PROBLEM SOLUTIONS

51 If the weights are to move at constant velocity, the net force on them must be zero. Thus, the force exerted
on the weights is upward, parallel to the displacement, with magnitude 350 N. The work done by this

force is

W = Fcos@ s = [ 350 N cosOﬂ 2.00 m :

5.2 (a) We assume the object moved upward with constant speed, so the kinetic energy did not change.
Then, the

work—energy theorem gives the work done on the object by the lifter as

W, = AKE + APE = 0 + (mgy, — mgy;) = mg Ay ,or

W, = 281.5kg 9.80 m/s> [ 17.1cm 1m/102 om | =

(b) Ifthe 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/s2 =2.76 x 103> N = [2.76 kN

53 Assuming the mass is lifted at constant velocity, the total upward force exerted by the two men equals the
weight of the mass: Fr, = mg = 653.2kg 9.80 m/s? = 6.40 x 103 N, They exert this upward

force through a total upward displacement of 96 inches or 8 feet (4 inches per lift for each of 24 lifts).

Thus, the total work done during the upward movements of the 24 lifts is

W = Fcos Ax = F

total

1
[ c0s0°Ax = 6.40 x 10N cos0° | 8 ft [—mj =2 x10%J
3.281 ft

5.4 (a) 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

VVshopper =

Fcos® Ax = 35N co0s25° 500m = 1.6 x103 ]

(b)  Since the speed of the cart is constant, KE; = KE; and W,,, = AKE = [0]



5.5

(c) Since the cart continues to move at constant speed, the net work done on the cart in the second aisle
is again

zero. With both the net work and the work done by friction unchanged, the work done by the

shopper  Wepopper = Whet = Waic  is also unchanged, However, the shopper now pushes

horizontally on the cart, making |F " = Wopper [(AX - €08 03 =W, .. /Ax smaller than before

when the force was F = W, / Ax - cos35°

hopper

(a) The gravitational force acting on the object is

w=mg= 500kg 9.80 m/s2 =49.0N

and the work done by this force is

Wy = ~APE, = —mg yy =y, =+W y; ~y;

or
W, =w Lsin30.0° = 49.0 N 2.50 m sin30.0°= | 61.3J

(b)  The normal force exerted on the block by the incline is 7 = mg cos 30.0° so the friction force is

f, = mn = 0436 49.0N cos30.0°= 18.5N

This force is directed opposite to the displacement (that is 8= 180°), and the work it does is
W, = fycos0 L = [ 18.5N 005180"] 250m =|-4631J

(c) Since the normal force is perpendicular to the displacement, the work done by the normal force is.

W, = ncos90.0°L = @

n

(d) Ifa shorter ramp is used to increase the angle of inclination while maintaining the same vertical

displacement ‘ Yr— y,»‘ , the lwork done by gravity will not change|, the lwork done by the friction|




5.6

5.7

(2)

(b)

(a)

force will decreas| (because the normal force, and hence the friction force, will decrease and also

because the ramp length L decreases), and the fwork done by the normal force remains zer0| (because

the normal force remains perpendicular to the displacement).

Wy=F Ax cosf= 150N 6.00 m cos0°=|900]J

Since the crate moves at constant velocity, Thus, ¢, = 4, = 0.

F, =0 = f, =F=150N
Also,

SF,=0 = n=mg= 40.0kg 9.80 m/s2 =392N

SO

S 150N
== e = [038]

LF, = Fsinf@+n-mg=0 5=20.0m
n=mg — Fsin0

IF, = Fcos@— yn=0

Fcos@
n =
Hy
. F
mg — Fsin@ = cos 0
Hy
mg 0.500 18.0kg 9.80 m/s?

F= = =794 N
M sin@ +cos@  0.500 sin20.0°+ cos20.0°



5.8

5.9

5.10

5.11

(b) Wz = Fcos@ s =[ 79.4 N cos20.0°] 200m =149 x103J =|1.49kJ

(¢) fp =Fcos@=746N

W,= f cos@ s=[ 74.6 N cosl80°} 200m =-149x103J =|-1.49kJ

(a) Wp = Fcos@ s :[ 16.0 N cos25.0°] 2.20m

b)) W, = ncos90° S:@

n

() W, = mgcos90° s = IEI

() W = Wp + W, + W, =319T+0+0=[3197]
(@) The work—energy theorem, W,y = KE,; — KE; | gives
5000 J =% 2.50 x 10° kg V2 -0, or V=[2.00 m/s]
(b) W= Fcosf s = Fcos0° 25.0m = 500017, so F =[200N]|
Requiring that KEing pong = KEpowiing with KE = 1 mv?, we have

1 1
2 245x107 kg V2 = 2 7.00kg 3.00 m/s ?

giving V. = | 160 m/s |.
(@ KE, = Lmv} where V2 =3, +V3, = 6.00 m/s * + -2.00 m/s * = 40.0 m?/s?,
giving KE, =1 575kg 40.0 m?/s> =[1157]].

(b) KE; = 3mv} where V3 =\2 +V2 = 850 m/s * + 5.00 m/s * = 97.3 m?/s?,
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5.13

so , KE, =% 575kg 97.3 m?/s? = 280 J, and the change in kinetic energy has been
KEf - KE, =280J -115J = [165)J

(a) Since the applied force is horizontal, it is in the direction of the displacement giving € = 0°. The

work done by this force is then
Wp = Fycost Ax = I, cos0° Ax = Fy Ax

and

W,
Fy=—2 = 30T poowN
Ax  12.0m

(b)  Since the crate originally had zero acceleration, the original applied force was just enough to offset
the retarding friction force. Therefore, when the applied force is increased, it has a magnitude

greater than the friction force. This gives the crate a resultant force (and hence an acceleration) in

the direction of motion, meaning the [speed of the crate will increase with time|.

(c) Ifthe applied force is made smaller than F|,, the magnitude of the friction force will be greater than
that of the
applied force. This means the crate has a resultant force, and acceleration, in the direction of the

friction force (opposite to the direction of motion).

|The crate will now slow down and come to rest| .

(a) We use the work—energy theorem to find the work.

1 1 1
W =AKE = —mv3 — —mv? =0 —— 70kg 4.0 m/s” =[-56x102]
2 2 2
(b) W= Fcos@ s = f,cosl80°s = —yyn s= —y mgs,

SO

w ~5.6 x 102 ]

Cwemg 070 70kg 9.80 m/s?

S =



5.14 At the top of the arc, V, = 0 and V, = V,, =V, c0s30.0°= 34.6 m/s.

Therefore, v = vi + V2 = 34.6 m/s * and

1
KE = —mv? =

1 2
— 0.150kg 34.6 =190.0J
L = L o1soke 346 ms

5.15 (a)  As the bullet penetrates the tree trunk, the only force doing work on it is the force of resistance
exerted by the trunk. This force is directed opposite to the displacement, so the work done is
Wiet =(f c0s180°) Ax = KE,—KE,  and the magnitude of the force is
1
KE. - KE. 0—— 7.80x107% kg 575 m/s
f=— A— =234 x 10* N
Ax cos180° - 5501072 m
()

If the friction force is constant, the bullet will have a constant acceleration and its average velocity
while

stoppingis V = V, +V, /2. The time required to stop is then
pping r TV

Ax 2 Ax  2550x102m
At = == = =

— = =[1.91 x10™* s
VooV, 0+ 575 m/s

1
516 (a) KE, = Emvﬁ =

1
= 0.60kg 2.0 m/s ? =

(b) KEz = 1mvi, so

2KEB 2 751]
v = = = 50ms

© W

et = AKE = KEz; —KE, = 75-12 ] =631]]

5.17 We = I

net T

0ad €08, 5+ F 4 c0s0, s = [ 1000 N cosO‘js + [ 950 N coslSO‘j s

W = 1000N-950N 20m =1.0x1037J



Also, W, = KE, — KE; = %mv2 -0,s0
oW 2 1.0x1037J
V= net = (1.0 m/s
- \/ 2000 kg

5.18 The initial kinetic energy of the sled is

1 1
KE; = Smv} =~ 10kg 2.0 ms 22201

1

and the friction force is f, = yn = 4 mg= 0.10 98N =98N,

0 - KE, =207
_ o _ s = L = =(20m
VKvet = fk cos180° s = KEf — KEl-a SO f]‘{ cos 180° 98N

5.19 With only a conservative force acting on the falling ball,

— 1 1
KE + PE, = KE + PE, s or EmV’Z + mgy; = Emv% + mgy,

Applying this to the motion of the ball gives 0 + mgy, = %mv} +0

_Vﬁ-_ 9.0 m/s2
or y, =—-

= =|41m
2¢ 2 9.80 m/s?

