
Sl. No. •I 8-JGT-J-NBA I 
B206 

MATHEMATICS 
Paper I 

j Time Allowed: Three Hours 1·1 Maximum Marks: 200 j 

INSTRUCl'IONS 

Candidates_ should attempt questions 1 and 5 
which are· compulsory, and auy THREE of the 

remaining questiom· ｾＭ･ｬ･｣ｴｩｮｧ＠ at least ONE 
question from each Sectioll. 

All questions carry equal marks. 

Answers must be written iu ENGLISH only. 

Assume suitable data, if considered necessary, 
and indicate the same dearly. 

Unless in(licated otherwise, ｳｹｭ｢ｯｬＮｾ＠ & notations 
carry their usual meaning. 
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Section -A 

1. Answer :my four of the following questions : 

• 

(a) Let V be the v.ector space of polynomials oVer 
R. Let U and W be the subspaccs generated by 

{r 3+4r2-r+3, t 3+5t2+5, 3t3+!0t2-5t+5} 

ond 

{t 3+4t2+6, ｲ Ｓ ＫＲｴｾ＠ -1+5, 2r3+2t2-31+9} 

ｲ･ｳｰ･｣ｾｩｶ･ｬｹＮ＠ Find 

(i) dim (l! +W) 

(iiJ dim (unw). 10 

(b) Find a linear map T:R3---) R4 whose image is 

generated by (I, 2, 0, -4) and (2, 0, -1, -3). 
10 

(c) (i) Find the difference between the maxi-
mum and the minimum ol the function 

(ii) 

(a-: -x)4-3x2) where a is a con-

stant and greater than Zero . 

. ,, 
If f(h) o f(O)+ hf'(O)+ .!.__ f"(Bh). 

2! . 

0<8<1 

FindG,when ｨ］ｬ｡ｮ､ｦＨｸＩ］］ＨｬＭｾＩ ＵＱＲ Ｎ＠

5+5==10 
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(d) Evaluate: 

1!/2 . 2 

(. J sm xdx 
>) . 

0 
smx+cosx 

(e) Show that the plane x + 2y- z = 4 cuts the 
sphere x2 +y2+-?-x+z=2 in a circle of 
radius unity and find the equation of the sphere 
which has this circle as one of its great circles. 

lO 
2. (a) LetT be the linear operator on R3 defined by 

T(x, y; z) == (2x, 4x- y, 2x + 3y-z). 

(b) 

(c) 

(i) Show that T is inveniblc. 
(ii) Find a formula for y-1. 10 

Find the rank of the matrix : 

1 3 1 -2 -3 

1 4 3 -1 --4 
Ao 

2 3 -4 -7 -3 10 

3 8 1 -7 -8 

1 -3 3 

Let A;:: 3 -5 3 . ls A similar to a diagonal 

6 -6 4 

matrix ? If so, find an invertible matrix P such 
ｴｨ｡ｾ＠ p-1AP is a diagonal matrix. 10 

(d} Firid an orthogonal transformation of co-
ordinates to reduce the quadratic fonn 
q(x, y) = 2i2 + 2xy + 2yl to a canonical form. 

10 
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3. (a) The adiabatic law for the expansion of air is 
pyi·4::: K, where K is- a constant If at a given 
time the volu-me is observed to be 50 c.c. and 
the pressure is 30 kg per square centimetre, at 
what rate is the pressure changing if the 
volume is decreasing at the rate of 2 c.c. per 
second? lO 

(b) Determine the asymptotes of the curve 
x' + xly -xy2 -y3 + 2\y+ 2y2- 3x + y = 0. 

(c) Evaluate : 

Jfxsin(x+y) dxdy, 
D 

10 

where D is the region bounded by 

n 
ｏＺｅｸＺｯ［［ＺｮＺ｡ｮ､ｏｾｹｾＭＭ 10 

2 

(d) EvalUate fJI(x+y+z+l) 4dxdydz over Lhe 

region defined by x::;:O, ｹｾｏＬ＠ z:;;:O and 
x+y+z::;:l. · 10 

4. (a) Obtain ttie equations of the planes which pass 
through the point (3, 0, 3), touch the sphere 
x2 + y2 + z2 = 9 and _are parallel to the line 

x"" 2y = -z. 10 
(b) The section of a cone whose vertex is P and 

2 \ 2 
guiding curve is the ellipse x 2 + y 2 "'1, z ｾ＠ 0 

a b 
by the plane _y = 0 is a rectangular hyperbola. 

