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AP Physics
CH 8. Conservation of Energy
Homework (Halliday, Resnick, Walker)
QUESTIONS i‘
' Y
3. You drop an object and observe that it bounces to half a; h —eee @E.

its original height. What conclusions can you draw? What
if it bounces to 1.5 times its original height?

WM = AKE + APE Y=o

T£ ball bounces 4o 1?/“2 ifs orijmqi f’!e}jh{- ‘
Hran ene!fﬁy 1s not Conserved and Frtcﬁon[(o%er non - Cohser vy five ﬁrces)
have acted on +Hw Pall +o remove % the mihad Ehergy PE = mgh
IF ball bounces 4o L5 tmres ts original height
9"18"33 has teen added 4o Fhe Systerm,

FPE, = gk

PEg = /,5”,5,;,

4. When an elevator descends from the top of a building
and stops at the ground floor, what becomes of the energy
that had been potential energy?

o

L WM - AKE + BPE
Since +the energy did not g° back mts fhe ¢/eua.f-or~
a5 Une tic enevgy it must have been drssipated a5 bt erergy
thvougn  fricton

W,f:;t‘* = QKE = 0 IF Start and Fyushes with v=o

u’ nh
WY = mg g = mgge = - mgh




13. Explain, using work and energy ideas, how you can
pumnp a swing to make it go higher. If the swing is initially
at rest, can you get it going by pumping it?

ve - : o
Wt = AkE * APE N M ey
wHh ho frection —
KEg + PEe = kE.t+ PE;
B-y Swin5ng your Fas%"(pump) gr‘awf'y (5} GCH\hﬁ oh a. r1ass doing work on :ﬁec. 5‘y5;5-e;m

adolmj Kfneff&'enewjy 7O Fe Systems €achr Comsecu e Sbustj.
If no erergy s Jost #”’f’”jh frecfron ; fhus eneriyy remains tn g

Systenr and becognes jrqw#m‘wnaf Paw‘m{'r&f Chergy ot Hau, “Hop O“{‘f
H/u_, SW";Aj’ ﬁ'lerfg.gi:y [“Creqs-,hs M_ he:jlm‘-,h,f Parefy COVJSquH-VC Swfhj.

e
Yes,

14. Two disks are connected by a stiff spring (Fig. 8-20).
Can you press the upper disk down far enough so that

when it is released it will spring back and raise the lower - =%
disk off the table? Can mechanical energy be conserved in

such a case? o ’3;—- - ?:g, cf}m/;/;wu;,,

=

FIGURE 8-20 Question 14. o Fhe Sprns
Yes 1t can i the spring constent K IS large enough an

- — ; rll"f‘:
15 compressed enough, Tf the potenfial energy of Hra 5P+o;: ass

__5-143.2 15 larger Jhan M3y, at Hu springs ebu:hbrmm -H/u.‘ -
‘ &

" I+ sprin upw.m’d past +Huwe ccoulltbrium pont, This S %G[Z’;

will pu rring Hhy botbonn mass. TF 1 upward Stre '

bottona rass will Jift of£ fon

will exert an upward force on
yesults m a ﬁrce ’kﬁ'z > g +he
jroumd_

T real hfe noj crevgy
being Pevfectty elastec. and

17. A spring is compreéscd by tying its ends together
tighty. It is then placed in acid and dissolves. What hap-
pens to its stored potential energy?

When e string dissotves Hhe 5(:;}&45 unstre behes and pushas om .
Hew acd Solubion molecules WLk g Hosin . Tho ad&li"ié"a\ IKinetc
eMVaj of Hi aad molecyles would resuld G l’l\jlm-\f' Femaperature
measur emen b of Han acrd Sotubion , Tl fa-ivam%’e%! anangy of

+{M'-~ g‘,(om'wj wiuld becsmme }Qb:’te.+lf, ned -'!"LM-V-qu QWf}sj v "HA,N

wou ld  be los# because af_flu Spring rat
drag forces due o air

Selud ot




TXERCISES &C PROBLEMS

SECTION 8-3 DETERMINING THE POTENTIAL
ENERGY

1E. A certain spring stores 25 ] of potential energy when
it is compressed by 7.5 cm. What is the spring constant?

