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6.31DENTIFY: Each force can be used in the relation W = F, s= (F cos! )sfor parts (b) through (d). For part

6.8.

6.11.

6.16.

(e), apply the net work relation as W, =W,

worker +varav +Wn +Wf )
SET UP:  In order to move the crate at constant velocity, the worker must apply a force that equals the
force of friction, F = f. = 4n

worker

EXECUTE: (&) The magnitude of the force the worker must apply is:
F,.=f =un=ymg=(029(30.0kg)(9.80m/s’) = 74N

worker

(b) Since the force applied by the worker is horizontal and in the direction of the displacement, !/ = Qe

and the work is:

W

worker (

F

worker

cos! )s=[(74N)(cos0!)](4.5m) = +3333
(c) Friction acts in the direction opposite of motion, thus ! =180 and the work of friction is:
~ (1, cosp)s=[(74 N)(cost80)](4.5m) - ~3333
(d) Both gravity and the normal force act perpendicular to the direction of displacement. Thus, neither
force does any work on the crate and Wg w =W =0.0J

(e) Substituting into the net work relation, the net work done on the crate is:
W, =W +W _ +W +W, =+333J+0.0J+0.0J! 333J=0.0J

worker grav

EVALUATE : The net work done on the crate is zero because the two contributing forces,

Foie @NdF,, are equal in magnitude and opposite in direction.

IDENTIFY :  Apply Eq.(6.5).

SeTUp:.  P- P= PPlandplp Pr P=0

EXECUTE The work you do is F‘ S ((BON)P" (40N)P ! (("9.0m)P" (3.0m) P
F15=(30N)("9.0m)+("40N)("3.0m) ="270N ! m+120N ! m="150J.

EVALUATE :  The x-component of F does negative work and the y-component of F does positive
work. The total work done by F is the sum of the work done by each of its components.

IDENTIFY: K = %m\/2 . Since the meteor comes to rest the energy it delivers to the ground equals its
original kinetic energy.

SETUP: v=12km/s=1.2! 10" m/s. A 1.0 megaton bomb releases 4.184! 10"° J of energy.
ExecutE: (a) K =1(1.4! 10’ kg)(1.2! 10" m/s)* =1.0! 10° J

1.0! 10° J
(b) ————
4.184! 10° J
EVALUATE : Part of the energy transferred to the ground lifts soil and rocks into the air and
creates a large crater.

= 2.4. The energy is equivalent to 2.4 one-megaton bombs.

IDENTIFY: From the work-energy relation, W =W, =1K

grav
SET UP:  As the rock rises, the gravitational force, F = mg, does work on the rock. Since this force
acts in the direction opposite to the motion and displacement, s, the work is negative. Let / be the
vertical distance the rock travels.

EXecute: (a) Applying W, =K, ! K, we obtain ! mgh= imvi ! imv?. Dividing by m and

solving for v,, v, = \lvj +2gh . Substituting h=15.0mandv, = 25.0ns,



v = J(25.0 mys)’ +2(9.80 m/s?)(15.0 m) = 30.3 m/s
(b) Solve the same work-energy relation for 4. At the maximum height v, =0.

2 2 2 2
—mgh=4mv2 - £mv? and h= 22 = (0.3ms) 1 (0.0ms) _ o0
2g 2(9.80ms)
EVALUATE : Note that the weight of 20 N was never used in the calculations because both
gravitational potential and kinetic energy are proportional to mass, m. Thus any object, that attains 25.0
m/s at a height of 15.0 m, must have an initial velocity of 30.3 m/s. As the rock moves upward gravity

does negative work and this reduces the kinetic energy of the rock.

6.26. IDENTIFY: Apply W, =K, -K,.

tot
SETUP: K, =0. The normal force does no work. The work 7 done by gravity is W = mgh, where

h=Lsn! isthe vertical distance the block has dropped when it has traveled a distance L down the
incline and ! is the angle the plane makes with the horizontal.

EXeEcUTE: The work-energy theorem gives v = Jﬁ = 1’& =4/2gh =4/2gLdn! . Using the given
m m

numbers, v = /2(9.80m/s?)(0.75m)sin36.9 =2.97m/s
EVALUATE : The final speed of the block is the same as if it had been dropped from a height 4.

6.28. IDENTIFY: The work that must be done to move the end of a spring from X to X is W =1 2 3 2
. The force required to hold the end of the spring at displacement x is F = kx .

SET UP:  When the spring is at its unstretched length, X = 0. When the spring is stretched, X >0, and
when the spring is compressed, X <0.

ExecUTE: (@) x, =0and W =31kx. k= ﬁz = Z(LOJ)Z =2.67! 10" N/m.
X;  (0.0300m)

(b) F. = kx=(2.67! 10* N/m)(0.0300m) = 801N .
(©) x =0, x, =10.0400 m. W = 1(2.67! 10* N/m)(" 0.0400m)? = 21.4J.
F, = kx=(2.67! 10* N/m)(0.0400m) = 1070N .

