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L If £(xy)=="Y then show that Iim[limf(x,y)}tlim[

2X + y x—0| y—0 y—0

lim f (x, y)} Also show

x—0

that the function is discontinuous at the origin.

X2 -y
X2 +y?

2

2. Let fbe a function defined by f(x,y)= (x,y)#(0,0).Show that two

iterated limits Iim{limf(x,y)} and Iim{

x—0 | y—0 y—0

lim f (X, y)} exist, but the simultaneous

x—0

limit lim f(x,y)does not exist.
(x,y)—(0,0)

Xy .
——— (X # 0,0
3. Let f(x,y)be a function defined as f(x,y)=4 X" +y’ (xy)=(0.0)
0 (xy)=(00)
f.(0,0)and f,(0,0)exists, although f (x,y)is discontinuous at (0,0).

show that

X° +2y°
% 0,0
4. Show that the function f(x,y)=1{ X*+y’ (xy)=(0.0)
0 (xy)=(0.0)

possesses partial

derivatives of first order.
X’y
—2 _:(x,y)#(0,0
5. Let f:R*—Rbe a function defined as f(x,y)=1 x*+y? (x.y)#(0.0)
0 (xy)=(00)
that f,(0,0)and f, (0,0)exists, although f (X, y)is discontinuous at (0,0).

show

0z 01
6. If z=log(x?+xy+y?), prove that Xx—+y— = 2.
g(x* +xy+y*).p oy

3

ou 20,22\ Axyz
az_(1+3xyz+x yz )ey.

7. If u=¢e"", prove that
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= Xy —xy? fi .1
8. If f(x,y)=x’y—xy’, find the value of g+ﬂ
ox oy 12)

XZ y2 ZZ
9. If f(x,y)=[x 'y z| thenshowthat f +f +f, =0.

1 1 1
10. Ifu:l+5+5,showthat xa—u+y6—u+za—u=0.

Z Xy ox "oy oz

11. Find the value of n,so that the equation V =r"(3cos’ @ —1)satisfies the equation

o0 _,0V 1 o(. oV
—|r°F—|+———|sin@d— |=0.
or or sin@ 06 00

2

12. If @ =t"e “ what value of nwill make %girzﬁ]:%?
r°or or ot

ou du Al

o oy Tl

13.If u =;;x2+y2+z2 # 0, show that

Xy +2°
2

141V =f(r) and r®=x*+y?®+2° then prove that V,, +V,, +V,, = f" (r)+=
.

f'(r).

15.1f V =r™ where r?=x>+y*+2z? show that V,, +V, +V, =m(m+1)r"2.

2 2
16. If z=f (x+ay)+¢(x—ay) prove that %:aza_i_
2 2 2
17. If 2X —+ Zy —+ ZZ =1, prove that
a“ +u b +u c? +—u
(au )2 [6u}2 (8u)2 ou ou _au
— |+ | = |+ | =| =2| X—=F+y—+72—
OX OX OX OX oy oz
2
18. If u:log(x3+y3+23_3xyz)’ show that (2_,_24.2] u :_%
ox oy oz (x+y+2)

2

0°z 1
19. If x*yYz? =c,show thatat x=y =z, =—|ylogey| .
y V=2 oy [ylogey]

20. State and prove Euler’s theorem for a function of three variables.
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21.

22.

23. If

24,

25.

26.

27.

28.

29.

30.

31.

IfT_ y ———5 Pprove that xa—u+ya—u:3T.
OX oy

ty

fy= [

, prove that x@ + y@ =sin2v.
OX oy

=sin™ , prove that x@+ y@=tanz.
ox "oy
If sinu= Xy’ , prove that xa—+ya——3tanu
X+Yy ox oy

