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Work

11.2 Work and Kinetic Energy
11.3 Calculating and Using Work

1. For each pair of vectors, is the sign of A-B positive (+), negative (-), or zero (0)?
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2. Each of the diagrams below shows a vector A. Draw and label a vector B that will cause A - B to have
the sign indicated.
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Exercises 3—10: For each situation:
» Draw a before-and-after pictorial diagram.
* Draw and label the displacement vector A¥ on your diagram.
* Draw a free-body diagram showing all forces acting on the object.
+ Make a table beside your diagrams showing the sign (+, —, or 0) of (i) the work done by each force seen
in your free-body diagram, (ii) the net work Wy, and (iii) AK, the object’s change in kinetic energy.

3. An elevator moves upward at constant speed.
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4. A descending givator brakes to a halt.
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5. A box slides down a frictionless slope. BK -
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CHAPTER 11

7. A ball is thrown straight up. Consider the ball from one microsecond after it leaves your hand until the

highest point of its

trajectory.
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. You toss a ball strgght up. Consider the ball from the instant you begin moving your hand until you

9. A car turns a corner at constant speed.

10.

[ =0

s
=
55
at steady speed.
Onex e ond
—>
Tension]

Forca. [\Wovk 5@!\
Py | WNo | —
Fuard | Ward|  +
o Woel | T
AR+
Force.  |Work |Sian
frackion | Vs 0
wWeighr | ™9 0
noftal |Wn | 0
| Wnet | O
Ak | O

A flat block on a string swings once around a horizontal circle on a frictionless table. The block moves
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11. A 0.2 kg plastic cart and a 20 kg lead cart both roll without friction on a horizontal surface. Equal
forces are used to push both carts forward a distance of 1 m, starting from rest. After traveling 1 m, is
the kinetic energy of the plastic cart greater than, less than, or equal to the kinetic energy of the lead
cart? Explain.

The Kinec e,v\gw%'ze,s oveRqual. Equal forees Owe opplied
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Wil log ey \“5 10 FWnes -‘?o\s-\'ﬁr howevex.)

12. Particle A has less mass than particle B. Both are pushed forward across a frictionless surface by equal
forces for 1 s. Both start from rest.

a. Compare the amount of work done on each particle. That is, is the work done on A greater than, less
than, or equal to the work done on B? Explain.

Pecounse. zm cricle A has 1855 MOSS i wily Occelexoe.
wore ond owve\ Suarbine v durin ~\-\/\e onR.Second
pusia. TheveSore - the Work donelon A IS %Feod't(‘.

b. Compare the impulses delivered to particles A and B. Explain.

Becouse qual forees oce opplied for Qﬂu&(
Fitnes e inpulses 0k the Same.

¢. Compare the final speeds of particles A and B. Explain.
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11.4 The Work Done by a Variable Force

13. In Chapter 9, we found a graphical interpretation of Ap as the area under the F-versus-¢ graph from an
initial time # to a final time #. Provide an analogous graphical interpretation of AK, the change in
kinetic energy.

Ak isthe 0eo. bndex the

F versus- pestionaropn: Tho
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14. A particle moving along the x-axis experiences the forces shown below. How much work does each
force do on the particle? What is each particle’s change in Kinetic energy?

a. F (N) b. F(N)
10+ 101
54 54
O T T T T T L x(m) 0 1 L T T L x(m)
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ak=  OT rk= —=RJ

15. A 1 kg particle moving along the x-axis experiences the force FN)
shown in the graph. If the particle’s speed is 2 m/s at x =0 m, 3
what is its speed when it gets to x =5 m?
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16. In Example 11.8 in the textbook, a compressed spring with a spring constant of 20 N/m expands from
%o =—20 cm =—0.20 m to its equilibrium position at x; =0 m.

a. Graph the spring force F, from x; =-0.20 m to x, =0 m.
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b. Suppose the surface had been frictionless. Use your graph to determine AK, the change in a cube’s
kinetic energy when launched by a spring that has been compressed by 20 cm.

Akz Aveo.bindev e cuve

:—é“m(\\) (0= (- 20m)) ':‘

¢. Use your result from part b to find the Jaunch speed of a 100 g cube in the absence of friction.
Compare your answer to the value found in the Example 11.8. Why are they different?

Ko DN =k y? . Fﬁ‘?
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The Speed is Shigly geodter e
obsexnce of Friction.
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11.5 Force,Work, and Potential Energy
11.6 Finding Force from Potential Energy

17. A particle moves in a vertical plane along a closed path, starting at A
and eventually returning to its starting point. How much work is
done on the particle by gravity? Explain.

No wor'k wWos done. by Ay o thy Wad by

Kece By=0. Any work done during Ovx

dowvxwwd PO oftine Moo W
Windone Auanine Lpnod POCYS.

