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Previous Years Questions (1983-2011) Segment-wise
Vector Analysis Paper — |

(According to the New Syllabus Pattern)

% Provethat curl (curl F) = grad div F - V?F .

o If P,QR arepoints (3,-2,-1) , (1,3,4) , (2,1,-2) respectively. Find the distance from P

origin.
% Findthe angle between the tangentsto the curve 7 =t4 -2t | +t°%k at the pointst=1 and
< Find div F and curl F, where F = V(x® + y® + Z° - 3xyz)

> Let &,b be given vectors in the three dimensional Eudidean spac
of E,. If ¢(x) = (Xx &).(Xx b) , show that grad ¢(i.e,V $(x))
% If f,g are two vector fiedds in E, and if ‘di

OQR, where ‘O’ isthe

' #(xX)be ascalar field of the vectors x also
b ax (Xxb).
‘ae defined on an open set ScE, show that

div(f xg)=g.curl f — f.curlg. (1988)
% Show that for avector fied f , curl (curl | div f )- v2f.
> If r isthe postion vector to apoint fromtheoriginisr ,provethat divf =0 if fzr%.
<> Provethat for athreevectors a,b a(B.é)—é (éﬁ) and explain its geometric meaning. (1990)
<  Définethedivergen point function , provethat div (UxV)=V.curl G—U.curlv . (1986)

orem, evauate J.J'(xiA+ yi+2 Iz).ﬁ ds where S is the dosed surface bounded by the cone
S

aneZ=1and f istheoutward unitnormalto S.

rl of avector point function
Vx(£)=0where T=(xy,2) andr=|T].

<> If ¢ be ascalar point function and F be a vector point function, show that the components of F normal and tangential to

surface ¢ =0 at any point thereof are 32 and 4o
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< Find the value of J'curl F.ds taken over the portion of the surface x*+y?-2ax+az=0, for which Z > 0 , when

F=(y+22-x) {+(Z+X = y?) J+ (@ +y - 2)K .

P f 1?(x,y,z)=(y2 +2) T +(Z+X) J+(+y)K  then calculae J.f.di(' where ‘C’ consists of the line om
(0,00)to (1,1,1)

o The three line segments AB,BC and CD, where A,B,C and D are respectively the points (0,0, . (1,1,0) and
1,11)

%  Thecurve X=ui +u?j+uk, ufrom0Otol.
% If dand b aeconstant vectors, show that (i) div{x x(ax X)} = -2x4

(i) div{(axX)x(bxX)} =24 (6 xX) - 25.(axX)

% Evduate J.J.Vx F.Ads, where Sisthe upper haf surface of the unit +Z2=1and F=zf+xj+yk

(i) rxgrad f(r)=0
@ii) div(r"r)=(n+3)r"
%  Veify Gauss divergence theore

'EZXyiA+ZZjA+2yZ|2, on the 1 OnXZyZZ:O, X+y+2=1

> Prove tha if are three given non coplanar vectors, then any vector F can be put in the form

F=aBxC x B. For agiven F determine a By

e the vectors joining the fixed points A(x,Y;,z) and B(x,,Y,,z,) respectively to avariable point P (x ,y,
find thevaluesof grad (r, - r,) andcurl (r, x r,)
that (éxB)xE:éx(Bxé) if either b =0 (or any other vector is ‘0" ) or & iscollinear with & or b isorthogonal

dand ¢ (both).

* If ,b,c arethepositionvectorsA ,B, Cprovethat &xb+bxC+Cxd jsavector perpendicular to the plane ABC.

e —
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¢ If F=V(C+y +Z°-3xyz), find VXF .
> Evduatej'(e’xs'n ydx+e™ cosydy); (by Green's theorem), where ‘C’ is the rectangle whose vertices are (0,0) , (z,0)
(7,712)&(0,7z/2).

o If X, y, z are the components of a contra variant vector in rectangular cartesian co-ordinates x,y,z in athree
space, show that the components of the vector in cylindrical co- ordinates r,6, zare X cos6 +Ysing,=Xd

<> In what direction from the point (-1, 1, 1) is the directional derivative of f =x’yZ’ ? compute its
magnitude .

