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pl:l Identify that electron-volt (eV), is the kinetic energy that an electron gains when
’ accelerated by an electric potential of 1 volt

5.1 150

5.1 Which of the following is a correct unit of energy? CA3Ual i 34 b L 6 g} 5.1

a) kg m/s* c) kg m?/s’ e) kg® m?/s’ kg? m?/s? (e kg m?/s? (c kgm/s? (a
b) kg m’/s d) kg* m/s’ kg? m/s? (d kg m?/s (b
pl:2 Relate the work done by l:::hn;clzal:]:::lf::er:srﬁ;:e::;::a:hnal potential energy for | as explained in the book | 158

Potential Energy a«s¢Jt! a8l 6.1

Ledols =) awws ) dolad) ey o Jaldly &S, 4) a3Uall o adMall Jeamasllb 5 sasg)) cdgls
e @al) o LT Ligs punll 1ia pam .oF) caSally &S, a3la J) Jid) hsd oS¢ wl
,Jla_eLb
m;una,_nlsxu.‘_&‘g&p,@,um,be,awl,,dud_._.duunu, I Jees e
Jed) glas,) B =y — Y Jod) alas m C W = mgh aslal) s e Jiltd) slou) e als
Aeslds oz 5353 ot Lo Glel Jloassy ¥ ssee o) ussianeo dasgll aia 3) DI RCI (IS PO P
) JE¥) 230, ao JL) oo LS .aS,d) G3la) 3 .83 Gigas 53 oia &2 alee L) BScs
¢_a|)‘33_sa.L‘.SJ‘¢Lu'.\...s.aa_,..:..a33Uo._lL..A OS5 L HH—QLHA’M’)@,JM'&QJJ
ity 3, a8l ) (5,5 3,0 ABUI aia Jeomi O 3Sed cdanus alzSI JEST) a8l s 150
ol LS anid) pansl) a3l e pesn o oS5 0aL¥) Gle Lylasaus alovsy aliS)) 2,4

(6.1 U, =mgy.

oo AlzSl) auid) o)) a3ls 3 izl ey 13)
6.2) AU, = Uy (y) — Ug(yy) = mg(y — y,) = mgh

alis culs 13)y Fp = mg ces . dazd a,¥) plas oo Les® peud) 555 Loaie 6.1 aJslal) gotass)
(12 das>gll 3 Ug angl) ABla) disgec LAS| iaz) ez cpead) ) dewcdl asle¥ oY)
W, = —mgh s h 5@) e pasr le ansld) 353 Jis il Jasd) o) bass 5 sass)) 3
O 220 pead dodd) angl) A3ley aosld) 553 adaulss ds-hl‘ -J-'-—a-“ G 3Nl o 55 s e

aslall 3 g B geas glas,) ) oeSd) gy

(6.3) A, =.— W,
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6.1 Potential Energy

Chaprter 5 examined in detail the relationship between kinetic energy and work, and
one of the main points was that work and kinetic energy can be converted into one
another. Now, this section introduces another kind of energy, called potential energy.
Potential energy, U, is the energy stored in the configuration of a system of objects
that exert forces on one another. For example, we have seen that work is done by an
external force in lifting a load against the force of gravity, and this work is given by
W = mgh, where m is the mass of the load and h = y — y; is the height to which the
load is lifted above its initial position. (In this chaprer, we will assume the y-axis poinrts
upward unless specified differently.) This lifting can be accomplished without changing
the kinetic energy, as in the case of a weightlifter who lifts a mass abowve his head and
holds it there. There is energy stored in holding the mass above the head. If the weight-
lifter lets go of the mass, this energy can be converted back into kinertic energy as the mass
accelerates and falls to the ground. We can express the gravitational potential energy as

U, =mgy. (6.1)
The change in the gravitarional potenrtial energy of the mass is then
AU, = Ug(y) — Uy (y,) = mg(y — y,) = mgh. (6.2)

