Selected Problems
from Chapter 7
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. 0-kg object 1s pulled along a rough horizontal surface at

stant speed by a 15 N force acting 30 degrees above the
_Luntdl (see Fig. ). How much work is done by the friction
"ce as the object moves €.0 m?

J F=15N

4 5.0 kg
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the frictional force : f, = F cos30=13 N
W (frictional force)=-f d =-13x6=-78J
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2.0 m down a frictionless incline from
A force (magnitude F =3.0 N) acts on the
between A and B, as shown in Fig. If the kinetic energy
e block at A is 10 J, what is its kinetic energy at B?

. 2m

W, =W_+W  +W

W, =0, W, =mgd sin30=2.0x9.8x2.0x0.5=19.6 ]
W_=-Fd =-3.0x2.0=-6.0J

W, =13.6J

AK =W _ = K; -K, =13.6J

Ky =K, +15.6=10+13.6=23.6J ] 24J



3) A 2.0-kg obj]

g the +x-axis with a speed of 5 m/s
under the 1 gl

orce F= (31i+4]) N. What is tl

Al 15 W
A2 20 W
A3 Z5 W
Ad 35 W
AL 30 W

P=Fyv =(3i +4j).(51) =15W
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Two balls, with masses m and Zm, are dropped

to the ground from the roof of a building. (Assume no ailr
resistance.) Just kefore hitting the ground, the heavier
ball has:

two times as much kinetic energy as the lighter one.
as much kinetic energy as the lighter one.

half as much kinetic energy as the lighter one.

four times as much kinetic energy as the lighter one.
a kinetlic energy that is impossible to determine.



5) An object is pushed by a variable force, plotted in Fig ,
as a funutinr of position, =.
How much work has the force done on the cbject when it
has moved from x=0 to x=+6 m?
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W =areaunder the curve.=1x2x2-1x2x2+1x2=2J



6) A hellcopter lifts a 72 kg man 15 m vertically
by means of a cable. The acceleration of the man 1s
1.20 m/s**2, How much work 1s done on the man by
the tension of the cable?

.
Al 12  kJ
A2 10 kJ
A3 O kJ
A4 14  kJ a
A5 16 kJ T

mg

T=m(g+a)=72(9.80+1.20) =792 N
W, =Td =792x15=11880 J [112 kJ



7) You are supposed to pull a 2000 kg equipment across a horizontal
frozen lake by means of a horizontal rope. The coefficient of
' e amount of work you will do by
equipment 100 m at constant velocity is:
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|:app = 1:k ::ukN ::ukmg

W, =F,,d=xmgd
=0.05x2000%x9.80x100 =98 kJ
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8) A particle moves from Xi = 0 to Xf = 5.0 m while being acted
upon by a single force F = 3*¥**2 directed along the X axis.
Find the change in the kinetic energy during this motion.

Al 125 J
A2 5 J
A3 0 J
Ad 75 J
AL 250 J

5
AK =W = [ F(x)dx =[ 3x2dx =X°| =5°~0° =125 ]

0




moves 1n the x-y plane from the point (0,1) m to
m while being acted upon by a constant force
_|_

4k (N). The work done on the particle by

9) A particl
point (3,
F =41 +
this forc

[J [~2 1 (D
P

|._-|-
Ly

=(3-0)1+(5-1) ] =31+4}

F.d=(4i+2j+4k).(3i+4])
=4x3+2x4=12+8=20J



10)

Which of the following statements is CORRECT?

The centripetal force acting on a particle rotating in a
circle does no work on the particle.

The work done by a force 1s always equal to the product of
the force and the distance travelled.

When an cbhject is displaced horizontally, the gravitational
force deoes work on it.

When an cobject is displaced horizontally on a table, the normal
fTorce does work on it.

If a person lifts a heavy block a vertical distance, then
his work is zero.



11) A car accelerates from zero to 30 m/s in 1.5 s. Assuming
the same average power 1s delivered by the car, how long
does it take to accelerate it from zero to 60 m/s.

(Ignore friction). 2
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ss13  Figure 7-29 shows three forces applied to a trunk thal
moves leftward by 300 m over a fnictionless loor, The fore
magnituces are F; = 300 N,
F, =900N, and F5 = 100 N,
and the indicated angle is 8 =
60.0°, During the displace.
menl, (a) what 15 the net work
done on the trunk by the three
forces and (b) does the kinetic
energy of the Lrunk increase of
decrease” ssm




13. {a) The forces are constant, so the work done by any one of them i1s given by

W=F.d, where d is the displacement. Force F, is in the direction of the displacement,
S0

W =Fdcosd = (5.00 Ny 3.00m)cos0”=15.0 1.
Force F, makes an angle of 120° with the displacement, so
W, = Fdcosd, = (900N 3.00m)cos120"=—-13.5 .

Force F, is perpendicular to the displacement, so W = Fud cos ¢ = 0 since cos 90° = 0.
The net work done by the three forces 1s

W=W +W,+W, =150 -13.5 J+0=+1.50 1.

(by If no other forces do work on the box, 1ts kinetic energy increases by 1.50 1 during the
displacement.