If u=sin™ _X+2y+dz ,show that xa—u+ya—u+za—u+3tanu:0.
x oy oz

ng +yi+ 78

Lj show that x 2+ y 2, 2 o
OX

If u:cos(
X“+y +2 0z

5 5 5
If g=Ilog xXry+z ,Show that xa—g+ya—g+za—g:3.
Xy + Yz + zX OX oy oz

3 3
If u :tan‘l(x Y ],prove that

X=y
2 2 2
xzal:+2xy ou +y28 121 =sin4u—sin2u = 2cos3usinu
ox oxay oy
2.,2 2 2
Ifu:%,provethat x‘a—lj+yau 6_u
X“+y OX oyox  OX
1 2 2 2
Ifu:(x2+y2)3,showthatx28 +2xyau yzal::_Z_u_
o xdy C oy: 9
If u=sin"t| —27Y_ | show that
x+fy
ou ou
i) X—+y—==tanz
® OX y 2
ou U ,0%U _ sinucos2u

ox? oxdy © oy* 4cosiu

Question Bank | Mathematics Paper-111 (Calculus and Ordinary Differential Equations) |



[BTAM304-18 COMPUTER SCIENCE ENGINEERING] BejoiRc{oviciox;

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

1 1\
2 . \y2 2 2 2
If u=cosec™| 2" | show that x? 4 l: +2xy ou y’ ou_ tanu (13+tan?u).
oy ox ooy ) o 144
2 2 2
If u=x? tan‘lz—y2 tant X then evaluate x? 0 l: +2xy ou y? ou
X y OX axay 8y

fm X(y”dyj
If z=xyf (yjand z is a constant then show that X/ - X
(Y Ly
yiy—x
X dx

2 2 2 2
If x=rcos@d,y=rsin@, show that a—£+6—2:l [qj + ﬂ .
oxX“  oy" r|\ox oy

If zis a function of x, yand x=e"+e" and y=e"—e",show that
0z oz 0L 01

ou o ox oy

If u:tan‘l(l),where x=e'—e"' and y=e'+e",Show that ?j—l::— = 2
e

-2t °

X +€

If u=f(x-y,y-z,z—x )showthata—u MMy
x oy oz

Ifu="f —15 , show that xa—u y@ Za_u:()
y z X oX "oy

If u=xlog(xy),where x*+y*+3xy =1 find 3—”
X

1
If u=sin™(x—y), x=3t,y=4t> show that 2—::3(142)2

. dy _ y(y—xlogy)

If x¥ =y*, show tha
y dx x(x—ylogx)

using partial derivatives.

2au 28_U
6‘y 0z

of o¢ dz _of o¢
oy oxdx  ox oy

Ifu_f£y Xz jshowthatx Z—u+y =0.
X

Xy = Xz
If f(x,y)=0,¢(y,z)=0, show that —

2 2 2 2
Showthatg— ﬂ:ﬂ+gt where X=scosa —tsina and y=ssina+tcosa
X2

ayz 682
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46.

47.

48.

49,

50.

o1,

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

If z is a function of x and y and u and v be two other variables, such that

2 2 2 2
u:|x+my,vz|y—mX,Sh0Wthata_§+a_§:(|2+m2) 0z 02 .
ox° oy

_+—

ou®  ov?
2 2 2

If z=xf (lj+g(lj, show that Xza—§+2Xy oz +y26—§:0-
X X OX axay ay

Find the equation of the tangent plane and normal line to the surface xyz=6 at the
point (1, 2, 3).

2 2
Find the equation of the tangent plane and normal line to the surface x?_y? =z at
the point (2, 3, -1).

Show that the plane ax+by+cz+d =0touches the surface px®+qy®+2z=0, if

2 2
& 2 4 ocd=0.

P q

Find the condition that the plane Ix+my+nz+p=0 touches the conicoid
ax? +by?+cz’ +d =0.

Examine for maximum and minimum value of the function x> —3axy + y*.
Examine for maximum and minimum value of the function x®+ y® —63(x—y)+12xy.
Discuss the maxima and minima of x°y*(1-x-y).

If a real number k (> 0) is divided into three parts such that the sum of their products
taken two at a time is maximum, find the numbers.

Show that of all triangles with given parameter, the one with maximum area is
equilateral.

Show that the rectangular solid of maximum volume that can be inscribed in a given
sphere is a cube.

Find the dimensions of the triangle whose perimeter is 9cms, such that its area is
maximum.

Find the dimensions of the rectangular box, open at the top, of maximum capacity
whose surface is 432 square cm.

Find the points on the surface z° = xy +1nearest to the origin.

