Fnergy and Work

10.1 A“Natural Money” Called Energy

1. One month, John has income of $3000, expenses of $2500, and he sells $300 of stocks.

a. Can you determine John’s liquid assets L at the end of the month? If so, what is L? If not,
why not?

NV; we canngt C\d&t“mw\@ L Yecomse we donrt
kv\.OvQ_ Wit Whor \(q\u‘n& ossels Tohn sharted tha W"&h‘

b. Can you determine the amount by which John’s liquid assets changed during the month?
If so, what is AL?

Yes I=wncome E= expenses 5= stock sales
AL=T - B + S |

= %3000 — 32500 + ¥300 =

2. John begms the month with $2000 of liquid assets and $5000 of savings. His financial activity
for the month is as follows: “Lobels: L= “’\wd assets

Day of Month  Activity S sadngs
1 +1. Receives a $3000 paycheck; deposits it in checking
3 -~ Spends $500
8 ~L,*S Buysa $1000 savings bond
10 -L  Pays bills totaling $1000
15 ¥+l Receives a $100 birthday present from Grandma
23 +L,~5  Sells $1500 of stock
28  ~l-  Buysa $1200 bicycle

a. What are John’s liquid assets and saved assets at the end of the month?

=¥ S, #svoo AS Da
Chpag <2000 AL Dny S = 45000 85 Dey
"lao% ~ 185060 z§
;lclgg :g‘ L{"”‘l = Lmrhul +AL,“+ -
b. Show that John’s monetary relationship AW =1 — E is satlsﬁed
S L 1 E | Doy |
W ahal = $S000%$2000 $3000 t . Aw=sT -
= $7000 500 ) - -
| | 1060 [1000 g = #5600~ 85200
Wo | = $4S00 +% 2900 150 LRLD. :g bw = +$H00 10-1
- $7900 \oglisop | 2% 49, () ¥ TY00- 17000
' {200 28 —¥$400
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10.2 The Basic Energy Model

3. What are the two primary processes by which energy can be transferred from the environment
to a system?

H

£ O:Meclaant‘ca( (’ﬁr{'f’s .c‘o?'i&é wo?k>
§ "7-) o mechang ¢ of “‘“%7)

4. Identify the energy transformations in each of the following processes (e.g., K = U, = Ey;)
a. A ball is dropped from atop a tall building.

b. A helicopter rises from the ground at constant speed.

Ecatm- ’> u\j

c. An arrow is shot from a bow and stops in the center of its target.

K@M\)) - E—}{,\,

d. A pole vaulter runs, plants his pole, and vaults up over the bar.

K~ l/‘sf > Uj

5. The kinetic energy of a system decreases and its potential energy is unchanged. What is doing
work on what? That is, does the environment do work on the system, or does the system do
work on the environment? Explain.

“The s‘jst(M Os ”t""“j work. o The eustimnment,

“The Sotal mechanical emer:w ’]f’}'kc s)/é*em 5 logoer
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10.3 The Law of Conservation of Energy

6. Identify an appropriate system for applying conservation of energy to each of the following:
a. A spring is used to launch a ball into the air.

System.: 5?'”'.";:{1 h)a.UJ earth_

b. A spring is used to push a car on an air track.

System: S pr ng, Car

c. A spring is used to slide a block across a table where it stops.

System: Spring, blocks, table

d. A car moving on an air track collides with a spring and rebounds at essentially the same
speed with which it hit the spring.

System: spr,'mj s Car

7. What is meant by an isolated system?

An rsolated sysfem 'S a S}/s,‘em N Whieh no
evternal forces clo wok.

8. a. A process occurs in which a system’s potential energy decreases while the environment does
work on the system. Does the system’s kinetic energy increase, decrease, or stay the same?
Or is there not enough information to tell? Explain.

There is not enovgh informalio~ o Pl . Yhe /lost /9/74-‘{7/7&1
energy and #he Qorke done by the adironmens~ CoLlc/ 7 epe
Hu Kinetre cnergy or /s };55/'/.%6 Yhat all +he work

and energy are convertec] 40 Yhermal enersy.

b. A process occurs in which a system’s potential energy increases while the environment does
work on the system. Does the system’s kinetic energy increase, decrease, or stay the same?
Or is there not enough information to tell? Explain.

There is not entvsh mbormation 0 tell. The worke clone
Covlel cause Some or all of te pfential ernerg 4 Chw(fe

or Ssme of the work covld he Oonverted 4o Phermal
€ﬂcr3\/, Withoot mere [ndor mation, /s rrmpessibre
+o Soy wherher 4 Kmehe erersy Charnge /5 prsent.
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10.4 Work

9. For each situation described below:

* Draw a before-and-after diagram, similar to Figures 10.8 and 10.11 in the textbook.
* Identify all forces acting on the particle.

