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force
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e- Difference, linear case

<- Dillerence. rlrradrzrtic case

PROBLEMS

2' I  l ' int l  t l re |eloc' i tr  t  artd the' posit iorr r as functurns ol the t ine 1 fbr- .r  part icle of mass nr,
$'hich st;rrts Irorn rest at r : 0 irr<l 1 : 0, subject to the follolving for...e fllctiops:
(a) F, : lt,' +- .'f

(b )  i ' .  :  F , ,s i r t  . t

(c )  l - .  :  F , , r , ' '

l 'hcr-e F,, ancl c are posrt ive c.orrst:Ltrts.
2'2 Find the Velocitr.  i  as a lunction ol the displace nient r for a part icle of rnass lr ,  u,hich

sti,'ts f.om rest at,r - 0. srbjcct t. the foliori.i.g firrce lirnctions:
(a) I;, : F,, * r',r

(b )  I .  :  F , ,c  , .

(c) F, :  1,,  c 'os r.r

t l l rere It , ,  lutt l  c ar.e l lctsrt ir  e c,r. i rrsttutts.
2'3 Fint l  the potential crrergy ir ir tc ' t iorr \ ' i r  r for eirc. lr  of t i re lbrces i1 problepr 2.2.
2'1 A Pal t i r ' le of t t t i tss trt  is cortstrainccl to l le along a frrctronless, horizontal pl iue subject

to a l i rrce qrrr.rr br t l te e-rprrssir- ir i  I i r t  :  - fr l .  I t  i .s prr-r jec.tecl [ .er1 r :  d to the r iqht
alonq the posit ive .t  cl i rrct iorr r i . i t l r  ini t ial  kinetic e1er.g: f , ,  = I  i  2 f t ._\r.  A r,rnd A trre posi-
t ive t 'onstal i ts Find (a) t l ie poterrt ial  enerqr' l ' rrnct ion Vlrr 1br thrs force: (b) the hnetic
elrerg\. and (c) the total energv t i{ ' the part icle as tr fuuction of i ts posit ion. (d) Find the
ttrruing points o{ ' t l re motiou. (e) Sketcl i  the potential,  kinetic, a1j tnt,r l  enerS,func-
ttorrs. 1O7)l lorral:  Lise )Iut l tc 'ud or f  lathenvtt lca to plot these functiols. Set & and A
- e c . l r . , l r i , , l  l o  L

2'5 '{s in tire probleni ;rbor e.-t}re particle is prolected to the right \rtth initial kiletic energ,u.
T,, but subject to a forc,e F{r r = -Ar + [r'riA:, rv|ere k arri A ur" positii,e constants.
Find (a) the potential c,nergr.functiorr \'(_r) for this force; (b) the hinetic energ,,, and
(c) the total ener gy' of the particle as a lirnction of its position. (d) r'i1cl the tu-r'ing
points of the urotioti aud the condition the total enerfr. of the particle urust satisfr. rf
its rt]otiott is to erhibit tunriug points. (e) Sketch the liotential. hnetic, and total energr.
luttctions. lOptionol: Lse llatlicad <'tr llatlrcrtvtticc to plot tliese flnctions. Set ft and -{
each eqLrai to L l

2'6 A part icle of nlass i)r n)oves along a f l ict ionless, irorizontal plane nith a speed glen br
rrt  I  :  a/r.  r ihele r is i ts distancc'f i 'orr the origin and a is a posit ive constant. Find the
frrrce Fir;  to r i 'hicir the part icle is subject.
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2,7 A block of urass r\l lras a strilg of nrass rrr atrac,[ecl to it. A tbrce F is appliecl to the
stnng, and it pulls the block up a flictiouiess plarre that is inclinecl at ari angie d to t|e
horizontal. Find the for-ce that tlie str.inq exerts on the block,

2'8 Giverr that the I'elocitv of a particle in rectiiinear r.irotion varies ri,itlr tlre clisplacenrerrt....
according to the cquation

i : Ir,r.. rl

where b ts a posltive constant. find the lbrce ac'ting orr the palticle as a firlction oi r.
t, Hirtt: F : nti : n* diidt.I

2.9 A baseball (radius = .0,366 m. nrass : I45 k,e) is clroppt,cl fionr rest at tlrt: top of the,
Ernpire State Building (height :  1250 ft)  Calculate 1ar the init ial  pott_.nt ial e,,"rg.,  uf
the baseball .  (b) i ts f innl.kinetic energr. and io the tc.rtal ent,rsr.dissipatecl br the-ial l ing
baseball  bv corrrputirrg the I ine inteqr-al of t l re f iuce ,r l  air lcsi i ianc., ol.r ,rg t . l ie basebtr l ls
total cl istance of fal l .  CJonrpale this last rcsrLlt  to the dif l i . renct betr i ,ecn t lre baseball  s
init ial  poterrt iLr l  energv rtrrd i ts f inal kirret ic t ' rrergr .  rHitt .  l r t  p(u't  ()) rnttkt,olt l trr tr inta-
t i t tns rchan etaluatir tgt lr t '  l t t lTttr l t t l ic,f iLttr : t iotts olt tuit tet l  ut r:r trrLl irrg pt i  t l r t  l i t t t
integral.  t

