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SECTION - A

Question No. 1

(a). Show that the set P(¢) = {at2 +bt + c/ a,b,ce R} forms a vector space over the field R . Find a basis for

this vector space. What is the dimension of this vector space? (10)
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(b)

If the product of two non-zero square matrices is a zero matrix, show that both of them must be singular

matrices.

(10)
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2

2xy
: — ;(x,»)#(0,0
(c) Discuss the continuity of the function f(x,y)=1x’ +3y’ (x,) #(0,0)

0 ;(x,y)=(0,0)

(10)

\/
Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
IRV AN BT T AL i hoy] Ph:- 011-45629987, 09999329111, 09999197625 || www.imsdmaths.com || www.ims4 hsel ing.com || Email:ims4ims2010@gmail.com

P.T.O.



8 of 60

2 2 x
(d) Using Taylor’s theorem, show that 1+ x + % <et<lix+28

,x>0. (10)
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(e) Show that the length of the shortest distance between the line z=xtana,y =0 and any tangent to the

ellipse x*sin’a +y* =a’,z=0 is constant. (10)
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Question No. 2
-9 4 4
(a) Show that the matrix A=| -8 3 4| is diagonalizable. Also find the diagonal form and diagonalizing
-16 8 7
matrix P. (15)
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(b) Let A be a 3x3 upper triangular matrix with real entries. If a,, =1,a4,, =2 and a,, =3, determine «, 8 and y

such that A = 4> + BA+yl. (10)
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(©) Let f:R— R be such that

sin(a +1)x +sinx

= if x <
f(x) . ,ifx <0
C ,ifx=0
(x +bx* )yz —x ]
-~ ,ifx>0
bx”:
Determine the values of a, b, ¢ for which the function is continuous at x = 0. (10)
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(d) A sphere of constant radius r passes through the origin O and cuts the axes in A, B, C. Find the locus of
the foot of the perpendicular from O to the plane ABC. (15)
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Question No. 3

(a) Let 7:R* - R® be defined by T(x,y,z)=(y +z,z,0). Show that T is a linear transformation. If 7 ¢ R3
is such that 7% (V) # 0, then show that B = {V, T (V),TZ(V)} forms a basis of R* Compute the matrix of

T with respect to B. Also find a 7 ¢ R? such that (1) = 0. (15)
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oz oz
(b) If z=(x+y)¢(y/x), where ¢ is any arbitrary function. Prove that xa Ty 5 =2z (10)
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(©) Evaluate the integral _[: _[OV xe ™ dx dy by changing the order integration. (12)

\/
Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
IRV AN BT T AL i hoy] Ph:- 011-45629987, 09999329111, 09999197625 || www.imsdmaths.com || www.ims4 hsel ing.com || Email:ims4ims2010@gmail.com

P.T.O.



20 of 60

(d) Enveloping cylinders of the quadric ax” +by” +cz* =1 meet the plane z = 0 in rectangular hyperbola;

show that the central perpendiculars to their planes of contact generate the cone

b’ex’ +a’cy’ +ab(a+b)z* =0. (13)

v
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Question No. 4

(a) Let V be the vector space of polynomials over R. Let U and W be the subspaces generated by
{t3 Y47 43,8 450 +5,38 +108 —5t+5} and {t3 YA 16,8426 — 145,28 +21° —3t+9}

respectively. Find

@) dim (U + W) (ii) dim(UNW). 17)
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(b) Find the volume bounded above by the sphere x* + y* + z* = 24* and below by the paraboloid az = x* + .
(16)
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(c) Show that the feet of normals from the point (a, B ,7/) on the paraboloid x* + y* =24z lie on a sphere. (16)
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SECTION - B

Question No. 5

(a). Show that the only curves having constant curvature are circles and straight lines. (10)
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x2 y2
(b) Find the orthogonal trajectories of the family of curves erm =1, where 2 is a parameter. (10)
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(c) A heavy string of uniform density and thickness is suspended from two given points in the same horizontal

plane. A weight, an nth that of the string, is attached to its lowest point; show that if 0,¢ be the inclinations
to the vertical of the tangents at the highest and lowest points of the string tang =(1+#n)tan6.  (10)

\/
Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
IRV AN BT T AL i hoy] Ph:- 011-45629987, 09999329111, 09999197625 || www.imsdmaths.com || www.ims4 hsel ing.com || Email:ims4ims2010@gmail.com

P.T.O.



