
36 Chapter I  FU\DA\1E\T.\L CO\CEPTS \-ECTORS

- l rco l  s i r r :  0  -  bo \ ie , .  -  bar i  s in  d  cos  d  ec  +  2bata .  cos  0  eb

tl i r  top has coorcl iuate d = 0. so at t i rat pornt

a :  - b o - t l e , .  t  2 b a t a t t e a

Tltt  First tr ' rrr l  or l  t l ie r iqlrt  is the centr\retal accelernt iorr.  anrl  the l i rst terr l  is:t  transr.erse
accclt  lat ion lrolnrarl  to the plarie ol t l re s'heei.

l . , t

PROBLEMS

Cliren the h\1) \ 'ectors A : i  + j  arrr l  B : j  + k, f i rrr l thc {bl lor i i rrg:
( a )  . { r B a n c l  A - B l

(b) rlA - :B

( c )  A .  B

( d )  - {  x  B a n d  A  x  B

(, irr .r  the thrce t,ctors.{ = ! i  -  j ,  I l  :  i  + k, irncl C : - l j ,  f inr l  the folJo*inq:
( a )  . { .  B * C  a n d  A - B . C

( b )  - { .  B x C ' a r r r l  A x B , . C

( c )  - { X , B X ( l  r u r t l  r A X B  X C

F' i r rc l  t l re  a r rg le  1 r . t * t 'e '  t l re 'e r . t , rs . {  -  a i  *  l r r j  :u r r l  I J  :  r t i  *  2 , j  r  t iak .  . \ ' ,1c .
Tlte'se tuo rt 'ctors clef ir te a lact t l iagonal arcl a both tLaqonai ol r i  r t lctarrgrr l l r | [rc,k

' l
o l  S l ( l r - \  r / .  _ r t ,  . i l i ( l  i ( /  I

(.ortsi t lel  l r  c ' t lbe rr ' l tost '  et lqcs . ire eac'h ot 'rrrrrt  l t  ngth. Ont'  conrlr cei lr , j r les q' i t l r  t I i ,
or igitr  ol 'ar l  O.tr7: Oartesiart coolcl irratc srsterrr.  f l rrer ol t l re c.rr lrr ,s eclqcs t,r t t ,rrr l  f l .opr
t l r r '  " t  i q i r ,  , t l o t r q  l l r ,  | . s i t i r i  r l i r r . t  t i o t r  , t  r . . t t . l r  ( . u u t r ] i t r . t t , ,  , L r i . .  I j i r r , ]  t l r -  r - , . l , , t . t l r , r t  L r -
gins rLt t l re ol iqi tr  arrr l  ertends

(a) along rr nrqor thagorrai o1-the crrbt,:
(b) aklng t lre cl iagonal o{ the lori .er la<,e of ' t l re crrbc
(c) ( ial l ing thest 'r 'ec' tors A and B, f in<l C : A X B.
(d) Find t lr t ,  arrqle behr.eerr A arrt l  B.

:\sstt t l te that tso vectors A arrcl B iu'e kuo\u), Lct C bc rur urrknouri ver,tor.suc.lr  t l r i r t
A ' c : r r i s i r k r r c . r * ' n c l r r a r r t i t ' a r c l A x c : 8 .  I r i r r c l c i n t c r n r s o l A , B , r r . a n c l t l i c
i r r . r ,1 r r i t r r r le  o l  . . \ .
( l t ve l  the  t i rue- r  t i r r ing  r  ec to r

1 . 7

A :  i a t  +  j B t )  -  k y t  )

7 ar€ ' . ( )nst i t l r ts .  f inc l  the f i rs t  arrr l  s t ,con<l  t i rnt .c l t . r i r .at i r t 's  r lA,r l l  i ind

o i  r i i l t i t ' s  o1  g  i s  t l r t , r t ' c ' t o rA  =  i r l  - -  l l j  *  k  y t e r l t c r r t l i r . r r l . r r t 6  t l r t ,
q i  -  : k :

l . l

1 . 2

1 . 4

1 . 5

t . 6

u t t , r r ' a .  B .  t r nc l

r / :A 1 i :
For r i  l rat  val r r t ,

r  t ' c t o r  B  :  i r /  -

I
, , *
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PROBI ,E\ IS

l '8 GiVe an algebraic' proof ancl a georrietric proof of the follosing relirtiols.