* Determine if the work done by each of these forces is positive (+), negative (-), or zero (0).

Make a little table beside the figure showing every force and the sign of its work.
a. An elevator moves upward.

1T _
\/’ @ After foree Wor k.

Sl‘o‘i "
-h
W

T{wsfﬂn L‘)'r +

T Wecalr | 1J -
o+ éd Betore J j

b. An elevator moves downward.

Yo AT
o Before Torce “Work Sie}w
o o
Teuston Wr -
T Weeccld | W +
[% After I J
w

c. You push a box across a rough floor.

= -

n N

i E :\ £ b Tovee ‘_w”"&’ \g{“b:“
i B

L 2

. Push | Wr ¥
N N ) e w -
BeSore After Fr‘ chior F

'Wc‘z']lﬁ’ Wf) | °
/\jarM{ w"‘ °




Energy and Work - CHAPTER 10 10-5

d. You slide down a steep hill.

Tovee | Work sfqm
Weight | Ug | +
Lrthon | Wz -
Aormal P

4]

e. A ball is thrown straight up. Consider the ball from one microsecond after it leaves your
hand until the highest point of its trajectory.

M vl Q

3 Force. | Work | Siqn
‘Wefjkf‘ LJ3

Before o ?&%’

f. A car turns a corner at constant speed.

Force |Work | Sian
? Lrickom | We 0
“ weight | Wa o
no rplaf W " 0

-
Fe
10. 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 kinehc energies are equal. E%ua( forces “‘i‘ “Wi‘” over
etbul displacements so that Hhe same work (5 dmeon eacl.
“Taus Fhe ;LM\ e in kinede enerqy (s the same Lecxu:s?b
kizo, A K=K¢ (However, dhe plastic card willbe
mw:ﬂé (6 K fuster)
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11. An object experiences a force while undergoing the displacement shown. Is the work done
positive (+), negative (—), or zero (0)?

b. ﬂv c. F
d /
/

Sign = _+_

Sign=__" Sign=_08 Sign =

12. Each of the diagrams below shows a displacement vector for an object. Draw and label a force
vector that will do work on the object with the sign indicated.

a. b. c.

W>0
s
| \/
| B

T E
|
|
> 6
| 8 g
13. Five balls with equal initial kinetic energies experience different forces acting over different

displacements, as shown by the arrows. Rank in order, from largest to smallest, the kinetic
energies of the balls after being acted on by these forces.

8y
u
o

W<o0 W=20

F

Ball 1 Ball 2 Ball 3 Ball 4
F ® d L ®
[ A — <
d d F F d

Order: (‘:’3)2)574 N

Explanation: | =3 because the product of T.‘j is the Same and these
ave grea{-est because theforece acts aionj the displacement.
Next 2 has gnly a small component of thefirce a(wtjfﬂne

c}(sp lacement a-{»—”wc kineH'c Cné‘\rﬁ_y tnereases a LitHe. Bell &

has o change in KE because F (s Fer?eméfcular + d‘.’
BaU H's Ke is less because the work done v's negatve,
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10.5 Kinetic Energy

14. Can kinetic energy ever be negative? _ﬂ_o_
Give a plausible reason for your answer without making use of any formulas.

Kinedi( enerad IS enecgy ol medion. Motion magc
Stop, bod ¥ can'¥ be he&ac\ive..sqaa has no direction
arnd Cormnert  be Negad ive .,

15. a. If a particle’s speed increases by a factor of three, by what factor does its kinetic energy
change?

K;?I Vawne W= far~ 3V = AK;
K incceases by a Qacror GQ@

b. Particle A has half the mass and eight times the kinetic energy of particle B. What is the
speed ratio va/vg?

ka= Ve
Yama S =% ag V:
% DE V3 % e Ve’
c. If a rotating skater triples her rate of rotation by decreasing her moment of inertia by 1/3, by
what factor does her rotational kinetic energy change?

Koy 3T00 K4 % Gy = 3BT

2 3
\"iea‘“ (‘o‘\"o\‘\iowo.\ K‘swz.‘\'io eﬂe\’g\( nereases b\( a—}’ad-oro‘\}@

16. On the axes below, draw graphs of the kinetic energy of

a. A 1000 kg car that uniformly accelerates from 0 to 20 m/s in 20 s.
b. A 1000 kg car moving at 20 m/s that brakes to a halt with uniform deceleration in 4 s.
c. A 1000 kg car that drives once around a 40-m-diameter circle at a speed of 20 m/s.