(Equation 6.1 is valid only near the surface of the Earth, where F, = mg, and in the
limit that Earth is infinitely massive relative to the object. We will encounter a more
general expression for U, in Chapter 12.) In Chapter 5, we found that the work done
by the gravitarional force on an object thart is lifted through a heighrt h is w, = —mgh.
From this, we see that the work done by the gravitational force and the gravitational
potenrial energy for an object lifted from rest to a height h are related by

AU, = — W,. (6.3)

State the law of conservation of mechanical energy: "For a mechanical process that occurs inside an isolated system and involves only 6.2 182

1:3
g conservative forces,the total mechanical energy is conserved; AEmech = AK + AU = 0 or K +U = KD + U0

6.2 A pendulum swings in a vertical plane. At the bottom of the swing, the 085 el le e ddams Juud sie . oul; gatae 3 Jsan pelz 6.2
kinetic energy is 8 | and the gravitational potential energy is 4 | At the highest  .as )l JLus e alaw Lol siey 4 J auid] gyl by 8 J 25,4 a3lall
position of the swing, the kinetic and gravitational potential energies are e LS auid) pnpll dblng &S 3l a3lall (s
a) kinetic energy = 0 ] and gravitational potential energy = 4. AJ= it g il 0J = a5 40 2k (a
b) kinetic energy = 12 ] and gravitational potential energy = 0 ]. OJ=auid) pagl a3l 12 J = 25 40 a3k (b
c) kinetic energy = 0] and gravitational potential energy = 12 . 12 J = apid) pagll diley 0 J = 45,41 i3l (€
d) kinetic energy = 4 ] and gravitational potential energy = 8 J. B = aaid) payll dslag 4 J = a5,40 asla)) (d

e) kinetic energy = 8 ] and gravitational potential energy = 4 J. A J = aaid) oyl dillay B J = a5 4 a3l (e
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pl:4

Apply the law of conservation of mechanical energy for an isolated system (no external forces) with no dissipative

forces involved, to calculate different physical quantities

6.4,6.3

170

Concept Check 6.3

A spring with spring constant k is
oriented vertically and compressed

6.3 pialal) das o

Jowd daify L, kol ol ady

downward a distance x from its
equilibrium position. An object of mass
m is placed on the upper end of the
spring, and the spring is released. The
object rises a distance h (with h=x)
above the equilibrium position of the
spring. If the spring is then compressed
downward by the same distance x and
an object of mass 3m is placed on it,
how high will the object rise when the
spring is released?

a) h d) #*
b) 3h e) h"
¢) hi3

Concept Check 6.4

A ball of mass m is thrown vertically
into the air with an initial speed v.
Which of the following equations
correctly describes the maximum
height, h, of the ball?

_ v 2
a]h_E d}h=m;

-9
b) h=-2- w2
zlv E} ,l;:z_
Q ph=2mv
g

peu> pengy calp) g e X a8l
Wil galal) G dall le M asliS
hoaslas pud) g s .ol 55 @
il G5l s 383 (H3X k)
Ly A8Ll) Buay a3l daad 13)
aliS par ale oy Jaul JI X
A_.J} .J_A_.u Ls,..‘k.” El.if:).fl L. -3m

Sl ol s wie paadd

P h (a
h? (e 3h (b
h/3 f(c

6.4 et L ) das) o

oall 3 i, M LaliS 5,8 =l
a¥aladl e ) 0 aslaz) de s
el paes St caay bl

5,50 .h glas )
2 v
_mv h= |—la
h—?(d 29-
__ g
peVie T30
2g ’

h:m(c
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pl:5 Identify that kinetic energy is a scalar quantity and is always positive or equal to zero if the object is at rest 6.11,6.12 182

6.11 For an object sliding on the ground, the friction force S ¥ 8g2 cllus oY) Lle ol par ) descll 6.11
a) always acts in the same direction as the displacement. Las a3 Sl i) as oLEY) (a
Lala a3y UJ_; lislazs Lal€l (b

Ll a0 LaSles alE) (€

b) always acts in a direction perpendicular to the displacement.
c) always acts in a direction opposite to the displacement.