8.9%t03 N/m

- /L2
U (x) = Lkx

SF”" b

25T = 1k (-o75m)*
Z

ke= 2.9%x10° N/,

3E. You drop a 2.8-kg textbook to a friend who stands on
the ground, which is 10 m below {Fig. 8-21). (a) If the

potential energy is taken as being zero at ground level,
then what is the potential energy of the book when you
release it? (b) What is its kinetic energy just before your
friend catches it in her outstretched hands, which are
1.5 m above the ground level? (c) How fast is the book
moving as it is caught?
?)00T b.)[70T €)i3m/s

0 Ne drag [ fric #1om

V¢ - AkE + APE

.o I/(E,, + Pl = e + P[_;:

"

DICISE
- FIGURE 8-21 Exercise 5.
| abrect
b) W e PE - ke . P
[76 T = Fbr + 2(1.8)(1.5m)

19T = Jtr + 294 T

KEg = 167 F

C) kEp: /67\7‘:21_//24_5) o2 => L/Vr/-?.?/néj;

7 -
a) !Eé‘nwaﬁ - mjj

10




7E. A frictionless roiler-coaster car tops the first hill in
Fig. 8-23 with speed v,. What is its speed at (a) point A,
{b} point B, and (¢) point C? (d} How high will it go on
the last hill, which is too high for it to cross?

Zd fenawal
40 Frictonless
/&“‘ = Akk + APE

/,(fi':t f--pé:.‘ = l‘({af 4 PE;

FIGURE 8-23 Exercise 7. o
a)  KE, r PE = KE, + PE
FOGT ey = At 4y,

JD) kE, + PF, = KE; + FEg

Lz g oprah = Livs? + #ig h
27 T z Z
2 £
o) Z;ﬁ = Vg 7“(/‘?"

éécqu Hrt = Mg Lo}
C) KE + Ph = KE ¢ PE, /7505 707700

A Z /6 .:--!-MU;Z'&' O
Z%U? r,ﬂ'fj p:

iroelgh - 0

v [ Tige]
CJ_) KE, + PE, . Ky +» PEo /’ 17"— 3_}"

Ef/mflvgz # ,Mjh :-f‘O + ’}‘?;D

!

U=o af hiyhff/of.
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1IE. Figure 8-25 shows an 8.00-kg stone resting on a () 7, 84 N/CM
spring. The spring is compressed 10.0 cm by the stone. (a) :

~ What is the spring constant? (b} The stone is pushed down b) .7 T
an additional 30.0 cm and released. What is the potential
energy of the compressed spring just before that release?
{c} How high above the release position will the stone
rise?

c.) y: L 5M

K(. H) = 9(‘5.?)

: L!e =794%]

Z
j:O GmtIIfibl T)l{f;—;o pf‘; :é/%ﬂz:éﬁff{)(’!/)
A /¥ :[@:e,.nff

PE =mM9y = O

L

¢.) From 0/4 —7 0B o
(/f?f PE)A = %%PE)B & Mo Friction

qo: y ;o{- /.
6272 T :-ij:c?(?»f)j 7 ,

¥ Can you colculate V- at Y=.3rm Awwer: y=2.97 m/;_




13E. A hall with mass m is attached to the end of'a véry q‘) g L
light rod with length L and negligible mass. The other ?

end of the rod is pivoted so that the ball can move in a k).) = 2: L
vertical circle. The rod is held in the horizontal position gf
shown in Fig. 8-26 and then given just enough of a down-

ward push so that the ball swings down and around and

just reaches the vertically upward position, having zero

speed there. (a) What is the change in potential energy of

the ballz (b) What initial speed was given to the ball?

fob
N

\
A @t

FIGURE 8-26 Exercise 13.

pf;‘ ""/DEL‘

= mgyr -3¢
mj(ozz.)_~Mjfﬁ)

::{ﬁ"?ji- f
bﬂ) No Friction

o
(Wr + PE.) = (KE+ PE: )
mj(’a?,l_) :jm&fz + sz_’.

