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Problem E.1 Corrsicl t :r '  thc lorcc

i  F - " "
eXl)LCSS()r l  i rr  splrurical r:oorcl in:rtcs *rr"a" ' ,  is t l r t :  a,rrgic tha,t r :  t t t i rht:s r, i , i t l t  t l i t :

z axis arrt l  l  is thc tListarrcc l torrr t lxr origirr.  Detcrtt t inc lvhet, l t t tr  t l r t l  folct l  is

consurva,t ivc lr .y ovir lua.t, i rrg tht:  c:rrr l  of the lorctr irr  sphcric:a, l  coort l i t tatt ts.

,r1 -Problern E.2 Arr isot,r ' r .rpit :  halr lorr ir :  osr: i l lator ha,s pott- ' tr t ial  f t t trc:t ; iotr,

! ) , ' l  ,  I-  
t  

v t . r . r 1 1  ! 1 .  1 . , t t  |  , 1 t )

nl lele L is t l t t :  sl tr irrg c:orrslarrt .  Tho ost: i l la,tor is crot i f i txrr l  to thc.r;  '17 stt t ia,c' tr .

I ' l r t :  rr iass cxpcl ierrcirrg lhc rcstol irrg f ixc;e is rrr.  Tltc rrt t tss is rt t lca.sttr l  frott t  t l t t '

po i r r t  (a ,o .0 )  l r r r l  l r lo t tg l i l ,  to  l ,  s top  a t  ( -L ,  - '1 . , ,0 )  u ' l r t : r t r  r r  a , t t c l  L  a t t :  pos i t i vc r

cgrrstturts. Tl ic srtr l ' i lc 'c lras a, cocff icient, ci f  hirrct i t :  f i i t : t iorr of p^'  .  Ho'nl ' t t t t tcl t

u'orl i  r locs t lr t :  f i . rr t :c t ,hat ir l i rrgs t,hc ptrrt , i<: l t ' to i i  stolt  clo/

Problem E.3 \ '1.y sturlcnts in UPII rorrt irrciy r lo rna,th wherrt:  t l t t '  pote'rrt ial

r ( , ) - -  ! :

lrt 'r:ornes tlrc potcntial

v ( , ' ) -  l + l  r - l' x ' u z

ht the :r - g plarre, quzrlitzr.tivclv sketcli tlie coritor.u' nra,p of thc ltittctrtial cnet'gt'

fbl  cat: lr  cxlr lcssirxr. Draw l irc l incs of each potential ou the salr lc r lr iqr irr  cl i f lc lcrt t

c;olors. I  zrni iookirrg fbl r lual i tat ivc dif ferericc in t l tc slrtrpe of t l t t :  tu,o cotttott ts.

I)o not u,orry nbout usirrg contours equally spacecl in energv.

Bonus Problem B'1 If  orte u' ' is l tes to pltrv Global Tirerrrtori trclcar ' \Val .  rvha't

is the passr.r'ortf i

'-Tc"/, 
",, 1

n  \ 3/
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PROBLEMS

{-l Fincl thc, lbrce tbr each of the follo$'ing potential eners' fulrctions:

(a )  \ ' :  c . ty :  +  C

( b )  \ ' :  a r z  +  B ! 1 2  +  y : 2  *  C

( c )  \ ' : c c - a t + P t t * Y :

(d) \ '  = cr" in spherical coordinirtes

Br. finding tire curl. determine sfiicir of the follo$.'ing fbrces are corlserlt1ti|e:

( a )  F : i . r - + j v + k :

( b )  F : i r y - j r + k : 2

( c )  F : i y + j r + k : r

(d) F' :  - ,( ' i -  "e, in spht 'r ical coorcl ir tates

F ur<l t l ie r.ahrc. o{ thc. constant. srrclr that each of t l rc fbl lo\ ing i i rr t ts is cr i t lst ' rvat ir  er

( a )  F : i . r r y * j r ' , r r - k : r

( b )  F :  i L : ' r y r +  r ' j . . u i r y r r +  k ' . r / r / r

1.4] A part iclc of lrass rrr 1r6r ' i1g i1 three <l irrrerrsions rurcler t i re potential etrerq\ ir tnct iot l

| i r .  V, :r  -  ar + Fl l t  + y" ' t  hirs speecl r, ,  *4len i t  passes through t le ol igin
- 

(a) \ \ 'hat r i i l l  i ts speed be i f  ancl uhen i t  Passes throrrgh the point i I  '  1 '  I  )?

