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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)?

b. Fy
B

Sign = - Sign = O

C.

Sign =

2. Each of the diagrams below shows a vector 4. Draw and label a vector B that will cause A B to have

the sign indicated.
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11-2 cHAPTER 11 « Work

Exercises 3-10: For each situation:
+ Draw a before-and-after pictorial diagram.
« Draw and label the displacement vector Ar 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 W, 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 elevator brakes to a halt. AK O

; T
- o Bef.
TE c‘g? clore ForuL Wor\c Sig\n
5
Av TLV\S'\OV\ \'JT .

T Weignt | W ¥
\4 @ A'F'h.r' “ 3 S
Py

5. A box slides down a frictionless slope.

v
P
o
ﬁ
=
o
9
b3

ch ore : Force

) -
- NOIN‘ NV\ O
o
1

fa
After MLk
\‘ i, o
: . MK

6. A box slides up a frictionless slope.
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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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8. You toss a ball straight up. Consider the ball from the instant you begin moving your hand until you
release the ball.
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9. A car turns a corner at constant speed.
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10. A flat block on a string swings once around a horizontal circle on a frictionless table. The block moves
at steady speed.
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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 kindic  enerajes ore oq .
over &qua\ cl;splo\u_wxgv&s So that +he same work is done
an m\« _“f\us‘ Yhe dhanar W kinetic Q,V\ef?)\{ is 'Hr\e. same
&ucwde, k; =O, D = \(; , (The Pl’\S"'.“ W"l\ be W\oviV\3

10 Hiwes '?O\SJ%«*, \/\uwo_\lear,)

wal . E(\\MX\ forces are QPP\}QA

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.

BcgawSL Pour'hC\e. A \’\AS \0_55 w\mssl ’\-\— w\\\ chQ.\L(o\"N. wiove
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b. Compare the impulses delivered to particles A and B. Explain.
Recouse U\“o\\ forces ave cxp?hed for Q‘\u\o‘ +imes 3 H\Q
'ivv\?u\ Ses ofe the awme,

c. Compare the final speeds of particles A and B. Explain.

A will be (1 Foc qw&\ Momzvx'\'cx' the ki 3\/\4‘u‘ ‘)qv’\"\ de

foster must be faster.

Hhan B. \l\ The \\5\'\'&(‘ pa("hc\e has wiore leinetic eneray

bocanse wmore Work was done on W, waking
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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-7 graph from an
initial time # to a final time ;. Provide an analogous graphical interpretation of AK,, the change in

kinetic energy.
Ak s e aren wnder twe F- meS\kS‘pos'\'\io\n SN‘?\\’
T\/\oi'( Ve QP{LSQ,V\\'S Pre Y\C\ wol \’- olovw..

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  FN b.  rmvy
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- 303 k- =3
15. A 1 kg particle moving along the x-axis experiences the force F(N)

shown in the graph. If the particle’s speed is 2 m/s atx =0 m,
what is its speed when it gets to x = 5 m?
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16. In Example 11.7 in the textbook, a compressed spring with a spring constant of 20 N/m expands from
xp=—20cm =—-0.20 m to its equilibrium position at x; =0 m.

a. Graph the spring force £y, from x; =—0.20 m to x, =—0m. ® o
4
F = "K AR

Sp L

oot * 220E, (Om-(-.20m))< 4N
r

0—x (m)

O =20 -16 -12 -08 -04 0

SP:

b. Use your graph to determine AKX, the change in a cube’s kinetic energy when launched by a spring
that has been compressed by 20 cm.

OK = Ava wnder the curve

= 5 (4NY(0- (. 30w} 043

c. Use your result from part b to find the launch speed of a 100 g cube in the absence of friction.
Compare your answer to the value found in the Example 11.7.

Kg = OK = 3wV, vz | 2K

Yoaundh =
lmunc\r\ mw

= | AlHT) m
!—-—0.”43 - 293%

The speed s 5\“3\\*\\I %fw*w i te absence of Frickion,
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11.5 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 work wes dovw, k\’ ‘3‘"‘”‘"‘&- w*y’v: "maﬁy J
HQ_Q.’A\|= o . A“\[ \nlor\( Olo'nc_ dwiv\g o owf\\"w‘A
povt of the mation wes wndene during the
\prauro\ pcw"\'s.

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.

5 A Y b sition
No w cote of chonae of potentiol enu wWith vespec positic
\,.x?\( b 2tco ot that “‘%O"M*, i\i* e Vm\\x?mo'? the ?o'\'u\'\io.\ energy Vs
not kvown without Speti ;f\r\s W ot sowme ﬂf‘e_ﬂ,v\(_e ?o'm*_

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

N() the 2eco Po"w\'\‘ ‘for e Pd\u\‘\"\o«\ U\U‘S\‘ s t\f\)“’fﬁrxi, j‘w.rq,
N‘\'\ & o -cc’m ‘N'QSQN* W dhe cate of (_\,\QV\SQ_ 6{ e PQ*L“{:‘“\

v,v\q_rs\l w\‘\'\\ \;os\hw\ s nen™ 2ero,

19. The graph shows the potential-energy curve of a particle  Energy
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?