#17 A helicoprer hifis a 72 kg astronaut 15 m vertically from

the ocean by means of a cable. The accelerntion of the astro-
naut s g/ 10, How much work s done on the astronaul by (a)

the force from the helicopter and (b) the gravitational force
on her? Just before she reaches the helicopter, what are her
(¢) Kinetic energy and (d) speed” SSM waw



17. (a) We use F to denote the upward force exerted by the cable on the astronaut. The
force of the cable is upward and the force of gravity is mg downward. Furthermore, the
acceleration of the astronaut is g/10 upward. According to Newton's second law, F —mg

= mg/10, so F = 11 mg/10. Since the force F and the displacement @ are in the same
direction, the work done by F is

11 1172 (9.8 m/ss"| (15 m)
W, = Fd = Tﬂg‘f ke —

— 1164 = 10% ]

which (with respect to significant figures) should be quoted as 1.2 = 10% 1.

by The force of g]‘El‘-’LW has magnitude mg and is n:uppn:umte in direction o the
displacement. Thus, using Eq. 7-7, the work done by gravity is

W, =-mgd=—(72kg) (9.8 m/s*) (15 m) = — 1058 = 10*]

which should be quoted as— 1.1 = 10* 1.

¢y The total work done is W=1164=10*1— 1,058 10" T = 1.06 % 10°J . Since the
astronaut started from rest, the work-kinetic energy theorem tells us that this (which we
round to 1.1 10°7 ) is her final kinetic energy.

(d) Since K = 4mv*, her final speed is

2K 2 L0610
V= l—= { . :'=5.4:m.-'5.
Ilm | 72kg




wi{§ In Fig. 7-31., a horizontal force F, of magnitude 20.0 N
sapphed 10 a 3.00 kg psychology book as the book shides a
“:dnﬂmmupﬂmnmlmﬂnpnmﬂsmﬂ'
H the displacement. what is the net work donc on the
ek by F,. the gravitational
hmlh:l:!:lﬂt.lnﬂtham-
ma force on the book? (b) I
i book has zero kinelic en-
oy al the start of the displace-
ment. what is its speed at the
end uf the displacement?




18. (a) Using notation common to many vector capable calculators, we have (from Eq. 7-
8) W=dot([20.0,0] + [0, —(3.00)(9.8)], [0.500 £ 30.0°]) = +1.31 L.

(b) Eq. 7-10 (along with Eq. 7-1) then leads to

v=+2(1.31 1)(3.00 kg) = 0.935 mv/s.



*25 In Fig 7-11. we must apply a force of magnitude 80 N
1o hold the block stationary at x = ~2.0 em, From that posi-
tion, we then slowly move the block so that our force does

+4.0J of work on the spring-block system: the block is then
again stationary. What 15 the block’s position? (Mine There

are Iwo answers, )



25. We make use of Eq. 7-25 and Eq. 7-28 since the block 1s stationary before and after
the displacement. The work done by the applied force can be written as

W, =-W, =%k(x;—xf).

The spring constant 1s k=(80 N)/(2.0 cm):4.ﬂx1{]5NIm. With W =4.0J , and

X, =—2.0 cm, we have

g
X, = i\/z Tix =% 2(-4'? ) +(—0.020 m)* =+0.049 m=+4.9 cm.
: (4.0x10° N/m)



e*39 The only force acting on a 2.0 kg body as it moves along
a positive x axis has an x component F, = —éx N, with x in
meters. The velocity of the body at x = 30 m is 8.0 m/s.
(n) What is the velocity of the body at ¥ = 4.0 m? (b) Al
what positive value of x will the body have a velocity of
SO miAT ssMuw wew



29.1a) As the body moves along the x axis from x; = 3.0 m to x = 4.0'm the work done by
the force is

W= ['F, de= [ ~6x drm -3 ~22)==3 (40°-3.0%)=-211
According to the work-kinetic energy theorem. this gives the change in the kinetic energy:

i | s
W=AK=—m|} 7]

where v;is the inital velocity (at x) and veis the final velocity (at x). The theorem yields

W . =213 . .

V=, [—+V =, [——+ (B0 =66 mis,
! mo 2.0

(b1 The velocity of the particle 1s v = 5.0 m's when it 1s at x = x. The work-kinetic energy

theorem is used to solve for x. The net work done on the particle 1s W ==3{x}—x'].s0

the theorem leads to

F—

'] !-
MV =¥ ).

2 2
—E .:l.'._r —X; I = E

Thus.

I

X =J— %Ivj v |+ =J— ;'[E}LE [(5.0mfs)" = (80 mis) | +(3.0m)* =4.7 m.

i I



41 A 100 kg block is pulled at a constant speed of 5.0 ms
across a horizontal floor by an applied force of 122 N directal
37" above the horzontal. What is the rale at which the fore
does work on the block? ssMnw



41. The power associated with force F is given by P = F - ¥, where ¥ is the velocity
of the object on which the force acts. Thus,

P=F v=Fvcos¢=(122 N)(5.0 m/s)cos37°=4.9x10" W.



M*ﬂﬂﬂhhﬂlmﬂlﬂﬂunﬂmmi
_ load of 1800 kg. If the cab is moving upward at Tull
ol 350 m's, what power is required of the force moving
cab 10 mamtain that speed?




73. A convenient approach 1s provided by Eq. 7-48.
P=Fv= (1800 kg + 4500 kg)(9.8 m/s)(3.80 m/s) = 235 kW.

Note that we have set the applied force equal to the weight in order to maintain constant
velocity (zero acceleration),
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