(b) I{ ' the point (1. l ,  1l  is a turningpoint ur the nrotion 1u : 0). \ 'hert is u,,?

(c) \\';at irrt' the cornponent dillcrential equirtions of rttotion of the p:rrticle?

i - \o lc : I t i s r ro tnecessar | tosohethec l i f {e ren t ia lec lua t ionsr t f  t l l o t io t t i r l th isprob le r l l  )

{.5 Considcr tlte tuo forc'e h.utctiorrs

( a )  F : i r * j ! /

( b )  F : i Y - j '

\i:rifr that rir) is consen ative irncl that rb) is rtortconservative llv sllou'ing tlt:rt tire irlte-

q." l  j  f  .r1r is inclt ,pendent of the path ol ' integration for ial .  but nr-rt  ibr lbl .  bl taking

h1> pirtSs ur rvhich ihe start ingpoiir t  is t l ie oriqin q0,01. irnd the endpoint is Ll '  l r '  For

o1e ir.r th trrkt:  the l ine r :  ry Foi t l rc 'other path ttrke t l ie r- irxis ott t  to tht:  poirrt  l .  0l

\  ancl t l tetr t l ie l ine r :  I  rrp to t l i t '  pornt l .  I
-1.6 

",  
Slr, ,r , .  t |at thc virr iat ion oi 'grar i tr '  r , i th hergirt  c 'an be irccorulted l i l l  approrinlatelr 1^

/ the fcrllorr-irr{ poteutlirl L'rlerg) [r.rr]ctiorl:

t .  : \
\ : l l l g ^ 1 \ t - t /

i1 u.hLch r" is tlte raclius of the Earth. Firld the force gir en br the above potential lirnc'-

tio1. Fr.o1t this find the conrpolent differential erluations of n.rotiorl of a projectile un-

cler such a force. If the vertical component olthe initial velocitv is 1,.,-, hou'high cloes

the projcctile go? iContptrre r'i'itli Erample 2 3.2 )

1.7 pariicles of n,iid are tl.rrowm ll'om the rirn of a rolling riheel. If the fonvard speecl of'

tlre sleel is t ,,. irncl the laclir-rs of the rvheel is b, sl'ro*'that the greatest height abor-e

l n ;

{ . 3



1 6 6 Chapter 4 GE\ER.IL \IOTIO\ OF A PARTICLE iVf HREE, DI\{E\SlO\\

t l re  q rour rd  t l ra t  t l re  rn r rd  car r  gu  is

r * 5 * 4 I
29 2r i

At ritat point on thc lollinq ri'heel does this mucl leave?
i.\'ofu:: It is necessarv to ilssunre that r i > bg.

.{.8 -\ gun is located irt the bottour of a hill o{'constant slope d. Shori' that the ranqe of tlre
gur nlci lsure(l  rrp the slope of the hl l l  ls

2 r i  cos  a  s i n (a - 6 \

g  cos :  d

utere a is the rrnqlc ol elc'r 'at ion of the'qr.rn. arrd t lrat the nrirr irnrrrn vahrc oi ' t l re slol-r, .
ru rge  is

r ; .

g 1 .  I  + s i r r d r

4,9 A bascball  pitcl ier can thro\\ '  a bal l  nrore easi lv horizontal lv tharr r ert icir lh. . \ssrrrnt '

that the pitcher's throuing speed varies sith elt ' rat iorr rur{ ie rrpprorirrateh as

rir cos l / ldr) ur, 's. u'here d,, is the init i r i l  elevation irngle an(l  L{) is the init ial  velocitvnlrr l

tlic ball rs tlrrosr horizontallr'.
Find thc angle d,.,  i t t  rvlr ich t lrc bal l  nrust bt '  t l i row'r to uclueve rua-r irrmrt i  (a) heiqht ard
(b) rarrge.
Find tho virlues of thc rna-rirlunr (c) hciglrt and (d) rtrnqc. .\sstune' rto itir rt'sistitnct iurai
I e t  r , , :  2 5  n r / s .