W

o) APE

i

- LU
j_L 7




16P. A 2.0-kg block is placed against a spring on a fric- |-
tonless 30° incline (Fig. 8-29). The spring, whose spring
constant is 19.6 N/cm, is compressed 20 cm and then re-
leased. How far along the incline does it send the block?

%’%PE)A = (ﬂéﬁpf,)g ‘
j)’()’iz; Mj'j w/ ji:js”’@

7 (1966)(2) = 2(9.5 sxhaob)j
3 |




Ux 3.

. , o — @
19P. A 50-g ball is thrown from a window with an initial - T~
velocity of 8.0 m/s at an angle of 30° above the horizontal. ] e AN
Using energy methods determine (a) the kinetic energy of ' 8 M/S \
the ball at the top of its flight and (b) its speed when it is
3.0 m below the window. Does the answer to (b) depend N\
on either (c) the mass of the balt or (d) the inidal angle? _— \
O‘) Lad b ) Homfs \

' 3rn
Ux = §¢0530°= (4,93 m/s - - - --88
\

@) KE pp = 2103 )06 73)"= \

b) (KE+ PE)y = (HE+FE, b
S(:05)8%+ (05)(5.6)(3) = ; L (o) c) 07 ot  des 2ot

/e A~ L7 = ,.f)zs u*z | d@peﬁd on Mmass or
angl le.
U=1/1]m
/ Z - - Just v and A

23P. The sring in Fig. 8-31 is L = 120 cm long, and the

distarice  to the fixed peg P is 75 com. When the ball is 4 A'?» m

released from rest in the position showm, it will swing

along the dashed arc. How fast will it be going (a) when it ﬁ

| L i
o ;
C
reaches the lowest point in its swmg and (b) when it ) ! . 75 -
reaches its highest point, after the siring catches on the - \\ d -,
i \
peg? a)+%m/52 b);’l{-m/57- ‘ \ .
[#]

A - N TR
7) M*pE)A = (Ke+pEdy 3=0—'-——\-\1‘::-»g>,

FIGURE 8-31 Problems 23 and 32.

— Iy ' -L2-.15 "
mgl = tmig r |
Vi . = 45 m
98(42)= 5%

[
UE - %5}5 m/_j

b) (fF #7e), = (KE+ 7€),
mgL = Lmy* s mg(ar)
9.8(1.2) = 1 2 .?'WZM%) __
Uit = 5.88 }UZ—‘-"?"/"“'% 7

s




25P. A 2.0-kg biock is dropped from a height of 40 cm
onto a spring of spring constant &= 1960 N/m (Fig.
8-32). Find the maximum distance the spring 'is com-
pressed. .

TIGURE 8-39 Problem 25, |
o/ m '

S S
] ,;O ‘
(KErPE), = (fE+PE),
_ b2
M9y ._jé’/r
mﬂﬂ‘yf?’) :2_3./,%/{1
- /(1960 ) x >
208.8)[-Htx] =4 (1960 )
7.99 +/7.6x = 980 x 2
FEA*-/9CX -7.84 = 0

/?;70:* —,Ot?