Calculate K at several times, plot the points, and draw a smooth curve between them.

a. K@) b. KQ) c. K@)
250,000 250,000 250,000
200,000 200,000 200,000
150,000 150,000 150,000
100,000 100,000 100,000
50,000 50,000 50,000
0 t(s) 0 t(s) 0 i £(s)
0 5 10 15 20 o 1 2 3 4 0 2 4 6 8
' o, -~ - o -
a=2°5-0_ 155 or "5 Fe Voy-at S=v
A0s , R Ko T Y3 1000 kg CR0O -':?)aa £ g . (40om)
- - - - & - :
Vit Kg 7 /3100ka(SEY k=Y jooo kg a8 ::é’a VASET TN
%, = Uot\3 Kyt Ya toookg g
10 ° %3 1ooo 1cg U0 ac 3 V
& R t= (.3 S

Kigo Yprowkg Os Y k3T 10010 e
K0 > Y 1000 kg (o 2y Ky = Y looo\ﬁa— (o
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10.6 Potential Energy

17.

18.

19.

Below we see a 1 kg object that is initially 1 m above the ground and rises to a height of 2 m.
Anjay and Brittany each measure its position but use a different coordinate system to do so.
Fill in the table to show the initial and final gravitational potential energies and AU as
measured by Anjay and Brittany.

Anjay  Brittany

e p—mmm——— Ends here
U; Us AU

2m .——— Starts here -0 Anjay Q?J‘ ‘7.[03— ‘?»33‘
Bitany | 6 | 937 9.37]

Three balls of equal mass are fired simultaneously with equal speeds Ball 1
from the same height above the ground. Ball 1 is fired straight up,

ball 2 is fired straight down, and ball 3 is fired horizontally. Rank in Ball 3
order, from largest to smallest, their speeds vy, v,, and v3 as they hit
the ground.

Order: \/t - \/Z - \/3 T T
Explanation: .

’TLej eac star+ with “fhe Same kinehc. e"”e"ﬁfj

and ’ﬂwjj each Fave ’flae;ame. C«L»anﬁf‘ .m‘?o'few“h‘ﬁ.[
t’nevjj L 50 “flneg end. 14):'4'1\ “the Same kinenc Q“EijJ

ard Fhus ,‘Hle Sam e Spcec(f,

Ball 2

Below are shown three frictionless tracks. A block is released from rest at the position shown
on the left. To which point does the block make it on the right before reversing direction and
sliding back? Point B is the same height as the starting position.

A A A
B B ’ B
c C c

Makes it to _& Makes it to _&_ Makes it to _&
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20. Two balls are released from just below the rim of two identical bowls. Ball 1 rolls down
without slipping while ball 2 slides down without friction. Which ball will reach the higher
point on the other side before reversing direction? Explain.

Ball 1

Rolling without slipping

rotational

The balls reach the Same Iqeiﬁ ht. The VO(‘('A:? ba
6(&&/;’1‘&4’(0:»’1&‘ 'Po“f’(wh'al ene,jfj‘fn lao‘Hq ‘*I?‘ay;sfa‘f'«onnl qmoj
kinetic €nérgy but hen converts These back

+v the samé jrav«"f‘
heiﬁki‘ on the other side ot the lacm)),

dﬁ'ona{ eﬂ\?rjy as i+ -S'f'o?_f

Ball 2

Sliding without friction

(| tenverts

of the Same

21. A heavy object is released from rest at position 1 above a spring.

It falls and contacts the spring at position 2. The spring achieves
maxiumum compression at position 3. Fill in the table below to
indicate whether each of the quantities are +, —, or 0 during the

intervals 1-2, 2—3, and 1-53.

AK
AY,

AU,

152 23 1-3
B — o
o + +

22. Rank in order, from most to least, the amount of elastic potential energy (Us); to (Us)4 stored in

each of these springs.

k k 2k k
‘W\Mfl 2W 3M\WM‘W
— «— «— — — — — ey

Compressed d Stretched d
Order: \
(U .S) y 2 ( Us ) 3 7
Explanation:

Stretched d Stretched 2d

[u5>2 = (u5>l

s =¥ k [A 5)2 :Ecwag‘«‘nj the, Stretch Ly 4 Aucksv |

of 2 increases Hee sTOred energy
by a Fckor sf 4. '
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10.7 Thermal Energy

23. A car traveling at 60 mph slams on its brakes and skids to a halt. What happened to the kinetic
energy the car had just before stopping?

‘ l_‘, 1048 A[gg[P&"‘pﬂ G.S ‘HAZVVMQ( fﬂlﬁyﬁf.

+ 24. What energy transformations occur as a skier glides down a gentle slope at constant speed?

Potential euevyy due 4 jmmlj is Traveformed
Loty thevmal l’“?o:jj)'mose}- Q,f %luof._ v

c{l‘fS[ﬁQJCCI.