Fr‘bm 0 Yo &W\, gmm 5 "0 8m
(\..\\'\Q,ﬁ.w..( 'H'\Q. S‘OPQ_ is “(5&\’\«.\

b. In which intervals of x is the force on the particle to the EET N EEER
left? S )

Froem A  to S, frem B }o YOm.

(whemver the S\o?q_ is pos'\hmz.\

c. At what value or values of x is the magnitude of the force a maximum?

At %20, v=3Swm, X=L.Swm and x=l0m. The magpihde
O‘F ‘H\L ‘Fom!. I & Maxiviuaws \A\/\n.ﬂ. ‘“\c. Slopq_ \’\M "J‘S
CSQA*LS"' MC\SV\\\"V\AG. .
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d. What value or values of x are positions of stable equilibrium?
A"' ‘\'\r\q_ W\'\v\‘\W\c\, X = )\W\ ; b, :YVV\.

e. What value or values of x are positions of unstable equilibrium?
At Yo maxima , ¥ =Sw.,

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

No. Tf cdessed Frown vist, it will never have wione wnugy tran its inidial
" abontial wneray and comnet reach & locotion where W) is %fm‘kz(’

+"\O»V'\ .\*.S ‘V\‘\*i&‘ V*\\kk. T"’ w\\\ *\AV’V\ Of‘ovw\a oj’ ~ ?ﬁ-SM

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?

T wes disskpo:\Q_A as 'H\Umm\ WLy w the dcfo(mo.‘hov\ o{:
the boll of (_lc.y.

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

Kindhic LnLray S *’V‘O\V\S ¥<>rm«.A into Po‘\’g‘y\\"\q\ Ly to “\o.

Lx'\'e,vﬂ' e \:oy Moves W wo\vf‘d, },VA— a‘So .‘.\“_ '_M“\ U‘"'%Y 1<
diss'\PQ'\-qA o.\onS '\\M.. n u“‘:qu.. hd'w%v\ the l‘)ox C\V\(Q
e \ro\xs\\ mdine.,
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11.8 Conservation of Energy

22. Give a specific example of a situation in which:
a. W = K with AU =0 and AE, =0.
Pash o puck across a frichionlss swrface |
(systewm: puck)

S 5 1
(NCX'\: r' AV‘ = AK:&MV&%‘ amvla)

b. W,

ext

L‘\’H a \)ook Gi\' CQV\{"O\W\' SPU-d (SYS'\'UM: book/w\r“'\)

—>Uwith AK =0 and AE,, = 0.

(\"lud: =F- AV = MSA‘I = Augmv)

¢. K—Uwith W, =0and AE, =0.

A ball theown \A?\\K\V‘A' :\v\s‘f oafter ft\lm ““J‘i\ m\r\mﬁ ‘\h
P""‘k " (-&MV1= MSA\’\ (SYS"Q,W\‘- Bal\/ Ea(‘*\'\\ A PV\C\‘ S\iO\iV\s

. ; P
'\v\‘\'o o Spr'\vxb '\'0 \*S Maxivmuawa C‘nmpﬂ_SS\on. (t—imvaflikﬁ)k)

d. Wey — Ey, with AK =0 and AU = 0.

ext

A \)ox p\xs\'\uJ. Cd' Covxs'\'o.vx"' SP"“'A alcms a "\orizov\"'(\\ swrTace ,
(sxls‘h,m “ \:ox' S\M"Fu(o.)

(wext ) AE%\

e. U— Ey, with AK =0 and W, =0.
A Box s“\c\zs 0\+ cons‘\'mv\‘\' sPu,J down o rcuv\P w\"’\«\ rric'\'ion.
(5\( S*c_m'- \)0\(' S\M"‘?C\Cz’ Eoavrth)

(W\s&‘{ = QE«&\)
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23. A system loses 1000 J of potential energy. In N Ko+ Uy + Wy =
the process, it does 500 J of work on the

environment and the thermal energy /%
&4

increases by 250 J. Show this process on an
energy bar chart.

%

K; - K."-‘ 'ASO-S '\'o \ao.\omce_
the dhart,

24. A system gains 1000 J of kinetic energy N Ko + U + Wy =
while losing 500 J of potential energy. The

KI
thermal energy increases by 250 J. Show 7
7

this process on an energy bar chart. /
4. ; LA

W'-%k = 7503 '\’O \m\om(,g_
the chart.

25. A box is sitting at the top of a ramp. An K+ U;p + Wy =
external force pushes the box down the ramp, '
causing it to slowly accelerate. Show this
process on an energy bar chart.

0+ +

The relative amount of eneray
of cach +ypz cannot be
determined withewt more
MTormation.

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 0%z 10N-10m=100T

b. How much power must you provide to push the objectin 1 s? In 10s? In 0.1 s?
P-= Wext In s, P= 100W

Ot Ta |05, P: !.9_9;= 10\
103

In OJls, P= ‘gi? = 10600
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