d) acts either in the same direction as the displacement or in the o X
direction opposite to the displacement depending on the value of the Jelee ded s a0 LiSlas Lals] o) as 1531 aSlos o)) s sle ¥ (d

coefficient of kinetic friction. (oA s
6.12 Some forces in nature vary with the inverse of the distance e o A8Ll) pasa upSas pa dandall § geall jae caliss 6.12
squared berween two objects. For a force like this, how does the Soreud] o @0ll) po pingl) dBls alisd <5 0iyS 558 J) acanlls

i i i iects?
potential energy vary with the distance berween the two objects? Ll e gl 23la calisa (@

viBlal) g e po pansl) d3ls aliss (b

cailill wgSes po pungll dilh culiss (€
caslull paa waSes pe pansll a3ls caliss (d
cislal) e pungl) a3lhs aozss ¥ (e

a) The potential energy varies with the distance.

b) The potential energy varies with the distance squared.

c) The potential energy varies with the inverse of the distance.

d) The potential energy varies with the inverse of the distance squared.
¢) The potential energy does not depend on the distance.

pl:i6 Calculate the change in momentum (due to change in velocity) as the difference between the final and initial momenta 74 215

7.4 The value of the momentum for a system is the same at a later Sy 3 L 35,40 a8 g 3o¥ By § Lo plla 35, S aa3 Jolan 7.4

time as at an earlier time if there are no sg>g pae J= 3 @ols
alaad) gty mleeud ] oy wleslas (a

pliaadl Jols cload | & ,0Y laslas (b

el Jshs dss,al) coleed ] 35,5 25 § ol (C
alaal s )s mleead) Gu 5 40 adsls g9 (d
Al Sl e 355 da s 503 (@

a) collisions between particles within the system.

b) inelastic collisions between particles within the system.

¢) changes of momentum of individual particles within the system.
d) internal forces acting between particles within the system.

e) external forces acting on particles of the system.

p2:7 Determine the instantaneous power by taking the dot product of the force vector and an object’s velocity vector 548,55 ,5.51 152

5.5 Which of the following is a correct unit of power! 542 ienm 3 0t L e 5] 5.5

a) kg m/s” )] e) w 5
b) N d) m/s? W (e J{c kgm/s (a
m/s? (d N (b

5.48 While a boat is being rowed ar a speed of 12.0 m/s, the tension 140.5 hp anlh 6,45 dlase oSl 5o 9424 kg LialsS 5L 0 g ,Lus 5.51e
in the rowline is 6.00 kN. Whar is the power supplied to the boat $4.555 55,0 am i leull de o Lo gyl daglos Jlos) aie
through the towline?

#5.51 A car of mass 9424 kg accelerates from rest with a constant o) b 3wl el 12.0 MY de i sl o Lo 5.48

power output of 140.5 hp. Neglecting air resistance, what is the Tl oo U s splad) LS 201 550501 Le .6.00 kN

speed of the car after 4.55 s!
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p2:8 Show that the work done on a particle by a force F when the particle undergoes a displacement Ar, is given by the scalar product:

W=F-Ar=FAr cosa

5.11, 5.30 150-151

5.11 Jack is holding a box that has a mass of m kg. He walks a
distance of d m at a constant speed of v m/s. How much work, in
joules, has Jack done on the box?

a) mgd c) %mvz e) zero

b) —mgd d) —+mv’

5.30 You push your couch a distance of 4.00 m across the living room floor
with a horizontal force of 200.0 N. The force of friction is 1500 N. What is
the work done by you, by the friction force, by gravity, and by the net force!?

obus anb e dm aslas e .mKE gslus aaliS gaia vl clug 5.11
TUsdl gaiall e olle alis gill Jatd) jlasne Ly . VIS

(e 1%mvz (c mgd (a

—zmv (d —mgd (b

amsl agm adual) 33,2 aom,l e 400 M aslas obS )l cass 5.30
ais gil Jaadl jlane s 150.0 N gl olSae¥ 553 =als 15) .200.0 N
Sagall Alasay lSza¥) 5g3y ol

p2:10 Calculate graphically the work done on an object from an initial to a final position using a force versus position graph 6.78 186

