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SDF-U-MTH

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.

4 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.

T

SDF-U-MTH/10 1 [PTO.



SPM IAS ACADEMY

SHAPING BRILLIANCE

@Us—A / SECTION—A

L wﬁﬁf:[o,g}—»]kﬁmw%,@fm%

0032 X T

flx) = =) Och:-z-—

4x% — o

f(g) 1 9H T4 Hifg)
Let f: [0, g] — R be a continuous function such that

2
CORTX n
X)=——, 0=x<=
ke 4x? — g2 2

Find the value of f(%)

(b) w1 1% f:D(c R?) - R @ %eM & 3R (@, bje D. 3 f(x, y) ¥ (a, b) ™ Faa B,
2wz % wem f(x, b) 3R fla, y) F99: x = a IR y = b W Taa ¥

Let f : D(c R?) - R be a function and (a, b€ D. If f(x, y) is continuous at (a, b)

then show that the functions f(x, b) and f(a, y) are continuous at x = g and at
Yy = b respectively.

r

(c) = T:R? - R? s Yaw wfifem &, a1 f6 72, )= (5, 7) @ T, 2) = @, 3). W
AT AR ey, e, % GR& T3 @Ta A B, @ A $ #ie 31@ Ffdr

Let T:R? 5> R? be a linear map such that T(2,1)=(5, 7) and T(l, 2) = 3, 3).

If A is the matrix corresponding to T with respect to the standard bases e, ey,
then find Rank (A).

SDF-U-MTH/10 2
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SPM IAS ACADEMY

SHAPING BRILLIANCE

(d) IR
1 2 1 2 1 1
A=|l1 -4 1| 3k B=|1 -1 0O
3 0 ~8 3 1 -1

3, @ @uise f6 AB =61;. 30 fom &1 3@m F@ g Fefafae wfeo fer 5t @@

fﬁm:
2x+y+z=5
x-y=0
2x+y-z=1
If
1 2 1 « 1 1
A={1 -4 1| and B=|1 -1 O
3 0 -3 2 1 =1

then show that AB =6I;. Use this result to solve the following system of

equations :
2x+y+z=95
x-y=0
2x+y-z=1 10
(e) <IEE T

x+1_y-3 _z+2 ag X y-7 _z+7

-3 2 1 1 «3 2

yfadt Yard ¥ wiesde fag & Fewiel ol 3@ wwaw, fd 3 tard 8, =1 @i
F1a i |

Show that the lines

x+1 y-3 z+2
= = an = - —
-3 2 1 1 -3 2

intersect. Find the coordinates of the point of intersection and the equation of
the plane containing them. 10 .

SDF-U-MTH/10 3 [ P.T.O.



3PM 1A5 ACADEMY

2. (a) W f(x)=|cosx|+|sin x|, x=~g~fﬂ' SEHAHY §7 SR 39w IR E R, A f(x) F AEw

x=gmmiﬁﬁmm3ﬂmwm%,ﬁmmmmm|

Is f(x) =|cosx|+|sin x| differentiable at x = g ? If yes, then find its derivative at

x=g. If no, then give a proof of it. 15

(b) HHIT% A 3R BEHH %2 % q wifes srgg E auT det A+det B=0. U A+B &
Fgia (faer) smege R

Let A and B be two orthogonal matrices of same order and det A +det B =0.
Show that A+ B is a singular matrix. 15

(c) (i) @ x+2y+3z=12 Fdw® a1 : A, B, ¢ ® vfosde w1 #1 e ABC &
Gig =1 HHiER T i

(i) Trg FY & waE z=0 Me® x? +y° +2° =11 & = g, P i |
(2, 4, 1) W&, N T qHR0Ng e ® ghese E

{i) The plane x+2y+3z =12 cuts the axes of coordinates in A, B, C. Find the
equations of the circle circumscribing the triangle ABC. 10

i) Prove that the plane z=0 cuts the enveloping cone of the sphere
x? +y2+z2 =11 which has the vertex at (2,4,1) in a rectangular

hyperbola. 10

3. (@) w& f(x) =2x> —9x? +12x + 6 F I [2, 3] W ey 3 =Fem 7= I@ FC)

Find the maximum and the minimum value of the function
fl =2x3 -9x2 +12x +6 on the interval [2, 3] 15

SDF-U-MTH/10 4



SPM IAS ACADEMY

SHAPING BRILLIANCE

(b) fug i f wumom: Rl & fig | Raeas x2 +y? = 2az R 9 Afiea s - F=
2, 9fte e fig war 27a(x? +y?)+8(a-2° =0 W @@ }, @ 7 @7 el & @ A
srfirea s & 2

Prove that, in general, three normals can be drawn from a given point to the
paraboloid x2 +y2 =2az, but if the point lies on the surface

27a(x? +y%) +8(a-2° =0

then two of the three normals coincide. 15
(c) TR
5 @ 21
A1 1 -8
12 3 50
3 4 -3 1

(i) R A6 HIfe A Hif)

