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3R & qeh © i\“w W1 U Had \urw 14
ﬁ;mﬁ E«ltkaulu CACRG N E R Al <l
zﬁﬁqﬁ? R A€ AU U feri ¢, a1

it &1 43

rfthe tangent to a curve makes a constan
thlt !- )Ll..U’ C E’ﬁ(,,u_ln - Of ’U“UJ" ’U dms 0
ant, then
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2022

(c) W*mmmmmj F.2 dS %1 AW fefg, e

=> A

F =xi-yj +(z2 ‘Dka?ns sl Z_o z_l X2 4+ y2 = 4 g0 &1
gan ESER

Usmg Gauss’ dlvergence theorem, evaluate H n dS, where
— A

E

=X1 - YJ + (22 — l)k and S is the cyhnder formed by the surfaces

2=0, z=1, x2+y2=4.

286 =

— 30



Q7.

CRNA-F-MTH : 7

“é

(a)

w3 % R 0 - 8y ax + (y — 6xy) dy ¥ e wh
i, & C, x =0, y=%, x+y=1mqﬁﬁnﬁééamwﬁmaas% | .

Verify Green’s theorem in the plane for § (3x2 - 8y2) dx + (4y — 6xy) dy,

| ~ C '
where C is the boundary curve of the region defined byx=0,y=0,

X+y=1. 15

—> A A BRe A " ;
W W HOF =xi +22) *+y?k ¥ oAU v areives @
TS : X +y+ z=1T GAM IV | |

=P A A A
Verify Stokes’ theorem for F =xi + 22j + y2k over the plane
surface : x + y + z = 1 lying in the first octant. |

@ e

20
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~s

' agﬁsq -
(e) ﬁ; A = (6Xy + Z3)'i\

ot i -
el EE|t A

Show that A = (g N N W e
XY +23)}  (ax2-2)] +@xe?-y)k jg jrrotationa:

A sy, 10

*(BXZ’Z)j + (3xz2—y)12 Ngﬁ;ﬁ% I ‘4)7’7’:‘
=V¢ :



T W W I TR W [[(9xF)-ids = 7w frarfe, s

— e a - s

F=(x'+y-2)i +3yj+ (Qay + ) wm 3, e z =4 (2 +7) ¥

xy-mammsutlma,sq(m;m sftem wftu & |
S

where F = (<" +y-4)i +3xy] 4
z=A-(x" +y*) above
on §.



6.¢)

743)

[F.d7 = frafim,
C

S C, xy-w & T A s dvw e Y ¥

x“+y

Evaluate IF .d7, where C is an arbitrary closcd curve in the xy-plane and
=

- -yt X
s TS T v
x“+y
k

' S +FA=9 T x=2 2 REg ¥ X B=2dy—yiraxd

¥ fyu T=E s S weafid S
Verify Gavss divergence theorem for F 2 — y’}'+4xz’f taken over the
region in the ﬁrStocGﬂtboundedby}'z+tz=9andx=2. 20




S.(e)

ke & vi v

Shaw that V2

2

= e_— W

4

"

here ?=xf+y}-}z£',

10
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(c) a, b, c% fra 9 F fou afey &3

V =(-4x-3y+a2)i +(bx+3y+52) j+@x+cy+32) k
3ofi 87 7@ V 1 AW Ber ¢ H T & ¥ H A6 T ¢ H I1d HIfR)

For what value of a, b, c is the vector field

V =(-4x-3y+a2)i +(bx+3y+52) j+(@@x+cy+32)k

irrotational? Hence, express V as the gradient of a scalar function ¢.
Determine ¢. 10



/wf' T 7T Giew w@m A, &l A = (3x2 +6y)i —14yz j +20x22 k, %fwz]’CZ-dfmm
fAerricre, s C 19 (0, 0, 0) | (1, 1, 1) 7 et uelt A FRRE 2
: 13
) x=t y=t> z=¢> q/ 1$/3/ /3
(i) ¥ @I (0, 0, 0) ¥ (1, 0, 0) T Sirex W, TR (1, 1, 0) 7 qon f (1, 1, 1) 7%
(i) W@ (0,0, 0) A (1, 1, 1) T NS |
1 wft ferfoat  aftomg wmm €7 sro i =men fifv

