
Work
11.2 Work and Kinetic EnergY

11"3 Galculating and Us,ing Work

1. For each pair of vectors, is the sign of ) B positive (+), negative (-), or zero (0)?

Sign = + Sign =

Sign = Sign = o Sign =

2. F.achof the diagrams below shows a vector i.Dru* and label a vector.d that will cause A'F to have

the sign indicated.
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11-2 cHAPTER 1l ' Work

Exercises 3-10: For each situation:
. Draw a before-and-after pictorial diagram.
. Draw and label the displacement vector Ay' on your diagram'
. Draw a free-body diagram showing all fotces acting on the object'
. Make a table Uesiae your diagrams showing the sign (+, -, or 0) of (i) the work done by each force

seen in your free-boiy diagram, (ii) the net work Wn"r, and (iit AK, the object's change in kinetic

energy.

3. An elevator moves upward at constant speed.
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6. A box slides up a frictionless slope.
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10. A flat block on a string swings once around ahorizontal circle on a frictionless table. The block moves
at steady speed.
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A ball is thrown straight up. Consider the ba
the highest point of its trajectory.
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11-4 cueprrn ll . Work

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 I m, starting from rest. After traveling I m, is
the kinetic energy ofthe plastic carl greater than, less than, or equal to the kinetic energy ofthe lead
cart2 Explain.

Jh" Li,ngtic oncrq\es q,rc' o1'^"1' E1" ^l fo,"<-os Qre **r*
Ovur e.quo.l d;solo?."*"*s So {h"t +Ls sq,,nnq worL is.

; *.1:'T";;; ih. 
- .U"q irrr kt,,,otic LnlS\ is *h. Sqrrne .

8c..o..^se k L= 9, Ak, = k; . [The pt'.s*ic *lll "Be ,6,1svil1

lO {r,,nnr-s f*slo., ho*o.ro.,)

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

a. Compare the amount of work done on each particle. That is, is the work done on A greater than, less

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

Bc.o.. sa n1,^o.\ g.crce-s are. ".pglied {or qr^ol {;.no-s, *|.C

i*^p,^lse5 ore +\^c Sc'vnq'

than, or equal to the work done on B? Explain.

8..o.*s" Oo"ft"te A h".s l^t \,"'Gss. r+
o'^J lr.on.\ {*r{\.,. d*ri,rq +h. ovro,

*l^e- wo,rL Jo^o o\A A is truotoc.

w rtt q.cc-\a-rat{' v\^o'/u

so.o^J p\^s\ . \"t.-fotu,

a.cetarq{i on t^,.J",

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

A ",ilI be
fqr{..
*ho.n B.

(r) Foc^e{ucl 
:^o,rvfe-\^+a, 

thc li3\^,*o. po.r{iclc
yq\Sr Oe \oSTCf.

[t) TI\" lirht"r ocr+icte h^, w\orQ. l.itto{'i. ehsfSY

bn o. r. *oL .Jork wo.s donq- on it, rrralt\
,t f"sto*.
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Work . cHAPTER 1l 11-5

11.4 The Work Done by a Variable Force

1 3. In Chapter 9, we found a graphical interpretatio n of Lp as the area under the -F-versus-l graph from an

initial time ti to a finaltime { . Provide an analogous graphical interpretation of AK, the change in

kinetic energy.

A k is *\. qr,,o u^l* tha. F- Vr.rsqs- psi{iorn 3."P\t
T\^'r* Grc,^ \e.fre.sr-\ \s th" "d v,JorL done.

14. A parlicle moving along the x-axis experiences the forces shown below. How much work does each

foice do on the particle? What is each particle's change in kinetic energy?

a. F (N) b. l' (N)

t0

5

123456

l0

5

-5

-10

w: * (to NXt ^)= 3OJ

^K: 
30:

A 1 kg particle moving along the r-axis experiences the force

shown in the graph. If the parlicle's speed is 2 m/s at x = 0 m,

what is its speed when it gets to x = 5 m?

Ki =5 (lk5\tlt)l=)J
N^a+ = { tru)(l^)+ trNX3^'f -

=tT
l(+=!T=t*u*n
vR = JH =1,1 tl

w: l0N(t.) -5N( 3vn\- -5f
^K: 
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11-G cHAPTER 11 . Work

1 6. in Example 11.7 in the textbook, a compressed spring with a spring constant of 20 N/m expands from

xo= -20 cm = -0.20 m to its equilibrium position at xt =Q 11.

a. Graph the spring force {o from q : - 0.20 m to x2: - 0m.

FtP :

' J?r

Frp =

-K ax

- )o+" (0* - (- .r0*)) = 
tl N

o

b. 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.

AK = Arqr. urrrde.r *hc c\rY{-

: \(rN\(0- (-.eo-)). 0.'1J

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 1 1.7.

Ks= AK = t*Vl^** \*.^."h=

: l.t3 ?

Tho- spqed is slqW\, 5rcntu^ i,^r 'll"e qbsunc" df fri.fion.
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Work . cHAPTER 11 11-7

11.5 Work and Potential Energy

11.6 Finding Force from Potential Energy

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

No rnrork wc.S done- \ qccvi{'y. No.^i -.1A)
l\arra , Ar1 : O , Aly *o"[ dor.r ,l-^i i"g o Jo,."'*^"d
po.+ "f +l,n tn^olion was *Jo".. d*"i*1 *ha
ln d po.ts.

