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SECTION -I 

All the first ten questions are compulsory. They carry 1 mark each. 

1. Find f for the function f(x.y) = 4x*y -xy. 

2. Show that 2xy-9x+2y+x +1)0 is exact 
X 

3. Define divergence of a vector field. 

4. Define del operator in Cartesian coordinates. 

5. Write the value of e3 

6. Findof 3cosh(2x). 
dx 

P.T.O 



7 Find where z, = eand z� = e". 
Z2 

. Evaluate j yx dyd. 
3 

1-x 
9. Reverse the order of integration in rx.yoyd. 9 

10. Set up a double integral of fx, y) over the region given by 0«y <10<x <y. 

(10x 1 10 Marks) 

SECTION- II 

Answer any eight questions from among the questions 11 to 26. These questions carry 2 marks each. 

11. Find the total differential of the function fx, y) = cos xy. 

Findfor the function f(x.y) = x*+xy, given that y = sin"' x . dx 
12. 

13 Define Saddle point. 

14. Find for (2+y + z2) s/2-1 
x 

15 Find the Laplacian of the scalar field = x*ya. 

16 Find curt F for the vector field Fx.y.z)- yzi+ xyj+ yz*k. 
7 Find the direction in which the function f(x,y) xe' increase interest at the point 

(2,0) 

aFind the gradient of the scalar field = x*yy 

2 
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19. Write the real and imaginary part ofwhere z is the conjugate of z. 

20. Express sin 34 in terms of powers of sine. 

21. Prove that z"- 2i sin ne, if z = e". 

22. Suppose sinh x= find the exact value of x. 

23. Evaluate the double integral yxdA over the rectangle 

R {x.v)-3 Sx s20sys1). 

24. Evaluate [[kzdkdydz. 
0 0 

25. Find an expression for a volume element in spherical polar coordinates. 

26. Find the Jacobian for x = rsin 8cos4. y =rsin @ sin , zZ = r cos4. 

(8 x 2 16 Marks) 

SECTION-I1 

Answer any six questions from among tne questions 27 to 38. These questions carry 

4 marks each. 

27. Show that for the function fx, y) = y cos x. 
oyox Oxoy 

28, Find the Taylor expansion, up to quadratic terms in x-1 and y-1, of 

2x3-3xy + x about the point (11). 

29. Discuss method of Lagrange undetermined multipliers. 
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30. A particle moves in three dimensional space with velocity vt)=i +tj+tk where 

tis the time variable. Find the position vector of the particle when t = 1 9iven that 

the particle is at (-124) when t - 0. 

31. If F-xi+yj+zk show that div grad 0. 

32. Show that the acceleration of a particle travelling along a trajectory r) is given 

by all)-.' 
P 

where v is the speed of the particle, f is the unit tangent to the trajectory, i is its 

principal normal and p is its radius of curvature. 

33. Prove that ø =1 and 1+o +o = 0. 

34. Solve the equation z^ -3z3 -22+6 =0. 

35. Show that i'is a real number. 

r13 cos y 

36. Draw the region of integration and evaluate xsin ydkdy. 

37. Find the volume of the solid bounded by the cylinder x+y2 =4 and the planes 

y+Z 4 and z = 0. 

38. Evaluate [[v*-1dkdy 
y 

(6x 4 24 Marks) 
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SECTION- IV 

Answer any two questions from among the questions 39 to 44. These questions carry 

15 marks each. 

39 (a) Locate all relative extrema and saddle points of 

fx.y)=2x3 +6xy2-3y-150x. 

(b) The temperature of a point (x,y) on a unit circle is given by T (x.y) = xy. Find 
the temperature of the two hottest points on the circle. 

40 (a) Find expressions For the equations of the tangent plane and line normal to 
the surface olx,y,z) = c at the point P with coordinates Xo.Yo. Zo . Use the 

results to Find the equations of the tangent plane and the line normal to the 
Surface of the sphere =x*+ý+7= af at the point (0,0, a). 

(b) Find vy«F) and Vx(xF) where Flx.y.z)=sin x i+cos(x-y)j+zk. 

41. (a) Find the derivative with respect tox of e$ (cos7x) using complex 

exponential. 

(b) Evaluate the integral = Je* cos bx dx. 