5.20 (a)  The force stretching the spring is the weight of the suspended object. Therefore, the force constant
of the spring is

F, 2.50 kg 9.80 m/s?
- g = M8 _ g / = [8.88 x 102 NJ/s
Ax| |Ax]| 2.76 x 102 m

(b) Ifa1.25-kg block replaces the original 2.50-kg suspended object, the force applied to the spring
(weight of the suspended object) will be one-half the original stretching force. Since, for a spring
obeying Hooke’s law, the elongation is directly proportional to the stretching force, the amount the

spring stretches now is



1
AXZ_E

1
Ax :E 276 cm =
(c) The work an external agent must do on the initially unstretched spring to produce an elongation x,is
equal to

the potential energy stored in the spring at this elongation

1 1
Wineon = PE, , = PE, | =k} —0 =~ 88810 N/m 800 x102 m > — 2847
spring
5.21 The magnitude of the force a spring must exert on the 3.65-g object to give that object an acceleration of

a = 0.500g = 4.90 m/s? is given by Newton’s second law as

F=ma= 3.65x102kg 490 m/s2 =179 x102 N

Then, by Newton’s third law, this object exerts an oppositely directed force of equal magnitude in the on
the spring. If this reaction force is to stretch the spring 0.350 cm, the required force constant of the spring

is

F 1.79x102N  1.79 x 102
[ a - x N 50 N/m

Ax 0.350cm  3.50 x 103 m

5.22 (a)  While the athlete is in the air, the interacting objects are Ithe athlete and Earth|. They interact

the gravitation force| that one exerts on the other.

(b) Ifthe athlete leaves the trampoline (at the y = 0 level) with an initial speed of, V; = 9.0 m/s her

initial kinetic energy is

1 1
KE; = SmV} = - 60.0kg 9.0 m/s > =24 x10° 7
and her gravitational potential energy is PE, == mgy; = mg 0 =l0J].

(¢)  When the athlete is at maximum height, she is momentarily at rest and KE r = Because the

only force acting on the athlete during her flight is the conservative gravitation force, her total

energy (kinetic plus potential) remains constant. Thus, the decrease in her kinetic energy as she goes



5.23

(d)

(e)

from the launch point where PE, = 0 to maximum height is matched by an equal size increase
in the gravitational potential energy.

APE, = -AKE =  PE, - PE, = - KE, — KE, or PE, = PE, + KE; - KE,
and

PEf:0+2.4><103J—0: 2.4 x103 ]

The statement that the athlete’s total energy is conserved is summarized by the equation

AKE + APE = 0 orKE, + PE, = KE| + PE,. In terms of mass, speed, and height, this becomes

Lmv3 + mgy, = +mv} + mgy,|. Solving for the final height gives

mgy, + lmvl2 - lmv% V2 — V3
5, = 2 2 or |y, =y +————
? mg 2g

The given numeric values for this case are »; = 0, v; = 9.0 m/s (at the trampoline level) and

v, = 0 at maximum height . The maximum height attained is then

Vi - V3 9.0 m/s2 -0
2T 2g 2 9.80 m/s?

Solving the energy conservation equation given in part (d) for the final speed gives

V% - z(lmvf + mgy, — mgyzj or |v, =& \/V% +28 v -0
m\ 2

With y; = 0,v; = 9.0 m/s and y, = Yy /2 = 4.1m /2,the speed at half the maximum height

is given as

4.1
v =iJ9.o wfs? +2 980 mje (0- 10 FEa

The work the beam does on the pile driver is given by
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W . = Fcosl80° Ax = —F 0.180 m

nc

Here, the factor cos180° is included because the force F' exerted on the driver by the beam is directed
upward, but the Ax = 18.0 cm = 0.180 m displacement undergone by the driver while in contact with

the beam is directed downward.

From the work—energy theorem, this work can also be expressed as

1
W,. = KE, - KE, + PE, — PE, =5m Vi = V2 +mg yp -,

nc l

Choosing y = 0 at the level where the pile driver first contacts the top of the beam, the driver starts from
rest V; =0 at); = +7.50 m and comes to rest againat V, = 0 at ¥y = —0.180 m Therefore, we

have

1
—-F 0.180 m =5m 0-0 + 2300kg 9.80 m/s2 —0.180 m —7.50 m

-1.73 x10° J

=19.62 x 10° N directed upward|
—-0.180 m

yielding F =

When the child swings at the end of the ropes, she follows

a circular path of radius » = 1.75 as shown at the right. If we

choose y = 0 at the level of the child’s lowest position on this

T
path, then her y-coordinate when the rope is at @ angle with the S M=o __Y=0
verticalisy = ¥ —rcos@ = r 1 — cos @ . Thus, her gravitational

potential energy at this position is

PE, = mgy = mgr 1 —cos@ = wr 1-cost
(a) When the ropes are horizontal, & = 90.0°, and
— 2 o _
PE, = 350 x10° N 1.75m 1-c0s890.0° =[+613]
(b) When 6 = 30.0°, PE, = 3.50 x 10N 1.75m 1-cos30.00 = [+82.1]].

(¢)  Atthe bottom of the arc, ¥ = 0, cos@=cos0°=1, and PE, = [o].



5.25 While the motorcycle is in the air, only the conservative gravitational force acts on cycle and rider. Thus,

L2 N L o
3 MV; + mgy, = 5 mv; + mgy,;, which gives

V-V3 350 mfs - 33.0 m/s’

2g 2 9.80 m/s?

Note that this answer gives the maximum height of the cycle above the end of the ramp, which is an

unknown distance above the ground.

5.26 (a)  When equilibrium is reached, the total spring force supporting the load equals the weight of the

load, or F5 ol = £5 1cat T F5 helper = Wioad - Let k, and k; represent the spring constants of the

leaf spring and the helper spring, respectively. Then, if x, is the distance the leaf spring is

compressed, the condition for equilibrium becomes

kix, + ky xp =Yy = Wigaa

or

Wiag + kpyy 500 x 105 N+ 3.60 x 105 N/m  0.500 m

X, = - =[0.768 m
k, + k, 5.25 x 105 N/m +3.60 x 105 N/m

(b) The work done compressing the springs equals the total elastic potential energy at equilibrium.

Thus,

W= Lkx?+1k x, -0500m’

or

1
W =2 525x10° N/m 0.768 m >+ 1360 %105 N/m 0.268m > =[1.68 x 10° J

5.27 The total work done by the two bicep muscles as they contract is

Wyiceps = 2FpAx =2 800N 0.075m =[1.2 x 102 J

The total work done on the body as it is lifted 40 cm during a chin-up is

/4

thinup = Mgh = 75kg 9.80 m/s? 0.40m =[2.9x10%)

Since Wchm_up > %iceps, it is clear that | addition muscles must be involved |
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5.29

Applying W,. = KE + PE  — KE + PE | to the jump of the “original” flea gives

£d

F,d= 0+mgy, — 0+0 or ys =
. mg

where F,, is the force exerted by the muscle and d is the length of contraction.

If we scale the flea by a factor f; the muscle force increases by f?2 and the length of contraction increases
by /. The mass, being proportional to the volume which increases by f3, will also increase by f3 . Putting

these factors into our expression for Yy gives

SR, fi Fd

Vi super = _yfz

flea f3m g mg

so the “super flea” cannot jump any higher!

This analysis is used to argue that most animals should be able to jump to approximately the same height

(~0.5 m). Data on mammals from elephants to shrews tend to support this.

(a) Taking y =0, and hence PE, = mgy = 0 at ground level, the initial total mechanical energy of the

project tile is

total ;

1
= KE; + PE; = Emvl2 + mgy,

1
5 50.0 kg 1.20 x 102 m/s 4 50,0 kg 9.80 m/s2 142m = |4.30 x 105 ]

(b) The work done on the projectile is equal to the change in its total mechanical energy.