6.78 The graph shows the component (F cos #) of the net force that
acts on a 2.00 kg block as it moves along a flat horizonral surface. Find

a) the net work done on the block;

b} the final speed of the block if it starts from rest at s = 0.

h
30F

20+

LO-

Fcos & (N)

0.0 : f f : > s (m)
10 20 30 40 50 60 70 80

i 3 535 ) dlad) sgall (Fcos 6) a3 00 sl Jia) phg 6.78
syl gins a8l phas e 45,4 o] 200 kg wls
wdlall e Jaidd) Jiidl dlass (8

$5=0 e oSl gy s Tas 03] CIlEl aslgd) ae 1 (b

30F

F cos 8 (N)

0.0 | i i I 5 (m)
10 20 30 40 S50 60 7O 80
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p2:12

Calculate the work done on an object by a spring force by integrating the force from the initial position to
the final position of the object or by using the known generic result of that integration

5.43,5.42

151

5.42 An ideal spring has the spring constant k = 440 N/m. Calcu-

late the distance this spring must be stretched from its equilibrium
position for 25.0 | of work to be done.

5.43 A spring is stretched 5.00 cm from its equilibrium position. If

this stretching requires 30.0 | of work, whart is the spring constant?

o o il aslal) cows) K= 440 NAM o ool aad Jls o0 5.42

250 J Jas Jid wlsl page e o) Laaass

Jad aagall lis _l.h:' 15).5.00 cm ailus @l 5l pinge s s 3000 5.43

Sl o)) lis cult s 300

I p2:13

Apply the law of conservation of mechanical energy for an isolated system (no external forces)
with no dissipative forces involved, to calculate different physical quantities

6.41

148

6.41 A ball is thrown up in the air, reaching a height of 5.00 m. Using

energy conservation considerations, determine its initial speed.

chlac) Liasiue 5.00 M glisy) J) has) colggll § lel J) 5,5 ol 6.41

Laalan¥) Lyte pu 33 L3l daas
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p2:14 Identify that collisions can be either elastic, partially inelastic or totally inelastic. 7.11,7.12 216

7.11 For a totally elastic collision between two objects, which of th Ir adlall ) jlall ,_;i . u LLE ) pabazhl ) declly 7.1
following statements is (are) true? ) ) ' - o o '
Sl 2SSl dlal) tae o (a2

LS @S A dSlall laee o (b

LS a5, A0 anS daae ou lC

a) The total mechanical energy is conserved.
b) The rotal kinetic energy is conserved.
c) The total momentum is conserved.

d) The momentum of each object is conserved. Bas e paas J8) 35S A A0S Jaes pu Id
e) The kinetic energy of each object is conserved. das e pus 81 a5 A0 dSlal) laas a le
7.12 For a totally inelastic collision between two objects, which of Simamia ol mlylall gl s o LLE a3 paleazl) JI acwall, 7.12

7 i i y
the following statements is (are) true? S ASalSl) @lall daae an (a

LSl aS ) dslall baes on (b

AdS) a8 A S lane i (e

Jjaa aslazll e adSI) a8, 40 anS gl L Lals (d

MR e i palazl) s 2T ES,4) DL gyl o oic ¥ (@

a) The total mechanical energy is conserved.

b) The total kinetic energy is conserved.

c) The total momentum is conserved.

d) The rotal momentum after the collision is always zero.

e) The roral kinetic energy after the collision can never be zero.

p2:15 Calculate the linear momentum of a particle as the product of the particle’s mass and velocity 7.24 217
7.24 Rank the following objects from highest to lowest in terms of Sag AS,A1 LS s g 0¥ ) e W G adll alus ¥ L, 7.24
momentum and from highest to lowest in terms of energy. idlall dis e sl J) LY
a) an asteroid with mass 10° kg and speed 500 m/s 500 mM/S wic,ws 10° kg wil:s 5,5 (a
b) a high-speed train with a mass of 180,000 kg and a speed of 300 km/h 300 km/h aze, ., 180,000 kg a:b:S ae, . gils k3 (b
c) a 120 kg linebacker with a speed of 10 m/s 10 M/S azc ,ug 120 KG azlsS Jseed) 3,5 § ophs e (e
d) a 10 kg cannonball with a speed of 120 m/s 120 m/s J) Lze s s 10 KQ LgaliS poae 2203 (e

e) a proton with a mass of 2 x 10" kg and a speed of 2 x 10* m/s 210 M/S wic g 25107 kg ailiS ugig, (@
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p2:16

