velocity is v, ; = —v,, and the child (C) rides on the second
beltway; his velocity relative to the ground is

Vee =Vepa *Vpag =0-V, = -V
The man’s velocity relative to the child is
VMC = VM,Bl + VBl,G + VG,BZ + VB2,C
Ve = Vst T V1,6 = V2,6 ~ Ve
Vie = Vo + V= (=) +0=Vv, +2 v,

so, the time interval required for the man to travel distance L
relative to the child is

L
Atman =
v, +2v,

P4.47 Both police car (P) and motorist (M) move relative to the ground (G).
Treating west as the positive direction, the components of their
velocities (in km/h) are:

Ve =95.0 km/h (west)  Vpc =80 km/h (west)
(@)  Vyp = Ve T Vep = Ve — Vo =80.0 km/h —95.0 km/h =-15.0
= |15.0 km/h, east‘

(b)  Vpy =—Vyp + |15.0 km/h, west

(c) Relative to the motorist, the police car approaches at 15.0 km/h:
d = VAt

d_ 0.250 km 3600 s
At=2= D2 () 670102 B =[60.0 5]
7TV 7150 kmyh ( )( 1h ) :
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We define the following velocity vectors:

V. = the velocity of the car relative
to the Earth

V,. = the velocity of the water relative

to the car

"\1'(' = V('(' + V\l‘(‘

ANS. FIG. P4.48

V,. = the velocity of the water relative
to the Earth

These velocities are related as shown in ANS. FIG. P4.48

(a) Since v, is vertical, v,, sin 60.0° = v, = 50.0 km/h or

wce

V,. =|57.7 km/h at 60.0° west of vertical|

(b) Since Vv, has zero vertical component,

Vye =V, c0s 60.0°=(57.7 km/h)cos 60.0°
= |28.9 km/h downward|

P4.49 (@) To an observer at rest in the train car, the bolt accelerates
downward and toward the rear of the train.

a=1/(2.50 m/s)’ +(9.80 m/s)’ =[10.1 m/s”

2.50 m/s’
9.80 m/s’

6 =[14.3° to the south from the vertical|

tan@ = =0.255

To this observer, the bolt moves as if it were in a gravitational
field of 9.80 m/s* down + 2.50 m/s” south.

(b) a=9.80 m/s* vertically downward

(c) [(Ifitis at rest relative to the ceiling at release, the bolt moves
on a straight line download and southward at 14.3 degrees

from the vertical.

(d) |The bolt moves on a parabola with a vertical axis.

P4.50 The total time interval in the river is the longer time spent swimming
upstream (against the current) plus the shorter time swimming
downstream (with the current). For each part, we will use the basic
equation t = d /v, where v is the speed of the student relative to the
shore.
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164 Motion in Two Dimensions

P4.51
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(a) Total time = time upstream plus time downstream:

¢ = 1000 m
*1.20m/s-0.500 m/s
¢ - 1000 m

down 120 m/s +0.500 m/s

Therefore, t,,, =1.43%x10° s +588 s =|2.02x 10’ s|.

(b) Total time in still water t= d_2000_
v 120

=1.43x10%s

=588 s

1.67 x10° s|.

(c) |Swimming with the current does not compensate for the

time lost swimming against the current.

The student must swim faster than the current to travel upstream.

(@) The speed of the student relative to shore is v, = c — v while
swimming upstream (against the current), and v, , = ¢ + v while
swimming downstream (with the current).

Note, The student must swim faster than the current to travel
upstream. The time interval required to travel distance d
upstream is then

and the time interval required to swim the same distance 4
downstream is
d d

At, =— =
down
Vdown c+v

The time interval for the round trip is therefore

d , d _ (c+v)+(c-v)
C—V C+V d(c—v)(c+v)

At= At +At,,,, =

down

2dc

At =
c?—v?

(b) Instill water, v =0, sov,, = v,,, = ¢; the equation for the time
interval for the complete trip reduces to

_2d
C

At
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(c) The equation for the time interval for the complete trip can be
written as

At= 2dc _ 2d

2 2 2
c—-V \'
¢|1->5
C

Because the denominator is always smaller than ¢, swimming
with and against the current is always longer than in still water]

P4.52 Choose the x axis along the 20-km
distance. The y components of the
displacements of the ship and the
speedboat must agree:

(26 km/h)tsin(40.0°-15.0°)

=(50 km/h)tsino

o= sml(%j ANS. FIG. P4.52

=12.7°
The speedboat should head

15.0°+12.7°=|27.7° Eof N

P4.53 Identify the student as the

S AN S
observer and the professor as the S : T N -
observer. For the initial motion in \r\ o %'/ ™~ = B
S’, we have y ok ﬂ' ' 3;/ ‘;

V! I'».:!. e:g e==

= tan60.0° = /3 L, .
4 0] :
(a)
Let u represent the speed of §’ ’
relative to S. Then because there is . Yy
no x motion in S, we can write =— U
v, =7, +u=0so that TR ‘
v’ =-u=-10.0 m/s. Hence the ball (,()OP\ |
is thrown backwards in S’. Then, o’ ) X0 -( ) X
) C

V)=V = 3
Using v, = 2gh we find

~ (10.0«/§rn/s)2
- 2(9.80m/52)

=10.0N3m/s

4
VX

ANS. FIG. P4.53

=[15.3 m]
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166 Motion in Two Dimensions

The motion of the ball as seen by the student in §” is shown in ANS.
FIG. P4.53(b). The view of the professor in S is shown in ANS. FIG.
P4.53(c).
P4.54 (@) For the boy to catch the can at the same location on the truck bed,
he must throw it |straight up, at 0° to the vertical |

(b) We find the time of flight of the can by considering its horizontal
motion:

16.0m=(950m/s)t+0 —>t=1.68s

For the free fall of the can, y; =y, +V,it- % at’:
0=0+v,,(1.68 s)- %(9.80 m/s?)(1.68 s)’

which gives v, =|8.25 m/s|.

(c) The boy sees the can always over his head, traveling in

|a straight up and down 1'1ne|.

(d) The ground observer sees the can move as a projectile traveling in

|a symmetric parabola opening downward|.

(e) Its initial velocity is

\/(9.50 m/s)2 + (8.25 rn/s)2 = |12.6 m/s northl

at an angle of

tan”! ( 8.25m/s
950 m/s

) = \41.0° above the horizonta1|

Additional Problems

*P4.55  After the string breaks the ball is a projectile, and reaches the ground
at time £:

1
e =Vt antz

~120m =0+ %(—9.80 m/s’)t’
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so t = 0.495 s. Its constant horizontal speed is
_ X _2.00m

=4.04 m/s

V, =
t 049s

so before the string breaks

_ vy _ (404 m/s)* _

N 0.300 m
*P4.56  The maximum height of the ball is given by Equation 4.12:

54.4 m/s’

_vlsin®6,
29

h

Equation 4.13 then gives the horizontal range of the ball:

_Vv}sin26, _ 2v!sin, cos6,

g9 9

R

If h= %, Equation 4.12 yields

v sing, = \/? [1]

Substituting equation [1] above into Equation 4.13 gives

R = Z(N/gR/B)Vi cos 6,

g

which reduces to

V, cos, = %\/3gR [2]

(@) From v, =v,; +at, the time to reach the peak of the path
(Where Vs = 0) is found to be
tpeak = Vi Sin el/g
Using equation [1], this gives
R
tpeak = %

The total time of the ball’s flight is then

R
Cignt = 2L = 2 @
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168 Motion in Two Dimensions

(b)

(©)

(d)

(e)

(f)

(8)

At the path’s peak, the ball moves horizontally with speed

Vi = Vi =V, cos 0,

Using equation [2], this becomes

L AR

Vpeak = 2

The initial vertical component of velocity is v,; = v;sin6,. From

equation [1],

_ /QR
Vyi = ?

Squaring equations [1] and [2] and adding the results,

_ @Jr 3gR _139R
3 4 12

v} (sin® 6, + cos’6,)

Thus, the initial speed is

.| [BR
12

Dividing equation [1] by [2] yields

v;sing, _| (VOR/3) |_2

tan@, = =—

V; cos 0, - (1\/3g_R) 3

2

Therefore,

0 =tan”(3)-

For a given initial speed, the projection angle yielding maximum
peak height is 6, = 90.0°. With the speed found in (d), Equation
4.12 then yields

h _ (13gR/12)sin?90.0° _ 13,
max 29 24

For a given initial speed, the projection angle yielding maximum
range is 6, = 45.0°. With the speed found in (d), Equation 4.13
then gives

RmaX:(13gR/12)sm9O.O _[ 18,
g 12

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter4 169

P4.57 We choose positive y to be in the downward direction. The ball when
released has velocity components v, = v and v,, = 0, where v is the

speed of the man. We can find the length of the time interval the ball
takes to fall the distance & using

Ayzla (At)’ =%g(At)2 — At= /z—gh

The horizontal displacement of the ball during this time interval is

AX =V, At=V /Z—h =7.00h
g

Solve for the speed:

19.0(9.80 m/s?)h
- /49.;)gh:\/ ( 2m/s) -

where h is in m and v in m/s.

If we express the height as a function of speed, we have
h=(4.16 x107)v?

where hisin m and v is in m/s.

For a normally proportioned adult, h is about 0.50 m, which would
mean that v =15.5+/0.50 = 11 m/s, which is about 39 km/h; no
normal adult could walk “briskly” at that speed. If the speed were a
realistic typical speed of 4 km/h, from our equation for h, we find

that the height would be about 4 cm, much too low for a normal adult.

P4.58 (a) From a=dv/dt, we have
[fdv=]'adt=av
Then

3/2 |t

V-5im/s= j0t6t1/2dtj:6t—

3/2 j=4t ) m/s

0

A

so V= (53+4t3’/2 j) m/s|.

(b) From V=dr/dt, we have

['dF=["vdt=AF
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170 Motion in Two Dimensions

Then

t

F-0=[i(5i+4t"])dt= stieal
-0=]; j)dt= =75

0

A

= (5t?+1.6t5/2 j) m

P4.59 (@) The speed at the top is
V, =V, cos6, = (143 m/s)cos45° =(101 m/s
(b) In free fall the plane reaches altitude given by
V;f = V32/i +2a, (yf - yi)
0=(143 mys sin45°)" +2(~9.80 m/s?)(y, —31 000 t)

y,; =31000 ft +522 m(3'28 ft
Im

j= 3.27 x10* ft

(c¢) For the whole free-fall motion V=0, +atk
101 m/s = +101 m/s - (9.80 m/s?)t

t=[20.65|

P4.60 (@) The acceleration is that of gravity: [9.80 m/s?, downward.

(b) The horizontal component of the initial velocity is v,; = v, cos 40.0°
= 0.766v, and the time required for the ball to move 10.0 m
horizontally is

t_&_ 100 m _131m
v, 0.766 v, v,

Xl I

At this time, the vertical displacement of the ball must be
Ay=y,-Yy;,=3.05m-2.00m=1.05m

1
Thus, Ay = v,;t+—at* becomes
2

2
13.1m +1(_9.80 m/sz)(13.12m)

\V\ 2 Vi

835 m*/s’
Va

1.05 m = (¥_sin40.0°)

or 1.06m=839m-
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which yields
835 m®/s’
A= =110.7 m/s
N
P4.61 Both Lisa and Jill start from rest. Their accelerations are

4, =(3.001-2.00 j) m/s?
a,=(1.001 +3.00 ) m/s?

Integrating these, and knowing that they start from rest, we find their
velocities:

v, =(3.00t i—2.00t j) m/s
v, =(1.00t i +3.00t j) m/s

Integrating again, and knowing that they start from the origin, we find
their positions:

T, =(1.50t% i—1.00t? j) m
F =(0.50 %1 +1.50t> j) m
All of the above are with respect to the ground (G).

(a) In general, Lisa’s velocity with respect to Jill is

<l

1y = VetV =V =V
Vy, =V, —V, =(3.00t i —2.00t j)— (1.00t i +3.00t j)
vy, = (2.00t i —5.00t j)

When t=5.00s,V,, =(10.0 i-25.0 j) m/s, so the speed
(magnitude) is

v =4(10.0)* +(25.0) = 26.9 m/s

(b) In general, Lisa’s position with respect to Jill is
F, =F —F =(1.50t% i - 1.006* j)— (0.50t? i +1.50t* j)
f., =(1.00t% i —2.50t j)

When t=5.00s,1; = (25.0i - 62.5}) m, and their distance apart is

d=4(25.0 m)* +(62.5 m)* =67.3 m
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172 Motion in Two Dimensions

(c) Ingeneral, Lisa’s acceleration with respect to Jill is

A

a, =4, -4, =(3.001-2.00 )~ (1.00 +3.00 j)

a,, =/(2.00i —5.00j) m/s>

P4.62 (@) The stone’s initial velocity components (at t = 0) are v, and v, =0,

and the stone falls through a vertical displacement Ay = -h. We
find the time t when the stone strikes the ground using

Ay=vyit+%ayt2+—h:0—%gt29 t= 2_gh

(b) To find the stone’s initial horizontal component of velocity, we
know at the above time t, the stone’s horizontal displacement is
Ax =d:

Ax:vxit+%axt2+d:vxitevOX :%—> v, =d g

2h

(c) The vertical component of velocity at time ¢ is

V=V, tat=0-gt->v,=-g /z—ghavyf =—/2gh

and the horizontal component does not change; therefore, the
speed of the stone as it reaches the ocean is

2

d
Vi = Vi +Vy :\/(z_r?j“L(Zgh)

(d) From above,

Vv —-y2gh
0, =tan™ [—yfj =tan”' J

fo

6, =—tan™ (Z—hj
d

which means the velocity points below the horizontal by angle

6, =tan™ (Z—hj
d
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P4.63 We use a fixed coordinate system that, viewed from above, has its
positive x axis passing through point A when the flea jumps, and its
positive y axis 90° counterclockwise from its x axis. Its positive z axis is
upward. The turntable rotates clockwise. At t = 0, the flea jumps
straight up relative to the turntable, but the turntable is spinning, so
the flea has both horizontal and vertical components of velocity
relative to the fixed coordinate axes. Because the turntable is spinning
clockwise, the horizontal velocity of the flea is in the negative y

directon:
v, = (_33.3 rejvj(Zir(lo.O cm))(l mmj — 349 cm/s
min 1 rev 60 s

The vertical motion of the flea is independent of its horizontal motion.
The time interval the flea takes to rise to a height h of 5.00 cm is the
same time interval the flea takes to drop back to the turntable. We find
the interval to drop using

z, :zi+vzit+lazt2—>0:h—lgt2—>t: 2h
2 2 g

where & is in m and t in s. Substituting, we find

g= 20050 Om) nz“) =0.101s
\ 9.80 m/s

The total time interval for the flea to leave the surface of the turntable
and return is twice this: Af = 0.202 s.

(a) Find the clockwise angle the turntable rotates through in the time
interval At:

A8 = (m)(o.zoz s)

min

:[(33.3.1‘@)( 360 )(1 mmﬂ(o.zoz 5)
min 1 rev 60 s
=40.4°

Point A lies 10.0 cm from the origin. When the flea jumps, the line
passing from the origin to point A coincides with the positive x
axis, but when the flea lands, the line makes an angle of —40.4°
with the positive x axis:

Ty =[10.0cos(~40.4°)]i +[10.0sin(~40.4°)]]

f, =|(7.61i — 6.48])cm
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174 Motion in Two Dimensions

(b) During this time interval, the flea goes through a horizontal y
displacement

Ay = v, At =(-34.9 cm/s)(0.202 s) = -7.05 cm.

The flea has no motion parallel to the x axis; therefore, the
position of point B where the flea lands is

f, =((10.0i —7.05j) cm

*P4.64  ANS. FIG. P4.64 shows the triangles ALB and ALD. L
To find the length AL, we write

AL =v,t =(90.0 km/h)(2.50 h) =225 km

To find the distance travelled by the second couple, A" &iikm & D
we need to determine the length BD: ANS. FIG. P4.64
BD=AD-AB
= ALc0s40.0°-80.0 km =92.4 km
Then, from the triangle BLD in ANS. FIG. P4.64,

L= (ﬁf + (ﬁ)z

\/(92.4 km)’ +(ALsin40.0°)" =172 km

Note that the law of cosines can also be used for the triangle ABL to
solve for the length BD. Since Car 2 travels this distance in 2.50 h, its
constant speed is

v, = 120

*P4.65  Consider the rocket’s trajectory in 3
parts as shown in the diagram on the
right. Our initial conditions give:

a, =(30.0 m/s”)sin53.0° = 24.0 m/s’

a, =(30.0 m/s’)c0s53.0°=18.1 m/s’
vy = (100 m/s)sin53.0°=79.9 m/s ANS. FIG. P4.65
v,; =(100 m/s)c0s53.0°=60.2 m/s

The distances traveled during each phase of the motion are given in
Table P4.65 below.
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Path Part #1:
Ve =V, +at
=79.9 m/s +(24.0 m/s?)(3.00 s)
=152 m/s
Vi =V, tat
=60.2 m/s+(18.1 m/s?)(3.00 s)
=114 m/s

Ay = v, t+ % a,t?

=(79.9 m/s)(3.00 s) +%(24.0 m/s*)(3.00 s)’
=347 m

AX =Vt + % at’

=(60.2 m/s)(3.00 s) +%(18.1 m/s”)(3.00 s)’

=262 m
Path Part #2:
Now a,=0,a,=-9.80 m/s? vy =0 =114 m/s, v, = 152 m/s, and
vy =0, so
Ve =V, tat

0=152m/s—(9.80 m/s*)t
which givest=15.5s
AX=V,t=(114 m/s)(1555) =1.77x 10’ m

Ay = (152 m/s)(15.5 s) - %(9.80 m/s*)(15.5 s)* =1.17x 10° m

Path Path #3:
Withv,;=0,a,=0,a,=-9.80 m/s? and vy = vy, = 114 m/s, then
(vye) = (v,,)" =228y
(v )" ~0=2(-9.80 m/s?)(~1.52x 10° m)

which gives v, =173 m/s
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176 Motion in Two Dimensions

We find the time from v,; = v,; — gt, which gives
~173m/s-0=-(9.80 m/s’)t, ort=17.6s
AX =V, t=114(17.6) =2.02x 10’ m

(@) Ay(max)=|1.52x10° m

(b) t(net)=3.00s+1555+17.6s=

(c) Ax(net)=262m+1.77x10° m+2.02x10° m

Ax(net) =| 4.05x10° m

Path Part

#1 #2 #3
ay 24.0 -9.80 -9.80
Ay 18.1 0.0 0.0
Vyf 152 0.0 -173
Usf 114 114 114
Vyi 79.9 152 0.0
Vxi 60.2 114 114
Ay 347 1.17x10°  -1.52x10°
AX 262 1.77x10°  2.02x10°
t 3.00 15.5 17.6

Table P4.65
*P4.66  Take the origin at the mouth of the cannon. We have X; = v, t, which

gives

2000 m =(1000 m/s)cos6it
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Therefore,

_200s
cos 0,

t

1
From y, =v,t +5a, t*:

800 m = (1000 m/s)sin6,t+ %(—9.80 m/s*)t*

2
800 m(cos”6;) =2 000 m(sin6, cos6;)-19.6 m

2.00s )2

800 m = (1000 m/s)sin6, (2'00 Sj L
cos 6,

(9.80 m/sz)(

cos 6,

19.6 m +800 m(cos®6;) = 2 000 m+/1-cos® 6, (cos6;)
384+ (31 360)cos? 6, + (640 000)cos* 6,

= (4 000 000) cos® 6, — (4 000 000)cos* 6,
4 640 000cos* 6, —3 968 640cos® 6, +384 =0

0520, = 3 968 640 ++/(3 968 640)* — 4(4 640 000)(384)
‘ 9 280 000

cos 6, =0.925 or cos 6, =0.009 84

0, = | 22.4° or 89.4° (Both solutions are valid.)

P4.67 Given the initial velocity, we can calculate the height change of the ball
as it moves 130 m horizontally. So this is what we do, expecting the
answer to be inconsistent with grazing the top of the bleachers. We
assume the ball field is horizontal. We think of the ball as a particle in
free fall (moving with constant acceleration) between the point just
after it leaves the bat until it crosses above the cheap seats.

The initial components of velocity are
V,; =V, cos0 =41.7 cos 35.0°=34.2m/s
V,; =V;sin6 = 41.7 sin 35.0° =23.9 m/s

We find the time when the ball has traveled through a horizontal
displacement of 130 m:

1
X¢ =X +int+§axt2 = Xq =XVt > 1= (X = X)/Vy

.- 130m-0

=——=380s
34.2 m/s
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178 Motion in Two Dimensions

Now we find the vertical position of the ball at this time:
_ 12 1o
Yi =Yi +Vyit+5at _0+Vyit_§t

Y, =(23.9 m/s)(3.80 s) — (4.90 m/s*)(3.80 s)> =20.1 m

The ball would not be high enough to have cleared the
24.0-m-high bleachers.

P4.68 At any time t, the two drops have identical y coordinates. The distance
between the two drops is then just twice the magnitude of the
horizontal displacement either drop has undergone. Therefore,

d= 2|x | (v t) 2(Vi cosei)t=

P4.69 (@) The Moon’s gravitational acceleration is the probe’s centripetal
acceleration: (For the Moon’s radius, see end papers of text.)

a=—
r

VZ
1.74x10° m
vV =42.84x10° m?/s* =[1.69 km/s

%(9.80 m/s?) =

(b) The time interval can be found from

_2nr

=
2nr _ 2m(1.74%10° m)

T= = =6.47%x10° s=|1.80 h

v 1.69%x10° m/s

P4.70 (@) The length of the cord is given as r = 1.00 m. At the positions with
6 =90.0° and 270°,

v2_ (5.00 mys)’

a, =—=+——""=250m/s’
r 1.00 m
(b) The tangential acceleration is only the e iz
acceleration due to gravity, 2 N
a8, =g=1{9.80 m/s’ / Y
(c) See ANS. FIG. P4.70. },, v ‘7J
9 80 a a 9.80

ANS. FIG. P4.70
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(d) The magnitude and direction of the total acceleration at these
positions is given by

a=Ja+a =,(25.0 m/s*) +(9.80 m/s*)’ =[268 m/s’
(p = ’(an*1 {?j = tan’1 [M] =

. 25.0 m/s’

P4.71 We know the distance that the
mouse and hawk move down, 'N _ _(ih‘;\’ ﬂm)
but to find the diving speed of M \/ 0
the hawk, we must know the (Om,0 m\) L \
time interval of descent, so we L
will solve part (c) first. If the S %\ ‘t‘f’ha\.\"k
hawk and mouse both +y A
maintain their original ) L M A
horizontal velocity of 10 m/s X A
(as the mouse should without Ry
air resistance), then the hawk b
only needs to think about ANS. FIG. P4.71
diving straight down, but to a
ground-based observer, the path will appear to be a straight line
angled less than 90° below horizontal.

We begin with the simple calculation of the free-fall time interval for
the mouse.

(c) The mouse falls a total vertical distance ¥y = 200 m — 3.00 m =
197 m. The time interval of fall is found from (with v,; = 0)

1, 2(197 m)
v t-sgtf o t= |27 _[eagy
y=Vut=54 9.80 m /s’ 2

(a) To find the diving speed of the hawk, we must first calculate the
total distance covered from the vertical and horizontal
components. We already know the vertical distance y; we just
need the horizontal distance during the same time interval (minus
the 2.00-s late start).

X=V (t-2.00 s)=(10.0 m/s)(6.34 s —2.00 s) = 43.4 m

The total distance is

d=X’+y* = /(434 m)’ + (197 m)’ = 202 m
So the hawk’s diving speed is

L, oAd_ J(197 m)* +(43.4 m)’

=(46.5m/s
At 434 s
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180 Motion in Two Dimensions

(b) atan angle below the horizontal of
_ -1 y — -1 ( 197 m ) — le)
0 = tan (;)—tan m —

P4.72 (a) We find the x coordinate from x = 12¢. We find the y coordinate
from 49t — 4.9#*. Then we find the projectile’s distance from the
origin as (x* +y%)", with these results:

ts) 0 1 2 3 4 5 6 7 8 9 10

r(m) 0 457 820 109 127 136 138 133 124 117 120

(b) From the table, it looks like the magnitude of r is largest at a bit
less than 6 s.

The vector v tells how T is changing. If v at a particular point
has a component along f, then I will be increasing in magnitude
(if v is at an angle less than 90° from T') or decreasing (if the
angle between V and T is more than 90°). To be at a maximum,
the distance from the origin must be momentarily staying
constant, and the only way this can happen is for the angle
between velocity and displacement to be a right angle. Then ¥
will be changing in direction at that point, but not in magnitude.

() Whent=5.70s,r=
(d) |We can require dr®/dt =0 =(d/dt)[(12t)* + (49t — 4.9t*)*], which

results in the solution.

P4.73 (@) The time of flight must be positive. It is determined by
Ye =Y +v,it+(1/2)at’ > 0=1.20+v,;sin35.0°t — 4.90t*

From the quadratic formula, and suppressing units, we find

o2 0574y, + J0.329v? +23.52
- 9.80

Then the range follows from x = vt + 0 = vt as

X(V;) = v;4/0.164 3+0.002 299v? +0.047 94v?

where x is in meters and v, is in meters per second.
(b) Substituting v, =0.100 gives x(v; =0.100) =[0.041 0 m

(c) Substituting v; =100 gives X (Vi = 100) =961 m
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Chapter 4 181

(d) When v, is small, v,” becomes negligible. The expression x(v,)

simplifies to v;+/0.164 3+0 +0 =1{0.405 v;|. Note that this gives

nearly the answer to part (b).

(e) When v, is large, v, is negligible in comparison to . Then x(v))
simplifies to

x(V;) = v;4/0+0.002 299 V2 +0.047 94 v2 ={0.0959 v

This nearly gives the answer to part (c).

(f) | The graph of X versus v, starts from the origin as a straight
line with slope 0.405 s. Then it curves upward above this
tangent line, getting closer and closer to the parabola

x = (0.0959 s?/m)v,>.

P4.74 The special conditions allowing use of the horizontal range equation
applies. For the ball thrown at 45°,

_ V2 sin90°

ANS. FIG. P4.74
For the bouncing ball,
2 s 2.
v sm29+(vi /2) sin26
g g

where @is the angle it makes with the ground when thrown and when
bouncing.

D=R, +R, =

(a) Werequire:

v _ v’sin26 N v/ sin 20

g g 49

sinZO:é
5

0 =26.6°
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182 Motion in Two Dimensions

(b) The time for any symmetric parabolic flight is given by
1
Yi = Vyit_E gt?
. 1 .,
0=v, smOit—Egt

2v;sin 6,
g

If t = 0 is the time the ball is thrown, then t = is the time

at landing. So for the ball thrown at 45.0°:
_ 2v;sin45.0°
For the bouncing ball,
2v,5in26.6° 2(vi/2)sin26.6° _ 3v,sin26.6°
9 9 g

The ratio of this time to that for no bounce is

3v;sin26.67/g _1.34 _roors
2v,sin45.0°/g 141 —

t=t +t, =

P4.75 We model the bomb as a particle with +y %F\-:x:v.,-27_5>m/ S
constant acceleration, equal to the g
downward free-fall acceleration, from
the moment after release until the
moment before impact. After we find
its range it will be a right-triangle
problem to find the bombsight angle.

+X

(a) We take the origin at the point .
under the plane at bomb release. ANS. FIG. P4.75
In its horizontal flight, the bomb has
v, =0and v, =275 m/s. We represent the height of the plane as y.

Then, Ay = —% gt’; Ax=vit

Combining the equations to eliminate t gives:

2

1 [ Ax

Ay = —— _
y=-1o[ 2]
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From this, (Ax)* = (ﬂjvf . Thus
g

~2(~3000 m)

—2Ay
AX=V. |—— =(275
i (275 m/ s)\/ 9.80 m/s

g

=6.80x10° m =|6.80 km|

(b) The plane has the same velocity as the bomb in the x direction.
Therefore, the plane will be |3 000 m directly above the bomb

when it hits the ground.

(c) When ¢is measured from the vertical, tan¢ = i—§ ;

therefore, ¢ = tan™ = (%j = tan‘{6 800 m) = ,

3000 m
P4.76 Equation of bank: y’ =16x [1]
Equations of motion: x =v;t [2]
1 .
=——q0t 3
y=-59 [3]

2

Substitute for t from [2] into [3]: y = —% g (X—zj Equate y from the bank
\Va

equation to y from the equations of motion:

2 2 2,,4 2,3
16x:[—1g(x—zﬂ =3 X4 —16x:x(g X4 —16]20
27\, 4v, 4v,

4

4\
Fromthis,x2001‘x3263\2/i andx24[ 10 ) m =[18.8 m].

9.80°

2

9.80 2)(18.8 m)
Also,y:-gg[X]:-l( /)88 m)”

V)T 2 (100 m/s)
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184 Motion in Two Dimensions

P4.77 The car has one acceleration while it is on
the slope and a different acceleration
when it is falling, so we must take the
motion apart into two different sections.
Our standard equations only describe a
chunk of motion during which
acceleration stays constant. We imagine
the acceleration to change
instantaneously at the brink of the cliff,
but the velocity and the position must be
the same just before point B and just after

point B. ANS. FIG. P4.77

(@) From point A to point B (along the incline), the car can be
modeled as a particle under constant acceleration in one
dimension, starting from rest (v, = 0). Therefore, taking Ax to be
the position along the incline,

Vi =V} = 2aAx
v2 -0 = 2(4.00 m/s%)(50.0 m)

(b) We can find the elapsed time interval from
vV, =V, +at
20.0 m/s = 0+(4.00 m/s?)t

t=[5.00s|

(c) Initial free-fall conditions give us v, = 20.0 cos 37.0° = 16.0 m/s
and v,; = -20.0 sin 37.0° = -12.0 m/s. Since a. =0, vy = v, and

Ve =—y28,Ay +Vj,
= —y/2(-9.80 m/s?)(-30.0 m) + (~12.0 m/s)’
=271m/s

Vi +v24 =4(16.0 m/s)’ +(-27.1 m/s)’

y

= |31.5 m/s at 59.4° below the horizontal|

(d) From point B to C, the time is

Vit =Vyi _ 27.1m/s+12.0m/s _
a -9.80 m/s’

y

t,=5s;t,= 1.53 s
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The total elapsed time interval is

t=t,+t,=[6.53 5|

(e) The horizontal distance covered is

Ax=v,t, =(16.0 m/s)(1.53 s) =
P4.78 (a) Coyote: Ax = %atz —70.0m= %(15.0 m/s’) t?

Roadrunner: AX =v,t—70.0 m = vt

Solving the above, we get

(b) At the edge of the cliff, v, = at = (15.0 m/s%)(3.06 s) = 45.8 m/s

Substituting Ay = -100 m into Ay = %ayf, we find

1
—100 m = =(-9.80 m/s?)t>
a1 /%)
t=452s

AX =Vt + 1 a,t’
2
= (45.8 m/s)(4.52 s) + %(15.0 m/s?)(4.52 s)’

Solving, AX = [360 m.
(c) For the Coyote’s motion through the air,
Vi =V, +a,t=458 m/s+(15m/s?)(4.52 5) =
Vy =V, +a,t=0-(9.80 m/s?)(4.52 5) =
P4.79 (a) Reference frame: Earth

The ice chest floats downstream 2 km in time interval At, so
2km=09, At -5 At=2km/v,,

The upstream motion of the boat is described by
d=(v-uv,)(15 min)

and the downstream motion is described by
d+2km=(v-uv,)(At —15 min)
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186 Motion in Two Dimensions

We substitute the above expressions for At and d:

(V= Vy,)(15 min) +2 km = (v+vow)(2V

km 5 min]

v(15 min)-v,, (15 min)+2 km

=Y (2 km)+2 km - v(15 min)-v,,, (15 min)

ow

v(30 min) = ——(2 km)

ow

v,, =[4.00 km/h

ow

(b) Reference frame: water

After the boat travels so that it and its starting point are 2 km
apart, the chest enters the water, where, in the frame of the water,
it is motionless. The boat then travels upstream for 15 min at
speed v, and then downstream at the same speed, to return to the
same point where the chest is at rest in the water. Thus, the boat
travels for a total time interval of 30 min. During this same time
interval, the starting point approaches the chest at speed v

traveling 2 km. Thus,
AX 2 km
VOW = =
At

ow’

=[4.00 km/h

total 30 mim

P4.80 Think of shaking down the mercury in an old fever thermometer.
Swing your hand through a circular arc, quickly reversing direction at
the bottom end. Suppose your hand moves through one-quarter of a
circle of radius 60 cm in 0.1 s. Its speed is

1

~(27)(0.6 m)
4 -9 m/s
0.1s
2 (9 2
and its centripetal acceleration is ¥ o (m—/s) ~10> m/s*|.
r 0.6m

The tangential acceleration of stopping and reversing the motion will
make the total acceleration somewhat larger, but will not affect its
order of magnitude.
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Challenge Problems

P4.81 ANS. FIG. P4.81 indicates that a line va
extending along the slope will past through v
the end of the ramp, so we may take the
position of the skier as she leaves the ramp
to be the origin of our coordinate system.

ramp

(@) Measured from the end of the ramp,
the skier lands a distance d down the ¢/
slope at time t:

slope

ANS. FIG. P4.81
AX =Vt

— dc0s50.0° =(10.0 m/s)(cos15.0°)t

and
1
Ay = vyit+§gt —
—dsin50.0° = (10.0 m/s)(sin 15.0°)t + %(—9.80 m/s*)t?
Solving, d = and t =2.88s.
(b) Sincea =0,

V, =V, =(10.0 m/s)cos15.0° =
Vy =V, +a,t=(10.0 m/s)sin15.0° - (9.80 m/s?)(2.88 s)
=|-25.6 m/s

(c) |Air resistance would ordinarily decrease the values of the range
and landing speed. As an airfoil, she can deflect air downward
so that the air deflects her upward. This means she can get some

lift and increase her distance.

P4.82 (@) For Chris, his speed downstream is ¢ + v, c
while his speed upstream is ¢ — v. " v
Therefore, the total time for Chris is

L L _ 2L ¢ =v?
c+v c-v 1-v?/c? ANS. FIG. P4.82

At, =

(b) Sarah must swim somewhat upstream to counteract the effect
from the current. As is shown in the diagram, the magnitude of

her cross-stream velocity is v/c* - v*.
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188 Motion in Two Dimensions

Thus, the total time for Sarah is

2L 2 L/c
At, = /

S v J1-v?/c?

(c) |Since the term ( 1-v%/c? ) <1,At, > At,, so Sarah, who swims

cross-stream, returns first.

*P4.83 Let the river flow in the x direction.

(@) To minimize time, | swim perpendicular to the banks | in the y

direction. You are in the water for time tin Ay =Vt,

g2 80m _oao
1.5 m/s

(b) The water carries you downstream by

AX=v,t=(2.50 m/s)53.3 s =

(c) To minimize downstream drift, you should swim so that your
resultant velocity V, +V,, is perpendicular to your swimming
velocity V, relative to the water. This is shown graphically in the

upper row of ANS. FIG. P4.83. Unlike the situations shown in
ANS. FIG. P4.83(a) and ANS. FIG. P4.83(b), this condition (shown
in ANS. FIG. P4.83(b)) maximizes the angle between the resultant
velocity and the shore. The angle between V, and the shore is

1.
given by cos6 = 2; 2;2 §=53.1°].

(@) (b)
ANS. FIG. P4.83
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(d) See ANS. FIG. P4.83(d). Now,
Vv, =V,sinf =(1.5m/s)sin53.1° =120 m/s

t:ﬂ— 80 m

v, 12 m/s

AX=vt= [2.5 m/s—(1.5 m/s)c0553.1°](66.7 s) :

P4.84 Measure heights above the level ground. The elevation y, of the ball
follows

=66.7 s

1
Yo :R+O_Egt2

with X=vt so ybzR—g—jii.
(@) The elevation y, of points on the rock is described by
i+ =R’
We will have y, =y, at x = 0, but for all other x we require the ball
to be above the rock’s surface as in y, > y,. Then y; + x> >R*:

o |
(R—z—zj '|‘X2 > R2
V-

_gX°R . g°x*

vio4v)
2,4

2
g°x x> gsz
4v! v

R? +x>>R?

If this inequality is satisfied for x approaching zero, it will be true

for all x. If the ball’s parabolic trajectory has large enough radius
of curvature at the start, the ball will clear the whole rock:

1>£, SO

Vi>\/g_R

(b) With v, =,/gR andy, =0, wehave 0 =R —

2

gx
29R

or X = Rv2. The distance from the rock’s base is

x-R=|(V2-1)R
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P4.85

P4.86

Motion in Two Dimensions

When the bomb has fallen a vertical distance 2.15 km, it has traveled a
horizontal distance X given by

X; =/(3.25 km)? —(2.15 km)’ =2.437 km
The vertical displacement of the bomb is
9%
Yi =X tan, - 2v? cofs2 0,

Substituting,

(9.8 m/s?)(2437 m)’

—2150 m =(2437 0. —
m = m)tane, 2(280 m/s)” cos®6,

or

2150 m =(2 437 m)tan 6, - (371.19 m)(1+tan’6,)

~.tan’ 6, —6.565tan 6, —4.792 =0

~.tan, = %(6.565 +(6.565) - 4(1)(—4.792)) =3.283+3.945

We select the negative solution, since 6, is below the horizontal.

- tan6, = -0.662,[ 6, = -33.5°

(@) The horizontal distance traveled by
the projectile is given by

X, =V,t= (vi cos@i)t

Xf
V; cos 0, ANS. FIG. P4.86

We substitute this into the equation
for the displacement in y:

1
Yi=Vyit— > gt = (tanei)(xf)

9
T2 2 X?
2V; cos” 6,

Now setting X; = dcos¢ and y; = dsin¢, we have

dsin¢ = (tan6,)(dcos¢) — m(d cos¢)*

Solving for d yields
_ 2V} cosf,[sin6, cos¢ - sin¢cos ]
gcos’ ¢

d
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2V} cos @, sin(6, — ¢)

or d= 5
gcos” @

(b) Setting %(d) =0 leads to

_ Vi (1-sing)
gcos’ ¢

max

0, = 45° +% and

For the smallest impact angle

0 =tan’ Yy
fo

we want to minimize v, and maximize v ;= v,,.
The final y component of velocity is related to

v, by Vy; =Vy; +2gh, so we want to minimize Uy  ANS. F‘IG. P4.87
and maximize v,;,. Both are accomplished by
making the initial velocity horizontal. Then v, = v, v, =0, and

V,; =4/2gh. At last, the impact angle is

A/2gh
9:tan_1(ﬁJ: tan_l( 0 ]

Vv

xf

dcos¢
V;cosf

We follow the steps outlined in Example 4.5, eliminating t = to

find

. 2 2
Vv, sin6dcos ¢ _ gd2 cosz¢ - _dsing
V; cosf 2v; cos” 0

Clearing the fractions gives
2V’ cosOsin B cos ¢ — gd cos” ¢ = 2V’ cos” @sin ¢
To maximize 4 as a function of 6, we differentiate through with respect

d
—(d)=0:
to gand set dO() 0

2v? cosf cosBcosd +2V; sin@(—sinB)cos

—g {%(d)}cosz ¢ =-2Vv’2cosO(—sinB)sing
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192 Motion in Two Dimensions

We use the trigonometric identities from Appendix B4:

c0s20 = cos’0—sin?0 and sin26 =2sin6cosO

to find
cos@cos20 = sin20sin @
Next, sing _ tan¢ and cot26 = give cot 26 = tan ¢ so
cos¢ tan260

6 =90°— 26 and 9:45°_§

P4.89 Find the highest firing angle 6,, for which the projectile will clear the
mountain peak; this will yield the range of the closest point of
bombardment. Next find the lowest firing angle; this will yield the
maximum range under these conditions if both 6,, and 6, are > 45°,

x=2500m,y=1800m,and v,=250 m/s.
1 ., . 1 .,
=vt——gt' =y, o)t ——gt
yf yi Zg |(Sm ) 29
X; =Vt =V, (cosO)t
Thus,

X
t=
V; cosf

Substitute into the expression for y;:

2 2

. Xf 1 Xf gxf
=v;(sin0 -—= =X; tan@ — ———~—
Vi =il )Vi cosf ZQ(Vicosej f 2v; cos’ 0

X2
=tan’6+1, so y, =X, tane—g—;(tan20+1) and

2 2
X X
0:g—;’car129—xf’car19+§T;+yf

i i
Substitute values, use the quadratic formula, and find

tan6 = 3.905 or 1.197 , which gives 6,, =75.6° and 6, =50.1°.

Zsin2
Range (at GH) = % =3.07x10° m from enemy ship

3.07 x10° m—2 500 m —300 m = 270 m from shore
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2sin2
Range (at 6, )= V'%OL =6.28x10° m from enemy ship

6.28 x10° m—2 500 m — 300 m = 3.48 x 10> m from shore

Therefore, the safe distance is | <270 m | or | >3.48 x10° m | from the

shore.

v;,=250m/s

14 2500 m »«-300m_»

ANS. FIG. P4.89
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194 Motion in Two Dimensions

ANSWERS TO EVEN-NUMBERED PROBLEMS

P4.2 250m/s
P4.4 (a) =5.00w i m/s; (b)=5.000> j m/s;
(c) (4.00 m)j+(5.00 m)(—sin wti — cos a)tj),
(5.00 m)w[—cos i +sin wtﬂ, (5.00 m)w* [sin wti + cos wﬂ; (d) a circle
of radius 5.00 m centered at (0, 4.00 m)
P4.6 (a) 5.00ti +1.50t%] ; (b) 5.00i +3.00t j; (c) 10.0 m, 6.00 m; (d) 7.81 m/s
P4.8 (a) (10.0 i+0.241 ) mm; (b) (1.84x 10" m/s)i+(8.78x10° m/s)j;
(c) 1.85 x 107 m/s; (d) 2.73°
P410  (a) V, =(3.45—1.79t)i +(2.89 - 0.650t)j ;
(b) F, =(-25.3+3.45t-0.893t)i +(28.9 +2.89t — 0.325¢? )
P4.12 0.600 m /s?

P4.14 (a) v,; =d, fz—gh , (b) The direction of the mug’s velocity is tan™'(2//d)
below the horizontal.

P416  x=723x10°m,y=1.68x10°m
P4.18 (a) 76.0°, (b) R, = 2.13R, (c) the same on every planet
P4.20 (a) 22.6 m; (b) 52.3 m; (c) 1.18 s
P4.22 (a) there is; (b) 0.491 m/s
P4.24 (@) 0.852's; (b) 3.29 m/s; (c) 4.03 m/s; (d) 50.8°% () t =1.12 s
P4.26 (a) (0, 0.840 m); (b) 11.2 m/s at 18.5° (c) 8.94 m
. 2
P428  (a)t=wv sing/g (b)h_ =h+ %

P4.30 (a) 28.2m/s; (b) 4.07 s; (c) the required initial velocity will increase, the
total time of flight will increase

P432  (a)41.7m/s; (b)3.81s;(c) V, =34.1m/s, v, =-13.4 m/s,v=36.7 m/s

P4.24 0.033 7 m/s” directed toward the center of Earth
P4.36 10.5m/s, 219 m/s? inward

P4.38  (a)6.00rev/s; (b) 1.52 x 10° m /s (c) 1.28 x 10’ m /s’
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P4.40 (a) 13.0 m/s% (b) 5.70 m/s; (c) 7.50 m/s’
P4.42 (a) See ANS. FIG. P4.42; (b) 29.7 m/s’; (c) 6.67 m/s tangent to the circle
P4.44 153 km/h at 11.3° north of west

L L
=—;(b) At,,, = ;(0) AL, =
v, vV, +tV, vV, +2v,

P4.48 (a) 57.7 km/h at 60.0° west of vertical; (b) 28.9 km/h downward

P4.50 (a) 2.02 x 10° s; (b) 1.67 x 10’ s; (c) Swimming with the current does not
compensate for the time lost swimming against the current.

P4.52 27.7° Eof N

P4.54 (a) straight up, at 0° to the vertical; (b) 8.25 m/s; (c) a straight up and
down line; (d) a symmetric parabola opening downward; (e) 12.6 m/s

north at tan '(8.25/9.5) = 41.0° above the horizontal

R .1 : gR . 139R . 0. (fy B,
P456  (a) 2\/;,(b)2,/3gR,(c)\/?,(d) = (©)33.7% () R

P4.46  (a) At

‘woman

13
R
() 1

P458  (a) 5i+4t%]; (b) 5ti +1.6t°%]
P4.60 (a) 9.80 m/s’, downward; (b) 10.7 m/s

2h d?
P4.62 (a) t= '/E;(b) Vi = d,/z—gh;(c) Ve = Vo + vy =\/(Tfj+(29h);

d) 6, = tan_l(z—hj
d
P4.64 68.8 km/h
P4.66 22.4° or 89.4°
P4.68 2v;tcos®,

P4.70 (a) 25.0 m/s%; (b) 9.80 m/s’; (c) See ANS. FIG. P4.70; (d) 26.8 m/s’, 21.4°

P4.72 (a) See table in P4.72(a); (b) From the table, it looks like the magnitude
of r is largest at a bit less than 6 s; (c) 138 m; (d) We can require

dr?/dt =0 = (d/dt)[(12t)* + (49t — 4.9t*)*], which results in the solution.
P4.74 (@) 8 =26.6°; (b) 0.949
P4.76 18.8 m, -17.3 m
P4.78 (@) 229 m/s and 3.06 s; (b) 360 m; (c) 114 m/s, —44.3 m/s
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196 Motion in Two Dimensions

P4.80 ~10°m/s’

L L 2L /¢ 2L 2L /¢
p o= 2 ya, - =
c+v c-v 1-Vv?/c Je2-v? o J1-vi /¢l
(c) Sarah, who swims cross-stream, returns first

P484 () v,>\/oR; (b) x-R=(v2-1)R

P4.82  (a) At =

2 o
P4.86 (a) See P4.86a for derivation; (b) d . =45°+ 9, 0, = \/,(1—521n¢)
2 gcos” ¢

P4.88 See P4.88 for complete derivation.
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The Laws of Motion

CHAPTER OUTLINE

5.1 The Concept of Force

52 Newton’s First Law and Inertial Frames

5.3 Mass

54 Newton’s Second Law

5.5 The Gravitational Force and Weight

5.6 Newton’s Third Law

5.7 Analysis Models Using Newton’s Second Law
5.8 Forces of Friction

|* An asterisk indicates a question or problem new to this edition|

ANSWERS TO OBJECTIVE QUESTIONS

0Q5.1  Answer (d). The stopping distance will be the same if the mass of the
truck is doubled. The normal force and the friction force both double,
so the backward acceleration remains the same as without the load.

0Q5.2  Answer (b). Newton’s 3rd law describes all objects, breaking or whole.
The force that the locomotive exerted on the wall is the same as that
exerted by the wall on the locomotive. The framing around the wall
could not exert so strong a force on the section of the wall that broke
out.

0Q5.3  Since they are on the order of a thousand times denser than the
surrounding air, we assume the snowballs are in free fall. The net force

197

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, Qr posted to a publicly accessible website, in whole or in part.
gage Leaming: AllRig Yot SRR e gy to @ publicly P

www.facebook. com/groups/Smurfs.On.The.Way



198 The Laws of Motion

on each is the gravitational force exerted by the Earth, which does not
depend on their speed or direction of motion but only on the snowball
mass. Thus we can rank the missiles just by mass:d >a=e>b >c.

0Q5.4  Answer (e). The stopping distance will decrease by a factor of four if
the initial speed is cut in half.

OQ5.5 Answer (b). An air track or air table is a wonderful thing. It exactly
cancels out the force of the Earth’s gravity on the gliding object, to
display free motion and to imitate the effect of being far away in space.

0Q5.6  Answer (b). 200 N must be greater than the force of friction for the
box’s acceleration to be forward.

0Q5.7  Answer (a). Assuming that the cord connecting m, and m, has constant
length, the two masses are a fixed distance (measured along the cord)
apart. Thus, their speeds must always be the same, which means that
their accelerations must have equal magnitudes. The magnitude of the
downward acceleration of m, is given by Newton’s second law as

a zsz:ng_T:g_ L <g
’ m, m, m,

where T is the tension in the cord, and downward has been chosen as
the positive direction.

0Q5.8  Answer (d). Formulas a, b, and e have the wrong units for speed.
Formulas a and ¢ would give an imaginary answer.

0Q5.9 Answer (b). As the trailer leaks sand at a constant rate, the total mass
of the vehicle (truck, trailer, and remaining sand) decreases at a steady
rate. Then, with a constant net force present, Newton’s second law
states that the magnitude of the vehicle’s acceleration (a = F_,/m) will

steadily increase.

net

0Q5.10 Answer (c). When the truck accelerates forward, the crate has the
natural tendency to remain at rest, so the truck tends to slip under the
crate, leaving it behind. However, friction between the crate and the
bed of the truck acts in such a manner as to oppose this relative motion
between truck and crate. Thus, the friction force acting on the crate will
be in the forward horizontal direction and tend to accelerate the crate
forward. The crate will slide only when the coefficient of static friction
is inadequate to prevent slipping.
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Chapter 5 199

0Q5.11 Both answers (d) and (e) are nof true: (d) is not true because the value
of the velocity’s constant magnitude need not be zero, and (e) is not
true because there may be no force acting on the object. An object in
equilibrium has zero acceleration (a = 0), so both the magnitude and
direction of the object’s velocity must be constant. Also, Newton's
second law states that the nef force acting on an object in equilibrium is
zero.

0Q5.12 Answer (d). All the other possibilities would make the total force on
the crate be different from zero.

0Q5.13 Answers (a), (c), and (d). A free-body diagram shows the forces
exerted on the object by other objects, and the net force is the sum of
those forces.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ5.1 A portion of each leat of grass extends above the metal bar. This
portion must accelerate in order for the leaf to bend out of the way. If
the bar moves fast enough, the grass will not have time to increase its
speed to match the speed of the bar. The leat’s mass is small, but when
its acceleration is very large, the force exerted by the bar on the leaf
puts the leat under tension large enough to shear it oft.

CQ5.2 When the hands are shaken, there is a large acceleration of the surfaces
of the hands. If the water drops were to stay on the hands, they must
accelerate along with the hands. The only force that can provide this
acceleration is the friction force between the water and the hands.
(There are adhesive forces also, but let’s not worry about those.) The
static friction force is not large enough to keep the water stationary
with respect to the skin at this large acceleration. Therefore, the water
breaks free and slides along the skin surface. Eventually, the water
reaches the end of a finger and then slides off into the air. This is an
example of Newton’s first law in action in that the drops continue in
motion while the hand is stopped.

CQ53  When the bus starts moving, the mass of Claudette is accelerated by
the force of the back of the seat on her body. Clark is standing,
however, and the only force on him is the friction between his shoes
and the floor of the bus. Thus, when the bus starts moving, his feet
start accelerating forward, but the rest of his body experiences almost
no accelerating force (only that due to his being attached to his
accelerating feet!). As a consequence, his body tends to stay almost at
rest, according to Newton’s first law, relative to the ground. Relative to
Claudette, however, he is moving toward her and falls into her lap.
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200 The Laws of Motion

CQ5.4 The resultant force is zero, as the acceleration is zero.

CQ5.5  First ask, “Was the bus moving forward or backing up?” If it was
moving forward, the passenger is lying. A fast stop would make the
suitcase fly toward the front of the bus, not toward the rear. If the bus
was backing up at any reasonable speed, a sudden stop could not
make a suitcase fly far. Fine her for malicious litigiousness.

CQ5.6  Many individuals have a misconception that throwing a ball in the air
gives the ball some kind of a “force of motion” that the ball carries
after it leaves the hand. This is the “force of the throw” that is
mentioned in the problem. The upward motion of the ball is explained
by saying that the “force of the throw” exceeds the gravitational
torce—of course, this explanation confuses upward velocity with
downward acceleration—the hand applies a force on the ball only
while they are in contact; once the ball leaves the hand, the hand no
longer has any influence on the ball’s motion. The only property of the
ball that it carries from its interaction with the hand is the initial
upward velocity imparted to it by the thrower. Once the ball leaves the
hand, the only force on the ball is the gravitational force. (a) If there
were a “force of the throw” felt by the ball after it leaves the hand and
the force exceeded the gravitational force, the ball would accelerate
upward, not downward! (b) If the “force of the throw” equaled the
gravitational force, the ball would move upward with a constant
velocity, rather than slowing down and coming back down! (c) The
magnitude is zero because there is no “force of the throw.” (d) The ball
moves away from the hand because the hand imparts a velocity to the
ball and then the hand stops moving.

CQ5.7 (a) force: The Earth attracts the ball downward with the force of
gravity—reaction force: the ball attracts the Earth upward with the
torce of gravity; force: the hand pushes up on the ball—reaction force:
the ball pushes down on the hand.

(b) force: The Earth attracts the ball downward with the force of
gravity—reaction force: the ball attracts the Earth upward with the
torce of gravity.

CQ5.8 (a) The air inside pushes outward on each patch of rubber, exerting a
torce perpendicular to that section of area. The air outside pushes
perpendicularly inward, but not quite so strongly. (b) As the balloon
takes off, all of the sections of rubber feel essentially the same outward
torces as before, but the now-open hole at the opening on the west side
teels no force — except for a small amount of drag to the west from the
escaping air. The vector sum of the forces on the rubber is to the east.
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Chapter 5 201

The small-mass balloon moves east with a large acceleration. (c) Hot
combustion products in the combustion chamber push outward on all
the walls of the chamber, but there is nothing for them to push on at
the open rocket nozzle. The net force exerted by the gases on the
chamber is up if the nozzle is pointing down. This force is larger than
the gravitational force on the rocket body, and makes it accelerate
upward.

CQ5.9  The molecules of the floor resist the ball on impact and push the ball
back, upward. The actual force acting is due to the forces between
molecules that allow the floor to keep its integrity and to prevent the
ball from passing through. Notice that for a ball passing through a
window, the molecular forces weren’t strong enough.

CQ5.10  The tension in the rope when pulling the car is twice that in the tug-of-
war. One could consider the car as behaving like another team of
twenty more people.

CQ5.11  An object cannot exert a force on itself, so as to cause acceleration. If it
could, then objects would be able to accelerate themselves, without
interacting with the environment. You cannot lift yourself by tugging
on your bootstraps.

CQ5.12 Yes. The table bends down more to exert a larger upward force. The
deformation is easy to see for a block of foam plastic. The sag of a table
can be displayed with, for example, an optical lever.

CQ5.13  As the barbell goes through the bottom of a cycle, the lifter exerts an
upward force on it, and the scale reads the larger upward force that the
floor exerts on them together. Around the top of the weight’s motion,
the scale reads less than average. If the weightlifter throws the barbell
upward so that it loses contact with his hands, the reading on the scale
will return to normal, reading just the weight of the weightlifter, until
the barbell lands back in his hands, at which time the reading will
jump upward.

CQ5.14  The sack of sand moves up with the athlete, regardless of how quickly
the athlete climbs. Since the athlete and the sack of sand have the same
weight, the acceleration of the system must be zero.

CQ5.15 If you slam on the brakes, your tires will skid on the road. The force of
kinetic friction between the tires and the road is less than the
maximum static friction force. Antilock brakes work by “pumping” the
brakes (much more rapidly than you can) to minimize skidding of the
tires on the road.
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202 The Laws of Motion

CQ5.16 (a) Larger: the tension in A must accelerate two blocks and not just
one. (b) Equal. Whenever A moves by 1 cm, B moves by 1 em. The two
blocks have equal speeds at every instant and have equal accelerations.
(c) Yes, backward, equal. The force of cord B on block 1 is the tension
in the cord.

CQ5.17 Asyou pull away from a stoplight, friction exerted by the ground on
the tires of the car accelerates the car forward. As you begin running
torward from rest, friction exerted by the tloor on your shoes causes
your acceleration.

CQ5.18 It is impossible to string a horizontal cable without its sagging a bit.
Since the cable has a mass, gravity pulls it downward. A vertical
component of the tension must balance the weight for the cable to be in
equilibrium. If the cable were completely horizontal, then there would
be no vertical component of the tension to balance the weight. If a
physicist would testity in court, the city employees would win.

CQ5.19 (a) Yes, as exerted by a vertical wall on a ladder leaning against it. (b)
Yes, as exerted by a hammer driving a tent stake into the ground. (c)
Yes, as the ball accelerates upward in bouncing from the tloor. (d) No;
the two forces describe the same interaction.

CQ5.20 The clever boy bends his knees to lower his body, then starts to
straighten his knees to push his body up—that is when the branch
breaks. In order to give himself an upward acceleration, he must push
down on the branch with a force greater than his weight so that the
branch pushes up on him with a force greater than his weight.

CQ5.21 (a) Asaman takes a step, the action is the force his foot exerts on the
Earth; the reaction is the force of the Earth on his foot. (b) The action is
the force exerted on the girl’s back by the snowball; the reaction is the
torce exerted on the snowball by the girl’s back. (c) The action is the
torce of the glove on the ball; the reaction is the force of the ball on the
glove. (d) The action is the force exerted on the window by the air
molecules; the reaction is the force on the air molecules exerted by the
window. We could in each case interchange the terms “action” and
“reaction.”

CQ5.22 (a) Bothstudents slide toward each other. When student A pulls on
the rope, the rope pulls back, causing her to slide toward Student B.
The rope also pulls on the pulley, so Student B slides because he is
gripping a rope attached to the pulley. (b) Both chairs slide because
there is tension in the rope that pulls on both Student A and the pulley
connected to Student B. (c) Both chairs slide because when Student B
pulls on his rope, he pulls the pulley which puts tension into the rope
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Chapter 5 203

passing over the pulley to Student A. (d) Both chairs slide because
when Student A pulls on the rope, it pulls on her and also pulls on the

pulley.

CQ5.23 If youhave ever seen a car stuck on an icy road, with its wheels
spinning wildly, you know the car has great difficulty moving forward
until it “catches” on a rough patch. (a) Friction exerted by the road is
the force making the car accelerate forward. Burning gasoline can
provide energy for the motion, but only external forces—forces exerted
by objects outside—can accelerate the car. (b) If the car moves forward
slowly as it speeds up, then its tires do not slip on the surface. The
rubber contacting the road moves toward the rear of the car, and static
triction opposes relative sliding motion by exerting a force on the
rubber toward the front of the car. If the car is under control (and not
skidding), the relative speed is zero along the lines where the rubber
meets the road, and static friction acts rather than kinetic friction.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 5.1 The Concept of Force

Section 5.2 Newton’s First Law and Inertial Frames
Section 5.3 Mass
Section 5.4 Newton’s Second Law

Section 5.5 The Gravitational Force and Weight
Section 5.6 Newton’s Third Law

*P5.1 (a) The woman’s weight is the magnitude of the gravitational force
acting on her, given by

F,=mg=1201lb= (4.448 N/Ib)(120 Ib)=| 534 N

F
(b) Her mass is m=—g=$N2= 54.5 kg
g 9.80 m/s
*P5.2 We are givenF, = mg = 900 N, from which we can find the man’s mass,
m=—ON __g181g
9.80 m/s

Then, his weight on Jupiter is given by

(F)) e = 918 k(259 m/s”) =[ 238 1N |
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204 The Laws of Motion

P5.3 We use Newton’s second law to find the force as a vector and then the
Pythagorean theorem to find its magnitude. The givens are m = 3.00 kg

and &= (2.00i+5.00j) m/s’.

(a) The total vector force is

3. F = ma = (3.00 kg)(2.001 +5.00j) m/s? = [(6.001 +15.0j) N

(b) Its magnitude is

|F|=,f(F}()2 +(F},)2 = J(6.00 Ny +(15.0 NY’ =[162 N]

P5.4 Using the reference axes shown in Figure P5.4, we see that

S F, =Tcos14.0°-Tcos14.0°=0
and
Yy F}, =—Ts5in14.0°-Tsin14.0°= 2T sin14.0°

Thus, the magnitude of the resultant force exerted on the tooth by the
wire brace is

R= J(z FY +(SF,) =0 +(-2Tsin140% = 2T sin14.0°

or
R=2(18.0 N)sin14.0°=|8.71 N
P5.5 We use the particle under constant acceleration and particle under a

net force models. We first calculate the acceleration of the puck:

v (8.008 +10.0j)m/s - 3.00i my/s
At 800s

= 0.6251 m/s’ +1.25] m/s’

q=

In EI? = ma, the only horizontal force is the thrust F of the rocket:

(@) F=(4.00kg)(0.6251 m/s* +1.25) m/s? ) =

r—

2.501 +5.00)) N

Its magnitude is |F| = (/(2.50 N + (5.00 N)* = [559 N
g
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*P5.7

P5.8

P5.9

Chapter 5 203

(a) Let the x axis be in the original direction of the molecule’s motion.
Then, from V; =V, +al, we have

¥y —Vy 670m/s-670m/s _

a A 15 2
t 3.00x10C s LA7XI0 " /s

(b) For the molecule, Y F = ma. Its weight is negligible.

F

wall on molecule

=(4.68x107 kg)(-4.47 x10° m/s’)
=-2.09x10"° N

Fmolecule orwall +209 X 10_10 N

Imagine a quick trip by jet, on which you do not visit the rest room and
your perspiration is just canceled out by a glass of tomato juice. By

subtraction, (Fg)IJ =mg, and (Fg )C = mg. give

A, = m(gp 1 90)

For a person whose mass is 90.0 kg, the change in weight is

AF, =900 kg(9.8095-9.7808)=| 2.58 N

A precise balance scale, as in a doctor’s office, reads the same in
ditferent locations because it compares you with the standard masses
on its beams. A typical bathroom scale is not precise enough to reveal
this difference.

The force on the car is given by Y F=ma, or, in one dimension,
2. F =ma. Whether the car is moving to the left or the right, since it’s
moving at constant speed, a = 0 and therefore ¥ F =[0] for both parts

(a) and (b).

We find the mass of the baseball from its weight: w = mg, som = w/g =
221 N/9.80 m/s’ = 0.226 kg.

i)
(@) Weuse X; =X+ (v, + V)t and X; — X; = AX, witho, =0,
2

vy = 18.0m/s,and At=t =170 ms = 0.170 s:

AX :%(Vi +V, JAt

Ax= %(0+ 18.0 m/s)(0.170 s) =
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206 The Laws of Motion

(b) We solve for acceleration using V,; = V,; +a,t, which gives

v, -V
i t

i

where g is in m/sz, visinm/s, and f in s. Substituting gives

180 m/s-0

a, =106 m/s’
0.170's

Call I#:1 = force of pitcher on ball, and I#:2 = force of Earth on ball
(weight). We know that

YF=F+F,=ma

Writing this equation in terms of its components gives

SF.=F,+F,=ma, 2k =F,+Fy=ma,
S F, =F,+0=ma, SF, =F,~221N=0
Solving,

F=(0.226 kg)(106 m/s?)=23.9 N and F,, =221 N

Then,

2

F = (le)2+(F1},)

= J(23.9NY +(221 Ny =240 N

and 6=tan™ [ 221 N ] =5.29°

239N

The pitcher exerts a force of 24.0 N forward at 5.29° above

the horizontal.

P5.10 (@) Use Ax= 1 (v, + V)AL, wherev, =0, 2,=2,and At=1:
2

AX:l(Vi +V, )AL= 1\ﬂ;
2 2
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(b) Usev,=v, +at

Vi =V, V-0
b
V=V, +al— axz%a a,=——=

¥
i

Call F, = force of pitcher on ball, and F, = —F, =—mg=

gravitational force on ball. We know that
YF=F+F,=ma

writing this equation in terms of its components gives
Y F =F,+F,=ma, 2k, =F,+Fy=ma
SF =F,+0=ma, YF =F,-mg=0

Solving and substituting from above,
Ey=mu/t Fi, =mg

then the magnitude of F, is

2

F = Gﬁf+ﬁﬁ)

= J(mv /1) +(mg) =|mflv /17 + ¢

and its direction is

9=tan'1[ LY ]: tan"l[g—t]
my /t v

Since this is a linear acceleration problem, we can use Newton’s second
law to tind the force as long as the electron does not approach
relativistic speeds (as long as its speed is much less than 3 x 10° m/s),
which is certainly the case for this problem. We know the initial and
final velocities, and the distance involved, so from these we can find
the acceleration needed to determine the force.

(a) From vi=v'+2ax and YF=ma, we can solve for the

vi— y?
acceleration and then the force: a = fZX '

@ 2014 C Leaming. All Rights Reserved. M th d, 5 Eg licated, ed ¢ blicl ibl bsite, in whol i t
engage Leaming ig eserve ay no g:ﬁzﬁn;\?sgﬁples o “"1;5‘1-:;3‘;&“ %’1;;505 o a publicly accessible website, in whele or in par

www.facebook.com/groups/Smurfs.On.The.Way



208 The Laws of Motion

m(vf - V?)

Substituting to eliminate a, ), F = o

Substituting the given information,

(911 x 10 kg)[(?OO x 10° m/s) - (3.00 % 10° m/sﬂ
2(0.050 0 m)

SF=

Y F=[3.64x10" N

(b) The Earth exerts on the electron the force called weight,

F, =mg = (9.11x 10" kg)(9.80 m/s?) = 8.93 x 10N

The accelerating force is

4.08x 10" times the weight of the electron.

P5.12 We first find the acceleration of the object:

FF -Gt L&t
2

420mi-3.30mj= 0+%a(1.20 sy’ =(0.7205’)a
a=(5.831-4.58]) m/s’

Now SF = ma becomes

!

Fg +F, =ma
F, =280 kg(5.831 - 4.58)) m/s’ +(2.80 kg)(9.80 m/s ]
F,=| (1631 +146j) N

P5.13 (a) |Force exerted by spring on hand, to the left; force exerted by

spring on wall, to the right.
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Chapter 5 209

(b) |Force exerted by wagon on handle, downward to the left. Force
exerted by wagon on planet, upward. Force exerted by wagon on

ground, downward.

(c) |Force exerted by football on player, downward to the right. Force
exerted by football on planet, upward.

(d) |Force exerted by small-mass object on large-mass object,
to the left.

(e) ‘Porce exerted by negative charge on positive charge, to the lett.

() ‘Porce exerted by iron on magnet, to the left.

P5.14 The free-body diagrams are shown in ANS. FIG. P5.14 below.

(a) |n, =normal force of cushion on brick

m, g = gravitational force on brick

(b) |n . =normal force of pavement on cushion

m, g = gravitational force on cushion

F,. = force of brick on cushion

O

m, g =
F,
m.g I
brick cushion
(a) (b)
ANS.FIG.P5.14
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210 The Laws of Motion

(c) [force: normal force of cushion on brick (n ) — reaction force:
force of brick on cushion (F,)

torce: gravitational force of Earth on brick (m, g) — reaction
torce: gravitational force of brick on Earth

force: normal force of pavement on cushion (n,, ) — reaction
torce: force of cushion on pavement

torce: gravitational force of Earth on cushion (m_g) — reaction

torce: gravitational force of cushion on Earth

*P5.15 (@) Woe start from the sum of the two forces:

Y F=F +F,=(~6.00i - 4.00j}+(-3.00i+7.00j)
= (-9.00i+3.00j) N

The acceleration is then:

~ .~ SF (-9.00i+3.00j) N

é:axi+ayj:zF:( ' J)
m 200 kg

= (~4.50i+1.50]) my/s’

and the velocity is found from
Vo=v,i+vj=v +at=at

¥, =[(-450i+1.50j) m/s* [(10.0'5)

- (—45.0'i+ 15.0j) m/s

(b) The direction of motion makes angle ¢ with the x direction.

0 =tan™’ Y tan ™" _ 150 nys
v, 45.0 mys

9=-184°+180°=|162° fromthe + X axis
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(c) Displacement:

1
x-displacement = X; — X, =V, t+ Ea}(’[2

= %(—4.50 m/s’)(10.0 s = =225 m

y-displacement = Y; — Y, = V},it-i-%a},tz

= %( 1.50 m/s”)(10.0s)° = +75.0 m

AF =| (2251 +75.0j) m

(d) Position: r=r +Ar

F, =(~2.00i +4.00j )+ (2251 + 75.0j) = | (2271 +79.0j) m

*P5.16  Since the two forces are perpendicular to each other, their resultant is

Fo.= /(180 NY +(390 N)’ =430 N

at an angle of

f=tan™ [M] =65.2° Not E
180 N

From Newton’s second law,

F, 430N

= =1.59 Il'l/s2
m - 270 kg

or

a=|1.59 m/s’ at 65.2° Nof E

P5.17 (a) With the wind force being horizontal, the only vertical force
acting on the object is its own weight, mg. This gives the object a
downward acceleration of

_sz_—mg
YY" m m

d
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P5.18
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The Laws of Motion

The time required to undergo a vertical displacement Ay = —h,
starting with initial vertical velocity vy, =0, is found from

1
AY = Vo,t+ 3 at? as

—h=0—g’[2 or t= |—
2

(b) The only horizontal force acting on the object is that due to the
wind, so X F, = F and the horizontal acceleration will be

i
T m |m

(c) With v, =0, the horizontal displacement the object undergoes

while falling a vertical distance & is given by Ax=v_t+ % at’ as

2
szog[q[ 2_h} _[Fh
25m g mg

(d) The total acceleration of this object while it is falling will be

=i+ ] =[F/m)+ (-g) = |J(F/m)"+ g

For the same force F, acting on different masses F = m,a, and F = m.a,.
Setting these expressions for F equal to one another gives:

@ M. _[1

m, &

(b) The acceleration of the combined object is found from

F=(m+m,)a=4ma

Foo1
or a= 4_ml: Z(3.00 m/sz): 0.750m/s’

k) i) a8
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P5.19 We use the particle under a net force model and add the forces as
vectors. Then Newton’s second law tells us the acceleration.