{0«

29P. A 20-kg object is acted on by a force given by F= A_ ‘
~ 3.0x — 5.0x2, where Fis in newtons if x is in meters. As - — 1z J -— [ ¥ a)
the force causes the obiect to move, assume that the ob- A (/(, — fr(‘x ) ‘X - 6

ject’s mechanical energy is conserved. Also assume that

the potential energy U of the object is zero at x = 0. (a)

What is the potential energy of the object at x = 2.0 m? F,(K) = — (JC( — . /S/Ope_) o
(b) If the object has a velocity of 4.0 m/s in the negative x d Y. 4 ;
direction when it is at x = 5.0 m, what is its speed as it

ofF
passes through the origin? (c) Next assume that the- po- _ #‘(jﬂ gﬂ/-j
tential energy of the object is —8.0] at x=10, and j
reanswer parts (a) and (b).

a)I9T  b)etmts )it d.)6.4m/s
o) AU = _[pjxl—-ﬁx’*)c’ﬂ

) - ue = 3x% p 5x°
2 3

t@m) = 3,7(.._2#?;&3% u. ]

i

Ul2) = 3!_2_)2“/_ J:_/:_Z_[&#—O ://?3]7
2 2 B

b.) (KE +PE;:'5 = (KEHFE) _

G/Vch

z (302 = 5] l20) % 1 O %:o
1o L I R e = et ar A=0
02( )/7) +[:Z. E g

Jbo + RY45. 8 = Jov*

Srme

ZV: b. 37 m/jJ

C.) MNow let t; =~§T at 2= 0

WU(2)=302)°, 5)°_§ =173
Q) 30" -5 = [11.5 7]

d.) (KE +Pfﬂ)=5 = (KE+FE),
| /! 2 s
/60',——[%5";*35-53_09‘7 :;?-/;2@)52’ + (- $)
Jeo - [245.8 - B]- 100% — ¢

[or= 6.37éﬂ




i1,

Ing on it at poin¢ Q? (b) At what height above the bottom
of the loop should the block be released so that it isonthe

FIGURYE, 8.25 Problem 39,

(G,) KE: + PE. = KE; + PEF.
O + my(5R) = Lmv*s plg(g)

§5RK =v*

—~ U558 Vo (ms) 2’
ﬁ: Foe + :\/( /K/ )

Sy

E 2 | 7 -“'(;uQ)
Aybe? G777 3795 0 g(h )= LR ¢+ 7
h :;L/_,,QJ-QR

| 4 =25 R |

)/E;, +PE. = kE; + PEg




92,

31P. Tarzan, who weighs 688 N, swings from a cliF at the
end of a convenient vine that is 18 m long (Fig. 8-36).
From the top of the cliff to the bottom of the swing, he
descends by 3.2 m. The vine will break if the force on it
exceeds 850 N. Does the vine break?

e — ;\ e
2
~ T ‘ ZFF‘QC‘ = MU"‘;
Tde = mu
, r

M .
3 S T =455 = 4403
n° T

‘ - = WkE, + FE
y/EﬁPf;—: IKE, ¢ 085 2
- Z
0 +m3(3.z) wzwﬂf + O /7_:%2’@1”

8% (%.2) = 'iww'z e woT HREAK ] )
TBI?Z’/‘“‘/ .S'ﬁV.g jfﬂ‘N .

2

2 0§5 (3.2) = mv
- A

L/’?[O% /7




- 32P. In Fig. 8-31 show that, if the ball is to swing com- f—y |
pletely around the fixed peg, then 4 > 3L/5. (Hint: The P ‘
ball must still be moving at the top of its swing. Do you see i f T
why? . i
¥?) ) v Ag(ﬂ{\ — é L_
Y y T
N ! | \ 5
5] * ! | l ]

/I . N : P\ f,
Iﬁf; r PE. = KE, + FEf I Y

FIGURE 8-31 Problems 93 and 32,

Z -
MjL-:iLMV # mg(2r) ToP _ Limiriwe Case

WHEN Jj=0
—)—- CAND
L= {mer)+ mg(2v) LTl
mj Z_( 3 ) j ,"/ \\r ZF}:QJ:Mj
- | ® !‘0; mj:m([,z
. ; | 2

e




—KE;=0

37P*. A boy is seated on the top of a hemisph;icﬁr
mound of ice {Fig. 8-39). He is given a very small push and
starts sliding down the ice. Show that he Jeaves the ice ata -
point whose height is 2R/3 if the ice is frictionless. (Hint:

The normal force vanishes as he leaves the ice.)

rlO

yﬁ: ¥ PE; = KEs + Peg

FIGURE 8-39 Problem/37.