Show that the locus of P is 

x2 y2+z2 -I 
--r+ 2 - • 
a b 
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(c) Prove that the locus of the poles of the tangent 

planes of Lhe conicoid ｡ＮｴｾＫ＠ b/ + cz2 =I with 

h . •ct 2 ｾ＠ 2 2 1 . respect to t e comco1 ax + ,._,y +rz == ts 

· azxz /32l yzzz 
the conicoid + + = I 10 

a b c 
(d) Show that the lines drawn from the ongm 

parallel to the normalS to the central conicoid 
ax2+bl+cz2

=I at its points of intersection 
with the planes lx +my+ nz = p generate the 
cone 

P'[xi +lC_+£) ｾＨｬｸ＠ +my+ m:l2·· 10 
abc abc 

Section-B 
5. Answer any four : 

(a) Solve_: 

sec2y dy i- lx tan y = x3 

dx 
10 

(b) Find the 2nd order ODE for which e" and 

10 

(c) A uniform rectangular board, whose sides arc 
2a and 2b, rests in limiting equilibrium in 
contact with two rough pegs in the same 
horizontal line at a distanced apart. Show that 
the inclination e of the side 2a to the 
horizontal is given by the equation 

d cos A(cos(A-+26))= a cos (J-b sine 

where A is the angle of friction. 10 
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(d) A particle rests m equilibrium under the 
attraction of two centres of force which attract 
directly as the distance, their intensities being 

ｾｾ＠ and )1'. The particle i;:; slightly diSplaced 
towards one of them, show that the time of 
small oscillation is 

' 2n 
lO 

(e) Verify Green's theorem m the plane for 

ｦ｛ＨﾷＧＩＧＫｹ Ｒ Ｉ､ｸｾｸ Ｒ ､ｹ｝＠ where Cis the closed 

curve of the region bounded by y = x and 
y==x2. lO 

6. (a) Solve : 

(y3 
- 2yx2 )tix + ( 2xy2 - x3 )dy == 0. 10 

(b) Solve: 

( dy)
2 

-2dy coshx+l=·O. 
dx. dx 8 

(c) Solve : 

d3y . d2y dv -· + 3-+ 3-·· + y == x2e-A. 
dx3 dx2 dx 

10 

' (d) Show that e·' is a solution of 
2 • 

d y -4xdy +(4x2 -2)y=O. 
dx2 dx 
Find a second independent solution. 12 
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7. (a) A s.olid hemisphere is supported by a string 
fixed to ·a poinr on its rim and to a point on a 
smooth vertical wall with which the curved 

" surface of the sphere is in contact If e and 
r/J are the inclinations of the string and thC 
plane base. of the hemisphere to the vertical, 
prove that 

3 
tanl/'=-+tan61. 10 

. 8 

·(b) A particle ｭｯｶｾｳ＠ with a central acceleration 

.u( y + ;:) being projected from an apse at ·a 

distance a· with a velocity 2.[ji a. 

Pro.ve that its path is 

10 

(c) A shell, lying in a straight smooth horizontal 
tube, suddenly explodes and breaks into 

portions of masses m and m'·. If d is the 
distance apart of the masses after a time t, 
show that the work done by the explosion is 

l mm' 'd2 

2 m+m''7' 

ｂｾｊｇｔＭｊＭｎｂａ＠ 7 

10 
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(d) A hollow conical vessel floats in water with its 
vertex. downwards and a certain depth of its 
axis immersed. When water is poured into it 
up to the level originally immersed, it sinks till 
its mouth. is on a lo:.:.vel with the surface of the 
water. What portion of axis wus originally 
immersed ? l 0 

8. (a) Show that 

- ··( ')' ( 2 ) ' ( ' ) • A=6xy+z ｲＫＳｸｾｺＮｊＫＳＬＮｴｺＭｾｹｫＬ＠

is irrotational. Find a scalar function tp such 

that A = gmd ¢. lO 

(b) Let Vt(x. y, z) be a scalar function. Find grad 

ljf and "V2 Vt in spherical coordinates. . 8 

(c) Verify Stokes· theorem for • 

ａｾ＠ (y-z+2) i +(yz+4)} -xzk. 
where$ is the surface of the cube x= 0, y=O, 

z = 0, x = 2, y = 2. z = 2 above the x_v-plane. 
12 

(d) Show that if i'=x(s)i+y(s)]+z(s)k JS a 

space curve, 
dr d2r i 3r T 
-.--x--, ｾＭＮｷｨ･ｲ･＠ -r is 
ds ds2 ds- -p2 

the torsi011 and p the ｲ｡､ｩｵｾ＠ of curvature. JO 
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INSTRUCTIONS 

Candidates should attempt Question Nos. 1 and 5 
which are compulsory, and THREE of the 

remaining questions, selecting at least 
ONE question from each Section. 

The DU111ber of marks carried by each rtnestion is 
indicated at the end of the question. 

AnsweTS must be written in ENGLISH only. 

Assume .suitable data, if considered necessary and 
indicate the sante clearly. 

