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MATHEMATICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.
The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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Quz—A / SECTION—A

L. (g 5 wged VA 3l nxn % arafes i o §) Reme & ag=@ v, R ® @ 9kw 9o
B 2 w-fim 2 x 2 AR = % saem Gt

Consider the set Vof all n x n real magic squares. Show that Vis a vector space
over R. Give examples of two distinct 2 x2 magic squares. 10

() WA M,(R) ¥ 2x2 IRfaF S=E W 9w @Al R oAmw B=[_14 _41} pic)|

T: My(R) > M,(R) Tk Wew w0icwm B, S 7(A) = BA 9/ aRwtfia 31 7 h R (=) =
Y (Ffafe) wa Hifvg) sege A T iR, Sy e F vkl )

1 —
Let M,(R) be the vector space of all 2x2 real matrices. Let B=[ 4 4}

Suppose T: M,(R} > M, (R}is a linear transformation defined by T{A) = BA. Find
the rank and nullity of T. Find a matrix A which maps to the null matrix. 10

fc)  lim (tan x)%®° 2% 1 g Peerfag
Xx-3X
r

Evaluate lim (tan x)%" 2%,
X% 10

(d) =% 2x +3)y ={x-1)? F AN Faesfl Feim)
Find all the asymptotes of the curve 2x+3)y=(x-1)2. 10

(e} ddgmm 2x2 +6y? +322 =27 F T uHaW W RN FeRm, W Y
X-y-z=0=x-y+2z-9 4 TR TRl 8|
Find the equations of the tangent plane to the ellipsoid 2x? +6y2 +322% =27
which passes through the line x-y—-z=0=x-y+2z-9. 10

2. (a) I;tan'l(l—;lc-)dxwmﬁﬁﬁml

Evaluate J;tan‘l(l -l) dx.

X 15
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(b) TH nxn AE A F qRonia DR, @R A = T-2u-ul, T& u T TR @9 TR §)
(i) e FiRe 5 A wufia 31
(i) = Rivg e A o R
(i) Terame 7 gy A T AFE (n-2) R

fiv) AR A, , Fefem, SafF u=| 2|2

win Wi W=

Define an nxn matrix as A= I-2u-u’, where u is a unit column vector.

(i} Examine if A is symmetric.
(i} Examine if A is orthogonal.
(i) Show that trace {(A)=n-2.

1
3
fiv) Find As, 5, when u=|2|
2
3 20
(c) ww XY Jom w weiEe Py, R see-tard, f:%=§%wﬁa{%wﬁw
et O x2 +y2 =4, z=21%I
Find the equation of the cylinder whose generators are parallel to the line
%= _—y2 =§ and whose guiding curve is x2 +;,|r2 =4, z=2, 15
3. (@) A% ® =R $ifT
fx) =f:{t2 -5t +4){t? -5t +6)dt
() ®E fix) ® witaw fag Feefan
(i) X Fg Pemfeg, st £ 1 sl =gmem dm)
(i) A Tog Tremriere, St £ 1 Tl sfeeean @)
(iv) wE f(x) % [0, 5] & ™ T o, Ty
Consider the function f(x)= J‘;‘(ﬂ -5t +4)(t2 -5t +6)dt.
i) Find the critical points of the function f{(x).
fii) Find the points at which local minimum occurs.
(ii} Find the points at which local maximum occurs.
fiv) Find the number of zeros of the function f(x) in [0, 5}. 20
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{b) W F A el O EE 9 T F3 o PO us Y wem 2, S i w9 @ whonfvg
2
T(xy, x5, x3)=(x; + x5 +3x3, 2x; - X, 3% + Xy — X3)
a b cRHEAILIF (g b o, TH A T 74 @ P

Let F be a subfield of complex numbers and T a function from F3 — F3 defined
by T0x, X3, X3)=(x; + X +3x3, 2%, — X5, —3%; +Xp —X3). What are the
conditions on a, b, ¢ such that {aq b, ¢ be in the null space of T? Find the
nullity of T. 15

fc) aﬁm%mf:%=§ﬂ@5yz—8zx—3xy=0%s?haqwaﬁasmaﬁéwgauﬁﬁ
TF &, 09 37 31 S & G e |
If the straight line —;£=g=§ represents one of a set of three mutually

perpendicular generators of the cone 5yz-8zx-3xy=0, then find the

equations of the other two generators. 15
4. {(a) TFI
1 0 2 ~11 2 2
A=|2 -1 3| v B=| 4 0 1
4 1 8 6 -1 -1
fii ABY@ Hifm)

(i) €W (A) T RS (B) 7ia AfSm)
(iti) T Wk ool % e w1 wa Pt
x+2z=3, 2x-y+3z=3, 4x+y+8z=14

Let
1 0 2 -11 2 2
A=|2 -1 3| and B=| -4 0 1
4 18 6 -1 -1
i) Find AB.