EVALUATE :  When a spring, initially unstretched, is either compressed or stretched, positive work is
done by the force that moves the end of the spring.

6.30. IDENTIFY: The magnitude of the work can be found by finding the area under the graph.
SET UP:  The area under each triangle is 1/2 base! hedght. F >0, so the work done is positive

when x increases during the displacement.
EXECUTE: (a)1/2(8 m)(A0N)=40J.

(b) 1/2 (4 m)(10N)=207.
(c) 1/2(12m)(10N) = 60J.

6.33. IDENTIFY: Apply Eq.(6.6) to the box.
SETUP:  Let point 1 be just before the box reaches the end of the spring and let point 2 be where the
spring has maximum compression and the box has momentarily come to rest.

EXecuTE: W, =K,! K|
K,=imvZ, K,=0

Work is done by the spring force. W_ =1 1 2, where X, is the amount the spring is compressed.

I Lo =1 2mv2 and X, = v,Y/m/k = (3.0m/s),/(6.0 kg)(7500 Nm) =8.5cm




6.37.

6.43.

6.48.

6.50.

EVALUATE :  The compression of the spring increases when either v, or m increases and decreases

when k increases (stiffer spring).

IDENTIFY and SET UP.  The magnitude of the work done by F, equals the area under the F_ versus x

X
curve. The work is positive when F, and the displacement are in the same direction,; it is negative when
they are in opposite directions.
EXECUTE: (@) F, is positive and the displacement ! X is positive, so W > 0.

X

W=1(2.0N)2.0 M+ (2.0 N(1.0m = +4.0J

(b) During this displacement F =0, so W = 0.

(c) F, isnegative, ! X is positive, so W <0. W=1 2(L.ON)(2.0m=11.0J

(d) The work is the sum of the answers to parts (a), (b), and (c), so W =4.0J+0! 1.0J=+3.0J

(e) The work done for x=7.0m to x=3.0m is +1.0 J. This work is positive since the displacement
and the force are both in the ! x-direction. The magnitude of the work done for x =3.0m to

X=2.0m is 2.0 J, the area under F,_ versus x. This work is negative since the displacement is in the
I x-direction and the force is in the +x-direction. Thus # =+1.0J! 2.0J=11.0J

EVALUATE : The work done when the car moves from x=2.0m to Xx=0 is

! 2(2.0N)(2.0 m) =!2.0J. Adding this to the work for x=7.0m to x=2.0m gives a total of

W =-3.0J for x =7.0m to x=0. The work for x =7.0m to x =0 is the negative of the work for
X=0tox=7.0m.

IDENTIFY :  Apply the relation between energy and power.
w .
SETUP: Use P= 7 to solve for W, the energy the bulb uses. Then set this value equal to %mvz and

solve for the speed.
EXECUTE: W = P!t = (100W)(3600s) = 3.6" 10° J

1 5
K =3.6! 10°J so vzﬂ/%: MZlOOm/s
m 70 kg

EVALUATE : Olympic runners achieve speeds up to approximately 36 m/s, or roughly one third the
result calculated.

IDENTIFY and SET UP:  Calculate the power used to make the plane climb against gravity. Consider
the vertical motion since gravity is vertical.
EXEcCUTE: The rate at which work is being done against gravity is

P = Fv = mgv = (700 kg)9.80 nis*)(2.5mVs) = 17.15kW.

This is the part of the engine power that is being used to make the airplane climb. The fraction this is of
the total is

17.15kW/75 kW = 0.23.

EVALUATE : The power we calculate for making the airplane climb is considerably less than the
power output of the engine.

IDENTIFY and SET UP:  Use Eq.(6.15) to relate the power provided and the amount of work done
against gravity in 16.0 s. The work done against gravity depends on the total weight which depends on
the number of passengers.

EXECUTE: Find the total mass that can be lifted:



6.51.

6.61.

6.69.

1746 W$

P =(40h =2.984' 10' W
o, = (40 hp)y 1hp &
Pt !
T (2.984! 10" W)(16.0 $ = 2.436! 10° kg
gh (9.80 mis*)(20.0m)
This is the total mass of elevator plus passengers. The mass of the passengers is
| 3
2.436! 10°kg" 600kg =1.836! 10° kg. The number of passengers is % =28.2.28
U kg

passengers can ride.
EVALUATE : Typical elevator capacities are about half this, in order to have a margin of safety.

IDENTIFY : Calculate the gallons of gasoline consumed and from that the energy consumed. Find the

W
time ! t for the trip and use P, = T where ! W is the energy consumed.

SETUP: 200km=124mi
124 mi

EXECUTE: (a) The gallons of gasoline consumed is —————— = 4.13gd . The energy consumed is
30 mi/gd

(4.13gd)(1.3! 10° Jgd) =5.4! 10° J.

(b) The time for the trip is 124 r,nl
60 mi/h

=2.07h=7450s.