(@) YF=F+F =@0.0i+150))N %
Newton’s second law gives, with m = 5.00 kg, "\\?”‘
5 S
A= EW = (4.008+3.00j) m/s’ 6
o _IH60°
or |a=5.00 m/s” at 9=36.9 0 . "
(b) In this configuration, ANS. FIG. P5.19

F,=15.0cos60.0°=7.50 N
F,, =15.0sin60.0°=13.0 N

F,=(7.50i+13.0j) N
Then,
SF = F+F, =] 2000+(7501 +13.0j) | N
= (27.51+13.0j) N

and 3= % = (5.50’1‘ % 2.6oj) m/s? = [6.08 m/s? at 25.3°

P5.20 (@) You and the Earth exert equal forces on each other: m, g = Mg a;. If

your mass is 70.0 kg,
(70.0 kg )(9.80 mys’) ——
= = ~10 1
=TT 508 x10% ke e Hl

(b) You and the planet move for equal time intervals At according to

e % a(At)” . If the seat is 50.0 em high,

2AX, ) 2AX,
a, a

a
Ax; = EAX,
a}’
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P5.21

P5.22
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The Laws of Motion

a
We substitute for a_E from [1] to obtain
y

A, < 70-0kg(0.500 m)
©T 598x10% kg

(@) | 15.01bup, | to counterbalance the Earth’s force on the block.

(b) | 5.001b up, | the forces on the block are now the Earth pulling

down with 15.0 Ib and the rope pulling up with 10.0 lIb. The forces
trom the floor and rope together balance the weight.

(c) |0, | the block now accelerates up away from the floor.

3 F =ma reads
(—2.00'{ +2.00j + 5.00i — 3.00j - 45.0’5) N=m(3.75 m/s’)a
where a represents the direction of a:

(~42.01 - 1.00}) N=m(3.75 mys”}4

Yy F = J( 42.0)2 + (1.00)2 N at tan™ [%} below the —x axis

Y F=420Nat181°=m(3.75 m/s’)a

For the vectors to be equal, their magnitudes and their directions must
be equal.

(a) Therefore | a is at 181° | counter-clockwise from the x axis

420N
m=———-=
®) 375 m/s’

© v=]9|=0+[Et=(3.75 m/s*)(10.00 s) =

11.2 kg

k) i) a8
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@) =vat=0+t
m

(42.0'{— 1.00j) N
112 kg

<

(10.0 s)=(-237.51 - 0.893j) m/s

So, V, = (—37.5?—0.89:{,’) m/s

* Choose the +x Trailer
direction to be 300 ke
horizontal and E— Rawf |n,

-]

forward with .
the +y vertical vier
and upward. ANS. FIG. P5.23

The common

acceleration of the car and trailer then has components of

a, =+2.15 m/s* and a, =0.

fir

(a) The net force on the car is horizontal and given by

(z Fx )car W= mcarax B (1 000 kg)(215 H]/SQ)
=| 2.15x 10 N forward

(b) The net force on the trailer is also horizontal and given by

(ZF Dpater =+T = My0a, = (300 kg)(2.15 m/s?)
=] 645 N forward |

(c) Consider the free-body diagrams of the car and trailer. The only
horizontal force acting on the trailer is T'= 645 N forward, exerted
on the trailer by the car. Newton’s third law then states that the

torce the trailer exerts on the car is ‘ 645 N toward the rear ‘ :

(d) The road exerts two forces on the car. These are F and n, shown

in the free-body diagram of the car. From part (a),
F=T+215x10° N=+2.80x10° N. Also,

(z F}')car - nC o Fgc =m,4d, = 0; son, = Fgc =mM.,49g= 9.80x 103 N.

car -y
The resultant force exerted on the car by the road is then

R, =yF2+ 12 =/(2.80x 10° NY +(9.80x 10° NY

21025105 N
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216 The Laws of Motion

at 6 =tan™ (%) = tan"'(3.51) = 74.1° above the horizontal and

forward. Newton’s third law then states that the resultant force
exerted on the road by the car is

1.02 x 10* N at 74.1° below the horizontal and rearward |.

P5.24 v =V, —kx implies the acceleration is given by
dv dx
a=—=0-k——=-kv
dt dt

Then the total force is
> F=ma=m(-kv)

The resistive force is opposite to the velocity:

SF=—kmv

Section 5.7 Analysis Models Using Newton’s Second Law

P5.25 As the worker through the pole
exerts on the lake bottom a force of
240 N downward at 35° behind the
vertical, the lake bottom through

the pole exerts a force of 240 N 197 N L «—— 475N
upward at 35° ahead of the 138 N 3630 N

vertical. With the x axis horizontally

torward, the pole force on the boat is ANS. FIG. P5.25

(240cos350j +240sin 350'{) N= (138’i + 197j) N

The gravitational force of the whole Earth on boat and worker is F =

mg =370 kg (9.8 m/s’) =3 630 N down. The acceleration of the boat is
purely horizontal, so

Y.F, = ma, gives +B +197 N -3 630N =0

(@) The buoyant force is B =|3.43x10° N |
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(b) The acceleration is given by
YF.=ma: +138N-475N=(370kg)a

902N

a= = 0.244 m/s?
370 kg

According to the constant-acceleration model,
V=V, +at

=0.857 m/s+(0.244 m/s2 )(0.450 s)
0.967 m/s

v, =[0.967i m/s

P5.26 (@) The left-hand diagram in
ANS. FIG. P5.26(a) shows

35.7 cm
the geometry of the situation _
and lets us find the angle of o,
the string with the 18.0 cm

horizontal:
ANS. FIG. P5.26(a)

cos@=28/357=0784
or ©=383°

The right-hand diagram in ANS. FIG. P5.26(a) is the free-body
diagram. The weight of the bolt is

w = mg = (0.065 kg)(9.80 m/s’) = 0.637 N

(b) To find the tension in the string, we apply Newton’s second law
in the x and y directions:

SF,=ma:—Tcos383°+F,__. =0 [1]

magnetic

Y F, = ma,:+ Tsin 38.3°-0.637 N=0 [2]

from equation [2],

T:—Ol'637 ] =|1.03 N
sin 38.3°

(c) Now, from equation [1],

F =Tc0s38.3°=(1.03 N)cos38.3°=|0.805 N to the right

magnetic
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218 The Laws of Motion

P5.27 (@) |[Pcos40.0°-n=0 and Psin40.0°-220N=0
P=342 Nand n=262 N

(b) |P—ncos40.0°-220N sin 40.0°=0
and nsin 40.0°— 220 N cos 40.0°=0
nN=262Nand P=342 N.

(c) |Theresults agree. The methods are basically of the same level
of difficulty. Each involves one equation in one unknown and

one equation in two unknowns. If we are interested in n

without finding P, method (b) is simpler.

P5.28 (a) Isolate either mass: N
T
T+mg=ma=0 1
sl *
[TI=|mg 7N
The scale reads the tension T, so \-\\ ',f
e /_/"
T=mg=(5.00kg)(9.80 m/s’)=[ 49.0N l '
490N
(b) The solution to part (a) is also the solution ANS. FIG. P5.28
to (b). (a) and (b)
(c) Isolate the pulley: M—l»
T,+27,=0 )
T,=2|T,|=2mg=[98.0N 7 AN\
£ e
o ) |
d) YF=n+T+mg=0 NN AA
Take the component along the incline, l_ﬁm ) —/_T},l
n,+T,+mg, =0 ANS. FIG. P5.28(c)
y
or 0+T-mgsin30.0°=0 LG
\ Pl Y 6=30.0°
T=mg sm30.00=% O
(5.00 kg)(9.80 m/s”) Fo,
- 490N O

2

=[245N] ANS. FIG. P5.28(c)
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*P5.29 (a) The resultant external force acting on this system, consisting of all
three blocks having a total mass of 6.0 kg, is 42 N directed
horizontally toward the right. Thus, the acceleration produced is

L XZF_ 4N
m  60kg

7.0 m/s’ horizontally to the right

(b) Draw a free-body diagram of the 3.0-kg block and apply
Newton’s second law to the horizontal forces acting on this block:

S F, =ma,:
42N-T=(30kg)(70m/s’) — T=[2LN]

(c) The force accelerating the 2.0-kg block is the force exerted on it by
the 1.0-kg block. Therefore, this force is given by

F=ma=(20kg)(7.0 m/s*)=14 N

or F=[14 N horizontally to the right

object. The two forces acting on the block are Y
the normal force, , and the weight, mg. If Low AT i
the block is considered to be a point mass
and the x axis is chosen to be parallel to the m;‘;i ng T
plane, then the free-body diagram will be as B:F_"'?!t:;:.\ 08
shown in the figure to the right. The angle AR
8 is the angle of inclination of the plane. ANS. FIG. P5.30(a)
Applying Newton’s second law for the

accelerating system (and taking the direction up the plane as the
positive x direction), we have

P5.30 (a) ANS. FIG. P5.30 shows the forces on the \U

2 F, =n-mgcos@ =0: n=mgcosd
Y. F,=-mgsinf=ma: a=-gsing

(b) When 6=15.0°,

a=|-2.54 mfs’
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220 The Laws of Motion

(c) Starting from rest,
vi=vi4 221()(f - xi) = 2aAX

V| = \f2JalAX = {f2]-2.54 m/5%)(2.00 m) = [ 3.19 m/s

P5.31 We use Newton’s second law with the forces in the x and y directions
in equilibrium.

(a) At the point where the bird is perched, the wire’s midpoint, the
torces acting on the wire are the tension forces and the force of
gravity acting on the bird. These forces are shown in ANS. FIG.
P5.31(a) below.

50.0m

(1L.200 m

T

-l

meg

ANS. FIG. P5.31(a)

(b) The mass of the bird is m = 1.00 kg, so the force of gravity on the
bird, its weight, is mg = (1.00 kg)(9.80 m/s*) = 9.80 N. To calculate
the angle & in the free-body diagram, we note that the base of the
triangle is 25.0 m, so that

~0200m
~ 25.0m

tan o o = 0.458°

Each of the tension forces has x and y components given by

Ty=Tcosa and T, =Tsina

The x components of the two tension forces cancel out. In the y
direction,

> F, =2Tsina—mg =0
which gives

T__Mg _ 980 N
" 2sina 2sin 0.458°

=613 N
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P5.32 To find the net force, we ditferentiate the equations for the position of
the particle once with respect to time to obtain the velocity, and once
again to obtain the acceleration:

dx d dy d 3 2
= 52 —1)=10t — =—(3t°+2)=9
Y dt dt( ) 7 = dt dt( T )
dv dv
d, = = =10, :—}"r =
i a, m 18t

Then, at f =2.00s,a_=10.0 m/s’, a,= 36.0 m/s’, and Newton’s second
law gives us

SF, =ma: 3.00 kg(10.0 m/s%) = 30.0N

Y.F, =ma,: 3.00kg36.0m/s") =108 N
¥ ¥ &

YF=JF+F =[112N

P5.33 From equilibrium of the sack:
T,=F, [1]

From % F}, = (0 for the knot:

T,sin6, + T,sin6, = F, [2] 5

From X2 F, = 0 for the knot: - =
T =
0 | T;
T, cosf, =T, cos b, [3] INA
T

Eliminate T, by using T, = T, cos 6, / cos 6, \ {
and solve for I;: ANS. FIG.P5.33

B F, cos8, _ Fycos,

- (81'119 cosf, + cosf, sin b, )_ 81'11(91+92)
325 N

[ 0840 0°

sin100.0°

]— 253 N

coso

T, 20 s ) S0
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P5.34

*P5.35

*P5.36

The Laws of Motion

See the solution for T, in Problem 5.33. The equations indicate that the
tension is directly proportional to ..

Let us call the forces exerted by each person F, and F,. Thus, for
pulling in the same direction, Newton’s second law becomes

F,+F, =(200 kg)(1.52 m/s”)
or F,+F=304N [1]
When pulling in opposite directions,

F,—F,=(200 kg)(-0.518 m/s’)
or F,—-F, =-104N [2]

Solving [1] and [2] simultaneously, we find

i =[100N | and F, =[204 N|

(a) First construct a free-body 4T, -
diagram for the 5.00-kg mass as T L
shown in the Figure 5.36a. Since Osxk a0° 50°
the mass is in equilibrium, we 5
can require T,—49.0 N =0 or Y ¥,

T, = 49.0 N. Next, construct a VAIN
free-body diagram for the knot ANS. FIG. 5.36(a)
as shown in ANS. FIG. P5.36(a). 11, 5
1
Again, since the system is Ok 60.0° T%
moving at constant velocity, 5
a =0, and applying Newton’s f ¥, 98N
second law in component form YO8N
glves ANS. FIG. 5.36(b)

> F,=T,c0850.0°- T cos40.0°=0
2 F, =T,sin50.0°+ T, 5in 40.0°~ 49.0 N =0

Solving the above equations simultaneously for T, and T, gives
T,=315N |and | T, =375 N

and above we found

T,=490N|.
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(b) Proceed as in part (a) and construct a free-body diagram for the
mass and for the knot as shown in ANS. FIG. P5.36(b). Applying
Newton’s second law in each case (for a constant-velocity
system), we find:

T,-980N=0
T, =T, c0860.0°=0
T,5in60.0°-T,=0

Solving this set of equations we find:

1,=113N, [| T,=566N, [and | T, =98.0N

Pl

P5.37 Choose a coordinate system with i East and j Fgl‘ oS

North. The acceleration is 0% 7 4 \?n 0°
1,00 !

|

3= [(10.0 cos 30.09] + (10.0 sin 30.0°)] m/s? | ks |~ =

1

=l

_ - 2 2
= (8.66i +5.00j) m/s ANS.FIG.P5.37

From Newton’s second law,
3 F = ma = (1.00 kg)(8.66i m/s” +5.00j m/s?)
= (8.661+5.00)) N
and YF=F +F,
So the force we want is

F, = X F- F, =(8.66i +5.00j- 5.005) N

—8.66i N = [8.66 N east

P5.38 (a) Assuming frictionless pulleys, the /4
tension is uniform through the entire T
length of the rope. Thus, the tension at
the point where the rope attaches to the  |[8:00kg
leg is the same as that at the 8.00-kg l

| mg

block. ANS. FIG. P5.38(a) gives a free-
body diagram of the suspended block.

Recognizing that the block has zero (a)

acceleration, Newton’s second law

gives ANS. FIG. P5.38
2F=T-mg=0
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224 The Laws of Motion

or

T =mg =(8.00 kg){9.80 m/s” ) =

(b) ANS. FIG. P5.38(b) gives a tree-body diagram of the pulley near
the foot. Here, F is the magnitude of the force the foot exerts on
the pulley. By Newton’s third law, this is the same as the
magnitude of the force the pulley exerts on the foot. Applying the
second law gives

SF =T+Tcos70.0°~ F =ma, =0
or

F=T(1+cos70.0°)= (78.4 N)(1+ cos70.0°) = [105 N

*P539 (a) Assume the car and mass accelerate

horizontally. We consider the forces 578[ —
on the suspended object. O T v 4

Y F, =ma,; +Tcos§-mg=0 T_.x

mg
S F . =ma,: +Tsing=ma
ANS.FIG.P5.39
Substitute T = L from the first
cosf

equation into the second,

IGEN0 mgtan § = ma

cosf
a=gtang
(b) a=(9.80 m/s’}tan23.0°=| 4.16 m/s’
P5.40 (a) The forces on the objects are shown L, tx 5 ‘
in ANS. FIG. P5.40. {8 > 4T *Y
T
5 kg 9kg
(b) and (c) First, consider n1, the block kg = | ke

moving along the horizontal. The 49N lf"g —88.2 N
only force in the direction of
movement is T Thus, ANS. FIG. P5.40

> F, =ma
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Chapter 5 2235

or T=(5.00kg)a [1]

Next consider m;, the block that moves vertically. The forces on it
are the tension 1" and its weight, 88.2 N.

We have X F, = ma:
882 N - T = (9.00 ke)a 2]

Note that both blocks must have the same magnitude of
acceleration. Equations [1] and [2] can be added to give 88.2 N =
(14.0 kg)a. Then

a=630 mfs” and T =31.5N

P5.41 (a) and (b) The slope of the graph of upward velocity versus time is the

acceleration of the person’s body. At both time 0 and time 0.5 s,
this slope is (18 cm/s)/0.6 s = 30 cm/s .

For the person’s body,

2R =ma:
+Fo —(64.0 kg )(9.80 m/s”) = (64.0 kg )(0.3 m/s7)

Note that there is no floor touching the person to exert a normal
torce, and that he does not exert any extra force “on himself.”

Solving, F,.,. =646 N up|.

a, = slope of v, versus f graph = 0 at f =1.1 s. The person is
moving with maximum speed and is momentarily in equilibrium:

b =ma
+ Fope —(64.0 kg )(9.80 m/s” )= 0

F

bar

=1627 N up

(d) a,=slopeof vy, versus? graph = (0-24 cm/s)/(1.7s-13s) =
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226 The Laws of Motion

P542  m, =2.00 kg, m,= 6.00 kg, 6= 55.0°

(a) The forces on the objects are T
shown in ANS. FIG. P5.42. 7;[ ]

(b) Y F, =mgsing—T =m,a and

) —
lm-|g _.
T N mlg - mla ! M2 QC0s H/:"' ; '?
. 1”2
a= TugSO M, ANS. FIG. P5.42
m, +m, .FIG. PS5,

(6.00 kg)(9.80 m/s”)sin 55.0°—(2.00 kg }(9.80 m/s’)
2.00 kg+6.00 kg

=| 3.57 my/s’
() T=my(a+g)=(2.00 kg)(3.57 m/s’ +9.80 m/s’ )=

(d) Since v, =0, v, =at=(3.57 m/s’)(2.00s)=|7.14 m/s |.

P5.43 (a) Free-body diagrams of the two blocks 7 T
are shown in ANS. FIG. P5.43. Note T T
that each block experiences a Upper Block | | Lower Block
downward gravitational force m=3.50 kg m=3.50 kg
F, =(3.50 kg)(9.80 m/s*)=343 N 7, l iz-g lf‘g
Also, each has the same upward ANS. FIG. P5.43

acceleration as the elevator, in this case
a,=+1.60 m/s’.

Applying Newton’s second law to the lower block:
2F=ma, = T,-F =ma
or
T,=F,+ma, =343 N+(3.50 kg)(1.60 m/s’)=
Next, applying Newton’s second law to the upper block:
YF=ma, = T,-T,-F =ma
or
T,=T,+F,+ma, =399 N+343 N +(350 kg)(1.60 m/s’|
=798 N
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Chapter 5 227

(b) Note that the tension is greater in the upper string, and this string
will break first as the acceleration of the system increases. Thus,
we wish to find the value of 4, when T, = 85.0. Making use of the
general relationships derived in (a) above gives:

T,=T,+F,+ma :(Fg + may)+ F,+ma, =2F +2ma,

or
T, -2F _
g — 1 g _ 85.0 N-2(34.3 N): a1 m/SQ
Y 2m 2(3.50 kg)

P5.44 (a) Free-body diagrams of the two blocks T T T I
are shown in ANS. FIG. P5.44. Note
that each block experiences a Upper Block| | Lower Block
downward gravitational force F, =mg. IasE=im MAss=m
Also, each has the same upward - l iFg ng
acceleration as the elevator, a4, = +a. ANS. FIG. P5.44

Applying Newton’s second law to the
lower block:

EF}, =ma, = T,—-F =ma

or T,=mg+ma=|m(g+a)

Next, applying Newton’s second law to the upper block:
2F=ma, = T,-T,-F =ma
or

T,=T,+F, +ma, =(mg+ma)+mg+ma= 2(mg+ ma)

=|2m{g+a)|=21,

(b) Note that ‘Tl = 21,, so the upper string breaks ﬁrst‘ as the

acceleration of the system increases.

(c) When the upper string breaks, both blocks will be in free fall with
a = —g. Then, using the results of part (a), T, =m (g +a)=m (g— g)

=[0] and T, = 2T, = [0].
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228 The Laws of Motion

P5.45 Forces acting on m1, = 2.00-kg block: tn
8 kg ,
T'-mg=mpa [1] T Lo .
— l78,4 N
Forces acting on m, = 8.00-kg block: T
2kg
F -T=mu [2] o
19.6 N
(a) Eliminate T and solve for a:
LT LIiTr e (mfshr o
ote tha I 0 N e
i F, —mg slope changes [ 704 -~ 1= 1%
m i m at f_y =784 N 5 ____;_//...
1 2 e = = = lj N
1001507 | 50100
a>0for Fx =M g= 196 N : /,g--'fi o} L i
e
Y s s e i

(b) Eliminate 2 and solve for T:

ANS.FIG. P5.45
m,

T

(Fx+ mQQ)

T=0forF,<-mg=-784N

Note that if F, < -m,g, the cord is loose, so mass m, is in free fall
and mass m, accelerates under the action of F_ only.

(c) See ANS.FIG. P5.45.

F,N -100 784 -50.0 0 50.0 100
a,m/ss -125 980 -696 -196 3.04 804

P5.46 (a) Pulley P, has acceleration a,.

Since m, moves fwice the distance P, moves
in the same time, 7, has twice the

acceleration of P,, i.e., | @, = 2a, |.

(b) From the figure, and using ANS. FIG. P5.46
YF=ma mg-T, =mga, [1]
T, =mya, =2m,a, [2]
1,-21,=0 [3]
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Chapter 5 229

Equation [1] becomes m,g — 21, = m,4,. This equation combined
with equation [2] yields

1, m
—212m,+—2 |=m
% (o, ) emg
m, m Im, m
5 5= . 12 and TQ == . 12 g
2m, +5m, m, +5m
(c) Fromthe values of T, and T, we find that
. m 1 m
a,=—21= 7191 and a, =—a, = SELLE I
m, | 2m,+35m 2 4m, + my

*P5.47  We use the particle under constant
acceleration and particle under a net force
models. Newton’s law applies for each
axis. After it leaves your hand, the block’s
speed changes only because of one
component of its weight:

z F}( = ma}(
—mg sin 20.0°= ma

Vi = V7 +2a(x, - x;)

Taking v; =0, v, =5.00 m/s, and
a=-(sin(20.0°) gives, suppressing units, ANS. FIG. P5.47

0=(5.00) - 2(9.80)sin (20.0°)( X, - 0

or

25.0
o ~[373m]
"~ 2(9.80)sin (20.0°) il

*P5.48  We assume the vertical bar is in T T3 B
compression, pushing up on the pin - -
with force A, and the tilted bar is in & A B

tension, exerting force B on the pin 2 500 N cos30° Beos50°
- a— —_—
at -50.0°.
| 1
2 500 N sin30° Bsin50°
ANS. FIG. P5.48
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230 The Laws of Motion

>E. =0
—2 500 N cos30°+ Beosb0°=0
B=337x10°N
ZF}, =

—2 500 Nsin30°+ A—-3.37x10° N sin50°= 0

A=383x10°N

Positive answers confirm that

B is in tension and A is in compression.

P5.49 Since it has a larger mass, we expect the
8.00-kg block to move down the plane.
The acceleration for both blocks should
have the same magnitude since they are
joined together by a non-stretching
string. Define up the left-hand plane as ANS. FIG. P5.49
positive for the 3.50-kg object and down
the right-hand plane as positive for the 8.00-kg object.

YF=ma: -mgsin35.0°+T=ma
>FE=ma,: mgsin35.0°-T=m,a

and, suppressing units,

—(3.50)(9.80)sin35.0°+ T = 3.50a
(8.00)(9.80)sin 35.0°— T = 8.00a.

Adding, we obtain +45.0 N-19.7 N=(11.5 kg)a.

(a) Thus the acceleration is | a = 2.20 m/s’ |. By substitution,

~19.7 N+ T =(350 kg)(2.20 m/s*)=7.70 N

(b) Thetensionis | T =274 N
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Chapter 5 231

P5.50 Both blocks move with acceleration a= [M} g:
m, +m,

|4 22 kg (9.80 m/s?)=5.44 m/s’
7kg+2kg

(a) Take the upward direction as positive for m,.
Vif :Vii +28x(yf _Yi)

0=(-24 myfs) +2(544 mfs’)(y, -0}

Y¢ Z‘ 0.529 m below its initial level ‘

(b) Vg =V, +at v, =-240m/s+(5.44 m/s’}(1.80 s)

Vi

v =| 740 m/s upward

P5.51 We draw a force diagram and apply Newton's £
second law for each part of the elevator trip to find o
the scale force. The acceleration can be found from |
the change in speed divided by the elapsed time.

Consider the force diagram of the man shown as
two arrows. The force F is the upward force exerted
on the man by the scale, and his weight is

7
F,=mg = (72.0 kg)(9.80 m/s") = 706 N

il

With +y defined to be wupwards, Newton's
second law gives ANS. FIG. P5.51

ZF},:JFFS—Fg =ma
Thus, we calculate the upward scale force to be

F. =706 N+ (72.0 kg)a [1]

where g is the acceleration the man experiences as the elevator changes
speed.
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232 The Laws of Motion

(@)

(b)

(©)

(d)

Section 5.8

*P5.52  If the load is on the point of sliding
torward on the bed of the slowing
truck, static friction acts backward
on the load with its maximum value,

Before the elevator starts moving, the elevator’s acceleration is
zero (a = 0). Therefore, equation [1] gives the force exerted by the
scale on the man as 706 N upward, and the man exerts a

downward force of | 706 N | on the scale.
During the first 0.800 s of motion, the man accelerates at a rate of

_AV_l.ZOm/s—O_ 5
8 = Ar =~ og0s = 100 m/s

Substituting # into equation [1] then gives

F=706N + (720 kg)(1.50 m/s’) = [ 814 N

While the elevator is traveling upward at constant speed, the
acceleration is zero and equation [1] again gives a scale force

F =[]

During the last 1.50 s, the elevator first has an upward velocity of
1.20 m/s, and then comes to rest with an acceleration of

_AV_O—l.ZOm/s_ 5
a—E—W——OBOOH]/S

Thus, the force of the man on the scale is

F=706N + (72.0 kg)(~0.800 m/s’) =

Forces of Friction

giLian
T
L

( B

L 3
Hpr-

to give it the same acceleration as the

truck: ANS.FIG. P5.52
Xk, =ma,: —f =m_,a,
Xk, =ma;:  n-my,g=0
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Chapter 5 233

Solving for the normal force and substituting into the x equation gives:
“H Mg = Mygq8,  or a8, =—i4g

We can then use
Vo= Vi+2a, (X - X))

Which becomes

0=vi+ 2(_#59)()(1* - 0)

Vi (120mys)’
@) X =5 2(0500(9.80 Y] =[147m]

2
i

21,9

(b) From the expression X; =

‘ neither mass affects the answer ‘

P5.53 Using m = 12.0 x 107 kg, v,=260m/s, v,= 0, Ax = (x,—x) = 0.230 m,
and Uf =v] + 2a(x,— x,), we find the acceleration of the bullet:

a=-1.47 x 10° m/ s°. Newton’s second law then gives
2. F. =ma,

fi=ma=-176 x10°N

The (kinetic) friction force is [1.76 x 10° N in the negative X direction |.

P5.54 We apply Newton’s second law to the car to determine the maximum
static friction force acting on the car:

> F,=ma;: +n-mg=0
f,<u.n=umg

This maximum magnitude of static friction acts so long as the tires roll
without skidding.

2 F =ma, —»—f =ma
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234 The Laws of Motion

The maximum acceleration is
d= _#sg

The initial and final conditions are: x,= 0, v, = 50.0 mi/h = 22.4 m/s,
and v, = 0. Then,

Vi =V 2806 - X)) o V= 20,0%,

v

@ %= 24,9

(22.4 mys)’

' 2(0.100){9.80 m/s’ |
v
X, =—
O X g
2
224
g — (224 s) —=[27m
2(0.600)(9.80 mys’)
P5.55 For equilibrium: f=F and n = F_. Also, f=un, ie, I_,
n
b P N
T e T e— f
g
In parts (a) and (b), we replace F with the
magnitude of the applied force and u with the ANS. FIG. P5.55

appropriate coefficient of friction.
(a) The coetficient of static friction is found from

750N

P - -
o, T (50 kg)(9.80 m/s) {02051

(b) The coetficient of kinetic friction is found from

(025

600 N
25.0 kg)(9.80 m/s’

Wb
A
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Chapter 5 233

P5.56 Find the acceleration of the car, which is the same as the acceleration of
the book because the book does not slide.

For the car: v, =72.0 km/h = 20.0 m/s, v, = 0, Ax = (x)r —-x,)=30.0m.

Using U)f =gl 2a(x,— x,), we find the acceleration of the car:

a=-667m/s

Now, find the maximum acceleration that friction can provide. Because
the book does not slide, static friction provides the force that slows

down the book. We have the coefficient of static friction, g, = 0.550, and
we know f < un. The book is on a horizontal seat, so friction acts in the

horizontal direction, and the vertical normal force that the seat exerts
on the book is equal in magnitude to the force of gravity on the book:
n =F_=mg. For maximum acceleration, the static friction force will be

a maximum, so f, = un = ymg. Applying Newton’s second law, we
tind the acceleration that friction can provide for the book:

> F =ma,:
—f.=ma
FHING =~

which gives 2=y g =—(0.550)(9.80 m/s’) = -5.39 m/s’, which is
too small for the stated conditions.

The situation is impossible because maximum static friction

cannot provide the acceleration necessary to keep the book

stationary on the seat.

P5.57 The x and y components of Newton’s second law as the eraser begins
to slip are

—f+mgsiné=0 and +n—mgcosf=10

with f=p, norp N, these equations yield

u,=tan 8, = tan36.0° =
U, =tang, = tan 30.0° =
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236 The Laws of Motion

P5.58 We assume that all the weight is on the rear wheels of the car.
(a) We tind the record time from

F=ma: ymg=ma ora=yug

But
at?  ugt?
A=—= L
2 2
2AX
S0 =
M gtg
2(0.250 mi)(1 609 i

(9.80 m/s” }(4.43 s

(b) |Time would increase, as the wheels would skid and only kinetic

friction would act; or perhaps the car would flip over.

P5.59 Maximum static friction provides the force that produces maximum
acceleration, resulting in a minimum time interval to accelerate
through AX = 3.00 m. We know that the maximum force of static
friction is f, = y 7. If the shoe is on a horizontal surface, friction acts in

the horizontal direction. Assuming that the vertical normal force is
maximal, equal in magnitude to the force of gravity on the person, we
haven=F . = Mg therefore, the maximum static friction force is

fo=un=pumg

Applying Newton’s second law:
S F, =ma,:

f.=ma

pmg=ma — a=ug

We find the time interval At ={ to accelerate from rest through Ax=

3.00 musing X; = X; + int+%axt2:

Ax:lax(At)QaAt: /Zﬂz /%
2 a, J2N¢
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(@) For g, = 0.500, At=
(b) For g, = 0.800, At=[0.875 s

P5.60 (@) Seethe free-body diagram of the suitcase in | ¥
ANS. FIG. P5.60(a). ' ) /
(b) M,y =200kg F=35.0N AN
YF.=ma;: 200 N+Fcosf=0 E,
YR =ma: +n+Fsinf-F =0

Fcosf=200N ANS. FIG. P5.60(a)

200N
350N

6=>55.2°

cosf = =0.571

(©) With F, = (20.0 kg)(9.80 m/s?),

n=F, - Fsin6=[196 N~(35.0 N)(0.821)]

n=167 N
P5.61 We are given: m = 3.00 kg, 6=30.0°, x = 2.00 m, n ;
f=150s }m
(a) At constant acceleration, 00 Vg

X, =Vt+lat’
ANS. FIG. P5.61

Solving,

2(x - vt) 2200 m-0)
i? (150 sy

a— =|1.78 m/s?

From the acceleration, we can calculate the friction force, answer (c),
next.

(c) Take the positive x axis down parallel to the incline, in the
direction of the acceleration. We apply Newton's second law:

2 F =mgsin6—f=ma
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238 The Laws of Motion

Solving, f=migsinf—a)

Substituting,

f=(3.00 kg)[(9.80 m/s%)sin 30.0° — 1.78 m/s] =

(b) Applying Newton’s law in the y direction (perpendicular to the
incline), we have no burrowing-in or taking-off motion. Then the
y component of acceleration is zero:

2F, =n-mgcos =0
Thus 1 =mg cos 9
Because  f= u.n

f 9.37 N
mg cos® (3.0 kg)(9.80 m/s’ )cos 30.0°

we have |, = = [0.368

(d) v,=v,+at so v,=0+(L78 m/s’)(1.50s)=[2.67 m/s

*P5.62  The free-body diagrams for this problem are shown in ANS. FIG.
P5.62.

Y +y

A
= Pg /'?. =8501

43
grownd )
Ay

22022 02
;2\\< 5 ¥

+X +X

w

F=4581

yE =1701b -

Free-Body Diagram Free-Body Diagram
of Person of Crutch Tip

ANS. FIG. P5.62
From the free-body diagram for the person,
> F, =F sin(22.0°)-F,sin(22.0°)=0

which gives F, =F, = F. Then, 3 F, = 2F c0s22.0°+ 85.0 Ibs - 170 Ibs = 0
yields F = 45.8 1b.
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(a) Now consider the free-body diagram of a crutch tip.
> F, =1 (4581b)sin22.0°= 0
or f=17.21b.
> F, =n,,—(45.81b)c0s22.0°= 0
which gives n,, = 42.5 lb.

For minimum coefficient of friction, the crutch tip will be on the
verge of slipping, so f =(f,) = un, and

1721
B = 25

ntlp

0.404

(b) As found above, the compression force in each crutch is

F=F=F=[458D

Newton'’s second law for the 5.00-kg mass gives

T'—f,= (.00 kg)a 5.00 kg
Similarly, for the 9.00-kg mass, m ———T*b &
9.00 kg)g — T = (9.00 kg)a .00 kg M |

Adding these two equations gives: £l
£ [T
(9.00 kg )(9.80 m/s” -:”Dﬁ ; i
~0.200(5.00 kg)(9.80 m/s?) l_]

=(14.0 kg)a

'—li

ANS. FIG. P5.63
Which yields a = 5.60 m/s’. Plugging this into
the first equation above gives

T =(5.00 kg}{5.60 m/s” )+ 0.200(5.00 kg){9.80 m/s” }=[37.8 N
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240 The Laws of Motion

P5.64 (@) The free-body diagrams for each object y
appear on the right.

(b) Let a represent the positive magnitude of

the acceleration —aj of m,, of the

acceleration —ai of m,, and of the

acceleration +aj of m,. Call T, the
tension in the left cord and T',, the tension
in the cord on the right.

For m,, 2. F, = ma,:

For m,, X,F, =ma,:

ANS. FIG. P5.64(a)

and X F, =ma,, giving n—m,q = 0.
For m, 2.F, = ma,, giving T,, —m,g=+ma.
We have three simultaneous equations:

~T,, +39.2 N=(4.00 kg)a
+T,, — 0.350(9.80 N)- T,, =(1.00 kg)a
+T,,—19.6 N=(2.00 kg)a

Add them up (this cancels out the tensions):

+39.2 N-3.43 N-19.6 N=(7.00 kg)a

a=|231 mfs’, down form,, left for m,, and up form,

() Now —T,,+39.2 N =(4.00 kg)(2.31 m/s’)

T,=300N

and T, —19.6 N=(2.00 kg)(2.31 m/s’)

T,=242N
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(d) It the tabletop were smooth, friction disappears (i, = 0), and so

the acceleration would become larger. For a larger acceleration,
according to the equations above, the tensions change:

T, =mg—ma—|T, decreases

T, =M,g+ m,a—|T,, increases

P5.65 Because the cord has constant length,
both blocks move the same number
of centimeters in each second and so
move with the same acceleration. To
tind just this acceleration, we could s
model the 30-kg system as a particle /1 =4

under a net force. That method myg =118 N myg =176 N
would not help to finding the tension, ANS. FIG. P5.65

so we treat the two blocks as separate

accelerating particles.

(@) ANS. FIG. P5.65 shows the free-body diagrams for the two blocks.
The tension force exerted by block 1 on block 2 is the same size as
the tension force exerted by object 2 on object 1. The tension in a
light string is a constant along its length, and tells how strongly
the string pulls on objects at both ends.

(b) We use the free-body diagrams to apply Newton’s second law.
For m,: QFE=T-f=ma or T=ma+f [1]
Andalso XF =n-mg=0 or n =mg
Also, the detinition of the coetficient of friction gives

fi= un, = (0.100)(12.0 kg)(9.80 m/s’) =118 N
For m,: SF =F-T-f,=ma [2]
Also from the y component, n,-m,g=0 or n,=mqg
And again f, = un, = (0.100)(18.0 kg)(9.80 m/s’) =17.6 N
Substituting I" from equation [1] into [2], we get

F-ma-f -f,=ma or F-f -f,=ma+ma
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242 The Laws of Motion

Solving for a,

CF-f,-f, (680N-118N-176N) 2
=T, - (20kgrBD kg L2 mys

(c) From equation [1],

T=ma+f=(120kg)(1.29 m/s) +11.8N = 272N

P5.66 (a) To find the maximum possible value of P, f 1
imagine impending upward motion as P cos 50°
case 1. Setting > F, = O: /‘ l I, £ it
mg
Pcosh0.0°-~n=20 Psin 50°
fo maxe= s H
with f .. = HM .
P ros 50 -~
fo ow = 1P cos50.0° ; |—
= 0.250(0.643)P = 0.161P E e
" Psin 50°

Setting > F, = 0:
ANS. FIG. P5.66

P sin 50.0° - 0.161P
~(3.00 kg})(9.80 m/s” )=

P, [N

To find the minimum possible value of P, consider impending
downward motion. As in case 1,

f, oo = 0161P
Setting > F, = 0:

Psin50.0°+ 0.161P - (3.00 kg)(9.80 m/s’ )=

Pmin:

(b) |IfP>48.6 N, the block slides up the wall. If P < 31.7 N, the block
slides down the wall.
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(c) We repeat the calculation as in part (a) with the new angle.

Consider impending upward motion as case 1. Setting

Y F, =0 Pcos13°~n=0
f, max = Ml fg, o = ptP c0813°
=0.250(0.974)P = 0.244P

Setting

SF,=0: Psin13°-0.244P-(3.00 kg){9.80 m/s’)=0
P.. =-1580N

The push cannot really be negative. However large or small it is,
it cannot produce upward motion. To find the minimum possible
value of P, consider impending downward motion. As in case 1,

f, o = 0.244P

Setting

Y F,=0: Psin13°+0.244P-(3.00 kg){9.80 m/s’)=0

Pmin:

P >62.7 N. The block cannot slide up the wall. I[f P < 62.7 N, the
block slides down the wall.

P5.67 We must consider separately the rock when it is
in contact with the roof and when it has gone
over the top into free fall. In the first case, we take
x and y as parallel and perpendicular to the
surface of the roof:

Y F,=ma;: +n-mgcosf=0
N=mg cosé ANS.FIG. P5.67

then friction is f, = p,n= u,mgcosd

>F . =ma,: - f,—mgsing=ma,
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244 The Laws of Motion

a, = —p, §cosf — (sin & = (~0.400 cos 37.0° — sin 37.0°)(9.80 mfs”)

=-9.03 m/s’

The rock goes ballistic with speed given by

Vi = v+ 28, (X, - X, )= (15 mfs)’ +2(-9.03 m/s? (10 m~ 0)

=444 m’[s’
v, =6.67 mfs

For the free fall, we take x and y horizontal and vertical:

2 2
Vi =V +Za},(yf —yi)
2 2
_ Ve = Vyi

Za},

 0—(6.67 mys sin37°)

2(-9.8 m/s’)

Then y,, =10.0 m sin37.0°+0.822 m=[6.84 m|.

¥

= 0.822 m above the top of the roof

P5.68 The motion of the salmon as it breaks the surface of the water and
eventually leaves must be modeled in two steps. The first is over a
distance of 0.750 m, until half of the salmon is above the surface, while
a constant force, P, is applied upward. In this motion, the initial
velocity of the salmon as it nears the surface is 3.58 m/s and ends with
the salmon having a velocity, ,, when it is half out of the water. This
is then the initial velocity for the second motion, where gravity is a
second force to be considered acting on the tish. This motion is again
over a distance of 0.750 m, and results with the salmon having a final
velocity of 6.26 m/s.

The vertical motion equations, in each case, would be

L _Vh oV V(358 mys) v, (128 m?/s?)
Yo 2 Ay 2 (0.750 m) 1.50 m

2
. Vi Vi, (626 myfs) —vi, (392 m/s’)- vy,
Y2 Ay 2 (0.750 m) 1.50 m
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Solving for the square of the velocity in each case and equating the
expressions, we find

vy, =(1.50 m)a,, +{12.8 m’/s’)
Vi, =(39.2 m’fs’)- (150 m)a,,

(1.50 mjay, +(12.8 m’/s”)=(39.2 m’/s’ )~ (1.50 m)a,,
a, =(17.6 mfs’)-a,,

In the first motion, the relationship between the net acceleration and
the net force can be written as

2F =P=ma,
P=(61.0 kg)a,,

Substituting from above,

P=(61.0 kg)[(17-6 mys’ |- azy]
P=1070 N—(61.0 kg)a,,

In the second motion, the relationship between the net acceleration and
the net force can be written as

2 F,=P-mg=ma,
P =mg+ma,, =(61.0 kg)(9.80 m/s*)+(61.0 kg)a,,
P=598 N+(61.0 kg)a,,

Equating these two equations for, P,

1070 N-(61.0 kg)a,, = 598 N+(61.0 kg)a,,
~(122.0kg)a,, =472 N

8, =3.87 m/s’

Plugging into either of the above,

P =598 N+({61.0kg)(3.87 m/s’)
P
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246 The Laws of Motion

P5.69 Take +x in the direction of motion of the tablecloth. For the mug:
YF=ma: 01N=02kga,
a, = 0.5 m/s’

Relative to the tablecloth, the acceleration of the mug is 0.500 m/ 5% —

3.00 m/s’ = -2.50 m/s’. The mug reaches the edge of the tablecloth
after time given by

AX=V, t+ ] at?

2
—0300rn=4}+%(—2501n/§)ﬁ
t=0.490s

The motion of the mug relative to tabletop is over distance

%@fz%@B%rﬂﬁﬂ&@OQ%:QM@Om

The tablecloth slides 36 cm over the table in this process.

*P5.70 (a) The free-body diagrams are shown in the figure below.

ﬁ-,l ‘Iﬁ2

J.'ll -
g
= T £, f 100N |,
F-450N ,_@09_1 b 45.0 N

98.0 N
TN ) 490N

7

R
ANS. FIG. P5.70(a)
fiand m; appear in both diagrams as action-reaction pairs.

or the 5.00-kg mass, Newton’s second law in the i direction
For the 5.00-kg N : dl heyd
gives:

n, =m,g=(5.00 kg)(9.80 m/s’)=49.0 N

In the x direction,

f-T=0
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T = f, = umg = 0.200(5.00 kg)(9.80 m/s?) =

For the 10.0-kg mass, Newton's second law in the x direction
gives:

45.0N- f,— f,=(10.0kg)a
In the y direction,
n,—-n—-980N=0
f,=un, =u(n +98.0N)=020(49.0 N+98.0 N)=294 N

450N-980N-294 N= (10.0 kg)a
a=| 0580 m/s’

For the right-hand block (m1), > F, = ma
gives

-m,gsin35.0°— f, , + T=ma

ANS. FIG. P5.71

or

—(3.50 kg)(9.80 m/s” )sin 35.0°
— 14,(3.50 kg )(9.80 m/s* ) cos 35.0°+ T
=(3.50 kg )(1.50 m/s”) [1]

For the left-hand block (m), X F, = m,a gives
+m,gsin35.0°- f, ,—T=m,a

+(8.00 kg)(9.80 m/s?)sin 35.0° -
1(8.00 kg )(9.80 m/s*)cos35.0°~ T = (8.00 kg)(1.50 m/s’)  [2]

Solving equations [1] and [2] simultaneously gives

(@ [u =00871

®) [T=274N]
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248 The Laws of Motion

Additional Problems

P5.72 (a) Choose the black glider plus magnet as the system.

Y F, = ma, »>+0823 N=(0.24 kg)a

a=|3.43 m/s? toward the scrap iron

(b) The force of attraction the magnet exerts on the scrap iron is the
same as in (a):

3. =|343 m/s’ toward the scrap iron

By Newton’s third law, the force the black glider exerts on the
magnet is equal and opposite to the force exerted on the scrap
iron:

Y F,=ma, —»-0823 N=—(0.12 kg) a

a=|-6.86 m/s’ toward the magnet

P5.73 Let situation 1 be the original situation, with
> F, =mya, = m, (840 mi/h-s). Let situation 2 be the case with larger

force Y F, =(1+024)Y F, =mja, =1.24m,a,, so a, = 1.24a,. Let situation
3 be the case with the original force but with smaller mass:

M>FE =>F =ma,=(1-024)m,a,

a, = 2h 1.32a,
0.76m,

(a) With 1.32a greater than 1.24a,, | reducing the mass | gives a

larger increase in acceleration.

(b) Now with both changes,

EF =mya,
1.242 F, = 0.76m,a,
_ 1.242F1 _ 1.24

(840 mi/h-s)=[13.7 mifh-s

a, = =
076 m,  0.76
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P5.74 Find the acceleration of the block according to the kinematic equations.
The book travels through a displacement of 1.00 m in a time interval of

0433 s. Use the equation X, = X, + int+%axt2, where

AX=X,—-%=100m At=t=0483 s, and v, =

_ 2AX
==

X; :Xi-i-int-i—%axtQ — 3 =857 m/s’

Now, find the acceleration of the block caused by the forces. See the
tree-body diagram below. We take the positive y axis is perpendicular
to the incline; the positive x axis is parallel and down the incline.

X b =may:
N—mgcos@=0—n=mgcos8
Xk Emays

mg sin 6 — f, = ma

where f, = w,n=pu,mgcos 8

ANS.FIG.P5.74
Substituting the express for kinetic friction into the
x-component equation gives

mg sin 6 — u, Mg cos 8= ma — a = ¢(sin 6 — u, cos 6)

For g, = 0.300, and 6 =60.0°, 4=7.02m/s".

The situation is impossible because these forces on the book cannot

produce the acceleration described.

P5.75 (a) Since the puck is on a horizontal surface, the normal force is
vertical. With a, = 0, we see that

2F,=ma,—>n-mg=0 or n=mg
Once the puck leaves the stick, the only horizontal force is a

triction force in the negative x direction (to oppose the motion of
the puck). The acceleration of the puck is

_EFx__fk__lu’kn__lu’k(mg)__
T m T m m m =[]
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250 The Laws of Motion

(b) Then V., =V +2aAx gives the horizontal displacement of the

puck before coming to rest as

AX_V>2<f_V>2<i_ 0-v: | v}
2ax 2(_ng) 2/1kg

*P5.76  (a) Letxrepresent the position of the glider along the air track. Then
_ _ 12 _dx 1 ~12 dz
22 =x>+h, x=(22-n)", and VX—E—E(ZZ—hg) (ZZ)E.

Now % is the rate at which the string passes over the pulley, so

it is equal to v, of the counterweight.

v, =2(2-h) v, =uy,

dv, d dv, du
= X=__ “u—+v —
®)ac= g Ta™ T W g

At release from rest, v, =0 and a, = ua, .

(©) sin30,0° = 200 cm

, 2=1.60 m,

u=(22-n)"z=[(1.6 m)*- (0.8 m)*] (1.6 m)=1.15m
For the counterweight, Y, F, =ma:

T-(0.5 kg)(9.80 m/s?) = -(0.5 kg)a,

a, =(-2 kg)T +(9.80 m/s?)
For the glider, }\F, = ma,:

T cos30° = (1.00 kg) a, =(1.15 kg)a,
=(1.15 kg)[(-2 kg ') T +9.80 m /s’
=-231T +11.3N

3.18T =113 N

T=[356N
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*P5.77  When an object of mass m is on this frictionless incline, the only force
acting parallel to the incline is the parallel component of weight,
mgsin@, directed down the incline. The acceleration is then

a= mg:ne = gsin =(9.80 m/s*)sin35.0° = 5.62 m /s>

directed down the incline.

(a) Taking up the incline as positive, the time for the sled projected
up the incline to come to rest is given by

Vi=V; 0-5.00m/s

t= >
a -5.62 m/s

=0.890 s

The distance the sled travels up the incline in this time is

VvV, +V.
Ax:vavgt:(f '):(0+5'Oom/5](0.8905):

2 2

(b) The time required for the first sled to return to the bottom of the
incline is the same as the time needed to go up, thatis, t = 0.890 s.
In this time, the second sled must travel down the entire 10.0-m
length of the incline. The needed initial velocity is found from

1
AX =vt+—at’
2

which gives

_ —5.62 2)(0.890
v =X _a 100m _(-562m/s’) )= §74m/s
t 2 0.890s 2

or [8.74 m/s down the incline|

P5.78 (a) free-body diagrams of block and rope are shown in ANS. FIG.
P5.78(a):

mg

ANS. FIG. P5.78(a)
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252 The Laws of Motion

(b) Applying Newton’s second law to the rope yields
Y>FE=ma, = F-T=ma or T=F-ma [1]
Then, applying Newton’s second law to the block, we find
YF=ma, =T=ma or F-ma=ma

which gives

F
mb+mr

a=

(c) Substituting the acceleration found above back into equation [1]
gives the tension at the left end of the rope as

e

mb +mr

T:F—mra:F—mr[

m
or T:[ b jF
mb+mr

(d) From the result of (c) above, we see that as m, approaches zero, T

mb+mr

approaches F. Thus,

the tension in a cord of negligible mass is constant along

its length.

P5.79 (@) The free-body diagrams of the two blocks shown in ANS. FIG.

P5.79(a):
5 3
P bt —
P2 P12
mig mag

ANS. FIG. P5.79(a)

Vertical forces sum to zero because the blocks move on a
horizontal surface; therefore, a,=0 for each block.
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YF,=ma,: YF, =ma,:

-mg+n,=0—-n=mg -m,g+n,=0—n, =m,g
Kinetic friction is: Kinetic friction is:

f,=wn, = pumg f, = 1N, = M, g

(b) | The net force on the system of the blocks would be equal to the
magnitude of the force, F, minus the friction force on each
block. The blocks will have the same acceleration.

(c) |The net force on the mass, m;, would be equal to the force, F,
minus the friction force on m, and the force P ,,, as identified

in the free-body diagram.

(d) |The net force on the mass, m,, would be equal to the force, P,,,
minus the friction force on m,, as identified in the free-body

diagram.

(e) The blocks are pushed to the right by force F, so kinetic friction f
acts on each block to the left. Each block has the same horizontal
acceleration, a, = a. Each block exerts an equal and opposite force
on the other, so those forces have the same magnitude:

P,=P, =P.
24|:1>< = mlax: 24|:2x = mzax:
F-P—f =ma P—f,=mu
|F_P_Ulm1g:m1a| |P_H2ng:m2a

(f) Adding the above two equations of x components, we find

F- P—H1m19 + P_/szzg =ma+m,a
F- Hm g - H,M,g = (ml + mz)a_>

— F- Hlmlg B U2m29
m, +m2

a
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254 The Laws of Motion

(g) From the x component equation for block 2, we have

P—u,m,g=ma—P=pmg+ma

P:( m, ][m(uz—ul)mlg]

ml +m2

We see that when the coefficients of friction are equal, 1, = p,, the
magnitude P is independent of friction.

P5.80 (a) The cable does not stretch: Whenever one car moves 1 cm, the
other moves 1 cm.

At any instant they have the same velocity and at all instants they
have the same acceleration.

(b) Consider the BMW as the object.
.F =ma:
+T-mg=ma
+T —(1 461kg)(9.80 m/s?)=(1 461kg)(1.25m/s?)

T={1.61x10*N

(c) Consider both cars as the object.

YF =ma:
+T-(m+M)g=(m+M)a
+T —(1 461 kg +1207 kg)(9.80 m/s?)
=(1 461kg +1207 kg)(1.25m/s?)

above =

T

P5.81 (@) ANS. FIG. P5.81(a) shows the free-body diagrams for this
problem.

Note that the same-size force n acts up on Nick and down on
chair, and cancels out in the diagram. The same-size force T =
250 N acts up on Nick and up on chair, and appears twice in the
diagram.
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ANS. FIG. P5.81(a)

(b) First consider Nick and the chair together as the system. Note that
two ropes support the system, and T = 250 N in each rope.

Applying > F=ma, 2T — (160 N + 320 N) =ma

where = &1\2 =49.0 kg
9.80 m/s
. . _ (500 - 480) N _ )
Solving for a gives S T Pokg 0.408 m/s
(c)  On Nick, we apply
Y F=ma: n+T-320 N =ma
where m = LNZ =327 kg
9.80 m/s

The normal force is the one remaining unknown:
n=ma+320N -T

Substituting, n=(32.7 kg)(0.408 m/sZ) +320 N - 250 N

gives n=
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256 The Laws of Motion

P5.82 See ANS. FIG. P5.82 showing the free-body |
diagrams. The rope has tension T. 7y

(@) Assoon as Nick passes the rope to
the other child,

Nick and the seat, with total weight 440 N
480 N, will accelerate down and the ANS. FIG. P5.82
child, with smaller weight 440 N, will

accelerate up.

On Nick and the seat,
480 N
F =+480 N-T=———a
2, 9.80 m/s
On the child,
440 N
F=+T-40N=———-a
25, 9.80 m/s’

Adding,
+480 N-T+T-440 N =(49.0 kg +449 kg)a

a=—ON 5256 m/s’ =a
93.9 kg

The rope tension is T = 440 N + (44.9 kg)(0.426 m/ s’) = 459 N.

(b) The rope must support Nick and the seat, so the rope tension is
480 N.

In problem 81, a rope tension of 250 N does not make the rope
break. In part (a), the rope is strong enough to support tension
459 N. But now the tension everywhere in the rope is 480 N,

so it can exceed the breaking strength of the rope.

The tension in the chain supporting the pulley is 480 N + 480 N =
960 N, so the chain may break first.
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P5.83 (@) See free-body diagrams in ANS. FIG. P5.83.
(b) We write > F, = ma, for each object.

1I8N-P=(2kg)a I S L
poc(pigls Dbl LheB To
Q=(4kg)a $ 196N ;29.41\1 39.2Nl

Adding gives ANS. FIG. P5.83

18 N=(9kg)a—a=|2.00 m/s

(c) The resultant force on any object is ¥ F = ma: All have the same
acceleration:

Y F=(4kg)(2 m/s”) =|8.00 N on the 4-kg object
Y F=(3kg)2m/s*)={6.00 N on the 3-kg object

SF=(2 kg)(2 m/s*) =|2.00 N on the 2-kg object

(d) From above, P=18 N -(2kg)a —» |[P=14.0N|,and Q = (4 kg)a —
Q=8.00 N|

(e) |Introducing the heavy block reduces the acceleration because

the mass of the system (plasterboard-heavy block-you) is greater.
The 3-kg block models the heavy block of wood. The contact
force on your back is represented by Q, which is much less than
the force F. The difference between F and Q is the net force
causing acceleration of the 5-kg pair of objects.

P5.84 (a) For the system to start I —
to move when released, ‘
the force tending to move  § |
m, down the incline, l B

m,g sin 6, must exceed
the maximum friction
force which can retard
the motion:

ANS. FIG. P5.84

fmax = fl,max + fZ,max = I’ls,lnl + l’ls,ZnZ

fmax = l’ls,lmlg + IJS,ZmZg COSH
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258 The Laws of Motion

From the table of coefficients of friction in the text, we take
#y1 = 0.610 (aluminum on steel) and x,, = 0.530 (copper on steel).
With

m, =2.00 kg, m, =6.00 kg, 6 = 30.0°

the maximum friction force is found to be f, . = 38.9 N. This
exceeds the force tending to cause the system to move,

m,gsin@ = 6.00 kg(9.80 m/s”)sin30° =29.4 N . Hence,
2 &

the system will not start to move when released

(b) and (c) [No answer because the blocks do not move.]

(d) The friction forces increase in magnitude until the total friction
force retarding the motion, f = f, + f,, equals the force tending to

set the system in motion. That is, until

f =m,gsin6 =294 N

P5.85 (a) See ANS. FIG. P5.85 showing the
forces. All forces are in the vertical
direction. The lifting can be done at
constant speed, with zero
acceleration and total force zero on
each object.

(b) For M, YF=0=T,-Mg

SO T,=Mg

Assume frictionless pulleys. The
tension is constant throughout a light,
continuous rope. Therefore, T, = T, =

T,.
For the bottom pulley,
ANS. FIG. 5.85
YF=0=T,+T,-T,;
so 2T,=T.Then |T,=T,=T, 2% | Ty :¥ ,and
T, = Mg |.
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(c) Since F=T, wehave | F=—|

*P5.86 (a) Consider forces on the midpoint of the
rope. It is nearly in equilibrium just
before the car begins to move. Take the y

axis in the direction of the force you exert: Ty K(_T

Y

YF =ma: —Tsin@+f-Tsin6=0 ANS. FIG. P5.86
_ f
2sinf
by T= 10,0N =| 410N
2sin7°
*P5.87  The acceleration of the system is found a
from T ; ; T%
n=-mg T
Ay :Vyit+%ayt2 + ’I o 12 ' la
mg msg
since V,; =0, we obtain ANS. FIG. 5.87

=28 2100m) _; 5 /2
t (1.20's)

Using the free-body diagram for m,, Newton’s second law gives

Y F,=ma
m,g—T =m,a
T= m2(g—a)
=(5.00 kg)(9.80 m/s*~1.39 m/s?)
=421N

Then, applying Newton’s second law to the horizontal motion of m,,

YE,=ma
T-f=ma
f=T-ma

=42.1N-(10.0 kg)(1.39 m/s?) =282 N
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260 The Laws of Motion

Since n =m,g = 98.0 N, we have

—= =10.288
“n 90N
*P5.88  Applying Newton’s second law to / = 2mgcos 9
each object gives: \
. 2m
T, =f +2m(gsin6+a)  [1] p T,
2mgsin® P ¥ \ T ﬂ;‘
T,-T,=f,+m(gsin6+a) [2] ' 2mgcosd
- Mg
T2 =M (g - a) [3] a/ fip = mgcos O
\ A / T
(a), (b) Assuming that the system is <)
in equilibrium (a2 = 0) and that mg sin 0
the incline is frictionless, (f; = g mq cos 6

f2=0), the equations reduce to
ANS. FIG. P5.88

T, =2mgsin® [17]

T,-T, =mgsin® [27]
T, =Mg [3]

Substituting [1'] and [3’] into equation [2’] then gives

M =3msin6

so equation [3'] becomes | T, = 3mgsin 6

(c), (d) M =6msin@ (double the value found above), and fi =f.=0.
With these conditions present, the equations become
T, =2m(gsin@+a), T,— T, =m(gsin6 +a) and
T, =6msind(g - a). Solved simultaneously, these yield

- e
=980 |+ ymgsing| 500 ) ond
1+2sin@ 1+2sin@
e
T, = 6mgsin@ 1+sin6
1+2sin6
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(e) Equilibrium (a = 0) and impending motion up the incline, so
M=M_.  while f, =2umgcos6 and f, = umgcos6, both

directed down the incline. Under these conditions, the equations
become T, =2mg (sin@ + U Cose), T,-T,=mg (sin@ + L cosB),

and T, =M, g, whichyield | M, =3m(sin@+ p, cos6) |.

(f) Equilibrium (a = 0) and impending motion down the incline, so
M=M,_, , while f, =2umgcosf and f, = umgcos6, both
directed up the incline. Under these conditions, the equations are
T, =2mg(sin@ — y, cosB), T,—T, =mg(sind - p, cosB), and

T, = M,..g, which yield | M, =3m(sin6 - i, cos6) |. When this

expression gives a negative value, it corresponds physically to a
mass M hanging from a cord over a pulley at the bottom end of
the incline.

min /

(g) TZ,max _T2,min = Mmaxg - Mming = 6:usmg COSB

P5.89 (@) The crate is in equilibrium, just before it starts to move. Let the
normal force acting on it be n and the friction force, f..

Resolving vertically: >.F, = ma, gives v\g" -
F ¢
n=F,+Psin6 . "
Horizontally, ¥ F, = ma, gives E _i%
Pcos 9=f ANS. FIG. P5.89
But,
f,<pun
ie.,
PcosO < (Fg + PsinG)
or
P(COSO— U sin@) < KK
Divide by cos 6:

P(l— M tan9) < M F, secO
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262 The Laws of Motion

Then

b _ M F, sec6

minimum

1-p tan6

(b) |To set the crate into motion, the X component (P cos 6) must
overcome friction f, = pn:
Pcos 62 pn=py (F,+Psin0b)
P(cos 0 — U, sin 9) 2 g Fy

For this condition to be satisfied, it must be true that

(cos@—/,lS sint9)>0—>usta1r10<1+ta1r10<“i

If this condition is not met, no value of P can move the crate.

P5.90 (a) See table below and graph in ANS. FIG. P5.90(a).

k(s) £(s”) x(m)
0 0 0
1.02 1.040  0.100
1.53 2341  0.200
2.01 4040  0.350
2.64 6970  0.500
3.30 10.89 0.750
3.75 14.06 1.00

Acceleration determination for
a cart on an incline
x (m)

Ly =00714 x e p i sy
0.8/ -+R2=0.9919 - -4 -4-4-+-detq-+-4

1 S NI

ANS. FIG. P5.90(a)
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(b) From x= %at2 the slope of a graph of x versus t* is %a, and

a=2xslope =2(0.0714 m/s?)=[0.143 m/s’

(c) From a’=gsiné,

a’=9.80 m/s’ (%j =0.137 m/s’, different by 4%.

The difference is accounted for by the uncertainty in the data,
which we may estimate from the third point as

0.350—(0.071 4)(4.04)
0.350

=18%

|Thus the acceleration values agree.|

P5.91 (a) The net force on the cushion is in a fixed direction, downward
and forward making angle 6 = tan™'(F/mg) with the vertical.

Because the cushion starts from rest, the direction of its line of
motion will be the same as that of the net force.

We show the path is a straight line another way. In terms of a
standard coordinate system, the X and y coordinates of the
cushion are

1
=h-—gt’
y 29
x:%(F/m)t2 —t*=(2m/F)x

Substitution of t* into the equation for y gives
y=h- (mg /f )x
which is an equation for a straight line.

(b) |Because the cushion starts from rest, it will move in the direction
of the net force which is the direction of its acceleration; therefore,

it will move with increasing speed and its velocity changes

in magnitude.
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264 The Laws of Motion

(c) Since the line of motion is in the direction of the net force, they
both make the same angle with the vertical. Refer to Figure P5.91
in the textbook: in terms of a right triangle with angle 6, height I,
and base x,

tan 6 = x/h=F/mg — x = hF/mg
__ (8.00m)(2.40 N)
(1.20 kg)(9.80 m/s?)

and the cushion will land a distance

X = |1.63 m from the base of the building|.

(d) The cushion will move along a tilted parabola. If the cushion were
experiencing a constant net force directed vertically downward
(as is normal with gravity), and if its initial velocity were down
and somewhat to the left, the trajectory would have the shape of a
parabola that we would expect for projectile motion. Because the
constant net force is “sideways”—at an angle 6 counterclockwise
from the vertical—the cushion would travel a similar trajectory as
described above, but rotated counterclockwise by the angle 6 so
that the initial velocity is directed downward. See the figures.

F,..downward F,. sideways

7 ;. Fhet

Fncl Vi

ANS. FIG. P5.91(d)

P5.92 (a) When block 2 moves down 1 cm, block 1 moves 2 cm forward, so

block 1 always has twice the speed of block 2, and

relates the magnitudes of the accelerations.
(b) Let T represent the uniform tension in the cord.
For block 1 as object,

>F =ma;: T=ma =m/2a,)
T=2mpa, [1]
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Chapter5 265

For block 2 as object,

>F, =ma,;: T+T-m,g=m,(-a,)
2T —-m,g =-m,a, [2]

To solve simultaneously we substitute equation [1] into equation

[2]:

2(2m,a,)-m,g = -m,a, — 4m,a, + m,a, =m,g

m,9
4m, +m,

2

for m,=1.30kg: |a, =12.7 N (1.30 kg +4 m,)”" down

(c) If m,is very much less than 1.30 kg, a, approaches

12.7N/1.30 kg = [9.80 m/s* down|

(d) If m, approaches infinity, |a, approaches zero|.

(e) From equation (2) above, 2T = m,g + m,a, =12.74 N + 0,

T=637N

(f) |Yes. As m, approaches zero, block 2 is essentially in free fall. As
m, becomes negligible compared to m;, m, has very little weight,
so the system is nearly in equilibrium.

P5.93 We will use > F =ma on blockm, block m, total system
each object, so we draw
force diagrams for the
M + m, + m, system, and

=l

also for blocks m, and m,.
Remembering that
normal forces are always . T R
perpendicular to the mEk _ Fyttoua
contacting surface, and

always push on a body, ANS. FIG. P5.93
draw n, and n, as shown.

Note that m, is in contact with the cart, and therefore feels a normal
force exerted by the cart. Remembering that ropes always pull on

ny T F
——————

T
P
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266 The Laws of Motion

bodies toward the center of the rope, draw the tension force T. Finally,
draw the gravitational force on each block, which always points
downwards.

Applying > F=ma,
For m: T-mg=0
For m,; T=myu

Eliminating T,

a= m,g
m2
For all three blocks:
F=(M+m, +m2)mlg
m2
P5.94 (@) XF =ma.; 4
n—mgcosf =0 H//
g U

mg sin 0
AN

or n=(8.40 kg)(9.80 m/s”|cosO
a0xgfosomis) o
n=(82.3 N)cos6 / o

8 A
g Cos
/"8

(b) YF =ma.

i (N) a(m/s?)
. _ 100 10 _—
mgsin 6 = ma ‘ ‘ N e
B0 e S AR 8 r-+-+-d —/”7 bt
, d
or 60F-+-+-+ \‘\? + h H 6 § b ’,ﬂ‘ ik
t-+ -+ St - - BEES SRS
40| -+ -+ b 4 |toif
a=gsinf P EENR e
2 ..... " .)\ + ‘,(‘( »»»»»» + +
: M n n n i \'). " ) ‘q‘.‘ " " " n n n
a (980 m/S )Sm9 “l) 20 40 60 80 100 l 0 20 40 60 80 100

6 (deg) 0 (deg)

ANS. FIG. P5.94
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Chapter5 267

(c)

0, deg n, N a,m/s’
0.00 82.3 0.00
5.00 82.0 0.854
10.0 81.1 1.70
15.0 79.5 2.54
20.0 774 3.35
25.0 74.6 4.14
30.0 71.3 4.90
35.0 67.4 5.62
40.0 63.1 6.30
45.0 58.2 6.93
50.0 52.9 7.51
55.0 47.2 8.03
60.0 41.2 8.49
65.0 34.8 8.88
70.0 28.2 9.21
75.0 21.3 947
80.0 14.3 9.65
85.0 7.17 9.76
90.0 0.00 9.80

(d) |AtO0°, the normal force is the full weight and the acceleration is
zero. At 90°, the mass is in free fall next to the vertical incline.

© 2014 Cengage Learning. All Rights Reserved. May not:: ﬁaé‘r\mg\gscéﬁp_iecsl pffhggl\ic)a_stﬁcl, %ﬁosted to a publicly accessible website, in whole or in part.

www.facebook.com/groups/Smurfs.On.The.Way



268 The Laws of Motion

P5.95 Refer to the free-body diagram in ANS. FIG.
P5.95. Choose the x axis pointing down the
slope so that the string makes the angle 6 with
the vertical. The acceleration is obtained from
v, =0, +at:

a=(v,-v,)/t=(30.0 m/s* -0)/6.00 s
a=5.00 m/s?

Because the string stays perpendicular to the ANS. FIG. P5.95

ceiling, we know that the toy moves with the
same acceleration as the van, 5.00 m/s” parallel

to the hill. We take the x axis in this direction, so
a,=500m/s* and a =0
The only forces on the toy are the string tension in the y direction and

the planet’s gravitational force, as shown in the force diagram. The size
of the latter is mg = (0.100 kg)(9.80 m/s’) =0.980 N

(@) Using > F, =ma, gives (0.980 N) sin6 = (0.100 kg)(5.00 m/s’)
Then sin# =0.510 and 6 =

(b) Using > F, =ma, gives +T — (0.980 N) cosf =0

T =(0.980 N) cos 30.7° = | 0.843 N

Challenge Problems

P5.96 Y F =ma gives the object’s acceleration:

SE (8.00?— 4.00tj) N
m 2.00 kg

a=(4.00 m/s?)i—(2.00 m/s’)tj = ‘Z—‘;’
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Chapter5 269

(@) To arrive at an equation for the instantaneous velocity of object,
we must integrate the above equation.

dv =(4.00 m/s?)dti—(2.00 m/s’)tdtj
[dv j(4.00 m/sz)dti—j(Z.OO m/ss)tdtj
v =[(4.00 m/s*)t+c, Ji-[(1.00 m/s*)e +c,]]

In order to evaluate the constants of integration, we observe that
the object is at rest when t =0s.

V(t=0)=0=[(4.00 m/s’)0+c, ]i-[(1.00 m/s*)0* +c, j
or ¢=¢=0
and

v =[(4.00 m/s*)t]i-[(1.00 m/s*)t* ]

Thus, when v =15.0 m/s,

V| =15.0 m/s=\/[(4.00 m/s?)t] +[(1.00 m/s*)e ]
15.0 m/s = [ (16.0 m*/s')t* |+[(1.00 m?/s*)t!]
225 m’/s” =[(16.0 m*/s*)t* |+[(1.00 m*/s*)t* ]
0=(1.00 m?/s°)t* +(16.0 m?/s*)t*~ 225 m?/s?