(@) Find det(A) and det(B).
(i} Solve the following system of linear equations :

x+2z=3, 2x-y+3z=3, 4x+y+8z=14 15
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(b) aﬁvmaﬁmmm%—g—:=2z%aﬂﬁ$maﬁ%nﬁﬁaﬁgmﬁgwﬁmﬁm
a

Find the locus of the point of intersection of the perpendicular generators of
2 2
the hyperbolic paraboloid X Y -2z 15
a? b?
fo) i < Afiia s AR Wm0 B u = x2 +y? + 22 T Fw 4R @ @i, S
2x + 3y + 52 = 30 T g1 Westee &1

Find an extreme value of the function u = x2

+ y2 + 22, subject to the condition

2x +3y+5z =30, by using Lagrange’s method of undetermined multiplier, 20

WUs—B / SECTION—B
5. (o) T sEwa wiem F @ Hiw
xcos(%](ydx +xdy = ysin(—‘:?;—)(x dy —ydx)
Solve the following differential equation :
xcos(%](ydx +xdy = ysin[%)(x dy ~ ydx) 10

(b) TH-F«, SN g (0, 2) W (0, -2) & TN B, T WEHUE HoEl Fra B
Find the orthogonal trajectories of the family of circles passing through the
points (0, 2) and (0, —2}. 10
fct a b ¢ % TFg 7 % fau afem &=
V =(-4x -3y +ad)i +{bx +3y+52) j+@x +cy + 32k

el 37 @9 V ) AR Hem ¢ yaurn & w9 § e i | ¢ 7 Jra B
For what value of a, b, ¢ is the vector field
V =(-4x-3y+az)i +(bx+3y+52) j+@x+cy+ 33k

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

(d) T UHAAH B, S SR I F §, o0 uH R W @ad ¥9 ] 909 = et § an g R
W Y U Afae 99, B a9 88 F WR F onm B, §0 FwEim 4 ™ we g S
2| wanY % FwiR 8 R Fu w® g3 R =of)

A uniform rod, in vertical position, can turn freely about one of its ends and is
pulled aside from the vertical by a horizontal force acting at the other end of

the rod and equal to half its weight. At what inclination to the vertical will the
rod rest? 10
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(e} TH EH 4% B$ ABC A 1 %01, T § €F F1 2 m B, A, BaOT CW w9 g § W
B % 95 A ¥ BC R0 % TR ¥ g W o 790 P % g0 e WR1 W R ) g iR

2 2 2
5 Y g hm st o L 27 @ —@b+D” o ot 4 _ gmm BC = b
2 m g? +ab+b?

A light rigid rod ABC has three particles each of mass m attached to it at A, B
and C. The rod is struck by a blow P at right angles to it at a point distant from

2 2 2
A equal to BC. Prove that the kinetic energy set up is % = a——-all—);"—b——, where

m a2 +ab+b?
AB=a and BC=b, 10

6. (o) widw Tt faf =1 W@ w0, B sEwa Tl @t P, 9k y= e, & W
(CRFMTHETAR:
y” +{1 —cotx)y’ — ycotx =sin? x

Using the method of variation of parameters, solve the differential equation

y” + (1 —cotx)y’ —ycotx =sin® x, if y=e~* is one solution of CF, 20

(b) R g wlkw we[ A, W& A = (3x2 +6y)i —14yz ) +20x2° k, % fomu jc A-dr %1 AH
framfere, s&f cfig (0, 0,008 (1, 1, 1) s P i @ TERm &
i) x=t y=t2 z=13
fii) "& Y@ (0, 0, 0) A (1, 0, 0) 7 e W, TR (1, 1, 0) d aenm ®T (1, 1, 1) o
fijy w@@@ (0,0,0 A (1, 1, 1) TF A W
w0 vt el § aRom e 87 %R it s Fifm)
For the vector function A, where A =(3x2 +6y)§—14yz}'+20x22 k, calculate
.l‘c A.dr from (0, 0, 0) to (1, 1, 1) along the following paths :
il x=t y=t2, z=¢°
{ii} Straight lines joining (0, 0,0) to {1,0,0), then to (1, 1,0) and then