If u=a’x*+b’y*+c’z> where x'+y'+z"=1show that the stationary value of

uis given by x=
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Find the dimensions of the rectangular parallelepiped of maximum volume that can be
2 2 2

inscribed in the ellipsoid x_2+y_2+z_2 =1.
a®~ b” ¢

Prove  that  stationary  value  of x"y"zPunder  the  condition

a m+n+p
X+y+z=a is m"n"pP| —— :
m-+n+p

Sum of three positive numbers is one. Determine the maximum value of their product.

If u=ax®+by”+cz* with the conditions that Ix+my+nz=0 and x*+y*+2* =1,

2 m2 n2

, : . I
prove that the stationary values of u satisfy the equation + +

=0.
a-u b-u c-u

Show that the plane  3x+12y—-6z-17=0 touches the conicoid
3x* —6y* +9z° +17 =0. Find also the point of contact.

Find the equation of the tangent plane and the normal line to the surface
22 :4(1+ X%+ y2) at (2,2, 6).

At a distance of 50 meters from the foot of the tower the elevation of its top is 30°. If
the possible errors in measuring the distance and elevation are 2cm and 0.05 degrees,
find the approximate error in calculating the height.

A rectangular box, open at the top, is to have a volume of 32 cubic feet. Find the
dimensions of the box requiring least material for its construction.

The temperature T at any point (X,y,z) in space is T =400xyz*. Find the highest

temperature on the surface of the unit sphere x* +y*+z* =1.

Evaluate the following integrals

—~
QD
N

(x2 +3y2)dydx

(b) | |(x+2)dydx

o
<

o

>

~
(¢
~

N

>

+

<
[N}

Ot X Ot—= Ot

(d) Xy dydx

OtV P e— N O—— . O —— W

o'-—.iw“'l
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72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

(€)

O ey
x'—.ﬁl

(x2 + yz)dydx

Evaluate ” y dxdy , where R is the region bounded by the parabolas y* =4ax and x* = 4ay
R

00 00 —y
Evaluate I I £ dydx by changing the order of integration.
y
0 x
Evaluate I .[ e v dydx by changing the order of integration.
00
11
Evaluate ”sin y? dydx by changing the order of integration.
0 x
a 22—y
Change the order of integration in j I f(x,y) dxdy
-a 0

Evaluate the double integral ” Xy dxdy, where R is the domain bounded by X-—axis,
R

ordinate X = 2a and the curve x* =4ay.

11-x _Y
: - -1
Use the transformation x+y=u and y =uv to show that I I e dydx = eT :
00

Evaluate ” dxdy over the area bounded by x =0,y =0,x*+y*=1 and 5y=3.
Evaluate ” r3drdé over the area included between the circles r =2sin@ and r =4sin@.

Evaluate ” rsin @ drd@ over the area of the cardioid r = a(1+ cos 0) above the initial line.

Change the order of integration in I I —dxdy and hence evaluate the same.
+y?

2-x?

[ 5

1
Change the order of integration in J. dxdy and hence evaluate the same.
0

Evaluate ” —ydxdy over the positive quadrant of the circle x* +y? =1.
1+ X2 +y?
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85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

11-x1-x-y

Evaluate I j ]: xyz dzdydx .
00 0

dxdydz
Evaluate ﬂ_[ y = the integral being extended to the positive octant of the
sphere X* +y*+2z° =1.
Evaluate 'U(x2+y2)dxdy where Ris the region bounded by the four hyperbolas
R

xX*-y*=29 and xy=24.

36—4x°-9y° _ . 2 o
Evaluate _” mdxdy over the region bounded by the ellipse 4x“+9y” =36

and the coordinate axes lying in the first coordinate.

Show that .[\_/” x2dxdydz = 1—75[ where V = {(x y,z) X +y*+2° sl}.

Using the transformation X+ Yy =uU, Yy =uvshow that Hﬂ /xy (1— X— y)dxdy = % , Where

the integration being taken over the area of the triangle bounded by the lines
x=0,y=0,x+y=1.

Find the area outside the circle r =aand inside the cardioid r =a(l+cosé).