, .
p =W _54"10J o5 w=720kW.
S

I
EVALUATE :  The rate of energy consumption is M =970hp.
746 W/hp

IDENTIFY: K = %m\/2 . Find the speed of the shuttle relative to the earth and relative to the satellite.
SET UP:  Velocity is distance divided by time. For one orbit the shuttle travels a distance 2!/ R.

1 1 127R$ 1 | 27(6.66' 1P m) $
E @ S = 2 2R~ 186 400k
XECUTE: (&) 5mv™ = omiy—rg = 5! 9 #90.1min) 60 Smin) &

(b) (1/2) mv? = (1/2) (86,400 kg) ((1.00 m)/(3.00 5))’ =4.80 x10° J.
EVALUATE : The kinetic energy of an object depends on the reference frame in which it is measured.

=2.59' 10 J

IDENTIFY and SET UP:  Use | F = ma to find the tension force 7. The block moves in uniform
1 1
circular motion and a=a,_,.

(a) The free-body diagram for the block is given in Figure 6.69.

Execute: | F =ma
rad Ve
n T=m—
T R
* (0.70 i)
T = (0.120kg)———2 = 0.15N
mg 0.40m
Figure 6.0
V2 (2.80 mis)?

(b) T = m— = (0.120kg) =9.4N

0.10m
(c) SETUP:  The tension changes as the distance of the block from the hole changes. We could use

W =] "F_ dx to calculate the work. But a much simpler approach is to use W =K, ! K.

XZ
X



6.70.

6.77.

EXECUTE: The only force doing work on the block is the tension in the cord, so W =W,.
K, = %r‘r‘l\/l2 =1(0.120kg)0.70 ms)> = 0.0294J
K, = %r‘r‘l\/z2 =1(0.120kg)2.80 ms)®> =0.470J
W, =K, -K, =0.470J-0.029)=0.44J

tot
This is the amount of work done by the person who pulled the cord.
EVALUATE: The block moves inward, in the direction of the tension, so 7 does positive work and the
kinetic energy increases.

IDENTIFY: Use Eq.(6.7) to find the work done by F. Then apply W =K, ! K .
SET UP: ld—i(:"l.
"X X
% ! $ '
Execute: W=""—dx=/ i#i .
s Bl

W =(2.12! 10% N#m?)((0.200m™)" (1.25! 10° m'*)) ="2.65! 10" J. Note that X, is so large
compared to x, that the term 1/ X is negligible. Then, using Eq. (6.13)) and solving for Vv, ,

" 1 \' 17
v, = \/vf nelae (3.00! 10° m/s)* +w =241 10° m/s.
m (1.67! 10% kg)
. . a
(b) With K, =0,W =! K .Using W =-—,
X
i ! " 26 2
x, = =2 = 2(2'123 10 N$m’) _=2.82" 10" m.
K, mvZ (1.67" 10%" kg)(3.00" 10° m/s)

(c) The repulsive force has done no net work, so the kinetic energy and hence the speed of the proton

have their original values, and the speed is 3.00x 10° mvs.

EVALUATE :  As the proton moves toward the uranium nucleus the repulsive force does negative work
and the kinetic energy of the proton decreases. As the proton moves away from the uranium nucleus the
repulsive force does positive work and the kinetic energy of the proton increases.

IDENTIFY and SET UP:  Use Eq.(6.6). Work is done by the spring and by gravity. Let point 1 be where
the textbook is released and point 2 be where it stops sliding. X, = 0 since at point 2 the spring is

neither stretched nor compressed. The situation is sketched in Figure 6.77.

EXECUTE:
vi=0
i ] W =K, 1K,
J=9 K,=0, K,=0
J\/\/\_ ’_‘ v, = 0 VVIOI :VVfric +Wspr
Figure 6.77

Wi = %kxf, where X =0.250m (Spring force is in direction of motion of block so it does positive
work.)
VV;ric =1 I'lkmgd

Then W, = K,! K, gives k¢! ymgd=0

tot



d= k¢ (250 N/m)(0.250 n)?
2u,mg  2(0.30(2.50kg)(9.80 nis’)

released.

EVALUATE : The positive work done by the spring equals the magnitude of the negative work done by

friction. The total work done during the motion between points 1 and 2 is zero and the textbook starts
and ends with zero kinetic energy.

=1.1m, measured from the point where the block was

6.81. IDENTIFY: Apply W =K, ! K| to the blocks.

tot
SET UP:  If X is the distance the spring is compressed, the work done by the spring is ! %kXZ. At

maximum compression, the spring (and hence the block) is not moving, so the block has no kinetic
energy and X, =0.

EXECUTE: (&) The work done by the block is equal to its initial kinetic energy, and the maximum

compression is found from 1kX? =1mv? and X = J%V = %
m

(b) Solving for v, in terms of a known X, v, = \/EX = w(0.150m) =1.50 nis.
m 5.00kg

EVALUATE : The negative work done by the spring removes the kinetic energy of the block.

(6.001m/s) = 0.600m.