% Show that
(). (A+B).(B+C)x(C+A)=2A.BxC
(i). Vx (A>< B)= (B.V)A— B(V.A)—(AV)B+ A(V.B) (1990)

%  Evauate J.J.F.ﬁds where  F =2xyi +yZ?j+xzk and S is the

S

he pardlelopiped bounded by
x=0,y=0,z=0,x=2,y=1and z=3.

o Find the length of the arc of the twisted curve 1 =(3t,3t*
tangent ‘t’, unit norma ‘n’ and the unit binorma b at t =
% Showthatcurl 3=-2+3L(aF) wheredisa

e point t = 0 to the point t = 1. Find also the unit

<& Find thedirectiond derivativeof f =x’yz® do

<> Show that the vector field defined by F =2

grad u.
< Veify Gauss divergence theorem of

=1+2sint,z=t-cost at t=0.
+3x%yz°%k s irrotational. Find also the scalar ‘U’ such that F =

,Z%) taken over theregion bounded by x*+y*=4 z=0& z=3.

%  Let R betheunit vector a or F(t) . show that ﬁx‘;—f =ri2><% where r = F| .
X Find the curvature K f
<> Show that curl (cu
<> Let D beacl

derivative

(divv ) - v?v

ouinded region having boundary S. Further let ‘' be ascaar function having second order partial

it. show that  [[(f grad f).Ads=[f[|orad f +f V*f Jdv Hence or otherwise evaluate
S v

for f=2x+y+2z over S=x*+y*+2°=4

ues of constants a, b, and ¢ such that the maximum value of directiond derivativeof f =axy” +byz+cx*z
1) isin the direction paralld to y axis and has magnitude 6.

> Show that if &,b' and & are the reciprocals of the non — coplanar vectors a,b and ¢, then any vector © may be
expressed as
F=(F.a)a+(b)b+(c)c

Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009. Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
Ph:.01145629987, 09999329111, 09999197625
Email:ims4ims2010@gmail.com, www.ims4maths.com

Downloaded From: http://www.ims4maths.com



http://www.ims4maths.com
http://www.ims4maths.com

Downloaded From: http://www.ims4maths.com

TH

B THIUTE TF NATEBNATOGAL BEIENCES)
Institute for IAS/ IFoS/ CSIR/GATE Examinations

<> Provethat the divergence of avector field isinvariant w. r. t co — ordinate transformations.
<> Let the position vector of a particle moving on a plane curve be 1 (t) wheret isthe time. Find the components of its

acceleration along the radial and transverse directions.
<> Provetheidentity VA> = 2(AV) A+ 2Ax (V x A)

Where V=i 2+]2+k2.
<& Find theradii of curvature and torsion a a point of intersection of the surfaces x> — y* = ¢?, y = x tanh(2)

<> Evaluate _Uwrl Ads whereSisthe open surface
S

X4y —4x+4z=0, 220 and A=(y?+ 22— XO)i + (222 + X - y?) | + (¢ +y* —329)k

%  Showthatif A and B areirrotational, then AxB issolenoidal .

+  Show that the Frenet — Serret formulae can be written in the form;i; =WxT %
Where, W =z T +kB

<> Provetheidentity
v (A §)=(I§V)A+(AV)I§+ éx(Vx A)+ AX(VX é)

<> Derive the identity
[[[@Viy—w V2 g)dv=[[(Vy -y Vg).Ads, whereV is ounded by the closed surface S.

\ S

% Verify Stoke's theorem for f = (2x-y)i - yz2 | - y? isthe upper haf surface of the sphere x2+y? + 22 =1

and Cisits boundary.

< Show that the volume of the tetrahed

vertices(2, 2,2),(2,0,0),(0,2,0)
< Provethat the curl of avector fi i

< Theparametric equation of

S %(ﬁxﬁ)ﬁ Hence find the volume of the tetrahedron with

pendent of the choice of co — ordinates.
elixis 7 =acosuf +asinuj+cuk; where‘c’ isaconstant and ‘U’ isaparameter.

di

<> Find the unit tangent v epoint ‘U’ and the arc length measured fromu = 0. Also find +; , where'S isthearc

length.

< Show that curl +grad [ K -grad 1] =0 wherer is the distance from the origin and K is the unit vector in
r

e and the torsion of the pace curve x= a(3u—u3),y= 3au?, z= a(3u+u3).

Jb(Cdydz+x*ydzdx+x°zdxdy) by Gauss divergence theorem, where S is the surface of the cylinde
a’ boundedby z=0andz=b.

% Find the values of congtant a, b, and c so that the directional of the function f =axy?+byz+cz’x® at thepoint (1, 2, -1)
has maximum magnitude 64 in the direction parallel to Z — axis.

& If A=21+K,B=i+]+kC=4 -3]- 7k, determineavector R satisfying the vector equations
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2
”

RxB=CxB and R-A=0

Provethat r"r isanirrotationd vector for any value of n, butissolenoidal onlyifn+3=0.
If the unit tangent vector t and binormal b makes angles ¢ and ¢ respectively with a congtant unit vector &, prove
that S92 - &

Sng*dg ¢

Verify Stoke' s theorem for the function F = x4 - xy | integrated round the square in the planez=0 and the

linesx=0,y=0,x=aandy=a, a>0.