.1.10 A grur can fire au artilli:rv shell s'itlr ir speetl \',, irt iun clircc'tiorr. SIulu'tlrat a slrell ,,r'i

str ike anv target s' i thin t lre srrrf i rct 'qirt l  bv

!  
i l r  =  \ ' i .  -  l g \ ' ;  :

s 'here: is t l re heiglrt  o1't l re' trLrget arrd r is i ts l tonzorrtzr l  r l isttLrtt 'e tr lrrr t l re gtut. .{ .ssrir*
no  a l r  r es l s t i l l r ( e .

, l , l l  \ \ ' r i tc 'c lorrr r  t l r r ,c 'orrrporr t 'n t  f i r r rn of t l re t l i l le ' rcrr t ia l  e( l l l i { t ious ol - r t tot iot t  oI  i r  Projeth:e
if tlic air resisttrncc is proportional to thc squarr: of the spet'rl. .{,rc thc trlurltiorrs sep<-

ratccl? Shot that  ther anr l  r7 coniponents of  the veloci tvare qivt 'n l l

i :  r . ' c - 7 '  u :  u , , e - r '

slrere.r is the distarrce the projec't i le has trtu elecl alc-rnq the path of rrrotion. arrcl

Y  :  ( ' ' " t t t

4.12 Fi l l  i r)  the steps leading to Equatiorrs -1.3.1Ea and b, gir inq the horizontal rarrqe oi"
projectiie that is subject to linear air draq.

4.13 The initial conditions lbr a hvo-dimensional isotropic oscillator trre as follou,s: I = li.
.r : .{, v :'tA, i : 0. i : 3arA t'here o rs the angular fi'ecluencr'. Finclr andrT as
fur.rctions of I Sho',v that the motion takes place entireh' within a rectangle of ciinrei-

sions 2A and 10A. Find the inclination ry' of the elhptical path relative to the r-aus

\Iake a sketch of the path,
4.14 A snall lead ball of mass nr is suspended bv means of sir light springs as sbos.r iri

Figure {.{. 1. The stiffness constants are in the ratio I : ,1 : 9, so that the potential

i!.

{;{u
{St
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t l r t  l a r r g e , , f  i l , ,

l r r t '  o1 ' t l i c  s k rp

'a ih. . . \ssLrrnc
i itelv irs

f i a l r e L r c i t v n l r t - : .

r n i  ( a )  l r e rg l i t  a r r t :

r i r  resist : t r tc t  . t i r r t

t ha t  a  s l r t , l l  ce r r

t l i t ' q r u r . . { s s r n r r t -

r t r  o1 r ,L proj lc t i l t :

equat ions sep. l -

t ion.  ancl

.a l  range of  a

rllou's: | : 0.
I .r  and r7 as
rqle of dimen-
o tlie r-:r-rrs.

s sho$'n in
rotential enerqr

1 6 ;TER PROBI ,E \ IS

lirnction can be e\Pressecl as

ftr ' -  - . , t  -  - r , , 1  -  9 : : .'  -  
2 \ ' \

. \ t  tr trr:1 :  0 the Lral l  receives a pLrsl i  i r)  the r l .  1. l)  direct ion t lrat iruparts to i t  zt speetl

L r i t t t l i e o r . i g i n .  l f A : r 2 t n . n L l l r l € ] r i c a l h ' f i r r d . r , r i . a r t c l : a s l r r n c ' t i o t l s t i f ' t l l e ' t i r n t ' 1

Does the bi i l l  er,er retrace i ts pathi I f  so, forrnhat valLre oi t  does i t  f i rst lett trn to t l te

origin r"'ith tlie sartre r,elocitl that it had at t : 0?

dl5 (.omplete the derivatiou of Equation '1.4.15.

"Ll6 \n atorrr is si tuate:cl in a sintple crr l t ic crvst ir i  latt i t  e. I f  t i re potenti iLl  erl t ' rg\ o1 i l l t ( ' r i r(  -

t i o r r l t c . t u . c ' r : n a r t v t u r r , r t o r l s i s o f t h e  { b n t r r ' r ' - " . l } t t ' r t - .  i i l t d . t r l r ( ' ( o l } s l l t l l t s i l l i ( l  , - i s

tht '  ci ist iuice l tetu'een thc tr i  o i t tol ls. slro\\ '  t l rat tht tot ir l  t ' t t t ' t  g'r  rrf  i l t te' t 'act ir l t l  ol  r t  gir ett

at11rrr t- i t l i  i ts sir ncrrre'st rrciqir lrors is approrirrt i r t t ' ] r  t l t rr t  r .r t  t i t t '  t l t r t ' t ' -r l i t r l t ' t tstt t l t i i l  l t r tr-

rtrort i t  osc i l l l t t i ) f  l )otel l t ia]

