
EASTERN UNIVERSITY, SRI LANKA

DEPAHTMENT OF MATHEMATICS

FIRST EXAMINATION rN SCIENCE - 2Ott/2O12

FIRST SEMESTER (Jan./Feb', 2014)

103 - VECTOR ALGEBRA & CLASSICAL MECHANICS I

all questions Time : Three hours

le) l-or anv tLr(\r vectors @, 0, q. prove l,hat

4^(O^s) =(q s)!.-(q 0)c

llor.e sho$, I hat

(s^O) [(!^!) ^(q^4)] 
=l{ (0,\e)l'

(b) Lot lhe l.eclior { be giverL by the e quat jon ,\q * !L A o : D, \'here q,, arc 
'lrrstant

vertors:rnd ) is a non-zero scalar. Shorv tilit ! saiislics the equalion

(,,)

,\'(! 
^ 

q) + (q h)q - ) ql't I )(q '^ !) : o. I

terms c.rf q, ! arLcl .\.

4 and ihc scalar ) which satisfv thc equalions

o t O \q oJ L

\\,|er. q,= 1+ 2J - & and D: 2z j i A.

1

Henr:c lild e in

Find the voctor



2. (a) Define the follorving terms:

i. the gradient of a scalar field d;

ii. the curl of a vector field ,4.

(b) Prove that if d is a scalar field and { is a vector field then

curl(d4) : d curl4+ gradd 
^4.

(c) Let q bc a non zero constant vector and let I be a position vector of a point

that q.t l 0, and let n be a constant. lf 4)=(a.r)", then show that V2d

andonlyifa:0orn:1.

(d) i. Find the unit normal

(.2, -2,3).

Hence show that

la r \ a\rcurlI rt:-\rb J ri

vector to the surface z2y + 2xa = 4 at lhe

ii. Sho\r that 4: (2rA + 23) !+ x2 j + 3ez2 h is a conservative force field.

3. State the SLokes' theorem.

(a) Vcritv ihe Stokes' theorem for a vector A: (2x A) i-,!/22 ! 1122 f,, wl

S is the upper half surface of the sphere cr'+ U, + ,, = 1 and Cisitsbound

(b) Evaluatc llfrf Or, where /: 4bx2e and Iz is the ctosed re$lon bound

the planes 4u +2E+z=8, r:0, g-0, z: O.

It r : rl, 6nd grad f .q 

'r).
\r"/



,\ parliclc ,4 or a smo.rth table is al,i,achc.l Ly a string passing rrough a small hole

iu 1]rr. tirblr: an.i carrics a particle t ofequal mass hanging verticalil.. The particle,,l
is 1r|ojrr tcrl .rlolrg tle table ati righl augle lo thc string $,ith velocit]. /2gri r.hen ai a

dislani:c'a'1l,.r|r the hole. Here g is the gravitiltio[al acceleratjon and t is a constani,.

Ii r is dLc rlista)rl:c ofthe parLiclc A from trhe hole at tinre l. shorv the firllonrn"

(ft)' : 
"'(' 

- 5) .,," - ',
he puLLn,l up to the hole if ihe total length of the string is less

thl

{c) the t(insior1 ol the string is

Si;r Lo thc alguler lxrnerturn

!.'(,
prinr:ip)e

)r'zb \- ../ theran, isrl.anr".ot ,rcl.p:' r,1"

for motion of a particle.

A righi circulat ronc with a semi verijical angic

lrrttlri (L(x\'llwards A parlicle ol rnass rn is held

srLLll(1. ol lho .orrc rt a distance ,a, frorn the

ptr.lrctlrl llller rrlicul:r r to OA wii,h vclocity ,r,,

Show thilt the particlc rises above the ler.el oI A if
bri: 'ecn i:he particle and the surfacc is

o is fixed rvibh irs axis vertical and

at the point ,,1 on the smooih innct

al<is of rcvolution. The particle is

*.hcre O is thri vettex of thc corre

u2 > a,qcotd and greaicst reactiol

;;)

,,,n (",nn * 4..,.uo \ .\ i/t .l

lnass M is llred up\lards. \Iatter is cjectecL \.ibh relativc velocity

ctrJ. Lat. nt bc the nlass ofthe rocket rvithout luel. Sholr thal rh.)

ro.ilret.inrr ot tise at once unless eu > 9 arLj:it carrnoN risc at all unless cl\[1t > |o Il.

it jlls( risos vclti.rir,llv:rt otrcc, shorv i,hitt its g;rcalest velocitl, is giverr bv

-\ rockcl, rvith irritial

u a1, a conslill]t r:]l e

an(l thc grcatcsl

.'(#) :(,
heighL reachecl is,

4 ['' (#)]"" : l'-,". -'(#)l