If ¥ denotesthe position vector of apointandif 7 bethe unit vector in the direction of 1
intermsof f andr.

Find the curvature and torsion at any point of the curve
X=acos2t , y=asn2t,Z =2asint

For any constant vector a show that the vector represented by curl (axT) isalways pare
postion vector of apoint (X, y, z), measured from the origin. '
If ¥=xi+y]+zk findthevalug(s) of ninorder that r" may be (i)
Determine

J'(ydx+ zdy+xd2) by using Stoke's theorem, where‘C’ isthec
(o}

minegrad (r )

to thevector &, bengthe

i) irrotational

Find the constants ‘a and ‘b’ so that the surface

thepoint (1, -1, 2)

Show that F = (2xy +2°)i + X | +3xz°k
in moving an object in this field from (
PT V2f(r) =<t +24 where 1 =
Show that for the space curve
Evaluate J.Adf dong theg

+2)x will be orthogonal to the surface 4x’y+2z°=4 at

ative force field. Find the scalar potential for F and the work done
, 1, 4).

722 . Hencefind f(r) such that V2f(r)=0.

2t* the curvature and torsion are same at every point.

y*=1,z=1 from(0,1,1)to(1,0,1)if A=(yz+2%) i +xz]+(xy+22)k.

Evaluate [[F-fids axi —2y?] + 7k and'S isthe surface of the cylinder bounded by x?+y? =4 , z=0and

gradr")=n(n+1)r"?

VE+Y 4+ 2. (12
directiond derivatives of —

xz* - 3x%y?*Z? at(2,-1,2) dong z—axis;

) X2yz+4xz® a(1,-2, 1) inthedirection of 2 - j - 2k. (12)
Find thework done in moving the particle once round the ellipse £ +{—é =1, z=0 under thefield of force given by
F=@Xx-y+2) +(x+y-22)]+(3x-2y+42)K . (20)
Using divergence theorem, evaluate

Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009. Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060

Ph:.01145629987, 09999329111, 09999197625
Email:ims4ims2010@gmail.com, www.ims4maths.com

Downloaded From: http://www.ims4maths.com



http://www.ims4maths.com
http://www.ims4maths.com

Downloaded From: http://www.ims4maths.com

TH

B THIUTE TF NATEBNATOGAL BEIENCES)
Institute for IAS/ IFoS/ CSIR/GATE Examinations

[[,AdS where A= ¥ +y°]+ 2’k and Sisthesurface of thesphere x* +y? + 2 =a>. (20)
Find the value of J'J'S(? x E).dS

taken over the upper portion of the surface x* + y* —2ax+az=0 and the bounding curve lies in the plane z = 0, when

Fe(Y+Z2-X) +(Z+X-y) ]+ +y2 - 2)K .

Find the directional derivativeof f (x,y) = x*y®*+xy at the point (2, 1) in the direction of a unit makes an

angle of 7/3 with the x — axis. (12)
Show that the vector field defined by the vector function V = xyz(yzi + xz j +xyk) iscon (12
Provethat div(f V)= f (divV)+(grad f)v wherefisascalar function. (20)

Use the divergence theorem to evaduate J'J'\7.ﬁ dA  where V = x2zi +y] - xz%k e boundary of the region
S

bounded by the paraboloid z=x*+y* and theplane z=4y.
Verify Green' stheorem for ;
e*sinydx+e*cosydy the path of integration being the boundary of

(20)

hose vertices are (0, 0), (7/2, 0), (n/2,

7/2) and (0, /2). (20)
For two vectors & and b given respectively by a=5t3 b = sinti — costj
. ~d — ., d —
Determine: (i)—(a-b) and (ii)—(axb
If uand v are two scalar fiddsand f isave that uf = gradv, find thevalueof f-curl f (10)

Examine whether the vectors Vu, Vv and lanar, where u, v and w are the scalar functions defined by: u=x +y +

z, v=xX"+y*+Z° andw=yz + zx + _ (15)
If G=4yi +x -22, caculate egrd H(Vx i)-ds over the hemisphere given by X* +y*+27* =a%,z20.
(15)
If ¥ bethe position vector ind the value(s) of n for which thevector r"r is(i) irrotationd, (ii) solenoidal.
(15)
Verify Gauss Dive em for the vector V= X4 +y?] — 2%k taken over the cube 0< x,y, z<1. (15)
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