32 of 60

(d) A body of mass (m,+m,) moving in a straight line is split into two parts of masses m and m, by an internal
explosion which generates kinetic energy E. Show that if after the explosion the two parts move in the

same line as before, their relative speed is (10)
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dv . .
(e) The acceleration of a particle at any time 7> ( is given by a= P 12cos2t i—8sin2¢ j+16tK. If the

velocity v and displacement r are zero at ¢t = 0, find v and r at any time. (10)
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Question No. 6

(a) Using Laplace transforms, solve the initial value problem (D4+2D2+1)y:0,

¥(0)=0,y'(0)=1,y"(0)=2 and y"(0)=-3. (10)
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(b) Solve (1+2x)2(d2y/dx2)—6(1+2x)(aﬁ//dx)+16y=8(l+2x)2,y(0)=0,y'(0)=2. (14)
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(c) Reduce the equation y’(y—xp)=x*p*> to Clairaut‘s form and hence solve the equation. (12)
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(d) Solve by using the method of variation of parameters dy”/dx* — Z(dy / dx) =e"sinx. (14)
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Question No. 7

(a) A endless chain of weight W rests in the form of a circular band round a smooth vertical cone which has
its vertex upwards. Find the tension in the chain due to its weight, assuming the verticle angle of the cone
tobe2a . (13)
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(b) A thin hemispherical bowl, of radius b and weight W rests in equilibrium on the highest point of a fixed
sphere, of radius a, which is rough enough to prevent andy sliding. Inside the bowl is placed a small

a—
smooth sphere of weight w; show that the equilibrium is not stable unless W< WT' 12)
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(c) A battleship is steaming ahead with velocity u. A gun is mounted on the ship so as to point straight
backwards and is set at an angle of elevation ¢ . If v be the velocity of projection relative to the gun, show

that the range is (2v/g)sina(vcosa—u), and the angle of elevation for maximum range is

L|u+ (u2+8v2)
cos 4—v (12)

\/
Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
IRV AN BT T AL i hoy] Ph:- 011-45629987, 09999329111, 09999197625 || www.imsdmaths.com || www.ims4 hsel ing.com || Email:ims4ims2010@gmail.com

P.T.O.



44 of 60

Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
e E T T A o] Phe. 011-45629987, 09999329111, 09999197625 || www.ims4maths.com || www.i

com||E 2010@gmail.com

P.T.O.



45 of 60

(d) Show that the only law for a central attraction for which the velocity in a circle at any distance is equal to
the velocity acquired in falling from infinity to the distance is that of inverse cube. (13)
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Question No. 8

(a) Find the values of constants a, b, ¢ so that the directional derivative of ¢ =axy® + byz +cz’x’ at (1,2,-1)

has a maximum magnitude 64 in a direction parallel to z-axis. (6)
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(b) If V2£(r)=0 show that f(r)=c logr+c, where > =x* + y* and c,,c, are arbitrary constants. (10)
1 108 2 y 12C2
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(¢) Apply Green’s theorem in the plane to evaluate L [(2x2 -y )dx + (x2 +y° )dyJ, where C is the boundary of

the surface enclosed by the x-axis and the semi-circle y = (1 —x’ )1/2. (14)
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(d) Verify Stoke’s theorem for F = (2x — y) i — yz° j — y?*zk, where S is the upper half surface of the sphere
x* +y* +z° =1 and C is its boundary. (20)
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ROUGH SPACE
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ROUGH SPACE
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ROUGH SPACE

END OF THE EXAMINATION
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Head Office: 105-106, Top Floor, Mukherjee Tower, Dr. Mukherjee Nagar, Delhi-110009.
Ph:. 011-45629987, 09999329111, 09999197625 || www.ims4maths.com || www.ims4

Branch Office: 25/8, Old Rajender Nagar Market, Delhi-110060
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