r i i r = i i 1 - a r , ) + 1 e 1 ,

l A + B l  - 1 e 1  * 1 r
A . B l  =  l A l  i B i

1 . 9  P r o v r , t h c r v e c ' t o r i d c n t i t v A  X  { B  X  C r  =  B r A .  C )  -  C l A .  B r .
l ' Io Two rr:ctors A arrcl B reptescnt cor)culrent sides o{ a paral)elogr-anr. l jhori  that the area

ol thc paral lclograur is cqLral to ie x sl
l . l l  Shou ' tha t  A  .  {B  X C,  j ino t  e r lu .L l  to  B  .  tA  X C) ,
l '12 TItree vcctors A, B,,rrnd C repr' .scnt t l r lee c'oncurrent edges of a par.al lelepipecl.  Shori.

that the r.olunre.of t l re paral lelcpiped is equal to ]A . (B f Cl l .  
'

l ' 13 \'erifv the transibrrnation nratrr-i ftr ,i rotation about the :-aris throLrgh an ang)e r/ fol-
lorved b' a rotat ion.bo.t the r7'-ads througrr ar argle d, as give' in Eranrpre 1.6.2.I ' l ' 1  Erpress t l te 'ec to r2 i+  3 i - . i .  ln thepr rn i " , l  t r iad ' i J ' k ' in i - . , -h l "h t l , " . r . y  - rL \ese l re
rr-rtatcd about the:-iuis (rvhich coinci&'s ri,ith the ='-,'oir) thro'gh a1 a'gle ol :l0or '15 Corlsicler h(l  clartesian coor'dinate svstenrs c)rr7: arrcl ot 'ry ' : , t l rat ini t ial lr .coinciclc.
Tlre Or'r7':' ttttdergoes tliree strccessii e corrnterclocl(\i.ise.l5" rotatiol)s ilbout the 1bl-louir lg aues:,f i rst,  abtlrrt  the f irccl:-rr is; second. about i ts ourr r ' - :Lr i .s i*.hicl i  hus ,,o*.lreerl  rotrt t tcl) :  I inal lr .  about i ts oun: '-aris (r i ,hich has also bee.rr rotaterl) .  Fi.r l  the.c'omPoncttts t t  u 

: l l ' l t ,  
t : : , .r  X irr the orrT:. c 'oordinate slstcnr that points alonq the r l i -;;:i::il'l'i;;;iiilTJ[Xi''if;]?;,;1,;,;;;::,i);,,,:';::",':::j:::,i:,tlii;,,f::;*',f

I ra r t s.ftt r r n ttt i tt tt ntat r* i.s s i r r t pl L1 t I t t i r p ror I r t ct
l ' 16  - { r i l c i r t qc i t r r l r o ' eso t t ac i r c l e i r l ' co , r s i , , r t r ac l i usD .  

l f  t hespecdo l ' t hec .a r ' a r i es * . i t l r
t i t t l e l . a c c o r t l i r r g t < l t h e e t l t t i r t i o t t r ' : r - t . * ' h e r r ' .  

r s i l p o s r t r ' e c , o . s t , r t . s l r . * . t h , t t l r c
ar tg le bt ' t * 'ecn t l re 'e loci tv 'ect , r  i rnr l  thc accelcrat i r in .  r 'c , t , , .  is  +; j  a i  t i rnc I  :  \ . f i .

, ! , ' , , , , , I} , , , , , l i | i , i t t t t ' t ]* l tuttgertt ialunr|t tortt tal,u,,4,n,,, . , , t . , . , ,J:t t- , i , . ,o,. , | ' . t ' ,n,t i t l t turt: t , t1ttrt l
l '17 ' \  snl ir l l  bal l  is fastenecl to a long nrbbcr band and hi ir le.cl ar.u'cl  i ,  sLrc.h a r i .ar thrrt  t l reball nrovcs in an ell\rtical path grven Uv tir" .quodnn

r(l i = ib cos cr,,l * j2b sin ut
rvhere D and cu artn'rru at,: u;;;,'i"jTi''i,'liiiTiff:i":l,1:lilii';i::,.il1.:il,l,,lllill::iiJ
:Lucl r.rruinrurn clistances fr.om the o.igi,r. 