25. Give a specific example of a situation in which:
a. W— K with AU =0 and AEy, = 0.

Push a pucie &cross afriction less sa—face.
(Sys4rm : ‘Puc&)

- - | (A z
b. W— U with AK =0 and AE;, = 0.

Litt a book. at consTant speed -
(Kysremi book. JearTh)

W = F:A'\; = W\%A\/ o Auﬁ
c. K — U with W=0 and AE, =0.

A ballthrown vpward,just after release wnti] nnc&hj]ry peate.
(system * ball Jearth)

K = %MVZ = W\gby ’&/\3

d. W— Ey, with AK=0and AU =0.

A box Puskec} at constant speeci a)onﬂ a 1\0:’32.044'“{
Svrface . (sys%emi box /sum:;,ce)

W= DE,,

e. U —> Ey with AK=0and W=0.

A* La)e‘ siides at conStant Speed down a.r'am,p L\M}'L\

—-Fr“;{, tlon.

(Sy.?x‘?m D box /surface /QAW*L;)

AU\: MSAY = AEW\
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10.8 Further Examples of Conservation of Energy

26. If a solid disk and a circular hoop of the same mass and radius are released from rest at the top
of a ramp and allowed to roll to the bottom, the disk will get to the bottom first. Without
referring to equations, explain why this is so.

’Tkey both conver+ the Same initial gravf*}-a'h'onaf ?o«j-em‘t'fa,‘ 4
Enerqy To kinehc energy | but the hoor hggs more retational
kine¥ic €nergy 43'Nin_) it less Translational kinetic ene rgya(ws

Ao ats }arjer Mmoment of inertia . Thus, The hosp moves mere
’ ‘5'0«)\)1.

10.9 Energy in Collisions

27. Ball 1 with an initial speed of 14 m/s has a perfectly elastic collision with ball 2 that is initially
at rest: Afterward, the speed of ball 2 is 21 m/s.

a. What will be the speed of ball 2 if the initial speed of ball 1 is doubled?

(Vgx = 5\:::;11 (\/‘ x)‘ Therefere ‘AO“H.‘MJ (\};’F)\ will dovble (V.p)bz .
(Ve) = ax A% =|42"%

b. What will be the speed of ball 2 if the mass of ball 1 is doubled? - /
Ml 2m, . b m
From party & 2] /s _m_';'.‘.';;u (H '“/‘5) muH—:ply )1 : m:
m.. 2
o ls-“_;;—-‘/m‘ (H'”/s) mol+iply by ma '
gih 2 v, 2 (m‘ M )
-Dovbll.né m‘ 'yl.ﬁldﬁ %’5‘ = 'é" ) sO ( -Lx)z- - 1:{7‘(' [7 s/

28. You can dive into a swimming pool of watér from a high diving board without being hurt, but
to dive into an empty pool from a much lower distance might be fatal? Why the difference?

The work dowe to Stop you 1s essentiall fhe sa‘me)lur The
worle wwit be done over a nuch Shorter distance withour
the water present. So a yauch jr&w‘f’r‘ force s rezuim:( .
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29. Consider a perfectly elastic collision in which a moving ball 1 strikes an initially stationary
ball 2. Is ball 1 more likely to recoil backwards if it is moving very fast (large forward
momentum) or moving slowly (small forward momentum) assuming that ball 2 is identical in
each case? Or does the speed of ball 1 matter? Explain.

The speed of Hie bal( 1's wer relevant because balt2 has
Mo momentu m t‘nl'h’allj . O'wb%a relative masses of

Phe 2 balls wil( wmaHer.

30. Consider a perfectly elastic collision in which a moving ball 1 strikes a initially stationary ball 2.
a. Under what circumstances, if any, will ball-1 come to a stop?

' : : th
'Eal& l will Stop I A.-ktaJ on ¢ ohESim ;-f %;iiil({“i\i;c e

b. Under what circumstances, if any, will ball 1 recoil backwards?

Balk | Wil reooil backwards i+ ball 2 (s more massIve.

c. Under what circumstances, if any, will ball 1 continue moving forward?

Mass > M4 bad 2

d. Is it possible for ball 1 to move forward or backwards at a greater speed than its speed just
before the collision?

 No . The ollision Supplies wo addimimal enerqy:
Qntg. A perfec—klj elastic collrsimm WiTh doe t%‘gim?etj
ywassive shjec WIll ball | move bace at
Evtin. an tbua,l Sfﬂ?J‘

10.10 Power

31.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? :

e
ws F-AF =loN—10m=\l0o]J
b. How much power must you provide to push the object in 1 s? In 10 s? In 0.1 s?

e et Ta 1y Pefooud

AT TIn jo, Pe 222 =llow
5 108

TIn Ols, - P=_1°°T {060 10

s |