1
KE, + PE, — KE; + PE, =5m \/%—Vl.2 tmg ye =y

ne rise

1
> 0.0 ke [ 85.0m/s > — 120 m/s 2} + 50.0kg 9.80 m/s? 427m —142m

-3.97 x 10% ]

(c) If, during the descent from the maximum height to the ground, air resistance does one and a half
times as much work on the projectile as it did while the projectile was rising to the top of the arc, the
total work done for the entire trip will be

/4 = W + W = W +1.50 W,

ne¢  total n¢ rise nc descent ne rise ne rise

=2.50 -3.97 x10*J = -9.93 x10%]



Then, applying the work—energy theorem to the entire flight of the projectile gives

1 1
= KE + PE justvefore — KE + PE = Emv% +mgy, - Emvl2 - mgy,

ne
total hitting ground at launch

and the speed of the projectile just before hitting the ground is

2 VV”C total 2
Vi =T, tVit2yi-yy

+ 120 m/s2 +2 9.80 m/s2 142m -0 =115 m/s

2 -9.93 x 104 J
50.0 kg

5.30 (a) The work done by the gravitational force equals the decrease in the gravitational potential energy, or

Vng_PEf_PEi =PEi_PEf=mgyi_yf :

(b) The change in kinetic energy is equal to the net work done on the projectile, which in the absence of

air resistance is just that done by the gravitational force. Thus,

/4

et = W, = AKE = AKE = [mgh|

1
(c) AKE = KE, — KE; = mgh o KE, = KE; + mgh = Emvg + mgh

(d) @ None of the calculations in Parts (a), (b), and (c) involve the initial angle.

5.31 (a) The system will consist of |the mass, the spring, and Earth]. The parts of this system interact via

Ispring force, the gravitational force, and a normal force|.

(b) The points of interest are |Where the mass is released from rest (at x = 6.00 cm)| and Ithe equilibrium|

point, x = 0|

. . . . . _ I 2
(c)  The energy stored in the spring is the elastic potential energy, PE; = 5 kx*.

Atx=6.00 cm,
1
PE, = > 850 N/m 6.0 x10% m > 1531

and at the equilibrium position , (x, = 0)



(¢)  The only force doing work on the mass is the conservative spring force (the normal force and the
gravitational force are both perpendicular to the motion). Thus, the total mechanical energy of the
mass will be constant. Because we may choose y = 0, and hence PE, = 0, at the level of the

horizontal surface, the energy conservation equation becomes
1 1 1 1
KE; + PE,  =KE + PE | or ~mp + =k} = ~m7? + ~ ke
' : 2 - 2 2 2

and solving for the final speed gives

k
vf-=\/v§+; x}—x}

If the final position is the equilibrium position x, = 0 and the object starts fromrest v, = 0 at,

x; = 6.00 cm the final speed is

v, = \/0 + w[ 6.00 x 102 m - — 0} = 3.06 m?/s? = [1.75 m/s

1.00 kg

(c) When the object is halfway between the release point and the equilibrium position, we have

v, = 0, x; = 6.00 cm, and Xp = 3.00 cm | giving

v, = \/o+w[ 6.00 x 102 m > — 3.00 x 102 m 2} = [1.51 m/s

1.00 kg

This is not half of the speed at equilibrium because the equation for final speed is

ffunction of position|

5.32 Using conservation of mechanical energy, we have

1 1
—mV3 + mgy, = —mv? + 0

or



Vi -V 10 m/s - 10 m/s g

2g 2 9.80 m/s?

5.33 Since no nonconservative forces do work, we use conservation of mechanical energy, with the zero of

potential energy selected at the level of the base of the hill. Then, %mvf, +mgy, = %mvl2 + mgy; with

Yy =0 yields

V2 -2 300 mfs’ -0

Vi == = :

2g 2 9.80 m/s?

Note that this result is independent of the mass of the child and sled.

5.34 (a) The distance the spring is stretchedis x = ¢ — {;, = 41.5cm — 35.0 cm = 6.5 cm. Since the

object hangs in equilibrium on the end of the spring, the spring exerts an upward force of magnitude

F,=mg N on the suspended object. Then, Hooke’s law gives the spring constant as

mg 7.50kg 9.80 m/s?

= = =1.1x103 N/m = 1.1 kN/m
-0 6.5%x 102 m /

5

X

k =

(b) Consider one person (say the one holding the left end of the spring) to simply hold that end of the
spring in
position while the person on the other end stretches it. The spring is then stretched a distance of

x ={(¢—-"{, =(—0.350 m by a stretching force of magnitude F, = 190. From Hooke’s law,

|x| = |E|/k, we have

190 N
£-0350m = ———7——— = 0.17 = 0. +0. = lo.
T TX 108 N/m m and ¢ =0.17m+0.350 m
5.35 (a) On a frictionless track, no external forces do work on the system consisting of the block and the

spring as the

spring is being compressed. Thus, the total mechanical energy of the system is constant, or
KE, + PE, s + PE; ;= KE; + PE, C T PE; . Because the track is horizontal, the

gravitational potential energy when the mass comes to rest is the same as just before it made contact

with the spring, or PE, ;T PE, . This gives



1 1 1 1
Emv% + Ekxf = EI’VIVI2 + Ekxlz

Since V; = 0 (the block comes to rest) and x; = 0 (the spring is initially undistorted),

X, = v,.\/% = 150 mfs 220K _ 0350m

4.60 N/m

(b) Ifthe track was not frictionless, some of the original kinetic energy would be spent overcoming
friction between the mass and track. This would mean that less energy would be stored as elastic

potential energy in the spring when the mass came to rest. Therefore, the maximum compression of

the spring would be less| in this case.

5.36 (a) From conservation of mechanical energy,

1 2 1 2
EmVB + mgyp = EmVA + mgy,

or

VB:\/V124+28 Ya = VB

= \/0+2 9.80 m/s2 1.80m =

Similarly,

Ve = (Vi +28 vy —ye =40+2g 5.00m-2.00m =[7.67 m/s]

(b) WgA%Cz PEgA— PEgczmg Yy —Ye = 490N 3.00m =|147]

5.37 (a) We choose the zero of potential
energy at
the level of the bottom of the arc.
The initial

height of Tarzan above this level is

y;=300m 1-cos37.0°=6.04m



Then, using conservation of mechanical energy,

we find

1 1
Emvff +0 = Emvl2 + mgy,

or

v, =+ 2y = \J0+2 980 m/s> 6.04m =

(b) In this case, conservation of mechanical energy yields

v, = V2 2y, = \/4.00 m/s > +2 9.80 m/s2 6.04m =

5.38 At maximum height, V,=0 and v, =V,, = 40 m/s cos60°= 20 m/s.

Thus, V, = | /V)ZC + Vi = 20 m/s . Choosing PE, = 0 at the level of the launch point, conservation of

mechanical energy gives PE, = KE; — KE,  and the maximum height reached is

v — V2 40 m/s > - 20 m/s’

2g 2 9.80 m/s?

5.39 (a) Initially, all the energy is stored as elastic potential energy within the spring. When the gun is fired,
and as
the projectile leaves the gun, most of the energy in the form of kinetic energy along with a small
amount of gravitational potential energy. When the projectile comes to rest momentarily at its

maximum height, all of the energy is in the form of gravitational potential energy.

(b) Use conservation of mechanical energy from when the projectile is at rest within the gun

vV, =0,y =0, andx; = —0.120 m until it reaches maximum height where V, = 0,

Vi = Vmax = 20.0m and x, = O (the spring is relaxed after the gun is fired).

Then, KE + PEg + PE ; = KE + PEg + PE, ; becomes



1
O+mgymax+O:O+0+51<:xi2

or

2mgy, 2 20.0x 107 kg 9.80 m/s? 20.0 m

x7 ~0.120 m

(c) This time, we use conservation of mechanical energy from when the projectile is at rest within the

gun V; =0, y, =0, andx; = —0.120 m until it reaches the equilibrium position of the spring

Yy =+0.120 m, and x, = 0 . This gives

KE; = KE +PE, + PE, — PE,+PE, o %mv?=[0+0+%kxi2]— mgy, + 0

(£)s-20

(544 N/m )
~ (200 x 107 kg

yielding v, =

N
[

~0.120m > -2 9.80 m/s> 0.120 m

5.40 (@ Z2ZF,=0 = n+Fsin@-mg=0, or n=mg—Fsinf,

The friction force is then

Je = myn = | mg— Fsind

(b) The work done by the applied force is

Wy = F‘A;(‘cos€=

and the work done by the friction force is W, = f; ‘A;K‘ cos ¢ where ¢ is the angle between the

direction of ﬁ and Ax. Thus, W, = fixcosl80°= | -y mg — Fsinf x |

(c) The forces that do no work are those perpendicular to the direction of the displacement Ay .