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

(c/) TH TS ADQ Ied BUE C W fasm o &, 9% AB = BC = CD. I8 T 71 % <@ g*
M 9k T R p kg, fag A 9 TREAT A W IR g kg, Fg D ¥ Tewm W) €8 W
HR <diE |
A beam AD rests on two supports B and C, where AB =BC=CD. It is found

that the beam will tilt when a weight of p kg is hung from A or when a weight of
g kg is hung from D. Find the weight of the beam. 15
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7. (o) W W w qenlE fif, S wRE 8 F = xyl +yz )+ xzk O @ S W S
TEEeH z=1-x2, 0<x <1, -2 <y<2 % fowmn &, 7 S IuRgeh sifufmra 2
Verify the Stokes’ theorem for the vector field F = xyi + yzj+xzk on the

surface S which is the part of the cylinder z=1-x2 for0 < x < 1, 2<y<2; Sis
oriented upwards. 20

(b) TAH TN T TN 0 FROGR TH TR ty” + 2y’ +2y = 2; Y0) =1 30 y'(0) Bes
2, T T HINY| T 39 T F T e 27

Using Laplace transform, solve the initial value problem ty” + 2ty +2y =2;
Y0} =1 and y'(0) is arbitrary. Does this problem have a unique solution? 10

¢ () R TEEEE 9 BT, S waA R WA R, w5 @l % w9 d el i ge 9 ¥ ww o
B W I g R R W AR R T B B § e ¥ o | ameR @ ol B,
i difers foeol % srgfew &, g i Toem v 2| 3 7o BT W Wi R

(i} CFF0 A VE T g o F F R Se gE e ) T R ¥ RE w0 % g
T R - R g 3 p ) g B we H R F Fx F =g g0 4%, wwl

V23 = Ju? + p?v? —p me s R

) A square framework formed of uniform heavy rods of equal weight W
Jointed together, is hung up by one corner. A weight W is suspended from
each of the three lower corners, and the shape of the square is preserved
by a light rod along the horizontal diagonal. Find the thrust of the light
rod. 10

fij A particle starts at a great distance with velocity V. Let p be the length of
the perpendicular from the centre of a star on the tangent to the initial
path of the particle. Show that the least distance of the particle from the

centre of the star is A, where V2Z) = 1{;12 + p2v4 —u. Here n is a constant. 10

8. (af () T e gy ga Hifg .
(e +D%y” —4{x + 1)y’ +6y = 6{x +1)* +sinlog(x + 1)

(i) SR T 9 p2(2 - )2 =4(3—m%maﬁﬁﬂﬁﬁ$r%q,aﬁp=%.

fii Solve the following differential equation :
(x+12y” —4(x + )y’ +6y = 6(x +1)2 +sinloglx +1) 10

i} Find the general and singular solutions of the differential eguation

dy
9p?2-—y? =43 - , where p=—"2,
P-4 B3-4 Bz = 76
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(b) 98 WAFE [[VxF. AdS # W frRe, sel F=yi+(x-2xzj-xyk @ S
5

e x2 +y2 +2z2 =ag? P e, M xy-ﬁﬁaimﬁl
Evaluate the surface integral HV x F -AdS for F =yf +{x—2xz)}—xyf€: and Sis
s

the surface of the sphere x2 +y? +2° =a® above the xy-plane. 15
(0 T =R Ul awen T o, few g9 s M2, % aftn 3t gt & W W TE |
qfoem fiem AR m A k¥ R R B r3 AR 7% F 79 P IN 6 9™ (9F) T

mmﬁ,wmﬁmﬁsmw—#%w;mmmg&mmm
M+

r2

AR 7 H AW T1a B gh w3 g F WKy T R

A four-wheeled railway truck has a total mass M, the mass and radius of
gyration of each pair of wheels and axle are m and k respectively, and the
radius of each wheel is 7. Prove that if the truck is propelled along a level track

P , and find the horizontal force
2mk?

r2
exerted on each axle by the truck. The axle friction and wind resistance are to
be neglected. 15

by a force P, the acceleration is
M+

L
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