- - -
SERSSA
M”&O_
ANV T S
Vo - WV
MJ&DSQK
Mﬁﬂne

h= Reos®




SECTION 8-5 USING A POTENTL: AL ENERGY
CURVE

38E. A particle moves along the x axis through a region
in which its potential energy U(x) vares as in Fig. 8-44.
(a) Plot the force F(x) that acts on the particle, using the
same x axis scale as in Fig. 8-40. (b} The particle has a.
(constant) mechanical energy £ of 4.0 J. Plot its kinetic
energy K(x) directly on Fig. 8-40,

'

Ugy ()
Ll )
o

Wt

—r

0 1 2 3 4 5 6
*{m)

FIGURE 840 Fxercise 38.

=3
X
m i L L H
1 3 St
1 2 3 4 5 6
-1 } =
2 =«

1

g “
” Tékﬁ nethve Of‘fanﬁgnj— SlOP&J

| Téb | 8MV3
(KE+PE)

U ()

HMOD»—_&

\j: IT!J




= - [Fea)dx

40P. A particle of mass 2.0 kg moves along the x axis
through a region in which its potential energy U(x} varies
as shown in Fig. 8-41. When the particle isat x = 2.0 m, its
velocity is — 2.0 m/s. (a) What force acts on it at this posi-
Gon? (b) Between what limits of x does the particle move?
{c) What is its speed at x = 7.0 m?

EVLIN b) =35 €)3.6 mfs

a)F=-dd-_ [n-631]

Jx T

/:/Z)— 6%/7 1%,

rd

yv3)

:0‘

[

—

\
-
N
)
Tl"ﬁlil
{

’,‘ x (m)

s 10

] T
i

1

{

|

I

1
/ﬂ

-/

|'\
TEITTT T VTITi o rTY

: 2
FIGURE 8-41 Problem 40. A

b)) At X=2nmm '%E:ﬂ.zf/ea-)/«z)z: 4T

when KE = 0O

/‘/anof

o (KE#PE) =47 =757 =357 % 29

A=2

C) No Hrictrons . ~3.50 = (KE+ (-177)) at A= /

KE

SECTION 8 6§ CONSERYATIOGN OF ENERCY
SECTION 8-7 WORX DONE BY FRICTIONAL
FORCES

=13.57
/{,,2)0" /3-5 0’..-\367M/J

43E. Itis claimed that large irees can evaporate as much
as 900 kg of water per day. (a) Evaporation takes place
from the leaves. To get there, the water must be raised
from the roots of the tree. Assuming the average rise of
water t6 be 9.0 m from the ground, how much energy
- must be supplied per day to raise the water? {b) At what
rate is the energy supplied if the evaporation is assumed to
oceur during 12 h of the day?
@)7.9x10% 7 b)) L8W

Cos0°

& ) W—!-rec - 69

erc:
= (400)(9.83) Tm

':}7?)(/0"]'{

b) P=W _79x100"T
t 43,2008

t_: /z;”’",, 3600 sec

! hr

=183 w | = 42005




?fﬁ”f . ,00% . Itp" . /ff :32 ’Q/SZ ‘
T 7 o7 25 o 12in i7.