541

5.42

These are | n, mg, and the vertical coponent of F | .

(d) Forpart(a): n = mg — Fsin@ = 2.00kg 9.80 m/s> — 15.0 N sin37.0°= 10.6 N
Je = n = 0400 106 N =|4.23N
For part (b): Wp = Fxcos@ = 150N 4.00 m cos37.0°= |47.9]
W, = fixcos¢ = 423N 4.00m cos180°=|-169J

(a)  When the child slides down a frictionless surface, the only nonconservative force acting on the child
is the normal force. At each instant, this force is perpendicular to the motion and, hence, does no
work. Thus, conservation of mechanical energy in this case.

(b)  The equation for conservation of mechanical energy, KE + PE e KE + PE | for this
situation is % >n\V2f + >I<Lgyf = % MVIZ + >I<Lgyi . Notice that the mass of the child cancels out of the
equation, so [the mass of the child is not a factor] in the frictionless case.

(c) Observe that solving the energy conservation equation from above for the final speed gives
v, = \/Vf +2g y; —y; Since the child starts with the same initial speed (V; = 0) and has the
same change in altitude in both cases, in the two cases.

(d) |Work done by a non conservative force must be accounted for{ when friction is present. This is done
by using the work—energy theorem rather than conservation of mechanical energy.

(e) From part (b), conservation of mechanical energy gives the final speed as

v, = \/vg +2¢ 3 -y, =\0+2 980 m/s? 120m =[153 ms

(a) I@I The change in the kinetic energy of the plane is equal to the net work done by all forces doing

work on

it. In this case, there are two such forces, the thrust due to the engine and a resistive force due to the

air. Since the work done by the air resistance force is negative, the net work done (and hence the



change in kinetic energy) is less than the positive work done by the engine thrust. Also, because the

thrust from the engine and the air resistance force are nonconservative forces, mechanical energy is|

Inot conserved in this case].

(b)  Since the plane is in level flight, PE, ;o PE,  and the work—energy theorem reduces to

w. =W,

nc thrust

+ W

resistance

= KE, - KE, or

1 1
Fcos0°s + fcosl80°s = Emvzf - Emvl2

This gives

m

2 F—-fs , 21 7.5-40 x 10* N | 500 m
Vf:\/vl.z+—:\/60m/s + [ 15><104ng =

5.43 We shall take PE, = 0 at the lowest level reached by the diver under the water. The diver falls a total of

15 m, but the nonconservative force due to water resistance acts only during the last 5.0 m of fall. The

work—energy theorem then gives

W.= KE+PE, - KE+ PE

ne
i
or

Fy, c0s180° 50m = 0+0 —[0+ 70kg 9.80 m/s> 15m |

This gives the average resistance force as F,, = 2.1 x 10° N = | 2.1kN |.

5.44 (a) Choose PE, = 0 at the level of the bottom of the arc. The child’s initial vertical displacement from
this level

is
y;= 200m 1-c0s30.0°=0.268m
In the absence of friction, we use conservation of mechanical energy as

KE + PE, ;= KE + PE, L or %mv?f + 0 = 0 + mgy;, which gives



v, = 22y =2 9.80 m/s* 0268 m =

(b)  With a nonconservative force present, we use

1
W, = KE+PE, — KE+PE, = [Em\,; +0] 0+ mgy,
or
” (v} )
e = mL 5 gyiJ
2.00 m/s
= 25.0kg | ————— - 980 m/s?> 0.268m | = -15.71]

Thus, [15.7 ]| of energy is spent overcoming friction.

5.45 Choose PE, = 0 at the level of the bottom of the driveway.

Then W,. = KE + PE, - KE + PE;  becomes

1 .
fcos180° s = [Emvg + 0} — [0+ mg ssin20° ]

Solving for the final speed gives

2/

v, = \/ng sin 20°— -

or
2 40x103N 50m
V, = ,[2 9.80 m/s> 5.0m sin20°- - =
2.10 x 10° kg
5.46 (a) . Two forces, a conservative gravitational force and a nonconservative normal force, act on the
child as

she goes down the slide. However, the normal force is perpendicular to the child’s motion at each
point on the path and does no work. In the absence of work done by nonconservative forces,

mechanical energy is conserved.

(b)  We choose the level of the pool to be the y = 0 (and hence, PE, = 0) level. Then, when the child is at



rest at the top of the slide, PE, = and KE = @ . Note that this gives the constant total

mechanical energy of the child as. Eiog = KE + PE, = mgh At the launching point (where y =
hi5), we have PE, = mgy = |mgh/5| and KE = E,, — PE, = |4mgh/5|. At the pool level,

PE, = [0] and KE = [mgh].
(c) At the launching point (i.e., where the child leaves the end of the slide),

KE = Lmv2 _ dmgh
2 5

meaning that

(d) After the child leaves the slide and becomes a projectile, energy conservation gives

KE + PEg = %mv2 + mgy = E ., = mgh where v =V2 o+ Vi. Here, V, = V,, is constant,

but V, varies with time. At maximum height, ¥ = Vmax and V, = 0 yielding

1
Sm V3, +0 +mgy. =mgh and |Vpa =h — 0x

(e) Ifthe child’s launch angle leaving the slide is 6, then Vi, = V, cos @ . Substituting this into the

result from part (d) and making use of the result from part (c) gives

Vg 1 ( 8gh 4
Vimax = B —2—20052 0=h —g[?j cos? 0 or  |Vmax = h[l - gcos2 9]

® @ If friction is present, mechanical energy 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.

5.47 Choose PE, = 0 at the level of the base of the hill and let x represent the distance the skier moves along the



horizontal portion before coming to rest. The normal force exerted on the skier by the snow while on the

hill is #; = mg cos10.5° and, while on the horizontal portion, n, = mg .

Consider the entire trip, starting from rest at the top of the hill until the skier comes to rest on the

horizontal portion. The work done by friction forces is

W, =| fi ,cos180°] 200m +| f ,cos180° |x

nc

—i; mgcosl0.5° 200m -y mg x

Applying W,. = KE + PE, ;T KE + PE,  to this complete trip gives

—ty mgcosl0.5° 200m -y mg x= 0+0 — [O + mg 200 m sin10.5°]

or
(sin10.5° )
x = |7 7 e0s1057 200m L If g = 0.0750, then x = 1289 m |,
Hy
5.48 The normal force exerted on the sled by the track is 7 = mgcos @ and the friction force is

Jv = yn =y mgcoso,

If s is the distance measured along the incline that the sled travels, applying

W, = KE + PE, - KE + PE, . to the entire trip gives
o : 1 2
[ My, mgcos@ cos180 ]s = [0+ mgs smé?]— Emvi +0
or

V2 4.0 m/s’
s = - L = =|1.5m
2g sin@+ y; cos O 2 9.80 m/s? sin20° + 0.20 cos 20 °

5.49 (a) Consider the entire trip and apply W,. = KE + PE, ' KE + PE, ; to obtain

1
fycos180° d, + f, cosl180° d, = [Emv% +0] - 0 + mgy;



or

’HWWJ

500N 800m + 3600N 200m )
80.0 kg

(
=J2L 9.80 m/s2 1000 m -

which yields vV, = [ 24.5 m/s|.

(b) , this is too fast for safety.

() Again, apply W,. = KE + PE, ;T KE + PE, _, now with d, considered to be a variable,

d, =1000m — d,, andV, = 5.00 m/s _ This gives

1
ficos180° 1000m —d, + f,cos8180° d, = (Emvzf + 0] - 0+ mgy;
whichreducesto— 1000 m f, + fid, — f,d, = %mV% — mgy; . Therefore,

mg y; — 1000 m f —%mvf,-
fH=h

784N 1000m — 1000m 50.0N —% 80.0 kg 5.00 m/s

- 3600 N - 50.0 N = [206 m]

(d) In reality, the air drag will depend on the skydiver’s speed. It will be larger than her 784 N weight
only after the chute is opened. It will be nearly equal to 784 N before she opens the chute and again

before she touches down, whenever she moves near terminal speed.