We now need a solution to the above equation, in order to find t.
The equation can be factored as,

0=(t2-9)(¢* +25)
The solution for t, here, comes from the first factor:

t2-9.00=0

t=+3.00s=[3.00 s|
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270 The Laws of Motion

(b) In order to find the object’s position at this time, we need to
integrate the velocity equation, using the assumption that the
objects starts at the origin (the constants of integration will again
be equal to 0, as before).

dF =(4.00 m/s?)tdti —(1.00 m/s*)t*dt]
JdF = [(4.00 m/s?)tdti - [(1.00 m/s*)* dt]
7 =[(2.00 m/s?)t* [i-[(0.333 m/s’)t* ]

Now, using the time above and finding the magnitude of this
displacement vector,

7= \[(2.00 m/s°)(3.00 5f T +[ (0333 m/s’)(3.00 ) ]
7=

(c) Using the displacement vector found in part (b),

P =[(200 m/s*)]i-[(0333 m/s*)t’ ]

7 =[(2.00 m/s*)(3.00s) |i-[(0.333 m/s’)(3.00 s)’ |}
F=|(18.0 m)i—(9.00 m)j
P5.97 Since the board is in equilibrium, > F, =0 and we see that the normal

forces must be the same on both sides of the board. Also, if the
minimum normal forces (compression forces) are being applied, the
board is on the verge of slipping and the friction force on each side is

f= ( fs)max = IJSn

1Fg =955N

ANS. FIG. P5.97
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The board is also in equilibrium in the vertical direction, so
F
YF =2f-F=0,0r f=_%
2

The minimum compression force needed is then

F
n=—t=_o 2 9N _rmrhy
u, 24, 2(0.663)

*P5.98  We apply Newton’s second law to each of the three

- A =
masses, reading the forces from ANS. FIG. P5.98: =>| m, T )
T A ;’1 T
m(a—A)=T= a=—+A 1
2( ) , [ ] <= M m1
- [O)
= = = 2
MA=R=T= A M [2] ANS. FIG. P5.98

ma=mg-T=  T=m(g-a) [3]

(a) Substitute the value for a from [1] into [3] and solve for T:

ol (2]

Substitute for A from [2]:

T=m,|g- T.T =T=|m m, M
119 m, M 20 m,M +m, (m, + M)

(b) Solve [3] for a and substitute value of T:

a=g-—=g-m M
J m, 9-m.g m,M +m, (m, + M)

—gl1- m,M
m,M +m, (m, + M)

{ wﬁm+m)}

m,M +m, (m, + M)
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272 The Laws of Motion

(c) From[2], A= % Substitute the value of T:

A:l: mlng
sz +m1(m2 + M)

(d) The acceleration of m, is given by

a—A= m, Mg
m,M +m1(m2 + M)

P5.99 (@) The cord makes angle 6 with the horizontal where

0= tan‘l(o'lOO mj =14.0°
0.400 m

Applying Newton’s second law in the y direction gives

2F =ma:
Tsin@-mg+n=0
(+10 N)sin14.0° - (2.20 kg)(9.80 m/s?)+n=0

which gives n = 19.1 N. Applying Newton’s second law in the x
direction then gives

YFE =ma.
TcosO— f, =ma
TcosO—pun=ma
(+10 N)cos14.0°~0.400(19.1 N) =(2.20 kg) a

which gives

a=10.931 m/s’
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(b) |When xis large we have n=21.6 N, f, =8.62 N, and
a=(10N-8.62N)/2.2kg =0.625 m/s’.

As x decreases, the acceleration increases gradually, passes
through a maximum, and then drops more rapidly, becoming

negative. At X = 0 it reaches the value a = [0 - 0.4(21.6 N-10 N)]/
22kg=-2.10 m/s’.

(c) We carry through the same calculations as in part (a) for a
variable angle, for which cosf = x[x* + (0.100 m)*]"* and
sin® = (0.100 m)[x” + (0.100 m)’]"/>. We find

1 “1/2
= 10 N 2+0.1007
a [2.20 kg}( )X[X ]

- 0.400(21.6 N —(10 N)(0.100)[ x* +0.100* ] 2)

-1/2

a=4.55x[x*+0.100% | * ~3.92+0.182[ x* +0.100* ]

Now to maximize a we take its derivative with respect to x and
set it equal to zero:

da _ 4.55(x* +0.100) " + 4.55x(—1)2X(X2 +0.100°)
dx 2
+ 0.182(—1jzx(x2 +0.100) " =0
2
Solving,

4.55(x* +0.1%) - 4.55x* —0.182x = 0

or X=[0.250m

At this point, suppressing units,

a=(4.55)(0.250)[ 0.250% +0.100* ] * ~3.92
+0.182[0.250> +0.100* ]

=[0976 m/s*|
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274 The Laws of Motion

(d) We solve, suppressing units,

-1/2

0=4.55x[x* +0.100* | "* ~3.92+0.182[ x* +0.100° |
3.92[x2 +0.100* ] = 4.55x +0.182
15.4[ x* +0.100* | =20.7x* +1.65x +0.033 1

which gives the quadratic equation

5.29%* +1.65x—0.121=0

Only the positive root is directly meaningful, so

x =[0.0610 m]

P5.100  The force diagram is shown on the right. With motion impending,

n+Tsin6—-mg=0 TG o
~ . i /;
f—us(mg—Tst) T\ = Tcos 6
d N it

an f<_

Tcos@— pumg+pTsind=0 F,

ANS. FIG. P5.100
m

so T= HMg

cosO + U sinf

To minimize T, we maximize cos6 + L, sin6:

%(COSQ + L sin@) =0=-sin6 + [, cosO

Therefore, the angle where tension T is a minimum is
6 =tan" () = tan(0.350) = 19.3°

What is the tension at this angle? From above,

1 0:350(1.30 kg)(9.80 m/s?)
 €0519.3°+0.350sin19.3°

=421N

The situation is impossible because at the angle of minimum tension,

the tension exceeds 4.00 N.
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P5.101 (a) Following the in-chapter example about a block on a frictionless
incline, we have

a=gsing=(9.80 m/s?)sin30.0°

a=4.90 m/s’

(b) The block slides distance x on the incline, with

sin30.0° = 2200 M
X

x=1.00m: v? = v? +2a(x, - x,) = 0+2(4.90 m/s*)(1.00 m)

2X; _2(1.00 m)

= =0.639 s
Vi 313 m/s

vV, =|3.13 m/s | after time t; =

(c) To calculate the horizontal range of the block, we need to first
determine the time interval during which it is in free fall. We use

Y=Y =Vt % a,t*, and substitute, noting that

vyi = (-3.13 m/s) sin 30.0°.
-2.00=(-3.13 m/s)sin30.0°t—%(9.80 m/s?)t?
(4.90 m/s?)t +(1.56 m/s)t-2.00m =0

Solving for t gives

156 m/s£4J(1.56 m/s) - 4(4.90 m/s*)(-2.00 m)

t
9.80 m/s’

Only the positive root is physical, with t = 0.499 s. The horizontal
range of the block is then

X, =V, t=[(3.13 m/s)c0s30.0°](0.499 s)=| 1.35 m

(d) The total time from release to impact is then

total time =t,+t=0.639 s +0.499s=|1.14 s
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276 The Laws of Motion

(e) \The mass of the block makes no difference\, as acceleration due to

gravity, whether an object is in free fall or on a frictionless incline,
is independent of the mass of the object.

P5.102  Throughout its up and down motion after release the block has

2F,=ma;: +n-mgcos6d =0 <
N =mgcos0 e l N N
mg

Let R = RX? + Ryj represent the force of table

.
on incline. We have y x

Y F =ma +R, —nsin6 =0 K. |Ni

R, =mgcosfsinf

Mg |K,,
YF,=ma;: -Mg-ncosf+R =0

) ANS. FIG. P5.102
R, = Mg +mgcos”6

R =mgcosfsiné to the right + (I\/I +mcos’ 0) g upward

*P5.103 (a) First, draw a free-body diagram of the fi;=19.6 N 1
top block (top panel in ANS. FIG.

N F=100N
P5.103). Since a, = 0, m = 19.6 N, and /= g

f, = u.n, =0.300(19.6 N) mg=19.6 N l
=588 N |
From ) F, =ma,, BO%“)(% EéOCk :
—
10.0 N -5.88 N =(2.00 kg)a; Mg l |ﬁ2

or 3, =2.06 m/s” (for top block). Now
draw a free-body diagram (middle
figure) of the bottom block and
observe that Y F, = Ma, gives

f =5.88 N =(8.00 kg)a, or

a, = 0.735 m/s” (for the bottom

block). In time ¢, the distance each N7 N\

block moves (starting from rest) is Initial position of left
I edges of both blocks

<« dp —>l

Bottom Block
8.00 kg

|

I

I

| P ] o

l.—MB—’ 1, \| VY IN
I

l

I

ANS. FIG. P5.103
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Chapter5 277

d; = %ath and d, = %aBtz. For the top block to reach the right

edge of the bottom block (see bottom figure), it is necessary that
d; =d; +L or

%(2.06 m/s* )t = %(0.735 m/s”)t* +3.00 m

which gives t = .
(b) From above, d; = %(0.735 m/s*)(2.13 s)* = 1.67 m |.

P5.104 (a) Apply Newton’s second law
to two points where butter-
flies are attached on either

half of mobile (the other half
is the same, by symmetry).

T,cos60, —T,cos6, =0 [1]

T,sinf, —T,sinf,-mg=0 [2]
T,cos0,-T, =0 [3] ANS. FIG. P5.104
T,sin6, —mg =0 [4]
Substituting [4] into [2] for T, sin6,,

T,sin@, —mg-mg =0

Then

_ 2mg
sin 6,

T

Substitute [3] into [1] for T, cos6,:
T,-T,cos0, =0, T, =T, cosb,

Substitute value of T':

cosf, | 2mg
sin@, | tan6,

T, =2mg

T
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278 The Laws of Motion

From equation [4],

mg

sin 6,

T, =

(b) Divide [4] by [3]:

T,sin6, _ mg
T,cos0, T,

Substitute value of T:

~

tang, = mg tan 6, 6, = tan” (tan@lj
2mg 2

Then we can finish answering part (a):

T, = my
2 sin[ tan™ (%tan@l)]

(c) D is the horizontal distance between the points at which the two
ends of the string are attached to the ceiling.

D =2/cosB, +2/cos6, +( and L =5/

L 1
D= E{Z cos@, + 2cos{tan’1 (Etan 91)} + 1}

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.
QL...\\ ookl &S
www.muslimengineer.net



Chapter5 279

ANSWERS TO EVEN-NUMBERED PROBLEMS

P5.2 2.38 kN

P5.4 871 N

P5.6 (a) —4.47 x 10° m/s% (b) +2.09 x 10"° N

P5.8 (a) zero; (b) zero

P5.10 (a) %Vt; (b) magnitude: my/(v/t)’ +g*, direction: tan™' ( gt )
v

P512  (16.3i+14.6)) N

P5.14 (a—c) See free-body diagrams and corresponding forces in P5.14.

P5.16 1.59 m/s* at 65.2° N of E

P518  (a) %; (b) 0.750 m/s?

P520  (a) ~10”m/s% (b) Ax ~ 107 m

P5.22  (a) & isat 181° (b) 11.2 ke; () 37.5 m/s; (d) (-37.5? - 0.893]) m/s

P5.24 S F = —kmv

P5.26 (a) See ANS. FIG. P5.26; (b) 1.03 N; (c) 0.805 N to the right
P5.28 (@) 49.0N; (b)49.0N; (c) 98.0N; (d) 245N

P5.30 (a) See ANS. FIG. P5.30(a); (b) —2.54 m/s? (c) 3.19 m/s
P5.32 112N

P5.34 See P5.33 for complete derivation.

P5.36  (a)T,=315N,T,=375N,T,=49.0N; (b) T,= 113N, T, =56.6 N,
T,=98.0N

P538  (a)784N;(b) 105N

P5.40 4=630m/s’and T=31.5N
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280 The Laws of Motion

P5.42 (a) See ANS FIG P5.42; (b) 3.57 m/s’; (c) 26.7 N; (d) 7.14 m/s

P5.44 (a) 2m(g + a); (b) T, = 2T,, so the upper string breaks first; (c) 0, 0

PS46  (a)a,=2a,;(b) T,=— g and T, = — "2 —g; () — 10—
2m2+5m1 m2+Zm1 2m2+§m1

and — ™9

4m, + m,

P5.48 B=3.37x10° N, A=3.83x10° N, B is in tension and A is in
compression.

P5.50 (a) 0.529 m below its initial level; (b) 7.40 m/s upward
P5.52 (a) 14.7 m; (b) neither mass is necessary
P5.54 (a) 256 m; (b) 42.7 m

P5.56 The situation is impossible because maximum static friction cannot
provide the acceleration necessary to keep the book stationary on the
seat.

P5.58 (a) 4.18; (b) Time would increase, as the wheels would skid and only
kinetic friction would act; or perhaps the car would flip over.

P5.60  (a) See ANS. FIG. P5.60; (b) 6 =55.2°; (c) n = 167 N

P5.62  (a) 0.404; (b) 45.8 Ib

P5.64 (a) See ANS. FIG. P5.64; (b) 2.31 m/s’, down for m,, left for m,, and up
torm,; (c) T,, =30.0 N and T,, =24.2 N; (d) T,, decreases and T,,
increases

P5.66 (a) 48.6 N,31. 7 N; (b) If P > 48.6 N, the block slides up the wall. If

P < 31.7 N, the block slides down the wall; (c) 62.7 N, P > 62.7 N, the
block cannot slide up the wall. If P < 62.7 N, the block slides down the
wall

P5.68 834 N

P5.70 (a) See P5.70 for complete solution; (b) 9.80 N, 0.580 m/s?

P5.72 (a) 3.43 m/s’ toward the scrap iron; (b) 3.43 m/s’ toward the scrap
iron; (c) —6.86 m/s” toward the magnet
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Chapter5 281

P5.74 The situation is impossible because these forces on the book cannot
produce the acceleration described.

P4.76 (a) and (b) See P5.76 for complete derivation; (c) 3.56 N

P5.78  (a) See ANS. FIG. P5.78(a); (b) a=

Fm ;(c)T:[mmb JF;(d)the

b r b r
tension in a cord of negligible mass is constant along its length

P5.80 (a) At any instant they have the same velocity and at all instants they
have the same acceleration; (b) 1.61 x 10" N; (c) 2.95 x 10* N

P5.82 (a) Nick and the seat, with total weight 480 N, will accelerate down
and the child, with smaller weight 440 N, will accelerate up; (b) In
P5.81, a rope tension of 250 N does not make the rope break. In part
(a), the rope is strong enough to support tension 459 N. But now the
tension everywhere in the rope is 480 N, so it can exceed the breaking
strength of the rope.

P5.84 (a) The system will not start to move when released; (b and c) no
answer; (d) f =m,gsin6 =294 N

P586 () T=—1—;(b) 410N
2sin@
P588  (a) M=3msin; (b) T, = 2mgsin®, T, = 3mgsin0; (c) a= 9500 .
1+2sin6
() T, = 4mgsin6[ -1 | 1 gmgsing| o0 |,
1+2sin6 1+2sin6

(e) M, =3m(sin®+ i, cosB); (f) M, =3m(sin@— p,cosb);
(g) T2,max _TZ,min = Mmaxg - Mming = 6l'lsmg cos6

P5.90 See table in P5.90 and ANS. FIG P5.90; (b) 0.143 m/s’; (c) The
acceleration values agree.

P5.92  (a)a, =24, (b)a,=12.7 N (1.30 kg + 41,)" down; (c) 9.80 m /s’ down;
(d) a, approaches zero; (e) T = 6.37 N; (f) yes

P5.94 (a) n = (8.23 N) cos 6; (b) a = (9.80 m/s’)sin 6; (c) See ANS. FIG P5.94;
(d) At 0°, the normal force is the full weight, and the acceleration is
zero. At 90° the mass is in free fall next to the vertical incline.

A

P5.96  (a)3.00s; (b) 20.1 m; (c) (18.0m)i—(9.00m)]
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282 The Laws of Motion

P598  (a) ng{ m,M };(b){ gm, (m, + M) J;

m,M+m,(m, + M) m,M+m,(m,+M

(©) [ m,m,g } (d) { m, Mg }
)

m,M+m,(m, + M m,M+m,(m, + M)

P5.100  The situation is impossible because at the angle of minimum tension,
the tension exceeds 4.00 N

P5.102 R =mgcosdsind to the right + ( M + mcos® 0) g upward

2 2
P5.104  (a) T,= =k, 0 =T, (b) 6, = tan_l(tanel)f
sin®,  tano, 2
mg

T, =

- sin[tan_l (% o 91)] ; (c) See P5.104 for complete explanation.
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Circular Motion and Other
Applications of Newton’s Laws

CHAPTER OUTLINE

6.1 Extending the Particle in Uniform Circular Motion Model

6.2 Nonuniform Circular Motion

6.3 Motion in Accelerated Frames

6.4 Motion in the Presence of Velocity-Dependent Resistive Forces

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

0Q6.1 (a) A>C=D>B=E =0. At constant speed, centripetal acceleration is
largest when radius is smallest. A straight path has infinite radius of
curvature. (b) Velocity is north at A, west at B, and south at C. (c)
Acceleration is west at A, nonexistent at B, east at C, to be radially
inward.

0Q6.2  Answer (a). Her speed increases, until she reaches terminal speed.

0Q6.3 (a) Yes. Its path is an arc of a circle; the direction of its velocity is
changing. (b) No. Its speed is not changing.

0Q6.4 (a) Yes, point C. Total acceleration here is centripetal acceleration,
straight up. (b) Yes, point A. The speed at A is zero where the bob is
reversing direction. Total acceleration here is tangential acceleration, to
the right and downward perpendicular to the cord. (c) No. (d) Yes,
point B. Total acceleration here is to the right and either downwards or
upwards depending on whether the magnitude of the centripetal
acceleration is smaller or larger than the magnitude of the tangential
acceleration.

283

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



284 Circular Motion and Other Applications of Newton’s Laws

0Q6.5 Answer (b). The magnitude of acceleration decreases as the speed
increases because the air resistance force increases, counterbalancing
more and more of the gravitational force.

0Q6.6 (a) No. Whenv=0,7°/r=0.
(b) Yes. Its speed is changing because it is reversing direction.

0Q6.7 (i) Answer (c). The iPod shifts backward relative to the student’s hand.
The cord then pulls the iPod upward and forward, to make it gain
speed horizontally forward along with the airplane. (ii) Answer (b).
The angle stays constant while the plane has constant acceleration.

This experiment is described in the book Science from your Airplane
Window by Elizabeth Wood.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ6.1  (a) Friction, either static or kinetic, exerted by the roadway where it
meets the rubber tires accelerates the car forward and then maintains
its speed by counterbalancing resistance forces. Most of the time static
friction is at work. But even kinetic friction (racers starting) will still
move the car forward, although not as efficiently. (b) The air around
the propeller pushes forward on its blades. Evidence is that the
propeller blade pushes the air toward the back of the plane. (c) The
water pushes the blade of the oar toward the bow. Evidence is that the
blade of the oar pushes the water toward the stern.

CQ6.2  The drag force is proportional to the speed squared and to the effective
area of the falling object. At terminal velocity, the drag and gravity
forces are in balance. When the parachute opens, its effective area
increases greatly, causing the drag force to increase greatly. Because
the drag and gravity forces are no longer in balance, the greater drag
force causes the speed to decrease, causing the drag force to decrease
until it and the force of gravity are in balance again.

CQ6.3  The speed changes. The tangential force component causes tangential
acceleration.

CQ6.4  (a) The object will move in a circle at a constant speed.
(b) The object will move in a straight line at a changing speed.

CQ6.5  The person in the elevator is in an accelerating reference frame. The

“" 4

apparent acceleration due to gravity, “g,” is changed inside the

“"__7

elevator. “¢g”" =g +a

CQ6.6 I would not accept that statement for two reasons. First, to be “beyond
the pull of gravity,” one would have to be infinitely far away from all
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other matter. Second, astronauts in orbit are moving in a circular path.
It is the gravitational pull of Earth on the astronauts that keeps them in
orbit. In the space shuttle, just above the atmosphere, gravity is only
slightly weaker than at the Earth’s surface. Gravity does its job most
clearly on an orbiting spacecraft, because the craft feels no other forces
and is in free fall.

CQ6.7  This is the same principle as the centrifuge. All the material inside the
cylinder tends to move along a straight-line path, but the walls of the
cylinder exert an inward force to keep everything moving around in a
circular path.

CQ6.8  (a) The larger drop has higher terminal speed. In the case of spheres,
the text demonstrates that terminal speed is proportional to the square
root of radius. (b) When moving with terminal speed, an object is in
equilibrium and has zero acceleration.

CQ6.9  Blood pressure cannot supply the force necessary both to balance the
gravitational force and to provide the centripetal acceleration to keep
blood flowing up to the pilot’s brain.

CQ6.10 The water has inertia. The water tends to move along a straight line,
but the bucket pulls it in and around in a circle.

CQ6.11  The current consensus is that the laws of physics are probabilistic in
nature on the fundamental level. For example, the Uncertainty
Principle (to be discussed later) states that the position and velocity
(actually, momentum) of any particle cannot both be known exactly, so
the resulting predictions cannot be exact. For another example, the
moment of the decay of any given radioactive atomic nucleus cannot
be predicted, only the average rate of decay of a large number of nuclei
can be predicted—in this sense, quantum mechanics implies that the
future is indeterminate. How the laws of physics are related to our
sense of free will is open to debate.
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286 Circular Motion and Other Applications of Newton’s Laws

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 6.1

P6.1

P6.2

Extending the Particle in
Uniform Circular Motion Model

We are given m = 3.00 kg, r = 0.800 m. The string will break if the
tension exceeds the weight corresponding to 25.0 kg, so

T, =Mg =(25.0kg)(9.80 m/s?) = 245 N

When the 3.00-kg mass rotates in a horizontal circle, the tension causes

the centripetal acceleration,

max

so T= myv”
r
Then
T (0.800 m)T _ (0.800 m)T,
m 3.00 kg
_(0.800 m)(245 N)
3.00 kg

3.00 kg

=65.3 m?/s?

This represents the maximum value of v?, or

0<v<+465.3m/s

which gives

0<v<8.08 m/s

ANS. FIG. P6.1

(@) The astronaut’s orbital speed is found from Newton’s second law,

with

sz =ma,: mg,., down =

2

r

solving for the velocity gives

V= el =/(1.52 m/s?)(1.7 x10° m +100x 10° m)

down

v=|1.65x10> m/s

(b) To find the period, we use v = g and solve for T:

. 27(1.8%x10° m)

1.65x10° m/s

6.84x10° s

=190 h
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P6.3 (@) The force acting on the electron in the Bohr model of the
hydrogen atom is directed radially inward and is equal to

o _mv? _(911x10° kg)(2:20x10° mys)
T or 0.529%10° m

=] 8.33x10°® N inward

2 (220%10° ’
(b) a= VT = (0 =9 10?01/5) =| 9.15x10” m/s* inward
. X m

2
Vv :
P6.4 In Y F =m—, both m and r are unknown but remain constant.
r

Symbolically, write
> Fyn = (?)(14.0 m/s)’ and Y F,, = (?)(18.0 m/s)’

Therefore, X, F is proportional to v* and increases by a factor of

2
(18'0) as v increases from 14.0 m/s to 18.0 m/s. The total force at the

14.0
higher speed is then
18.0Y’ 18.0Y’
Fost =| —— Fiow =| —— | (130N)=| 215 N
Z fast (140) Z slow (140 ( )

This force must be | horizontally inward | to produce the driver’s

centripetal acceleration.

P6.5 We neglecting relativistic effects. With 1 u = 1.661 x 107 kg, and from
Newton’s second law, we obtain

_mv?

F=ma,
r

=(2x1.661x107 kg) (299810 mys)

(0.480 m)
=1 6.22x10"” N
P6.6 (@) The car’s speed around the curve is found from
v=20M 653 ms
36.0s

This is the answer to part (b) of this problem. We calculate the

radius of the curve from i(znr) =235 m, which gives r = 150 m.
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288 Circular Motion and Other Applications of Newton’s Laws

The car’s acceleration at point B is then

r

2
~ Y,
a (Tj toward the center

(6.53 mys)’
150 m
=(0.285 nys?)(c0s35.0°(~i) +sin35.0°])

at 35.0° north of west

= (—0.233?+0.163i) m/s’

(b) From part (a), v=| 6.53 m/s

(c) We find the average acceleration from
~ (vf - vi)
a, =—~—1*
avg At
(6.53]—6.53?) m/s
- 36.0s
(~0.181i +0.181j) m/s?

P6.7 Standing on the inner surface of the rim, and moving with it, each
person will feel a normal force exerted by the rim. This inward force

causes the 3.00 m/s” centripetal acceleration:

a,=v3/r so v=.ar=,/(3.00 m/s*)(60.0 m)=13.4 mys

. . 2rr
The period of rotation comes from Vv = .

_2nr _ 27(60.0 m)

= =28.1s
v 13.4 m/s

so the frequency of rotation is
:l: 1 :( 1 )( 60 s ): 2.14 rev/min
T 281s (281s/\1min
P6.8 ANS. FIG. P6.8 shows the free-body diagram for this problem.

(@) The forces acting on the pendulum in the vertical direction must
be in balance since the acceleration of the bob in this direction is
zero. From Newton’s second law in the y direction,

ZFY =Tcos6—-mg=0
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P6.9
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Solving for the tension T gives

mg _ (80.0 kg)(9.80 m/s’)

T= =787 N
cos6 c0s5.00° ‘
In vector form, 1
X
T =Tsin6i +T cos 0] S
A g

=| (68.6 N)i +(784 N)j

ANS. FIG. P6.8
From Newton’s second law in the x direction,

Y F, =Tsinf =ma,
which gives

, . Tsing _(787 N)sin5.00° _
T m 80.0 kg

0.857 m/s>

toward the center of the circle.

The length of the wire is unnecessary information. We could, on
the other hand, use it to find the radius of the circle, the speed of
the bob, and the period of the motion.

ANS. FIG. P6.9 shows the constant

maximum speed of the turntable and the
centripetal acceleration of the coin.

@

(b)

The force of | static friction
the centripetal acceleration.

From ANS. FIG. P6.9,

causes

A

mai = ff+nj+mg(—1)
>F=0=n-mg

thus, n = mg and
2

2F =mv7= f = pun=pmg
" ANS. FIG. P6.9
en,

V2 (50.0 emys)’

=19 " (300 cm)(980 cm/s?)
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290 Circular Motion and Other Applications of Newton’s Laws

P6.10 We solve for the tensions in the two strings:
F, =mg =(4.00 kg)(9.80 m/s?)=39.2 N
The angle 6 is given by

0= Sin_l ( 1.50 m) =48.6° ) forces
2.00 m

The radius of the circle is then

r =(2.00 m)cos48.6°=1.32 m

rd

motion

Applying Newton’s second law, ANS. FIG. P6.10

2
YFE =ma, = mv
4.00 ke )(3.00 2
T,cos48.6° + T, cos48.6° = ( g)( m/s)
1.32m
Ta +Tb = 27.27 N_ =412 N [1]
cos48.6°
>F, =ma; T,sin48.6°-T,sin48.6°-39.2 N =0
392 N
T,-T,=———=523N
" §in48.6° [2]

To solve simultaneously, we add the equations in T, and T;:
(T,+T,)+(T,-T,)=412N+523N
_938N

T

a

=469 N

This means that T, = 41.2 N - T, = -5.7 N, which we may interpret as
meaning the lower string pushes rather than pulls!

The situation is impossible because the speed of the object is too
small, requiring that the lower string act like a rod and push rather

than like a string and pull.

To answer the What if?, we go back to equation [2] above and
substitute mg for the weight of the object. Then,

SF =ma: T,sin48.6°-T,sin48.6°~mg =0

_ (400 kg)g _ 5.33

T-T
@b §in48.6°
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We then add this equation to equation [2] to obtain
(r,+T,)+(I,-T,)=412N +5.33¢
or T,=206 N+2.67gand T, =41.2 N-T, =41.2 N-2.67¢

For this situation to be possible, T, must be > 0, or g <7.72 m/s? This is
certainly the case on the surface of the Moon and on Mars.

P6.11 Call the mass of the egg crate m. The forces on it
are its weight F . =mg vertically down, the
normal force n of the truck bed vertically up, o
and static friction f, directed to oppose relative ~“venerorcune
sliding motion of the crate on the truck bed. The F,
friction force is directed radially inward. It is
the only horizontal force on the crate, so it
must provide the centripetal acceleration. ANS. FIG. P6.11
When the truck has maximum speed, friction f,

—
n
—
f
PE—

will have its maximum value with f, = pn.

Newton’s second law in component form becomes
2 F, =ma, giving n-mg=0 or n=mg
> F =ma, giving f.=ma,

From these three equations,

mv?

pn < and pmg <

r

The mass divides out. The maximum speed is then

v< |Jlrg =,/0.600(35.0 m)(9.80 m/s?) — v<

Section 6.2 Nonuniform Circular Motion

P6.12 (@) The external forces acting on the water are

|the gravitational force|

and |the contact force exerted on the water by the pail|.

(b) The |contact force exerted by the pai1| is the most important in

causing the water to move in a circle. If the gravitational force
acted alone, the water would follow the parabolic path of a
projectile.
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292 Circular Motion and Other Applications of Newton’s Laws

(c) When the pail is inverted at the top of the circular path, it cannot
hold the water up to prevent it from falling out. If the water is not
to spill, the pail must be moving fast enough that the required
centripetal force is at least as large as the gravitational force. That
is, we must have

2

mVTZ mg or v>.frg :\/(1.00m)(9.80m/sz) =13.13 m/s

(d) If the pail were to suddenly disappear when it is at the top of the

circle and moving at 3.13 m/s, |the water would follow the |

|parabolic pathofa projectﬂe| launched with initial velocity

components of v,,=3.13m/s, v,,= 0.

P6.13 (@) The hawk’s centripetal acceleration is / —

(4 ’
SV (B00ms)
r 120m

(b) The magnitude of the acceleration vector is

ANS. FIG. P6.13
a= i +al

= (133 m/s*) +(120 m/s?)' =179 m/s?

at an angle
2
6 =tan"'| % | =tan™ % =| 48.0° inward |
a, 1.20m/s
6.14 We first draw a force diagram that shows T T e
the forces acting on the child-seat system T T \

and apply Newton’s second law to solve
the problem. The child’s path is an arc of a
circle, since the top ends of the chains are
fixed. Then at the lowest point the child’s

motion is changing in direction: He moves l
with centripetal acceleration even as his Mg :
speed is not changing and his tangential child + seat child alone

acceleration is zero.

(@) ANS. FIG. P6.14 shows that the only
forces acting on the system of child + seat are the tensions in the
two chains and the weight of the boy:

ANS. FIG. P6.14

2

Y F=F,=2T-mg=ma=

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



P6.15

P6.16
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with
F. = 2T —mg =2(350 N)-(40.0 kg)(9.80 m/s*) =308 N
solving for v gives

v = \/F r _ [(308 N)(3.00 m) _

net =

m 40.0 kg 481 m/s

(b) The normal force from the seat on the child accelerates the child
in the same way that the total tension in the chain accelerates the

child-seat system. Therefore, n=2T = .
See the forces acting on seat (child) in ANS. FIG. P6.14.

Mv?
R

v2=(2T - Mg)(%j

V= \/(2T - Mg)(%)

2

(@ YF=2T-Mg=

(b) n—Mg=F=MV

Mv?

n=Mg+

(a) We apply Newton’s second law at
point A, with v =20.0 m/s,
n = force of track on roller coaster,

and R =10.0 m:
Mv?
LF=——=n-Mg ANS. FIG. P6.16

From this we find

(500 kg)(20.0 m/s?)
10.0 m

n=Mg+ M?VZ =(500 kg)(9.80 m/s?)+

n=4900 N+20000 N=|249x10* N

(b) At point B, the centripetal acceleration is now downward, and
Newton’s second law now gives
Mv?
R

YF=n-Mg=-
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294 Circular Motion and Other Applications of Newton’s Laws

The maximum speed at B corresponds to the case where the
rollercoaster begins to fly off the track, or when n = 0. Then,

Mv?
—Ma =- max
g R

which gives
Vo = RO =/(15.0 m)(9.80 m/s*) =[ 121 m/s |

P6.17 (@) a =-—

SV (13.0 m/s)” _ Yo
Ta, 2(980 m/s?)

(b) Let n be the force exerted by the rail.

‘IL{ ‘ ng

ANS. FIG. P6.17

Newton’s second law gives

2

2
n= M(VT— g] = M(Zg— g) =| Mg, downward

(c) a,=—,ora =——-" =845 m/s’

(d) If the force exerted by the rail is n,,

Mv?
r

Ma

then n, + Mg =

C

n, = M(aC - g) which is < 0 since a, = 8.45 m/s’

Thus, the normal force would have to point away from the
center of the curve. Unless they have belts, the riders will fall

from the cars.

In a teardrop-shaped loop, the radius of curvature r decreases,
causing the centripetal acceleration to increase. The speed
would decrease as the car rises (because of gravity), but the
overall effect is that the required centripetal force increases,
meaning the normal force increases--there is less danger if

not wearing a seatbelt.
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(b)

(c)

(d)
(e)

Chapter 6 295

Consider radial forces on the object, taking inward as positive.

2

m
2F =ma: T-mgcosf =

Solving for the tension gives

2

T =mgcos6 + mv

=(0.500 kg)(9.80 m/s*)cos 20.0°
+(0.500 kg)(8.00 m/s)*/2.00 m

=4.60 N+16.0 N =(20.6 N|

We already found the radial component of acceleration,

_V* _(8.00m/s)’

Ty 2.00 m

Consider the tangential forces on the object:

= |32.0 m/s? inward

Y F =ma: mgsin6=ma,
Solving for the tangential component of acceleration gives

a, = gsin® =(9.80 m/s?)sin 20.0°

=|3.35 m/s*> downward tangent to the circle

The magnitude of the acceleration is

a=a+a =,(320 m/s’) +(335 m/s*) =322 m/s’

at an angle of

tan_l M =5.98°
32.0 m/s? ’

Thus, the acceleration is

|32.2 m/s? inward and below the cord at 5.98°

No change.

If the object is swinging down it is gaining speed, and if the object

is swinging up it is losing speed, but the forces are the same;

therefore, its acceleration is regardless of the direction of swing.
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296 Circular Motion and Other Applications of Newton’s Laws

P6.19 Let the tension at the lowest point be T. From
Newton’s second law, Y.F =ma and t

=i

mv?
T-mg=ma, = mg’l
\

r
2
ot
r

T =(85.0 kg)[9.80 m/s’ +

Forces

F

(8.00 m/s)2 S-— -ﬁ—;? Motion

10.0 m ANS. FIG. P6.19
=138 kN >1000 N

He doesn™t make it across the river because the vine breaks.

Section 6.3 Motion in Accelerated Frames
P6.20 (@) From Y F = Ma, we obtain
T 180N
a= V] = 5.00 kg =|3.60 m/s’ | to the right

(b) Ifv=const,a=0,so . (This is also an equilibrium

situation.)

(c) |Someone in the car (noninertial observer) claims that the forces

on the mass along x are T and a fictitious force (— Ma).

(d) |Someone at rest outside the car (inertial observer) claims that T

is the only force on M in the x direction.

A

=l

v

ANS. FIG. P6.20
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P6.21 The only forces acting on the suspended object are the »
force of gravity mg and the force of tension T forward R
and upward at angle 6 with the vertical, as shownin ™ T
the free-body diagram in ANS. FIG. P6.21. Applying
Newton’s second law in the x and y directions, '
Y F =Tsinf=ma [1] 7
g
2 F =Tcos6-mg=0 v
or T cos6 = mg [2] ANS.FIG.P6.21
(a) Dividing equation [1] by [2] gives
2
tang =22 200 WS _ 40
g 9.80 m/s
Solving for 6, 0=|17.0°
(b) From equation [1],
0.500 kg )(3.00 m/s’
sin 6 sin (17.0°)
P6.22 In an inertial reference frame, the girl is accelerating horizontally
inward at

> 2
v _(570mps) s m/s’
r 240 m
In her own noninertial frame, her head feels a horizontally outward
fictitious force equal to its mass times this acceleration. Together this
force and the weight of her head add to have a magnitude equal to the
mass of her head times an acceleration of

(2] =0 m/sT 5w =167
r ' . .

This is larger than g by a factor of 167m/s _ 1.71.

9.80 m/s

Thus, the force required to lift her head is larger by this factor, or the
required force is

F=171(55.0N)=| 93.8 N
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P6.23

P6.24

P6.25

Circular Motion and Other Applications of Newton's Laws

The scale reads the upward normal force exerted by the floor on the
passenger. The maximum force occurs during upward acceleration
(when starting an upward trip or ending a downward trip). The
minimum normal force occurs with downward acceleration. For each
respective situation,

> F,=ma, becomes for starting  +591 N — mg = +ma

and for stopping +391 N - mg = -ma
where a represents the magnitude of the acceleration.

(@) These two simultaneous equations can be added to eliminate a
and solve for mg:

+591N-mg+391N-mg=0
or 982N-2mg=0

F
(b) From the definition of weight, m = Eg = % =150.1 kg
(c) Substituting back gives +591 N - 491 N = (50.1 kg)a, or
_ 100N _ 3
a= m =12.00 m/S

Consider forces on the backpack as it slides in the Earth frame of
reference.

ZFy:may: +Nn—mg =ma, n:m(g+a), fk:,ukm(g+a)
YF =ma;: —ukm(g+a):max
The motion across the floor is described by
1 1
L=vt+—at’=vt—— +a)t?
2 X 2:uk(g )
We solve for p,:

vt—L:%uk(g +a)t2

_2(vt-L)
Hy (g +a)t2
The water moves at speed

271 _ 27(0.120 m)
T 7.25 s

V=

=0.104 m/s
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The top layer of water feels a downward force of gravity mg and an
outward fictitious force in the turntable frame of reference,
mv? _ m(0.104 m/s)’
r 0.12m

It behaves as if it were stationary in a gravity field pointing downward
and outward at

2
tan—l(M] _[0527°]

9.8 m/s’

=m9.01x107? m/s’

Its surface slopes upward toward the outside, making this angle with
the horizontal.

Section 6.4 Motion in the Presence of
Velocity-Dependent Resistive Forces

P626 () p=1;,A=00201m’,R= % p. ADV2 = mg

m=p,..V =0.830 g/cm® En(&oo cm)ﬂ =178 kg

Assuming a drag coefficient of D = 0.500 for this spherical object,
and taking the density of air at 20°C from the endpapers, we have

) 2(1.78 kg)(9.80 m/s?)
_\/ 0.500{1.20 kg/m’){0.020 1m?) 00 m/s

Vi

(b) From V3 =v’+2gh=0+2gh, we solve for h:

Vi _ (388 mys) e
" 29 2(9.80 m/s?)

P6.27 With 100 km/h = 27.8 m/s, the resistive force is

R :%DpAVZ = %(0.250)(1.20 kg/m’)(2.20 m*)(27.8 m/s)’
=255 N
- R__295N _ -0.212 m/s’
m  1200kg
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300 Circular Motion and Other Applications of Newton’s Laws

P6.28 Given m = 80.0 kg, v,= 50.0 m/s, we write

2
mg = DpAv;
2
which gives
DPA _ ™M _ 0314 kg/m
2 e

(@) Atv=30.0m/s,

(0.314 kg/m)(30.0 m/s)’

=9.80 m/s” -
m/s 80.0 kg

__DpAv*)2
g m

=| 6.27 m/s?> downward

(b) Atwov=50.0m/s, terminal velocity has been reached.
> F,=0=mg-R
= R =mg = (80.0 kg)(9.80 m/s?) =[784 N directed up

(c) At ©v=30.0m/s,
DpAV?

=(0.314 kg/m)(30.0 m/s)’ =| 283 N upward

P6.29 Since the upward velocity is constant, the resultant force on the ball is
zero. Thus, the upward applied force equals the sum of the
gravitational and drag forces (both downward):

F=mg+bv
The mass of the copper ball is

3
m= 4mpr- _
3
=0.299 kg

(%)n(sgz x10° kg/m*)(2.00x10 m)’

The applied force is then
F =mg+bv =(0.299 kg)(9.80 m/s?)
+(0.950 kg/s)(9.00x10? m/s)

=[3.01N |

P6.30 (@) The acceleration of the Styrofoam is given by
a=g-DBv

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter6 301

Whenv=v,a=0and g=BVT—>B:Vi
.

The Styrofoam falls 1.50 m at constant speed v;.in 5.00 s.

Thus,
v = L2 190m 260 mys
At 5.00s
Then
2
Bzi:m:32,7 gt
v 0.300 m/s

(b) Att=0,0=0,and a=g=|9.80 m/s* down

(¢) Whenov=0.150m/s,
a=g-Bv
=9.80 m/s* -(32.7 s)(0.150 m/s)

= |4.9O m/s’ down‘

P6.31 We have a particle under a net force in the special case of a resistive
force proportional to speed, and also under the influence of the
gravitational force.

(@) The speed v varies with time according to Equation 6.6,

V= %(1—{"‘/’“) =V, (1—e“/’)

where v, = mg/b is the terminal speed. Hence,

oo Mg _ (3.00x10° kg)(9.80 m/s?)

) =|1.47 N-s/m
Vo 2.00x10™” m/s

(b) To find the time interval for v to reach 0.632v,, we substitute
v = 0.632v; into Equation 6.6, giving

0.6320,=v, (1-¢"")  or  0368=¢ """

Solve for t by taking the natural logarithm of each side of the
equation:
147t 147t

3.00 x 10 3.00 x 10
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302 Circular Motion and Other Applications of Newton’s Laws

or t:—(%jln(O.%S): 204x107 5

(c) Atterminal speed, R = v,b = mg. Therefore,

R=v;b=mg=(3.00x10" kg)(9.80 m/s?)=| 2.94x107 N

P6.32 We write
—kmv?* = —% DpAv?

SO

_DpA _0.305(1.20 kg/m®)(4.2x10° m?)
S 2m 2(0.145 kg)

k =5.3%x107/m

solving for the velocity as the ball crosses home plate gives

53x107/m)(18.3 m)

v=ve™ =(40.2 mys)e =[365 m/s

P6.33 We start with Newton’s second law,
> F=ma
substituting,

—kmv? = md—v
dt

kdt=
\'

t \
—k[dt=[v?dv
0 )

Vi

integrating both sides gives

411
K(e-0)=Y] =11
-1, VoV,
+V.
1:l+kt:1 v;kt
Vo, vV,
— Vi
1+ vkt
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P6.34 (a) Since the window is vertical, the normal force is horizontal and is
given by n = 4.00 N. To find the vertical component of the force,
we note that the force of kinetic friction is given by

fi = wn =0.900(4.00 N) = 3.60 N upward
to oppose downward motion. Newton’s second law then becomes
2F, =ma;: +3.6N-(0.16 kg)(9.8 m/s*)+P, =0
P, =-2.03 N ={2.03 N down]|

(b) Now, with the increased downward force, Newton’s second law
gives

>.F, =ma,
+3.60 N —(0.160 kg)(9.80 m/s?)—1.25(2.03 N)
=0.160 kg a,

then

a, = -0.508 N/0.16 kg = -3.18 m/s* = |3.18 m/s* down|

(c) At terminal velocity,
>F,=ma,: +(20.0 N-s/m)v; —(0.160 kg)(9.80 m/s?)
-1.25(2.03N)=0
Solving for the terminal velocity gives

v; =411 N/(20N-s/m) =[0.205 m/s down|

P6.35 (a) We must fit the equation v = ve™ to the two data points:
Att=0,0=10.0m/s,sov=ve " becomes
10.0m/s = v,e’ = (v)(1)
which gives v, = 10.0 m/s
Att=20.0s,v=>5.00m/s so the equation becomes
5.00 m/s = (10.0 m/s)e "
giving 0.500 = ¢~**°?

In(:
or -20.0c = ln(l) - c=- (2) =1347%x107% s
2 20.0

(b) Att=40.0s
v=(10.0 m/s)e™** =(10.0 m/s)(0.250) =[2.50 m/s
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304 Circular Motion and Other Applications of Newton’s Laws

(c) The acceleration is the rate of change of the velocity:

_dv_d
A=Gt T dt

= |=ov]

Thus, the acceleration is a negative constant times the speed.

vet =v, (e‘“)(—c) = - c(vie‘“)

1
P6.36 In R= 5 DpAV?, we estimate that the coefficient of drag for an open

palm is D = 1.00, the density of airis p=1.20 kg/m?®, the area of an
open palm is A =(0.100 m)(0.160 m)=1.60x 10> m?, and v =29.0 m/s
(65 miles per hour). The resistance force is then

R= %(1.00)(1.20 kg/m*)(1.60x10 m?)(29.0 m/s)" =8.07 N

or R~|10'N

Additional Problems

P6.37 Because the car travels at a constant speed, it has no tangential
acceleration, but it does have centripetal acceleration because it travels
along a circular arc. The direction of the centripetal acceleration is
toward the center of curvature, and the direction of velocity is tangent
to the curve.

Point A
direction of velocity:

direction of the centripetal acceleration:
Point B

direction of velocity:

direction of the centripetal acceleration: |[West

P6.38 The free-body diagram of the passenger is shown in ]
ANS. FIG. P6.38. From Newton's second law,

ZFy =ma, \

mv? F,
n—mg =
r

4

ANS. FIG. P6.38
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which gives
2

mv
n=mg+

(50.0 kg)(19 m/s)’
25m

=(50 kg)(9.80 m/s”) +

=/ 1.2x10° N

P6.39 The free-body diagram of the rock is
shown in ANS. FIG. P6.39. Take the
x direction inward toward the center
of the circle. The mass of the rock
does not change. We know when A ‘
r,=2.50m, v, =204 m/s, and SERCT BLGUIVE
(hole in table)
T, =50.0 N. To find T, when
7,=1.00m, and v, =51.0 m/s, we
use Newton’s second law in the

horizontal direction: ANS. FIG. P6.39
2 F =ma,
In both cases,
2 2
T, = ™ and T, = mv2
rl r2

Taking the ratio of the two tensions gives

_ (51.0 m/st (2.50 m

2

T, _Vv; n
2

T, vin

): 15.6
204 m/s 1.00 m

then
T, =15.6T, =15.6(50.0N) =[781N
We assume the tension in the string is not altered by friction from the
hole in the table.
P6.40 (@) We first convert the speed of the car to SI units:
3600s )\ 1km

=8.33 m/s mg
ANS. FIG. P6.40

Newton’s second law in the vertical direction
then gives

mv?

r

YF=ma: +n-mg=-
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306 Circular Motion and Other Applications of Newton’s Laws

Solving for the normal force,

%)
n=m| g-—

2
=(1800 kg)[9.80 m /s (833 m/s)

204 m

=| 1.15x10* N up

(b) At the maximum speed, the weight of the car is just enough to
2

provide the centripetal force, so n = 0. Then mg = and

v=/or = /(9.80 m/s*)(20.4 m) = =50.9 km/h

P6.41 (@) The free-body diagram in ANS. FIG. P6.40 shows the forces on
the car in the vertical direction. Newton's second law then gives

2
> F =ma, = mv
mv?> mv?
mg-n= n=|mg-
R
mv?
(b) Whenn=0, mg = R

Then, v = \/g_R

A more gently curved bump, with larger radius, allows the car to
have a higher speed without leaving the road. This speed is
proportional to the square root of the radius.

P6.42 The free-body diagram for the object is
shown in ANS. FIG. P6.42. The object travels
in a circle of radius r = L cos @ about the
vertical rod.

Taking inward toward the center of the circle
as the positive x direction, we have

mv?

r

2E =ma;: nsinf=

ZFy =ma,:

ANS. FIG. P6.42

ncos@—mg=0—ncosO=mg
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Dividing, we find
nsin@® _mv?/r v?
= —  tanf=—
ncos 6 ar gr

Solving for v gives
v> = grtan
v’ = g(L cos O)tan 0

1/2

v =(gL sin 0)

P6.43 Let v, represent the speed of the object at time 0. We have

oD v =24
m Vi m

Vi v

b bt
Inv-Inv. =——(t-0 In ===
vty =2 (t0) in(v/v)=-2

—bt/m —bt/m

v/v,=e v=ve

From its original value, the speed decreases rapidly at first and then
more and more slowly, asymptotically approaching zero.

In this model the object keeps losing speed forever. It travels a

finite distance in stopping.

The distance it travels is given by

[rdr=v [ e™mdt

b m : 0

m b m
r=——vJe"" (——dt) =LV e

As t goes to infinity, the distance approaches %(1 —0)=mv,/b.

P6.44 The radius of the path of object 1 is twice that of object 1 object 2
object 2. Because the strings are always “collinear,”

—

both objects take the same time interval to travel Fi 7
around their respective circles; therefore, the speed 7, l
of object 1 is twice that of object 2. .
fs
The free-body diagrams are shown in ANS. FIG. R
P6.44. We are given m, = 4.00 kg, m, = 3.00 kg, T2

v=4.00m/s, and /=0.500 m.
ANS. FIG. P6.44

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



308 Circular Motion and Other Applications of Newton’s Laws

Taking down as the positive direction, we have
: m,v;
Object 1: T, + m,g = , wherev, =20, r, = 2/.
r 1

m,v;
Object2: T, - T, +m,g = i 2, wherev, =0, r, = 2/.
2
(@) From above:

2

m 2
T, = L _m1g:m1[i_gj
I

rl 1
2

2(4.00

T, = (4.00 kg) 2000 m/S)] g g s
2(0.500 m)
T,=2168N=[217N
(b) From above:
2
T,=T+ Y, -m,g
2

2
T,=T, +m2(vi_ gj

2

400 m/s)’
T,=T,+(3.00 k (——9.80 ?
=T g){ 0500 m m/s }

T,=216.8 N + 66.6 N =283.4 N = |283 N

(c) |From above, T, > T, always, so string 2 will break ﬁrst.|

P6.45 (a) At each point on the vertical circular path, |

two forces are acting on the ball (see ANS. NN
FIG. P6.45): T 1) ®e

(1) |The downward gravitational force|

with constant magnitude F, = mg

(2) |The tension force in the string, F,
always directed toward the Y
center of the path ANS. FIG. P6.45
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Chapter6 309

(b) ANS. FIG. P6.45 shows the forces acting on the ball when it is at
the highest point on the path (left-hand diagram) and when it is
at the bottom of the circular path (right-hand diagram). Note that
the gravitational force has the same magnitude and direction at
each point on the circular path. The tension force varies in
magnitude at different points and is always directed toward the
center of the path.

(c) Atthe top of the circle, F, = mv*/r=T +F o OF

2 2 2
7= _p =Y —mg=m{v——g)
r r r
520 m/s)’
= (0275 kg)[% ~9.80 m/52] =[6.05N
. m

(d) At the bottom of the circle, F, = mv’/r =T — F,=T-mg, and
solving for the speed gives

V2 :L(T_mg):r(l_gj and V= r(l_g)
m m m

If the string is at the breaking point at the bottom of the circle,
then T = 22.5 N, and the speed of the object at this point must be

- forom] 2o |-

P6.46 The free-body diagram is shown on the
right, where it is assumed that friction
points up the incline, otherwise, the child
would slide down the incline. The net force
is directed left toward the center of the
circular path in which the child travels. The
radius of this path is R =dcos#.

Three forces act on the child, a normal
force, static friction, and gravity. The ANS. FIG. P6.46
relations of their force components are:

YF: f cosf-nsinf=mv’/R [1]
Y F: fsin@+ncosf-mg=0—
f,sin @ +ncos 8 =mg [2]

Solve for the static friction and normal force.
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310 Circular Motion and Other Applications of Newton’s Laws

To solve for static friction, multiply equation [1] by cos 8 and equation
[2] by sin #and add:

COSG[ f,cos6 — nsin@] +sin€[ f sin6 — ncosG]

2

= )+sin€(mg)

=cost9[

2
f, = mgsin9+(m|;/ Jcos@

To solve for the normal force, multiply equation [1] by —sin 8and
equation [2] by cos #and add:

—sin@[ f,cos6 - nsin@] +cost9[ f sin6 — ncos@]

= —sme(mF:’Z j +cos6(mg)

2
n=mg cos@—(mF\; )sin@

In the above, we have used sin”6 +cos”6 = 1.

If the above equations are to be consistent, static friction and the
normal force must satisfy the condition f, < u n; this means

(mg) sin 8 + (mv*/R)cos 8 < . [(mg) cos 8 — (mv*/R)sin 8] —
v*(cos 6 + p, sin 6) < g R(i, cos 6 — sin )
Using this result, and that R = d cos 6, we have the requirement that

V< gdcosO(, cosO — sin O)
B (cos@ + i, sin )

If this condition cannot be met, if v is too large, the physical situation
cannot exist.
The values given in the problem are d = 5.32 m, , = 0.700, 6 = 20.0°,

and v = 3.75 m/s. Check whether the given value of v satisfies the
above condition:

(9.80 m/s?)(5.32 m)c0s20.0°[(0.700) cos 20.0° - sin 20.0°]
(c0s20.0°+ 0.700 sin20.0°)
=3.62 m/s

The situation is impossible because the speed of the child given

in the problem is too large: static friction could not keep the child

in place on the incline.
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Chapter6 311

P6.47 (@) The speed of the bag is f; " 9
2r(746m) _, m/s \\% @ _\_—,

38 s

The total force on it must add to
ANS. FIG. P6.47

mv?
ma, =
r
_(30 kg;&lézs mys)’ 12N
. m

Newton’s second law gives
Y F =ma,;: f c0s20.0°-nsin20.0°=6.12 N
YK =ma,: f sin20.0°+ncos20.0°
—~(30.0 kg)(9.80 m/s?)=0
Solving for the normal force gives

N = f,c0s20.0°-6.12 N
sin20.0°

Substituting,

cos”20.0°
sin20.0°
f(2.92)=294 N+16.8 N

f,=[ 106N |

(b) The speed of the bag is now

)c0520.0°

f,sin20.0° + f, -
sin 20.0°

—(6.12N =294 N

V= M =147 m/s
34s
which corresponds to a total force of
mv’
ma, =
r
2
47
_ (30 kg)(l 4 m/s) —S 13N
7.94 m

Newton’s second law then gives
f,cos20—nsin20=8.13 N
f,sin20+ncos20 =294 N

Solving for n,

N = f,c0s20.0°-8.13 N
sin20.0°
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312 Circular Motion and Other Applications of Newton’s Laws

Substituting,
cos*20.0° (8

o

c0s20.0°

f sin20.0° + f, 13 N) ~ =294 N

sin 20.0 sin20.0

f(2.92)=294 N+224 N

f,=108 N

. (108 N)c0s20.0°-8.13 N
sin20.0°

=273 N

n

P6.48 When the cloth is at a lower
angle 6, the radial component

) mgsin68°
of Y F=ma reads

'Z

mgcos68°

. m
n+mgsinO =
r

At 6 =68.0°, the normal force ANS. FIG. P6.48

2
drops to zero and gsin68° = A
r

v=[rgsin68° = /(0.33 m)(9.8 m/s*)sin68° =173 m/s

The rate of revolution is

172 ) e

=|0.835 rev/s |=50.1 rev/min

angular speed

P6.49 The graph in Figure 6.16b is 018
shown in ANS. FIG. P6.49. 0.161

0.14
0.12
0.10
0.08

N)
I

Resistive force (]

(@) The graph line is straight,
SO we may use any two
points on it to find the _
slope. It is convenient to ::::‘;
take the origin as one 0.02
point, and we read 3 & & g i
(9.9 m*/s>, 0.16 N) as the ) ‘ )
coordinates of another
point. Then the slope is ANS. FIG. P6.49

0160 N=-0 _
9.9 m?/s’

 ENRNE PR N !

T

’ y )
ferminal speed squared (m/s)~

slope 0.016 2 kg/m
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Chapter6 313

(b)) InR= %DpAV2, we identify the vertical-axis variable as R and

the horizontal-axis variable as v°. Then the slope is

R _1DpAV [1
slope=—==—"——=| —DpA
p V2 v? 2 p

(c) We follow the directions in the problem statement:

%DpA =0.0162 kg/m

2(0.0162 kg/m)

=[0.778
(1.20 kg/m?)7(0.105 m)’

(d) From the table, the eighth point is at force
mg =8(1.64x 10 kg)(9.80 m/s?)=0.129 N

and horizontal coordinate (2.80 m/s)’. The vertical coordinate of
the line is here

0.0162 kg/m)(2.80 m/s)* =0.127 N
( g/m)(280 mys)

The scatter percentage is

0.129 N-0.127 N
=1.5%|
0.127 N

(e) The interpretation of the graph can be stated thus:

For stacked coffee filters falling at terminal speed, a graph
of air resistance force as a function of squared speed
demonstrates that the force is proportional to the speed
squared within the experimental uncertainty estimated

as 2%. This proportionality agrees with that described by

the theoretical equation R = % DpAV®. The value of the

constant slope of the graph implies that the drag
coefficient for coffee filters is D = 0.78 + 2%.
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314 Circular Motion and Other Applications of Newton’s Laws

P6.50 (@) The forces acting on the ice cube are the Earth’s gravitational
force, straight down, and the basin’s normal force, upward and
inward at 35.0° with the vertical. We choose the x and y axes to be
horizontal and vertical, so that the acceleration is purely in the x
direction. Then

>F. =ma,: nsin35°=mv’/R
2 F,=ma;: ncos35°-mg=0
Dividing eliminates the normal force:

n sin 35.0°/n cos 35.0° = mv’/Rmg

tan 35.0° = v°/Rg

v =Rgtan35.0° = \/(6.86 m/s*)R

(b) |The mass is unnecessary.|

(c) The answer to (a) indicates that the speed is proportional to the

square root of the radius, so |increasing the radius will make the

|required speed increase.

(d) The period of revolution is given by

T=2R____2mR (2.40 s/+/m )R
v JRgtan35.0°

|When the radius increases, the period increases.|

(e) |Onalarger circle, the ice cube’s speed is proportional to VR but
the distance it travels is proportional to R, so the time interval

required is proportional to R/vVR = vR.

P6.51 Take the positive x axis up the hill. Newton’s second law in the x
direction then gives

YF =ma,: +Tsinf-—mgsing=ma

from which we obtain
a=ls:int9—gsin¢) [1]
m
In the y direction,
> F =ma;: +Tcosf-mgcosp=0
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Chapter6 315

Solving for the tension gives
T= mg cos ¢ 2]
cos6
Substituting for T from [2] into [1] gives
_9 cos@sinf

—gsing

cos@

a= g(cosgbtan@— si11¢)

P6.52 (a) We first convert miles per hour to feet per second:

v=(300 mi/h)| 220 s
60.0 mi/h

and v =450 mi/h = 660 ft/s at the bottom of the loop.

J =440 ft/s at the top of the loop

At the lowest point, his seat exerts an upward force; therefore, his
weight seems to increase. His apparent weight is

V2 1601b (660 ft/s)’
F'=mg+m—=160 b+ = 7
o =MJ r (32.0 ft/sz) 1200 ft 19751b

(b) At the highest point, the force of the seat on the pilot is directed
down and

V2 160 1b (440 ft/s)’
FF=mg-m—=1601b- =| —647
o =Md r (32.0 ft/szJ 1200 ft 647 1b

Since the plane is upside down, the seat exerts this downward
force as a normal force.

2

(c) |WhenF; =0, thenmg = mv . If we vary the aircraft's R and v

such that this equation is satisfied, then the pilot feels weightless.

P6.53 (@) |The only horizontal force on the car is the force of friction,
with a maximum value determined by the surface roughness

(described by the coefficient of static friction) and the normal

force (here equal to the gravitational force on the car).

(b) From Newton’s second law in one dimension,

— — — f —[+,2 2
>F=ma; —f=ma — a=-—=(vV-v])/2(x-X,)
X X 0 0
m
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316 Circular Motion and Other Applications of Newton’s Laws

solving for the stopping distance gives

m(vi—v2) _ (1200 kg)[ 0* - (20.0mys)’ |

TRETE T 2(~7 000 N) =[343m

(c) Newton’s second law now gives

mv? _ (1200kg)(20.0 m/s)’

or r= = =168.6
f 700N

A top view shows that you can avoid running into the wall by
turning through a quarter-circle, if you start at least this far away
from the wall.

(d) |Braking is better. You should not turn the wheel. If
you used any of the available friction force to change
the direction of the car, it would be unavailable to

slow the car, and the stopping distance would be

longer.

(€) |The conclusion is true in general. The radius of the curve you

can barely make is twice your minimum stopping distance.

P6.54 (a) Since the object of mass m, is in equilibrium, > F, =T -m,g =0

or T={m,g |

(b) The tension in the string provides the required centripetal
acceleration of the puck.

Thus, F,=T =| m,g |.

c

m,v*
(c) From F = I; ,

we have v = RE, (&] gR
ml
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Chapter6 317

(d) |The puck will spiral inward, gaining speed as it does so.| It gains

speed because the extra-large string tension pulls at an angle of
less than 90° to the direction of the inward-spiraling velocity,
producing forward tangential acceleration as well as inward
radial acceleration of the puck.

(e) |The puck will spiral outward, slowing down as it does so.

P6.55 (@) The gravitational force exerted by the
planet on the person is

mg = (75.0 kg)(9.80 m/s’)
= down

Let n represent the force exerted on the
person by a scale, which is an upward
force  whose size is her “apparent
weight.” The true weight is mg down.
For the person at the equator, summing
up forces on the object in the direction towards the Earth’s center

gives z F=ma:

ANS. FIG. P6.55

mg —n =ma,
where a,=v"/R, =0.0337m/s’

is the centripetal acceleration directed toward the center of the
Earth.

Thus, we can solve part (c) before part (b) by noting that
n=m(g—a,) <mg

(c) ormg=n+ma.>n.

The gravitational force is greater. The normal force is smaller,

just as one experiences at the top of a moving ferris wheel.

(b) If m="75.0kgand g =9.80m/s’ at the equator we have
n=m(g —a)=(75.0kg)(9.800 m/s* - 0.033 7 m/s’) = |732 N

P6.56 (@) ©v=u,+ kximplies the acceleration is
a:d—v:O+kd—X:+kV
dt dt
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318 Circular Motion and Other Applications of Newton’s Laws

(b) The total force is
> F =ma=m(+kv)

As a vector, the force is parallel or antiparallel to the velocity:

3 F = kmv

(c) |Fork positive, some feedback mechanism could be used to
impose such a force on an object for a while. The object’s

speed rises exponentially.

(d) |For k negative, think of a duck landing on a lake, where the
water exerts a resistive force on the duck proportional to its
speed.

P6.57 (@) Asshown in the free-body diagram on the right, the mass at the
end of the chain is in vertical equilibrium. Thus,

T cos@ = mg [1]

Horizontally, the mass is accelerating
toward the center of a circle of radius :  1=2.50m

m 2
Tsin6 =ma, = ;’ [2]

Here, r is the sum of the radius of the
circular platform R = D/2 =4.00 m
and 2.50 sin@:

r =(2.50sin6 +4.00) m
r =(2.50sin 28.0° +4.00) m

forces on seat

=517 m
We solve for the tension T from [1]: 7 =
g
TcosO=mg—->T = Mg forces on child
cosf

ANS. FIG. P6.57
and substitute into [2] to obtain

v? = grtan6 =(9.80 m/s?)(5.17 m)(tan 28.0°)
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(b) The free-body diagram for the child is shown in ANS. FIG. P6.57.
mg _ (40.0kg)(9.80 m/s?)

(© T=
cosf c0s28.0°

P6.58 (@) The putty, when dislodged, rises and returns to the original level

=444 N

I . . 2v
in time £. To find t, we use v, = v, + at:ie, -v=+v-gtor t=—,

where v is the speed of a point on the rim of the wheel.

2R
If R is the radius of the wheel, v = @, sot= ZEV = %

Thus, v*> =nRg and v=|,/7Rg |

(b) The putty is dislodged when F, the force holding it to the wheel,
is

2

mv
F= =\ mnr
R g
P6.59 (@) The wall’s normal force pushes inward:
z Finward = mainward

becomes

_mv’ _m(27RY" _ 47°Rm
" R R T T2

The friction and weight balance:

Z Fupward = maupward
becomes
ANS. FIG. P6.59
+f-mg=0
so with the person just ready to start sliding down,
f=pn=mg
Substituting,
47°Rm _
T:

pn=p, mg

Solving,
T2 2 AR,
9
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320 Circular Motion and Other Applications of Newton’s Laws

T= ’471’2R[,ls
g

(b) |The gravitational and friction forces

gives

remain constant. (Static friction adjusts
to support the weight.) The normal
force increases. The person remains in

motion with the wall.

(c) |The gravitational force remains constant.
The normal and friction forces decrease.
The person slides relative to the wall and

downward into the pit.

P6.60  (a)

t(s) d (m) t(s) d (m)

1.00 4.88 11.0 399
2.00 18.9 12.0 452
3.00 42.1 13.0 505
4.00 43.8 14.0 558
5.00 112 15.0 611
6.00 154 16.0 664
7.00 199 17.0 717
8.00 246 18.0 770
9.00 296 19.0 823
10.0 347 20.0 876
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(b)
d(m)
900 p==n===7-- -
I | |
1 1 1 |
I \ 1 |
800 [--4---+ 1 -
1 1 1 1
! 1 1 | 1
1 | 1 | 1
700 p--4---+ 4 .
1 : | : 1
1 H 1 ] \ 1
Y P -
1 : 1 1 : 1
I ] ! ] ! I !
500 p--+---+ ol et R B
» 'S N
! 1 1 | 1 \ 1
400 [--4---+ 4-—-bed-mb—
B HEEE
300 |-----+ s o
1 : 1 : 1 : 1
1 | 1 t 1 | 1
200 p--4---t + e s EEEL E
¢ ! i O
et | Lt o4
100 f==-=---1 —!-1———1'—-—,---1---}---1---{----|
| 6 | 1 | | | 1 | 1
| @ ! 1 1 ' 1 ' 1 ' 1
‘ 1 1 1 \ 1 ' | ' 1
0e-8 L)
0 2 4 6 8 10 12 14 16 18 20

(c) A straight line fits the points from t = 11.0 s to 20.0 s quite
precisely. Its slope is the terminal speed.

876 m—399 m _

20.0s-11.0s

P6.61 (a) If the car is about to slip down the incline, f is directed up the
incline.

v; = slope =

53.0 m/s

2 F, =ncosf+ fsinf-mg=0
where f = pn. Substituting,

mg
n=
cos@(l + U tanG)

H,mg

and f =
COSG(l + U, tan@)

2
Then, Y F, =nsin6— f cosf = mV%"“

yields

v = \/Rg (tan@— ;15)

1+ p tan6

When the car is about to slip up the ANS. FIG. P6.61
incline, fis directed down the incline.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

YY) oYl = S g Bl o)
www.facebook.com/groups/Smurfs.On.The.Way



322 Circular Motion and Other Applications of Newton’s Laws

Then,
2 F,=ncosf- fsinf-mg=0, with f=pn
This yields

n= L and f= KM
cos@(l — U tan 0) COSG(l — U tan 9)

2
In this case, }'F =nsin®+ f cosH = mv%;x , which gives

v = \/Rg(tan6+us)
e 1- p tan6

Rg(tan6—
() vamm:\/ 9(@n0-1) _§ e L =tand].

1+ pu tan®@
P6.62 There are three forces on the child, a vertical normal force, .
a horizontal force (combination of friction and a horizontal n
force from a seat belt), and gravity. F,
YF: F=mv/R 1
F: n—-mg= n=m v
2F, g=0— 9 | Fe
The magnitude of the net force is ANS. FIG. P6.62

F. = \/(mv2/R)2 + (mg)2

with a direction of

6= tan_l[ ng } = tan™ {g} above the horizontal
mv?/R v

For m = 40.0 kg and R = 10.0 m:

Fret = \/{ (40.0kg)(3.00 m/s) T +[(40.0kg)(9.80 m/ sz)]2

10.0 m
F.=39%4N
9.80 m/s*)(10.0
direction: 6 =tan™ ( m/s )( 3 m) —
(3.00 m/s)
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Chapter 6 323

P6.63 The plane’s acceleration is toward the
center of the circle of motion, so it is
horizontal. The radius of the circle of
motion is (60.0 m) cos 20.0° = 56.4 m and
the acceleration is

_ v _ (35 mys)?
&= T 564m

=21.7 m/s’
We can also calculate the weight of the
airplane:
ANS. FIG. P6.63
F, =mg
= (0.750 kg)(9.80 m/s%)
=735N

We define our axes for convenience. In this case, two of the forces—
one of them our force of interest—are directed along the 20.0° line. We
define the x axis to be directed in the +T direction, and the y axis to be
directed in the direction of lift. With these definitions, the x component
of the centripetal acceleration is

— [¢]
a. =a.cos 20.0

and 2F =ma, yields T +F,sin20.0°=ma,
Solving for T,
T =ma, - F sin 20.0°
Substituting,
T =(0.750 kg)(21.7 m/s’) cos 20.0° — (7.35 N) sin 20.0°
Computing,

T=153N-251N=

*P6.64 (a) While the car negotiates the curve, the

accelerometer is at the angle 6. | <=
mv?2 L
Horizontally: Tsinf = |
r | T
Vertically: Tcos6=mg Q
where 7 is the radius of the curve, and v is the A

speed of the car.
ANS. FIG. P6.64
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324 Circular Motion and Other Applications of Newton’s Laws

I v
By division, tan6 = —

Then

2
%
a :T: gtano:

C

a, =(9.80 m/s*)tan15.0°

a =|263m/s’

C

2 23.0 ?
B r=Lgves  r=Em < [o0m]

C

(©) Vv?=rgtand =(201 m)(9.80 m/s*)tan9.00°

Challenge Problems
P6.65 We find the terminal speed from

(o oen( 2]

where exp(x) = ¢' is the exponential function.

m
At t— oo vevT:Tg

ot |

Att=554s: 0.500v; =v; | 1-
’ ' T{ eXp[ 9.00 kg

Solving,

9.00 kg
—b(5:548) 10500 = 0.693
9.00 kg
_ (900 kg)(0-693) _ 113 ke/s
5.54 s '
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(@) From v; = %, we have

(9.00 kg)(9.80 m/s?)
1.13 kg/s

VAR =|78.3 m/s

(b) We substitute 0.750v, on the left-hand side of equation [1]:

-1.13t
0.750v; = v, [1—exp( > H

9.00 s

and solve for t:

exp(_l'm) = 0.250
9.00 s

(= 9.00(In 0.250)
-1.13

(c) We differentiate equation [1] with respect to time,

(2]l

then, integrate both sides

o o2

s=|11.1s

Att=554s,

x =(9.00 kg)(9.80 m/ SZ)(%L;/SJ

o B0 o)

X = 434 m +626 m(-0.500) =
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326 Circular Motion and Other Applications of Newton’s Laws

P6.66 (@) From Problem 6.33,

dx v,
V=—2=
dt  1+vkt
X t t
jdx:jvi dt :1 v;kdt
0 o l+vkt kpol+vkt

t
0

Xy = %ln(l +vikt)|

1
x_():E[ln(1+vikt)—1n1]

X = %]n(l+vikt)

(b) We have In(1+vkt)=kx

1+vkt=e* so v= Vi :%: ve =y
1+vkt e
P6.67 Let the x axis point eastward, the y axis upward, and the z axis point
southward.
v? sin 26.
(@) Therangeis Z = Yismey
g

The initial speed of the ball is therefore

9.80 2)(285
v, = |9 =\/( H.l/s)( ™) _53.0m/s
sin26. sin96.0°

1
The time the ball is in the air is found from Ay =v, t+ ant2 as

0=(53.0 m/s)(sin48.0°)t—(4.90 m/s?)t*

giving t={8.04 s |.