42. (a) Use a triple integral to Find the volume of the solid within the cylinder 

+= 9 and between the planes z = 1 and x + z = 5. 

EvaluateIzdv, where G is the wedge in the first octant cut off from the 
(6) 

cylindrical solid + zs 1 and the planes y = x and x =0. 

43. (a) y Ifu-1 find the value of x 

(b) Show that Vx(pa)= V¢xa+4Vxa. 

M-2613 
5 



4. (a) Solve the hyperbolic equation coshx-5sinh x -5 0. 

(b) Evaluate the double integral/-.(a+x+y2 dkdy. where R is the region 

bounded by the circle +-a 
(2x 15 30 Marks) 
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Section-

Al the first 10 questions are 
compulsory. 

They carry 
I mark 

each 

1. = 12xy 2xy; 
= 24x)y-2y 

22y+x+ 1) = 2x =(2xy-9x 

3. definition 

4. 

5. e3= cos 3n + isin 3n = -1 

63cosh(2x*) 
= 24x sinh (2x*) 

7. 2,/z = =e' = (cos 1 + isin1) 

8 r dydt = ,; d = -
9. (x, y)dxdy 

10. (xy)dxdy 

Section -Il 

Answer any 8 questions from among the questions 11 to 26. These questions earry 2 

marks each 

1.df fdx + f,dy implies df = -ysin (xy)dx - xsin (xy)dy 

12. 2x+y. X, d-7}7 

2x + yt-r)a 
X 2x +sin'X*1-4) 

13. A point al which a function af two variables has partial derivatives equal to zero but at 

which the function has neither a aximum nor a minimum value. 

OR 

a point on a curv ed surlacr al which the curvalures in iwo niulually perpendicular planes 

are of opposite sigas 



14.Differentiating partially w.r.x 

+y+ z)3/* (2x + 2 0 

Dilferentiating partially w.r.t. y 

a+y+z#32 (2y + 2:=0 ?y/ 

dv 

-

15 yz) + yz) + *yz) = 2yz 

k 
6. curl FF: 

d.x =+ yj+ (y* - z)k 
lyz xy 

17. Vf = ei + xe¥j 
The direction in which the lunction f increase fastest is Vf (2,0) = i + 2 18. grad = 2xy i + (x + 2) j + yk 

19 

20. de Alov ire's theorem. 
cos 30 4t+ isin 36 = (cos 6 + isin 6)' 

= (cos' 0 3cos 6sin2 0) + i(3sin 6cos 0-sin3 0) 

3sin 6cos 0 sins e 
3sin 0-4sin' 0 

Sin 36 

21. z = cos + isin 6. 

z" = (cos 6 + isin 0)" = cos n6 + isin n6, 

7 = (Cos 0 + isin 0)-" = cos (-n6)+ isin (-n0) 
= cos n0- isin n6 

COS nG +i sin n - cos nU + isn nt) 

= 2i sin n0 



22. sinh x = (e-e) = 2e' -3 - 2e" = 0 

multiply ing by e* 

2e2 3el - 2 = 0 

(e 2)(2e+1) = 0 

e 2 or e = -

e is always positive e = 2 x = In 2 

23. 

- y'xdxdy= dy 

24 SSS, kzdxdydz = S,S, (krzl:d)dydz 
24. 

= SoJ tkedydz = So (4kzv1y=)dz 
J 16kzdz = 8kz212=0 = 128k 

25. dV drd0do = r2sin 0drd6d o(r8.0) 

sin Bcos o 

rcos 6cos 
1-rsin 6sin p 1sin 6cos p 

sin Osin o 
rcos 6sin o 

cos 6 26. Jacobian. J d(xy,2) 
dr 0.d) -rsin 0 

cOs U(rsin 6cos 0) +r'sin 6(rsin 0) 
= rsin 0cos 0 + sin 0)= rsin 



Section -III 

Answer any 6 questions from among the questions 27 to 38. These questions earry 4 

narks each 

27. cos(x)) = -ys sin {v) 

cos(a)) = (y cos(a))) sin (x)) = -3y2 sin x 

y cos(r)) = 3y2 cos (x) 

costv) - cos () 3y cos (x) = -3y sin (a) 