5.50 (a) W, = AKE + APE but AKE = 0 because the speed is constant. The skier rises a vertical

distance of Ay = 60 m sin30°= 30 m. Thus,

W, = 70kg 9.80 m/s2 30m =2.06x10*J =|21kJ

(b) The time to travel 60 m at a constant speed of 2.0 m/s is 30 s. Thus, the required power input is



5.51

5.52

5.53

w, 2.06 x 10* J

. 1 hp j
=~ = 686 W = -0.92 h
At 30s (746 w P

As the piano is lifted at constant speed up to the apartment, the total work that must be done on it is

W, = AKE + APE, =0+ mg y, =y, = 350x10°N 250m =8.75x10%]J

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(3@,ngle ) =0.750[3 165W | =371W =371 J/s

worker

so the time required to do the necessary work on the piano is

W . 4 i -
L/ N LS U o v I 2365(16rgln]:
S

P 371 J/s

Let AN be the number of steps taken in time Az. We determine the number of steps per unit time by

work done work per step per unit mass mass # steps
Power = Ar = A
t

or

J/step ) (AN) .. AN
70 W = 0.60 60kg | — |, ——=1.9 steps/s
L ke ) A ) e Ty ps/

The running speed is then

0,,= Ax _ {A—j distance traveled per step = (1.9 stepj kl 5 —J m

At step

Assuming a level track, PE = PE, , and the work done on the train is

w

nc

I

KE+PEf— KE + PE

1 1
Em Vi — V2 = ) 0.875 kg [ 0.620 m/s ? —0} = 0.168 ]

The power delivered by the motor is then



/4 0.168 1

P=—"=—"——=|8.01W
At 21.0 x 1073 s
5.54 When the car moves at constant speed on a level roadway, the power used to overcome the total frictional

force equals the power input from the engine, or Bouiput = SrotalV = Binpur - This gives

®

fmta] _ input 175 hp (746 WJ _

v 29 m/s\ Ihp

5.55 The work done on the older car is

w.

net )14 =

1 1
KE;, - KE, —=—mv -0=—mv’
old 2 2
The work done on the newer car is

w.

net pew

— KE, - KE =Y mov?_o=4ltm|-aw
f 1 2 2

new

and the power input to this car is

@ _ I/Vnet new _ I/Vnet old _ 4@
new At At old

or |the power of the newer car is 4 times that of the older car| .

5.56 Neglecting any variation of gravity with altitude, the work required to lift a 3.20 x 107 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 = 5.49 x 10! J

The time required to do this work usinga @ = 2.70 kW = 2.70 x 10*® J/s pump is

5.49 x 101 1h
AIZK—#zlmxlOSs:2.03><108s[ J=5.64><104h

® 270 x 103 J/s 3600 s



5.57 (a) The acceleration of the car is

V-V, 18.0 m/s -0

= 1.50 m/s?
t 12.0s

a =

Thus, the constant

forward force due to the engine is found from TF = Fingine

_F;lir = ma 88

F, = F. +ma=400N+ 1.50 x 10> kg 1.50 m/s? =2.65x103> N

engine air

The average velocity of the car during this interval is V,, =V +V,/2=9.00 m/s>SO the average

power input from the engine during this time is

1 hp
By = Fogine Vay = 2.65x 103 N 9.00 m/s [746 W] ={32.0hp

(b) Att=12.0s, the instantaneous velocity of the caris y = 18.0 m/s and the instantaneous power

input from the engine is

1 hp
— 3 -
ingine V.= 2,65 x 10 N 18.0 m/s (746 ] =639 hp

5.58 (a) The acceleration of the elevator during the first 3.00 s is

V-V, 1.75m/s-0

a= = 0.583 m/s2
t 3.00s
oF  =F, . —mg=ma gives the force exerted by the motor as
Frgr =m a+g = 650kg [ 0.583+9.80 m/s*|=675x10°N

The average velocity of the elevator during this interval is V,, = (V +V, )/ 2 = 0.875 m/s so the

average power input from the motor during this time is



1 hp
Py, = Fooor Vay = 6.75x 103 N 0.875 m/s (746 W] =17.92 hp

(b) When the elevator moves upward with a constant speed of \y = 1.75 m /s> the upward force exerted

by the motor is F oor = Mg and the instantaneous power input from the motor is

1 hp
P = v= 650kg 9.80 2 175 ( ] =[149h
mg V= 6s0ke 950 mis 175 mfs (2

e (N)
5.59 The work done on the particle by the force F as | B

the particle moves from , — xt0x = x, is the 67

. 4-

area under the curve from X, tox,- 5
A C E
(@ For y — ¢ to x —-800m- 0 »
2406 8N 10712

. 11— . -2

W = area of triangle ABC = ) AC x altitude
—4 D

1
Woog =5 8.00m 600N =[24.07

(b) For to x — 10.0m>

We_,10 = area of triangle CDE = CE x altitude

1
~200m -3.00N =[-3.00]
2
© Wysio = Wosg +Weo=240T+ =3.00] =[21.0]

N | =

5.60 The work done by a force equals the area under Fe (N)

the force versus displacement curve. 3

(a) Fortheregion 0 < x < 5.00 m,

ZJ'! T T T T T T v 1
3.00N 5.00m 40,2 4 6 8 10 12 14 16
Wys = ———g— = [1501 N,
0 2 4 6 8 10 12 14 16

(b) For theregion 5,00 m < x < 10.0 m,

x (m)

x(m)



Wywio = 300N 500m =[15.01

3.00N 5.00m
(¢) Fortheregion 10.0 m < x < 15.0 m, W = =(750]7

(d) KE| - KE =W = areaunder F' vs. x curve fromx = O0mtox = x,
X=Xy x=0 0tox, A

1 1
Emvﬁ. = EWZV% + I/V()toxf

giving

)

2 > (2
v, = M+ =|w. = 0500 Y] ——— 17507 =[2.29
f \/o (m] 0to5 \/ m/s L3.00ng m/s

2 2
vy = \/Vé +(;j Mowis = \/V% "‘(;) Wowos + Wsor0 + Moo1s

or

v, = Jo.soo m/s > + { ] 7503 +15.07 +7.50 7 =[4.50 m/s

3.00 kg

I (N)
5.61 (a) F, = 8x —16 N See the graph at the right.

X

20

_ (3,8)
(b) The net work done is the total area under the graph 10

from x = 0 tox = 3.00 m . This consists of two 0 PZLEERN * (m)
triangular shapes, one below the axis (negative area) —10

and one above the axis (positive). The net work is then




5.62

5.63

(b)

(a)

2.00m -16.0N 1.00m 8.00N
net 2 + 2

- [7207]

Solving part (b) first, we recognize that the egg has constant acceleration a, = —g as it falls 32.0

m from rest before contacting the pad. Taking upward as positive, its velocity just before contacting

the pad is given by V> = V§ +2a, Ay as

v, = —\/0 +2 -9.80 m/s2 —-32.0m = —25.0 m/s

The average acceleration as the egg comes to rest in 9.20 ms after contacting the pad is

Vi—Vp  0- -25.0 m/s _ +[25.0

= = x 103 m/s?
a At 920 x 1073 s 9.20] /

and the average net force acting on the egg during this time is

25.
F = ma,, = 75.0 x 1073 kg 2500 o0 m/s? = +204 N = |204 N upward
net gy av 920

The egg has a downward displacement of magnitude |Ay| as the upward force ff ,  brings the

egg to rest. The net work done on the egg in this process is

W = | Frex o, ©05180° ||Ay] = KE, - KE, = 0 - %mv%

SO

mv? 75.0 x 103 kg 25.0 m/s °

|ay| = — - =0.115m = [11.5 cm]

2 F - cos180° 2 204 N

net

The person’s mass is



wo_ 700 N
g  9.80 m/s?