- 27(6.37 x10° m)cos35.0°
(b) v, =2FRCOS% ( ) =[379 m/s
86400 s 86400 s

(c) 360° of latitude corresponds to a distance of 27R,, so 285 mis a
change in latitude of

Ar= (2:& ](3600) i [27:(6;6;5;?06 m) ](3600)

=2.56x107 degrees
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The final latitude is then
¢; =¢,—A¢p =35.0°—0.002 56° = 34.997 4°
The cup is moving eastward at a speed
2ntR, cos ¢,
" 864005
which is larger than the eastward velocity of the tee by

2nR,
86400 s

AV, =V, -V, :( J[cosq)f - cosgbi]

2R
= (86 ZO(; s][cos(q)— Aq)) - cosq)i]

= [8622(?(; 5 j[cosd)i CcosA¢ +sin¢g, sin Ag — cosd)i]

Since A¢ is such a small angle, cosA¢ =1 and

v, = 2R Ging sinAg
86 400 s
[ 27(6.37x10° m) | | _
Av, = sin 35.0°sin 0.002 56°
86400 s

=/ 1.19x10” m/s

(d) Ax=(Av,)t=(1.19x10? m/s)(8.04 s)=0.095 5m =] 9.55 cm |

(@) Welet R represent the radius of the hoop and T represent the
period of its rotation. The bead moves in a circle with radius
r=Rsin@ at a speed of

2rr _ 2nRsin®
T T
The normal force has an inward radial

component of 7sinf and an upward component
of ncosé.

> F, =ma,;: ncos®—mg=0

or

cos6 ANS. FIG. P6.68
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328 Circular Motion and Other Applications of Newton’s Laws

(b)

(c)
(d)

(e)

VZ
Then Y F, =nsinf = mT becomes

( mg ) . m (ZnRsinB)z
sinf = —
cosf Rsin@ T

gsin@ _47°Rsin®

which reduces to

cos@ T?
This has two solutions: sin6=0 = 6=0° [1]
TZ
and cos6 = g—z [2]
47°R

If R=15.0cm and T = 0.450 s, the second solution yields

(9.80 m/s?)(0.450 s)’

=0.335 or 9=704°
47%(0.150 m) o

cosfO =

Thus, in this case, the bead can ride at two positions: | 6 =70.4°

and | 6=0° |.

At this slower rotation, solution [2] above becomes

(9.80 m/s?)(0.850 s)’
47%(0.150 m)

cos@ = =1.20, which is impossible.

In this case, the bead can ride only at the bottom of the loop,
6=0°]|.

|There is only one solution for (b) because the period is too large.

The equation that the angle must satisfy has two solutions
whenever 47°R > gT? but only the solution 0° otherwise.
The loop’s rotation must be faster than a certain threshold

value in order for the bead to move away from the lowest

position. Zero is always a solution for the angle.

From the derivation of the solution in (a), there are never more

than two solutions.

P6.69 At terminal velocity, the accelerating force of gravity is balanced by
friction drag:

mg = arv + br’v?
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(@) Withr=10.0 um, mg =(3.10x107)v +(0.870x107°)v?
5 4 5 3
For water, m= pV =1000 kg/m 57‘[(10 m)

mg=4.11x10" =(3.10x 10 )v +(0.870x 107 )v?

Assuming v is small, ignore the second term on the right hand
side: | v=0.013 2 m/s |

(b) Withr =100 um, mg =(3.10x107)v+(0.870x 10*) v

Here we cannot ignore the second term because the coefficients
are of nearly equal magnitude.

mg=4.11x10" =(3.10x10°*)v +(0.870x 107" )v*

Taking the positive root,

_ =3.10+4/(3.10)? +4(0.870)(4.11)
e 2(0.870)

=| 1.03 m/s

() Withr=1.00mm, mg =(3.10x 107 )v +(0.870x 10 )v?

Assuming v > 1 m/s, and ignoring the first term:

411x10° =(0.870x10°)v* v =|6.87 m/s

P6.70 At a latitude of 35°, the centripetal acceleration of a plumb bob is
directed at 35° to the local normal, as can be seen from the following
diagram below at left.

Therefore, if we look at a diagram of the forces on the plumb bob and
its acceleration with the local normal in a vertical orientation, we see
the second diagram in ANS. FIG. P6.70:
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330 Circular Motion and Other Applications of Newton’s Laws

Local normal

mg

ANS. FIG. P6.70

We first find the centripetal acceleration of the plumb bob. The first
figure shows that the radius of the circular path of the plumb bob is
R cos 35.0°, where R is the radius of the Earth. The acceleration is

% 1(27”)2 _ 47’ _ 4m*Rcos35.0°

“r o\ T T? T?
47*(6.37 x 10° m)cos35.0° )
= > =0.027 6 m/s
(86 400 s)

Apply the particle under a net force model to the plumb bob in both x
and y directions in the second diagram:

X: Tsing = ma, sin35.0°
y: mg — Tcos¢ = ma,cos35.0°

Divide the equations:

a, sin35.0°
tan¢g =
g — a,c0s35.0°
(0.027 6 m/s?)sin 35.0° S
tang = =1.62 x10

© 9.80 m/s” — (0.027 6 m/s”)c0s35.0°

¢ =tan” (162 x 107) =
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P6.2 (a) 1.65 x 10° m/s; (b) 6.84 x 10’ s
P6.4 215 N, horizontally inward

P6.6 (a) (—0.233i+o.163j) m/s?; (b) 6.53 m/s, (—0.181i+o.181j) m/s>

P6.8 (@) (68.6 N)i+(784 N)j; (b) a=0.857 m/s’

P6.10 The situation is impossible because the speed of the object is too small,
requiring that the lower string act like a rod and push rather than like
a string and pull.

P6.12 (a) the gravitational force and the contact force exerted on the water by
the pail; (b) contact force exerted by the pail; (c) 3.13 m/s; (d) the water
would follow the parabolic path of a projectile

P6.14  (a)4.81m/s; (b) 700 N
P6.16  (a)2.49 x 10*N; (b) 12.1 m/s

P6.18 (a) 20.6 N; (b) 32.0 m/s” inward, 3.35 m /s’ downward tangent to the

circle; (c) 32.2 m/ s’ inward and below the cord at 5.98°; (d) no change;
(e) acceleration is regardless of the direction of swing

P6.20 (a) 3.60 m/s* (b) T = 0; (c) noninertial observer in the car claims that
the forces on the mass along x are T and a fictitious force (-Ma); (d)
inertial observer outside the car claims that T is the only force on M in
the x direction

P6.22 93.8 N

2(vt-L)

(g+a)t?

P6.26 (a) 53.8 m/s; (b) 148 m

P6.28 (a) 6.27 m/s’* downward; (b) 784 N directed up; (c) 283 N upward
P6.30 (a) 32.7 s (b) 9.80 m/s” down; (c) 4.90 m/s’ down

P6.32 36.5m/s

P6.34 (a) 2.03 N down; (b) 3.18 m/s’ down; (c) 0.205 m/s down

P6.36  10'N

P6.38  1.2x10°N

P6.40 (@) 1.15 x 10*'N up; (b) 14.1m/s
P6.42 See Problem 6.42 for full derivation.

P6.24
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332 Circular Motion and Other Applications of Newton’s Laws

P6.44 (a) 217 N; (b) 283 N; (c) T, > T, always, so string 2 will break first

P6.46 The situation is impossible because the speed of the child given in the
problem is too large: static friction could not keep the child in place on
the incline

P6.48 0.835rev/s

P6.50 (a) v=,/Rgtan35.0° = w/(6.86 m/sz) R ; (b) the mass is unnecessary;

(c) increasing the radius will make the required speed increase; (d)
when the radius increases, the period increases; (e) the time interval
required is proportional to R /R =R

2

P652  (a) 1975 Ib; (b) —647 Ib; (c) When F/ =0, then mg = mF‘{’ .

m,

P6.54 (a) m,g; (b) m,g; (c) (m ]gR ; (d) The puck will spiral inward, gaining

1
speed as it does so; (e) The puck will spiral outward, slowing down as
it does so

P6.56 (a) a = +kv; (b) Y.F = kmV ; (c) some feedback mechanism could be used

to impose such a force on an object; (d) think of a duck landing on a
lake, where the water exerts a resistive force on the duck proportional
to its speed

P6.58  (a) \/mRg; (b) mrg

P6.60 (a) See table in P6.60 (a); (b) See graph in P6.60 (b); (c) 53.0 m/s
P6.62 84.7°

P6.64 (@) 2.63 m/s? (b) 201 m; (c) 17.7 m/s

P6.66 (@) x= %ln(l +V, kt); (b) v=ve™
P6.68 (@) & =70.4°and 6 =0° (b) 8 =0° (c) the period is too large; (d) Zero

is always a solution for the angle; (e) there are never more than two
solutions

P6.70 0.092 8°
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7
Energy of a System

CHAPTER OUTLINE

7.1 Systems and Environments

7.2 Work Done by a Constant Force

7.3 The Scalar Product of Two Vectors

7.4 Work Done by a Varying Force

7.5 Kinetic Energy and the Work-Kinetic Energy Theorem

7.6 Potential Energy of a System

7.7 Conservative and Nonconservative Forces

7.8 Relationship Between Conservative Forces and Potential Energy
7.9 Energy Diagrams and Equilibrium of a System

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

OQ7.1  Answer (c). Assuming that the cabinet has negligible speed during the
operation, all of the work Alex does is used in increasing the
gravitational potential energy of the cabinet-Earth system. However, in
addition to increasing the gravitational potential energy of the cabinet-
Earth system by the same amount as Alex did, John must do work
overcoming the friction between the cabinet and ramp. This means
that the total work done by John is greater than that done by Alex.

0Q7.2  Answer (d). The work—energy theorem states that W, = AK = K, - K.

Thus, if W_, =0, then K, —K; or %mv? —%mvf, which leads to the

conclusion that the speed is unchanged (v, = v,). The velocity of the

particle involves both magnitude (speed) and direction. The work-
energy theorem shows that the magnitude or speed is unchanged

333
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334 Energy of a System

when W_, = 0, but makes no statement about the direction of the
velocity.

0Q7.3  Answer (a). The work done on the wheelbarrow by the worker is
W = (Fcos 8)Ax = (50 N)(5.0 m) = +250 ]

0OQ7.4 Answer (c). The system consisting of the cart’s fixed, initial kinetic
energy is the mechanical energy that can be transformed due to friction
from the surface. Therefore, the loss of mechanical energy is
AE, ... =—fd=—-(6 N)(0.06 m)=0.36 J. This product must remain the
same in all cases. For the cart rolling through gravel, —(9 N)(d) = 0.36 ]
tellsus d =4 cm.

OQ7.5 Theanswerisa>b =e>d > c. Each dot product has magnitude
(1)-(1)-cos 6, where @is the angle between the two factors. Thus for (a)
we have cos 0 = 1. For (b) and (e), cos 45° = 0.707. For (c), cos 180° = —1.
For (d), cos 90° = 0.

0Q7.6  Answer (c). The net work needed to accelerate the object from v =0 to
vis
1 1 1
W, = KE,; — KE,, = =mv* — =m(0)> = —=mv’
1 1f 1i 2 2 ( ) 2
The work required to accelerate the object from speed v to speed 2v is

W, = KE,, - KE,, = ~m(2v)’ — ~mv?
2 2
= 1m(4v2 —vz) = 3(lmv2) =3W,
2 2

OQ7.7  Answer (e). As the block falls freely, only the conservative
gravitational force acts on it. Therefore, mechanical energy is
conserved, or KE; + PE; = KE, + PE,. Assuming that the block is released

from rest (KE, = 0), and taking y = 0 at ground level (PE, = 0), we have
that

1 V3
KE.=PE. or =mv%®=m and =_1
'f i 2 f gy y. 2g

Thus, to double the final speed, it is necessary to increase the initial
height by a factor of four.

0Q7.8 (i) Answer (b). Tension is perpendicular to the motion. (ii) Answer (c).
Air resistance is opposite to the motion.

0Q7.9 Answer (e). Kinetic energy is proportional to mass.
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0Q7.10 (i) Answers (c) and (e). The force of block on spring is equal in
magnitude and opposite to the force of spring on block.

(ii) Answers (c) and (e). The spring tension exerts equal-magnitude
forces toward the center of the spring on objects at both ends.

0Q7.11 Answer (a). Kinetic energy is proportional to squared speed. Doubling
the speed makes an object’s kinetic energy four times larger.

0Q7.12 Answer (b). Since the rollers on the ramp used by David were
frictionless, he did not do any work overcoming nonconservative
forces as he slid the block up the ramp. Neglecting any change in
kinetic energy of the block (either because the speed was constant or
was essentially zero during the lifting process), the work done by
either Mark or David equals the increase in the gravitational potential
energy of the block-Earth system as the block is lifted from the ground
to the truck bed. Because they lift identical blocks through the same
vertical distance, they do equal amounts of work.

0Q7.13 (i) Answer: a =b = ¢ = d. The gravitational acceleration is quite
precisely constant at locations separated by much less than the radius
of the planet.

(i) Answer: ¢ = d > a = b. The mass but not the elevation affects the
gravitational force.

(iii) Answer: ¢ > b = d > a. Gravitational potential energy of the object-
Earth system is proportional to mass times height.

0Q7.14 Answer (d). 4.00] = %k(O.lOO m)’. Therefore, k = 800 N/m and to

stretch the spring to 0.200 m requires extra work

-1
2

0Q7.15 Answer (a). The system consisting of the cart’s fixed, initial kinetic
energy is the mechanical energy that can be transformed due to friction
from the surface. Therefore, the loss of mechanical energy is

AE, ... =—fd=—-(6 N)(0.06 m)=0.36 J. This product must remain the

mech —

AW = =(800)(0.200)> — 4.00 J = 12.0 ]

same in all cases. For the cart rolling through gravel,
~(f)(0.18 m) = 0.36 ] tells us f, =2 N.

0Q7.16 Answer (c). The ice cube is in neutral equilibrium. Its zero acceleration
is evidence for equilibrium.
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336 Energy of a System

ANSWERS TO CONCEPTUAL QUESTIONS

CQ7.1  Yes. The floor of a rising elevator does work on a passenger. A normal
force exerted by a stationary solid surface does no work.

CQ7.2  Yes. Object 1 exerts some forward force on object 2 as they move
through the same displacement. By Newton'’s third law, object 2 exerts
an equal-size force in the opposite direction on object 1. In
W = FArcos0, the factors F and Ar are the same, and 6 differs by 180°,
so object 2 does —15.0 ] of work on object 1. The energy transfer is
15 ] from object 1 to object 2, which can be counted as a change in
energy of —15 ] for object 1 and a change in energy of +15 J for object 2.

CQ7.3  Itis sometimes true. If the object is a particle initially at rest, the net
work done on the object is equal to its final kinetic energy. If the object
is not a particle, the work could go into (or come out of) some other
form of energy. If the object is initially moving, its initial kinetic energy
must be added to the total work to find the final kinetic energy.

CQ7.4  The scalar product of two vectors is positive if the angle between them
is between 0° and 90°, including 0°. The scalar product is negative
when 90° < 6 < 180°.

CQ7.5 No. Kinetic energy is always positive. Mass and squared speed are
both positive.

CQ7.6  Work is only done in accelerating the ball from rest. The work is done
over the effective length of the pitcher’s arm—the distance his hand
moves through windup and until release. He extends this distance by
taking a step forward.

CQ7.7 (a) Positive work is done by the chicken on the dirt.

(b) The person does no work on anything in the environment.
Perhaps some extra chemical energy goes through being energy
transmitted electrically and is converted into internal energy in his
brain; but it would be very hard to quantify “extra.”

(c) Positive work is done on the bucket.
(d) Negative work is done on the bucket.
(e) Negative work is done on the person’s torso.

CQ7.8 (a) Notnecessarily. It does if it makes the object’s speed change, but
not if it only makes the direction of the velocity change.

(b) Yes, according to Newton's second law.

CQ7.9  The gravitational energy of the key-Earth system is lowest when the
key is on the floor letter-side-down. The average height of particles in
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the key is lowest in that configuration. As described by F = —dU/dx, a
force pushes the key downhill in potential energy toward the bottom
of a graph of potential energy versus orientation angle. Friction
removes mechanical energy from the key-Earth system, tending to
leave the key in its minimum-potential energy configuration.

CQ7.10 There is no violation. Choose the book as the system. You did positive
work (average force and displacement are in same direction) and the
Earth did negative work (average force and displacement are in
opposite directions) on the book. The average force you exerted just
counterbalanced the weight of the book. The total work on the book is
zero, and is equal to its overall change in kinetic energy.

CQ7.11 Kk =2k. Think of the original spring as being composed of two half-
springs. The same force F that stretches the whole spring by x stretches
each of the half-springs by x/2; therefore, the spring constant for each
of the half-springs is k’ = [F/(x/2)] = 2(F/x) = 2k.

CQ7.12 A graph of potential energy versus position is a straight horizontal line
for a particle in neutral equilibrium. The graph represents a constant
function.

CQ7.13 Yes. As you ride an express subway train, a backpack at your feet has
no kinetic energy as measured by you since, according to you, the
backpack is not moving. In the frame of reference of someone on the
side of the tracks as the train rolls by, the backpack is moving and has
mass, and thus has kinetic energy.

CQ7.14 Force of tension on a ball moving in a circle on the end of a string.
Normal force and gravitational force on an object at rest or moving
across a level floor.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 7.2 Work Done by a Constant Force

P7.1 (@) The 35-N force applied by the shopper makes a 25° angle with the
displacement of the cart (horizontal). The work done on the cart
by the shopper is then

W, =(F cos8)Ax =(35.0 N)(50.0 m)cos25.0°

shopper

=11.59%x10% ]

(b) The force exerted by the shopper is now completely horizontal
and will be equal to the friction force, since the cart stays at a
constant velocity. In part (a), the shopper’s force had a downward
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338 Energy of a System

vertical component, increasing the normal force on the cart, and
thereby the friction force. Because there is no vertical component

here, the friction force will be less, and the |the force is smaller|
than before.

(c) Since the horizontal component of the force is less in part (b), the
work performed by the shopper on the cart over the same 50.0-m

distance is as in part (b).

P7.2 (@) The work done on the raindrop by the gravitational force is given
by

W =mgh =(3.35x 107 kg)(9.80 m/s*)(100 m) =|3.28 10 |

(b) Since the raindrop is falling at constant velocity, all forces acting
on the drop must be in balance, and R = mg, so

Wair resistance =|-3.28x 10_2]
P7.3 (a) The work done by a constant force is given by
W = Fdcos6

where 6 is the angle between the force and the displacement of
the object. In this case, F = -mg and 6 =180°, giving

W = (281.5 kg)(9.80 m/s*)[(17.1 cm)(1 m/10% cm)] =

(b) If the object moved upward at constant speed, the net force acting
on it was zero. Therefore, the magnitude of the upward force
applied by the lifter must have been equal to the weight of the
object:

F =mg = (281.5kg)(9.80 m/s*) =2.76 x 10° N = [2.76 kN

P7.4 Assuming the mass is lifted at constant velocity, the total upward force
exerted by the two men equals the weight of the mass: F,, = mg =

(653.2 kg)(9.80 m/s’) = 6.40 x 10° N. They exert this upward force
through a total upward displacement of 96 inches (4 inches per lift for
each of 24 lifts). The total work would then be

W, = (6.40 x 10° N)[(96 in)(0.025 4 m/1 in)] = |1.56 x 10* ]

P7.5 We apply the definition of work by a constant force in the first three
parts, but then in the fourth part we add up the answers. The total
(net) work is the sum of the amounts of work done by the individual
forces, and is the work done by the total (net) force. This identification
is not represented by an equation in the chapter text, but is something
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you know by thinking about it, without relying on an equation in a list.
The definition of work by a constant force is W = FAr cos®é.

(a) The applied force does work given by
W = FArcos6 =(16.0 N)(2.20 m)cos25.0°=(31.9 ]

(b), (c) The normal force and the weight are both at 90° to the
displacement in any time interval. Both do [0] work.

(d) YW=319]J+0+0=|319]
P7.6 METHOD ONE

Let ¢ represent the instantaneous angle the rope ‘ P
makes with the vertical as it is swinging up from : o
¢ =0to ¢f = 60°. In an incremental bit of motion j\‘,'i\ N \‘[,
from angle ¢ to ¢ + d¢, the definition of radian ) lm; Rt S
measure implies that Ar =(12.0 m)dg. The angle :

ANS. FIG. P7.6

0 between the incremental displacement and the
force of gravity is 6= 90° + ¢. Then

cos 0= cos(90° + ¢) = —sin ¢

The work done by the gravitational force on Spiderman is

W = }Fcos@dr = ¢:J§OO mg(—sin¢)(12.0 m)d¢
i $=0
=-mg(12.0 m)6}e sin¢g d¢

=(~80.0 kg)(9.80 m/s?)(12 m)(-cosg);

=(-784 N)(12.0 m)(-cos60° +1) =| —4.70x10° J

METHOD TWO

The force of gravity on Spiderman is mg = (80 kg)(9.8 m/ s’) =784 N
down. Only his vertical displacement contributes to the work gravity
does. His original y coordinate below the tree limb is —12 m. His final y
coordinate is (-12.0 m)cos60.0° = —6.00 m. His change in elevation is
—6.00 m — (-12.0 m). The work done by gravity is

W = FArcos8 = (784 N)(6.00 m)cos 180° = [-4.70 kJ
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Section 7.3 The Scalar Product of Two Vectors

P17 AB=(Ai+Aj+AK)(Bi+Bj+BK)

A-B=AB,(i-i)+AB,(i-])+AB,(i k)

P7.8 A =5.00; B=9.00; 6=>50.0°

A B = ABcos6 = (5.00)(9.00)c0s50.0° = | 28.9

P79 A-B=(3.00i+]-k)-(-i+200j+500k)=400i - j-6.00k
C.(A-B)= (2.ooj - 3.0012) - (4.00? _j- 6.0012) = 0+ (~2.00) + (+18.0)
=
P7.10 We must first find the angle between the two y
vectors. It is
6= (360° - 132°) — (118° + 90.0°) 118° |
=20.0° F-nsn 7|/ '
Then o/ | 182
F.-T=Frcosd V=173cm/s
=(32.8 N)(0.173 m)cos20.0° ANS. FIG. P7.10
or F-F=533N-m=|533]
P7.11

(@) We use the mathematical representation of the definition of work.

W =F - AF = Fx+F,y = (6.00)(3.00) N - m +(~2.00)(1.00) N - m

=[16.0]
(b) 9=cos‘1[F.Ar]
FAr
- cos™! 16 N-m
J(6.00 N)? +(=2.00 N)? - 1/(3.00 m)? +(1.00 m)?

=[369°]
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P7.12  (a) A =3.00i-2.00]
B = 4.00i — 4.00]
A B 12.0 +8.00
@=cos!| — |= cos‘l(—J =111.3°
o) s
(b) A =-2.00i +4.00j

B =3.00i — 4.00j + 2.00K

COSO:(A-B]_ 6.00-160 _,_r=e

AB | 20.0-4/29.0

(c) A=i-2.00j+2.00k

B =3.00] + 4.00k

9 = Cos_l E = Cos_l (MJ = 82 30
AB \/9.00-+/25.0 :
P7.13 Let @ represent the angle between A and B. Turning by 25.0° makes

the dot product larger, so the angle between C and B must be smaller.
We call it 6 — 25.0°. Then we have

5A cos =30 and 5A cos (60-25.0°)=35

Then

Acos 6=6 and A (cos@ cos 25.0° + sin@sin 25.0°) =7
Dividing,

cos 25.0° + tan O sin 25.0°=7/6
or tan@= (7/6 — cos 25.0°) /sin 25.0° = 0.616

Which gives 6= 31.6°. Then the direction angle of A is
60.0° — 31.6° = 28.4°
Substituting back,

A cos31.6°=6 so A=[7.05m at 28.4°
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Section 7.4 Work Done by a VVarying Force

f
P7.14 W = [Fdx = area under curve from x, to X

(@) x,=0andx,=800m
W,_s = area of triangle ABC

torabuill

ANS. FIG. P7.14

= (%)AC x height

W, = %) % 8.00 m x 6.00 N

=[240]

(b) x,=8.00mand x;=10.0m

W;_,,, = area of ACDE = (%)CE x height,

W, = G) % (2.00 m) % (-3.00 N) =[ =3.00 ]

(© W0 =W, 4 +W,,,, =24.0+(-3.00)=(21.0]

P7.15 We use the graphical representation of the E (N)
definition of work. W equals the area under the

force-displacement curve. This definition is still |

|
|
written W = JFX dx but it is computed :
geometrically by identifying triangles and l
rectangles on the graph.

!

|

|

\

|

+ y X (M
0 5 o5 ™

(a) For the region 0 < x <5.00 m, ANS. FIG. P7.15

_ (3.00 N)(5.00 m) _

W 7.50
2

(b) For the region 5.00 <x <10.0, W =(3.00N)(5.00m)=[15.0]

(c) For the region 10.00 <x <15.0, W = (3.00 N)Z(S'OO m) _[7507

(d) For the region 0 < x < 15.0, W= (750 +7.50 +15.0)] =
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P716  SF =ma; kx=ma s ]"
K = @ “j 3 TV)\‘ m Fi— i
X VAVAVAY
_ (470 107 kg) (0.800) (9.80 m/s?) l g

0.500 X 10*m

- [757 N/m]

P7.17 When the load of mass M = 4.00 kg is hanging on the spring in
equilibrium, the upward force exerted by the spring on the load is
equal in magnitude to the downward force that the Earth exerts on the
load, given by w = Mg. Then we can write Hooke’s law as Mg = +kx.
The spring constant, force constant, stiffness constant, or Hooke’s-law
constant of the spring is given by

F_ Mg _ (4.00 kg)(9.80 m/s”) _

k=—= =
y vy 250x 10" m

(@) For the 1.50-kg mass,
mg _ (1.50 kg)(9.80 m/s®) _

- Mg =0.00938m=|0.
Y= 157 x10° N/m m =] 0.938 cm

(b) Work = %kyz = %(1.57>< 10° N/m)(4.00x 107 m)’ =[1.25]

ANS. FIG. P7.16

1.57 x10° N/m

P7.18 In F = —kx, F refers to the size of the force that the spring exerts on each
end. It pulls down on the doorframe in part (a) in just as real a sense as
it pulls on the second person in part (b).

(@) Consider the upward force exerted by the bottom end of the
spring, which undergoes a downward displacement that we
count as negative:

k=-F/x =—(7.50 kg)(9.80 m/s”)/(-0.415 m + 0.350 m)

= -73.5N/(=0.065 m) = [1.13 kKN/m

(b) Consider the end of the spring on the right, which exerts a force
to the left:

x=—F/k=—-190N)/(1130 N/m) = 0.168 m
The length of the spring is then

0.350 m + 0.168 m = |0.518 m = 51.8 cm|
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344 Energy of a System

P7.19

P7.20

P7.21

(a) Spring constant is given by F = kx:

_F_ 230N _
x_0.400m_

(b) Work = FrgX = (%)(0.400 m)=|46.0]

The same force makes both light springs stretch.

(@) The hanging mass moves down by

g mg 1 1)
X=X, +X, = —+—2=mg| —+—
' ’ k1 k2 (kl k2
1 1
=(1.5kg)(9.8 m/s? +
(15 kg)(98 m/s )[1200N/m 1800N/mj
=[2.04x10% m

(b) We define the effective spring constant as

-1
k :E: mg = l+i
x  mg(l/k +1k,) (kK

-1
1 1

= + =720 N

|07 T007m)

(@) The force mg is the tension in each of the springs. The bottom of
the upper (first) spring moves down by distance
x, = | F|/k, = mg/k,. The top of the second spring moves down
by this distance, and the second spring also stretches by
x, = mg/k,. The bottom of the lower spring then moves down by
distance

_ _mg mg _ 1 1
Xtotal_X1+X2_k_+k__ mg| —+—
1 2

(b) From the last equation we have

X, +X
mg=3—7
7+7
ki k,

This is of the form

_ 1
|F|_(1/k1+1/k2J(X1+X2)
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The downward displacement is opposite in direction to the
upward force the springs exert on the load, so we may write
F = —k,; X, with the effective spring constant for the pair of

springs given by

1
1/k +1/k,

keﬁ =

r 2
P7.22 [K]= E}:E:M: kg

| X §

m m S

P7.23 (a) |If the weight of the first tray stretches all four springs
by a distance equal to the thickness of the tray, then the
proportionality expressed by Hooke’s law guarantees
that each additional tray will have the same effect, so
that the top surface of the top tray can always have the
same elevation above the floor if springs with the right

spring constant are used.

(b) The weight of a tray is (0.580 kg)(9.8 m/s’) = 5.68 N. The force
%(5.68 N)=1.42 N should stretch one spring by 0.450 cm, so its

spring constant is

k:@: 142N

=316 N/m
x 0.0045m

(c) |We did not need to know the length or width of the tray.

An

P7.24 The spring exerts on each block an outward force of
magnitude -
|F,| = kx = (3.85 N/m)(0.08 m) = 0.308 N 1 245N

Take the +x direction to the right. For the light block on ANS. FIG.
the left, the vertical forces are given by P7.24

F,=mg = (0.250 kg)(9.80 m/s’) = 2.45 N
and 2F =0
SO n-245N=0 — n=245N
Similarly, for the heavier block,

n=F,=(0.500 kg)(9.80 m/s*) = 4.90 N
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346 Energy of a System

(a)

(b)

P7.25  (a)

(b)

For the block on the left,
YF =ma: -0.308N =(0.250 kg)a

a=|-1.23m/s’

For the heavier block,
+0.308 N = (0.500 kg)a

a=0.616m/s’

For the block on the left, f, = yn = 0.100(2.45 N) = 0.245 N.

ZFX = rr]a'X
~0.308 N + 0.245 N = (0.250 kg)a

a=|-0.252 m/s? if the force of static friction is not too large|-

For the block on the right, f, = t4n = 0.490 N. The maximum force
of static friction would be larger, so no motion would begin and

the acceleration is .

Left block: f, = 0.462(2.45 N) = 1.13 N. The maximum static friction
force would be larger, so the spring force would produce no
motion of this block or of the right-hand block, which could feel

even more friction force. For both, a =[0].

The radius to the object makes angle 6 “F g
with the horizontal. Taking the x axis in Y )
the direction of motion tangent to the 7 \\[ )
cylinder, the object’s weight makes an / R 2\\
angle 6 with the —x axis. Then, / \

2.F =ma, ANS. FIG. P7.25
F-mgcosf6 =0

F=| mgcos@

f
W = [F-df

We use radian measure to express the next bit of displacement as
dr = Rd@in terms of the next bit of angle moved through:
/2

W = [ mgcosoRd6 = mgRsin6|”” = mgR(1-0) =| mgR

0
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P7.26 The force is given by F, = (8x —16) N. E.(N)
(@) See ANS. FIG. P7.26 to the right.

©) w. = 200ma60N)  (1.00m)E.00 N) ISR S
2 2 172,03
=[-12.0]

ANS. FIG. P7.26

P7.27  (a)

F (N) L (mm) F(N) L (mm)

0.00 0.00 12.0 98.0
2.00 15.0 14.0 112
4.00 32.0 16.0 126
6.00 49.0 18.0 149
8.00 64.0 20.0 175
10.0 79.0 22.0 190

ANS FIG. P7.27(a)
(b) By least-squares fitting, its slope is 0.116 N/mm = (116 N/m|.
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348 Energy of a System

(c) To draw the straight line we use all the points listed and also the
origin. If the coils of the spring touched each other, a bend or
nonlinearity could show up at the bottom end of the graph. If the
spring were stretched “too far,” a nonlinearity could show up at
the top end. But there is no visible evidence for a bend in the
graph near either end.

(d) In the equation F = kx, the spring constant k is the slope of the
F-versus-x graph.

[k =116 N/m|

(e) F=kx=(116 N/m)(0.105m)=[122N

P7.28 (a) We find the work done by the gas on the bullet by integrating the
function given:

f
W = [F-df

0.600 m
W= | (15000 N+10000x N/m-25000x* N/m?)

0
dxcos0°
2 30-600 m

W = 15 000x 4 10.000X° _ 25000x

3
0
W =9.00 k] +1.80 k] — 1.80 kJ =[ 9.00 k]

(b) Similarly,
W = (15.0 kN)(1.00 m)
, (10.0 KN/m)(1.00 m)* (25.0 kN/m?)(1.00 m)’
2 3
W=11.67 k] =[11.7 i

11.7 K] - 9.00k]
9.00 kJ

The work is greater by 29.6%.

(©) x 100% = 29.6%

f 5m " n n
P7.29  W=[F.dF= j(4xi+3yj)N-dxi
i 0

PEER

x
2

SJm (4 N/m)xdx +0 = (4 N/m) ={50.07

0
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P7.30 We read the coordinates of the two specified points from the graph as
a=(cm, -2 N)and b= (25cm, 8 N)

We can then write u as a function of v by first finding the slope of the
curve:

8 N-(-2N)
25 cm—5 em

a

slope = =05 N/em

The y intercept of the curve can be found from u = mv + b, where
m = 0.5 N/cm is the slope of the curve, and & is the y intercept.
Plugging in point a4, we obtain

u=mv+b
-2 N=(0.5N/em)(5 cm)+b
b=—45N

Then,
u=mv+b=(0.5N/cm)v-45N

(a) Integrating the function above, suppressing units, gives

[Judv=[2(0.5v—4.5)dv =[05v? /2 4.5v]
= 0.25(625— 25)— 4.5(25- 5)

=150- 90 = 60 N-cm:

(b) Reversing the limits of integration just gives us the negative of the
quantity:

[ruv = 0007

(c) This is an entirely different integral. It is larger because all of the
area to be counted up is positive (to the right of v = 0) instead of
partly negative (below u = 0).

5
5

[Jvdu= [’ @u+9)du=[2u?/2+9u]
= 64— (-2 +9(8+2)

:60+90:150N-cm:

3
-2
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350 Energy of a System

Section 7.5

Kinetic Energy and the
Work-Kinetic Energy Theorem

P131 ¥ =(6.00i-1.00j) nvs’

(@)

(b)

P32  (a)

(b)

()

P133  (a)

(b)

()

v, =V + v, =~/37.0 m/s

K, :lm\;fi2
2

= %(3.00 kg)(37.0 m’/s” )= 55.5]

v, =8.00i + 4.00j

2-§, ¥, =64.0+16.0=80.0 m’/s’

<

Since the applied force is horizontal, it is in the direction of the
displacement, giving 8 = (°. The work done by this force is then

W, = (F,cos6)Ax = F (cos0)Ax = F Ax

(80.0)— 55.5=[ 645 |

and
WF

M _ 30T _moaN

T AX  120m

If the applied force is greater than 29.2 N, the crate would
accelerate in the direction of the force, so its

‘speed would increase| with time.

If the applied force is less than 29.2 N, the
|crate would slow down and come to rest.]

K, = %(0.600 kg)(2.00 m/s) =[1.20]

1, \IZKB (2)(7.507])
—mv: = Kg: Vg = = =| 5.00
7 B B+ "B m 0.600 kg

SW=AK=K, - K, :%m(vé—vi):7.50]—1.20]: 6.30 ]
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P7.34 (a) AK=K,-K = lm\;’f —0=YW = (area under curve from x = 0 to
2

x = 5.00 m)
v JZ(area) _ [2(7.50]) 170z —p
m 4.00 kg
(b) AK=K,-K = lm\;’f —0=YW = (area under curve from x = 0 to
2
x =10.0 m)
v JZ(area) _ [2(225]) 1558 —p
m 4.00 kg
(c) AK=K;-K, = lm\ﬁ —0=YW = (area under curve from x = 0 to
2
x=15.0m)
v = JZ(area) _ [2600)) _rmg —p
m 4.00 kg
P7.35 Consider the work done on the pile driver from the time it starts from

rest until it comes to rest at the end of the fall. Let d = 5.00 m represent
the distance over which the driver falls freely, and # = 0.12 the distance
it moves the piling.

EW = AK Wgravity + Wbeam = %m\-& - %mv?
s0 (mg)(h+ d)cos 0° +(F )(d)cos180° = 0 -0
Thus,
=_ (mg)h+d) (2100 kg)(9.80 m/s”)(5.12 m)
d 0120 m
=| 8.78x10° N

The force on the pile driver is | upward.

P736 () Vv, =0.096(3.00x10° m/s)=2.88x10" m/s

K, :%mvf = %(9.11>< 10 kg)(2.88x 107 m/s) =[378x 107 ]

(b) K +W=K,:0+FArcosf=K;
F(0.028 m)cos(0°=3.78x 107 |

F={135x10"" N
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()

(d)

P37 (a)

(b)

()

(d)

(e)

(®)
P738  (a)

(b)

,_XF _135x10™N _
S om o 911x10™ kg

1.48x 10" m/s’

> F=ma:

Vi =Vg+at 2.88x10° m/s=0+(148x10" m/s’ Jt

t=|194x10" s

K +YW =K, :%mvf

0+3W= %(15.0>< 10 kg)(780 m/s)’ =| 456 K

As shown in part (a), the net work performed on the bullet is
4.56 KJ.

3
Fe W 456x10°] C 31 KN
Arcos8 (0.720 m)cos(°
Vi v 2_
N ) e (B rop—

2X, 2(0.720 m)

YF=ma=(15x107 kg)(422 x 10° m/s’)=| 634 kN

‘The torces are the same. The two theories agree.‘

As the bullet moves the hero’s hand, work is done on the bullet to
decrease its kinetic energy. The average force is opposite to the
displacement of the bullet:

W, = F,,,AXcos0 = —F, Ax=AK

1 _ 2
oA 0—5(7.80>< 10 kg)(575 m/s)
& KR ~0.055 0 m

Fave = 2.34 X 10* N, opposite to the direction of motion

If the average force is constant, the bullet will have a constant
acceleration and its average velocity while stopping is
V=(v; +V,)/ 2. The time required to stop is then

)
A= X 2% 2550107 m) _ o

V v, +v, 0+575m/s
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2
mo =

P739 (@ K-= m(v, +v,))

| = M=
PI | =

5 (5.75 kg)[(5.00 m/s)’ + (-3.00 m/s)’] =

(b) Weknow F, =ma,and F, =ma,. Att=0,x,=y=0and
v, =5.00m/s, 0= -3.00m/s; at £ =2.00s, X; = 8.50 m, Y= 5.00 m.

1
X; =X, +int+Eaxt2

. 2% = % = Vyt)  2[8.50 m— 0~ (5.00 m/s)(2.00 s)]
T t? B (2.00 s)?
=-0.75m/s*

1
Yo=Y, + V},it-i-Ea},tQ

200 —Yi—vh) _ 2[5.00 m-0-(-3.00 m/s)(2.00 5)]
o t2 - (2.00 sy’
=550 m/s’

P =ma, = (575 kg)(-0.75 m/s’) =431 N

2
F,=ma, = (575 kg)(5.50 m/s") =31.6 N

F=(-431i+316j) N

(c) We can obtain the particle’s speed at f = 2.00 s from the particle
under constant acceleration model, or from the nonisolated
system model. From the former,

Vi =V, +a,t=(5.00 m/s)+(-0.75 m/s’ )(2.00 s) = 3.50 m/s
V,i =V, +a,t=(-3.00 m/s)+(5.50 m/s” }(2.00 s)= 8.00 m/s
V= Vi +V] = (3.50 m/s)’ + (8.00 m/s)’ =[8.73 m/s

From the nonisolated system model,

SW=AK: W _, = %mvf —%mv?

The work done by the force is given by
W, = F- AT = FAr + FLAr,
= (—4.31 N)(8.50 m)+ (31.6 N)(5.00 m)=121]
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Section 7.6
P40 (a)

(b)

then,
- | -
Em\ff =W _ +Emvi =1217+978]1=219]

which gives

V, = ’% =873 m/s
. &

Potential Energy of a System

With our choice for the zero level for
potential energy of the car-Earth system

when the car is at point ®,

U, =0

When the car is at point ®, the potential ANS. FIG. P7.40
energy of the car-Earth system is given by

U, =mgy

where y is the vertical height above zero level. With 135 ft
=41.1 m, this height is found as:

¥ =(41.1m)sin 40.0°= 264 m
Thus,

U, = (1000 kg){9.80 m/s” }(26.4 m)=] 2.59x 10" |

The change in potential energy of the car-Earth system as the car

moves from @ to is
Up—U, =0-259%x10° ] =| -259x10° |

With our choice of the zero configuration for the potential energy

of the car-Earth system when the car is at point ®), wehave

U, =0 |. The potential energy of the system when the car is at

point is given by U, = mgy, where y is the vertical distance of

point below point @). In part (a), we found the magnitude of
this distance to be 26.5 m. Because this distance is now below the
zero reference level, it is a negative number.
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Thus,
Uy = (1000 kg)(9.80 m/s”}(~26.5 m)=| -2.59x 10° ]

The change in potential energy when the car moves from &) to
is

U,—U, =-259x10°]-0=| 259 x10° ]

P7.41 Use U = mgy, where y is measured relative to a reference level. Here,
we measure ¥ to be relative to the top edge of the well, where we take
y=0.

(@) y=13m: U=mgy=(0.20kg)9.80 m/s’)(1.3 m) =
(b) y=-50m: U=mgy=(0.20kg)9.80 m/s’)(-5.0m) =

(€© AU=U;-U =(-98])—(25])=-123=-12]|

P7.42 (a) Wetake the zero
configuration of system ] g
potential energy with the — (— )
child at the lowest point of
the arc. When the swing is
held horizontal initially, the
initial position is 2.00 m
above the zero level. Thus,

(2.00 m) cos 30.0°

; "\"l Y

Uy = Mgy L X/ @oomyi-cos3007)
= (400 N)(2.00 m) N o ;
=[ 8007 ANS. FIG. P7.42

(b) Fromthe sketch, we see that at an angle of 30.0° the child is at a
vertical height of (2.00 m) (1 — cos 30.0°) above the lowest point of
the arc. Thus,

U, =mgy = (400 N)(2.00 m)(1 - cos 30.0°)=[ 107 |

(¢) The zero level has been selected at

the lowest point of the arc. Therefore, | U, = 0| at this location.
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356 Energy of a System

Section 7.7 Conservative and Nonconservative Forces

P7.43 The gravitational force is downward: y
F_=mg = (4.00 kg)(9.80 m/s’)=392N B

(a) Workalong OAC = work along QA +
work along AC

= F,(OA)c0s90.0°

+ F,(AC)cos180°
(39.2 N)(5.00 m)(0)

+(39.2 N)(5.00 m)(-1)

=[-196]

(5.00, 5.000m

X

) A
ANS.FIG. P7.43

(b) W along OBC = W along OB + W along BC
= (39.2 N)(5.00 m)cos180°+ (39.2 N )(5.00 m)cos 90.0°
=|-196]

() Workalong OC = F (OC) cos 135°

= (39.2 N)(5.00x 2 m)[—%) = -196]

(d) |The results should all be the same, since the gravitational force

is conservative.

P7.44 (a) W= JT: -dF, and if the force is constant, this can be written as

W=F-[dr= F -(Ff ~T ), which depends only on the end points,

and not on the path |.

(b) W= [F-dF = ](31+ 45)-(dxi + dyj)

5.00 m 5.00 m

—~(300N) | dx+(400N) | dy
0 ]
500 m 500 m

W = (3.00 Nx[™™ + (4.00 Ny ™ = 15.0 7+ 20.0]=[35.0]

0

The same calculation applies for all paths.
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P7.45 In the following integrals, remember that

o

ici=jj=1 and i-j=0

(a) The work done on the particle in its first section of motion is

500m . o« 500m
Wo,= | dxi-(2yi+x{j): [ 2ydx
0 0

and since along this path, ¥ = 0, that means W_, = 0.
In the next part of its path,

BOQm ., . . 500m
Wye= | dy_j-(ZyiJr)(Q_j): [ x*dy
0 0

Forx=500m, W,.=125]

and W, =0+125=[125]]

(b) Following the same steps,
5.00 m 5.00 m

W= [ dyj -(2yf+ xzj): [ X dy
0 0
Since along this path, x = 0, that means W, = 0.

5.00 m 500 m

~

W= | dxi-(Zy'i+x2j): [ 2ydx
0 0

Since y = 5.00 m, Wy, =50.0].

W, =0+125=[125]

© Wy = j‘(dx'i + dyj) : (Zy'i + xzj) = [(2ydx+ X’dy)

5.00 m
Since x =y along OC, Wy = | (2x+x7)Jdx=| 667 ]

0

(d) [F is nonconservative.|

(e) |Thework done on the particle depends on the path followed

by the particle.

P7.46 Along each step of motion, to overcome friction you must push with a
torce of 3.00 N in the direction of travel along the path, so in the
expression for work, cos8= cos(°=1.

(a) W=(3.00N)(5.00m)(1)+(3.00N)(5.00 m)(1)=[30.0]
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358 Energy of a System

(b) The distance CO is (5.00° + 5.00°)"* m =7.07 m
W =(3.00 N)(5.00 m)(1)+(3.00N)(5.00 m)(1)
+(3.00N)(7.07 m)(1)=[51.27

(c) W=(3.00N)(7.07 m)(1)+(3.00 N)(7.07 m)(1)=[42.4]

(d) |Friction is a nonconservative force.|

Section 7.8 Relationship Between Conservative Forces and
Potential Energy
P7.47 We use the relation of force to potential energy as the force is the
negative derivative of the potential energy with respect to distance:
U(r) = B
r

. 8 R
"7 ar  drir) |

If A is positive, the positive value of radial force indicates a force of
repulsion.

P7.48 We need to be very caretul in identifying internal and external work
on the book-Earth system. The first 20.0 ], done by the librarian on the
system, is external work, so the system now contains an additional
20.0 ] compared to the initial configuration. When the book falls and
the system returns to the initial configuration, the 20.0 ] of work done
by the gravitational force from the Earth is infernal work. This work
only transforms the gravitational potential energy of the system to
kinetic energy. It does not add more energy to the system. Therefore,
the book hits the ground with 20.0 | of kinetic energy. The book-Earth
system now has zero gravitational potential energy, for a total energy
of 20.0 ], which is the energy put into the system by the librarian.

3 o
prag . U _ a3¥y-7x)_ —(oxty—7)=7-9xy

% oX oX
= B0, S =—(3x*-0)=-3x°
U9y oy - N
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Thus, the force acting at the point (x, y) is

P50  (a)

(b)

()

P51 (a)

(b)

(c)

F=Fi+Fj=|(7-9y)i-3x’

We use Equation 7.27 relating the potential energy of the system
to the conservative force acting on the particle, with U; = 0:

U=U,-U =U.-0

x z 3|* 2 3
—f(-Ax+ B )dx= AX _pXf _|AX BX
; 2 3|, |2 3

From (a), U(2.00 m) = 2A — 2.67B, and U(3.00 m) =4.5A — 9B.

AU = (4.5A—9B)—(2A—2.67B)=2.5A— 6.33B

If we consider the particle alone as a system, the change in its
kinetic energy is the work done by the force on the particle:

W = AK. For the entire system of which this particle is a member,
this work is internal work and equal to the negative of the change
in potential energy of the system:

[AK=—AU =—2.5A+633B]

For a particle moving along the x axis, the definition of work by a
variable force is

W, = [ Fdx
Here F, =(2x+4) N, x,=1.00 m, and x,=5.00 m.
So

Wy = LS;Om(ZX +HdXx N-m=x* + 4X]5.00m N.m

1.00 m

= (5" +20-1-4) ] =[40.0]

The change in potential energy of the system is the negative of the
internal work done by the conservative force on the particle:

AU =W, =[400]

2
FromAK = K, — mgl , we obtain

2
_ 007+ B0 kg)(i‘oo ms) a5

2
T
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360 Energy of a System

Section 7.9 Energy Diagrams and Equilibrium of a System

P7.52 (a) |F, is zero atpoints A, C, and E; F, is positive at point B and

negative at point D.

(b) |A and E are unstable,
and C is stable.

(c) ANS. FIG. P7.52 shows the curve for
F, vs. x for this problem.

P7.53 The figure below shows the three ANS. FIG. P7.52
equilibrium configurations for a right

circular cone.

stable  unstable neutral

ANS. FIG.P7.53

Additional Problems

_ < pomnmg , e
P7.54 P oo o Dy Bl R SN T N
@) dx( )I : I B LN o b

=| (3x* - 4x- 3)i

(b) F=0when AN SV W AN

X = [1.87 and _ 0.535] = N 3
(c) The stable point is at x = -0.535, ' | ~i- --+f-- -+
point of minimum U(x). ozt 7 s i

The unstable point is at

=T B2 smmardrnumdnd T ANS. FIG. P7.54
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P7.55

P7.56

P1.57

Chapter 7

Initially, the ball’s velocity is

vV = (40.0 m/s) cos 30.0° + (40.0 m/s) sin 30.0°]
At its apex, the ball’s velocity is

vV = (40.0 m/s) cos 30.0°1 + 0 = (34.6 m/s)i
The ball’s kinetic energy of the ball at this point is

K = %mv2 = %(0.150 kg)(34.6 m/s)’ =] 90.0]

237
We evaluate I ﬂ

s X2+ 3.75X

375(0.100)  _ 375(0.100)
(12.8 +3.75(12.8)  (12.9)°+3.75(12.9)
375(0.100)
(2367 +3.75(236)

by calculating

806

and

375(0.100)  _ 375(0.100)
(12.9F +3.75(12.9) ' (13.0)°+3.75(13.0)
375(0.100)
(377 +3.75(237)

791

361

The answer must be between these two values. We may find it more
precisely by using a value for AX smaller than 0.100. Thus, we find the

integral to be |0.799 N -m)|.

(a) The equivalent spring constant for the stel balls is

_|F] _ 16000N _
"I 0.0002m

8x10" N/m

(b) |A time interval|. If the interaction occupied no time, the force

exerted by each ball on the other could be infinite, and that cannot

happen.

(c) We assume that steel has the density of its main constituent, iron,

shown in Table 14.1. Then its mass is

pV = p[é]nrg = [4?”](7 860 kg/m®)(0.025 4 m/2)’

— 0.067 4 kg

its kinetic energy is then
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362 Energy of a System

K :%m\ﬂ :%(0.067 4 kg)(5m/s) =[08]

(d) Imagine one ball running into an infinitely hard wall and
bouncing off elastically. The original kinetic energy becomes
elastic potential energy

08437 =(1/2)(8x10 N/m)x* x =0.145 mm~

(e) The ball does not really stop with constant acceleration, but
imagine it moving 0.145 mm forward with average speed
(> m/s +0)/2 =2.5 m/s. The time interval over which it stops is
then

0.145 mm/ (2.5 m/s) = 6x107 s~ (10" s

P7.58 The work done by the applied force is

W = }Fapplieddx 2 }T [ = (kyx+k,x* ) |dx
i 0

2 [Pooe 2

Froe Koz g X
= | kxdx+ | kpdx=k, =
0 0 2

0

2 3
= kl Xmax 4 k2 Xmax

2 3

P7.59 Compare an initial picture of the F(N)
rolling car with a tinal picture with 6
both springs compressed. From
conservation of energy, we have

KI+2W: Kf sU0

400

1200

Work by both springs changes the car’s ;
kinetic energy. Nl

d {cm)

Ki"‘%kl(xfi _Xff)

Substituting,

%mv? + 0—%(1 600 N /m)(0.500 m)’

Fl)— %(3 400 N/m)(0.200 m)* =0
Which gives
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Chapter 7 363

%(6 000 kg)v? —200 ] —68.0] =0

Solving for @,

v, = M =[0.299 m/s
6000 kg

Apply the work-energy theorem to the ball. The spring is initially
compressed by x, .= d = 5.00 cm. After the ball is released from rest,
the spring pushes the ball up the incline the distance d, doing positive
work on the ball, and gravity does negative work on the ball as it
travels up the incline a distance AX from its starting point. Solve for

AX.

Ki+W, + W, = K;
2, s, f

1m\fi2 +[1kX2 ke ]— mgAXSmG:lm\ﬁ
2 2 2 2

0+[%kd2 - 0]— MgA Xsin10.0°= 0

Ay kd’ ~ (1.20 N/cm)(5.00 cm)(0.0500 m)
2mgsin 10.0°  2(0.100 kg)(9.80 m/s” )sin 10.0°
=0.881 m

Thus, the ball travels up the incline a distance of 0.881 m after it is
released.

Applying the work-kinetic energy theorem to the ball, one finds
that it momentarily comes to rest at a distance up the incline of
only 0.881 m. This distance is much smaller than the height of a
professional basketball player, so the ball will not reach the upper
end of the incline to be put into play in the machine. The ball will

simply stop momentarily and roll back to the spring; not an exciting

entertainment for any casino visitor!

(a) F,=(25.0N)(cos35.0° +sin35.0%) = | (2051 +14.3)) N

F, = (42.0 N)(cos150%F + sin150°j) = | (~36.41 +21.Gj) N

(b) ZF=F +F =|(-1591+353j) N
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364 Energy of a System

Q)

_l_ L 2 b 2
(@ a=="= (3.18.+7.07_,) m/s

(d) ,=V,+at=(400i+250)) m/s+(-3.18i +7.07))(m/s"}(3.00 5)

<
Il

(-5.54i+23.7)) m/s

f, = 0+(4.001 + 2.50]) (m/5)(3.00 5)

+ %(—3.18? + 7_073)(m/52)(3.00 sy’

AF =7, = | (-2301 +39.3)) m

6 K, = %mvf S %(5.00 kg)[ (5.54)" +(23.7)" |(m/s?)=[ 148 K]

(g) K, :%mvaer?-AF

Ko %(5.00 kg)[ (4.00) +(2.50)" [(m/s)’

+[(-15.9 N)(=2.30 m) + (35.3 N)(39.3 m)]
K, =556]+1426]=]148K]

(h) | The work-kinetic energy theorem is consistent with Newton’s

second law, used in deriving; it.

P7.62 (a) Wewrite
F=ax
1 000N =2(0.129 m)’
5000 N = 4(0.315 m)’

Dividing the two equations gives

b
5= [@) - 2448
0.129

In5=hln2.44
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Inb
b:_: .
In2.44
1000 N

401x10* N/m'®

(0129 m)™

b+l |* b+l

ax _ax _O_ax
b+10_b+1 b+l

b+l

(b) W:jf_‘F

*
_ Ty dy —
applea 0X = gax dx =

_ {4.01x 10* N/m"®*)x*®
) 2.80
For x = 0.250 m,

_(4.01x10* N/m'*)(0.250 m)*®

W

W
2.80
_(4.01x10* N/m'®)(0.250)*° (m”*)
) 2.80
W o (4.01x10° N-m)(0.250"° _ 205 ]
2.80

P7.63 The component of the weight force parallel to the incline, g sin g,
accelerates the block down the incline through a distance 4 until it
encounters the spring, after which the spring force, pushing up the
incline, opposes the weight force and slows the block through a
distance x until the block eventually is brought to a momentary stop.
The weight force does positive work on the block as it slides down the
incline through total distance (d + x), and the spring force does
negative work on the block as it slides through distance x. The normal
torce does no work. Applying the work-energy theorem,

Ki+W, +W, =K,
%mvf+mgsm9(d+x)+[%kx§pxi—%kxfpr]:%mvf
1 2 . 1 2
Emv +mgsin@d+ x)+ O—Ekx =0

Dividing by m, we have

1oy gsin6(d + )()—Lx2 =0 —
2 2m

K e (gsingy| Y+ (gsinoyd |= 0
2m J 7y "\ -

@ 2014 Cengage Leaming, AllRights Rezerved. May notbe scanned, copied or duplicated, or posted to a publicly accessible website, in wheole or in part

oMYl BlogY) = iSad gl s &
www.facebook.com/groups/Smurfs.On.The.Way



366

P7.64

Energy of a System

Solving for x, we have

gsing + ‘j(g sin )" — 4[%]{—[%+ (q sme)dﬂ
- k
2w
. . 2 [k 2 .
gsmGiJ(gsmG) + E][V +2(gsm9)d}
k/m

K=

Because distance x must be positive,

gsm9+J(g sing)” + [%][vg +2(gsin6)d |
k/m

Forv=0.750m/s, k=500 N/m, m =250 kg, 6=20.0°,and g =
9.80m/s’, we have gsin 6= (9.80 m/¢%)sin20.0° = 3.35 m/s? and k/m
= (600 N/m)/(2.50 kg) = 200 N/m - kg. Suppressing units, we have

K=

Al 335+ J(3.35)2 +(200)[ (0.750)" + 2(3.35)(0.300) |
A 200

=[0131 m]

The component of the weight force parallel to the incline, mgsin g,
accelerates the block down the incline through a distance 4 until it
encounters the spring, after which the spring force, pushing up the
incline, opposes the weight force and slows the block through a
distance x until the block eventually is brought to a momentary stop.
The weight force does positive work on the block as it slides down the
incline through total distance (d + x), and the spring force does
negative work on the block as it slides through distance x. The normal
tforce does no work.

Applying the work-energy theorem,
K+ Wg +W, = K,
, 1

%mvf +mgsin§(d + X)+ E% o, — > ko ] = % mv?

%m\f2 +mg sin 6(d + x)+[0—%kx2]: 0

@ 2014 Cengage Leaming, AllRights Reserved. May notbe scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

k) i) a8
www.muslimengineer.net



P7.65

Chapter 7 367

Dividing by m, we have

Loy gsin6(d + )()—Lx2 =0 —
2 2m

K e (gsingyx—| L+ (qsing)d |= 0
2m J 2 J

Solving for x, we have

gsin@i‘j(g sin 9 —4[%]{—[%+ (q sme)dﬂ
¥ =
k
22w
gsmGiJ(g sin ) {%] v? +2(gsin6)d ]
k/m

=

Because distance x must be positive,

gsin@+ \,(g sin6)” + [%)[vﬁ +2(gsing)d |
k/m

=

(a) The potential energy of the system at point x is given by 5 plus
the negative of the work the force does as a particle feeling the
force is carried from x = 0 to location x.

dU = —Fdx
o dU =—] "8 dx

B X
U-5=—| — |[ e?*(-2dx

e
UZS_[%}E_%;:54-49_2}(—4-1:

(b) | The force must be conservative because the work the force does

on the object on which it acts depends only on the original and
tinal positions of the object, not on the path between them.
There is a uniquely defined potential energy for the associated

force.

@ 2014 Cengage Leaming, AllRights Rezerved. May notbe scanned, copied or duplicated, or posted to a publicly accessible website, in wheole or in part

oMYl BlogY) = iSad gl s &
www.facebook.com/groups/Smurfs.On.The.Way



368 LEnergy of a System

Challenge Problems

P7.66 (a) The new length of each spring is ¥’ + L7, so ik
its extension is ¥X° + L2 — L and the force it
exerts is k(-\/ St L) toward its fixed

end. The y components of the two spring B
torces add to zero. Their x components (with

cosf = L) add to

wlx 217

F —2k(\/x2 - L)L"‘
2+ 2 I

ANS. FIG. P7.66

L ’
—2kx| 1 - ——|i
[ \}X2+L2}

(b) Choose U =0 at x = 0. Then at any point the potential energy of
the system is

i . 2kl x
Xi=—|F dx=—|| —2kx+ —— |dx
) .[ X .[[ fXQ—}—LQ}

\/X +L
U(x)=| ki +2kL(L—Jx2 +L2)

(©) U(x)=(40.0 N/m)x* +(96.0 N)(1.20 m-— i +1.44 mQ)

For negative x, U(x) has the same value as for positive x. The only

equilibrium point (i.e., where F_=0) is [x=0].
Uix), ]

—2kj'xdx 2ij

— U — e — U — O

|
O f——t—J

- O
{an i o B v}

ANS FIG. P7.66(c)
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Chapter 7 369

(d) If we consider the particle alone as a system, the change in its
kinetic energy is the work done by the force of the springs on the
particle: W = AK. For the entire system of particle and springs,
this work is internal work and equal to the negative of the change
in potential energy of the system: AK = —AU. From part (c), we
evaluate U for x = 0.500 m:

U = (40.0 N/m)(0.500 m)’

+(96.0 N)(1.20 m — J(0.500 m)’ + 1.44 mQ)

= 0400 ]
Now find the speed of the particle:

12
Smv* = -AU
v = J‘MU I (0 — 0400 J) = [0.823 m/s
¥ m y118kg ‘ =
P7.67 (a) We assume the spring lies in the horizontal plane of the motion,

then the radius of the puck’s motion is v = L + x, where
L,=0.155 mis the unstretched length. The spring force causes the
puck’s centripetal acceleration:

F=mv’/r — kx=mQ2ar/TV/r — kT?x=4n’mr
Substituting = (L, + x), we have
kT?x = 47°m(L, +X)

o (47”mL,) N x{47°m)

TQ TQ
4m'my  4wiml,
X k_ TQ = TQ
47’ mL,/T?

¥ =
k—4z°mL, /T
Fork=430N/m, L,=0.155m, and T'=1.30 s, we have
_ 47°m(0.155 m)/(1.30 Y’
 430N/m— 47°m/(1.30 s)*
- (3.62 m/s”)m
430 kg/s’ —(23.36/s*)m
B (3.62 m)m 1/s?
[4.30 kg —(23.36)m] 1/s’
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370 Energy of a System

~ @emm
430 kg — (23.4m

(b) Form = 0.070 kg,

_ (362m)[0.070 kg]
- 430kg-23.36(0.070 kg)

=10.095 1m

(c) Wedouble the puck mass and find

. (3.6208 m)[ 0.140 kg|
 430kg-23.360(0.140 kg)

=10492 m

more than twice as big!
(d) Form=0.180kg,
~ (3.62m)[0.180kg]
430 kg —23.36(0.180 kg)

= & m=6.85m
0.0952

We have to get a bigger table!

(e) When the denominator of the fraction goes to zero, the extension
becomes infinite. This happens for 4.3 kg — 23.4 m = 0; that is for
m = 0.184 kg. For any larger mass, the spring cannot constrain the

motion. | The situation is impossible.

(f) | The extension is directly proportional to m when m is only
a few grams. Then it grows faster and faster, diverging to
infinity for m = 0.184 kg.
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Chapter 7 311

ANSWERS TO EVEN-NUMBERED PROBLEMS

P7.2
P7.4

P1.6

P7.8

P7.10
P7.12
P7.14
P7.16
P7.18
P7.20
P1.22

P7.24

P7.26
P7.28
P7.30
P7.32

P7.34
P7.36
P7.38

P7.40
P7.42
P7.44

P7.46
P7.48

(2)3.28 x 107 J; (b) =3.28 x 107 ]
1.56 x 10*]

method one: —4.70 x 10°]; method two: —4.70 k]
28.9

533]

(a) 11.3% (b) 156°; (c) 82.3°

(a) 24.0T; (0) =3.00; (¢) 21.0]

737 N/m

(a) 1.13 kKN/m; (b) 0.518 m = 51.8 cm
() 2.04 x 107 m; (b) 720 N/m

kg /s?

(a) —1.23 m/s’, 0.616 m/s” (b) —0.252 m/s” if the force of static friction
is not too large, zero; (c) 0

(a) See ANS FIG P7.26; (b) —12.0]
(a) 9.00 KJ; (b) 11.7 K]; (c) The work is greater by 29.6%
(a) 0.6007; (b) —0.6007; () 1.50]

(a) 29.2 N; (b) speed would increase; (c) crate would slow down and
come to rest.

(a) 1.94 m/s; (b) 3.35 m/s; (c) 3.87 m/s

(2)3.78 x 107" [; (b) 1.35 x 107 N; (c) 1.48 x 10" m/s% (d) 1.94 x 10”7 s
(a) F,, =234x 10* N, opposite to the direction of motion; (b) 1.91 x
10*s

(a) U= 0,259 % 10°]; (p) U, =0, -2.59 x 10° ], —2.59 x 10° ]

(2)800]; (b) 107 J; (¢) U, =0

(a) F (%, —7,), which depends only on end points, and not on the path;
(b)35.0]

(@) 30.0]; (b) 51.27]; (c) 42.4]; (d) Friction is a nonconservative force

The book hits the ground with 20.0 ] of kinetic energy. The book-Earth
now has zero gravitational potential energy, for a total energy of 20.0 ],
which is the energy put into the system by the librarian.
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372 Energy of a System

2 3
A; _ B;‘ ; (b) AU = (4.5A—9B)~(2A—2.67B) = 2.5A~6.33B;
(c) AK =—AU = -25A+633B

P7.52 (a) F,is zero at points A, C, and E; F_ is positive at point B and negative
at point D; (b) A and E are unstable, and C is stable; {(c) See ANS FIG
P7.52

P754  (a) (3% - 4x-3)i; (b) 1.87 and ~0.535; () See ANS. FIG. P7.54

P7.50  (a)

P7.56 0799 N . m

2 3
P158 _Xr;ax Tk, Xréw

P7.60 The ball will simply stop momentarily and roll back to the spring.
P762  (a)b=1.80,a=4.01 x 10°N/m"% (b) 295]

g 81'119‘](9 sin6)’ + [%][vﬁ +2(gsin6)d]

P7.64 X= A
|_ e 2 2 29,
P766  (a) —ZkX[l = 7m} i; (b) kx? + ZKL(L XL ) (c) See ANS. FIG.

P7.66(c), x = 0; (d) v = 0.823 m/s
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Conservation of Energy

CHAPTER OUTLINE

8.1 Analysis Model: Nonisolated System (Energy)

8.2 Analysis Model: [solated System (Energy)

8.3 Situations Involving Kinetic Friction

8.4 Changes in Mechanical Energy for Nonconservative Forces
8.5 Power

|* An asterisk indicates a question or problem new to this edition

ANSWERS TO OBJECTIVE QUESTIONS

0Q8.1 Answer (a). We assume the light band of the slingshot puts equal
amounts of kinetic energy into the missiles. With three times more
speed, the bean has nine times more squared speed, so it must have
one-ninth the mass.

0Q8.2 (i) Answer (b). Kinetic energy is proportional to mass.

(ii) Answer (c). The slide is frictionless, so v = (Zgh)u ? in both cases.

(iii) Answer (a). g for the smaller child and gsin 6 for the larger.

0Q83 Answer (d). The static friction force that each glider exerts on the other
acts over no distance relative to the surface of the other glider. The air
track isolates the gliders from outside forces doing work. The gliders-
Earth system keeps constant mechanical energy.

0Q84  Answer (c). Once the athlete leaves the surface of the trampoline, only
a conservative force ther weight) acts on her. Therefore, the total
mechanical energy of the athlete-Earth system is constant during her
flight: K, + U, = K, + U,. Taking the y = 0 at the surface of the

trampoline, U, = mgy, = 0. Also, her speed when she reaches maximum

373
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374 Conservation of Energy

height is zero, or K, = 0. This leaves us with U= K, or mgy, . = lm\!-
2
which gives the maximum height as

2 2
Y. (8.5 m/s) e
29 2(9.80 m/s’)

ymax =
0Q85 (a) Yes:ablockslideson the floor where we choose 17 = 0.
(b) Yes: a picture on the classroom wall high above the floor.
(c) Yes:an eraser hurtling across the room.

(d) Yes: the block stationary on the floor.

0Q8.6 In order the ranking: c>a=d >b. We have %m\!2 = u,mgd so

d = v’/ 2u,g. The quantity o’ /4, controls the skidding distance. In the

cases quoted respectively, this quantity has the numerical values: (a) 5
(b) 1.25 (c) 20 (d) 5.

0Q8.7 Answer (a). We assume the climber has negligible speed at both the
beginning and the end of the climb. Then K,= K,, and the work done by
the muscles is

W, = 0+(Uf _Ui): mg(Yr _Yi)
= (70.0 kg){9.80 m/s” }(325 m)

=2.23x10° ]
The average power delivered is
5
P:W”C _ 2.23 x 107°] 301 W

At (95.0 min)(60 s /1 min)

0Q88 Answer (d). The energy is internal energy. Energy is never “used up.”
The ball finally has no elevation and no compression, so the ball-Earth
system has no potential energy. There is no stove, so no energy is put
in by heat. The amount of energy transferred away by sound is
minuscule.

0Q89 Answer (c). Gravitational energy is proportional to the mass of the
object in the Earth’s field.
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Chapter 8 37

ANSWERS TO CONCEPTUAL QUESTIONS

CQ8.1

CQ8.2

CQ8.3

CQ8.4

CQ8.5

CQ8.6

CQ8.7

(a) No. They will not agree on the original gravitational energy if they
make different ¥ = 0 choices. (b) Yes, (c) Yes. They see the same change
in elevation and the same speed, so they do agree on the change in
gravitational energy and on the kinetic energy.

The larger engine is unnecessary. Consider a 30-minute commute. If
you travel the same speed in each car, it will take the same amount of
time, expending the same amount of energy. The extra power available
trom the larger engine isn’t used.

Unless an object is cooled to absolute zero, then that object will have
internal energy, as temperature is a measure of the energy content of
matter. Potential energy is not measured for single objects, but for
systems. For example, a system comprised of a ball and the Earth will
have potential energy, but the ball itself can never be said to have
potential energy. An object can have zero kinetic energy, but this
measurement is dependent on the reference frame of the observer.

All the energy is supplied by foodstuffs that gained their energy from
the Sun.

(a) The total energy of the ball-Earth system is conserved. Since the
system initially has gravitational energy mgh and no kinetic energy, the
ball will again have zero kinetic energy when it returns to its original
position. Air resistance will cause the ball to come back to a point
slightly below its initial position. (b) If she gives a forward push to the
ball from its starting position, the ball will have the same kinetic
energy, and therefore the same speed, at its return: the demonstrator
will have to duck.