28. fx = 4x - 3y + 1, fx(1,1) = 2 

fy=-3x, fy(1,1) = -3 
Ay = fyX = -3, fxy(1,1) = -3 

fXX = 4, fxx(1,1) =4 

yy = 0, fyy(1,1) = 

Writng equalion 

fCx.y)» 0 + 2(x - 1) -3(y- 1) +4(x -1) +2(-3)(x - 1)(y - 1) +0(y 1)) 

29. To nmanimise f we require 

df = dx+dy =0 
dy dx 

I dx and dy were independent. we could conclude /y = 0 = /,. lHowever. here they 

are not independent. but cnstrainvd because g is cvnsant: 

dg =d +dy=0 
dy 

Auliiply ing dg by n as yet unknown number À and adding il lo df 

df tAg)-( d dy 



Were 4 iS called a l.agrange undetermined multiplier. In this cquation dX and dy are 

lo be independent and arbitrary : we must therefore choose A such that 

+ =0 
ox 

0g + = 0 
dy dy 

30. The position vector Y(t) is 

P)= VO)Jdt = (i+ + 1 R)dt = ti+i+k+C 

When t= 0, f(0) = -i+ 2 +4k 

:C=-i+ 2 +4k 
)= ti+i+k-i+ 2+ 4k 

When t= 1,r(1) = 

The particle is at the point (0,5/2,13/3) 

31 

div grad)=V Vr = V ((-1)r-3*) 

-1 1--r(V )+ (Vr) F1 
- 3)+(-3)r i 
-3r-3r5r2]=0 

2 
The velocity ol the particle is given by 

drdr dsdi 
where v ds/dt is the speed of the particle. Writing the velocily as v = vi 

a(t)= it 

= vK= 
dt ds 

a()-+ 

33 
=-1/2 + iv3/2 

w-1/2 iV3/2 

w w w 



= (-1/2-iv3/2)(-1/2 + iv3/2) 
= (-1/2)-(iV3/2) 

= 1/4 +3/4 =1 

1tw +w' = 1t(-1/2 + iv3/2) + (-1/2- iV3/2) = 0 

34. z = 3 is a solution 

-33- 2z +6 = (- 3)(z* -2) 

2 1=2 ek 

0,1,2 

k = 0, z = 2/° = 2';i 

k 1,2 = 2'/ 'e'c"í* 2 (-

k = 2,z = 21/ietin/i _V3 

Solulions are 

21/3 

2i(-+ 

72/-
35. Iet z = i' 

Taking n on both sides. 

In(7) = i n(i) 

i= p+2na) 

Ini = i(+ 2nt 

lnz = (i)i)(;+ 2nn 
Inz =--2nn 



Taking exponential on both sides, z = i =e-/2-2 

Principle value at n = 0 (1) =e-n/2 is a real numbes 

36. draw ing region 

COS rsin ydrdy = xsin ydx dy= sin y dy 

cos ysli dy=-cos 1T/3 

37. The solid is bounded above by the plane z = 4 y and below by the region R within the 
circle x+y2 = 4. 

Volume. V = JS, (4 -y)dA 

= 4-y)dydx = ., , X 
dx 

84 dx = 8(27) = 16 
38. Reverse the order of iniegration 

0SxS 2 
0sysx 

V +idxdy VA +Idydr 

w+Td 
-J x'V+1dx=(17i- 1) 



Section-V 

Answer any 2 questions from among the questions 39 to 44. These questions carry 15 

marks ench 

39, a) 

6r* + 6y - 150 

y = 12xy - 9y2 

hr 12x 

yy12x - 18y 

y 12y 

For stauonry ponts. 

6x+6- 150 = 0 and 12xy 9y' = 0 

a+y= 25 and y(4x -3y) =0 

If'y = 0 * 25 x t5 giving (5,0) and (-5,0) 

If4x= 3y then x y ®y +yi = 25 = y=t4. 

4t3.and y= -1 gives x = -3 = (3,4) and (-3,-4) 

hiere are four stalionary puinis (5,0), (-5,0), (3,4) and (-3, -4). 

sialionary poinn (5.0). //yy - /y = o0> 0./ = 60 > 0 and /yy = 60 >> 0. 

IIence (5,0) is a minimum. 

For the stationary point (-5,0). fx/yy-fy = (-60)>0. fx -60< 0 and 

lyy - 60 < 0. Ilence (-5,0) is a masimum. 