=T7l.4kg

The net upward force acting on the body is F. =2 35N —700N =10.0N- The final upward

velocity can then be calculated from the work—energy theorem as

1

1
w. .. = KE,» - KE, = — mv?2 ——mvl-2
: 2 2

net

or

1
Fpycos6 s =[ 100N cos0°] 0250 m = S Tl4kg v -0

which givesy = | 0.265 m/s upward |-

5.64 Taking y = 0 at ground level, and using conservation of energy from when the boy starts from rest

(v, = 0) at the top of the slide (v, = H) to the instant he leaves the lower end (y r=h of the

frictionless slide with a horizontal velocity Vo, =V 2 Vo, = 0) , yields
1
EmV%+mgh=0+mgH or V?-:ng_h

Considering his flight as a projectile after leaving the end of the slide, A) — Vol + %ay 2 gives the time

to drop distance /4 to the ground as
1 2
-h=0+—- —-gt or t= |—
2
The horizontal distance traveled (at constant horizontal velocity) during this time is d, so

,2 ’ 2
d=v0xt=vf—h and Vi.zdéz &
g : \}2h 2h

Substituting this result into Equation [1] above gives

(1]



gd? d?
2h 4h

5.65 (a) Ify=0atpointB, then y, = 35.0 m sin50.0° = 26.8 m and Vg = 0 - Thus,

PE, = mgyy, = 1.50 x 103 kg 9.80 m/s> 26.8m = [3.94 x 105 J

PEg = mgyg = 0] and APE, ,, = PE, — PE, = 0 —3.94 x 105 ] = [-3.94 x 105

(b) Ify=0atpoint C,then y, = 50.0 m sin50.0° = 38.3 m and

yg = 15.0m sin50.0° = 11.5 m . In this case,

PE, = mgy, = 1.50x10% kg 9.80 m/s2 383 m =[5.63 x105]

PEg = mgyg = 1.50 x 10> kg 9.80 m/s2 11.5m =[1.69 x 105J

and

APE, ., = PE, — PE, =1.69 x 1051 —5.63 x105J = [-3.94 x 10 J

5.66 The support string always lies along a radius
line of the circular path followed by the bob.

This means that the tension force in the string

is always perpendicular to the motion of the

bob and does no work. Thus, mechanical energy -
is conserved and (taking y = 0 at the point of

support) this gives
mv? = Smvi+mg y, -y, =0+ mg[—LCOSG[ - -L }

1
2

or

v=2eL T-cos§ =298 m/s> 20m 1-cos25°



5.67 (a) The equivalent spring constant of the bow is given g _ fy by as

f
k=—L = —_—-_575 N/m

(b) From the work—energy theorem applied to this situation,

1
W, = KE+PEg+PESf— KE+PEg+PES_:(O+O+Ekx})— 0+0+0

nc
1

The work done pulling the bow is then
1 1 2
W . =—kt == 575 N/m 0.400m "~ =|46.0J
= teg =Ly

5.68 Choose PE, = 0 at the level where the block comes to rest against the spring. Then, in the absence of work

done by nonconservative forces, the conservation of mechanical energy gives

KE + PE_ + PE = KE + PE, + PE
4 Sf g s .

l

or
1 .
0+0+_—kxj =0+mgLsingd+0
2 p

Thus,

2mg Lsin 6 2 12.0kg 9.80 m/s? 3.00 m sin35.0°
, - [PreLsme 120k 9% me s

5.69 (a) Fromy2 = Vé + zay Ay > we find the speed just before touching the ground as



v=0+2980 m/s> 1.0m =[44m/s]

(b) Choose PE, = 0 at the level where the feet come to rest. Then

W, = KE+PE, - KE+PE, becomes
! £

nc

1
F,cos180° s = 0+0 —(Emvi2 +mgs]

or

mv2 75kg 4.4 m/s
Fav=2_t+mg= + 75kg 9.80 m/s? =|1.5x105N
A

2 5.0x103 m

5.70 From the work—energy theorem,

w. = KE+PEg+PESf— KE+PEg+PESi

we have
f, cos180° s = (lmv2 +0+ O) - (0 +0+ lkxzj
k - ) f 2 i
or
kx?—2 8.0 N/m)(5.0 2m)? - . .
v,= J : JiS _ ( m)(5.0 x 1072 m) 2(0.032N)(0.15m) _ N ams
m 53 x103 kg
5.71 (a) The two masses will pass when both are at V= 2.00 m above the floor. From conservation

ofenergy, KE + PE, + PE, , = KE+PE, + PE,

i

1
5 ™t m Vit omp+my gy, +0=0+mgy; +0



or

2 5.00kg 9.80 m/s? 4.00 m

= -2 9.80 m/s2 2.00m
8.00 kg

This yields the passing speed as V, = | 3.13 m/s |.

(b)  When ,;, = 500 kg reaches the floor, is above the floor, ,, = 3.00 kg 15 y,, = 4.00 mabove

the floor.

Thus, KE + PE, + PE, ;= KE + PE, + PE, becomes

1

1
E my + m, fo + Mgy, +0=0+mgy, +0

or

o 2g myy; —myy,;,
Y m, + m,

Thus,

500 kg -

Jz 9.80 m/s> [ 5.00kg 4.00m — 3.00kg 4.00m |
V =
f

(c)  When the 5.00-kg hits the floor, the string goes slack and the 3.00-kg becomes a projectile launched

straight upward with initial speed v, = 4.43 m/s . Atthe top ofitsarc, v =
Oy y

2 =2 ives
and Vv; = Vg5, +2a, Ay 8



5.72

5.73

2
V-V, 0- 443 m/s

., 2 -9.80 m/s?

The normal force the incline exerts on block A is n, = m,g cos37°, and the friction force is

fo = mn, = pm gcos37e- The vertical distance block A risesis Ay, = 20m sin37° =12 m,

while the vertical displacement of block Bis Ay = —20 m .

We find the common final speed of the two blocks by use of

W. = KE+Png— KE + PE, = AKE + APE,

1
This gives — 4y m,gcos37° s = [5 my + mg vff —O} +[mAg Ay, +mpg Ayg ],or

Zg[—mB Ayg —my Ay, — pmycos37° s]

mA+mB

2 _
Vi o=

2 980 m/s> [- 100kg —20m - S0kg 12m -025 50kg 20m cos37°]
150 kg

which yields Vi =157 m2/s2 .

The change in the kinetic energy of block A is then

1 1
AKE , = EmAv§ -0= 2 50kg 157 m?/s? =3.9x103J =|3.9kJ

Since the bowl is smooth (that is, frictionless),

mechanical energy is conserved or

KE+PEf= KE + PE

Also, if we choose y = 0 (and hence, PE, = 0)

at the lowest point in the bowl, then



vy =+R, yp =0, and y. = 2R/3.

(a) PE = mgy, = mgR or

PE, = 0200kg 9.80 m/s> 0.300m =

(b) KEyz = KE, + PE, — PEy = 0 + mgy, — mgyy = 0.588J — 0 = | 0.588 J
/2 KE 2 0.5887
(©) KEz=1mvi = v, = ” £ = 0200k " 2.42 m/s

2 0.300 m
_ _ 2 _
(d) PEg = mgy- = 0.200kg 9.80 m/s {f} =10.3921]

C

KE. = KE, + PE; — PE. = 05881+ 0 —0.392J =[0.196

1 1
Smvh =5 0200kg 150 m/s > = ]0.2257

574  (a) KE,

(b) The change in the altitude of the particle as

it goes from A to Bis y, — ¥ = R, where
R =0.300 m is the radius of the bowl. Therefore,

the work—energy theorem gives

W, = KE; -KE, + PE; — PE,
=KE; -0+ mg y, —y, =KEz +mg —R A

vp=1.50 m/s

or

W. =0225]+ 0200kg 9.80 m/s?> —-0.300m = —0.363]



The loss of mechanical energy as a result of friction is then .0.363 J.

(c) No. Because the normal force, and hence the friction force, vary with the position of the particle on
its path,
it is not possible to use the result from part (b) to determine the coefficient of friction without using

calculus.

5.75 (a) Consider the sketch at the right. When the mass m = 1.50 kg is in
equilibrium, the upward spring force exerted on it by the lower spring
(i.e., the tension in this spring) must equal the weight of the object, or

Fy, = mg- Hooke’s law then gives the elongation of this spring as

X _Fsz _ mg
2 = k - k m
2 2

Now, consider point A where the two springs join. Because this point is
in equilibrium, the upward spring force exerted on A by the upper spring
must have the same magnitude as the downward spring force exerted on A

by the lower spring (that is, the tensions in the two springs must be equal).