2.f  0 A block ol u'oo<l is projected up urn incl ined pl i l rrr r i . i th irr i t i r l  speeri r . : , , .  I f  thc inc. i ina-
t ion of the plane is 30' alcl  the coe1fic ' ient of 'sl idins l i . ict iorr p* - {).  I  f ind the tJial
t i rne for the block to retrrr l  to t l te l toint of |rryj t ,111611

2,l I  A Inetal l l lock ol rnass rr i  s] idt:s orr a lrorizorrtal surfat.e that hars becu lrr l .rr icaterl  si t l r  a
hearl oi l  so t lrat the blt-,ck srr l lers 11 ." iscoLis resistanr,e thi l t  varics as the 3i 2 poter of
thc speerl:

} . ( r  :  - ( r - i l

I l  the init ial  speed ofthe block is L0 at r :  0. shos,that the block ca1lot trait . l  { iLrthc,r
than 2nru,l,/:/c.

2'12 A gun is fired straiglrt up. Assuming that the air drag orr the bullet varies quiirlraticullr.
l.,.ith spe etl, sho',r'that the speed varies rr,ith heiqht according to tlrc e(llrtltrorls

i t t l ) t r  u r ( l  n0 t i on  )

i r l  $'hrch.{ and ̂ ts are cottstants ol integration. g is the acceler.at iol o1'gr-ari tr :  l ind
k : c"/nr t ' l teLe co is the drag constant and ni is the nrass of the, bul let.  ( . \ i r lc r is
tneitsttrecl positive ups'arcl, and tlie glavitirtional fbrce is assrrrned to be crrlstarrt. )

2.13 Use the above resrr l t  to shori, t l tat,  sherr the brr l let l i i ts the grotrnri  on i ts retrrrn. tLe
spee(l \ \ . i l l  be eclrral to the expressrorr

t  ' l :

{ r : i  +  e  i ) t :

in rvhich un ts the initial ups,ard speecl anci

u ,  =  \n tg i t . r ) l r : :  te r .n t ina l  speec l :  tg lk1 t , . t

r'Tliis restrlt allou's orte to find the il.action of the initial kiuctic ene r.qv lost through air
lr i r ' t ion.
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Part ic ' l t 'o l  tn i lss t r t  ts  re lc 'asecl  l l 'onr  rest  i i  c l is tance I  f ronr a f i recl  orrg in o{  {brce t6:r t

, r t t r . rc . ts  thr  part rc lc ac,c,o: .chng to the invcrse sr luarc l l r r  ,

l- ir) : -ft '  :

sl.* t ir i 'rt t lrt: t i 're rerIrrrecl for the particle io reach the origin is

,rg)"
\ s A /

al5 .. \h,r i  th.t  t l rr ' terrrrrai sireed o|a f ir l l i rq spherical object is gnen br

t , :  i 1 / / ? 9 , ' C r ' +  i r . , " l r . : r l j l :  -  i c . , / 2 c o l

' r  l r t t t  , r ' l l i  t l te  l i l l e lL r  a l ld  t l t t '  r l r . rd re t rc  tenr is  i r r  the  t l rag  fo rce  are  taken in to  accou l l t .
a l6  L ' s ' t l r e  e l l o | e  r cs r t l t  t o  t t L l c ' r i l : L t e  t hc  t e ru r i na l  s1 r . . , , 1  , , f  , i ' , oap  bu l , b l e  o f  n rass  l 0 - :  kg

' 1 i i ( l  ( i i i i l l l ( ' t e r  I 0  I  r r r '  ( . o t t l l t i r r r  r o r r r  i a l ue  u ' i t i r  t l r e  r ' , r ] r r e  ob t , r i n t c ]  l l  u s i ng
L '  1 ' r . r t  r ,  r r r  I  I  I  r i