Yes, it it is exerted by an object that is moving in our frame of
reference. The flat bed of a truck exerts a static friction force to start a
pumpkin moving forward as it slowly starts up.

(a) original elastic potential energy into final kinetic energy
(b) original chemical energy into final internal energy

(c) original chemical potential energy in the batteries into final
internal energy, plus a tiny bit of outgoing energy transmitted by
mechanical waves

(d) original kinetic energy into final internal energy in the brakes

(e) energy input by heat from the lower layers of the Sun, into energy
transmitted by electromagnetic radiation

(f) original chemical energy into final gravitational energy
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376 Conservation of Energy

CQ8.8 (a) (i) A campfire converts chemical energy into internal energy,
within the system wood-plus-oxygen, and before energy is
transterred by heat and electromagnetic radiation into the
surroundings. If all the fuel burns, the process can be 100%
efficient.

(i) Chemical-energy-into-internal-energy is also the conversion
as iron rusts, and it is the main conversion in mammalian
metabolism.

(b) (i) An escalator motor converts electrically transmitted energy
into gravitational energy. As the system we may choose
motor-plus-escalator-and-riders. The efficiency could be, say
90%, but in many escalators a significant amount of internal
energy is generated and leaves the system by heat.

(i) A natural process, such as atmospheric electric current in a
lightning bolt, which raises the temperature of a particular
region of air so that the surrounding air buoys it up, could
produce the same electricity-to-gravitational energy
conversion with low etficiency.

(c) (i) A diverjumps up from a diving board, setting it vibrating
temporarily. The material in the board rises in temperature
slightly as the visible vibration dies down, and then the board
cools off to the constant temperature of the environment. This
process for the board-plus-air system can have 100%
efficiency in converting the energy of vibration into energy
transterred by heat. The energy of vibration is all elastic
energy at instants when the board is momentarily at rest at
turning points in its motion.

(ii) For a natural process, you could think of the branch of a palm
tree vibrating for a while after a coconut falls from it.

(d) (i) Some of the energy transferred by sound in a shout results in
kinetic energy of a listener’s eardrum; most of the
mechanical-wave energy becomes internal energy as the
sound is absorbed by all the surfaces it falls upon.

(i) We would also assign low efficiency to a train of water waves
doing work to shift sand back and forth in a region near a
beach.

(e) (i) A demonstration solar car takes in electromagnetic-wave
energy in sunlight and turms some fraction of it temporarily
into the car’s kinetic energy. A much larger fraction becomes
internal energy in the solar cells, battery, motor, and air
pushed aside.
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Chapter 8 377

(i) Perhaps with somewhat higher net efficiency, the pressure of
light from a newborn star pushes away gas and dust in the
nebula surrounding it.

CQ8.9  The figure illustrates the relative amounts of the N @ S
torms of energy in the cycle of the block, where the \K
vertical axis shows position (height) and the £ N 7/
horizontal axis shows energy. Let the gravitational |
energy (U ) be zero for the configuration of the /

system when the block is at the lowest point in the
motion, point (3). After the block moves
downward through position (2), where its kinetic ~ ANS. FIG. CQ8.9
energy (K) is a maximum, its kinetic energy

converts into extra elastic potential energy in the spring (U ). After the

block starts moving up at its lower turning point (3), this energy
becomes both kinetic energy and gravitational potential energy, and
then just gravitational energy when the block is at its greatest height
(1) where its elastic potential energy is the least. The energy then turns
back into kinetic and elastic potential energy as the block descends,
and the cycle repeats.

CQ8.10 Lift a book from a low shelf to place it on a high shelf. The net change
in its kinetic energy is zero, but the book-Earth system increases in
gravitational potential energy. Stretch a rubber band to encompass the
ends of a ruler. It increases in elastic energy. Rub your hands together
or let a pearl drift down at constant speed in a bottle of shampoo. Each
system (two hands; pearl and shampoo) increases in internal energy.

energy

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 8.1 Analysis Model: Nonisolated system (Energy)

P8.1 (a) The toaster coils take in energy by electrical transmission. They
increase in internal energy and put out energy by heat into the air
and energy by electromagnetic radiation as they start to glow.

AE ¢ =Q+ Tt T

(b) The car takes in energy by matter transfer. Its fund of chemical
potential energy increases. As it moves, its kinetic energy
increases and it puts out energy by work on the air, energy by
heat in the exhaust, and a tiny bit of energy by mechanical waves
in sound.

AK+ AU+ AR, =W+ Q+ Tyqy + Typ
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378 Conservation of Energy

(c)

(d)

P8.2 ()

(b)

You take in energy by matter transfer. Your fund of chemical
potential energy increases. You are always putting out energy by
heat into the surrounding air.

AU =Q+Tyy]

Your house is in steady state, keeping constant energy as it takes
in energy by electrical transmission to run the clocks and, we
assume, an air conditioner. It absorbs sunlight, taking in energy
by electromagnetic radiation. Energy enters the house by matter
transfer in the form of natural gas being piped into the home for
clothes dryers, water heaters, and stoves. Matter transfer also
occurs by means of leaks of air through doors and windows.

0=Q+ Ty # Tt T

The system of the ball and the Earth is isolated. The gravitational
energy of the system decreases as the kinetic energy increases.

AK+AU =0

[%m\ﬂ —0]+(—mgh—0): 0—)%”1\!2 = mgy

v = J2gh

The gravity force does positive work on the ball as the ball moves
downward. The Earth is assumed to remain stationary, so no
work is done on it.

AK=W

[%m\ﬂ —0] 2 mgh—>%m\f2 = mgy

v = f2gh

@ 2014 Cengage Leamning, All Rights Rezerved. May notbe scanned, copied or duplicated, or posted to a publicly accessible website, in whele or in part.

k) i) a8
www.muslimengineer.net



Chapter 8 379

Section 8.2 Analysis Model: Isolated system (Energy)

P8.3 From conservation of energy for the block-spring- |
Earth system, | T
I
ugf: U, posst E:EIJ_T_[:
¥ 0. IOU mD %
(0.250 kg)(9.80 m/s? )h § %%
i 2

This gives a maximum height, h=| 102 m |.
P8.4 (@) AK+AU=0-AK =-AU

1 il
Sm; ——my? =—(mgy, - gy,

lm\fz—lm\f%rm
2 i_2 i gyf

We use the Pythagorean theorem to express the original kinetic
energy in terms of the velocity components (kinetic energy itself

does not have components):

Lo 1oy (1o
[E mv;, + Em\f},i] = [E mv; + 0] + Mgy,

I oo Ao Lo
o MV + My, = MV, + My,

Because v, = v, we have
1 2 _ _ Vii
Emvyi =mgy; =¥ = E

so for the first ball:

[(1 000 m/s)sin 37. 00]
= 2g 2{9.80m/s”

=|1.85x10* m

and for the second,

(1000 m/s)’
Yo = 2(9.80 m/s’
B0 m/s )

={-5:10% 10 m
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380 Conservation of Energy

(b) The total energy of each ball-Earth system is constant with value
Eretn = K +U, =K, +0

Fres = %(20.0 kg)(1000 m/s)’ =[1.00x107 ]

P8.5 The speed at the top can be found from the
conservation of energy for the bead-track-
Earth system, and the normal force can be
found from Newton’s second law.

(a) We define the bottom of the loop as
the zero level for the gravitational

potential energy. /{/’ %

Since v, =0, -
E,=K,+U,= 0+ mgh=mg(3.50R) J; I

The total energy of the bead at point

@ can be written as
ANS. FIG. P8.5

E,=K,+U,= %mvi +mg(2R)
Since mechanical energy is conserved, E = E,, we get
mg(3.50R) = % mv; + mg(2R)

simplifying,
vi =3.00gR

v, =43.00gR

(b) To tind the normal force at the top, we construct a force diagram
as shown, where we assume that n is downward, like mg.

Newton’s second law gives Y.F =ma,, where 4, is the centripetal
acceleration.

YF,=ma,: n mq = 1Y
y ooty FIMg= r

¥ _[3.00gR _
n_m{R—g}_m{ = —g}_Z.OOmg

n=2.00(5.00x10"® kg){9.80 m/s
=] 0.098 0 N downward
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P8.6 (a) Detine the system as the block
and the Earth.

AK+AU=0

2.00m

[lmvé ~ 0] +{mghg — mgh, )=10
12 ANS. FIG. P8.6
—mvg =mg(h, —he)

Vg =429(h, — )
Vg = 4/2(9.80 m/s”)(5.00 m— 3.20 m) =

Similarly,

Vo= \IZQ(hA ~h)

Ve =4/29(5.00-2.00)=| 7.67 m/s

(b) Treating the block as the system,

= AK = %mvé ~0= %(5.00 kg )(7.67 m/s) =[ 147 ]

9|A—>C

P8.7 We assign height y = 0 to the table top. Using
conservation of energy for the system of the Earth

and the two objects: x"w

(a) Choose the initial point before release and the . ﬂ”’._-lj@ ke
tinal point, which we code with the subscript m,- | L —
fa, just before the larger object hits the floor. 3.00kg| i -4.00m
No external forces do work on the system and __ ] _

no friction acts within the system. Then total

mechanical energy of the system remains ANS.FIG. P8.7
constant and the energy version of the

isolated system model gives

(K Kb Ug)z. =Kyt Ug)fa

At the initial point, K,; and K;;, are zero and we define the

gravitational potential energy of the system as zero. Thus the total
initial energy is zero, and we have

0=2(m,+m,)vE,+ m,gh -+ myg(-h)

Here we have used the fact that because the cord does not stretch,
the two blocks have the same speed. The heavier mass moves
down, losing gravitational potential energy, as the lighter mass
moves up, gaining gravitational potential energy. Simplitying,
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382 Conservation of Energy

1
(ml = mz)gh = E(ml +m, )Via

o - [2(m—m;jgh _ 2(5.00 kg—3.00 kg)g(4.00 m)
A (mem) (5.00 kg +3.00 kg)

=+/19.6 m/s=| 443 m/s

(b) Now we apply conservation of energy for the system of the
3.00-kg object and the Earth during the time interval between the
instant when the string goes slack and the instant at which the
3.00-kg object reaches its highest position in its free fall.

AK+AU=0 — AK=-AU
1 v?
0==mV =—m,gAy > Ay =—
s 294y Y 29

Ay=1.00m
y. =400m+Ay =
P8.8 We assume m, > n1,. We assign height ¥ = 0 to the table top.
(a) AK+AU=0
AK, + AK,+ AU, + AU, =0

Eml\f2 —O}F[%mgvz — 0}(0— m,gh)+(m,gh-0)=0

1
E(m1 +m,)v’=m,gh—m,gh=(m, -m,)gh

z(ml_ mz)gh
m, +m,

(b) We apply conservation of energy for the system of mass n1, and
the Earth during the time interval between the instant when the
string goes slack and the instant mass 1, reaches its highest
position in its free fall.

AK+AU=0 — AK=-AU

O—lm vi=—m,g Ay — A —V—Q
M g AY Y 29
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Chapter 8 383

The maximum height of the block is then

ymax:h+Ay:h+M:h+M

2g(my+m,) m, +m,
y - (m, +my)h ) (m,—my)h
m, +m, m, +m,
2mh
ymax =
m, +m,
P8.9 The force of tension and subsequent force of

compression in the rod do no work on the ball,
since they are perpendicular to each step of
displacement. Consider energy conservation of
the ball-Earth system between the instant just
after you strike the ball and the instant when it
reaches the top. The speed at the top is zero if
you hit it just hard enough to get it there. We
ignore the mass of the “light” rod.

initial

AK+ AU =0: &
[0—%mv?]+[mg(2L)—0]: 0
ANS. FIG. P8.9
v, = JEGL = /4(9.80 m/s?)(0.770 m)
vV, =| 549 m/s
P8.10 (a) One child in one jump converts chemical energy into mechanical

energy in the amount that the child-Earth system has as
gravitational energy when she is at the top of her jump:

mgy = (36 kg)(9.80 m/s’) (0.25 m) = 88.2 ]
For all of the jumps of the children the energy is

12(1.05x10°)(88.2]) =|1.11x10° |

(b) The seismic energy is modeled as

E:[%](l.llxlog J)=1.11x10° ]
100

making the Richter magnitude
logE—48 log(111x10°)-48 _5.05-48
15 1.5 1.5
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384 Conservation of Energy

P8.11 When block B moves up by 1 c¢m, block A moves down by 2 cm and
the separation becomes 3 cm. We then choose the final point to be

when B has moved up by g and has speed %_ Then A has moved

down %h and has speed v,
AK + AU =0
(Kp+Kg+Uy) = (K, +Kgp+U,) =0
(Kp+Kg+Uy) =(K,+Kg+U,)

2
0+0+0= lmvi L [V—A] LA
z 2 2 3 3
mgh _ Emvi
3 8
8gh
v, & J—
% aals
Section 8.3 Situations Involving Kinetic Friction
P8.12 We could solve this problem using Newton’s second law, but we will

use the nonisolated system energy model, here written as —f,d = K, — K,
where the kinetic energy change of the sled after the kick results only
from the friction between the sled and ice. The weight and normal
force both act at 90° to the motion, and therefore do no work on the
sled. The friction force is

fe= pin = pimg
Since the final kinetic energy is zero, we have
~fd=-K
or %mv? = u,mgd
Thus,
mv:  my? v:  (2.00m/s)

2f, 2umg  2ug  2(0.100)(9.80 m/s’)
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Chapter 8 383

P8.13 We use the nonisolated system energy model, here written as
—fid = K, — K, where the kinetic energy change of the sled after the kick

results only from the friction between the sled and ice.
AK+AU =—f.d:

0—%mv2 =—f,d

%m\f2 = p,mgd

VQ

- 21,9

which gives (d

P8.14 (a) The force of gravitation is
(10.0kg)(9.80 m/s°) = 98.0N

straight down, at an angle of
(90.0° + 20.0°) = 110.0°

with the motion. The work done by the
gravitational force on the crate is

W, =F - AF = mg£cos(90.0°+6)
= (98.0 N)(5.00 m)cos110.0°=[-168 ]

(b) We set the x and y axes parallel and perpendicular to the incline,
respectively.

From 2. F}, =ma,, we have
1 — (98.0 N) cos 20.0°=0
so n=921N
and
fi = =0400 (921 N)=368N

Therefore,

AE, . = f,d=(36.8 N)(5.00 m)=[ 184]

(¢) W, =F¢=(100N)(5.00 m)=]500]

(d) We use the energy version of the nonisolated system model.

AK =— fkd + zwo&'ler forces
AK=—fd+W, +W

applied force

+W

n
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P8.15

Conservation of Energy

The normal force does zero work, because it is at 90° to the
motion.

AK =184 7-168 ]+500 ]+ 0=
(e) Agam,« Kf - Ki =— fkd + zwo&'lerforcesf 80

1 1
E mV% = E mViQ = zwo&-ler forces

2 T
v, :JH{AK-FEmVi }
= =2 |48 +2(10.0 kg)(1.50 m/sY]
100k g SR

e = J2(159 kg-m’/s’)

fd

00kg Lo m/s
(a) The spring does positive work on the b K
block: YN [
P R
W, = =kx — =kx; '
2 2 <> 5om
W, :%(500 N/m)5.00x10% mf -0 [TENVNIIH ] 4.
e ] <> 5cm
i PO 2 ke
Applyingiik = 00993080072 = 0350
A WL ANS.FIG. P8.15
—MV; ——my;
2 2
=W, —>lmvf —0=W,
2
SO
21W
Vf = ( 3)
m
= M m/s=|0.791 m/s
2.00
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Chapter 8 387

(b) Now friction results in an increase in internal energy f,d of the

block-surtace system. From conservation of energy for a
nonisolated system,

W, = AK + AE,.,
AK =W, - f,d
1

Emv? —%mv? =W, - f,d=W, — umgd

%mvf = 0.625 J—(0.350)(2.00 kg )( 9.80 m/s” )(0.050 0 m)
%(2.00 kg)vl = 0.625 70343 = 0282 ]

~ [2(0282)

Vi=y o0 /e [0581m/s |

P8.16 2F,=ma;: n-392N=0
n=392N F=130N
f, = #,n={0300)(392 N)=118 N
s e
(a) The applied force and the motion are 92N
both horizontal. o Ar=5.00 m -
W, = Fdcos@ ANS.FIG.P8.16
={130 N){5.00 m)cos 0°
=| 650]

(b) AE,, = f,d=(118 N)(5.00 m)=] 588 ]

(c) Since the normal force is perpendicular to the motion,
W, = ndcos6 = (392 N)(5.00 m)cos90° = 0|

(d) The gravitational force is also perpendicular to the motion, so
W, = mgd cos 0 = (392 N)(5.00 m)cos(-90°) = [ 0 |

(e) We write the energy version of the nonisolated system model as
AK = Kf o Ki = zwo&'ler_AE
lm\ff2 —0=650]-5838]+0+0=|62.0]
2

K, Py
® Vf_\l m _\j40.01<g gl

int
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388 Conservation of Energy

P817  (a) AF,, =—-AK= —%m(v? -v7):

1
A, =~ (0.400 kg)| (6.00)° — (8.00)" |(m/s)’ =[5.60 ]
(b) After N revolutions, the object comes to rest and K, = 0.

Thus,
AE,

int

=—-AK

f.d =—(0—Ki)=%mvi2

or
Loz

wmg[NQ2zr)]= SV

This gives
%mvf %(8.00 m/sy
N ey B2
wMg(2zr)  (0.152)(9.80 m/s” ) 27(1.50 m)
=

Section 8.4 Changes in Mechanical Energy for
Nonconservative Forces

P8.18 (a) If only conservative forces act, then the total mechanical energy
does not change.

AK+AU=0 or  U=K-K+1]

U,=300]-18.0] +10.0] = |22.0]

F=K+U=3007+10.0]=[40.0]

(b) [Yes], ifthe potential energy is less than 22.0].

(c) |If the potential energy is 5.00 ], the total mechanical energy
isE=K+U=18.0]+5.00]= 23.0], less than the original
40.0 ]. The total mechanical energy has decreased, so a non-

conservative force must have acted.
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Chapter 8 389

P8.19 The boy converts some chemical energy 140 m/s
in his body into mechanical energy of

the boy-chair-Earth system. During this
conversion, the energy can be measured

as the work his hands do on the wheels.

AK+AU +AU, o =~fid
(K=K J+(Ug =)+ AU, == fid
fod =K,

b

ANS.FIG. P8.19

Ki+U; +W,

ands-on-wheels

Rearranging and renaming, we have

%mvf +mgy, +W,, . — fd :%mvf

lm(vf —~ vf)— mgy, + f.d

by boy = 2
Wiy oy = %(47.0 kg)| (620 m/s)* ~(1.40 m/s)’ |
~(47.0 kg){9.80 m/s” }(2.60 m)
+(41.0 N)(12.4 m)
Wbyboy = 168 ]

P8.20 (a) Apply conservation of energy to the bead-string-Earth system to
find the speed of the bead at (B). Friction transforms mechanical
energy of the system into internal energy AE,, = fd.

AK+AU+AE, =0

Emvé—%mvi}r(mgyg —mgy, )+ f,d=0

EvaB—O}F(O—mgyA)Jr fd=0—-mvi =mgy, - fd

21,
m

Vg = ZQyA

Fory, =0.200m, f, = 0.025 N, d = 0.600 m, and m = 25.0 x 107 kg:

vy = [2(9.80 m/s?)(0.200 m)~ 2(0.0% N)((_)foo m)
250107 kg
=272 m/s
vy =1.65m/s
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390 Conservation of Energy

(b) The red bead slides a greater distance along the curved path, so
triction transforms more of the mechanical energy of the system
into internal energy. There is less of the system’s original
potential energy in the form of kinetic energy when the bead

arrives at point (). The result is that the green bead arrives at
point tirst and at higher speed.

P8.21 Use Equation 8.16: AE, ., = AK+AU =—fd
(K=K J+(U;-U,)=-fd
K+U -fd=K, +U,
(@) K +U,-fd=K +U,
0+%kx2— fo:%mvngO
%(8.00 N/m)(5.00x10 m)2 ~(3.20x107 N)(0.150 m)

= %(5.30>< 10 kg)v’

2(5.20x107 J)
= e =140 m/s
530x10° kg

(b) When the spring force just equals the friction force, the ball will

stop speeding up. Here |E | = kx; the spring is compressed by
)
S 0% N
8.00N/m

and the ball has moved

5.00 cm — 0.400 cm = |4.60 cm from the start]|

(c) Between start and maximum speed points,
1k)(i2 _ fAX= —my? +lkx§
2 2 2

%(8.00 N/m)(5.00x 102 m) —(3.20x107 N)(4.60x 107 m)

= %(5.30><10-3 kg )V’ +%(8.00 N/m)(4.00x 10 m]’

v=11.79 m/s
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Chapter 8 391

P8.22 For the Earth plus objects 1 3.00 kg
(block) and 2 (ball), we write -
the energy model equation as

By Bl L [initial |
—(K+ K, + U, + U,),

= L Woturtoms ~ 1y ANS. FIG. P8.22
Choose the initial point
before release and the final point after each block has moved 1.50 m.
Choose U = 0 with the 3.00-kg block on the tabletop and the 5.00-kg
block in its final position.

So K,=K,=U,= ulf_ U =0

We have chosen to include the Earth in our system, so gravitation is an
internal force. Because the only external forces are friction and normal
torces exerted by the table and the pulley at right angles to the motion,

zwo&'ler forces — 0

We now have

1 -, 1 5

Eml\ff JrEmQ\ff +0+0-0-0-0- m,gy, =0- fd
where the friction force is

fo =N =pm,g
The friction force causes a negative change in mechanical energy
because the force opposes the motion. Since all of the variables are
known except for v, we can substitute and solve for the final speed.

1 1
Eml\-’% +Em2\-’? —-m,gy,; =~ f,d

vie Zgh(mz _#kml)
m1+m2

. J (9.80 m/s”}(1.50 m)| 5.00 kg — 0.400(3.00 kg) |

8.00 kg
- [37m/e ]
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392 Conservation of Energy

P8.23 We consider the block-plane-planet system

N

v, =8.00m/s = \

between an initial point just after the block has 7300 m \: P

been given its shove and a final point when e o~

the block comes to rest. O

(a) The change in kinetic energy is ~130.0° _ —
ANS.FIG. P8.23

AK=K, —K, :%mvf —%mvf

= 0—%(5.00 kg)(8.00 m/s)’ =
(b) The change in gravitational potential energy is
AU=U,-U,=mgh
= (5.00 kg)(9.80 m/s”)(3.00 m)sin30.0°=| 73.5 ]

(c) Thenonisolated system energy model we write as
AK+AU =3XW - fd=0-fd

other forces

The force of friction is the only unknown, so we may find it from

AK—AU  +1607-735]
= = =283 N]
d 3.00 m

(d) The forces perpendicular to the incline must add to zero.

Y F,=0: +n-mgcos30.0°=0

fi

Evaluating,
n=mgcos30.0°= (5.00 kg){9.80 m/s’)cos30.0°= 424 N

Now f, = u.n gives

_f, 288N
B =W "IDAN~

P8.24 (a) The object drops distance d = 1.20 m until it hits the spring, then it
continues until the spring is compressed a distance x.

AK+AU =0
TR R 1 W

0.679

O—OJF[%kX2 —0]+[mg(—x)— mgd]=0

%kx2 —mg(x+d)=0
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%(320 N/m)x’ - {150 kg)(9.80 m/s” )(x+1.20 m)

0

Dropping units, we have
160%° - (14.7)x-17.6=0

147 +4J(-147) - 4(160)(-17.6)
= 2(160)

L 1472107
320

The negative root does not apply because x is a distance. We have

X=]038lm

(b) This time, friction acts through distance (x + d) in the object-
spring-Earth system:

AK + AU =—f (x+d)

O—OJF[%kX2 —0]+[mg(—x)— mgd]=—f, (x+d)
%kx2 —{mg - f)x—{mg-f)d=0

where mg — f, = 14.0 N. Suppressing units, we have
160x* —14.0x-168 =0
160%° - 14.0x - 16.8=0

| 14.0%4(-14.0) - 4(160)(-16.8)
= 2(160)

- 14.0 £ 105
320

The positive root is X =| 0.371 m.

(¢) Onthe Moon, we have

%kx2 ~mg(x+d)=10

%(320 N/m)x* —(1.50 kg)(1.63 m/s” })(x+1.20 m) =0

Suppressing units,

160%* —2.45%-2.93=0
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394 Conservation of Energy

245 (=245 - 4(160)(-2.93)

2(160)
o 245+433
320
x=[0.143 m

P8.25 The spring is initially compressed by x, = 0.100 m. The block travels up
the ramp distance d.
. lepeetst Lot Lo 1, .5
The spring does work W, = Ekxi - Ekxf = Ekxi -0= Ekxi on the
block.

Gravity does work W, = mgdcos(90° + 60.0°) = mgdsin(60.0°) on the
block. There is no friction.

(@) TW=AK: W, +W, =0
%kx? —mgd sin(60.0% =0

%(1.40>< 10° N/m)(0.100 m)’
—(0.200 kg)(9.80 m/s?)d(sin60.0°)= 0

d=[4.12 m]

(b) Within the system, friction transforms kinetic energy into internal
energy:

AE,, = f.d=(u.n)d = u, (Mg cos 60.0°)d
W =AK+AE, : W +W, ~AE, =0

%kxf —mgd sin 60.0°— u,mg cos 60.0°d =0

1 1.40x 10° N/m)(0.100 m)*
2

— (0.200 kg)(9.80 m/s”)d(sin 60.0°)
— (0.400)(0.200 kg)(9.80 m/s?)(cos 60.0%)d = 0

d=[3.35 m|

P8.26 Air resistance acts like friction. Consider the whole motion:

AK+AU=-f d> K +U - f d=K,+U,
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(a) O0+mgy — fd - fd, :%mvf +0

(80.0 kg){9.80 m/s? )1 000 m—(50.0 N)(800 m) —(3 600 N)(200 m)
- (800 kg)¥’

7840007 -40000]-720000] = %(80.0 kg)v%

Vi = w: 245 m/s
80.0 kg

(b) ‘Yes. This is too fast for safety.‘

(c) Now inthe same energy equation as in part (a), d, is unknown,
andd; =1000m—d,:
784 000 ] - (50.0 N)(1 000 m—d, )- (3 600 N)d,
= %(80.0 kg)(5.00 m/s)’

784000 ] -50 000]—(3550 N)d2 =1000]
733000 ]
d = - =

(d) |The air drag is proportional to the square of the skydiver’s

speed, so it will change quite a bit, It will be larger than her
784-N weight only after the chute is opened. It will be nearly
equal to 784 N betore she opens the chute and again before

she touches down whenever she moves near terminal speed.

P8.27 (@) |Yes, the child-Earth system is isolated because the only force
that can do work on the child is her weight. The normal force
trom the slide can do no work because it is always perpendicular

to her displacement. The slide is frictionless, and we ignore air

resistance.

(b) ‘No, because there is no friction.‘

(c) At the top of the water slide,

U,=mgh and K=0: E=0+mgh— |E=mgh
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396 Conservation of Energy

(d) At the launch point, her speed is v, and height h =k /5:

E=K+Ug
E= lm\ferm—gh
2 5

(e) At her maximum airborne height, h =y, __:

E= S mgh = 2 m(@, + 0, Mgy

E = %m(vxf + 0) + mgymax — E — % mvii e mgymax

(f) E=mgh= %mvf+mgh/5—> Vv, = ’%gh

(g) At the launch point, her velocity has components v, = v, cos@ and

0, =7,8inG:
£ lmvf _Ingh _ lmvii +INGY s
2 5 2
—>%.WN? +,m'%h: %W(Vi cos6) + Y,

- %Vz (1 — cos’ 9)+ %h =gh__

L zﬁ[?]m—cosﬁeﬁ%

—-h__ = [ih](l— (20829)+E—> h,. = h[l—écoszéij
5 5 5

Tmae

(h) |No. If friction is present, mechanical energy of the system would
not be conserved, so her kinetic energy at all points after leaving
the top of the waterslide would be reduced when compared with
the frictionless case. Consequently, her launch speed, maximum
height reached, and final speed would be reduced as well.
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Section 8.5 Power

P8.28 (a) The moving sewage possesses kinetic energy in the same amount
as it enters and leaves the pump. The work of the pump increases
the gravitational energy of the sewage-Earth system. We take the

equation K, + U+ W, = K, + U,;, subtract out the K terms, and

choose U, = 0 at the bottom of the pump, to obtain W, = mgy;.

Now we ditferentiate through with respect to time:

P _Am AV
pump_Egyf _pEgyf

= (1050 kg/m®})(1.89x10° L/d)

3
3 1m 1d [9.802m](5.49 m)
1000 L /i 86400 s s

=[1.24x10° W

: useful output work  usetul output work /At
(b) efficiency = - = .
total input work useful input work/At

_ mechanical output power 1.24 kW

input electric power  5.90 kW

=[ 0.209 |=20.9%

The remaining power, 5.90 - 1.24 kW = 4.66 kW, is the rate at
which internal energy is injected into the sewage and the
surroundings of the pump.

P8.29 The Marine must exert an 820-N upward force, opposite the
gravitational force, to lift his body at constant speed. The Marine’s
power output is the work he does divided by the time interval:

Power = w
t
p_moh_ (BON)A20m) _, o _ [T EW
t 8.00 s
30 @ p W Ki mv2 (0875 kg)(0.620 m/s)’ e
" a R = = :
T AU AU 2At 2(21x 107 s)
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P8.31

P8.32

P8.33

Conservation of Energy

(b) |Some of the energy transferring into the system of the train
goes into internal energy in warmer track and moving parts
and some leaves the system by sound. To account for this as
well as the stated increase in kinetic energy, energy must be
transferred at a rate higher than 8.01 W.

When the car moves at constant speed on a level roadway, the power
used to overcome the total friction force equals the power input from
the engine, or P ... = foe © = Py This gives

input*

f

_Popw  175hp (746 W
AT v T 29m/s| 1hp

= 4.5%x10° N or about| 5x10° N.

Neglecting any variation of gravity with altitude, the work required to

lift a 3.20 x 10" kg load at constant speed to an altitude of Ay = 1.75 km
is

W = APE, = mg(Ay)
=(3.20x107 kg){9.80 m/s”){1.75x10° m)
=5.49x10" ]

The time required to do this work using a P = 2.70 kW = 2.70 x 10° [ /s
pump is

11
W_ 549x107T _ 2 08x10% s

P 270x10%]/s

=(2.03x10° s)[ . ]
3600

=|5.64x10* h|=6.44 yr
energy = power x time
For the 28.0-W bulb:

Energy used = (28.0 W)(1.00 x 10* h) = 280 kWh

total cost = $4.50 + (280 kWh)($0.200/kWh) = $60.50
For the 100-W bulb:

Energy used = (100 W)(1.00 x 10* h) = 1.00 x 10° kWh

4
# of bulbs used = M =133 =13 bulbs

750 h/bulb
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total cost = 13($0.420) + (1.00 x 10° kKWh)($0.200/kWh) = $205 46

Savings with energy-etficient bulb:

$205.46 — $60.50 = $144.96 =

P8.34 The useful output energy is
120 Wh(1-0.60)=mg(y, -y, )= F Ay

120 W(3 600 5)0.40[ I ] N-m
Ay = =194
y 50N w7 )7 [194m]

P8.35 A 1 300-Kkg car speeds up from rest to 55.0 mi/h =24.6 m/sin 15.0 s.
The output work of the engine is equal to its final kinetic energy,

%(1 300 kg )(24.6 m/s) =390 K

with power P = w ~10* W, | around 30 horsepower.
0Os
P836  P=
At

older-model: W= %mvz

2 2
newer-model: W = lm(2\;)2 = l(4m\,12) — P_..= galll =4 my
2 2 2ZAL 2ZAL

‘The power of the sports car is four times that of the older-model car.‘

*P8.37 (a) The fuel economy for walking is

. 8
1h (3 Il’]l) Tkeal 1/ 1.30x10° T _ 423 mi/gal
220kcall h /i 4186] 1 gal

(b) For bicycling:

. 8
1h (10 Il’]l) T keal 1/ 1.30x10° T} _ 776 mi/gal
400 kcall h 4186 ] 1 gal

P8.38 (a) The distance moved upward in the first 3.00 s is
{ 0+1.75 m/s }

Ay = VAt = (3.00s)=2.63 m
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400 Conservation of Energy

The motor and the Earth’s gravity do work on the elevator car:

Wmotor + Wgravity = AK
o 1 2 1 2
W, . +(MgAy)cos 180° = SmVi—omy,
1 1
Wmotor - (mgAy) = E mV% - E Ifnviz

1 1
=—mv; - Emvi2 +mgAy

motor
2

=

Wiotor = %(650 kg)(1.75 m/s)’ -0+ (650 kg) 9(2.63 m)
=1.77x10* J
_ _ 4
Also, W = PAt so p="" = L77X10 ] 5915107 W |=7.92 hp.
At 3.00s

(b) When moving upward at constant speed (v = 1.75 m/s), the
applied force equals the weight = (650 kg)(9.80 m/ s°)
= 6.37 x 10> N. Therefore,

P=Fv=(6.37x10° N)(1.75 m/s) =[ 1.11x 10" W | =14.9 hp

P8.39 As the piano is lifted at constant speed up to the apartment, the total
work that must be done on it is

W, = AK +AU, =0+mg(y, -y
=(3.50x 10° N)(25.0 m)
=8.75%x10* ]

The three workmen (using a pulley system with an efficiency of 0.750)
do work on the piano at a rate of

P = 0.750(3P

g j =0.750[3(165 W)| =371 W =371]/s
so the time required to do the necessary work on the piano is

W 8.75x10*] (1 minj .
At=—"0 = =[236 s] = (236 s)| —— | =[3.93 min]
P 371 /s ( ) 60 s

net

P8.40 (a) Burning 1 kg of fat releases energy

kg 1000 g }( 9 kcal (4186]j=3.77x107]
1kg lg 1 kcal
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The mechanical energy output is
(3.77x107 1)(0.20) = nFd cos
where 7 is the number of flights of stairs. Then
7.53%10° ] = nmgAy cos 0°
7.53x10° ] = n(75 kg)(9.8 m/s?) (80 steps)(0.150 m)
7.53x10° J=n(8.82x10° J)

where the number of times she must climb the stairs is

_7.53x10°] _ - 554
- 8.82x 103
(b) Her mechanical power output is
3
_W _882x10"J _ 36 W :(136W)( 1hp ]
t 65 s 746 W
=10.182 hp

(c) |This method is impractical compared to limiting food intake.|

P8.41 The energy of the car-Earth system is E = %mv2 +mgy:

E :%mvz +mgdsin 6

where d is the distance the car has moved along the track.
P= dE _ mvd—v +mgvsin 6
dt dt

(@) When speed is constant,

P = mgvsin 6 = (950 kg)(9.80 m/s?)(2.20 m/s)sin 30.0°

=1.02x10* W
dv 220m/s-0 )
b) —=a=——7—-——=0.183
® & 125 m/s
Maximum power is injected just before maximum speed is

attained:
P =mva+mgvsin@
=(950 kg)(2.20 m/s)(0.183 m/s?)+1.02x 10* W

= 1.06x10* W
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402 Conservation of Energy

(c) Atthetopend,
%mv2 +mgdsin 6

=950 kge(z.zo m/s)’ +(9.80 m/s?)(1250 m)sin 30°j

=(5.82x10° J

Additional Problems

*P8.42  Atapacel could keep up for a half-hour exercise period, I climb two
stories up, traversing forty steps each 18 cm high, in 20 s. My output
work becomes the final gravitational energy of the system of the Earth

and me,
mgy = (85 kg)(9.80 m/s?)(40x 0.18 m) =6 000 J
making my sustainable power 6280] =|~10° W |.
s

P843  (a) U, =mgR =(0.200kg)(9.80 m/s?)(0.300 m)=[0.588 ]

(b) I<A+LJA:|<B+LJB

Kg=K,+U,-U;=mgR=|0.588]

© v, = /2KB _ 2(0.588 ]): YOEyP
m \/ 0.200 kg

(d) U =mgh. =(0.200 kg)(9.80 m/s?)(0.200 m) =[0.392 ]

Ke =Kn +U, —U. =mg(h, —h)
K =(0.200 kg)(9.80 m/s?)(0.300 - 0.200) m =[ 0.196 ]

P8.44 (@) Let us take U = 0 for the particle-bowl-Earth system when the
particle is at (). Since v,=1.50 m/s and m = 200 g,

Kg = %mvé = %(0.200 kg)(1.50 m/s)* =| 0.225]

(b) At @), v,=0,K,=0,and the whole energy at @ is U, = mgR:

E, =K, +U, =0+mgR =(0.200 kg)(9.80 m/s?)(0.300 m)
=0.588 ]
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At ®),
E,=K;+U;=0225]+0

The decrease in mechanical energy is equal to the increase in
internal energy.

Emech,i + AEint = Emech,f
The energy transformed is
AE,, =—AE . =Ej i~ Emenr =0.588]-0.225]=| 0.363 ]

(©)

(d) |Itis possible to find an effective coefficient of friction, but

not the actual value of i since n and f vary with position.

P8.45 Taking v = 0 at ground level, and using conservation of energy from
when the boy starts from rest (v, = 0) at the top of the slide (y;, = H) to

the instant he leaves the lower end (y, = 1) of the frictionless slide at
speed v, where his velocity is horizontal (Uxf =0, 0, = 0), we have

E,=Eqp — %mv2 +mgh =0+ mgH

or v =2g(H-h) [1]
Considering his flight as a projectile after leaving the end of the slide,
1
Ay = vt + ant2
gives the time to drop distance / to the ground as

—h=0+%(—g)t2 or t= "

The horizontal distance traveled (at constant horizontal velocity)
during this time is d, so

2
dZVt:VZ—h and v=d i: ﬂ
g \ 2h V2h

Substituting this expression for v into equation [1] above gives

gd2 _ d2
—=2¢9(H-h H=h+—
on - 29(H=h) - or 4h
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404 Conservation of Energy

P8.46 (a) Mechanical energy is conserved in the two blocks-Earth system:

1
m,gy = E(m1 +m,)v’

L[ 2m.0y " _[2(1.90 kg)(9.80 m/s)(0.900 m) |
m, +m, 5.40 kg

SEET

(b) For the 3.50-kg block from when the string goes slack until just
before the block hits the floor, conservation of energy gives

1 1
E(mz)vz +m,gy = E(mz)vg

v, =[20y +v*]"* =[209.80 m/s)(1.20 m) + (249 m/s’ ]

[/

(c) The 3.50-kg block takes this time in flight to the floor: from y =

(1/2)gt* we have t = [2(1.2)/9.8]"* = 0.495 s. Its horizontal
component of displacement at impact is then

x=0v,t=(249m/s)(0.495s) = |1.23 m

(d)

(e) |Some of the kinetic energy of m, is transferred away as sound

and some is transformed to internal energy in m; and the floor.

P8.47 (a) Givenm =4.00 kg and x =t + 2.0t*, we find the velocity by

differentiating:
=L firoe) =146t
dt dt

Then the kinetic energy from its definition is

K= %mvz = %(4.00)(1 +612) =|2+24t> + 72t

where KisinJ and t is in s.
(b) Acceleration is the measure of how fast velocity is changing:

oty _d
Todt T dt

.. 2 ..
whereaisin m/s and tis in s.

(1+6t7) =12t

Newton’s second law gives the total force exerted on the particle
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by the rest of the universe:

> F =ma=(4.00 kg)(12t) = [48t

where Fisin N and t is in s.

(c) Power is how fast work is done to increase the object’s kinetic
energy:

p= ‘L_Vtv - ‘2_’: = %(2.00 +24t7 +72t*) = |48t +288¢°

where P is in W [watts] and t is in s.
Alternatively, we could use P = Fv = 48£(1.00 + 6.0t%).

(d) The work-kinetic energy theorem AK =3»W lets us find the work
done on the object between t,= 0 and t,=2.00 s. At f, = 0 we have
K;=2.00]. Att,=2.00 s, suppressing units,

K= [2 +24(2.00 ) + 72(2.00 5)'] = 1250 ]

Therefore the work input is

W =K, -K,=1248]={1.25%x10’ ]

Alternatively, we could start from
_ t _ 2s 3
W = [ "Pdt = [ (48t + 288t" ot

P8.48 The distance traveled by the ball from the top of the arc to the bottom

is 7R. The change in internal energy of the system due to the
nonconservative force, the force exerted by the pitcher, is

AE = Fdcos0° = F(ﬂ:R)

We shall assign the gravitational energy of the ball-Earth system to be
zero with the ball at the bottom of the arc.

Then

1

1
AE e =5 mvy — > mv; +mgy, —mgy,

becomes

%mv? = %mvf +mgy, +F(zR) = %mvi2 +mg2R + F(7R)
%mv? = %mvi2 +(2mg + 7F)R
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406 Conservation of Energy

Solve for R, which is the length of her arms.

L
—mv; — —mvy; V2 —\2
-2 2 — f Vi

2mg + nF 4mg +2nF

(25.0 m/s)* -0
4(0.180 kg) g +27(12.0 N)

=1.36 m

R =(0.180 kg)

We find that her arms would need to be 1.36 m long to perform this

task. This is significantly longer than the human arm.

P849  (a) (K+U,) =(K+U,)

1
0+mgy, :Emvé +0

Ve =20y, =/2(9.80 m/5*)6.30 m =

(b) (K +U, +Uchemical)B = (K +U9)D

1

>MVe Ui = %mvzo +mg(Yp - Ys)
B %mVE —%mVE +mg(ys - Ys)
= %m(Vé ~v2)+mg(yp - Ve)
Ui = %(76.0 kg)[ (514 m/s)* - (11.1m/s)’ |
+(76.0 kg)(9.80 m/s?)(6.30 m)
Ui = [1.00x 10° ]

(c) (K + Ug)D = (K + Ug)E where E is the apex of his motion:

1
EmVé+0=0+mg(yE—yD)

V2 (5.14m/s)’
—Yp=——= = -1.35 m
Yem¥o T4 2(9.80 m/s?)
P8.50 (a) Simplified, the equation is

0 = (9700 N/m)x® — (450.8 N)x — 1395 N - m
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Then
« = —b++/b*—4ac
2a
_ 450.8 N +/(450.8 N)* —4(9700 N/m)(~1395 N -m)
2(9700 N/m)
- PO8N27370N _ 5405 m or —0.357 m|
19 400 N/m

(b) |From a perch at a height of 2.80 m above the top of a pile of
mattresses, a 46.0-kg child jumps upward at 2.40 m/s. The
mattresses behave as a linear spring with force constant

19.4 kN/m. Find the maximum amount by which they are

compressed when the child lands on them.

() [0.0232m.

(d) |This result is the distance by which the mattresses compress if

the child just stands on them. It is the location of the equilibrium

position of the oscillator.

P8.51 (@) The total external work done on the system of Jonathan-bicycle is
W = AK = lmv% —lmvf
2 2
= %(85.0 kg)[ (1.00 m/s)* - (6.00 m/s)* ]

-[90]

(b) Gravity does work on the Jonathan-bicycle system, and the
potential (chemical) energy stored in Jonathan’s body is
transformed into kinetic energy:

AK + AU, =W,

AU 4o, =W, — AK = —mgh — AK

AU 4 =—(85.0kg) g(7.30 m) - AK = -6 080 -1 490
=[-7570]
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408 Conservation of Energy

(c) Jonathan does work on the bicycle (and his mass). Treat his work
as coming from outside the bicycle-Jonathan’s mass system:

AK + AU, =W,
W, =AK+mgh=-1490]+6 080 ] ={4 590 ]
P8.52 (@) The total external work done on the system of Jonathan-bicycle is

1 1
W = AK = |=mv; ——mv’
2 2

(b) Gravity does work on the Jonathan-bicycle system, and the
potential (chemical) energy stored in Jonathan’s body is
transformed into kinetic energy:

AK +AU 4 =W,

chem

AU

chem

=W, - AK = —mgh—(lmvf2 —lmviz)
2 2

(c) Jonathan does work on the bicycle (and his mass). Treat his work
as coming from outside the bicycle-Jonathan’s mass system:

AK + AU, =W,

W, = AK + mgh = lmv? —1mvi2 +mgh
2 2

P8.53 (@) The block-spring-surface system is isolated with a
nonconservative force acting. Therefore, Equation 8.2 becomes

AK + AU + AE,_, =0
(%mv2 - O) + (%kx2 - %kxiz) + fk(xi - x) =0

To find the maximum speed, differentiate the equation with
respect to x:

mvd—V +kx—f, =0
dx

Now set dv/dx = 0:
f 40N

kx - f,=0—> x=-%= . =4.0x10° m
k 1.0 x 10° N/m

This is the compression distance of the spring, so the position of
the block relative to x =0 is [x = —4.0x 107 m.
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(b) By the same approach,

f = 100N =1.0x 107 m

kx - f,=0—> x=-—=% .
k 1.0 x 10° N/m

so the position of the block is [x = -1.0x 10~ m.

2
P854 PAt=W = Ak =AMV

2 ~
Am Am ( ( (AT T
The densityis p= = >
volume  AAX P

Substituting this into the first equation and ANS. FIG. P8.54

. . AX
solving for P, since A_t = v for a constant speed, we get

pAV’
2

P=

Also, since P = Fo,

_ pAV?
2

F

Our model predicts the same proportionalities as the empirical
equation, and gives D =1 for the drag coefficient. Air actually
slips around the moving object, instead of accumulating in front
of it. For this reason, the drag coefficient is not necessarily unity.

It is typically less than one for a streamlined object and can be

greater than one if the airflow around the object is complicated.

P855  P= %Dpnrzv3

(@) We use 1.20 kg/m?® for the density of air, and calculate

p = %(1)(1.20 kg/m’)7(1.50 m)*(8.00 m/s)’

=[217x10° W
(b) We solve part (b) by proportion:

i_v_s_(24m/s)3 gy

P Vv 8m/s

a a
— 3 — 4 —
R, =27(2.17x10° W) = 5.86 x 10" W =[58.6 kW
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410 Conservation of Energy

P8.56 (@) InExample8.3,m=350g,y,=-0120m,y,=0,and k =958 N/m.
Friction f, = 2.00 N acts over distance d = 0.600 m. For the ball-

spring-Earth system, K, = 0, U, = mgy,, U, = %kxz, where

X:|YA

AK +AU = —f,d

; Ki=0, Uy, =mgy., and U, = 0.

1
0+(may —mgyA)+(0—§kX2) =-fd

mgyc = Mgy a +%kX2 - fkd

Lie — 1.
_y 42
yC - yA + mg
1(958 N/m)(0.120 m)* - (2.00 N)(0.600 m)
=-0.120 + 2
(0.035 kg) g
=[16.5m

(b) The ball-spring-Earth system is not isolated as the popgun is
loaded. In addition, as the ball travels up the barrel, a
nonconservative force acts within the system. The system is
isolated after the ball leaves the barrel.

before popgun is loaded: ball at level B after popgun is loaded: ball at level A
100 100
50
Kinctic  Elastic pot.  Grav. g T Kinctic Elasticpol. Crivpot.  Total
I Energy [ En E crgy Energy  F
non-isolated system non-isolated system from A to B
after popgun is loaded: ball at level B after popgun is loaded: ball at level C
100 100
50
%o
)
0
K El Total Elastic pot. 1
I I ey | | | | _Enem Ene E I
non-isolated system from A to B isolated system from B to C

ANS. FIG. P8.56
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P8.57 (@) To calculate the change in kinetic energy, we integrate the
expression for a as a function of time to obtain the car’s velocity:

t t
v =Jadt = [(1.16t-0.210t* +0.240t* ) dt
0 0

2 3 4t
= 1.16tE - 0.210% + 0.240tZ = 0.580t* — 0.070t> + 0.060t*

0

Att=0,0,=0. Att=25s,
v, =(0.580 m/s*)(2.50 s)* —(0.070 m/s*)(2.50 s)’
+(0.060 m/s°)(2.50 s)' =4.88 m/s

The change in kinetic energy during this interval is then
K, +W =K,

0+W = %mv? = %(1 160 kg)(4.88 m/s)’ =| 1.38x 10"

(b) The road does work on the car when the engine turns the wheels
and the car moves. The engine and the road together transform
chemical potential energy in the gasoline into kinetic energy of
the car.

W _ 1.38x10*]

At 250s

P=|552x10°W

(c) |The value in (b) represents only energy that leaves the engine
and is transformed to kinetic energy of the car. Additional

energy leaves the engine by sound and heat. More energy leaves

the engine to do work against friction forces and air resistance.

P8.58 At the bottom of the circle, the initial speed of the coaster is 22.0 m/s.
As the coaster travels up the circle, it will slow down. At the top of the
track, the centripetal acceleration must be at least that of gravity, g, to
remain on the track. Apply conservation of energy to the roller coaster-
Earth system to find the speed of the coaster at the top of the circle so
that we may find the centripetal acceleration of the coaster.

AK+AU =0

1 1
(E mvfop - E mviottomj + (mgytop - mgybOttom) =0
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412 Conservation of Energy

EI e N

Vi =(22.0 m/s)* —49(12.0 m) =13.6 m*/s*

For this speed, the centripetal acceleration is

_Vip _13.6m’/s’

= =1.13 m/s’
R 120 m

The centripetal acceleration of each passenger as the coaster passes

over the top of the circle is 1.13 m/s’. Since this is less than the
acceleration due to gravity, the unrestrained passengers will fall out

of the cars!

P8.59 (@) The energy stored in the spring is the elastic potential energy,
U= %kxz, where k = 850 N/m. At x = 6.00 cm,

U= —kx*= =(850 N/m)(0.0600 m)* = [1.53]

N | =

1
2

At the equilibrium position, x =0, U =|0]|.

(b) Applying energy conservation to the block-spring system:
AK+AU =0

(%mv% —%mv$)+(uf -u)) :0—>va$ —0) =-(u,-u))

1 mv: =U, -U,
2
because the block is released from rest. For Xp= 0,U=0,and

2(u,-u,)

1
—mv; =U,-U, >V, =
2 m

"\ 1.00kg

v, =175m/s

(c) From (b) above, for X = x,/2 =3.00 cm,

U= %kﬁ = %(850 N/m)(0.0300 m)* = 0.383 ]
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and
2(U,-U
1mv? =U,-U,>v, = u
2 m
v = 2(1.53]-0.383]) _ [2(1.15])
f 1.00 kg 1.00 kg
v, =151 m/s

P8.60 (@) The suggested equation PAt =bwd implies all of the following
cases:

(1) PAt= b(%)(zd)
o 2z
ST
o (B

These are all of the proportionalities Aristotle lists.

Vv = constant

n d :
fe=mn F
ANS FIG. P8.60

(b) |For one example, consider a horizontal force F pushing an object

of weight w at constant velocity across a horizontal floor with

which the object has coefficient of friction p,.

Y F =ma implies that
+n-w=0and F- yn=0
so that F = pw.

As the object moves a distance d, the agent exerting the force does
work

W = Fdcos6 = Fdcos0° = p wd
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414 Conservation of Energy

W
and puts out power P = N

This yields the equation PAt= py,wd which represents Aristotle’s
theory with b= p,.

Our theory is more general than Aristotle’s. Ours can also
describe accelerated motion.

P8.61 k=250 x 10" N/m, m=25.0kg
x,=-0.100 m, Ug| . =Ui[,, =0
(a) Atpoint A, the total energy of the child-pogo-stick-Earth system
is given by
Emech = I<A +UgA +Us - Emech :O+mgXA +%kXi

mech

Epnecr = (25.0 kg)(9.80 m/s?)(~0.100 m)
+%(2.50 x10* N/m)(~0.100 m)?
B =245 +1257=[100]

mech

(b) Since only conservative forces are involved, the total energy of
the child-pogo-stick-Earth system at point C is the same as that at
point A.

Kc +UgC +Usc = KA +UgA+UsA

0+(25.0 kg)(9.80 m/s?)x. +0=0-24.5]+125]

x. =[ 0410 m

(c) KB+UgB+UsB=KA+UgA+USA

%(25.0 kg)va+0+0=0+(-245])+125]

Vg =[2.84m/s

(d) The energy of the system for configurations in which the spring is
compressed is

E=K+ %kx2— mgx

where x is the compression distance of the spring.
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To find the position x for which the kinetic energy is a maximum,
solve this expression for K, differentiate with respect to x, and set
the result equal to zero:

K = E—%kx2+ mgx

d—K:O—kx+mg:O - x:m
dx k

Substitute numerical values:
(25.0 kg)(9.80 m/s?)
2.50 x 10* N/m

Because this is the value for the compression distance of the
spring, this position is 0.98 cm below x = 0.

=0.009 8 m = 0.98 cm

K=K, at x=|-9.80 mm

X
+ _
x=-9.80 mm) (U sA U5|X=—9.80 mm)

g

(©) Ko =Ky +(Upa-U

%(25.0 kg) Vi
=(25.0 kg)(9.80 m/s?)[(~0.100 m) - (-0.009 8 m)]

1 4 2 2
+2(250x10* N/m)| (-0.100 m)’ ~(~0.009 8 m)’

yielding v, .. =|2.85m/s

(@) Between the second and the third picture, AE__, = AK + AU:

mech
1 1

—umgd = —=mv? + —kd?

umg SV Ty

%(50.0 N/m)d? +0.250(1.00 kg)(9.80 m/s?)d

= %(1.00 kg)(3.00 m/s)’ =0

d= [—2.45 + 21.35] N _

50.0 N/m

(b) Between picture two and picture four, AE

= AK + AU:

'mech

—pmg(2d) = %mv? —%mvi2
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P8.63

Conservation of Energy

which gives

v, = \/(3.00 m/s)’ —m(z.% N)(2)(0.378 m)

SEETYA

For the motion from picture two to picture five in the figure
below, AE_ . = AK + AU:

(©)

‘mech
L. 1
—pmg (D +2d) =My —omy,

(1.00 kg)(3.00 m/s)’
2(0.250)(1.00 kg)(9.80 m/s?

) -2(0.378 m)=| 1.08 m

n

—D—! DY)

ANS. FIG P8.62

The easiest way to solve this problem about a chain-reaction process is
by considering the energy changes experienced by the block between
the point of release (initial) and the point of full compression of the
spring (final). Recall that the change in potential energy (gravitational
and elastic) plus the change in kinetic energy must equal the work
done on the block by non-conservative forces. We choose the
gravitational potential energy to be zero along the flat portion of the
track.

ANS. FIG. P8.63
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There is zero spring potential energy in situation & and zero

gravitational potential energy in situation (D) . Putting the energy
equation into symbols:

Kp = Ky = U g + Usp = = fidye
Expanding into specific variables:
0-0-mgy, +%kxs2 = —f dye
The friction force is f, = y,mg, so
mgy, — % kx* = p,mgd

Solving for the unknown variable y, gives

_Ya k¢
He="g 2mgd
_300m (2250 N/m)(0.300 m)’
6.00m  2(10.0 kg)(9.80 m/s?)(6.00 m)

=10.328

P8.64 We choose the zero configuration of potential
energy for the 30.0-kg block to be at the
unstretched position of the spring, and for
the 20.0-kg block to be at its lowest point on
the incline, just before the system is released
from rest. From conservation of energy, we

have ANS. FIG. P8.64
(K+U), =(K+U),

0+(30.0 kg)(9.80 m/s?)(0.200 m) + %(250 N/m)(0.200 m)*

= %(20.0 kg +30.0 kg)v?
+(20.0 kg)(9.80 m/5?)(0.200 m)sin 40.0°

58.8]+5.00] =(25.0 kg)v* +25.2
v=124m/s
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418 Conservation of Energy

P8.65 (a) For the isolated spring-block system,
AK + AU =0

(lmv2 - Oj + (0 — lkxz) =0
2 2
V k V450 N/m

X =10.400 m

(b) AK + AU + AE,, =0

(%mv?—%mvfj +(2mgR - 0) + f,(zR)=0
f.R
v, = \/vf — 49R - 27ka

\/(12.0 m/s)’ - 4(9.80 m/s?)(1.00 m) -

27(7.00 N)(1.00 m)

0.500 kg
vV, =[410m/s
(c) Does the block fall off at or before the top of the track? The block
fallsifa, < g.
V2 (410 m/s)’

=16.8 m/s”

° R 1.00 m

Therefore a_> ¢ and the | block stays on the track |.

P8.66 m =mass of pumpkin
i NV
R =radius of silo top |

2
v ) 7
Y F =ma, :n—mgcos@——mE 'mg %% \ﬁ
mg
When the pumpkin first loses contact

with the surface, n = 0. ANS. FIG. P8.66

Thus, at the point where it leaves the surface: v> = Rgcos®.

Choose U, = 0 in the 6= 90.0° plane. Then applying conservation of
energy for the pumpkin-Earth system between the starting point and
the point where the pumpkin leaves the surface gives

Ki +Uy, =K +U,
%mv2 +mgRcosf =0+ mgR
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Using the result from the force analysis, this becomes

%ng cos0 + mgR cosO = mgR, which reduces to

cosf = %, and gives 0 = cos™ (2/3) =|48.2°

as the angle at which the pumpkin will lose contact with the surface.

P8.67 Convert the speed to metric units:
v = (100 km/h)(l 000 m)( Lh ) =278 m/s
1km J\3600s

Write Equation 8.2 for this situation, treating the car and surrounding
air as an isolated system with a nonconservative force acting:

AK+AU__ +AU,  +AE, =0

grav

The power of the engine is a measure of how fast it can convert
chemical potential energy in the fuel to other forms. The magnitude of
the change in energy to other forms is equal to the negative of the
change in potential energy in the fuel: AE =-AU,,. Therefore,

other forms

if the car moves a distance 4 along the hill,

grav

At At

P=-

0 + (mgdsin3.2° - 0) + ;Dpszd
At

mgvsin3.2° + %DpAv3

where we have recognized d/ At as the speed v of the car. Substituting
numerical values,

P = (1 500 kg)(9.80 m/s*)(27.8 m/s)sin3.2°

+ 2(0330)(1.20 kg/m’)(2:50 m?)(27.8 m/s)

P=334kW =448hp

The actual power will be larger than this because additional energy
coming from the engine is used to do work against internal friction in
the moving parts of the car and rolling friction with the road. In
addition, some energy from the engine is radiated away by sound.
Finally, some of the energy from the fuel raises the internal energy of
the engine, and energy leaves the warm engine by heat into the cooler
air.
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420 Conservation of Energy

P8.68 (a) Energy is conserved in the swing of the pendulum, and the
stationary peg does no work. So the ball’s speed does not change
when the string hits or leaves the peg, and the ball swings equally
high on both sides.

(b) The ball will swing in a circle of radius R = (L — d) about the peg.
If the ball is to travel in the circle, the minimum centripetal
acceleration at the top of the circle must be that of gravity:

mv?
R
When the ball is released from rest, U, = mgL, and when it is at the

top of the circle, U, = mg2(L — d), where height is measured from
the bottom of the swing. By energy conservation,

=g - v’=g(L-d)

mgL =mg2(L - d) +%mv2

3L
L)

From this and the condition on v* we find | d

P8.69 If the spring is just barely able to lift the lower block from the table, the
spring lifts it through no noticeable distance, but exerts on the block a

:kx/

FS

must be Mg/k. Between an initial point at release and a final point
when the moving block first comes to rest, we have
Ki+U, +U =K, +U, +Uq

2 2
o )50 o8] )

force equal to its weight Mg. The extension of the spring, from

4m292 N 8m292 _ mMg2 N Mzgz
k k k 2k

2
4m? =mM +MT

2
M7+mM—4m2 =0

_-mx \/mz - 4(%)(—4m2) B

M= =—mz=+/9m
2(3)

Only a positive mass is physical, so we take M=m(3-1)=|2m |.
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P8.70 The force needed to hang on is equal to the
force F the trapeze bar exerts on the /'ﬁ
performer. From the free-body diagram for
the performer’s body, as shown,

VZ
F—-mgcos@ = m7 Ao

'a I
or F=mgcos6 + m7 mg
At the bottom of the swing, 9= 0°, so ANS. FIG. P8.70

V2
F=mg+m—
: 14

The performer cannot sustain a tension of more than 1.80mg. What is
the force F at the bottom of the swing? To find out, apply conservation
of mechanical energy of the performer-Earth system as the performer
moves between the starting point and the bottom:

2

mg(1- cos 60.0°) = %mvz — ™~ 2mg(1- cos 60.0°) = mg

2
Hence, F =mg + mv7 =mg +mg =2mg at the bottom.

The tension at the bottom is greater than the performer can

withstand; therefore the situation is impossible.

*P8.71  We first determine the energy output of the runner:

1 step
1.50 m

From this we calculate the force exerted by the runner per step:
F=(24.0 J/m)(1 N-m/])=24.0 N

=(0.600 J/kg - step)(60.0 kg)( ) =240 J/m

Then, from the definition of power, P = Fv, we obtain

S P _700W _
F 240N

2.92 m/s
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422 Conservation of Energy

P8.72 (a) At the top of the loop the car and
riders are in free fall:

> F =ma,

motion

2

mg down = down

v=JRg

Energy of the car-riders-Earth
system is conserved between
release and top of loop:

Ki+U, =K; +U:

forces

0+mgh = %mv2 +mg(2R)

gh =%Rg +9g(2R)

h=22"
2

(b) Let h now represent the height
>2.5R of the release point. At

the bottom of the loop we have

_1
mgh == mv, ANS. FIG. P8.72
or V. =2gh

then, from Y F, =ma,:

N

n, ~mg = 2 (up)

R
m(2 gh)
n, =mg+
b = Mg R
At the top of the loop,

mgh = %mvt2 +mg(2R)

v =2gh—4gR
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from > F, =ma:

2
mv;

R

—-n,—mg =—

n, =-mg+ g(ZQh ~49R)

n, = _m(29h) -5m
R

t

Then the normal force at the bottom is larger by

m(2gh] m(2gh

n,—n,=mg+ (g)_ (g)+5mg: 6mg
R R

Note that this is the same result we will obtain for the difference in

the tension in the string at the top and bottom of a vertical circle in

Problem 73.
P8.73 Applying Newton’s second law at the bottom (b) <=

and top (t) of the circle gives . ﬁT .

2 2 ) mg \
T, —mg= mv, .4 T-m __my, 1' .
R R | ;

Adding these gives N & S

m (v§ - vf) O =

T, =T, +2mg + — R i

Also, energy must be conserved and AU + AK =0. ANS. FIG. P8.73

m(vg—vf)

R

22
So, M+(0—2ng)=0 and = 4mg

Substituting into the above equation gives | T, =T, +6mg |.

P8.74 (a) The system of the airplane and the surrounding air is
nonisolated. There are two forces acting on the plane that move
through displacements, the thrust due to the engine (acting across
the boundary of the system) and a resistive force due to the air
(acting within the system). Since the air resistance force is
nonconservative, some of the energy in the system is transformed
to internal energy in the air and the surface of the airplane.
Therefore, the change in kinetic energy of the plane is less than
the positive work done by the engine thrust. So,

mechanical energy is not conserved in this case.
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424 Conservation of Energy

(b) Since the plane is in level flight, U =U; and the conservation of

P8.75  (a)

(b)

energy for nonisolated systems reduces to

zfWother forces =W =AK+AU + AEint

or

W =W = Ky =K = s

o 1 2 1 2 o

F(cos0°)s :Emvf —Emvi — f(cos180°)s

This gives
2(F-f])s
v, :\/vi2 + ( )
m

- J(60.0 m/s) + 2[(7.50 - 4.00) x 10* N |(500 m)
1.50 x 10* kg

vV =|77.0m/s

As at the end of the process analyzed in Example 8.8, we begin
with a 0.800-kg block at rest on the end of a spring with stiffness
constant 50.0 N/m, compressed 0.092 4 m. The energy in the
spring is (1/2)(50 N/m)(0.092 4 m)>=0.214]. To push the block
back to the unstressed spring position would require work
against friction of magnitude 3.92 N (0.092 4 m) = 0.362 J.

Because 0.214 ] is less than 0.362 ], the spring cannot push the
object back to x = 0.

The block approaches the spring with energy

%mv2 = %(0.800 kg)(1.20 m/s)* =0.576

It travels against friction by equal distances in compressing the
spring and in being pushed back out, so half of the initial kinetic
energy is transformed to internal energy in its motion to the right
and the rest in its motion to the left. The spring must possess one-
half of this energy at its maximum compression:

05767 _ %(50.0 N/m)x?

so x=0107m
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For the compression process we have the conservation of energy
equation

0.576 ] + i, 7.84 N (0.107 m) cos 180° = 0.288 J
s0 {1, =0.288]/0.841] =[0.342

As a check, the decompression process is described by

0.288 7 + 4, 7.84 N (0.107 m) cos 180° = 0

which gives the same answer for the coefficient of friction.

*P8.76  Asit moves at constant speed, the bicycle is in equilibrium. The
forward friction force is equal in magnitude to the air resistance, which
we write as av’, where 7 is a proportionality constant. The exercising
woman exerts the friction force on the ground; by Newton’s third law,
it is this same magnitude again. The woman’s power output is
P = Fv = av® = ch, where c is another constant and / is her heart rate. We
are given a(22 km/h)* = ¢(90 beats/min). For her minimum heart rate

3
we have av>, =c(136 beats/min). By division (22\/1‘(“;‘1/}1] = 19306 :
13
Vioin =(193—06) (22 km/h)=| 25.2 km/h
166"
Similarly, v, = (%) (22 km/h) =| 27.0 km/h |.
P8.77 (a) Conservation of energy for the sled-
rider-Earth system, between A and
C:
Ki+Ug, =K, +U,
%m(2_50 m/s)’ ANS. FIG. P8.77
+m(9.80 m/s?)(9.76 m)
1
= E mVé +0

Ve =/(2.50 m/s)’ +2(9.80 m/s)(9.76 m) =

(b) Incorporating the loss of mechanical energy during the portion of
the motion in the water, we have, for the entire motion between A
and D (the rider’s stopping point),

Ki+U, - fd=K; +U:
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426 Conservation of Energy

%(80.0 kg)(2.50 m/s)’
+(80.0 kg)(9.80 m/s?)(9.76 m)— f,d =0+0
—fd=7.90x10%]J

The water exerts a friction force

_7.90x10°] _7.90x10° N-m
d 50.0 m

and also a normal force of

f, =158 N

n=mg = (80.0 kg)(9.80 m/s*) =784 N

The magnitude of the water force is

J(158 NY* +(784 N)* =[ 800 N

(c) The angle of the slide is

6= sin_l(9'76 m) =10.4° \

543 m jy /&&

— —
np np

s mgsin 6
For forces perpendicular to the track "8 mg cos 0

atB, ANS. FIG. P8.77(c)
>F=ma: ng—mgcosf=0

n =(80.0 kg)(9.80 m/s?)cos10.4° =[ 771 N

(d) XF =ma;:

motion force
2 A

mv g fz 3 >
—_ C a V¢ n,
N, —mg = . —_—

ne =(80.0 kg)(9.80 m/s?)

g
mg

2
, (80.0kg)(14.1 m/s) ANS. FIG. P8.77(d)
20.0 m

n. =| 1.57 x10° N up

The rider pays for the thrills of a giddy height at A, and a high
speed and tremendous splash at C. As a bonus, he gets the quick
change in direction and magnitude among the forces we found in

parts (d), (b), and (c).
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P8.78 (@) Maximum speed occurs after the needle leaves the spring, before
it enters the body. We assume the needle is fired horizontally.

—

O | [

ANS. FIG. P8.78(a)

K +U, - fd=K, +U,

O+lkx2—0:lmv2
2 2

%(375 N/m)(0.081 m)* = %(0.005 6 kg)V2..

201.23]) " =v_. =[21.0 m/s
0.005 6 kg e

+0

max

(b) The same energy of 1.23 ] as in part (a) now becomes partly
internal energy in the soft tissue, partly internal energy in the
organ, and partly kinetic energy of the needle just before it runs
into the stop. We write a conservation of energy equation to
describe this process:

|S52 2882 o

ANS. FIG. P8.78(b)
Ki+U; - f.,d, - f,d, =K, +U,

0+%kx2 - f.d, - f,d, =%mv? +0

1.23]-7.60 N(0.024 m)—-9.20 N(0.035 m) = %(0.005 6 kg)v;

16.1 m/s

2(1.23]-0.182]-0.322]) )" _ y
0.005 6 kg f
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Challenge Problems

P8.79  (a)

(b)

P8.80  (a)
(b)

(©)

Let m be the mass of the whole board. The portion on the rough
mxg

surface has mass mx/L. The normal force supporting it is -

=ma. Then

m
and the friction force is @

o = HOX
L

opposite to the motion

In an incremental bit of forward motion dx, the kinetic energy

converted into internal energy is f,dx = H kTgX dx. The whole

energy converted is

1 mv?
2

v=/ugl

U, =mgy = (64.0 kg)(9.80 m/s?)y =| (627 N)y

L
_ jukmgx dy = Hmg x| _ pemgl
DL L 2 2

0

At the original height and at all heights above 65.0 m —25.8 m =
39.2 m, the cord is unstretched and | U, = 0 |. Below 39.2 m, the

cord extension x is given by x = 39.2 m -y, so the elastic energy is

u :%kxzz %(81.0 N/m)(39.2m-y)" |.

S

Fory>39.2m, U, +U, = (627 N)y

For y<39.2 m,

U, +U, =(627 N)y +40.5 N/m(1 537 m? - (78.4 m)y +y?)

(40.5 N/m)y* —(2 550 N)y +62 200 ]
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(d) See the graph in ANS. FIG. P8.80(d) below.

