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(a) For any three vectors a, b, c, prove that

/ a^(b.^e) : (s
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{q n i) (e n o) : (s.q)(&.d) - (s.d)(o.e)

Find an equatlon for the plane passing through ihree points r,vhose pcsition vectors

are given by {2, -1, 1), (3,2, *1) and. (-1,3,2).

Find the vector r and the scalar ) which satisfy the equations
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2, Define the fcllorving terms: '

e gradient of a scaiar fieid;

a divergence of a vectcr frel'1.

(a) Lei

/, li)

* zk., r: ifit and c. be a constani vector. Find dir,(r"t), ro,'her€

Show tha*"

L: :TL+ Ei

a constant.

,/a.r\ a (a.r\g'adl-,l:i+3Yr

ib) FinC the riirectionai <ierivaiive of 6 : 2r3 - 3gz at the polnl (2" 1,3) in the

directicn parallei to the iine rvhose <iirection ccsines are proportionai ta i2.i,2\;.

(c) Determine tlie ccnstant 'o' sc that the vecior

F : {r + 3y)z+ G _ 2z)3 + Q + az)g

is soienoidai.

3. {a) Define the foilowing terms:

e a c()nseruat?,ue ueciar field,:

o soleno4dai uectar fieid,

Shor,r, 'rhat F : ({t - U'it + (2y22 - r)l +

l
r{

'i
(2y" - zlk is con-cervaii.ve but not

solenoidal.

ib) Let G: (0,0,0), A: (1,0,0), F: (1,2,0) ani c: (1,3,3). eo considering
t

the straight line path OA, AB.BC. find the line integral I F 'dr, where 1is a
J-l

path from O ta C.

s Stut* the Divergence theorem, anri use it io evaluate J Jrt'udS,, r'vhere

F : 4czL - y'J_* Azk. and -q is the surface of the cubl"bor*cied bi, lr : 0,

E:i; A:A, A:i, a:0,and z: -i.
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4. Prove that the radial and transverse component of the acceleration of a particle in

terms of the polar co-ordinates (r, g) are

i:*r1'2 a ' 1f,'o;'rrd * *(r'0) respectiveiy.

A light inextensible stiing cf length 2a passes tiircugh a smooth ring at a point O, on

a smcoih horizontal table and two particies, each of mass rn, a!,tached to it's ends ,4

and B. Initiall;r the particles lie on the. tabie with OA : OB : a aild AOB a straight

line, the particle A is given a veiocity 1r til a direction perpendicular to OA. Prave that

if r and I are the polar co-ordinates of A at a tlrne f with respect rc the origin, then
t)t). _ d-r a-u'i.2: ---'--:-:0.dtz r:l

.. ^ dr ./:_--ti.2ri:ui2(r'-a'),
dt

.) .) 1 ,.,!Ii. r' : Q' * -U't'.
2

Find the velocity of A at the instant -q'hen B reaches ti:e crigin at O.

A particie mo\res in a plane with the velocity u and tire ta+genr rc the path of the

particle makes an angle tp wtth a fixed iine iri the plane. Prove thar the ccmponents of

acceieration of the particle along the tangent and perpendicular ro itlre # "O ,#
respectively. ' . 'li

f
A body aitached to a parachute is reieased frorn an aeroplane which is moviag hor-

izontaii5r with veiocity u6. The parachute exerts a drag opposing motion u,hich is A;

tirnes the rn'eight of the body , where ft is a consrant. N-eglecting the air resistance to

the motion of the bod1,, prove that if u is the veiocily of the body when its path is

inclined an angle ,tp ro the horizontal, then

Ug SeC ?i

(sec r/ * taut!)k

Pror,'e that if k : 1, the body cannot have a vertical cornponent of velccit5r greater
, 1)(i

tnan -2



6. A rcckei is fireri ilp.'vards. l,iafier is ejectecl u'ith constant reiative:,eior;irv qT. at a
2 '7''{cclistant rale T. initiaii}- lhe mass of the ror:ket ts Zlvf , hali' cf tiiis is avaiiabic ici

eieciicn. -\,eghcting a,ir resisLalice anci ...ariatir;r; 1n gravitatir-:;r:ii irttla-clia:i. sho."r, t.lL::i

ii:e greatrsf sp€{:.j.;f ihe icl:kl: is at:a-inei. i:;"Le;: tile;aasE ci thr,'lc,.:Let i:r l,.lc,i(.ei irJ

i;' ar:d thi-c :l;er:d i-c
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-{irc,,r':,isc rhat the rorke"L r,iii reaci; the grcatr:st heigir givcn br