- ^'

l. l8 A buzzins flr. moves in a heltcaL paii 

';;,.",r 

br. the erpatiorl

r (1)  = ib s in zot  *  jb cos tot  *  kc l r

:1il:ii:jil" 
'ag'itude of the' accereratio, of the fh is crrstant. proricrerr 1.,. r.,. .,cr .

l '19 ' \  i rce goes rLrt f i 'onr i ts hi 'e i .  a spiral path gir.en in plare polar..oordiratcs b'
r = l y k t  a : c t

rr.here. b, *, ancl c a

l::*ll ;: ;:il":;ff t::,l,ilt,lilli ;liilii:: l[ ]t:{::":::Ti,^*J1;il, ;;;,
l '20 \\brk Problenr l . l t  using cr. l indrical coorciurates rvhere A = b, 6 :41. a1c1 : :  i . / : .l .2t The posit iorr of a part icle ai ,  i r , , . ; ; ; ; i ; , , ,r" , ,  o^ 

",  
, , ,

J I



36 Chapter I  FU\DA\lE\TAL CO\CEPTS: \ 'ECTORS

\\-here A ts ir  posit ir .e constrrnt.  Fincl thc velocitv and acceierat ior of the palt icle. Sketc'h
rts tralector\ .

1,22 ,\ t t  r t tr t  cras-ls on the surl irce ol a bal l  of r:rcl ius b in srrclr i l  urunlrcr t i rat the rrnt s urot ion
is gir rrr in splrt ,nc,al c.oorcl inartes bv t lre equations

=  b  6  :  a t ,  : : l r  *  l . u , + , , r , - l
- L  '  

I

Fin<l the speecl of the ant irs i l  f iurct ion of the t inre i .  \ \ ' l rat sort of path is representecl
ltv the irbove equiitions?

1.23 Prove that \' . a : tL' arrcl. hence. that fol a nrorirrg p:rrticle v aucl a are perpenclicLrlar'
tcr each other iI the speed r, is corrstirnt. (Hhi: Differerttiute ltotlt stde.s o.f tltt (quution

\' . v : u ! ritlt respt'ct |o /. \bfc, L i.r nof tlv surne os al. lt i.s tlrc rnugttittulc of tlt
accelerat ion of t l rc yurt icle ulongits ir t : ; tul t tarrcotts dirr:cl iott  o.f  rrutt iott .  )

1.24 Prove t lrat

d .
; L r . ( r ' X a l l  : r ' ( \ ' X a )

1.25 Shorl that t l re t irnqerrt i i r l  conrponerlt  ol t l re irccelerat iorr ol-a ruorirrg part ic ' le is given br
t l ic erpressiorr

d - : I ' 3
' I

i i n ( l  t l l c  r r o r r r t l t l  co r r r pon t , n t  i s  t l r t ' r t , { i r r c

'  t  '  ' ' " o i t l ' '( r , t :  \ u -  -  0 : t ' -  :  
L "  

-  
, - ,  l

1.26 [-]sc the alrove resrr l t  kr f in<l t l re t lurgerrt i i r l  ancl rrr.rrurir l  corrrPont'rrts ol t l r t ' iLccelt ' rat iorr
as  func t io rs  o1 ' t i r r r r . i r r  Probk 'n rs  1 .16  ar rd  1 .19 .

L . 2 i  P r o v e t l r a t l r  X a : r r , / p . u ' h c r c p i s t h c r a c l i r r s o { c u n i L t r r r t ' o 1 ' t l r e  p a t h o l ' a r r r o r i r r q
part ic ' lc.

I  .28 .{ rr lret ' l  of 'rat l ius /r rol ls along t lre grourtt l  r i ' i th c'onstant foni ard acct, ler ir trorr r i , , .  Slrori
t l tr t t .  at art l  qiven tt tstant. tht.  magnitrrde of t ] te a<'celerir t ion of irrrv pornt orr the. l  heel is
. c i  -  r ' { / ; l ) l l r e l a t i v c t o t l r e c ' t , r r t t ' r o f  t h c r i l i e e l a r r r l  i s a l s o ( / { , 1 :  +  2 c , o s d  t  t . a r o i , b :
-  ,21 ' ' /o , , l t  i  s in  d ] l  I  te l i r t i r t ' t t '  th t 'g ro tu rd .  l {c re  r  i s  the  rns tan tancoLrs  f i . ,nvard  spetd .
iurcl d t lef ines the location of the point on thc u'heel, rncasured ftrni arcl f iorn t lre lr igh-
rst poirrt. \\'hic'lr point has thc greatest accr'lcrrrtiorr relative to the qrorrncl?
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