Explain that the total energy, which is the sum of all forms of energy (mechanical and other) is always conserved in an isolated system

6.18 6.17 183

6.17 An arrow is placed on a bow, the bowstring is pulled back, and
the arrow is shot straight up into the air; the arrow then comes back
down and sticks into the ground. Describe all of the changes in work
and energy that occur.

6.18 Two identical billiard balls start at the same height and the
same time and roll along different tracks, as shown in the figure.

a) Which ball has the highest speed at the end?
b) Which one will get to the end firs?

A

End

& L) gl alinly Cald) ) Gusal] Gy s g3 e pges gy 6.17

3 clas Al il JS Cas ga ¥ 3 gl Jaud J) pgeadl sle @ elayl)

LBl Jgidl Jaad

e amm pajll 35 4y glany) o pash) § olibilas oLl 6,S =ias 6.18

JEAN p B LS gpalises sslas
Saslgd) § iepw lelly) 215,50 L (@
5l algd) J) Jhazw 55,801 1 (D

p3:17 Calculate the elastic potential energy of a block-spring system

6.9 182

6.9 A spring has a spring constant of 80. N/m. How much potential

Slang swad aie Lpiss )l pog)) @ls ylass L B0 N/M alh o 6.9

energy does it store when stretched by 1.0 cm? 1.0 ecm

a) 40x107°] c) 80] e) 08] 08Je 80J 40-107J a)

b) 0.40] d) 800 ] 800J d) 0.40 J b)
33:18 Solve problems related to collision and impulse 7.3 217

7.3 The figure shows sets of possible momentum vectors before and after
a collision, with no external forces acting. Which sets could actually occur?

Before After
P P PPy
(2) — — e —

(b) > <
© /

el
Masses sticking
together after collision

oamy askaall L3 alad) a5,40 @S tilgeia o Slegems JSA pag 7.3

Tadlell § Lias :L';ri# cleged) g il 353 gl g 2B ss e

P P2 Py J-‘;z'
(@) — i
(b) =y — e
N/ N/
@ N, / A
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p3:19 Relate impulse to the ch in mor 1and to ge force acting on an object in a given time interval At 7.2 199
- - - - FE— - T
atod ! 8,8 e Agddd) 5eat) Jawgio | 7.2

Calgd) copuina ol iy alisde @3Lul Calad) 3,5 (ol pasnid i)l cojaall sa caled) ciyine

Lo yad de e copunll Guly o ol juaal) calad) e¥ pdaziy 200 g Lajud asded abis
0500 ms zul pal) asg) dwadls 3,80 Has 450 g calad) 5,8 alaS als Ly 40.0 mis

wlat

E\_'l‘-,..-n.“ Y -_nj,_;-l EJ.S UJ.J:. &J,._LPJJ E,'g” J:L.....r}l.q Ls

d.-l-i

Iﬁ'ﬁx walgdl 3,8 de uL....L_L 7. 13 alalall Iml‘ml‘ L...il: I..r_,.q Laalas L*.u PJL.:L.J] JL.J.' LaSe
2m,

m; +m,

Uiz x»

a—“—;—-“é‘l:‘:'-%'r*""“d“iji-‘-ﬂg-" Vzﬂu;ﬂlmjﬁugﬁmzs ailgd) 5,5 AliS o8 My L
Alb) aia 3 ol ol avy 25 Liaie calgd) 5,5

o __ 2(0.200 kg)

1. 7 0.0450 kg + 0.200 kg
ey chads calyd) 5,5 CoSY walad) 5,5 e piSs a8l wpall ol Al cals o) & Jm_:f
ol by slaa) calgd) ce¥ le caall e sSew (AL el 3 el gy i pall

Calsd) 5,5 aS,> anS 3 el osSs Mmu,_u
Ap = mAv = mug .