(i) STEAE
X
4 Xg |
Vi= (xl, xz, xa, X4)E R A —0
X3
X4
= form 310 Ffsrgy
Let
5 7 21
de 1 1 -81
123 50
34 -31
(i) Find the rank of matrix A.
(i) Find the dimension of the subspace
X1
4 Xa|_
V ={(x;, X9, X3, x4)eR"|A =0
X3
*q 15+5=20

SDF-U-MTH/10 5 | BT.0:



3PM 1A5 ACADEMY

4. (a) FA-tfee vE = FF fafaw) @ v F1 3@ =& A0 T A 3 fifve, swl
1 00

A=l1 0 1

010

State the Cayley-Hamilton theorem. Use this theorem to find A1%°, where

1 00

A=[1 0 1

010 15

(b) Tag PR oA arelt Seigew
g 2 42
+ +c—2=1
# stfiyea sfan A @ 3 fifig i fig A &% R 37 4PG, & ¥R R, s/ G, o=@
fag 2 swl P& v aeh sfieds S xy-a W e @, @ PYw

Du| *
%[5

2 2 2
@c? -a?)+ L pc? -pY)+Z =0
a b é

T & B

Find the length of the normal chord through a point P of the ellipsoid

and prove that if it is equal to 4PG;, where G5 is the point where the normal
chord through P meets the xyplane, then P lies on the cone

2 2 2
@e? —a?)+ ¥ c? -pY)+Z =0
b et

a 15

c) () <R

N VRN VE

u=sin" |[——F—
X112 L }12

2, ) =uige f6 sin2 u, x 30 ym—éamﬁﬁmmhﬁw%l 7auE zuiEu

2 2 2
x28u+2 au+28u=tanu
12 12

13 t.'-.m2 u
ox dxdy oy 192

SDF-U-MTH/10 6
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SHAPING BRILLIANCE

(ii) m%wmﬁﬁ@mﬁmf’[x):-l-—l—-jafﬂf(O)=0%,Eﬁ
+ X

()

(%)

o+ - 1 [Z22)

X3 Lyl 3
X172 4 yl/2

u=sin"!

2

then show that sin“ u is a homogeneous function of x and y of degree *%.

Hence show that

2 9%u a%u N 282u=tanu(13+tan2u]

X +2 —
ax?  Yoxay Y ay? 12 (12 12 5

and f(0) =0, then

Using the Jacobian method, show that if f’(x) = 1 3
l1+x

ﬂﬂ+f@=f(§ji)

@us—B / SECTION—B

5. (a) S%Hd GHE

2

(2ysin x +3y* sin xcos x)dx —(4y3 cos“x+cosx)dy =0

# 7 Hife)

Solve the differential equation

2

(Rysin x +3y4 sin xcos x)dx —[4y3 cos“x+cosx)dy =0 10

(b) HEHA FHIH

d2y
dr2

4% +4y =3x2e?*sin2x
dx

1 QU1 & §14 HIfa|

Determine the complete solution of the differential equation

2
g y—4§+4y=3x232x sin2x

dx? dx 10

SDF-U-MTH/10 T [ P.T.0.



SPM IAS ACADEMY

SHAPING BRILLIANCE

(c)

()

(e)

6. (a)

(b)

Th W ThEH B€ AB ¥ T R0 oF w1 &fcw 38 AC, e w1y 9 aem (i) % T g
BE WU G5dl ¢) BW C 0 @ 3 R© &) @ o5 aiw fag m &, @@

AC? - AB? = BC? ®| 3Rt &fost a1 9 AB % o= &1 @i 6 &, A fg Fifdrg i enfor wpories
cotb
e e

2 +cot?
One end of a heavy uniform rod AB can slide along a rough horizontal rod AC,

to which it is attached by a ring. B and C are joined by a string. When the rod is

on the point of sliding, then AC? - AB? =BC?. If9is the angle between AB and
cot8

the horizontal line, then prove that the coefficient of friction is e,
2+cot” 8

T F0 F1 Gelt BRI SENV 9 I F F YAl F Fx ¥ g0 F 7 F Fowrwgurdh ¥) o 0,
forae wR gzt ) wag W W R, wag A 3h SO | v A waw w e R guise f g %

memmmmmghw%,aﬁhwﬁﬁﬁm%l

The force of attraction of a particle by the earth is inversely proportional to the
square of its distance from the earth’s centre. A particle, whose weight on the
surface of the earth is W, falls to the surface of the earth from a height 3h
above it. Show that the magnitude of work done by the earth’s attraction force

is %hw, where h is the radius of the earth.

T x=t, y=t2, z=t> F fag (1, 1, 1) W -t 6 fom & v xy? +y2? +2x? W
e srashe™ Wi i)

Find the directional derivative of the function ch2 + yz2 +zx2 along the tangent
to the curve x =1, y=t2, z=t3 at the point (1, 1, 1).