\ ' - . . \ + B ( r r + y , - . ,

u' l rerr 'r \  an(l  B are col lstat l ts.

l \otr, :  Assrrnre that t l re six rrergirbclr ing atonrs rrre f ixet l  , t t t t l  i i r , 'Lrcatt ' t l  i t t  t i r t  poirrts

t + . 1 . 0 . 0 ) . r 0 . + 1 1 . ( ) r . i 0 . ( ) . r d ) . a n d i h a t t h e r l i s p l a c c m e l t i r . V . : r o f  t l i e g i r t ' t r e t o r r r

1i.oni t l re crlr ihlrr irrn posit iorr 10. 0. 0) rs srnal l  cortrpirrt 'c l  to 11. Tlren \ '  :  I  t  r ' '  "  r i l t t ' r t '

r ' ,  :  [ i r1  -  i t t  *  y2  + : ] l r ' i .  u i t l t  s in r i la r  express io r ls  l i r r  r '1 .  i - , ; .  .  t - , .  S t  t ' t l l t r

itpproxittrtition for r r r ttlirs i I r Appendi.r D. l
{ .17 Ari clec'tron ruove's in ,r force f ield chre to u ult i forut clcctr ic f iel t l  E arrr l  : t  t t t l i l i . rr t t l  I l r i iq-

netic f ielcl  B that is at | iglrt  ansles to E. Let E : jE and B : klJ. Tirke thc tnit ial

, .  pcrsit iol  oi the electr-on i t  t i te origin with init ialveloc' i tr ' \ ' ()  :  i l i r)  i rr  t l r t :-r  dircc' i ion

i. in, l  t l r . .  result ing nrotion o{ t l re Part icle. Shorv that the path of ' I t tctt iott  is a r 'r 'c loid:

r : a s i l a i * b t

t 1  :  u i \  -  c o s  ' ' l I

: = 0

(. jyclct ir lal  r lgt i trrr 9l t , lect19rrs is r,st,cl  i1 an ( ' lectronic trr lre cal l t ' t l  i l  t ) i i igl letr() l l  to l l t 'o-
thrce i l te r t t icrorvares i t t  iL  t t t icr t tu ' lve ' t l "c t t .

{ . 1 $  , \ p a r t i c l e i s p l a c e c l  o n i i s r . n o o t l t s p h e r e o { r a c l i u s b e t a c l i s t a t t t t , ' i r i l a l x r r t ' t l r i ' t t ' r l t r i L l

p lanr.  . \s  1 i16,  part ic le s l idr :s donr i  thc s i r le o l  the spl terc ' .  at  t ' i rat  point  r r ' i i l  i t  l t ' r r r .c l

-1.19 A [ead s l i | r ,s  on a sruogt l i  r ig i t l  r i i re Lrerr t  into t l i t '  fbnt i  o i  i i  c i r tu l r r r" loop t r l  l tx l iLr :  / r '  I l

the l t lanr .  of  the loc- ,p is  ve r t ical .  and i {  the beacl  star ts f l 'orr t  r t 's t  i l i  i t  poi t r t  t l r i i t  is  ler t ' l

i i . i th  the center  o i  the loop,  f ind the speed o{ ' the beacl  at  t i re bot torn ant l t l re r r r tc t ic t t r

of the nire on the bead at that poir"rt.

{ .20 Shor,r -  th i r t  t 'he per iod of  t l re pai t ic le s l id ing iu t } re cvclo id i r l  t rorrqh ot  Esarrrp lc '  1. ( i . !  is

4a - iA i g  t  I  : .

il COMPUTER PROBLEMS

C 4.1 A bomber plane, about to drop a Lroltb. suff'ers tr rralluuction ol its talqetin-q com-

puter, The pilot noies that there is .r stlong horizontal srnrl. sct she decicles io rtleasc

ilie bomb ailrvar. directly over the visuallr.sighted tarqet. as the planr' flies oler it
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