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

No {hg ratq-

*1( !q ecro

not lttror^t.

19. The graph shows the potential-energy cule of a particle
moving along the x-axis under the influence of a
conservative force.

a. In which interuals of;r is the force on the parlicle to the

. 
right?

Fro"'. 0 lo \r"r, fro- 5 lo 8"t,.
(uhcr.vsr *hc- slopo- is nc5*ivc)

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

Fcor-. 1.". *o Sna, fco",^ 8- |o tO,^,r.

t*\"rq-"". thc :1"9c i s posi{i"e\

of chcnqe qt po*.,,.|i*\ gvlcr\\ ,,ti+h rupar'{ lo polilion
qt +\"^+ ioi*, t*+ $* vo.lqq'$ {* po*c,nlio.\ ancrSt rs

v,',t\.o*t igeci$1i",5 it at ssY\.. 'nf,"r*"tio goinl.

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

\s^ {hc tsro poi".t {oc t\* po{c.li^l cvsrq\ is -arluihcry. 
lhr-rc,

uiti bo a {o* pros.,* i{ {hc- r*t- s$ &i^1" o{ tt"* pL+.*io\
cncn51 *i+\ 9os\lisn 

'rs tlov\- Zcro.

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

A+ *--O, x : 3.5rn, X = L.5- . ^".1 x.lOr. . Thc v^^jn,l.^l'r-
of +h* i."" is a *^*i",^.^"-l whofl- *hc" slops l'r* ilr
5no{cst *o5",lf,r.Jo.



11-g crrAPrER 11 . Work

d. What value or values of x are positions of stable equilibrium?

A+ fhq w'i\^i$^q, X= Iwr, X:?wt.

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

At $q m^xiv q,, x=Sr^r.

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

No. Tf cc,h$setr fro*-. y1s+, i+ will ncvq,rhavc more ey\Lvq\ t[nr, i*s iniliq.\

po{o-".*to,l ar*r51 o,td co.nnst rco.ch q. lo.o,tiott whtre Utx) it Srca+ar

{|.*n ',+s lr.,ilio.l v^\*.. Tt will 1."'. ororrnl q* - 3,5"',.

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?

$ \^,cs dissipdtA os {\"*-o.l .ncrSY in th d'-fon*t{io" of

thc. bo,l t of cloy.

2l . What energy transformations occur as a box slides up a gentle but slightly rough incline until stopping
at the top?

Ki",.{rc cne.f,3) i s }** {o"*J i ^}o potr,lio.l e,rur!\y {o {ho
Lx*s,^+ llnq- boy vtrovLs upward, b*+ ^lso -t\n".**l-cntr31 ir 

E

di ssi pote/ ^lo^g lhq inlrrf qcc- L.l*.".^ lhe. hx ^^d ;
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11.8 Gonservation of Energy
22. Give a specific example of a situation in which:

&. W"*, -+ Kwith LU = }and M,,, = 0.

Ro\ o puctc o\cross q $"ictto"rlrss srdq<r,.
(syst"*: p,,rck)

(N.o = i' Ai = AK= &^ui - *^u,t)

b. W"*, + Uwith AK = 0 and AE6 = 0.

Li$l o b""v of co^st*'* sperd. (s1t\^r b*r,/c.r+h)

(N.**= f 'ar.^3Ay= AUq,.")

c. K -+ U with W"*t = 0 and A.En = 0.

A b".tt {[,"o*r. ugwcrJ, iust o,f*cr r"[^g ur{il roo.\"inq r}t
F-k . tt^.rr = T5a.r) ts;'{-,' B.tr/En*r",) R g*& sliJr".,1
i-to o spcinS lo i|t rr qxinnvrwr covnprcssion. ii"rnortUtXt)

d. Wr*, -+ Ex, with AK = 0 and AU= 0.

I Y* .q^shd { co".sto.n* sg*J 
^lo",g ^ horizo,.tcl s,^J^*.

kysta".n . tox, sr^rfo.sq)

(U"*t = AE*n)

.9

S e. LJ -+Ed1 with AK = 0 and l4/"*r- 0.

3 A bo* slid"s of co.slo..n* :p*/ d,o*n o ro.v".p *',{l^ Fri"lio",.

: (t1s*.,r.,: Lox, Surfo.6q, E.."*h)
o

(wrgA1= AE.t)
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23. A system loses 1000 J ofpotential energy. In
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.

Kr - K.. = l5OJ {o bol.",.c

*hc .h""t.

24. A system gains 1000 J ofkinetic energy
while losing 500 J of potential energy. The
thermal energy increases by 250 J. Show
this process on an energy bar chart.

Ns*t = J 50J to b.\.,^..
*l''. chcrt.

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.

Th€, relohv. a,nnoun+ uf.cr,,r3y
of eoch *voe cqnno+ be
dc*orrni",uJ' nJi+ho\ + h^ofL
info"mation.

Ki + Ui + W.r, Kt+Ut+AE,r,

_+u.^ =rm+_.w

Uj + W.^, Kt+Ur+M,i

-+m.m n

Ki + Ui + W.^, Kf+Ut+M,r,

-+n.n=m+-.n

11.9 Power

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

[f: = l0 N' l0* = l0OT

b. How much power must you provide to push the object in 1 s? In 10 s? In 0.1 s?

P=I-.-L T'. lr, P: l0o\^l
6t f,, los, P= H = to\"l

I". O,ls, P= !S€ 3 IOOO\.1
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