For the vector function A, where A = (3x2 +6y)f —14yz_Aj+2OJQ:2 IE, calculate
Ic A -dr from (0, 0, 0) to (1, 1, 1) along the following paths :

() x=t y=t?, z=¢3

(i) Straight lines joining (0, O, 0) to (1,0, 0), then to (1, 1, 0) and then
to (1, 1, 1)

(i) Straight line joining (0, 0, 0) to (1, 1, 1)
Is the result same in all the cases? Explain the reason. 15



(@) Rﬁmmﬁwﬁaﬂﬁrﬁq STE W A F = xyi +yz )+ xzk wF TR S WE S

%, 0<x<1, Sy<2 femm g, aﬁs:{wﬁg@ﬁmﬁww%l

is the part of the cylinder z=1-x2 for0 Sxs]1,-2<y<2; Sis
oriented upwards. 20



(b) YB HHIHA HVxF

e x2 +y? +22 =a

Evaluate the surface integral g VxF

2 2
the surface of the sphere X~ +UY +2

g5 @1 WA fef, SE F=yl+(x-2x2j-xyk wp o

2 oy gag 3, S xy-7A F FRE A
.fidS for F =yi +(x—2x2) j— xyk and Sia

2 _ 42 above the xy-plane.

- ~ a PR

15
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(c) ()

(1)

TRE F AGE WG H U ffEul T oW B OF =4xi -2y )+ 2%k F R
x? +y? =4, z=0 3R z=3 % fR gu &= & gefim Hfvg)

e T F TN }C e*dx +2ydy - dz 1 9H @ HIe, sEl C, T x2 +y? =4,
z=2%2I

State Gauss divergence theorem. Verify this theorem for

2 g - -~ A .

F =4xi —2y2j+z2k, taken over the region bounded by x2 -l-y2 =4, z=0
and z=3. 15

Evaluate by Stokes’ theorem §c e*dx +2ydy - dz, where C is the curve

x2+y? =4, z=2. S



(b) Tl x = acosu, y=asinuy, z = autano. % fore awar $i B aun e it B 3@
Hife |

Find the radius of curvature and radius of torsion of the helix x =acosuy,
y=asinu, z=autanca. 15

(b) aF C ¥ 9’ ®F F F1 9RE=mw 3@ Hifw, @ F = 2x+y?)i +@By-4x) ] 3R C, fig
COodfFg )T asy=x’Fguan g (1,1) A &5 0, 0) ™ T% y? = x F W
gftfia 2|
Find the circulation of 3 round the curve C, where F =(2x+y2)f +(3y—4x)}'
and C is the curve y = x? from (0, 0) to (1, 1) and the curve y2 = x from (1, 1) to

O, 0). 15



e) aF x=t y=t%, z=t> & fig (1, 1, 1) ® iY@ A Rw § ve@ xy? +y2? +2x? =
fewmenss rasew 3@ Hifsg)

Find the directional derivative of the function xy2 + y22 + zx2 along the tangent
to the curve x =t{, y=t2, z=t> at the point (1, 1, 1).

10
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8. (a)

(b}

fc)

qm e BF T = vy 1 +v, ) +usk B1 208 B8 curl curl ¥) = grad (div D) - V2 7.