Find by double integration, the area of one loop of the leminscate r? = a* cos 26

Find the area enclosed by the cardioid r =a(l+cos ).
Find the area bounded by the curves y* =4axand x° = 4ay.
Find the area bounded by the parabolas y* =4 —x and y*> =4—4x.

Find the volume bounded by the cylinder x* + y2 =4and the planes y+z=4,z=0.

Find the volume of a right circular cone with base radius r and height h by triple integration.

Find the volume of a cylinder with base radius r and heighth .

_ .12
Prove that the volume enclosed by the cylinders x* + y* = 2ax, z? = 2ax is 1_58a3'

100. Find the volume of the unit sphere using triple integration.
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101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Find the volume of the tetrahedron bounded by co-ordinate planes and the plane

5+X+E:1.
a b c

The axes of two right circular cylinders of the same radius a, intersect at right angles.
3
Prove that the volume inside both the cylinders is

Calculate  the volume of the solid  bounded by the  surfaces
x=0,y=0,z=0 and x+y+z=1.

X2 y?_ ZZ
Find the volume of the ellipsoid — +b—2+—2 =1.
a

c

Find the area lying between the parabola y* =4x—x* and the line y=Xx.

Evaluate Iﬁ Z(X2 + y"‘)dxdydz over the volume of the cylinder x* + y? =1lintercepted
by the planes z=2 and z=3.

Discuss the convergence/divergence of the following series 107-128:

1 1 1
—t—t—+ ... 00
12 23 34

2 3 4
I —+—4+—+. 0

2 3 [4
S o]

oy

2n® +5
“~An° +1

Z[\/(n“ 1) -(n* —1)}

]
4N

MS EM&%

Il
o

XZ X4 6

1 X
+ + + Foreeeeeeeenns
21 3J2 43 54
+1+05 N 1+ a) 1+2a) N (1+a) 1+2a) 1+3a) N
1+ (@+p5) @1+28) @+p) 1+28) (L+3p)
22x% B 4%t 5%
X+ + + + Foeeereeeens 0
2 3 [4 |5
£+ 1+2 N 1+2+3
12 12427 1242°+3?
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117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.
130.

131.
132.

133.

e alatDBBY o ala+)a+2FEANED)
ly 1.2.7(y +1) 1.237(r+D)(y+2)

Z4.7 ...... @+ .,
1.2..n

a+x (a+2x)® (a+3x)°
+ + +
1L 12 3
x*(log2)? + x*(log3)® + x*(log 4)® +............ o0

3

=)

1 2 3 4 5

6 11 16 21 26

(1)
Rl 1
nZ:; A1) <X<

State Cauchy’s Integral Test.
State D’Alembert’s Ratio Test.
sinx sin2x  sin3x
13 - 23 + 33
Discuss the absolute convergence of
. 00 (_1)nxn
[
® HZ:;‘ n+1
1 1 1 »

JE+) J@+ o J@+) "

State and prove the NASC for the differential Mdx + Ndy = 0 to be an exact
differential equation.

Prove that the series — e converges absolutely.

(i)

Solve the following differential equations 134-148:
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134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

ye¥dx + (xeXy + 2y)dy =0

(1+ edex+[1—§jeydy =0
y

(yzeXyz +4x° ) dx + (2xyeXyz —3y° ) dy =0

4 X

(x e —2mxy2)dx = 2mx°ydy

[cos xtan y +cos(x + y)]dx+[sin xsec? y +cos (X + y)] dy=0
xdy — ydx —3x%y%e’ dy =0

xdy — ydx = (x2 + yz)dx

xdy — ydx = xy*dx

dy  x*+y*+1
dx 2Xxy

(xy?+2x7y*)dx+(x*y —x°y* )dy =0
xe¥ 7 dx + y(eX2+yz +1) dy =0, y(0)=0

(xtanl— y sec? X)dx+sec2 Xdy =0
X X X

(2xycos x* —2xy +1) dx+(sin x* —x*)dy =0

xdy — ydx = x4/x* — y?dx
(2x2y—3y“)dx+(3x3 +2xy3)dy =0

1

Find the integrating factor of the equation [xy2 —eX jdx —x%ydy = 0 and solve it.