18. a. If the force on a particle at some point in space is zero, must its potential energy also be zero at that
point? Explain.

No Fhe rode o chomnae. o poterinol en Wil Respectto

posiHon \A\\\\&Z_é +\/\o£c \MQX%\\L+ e volne, QF
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e
f the potentlal energy of a particle at some point in space is zero, must the force on it also be zero at
that point? Explain.

No -\-he,ze\ro _&ow\-‘c Tov¥he pote: o ererg \1:15
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19. The graph shows the potential-energy curve of a particle  Energy \ S NN -2eY0.
moving along the x-axis under the influence of a
conservative force.

a. In which intervals of x is the force on the particle to the
right?

From Otoom from5 teém
%(,WV\Q—(‘?-VG-‘(‘ e S\ ope'\s mSOd—Ne“)

b. In which intervals of x is the force on the particle to the
left?

From Imto Hm, From Fonto \OM.
(Wrerevec-int slope 1S posthive)

¢. At what value or values of x is the magnitude of the force a maximum?
At ¥=0, Xz 3.5m , %= (.5 ™, and X=10m
™e w\o%v\ﬂ-ude ofthe force IS
MO \Wnesce e, Slope hos s
%fe,ofresir e Yude.
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d. What value or values of x are positions of stable equilibrium?

%A\"W\QW\'\Y\\W\O\,Xi SM)X:‘ZM_

e. What value or values of x are positions of unstable equilibrium?

g Moo, | K25 M,

f. If the particle is released from rest at x = 0 m, will it reach x = 10 m? Explain.

No. If feleosed from (est, it willvevey \nouje,
MOCR 2NN O TS initiol poterstiol ene: y
oA ot (eoen a\ocetion wWiheye, uux)vé

ﬁ e.a’csexs‘ oo 1S initriod VoLue Tk (il deon afonnd
~3.5mn.
11.7 Thermal Energy

20. A ball of clay traveling at 10 m/s slams into a wall and sticks. What happened to the kinetic energy the
clay had just before impact?

inine deforenodion of 4he \nall 0‘?@&{.

21. What energy transformations occur as a box slides up a gentle but slightly rough incline until stopping
at the top?

Kinekiceneray is Honsformed into porentiol
NNy o e extevtt e ook noves upwad
buk s Heconal neoN d{ss{Poc\—-gd\ oo “3
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11.8 Conservation of Energy

22. Give a specific example of a situation in which:
a. Wy —» K with AU=0and AEy, = 0.

Pusin apu ck, 0€60sS o Frichoniess Suvfoce.
(System:puek)

\\t RS~ W\\/; 8“’\\/ )

b. Wiy — U with AK = 0 and AEy, = 0.

Lifk o loook o constent Speed. (system: ook ecortn)
(W™ 25y = AR < Alhgqaw)

¢. K- U with Wy, =0 and AE; =0.

Am\l Pnfonwn wo«*d JuS\- oftex release
\m\—\ %‘eo\c\m:; IEQO (Fwvd=m )

(pystem: Bl [Bartn) A puck sliding ivto o
S’Pf\(\% o\ SWW‘W\\WV\CDMPOQ ion.

d. Wy, — Ey, with AK=0and AU =0. ('9"“\‘3'_ &\QM‘})

Aloox pusined of constont Speed alona, o
horizoniol suckoce: (Systemoox,sufoce)

(W ¢ DE0)

e. U — Ey, with AK =0 and Wy = 0.

Aloox Slides o Constony S@&d doww On
Voo Wit feickion. System:loox, Snrfoce Eo\ﬂ%\>
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23. A system loses 1000 J of potential energy. In K + U, + Wo = K + U + ABy
the process, it does 500 J of work on the * _
environment and the thermal energy //
increases by 250 J. Show this process on an /

energy bar chart. N . // L 772 . . m
Kg -K|= 9507 to balowvrce. R M I

Hhe oo

24. A system gains 1000 J of kinetic energy K+ Up + Wy
while losing 500 J of potential energy. The
thermal energy increases by 250 J. Show - p—t
this process on an energy bar chart. O

Wery® 1507 s balonce | . o
Hechonrd. | L
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25. A box is sitting at the top of a ramp. An external force pushes the box down the ramp, causing it to slowly
accelerate. Show this process on an energy bar chart.

¢ Ko WieMey = Ko + Ug + AB,

SN 7 0 71 4 -

11.9 Power

26. a. If you push an object 10 m with a 10 N force in the direction of motion, how much work do you do
on it?

W=F - AF = ION-10m = 100J

b. How much power must you provide to push the object in 1 s? In 10 s? In 0.1 s?
D-Wext Tanls, P=looW

Nt Tnlos P= JOS IOW
g I0s

T 03, P= 1003 - 1500w
O.\s
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