Let U = v 1 +vq) +vsk. Show that curlfcurl 9] = grad(div ) - V2 7.

e T F e R e [-yldxes xPdy+z’dz w1 o Fefad
c

7ol fafrat x? +y? =1 R WnEa x+y+ z=1 % vfawda C R C R s xy-wmaa

# apyrad 1fd % w@a R)

Evaluate the line integral [-y®dx+x®dy+2°dz using Stokes’ theorem. Here
C

C is the intersection of the cylinder x? + y2 =1 and the plane x+y+z=1.
The orientation on C corresponds to counterclockwise motion in the xy-plane.

qm AR B F o= xy?l +ly+x) ¥ M ¥ v wowwe $@ 0 yaw wqutn #§ 955
y=x? 3R y = x 30 9fEg 43 W(VxF). k = a0 i)

- 27 -y -5 -~ - -
Let F = xy“i +(y+x)j. Integrate (VxF). k over the region in the first quadrant

bounded by the curves y= x? and y = x using Green’s theorem.

12

13

13



)

a&
7 =afu-sinu)i +a(l —cosu)J +buk

#1 3R e g A

Find the curvature and torsion of the curve

¥ =afu-sinu)i +afl -cosu)-j’ +buk

12



(d) R EER x? +y? 422 =a” T YR SR, T NEE F A TG T EIEEG T W@

[[16x + 2) dydz + (y + z) dzdx + (x + y) dxdy)
S

! g1 famfed |

If Sis the surface of the sphere x? +y? + 22

= a2, then evaluate

Hl(x + 2) dydz +y + z) dzdx + (x + y) dxdy)
S

using Gauss' divergence theorem.

12
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8.(¢)

8.(c)

(1)@1&?«1?{] smaﬁwuﬁu%gﬁﬁﬁq

(1)

(i1)

(i1) -

SRl W F =3x)? i+(.yx2 —y3)f+32x2 k
T S Ao y2+z2<4,-3<x<3 F I8 2 |
Evaluate the integral : ” F-rids where F =3xy? i + ( yx? — y3) F+3zx2k

and S is a surface of the cylinder y*> +2z? < 4, -3 < x < 3, using divergence
theorem. ' )

e W R AR [ F(F)-dF o A o 3 et R
&

~,

S8l W F(F)=(x2+y2) iA+(x2—y2)/'
GRI dF=dxiA+dyf3ﬁ?a§w"C,%5rR {,xy |l<y<2 ) }EﬁQﬁF&T%I

Using Green’s theorem, evaluate the f F (F)-dF counterclockwise
. :

where F(F)= (x2 - ),2) i‘+(x? - yz)jﬂ and dF =dxi +dyj and the curve C is
the boundary of the region R = {(x, y) | lsy<s2- xz}. 8



7.(a)

5.(e)

aw% 7 = (a cosb, asinb, af) & ferat it farg 7 =(0) W ashar-afeyr a @ TR
frrerforg | qufsd fo @ forg @ Tl Y@ R @ ™ o &t faguar uw a8 S
yufeq & stfauRaeast 22 +)2 -2 = R f&@ 2 |

Find the curvature vector and its magnitude at any point 7 =(0) of the curve

¥ = (a cos0, a sinf, a0B). Show that the locus of the feet of the perpendicular from

the origin to the tangent is a curve that completely lies on the hyperboloid

x2+y? —z2 =42 16

a9 W U e farg @ feafa afewr 7 =sing i +cos 215+ (2 +20) k B | T@SH
@RVl @ o AT A-AIGY v F GHIRR TGS H qA1 7 F ¥ % q o ovarad foun H qng

{=0 9 TG HIST |

The position vector of a moving point at time ¢ is 7 = sint i + cos 2¢j + (¢ + 2t) k.

Find the components of acceleration @ in the directions parallel to the velocity
vector v and perpendicular to the plane of 7 and v at time 7= 0. : 10




5.(d)

5.(e)

it o, ba ¢ & T wl & fou afga
V =(x+y+az) z'a+(bx+2y—z)f+(—x+cy+22)Ig 3{'f1Pﬁ A I A 1 L O 1 > =
afesr & aa-freumat # sl sma HifSg |

For what values of the constants @, b and ¢ the vector
V=(x+y+az)i+(bx+2y—2z)j+(=x+cy+2z) k is irrotational. Find the diver-
gence in cylindrical coordinates of this vector with these values. 10

T R U feae farg & feufa afewr 7 =sine i’ +cos 265+ (12 +20) k ® | @k
AT @ o AU F-AEN v & TR feum H a1 7 9 v & a1 o avead (o8l # a9

{ =0 9 HTd HIT |

The position vector of a moving point at time ¢ is 7 = sint i + cos 2¢ 7 + (t> + 2t) k.