48E. An outfielder-throws a baseball with an initial speed ? 6 o / /66- _ 563 $
of 120 ft/s. Just before an infielder catches the ball at the - © /¢ o2 - /éé .
same level, its speed is reduced to 110 fi/s. By how much
did air drag reduce the mechanical energy of the ball?
The weigh tofabasebaﬂxs‘}()oz Y+ 2 B 563,&' N Y d M
-2 T = £
- . 3 Ftfs Fels

= 120 Ft/s Uz = 1o #/s
Wd% = AKE = / (.017¢ ,56-)[(/!0 ‘qa) (120 Fé) ]

(%)
“*"‘5 | :/—_g.zﬁ ﬁ‘,ééj Whix ™ .AKE+M

O

53E. The luxury liner Queen Elizabeth 2 {Fig. 8-44) is pow-
ered by a diesel-clectric powerplant with a maximum
power of 92 MW at a cruising speed of 32.5 knots. What
forward force is exerted on the ship at this highest attain-
able speet:{p (1 knot = 6076 ft/h.)

55X106 N f | y
¢ S 6076 Fthe 12 25fam  dm o Tor
P: 71 W V= s qua{s‘.llkncn‘l _'r- s lin oo Cm 3400 §
‘ = s % = [e. 72 M
P: F’ b~ = Fp-‘ &3;0" — E

) |
F= L. R2xo W :{:LSMO"N f
v /672 7

55E. A swimmer moves through thé water at an average
speed of 0.22 m/s, The average drag force opposing this
motion is 110 N. What average power is required of the

swimmer? Q4 W/
1/'": 022 M/5 F:://OA/




59E. A 30-g bullet, initially traveling 500.m/’s, penctrates ’
12 cm into a solid wall before it stops. (2) What i§ the re- - -
" duction in the bulle’s mechanical energy? (b) Assume

that the force of the wall on the buﬂep is constant, and 7 o ’
. calculatci:svalue. Z‘IXIO‘;\?VEF » 3 Z:j-— ) D =6
(Kec+ PE)  (KE+FE) - 52015 12 m

= change n PE | |
+ Aj = 23@ "‘b jmvﬁ"y

/4(5"36&”76 7:0 S0 PE(;’”'_—.‘ PE; -'—20
. Y 4 O = 7 O ‘
ME,; =KE; = zﬂw}(ﬁ'o )" = 37507

MeEf =HhEg =0
e G) ,r‘,. /?co/o?C{-rc;n o'-/) 3750 T 005/ 900
b.) Ws = ~37507 = f7 g)(
| ’ ~3750 = - Fp.(/2)
| Fee = 30350~ [

64E. A 25-kg bear slides, from rest, 12 m down a lodge-
pole pine tree, moving with a speed of 5.6 m/s just before
hitting the ground. (z) What change occurs in the poten-
tial energy of the bear? (b) What is the kinefic energy of
the bear just before hitting the ground? {¢) What is the
average frictional force that acts on the bear?

A)-29x103T 5 )3.9x102T C)aonN
.-,O
a.) %[ -FE, = |
| . -Gy =5 /?3 )(/’2 )
| = —2.94x00° T

[9.) /{Ef *%c: | =

Z

= 392 T e
5 mESL , T
095[3\14/5, - m - (K€ + PE;)
[574Y = 392 — 2.94 x40° -
r — e = RN
—[p(2) = -2545T = E:" _ J

8.




stantis 200 N/m, What is the coefficient of kinetic friction
between the block and the table? /J k= ,[5

=

W = FofOX = (K tPG )-(KeiebE) - A==15 70
&)g/?ao | AX = .75 i

—~ (uh Y(OX) ~(o+0) (0 + Lhx?)
= pl19.)(75) = - £ (200)(-15)*
M (11.7)= 2.25

//(/(. :I/js '

67P. You push a 2.0-kg block against a horizontal spring, ‘
compressing the spring by 15 cm. When you release the .

block, the spring forces it to slide across a table top. It ' [
stops 75 cm from where you released it. The spring con- e