Show that x*y® is an integrating factor of the differential equation
(a+1)ydx+(b+1)xdy =0 and hence solve it.
a* (xdy — ydx)

X2 +y?

Verify that the differential equation xdx+ ydy = is exact and solve

it.
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152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Verify that the differential equation (2x +e"sin y) dx +e* cos ydy =0 is exact.

Show that the equation (cot y +x*)dx = xcosec®ydy is exact and solve it.

Solve the following differential equations 154-214:

2
X2 (%J +3xy%+2y2 =0

xy(ﬂj2 —(x*+ yz)ﬂ+xy=0
dx dx

yp’+(x=y)p—x=0

y—2px =tan™(xp®)
y*logy = pxy + p’
p’—4pxy+8y° =0
p(p+y)=x(x+Y)
p®+2pycotx =y?

y+px=x'p’

p
=tfan| x—
P [X 1+ sz

(y=px)(p-1)=p

p=log(px-y)
pz(x2 —1)—2pxy+ y>-1=0

e¥(p-1)+ p’® =0
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170.  (y+px)’ =xp
171.  sin pxcosy=cos pxsiny+p

172.  (px=y)(py+x)=2p

173.  y=3x+logp

174. ﬂ+ y cot x = 5e°**, y(zj =4
dx 2

175. ﬂ+ y cot X = 4Xcosecx, y(zl =0
dx 2
176. (1+ xz)ﬂ+ y=e® "
dx

177. (1+ x)%— y =¢* (x+1)2

178. \1-y?dx=(sin"'y— x)dy

179. (l+ y2)+(x—eta“1y)% =0

180. tan y%ﬂan X = COS Yy COS” X
X

181. xﬂerze‘X — Xy
dx

dy
182. 2y )L =
(x+ y )dx y
183. (x+y)dy =a’dx

184. xlog x%+ y =(log x)2
X

185. (1-x* )% +2xy = x\1—- X2

186. sin yﬁthan X =cos x(2cos y —sin’ x)
dx
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187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

xd—y+ y=xy*
dx

dy _ y 0

dx 2ylogy+y-x -

ey%zex(eX —e’)

(2xlog x—xy)dy +2ydx =0

a_ ytan x = —y®sec® x
dx

1
[xy2 —e¥ de—xzydy =0

y—cosx%: y?(1-sinx)cosx, y(0)=2

y(2xy +e*)dx =e*dy
(x“eX —2mxy? ) dx + 2mx2ydy =0

dy 'y y
——+=logy=-—(lo
dx+x 9y x2( 9y)

2
’

y(1)=2

Y _sey-yes
dx

e’ (d—y+1j =e"
dx

(D?+1)’ (D2 +D+1) y=0

d’y _dy /
=2 -3-242y=0, y(0)=0,y/(0)=0
dXZ dX+ y y( ) y( )

d'y

——-—y =C0s xcosh X
dx*

2
OI—z/+y:ezx+cosh2x+x3
dx
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203. yJrazy:secax

dx?
2
204. d—¥—3ﬂ+ 2y =2¢* cos =
dx dx 2

2
205. 9Y 3 W oy
dx dx

d’y _dy .
206. —= +3—-2 42y =sin(e*
dx* dx y ()

2
207. d—¥+4y = Xxsinx
dx

2
d y—2ﬂ+y:xexsinx

208. >
dx dx

2009. ——4%+3y =Sin 3X.Cos 2Xx
X

y dy x+3
210. — ——L-2y=2""4+cos(x+3
dx?  dx y (x+3)

211, ——-y=3

2
212. —+20I yJr%:xze“rsinzx
213. (D—l)Z(D+1)2y:sin2§+e"+x

2
214. d—2/+ﬂ:x2+2x+4
dx® dx

Solve the following differential equation by the method of variation of parameters:

d’y

215.
dx?

+4y =sec2x

2

216. ‘;—Z+16y = 3256C2X
X

2

dy i
217. —+y=Xxsinx
dx? y
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218.

219.

220.

221.

222.

223.

224,

225.

d’y .dy
——5 6= 2
dx dx X

d2y+ B
—2 +y =C0Secx

dx’
Solve the following differential equations220-225-:
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