Find the components of acceleration @ in the directions parallel to the velocity
vector v and perpendicular to the plane of 7 and v at time = 0. , 10



2016

(d) =gy T FfS3HTEE (cardioid) r = a(l +cosh) & TFE forg (r, ) W Fha1-B =1 (radius of
curvature) 3l 91 7 % GHFHT 2| 6 =0, %, gmm-ﬁm f} 319 FifsA |

Ror the cardioid r =a(l +cos6), show that the square of the radius of

curvature at any point (r, 6) is proportional to 7. Also find the radius of

: m T
curvature if 6 =0, —, —.

15



8. (a) f(r)T=fc, 30 yR 6 Vf=-_—;5—mnf(1)=0'tﬁl
r :

-~y

Find f(r) such that Vf =L5 and f(1) =0.
r

(b) g FHicR 5
Prove that

§.rdr=[[.dSxvf

10

10



(b) fag A % @wlw @ =3i+j-2k, B=—isaitat, o= 4i-2j-6k T Ty
ﬁﬁﬂwmélmﬁaﬁﬁuﬁmﬁﬁmﬁﬁmﬁm
Prove that the vectors a=31+1—2k, b=—i+3j+4l€, 3=4f—2}-61€ can
form the sides of a triangle. Find the lengths of the medians of the triangle. 10
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Q. 8(c) Prefife #1 #m P

Je“(siny dx ¥ cosydy)
! .

W C & I g, N (0,0),(n,0),[,-’25)._(0,§) st €1

Evaluate Ie“(sinydx+cosy dy), where C is the rectangle with vertices (0, 0), (m, 0),
'C

(n’ 122) (0’ '215) PN .



Q %) T aRw &=

F=(+xp))i+(y* +x%)] -

& Rt mn 81wl P & @ &7 F Hﬂ;ﬂﬁ%m#ﬁlaﬁ aﬁﬂﬁﬂﬂﬁmaﬁﬁﬁ[
. -A. vector ﬁeld is gwen by

F=(x +xy )|+{y +X 1-!)1

Verify that the field F is irrotational or not. Find the scalar potential. 12



13, .-

Qﬁ(u)nﬁa‘rg_%:mx—pyz ?..+2}xﬁﬂT4xzy+z3 41%1(1 -1, 2) W T &aq Fred
S8 @ AT pw AT Pl

Fmd the value of A and u so that the surfaces 11-:1 — pyz = (l + 2)x and dx%y + 23 = 4
- may mtersect ﬂrﬂmgunally at (1, -, 2} 12 -



Q. 5() 1 & wadl xX2+y?+2-9=0 W z=x>+y2-3 & 49 &g (2, -1,2) W B
Eilic Eof
Find the angle between the surfaces x* + y* + z2 - 9 = 0 and z = x* + y2 - 3 at
2.-1,2).
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(c)

L & T F g e SR
I.(ydx+zdy+xdz)-_ '

Rl Fah e x+y°+22-2ax—2ay=0,x+y=2a, 9 % (23,0,0) B Y&
@méﬁkﬁﬂzm%:ﬁ%@@wmél

Evaluate by Stokes’ theorem
I (ydx +zdy + xdz)

-where T is the curve given by X2 + y2 + 2% — 2ax — 28y =0, x +y = 2a,

starting from (2a, 0, 0) and then going below the z-plane. 20



{e)

T F(t)=tcost i +tsint j, o«ct«:zﬁa%{ﬁ%ﬁﬁ@mmaﬁm
T i | IFat IRET oft ARy |

Find the curvature vector at any point of the curve
M A ) ’

r(t)=tcosti +tsint j, 0<t<2n

Give its magnitude also.