‘ }

)
|

Fo = mg

= /7.6 N

73P. A cookie jar is moving up 2 40° incline. At a point \
1.8 ft from the bottom of the incline (measured along the
incline), it has a speed of 4.5 ft/s. The coefficient of ki-
- metc fricdon between Jar and incline is 0.15. {a) How
much farther up the incline will the jar move? (b} How
fast will it be going when it slides back to the bottom of the

incine? a.) 5. b)) $.7.f¢/s
£os5180°

. . o
[ i |
| W,fk =fz - AX :(ﬁéWEf)—(KE.;fﬁé) Mg Ve - mgsine:

. fl N
A — PF . E A
- F):l )( =/ /‘_::/ K ‘ CS\V\Q‘ Ax)

;/u (plgse) AX = pl(gsmo) AX — Lpie
. ‘/5/31@5?/0? AX : 32 smo® (HX) -—j’-, (4.5)%
_3.63A4X = 20.57 AX - 0./25 | ",
AX = 4183 42« 12.m =502 11 / /‘

/ # .
p) gt (WIS H18) = e 1 02 - (50 + PE)
o = Lmtr? — il sfme)(o?,z/@})
—p (plgese) (2218 ) = £ At 4
_3.63(2.218) = £ 0~ 20.57(2218)
_8I156 =5t Y56

[ = 8.66m/s |

Z




76P, A 1500-kg automobile starts from rest on a horizon-
tal road and gains a speed of 72 km/h in 20 3. (a) What is
the kinetic energy of the auto at the end of the 30 s? (b)
What is the average power required of the car during the
30-s interval? (c) What is the instantaneous power at the
end of the 30-s interval, assuming that the acceleration

T2 ke e Jeoyy P
hr 36005 [km =
. |

1) 13

was constant? q,)gx[o‘.i',j‘ b)ixio *w C.)QXIOLfW

@) Eg = 4 (/500)(20) * = [3x10° T |

, 5 -
_ W _ GxwoT T
b.) P“’_At"' 30s

c) P= f» -

Ma
= (/500 )(-47)(20)
= [7?_.00 OOV\/J
78P. In the hydrogen atom, the magnitude of the force of

attraction between the. positively charged mucleus (a pro-
ton) and the negatively charged electron is given by

£

- 1’2 ’ .
where ¢ is the magnitude of the charge of the electron and
the proton, & is a constart, and ris the separation between
electron and nucleus, Assume that the nucleus is fixed in
place. Imagine that the electron, which is initially mov-
ing in a circle of radins n about the nucleus, suddenly
“Jumps” into a circular orbit of smaller radius 1 -(Fig. -
8-50). (a) Calculate the change in kinetic energy of the
electron, using Newton’s second law. {b) Using the rela-
ton between force and potential energy, calculate the
change in potential energy of the atom.
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(The missing energy is the energy of
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81P. A small particle siides along a track with clevated
ends and a flat cenral part, as shown in Fig. 8-52. The flat
part has length L. The curved portions of the track are
fricdonless, but for the flat part the coefficient of kinetic
friction i g = 0.20. The particle is released at point 4,

FIGURE 8-52 Problem 81.

which is a height 2 = I/9 above the flat part of the track. .
Where does the particle finally come to rest? . eced
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. 109. Two blocks, of masses Mand 2 where M = 2.0 kg, , Do
are connected to a'spring of spring constant & = 200 N/m U o
that has one end fixed, as shown in Fig. 8-62. The horizon- AR
tal surface and the pulley are frictionless, and the pulley is :
massless. The system is released from rest with the spring

—-—? positive direction

| .
oL 0g BT ' nejaht/f; .
FIGURE 8-62 Problem 109. Yero direction

unstretched. (a) What is the combined kinetic energy of
the two masses after the hanging mass has failen 0.090 m?
(b} What is the kinetic energy of the hanging mass after it
has fallen 0.090 m? (c¢) What maximum distance does the
hanging mass fall before. momentarily stopping?

a)31J b)I.8T c¢).39 m
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