Symbols and notati<111S have their usual mearrings, 
unless indicated othe:n:rise. 
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Section-A 

1. Answer any four parts from the following : 

(a) Prove that a non-empty subset H of a 
group G is normal subgroup of G <=> for 

. ' all X, y r: H, g E G, (gx)(gyr E H. 10 

(b) Show that the function 

f(xJ = .!_ 
X 

is not uniformly continuous on )0, 1]. 10 

(c) Show that under the transformation 

real axis in the z-plane is mapped into 
the circle Jwl"' l. What portion of the 
z-plane corresponds to the interior of 
the circle? 10 

(d) If G is a finite Abelian group, then 
show that O(a, b) is a divisor of J.c.m. 
of O{a), O(b). 10 

(e) Evaluate 

f 2z+ldz 
c z2 +z 

by Cauchy's integral formula, where 

Cisjzj=.!._ 
2 10 
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2. (a) Find the dimensions of the largest 
rectangular parallelopipcd that has 
three faces in the coordinate planes and 
one vertex in the plane 

(b) Determine 

x+y+z=l 
a b ' 

the analytic function 
w=u+iv, if 

(c) Find the multiplicative inverse of the 
element 

of the ring, M, of all matrices of order 

14 

13 

two over the integers. 13 

3. (a) Evaluate 

fJ xy(x+y)dxdy 

over the area between y = x 2 andy= x. 13 

(b) Evaluate by contour integration 

J
:· ___ ､ｩｬｾＭｾ＠
u D<a<l 

1-2asine +a2 ' 13 
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{c) Write the dual of the following LPP and 
hence, solve it by graphical method 14 

Miriirnize 

constraints 

2x1 +x2 ?.1 

3x1 +4x2 ?.1·5 

x1, x2 ;e. 0 

4. (a) Show that d(a) <.: d(ab), where a, b be 
two non-zero elements of a Euclidean 
domain Rand b is not a unit in R. 13 

(b) Show that a field is an integral domain 
and a non-zero finite integral domain is 
a field. 13 

(c) Solve by simplex method, 
following LPP 

Maximize 

constraints 

3x1 +5x2 ｾＱＵ＠

5x1 +2x2 ｾ＠ 10 

x1,x2 ?.0 
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Section-B 

5. Answer any four parts from the following ; 

(a) Find complete and singular integrals 

of[p2 +q2)y=qz. 10 

(b) Obtain the iterative scheme for 
finding pth root of a function of single 
variable using Newton-Raphson 
method. Hence, find Z/277234 correct 
to four decimal places. 

(c) Convert the following binary.numbers to 

10 

the base indicated : 10 

(i) (1011l011001·101110b to octal 

(ii) (10111011001-10111000):;! to hexa-
decimal 

(iii) (0 · 10 1)2 to decimal 

(d) A cannon of mass M, resting on a rough 
horizontal plane of coefficient of friction 
IJ., is fired with such a charge that the 
relative velocity of the ball and cannon 
at the moment when it leaves the 
cannon is u. Show that the cannon will 
recoil a distance 

( 
mu )' I 

M+m 21-lg 

along the plane, m being the mass of 
the ball. 10 
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(e) If the velocity of an incompressible fluid 
at the point (x, y, z) is given by 

(
3xz 3yz 3z

2 
- r

2l 
,-5 ' ,-s ' ,.s 

where r 2 
= x 2 + y 2 + z2, prove that the 

liquid motion is possible and that the 
velocity potential is cosa 1 r 2 • 10 

6. ia) A rod of length l with insulated sides, is 
initially at a uniform temperature u0 . Its 
ends are suddenly cooled to 0 "C and 
are kept at that temperature. Find the 
temperature distribution in the rod at 
any time t. 14 

(b) Convert the following to the base 
indicated against each : 

Ｈｾ＠ (266 · 375h0 to base 8 

{ii) (341·24)5 to base lO 

(iii) (43 · 3125)10 to base 2 

(c) Draw the circuit diagram for 

F = ABC+CB 

using NAND to NAND logic long. 

(d) Using Runge-Kutta method, solve 

7 

6 

y" = xy•2 - y2 for x = 0 · 2. Initial condi-

tions are at x=O, y=l and y'=O. Use 
four decimal places for computations. 13 
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7. (a) Prove that the equation of motion of a 
homogeneous inviscid liquid moving 
under conservative forces may be 
written as 

ｾ＠ [ l () ---> --> 1 2 -1' 
...!L-qxcurlq=-grad P+-q +Q at P 2 

{b) Find the general solution of 

{D 2 -DD' -2D'2 +2D+2D'} z 

= e2
X+ 

3
!1 +xy +sin(2x + yj 

{c) From the following data 

X 

y 
I 
I 

8 
2 

27 
3 

64 
4 

calculate y(20), usmg Lagrangian 
interpolation technique. Use four 

14 

13 

decimal points for computations, 13 

8. (a) A homogeneous sphere Q[ radius a, 
rotating with angular velocity ro about 
horizontal diameter, is gently placed on 
a table whose coefficient of friction is ｾＭＢﾷ＠
Show that there will be slipping at the 

point of contact for a time 200a and 
7"g 

that then the sphere will roll with 

angular velocity 
2

1ll. 14 
7 
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(b) Derive composite !rd Simpson's rule. 
Hence, evaluate 

c·6 e_"'2 dx 

by taking seven ordinates. Tabulate the 
integrand for these ordinates to four 
decimal places. 13 

(c) Show that for an incompressible steady 
flow with constant viscosity, the velocity 
components 

v"'O, w"'O 

satisfy the equations of ·motion, when 

the body force is neglected. h., U, dp are 
dx 

constants and p., p(x). 

*** 

13 
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