The elongation of the upper spring must be

P B mg

= = — k2

: kl kl kl

and the total elongation of the spring system is

mg mg_ S 1)
ky k, Lkl sz

1.50 kg 9.80 m/s? ( ! ! ) =1[2.04 x102 m

+
\ 120 x10° N/m * 1.80 x 10° N/m

=
I

=X +x, =

I

(b) The spring system exerts an upward spring force of Fy = mg on the suspended object and

undergoes an elongation of x. The effective spring constant is then

F, mg 1.50kg 9.80 m/s
keffective = 75 = 7 = 204 x 102 m = |720 x 102 N/m|




5.76 Refer to the sketch given in the solution of Problem 5.75.

(a) Because the object of mass m is in equilibrium, the tension in the lower spring, F must equal the
52

weight of the object. Therefore, from Hooke’s law, the elongation of the lower spring is

From the fact that the point where the springs join (A) is in equilibrium, we conclude that the
tensions in the two springs must be equal, F5; = Fg, = mg . The elongation of the upper spring is

then

F,
xl:izﬂ

ki ky

and the total elongation of the spring system is

1)

1
x:x1+x2:mgkk—+k—
1 2

(b) The two spring system undergoes a total elongation of x and exerts an upward spring force Fy = mg
on the

suspended mass. The effective spring constant of the two springs in series is then

. _F mg RIS
effective — X - X - (1 - kkl sz

5.77 (a) The person walking uses E,, = (220 kcal)(4 186 J/1 kcal = 9.21 x 10° J of energy while going 3.00

miles. The quantity of gasoline which could furnish this much energy is

921x105]
1.30 x 10% J/gal

f = 7.08 x 1073 gal
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This means that the walker’s fuel economy in equivalent miles per gallon is

3.00 mi

[ = —————— =423 mi/gal
fue economy 7.08 x 103 gal

(b) In 1 hour, the bicyclist travels 10.0 miles and uses

4186171
1 kcal

Ez = 400 kcal ( j =1.67x10°]

which is equal to the energy available in

_1.67 x10°
27 1.30 x 108 J/gal

=1.29 x 1072 gal

of gasoline. Thus, the equivalent fuel economy for the bicyclist is

10.0 mi

——————— =| 776 mi/gal
1.29 x 102 gal

When 1 pound (454 grams) of fat is metabolized, the energy released is £ = (454 g)(9.00 kcal/g) = 4.09 x

10° kcal. Of this, 20.0% goes into mechanical energy (climbing stairs in this case). Thus, the mechanical

energy generated by metabolizing 1 pound of fat is

E, = 0.200 4.09 x 103 kcal = 817 kcal

Each time the student climbs the stairs, she raises her body a vertical distance of
Ay = 80 steps 0.150 m/step = 12.0 m. The mechanical energy required to do this is

APE, = mg Ay ,or

1 kcal

APE, = 50.0kg 9.80 m/s? 12.0m = 5.88x103J[
g 4186 ]

j = 1.40 kcal

(a) The number of times the student must climb the stairs to metabolize 1 pound of fat is



N = E, 817 kcal

= = | 582 trips
APE,  1.40 kcal/trip

It would be more practical for her to reduce food intake.

(c) The useful work done each time the student climbs the stairs is 7 = APE, = 5.88 x 103 J . Since

this is accomplished in 65.0 s, the average power output is

W 5.88x10%] 1 hp

P, =—=———=|905W|= 90.5W[ ]z 0.121 h
T 60 46 W

5.79 (a) Use conservation of mechanical energy, (KE + PEg) = (KE + PEg)i , from the start to the end of

the track to find the speed of the skier as he leaves the track. This gives %mv2 +mgy, = 0+ mgy,

, or

v = 280 - ¥, =2(9.80m/s2)(4.00m) = [28.0 mys|

(b) At the top of the parabolic arc the skier follows after leaving the track, and v, =0. Thus,

V, = 28.0 m/s cos45.0° = 19.8 m/s.Thus, V,,, = \Vi + V2 =19.8 m/s Applying

conservation of mechanical energy from the end of the track to the top of the arc gives

1

>m 19.8 m/s 4 Mg Vi =3 M 28.0 mfs : +mg 10.0m ,or

28.0 m/s > — 19.8 m/s °

2 9.80 m/s2 B

Ve = 10.0m +

() Using Ay =V, + %ayt2 for the flight from the end of the track to the ground gives

~10.0m = [ 28.0 m/s sin45.0°]s +% —9.80 m/s? £

The positive solution of this equation gives the total time of flight as # = 4.49 s. During this time, the
skier has



a horizontal displacement of

Ax =Vt =[ 28.0 m/s cos45.0°| 4.49s =

5.80 First, determine the magnitude of the applied force by considering

a free-body diagram of the block. Since the block moves with n

constant velocity, IF, = ZFy =0. . aaqaes
From SF, = 0,Wesee that ; = Fcos30°-
Thus, f; = t4n = 4 F cos30° and SF, = 0 becomes
Fsin30°= mg + p, F cos30°
or

5.0 kg 9.80 m/s?
F=— me T8 / ~2.0x102N
sin30° — g, cos30°  sin30° — 0.30 cos30°

(a) The applied force makes a 60° angle with the displacement up the wall. Therefore,

Wy = Foos60° s =| 2.0 x 102 N c0s60°| 3.0m = [3.1x102J
(b) W, = mgcosl80° s = 499N -1.0 3.0m = -1.5x10%17]

© W, ncos90°s:|E|

(d) PE, =mg Ay = 49N 3.0m =|1.5x10%]J

5kg

5.81 We choose PE, = 0 at the level where the spring is relaxed (x = 0), or at the level of position B.

(a) Atposition A, KE = 0 and the total energy of the system is given by

1
E = 0+ PE, + PE, = mgx, +Ekx12,0r



1
E= 250kg 9.80 m/s> —0.100 m +- 250 104 N/m  -0.100 m > =T1017J

(b) In position C, and the spring is uncompressed, so PE; = 0. Hence,

E = 0+PEg+0C=mgx2

or

mg  25.0kg 9.80 m/s?

() Atposition B, PE, = PE, = 0 and F = KE+0+0 a = %m\,%

Therefore,

oo [ - [T -
(b)  Where the velocity (and hence the kinetic energy) is a maximum, the acceleration is
a, = = F, ) / m = 0 (at this point, an upward force due to the spring exactly balances the downward
XF, = -kx —mg =0

force of gravity). Thus, taking upward as Positive, =y

w= M8 IBPKE 940 ,10% m = [~ 9.80 mm]

kK 2.50 x10* N/m

(e) From the total energy, g = KF + PE, + PE, = %mvz + mgx + %kxz , we find

2F k
V:\/——ng——x2
m m

Where the speed, and hence kinetic energy is a maximum (that is, at x = —9.80 mm), this gives

S 2980 m/s? -9.80x103m - 9.80 x 103 m
25.0 kg 25.0 kg

max

Jz 1017 2.50 x 10* N/m

or



5.82

5.83

5.84

When the hummingbird is hovering, the magnitude of the average upward force exerted by the air on the
wings (and hence the average downward force the wings exert on the air) must be £}, = mg where mg is

the weight of the bird. Thus, if the wings move downward distance d during a wing stroke, the work done

each beat of the wings is

Wy = Fod = mgd = 3.0 x10 kg 9.80 m/s> 3.5x102m =1.0x1073]

In 1 minute, the number of beats of the wings that occur is

N = 80 beats/s 60 s/min = 4.8 x 10 beats/min

so the total work preformed in 1 minute is

. beat J .
Wi = NWpeye 1 min = [4.8 x 103 e? S] [1.0 x 1073 b_] l min =

min eat

Choose PEg = ( at the level of the river. Then y; = 36.0 m V= 4.00 , the jumper falls 32.0 m, and
the cord stretches 7.00 m. Between the balloon and the level where the diver stops momentarily,

KE + PE, + PE, = KE + PE, + PE, gives

0+ 700N 4.00 m +%k 7.00m > =0+ 700N 36.0m +0

or

If a projectile is launched, in the absence of air resistance, with speed V, at angle § above the horizontal,

the time required to return to the original level is found from Ay = V¢ + %ayt2 as

0 = vysind t —(g/2)¢*, which gives ¢ = (2V, sin §)/g. The range is the horizontal displacement

occurring in this time.

