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2-1 z尐 particleUfrnass lll rnUVeSin thexy-pIaneandits pUsitiUnvectUr isgivenby

Γ(r)=acU眹 rpr)j+乙血n(ω〞)ˊ

、
vherea,band  arepUsiuvecUnstantS,anda>b.ShU、 vthat

〔●thepaΠ kⅡemUves inanellipse;
(b)thefUrceactingUn tllep㏕ 沁 leisalways血 ㏄ ctedtUw缸 dtheUr㎏ i圠

(c)thetUtal、 vUrkdUnebythefUrceinInUvingthepa比 icleUnceεΥUundthcellipseis

ZerU;                        
‘
∴

(dl tllefUrceiscUnservσ巨ve.
SUIutiUⅡ :

(a9          π=右 +方 =acUs(a)9+乙 血<ωr)ˊ
sU                   x=acUS(ωr),   =́乙 sin(ω′)

and             〔〧｝
2-├

〔營｝
2 =cUs2(a,r)+sin2(t,,t)==1          一

w㏑chisanellΦ sewitll semi-m句 Urand㏄mi-minUr砂㏄SUflengthsaalldbreSpect∥ely.
(b)ThefUrceacungUnthepaΠ icleis

一   σ9   〞
2ㄕ

F=J99。 =I9,石
╒

=r,,珜

一
｝IacUs(ωr)F-├乙sin(ax)f〕 =-I,zω

2ㄕ

Thelninus sign indicatesthatthe勺 rccisalwaysdirectedtUwardtheUr㎏ in.

(c9SincetgUesf1.UmUtUt=2/ fUracUmpletecircuΠ arUtlndtheellipse,wehave

〞
ㄏ
=2Iω F.Jr￣ =1仁 羽ω2° CUsωrF+乙 sinω的〕.卜aω s㏑餅 F+乙ωcUsω茢σr
U         U

=2Iω羽ω
3他 2-乙 2)血n餅 C㏄ rr,/Jr=〧羽ω3° 2一 乙2)血n2洲〃 =U

(dlΓ㏄ this part,、
、
te〝〃itetllefUrce㏑ thefUrm(frUmpartbl:

戶 =＿ 羽 ω 乍 =＿ 羽 ω
2(XF十

方 ).

Then

HencethefbrceiscUnservauve.

2-2 AcUnstalltfUrceΓ actingUnaparticleUfmass lllChangesthevelUcityf1.UtnvtUvin

umet.PrUvethat      F=I,2●吃一91)/t
SUIutiUⅡ :

ByN°祝Un’ SSecUndla、v,wehave
ㄞ  一    加  F
羽°=F,a 。 =ㄞ

FUrcUnstalltfUrcewehaveUn integraung



’=(F/羽 )′十t

wherecisan illtegratbncUn就 姐 t(aVeaUr,.Atr=U,9=91 sUthatt=9I, and

Atr=t9=巧 sUthat
9=(F/η砂r+91

几 =(Γ /羽)t十 9I.SU〝 河ngfUrΓ ,weget

F=羽(几 -’I)/t

Altematively,wecanro咐iteN°祺Un’ ssecUndlawas

199〞9=FJr
Then since9=元 atr=Uand9=几 atr=t,wehave

Ft=J,9●屯一9︳ )

2.3FindthewUrkdUnein mUvinganU切 eaalUngapathgivenby

andtheappliedfUrceis

SUlutiUⅡ :

ㄕ=39+2f-5乃
F=2i一 ˊ一后.

WU政 dUne=F.π =(29-ˊ -乃).(39十 η -5乃)=6-2+5=9

2.4(a9ShUwthat

F=φη+↙ y+↙f+3犵咡
isacUnserva位 vefUrceΠ eld.

(b)FindthepUtenti㏕ energyV.
(c9ΓindthewUrkdUnein mUvingallU切 ea㏑ tllis山rceΠeldfrUm(1,之 ,l)tU° ,1,⊕ .

SUlutiUⅡ :

Oㄞ羽

砡
「
—
J
一

h

=一砌
午
—
—
J
0

(a)

ThusΓ isacUnservatiVefUrceΠ eld.

(b)

一   〃︿〃︿翠牙=(2η +z3)F+x2f+駹叮F一▽◤一ㄞ 9一万
一́
廆

f1.UmwhichweUbtain

〞
ㄏ
/歲 =一(2η 十′),  〞

ㄏ
/易↗=一x2,  〞′/狫 =┤ xz2

IntegratetheflrstequatiUnwlthrespecttUxkeepingyalldzcUnstallt:

◤=一 (x2ˊ +xz3)十 gI(ˊ,z)            (1)

、
vheregI(ˊ ,z)isafunctiUnUfyalldz.
SimⅡ ar玗 integratingthesecUndequatiUnwithresp● atUy(kee9ngxandzcUn就 ant9
andthet㏑rdequ飩 bnWith㏄ specttUz(kee● ngxalldycUnstant),weUbt缸 n

/=-x2ˊ +g2(x,z)

/=一xz3+g3(x,ˊ )
EquatiUns(1),φ)alld(3)”eldacUmmUnVifwechUUse

(2)

(3)



gl(ˊ ,＿—)=c,   g2(x,z)=-xz3十 ε,   g3(x,ˊ )=一 x2ˊ +t

、
vherecisanarbitrarycUnstal1t,anditfbllU、 vsthat

I/=一(x2ˊ +xz3)+ε

(c)

=-2U2.

2.5 ′kp引 ㏄iCleUfrnass rllΥ nUveSalUngthexaxisundertheinfluenceUfacUnservative

fUrceΠ eldhavingpUtelltialV(x).IfthepaΠ k址eis lUcatedatpUsitbnsxalldxatre$
pectivethmet alldt ,prUvethatifEis thetUtalenergy

SUIutiUn:

BycUnsentatiUnUfenergy,wehave

:J,,(派
/σr)2+◤(x)=E

士UmwhichweUbtain(UncUnsideringtllepUsitivesquarerUUt)

祊 =V羽 /班 派 /VE一 ◤ (x)〕

HencebyintegratiUn

扣午臼=榹t2

2.6AparticlemUves inafUrceΠ eld區 vehby戶 =r2Γ ,ll乃ε尸ε± 尹 is thepUsitiUnvectUrUf

theparticle.ShU、vthat tlleallgu比 flllUmelltulllUfthep利 比iCleiscUnserVed.

SUlutiUn:

ByEquatbn(48),wehave
冼
亓(c)

房

、
vhichstatesthatiftheexternaltUrqueabUutagivenpUint iszefU,theangularΥ nUmentum
Ufthe盯 Stem山 UutthesalllepUint iscUnseⅣ ed° cUnstaIltvectUr in time).NUw

Λ卜P)=「×F=π ×(r℉ )=↗ (ㄏ×◤)=U
HencetheangukΥ lllUmelltLllll iScUnserVed.

2.7 於╰p鈕｛iCleUfrnassΥn rnUVeSalUngthepathgivenby

X=X(,十 ar2,  V=乙r3,  z=ε r
Wherex,a,balldcarecUnStants.FindthefUllUv汪 ngquantiuesatanytilllet:angul缸

mUmelltumL,fUrceFandtU珂 ueNUn tllepaΠ 沁le.Veriㄅ tll飩 tl9eys放iSㄅ

〞z 一KF=亓°
=〞 )

SUlutiUⅡ :

茲〃
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+砂

〃
一砂
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