(40.0 m/s) = 65.3 m/s.

asall e%s 5]
Ap = FyAt,
5,5 g wopal) ol Gueds ey s Aly wojuall L, Wis o) dgall dagie o Fupe
spall dawgis oS 3] Limlad)
Ap _mug ., (0045 kg)(65.3 m/s)  _
Foe=—= — — ' = 5880 N.
wEAr o Ac 0.500 - 107"
g LS 5ady calgdl 3,5 nga]l add Jaiins coalpd) 5,5 e lis 5,08 553 ol Jio - .
;3 n_,ﬂ_” aas ¥ oyl 5 LA ey 7.2 S las ¥l Jlhe § ol plaze Juls & [=ge
u_,...aJ,LJ ngJ-] n_,S u_,..ﬂ.] &d.l.” u...n}“ L—J..Lh.u 'u YT Lﬂ.n..” U]J5‘L‘” J.n.u! '_:.Aﬁ?} .1L5.3..|
a2
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EXAMPLE 7.2 | Average Force on a Golf Ball

—'

A driver is a golf club used to hit a golf ball a long distance. The head of a driver typically
has a mass of 200. g. A skilled golfer can give the club head a speed of around 40.0 m/s. The
mass of a golf ball is 45.0 g. The ball stays in contact with the face of the driver for 0.500 ms.

PROBLEM
What is the average force exerted on the golf ball by the driver

SOLUTION
The golf ball is initially at rest. Because the driver head and the ball are in contact for
only a short time, we can consider the collision between them to be an elastic collision.
We can use equation 7.18 to calculate the speed of the golf ball, vy, ,, after the collision
with the driver head

Dp1x =[£]”12.x’

m, + m,

where m, is the mass of the golf ball, m, is the mass of the driver head, and v,, , is the speed
of the driver head. The speed of the golf ball leaving the face of the driver head in this case is

B 2(0.200 kg)
P.x = 00450 kg + 0.200 kg

Note that if the driver head were much more massive than the golf ball, the golf ball would

attain twice the speed of the driver head. However, in that case, the golfer would have a diffi-

cult time giving the club head a substantial speed. The momentum change of the golf ball is
Ap = mAv = muy, .

(40.0 m/s)= 65.3 m/s.

The impulse is then

Ap = F,.At,
where F,,. is the average force exerted by the driver head and At is the time that the
driver head and golf ball are in contact. The average force is then

—_ Ap mvg .  (0.045 kg)(65.3 m/s)

ave = A7 Al 0.500 X102 s = 5880 N.

Thus, the driver exerts a very large force on the golf ball. This force compresses the golf ball
significantly, as shown in the video sequence in Self-Test Opportunity 7.2. Also, note that the
driver does not propel the ball in the horizontal direction and imparts spin to the ball. Thus,
an accurate description of striking a golf ball with a driver requires a more detailed analysis.
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p3:20

Apply the relationship between average power, the work done by a force or the associated energy transfer,
and the time interval in which that work is done or energy is transferred (Pavg=W//At

5.72

153

olraSl 3§ bl el 3 ALl saclal) e 65 kg a2l Jamce 3z 5.7 20
3522200 m gl e Jo¥l saclal) Sy 5e 160 3900 Mgl ) Lo
syanll ilaes dowgzs (B)g dusld) as Jsid) a2l (a) ws) 5.0 h gl
5% o Glas¥) pod L)l Lss 5elaS of (al 201 ge d30al) Jlsa] Jase (€)s

#5.72 A 65 kg hiker climbs to the second base camp on Nanga
Parbat in Pakistan, at an altitude of 3900 m, starting from the first base
camp at 2200 m. The climb is made in 5.0 h. Calculate (a) the work
done against gravity, (b) the average power output, and (c) the rate
of energy input required, assuming the energy conversion efficiency
of the human body is 15%.
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