(e)

(f)

(8)
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Energies of a bungee jumper

70

60 4 | S | B

*

S
S
>

| 2 & | [ue
| & | —--Us
| o
| & a0 i & : |A—Ug+Us
\
|
A
20 — —
10— — =
0
0 20 40 60
height, m

ANS. FIG. P8.80(d)

At minimum height, the jumper has zero kinetic energy and the
system has the same total energy as it had when the jumper was
at his starting point. K; +U; =K +U; becomes

(627 N)(65.0 m) =(40.5 N/m)y; — (2 550 N)y, +62200 ]
Suppressing units,

0 =40.5y; —2 550y, +21500

Y= [the solution 52.9 m is unphysical]

The total potential energy has a minimum, representing a

. o1 . du
position. To find it, we require W =0.

stable equilibrium

Suppressing units, we get
%(40.5y2 ~2 550y +62200) = 0 = 81y — 2 550

y=[315m |

Maximum kinetic energy occurs at minimum potential energy.
Between the takeoff point and this location, we have

K +U; =K; +U,

YY) oYl = S g Bl o)
www.facebook.com/groups/Smurfs.On.The.Way
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Suppressing units,

0+ 40 800

_1

S (B40)V,, +405(31.5)" -2 550(31.5) + 62 200

max

2(40 800 - 22 200) )"
Vm“:[( 64.0 kg )] =[241m/s |

P8.81 The geometry reveals D =Lsin6 +Lsin¢,
50.0 m = 40.0 m(sin50° +sin¢), ¢ = 28.9°

(a) From takeoff to landing for the Jane-Earth system:
AK + AU + AE,, =0

(0 - %mvfj + [mg(—Lcosd)) - mg(—LcosO)] +FD =0

%mvi2 +mg(~Lcos@) + FD(~1) =0 +mg(-Lcos¢)

%(50.0 kg) v? +(50.0 kg)(9.80 m/s?)(~40.0 m)cos 50°

—(110 N)(50.0 m)
=(50.0 kg)(9.80 m/s?)(~40.0 m)cos28.9°

1(50.0 kg)v? —1.26x10* J-5.5%10° J =-1.72x10* |

947
v, = — = 15
=00 kg - 615m/s

(b) For the swing back:
AK + AU = AE

mech
(0 —%mv?) + [ mg(-Lcos®) — mg(-Lcosg)] =
%mvi2 +mg(~Lcos¢)+FD(+1)=0+mg(-Lcosh)

%(130 kg)v? +(130 kg)(9.80 m/s?)(~40.0 m)cos28.9°

+(110 N)(50.0 m)
= (130 kg)(9.80 m/sz)(—40.0 m)cos 50°
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%(130 kg)V? —4.46x10* J+5500 ] =-3.28x10* J

2(6 340])
v, = [ —=1=[9.87 m/s |
=\ B0k - 287 m/s]

P8.82 (a) Take the original point where the ball is released and the final
point where its upward swing stops at height H and horizontal
displacement

=L —(L-H) =\2LH-H?

Since the wind force is purely horizontal, it does work

W, ;g = [F-d§ = F[dx = Fy2LH - H?

Pivot

Pivot
¥ ¥ N
N\
L i \\
} mI7E
I =7 H
m | = v
ANS FIG. P8.82

The work-energy theorem can be written:
Ki+Ug +W 0 =K +U e, or

0+0+Fv2LH -H? =0+mgH
giving
F?2LH - F*H? = m’g’H?

Here the solution H = 0 represents the lower turning point of the
ball’s oscillation, and the upper limit is at F*(2L) = (F* + m*¢")H.

Solving for H yields
_ 2LFF 2L
F2 +m?g? 1+(mg/F)2
2(0.800 m) _ 1.60 m

 1+(0.300 kg)?(9.8 m/s%)* /F?  |1+8.64 N?/F?

(b) H=16m[1+8.64/1]" =
() H=1.6m[1+8.64/100]" :
|
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432 Conservation of Energy

() As F— oo, |H—1.60 m| which would be hard to approach

experimentally.

(f) Call 6 the equilibrium angle with the vertical and T the tension
in the string.

YF =0=>Tsinf=F,and
> F,=0=Tcos®=mg

F
Dividing: tan6=—

mg
Then
cosf = Mg = 1 = 1
Jmgy? +F  \1+(F/mg)’  J1+F?/864 N
Therefore, H,, =L(1-cos6)={(0.800 m)| 1- !
J1+F?/8.64 N

(g) For F=10N, H, =0.800 m[1-(1+100/8.64) "*1=[0.574 m

(h) As F— o, tanf — o, 6 —90.0°, cos® — 0, and H,, —|0.800 m|.

A very strong wind pulls the string out horizontal, parallel to the

ground.
P8.83 The coaster-Earth system is isolated as the coaster travels up the circle.
Find how high the coaster travels from the bottom:
K, +U;, =K; +U;
2 2
L v +0=0+mgh o h= o = (150m/s) ) o
2 2 29

For this situation, the coaster stops at height 11.5 m, which is lower
than the height of 24 m at the top of the circular section; in fact, it is
close to halfway to the top. The passengers will be supported by the
normal force from the backs of their seats. Because of the usual
position of a seatback, there may be a slight downhill incline of the
seatback that would tend to cause the passengers to slide out. Between
the force the passengers can exert by hanging on to a part of the car
and the friction between their backs and the back of their seat, the
passengers should be able to avoid sliding out of the cars. Therefore,
this situation is less dangeroug| than that in the original higher-speed
situation, where the coaster is upside down.
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P8.84 (a) Letmass m, of the chain laying on the table and mass m, hanging
off the edge. For the hanging part of the chain, apply the particle
in equilibrium model in the vertical direction:

mg—-T=0 [1]

For the part of the chain on the table, apply the particle in
equilibrium model in both directions:

n-mg=0 [2]
T-f=0 [3]
Assume that the length of chain Fif

hanging over the edge is such that 7 t T_; %%;/%
the chain is on the verge of slipping. © N
Add equations [1] and [3], impose ,
the assumption of impending l} T
motion, and substitute equation [2]: g

n-mg=0 %
f. = = g
s ng - :usn ng ‘3)@’
— MM g =m,g
—  m, = um, =0.600m, ANS. FIG. P8.84

From the total length of the chain of 8.00 m, we see that
m, + m, = 8.004
where A is the mass of a one meter length of chain. Substituting

for m,,

m, + 0.600m, = 8.004 — 1.60m, = 8.0010 — m, =5.001

From this result, we find that |m, = 3.004| and we see that 3.00 m

of chain hangs off the table in the case of impending motion.

(b) Let x represent the variable distance the chain has slipped since
the start.

Then length (5 — x) remains on the table, with now
> F, =0 +n-(5-x)Ag=0 — n=(5-x)Ag
f, =pun=04(5-x)1g =219 —0.4x1g

Consider energies of the chain-Earth system at the initial moment
when the chain starts to slip, and a final moment when x =5,
when the last link goes over the brink. Measure heights above the
final position of the leading end of the chain. At the moment the
final link slips off, the center of the chain is at y, = 4 meters.
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434 Conservation of Energy

Originally, 5 meters of chain is at height 8 m and the middle of
the dangling segment is at height 8 —% = 6.5 m.

K, +U, +AE,_ =K, +U,:

mech

f 1
0-+(m,gy, +m,gy,), - J fdx = (Emvz + mgy)

f
(519)8+(329)6.5- j(2/lg —~0.4xAg)dx = %(am)v2 +(81g)4
0

5 5
40.0g +19.5g - 2.00g [ dx +0.400g [ x dx = 4.00v* +32.0g
0 0

2 5

27.5g-2.00gx[] +0.400g X? = 4,00V

0

27.5g —2.00g(5.00) +0.400g(12.5) = 4.00v*

22.59 = 4.00v
22.5m)(9.80 2
VZ\/( m)( m/s ) =742 m/s
4.00

P8.85 (a) For a 5.00-m cord the spring constant is described by F = kx,
mg =k (1.50 m). For a longer cord of length L the stretch distance
is longer so the spring constant is smaller in inverse proportion:

k= (5'00 m)( L ): 3.33mg/L
L N150m

From the isolated system model,

(K +U, +us) =(K+Ug +Us)f

0+mgyi+0=0+mgyf+%k><?

1 1 m
mg(y,-y) =Sk =5(3-33)(TQ)X?

here y;—y; =55 m =L +X;. Substituting,

(55.0 m)L = %(3.33)(55.0 m— L)’

(55.0 m)L =5.04x10° m* — (183 m)L + 1.67L
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Suppressing units, we have
0=1.67L>—238L +5.04x10° =0
|28 J238° —4(1.67)(5.04x10°) 238 +152

2(1.67) 333 L28m
Only the value of L less than 55 m is physical.
mg .
b) F t(a), k=3.33 , with
(b) From part (a) (25.8 m) wi

X = X =55.0m—-258m=292m

From Newton’s second law,
YF=ma:  +kx_, —mg=ma

mg
58 m
a=2779=|271m/s’

3.33 (29.2 m)-mg =ma
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436 Conservation of Energy

ANSWERS TO EVEN-NUMBERED PROBLEMS

P8.2

P8.4
P8.6

P8.8

P8.10
P8.12
P8.14
P8.16
P8.18

P8.20
P8.22
P8.24
P8.26

P8.28
P8.30
P8.32
P8.34
P8.36

P8.38
P8.40

P8.42
P8.44

P8.46

(a) AK +AU =0, v=/2gh; (b) v=/2gh
(a) 1.85 x 10" m, 5.10 x 10" m; (b) 1.00 x 10"
(@) 5.94m/s,7.67 m/s; (b) 147 ]

f - 2m.h
(a) z(ml mz)gh ; (b) ml
m, +m, m, +m,

(a) 1.11 x 10’ J; (b) 0.2

2.04m

(@) -1687; (b) 184 7J; (c) 500 J; (d) 148 J; (e) 5.65 m/s
(@) 6507; (b) 588 ]; (c) 0; (d) 0; (e) 62.0J; (f) 1.76 m/s

(@)220],E=K+U=30.0]+10.0] =40.07; (b) Yes; (c) The total
mechanical energy has decreased, so a nonconservative force must
have acted.

(a) v, = 1.65 m/s’; (b) green bead, see P8.20 for full explanation

3.74m/s
(@) 0.381 m; (b) 0.371 m; (c) 0.143 m

(a) 24.5 m/s; (b) Yes. This is too fast for safety; (c) 206 m; (d) see
P8.26(d) for full explanation

(a) 1.24 x 10° W; (b) 0.209
(a) 8.01 W; (b) see P8.30(b) for full explanation

2.03x10"s,5.64 x 10 h

194 m

The power of the sports car is four times that of the older-model car.
(a) 5.91 x 10° W; (b) 1.11 x 10" W

(a) 854; (b) 0.182 hp; (c) This method is impractical compared to
limiting food intake.

~100 W

(a) 0.225]; (b) —0.363 J; (c) no; (d) It is possible to find an effective
coefficient of friction but not the actual value of y since n and f vary
with position.

(@) 2.49 m/s; (b) 5.45 m/s; (c) 1.23 m; (d) no; (e) Some of the kinetic
energy of m, is transferred away as sound and to internal energy in m,
and the floor.
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P8.48

P8.50

P8.52

P8.54

P8.56
P8.58
P8.60
P8.62
P8.64
P8.66

P8.68

P8.70
P8.72
P8.74
P8.76
P8.78

P8.80

P8.82

P8.84
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We find that her arms would need to be 1.36 m long to perform this
task. This is significantly longer than the human arm.

(a) 0.403 m or —0.357 m (b) From a perch at a height of 2.80 m above the
top of a pile of mattresses, a 46.0-kg child jumps upward at 2.40 m/s.
The mattresses behave as a linear spring with force constant 19.4
kN/m. Find the maximum amount by which they are compressed
when the child lands on them; (c) 0.023 2 m; (d) This result is the
distance by which the mattresses compress if the child just stands on
them. It is the location of the equilibrium position of the oscillator.

1 1 1 1
(a) %mv% —%mv%; (b) —mgh—(zmvﬁ —Emvf); () Emv? —Emv? +mgh

3 2

; F= p 'ZV ; see P8.54 for full explanation

(a) 16.5 m; (b) See ANS. FIG. P8.56

Unrestrained passengers will fall out of the cars

(a) See P8.60(a) for full explanation; (b) see P8.60(b) for full explanation
(a) 0.378 m; (b) 2.30 m/s; (¢) 1.08 m

1.24m/s

48.2°

3L

5

The tension at the bottom is greater than the performer can withstand.
(a) 5R/2; (b) 6mg

(a) No, mechanical energy is not conserved in this case; (b) 77.0 m/s
25.2 km/h and 27.0 km/h

(@) 21.0 m/s; (b) 16.1 m/s

(a) (627 N)y; (b) U, =0, %(81 N/m)(39.2m - y)2; (c) (627 N)y,

(40.5 N/m) v - (2 550 N)y + 62 200 J; (d) See ANS. FIG. P7.78(d);
(e) 10.0 m; (f) stable equilibrium, 31.5 m; (g) 24.1 m/s

@) 1.60m
1+8.64 N?/F?*’

(b) 0.166 m; (c) 1.47 m; (d) H — 0 as is reasonable;

- 1
J1+F2/8.64 N?

(e) H > 1.60 m; (f) (0.800 m)( ] ; () 0.574 m;

(h) 0.800 m
(a) 3.004; (b) 742 m/s
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Linear Momentum and Collisions

CHAPTER OUTLINE

9.1 Linear Momentum

9.2 Analysis Model: Isolated System (Momentum)

9.3 Analysis Model: Nonisolated System (Momentum)
94 Collisions in One Dimension

9.5 Collisions in Two Dimensions

9.6 The Center of Mass

9.7 Systems of Many Particles

9.8 Deformable Systems

9.9 Rocket Propulsion

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

0Q9.1 Think about how much the vector momentum of the Frisbee changes
in a horizontal plane. This will be the same in magnitude as your
momentum change. Since you start from rest, this quantity directly
controls your final speed. Thus (b) is largest and (c) is smallest. In
between them, (e) is larger than (a) and (a) is larger than (c). Also (a) is
equal to (d), because the ice can exert a normal force to prevent you
from recoiling straight down when you throw the Frisbee up. The
assembled answerisb>e>a=d>c.

0Q9.2 (a) No:mechanical energy turns into internal energy in the coupling
process.

(b) No: the Earth feeds momentum into the boxcar during the
downbhill rolling process.

(c) Yes: total energy is constant as it turns from gravitational into
kinetic.
438
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Chapter9 439

(d) Yes: If the boxcar starts moving north, the Earth, very slowly,
starts moving south.

(e) No: internal energy appears.
(f)  Yes: Only forces internal to the two-car system act.

0Q9.3 (i) Answer (c). During the short time the collision lasts, the total
system momentum is constant. Whatever momentum one loses
the other gains.

(i) Answer (a). The problem implies that the tractor’s momentum is
negligible compared to the car’s momentum before the collision.
It also implies that the car carries most of the kinetic energy of the
system. The collision slows down the car and speeds up the
tractor, so that they have the same final speed. The faster-moving
car loses more energy than the slower tractor gains because a lot
of the car’s original kinetic energy is converted into internal
energy.

0Q9.4 Answer (a). Wehavem, =2kg,v;;=4m/s;m,=1kg,and v;;=0. We
find the velocity of the 1-kg mass using the equation derived in Section
9.4 for an elastic collision:

2m, m, —m,
V2f - m +m V1i+ m +m V2i
1 2 1 2

v,, = [%)(4 m/s)+ (%)(0) =533 m/s

0Q9.5 Answer (c). We choose the original direction of motion of the cart as
the positive direction. Then, v,= 6 m/s and v, = -2 m/s. The change in
the momentum of the cart is

Ap=mv, —my, = m(vf - vi) =(5kg)(-2m/s—6m/s)
=—40 kg-m/s.
0Q9.6  Answer (c). The impulse given to the ballis | =F, At=mv, —mv,.
Choosing the direction of the final velocity of the ball as the positive
direction, this gives
o _m(vi= Vi) _(57.0 x 10 kg)[25.0 m/s—(-21.0 m/9)
TEAL 0.060 s
=43.7 kg-m/s* =437 N

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



440 Linear Momentum and Collisions

0Q9.7  Answer (a). The magnitude of momentum is proportional to speed and
the kinetic energy is proportional to speed squared. The speed of the
rocket becomes 4 times larger, so the kinetic energy becomes 16 times
larger.

0Q9.8 Answer (d). The magnitude of momentum is proportional to speed
and the kinetic energy is proportional to speed squared. The speed of
the rocket becomes 2 times larger, so the magnitude of the momentum
becomes 2 times larger.

0Q9.9  Answer (c). The kinetic energy of a particle may be written as

2 2.,2 2 2
kg =MV _m’v _(mv)” _p*
2 2m 2m 2m

The ratio of the kinetic energies of two particles is then
2
(KE), _ p2/2m, :[&J [ﬂ]
(KE), p2/2m, |p, ) (m,

We see that, if the magnitudes of the momenta are equal (p, = p,), the

kinetic energies will be equal only if the masses are also equal. The
correct response is then (c).

0Q9.10 Answer (d). Expressing the kinetic energy as KE = p*/2m, we see that
the ratio of the magnitudes of the momenta of two particles is

b, _ J2m, (KE), _ [EJ(KE)Z
P, 2m (KE), m, )(KE),

Thus, we see that if the particles have equal kinetic energies [(KE), =
(KE),], the magnitudes of their momenta are equal only if the masses

are also equal. However, momentum is a vector quantity and we can
say the two particles have equal momenta only it both the magnitudes
and directions are equal, making choice (d) the correct answer.

0Q9.11 Answer (b). Before collision, the bullet, mass m, = 10.0 g, has speed
v,; =V,, and the block, mass m, = 200 g, has speed v,, = 0. After collision,
the objects have a common speed (velocity) v, = v, = v. The collision of
the bullet with the block is completely inelastic:

M, Vy; + MV, = MVye + MLV

ml + m2
My = (M1 + M)V, SO V, =V

m,
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The kinetic friction, f, = p,n, slows down the block with acceleration of
magnitude p,g. The block slides to a stop through a distance d = 8.00 m.

Using V7 =V +2a(x, — X,), we find the speed of the block just after the

collision:

v =4/2(0.400)(9.80 m/s?)(8.00 m) = 7.92 m/s.

Using the results above, the speed of the bullet before collision is
10+ 200
v. =(7.92 — (=166 .
» = m/s)[ 10.0 j m/s

0Q9.12 Answer (c). The masses move through the same distance under the
same force. Equal net work inputs imply equal kinetic energies.

0Q9.13 Answer (a). The same force gives the larger mass a smaller
acceleration, so the larger mass takes a longer time interval to move
through the same distance; therefore, the impulse given to the larger
mass is larger, which means the larger mass will have a greater final
momentum.

0Q9.14 Answer (d). Momentum of the ball-Earth system is conserved. Mutual
gravitation brings the ball and the Earth together into one system. As
the ball moves downward, the Earth moves upward, although with an

acceleration on the order of 10* times smaller than that of the ball. The
two objects meet, rebound, and separate.

0Q9.15 Answer (d). Momentum is the same before and after the collision.
Before the collision the momentum is

m,Vv, + myv, = (3 kg)(+2 m/s) +(2 kg)(—4 m/s)=-2 kg-m/s
0Q9.16 Answer (a). The ball gives more rightward momentum to the block
when the ball reverses its momentum.

0Q9.17 Answer (c). Assuming that the collision was head-on so that, after
impact, the wreckage moves in the original direction of the car’s
motion, conservation of momentum during the impact gives

(mC + mt)vf =m.\V,, + myV, =m\v+m.(0)

or
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442 Linear Momentum and Collisions

0Q9.18 Answer (c). Billiard balls all have the same mass and collisions
between them may be considered to be elastic. The dual requirements
of conservation of kinetic energy and conservation of momentum in a
one-dimensional, elastic collision are summarized by the two relations:

MyVy; + My Vy =MV + M,V [1]
and
Vi—Vy = (Vlf _sz) [2]

In this case, m; = m, and the masses cancel out of the first equation.
Call the blue ball #1 and the red ball #2 so that v;; = =3v, v, - +V,
Vi = Ve and v, = v .. Then, the two equations become

—Bv+v=v, +V or =V [1]

red Vblue + Vred

and
—3v-v= —(vblue - vred) or (vblue - vred) =4v [2]

Adding the final versions of these equations yields 2v,, . =2v, or v, . =
v. Substituting this result into either [1] or [2] above then yields v, =
=3v.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ9.1  The passenger must undergo a certain momentum change in the
collision. This means that a certain impulse must be exerted on the
passenger by the steering wheel, the window, an air bag, or something.
By increasing the distance over which the momentum change occurs,
the time interval during which this change occurs is also increased,
resulting in the force on the passenger being decreased.

CQ9.2  If the golfer does not “follow through,” the club is slowed down by the
golfer before it hits the ball, so the club has less momentum available
to transfer to the ball during the collision.

CQ9.3  Its speed decreases as its mass increases. There are no external
horizontal forces acting on the box, so its momentum cannot change as
it moves along the horizontal surface. As the box slowly fills with
water, its mass increases with time. Because the product mv must be
constant, and because m is increasing, the speed of the box must
decrease. Note that the vertically falling rain has no horizontal
momentum of its own, so the box must “share” its momentum with
the rain it catches.
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CQ9.4 (a) Itdoesnot carry force, force requires another object on which to
act.

(b) It cannot deliver more kinetic energy than it possesses. This
would violate the law of energy conservation.

(c) It can deliver more momentum in a collision than it possesses in
its flight, by bouncing from the object it strikes.

CQ9.5 Momentum conservation is not violated if we choose as our system the
planet along with you. When you receive an impulse forward, the
Earth receives the same size impulse backwards. The resulting
acceleration of the Earth due to this impulse is much smaller than your
acceleration forward, but the planet’s backward momentum is equal in
magnitude to your forward momentum. If we choose you as the
system, momentum conservation is not violated because you are not
an isolated system.

CQ9.6  Therifle has a much lower speed than the bullet and much less kinetic
energy. Also, the butt distributes the recoil force over an area much
larger than that of the bullet.

CQ9.7  The time interval over which the egg is stopped by the sheet (more for
a faster missile) is much longer than the time interval over which the
egg is stopped by a wall. For the same change in momentum, the
longer the time interval, the smaller the force required to stop the egg.
The sheet increases the time interval so that the stopping force is never
too large.

CQ9.8 (a) Assuming thatboth hands are never in contact with a ball, and
one hand is in contact with any one ball 20% of the time, the total
contact time with the system of three balls is 3(20%) = 60% of the
time. The center of mass of the balls is in free fall, moving up and
then down with the acceleration due to gravity, during the 40% of
the time when the juggler’s hands are empty. During the 60% of
the time when the juggler is engaged in catching and tossing, the
center of mass must accelerate up with a somewhat smaller
average acceleration. The center of mass moves around in a little
closed loop with a parabolic top and likely a circular bottom,
making three revolutions for every one revolution that one ball
makes.

(b) On average, in one cycle of the system, the center of mass of the
balls does not change position, so its average acceleration is zero
(i.e., the average net force on the system is zero). Letting T
represent the time for one cycle and F, the weight of one ball, we
have F,(0.60T) = 3F,T, and F, = 5F_. The average force exerted by

the juggler is five times the weight of one ball.
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444 Linear Momentum and Collisions

CQ9.9 (a) Inempty space, the center of mass of a rocket-plus-fuel system
does not accelerate during a burn, because no outside force acts
on this system. The rocket body itself does accelerate as it blows
exhaust containing momentum out the back.

(b) According to the text’s ‘basic expression for rocket propulsion,’
the change in speed of the rocket body will be larger than the
speed of the exhaust relative to the rocket, if the final mass is less
than 37% of the original mass.

CQ9.10 To generalize broadly, around 1740 the English favored position (a),
the Germans position (b), and the French position (c). But in France
Emilie de Chatelet translated Newton’s Principia and argued for a
more inclusive view. A Frenchman, Jean D’ Alembert, is most
responsible for showing that each theory is consistent with the others.
All the theories are equally correct. Each is useful for giving a
mathematically simple and conceptually clear solution for some
problems. There is another comprehensive mechanical theory, the
angular impulse-angular momentum theorem, which we will glimpse
in Chapter 11. It identifies the product of the torque of a force and the
time it acts as the cause of a change in motion, and change in angular
momentum as the effect.

We have here an example of how scientific theories are different from
what people call a theory in everyday life. People who think that
different theories are mutually exclusive should bring their thinking
up to date to around 1750.

CQ9.11 No. Impulse, FAt, depends on the force and the time interval during
which it is applied.

CQ9.12 No. Work depends on the force and on the displacement over which it
acts.

CQ9.13 (a) Linear momentum is conserved since there are no external forces
acting on the system. The fragments go off in different directions
and their vector momenta add to zero.

(b) Kinetic energy is not conserved because the chemical potential
energy initially in the explosive is converted into kinetic energy of
the pieces of the bomb.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter 9 445

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 9.1 Linear Momentum
P9.1 (@) The momentum is p=mv, so Vv =p/m and the kinetic energy is
2 2
K= 1 mV2 = 1 m B = p_
2 2 {m 2m

/ /ZK
(b) Kzlmv2 implies v = %sop=mv=m — =| J2mK |.
2 m m

P9.2 K = p°/2m, and hence, p=+/2mK. Thus,

> _(25.0kg-m/s)

m= = =|1.14 k
2K 2(2757) &
and
\2m(K 2 275
_p 2l ):\/ (¥) . [2(275]) =[22.0m/s
m m m 1.14 kg
P9.3 We apply the impulse-momentum theorem to relate the change in the

horizontal momentum of the sled to the horizontal force acting on it:

Ap. MV, —mv,
Ap, = FAt— F, = 2P = 0
At

At
_—(175kg)(3.50 m/s)
- 8.75 s
Fo=

*P9.4 We are given m = 3.00 kg and v = (S.OOi - 4.00}) m/s.
(@) The vector momentum is then
p =mv =(3.00 kg)[ (3.00i - 4.00§) m/s]
=(9.00i -12.0j) kg-m/s

Thus, | p, =9.00 kg-m/s | and p, =-12.0 kg-m/s |.

p= «/px+py \/900kg m/s (12.01<g-m/s)2

15.0 kg-m/s
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446 Linear Momentum and Collisions

at an angle of

6=tan" (%) =tan'(-1.33) =

P9.5 We apply the impulse-momentum theorem to find the average force
the bat exerts on the baseball:

- - AP V-V,
Ap=FAt>E=2P = LY
At At
Choosing the direction toward home plate as the positive x direction,

we have v, =(45.0 m/s)i, v, =(55.0 m/s)i, and At = 2.00 ms:

Poo=my _tvi - (0.145 1g) P20 m/8)i = (450 m/s)s

2.00 x 10° s

on ball

F, 1 = (~3.261+3.99]) N

O]

By Newton’s third law,

E :_Fonball SO F

on bat on bat

= (+3.261-3.99j) N

Section 9.2 Analysis Model: Isolated system (Momentum)

P9.6 (@) The girl-plank system is isolated, so horizontal momentum is
conserved.

We measure momentum relative to the ice: p; +p,, =p, +P,-
The motion is in one dimension, so we can write,
i=v i+vi = +v .
Vad SV itvii—sv =v +v,

where v; denotes the velocity of the girl relative to the ice, v, the

velocity of the girl relative to the plank, and v,; the velocity of the
plank relative to the ice. The momentum equation becomes

O=myv i+tmyvi—>0=myv,+myv,

0= mg (Vgp + Vpi) + mpvpi

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter 9 447

solving for the velocity of the plank gives

V= —(LJVW = —{ 450 kg ](1.50 m/s)

m,+m, 45.0 kg +150 kg

v, =—0.346 m/s

(b) Using our result above, we find that
Vg = Vg, +V, =(1.50 m/s) +(-0.346 m/s)

Vg = 1.15m/s

P9.7 (@) The girl-plank system is isolated, so horizontal momentum is
conserved.

We measure momentum relative to the ice: p; +p,, =p, +P,-
The motion is in one dimension, so we can write
Vil =Vl V1=V =V, +V,

where v; denotes the velocity of the girl relative to the ice, v, the
velocity of the girl relative to the plank, and v,; the velocity of the
plank relative to the ice. The momentum equation becomes

O=myv i+tmyv i—>0=myv,;+myv,
0= m, (Vgp + Vpi) MV,

0= mgvgp +(mg + mp)vpi

solving for the velocity of the plank gives

( : }
vV, =—| ———— |V
pi gp
m, +m,

(b) Using our result above, we find that

(mg+mp) mg
V, =V, +V. .=V - Y
gi ap pi ap mg_,_mp mg+mp gap

_ (mg + mp)vgp — MgV,

Yo = m, +m
g p
V. = MyVgp ¥ MpVgp =My Ve,
gi
m, + m,
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448 Linear Momentum and Collisions

( ; ]
V, = \Y
gi gp
my +m,

P9.8 (a) Brother and sister exert equal-magnitude oppositely-directed
forces on each other for the same time interval; therefore, the
impulses acting on them are equal and opposite. Taking east as
the positive direction, we have

impulse on boy: | =FAt=Ap= (65.0 kg)(—2.90 m/s)=-189 N'-s

impulse on girl: | =—FAt=-Ap=+189 N-s=mv;
Her speed is then

1 _189N's

V== =471
"M 400 kg m/s

meaning |she moves at 4.71 m/s east|.

(b) original chemical potential energy in girl’s body = total final
kinetic energy

1 > 1 2
Uchemical = E mboyvboy + E mgirlvgirl
1

=(65.0 kg)(290 m/s)’ +%(4o.0 kg)(4.71 m/s)’
=[717]

(0 System momentum is conserved with the value zero.

(d) The forces on the two siblings are internal forces, which cannot

change the momentum of the system—|the system is isolated|.

(e) |Even though there is motion afterward, the final momenta are

of equal magnitude in opposite directions so the final momentum

of the system is still zero.
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Chapter9 449

*P9.9 We assume that the velocity of the blood is constant over the 0.160 s.
Then the patient’s body and pallet will have a constant velocity of

6x10”° m
0.160 s
conservation gives
Pii + Pai =Pis + Py

0= Myy0q (0.500 m/s) +(54.0 kg)(-3.75x 10 m/s)

=3.75% 10 m/s in the opposite direction. Momentum

M, 0q = 0.040 5kg=|405¢g

P9.10 I have mass 72.0 kg and can jump to raise my center of gravity 25.0 cm.
I leave the ground with speed given by

Vi-vi=2a(x,-x ) 0-vZ=2(-9.80m/s*)(0.250 m)
v,=220m/s

Total momentum of the system of the Earth and me is conserved as I
push the planet down and myself up:

0=(5.98x10* kg)(-v,) +(85.0 kg)(2.20 m/s)

V. ~|102 m/s

e

P9.11 (@) For the system of two blocks Ap =0, or p; = p;. Therefore,

0=mv, +(3m)(2.00m/s)

Solving gives v_ =|-6.00 m/s| (motion toward the left).

1 1 1
(b) EkX2 = EmViA +E(3m)V§M

= %(0-350 kg)(—=6.00 m/s)* + 2(0.350 kg)(2.00 m/s)?

=[8.40]

(0 |The original energy is in the spring.|

(d) A force had to be exerted over a displacement to compress the
spring, transferring energy into it by work.

The cord exerts force, but over no displacement.

(e) |Systern momentum is conserved with the value zero.
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)
(8)
Section 9.3
P9.12 ()
(b)
(c)
P9.13 ()

Linear Momentum and Collisions

The forces on the two blocks are internal forces, which cannot

change the momentum of the system— |the system is isolated.

Even though there is motion afterward, the final momenta are

of equal magnitude in opposite directions so the final momentum

of the system is still zero.

Analysis Model: Nonisolated system (Momentum)

| = F,,,At, where | is the impulse the man must deliver to the
child:

Vi _Vi|
At

_ _ _ _ Mg
I = Fangt - Apc:hild - mchﬂd‘vf - Vi‘ - Favg -

Solving for the average force gives

_ MygaVe —vi| _ (12.0kg)|0-60 mi/h| [0.447 m/s]

Fav 1
& At 0.10s 1mi/h
=[322x10° N
or
F. =(3.22%10° N) 0224816 | _r7557p
8 1N

|The man’s claim is nonsense.| He would not be able to exert a
force of this magnitude on the child. In reality, the violent forces
during the collision would tear the child from his arms.

|These devices are essential for the safety of small children.

N 18000N
\

The impulse delivered to the ball is
equal to the area under the F-t graph.

20000
We have a triangle and so to get its 15000
area we multiply half its height times ~ 10000—
its width: 5000

L t
0 1 2 3 ((ms)

ANS. FIG. P9.13

1 ;
I =—(1.50x107 5)(18 000 N) =

| = '[th = area under curve
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Chapter9 451

13.5N-s

=—* "~ =19.00kN
1.50%x107° s

(b)

P9.14 (@) The impulse the floor exerts on the ball is equal to the change in
momentum of the ball:

A
.

Ap = m(x?f —Vi) = m(vf —vi)]
=(0.300 kg)[(5.42 m/s) - (-5.86 m/s)]j

=(3.38 kg-m/sj

(b) Estimating the contact time interval to be 0.05 s, from the
impulse-momentum theorem, we find

Ap _3.38kg-m/s]j

F= —|F=7x10* Nj

At 0.05s
P9.15 (@) The mechanical energy of the isolated spring-mass system is
conserved:

K +Ug =K, +Uyq

0+lkx2 :lmv2+0
2 2

[k
V=X, [ —
m
(b) | :‘f)f —f)i‘:mvf —O:mx,/% = xvkm

(c) For the glider, W =K. —K. = 1mv2 -0= 1kx2
f i 2 2

The mass makes | no difference | to the work.

*P9.16  We take the X axis directed toward the pitcher.
(@) Inthe xdirection, p, +1, = py:
Ix = Py — Pyi
=(0.200 kg)(40.0 m/s)cos30.0°

—(0.200 kg)(15.0 m/s)(—cos45.0°)
=9.05 N-s
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452 Linear Momentum and Collisions
In the y direction, p,; + 1, = py:
Iy = pyf - pyi
=(0.200 kg)(40.0 m/s)sin30.0°

—(0.200 kg)(15.0 m/s)(—sin45.0°)
=6.12N-s

Therefore, I = (9.05i +6.12§) N-s

1
2
F,x24.0x107 s=(9.051 +6.12j) N s

(b) I==(0+F,)(4.00 ms)+F,(20.0 ms)+ %Fm (4.00 ms)

sl

=| (3771 +255)) N

m

*P9.17 (a) From the kinematic equations,

Ape A% _ 2Ax _ 2(1.20 m) =19.60x1072 s

Vv v, +v, 0+25.0m/s

avg

(b) We find the average force from the momentum-impulse theorem:

_Ap _mAv _ (1400 kg)(25.0 m/s-0)
TEOAt At 9.60x107° s

(c) Using the particle under constant acceleration model,

Av _25.0m/s-0 ) 1g )
a =2V _20m/s-0_ __9  |-P265
w5 = At = 9.60x10Ts - (260 M5 )(9.80 m/s’ 9

P9.18 We assume that the initial direction of the ball is in the —x direction.

=(3.65x10° N

(@) The impulse delivered to the ball is given by
I=Ap=p,- P,
=(0.060 0 kg)(40.0 m/s) - (0.060 0 m/s)(20.0 m/s)(~i)

=|3.60i N-s

(b) We choose the tennis ball as a nonisolated system for energy. Let
the time interval be from just before the ball is hit until just after.
Equation 9.2 for conservation of energy becomes

AK+AE, =T,v

Solving for the energy sum AE, —T,,, and substituting gives

AE _—T

int MW

1 1 1
— — 2 2 | — 2 2
=-AK =—| —mv; ——mv; ——m(vi —vf)
2 2 2
© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter9 453

Substituting numerical values gives,

AE

int

Ty = —%(0.060 0kg)| (20.0m/s)" - (40.0m/s)’ |
=36.07

There is no way of knowing how the energy splits between
AE_. and T,,, without more information.

P9.19 (@) The impulse is in the x direction and equal to the area under the
F-t graph:
| :(O” N)(z s—0)+(4 N)(3 s-2 s)+(4 N+O)(5 s—35)
=12.0N-s
1=120N-si|

(b) From the momentum-impulse theorem,

mv, + FAt=mv,

¥ 0 g 2ZOANS g T mys
m 2.50kg

(c) From the same equation,

v =\7i+%=—2.00§m/s+w:

2.80im/s
250 kg

(d) F,At=120i N-s=F,(500s) — F, =|240iN

avg

P9.20 (@) A graph of the expression for force shows a parabola opening
down, with the value zero at the beginning and end of the 0.800-s
interval. We integrate the given force to find the impulse:

1= " Fdt

0

0.800s
:jo (9200 t N/s —11500 t* N/s?)dt

0.800s

[%(9 200 N/s)t> — %(11 500 N/sz)tB}

0

%(9 200 N/s)(0.800 s) — %(11 500 N/s%)(0.800 s)’
=2944N-s—1963 N-s=981 Ns

The athlete imparts a downward impulse to the platform, so the

platform imparts to her an impulse of {981 N -s, up.
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454 Linear Momentum and Collisions

(b) We could find her impact speed as a free-fall calculation, but we
choose to write it as a conservation-of-energy calculation:

1o
mgytop - E mvimpact

Vinpact = 420Yp =/2(9.80 m/5?)(0.600 m)

= |3.43 m/s, down‘

(c) Gravity, as well as the platform, imparts impulse to her during
the interaction with the platform

I =Ap
Igrav + Iplatform = mvf - rnVi
_mgAt + Iplatform = mvf - mVi

solving for the final velocity gives

|
Vf — Vi _ mgAt + platform
m

981 N-s
65.0 kg

(-3.43 m/s)~(9.80 m/s?)(0.800 s) +

=13.83 m/s, up

Note that the athlete is putting a lot of effort into jumping and
does not exert any force “on herself.” The usefulness of the force
platform is to measure her effort by showing the force she exerts
on the floor.

(d) Again energy is conserved in upward flight:

Lo
mgytop - E MV et

which gives

2

— Vtakeoff — (383 m/S)2 —
ytop - ) -

29 2(9.80 m/s?

P9.21 After 3.00 s of pouring, the bucket contains
(3.005)(0.250 L/s) = 0.750 liter

of water, with mass (0.750 L)(1 kg/1 L) = 0.750 kg, and feeling

gravitational force (0.750 kg)(9.80 m/ s’) = 7.35 N. The scale through the
bucket must exert 7.35 N upward on this stationary water to support
its weight. The scale must exert another 7.35 N to support the 0.750-kg
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Chapter9 455

bucket itself.
Water is entering the bucket with speed given by

1o
mgytop - E mvimpact

Vinpact = 420Y1p =/2(9.80 m/s?)(2.60 m)

=7.14 m/s, downward

The scale exerts an extra upward force to stop the downward motion
of this additional water, as described by

+F

extra

mv t=mv,

impact

The rate of change of momentum is the force itself:

dm B
(E)Vimpact + Fextra =0

which gives

Fo = —(Z—ijmpm =-(0.250 kg/s)(-7.14 m/s)=1.78 N

Altogether the scale must exert 7.35 N + 7.35 N + 1.78 N = [16.5 N

Section 9.4 Collisions in One Dimension
P9.22 (@) Conservation of momentum gives

My Vg ¥ MV = MV + MV

Solving for the final velocity of the truck gives

_ MV + M (VCi - VCf)
Vg =

m;
_ (9 000 kg)(20.0m/s)+(1 200 kg )[(25.0~ 18.0) m/s]
- 9 000 kg

vy =(20.9 m/s East
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456 Linear Momentum and Collisions

(b) We compute the change in mechanical energy of the car-truck
system from

AKE =KE, —KE, = E MeVe +%mTV$f }Eché +%mTv$i]
1
= E[mc (Véf - chti)+ my (Vif - V?i):|

= %{(1 200 kg)[ (18.0 m/s)* —(25.0 m/s)’ |

+(9 000 kg)[ (20.9 m/s)* - (20.0 m/s)* |}

AKE =|-8.68x10° ]

Note: If 20.9 m/s were used to determine the energy lost instead
of 20.9333 as the answer to part (a), the answer would be very
different. We have kept extra digits in all intermediate answers
until the problem is complete.

(c) The mechanical energy of the car-truck system has decreased.
Most of the energy was transformed to internal energy with some|
being carried away by sound.|

P9.23 Momentum is conserved for the bullet-block system:

mv+0=(m+M)v,

-3
V= m+ M )Vf _ 10.0x10 kg:500 kg (0.600 m/s)
m 10.0x107 kg
=1301m/s
P9.24 The collision is completely inelastic.

(@) Momentum is conserved by the collision:
pli + p2i = plf + pi - mlvli + mZVZi = mlvlf + m2v2f

mv, +(2m)v2 =mv, +2mv, =3mv,

_mv, +2mv,
3m

Vi

— |V, =%(v1 +2v2)
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Chapter 9 457

(b) We compute the change in mechanical energy of the car-truck
system from

1 1 1
AK =K, =K, = (3m)v: —[Emvf +§(2m)v§}

3m[1 ' [ 1

AK == [3(\/1 +2v2)} —[Emvf +E(2m)v§}
3_m + 4v1 4v2 _my; >

2

v: +2v1v2 2& V2 V2

6 3 3 2 7

Vi 4wy, 4y, Bvi 6V,

6 6 6 6 6

. 2y LAy, 2v;
6 6 6

AK = —g(vf +V3 —2v1v2)

*P9.25 (a) We write the law of conservation of momentum as
mv,;, +3mv,; =4mv;

or v, = 4.00 m/s +2(2.oo M/S) 550 mTs

(b) Ki-Ki= %(4m)vi |:; mv;, + = L (3m)V2|]

- %(2.50 x10* kg)[4(2.50 m /s’

—(4.00 m/s)* - 3(2.00 m/s)?]
=| -3.75x10* ]

*P9.26  (a) The internal forces exerted
by the actor do not change
the total momentum of the
system of the four cars and . — F~e
the movie actor. %7?"57%‘%7% g m =
Conservation of momentum
gives

ANS. FIG. P9.26

(4m)v; =(3m)(2.00 m/s)+m(4.00 m/s)
_6.00 m/s +4.00 m/s
4

=|2.50 m/s
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458 Linear Momentum and Collisions

(b) Wactor = Kf - Ki
W, = (2.50>< 10* kg) (12.0 + 16.0—25.0)(m/s)2 -[375K

(¢) | The event considered here is the time reversal of the
perfectly inelastic collision in the previous problem.

The same momentum conservation equation describes

both processes.

P9.27 (@) From the text’s analysis of a one-dimensional elastic collision with
an originally stationary target, the X component of the neutron’s
velocity changes from v, to v;; = (1 - 12)v,/13 = -11v,/13. The x
component of the target nucleus velocity is v,; = 2v,/13.

e 1
The neutron started with kinetic energy 5 m,v;.

2
The target nucleus ends up with kinetic energy %(uml)(zl—\;) :

Then the fraction transferred is
1

—(12m,)2v, /13y’
2 =2 0284
S 169

Because the collision is elastic, the other 71.6% of the original
energy stays with the neutron. The carbon is functioning as a
moderator in the reactor, slowing down neutrons to make them
more likely to produce reactions in the fuel.

(b) The final kinetic energy of the neutron is

K, =(0.716)(1.60x 107" J)=| 1.15x 107" J

and the final kinetic energy of the carbon nucleus is

K. =(0.284)(1.60x 107 J) =| 4.54x 107 ]

*P9.28 Let’s first analyze the situation in which the wood block, of mass
my = 1.00 kg, is held in a vise. The bullet of mass m, =7.00 g is initially
moving with speed v; and then comes to rest in the block due to the
kinetic friction force fx between the block and the bullet as the bullet
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Chapter9 459

deforms the wood fibers and moves them out of the way. The result is
an increase in internal energy in the wood and the bullet. Identify the
wood and the bullet as an isolated system for energy during the
collision:

AK +AE, =0

Substituting for the energies:
(o—%m@@J+nd=o [1]

where d = 8.00 cm is the depth of penetration of the bullet in the wood.

Now consider the second situation, where the block is sitting on a
frictionless surface and the bullet is fired into it. Identify the wood and
the bullet as an isolated system for energy during the collision:

AK+AE,, =0
Substituting for the energies:
1 1 )
[E(mb+mw)vf—§mbvﬁ}+ fd =0 [2]

where Vv; is the speed with which the block and imbedded bullet slide
across the table after the collision and d’ is the depth of penetration of
the bullet in this situation. Identify the wood and the bullet as an
isolated system for momentum during the collision:

Ap=0 — p=p, » my,=(m +m,)v, [3]
Solving equation [3] for v,, we obtain
m,+m, )V
<l
mb

Solving equation [1] for f,d and substituting for v, from equation [4]
above:

2
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*P9.29

Linear Momentum and Collisions

Solving equation [2] for fd” and substituting for v, from equation [4]:

,_ 1 1
fkd - E( b+mw)vf_§mbvf)j|

fkd’:l[m(mb +mw)}vf [6]

Dividing equation [6] by [5] gives

1
P _d 2{?(mb+mw)}vi_ m

b w

2
fd d 1[(mb+mw) ]V? m, +m,,
2 m

b

Solving for d’ and substituting numerical values gives

(a)

(b)

=] —u|d= L00kg (8.00cm)=[7.94cm
m,+m, 0.007 00 kg +1.00 kg

The speed v of both balls just before the basketball reaches the
ground may be found from vj, = v;; +2a Ay as

V= \/vji +2a,Ay = \/0 +2(-g)(=h) =4/2gh

= 2(9.80 m/s?)(1.20 m) =

Immediately after the basketball rebounds from the floor, it and
the tennis ball meet in an elastic collision. The velocities of the
two balls just before collision are

for the tennis ball (subscript t): v, =-V
and for the basketball (subscript b):  v,; =+v

We determine the velocity of the tennis ball immediately after this
elastic collision as follows:

Momentum conservation gives

MV + My Ve = MV, +mMpVvy,

or MV, +myv, =(m,—m,)v [1]
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From the criteria for a perfectly elastic collision:

i~ Vi = _(th _be)

or Vy =Vy +V,—V, =V, —2V [2]

V

Substituting equation [2] into [1] gives
m,v, +m, (vtf —2v) =(m,—m,)v

or the upward speed of the tennis ball immediately after the
collision is

v, :(me_mt]V:(3mb_mtj\/m

mt+mb mt+mb

The vertical displacement of the tennis ball during its rebound
following the collision is given by vj; = vj; +2a,Ay as

Vi -V 0-v; 1 [3m —m Jz
Ay= ¥ — L b t h
Y 2, 2(9) [%} o | (291)
— 3mb_mt 2h
| m +m,

Substituting,

Ay {3(590 g)-(57.0 g)}2 (120 m)=

57.0g+590 g

Energy is conserved for the bob-Earth system I
between bottom and top of the swing. At the top the N
stiff rod is in compression and the bob nearly at rest. i

Ki+U; =K +U;: %MV§+O:O+M92£ L 57_,

=
v ~v/2

Vg =49/ SO Vv, = 2@ ANS. FIG. P9.30

Momentum of the bob-bullet system is conserved in the collision:

4M
mv:m%+M(2\/@) - | v=—=of
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P9.31

P9.32

Linear Momentum and Collisions

The collision between the clay and the wooden block is completely
inelastic. Momentum is conserved by the collision. Find the relation
between the speed of the clay (C) just before impact and the speed of
the clay+block (CB) just after impact:

Psi + Pai = Per + Por = MV + MV = MpVie + MV

M (0) +MVe =MV + My = (m + M)VCB

m+ M
c~ ( m )VCB

Now use conservation of energy in the presence of friction forces to
find the relation between the speed v just after impact and the

distance the block slides before stopping:
AK + AE,, =0: O—%(m+ M)vg, — fd =0
and — fd=-und =—-pu(m+ M)gd
S M+ M)VE, = H(m+ M)gd = Vey = 2HGd
Combining our results, we have

_(12.0 g+100 g)
120¢g

J/2(0.650)(9.80 m/s*)(7.50 m)

Ve =912 m/s

The collision between the clay and the wooden block is completely
inelastic. Momentum is conserved by the collision. Find the relation
between the speed of the clay (C) just before impact and the speed of
the clay+block (CB) just after impact:

Psi Y Pci = P T Por = MpVg t MV = MgV + MV
M(0)+mVv. =mvg, + MV, =(m+ M)vg,
_(m+M)
c= CB

m

Now use conservation of energy in the presence of friction forces to
find the relation between the speed v just after impact and the

distance the block slides before stopping:
AK +AE,, =0: 0—%(m+ M)vZ, - fd=0

and — fd=—pnd =—p(m+M)gd
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Chapter9 463
Then,
1
E(m + M)V = p(m+M)gd — v = V2Hgd

Combining our results, we have

m+ M
Ve :( - )‘/2ugd

P9.33 The mechanical energy of the isolated
block-Earth system is conserved as the :
block of mass m, slides down the track. 5m \

;\‘x |1ty

First we find v,, the speed of m, at B 4
before collision: B C
K +U,=K, +U, ANS. FIG. P9.33

%mlvf +0=0+m,gh

v, =/2(9.80 m/s?)(5.00 m) =9.90 m/s

Now we use the text’s analysis of one-dimensional elastic collisions to
tind v, the speed of m, at B just after collision.

_m-m __1 = _
V”_m1+mzvl 3(9.9O)m/s 3.30 m/s

Now the 5-kg block bounces back up to its highest point after collision
according to

1
ml ghmax = E mlvlzf

which gives

vff (-3.30m/s)’

M = g 2(980m/s7)

P9.34 (a) Using conservation of momentum, (3, f))before =(X f))after , gives

(4.00 kg)(5.00 m/s) +(10.0 kg)(3.00 m/s)
+(3.00 kg)(-4.00 m/s) =[(4.00 +10.0 +3.00) kg] v

Therefore, v = +2.24 m/s, or |2.24 m/s toward the right|.

(b) | No. | For example, if the 10.0-kg and 3.00-kg masses were to
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464 Linear Momentum and Collisions

stick together first, they would move with a speed given by
solving

(13.0 kg)v, =(10.0 kg)(3.00 m/s) +(3.00 kg)(—4.00 m/s)
or v, =+1.38 m/s

Then when this 13.0-kg combined mass collides with the 4.00-kg
mass, we have

(17.0 kg)v = (13.0 kg)(1.38 m/s) +(4.00 kg)(5.00 m/s)

and vV = +2.24 m/s, just as in part (a).

|Coup1'1ng order makes no difference to the final Velocity.|

Section 9.5 Collisions in Two Dimensions
*P9.35 (a) We write equations expressing 5“ '
conservation of thexandy = OU=——>"_""" y
components of momentum, Before Q'T
with reference to the figures
on the right. Let the puck initially o r
at rest be m,. In the x direction, o sm———l vif
m,v,; =m,\V,, cos 6 +m,V, cos ¢ Jk i oyycos 0
which gives <’
m,v,, —m,V, ; cos 6 Aft /0
V,, COS ¢ = 1V1i 1V1f ———E—Er——(—\—:—)—. ___________
m, VG Vyf COS §
or (s
- -AlVy
1 —‘sz sin ¢ /
V,;COSP=| ———
0.300 kg ANS. FIG. P9.35

[(0.200 kg)(2.00 m/s)
—(0.200 kg)(1.00 m/s)cos 53.0°]
In the y direction,
0=m,v,;sin@—-m,V,, sin¢
which gives
m,v,; sinf

Vy i sing = m
>
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Chapter9 465

or
0=(0.200 kg)(1.00 m/s)sin53.0° - (0.300 kg)(v,; sin¢)

From these equations, we find

_sin¢g _ 0.532
cos¢p 0.932

_  0160kg-m/s _
Then Va1 = 19300 kg) (sin29.7°)

b) K, = %(o.zoo kg)(2.00 m/s)’ =0.400 ] and

tan ¢ =0571 or |¢=29.7°

K, = %(0.200 kg)(1.00 m/s)’ + %(0.300 kg)(1.07 m/s)’> =0.273 ]
AK K=K, 0.273]-0.400]
f =—= = = 0.
lost Ki Ki 0400 ] 0 318
P9.36 We use conservation of momentum for the
system of two vehicles for both northward el ‘_,/

and eastward components, to find the

.. 13.0m/s
original speed of car number 2. v

For the eastward direction:

m(13.0 m/s) =2mV, cos55.0°

For the northward direction:

ANS. FIG. P8.26

mv,, =2mV, sin55.0°

Divide the northward equation by the eastward equation to find:
V,; =(13.0 m/s) tan 55.0° = 18.6 m /s = 41.5 mi/h

Thus, the driver of the northbound car was untruthful. His original

speed was more than 35 mi/h.

P9.37 We will use conservation of both the x component and the y
component of momentum for the two-puck system, which we can
write as a single vector equation.

mlvli + m2v2i = mlvlf + m2V2f
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466 Linear Momentum and Collisions

Both objects have the same final velocity, which we call V.. Doing the
algebra and substituting to solve for the one unknown gives
7. = my,; + mv,,
m,+m,
_ (3.00 kg)(5.00i m/s) +(2.00 kg)(—3.00j m/9
3.00 kg+2.00 kg

and calculating gives v, = w m/s = |(3.00i - 1.20j) m/s

P9.38 We write the conservation of momentum in the X direction, p,; = p,;, as
MV, €08 37.0° + mv, c0s53.0° = m(5.00 m/s)
0.799v, +0.602v, =5.00 m/s [1]
and the conservation of momentum in the y direction, p,; = p;, as
mv, sin37.0° — mv, sin53.0° =0
0.602v, = 0.799v, [2]

Solving equations [1] and [2] simultaneously gives,

v, =3.99 m/s| and |V, =3.01m/s

before after

ANS. FIG. P9.38

P9.39 ANS. FIG. P9.38 illustrates the collision. We write the conservation of
momentum in the X direction, Ps = P;, as

mv,, cos 6 +mv, cos (90.0° — 6) = mv,
V,Cos 0 +Vv, sin 0=, [1]

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



*P9.40

Chapter9 467

and the conservation of momentum in the y direction, p,; = p,;, as

mv,, sin 6 —mv, cos (90.0°—6) =0
V, sin 6 = v, cos 0 [2]

From equation [2],

VO:VY(?’E?] [3]

Substituting into equation [1],

cos’ 6 o
Vy| — +V,sinf =,
sin @

SO

vy (cos2 6 +sin” 0) =v,sinf, and | v, =V, sinf

Then, from equation [3], [V, =V, cos8|.

We did not need to write down an equation expressing conservation of
mechanical energy. In this situation, the requirement on perpendicular
final velocities is equivalent to the condition of elasticity.

(@) The vector expression for /
conservation of momentum, 40
P =P; gives p, = p,; and Pyi = Pys- S
O—' 0 = 45°
L= N
mv, =mvcos 6 + mvcos ¢ [1] OF s
0 =mvsin6 + mvsing [2]
.
From [2], sin@ = —sin¢ so 6 = —¢. Q\

ANS. FIG. P9.40
Furthermore, energy conservation for the system of two protons

requires

lmvi2 R
2 2

SO

S
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468 Linear Momentum and Collisions

(b) Hence, [1] gives

_ 2v;cos6

Vi \/E
with 9= and (]):.

P9.41 By conservation of momentum for the y
system of the two billiard balls (with all i/ ms
masses equal), in the X and y directions 5.00m/s ‘_ A\
separately, (o —— F

5.00 m/s+0=(4.33 m/s)cos30.0° + v, ,
V,, =1.25 m/s O
0=(4.33 m/s)sin30.0° + Vv, ANS. FIG. P9.41
Vop = -2.16 m/s

V,; =| 250 m/s at —60.0°

Note that we did not need to explicitly use the fact that the collision is
perfectly elastic.

P9.42 (@) |The opponent grabs the fullback and does not let go, so the

two players move together at the end of their interaction—

thus the collision is perfectly inelastic.

(b) First, we conserve momentum for the system of two football
players in the x direction (the direction of travel of the fullback):

(90.0 kg)(5.00 m/s) + 0 = (185 kg)V cosb

where 0is the angle between the direction of the final velocity V
and the x axis. We find

V cosO=243m/s [1]

Now consider conservation of momentum of the system in the y
direction (the direction of travel of the opponent):

(95.0 kg)(3.00 m/s) + 0 = (185 kg)V sin
which gives

Vsinf=154m/s [2]
Divide equation [2] by [1]:

tan@ = E =0.633
243
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Chapter9 469

From which, |6 =32.3°|.
Then, either [1] or [2] gives V ={2.88 m/s]|.

K, = %(90.0 kg)(5.00 m/s)* + %(95.0 kg)(3.00 m/s)* =1.55x10° J

K, = %(185 kg)(2.88 m/s)* =7.67 x10° ]

Thus, the kinetic energy lost is | 786 ] into internal energy |.

With three particles, the total final momentum of the system is

mVv, ,+my, + myV, and it must be zero to equal the original

momentum. The mass of the third particle is
m, = (17.0 - 5.00 — 8.40) x 10 kg

or m,=3.60x10" kg

Solving myv,  +myV, +myv, =0 for V,, gives

mlvlf + m2V2f

V., =-
3f
m3

_— (3.361 +3.00)) x 107 kg-m/s
. 3.60 x 107 kg

=[(-9.33x10°1 -8.33x 10°]) m/s

—>
51
1y

5

@ Hiy O_.);
= V2
"3/
Original Final
ANS. FIG. P9.43

(b) The original kinetic energy of the system is zero.

The final kinetic energy is K =K ; + K, + K.

The terms are

K. = %(5.00>< 107 kg)(6.00x10° m/s)* =9.00x10™ J
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P9.44

Linear Momentum and Collisions

K, = %(8.4O><10‘27 kg)(4.00x10° m/s)’> =6.72x 107 ]
1 -27
K, = E(3.60>< 107 kg)
x[(-9.33x10° m/s)’ +(-8.33x10° m/s)’ |
=282x10™"]

Then the system kinetic energy is

K=9.00x10"J+6.72x107*] +282 x 107"]

=[4.39x107"° J

The initial momentum of the system is 0. Thus,

(1.20m)v,, =m(10.0m/s)

and Vg =833 m/s
From conservation of energy,
1 1 1
K, = Em(lo.O m/s)’ +§(1.20m)(8.33 m/s)” = Em(183 m’/s?)

K, =MV )+ (1.20m)(vy)* = %Gm(l&% mz/s2>]

or V2 +1.20v: =91.7 m?*/s’ [1]
From conservation of momentum,

mv, = (1.20m)vB
or v, =1.20v, [2]
Solving [1] and [2] simultaneously, we find

(1.20v5)* +1.20v2 =91.7 m*/s”

Vg =(91.7 m?/s? /2.64)"

which gives

v, =5.89 m/s| (speed of blue puck after collision)

and Vv, =7.07 m/s| (speed of green puck after collision)
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Section 9.6 The Center of Mass

P9.45 The x coordinate of the center of mass is

« _ymx, 0+0+0+0 ~0
M ¥m,  2.00kg+3.00 kg +2.50 kg +4.00 kg

and the y coordinate of the center of mass is

Vo = 2 my;
CcM Zmi

1
- (2.00 kg +3.00 kg +2.50 kg +4.00 kgj
x[(2.00 kg)(3.00 m) +(3.00 kg)(2.50 m)
+(2.50 kg)(0) + (4.00 kg)(—0.500 m)]
Yo =1.00 m

Then  |fy =(0i+1.00j) m

P9.46 Let the X axis start at the Earth’s center and point toward the Moon.
_ myx, +myX,
m, +m,
_(5.97x10* kg)(0) +(7.35x 10 kg)(3.84x 10° m)
6.05x10* kg

XCM

=14.66x 10° m from the Earth's center

The center of mass is within the Earth, which has radius 6.37 x 10° m. It
is 1.7 Mm below the point on the Earth’s surface where the Moon is
straight overhead.

P9.47 The volume of the monument is that of a thick triangle of base
L = 64.8 m, height H = 15.7 m, and width W =3.60 m: V =% LHW =
1.83 x 10’ m’. The monument has mass M = pV =(3800kg/ m’)V =
6.96 x 10° kg. The height of the center of mass (CM) is y,, = H/3
(derived below). The amount of work done on the blocks is

U, = Mgyy

= Mg% =(6.96x10° kg)(9.80 m/sz)(15'7 m)

=13.57x10°J
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Linear Momentum and Collisions

We derive y,, = H/3 here: H

We model the monument with the <

figure shown above. Consider the ) 4y
monument to be composed of slabs of i
infinitesimal thickness dy stacked on L/2 L/2
top of each other. A slab at height y ANS. FIG. P9.47

has a infinitesimal volume element
dV = 2xWdy, where W is the width of
the monument and X is a function of height y.

The equation of the sloping side of the monument is
H 2H 2
=H-——X>2>y=H-—X—>y=H|1-—X
Y L/2 Y L Y ( L )

where X ranges from 0 to + L/2. Therefore,

X:L( _x)

2 H

where y ranges from 0 to H. The infinitesimal volume of a slab at
height y is then

dV = 2xWdy = LW(l— %)dy.
The mass contained in a volume element is dm = pdV.

Because of the symmetry of the monument, its CM lies above the
origin of the coordinate axes at position Yy,

M 1V H y
yCM‘—Jydm=mjypdv=—JprW(1——)dy
0 0 0
oWy Wy v
Yo Y0 Y= T an O

where we have used M = p(% LHW).
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We could analyze the object as nine squares, each  y(cm)
represented by an equal-mass particle at its 30—
center. But we will have less writing to do if we i
think of the sheet as composed of three sections, I
and consider the mass of each section to be at the " .
geometric center of that section. Define the mass x(em)
per unit area to be 6, and number the rectangles 102040

as shown. We can then calculate the mass and ANS. FIG. P9.48
identify the center of mass of each section.

m, = (30.0 cm)(10.0 cm)oc  with ~ CM, =(15.0 cm, 5.00 cm)

m, = (10.0 cm)(20.0 cm)oc with ~ CM,, =(5.00 cm, 20.0 cm)
m,, = (10.0 cm)(10.0 cm)o with ~ CM,;, = (15.0 cm, 25.0 cm)

The overall center of mass is at a point defined by the vector equation:
Toy = (Z M, )/2 m;

Substituting the appropriate values is calculated to be:

4 1‘CM

. 1
o ™ [ (300 cm” +200 cm?+ 100 sz))
X { o1(300)(15.0i +5.00j) +(200)(5.00i +20.0j)
+(100)(15.07 +25.0j)] Cm3}
Calculating,
__4500i +1500j +1000i +4 000] +1500i +2 500] o

Tem = 600

and evaluating, I, = (11.7? + 13.3]) cm

This object can be made by wrapping tape around a light, stiff,
uniform rod.

0.300 m 0.300 m

@ M= [ Adx= [ [50.0+20.0x]dx
0 0
M =[50.0x+10.0x* ] ™" =[15.9 g
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474 Linear Momentum and Collisions

xdm

I 1 0.300 m 1 0.300 m
b) Xoy=—o—=— Axdx=— 50.0x +20.0x |dx
) xa=t—= | VIR ]
1 2 3 0.300 m
Xem —{25.0 24 20 } =(0.153 m
159¢ 0
*P9.50  We use a coordinate system centered in 5
the oxygen (O) atom, with the X axis to
the right and the y axis upward. Then,
from symmetry, 0.100 nm <"\ 0.100 nm
53| 53°
XCM =0 (' | (_,
H H
and
ANS. FIG. P9.50
Voo = 2 my;
CcM Z mi

1

15.999 u+1.008 u +1.008 u
x[0—(1.008 u)(0.100 nm)cos53.0°

—(1.008 u)(0.100 nm)cos53.0°]

The center of mass of the molecule lies on the dotted line
shown in ANS. FIG. P9.50, 0.006 73 nm below the center
of the O atom.

Section 9.7 Systems of Many Particles

Zmivi - myv, +m,v,

P9.51 (@ Veu= N o

= 5.03 kgj[(z.oo kg)(2.00i m/s—3.00j m/s)

+(3.00 kg)(1.00i m/s +6.00j m/s)]

Vo =| (1408 +2.40j) mys

(b) =MV, =(5.00 kg)(1.40i +2.40j) m/s =| (7.00i +12.0j) kg-m/s
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.y y
*P9.52 (a) ANS. FIG. P9.52 shows the position T T TITIII
cpe . b-d-+-d-t-t-+- ot 14
vectors and velocities of the particles. Ll e m’ i
(b) Using the definition of the position L++++ T1++++;x

vector at the center of mass, H--CM 4 +r++++*
b ATy Tk Vet
m, T, + m.rT. r(m3 e R
T ==+ 2 U TN ES S
m, +m, N R
SRR > R S
Po= 1 AU RS R AN SR

M1 2.00 kg +3.00 kg ANS. FIG. P9.52

[(2.00 kg)(1.00 m, 2.00 m)
+(3.00 kg)(—4.00 m, —3.00 m)]

Fow =| (~2:00i —1.00j) m

(c) The velocity of the center of mass is

—

P _my,+myv,

Vo =
MM m, +m,

_ 1
- (2.00 kg +3.00 kg)
[(2.00 kg)(3.00 m/s, 0.50 m/s)
+(3.00 kg)(3.00 m/s, —2.00 m/s)]

Vow =/ (3.00-1.005) m/s

(d) The total linear momentum of the system can be calculated as
P = Mv, oras P=m,¥, +m,v,. Either gives

P = | (15.0i - 5.00j) kg-m/s

P9.53 No outside forces act on the boat-plus-

lovers system, so its momentum is Axb ij
conserved at zero and the center of mass F—{e——
of the boat-passengers system stays K
fixed:

Xemi = Xewmf L_ ’
Define K to be the point where they kiss, 2.70 m—>
and AX; and Ax, as shown in the figure. ANS. FIG. P9.53

Since Romeo moves with the boat (and
thus AXg, ..o = AX; ), let m, be the combined mass of Romeo and the
boat. The front of the boat and the shore are to the right in this picture,
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476 Linear Momentum and Collisions
and we take the positive X direction to the right. Then,
m;AX; + myAx, =0
Choosing the x axis to point toward the shore,
(55.0 kg) Ax, +(77.0 kg +80.0 kg)Ax, =0
and AX; = -2.85AX,

As Juliet moves away from shore, the boat and Romeo glide toward
the shore until the original 2.70-m gap between them is closed. We
describe the relative motion with the equation

‘Axl| +AX, =2.70 m

Here the first term needs absolute value signs because Juliet’s change
in position is toward the left. An equivalent equation is then

—AX; +Ax, =270 m

Substituting, we find
+2.85A%, + Ax, =2.70 m

SO AX, = 270m _ towards the shore

3.85

P9.54 The vector position of the center of mass is (suppressing units)

—

CM

Cmi+mi 3,5[(3} + 3j)t + Z}t2 } + 5.5[3§ —2it? + 6}t}
TTmtm, 35+55
= (1.83+ 1.17t - 1.22¢*)i + (-2.5t + 0.778t*)

@) Att=250s,
i, =(1.83+1.17-2.5-1.22-6.25)i +(-2.5-2.5+0.778-6.25)]

=|(-2.891-139j) em

(b) The velocity of the center of mass is obtained by differentiating
the expression for the vector position of the center of mass with
respect to time:

Vew = d% = (1.17 - 2.44t)i +(-2.5 + 1.56t);j

Att=2.50s,
Ve = (117 —2.44-2.5)i +(-2.5+1.56-2.5)]
= (- 4.94i + 1.39j) cm /s
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Chapter9 477

Now, the total linear momentum is the total mass times the
velocity of the center of mass.

p = (9.00 g)(—4.94i+1.39j) cm/s

=|(-44.5i +12.5]) g-cm/s

(c) Aswasshown in part (b), (—4,94i + 1,39}) cm/s

(d) Differentiating again, a,, = d‘(;i'\" = (—2.44)i +1.56]

The center of mass acceleration is

—

~2.441 +1.56]) em /s? | at t =

2.50 s and at all times.

(e) The net force on the system is equal to the total mass times the
acceleration of the center of mass:

E,. =(9.00 g)(~2.44i +156f) cm/s” =

——

~220i +140j) uN

P9.55 (@) Conservation of momentum for the two-ball system gives us:

(0.200 kg)(1.50 m/s) +(0.300 kg)(-0.400 m/s)
=(0.200 kg)v,, +(0.300 kg)v,

Relative velocity equation:
V,, =V, =190m/s

Then, suppressing units, we have

0.300-0.120 = 0.200v,; +0.300(1.90 + v;)
v, =—0.780 m/s V,; =1.12 m/s

v, =-0.780i m/s v,, =1.12i m/s

(0.200 kg)(1.50 m/s)i +(0.300 kg)(~0.400 m/s)i
0.500 kg

(b) Before, Vo =

Veu =(0.360 m/s)i

Afterwards, the center of mass must move at the same velocity,
because the momentum of the system is conserved.
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478 Linear Momentum and Collisions

Section 9.8
P9.56  (a)

(b)

(©)

(d)

(e)

P9.57  (a)

(b)

P9.58  (a)

(b)

Deformable Systems

The only horizontal force on the vehicle is the frictional
force exerted by the floor, so it gives the vehicle all of its final

momentum, (6.00 kg)(3.00§ m/s) = 18.0i kg-m/s|.

No. The friction force exerted by the floor on each stationary bit

of caterpillar tread acts over no distance, so it does zero work.

Yes, we could say that the final momentum of the cart came

from the floor or from the Earth through the floor.

No. The kinetic energy came from the original gravitational
potential energy of the Earth-elevated load system, in the

amount KE =G)(6.oo kg)(3.00m/s)* =27.0].

Yes. The acceleration is caused by the static friction force exerted

by the floor that prevents the wheels from slipping backward.

When the cart hits the bumper it immediately stops, and the
hanging particle keeps moving with its original speed v;. The

particle swings up as a pendulum on a fixed pivot, keeping
constant energy. Measure elevations from the pivot:

%mvi2 +mg(-L)=0+mg(-L cos 6)

Then v, =|{/2gL(1-cos®)

The bumper continues to exert a force to the left until the particle

has swung down to |its lowest point|. This leftward force is

necessary to reverse the rightward motion of the particle and
accelerate it to the left.

The floor exerts a force, larger than the person’s weight over
time as he is taking off.

The work by the floor on the person is zero because the force
exerted by the floor acts over zero distance.
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Chapter9 479

(c) He leaves the floor with a speed given by %mv2 =mgy, , or

v= 20y, =4/2(9.80 m/s?)(0.150 m) =1.71 m/s

so his momentum immediately after he leaves the floor is

p=mv= (60.0 kg)(1.71 m/s up) =103 kg-m/s up

(d) |Yes. You could say that it came from the planet, that gained
momentum 103 kg - m/s down, but it came through the force

exerted by the floor over a time interval on the person, so it

came through the floor or from the floor through direct contact.