10
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TTTY pAsaav aud Lie

10
S«(€) Show that the curve

—2).
?(t):ti +(¥) ) +( th]k lies in a plane, 10



8.(a)

8.(b)

: 8.(c)

8.(d)

o A7

Calculate V?(r") and find its expression in terms of r and #, r being the distance

of any point (x, y, z) from the origin, n being a constant and V2 being the Laplace
operator. 10

A curve in space is defined by the vector equation 7 =727 + 2¢ j— 3k . Determine
the angle between the tangents to this curve at the points #=+1 and ¢=-1. 10
By using Divergence Theorem of Gauss, evaluate the surface integral

%
] (az.ac2 +b%y? +c222) 2 ds, where S is the surface of the ellipsoid
ax* +by*+cz*=1, a, b and ¢ being all positive constants. 15

Use Stokes’ theorem to evaluate the line integral | C(— y3dx+ x3dy- z3dz), where -
C is the intersection of the cylinder x% +y2 =1 and the plane x+y+z=1. 15




2012

(e) If

— — -
A =xyzi -2xz° j + xz2k
5 =22_i>+y7-x21_c’

2

find the value of L (Z ><§) at (1, 0, -2).
dx 0y 12



(b) Verify Green’s theorem in the plane for
§.10cy +y?) dx + x3dy]

where Cis the closed curve of the region
bounded by y=x and y = x>. 20

(c) If F =y?+[x-—2)cz)__}?—xyi_c}, evaluate
H[_Y}xl_?})-?fdg
s

where S 1s the surface of the sphere

x? + y2 +2z2 =a? above the xy-plane. 20



(q)

Derive the Frenet-Serret formulae.
Define the curvature and torsion for a
space curve. Compute them for the

space curve

t3

Wk

x =1t y=t2, zZ=

Show that the curvature and torsion are
equal for this curve.

20
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- 1J

(b) If §=4yi+ Xj + 27k , calculate the double integral
[[(vx)-ds
over the hemisphere given by
XX+y +22=2a% 2> 15

(¢) If T be the position vector of a point, find the

value(s) of n for which the vector

™ T

is (i) irrotational, (11) solenoidal. 15

(d) Verify Gauss’ Divergence Theorem for the vector

v=x%i+ y2j+zzﬁ
taken over the cube

0<x,v,z<1. 15



(@) Examine whether the vectors Vu, Vv and Vw are

coplanar, where u, v and w are the scalar functions
defined by :

=X_+-Y+Z:-
=:hc2+y2+z2

and W = yz + zx + xy. 15



1V

—

(e) For two vectors a and b given respectively by

a=5t2i+tj—t°k

—

and b=sinti—cost]

determine :
@ = (ab)
and (ii) %(Exﬁ). 10

(f) If u and v are two scalar fields and T is a vector
field, such that

u f = grad v,

find the value of

f-curl f 10



2010

T

{c) Verify Green’s theorem for

X

e” “sinydx +e™*

cosy dy

the path of integration being the
boundary of the sgquare whose vertices
are (0, 0), (r /2, 0}, (n/2, n/2) and {0, n/2).

20



(c)

Use the divergence theorem to evaluate

N o "2 e 27> .
where V =x“2i +yj —xz“k and S is

the boundary of the region bounded by
the paraboloid z=x? + _y2 and the
plane z =4y.

20



el Ll & Y kWS TV A A i A% L LWL EFL N Y WY LilICRAk .

Prove that
div (f V) = fdiv V) + (grad f)- V

where f is a scalar function.

20



(e]

Find the directional derivative of

flx, y)=xy> + xy

at the point (2, 1) in the direction of a
unit vector which makes an angle of n /3
with the x-axis. 12

Show that the vector field defined by the
vector function

— —

— —>
V = xyz{yzi + x=j + xyk)

1S conservative. 12



(c}

Find x /1t for the curve

— e : - _"
rity=acost it +asint j + bt k

12
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