Thus,



(2V,sin@) V3 2sinfcos®  Visin 26

R=v, t= vjcos0
g g g

Maximum range occurs when §=45°, givingor R, = V3 /g.or V} = g R The minimum kinetic

energy required to reach a given maximum range is then

1 1
KE = —mv} = —mgR
2 0 2 8 Kax

(a) The minimum kinetic energy needed in the record throw of each object is

1
Javelinn KE = — 0.80kg 9.80 m/s2 98m =|3.8x1027
L osoke 950
Discus: KE = % 2.0kg 9.80 m/s2 74m =[7.3x102]

Shot:  KE =% 72kg 9.80 m/s2 23m =|8.1x102]

(b) The average force exerted on an object during launch, when it starts from rest and is given the

kinetic energy found above, is computed from as W, = F,, s = AKE as F,, = KE -0 /s

Thus, the required force for each object is

3.8 x 102
Javelin: £, = 25> 1071 TN

2.00 m

C8.1x10%]
2.00 m

=[4.1x10> N

. 102
Discus: F,, = 7331077 3.6 x 102 N
2.00 m

Shot:  F,

(c) . If the muscles are capable of exerting 4.1 x 10? N on an object and giving that object a kinetic

energy of 8.1 x 107 J, as in the case of the shot, those same muscles should be able to give the

javelin a launch speed of
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2KE 2 8.1x10%1]J
Vv, = = =45 m/s
" m 0.80 kg

with a resulting range of

V3 45 m/s 2

RTHB.X =

_ _ 2
g = 9.80 m/52 =2.1x10°m

Since this far exceeds the record range for the javelin, one must conclude that air resistance plays a

very significant role in these events.

From the work—energy theorem, |~ = KE ; — KE; . Since the package moves with constant velocity,
KE, = KE, .giving y - @ .

Note that the above result can also be obtained by the following reasoning:

Since the object has zero acceleration, the net (or resultant) force acting on it must be zero. The net work

doneis W, = Fyd = IEI
The work done by the conservative gravitational force is

Weay = ~APE, = —-mg y, —y; = —mg dsinf

grav

or

Wyay = — 50kg 9.80 m/s? 340 m sin7.0° = | - 2.0 x 104 J |p

The normal force is perpendicular to the displacement. The work it does is

W, ormal :ndcos90°:|E|

normal

Since the package moves up the incline at constant speed, the net force parallel to the incline is zero. Thus,

LR =0 = f —mgsinf =0, or f = mgsind.

The work done by the friction force in moving the package distance d up the incline is

Wiction = fyd = mgsin® d =[ 50kg 9.80 m/s> sin7.0°] 340m = 2.0 x 10* J
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Each 5.00-m length of the cord will stretch 1.50 m when the tension in the cord equals the weight of the
jumper (that is, when F =w=mg ). Thus, the elongation in a cord of original length L when F =w

will be

x:[ L ] 1.50 m = 0.300L
5.00 m

and the force constant for the cord of length L is

i w

k = =
x  0.300L

(a) In the bungee-jump from the balloon, the daredevil drops Vi -y = 55.0m-
The stretch of the cord at the start of the jump is x; = 0, and that at the lowest point is

x, =550m—L. Since KE, = KE ;=0 for the fall, conservation of mechanical energy gives

1
0+ Png+ PES/_:0+ PE, + PE , = Ekx}—xz =mg y, —y;

s 1

giving

(g
%LO3OOLJ€SOm L)= p€ €.0m and 550m-L> = 33.0m L

which reduces to

550m° — 110m L +12 = 33.0m L

or

I2 - 143m L + 55.0m °

I
S

and has solutions of

~ ~143m i\/—143m2—41 55.0m
21

L:
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(b)

(a)

(b)

(©)

This yields

;o 143mE914m 54g £ = 117m or L =258m
2

Only the L = solution is physically acceptable!

During the jump, 2F, = ma,

= kx —mg = ma, or { }%g )x—%g=)ﬁay

7 0.300L

Thus,

a, = ( s — lj g
Y 0.300L

which has maximum value at , — X = 55.0m — L =292 m-

292 m
a =|————— —1|g=|277g|=|27.1 m/s?
7 max {0.300 258 m }g £ /

While the car moves at constant speed, the tension in the cable is F' = mg sin 0, and the power input

18 F = mgsin@, P = FV = mgvsin@,0r

P = 950kg 9.80 m/s> 2.20 m/s sin30.0° = 1.02 x 10* W = [10.2 kW

While the car is accelerating, the tension in the cable is

F

a

mgsin @ + ma = m( sin0+ﬂ\
g |8 At

2.20 m/s — 0
12.0 s

950 kg |: 9.80 m/s? sin30.0° + } =4.83 x 103 N

Maximum power input occurs the last instant of the acceleration phase. Thus,

Prx = FVinae = 483 x 100 N 2.20 m/s = [10.6 kW

The work done by the motor in moving the car up the frictionless track is



S
I

1
e KE+PE/.— KE + PE . = KE, + PE, f—Ozsz%+mg Lsin@

or
1
W. = 950 kg [E 2.20 m/s >4+ 9.80 m/s?2 1250 m sin 30.00} =1582x10%)J
5.88 (a) Since the tension in the string is always perpendicular to the motion of the object, the string does no
work on

the object. Then, mechanical energy is conserved:

1

KE + PE = KE + PE
gf g

Choosing PE, = 0 at the level where the string attaches to the cart, this gives

1
0+ mg —Lcos@ = Emvg +mg —L

or

Vo =4/2gL 1-cos@

(b) IfL=1.20 mand @ =35.0°, the result of part (a) gives

Vo = \/2 9.80 m/s2 1.20m 1 - c0s35.0° =][2.06 m/s

5.90 (a)  Realize that, with the specified arrangement of springs, each spring supports one-fourth the weight
of the load (shelf plus trays). Thus, adding the weight (w = mg) of one tray to the load increases the
tension in each spring by AF = mg/4. If this increase in tension causes an additional elongation in
each spring equal to the thickness of a tray, the upper surface of the stack of trays stays at a fixed

level above the floor as trays are added to or removed from the stack.

(b) If the thickness of a single tray is ¢, the force constant each spring should have to allow the fixed-

level tray dispenser to work properly is
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_AF _mg/4 _mg
Ax t 4t

k

or

0.580 kg 9.80 m/s?

4 0450 x 1072 m

The |length and width of a tray| are unneeded pieces of data.

When the cyclist travels at constant speed, the magnitude of the forward static friction force on the drive
wheel equals that of the retarding air resistance force. Hence, the friction force is proportional to the

square of the speed, and her power output may be written as

P=fv= k?Vv=hK3

where £ is a proportionality constant.

If the heart rate R is proportional to the power output, then R = k'® = k' kv* = k'kv® where k' is

also a proportionality constant.

The ratio of the heart rate R, at speed V, to the rate R, at speed V, is then

Ry kb (v,

8 _
R ey,

giving

Thus, if R = 90.0 beats/min at v = 22.0 km/h , the speed at which the rate would be is 136 beats/min

is



(136 beats/min\\l/3
V= 22.0 km/h | —> 2SN 4 s em/h
™/ | 50.0 beats/min )

and the speed at which the rate would be 166 beats/min
V= 22.0 km/h (166 beats/min )" _ 27.0 km/h
’ L 90.0 beats/minJ :

5.92 (a) The needle has maximum speed during the interval between when the spring returns to normal

length and the needle tip first contacts the skin. During this interval, the kinetic energy of the needle

equals the original elastic potential energy of the spring, or %mvﬁm = %kxi2 . This gives

k 375 N/m
Viax = Xi4|— = 810 x 102 m  [—————— =[21.0 m/s
max ! 5.60 x 1073 kg

(b) If F, is the force the needle must overcome as it penetrates a thickness x; of skin and soft tissue
while F, is the force overcame while penetrating thickness x, of organ material, application of the
work—energy theorem from the instant before skin contact until the instant before hitting the stop
gives

= — — — 12 _ 1, n\2
I/Vnet - Fixl F2x2 ) me 2 mvmax

or

2 Fx + Fx
oo 1%1 2%
vf—\/v -

max
m

2[ 760N 240 x102m + 920N 3.50 x 102 m J

2
U,=4] 21.0 m/s = — =116.1 m/s
, J / 5605107 ke