% five TF vig 3R Iud 9 i | o1 B | Wi & R A e % firen & s
a? T five ww w5 & 39 ® @ g, fSmw sniien 39 & el #ta ) uige % vig 6
it =g, foed T g e = @, V3 a tl

A body consists of a cone and underlying hemisphere. The base of the cone and
the top of the hemisphere have same radius a. The whole body rests on a
rough horizontal table with hemisphere in contact with the table. Show that
the greatest height of the cone, so that the equilibrium may be stable, is V3 a.

% C ¥ 90 W F % e 3@ S, 51 F = 2x+y?)i +@By-4x) ] 3w C, g
Oodfga)arah y=x?>Fguan fag (1, 1) A fig (0, 0) 7 & y? =x % TW
Rt R1

Find the circulation of F round the curve C, where F= (2x+y2)§ +(3y—4x)}'

and C is the curve y=x? from (0, 0) to (1, 1) and the curve y? = x from (1, 1) to
(O, 0).

SDF-U-MTH/10 8
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()

7. (a)

(b)

(i) AT G

2
2y +(@3sinx —cotx)—d—g +2ysin? x = e~ *sin? x
dx? dx

F g Fifgy

1
(i) r‘”?wr”?wmmmaﬁ‘mlmaﬁﬁqﬁﬁrm2 w1 ATETE TR

I‘(n+1+1)
N 2)

n+1+1
s 2

Ban &, W&l ne N.

(i) Solve the differential equation

2
9Y, @sinx —cotx)@ +2ysin? x = e~ %% sin? x
dx? dx 10
(i) Find the Laplace transforms of t™*/? and t1/2 prove that the Laplace
1
n+—
transform of t 2, where ne N, is
I‘[n +1+ 1)
N 2)
n+1+l
s 2 10

Tl x2y” —2xy’ +2y = x> sinx % WA AN FEEA WHHO F WA T w
frfere oiv a fRw o w1 yrew- e fafy gr ame g T

Find the linearly independent solutions of the corresponding homogeneous
differential equation of the equation x2y" -2xy’ +2y = x3 sinx and then find

the general solution of the given equation by the method of variation of
parameters. 15

Feferft x = acosu, y=asinuy, z=autanc % ¢ sw@ At fem qun fofen i Bswn 1@
i

Find the radius of curvature and radius of torsion of the helix x =acosu,
y=asinu, z=autana. 15

SDF-U-MTH/10 9 [P.T.O.
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SHAPING BRILLIANCE

(c)

8. (q)

(b)

y-318 #i fam § nfoim & s 1 gEfag A A% @ Fy R, 97 F, y $1 & 9o 0d 80
W%lmmy=—aWy=a%aﬁaﬁéﬁWm%,aamwﬁﬁmm T2 qurige f6

ol g Rmsidl

T
W&l F) W@ F, WH [-a, a] § F% fusaq & <Fa8 99 §1 o guizy f% 5@ 908 (1 &

WA s FER @ & B Oft R 30° 9% e w1 B, @@ T, 2m./l/g W

on,f1/gn /3 % &= & @ R

A particle moving along the y-axis has an acceleration Fy towards the origin,
where F is a positive and even function of y. The periodic time, when the
particle vibrates between y=-a and y= a, is T. Show that

<T € -

T

where F; and F, are the greatest and the least values of F within the range
[-a, a]. Further, show that when a simple pendulum of length [ oscillates
through 30° on either side of the vertical line, T lies between 2n,/l/g and

2n.Jl/ g7 /3.

AaFe gHIEO

2 2 2
(@] [2) cot? o — z(dy)(y)+[g) cosec?o =1
de) ALx dx/\ x x
=1 fafer &at wm ifsre) few gu sraee wfiem & i g@n i @ Fifsw) gof g@n qon fafs
T I SR SAmE Fif)
Obtain the singular solution of the differential equation

[ LA e e i

Also find the complete primitive of the given differential equation. Give the
geometrical interpretations of the complete primitive and singular solution.

@nﬁfmuswam({m F e 3 3 o A e v @ fag (am) f A R
firg Hifsrg o 39 = 1 19 U vig-ui=ae B A wfaay g fifse, fms swwta qu (6) ddam,
(ii) T 3R (iii) AR 99 W g

Prove that the path of a planet, which is moving so that its acceleration is
u

7 is a conic
(distance)

always directed to a fixed point (star) and is equal to

section. Find the conditions under which the path becomes (i) ellipse,
(ii) parabola and (iii) hyperbola.

SDF-U-MTH/10 10
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(€) ) 7w % swwm W w ww fafEw) W oW B OF =4xi —2y2 )+ 2%k ¥ R
x? +y% =4, z=0 3R z=3 % R gu &= & wenfim il

} (i) @wuﬁu%mfce"dﬁzydy—dzmmmﬁm,wC,%x2+y2=4,
z=2%|

(i) State Gauss divergence theorem. Verify this theorem for
= A ~ ~ S
F =4xi —2y2j + 2%k, taken over the region bounded by x? +_t,,r2 =4, z=0
and z=3. 15

(i) Evaluate by Stokes’ theorem §c e*dx +2ydy - dz, where C is the curve

x2+y2=4,z=2. 5

oo ok
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