Tor the stationary point (3,1. fr/yy - /y-3600 < 0 so (3,4) iv a sadde. 

For the stutionary point(-3,-4), fJyy - =-3600<0 so (-3,-4) is a 

siddle. 

39.b) 

aximist T(x, y) ubjeet to the constraint x + y I 

y t 2Ax 0 

X+ 2Ay = 0 



hese results. together with the original constraint x +y 1 

Solving = t1/2. implies that y= +x 

1 
y=rx=t-

substitute the four pairs of x - and y values into T(x, y) = xy 

maximum temperature on the unit circle is Tmax = 1/2 at the points y =x = t1/v2 

40. a) 

Avector normal to the surtace d(x, y, 2) = Cat the point P is sinply VÙ evaluated at 

that point: we denote it by n,. If'r) is the position vector of the point P relative to the 

origin. andris the position vector of any point on the tangent plane. then the vector 

cquation of the langent plane is, 
r-ro) ng = 0 

Similarly, ifr is the position vector of any point on the straight line passing through P 

(with position vector ro ) in the direction of the normal ng then the vector equation of 

this line is 

(r-ro) x ng= 0 
For the surface of the spliere dp + y + z= a 

= 2xi + 2yj + 2zk 

2ak at the point (0,0, a) 
squation of the tangent plane to the sphere at this point is 

(r ro) 2ak 0 

This gives 2a(z a) = 0 or z = a. as espected. The equation of the line normal to 

he sphere at the point(0,0,a) is 

(-ro) x 2ak= 0 

which gives 2ayi 2aaj = 0or y 0. ie the z-axis, as expected. The tangent 

plane and normal to the surface of the sphere at this point 



- sin(x- y)k 40. b) xF = 
nx cos(x - y)z 

-(x F) =-sin(x - y)) = 0 

k 

Vx(Fx F) = d 
Ox dy 

-

dz 
o -sin(x - y) 

= cos (x-y)i+ cos (x - y)j 

41. a) z = eS* (cos 7x + isin 7x) = e"eh = el5*7i)A 

This complev number has e* cos 7x as its real pa 

iflerentiating z with respeet to a 

= (5+7ije'5r7it = {5 + 7i)e"(cos 7x + isin 7x) d 

quating real parts =(e sin 2x) = e3x (5 cos 7x -7 sin 7x) 

41) b) 

Let us consider the integrand as the real part of the complex number 

e (cos bx + isin bx) = eaxeibx = eu-ib)x 

elaib)dx it = +C 
+il 

1-iicd -id} 
+C (-uba +ib 

= aeib - ibe + c 

where c = C, + ic2 and equating reai parts 

=f ea cos bx dx = (acos bx + bsin bx) + ci 



2. a)The lower surface of the olid is the plane z = 1 and the upper surlace is the plane 

Xtz = 5 or. cquivalently. z = 5- x. 

volume of G l, dv = , dedA 

5-X 
volume of G = , dzdydx = , L dydx 

(4- x)dydx = L, (8 - 2x)V9-xdx 

= 8, v9-xdr - f, 2rv9-xdr 

= 8r) 21v9-rd 
8(-0 = 367 

42.b) zdzdxdy 

S-y'dy = 

43. a) 

du du du 

dx y or rOt(1) 

du du x du 

dy zor dr.(1) 

du 1 du y du 
D2dt .(1) 

. , 0. . (3) 

43. b) 1he x-compunent of the 1HS is 

yoay)-(oa,) = 
duy d ay 

- ddy 

= d(V x a), + (Vp x a) 

y and 7 components cn be similarly found 



44.a) 

e +e- - - 5 = 0 

2 

-22 +3-5 =0 
e 

-2e+3 5e' 0 

1 

e =-3,5 
x = In(-3) or x = -In (2) 

44. b) 

I=d dy (o + +) 
J-Va-x 

X = pc0s and y = psin p 

a+.dpdo 

where R is the rectingular region in the po-pline whuse sides are 

p =0,p = a, d = 0 iand d = 27. 

d(x,y)I cos 
3(p.) 

Sin P= p(cos* p + sin p) =FP 
-psin p pcos 

dxdy = pdpdo 

Therelore. 

I = (a +p)pdpdp 

277 

-do dp(a + p)p = 2 
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