1 l ;  ( ' i ' t ' r r :  The  f b r c i '  i i c t i r l q . r t  i t  pa r t i c l c  r s  t l r e  p roc l r r c , t  o i  a  l i r r r c , t i on  o l  t he  c l i s t ancg  a l c l  a
I r t r t c  t i o t t  o l  t l t t  i e l oc i t r ' :  1 : r . r .  t  r  : . l  1 rg  t  ' .  ! ho , ,  t l r a t  t he  c l i l l e r t ' r r t i a l  eqpa t i ou  o f  mo -
t i ( ) l l  t ' i l l l  l re sc ih t ' t l  l rv  intc 'qr : t t ion.  I l  t l re fbrce is  a pror luct  of  a l i r r ic t rorr  o l 'c i is t t r lc ,e : inc i
r l  l i r l tc t ior t  oI  t i r l le .  cal l  the eqrrat ior  of  n iot ion be .so] , .ecl  bv s i rnple integrat iop? Ca, i t
1 'e sohccl  i f  t i rc  lbr t ' t ' is  a proi luc ' t  o1 a f r rnct ion c- ,1 t inre and i r  funct ion ol  r -e l .c i t , , .?

: - I t  l ' l re f i r rct  rLct inq on a part ic , lc  of  rnuss l r  is  g ivcn br .

l- : Ar..r

ir l  \ ' l l ic lr  A' is i i  Posit i |e cotistatrt .  - fhe 
part ir : l r  passers throrrgh t l le origiu * i th speecl r, ,  ert

t in t r ,  1  =  0 .  F i r r t l  r  i r s  a  f l r r rc . t ion  o l ' i .
: ' I9 -\  sLrr ' l rrct '  gorngProjt 'ctr lc is l iurnr ' l rerl  l rorizontal ir .orr thc'ocean l l .onr r stat ioutrr\ . \ \ . .r-. l r r 1 '  r r i l l r  r r r i t , ; r l  s | , ' , , 1  r  , .  . \ \ \ r ' r , , . r l r . t t  r t s  1 r r r , | r 1 l 5 j u r r  . r . \ l r r r r  l , , , , l , , ; i  , i  , , , l , , , i . t r r r . . , t

l ) \ ' . 1  r ' ( ' t i r ( r i r i g i r . i r c c g i r l r r l r r  1 : i r  :  - - . \ r , , . '  ( a )  F . i r r < l  i t s s p e c r l  a s : r i i r n c t i o n 6 f  t i r n c .
i  l ' .  I ' i r r t l  (b )  t l r r '  t j r t r r ,  t , lapsec i  rL r r t l  (c )  t l r t , tLs tanc . r -  t r ,n .e ie t l  u ,hen t l re  p ro je r , t i l e  f ina l l v
( , o l t l ( , s  t ( )  r . r s t . . . \  r i n t i  r r  r t r t , l t o s i t i r . t  ( , o t l s t l l l t s .

: ' 20  \ s s l t l l t t '  t i t ' t t  r t  r r r t t . t  r i r ' , rP I , ' t  l l r l l i r r g  t h . r r g i r  i r  l r r r r r r i r l  i r t r r i o sp l r t , n ' q : r t l r t , r s  l l l l  l , i l s s  i r t  i i
t  i t t i '  t l r l L t  i s  l l r o | o t  t t r l t l i i l  t r t  i t s  c  r oss - s t ' c t i o r r l L i  l r r t . l L  - { .  . \ s s r rn re  t l r a t  t l r t ,  r l r o ' l e t  s t r L r t s
l l o i r r  t i ' s t  r t r l t i  t l r r L i  i t s  i r r i l t i t l  r r r i l i r r s  / . t , ,  i s  so  sn r l L l l  t l r a t  i t  su1 l i . r s  r r o  r es i s t i v t , l b r c , r , .  S ] r o * .
t l r i r t  ( a )  i t :  r i L r l i u s  r r r r r l  ( b )  i t s  sp t , ec l  i r r c , r t . . r s t . l i r r t . r s . l r  q i t l r  t i r r i r , .

COMPUTER PROBLEMS

( . 9 ' 1  
" \ P : l | a t l r t r t i s t o f  r t l i t s s T 0 k g j u r n p s f r o r l n p l a n e i i t a n a l t i t u c l e o f 3 2 k m a b o r . . e t h e

;:: ffi :iff i:lt,:;,lll':','iiili,::,i iI,iifi\lli,:*?Ji:,';;ll l;"ilT;il
(a) ( l i r lc 'Lr late the t inre of lal l  r  accLrrate to 1 s r r.r i i l  grouncl inrp""t.  g^'en 'o air resis-

tauce iurcl r t  ( .onstaut value of g.
(b) Calculate the tirrie oi frrll ,accLrr.ite to I s) until grouncl intpact. gi,,.err constant g

irncl a for ce of air resistance gilen bv

F L L , =  - c r r 1 r _ . 1

',r 'here co is 0. i  i rr  sI uri ts rbr a lal ine .ran a'd is corsta.t.
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