(e) His kinetic energy is

K= %mvz = %(60.0 kg)(1.71 m/s)* =[88.2]

(f)  |No. The energy came from chemical energy in the person’s

leg muscles. The floor did no work on the person.

P9.59 Consider the motion of the center of mass (CM) of the system of the
two pucks. Because the pucks have equal mass m, the CM lies at the
midpoint of the line connecting the pucks.

(@) The force F accelerates the CM to the right at the rate

_ F
aCM_ﬂ

According to Figure P9.59, when the force has moved through
distance d, the CM has moves through distance D, =d— %ﬁ. We

can find the speed of the CM, which is the same as the speed v of
the pucks when they meet and stick together:

2 2
Vi =V +2aCM(xf —xi)

Fl2d—/
Veu :O+2{%j{d—%fj—> V=V, = %
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480 Linear Momentum and Collisions

(b) The force F does work on the system through distance d, the work
done is W = Fd. Relate this work to the change in kinetic energy

and internal energy:

AK +AE,_ =W
F(2d-¢)]_ F(2d-¢
where AK = 1(2m)v(2:M =m ( ) - ( )
2 2m 2
F(2d-¢) (F(2d-7)
=/ |+AE_=Fd—>AE_=Fd-| ~—
2 n inf 2
AE =Fd-Fd+ "
2
AEimt = ﬂ
2
Section 9.9 Rocket Propulsion

P9.60 (@) The fuel burns at a rate given by

dM _127g
dt  1.90s

=6.68x107° kg/s

From the rocket thrust equation,

dM
Thrust = v, —= 526N =V, (6.68x107 kg/s)

vV, =|787m/s
(b) v, -V, :veln{&]:
Mf

v, —0=(787 m/s)ln[

v, =138 m/s

f

535g+255¢g
535g+255g-127 g
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*P9.61  The force exerted on the water by the hose is
£ = APuae - MVe —MYi _ (0.600 kg)(25.0 m/s) -0

At At 1.00 s
=[150N]

According to Newton’s third law, the water exerts a force of equal
magnitude back on the hose. Thus, the gardener must apply a 15.0-N
force (in the direction of the velocity of the exiting water stream) to
hold the hose stationary.

P9.62 (@) The thrust, F, is equal to the time rate of change of momentum as
fuel is exhausted from the rocket.

d d
F= d—? = a(mve)

Since the exhaust velocity v, is a constant,
F =v,(dm/dt), where dm/dt =1.50x 10* kg/s
and Vv, =2.60x10° m/s.

Then F =(2.60x10°m/s)(1.50x 10'kg/s) =
(b) Applying > F =ma gives
> F, = Thrust— Mg = Ma:
3.90x 10" N-(3.00x10° kg)(9.80 m/s?) =(3.00x 10° kg)a

a=(3.20m/s’

M.
P9.63 In v=vUIn M—' we solve for M.
f

(@ M, =e’"M, — M, =e"(3.00x10°kg)=4.45x10° kg

The mass of fuel and oxidizer is

AM = M, - M, =(445-3.00)x 10°kg

= |442 metric tons|

(b) AM =¢? (3.00 metric tons) —3.00 metric tons ={19.2 metric tons
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482 Linear Momentum and Collisions

(c) |This is much less than the suggested value of 442/2.5. Mathe-
matically, the logarithm in the rocket propulsion equation is not a
linear function. Physically, a higher exhaust speed has an extra-
large cumulative effect on the rocket body’s final speed, by
counting again and again in the speed the body attains second

after second during its burn.

P9.64 (a) From the equation for rocket propulsion in the text,

_ M
v-0= ve]n[ﬂ) = —Veln(—f]
Mf I\/Ii

Now, M, =M, —kt, so v=-v,In M, —kt =-v,In 1—Lt
M M.

With the definition, T, = %, this becomes

v(t)=| -v, h{l_Ti]

p

(b) With,v,=1500m/s,and T =144s,

v:—@5mhnmﬁn@— : )

144 s

te) v (m/s) 4(1\'111”2”1:\:‘
0 0 ilf}”
- 224 o

1000
40 488 500 N

"0 20 40 60 80 100 120 10
60 808
ANS. FIG. P9.64(b)

80 1220
100 1780
120 2 690
132 3730
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o =gl ()01 8] 1),

or a(t) T e—t
(d) With,v,=1500m/s, and T,=144s, a= %ﬁ{[s
t(s) a (m/s?)
0 10.4 =
20 12.1 4
40 14.4 ) =
60 17.9 ANS. FIG. P9.64(d)
80 23.4
100 34.1
120 62.5
132 125

(e) X(t):0+Ivdt=ﬂ (1——”dt:veTpim[1_TiJ[_i_:]
]
o b

(f) With,v,=1.500 m/s =1.50 km/s, and Tp =144s,

X = 1.50(144 — t)ln(l - Lj +1.50t
144
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484 Linear Momentum and Collisions

t(s) X (m) » x (km)
0 0 "
20 2.19 ]
40 9.23
60 22.1 0 = £()
80 429 ANS. FIG. P9.64(f)
100 71.7
120 115
132 153
Additional Problems

P9.65 (a) At the highest point, the velocity of the ball is zero, so momentum

is also [zero.

(b) Use \/)2,f = V; + 2a(yf - yi) to find the maximum height H__ :

0=v, +2(—g)HmaX

Now, find the speed of the ball for (yf - y.) = %

which gives v; = VT

Then, p, =mv, = %, upward

H

max *
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P9.66 (@) The system is isolated because the skater is on frictionless ice — if
it were otherwise, she would be able to move. Initially, the
horizontal momentum of the system is zero, and this quantity is
conserved; so when she throws the gloves in one direction, she
will move in the opposite direction because the total momentum
will remain zero. The system has total mass M. After the skater
throws the gloves, the mass of the gloves, m, is moving with

velocity Vgloves and the mass of the skater less the gloves, M —m, is

moving with velocity V-

Py + Py =Py TPy

girl gloves girl M=m v gloves

0=(M-m)v_ +mv -7 :—( m ]*

The term M — m is the total mass less the mass of the gloves.

(b) |As she throws the gloves and exerts a force on them, the gloves
exert an equal and opposite force on her (Newton’s third law)

that causes her to accelerate from rest to reach the velocity v .

P9.67 In FAt =A(m¥), one component gives
Ap, =m(v,, - v,,) = m(vcos60.0° - vcos60.0°) = 0

So the wall does not exert a force on the ball in the y direction. The
other component gives

Ap, =m(V, —V,) = m(~vsin60.0° - vsin 60.0°)

X

~2mvsin 60.0° = -2(3.00 kg)(10.0 m/s)sin 60.0°

=-52.0kg-m/s

. AP Ap,i -52.0ike- .

So Fo AP ART_ 5201k m/s o H6n
At At 0.200 s
P9.68 (@) Inthe same symbols as in the text’s Example, the original kinetic
energy is
1
KA = 5 m1V12A

The example shows that the kinetic energy immediately after
latching together is

2
K. = l mlle
" 2lm +m
1 2
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486 Linear Momentum and Collisions

so the fraction of kinetic energy remaining as kinetic energy is

KB/KA = m1/(m1 +m2)

(b) Momentum is conserved in the collision so momentum after

(c)

“P9.69  (a)

(b)

(c)

divided by momentum before is [1.00].

Energy is an entirely different thing from momentum. A
comparison: When a photographer’s single-use flashbulb
flashes, a magnesium filament oxidizes. Chemical energy
disappears. (Internal energy appears and light carries some
energy away.) The measured mass of the flashbulb is the
same before and after. It can be the same in spite of the 100%
energy conversion, because energy and mass are totally
different things in classical physics. In the ballistic pendulum,

conversion of energy from mechanical into internal does not

upset conservation of mass or conservation of momentum.

Conservation of momentum for 200/
this totally inelastic collision ke -
gives
m,Vv; =(m, +m,)v, ® 120kg
(60.0 kg)(4.00 m/s) ANS. FIG. P9.69
= (120 kg +60.0 kg) v,
v, =|1.33i m/s

To obtain the force of friction, we first consider Newton’s second
law in the y direction, }'F, =0, which gives

n—(60.0 kg)(9.80 m/s) =0

or n = 588 N. The force of friction is then
f. = u,n=(0.400)(588 N)=235 N

f =|-235i N

The change in the person’s momentum equals the impulse, or
pi+1=p;

mv; + Ft =mv,
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Chapter9 487
60.0 kg)(4.00 m/s)— (235 N)t =(60.0 kg)(1.33 m/s)
& g

t=[0680s |

(d) The change in momentum of the person is

mv , —mv, =(60.0 kg)(1.33 - 4.00)i m/s =|-160i N-s

The change in momentum of the cart is
(120 kg)(1.33 m/s)—0=| +160i N s
1

1

€) X, —X :E(V‘ +v, )t = [(4:00+1.33) m/s](0.680 5) =[1.81m |
® X, - :%(vi +v, )t :%(o+1.33 m/s)(0.680 s)=[ 0.454 m |
1 5, 1, 1 >
() Smvi—Zmy, 25(60.0 kg)(1.33 m/s)
—%(60.0 kg)(4.00 m/s)* =| —427 ]
Lo 1, 1 2 =
(h) Smvi—omy, :5(120 kg)(1.33 m/s)*—0={ 107 ]

(i) |The force exerted by the person on the cart must be equal in
magnitude and opposite in direction to the force exerted by
the cart on the person. The changes in momentum of the two
objects must be equal in magnitude and must add to zero.
Their changes in kinetic energy are different in magnitude and
do not add to zero. The following represent two ways of
thinking about why. The distance moved by the cart is
different from the distance moved by the point of application
of the friction force to the cart. The total change in mechanical
energy for both objects together, -320 ], becomes +320 J of

additional internal energy in this perfectly inelastic collision.

*P9.70 (a) Use conservation of the
horizontal component of
momentum for the system of
the shell, the cannon, and the
carriage, from just before to just
after the cannon firing:

pr = pxi
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488 Linear Momentum and Collisions

Mg e Venen €0S45.0° +m Y =0

cannon " recoil

(200 kg)(125 m/s)cos45.0° + (5 000 kg) V,..y =0

(b) Use conservation of energy for the system of the cannon, the
carriage, and the spring from right after the cannon is fired to the
instant when the cannon comes to rest.

Ki +Uy, +Ug =K +U, +Ug

0+ 0+lkxfnax = 1rnVrzecoiI +O +O
2 2
mv2._, \/(5 000 kg)(~3.54 m/s)’
Xoax T\ =177
- \/ k 2.00x10* N/m
(C) |FS, max = kaaX
IF, 1| = (2:00x10* N/m)(1.77 m) =| 3.54x10* N

(d) The spring exerts a force on the system during the firing.
The force represents an impulse, so the momentum of the system
is not conserved in the horizontal direction. Consider the vertical
direction. There are two vertical forces on the system: the normal
force from the ground and the gravitational force. During the
firing, the normal force is larger than the gravitational force.
Therefore, there is a net impulse on the system in the upward
direction. The impulse accounts for the initial vertical momentum
component of the projectile.

P9.71 (@) Momentum of the bullet-block system is conserved in the
collision, so you can relate the speed of the block and bullet right
after the collision to the initial speed of the bullet. Then, you can
use conservation of mechanical energy for the bullet-block-Earth
system to relate the speed after the collision to the maximum
height.

(b) Momentum is conserved by the collision. Find the relation
between the speed of the bullet v, just before impact and the

speed of the bullet + block Vv just after impact:
Pii + Pai = Pir + P = MVy; + MV =MV + M,V
mv; + M(0)=mv+Mv =(m+M)v
(m+ M)
=+——tvy
m

- v,
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P9.72  (a)

(b)

Combining our results, we find |V, - \J2gh|-

Chapter9 489

For the bullet-block-Earth system, total energy is conserved. Find
the relation between the speed of the bullet-block v and the height
h the block climbs to:

Ki+U; =K, +U,
%(m+ M)v? +0=(m+ M)gh— v=,2gh

Combining our results, we find

m+M 1255 k
v, == —\2gh = (M)\/z(%o m/s?)(0.220 m)

v, =|521m/s

Momentum of the bullet-block system is conserved in the
collision, so you can relate the speed of the block and bullet right
after the collision to the initial speed of the bullet. Then, you can
use conservation of mechanical energy for the bullet-block-Earth
system to relate the speed after the collision to the maximum
height.

Momentum is conserved by the collision. Find the relation
between the speed of the bullet v, just before impact and the

speed of the bullet + block v just after impact:
Pii + P =Pir +Par = MVy; + MV, =MV + M,V
mv; + M(0) =mv+Mv =(m+M)v
(m+ M)
= \
m

- v,

For the bullet-block-Earth system, total energy is conserved. Find
the relation between the speed of the bullet-block v and the height
h the block climbs to:

K +U =K, +U,

%(m+ M)v2+0:(m+M)ghev=\/ﬁ

_m+M
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490 Linear Momentum and Collisions

*P9.73  Momentum conservation for the system of v;
the two objects can be written as

w
S
® 1=

3mv;, —mv, =mv,, +3mv,,

The relative velocity equation then gives
r §
Vii = Vo = =Vqp H Vo v o

-> —_—
. & ®
=V =V ==V Vy After

2V, =V, +3V,;, ANS. FIG. P9.73

Which gives
0=4v,,
or Vi =| 2v; | and v, :@.

P9.74 (@) |The mass of the sleigh plus you is 270 kg. Your velocity is
7.50 m/s in the X direction. You unbolt a 15.0-kg seat and
throw it back at the ravening wolves, giving it a speed of
8.00 m/s relative to you. Find the velocity of the sleigh
afterward, and the velocity of the seat relative to the ground.

(b) We substitute v;; =8.00 m/s — v,,:
(270 kg)(7.50m/s) = (15.0 kg)(-8.00m/s +v,, ) +(255 kg)v,,
2 025kg-m/s=-120 kg-m/s +(270 kg)v,,

_2145m/s
V2f -
270
vV, =8.00m/s-7.94 m/s=0.055 6 m/s

=794 m/s

The final velocity of the seat is —0.055 6i m/s. That of the
sleigh is 7.94i m/s.

(c) You transform potential energy stored in your body into kinetic
energy of the system:

AK +AU, =0
AU,y =—AK =K - K,
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AU, = %(270 kg)(7.50 m/s)’

_E(us.o kg)(0.0556 m/s)?

+ %(255 kg)(7.94 m/ s)z}

AU,,,, =7 594] —[0.023 1] +8 047 ]]
AU, =| —453]

P9.75 (@) When the spring is fully compressed, each cart moves with same
velocity v. Apply conservation of momentum for the system of
two gliders

pi=p My +my, =(m +m)v — vy =T MV,
i fe 1%1 292 1 2
ml + m2

(b) Only conservative forces act; therefore, AE = 0.

1 1 1 1

Emlvf +Em1V§ = E(rn1 + mZ)V2 +Eer2n

Substitute for v from (a) and solve for X,,.
Xﬁl = ; [(m1 + mz)mlvf + (ml + mz)mz\/;
k(m, +m,)

—(myv,) = (myv,)" —2mm,v,v, ]

2 2
_ [mm (Vl TV, - 2V1V2) _ m,m,
T ) N em)
m, +m, m, +m,
(€) MV, + MV, =MV + MV,
Conservation of momentum: m, (V1 -V, ) =m, (v2 - V2) [1]
. 1, 1, 1 , 1 _ .,
Conservation of energy: —m\V; +—m\V, =—mV; +—myV
2 171 2 272 2 1°1f 2 2°2f
which simplifies to: m (v —vZ |=m, (v —V?
p * 1 1 1f 2 2f 2

Factoring gives

m1(V1 _Vlf)(vl +V1f) =m, (sz _Vz)'(vzf +V2)
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492 Linear Momentum and Collisions

and with the use of the momentum equation (equation [1]),

this reduces to V,+V =V, +V,
or Vig =V tV, -V, [2]

Substituting equation [2] into equation [1] and simplifying yields

_ 2myv, + (m2 - ml)v2

V2f

m, +m,

Upon substitution of this expression for into equation [2], one
finds

_ (ml B mz)vl + 2m2V2

Vlf -

m, +m,

Observe that these results are the same as two equations given in
the chapter text for the situation of a perfectly elastic collision in
one dimension. Whatever the details of how the spring behaves,
this collision ends up being just such a perfectly elastic collision in
one dimension.

P9.76 We hope the momentum of the equipment provides enough recoil so
that the astronaut can reach the ship before he loses life support! But
can he do it?

Relative to the spacecraft, the astronaut has a momentum

p = (150 kg)(20 m/s) = 3 000 kg - m/s away from the spacecraft. He
must throw enough equipment away so that his momentum is reduced
to at least zero relative to the spacecraft, so the equipment must have
momentum of at least 3 000 kg - m/s relative to the spacecraft. If he
throws the equipment at 5.00 m/s relative to himself in a direction
away from the spacecraft, the velocity of the equipment will be 25.0
m/s away from the spacecraft. How much mass travelling at 25.0 m/s
is necessary to equate to a momentum of 3 000 kg - m/s?

p =3 000 kg-m/s =m(25.0 m/s)
which gives

M= 3 000 kg-m/s
25.0 m/s

=120 kg

In order for his motion to reverse under these condition, the final mass

of the astronaut and space suit is 30 kg, much less than is reasonable.
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Use conservation of mechanical energy for a block-Earth system in
which the block slides down a frictionless surface from a height h:

(K+ug)i =(K+Ug)f —>%mv2+0=0+mghev=\/ﬁ

Note this also applies in reverse, a mass travelling at speed v will climb
2
. . v
to a height h on a frictionless surface: h=—.

29
From above, we see that because each block starts from the same

height h, each block has the same speed v when it meets the other
block:

v, =v, =v=,/2(9.80 m/s*)(5.00 m) = 9.90 m/s
Apply conservation of momentum to the two-block system:

myv,, +myv,, =myv+m,(-v)

myv, +m,v,, =(m,—m,)v [1]
For an elastic, head-on collision:

Vi — Vo = Vi — Vyq

V=(=V) =V, - vy

V,; =V +2V [2]

Substituting equation [2] into [1] gives
m,v,, +m, (v1f +2v) =(m,-m,)v

(m, +m,)v,, =(m, -m,)v-2m,v

v, = ( m, —3m, JV _ [2.00 kg — 3(4.00 kg)}(ggo m/s)

m, +m, 2.00 kg +4.00 kg
=-16.5m/s
Using this result and equation [2], we have
Vye =V +2v= [L‘o’mz]v+2v
ml + m2

vy, =[3m=m. ), _[32.00 kg)=400kg ooy
m, +m, 2.00 kg +4.00 kg

=3.30m/s
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494 Linear Momentum and Collisions

Using our result above, we find the height that each block rises to:
Vii _(-16.5m/s)
h=-—= =[139m
' 29 2(9.80 m/s? )
Vai  (3.30m/s)
and h,=—== =[0.556 m
*" 29 2(9.80 m/s?)

P9.78 (a) Proceeding step by step, we find the stone’s speed just before
collision, using energy conservation for the stone-Earth system:

2

m,gy; =5 m,v
which gives
=/2gh =[2(9.80 m/s*)(1.80 m)]"* =5.94 m/s

Now for the elastic collision with the stationary cannonball, we
use the specialized Equation 9.22 from the chapter text, with
m, = 80.0 kg and m, = m:

2mv,; _2(80.0 kg)(5.94 m/s)

v =Vy¢ = =
cannonball 2f rn1 + |"r‘|2 80.0 kg +m

_950kg-m/s
80.0 kg+m

The time for the cannonball’s fall into the ocean is given by
Ay = v, t+ %aytz —-36.0= %(—9.80)t2 —t=271s

so its horizontal range is

950 kg-m/s]

R=v,t=(271 s)[ 800 kg +m

2.58x10° kg-m
80.0 kg +m

(b) The maximum value for R occurs for m— 0, and is

3 Lo, 3 ko
_258x10" kg-m _ 2.58x10" kg m:

80.0kg +m 80.0kg +0

(c) Asindicated in part (b), the maximum range corresponds to
m—0
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(d) |Yes, until the cannonball splashes down. No; the kinetic energy of
the system is split between the stone and the cannonball after the
collision and we don’t know how it is split without using the

conservation of momentum principle.

(e) Therange is equal to the product of v ..., the speed of the
cannonball after the collision, and t, the time at which the
cannonball reaches the ocean. But v, .., is proportional to v, the
speed of the stone just before striking the cannonball, which is, in
turn, proportional to the square root of g. The time t at which the
cannonball strikes the ocean is inversely proportional to the
square root of g. Therefore, the product R = (v, ...t is
independent of g. At a location with weaker gravity, the stone
would be moving more slowly before the collision, but the
cannonball would follow the same trajectory, moving more
slowly over a longer time interval.

P9.79 We will use the subscript 1 for the blue bead and the subscript 2 for the
green bead. Conservation of mechanical energy for the blue bead-Earth
system, K, + U, = K, + U, , can be written as

%mvf+O:0+mgh

where v, is the speed of the blue bead at point B just before it collides
with the green bead. Solving for v, gives

v, =2gh =/2(9.80 m/s?)(1.50 m) =5.42 m/s

Now recall Equations 9.21 and 9.22 for an elastic collision:

m,—m, 2m,
Vig = A vyt A Vai
ml m2 ml m2

- 2m, m,—m,
Vor = + Vi + + Vi
m, +m, m, +m,

For this collision, the green bead is at rest, so v,, = 0, and Equation 9.22
simplifies to

2m, m, —m, 2m,
Vor = A vyt A Voi = A Vii
ml m2 ml m2 ml mZ
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P9.80

Linear Momentum and Collisions

Plugging in gives

(0.400 kg)
542 m/s)=4.34
Yar = (0400 kg +0.600 kg)( m/s)=434m/s

Now, we use conservation of the mechanical energy of the green bead
after collision to find the maximum height the ball will reach. This
gives

0+m29 ymax :%m2V§f +O

Solving fory, . gives

max

Vi (4.34m/s)’

Ymae =54 2(980m/sj_

(@) The initial momentum of the system
is zero, which remains constant
throughout the motion. Therefore,
when m, leaves the wedge, we must

have

/7 7 7 7 7 7 7 .

m,Vv + MV = 0

wedge
Uplock = 4.00m/s

or

(3.00 kg)v —

wedge
+(0.500 kg)(+4.00 m/s) = ANS. FIG. P9.80

(b) Using conservation of energy for the block-wedge-Earth system
as the block slides down the smooth (frictionless) wedge, we have

I:Kblock U gtem l + [ K vedge ]i = [Kblock U gtem ]f + I:Kwedge Jf

or [0+m,gh]+0= B m, (4.00 m/s)* + 0} + %m2 (-0.667 m/s)’

which gives
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Chapter9 497

Using conservation of momentum v
from just before to just after the
impact of the bullet with the block:

mv, = (M+ m)y,
h R
M+m &
or V. :( jvf [1] L
m '

The speed of the block and - -
embedded bullet just after impact
may be found using kinematic
equations:

ANS. FIG. P9.81

d=vt and h:%gt2

2
Thus, t= &andvfzgzdfiz /ﬂ
g t 2h 2h

Substituting into [1] from above gives

- ( M + m) [gd _(250 g+8.00 g (9.80 m/s?)(2.00 m)*
! m 2h 8.00 g 2(1.00 m)
-

Refer to ANS. FIG. P9.81. Using conservation of momentum from just
before to just after the impact of the bullet with the block:

mv, = (M+ m)v,

or viz(Merjvf [1]
m

The speed of the block and embedded bullet just after impact may be
found using kinematic equations:

d=v,t and hzlgt2

2
2
t= 2h and v, :E:dﬂfi a/ﬂ
g t 2h 2h

2
Substituting into [1] from above gives v, = ( M+ mj"% .
m

Thus,
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498 Linear Momentum and Collisions
P9.83 (a) From conservation of momentum,
Pit P2 =Pis T Po; — MV, +MV,, =MV, +m,V,,
(0500 kg)(2.00i -3.00j + 1.00k) m/s
+(1.50 kg)(~1.00i +2.00§ - 3.00k) m/s
= (0.500 kg)(~1.00f +3.00j - 8.00k) m /s
+(1.50 kg )¥,

7, {ﬁ}[(—owoi+1.50}—4.oof<) kg-m/s
+(0.500{ - 1.50j + 4.00k ) kg-m/s |
=[0]

The original kinetic energy is

%(0.500 kg)(2? +32+1?) m?/s?

+%(1.50 kg)(1? +22+3%)m?/s* =14.0]

The final kinetic energy is

%(0.500 kg)(1*+3?+8?) m*/s?+0=185]

different from the original energy so the collision is [inelastic|.
(b) We follow the same steps as in part (a):
(~0.500i +1.50j - 4.00k) kg -m/s
= (0.500 kg)(-0.2501 +0.750j - 2.00k) m /s
+(1.50 kg)v,,

L 1 2 Ao
Vi —(1.50 kg](—0.51+1.5]—4k)kg-m/s

+(0.1251-0.375] + 1k kg - m/s

=| (~0.250 +0.750j - 2.00k ) m/s

We see v, =V, so the collision is |perfect1y inelastic|.
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Chapter9 499
(c) Again, from conservation of momentum,
(~0.500i +1.50j - 4.00k) kg -m /s

= (0.500 kg)(~1i +3j +ak)m/s +(1.50 kg)¥,,

I 1 2 4 ~
V), —(mj(—0.5001+1.501—4.00k) kg-m/s

+(0.500i - 1.50§ - 0.500ak) kg m/s

=| (-2.67-0.333a)k m/s

Then, from conservation of energy:
1407 = %(0.500 kg)(1> +3* +a*) m?/s

+ %(1.50 kg)(2.67 +0.333a)” m?/s’

=2.50 J +0.250a° +5.33 ] +1.33a +0.0833a’
This gives, suppressing units, a quadratic equation in a,

0=0.333a" +1.33a-6.167 =0

which solves to give

Lo o133+ J1.332 - 4(0.333)(~6.167)
0.667

With [a=2.74]

vy =(-2.67-0.333(2.74))k m/s = |-3.58k m/s

With [a=-6.74],

vy =(-2.67-0.333(~6.74)) k m/s =|-0.419k m /s

P9.84 Consider the motion of the firefighter during the three intervals: (1)
before, (2) during, and (3) after collision with the platform.

(a) While falling a height of 4.00 m, her speed changes from v, = 0 to
v, as found from
AE=(K, +U, )~ (K,~U))
K, =AE-U, +K +U,
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500 Linear Momentum and Collisions

(b)

=
=
|

=
i 3

ANS FIG. P9.84

When the initial position of the platform is taken as the zero level
of gravitational potential, we have

:

AMAMAMAA ‘
BRAAAAAA

1
~mv; = f cos(180°) - 0+ 0+ mgh
Solving for v, gives

_ |2(—fh+mgh)
v, = —

_ [2[ (300 N)(4.00 m) +(75.0 kg)(9.80 m/s”)(4.00 m) |
- 75.0 kg

~[8im/s]

During the inelastic collision, momentum of the firefighter-
platform system is conserved; and if v, is the speed of the

firefighter and platform just after collision, we have
mv, = (m + M)v,, or

_ my, _(75.0kg)(6.81m/s)
* m+M  75.0kg+20.0 kg

=538 m/s

Following the collision and again solving for the work done by
nonconservative forces, using the distances as labeled in the
figure, we have (with the zero level of gravitational potential at
the initial position of the platform)

AE = Kf +Ufg +Ufs_Ki _Uig _Uis

or —fs=0+(m+ M)g(—s)+%ksz—%(m+ M)V -0-0
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Chapter9 501

This results in a quadratic equation in s:

2 000s* — (931)s + 300s — 1 375 = 0

with solution [s=1.00 m

P9.85 Each primate swings down according to
mgR :%mvl2 and MgR :%va — Vv, =420R
For the collision,
-mv, + Mv, = +(m + M)v2

_M-m

V. =
M +m

2

Vi

While the primates are swinging up,

%(M +m)v2 = (M +m)gR(1 - cos 35°)

V, = 429R(1 - c0s35.0°)

J29R(1-c0835.0°)(M +m) = (M -m),/2gR
0.425M +0.425m=M—m
1.425m = 0.575M

which gives

M 0403
M

P9.86 (a) We can obtain the initial speed of the projectile by utilizing
conservation of momentum:

MV, +0=(m, +m,)v,

Solving for v, , gives

+
v =mrm o

m,

Vi, =[6.29 m/s]

(b) We begin with the kinematic equations in the X and y direction:

1
X=X, +V t+=at’
2

X

_ 1 .
y—y0+vy0t+§ayt
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502 Linear Momentum and Collisions

And simplify by plugging in X, =y, =0, v, =0, V= V,,,a, =0, and
8,=0

%gt2 =yand X =V,

Combining them gives

VlA:L:X i
J2y/9 ‘\)Zy

Substituting the numerical values from the problem statement
gives

v, =x | L = (257 m), [ 280/ et
s 2y 2(0.853 m) =

(c) |Most of the 2% difference between the values for speed could
be accounted for by air resistance.

ANS. FIG. P9.86
P9.87 The force exerted by the spring on each block is in magnitude.

|F.| =k« =(3.85N/m)(0.08 m) = 0.308 N

(a) With no friction, the elastic energy in the spring becomes kinetic
energy of the blocks, which have momenta of equal magnitude in
opposite directions. The blocks move with constant speed after
they leave the spring. From conservation of energy,

(K+U), =(K+U),

1 1 1
Ekxz = §m1V12f +§sz§f
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Chapter9 503
1 2
5(3.85 N/m)(0.080 0 m)

= %(0.250 kg)V?, + %(0.500 kg)V2, [1]

And from conservation of linear momentum,
MV + MV, =MV + MV,
0=(0.250 kg)V,  (—i) + (0.500 kg)V, i
Vip =2V,

Substituting this into [1] gives

1 2 1 )
0.0123] = (0250 kg)(2v,) + 5 (0500 kg)V;,
= l(1.50 kg)Va,
2
Solving,
0.01237)"
. :(m] =0.128 m/s v, =0.128i m/s

v,, =2(0.128 m/s)=0.256 m/s | v,, =—0.256i m/s

(b) For the lighter block,
YF =ma, n-0250kg(9.80m/s?)=0, n=245N,
f=un=01(245N)=0.245N.

We assume that the maximum force of static friction is a similar
size. Since 0.308 N is larger than 0.245 N, this block moves. For
the heavier block, the normal force and the frictional force are
twice as large: f, = 0.490 N. Since 0.308 N is less than this, the
heavier block stands still. In this case, the frictional forces exerted
by the floor change the momentum of the two-block system. The
lighter block will gain speed as long as the spring force is larger
than the friction force: that is until the spring compression
becomes X, given by

|F,| = kx, 0.245 N = (3.85 N-m)x,, 0.063 6 m = X,

Now for the energy of the lighter block as it moves to this
maximum-speed point, we have

K +U, - fd=K, +U,

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

O CRE B e
www.facebook.com/groups/Smurfs.On.The.Way



504 Linear Momentum and Collisions
0+0.0123] - (0.245 N)(0.0S —0.063 6 m)

= %(0.250 kg)v; + %(3.85 N/m)(0.063 6 m)

0.0123]—0.00401] = %(0.250 kg)Vv2 +0.007 80

(2(0.000 515 J)

12
=v, =0.064 2
0250 kg J f m/s

Thus for the heavier block the maximum velocity is [0] and for

the lighter block, | —0.064 2i m/s |

(c) For the lighter block, f, = 0.462(2.45 N) = 1.13 N. The force of static
friction must be at least as large. The 0.308-N spring force is too
small to produce motion of either block. Each has [0] maximum
speed.

P9.88 The orbital speed of the Earth is

27r _ 27(1.496x10" m)

: =2.98x10* m/s
T 3.156x10" s

Vg =

In six months the Earth reverses its direction, to undergo momentum
change

m;| AV =2m,v, =2(5.98x10* kg)(2.98x10* m/s)
=3.56x10” kg-m/s

Relative to the center of mass, the Sun always has momentum of the
same magnitude in the opposite direction. Its 6-month momentum

change is the same size, Mg|AV|=3.56 x 10 kg-m/s

_ _356x10” kg-m/s
Then  |Avg|= T99Ix107 kg 0.179m/s

ANS. FIG. P9.88
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Chapter9 505

P9.89 (@) We find the speed when the 400 m/s

bullet emerges from the block — "

by using momentum

conservation: I
|

mv;, = MV, + mv -
' : 5.00 cm —n - v,

|

The block moves a distance of ooy _—
5.00 cm. Assume for an T
approximation that the block o
quickly reaches its maximum
velocity, V,, and the bullet
kept going with a constant
velocity, v. The block then
compresses the spring and stops. After the collision, the
mechanical energy is conserved in the block-spring system:

ANS. FIG. P9.89

1 MV? = 1 kx?
2 2
900 N/m)(5.00x 102 m)’
V= ( /m)( . m) =1.50 m/s
1.00 kg
mv, — MV,
v ———
m
_(5.00x107 kg)(400 m/s)~(1.00 kg)(1.50 m/s)

5.00x10"° kg

(b) Identifying the system as the block and the bullet and the time
interval from just before the collision to just after the collision,

AK + AE,, =0 gives

AE;, = -AK = —(lmvz +1M\/iz—lmvi2)
2 2 2
Then
AE,, = _[%(0.005 00 kg)(100 m/s)’

' %(1.00 ke)(1.50 m/s)’

_ %(0.005 00 kg)(400 m/s)?

374 ]
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506 Linear Momentum and Collisions
P9.90 (@) Wehave, from the impulse-momentum theorem, p; + Ft=p,:

(3.00 kg)(7.00 m/s)j +(12.oi N)(5.00 s)=(3.00 kg)v,

¥, =| (20,08 +7.00j) m/s

(b) The particle’s acceleration is

v,-v, _(200i+7.00j-7.00j) m/s _
t 5.00s B

(c) From Newton’s second law,

4.00i m/s>

a=

51_21?_12.0§N_
m  3.00 kg

4.00i m/s>

(d) The vector displacement of the particle is
AF =V i+ Lie
2

=(7.00 m/s})(5.00 5) +%(4.00 m/s*1)(5.00 5)?

a7 =| (50,01 +35.0j) m

(e) Now, from the work-kinetic energy theorem, the work done on
the particle is

W =F- A7 =(12.0i N)(50.0 m +35.0§ m) =[ 600 ]

(f)  The final kinetic energy of the particle is

%mvf = %(3.00 kg)(20.01 +7.00j) (2008 +7.00§) m?/s?

%mvi = (1.50 kg)(449 m?/s?) =[ 674 ]

(g) The final kinetic energy of the particle is

%m\/i2 +W = %(3.00 kg)(7.00 m/s)* +600 J = 674 ]

(h) |The accelerations computed in different ways agree. The

kinetic energies computed in different ways agree. The three

theories are consistent.
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Chapter9 507

P9.91 We note that the initial velocity of the target particle is zero (that is,
V,, =0). Then, from conservation of momentum,

MV MV, =myvy; +0 [1]
For head-on elastic collisions, Vv;; —V,; = (v1f —V,; ), and with v,, =0,
this gives

Vyr = Vyi Vi [2]
Substituting equation [2] into [1] yields

m,v,; +m, (Vli + Vlf) = MyVy;
or

(ml + mz)V1f = (ml - mz)vli

which gives

Vit :(M]Vu [3]

m1+m2

Now, we substitute equation [3] into [2] to obtain

m,—m 2m
Vo =Vy +| — 2 vy, = — v, [4]
ml + m2 ml + m2

Equations [3] and [4] can now be used to answer both parts (a) and (b).
(@ If m =2.00g,m,=1.00g, and v,; =8.00 m/s, then

m,—m 2.00 ¢—-1.00
= M, = 200008 V.00 /) =267

m1+m2

( 2m, [ 2(200g) _
Vi _(—jvli _{2.00 g+1‘00 g (8'00 m/s)—

m, +m,

(b) If m; =2.00 g,m,=10.0 g, and v,; =8.00 m/s, we find

m,—m 2.00 g-10.0
vy, :[ 1= 2 ]Vu = [2'00 §+10.0 gj(s.oo m/s)=(5.33 m/s

m1+m2

( 2m, [ 2(200g) _
Vi _(—jvli _{2.00 g+10‘0 g (8'00 m/s)—

m, +m,
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508 Linear Momentum and Collisions

(c) The final kinetic energy of the 2.00-g particle in each case is:

Case (a):

KE,, = %mlvff = %(2.00>< 107 kg)(2.67 m/s)* =|7.11x10° |
Case (b):

KE,, = %mlvff = %(2.00>< 10 kg)(5.33 m/s)’ =|2.84x107 J

Since the incident kinetic energy is the same in cases (a) and (b),
we observe that

the incident particle loses more kinetic energy in case (a),

in which the target mass is 1.00 g.

Challenge Problems

P9.92 Take the origin at the center of curvature. y

We have L = ian, r= & An incremental f

bit of the rod at angle 6 from the X axis has

mass given by am _ —, dm= mdt9, where d _
rde L L X

we have used the definition of radian
measure. Now ANS. FIG. P9.92

1 1 135° . Mr 2135
Vou=1y | yam=— | rsmGTdO—— j sin 6.d6

all mass 6=45°

(2 Lo )4

NN e
. .y 2L
The top of the bar is above the origin by r = —, so the center of mass
T

45°

is below the middle of the bar by

2k 4\/?' 2 [1—£J 0.063 5L
T 7 T
P9.93 The X component of momentum for the system of the two objects is

plix + pzix = plfx + p2fx
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Chapter9 509

-mv; + 3mv, = 0 + 3mv,,
The y component of momentum of the system is
0+0=-mv, +3mv,,

By conservation of energy of the system,

1 1 1 1
+—mv’ +=3mv’ = —mv; +—3m(v2 + V2 )
2 i 2 i 2 y 2 2X 2y

2v.
we have v, =—
3

also V,, =3V,

So the energy equation becomes

2
w2 =0t + V432
3 Vo

i 2y
8v
12v
v V2y
or ST
3

(@) The object of mass m has final speed

V. =3v, = \/Ev.

1y 2y i

and the object of mass 3m moves at

2

V 9

el
G

V2v, 3
3 2v

j
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510 Linear Momentum and Collisions

P9.94 A picture one second later differs by showing five extra kilograms of
sand moving on the belt.
(a) ‘;_': = d(g‘t") = V‘Z—T = (0.750 m/s)(5.00 kg/s) =
(b) The only horizontal force on the sand is belt friction, which causes
the momentum of the sand to change: F = ((jj_rt) =|3.75N| as above.

(c) The belt is in equilibrium:
YFE =ma: +F

«— =0 and F_,=[375N

(d) W =FArcos8 =(3.75N)(0.750 m)cos 0° =[2.81]

1
d(mvz)
ak _ (2 1 ,dm_1 :
dK_A2 ) 1dm_ 105 5.00 kg/s) = [141
© G T T2V g \07o0m/s) (B00ke/s) =141/

(f)  |One-half of the work input becomes kinetic energy of the
moving sand and the other half becomes additional internal
energy. The internal energy appears when the sand does not
elastically bounce under the hopper, but has friction eliminate

its horizontal motion relative to the belt. By contrast, all of the

impulse input becomes momentum of the moving sand.

P9.95 Depending on the length of the cord and the time interval At for which
the force is applied, the sphere may have moved very little when the
force is removed, or we may have X, and X, nearly equal, or the sphere

may have swung back, or it may have swung back and forth several
times. Our solution applies equally to all of these cases.

(@) The applied force is constant, so the center of mass of the glider-
sphere system moves with constant acceleration. It starts, we
define, from x = 0 and moves to (X, + X,)/2. Let v, and v, represent

the horizontal components of velocity of glider and sphere at the
moment the force stops. Then the velocity of the center of mass is
Vey = (V; +V,)/2, and because the acceleration is constant we have

)
2 2 2

which gives
+
At= z(uj
v, +V,
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Chapter9 511
The impulse-momentum theorem for the glider-sphere system is
FAt=mv, +mv,

or

+
ZF[Mj:m(Vl+V2)
vV, +V,

2F (%, +%,) =m(v, +v,)°
Dividing both sides by 4m and rearranging gives

2F(x, +%,) _m(v, +v2)2

4m - 4m
F(x1 + x2) _ (v1 +v2)2
2m 4

— 2
_VCM

or

VCM -

F(x, +x,)
2m

(b) The applied force does work that becomes, after the force is
removed, kinetic energy of the constant-velocity center-of-mass
motion plus kinetic energy of the vibration of the glider and
sphere relative to their center of mass. The applied force acts only
on the glider, so the work-energy theorem for the pushing
process is

Fx, =5 (2m)Vey +E

Substitution gives

1 1
E., ==Fx,—=FX
vib ) 1 2 2
When the cord makes its largest angle with the vertical, the
vibrational motion is turning around. No kinetic energy is
associated with the vibration at this moment, but only

gravitational energy:

mgL (1-cos6)=F(x, - x,)/2
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512 Linear Momentum and Collisions

Solving gives

6 =cos'[1-F(x, - x,)/2mgL]

P9.96 The force exerted by the table is equal to the change in momentum of
each of the links in the chain. By the calculus chain rule of derivatives,

d{m
dp _d(mv) _ dm dv
dt dt dt dt
We choose to account for the change in momentum of each link by

having it pass from our area of interest just before it hits the table, so
that

vd—m;tO and md—v=0
dt dt

Since the mass per unit length is uniform, we can
express each link of length dx as having a mass dm:

dm= de ANS. FIG. P9.96
L

The magnitude of the force on the falling chain is the force that will be
necessary to stop each of the elements dm.

dm Mldx (M) ,
F=v—=Vv|—|—=|— |V
dt L )dt L
After falling a distance X, the square of the velocity of each link v* = 2gx
(from kinematics), hence

F = 2Mgx
L
The links already on the table have a total length x, and their weight is
supported by a force F,:
. - Mox
L

Hence, the total force on the chain is

3Mgx

total ' 1 2 L

That is, the total force is three times the weight of the chain on the table at
that instant.
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ANSWERS TO EVEN-NUMBERED PROBLEMS

P9.2 1.14 kg; 22.0m/s

P9.4 (@) p,=9.00 kg-m/s, p, =-12.0 kg-m/s; (b) 15.0 kg - m/s
P9.6 (@) v, =-0346 m/s; (b) v; =1.15m/s

P9.8 (a) 4.71 m/s East; (b) 717 ]

P9.10 10® m/s

P9.12 (a) 3.22 x 10° N, 720 1b; (b) not valid; (c) These devices are essential for
the safety of small children.

P9.14  (a) Ap=3.38kg-m/sj; (b) F=7x10* Nj
P9.16  (a) (9.051+6.12j) N-s; (b) (377 +255j) N

P9.18 (a) 3.60i Ns away from the racket; (b) -36.0 ]
P9.20 (@) 981 N-s, up; (b) 3.43 m/s, down; (c) 3.83 m/s, up; (d) 0.748 m

P9.22 (a) 20.9 m/s East; (b) —8.68 x 103 J; (c) Most of the energy was
transformed to internal energy with some being carried away by
sound.

P9.24  (a) v, :%(v1 +2v,); (b) AK = —g(vf + V2 —2v1v2)

P9.26 (a) 2.50 m/s; (b) 37.5 kJ; (c) The event considered in this problem is the
time reversal of the perfectly inelastic collision in Problem 9.25. The
same momentum conservation equation describes both processes.

P9.28 7.94 cm

Po.30  v="M [gs
m

P9.32 v, = (m * M)«/2ugd

m

P9.34 (a) 2.24 m/s toward the right; (b) No. Coupling order makes no
difference to the final velocity.

P9.36 The driver of the northbound car was untruthful. His original speed
was more than 35 mi/h.

P9.38 Vo =399m/s and v, =3.01m/s
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P9.40

P9.42

P9.44

P9.46
P9.48
P9.50

P9.52

P9.54

P9.56

P9.58

P9.60
P9.62

P9.64

Linear Momentum and Collisions

s
V2
The opponent grabs the fullback and does not let go, so the two

players move together at the end of their interaction; (b) 9 = 32.3°, 2.88
m/s; (c) 786 ] into internal energy

V;=589m/s; v, =7.07m/s

,45.0°, —45.0°

4.67 x10° m from the Earth’s center
11.7 cm; 13.3 cm

The center of mass of the molecule lies on the dotted line shown in
ANS. FIG. P9.50, 0.006 73 nm below the center of the O atom.

(a) See ANS. FIG. P8.42; (b) (_2.ooi - 1.00}) m; () (3.00i - 1.00j) m/s;
(d) (15.0i-5.00) kg-m/s

(a) (~2.893 - 1.39])em; (b) (~44.51 +12.5)g - em/s;
©) (-4.941 + 1.39})cm/s - (d) (—2.441 + 1.56})cm/s2,-
©) (-220% 4 140}) LN

(a) Yes. 18.0i kg-m/s; (b) No. The friction force exerted by the floor

on each stationary bit of caterpillar tread acts over no distance, so it
does zero work; (c) Yes, we could say that the final momentum of the
card came from the floor or from the Earth through the floor; (d) No.
The kinetic energy came from the original gravitational potential
energy of the Earth-elevated load system, in the amount 27.0 J; (e) Yes.
The acceleration is caused by the static friction force exerted by the
floor that prevents the wheels from slipping backward.

(a) yes; (b) no; (c) 103 kg-m/s, up; (d) yes; (e) 88.2 J; (f) no, the energy
came from chemical energy in the person’s leg muscles

(a) 787 m/s; (b) 138 m/s
(a) 3.90 x 10" N; (b) 3.20 m/s’

(a) —v, ln[l _ TLJ (b) See ANSS. FIG. P9.64(b); (c)

p

Ve
Tt (d) See ANS.

FIG. P9.64(d); (e) v, (Tp - t)]n[l - Tij +V,t; (f) See ANS. FIG. P9.64(f)

p
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gloves

P9.66 (@) —( Mm ]\7 ; (b) As she throws the gloves and exerts a force on

them, the gloves exert an equal and opposite force on her that causes
her to accelerate from rest to reach the velocity v, .

P9.68 (@) K¢/K, =m,/(m, +m,); (b) 1.00; (c) See P9.68(c) for argument.
P9.70  (a)-3.54 m/s; (b) 1.77 m; () 3.54 x 10* N; (d) No

P9.72 (a) See P9.72(a) for description; (b) v, = m ;M \J2gh

P9.74 (a) See P9.74 for complete statement; (b) The final velocity of the seat is
~0.055 6i m/s. That of the sleigh is 7.94i m/s; (c) —453 ]

P9.76 In order for his motion to reverse under these conditions, the final
mass of the astronaut and space suit is 30 kg, much less than is
reasonable.

P9.78 (a) 2.58x10° kg-m/(80 kg +m); (b) 32.2 m; (c) m — 0; (d) See P9.78(d)
for complete answer; (e) See ’9.78(e) for complete answer.
P9.80 (a) —0.667 m/s; (b) h=0.952 m

P9.82 (M”mj /g_dz
m 2h

P9.84 (a) 6.81 m/s; (b) s=1.00 m

P9.86 (@) 6.29 m/s; (b) 6.16 m/s; (c) Most of the 2% difference between the
values for speed could be accounted for by air resistance.

P9.88 0.179 m/s
P9.90  (a) (20.0i+7.00j)m/s; (b) 4.00i m/s*; (c) 4.00i m/s*;

(d) (50.0i + 35.0}) m; (e) 600 J; (f) 674 J; (g) 674 J; (h) The accelerations
computed in different ways agree. The kinetic energies computed in
different ways agree. The three theories are consistent.

P9.92 0.063 5L

P9.94 (@) 3.75N; (b) 3.75N; (c) 3.75N; (d) 2.81J; (e) 1.41 ] /s; (f) One-half of
the work input becomes kinetic energy of the moving sand and the
other half becomes additional internal energy. The internal energy
appears when the sand does not elastically bounce under the hopper,
but has friction eliminate its horizontal motion relative to the belt. By
contrast, all of the impulse input becomes momentum of the moving
sand.

Poge  SMoX
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Rotation of a Rigid Object
About a Fixed Axis

CHAPTER OUTLINE

10.1 Angular Position, Velocity, and Acceleration

10.2 Analysis Model: Rigid Object Under Constant Angular Acceleration
10.3 Angular and Translational Quantities

10.4 Torque

10.5 Analysis Model: Rigid Object Under a Net Torque

10.6 Calculation of Moments of Inertia
10.7 Rotational Kinetic Energy
10.8 Energy Considerations in Rotational Motion

10.9 Rolling Motion of a Rigid Object

|* An asterisk indicates a question or problem new to this edition,|

ANSWERS TO OBJECTIVE QUESTIONS

0Q10.1  Answer (c). The wheel has a radius of 0.500 m and made 320
revolutions. The distance traveled is

27 rad

1 rev

s=r6 =(0.500 m)(320 rev)( ) =1.00x 10* m =1.00 km

0Q10.2  Answer (b). Any object moving in a circular path undergoes a
constant change in the direction of its velocity. This change in the
direction of velocity is an acceleration, always directed toward the

center of the path, called the centripetal acceleration, a,=v*/r = ro’.
The tangential speed of the object is v, = rw, where wis the angular
velocity. If @is not constant, the object will have both an angular

516
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Chapter 10 517

acceleration, o, = Aw / At, and a tangential acceleration, a, = ro.

The only untrue statement among the listed choices is (b). Even when
@1is constant, the object still has centripetal acceleration.

0Q10.3  Answer:b =e>a=d >c=0. The tangential acceleration has
magnitude (3/s)r, where r is the radius. It is constant in time. The
radial acceleration has magnitude w°r, so it is (4/s%)r at the first and
last moments mentioned and it is zero at the moment the wheel
reverses.

0Q104  Answer (d). The angular displacement will be

wf + wi
A0 =0, At= At
2

_ ( 12.00 rad /s +4.00 rad /s

; j(4.oo s)=32.0 rad

0Q10.5 (i) Answer (d). The speedometer measures the number of revolutions
per second of the tires. A larger tire will rotate fewer times to
cover the same distance. The speedometer reading is assumed
proportional to the rotation rate of the tires, = v/R, for a
standard tire radius R, but the actual reading is = v/(1.3)R, or
1.3 times smaller. Example: When the car travels at 13 km/h, the
speedometer reads 10 km/h.

(ii) Answer (d). If the driver uses the odometer reading to calculate
fuel economy, this reading is a factor of 1.3 too small because
the odometer assumes 1 rev = 27R for a standard tire radius R,
whereas the actual distance traveled is 1.3(27R), so the fuel
economy in miles per gallon will appear to be lower by a factor
of 1.3. Example: If the car travels 13 km, the odometer will read
10 km. If the car actually makes 13 km/gal, the calculation will
give 10 km/gal.

0Q10.6 (i) Answer (a). Smallest | is about the X axis, along which the larger-
mass balls lie.

(ii) Answer (c). The balls all lie at a distance from the z axis, which is
perpendicular to both the x and y axes and passes through the
origin.

0Q10.7  Answer (a). The accelerations are not equal, but greater in case (a).

The string tension above the 50-N object is less than its weight while

the object is accelerating downward because it does not fall with the

acceleration of gravity.

0Q10.8  Answers (a), (b), (e). The object must rotate with a nonzero and
constant angular acceleration. Its moment of inertia would not
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518 Rotation of a Rigid Object About a Fixed Axis

change unless there were a rearrangement of mass within the object.

00Q10.9 (i) Answer (a). The basketball has rotational as well as translational
kinetic energy.

(ii) Answer (c). The motions of their centers of mass are identical.

(iii) Answer (a). The basketball-Earth system has more kinetic energy
than the ice-Earth system due to the rotational kinetic energy of
the basketball. Therefore, when the kinetic energy of both
systems has transformed to gravitational potential energy when
the objects momentarily come to rest at their highest point on
the ramp, the basketball will be at a higher location,
corresponding to the larger gravitational potential energy.

0Q10.10 (@) Answer (c). The airplane momentarily has zero torque acting on it.
It was speeding up in its angular rotation before this instant of
time and begins slowing down just after this instant.

(ii) Answer (b). Although the angular speed is zero at this instant,
there is still an angular acceleration because the wound-up
string applies a torque to the airplane. This is similar to a ball
thrown upward, which we studied earlier: at the top of its
tlight, it momentarily comes to rest, but is still accelerating
because the gravitational force is acting on it.

0Q10.11 Answer (e). The sphere of twice the radius has eight times the
2
volume and eight times the mass, and the r* termin | = = mr? also

becomes four times larger.

ANSWERS TO CONCEPTUAL QUESTIONS

CQ10.1  Yes. For any object on which a net force acts but no net torque, the
translational kinetic energy will change but the rotational kinetic
energy will not. For example, if you drop an object, it will gain
translational kinetic energy due to work done on the object by the
gravitational force. Any rotational kinetic energy the object has is
unaffected by dropping it.

CQ10.2  No, just as an object need not be moving to have mass.

CQ10.3  If the object is free to rotate about any axis, the object will start to
rotate if the two forces act along different lines of action. Then the
torques of the forces will not be equal in magnitude and opposite in
direction.

CQ10.4 Attach an object, of known mass m, to the cord. You could measure
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the time that it takes the object to fall a measured distance after being
released from rest. Using this information, the linear acceleration of
the mass can be calculated, and then the torque on the rotating object
and its angular acceleration. It is assumed the mass of the cord has
negligible effect on the motion as the cord unwinds.

CQ10.5  We have from Example 10.6 the means to calculate a and a. You
could use w =at and v = at.

CQ10.6  The moment of inertia depends on the distribution of mass with
respect to a given axis. If the axis is changed, then each bit of mass
that makes up the object is at a different distance from the axis than
before. Compare the moments of inertia of a uniform rigid rod about
axes perpendicular to the rod, first passing through its center of
mass, then passing through an end. For example, if you wiggle
repeatedly a meterstick back and forth about an axis passing through
its center of mass, you will find it does not take much effort to
reverse the direction of rotation. However, if you move the axis to an
end, you will find it more difficult to wiggle the stick back and forth.
The moment of inertia about the end is much larger, because much of
the mass of the stick is farther from the axis.

CQ10.11  No, only if its angular velocity changes.

CQ10.12 Adding a small sphere of mass m to the end will increase the moment
of inertia of the system from (1/ 3)ML? to (1/3)ML? + mL?, and the
initial potential energy would be (1/2)MgL + mgL. Following
Example 10.11, the final angular speed ® would be

o= /3_g/M+2m

LYM+3m
Fm=M, o= |29 M*2m _ [3g 3M _ [5g
L VM+3m L V4M 4L

Therefore, @ would increase.

CQ10.13  (a) The sphere would reach the bottom first. (b) The hollow cylinder
would reach the bottom last. First imagine that each object has the
same mass and the same radius. Then they all have the same torque
due to gravity acting on them. The one with the smallest moment of
inertia will thus have the largest angular acceleration and reach the
bottom of the plane first. Equation 10.52 describes the speed of an
object rolling down an inclined plane. In the denominator, I, will be

a numerical factor (e.g., 2/5 for the sphere) multiplied by MR
Therefore, the mass and radius will cancel in the equation and the
center-of-mass speed will be independent of mass and radius.
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520 Rotation of a Rigid Object About a Fixed Axis

CQ10.14 (a) Sewer pipe: |, = MR’. (b) Embroidery hoop: I, = MR’. (c) Door:
1 1
| = 3 MR?. (d) Coin: gy = 5 MR?. The distribution of mass along
lines parallel to the axis makes no difference to the moment of
inertia.

CQ10.15 (a) The tricycle rolls forward. (b) The tricycle rolls forward. (c) The
tricycle rolls backward. (d) The tricycle does not roll, but may skid
forward. (e) The tricycle rolls backward. (f) To answer these
questions, think about the torque of the string tension about an axis
at the bottom of the wheel, where the rubber meets the road. This is
the instantaneous axis of rotation in rolling. Cords A and B produce
clockwise torques about this axis. Cords C and E produce
counterclockwise torques. Cord D has zero lever arm.

CQ10.16  As one finger slides towards the center, the normal force exerted by
the sliding finger on the ruler increases. At some point, this normal
force will increase enough so that static friction between the sliding
finger and the ruler will stop their relative motion. At this moment
the other finger starts sliding along the ruler towards the center. This
process repeats until the fingers meet at the center of the ruler.

Next step: Try a rod with a nonuniform mass distribution.

Next step: Wear a piece of sandpaper as a ring on one finger to
change its coefficient of friction.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

Section 10.1 = Angular Position, Velocity, and Acceleration
P10.1 (@) The Earth rotates 2 rradians (360°) on its axis in 1 day. Thus,

1 day
p=40 - 2nrad — |=[7.27x10F rad/s
At 1 day | 8.64x10" s

(b) Because of its angular speed, |the Earth bulges at the equator|.

At 30.0s g2 1 ey

=10.209 rad/s’

(b) When an object starts from rest, its angular speed is related
to the angular acceleration and time by the equation @ = o(At).
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Thus, the angular speed is directly proportional to both the
angular acceleration and the time interval. If the time interval is
held constant, doubling the angular acceleration will double the
angular speed attained during the interval.

P10.3 () 6|, =[5.00rad|

o|,_, = 2—? =10.0 +4.00t|,_, =|10.0 rad /s
t=0

al., = (jj—cs =|4.00 rad /s’
t=0

(B) 6,50, =5.00+30.0+18.0=[53.0 rad

o = @ 10.0+4.00t _ =|22.0rad/s
t=3.00s dt (23,008 t=3.00s
Ay 000 = (2—6: =[4.00 rad/s’
t=3.00s

P104  a=3%-1046t — _[wdw:_[t(10+6t)dt S w-0=10t+2¢
dt 0 0 2

w:%:10t+3t2 - jedezjt(10t+3t2)dt — 0-0=
dt 0 0

10t> 3t
+ —
3

0=5t+t. Att=4.00s,60=5(4.005) +(4.00s)’ =[144 rad

Section 10.2  Analysis Model: Rigid Object Under
Constant Angular Acceleration

P10.5 (a) We start with @, =, +at and solve for the angular acceleration
o:

o-o;, _120rad/s _

4.00 rad/s?
t 3.00s

o=

(b) The angular position of a rigid object under constant angular
acceleration is given by Equation 10.7:

O=wt+ %oct2 = %(4.00 rad/sz)(3.00 s)2 =[18.0 rad
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P10.6

P10.7

P10.8

*P10.9

Rotation of a Rigid Object About a Fixed Axis

o, =3 600 rev/min =3.77 x 10* rad /s

6 =50.0 rev = 3.14 x 10 rad and o, =0
o} =’ +200

0=(3.77x10° rad/s)z +20/(3.14 % 10" rad)

o =|-2.26 x10% rad /s>

We are given o =-2.00rad/s> ®; =0, and

ad/s

w_lOOreV 1min |[ 27 rad _107tr
' 1.00min| 60.0s )| 1.00 rev 3

(@) From o, -, =ot, we have

t= 5=
o —-2.00
(b) Since the motion occurs with constant angular acceleration, we
write
_ W + o, 10 10
0; :wt:( fz ]t:(Tﬂ rad/s)(77r s): 274 rad

(a) From @} =’ + 2a(A9) , the angular displacement is

o} -w] _(22rad/s)*—(0.06rad/s) _

20 2(0.70 rad /s?)

(b) From the equation given above for A8, observe that when the
angular acceleration is constant, the displacement is proportional
to the difference in the squares of the final and initial angular
speeds. Thus, the angular displacement would

|increase by a factor of 4| if both of these speeds were doubled.

AO =

We are given @, =2.51x 10" rev/min =2.63 x 10° rad/s

(OFRa O} _ 263X103 rad/s—O _
t 3.20s

8.21x10% rad /s>

(@ a=

(b) 6, = wit+%(xt2 = O+%(8.21>< 10? rad/s?)(3.20 s)? =|4.21x 10° rad
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P10.10  According to the definition of average angular speed (Eq. 10.2), the
disk’s average angular speed is 50.0 rad /10.0 s = 5.00 rad /s. According
to the average angular speed expressed as (w; + @) /2 in the model of

a rigid object under constant angular acceleration, the average angular
speed of the disk is (0 + 8.00 rad/s)/2 = 4.00 rad /s. Because these two
numbers do not match, the angular acceleration of the disk cannot be
constant.

1
P10.11 0, -0 =wt+ Eoct2 and ®; =w; + ot are two equations in two

unknowns, @; and a.

1 1
o, =0, —at: 6,6, = (wf - at)t + Eoct2 = wt—Eatz

2rrad | _ 1 2
(37.0 rev)[ T j =(98.0rad/s)(3.00s) - : o(3.005)

61.5 rad
o0=—+=

232 rad =294 rad - (4.50 7)oz - =|13.7 rad /s’
450s

P10.12 @=>5.00rev/s =10.0r rad/s. We will break the motion into two
stages: (1) a period during which the tub speeds up and (2) a period
during which it slows down.

0+10.0m rad/s (

While speeding up, 6, = ot = 8.00 s) = 40.07 rad.

10.0m rad/s +0 (12.0 s) = 60.07 rad.

While slowing down, 6, = ot =

S0, B,y =6, +6, =1007 rad =| 50.0 rev |

1
*P10.13 Weuse 6, -6 =ot+ Eoct2 and @, =, + ot to obtain

o, =w;,—ot and 6,-6, =(a)f —at)t+%at2 wat—%atz

Solving for the final angular speed gives

)
0, =00 Lo =0241ad 1 0 rad/s)(420 )
t 27 420s 2
=13.10 rad/s’
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524 Rotation of a Rigid Object About a Fixed Axis

P10.14 (a) LetR;represent the radius of the Earth. The base of the building
moves east at v, =wR;, where @wis one revolution per day. The
top of the building moves east at v, = w(RE + h). Its eastward
speed relative to the ground is v, — Vv, = wh. The object’s time of

tall is given by Ay =0+ % gt’, t= /2—h During its fall the object’s
g

eastward motion is unimpeded so its deflection distance is

1/2
AX = (v2 - vl)t = wh /Z_h = a)hm(%j
g g

1/2
2r rad 3/2 2
b 500m)"*| —=— | =[116
> 864005j( m) (9.80m/szj

(c) |The deflection is only 0.02% of the original height, so it is

negligible in many practical cases.

(d) Because the displacement is proportional to angular

speed and the angular acceleration is constant, the displacement
decreases linearly in time.

Section 10.3  Angular and Translational Quantities
P10.15 (a) From V=rw, we have

_Vv_450m/s _
r 250 m

0.180rad/s

(b) Traveling at constant speed along a circular track, the car will
experience a centripetal acceleration given by

> (45.0m/s)
a, = A (—m/s) =[8.10m/s’ toward the center of track
r 250 m

P10.16  Estimate the tire’s radius at 0.250 m and miles driven as 10 000 per
year. Then,

s [1.00><104 mi](1609 m

] =6.44 %107 rad/yr

r 0.250 m 1mi
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Chapter 10 525

lrev

0=(6.44x10"rad
( ra /yr)(27rra

j =1.02x10"rev/yr or |~ 10"rev/yr

P10.17 (a) The final angular speed is
_v_250m/s _
(D—F—m— 25.0rad/s

(b) We solve for the angular acceleration from @7 = @’ + 2a(A9) :

_ 0 - B (25.0 rad/s)* =0

= 2(A9) - 2[(1.25 rev)(zn- rad/rev)] =|39.8 rad/s

(c) From the definition of angular acceleration,

_Aw _ 25.0rad/s

At = -
o 39.8rad/s

=10.628 s

P10.18 (a) Consider a tooth on the front sprocket. It gives this speed, relative
to the frame, to the link of the chain it engages:

v:rw:(0'152m)(76rev/min) 27 rad \[ 1 min
2 60s

1rev

=10.605m/s

(b) Consider the chain link engaging a tooth on the rear sprocket:
:X:M: 17.3rad/s
r (0.070m)/2

(c) Consider the wheel tread and the road. A thread could be
unwinding from the tire with this speed relative to the frame:

(0.673m
VZrw=

)(17.3 rad/s) =(5.82m/s

(d) |We did not need to know the length of the pedal cranks|, but we

could use that information to find the linear speed of the pedals:

V=ro= (0.175 m)(7.96 rad/s){ 1 dJ =1.39m/s

lra
P10.19 Givenr=1.00m, ¢ =4.00rad/s’, w, =0, and 6; =57.3° =1.00 rad:

(@ o = +at=0+ot

Att=200s, o, =4.00rad/s*(2.00s) =
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526 Rotation of a Rigid Object About a Fixed Axis

(b) v=rw=(1.00m)(8.00rad/s)=[8.00m/s

(© l|a]=a =ro*=(1.00m)(8.00 rad/s)* = 64.0 m/s’
a, = ro =(1.00 m)(4.00 rad/s?) = 4.00 m/s>
The magnitude of the total acceleration is

a=.a’+a’ :\/(64.0 m/s?) +(4.00m/s*)" =[64.1m/s’

The direction the total acceleration vector makes with respect to
the radius to point P is

¢ =tan™ 2 |- tan™ (@) =
a 64.0

C

(d) 6, =6, +a)it+%at2 =(1.00 rad)+%(4.00 rad/s?)(2.00s)* =[9.00 rad

P10.20 (a) We first determine the distance travelled by the car during the
9.00-s interval:

. _Vityy
5= Vt=———t= (11.0 m/s)(9.00 5) =99.0 m
the number of revolutions completed by the tire is then

g=3=220m = 341 rad = [543 rev]

r 0290m
v
(b) o, :Tf:%gn/s:%.g rad/s=|12.1rev/s
) m

P10.21  Every part of this problem is about using radian measure to relate
rotation of the whole object to the linear motion of a point on the
object.

(@) w=2nf= 2 rad(l 200 rev): 126 1ad /s

1 rev 60.0 s

(b) v=or=(126rad/s)(3.00x 10 m)=

(©) & =w’r=(126 rad/s)’(8.00x 107 m)=1260 m/s so

=[1.26 km/s* toward the center

|1

r

(d) s=r0=ort=(126rad/s)(8.00x 10 m)(2.00 s) =[20.1 m
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Chapter 10 527

P10.22 (a)

(b) |Yes. The top of the ladder is displaced
0=s/r=0.690m/4.90 m=0.141 rad

from vertical about its right foot. The left foot of the

ladder is displaced by the same angle below the

horizontal; therefore,

0=0.690m/490m=t/0410m —t=5.77 cm
Note that we are approximating the straight-line distance
of 0.690 m as an arc length because it is much smaller
than the length of the ladder. The thickness of the rock is
a cruder approximation of an arc length because the rung
of the ladder is much shorter than the length of the ladder.

P10.23  The force of static friction must act forward and then more and more
inward on the tires, to produce both tangential and centripetal

acceleration. Its tangential component is m(1.70 m/ 82). Its radially
2

inward component is ma, = = mw’r, which increases with time:

r
this takes the maximum value

mw?r = mr(a)i2 +2aA9) = mr(o +2a%) =mara = mra,
=mr(1.70m/s?)

With skidding impending we have > F, =ma,, +n-mg =0, n=mg:

f,=pn=pmg= \/m2(1.70 m/sz)z +m’r? (1.70 rn/sz)2
2
u;%«/—uyﬁ - [0572]

P10.24  The force of static friction must act forward and then more and more
inward on the tires, to produce both tangential and centripetal

acceleration. Its tangential component is ma = mre. Its radially inward
2

component is ma, = =me’r which increases with time; this takes

r
the maximum value

mo’r = mr(coi2 + ZaAe) = mr(o + 20%} =mzro = mra
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528 Rotation of a Rigid Object About a Fixed Axis

With skidding impending we have

P10.25 (a)

(b)
(c)

(d)

>F=ma: +n-mg=0 — n=mg

fo=pn=pmg = \/(ma[)z +(ma,)" =+m?a® + m’za’

u=| 21+
g

The general expression for angular velocity is

_do_d
dt dt

where @wis in radians/second and t is in seconds.

(2.50t2 - 0.600t3) =5.00t - 1.80t

The angular velocity will be a maximum when
do_d
dt dt

Solving for the time t, we find

t= 500 _ 1.39s
3.60

Placing this value for t into the equation for angular velocity, we
find

(5.00t-1.80t*) = 5.00- 3.60t = 0

@, =5.00t—1.80t" =5.00(1.39) - 1.80(1.39) = [3.47rad/s

vV, =0, r=(347rad/s)(0.500 m)={1.74m/s

m

The roller reverses its direction when the angular velocity is
zero—recall an object moving vertically upward against gravity
reverses its motion when its velocity reaches zero at the
maximum height.

o =5.00t-1.80t* =t(5.00-1.80t) =0

—5.00-1.80t=0—>t= 500 _ 2.78s
1.80

The driving force should be removed from the roller at t =|2.78s|.

Set t = 2.78 s in the expression for angular position:

6 =2.50t* — 0.600t" = 2.50(2.78)" ~ 0.600(2.78) = 6.43rad

1 rotation
2rwrad

or (643 rad)( ] =|1.02 rotations|
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P10.26  The object starts with 6, = 0. The location of its final position on the
circle is found from 9rad — 27 =2.72rad = 156°.

(a) Its position vector is

A
.

3.00 m at 156° = (3.00 m)cos 156°i +(3.00 m)sin 156°]

=((-273i+1.24j) m

(b) [Itisin the second quadrant, at 156°

(c) The object’s velocity is v = @r =(1.50 rad/s)(3.00 m) = 4.50 m/s at
90°. After the displacement, its velocity is

450 m/s at 90°+156° or
4.50 m/s at 246°=(4.50 m/s)cos 246°i +(4.50 m/s)sin 246°j

=|(-1.851 - 4.10§) m/s

(d) |It is moving toward the third quadrant, at 246°

(e) Its acceleration is V*/r, opposite in direction to its position vector.
This is
(4.50 m/s)*
3.00 m
6.75 m/s* at 336°=(6.75 m/s?)cos 336°1

at 180°+156° or

A
.

+(6.75 m/s?)sin 336°]

=|(6.151 - 2.78]) m/s?

(f) ANS. FIG. P10.26 shows the initial and final position, velocity,
and acceleration vectors.

ANS. FIG. P10.26
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530 Rotation of a Rigid Object About a Fixed Axis

(g) The total force is given by

F=ma=(4.00kg)(6.15-2.78 j) m/s* =|(24.61-11.1j)N

Section 10.4  Torque

P10.27  To find the net torque, we add the individual
torques, remembering to apply the convention that
a torque producing clockwise rotation is negative
and a counterclockwise rotation is positive.

> 7 =(0.100 m)(12.0 N)

—(0.250 m)(9.00 N) ANS. FIG. P10.27
—(0.250 m)(10.0 N)

=| -3.55 N-m

The thirty-degree angle is unnecessary information.

P10.28  We resolve the 100-N force into
components perpendicular to and
parallel to the rod, as

F e =(100N)cos57.0° =54.5N

and

F.o, = (100 N)sin57.0° = 83.9N ANS. FIG. P10.28

perp
The torque of F_is zero since its line of
action passes through the pivot point.

The torque of F,, is

7=(83.9 N)(2.00 m) = [168 N -m] (clockwise)
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Chapter 10 531

Section 10.5  Analysis Model: Rigid Object Under a Net Torque
P10.29  The flywheel is a solid disk of mass M and radius R with axis through

its center.
Yr=la )
1 CTr4Tr=iMRYa T, =T, + MR @
| ==MR? 2 2r
2
(80.0kg)(0.625 m)" (~1.67 rad/s?)
T.=135N + =|21.5N
’ 2(0.230 m) 215N]
P10.30 (a) The moment of inertia of the wheel, modeled as a disk, is
| = % MR? = %(2.00 kg)(7.00x 107 m)’ =4.90x 107 kg-m?
From Newton’s second law for rotational motion,
:&:ﬂ%: 122 rad/sz
I 490x10

Aw .
then, from o = A we obtain

Aw 1200027 / 60)
At=29 - =[1.03 |
p 122 >

(b) The number of revolutions is determined from

A8 = %(xtz = %(122 rad/s)(1.03 s)” =64.7 rad =[ 10.3 rev

*P10.31 (a) We first determine the moment of inertia of the merry-go-round:

| = % MR = %(150 kg)(1.50 m)* =169 kg-m’

To find the angular acceleration, we use

o= Ao _ 0~ :(0.500 rev/s—Oj(zﬂ rad) T

=Z rad/s’
At At 2.00s 1rev

From the definition of torque, 7 =F-r = la, we obtain

o (169 kg-mz)(ﬂ rad/szj
ol ™) 7y

r 1.50 m
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532 Rotation of a Rigid Object About a Fixed Axis

P10.32 (a) See ANS. FIG. P10.32 below for the force diagrams. For m,,
2F, =ma, gives

+Nn-mg =0
n, =mg
with f,, =pn,.
> F, =ma, gives
—f, +T,=m,a [1]

For the pulley, X7 =la gives
_TR+T,R= lMRZ(ij
2 R

or —T1+T2:%MR(%je—T1+T2:%Ma [2]

For m,,

+Nn, —m,gcos® =0—n, =m,gcos6

fo = KN,
—f,—T,+m,gsin6 =m,a [3]
my
t
?’k my [
1
n,g

ANS. FIG. P10.32
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Chapter 10 533

(b) Add equations [1], [2], and [3] and substitute the expressions for
f, and n, and —f,, and n,:

1
_fkl +T1 +(_T1 +T2)_ sz_Tz +ngsi119= m1a+EMa+m2a
—fa— fia +ngsint9:(m1 +m, +%M)a
. 1
_ukmlg_ﬂkngCOSQ+m2gsm9:(ml +m2 +5Mja

_m, (sin@ - U cos@) - yum

- m, +m, + %I\/I

_ (6.00 kg)(5in30.0° — 0.360c0s30.0°) - 0.360(2.00 kg)
T (2.00 kg) + (6.00 kg) + 3(10.0 kg)

a=[0.309 m/s*

g

(c) From equation [1]:
-f,+T,=ma—T,=2.00 kg(0.309 m/sZ) + 706 N=|7.67 N
From equation [2]:

T, 4T, = % Ma— T, =7.67 N +5.00 kg (0.309 m/s?)

=19.22N
P10.33  We use the definition of torque and the F2—300m ,
relationship between angular and (o] o :
translational acceleration, with m = 0.750 kg LO 500
and F = 0.800 N: )%
(@) 7=rF=(30.0m)(0.800 N)=| 240N m ANS. FIG. P10.33
F 24. .
b) o= T_F_ ON-m

I mr*  (0.750 kg)(30.0 m)*

=10.0356 rad/s’

(© a =or =(0.0356 rad/s*)(30.0 m) =| 1.07 m/s’
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534 Rotation of a Rigid Object About a Fixed Axis

P10.34 (a)
(b)
P10.35 (a)
(b)
(c)

The chosen tangential force produces constant torque and
therefore constant angular acceleration. Since the disk starts from
rest, we write

0,-0,= a)it+%o¢t2

0;,-0=0+ lOct2
2

0, = 1ozt2

2

Solving for the angular acceleration gives
27 rad

20, 2(2.00 rev)( Loy j

a=—= > =0.251 rad/s’
t (10.0's)

We then obtain the required combination of F and R from the
rigid object under a net torque model:

Yr=la:  FR=(100kg-m?)(0.251 rad/s*)=25.1N-m

| For F=25.1N,R=1.00 m. For F =10.0 N, R=2.51 m|

No. Infinitely many pairs of values that satisfy this requirement
exist: for any F <50.0 N, R=25.1 N-m/F, as long as R <3.00 m.

From the rigid object under a net torque model, Y 7 = la gives

| = >t ZTAt _ 360N -m
o Aw 10.0 rad/s

(6.00 s) = |21.6 kg - m®

For the portion of the motion during which the wheel slows
down,

s = 1o = 129 =|(21.6 kg - m?
At &

=13.60 N-m

During the first portion of the motion,

0, t+o + 10.
Ae:a)angt:( _ f]At:(O Ograd/s)(aom)

=30 rad

-10.0 rad/s j
60.0 s
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Chapter 10 535

During the second portion,

o, + o 10. +
Ae:a)angt:( _ f]At:(Oora(;/s 0)(60.08)

= 300 rad

Therefore, the total angle is 330 rad or |52.5 revolutions|.

P10.36 (a) Let T, represent the tension in the cord above m, and T, the

tension in the cord above the lighter mass. The two blocks move
with the same acceleration because the cord does not stretch, and
the angular acceleration of the pulley is a/R. For the heavier mass
we have

YF=ma > T,-mg=m(-a) or -T,+mg=ma
For the lighter mass,
YF=ma —» T,-mg=m,a
We assume the pulley is a uniform disk: | = (1/2)MR?
Y=l -» +TR-T,R= % MR?(a/R)

or T,-T, :%Ma

Add up the three equations in a:

—T1+m1g+T2—m2g+T1—T2:m1a+m2a+%Ma

— m,—m,
a= 1

m, +m, +-M
_ 20.0 kg —12.5 kg

20.0 kg +12.5 kg + (5.00 kg

=2.10 m/s?

1 2x _ [2(4.00 m)
Next, x=0+0+—at >t= [ =[S _[195 ]
b X S a \210m/s >

(b) |If the pulley were massless, the acceleration would be larger

g

)(9.80 m/s?)

by a factor 35/32.5 and the time shorter by the square root of
the factor 32.5/35. That is, the time would be reduced by 3.64%.
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536 Rotation of a Rigid Object About a Fixed Axis

P10.37  From the rigid object under a net torque
model,

ZT = la n=70.0N

=l

_ (1 , JAw
—fkR = HkFR = (E MR j?t f=

MRAw ANS. FIG. P10.37

2FAt

My = —

Substitute numerical values:

(100 kg)(0.500 m)(-50.0 rev/min)( 27 rad \( 1 min
T 2(70.0 N)(6.00 s) ( j( 60 s )

=(0.312

1 rev

Section 10.6 Calculation of Moments of Inertia

P10.38  Model your body as a cylinder of mass 60.0 kg and a radius of 12.0 cm.
Then its moment of inertia is

%MRZ = %(60.0 kg)(0.120 m)* =0.432 kg -m”

~| 10° kg-m?* =1 kg-m?

P10.39 (a) Every particle in the door could be slid straight down into a high-
density rod across its bottom, without changing the particle’s
distance from the rotation axis of the door. Thus, a rod 0.870 m
long with mass 23.0 kg, pivoted about one end, has the same
rotational inertia as the door:

| = % ML = %(23.0 kg)(0.870 m)* =| 5.80 kg -m”

(b) The |height of the door is unnecessary| data.
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P10.40 (a) We take a coordinate system
with mass M at the origin. The
distance from the axis to the
origin is also X. The moment of QD
ineria about the axis is : I

1= Mx +m(L—x) @ ,;E/

To find the extrema in the
moment of inertia, we
differentiate | with respect to x:

di

ix =2Mx-2m(L-x)=0 ANS. FIG. P10.40

Solving for X then gives

mL
X:
M +m

2
. . L | .
Differentiating again gives Vel =2m+2M; therefore, l is at a
X

mL
M+m’
which is also the position of the center of mass of the system if we
take mass M to lie at the origin of a coordinate system.

minimum when the axis of rotation passes through x =

(b) The moment of inertia about an axis passing through X is

2 2
ICM:MI: }"‘m[l— m :|L2= Mm 12
M+m M+m M+m
Mm
— |1, = u?, where u=
cm —H H M+m

P10.41  Treat the tire as consisting of three hollow cylinders: two sidewalls and
a tread region. The moment of inertia of a hollow cylinder, where R, >

R,is I = % M (Rl2 + R;) , and the mass of a hollow cylinder of height (or

thickness) tis M = pﬂ(Rf — Rf)t. Substituting the expression for mass
M into the expression for |, we get
1 1
| = Epn(Rg -R}t(R?+R?) = Epnt(R;1 -R})
The two sidewalls have inner radius r, = 16.5 cm, outer radius r, =

30.5 cm, and height t, = 0.635 cm. The tread region has inner radius
r,=30.5 cm, outer radius r, =33.0 cm, and height t__, = 20.0 cm. The

tread
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538 Rotation of a Rigid Object About a Fixed Axis

density of the rubber is 1.10 x 10° kg/ m’.
For the tire (two sidewalls: R, =, R, =r,; tread region: R, =r1,, R, =T,)

Lo 2| 5 Pt (RE-RE) |+ prt (RS- )

=2 prty (1) | 3 ot (1)
Substituting,
| = 2{%(1.10 x10° kg/m*)7(6.35% 107 m)
x[(0.305 m)* ~(0.165 m)*

+%(1.10>< 10° kg/m’)x(0.200 m)[ (0.330 m)" - (0.305 m)" |

=2(8.68x10 kg-m*)+1.11 kg-m? =|1.28 kg-m?

P10.42 We use X as a measure of the distance of each mass element dm in the
rod from the y’ axis:

3L
=] ram=[HeMa=MXD oIy
all mass 0 L L 3 3

0

P10.43  We assume the rods are thin, with radius much less than L. Note that
the center of mass (CM) of the rod combination lies at the origin of the
coordinate system. Because the axis of rotation is parallel to the y axis,
we can first calculate the moment of inertia of the rods about the y axis,
then use the parallel-axis theorem to find the moment about the axis of
rotation.

The moment of the rod on the y axis
about the y axis itself is essentially zero
(axis through center, parallel to rod)
because the rod is thin. The moments of
the rods on the X and z axes are each

| = % mL* (axis through center,

perpendicular to rod) from the table in

the chapter. ANS. FIG. P10.43
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The total moment of the three rods about the y axis (and about the CM)
is

ICM = Ionx axis + Iony axis + Ionz axis

:iml_2 +0+lmL2 zlmL2
12 12 6

For the moment of the rod-combination about the axis of rotation, the
parallel-axis theorem gives

2
I =1, +3m Ll = l+§ mL? = £+i mL? = EmL2
2 6 4 12 12 12

Section 10.7  Rotational Kinetic Energy

P10.44

The masses and distances from the rotation axis
for the three particles are:

m, =4.00 kg, r, =|y,|=3.00 m
m, =2.00 kg, 1, =|y,| =2.00 m
m, =3.00 kg, r, =|y,| =4.00 m

and o =2.00 rad/s about the x axis.

(@ 1 =mr’+mr’+mr ANS. FIG. P10.44
1, =(4.00 kg)(3.00 m)* +(2.00 kg)(2.00 m)*
+(3.00 kg)(4.00 m)’
=192.0 kg -m?
b) K,= % | w? = %(92.0 kg m?)(2.00 m)" =[1847]

() v, =rw=(3.00m)(2.00 rad/s)=[6.00 m/s

V, = L,w =(2.00 m)(2.00 rad/s) =|4.

IS
o
(@)
=
~
»n

V, = ,o =(4.00 m)(2.00 rad/s) =|8.00 m/s

d) K, = %mlvf = %(4.00 kg)(6.00 m/s)* =72.0]
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540 Rotation of a Rigid Object About a Fixed Axis

K, = %mzvg = %(2.00 kg)(4.00 m/s)* =16.0]

K, = %m3v§ = %(3.00 kg)(8.00 m/s)* =96.0

K:K1+K2+K3:72.O]+16.O]+96.0]:=%wa2

(e) |The kinetic energies computed in parts (b) and (d) are the same.

Rotational kinetic energy of an object rotating about a fixed axis
can be viewed as the total translational kinetic energy of the
particles moving in circular paths.

P10.45 (a) All four particles are at a distance r y (m)

from the z axis, with il
r? =(3.00 m)* +(2.00 m)* Qf—Q
=13.0m* 2T
Thus the moment of inertia is "1
I, =Y mr? : o i s
=(3.00 kg)(13.0 m?)
+(2.00 kg)(13.0 m?) o) _4{)
+(4.00 kg)(13.0 m?) -

+(2.00 kg)(13.0 m?) ANS. FIG. P10.45

=| 143 kg -m’

(b) The rotational kinetic energy of the four-particle system is

K = % lw? = %(143 kg-m?)(6.00 rad/s)’ =|2.57x10°]

P10.46 The cam is a solid disk of radius R that has had a small disk of radius
R/2 cut from it. To find the moment of inertia of the cam, we use the
parallel-axis theorem to find the moment of inertia of the solid disk
about an axis at distance R/2 from its CM, then subtract off the
moment of inertia of the small disk of radius R/2 with axis through its

center.

By the parallel-axis theorem, the moment of inertia of the solid disk
about an axis R/2 from its CM is

2
R 1 1 3
Idisk = ICM + Mdisk (Ej = E MdiskR2 + Z MdiskRz = Z MdiskR2
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With half the radius, the cut-away small disk has one-quarter the face
area and one-quarter the volume and one-quarter the mass M, of the

original solid disk:
2
Msmalldisk - (R/z) - 1
Mdisk R2 4

The moment of inertia of the small disk of radius R/2 about an axis
through its CM is

2
1 R 1|1 R 1
Isma]l disk = E Msma]l disk (E] = E|:Z Mdisk:| 4 = 32 I\/IdiskR2

Subtracting the moment of the small disk from the solid disk, we find
for the cam

1
= 3M R2 —M, R’

cam ' disk small disk 4 32 disk

24 1 23
| =M _R)|—-—|[==M,__R?
cam disk |: 32 32 :| 32 disk

1 3

The mass of the camis M=M_ -M__ .. =M — 1 M, = 1 \V/
therefore
Icam :2_3'\/Idisl<R2 M - MR2(23)(4) 25 MR2
32 3M 32)\3) 24
4 disk

The moment of inertia of the cam-shaft is the sum of the moments of

the cam and the shaft:
23 1 (RY
Icam-shaft = Icam + Ishaft = ﬁ MR2 +E M(Ej
= MR? [23 1} MR2[§+3}
24 8 24 24
Icam—shaft = % MR2 = E MR2
24 12

The kinetic energy of the cam-shaft combination rotating with angular
speed wis

K zll g0 = 113 — MR’ @ = EMR2 2

2 o 2\ 12 24
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542 Rotation of a Rigid Object About a Fixed Axis

P10.47 (a) Identify the two objects and the Earth as an o— (o
isolated system. The maximum speed of the
lighter object will occur when the rod is in the
vertical position so let’s define the time interval
as from when the system is released from rest to
when the rod reaches a vertical orientation. So,
for the isolated system,

AK + AU = 0
[(Llwz + l|2a>2j - 0} '
2 2 ANS. FIG. P10.47
+[m,gy, + myy, - 0] =0

= \/—Zg(mlyl tmy,) _ \/—Zg(mlyl + m,y,)

I+ 1 m.r2 + m,r?
1 2 11 22

—2(9.80 m/s?)[(0.120 kg)(2.86 m) + (60.0 kg)(~0.140 m)]
(0.120 kg)(2.86 m)* +(60.0 kg)(0.140 m)’
= 8.55 rad/s

Then, the tangential speed of the lighter object is,

v=ro=(2.86m)(8.55rad/s) =

(b) The overall acceleration is not constant. It has to move either
in a straight line or parabolic path to have a chance of being
under constant acceleration. The circular path presented here
rules out that possibility.

(0 It does not move with constant tangential acceleration, since
the angular acceleration is not constant. See explanation in part

(d).

(d) The lever arm of the gravitational force acting on the 60-kg
mass changes during the motion. As a result, the torque changes,
and so does the angular acceleration.

(e) The angular velocity changes, therefore the angular
momentum of the trebuchet changes.

(f) The mechanical energy stays constant because the system is
isolated—that is how we solved the problem in (a).
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Chapter 10 543

Section 10.8  Energy Considerations in Rotational Motion
P10.48  From the rigid object under a net torque model,

Yt FR _ 2F
| 1MR2 MR
2

From the definition of rotational kinetic energy and the rigid object
under constant angular acceleration model,

2
K=210® = 21(w, + ot) = 217 :1(1 MRZJ(EJ t
2 2 2 2\2 MR

F 2t2
M

Yt=la - «

Substituting,

2 2
_ (50.0 N)(3.00 s)2 - 276]
800 N /9.80 m/s

P10.49  The moment of inertia of a thin rod about an axis through one end is

| = % ML?. The total rotational kinetic energy is given as

1 1
KR:EIha)§+—I W’

m~m

_myL; _ 60.0 kg(2.70 m)’

with | =146 kg -m’
h 3 3 g m
2 100 kg(4.50 m)’
and I, = mng = 8450 m) =675 kg -m’
In addition,
o =271l 10 ) 107 rad/s
12h | 3600s
while o, = 2nrad( _1h ;75,907 rad/s
1h (3600s
Therefore,

Ky = %(146 kg-m?)(1.45x10™* rad/s)’

+ %(675 kg mZ)(1.75 x107 rad/s)2

=11.04x107°]J
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544 Rotation of a Rigid Object About a Fixed Axis

*P10.50 Take the two objects, pulley, and Earth as the E%q
system. If we neglect friction in the system, R
then mechanical energy is conserved and we
can state that the increase in kinetic energy of L
the system equals the decrease in potential '
energy. Since Ki = 0 (the system is initially at
rest), we have

AK = Kf - Ki T : o
= lmlv2 +1m2v2 +1107
2 2 2

where m; and m, have a common speed. But

my Ch

ANS. FIG. P10.50

1 I
vV =Rw so that AK = E(m1 +m, +F)V2'

From ANS. FIG. P10.50, we see that the system loses potential energy
because of the motion of m; and gains potential energy because of the

motion of m,. Applying the law of conservation of energy,
AK +AU =0, gives

%(m1 +m, +%)v2 +m,gh—m,gh=0

Since v = Rw, the angular speed of the pulley at this instant is given by

:X—\/ 2(m,—m,)gh

R \mR2+mR>+I

P10.51  For the nonisolated system of the top,

W = AK — FAX =(%Ia)2—0)

o= (B - TN g
& m

P10.52  The power output of the busis P = AEt' where

E= 1 lw? = l(l Mszz) -1 MR’w?
2 2\ 2 4
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Chapter 10 545

is the stored energy and At = d is the time it can roll. Then
v

1
" MR’w® = PAt = v The maximum range of the bus is then

MR?w v
4P

d=

For average P = (25.0 hp)[7;l6hw] =18 650 W and average
p

v =35.0 km/h =9.72 m/s, the maximum range is

d= MR’w’v
4P
_ (1200 kg)(0.500 m)* (3 000-27 /60 s)* (9.72 m/s)
4(18 650 W)
=3.86 km

The situation is impossible because the range is only 3.86 km,

not city-wide.

P10.53 (a) Apply AK+AU +AE,, =0, where AE,, = f,d, u=0.250, and
f, = un, = um,g. Both translational and rotational kinetic energy
are present in the system. v, = 0.820 m/s. Find v. The angular
speed of the pulley is w; =V,/R,, and w =Vv/R,. Mass m, drops by
h = d when mass m, moves distance d = 0.700 m.

= % M(R? +R;), where R, =0.020 0 m, R, = 0.030 0 m, and

M = 0.350 kg.
(Kf _Ki) +(Uf _Uf) +AE, =0

(1 m,o” — 1 mZUf) + (1 m, o — 1 mlvizj
2 2 2 2

2

(L1021t my- o+t

om0l 2]

+mg(y-y;)+um,gd=0
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546 Rotation of a Rigid Object About a Fixed Axis

(b)

P10.54 (a)

l(m1 + mz)(v2 —viz)

2
2
111 1
+E[§ M (Rl2 + R;)](R—Zj [02 —vf]
+m,g(~d)+pm,gd =0

%(m1 + mz)(v2 —viz)

111 R?

2 4gd(m1 - /kaz)
2
2(m, +m,) + M(l + 212]

2

Suppressing units,

1/2

4(9.80)(0.700)[0.420 - (0.250)(0.850)]

{2(0.420 +0.850) + 0.350(1 + WH

v = 1(0.820)" +

=[1.50 m/s]
_Vv_159m/s _
© Y T 0080 0m

For the isolated rod-ball-Earth system,
AK+AU=0 — (K -0)+(0-U)=0 - K, =U,
Kt = Ma9Yeum rod T Moan 9Yen, bt

= (mrodyCM, rod T MyanYem, ball)g

= [(1.20 kg)(0.120 m) + (2.00 kg)(0.280 m)](9.80 m/s?)
= [6.90]
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(b) We assume the rod is thin. For the compound object
I = % I\/Irodl‘2 + [% rnballe + MballDz:l

= %(1.20 kg)(0.240 m)’

+§(2.00 kg)(4.00x 10 m)’ +(2.00 kg)(0.280 m)’

| =0.181 kg-m’
K, =10 - w:\/sz - | 2(690)) g7 rad/s
2 | 0.181 kg -m* =

() v=ro=(0.280m)(8.73rad/s)=[2.44m/s

(d) vi=v] +2a(yf —yi)

v, =,/0+2(9.80 m/s*)(0.280 m) =234 m/s

| The speed it attains in swinging is greater by |

2.44 -
T34 ={1.0432 times

The gravitational force exerted on the reel is

mg =(5.10 kg)(9.80 m/s?) =50.0 N down

Weuse Y. 7=l to find T and a.

First find | for the reel, which we know is a
uniform disk.

| = % MR? = %(3.00 kg)(0.250 m)’*

0.250 m

=0.093 8 kg - m” ?

A

The forces on the reel are shown in ANS. FIG.
P10.55, including a normal force exerted by its
axle. From the diagram, we can see that the '--5&01- -

tension is the only force that produces a torque
causing the reel to rotate. ANS. FIG. P10.55

> 7 = loe becomes

6.00 m{

n(0) +F,,(0)+T(0.250 m)=(0.093 8 kg-m*)(a/0.250 m) ~ [1]

where we have applied a, = ro to the point of contact between string
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548 Rotation of a Rigid Object About a Fixed Axis

and reel. For the object that moves down,
2. F, =ma, becomes  50.0 N-T =(5.10 kg)a [2]

Note that we have defined downwards to be positive, so that positive
linear acceleration of the object corresponds to positive angular
acceleration of the reel. We now have our two equations in the
unknowns T and a for the two connected objects. Substituting T from
equation [2] into equation [1], we have

a
[50.0 N-(5.10 kg)a](0.250 m)=(0.093 8 kg'mZ)(o.%o m)

(b) Solving for a from above gives

50.0 N-(5.10 kg)a=(1.50 kg)a

Lo 500N _
6.60 kg

7.57 m/s?

Because we eliminated T in solving the simultaneous equations,
the answer for a, required for part (b), emerged first. No matter—
we can now substitute back to get the answer to part (a).

@ T=500N-510kg (7.57 m/s?) = [11L4N

(c) For the motion of the hanging weight,
vi=v?+2ay, -y,)=0° +2(757 m/s*)(6.00 m)
vV, =9.53 m/s (down)

(d) The isolated-system energy model can take account of multiple
objects more easily than Newton’s second law. Like your bratty
cousins, the equation for conservation of energy grows between
visits. Now it reads for the counterweight-reel-Earth system:

(K, + K, + Ug)i =K, +K, + Ug)f

where K| is the translational kinetic energy of the falling object
and K, is the rotational kinetic energy of the reel.

1 1
0+0+m,gy,; = Emlvlzf +§ Izwzzf +0
Now note that @ = v/r as the string unwinds from the reel.

1 ., 1 5
mgy. =—mv- +—Ilw
ay; 2 >
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Chapter 10 549
— 2 V2 J— I
2mgy; =mv- + | RE =V m+?
o [2may_ 2(5.10 kg)(9.80 m/s?)(6.00 m)
- 2\ T 2
\/m+(I/R) 5.10 kg + 2098 8 kg m

(0.250 m)*
=5 m/s

P10.56  Each point on the cord moves at a linear speed of v =wr, where r is
the radius of the spool. The energy conservation equation for the
counterweight-turntable-Earth system is:

K+ Ky + U+ W, = (K + K, + U

other

Specializing, we have
0+0+mgh+0:1mv2 +lla)2 +0
2 2
2

1 1 v
mgh==mv’ +=1—
9 2 2 r?

V2
2mgh—mv? = Ir_2
and finally,
| = mr2(2_gzh_ 1)
v

P10.57  To identify the change in gravitational energy,
think of the height through which the center of
mass falls. From the parallel-axis theorem, the
moment of inertia of the disk about the pivot
point on the circumference is

| =1, + MD? :%MR2+ MR?
3 ANS. FIG. P10.57
= E MRZ

The pivot point is fixed, so the kinetic energy is entirely rotational
around the pivot. The equation for the isolated system (energy) model

(K+U),=(K+U)
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550 Rotation of a Rigid Object About a Fixed Axis

for the disk-Earth system becomes

0+ MgR :1(3 MRz)a)Z +0
22

: _ |49
Solving for @, W= R
Rg
(a) At the center of mass, V=Rw =|2 3
. . Rg
(b) At the lowest point on the rim, v=2Rw =|4 3
(c) For ahoop,
loy =MR? and I, =2MR?
By conservation of energy for the hoop-Earth system, then
1
MgR ==(2MR?*)w* +0
0R =~ (2MR?)
g
SO @ =,|=
R
and the center of mass moves at V., =Rw =|,/gR |, slower than
the disk.
P10.58 (a) The moment of inertia of the cord on the spool is

%M (R2+R2)= %(0.100 kg)[(0.015 0 m)’ +(0.090 0 m)’ |
=4.16x10™" kg-m’
The protruding strand has mass
(1.00x107? kg/m)(0.160 m) =1.60x 10 kg

and moment of inertia

1
| =1, + Md*> =—ML* + Md®
CM 12

=(1.60x107 kg)[%(0.160 m)’ +(0.090 0 m +0.080 0 m)z}

=4.97x10” kg-m’
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Chapter 10 551

For the whole cord, | =4.66x 10~ kg -m?. In speeding up, the
average power is

1
“lw? -4 2 2
E_» 4.66x10™ kg-m (2500275} -
P =-_ = = = -74: W
At At { 2(0.215 s) } 60 s s

(b) P =1 =(7.65N)(0.160 m+0.0900 m)(zogoﬂj = 401 W
S

Section 10.9  Rolling Motion of a Rigid Object
P10.59 (a) The kinetic energy of translation is

Ky = %mvz = %(10.0 kg)(10.0 m/s)* =[500

trans
(b) Call the radius of the cylinder r. An observer at the center sees the
rough surface and the circumference of the cylinder moving at
10.0 m/s, so the angular speed of the cylinder is

_ Vem _ 10.0m/s

r r

The moment of inertia about an axis through the center of mass is

— 2
lem —Emr , SO

2
K. = % lo? = l(lmﬁ)(%) = i(l0.0 kg)(10.0 m/s)’
=[250]

(c) We can now add up the total energy:

Ktotal = Ktrans + Krot =750 ]
P10.60  Conservation of energy for the sphere rolling without slipping is

Ui = Ktranslation,f + Krotation,f
2
mgh = Ly +1(ngz)(1) =7
2 2\ 5 R 10
which gives Vi = ggh
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552 Rotation of a Rigid Object About a Fixed Axis

Conservation of energy for the sphere sliding without friction, with
®=0,is

1
mgh = =mv?
g 2

which gives Vi =4/2gh

The time intervals required for the trips follow from x=0+v,_t:

h 0+v, 2h
— = t > t=—=
sin@ 2 V, sin@

For rolling we have t= ( _2h j 10 gh
sin @ 7
and for sliding, t = (2—hj 1 gh
sin@ /\ 2

The time to roll is longer by a factor of (0.7/0.5)" =1.18.

P10.61 (a) We can consider the weight force acting at the center of mass
(gravity) to exert a torque about the point of contact (the axis, in
this case) between the disk and the incline. Then, from the particle
under a net torque model, we have

T=le and a=Ra
mgRsin6 = (I, + MR?)e

2 .
a= mgR” sin O

I +MR?
2 .
Agisk — m%R Sm_@ = g951'119
3
EmR2

(b) By the same method,

R?si
o= mgR* sin

Iy +MR?
mMgR” si
Qoo = mgR"sin6 _ 1 gsin 6. The acceleration of the hoop is
P 2mR* 2

smaller than that of the disk.
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Chapter 10 553

(c) Torque about the CM is caused by friction because the lever arm
of the weight force is zero:

T =fR=la
f = un=pumgcos6
2 . 1 2
(gsm@](mR j
_ f _ loe/R _\3 i 2 - ltan@
mgcosf® mgcos6 R"mgcos 6

P10.62 (a) Both systems of cube-Earth and cylinder-Earth are isolated;

therefore, mechanical energy is conserved in both. | The cylinder

has extra kinetic energy, in the form of rotational kinetic energy,
that is available to be transformed into potential energy, so it
travels farther up the incline.

(b) The system of cube-Earth is isolated, so mechanical energy is
conserved:

V2

2gsinf

Ki=U, — %mvzzmgdsine — d=

Static friction does no work on the cylinder because it acts at the
point of contact and not through a distance; therefore, mechanical
energy is conserved in the cylinder-Earth system:

1 11 vy’ ,
Ktranslation, i + Krotation, i = Uf - EmVZ + §|:Emr2:|(?j = mgd Sme
2
which gives d = SV, .
4gsin@

The difference in distance is

3vi vt |V
4gsin® 2gsin@ |4gsinf

or, the cylinder travels 50% farther.

(c) |The cylinder does not lose mechanical energy because static
friction does no work on it. Its rotation means that it has 50%

more kinetic energy than the cube at the start, and so it travels

50% farther up the incline.

P10.63 (a) |The disk reaches the bottom first | because the ratio of its moment

of inertia to its mass is smaller than for the hoop; this result is
independent of the radius.
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554 Rotation of a Rigid Object About a Fixed Axis

(b) Both systems of disk-Earth and hoop-Earth are isolated because
static friction does no work because it acts at the point of contact
and not through a distance. Mechanical energy is conserved in

both systems:
K=imv+ i1 =2 m+ L 2
2 2 2 R’

Vo o
where @ = R since no slipping occurs.
Also, U, =mgh,U,; =0, and v, =0
1 1],
Therefore, —|m+— |v" =mgh
2 R

2gh

2gh
For a disk, IzlmRz,so v == Vv, = /4_gh
2 1+3 i 3

For a hoop, | = mR*so v? = %gh or V0 = \/E

Thus, v2 =

Since Vg > Vi, [the disk| reaches the bottom first.

P10.64 (a) Energy conservation for the system of the ball and the Earth
between the horizontal section and top of loop:

1 1 1 1
Emvg +E|a)§ +mgy2 :Emvf +E|CO12

1, 1(2 2)(\/2)2 1, 1(2 2](\/1)2
—mv; +—| —mr- || = | +mgy, =—mv; +—| —mr- || —
2 2\ 3 r 2 2\ 3 r

\/(4.03 m/s)’ - 2(9.80 m/s?)(0.900 m)

=(2.38m/s
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Chapter 10 555

ANS. FIG. P10.64

(b) The centripetal acceleration at the top is

2 (2.38m/s)’
vi _2BmSs) s
r - 0450m

Thus, the ball must be in contact with the track, with the track
pushing downward on it.

2 2
1, 12 \(v, 1, 1(2 (v
C —mv, +—| —mr — | +m =—mv; +—{ —mr —
@ ™ 2(3 )[rJ YT ™53 r
_ |2 6
Vy = V1_gg)’3

= \/(4_03 m/s) - 2(9.80 m/s?)(~0.200 m)

431m/s

1

v, = V2 —2gy, =,/(4.03 m/s) ~2(9.80 m/s?)(0.900 m)
=|{-1.40m?*/s*|!

(e) This result is imaginary. In the case where the ball does not roll,
the ball starts with less kinetic energy than in part (a) and
Imakes it to the top of the loop).

1 1
(d) Emvj +mgy, = 5 mv?

P10.65 (a) For the isolated can-Earth system,
1, 1.,
AK +AU =0 > | omvg +-10'=0 |+ (0 - mgh) =0
which gives

2 2
| = 2mgh—mvey, _ (zmgh_ngM)(vrz_]z mr2(22_9h _1]

o CM VCM
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556 Rotation of a Rigid Object About a Fixed Axis

From the particle under constant acceleration model,
2d

z)CM, avg 2 = 2ﬁOCM, avg E

Therefore, the moment of inertia is

. mrz[w_lj _ er(Zg(dsinO)(At)z _1j

d? 4d°

. 2
= mr2 g(sm@)(At) _1
2d
Substitute numerical values:
I = (0.215 kg)(0.031 9 m)’

><[(9.80 m/s”)(sin25.0°)(150 s)* 1]
2(3.00 m)

=[1.21x 10™* kg - m?

(b) The |height of the can| is unnecessary data.

(c) |The mass is not uniformly distributed; the density of the metal

can is larger than that of the soup.

Additional Problems

P10.66  When the rod is at angle 8 from the vertical, the vertical weight force
mg is at the same angle from the vertical so that its torque about the

1
pivot is mg Esin@. From the particle under a net torque model,

pivot

2
For (%%sin@jr >gsing 1> ANS. FIG. P10.66
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Chapter 10 557

. About % the length of the chimney | will have a tangential

acceleration greater than gsin6.

P10.67 (a) The spool starts from rest, with zero rotational kinetic energy, and
accelerates to 8.00 rad/s. The work done to accomplish this is
given by the work-kinetic energy theorem:

W:AK:llw?—llwf :ll(a)?—a)iz), where | :lmR2
2 2 2 2

= (%)(%)(1.00 kg)(0.500 m)’ [(8.00 rad/s)’ —o} =[4.007]

(b) The time interval can be found from

2
a_250m/s” _ 5.00 rad/s?

0, =w,+ot, where o=—
- 0.500 m

Therefore,
w; —®; 8.00rad/s-0
t= = = 1.
o 5.00 rad/s’

(c) The spool turns through angular displacement

0, =6, +a)it+lo¢t2
2
=0+0+ %(5.00 rad/s*)(1.60 s)* =6.40 rad

The length pulled from the spool is
s=r0 =(0.500 m)(6.40 rad) = 3.20 m

When the spool reaches an angular velocity of 8.00 rad /s, 1.60 s
will have elapsed and 3.20 m of cord will have been removed

from the spool. Remaining on the spool will be | 0.800 m |.

P10.68 (a) We consider the elevator-sheave-counterweight-Earth system,
including n passengers, as an isolated system and apply the
conservation of mechanical energy. We take the initial
configuration, at the moment the drive mechanism switches off,
as representing zero gravitational potential energy of the system.
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558 Rotation of a Rigid Object About a Fixed Axis

Therefore, the initial mechanical energy of the system [elevator
(e), counterweight (c), sheave (s)] is

E =K, +U, :%mevz +1va2 +%Isw2 +0

1,1, 1[1 2}(\/)2
=—mV +-—mVv +—| —mr- || —
2 2 202 r

g )Y
=—Im,+m +-—m |v
2 2

The final mechanical energy of the system is entirely gravitational
because the system is momentarily at rest:

E, =K, +U, =0+m.gd-m_gd

where we have recognized that the elevator car goes up by the
same distance d that the counterweight goes down. Setting the
initial and final energies of the system equal to each other, we
have

%[me +m, +%ms}v2 =(m,-m,)gd

%{[800 kg+n(80.0 kg)]+950 kg +140 kg} (3.00 m /s)’
=[800 kg +n(80.0 kg)— 950 kg ](9.80 m/s”)d

d :(1890+80n)(wj
80n—150
(b) Forn=2: d=(1890+80.0x2)—tM o471
(80.0x2—150)
() Forn=12: d=(1890+80.0x12)—02PM ___erm

(80.0x 12-150)

(d) For n=0: d=(1890+80.0x0)—t0 M ___

(80.0x 0—150)

(e) |The raising car will coast to a stop only for n > 2.|

(f) |For n=0 or n=1, the mass of the elevator is less than the counter-

weight, so the car would accelerate upward if released.

() For n— o, d— 80n(0.459 m)/(80n)=
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Chapter 10 559

P10.69 (a) We find the angular speed by integrating the angular
acceleration, which is given as o =-10.0 - 5.00t = ?j—cf, where ¢ is

. 2 ..
in rad/s” and t is in seconds:

w t
Ao = | do = [[-10.0-5.00t]dt
65.0 0

®—65.0 =-10.0t — 2.50t> — @ = 65.0 — 10.0t — 2.50t*

where o is in rad/s and t is in seconds.

For t =3.00 s: @ = 65.0—10.0(3.00) - 2.50(3.00)" =

b) w= (;—f =65.0 rad/s— (10.0 rad/sz)t—(2.50 rad/s3)t2

Suppressing units,
t t

A0 = [wdt = [[65.0-10.0t—2.50t" |dt
0 0

A8 = 65.0t - 5.00t” - (2.50/3)t°
A6 = 65.0t - 5.00t* - 0.833t°
Att=3.00s,
A0 =(65.0 rad/s)(3.00 s)~(5.00 rad/s)(9.00 s?)
—(0.833 rad/s’)(27.0 s°)

A6=[ 128 rad |

P10.70 (a) We find the angular speed by integrating the angular
acceleration, which is given as oc(t) =A+Bt= C:j—? , where the shaft

is turning at angular speed wat time t = 0.

Aw = wjt) dw = j[A +Bt]dt

(0) 0

(b) OI—3:w+At+lBt2
dt 2
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560 Rotation of a Rigid Object About a Fixed Axis

t t
A0 = [o()dt= | o+ At+ 2Bt [dt
0 0 2

AQ = a)t+lAt2 +1Bt3
2 6

*P10.71 The resistive force on each ball is R = DpAv>. Here Vv =r®, where r is

the radius of each ball’s path. The resistive torque on each ball is
7 =R, so the total resistive torque on the three-ball system is
Tiota = 3IR.

total

The power required to maintain a constant rotation rate is
P =7,u® = 3rRw. This required power may be written as

tota
P =7,.® =3r[ DpA(ro)’ Jo = (3r’DA®®) p

with

_ 2z rad( 10° rev \[1 min) _ 10007
W= = rad/s
60.0 s 30.0

lrev \ 1 min

Then

10007 )3
30.0s

P =3(0.100 m)*(0.600)(4.00x 10™* mz)(

or P =(0.827 m°/s*)p, where p is the density of the resisting
medium.

(@) Inair, p=1.20 kg/m’, and
P=(0.827 m°/s®)(1.20 kg/m*) =0.992 N-m/s =
(b) Inwater, p=1000 kg/m’ and P = :

*P10.72  Consider the total weight of each hand to act at the center of gravity
(midpoint) of that hand. Then the total torque (taking CCW as
positive) of these hands about the center of the clock is given by

T= —mhg(%)sineh - mmg(%)sinem
= —%(mth sin6, +m,_L_sing_)

If we take t = 0 at 12 o’clock, then the angular positions of the hands at
time t are 6, = w,t, where ®, =% rad/h and 6, = w,t, where

®,, =2n rad/h. Therefore,
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Chapter 10 561

7=(-4.90 m/s?)

X [(60.0 kg)(2.70 m)sin(%t) +(100 kg)(4.50 m)sin 27rt}
or 7=(-794 N -m)| sin (%t) +2.78sin Znt} , Where t is in hours.
(@) (i) At3:00,t=3.00h,so

7=(~794 N -m) sin(g) + 2.785in67z} =[794N m

(i) At5:15,t=5h+ % h =5.25 h, and substitution gives:

7=|-2510 N-m

(iii) At6:00, 7=

(iv) At8:20, 7=[-1160 N-m

(v) At945,7={2940 N-m

(b) The total torque is zero at those times when
sin (%t) +2.78sin2xt =0

We proceed numerically, to find 0, 0.515 295 5, ..., corresponding
to the times

12:00:00 12:30:55 12:58:19 1:32:31 1:57:01
2:33:25 2:56:29 3:33:22 3:56:55 4:32:24
4:58:14 5:30:52 6:00:00 6:29:08 7:01:46
7:27:36 8:03:05 8:26:38 9:03:31 9:26:35

10:02:59 10:27:29 11:01:41 11:29:05
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562 Rotation of a Rigid Object About a Fixed Axis

P10.73  (a) Since only conservative forces are acting = 1
on the bar, we have conservation of N2
_ . ne=® ] Force
energy of the bar-Earth system: R7 4 \‘1 Diageam
K +U=K+U, Pivot "®
For evaluation of the gravitational energy “—a;—,* Motisn
of the system, a rigid body can be =———t——Diagram
. . ¥
modeled as a particle at its center of mass.
Take the zero configuration for potential ANS. FIG. P10.73

energy for the bar-Earth system with the
bar horizontal.

Under these conditions, Us= 0 and U; = MgL / 2.

Using the conservation of energy equation above,
0+% MgL = % lw? and o, =./MgL/I

For a bar rotating about an axis through one end, | = ML?/3.

Therefore,

[MgL 3¢
0, = [—— =|.[—
toNIME L

Note that we have chosen clockwise rotation as positive.

b) Xr=le Mg(%):(%l\/lﬁja and o =29

2L
() a =-a =-ro; :—(EJ(ES—QJ:—S—Q
X ¢ 2 )\ L 2

Since this is centripetal acceleration, it is directed along the
negative horizontal.

L 39
a=-a=-roc=—o=-—
y t 2 4
5—_Egi_§gA

2 Iy
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Chapter 10 563

(d) The pivot exerts a force F on the rod. Using Newton'’s second
law, we find

F :MaX:—EMg
2

X

3 3 1
Fy—Mg:May:—ZMger:Mg—Zl\/lg:ZMg

sl

3.+ 1, _
= Ma = —=Mgi + - Mgj
a 5 g1 1 g)

P10.74  We assume that air resistance has a negligible effect on a drop so that
mechanical energy is conserved in the drop-Earth system. The first
drop leaving the wheel has a velocity v, directed upward. The

magnitude of this velocity is found from

K, +U, =K, +U,

%mvf +0=0+mgh,

s0 v, = 20h, =/2(9.80 m/s*)(0.540 m) =3.25 m/s
Similarly, the second drop has a velocity given by

v, = /2gh, =,/2(9.80 m/s?)(0.510 m) =3.16 m/s

Vv .
From w =—, we find
r

_0, _325m/s

== =8.53 rad/s
r 0.381 m
and a)z = 2 = m =8.29 rad/s
r 0.381 m
2_w? (829 rad/s)’ —(8.53 rad/s)’
or _0; - :( rad/s)” - (8.53 rad)s) =| -0.322 rad/s’
2A6 4r

P10.75  We assume that air resistance has a negligible effect on a drop so that
mechanical energy is conserved in the drop-Earth system. At the
instant it comes off the wheel, the first drop has a velocity v, directed

upward. The magnitude of this velocity is found from
Ki+U, =K, +U

%mvf +0=0+mgh, orv, =,/2gh,
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564 Rotation of a Rigid Object About a Fixed Axis

The angular velocity of the wheel at the instant the first drop leaves is

v 2gh,

_ V"
1_E R2

()

Similarly for the second drop: v, =,/2gh, and o, = % = 23?2

The angular acceleration of the wheel is then

_o}-o] _2gh,/R*-2gh, /R* _| g(h,—h,)

2A6 2(2r) 27R?

P10.76  (a) Modeling the Earth as a sphere, its rotational kinetic energy is

K= 1(3 MR2)(w2)

25
2
:1[3(5.98><1024 kg)(6.37x10° m)ﬂ &l
2[5 86 400 s
= 2.57x10” J

(b) The change in rotational kinetic energy is found by differentiating
the equation for rotational kinetic energy with respect to time:

2
d_K:i E(EMW)(Z_”)
dt  dt| 2\5 T

=1 MR2(27) (—2T’3)d—T

5 dt
2
= 1 MR? (2_”) (__2](1_1- = K(ﬁjd_-r
5 T T )dt T )dt
Substituting,

‘Z—T =(2.57x10” ])(

2 j( 10x10° s

86400 s )| 3.16x 107 s)(% 400 s/day)

~1.63x10" J/day

P10.77  (a) Weapply the |particle under a net force| =~ 200m/s’

model to each block.

(b) We apply the
rigid object under a net torque| model

to the pulley.

ANS. FIG. P10.77
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Chapter 10 565

(c) Weuse X F=ma for each block to find each string tension. The
forces acting on the 15-kg block are its weight, the normal
support from the incline, and T,. Taking the positive X axis as
directed up the incline,

2F =ma, yields: -(m,9), + T, =m,(+a)
Solving and substituting known values, we have
T, =m,(+a)+(m,g),
=(15.0 kg)(2.00 m/s?) +(15.0 kg)(9.80 m/s?) sin 37.0°

=[118 N]

(d) Similarly, for the counterweight, we have
> F =ma, or T,-m,g=m,(-a)
Tz =m,g+ mz(_a)
=(20.0 kg)(9.80 m/s?)+(20.0 kg )(~2.00 m/s?)

=[156 N]

(e) Now for the pulley,
Yr=r(T,-T)=la=la/r

r2
so |= —(T2 —Tl)
a
where we have chosen to call clockwise positive.

(f) Computing from above, the pulley’s rotational inertia is

2 _ 2
| :r_(T2 )= (156 N-118 N)(02.250 m)" _ 117 kg
a 2.00 m/s

P10.78  Choosing positive linear quantities to be
downwards and positive angular quantities to be
clockwise, >'F, =ma, yields

Mg-T
M

YF=Mg-TM=a or a=
> 7 =la then becomes

ZT:TR=|OC:%MR2(E) . a:2T ANS. FIG. P10.78
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566 Rotation of a Rigid Object About a Fixed Axis

(a) Setting these two expressions equal,

Mg—T:E and T =[{Mg/3
M M

(b) Substituting back,

_2T _2Mg _|12
“™M3m o &7 3¢

() Sincev; =0 andazég, vZ =V’ +2ah gives us V; :0+2(§g)h,

or v, =|4gh/3

(d) Now we verify this answer. Requiring conservation of mechanical
energy for the disk-Earth system, we have

U+K,;tK =U,+K_ ;+K

trans, i rot, f trans, f

mgh+0+0:0+1|a)2 +1mv2
2 2
mgh :l(l MRz)w2 +1Mv2
2\2 2

When there is no slipping, » = % and v = %gh

|The answer is the same.]

P10.79  The block and end of the spring are pulled a
distance d up the incline and then released.
The angular speed of the reel and the speed
of the block are related by v =wR. The
block-reel-Earth system is isolated, so

AK+AU=0-K, —K +U, -U =0

(_I‘n\/2 —0)4‘(—'({)2 _0)
2 2
1

+(O—mgdsin0)+(0—§kd2]:O

ANS. FIG. P10.79

la)2(| + mRZ) - mgdsin + ~ kd?
2 2
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\/2mgd sin @ + kd?
w=
| + mR?

The center of gravity of the uniform board is at its
middle. For the board just starting to move, /
R

Y1 =la: l
mg(é)cose :(%mﬁzja nig

o= E(Q]COSQ ANS. FIG. P10.80

2

The tangential acceleration of the end is a, =l = %g cos@

: : . 3
and its vertical component is a, = a,cos@ = =gcos” 6.
2

If this is greater than g, the board will pull ahead of the falling ball:

(a) %gcos2 0> g gives cos’6> % SO cosO > \/g and |0<35.3°

(b) When 6 =235.3°, the cup will land underneath the release point of
the ball if r, = /cos®6.

When /=1.00m and 0 = 35.3°,

r.=1.00 m\/g =0.816 m

so the cup should be

/—r1,=1.00m-0.816 m =| 0.184 m from the moving end

For the isolated sphere-Earth system, energy is conserved,
SO

AU +AK +AK

=0
mg(R - r)(cose— 1) +Bmv2 —O}+%Emr2}w2 =0

O CRE B e
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568 Rotation of a Rigid Object About a Fixed Axis

Substituting V =rw, we obtain

mg (R —r)(cos8 - 1)+Em(rw)2 - 0} +%F mrﬂw2 =0

mg(R- r)(cos@—1)+[%+é}mr2a)2 =0

7 r?

o= \/(E)(R —r)(1-cos8)g

R

N
\
AN

ANS. FIG. P10.81

P10.82 (a) From the particle under a net force model in the x
direction, we have

YF =F+f=May,

From the particle under a net torque model,

Yr=FR- R=la ANS. FIG. P10.82

1
Combining the two equations, and noting that | = 5 MR?, gives

R = lacy, _4F

FR—(Magy, —F) = Bow = 3071

(b) Assuming friction is to the right, then

4F

f+F=Mag, = M| —
=M ]
ef:M(ﬁj—Fz 1
3M 3

The facts that (1) we assumed that friction is to the right in Figure
P10.82 and (2) our value for f comes out positive indicate that the
friction force must indeed be to the right.

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

NURTRPRC T W8
www.muslimengineer.net



Chapter 10 569

(c) From the kinematic equations,
vi=v +2a(xf - xi)
=0+2ad

or

8Fd
3M

P10.83 (a) AK  +AK__+AU=0

Note that initially the center of mass of

the sphere is slightly higher than the

distance h above the bottom of the h R
loop; and as the mass reaches the top
of the loop, this distance above the
reference level is 2R —r, but we are told
that r << R, so we ignore r when ANS. FIG. P10.83
considering heights for the gravitational

potential energy of the sphere-Earth system. The conservation of
energy requirement gives

mgh = mg(ZR) +%mv2 +%Iw2

2 .
For the sphere | = = mr? and v =re, so that the expression

becomes
gh:29R+%v2 [1]

Note that h = h_, when the speed of the sphere at the top of the
loop satisfies the condition

2
or v’=¢gR

mv
F= =
2F=mg=—

Substituting this into equation [1] gives

h,,, =2R+0.700R or [h_ =2.70R

(b) When the sphere is initially at h = 3R and finally at point P, the
conservation of energy equation gives

mg3R = ng+%mV2 +émv2, or v :gRg
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570 Rotation of a Rigid Object About a Fixed Axis

Turning clockwise as it rolls without slipping past point P, the
sphere is slowing down with counterclockwise angular
acceleration caused by the torque of an upward force f of static
friction. We have

>F=ma, — f-mg=-mar
2\
and Y7=la— fr= = mree.

Eliminating f by substitution yields

_ 99 _|_ 5
oc—ﬁ so that > F, = —;mg

P10.84  The length of the rod is L, and the horizontal force is applied the
vertical distance L from the hinge. Consider the free-body diagram
shown. The sum of torques about the chosen pivot is

Y= Ia:F:(%mLz)(%j:(éijaCM [1]

(@) ¢=L=1.24 m: In this case, equation [1] becomes

_3F _ 3(147N) _ -
o = om ~ 2(0.630kg) | o/

ANS. FIG. P10.84

(b) We apply the particle under a net force model in the horizontal
direction (see ANS. FIG. P10.84 for the labelling of forces):

YF . =ma,, = F+H, =mag,
or H,=ma.,—-F
Thus,
H, =(0.630 kg)(35.0m/s?) - 147 N =+7.35N
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Chapter 10 571

or H =|735iN

X

(c) With /= %L =0.620 m, equation [1] yields

Aoy = :—F _ S(47N) 17.5 m/s’
m  4(0.630 kg)

(d) Again, > F, =ma,, = H, =ma,—F, so

H, =(0.630 kg)(17.5m/s?)- 147 N =-3.68 N

or H. =|-368iN

F
(e) IfH =0,then ¥F =ma,, =F=ma,, or a, =—.

Thus, equation [1] becomes
Fr= (% ij(E]
3 m

so /= %L = %(1.24 m) = |0.827 m (from the top)|

P10.85 Note that when the CM of the falling rod is very near the surface, the
velocity of the end of the rod in contact with the surface is a
combination of the downward motion of the CM and the upward
motion of the rotating end: v, 4 =V, — @r. Because the velocity of this

end relative to the surface is zero,
Vet = Veu — @(h/2) =0 - v = (h/2)t
(@) There are no horizontal forces acting on the rod, so the center of
mass (CM) will not move horizontally. Rather, the center of mass

drops straight downward (distance h/2) with the rod rotating
about the center of mass as it falls.

From conservation of energy:

K, +U, =K, +U,

VY. +1|w2+0:0+|\/|g M or
2 2 2

CM

2
1 1(1 v h
MV + | —Mh? || =M | = Mg| —
2 ™ 2(12 )(hﬂ] g(z)
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572 Rotation of a Rigid Object About a Fixed Axis

which reduces to

_| [3gh
Oy

(b) In this case, the motion is a pure rotation about a fixed pivot point
(the lower end of the rod) with the center of mass moving in a
circular path of radius h/2. From conservation of energy:

K, +U, =K, +U,
Liwr+0=0+ Mg(hJ or
2 2

1(1 Mh)(—] - Mg[n)
2\ 3 h/2 2

which reduces to

_| [3gh
e Ty

P10.86  The grape-Earth system is isolated, so
mechanical energy in that system is
conserved. Between top of the
clown’s head and the point where the
grape leaves the surface:

K. +U =K, +U,
L2 15
0+mgAy:§mvf+Ela)f+O

mgR(1-cos8)

S 1( 2 mRz) v Y ANS. FIG. P10.86
2 2 R
which gives
7 (Vi
g (1 — Cos 0) = E(Ef] [1]

Consider the radial forces acting on the grape:

2

mv;

mgcosf—n=
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Chapter 10 573

At the point where the grape leaves the surface, n— 0. Thus,
2

mv; ;
or —=(cosf
R

mgcosf =
Substituting this into equation [1] gives

7
—gcosf =—qgcosB
g-g¢ 109

or 0 =cos™ (%) =

Challenge Problems

P10.87

Refer to the force diagrams for the plank and rollers in ANS. FIG.
P10.87(b) below. Call f, the frictional force exerted by each roller

backward on the plank. Name as f, the rolling resistance exerted
backward by the ground on each roller.

M E
m R m | | R
\/ \
ANS. FIG. P10.87(a)
For the plank,
>F =ma: 6.00N-2f =(6.00kg)a, [1]

If we think of the motion of a roller as a small rotation about its point
of contact with the surface, we see that the center of each roller moves
forward only half as far as the plank.

a
Each roller has acceleration —£ and angular acceleration
2
a,/2 _ %
500 cm 0.100 m

Then for each,

a
SF =ma: +f—f, =(2.00 kg)?p [2]
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574 Rotation of a Rigid Object About a Fixed Axis

Yr=lo:
£,(5.00 cm) + 1, (5.00 cm) = %(2.00 kg)(5.00em)’ chm
So ft + fb = (% kg)ap [3]

Add equations [2] and [3] to eliminate f;:  2f = (1.50 kg) a,
(a) Substituting the value for 2f, into equation [1] gives

6.00N - (1.50 kg)a, =(6.00kg)a,

6.00 N
a = =
P 750kg

0.800 m/s?

a
(b) For each roller, a = Ep =10.400 m/s’

(c) Substituting back,
2f,=(1.50 kg)(0.800 m/s?)

then, from equation [3],
0.600N + f, = (% kg)(O.SOO m/s’)

f, =-0.200 N

The negative sign means that the horizontal force of ground on
each roller is [0.200 N forward| rather than backward as we

assumed.
Mg
l 6.00 N
l
<A <A
fi fi
1y 1y

ANS. FIG. P10.87(b)
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Chapter 10 575

P10.88  For large energy storage at a
particular rotation rate, we want a L @), (. @]sen
large moment of inertia. To combine ’ 4
this requirement with small mass, we cross-sectional  face-on view  general view
place the mass as far away from the ANS. FIG. P10.88
axis as possible.

We choose to make the flywheel as a hollow cylinder 18.0 cm in
diameter and 8.00 cm long. To support this rim, we place a disk across
its center. We assume that a disk 2.00 cm thick will be sturdy enough
to support the hollow cylinder securely.

The one remaining adjustable parameter is the thickness of the wall of
the hollow cylinder. From Table 10.2, the moment of inertia can be

written as

— 1 2 1 2 2

Idisk + Ihollow cylinder — E Mdisk Rdisk + E Mwall (Router + Rinner)
1 1

= E Vdisk Rcz)uter + E p Vwall (Rczxuter + Riznner)

= E ’s R(%uter (200 Cm) Rsuter + gl:ﬂ Rsuter -7 Riiner :I
X (600 Cm)(Rczmter + Riimer)

= ’)2—”[(9.00 cm)*(2.00 cm)

mner mner

+(6.00 cm)[ (9.00 cm)* —R2, ., |[(9.00 cm)’ +R? ﬂ

- pﬂ[6 561 cm® +(3.00 cm)((9.00 cm)* - R} )}

mner

= pr[ 26244 cm® —(3.00 cm)R},,, |

mner

For the required energy storage,

1 rev

1 ) 27 rad \ T
_EI[(6OO rev/mm)( 50 s ﬂ

%| [(800 rev/min)(m rad)( 16??)}2

=60.0]
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576 Rotation of a Rigid Object About a Fixed Axis

_ 60.0]
1535/s’
=(7.85%10* kg/m*)x[26 244 cm® —(3.00 cm)R},,, |
100 cm

Im

mner

5
1.58x107° mS( ) =26244 cm’ —(3.00 cm)R;

R —[26244 cm*—15827 cm*
inner 300

1/4
j =7.68 cm

The inner radius of the flywheel is 7.68 cm. The mass of the flywheel is
then 7.27 kg, found as follows:

Mg + M., = prR2,..(2.00 cm)

outer

+ pl:n-Rsuter - ﬂ:Riimer ](600 Cm)

=(7.86x10° kg/m*)x
[(0.090 m)*(0.020 m)

wall

+[(o.090 m)? - (0.076 8 m)z](o.%o m)}
=727 kg

If we made the thickness of the disk somewhat less than 2.00 cm and
the inner radius of the cylindrical wall less than 7.68 cm to compensate,
the mass could be a bit less than 7.27 kg.

The flywheel can be shaped like a cup or open barrel, 9.00 cm in outer
radius and 7.68 cm in inner radius, with its wall 6 cm high, and with
its bottom forming a disk 2.00 cm thick and 9.00 cm in radius. It is
mounted to the crankshaft at the center of this disk and turns about its

axis of symmetry. Its mass is 7.27 kg. If the disk were made somewhat

thinner and the barrel wall thicker, the mass could be smaller.

P10.89 (a) Att=0, ®=3.50rad/s=w,’. Thus,|w, =3.50rad/s|

Att=9.30s, w=2.00rad/s = 6006_6(9‘305),

We now calculate o: To solve w = a)oe“yt for o, we recall that

the natural logarithm function is the inverse of the exponential
function.

w/w,=e°" becomes In(w/w,)=-oct or In(w,/w)=+ot
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Chapter 10 577

so o= (ljln(a)o/a)) =1 ln(—3'50j = 0560 _ 6.02x1072s™"
t 9.30s 2.00 9.30 s

(b) At all times,

-ot
- GCOOG

o= ((jj—(: = %[woe“’tJ =

Att=3.00s,

o =—(0.060 2 s7)(3.50 rad / s)e '* =|-0.176 rad / s* |

(c) From the given equation, we have df = o " dt
and

2.50 s [0)
6= e "dt = —2e™
0s -0

250s @
- % (efz.soa _ 1)
0s -0

Substituting and solving,
0= -58.2(0.860 —1) rad = 8.12 rad

or  6=(812 rad>(;;%) .

d) The motion continues to a finite limit, as @ approaches zero and t
PP
goes to infinity. From part (c), the total angular displacement is

o0 w
—_ —ot _ 0 5-ot
0= fo we " dt =—-¢

© @ 0]

=_0 (0 - 1) =_0
0 -0 lo
Substituting,

0=582rad or 6= (;rrre;d)(SS.Z rad) =

P10.90 (a) If we number the loops of the spiral track with an index n, with
the innermost loop having n = 0, the radii of subsequent loops as
we move outward on the disc is given by r = r, + hn. Along a
given radial line, each new loop is reached by rotating the disc
through 2rrad. Therefore, the ratio 8/27 is the number of

revolutions of the disc to get to a certain loop. This is also the
number of that loop, so n=6/2r. Therefore, r =1, +h6/2x.

(b) Starting from @ =V/r, we substitute the definition of angular
speed on the left and the result for r from part (a) on the right:
v do_ Vv

H=——>—=—
rdt r+(he/2x)
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578 Rotation of a Rigid Object About a Fixed Axis

(c) Rearrange terms in preparation for integrating both sides:

(ri +10Jd0 = vdt
2r

and integrate from 6 =0 to 6 =0 and fromt=0tot=1t:

h
ro+-—6°=vt
4r
We rearrange this equation to form a standard quadratic equation

in 6
D g irg_vt=0
4r

The solution to this equation is

2 h
AV 2, vh
0= T = i[ 1+—2t—1]
\

n h

2r
where we have chosen the positive root in order to make the
angle g positive.

(d) We differentiate the result in (c) twice with respect to time to find
the angular acceleration, resulting in

hv?

3/2
27rri3[1+\/ht]

zr?

du ) .
—. Because this expression

1
‘zJde

involves the time t, the angular acceleration is not constant.

Where we have used di\/ﬁ
X

P1091 (a) > F =ma, reads —f +T =ma. If we take torques

around the center of mass, we can use .7 = la,
which reads +fR, — TR, = la. For rolling

without slipping, « = Ri . By
2

substitution, ANS. FIG. P10.91

fR2—TR1=IIQ—a:RI—m(T—f)
2 2
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Chapter 10 579

fRZM-TR,R,m = IT — If
f(1+mR?)=T(1+mRR,)

¢ o[1XmRR, ).
| +mR;
(b) Since the answer is positive, the friction force is confirmed to be

to the left]

P10.92 (a) From the isolated system model for the block-pulley-Earth
system,

AK+AU +AE,, =0
(%Mv2—0j+(%lw2—0)+(0— Mgdsin®) + fd = 0

2
%Mv2+%(%mr2](¥) — Mgdsin +(uMgcos6)d = 0

- \/4Mgd(sin0— pcos0)
2M+m

(b) From the particle under constant acceleration model for the block,

vi =V’ +2ad

2 2 2
Vi—=Vi v

2Mg(sin0— /JcosO)
2d 2d 2M+m

a=

P10.93  The location of the dog is described by 6, = (0.750 rad/ s)t . For the

bone,
1 1 -
0, = —2mwrad +-0.015rad/s" t
3 2
(@) Welook for a solution to (suppressing units)

0.75t = 2?” +0.007 5t2

0=0.007 5t>* = 0.75t +2.09 =0

_ 0.75+,/0.75 - 4(0.007 5)2.09
B 0.015

The first time the dog reaches the bone is

t =288s or 97.1s
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580 Rotation of a Rigid Object About a Fixed Axis

(b) If the dog passes the bone, he must run around the merry-go-
round again. The dog will draw even with the bone when

0.75t = %T +27 +0.007 5t*.

Solving this equation, we find (suppressing units)

L 075% 0.75*~4(0.0075)8.38
B 0.015

The dog draws even with the bone again at the time of

=12.8s or 87.2s

P10.94 7. will oppose the torque due to the hanging object:
Y1=la=TR-7;: 7,=TR-lo [1]

Now find T, |, and ¢ in given or known terms and
substitute into equation [1].

>F =T-mg=-ma: T:m(g—a) [2]
ANS. FIG. P10.94

2
also, Ay =vit+ A o= i—EI [3]
and o —%=2—:/2 [4]
2
i 1= 2 w5 |- S 8

Substituting [2], [3], [4], and [5] into [1], we find

MR?(2
T, :m(g—i—zy)R—E—( y) = F{m(g_z_yj_gM_zy}

8 Rt
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Chapter 10 581

ANSWERS TO EVEN-NUMBERED PROBLEMS

P10.2 (a) 0.209 rad/s’; (b) yes

P10.4 144 rad

P10.6  -2.26 x 10°rad/s’

P10.8 (a) 3.5 rad; (b) increase by a factor of 4

P10.10  Because the disk’s average angular speed does not match the average
angular speed expressed as (a)i +, ) /2 in the model of a rigid object

under constant angular acceleration, the angular acceleration of the
disk cannot be constant.

P10.12 50.0 rev

12
P10.14 (a) |wh*? [EJ ; (b) 1.16 cm; (c) The deflection is only 0.02% of the

9
original height, so it is negligible in many practical cases; (d) Decrease

P10.16 ~10"rev/ yr

P10.18 (a) 0.605 m/s; (b) 17.3 rad/s; (c) 5.82 m/s; (d) We did not need to know
the length of the pedal cranks.

P10.20 (a) 54.3 rev; (b) 12.1 rev/s
P10.22  (a) 5.77 cm; (b) Yes. See P10.20 for full explanation.

P10.24 3\/1 + 72

P10.26 (a) (—2.73i + 1.24}) m; (b) It is in the second quadrant, at 156°;
(c) (—1.85i - 4.10}) m/s; (d) It is moving toward the third quadrant, at
246°; (e) (6.151-2.78]) m/s*; () See ANS. FIG. P10.26;
(8) (24.61-11.1j) N

P10.28 168 N.m

P10.30 (a) 1.03 s; (b) 10.3 rev

P10.32  (a) See ANS. FIG. P10.32; (b) 0.309 m/s% (c) T =7.67 N, T.=9.22 N

P10.34 (a) For F=25.1N, R =1.00m. For F=10.0 N, R =25.1 m; (b) No.
Infinitely many pairs of values that satisfy this requirement may exist:
for any F <50.0 N, R =25.1 N. m/F, as long as R < 3.00 m.
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582 Rotation of a Rigid Object About a Fixed Axis

P10.36  (a) 1.95s; (b) If the pulley were massless, the acceleration would be
larger by a factor 35/32.5 and the time short by the square root of the
factor 32.5/35. That is, the time would be reduced by 3.64%.

P10.38 10°kg.-m’=1kg.m’

P10.40  (a) See P10.40(a) for full description; (b) See P10.40(b) for full
description

3 L
P10.42 | ,:_[ rzdm:Jszmdx:MX— SEVIE
all mass 0 L L 3 3

y
0

P10.44 (a)92.0 kg-mz; (b) 1847; (c) 6.00 m/s, 4.00 m/s, 8.00 m/s; (d) 184 J;
(e) The kinetic energies computed in parts (b) and (d) are the same.

1
P10.46 13 MR?w?
24

P1048 276]

P1050 v= 2(m, —m,)gh and w:\/ Z(Tl_mz)zgh
m,R*+m,R" +1

P10.52  The situation is impossible because the range is only 3.86 km, not city-
wide.

P10.54 (a) 6.90]; (b) 8.73 rad/s; (c) 2.44 m/s; (d) The speed it attains in
swinging is greater by 1.043 2 times

P10.56  mr? (2—92h - 1)
\

P10.58  (a) 74.3 W; (b) 401 W

P10.60  rolling: v, =,/10gh/7;sliding: v, =/2gh; The time to roll is longer by
a factor of (0.7/0.5)"*=1.18

P10.62  (a) the cylinder; (b) v*/4gsin@; (c) The cylinder does not lose

mechanical energy because static friction does not work on it. Its
rotation means that it has 50% more kinetic energy than the cube at the
start, and so it travels 50% farther up the incline.
P10.64 (a)2.38 m/s; (b) The centripetal acceleration at the top is
v (238m/s)
r 0450m
with the track, with the track pushing downward on it; (c) 4.31 m/s;

(d) /-1.40m*/s*; (e) never makes it to the top of the loop

=12.6 m/s* > g. Thus, the ball must be in contact
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Chapter 10 583

P10.66 . the length of the chimney
3

0.459m
80n-150
(e) The rising car will coast to a stop only for n>2; (f)y Forn=0o0rn=1,
the mass of the elevator is less than the counterweight, so the car
would accelerate upward if released; (g) 0.459 m

P10.68 (a) d=(1890+ 80n)( ) :(b) 94.1 m; (c) 1.62 m; (d) =5.79 m;

P10.70 a)(t) —w+At+ 1Btz; (b) wt + ae+1pe
2 2 6

P10.72  (a) (i) =794 N-m, (ii) -2 510 N -m, (iii) O N - m, (iv) =1 160 N -m,
(v) 2940 N-m; (b) See P10.72(b) for full description.

P10.74  -0.322rad/s’
P10.76  (a) 2.57 x10”]; (b)-1.63 x10"]/day
P10.78  (a) Mg/3; (b) 29/3; (c) \/4gh/3; (d) The answer is the same.

P10.80 (a) 6<35.5°% (b) 0.184 m from the moving end
4F 1 8Fd
P10.82 a., =——; (b) =F; —
(@) aqy, 3M (b) 3 (c) Y

P10.84  (a)35.0 m/s% (b) 7.35i N; (c) 17.5 m/s% (d) —3.68i N; (e) 0.827 m (from
the top)

P10.86  54.0°
P10.88  See P10.88 for full design and specifications of flywheel.
P10.90 (a) See P10.90(a) for full solution; (b) See P10.90(g) for full solution;

27, vh hv?
aniz[l + th

nr?

2Mg(sin @ — L cos6)

P10.92  (a) See P10.92(a) for full explanation; (b)
2M+m

P10.94 R[m(g—z—yj—ﬁw}
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