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DETACHABLE
wfira (wgR-u=x 1)
MATHEMATICS (Paper I)
fafRa awg : @7 T2 Siferram 37 : 250
Time Allowed : Three Hours Maximum Marks : 250
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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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1.(a)

1.(b)

1.(c)

1.(d)

1.(e)

s/ 2% Download FREE UPSC E-BOOKS

QUs ‘A’ SECTION ‘A’
wfm[% o 6} %
1 0 0
@ 4! = 7 forg fomm urfsn for 42 = 4!

1 -1 1
If A={2 -1 0|, then show that
1 0 O

A?=A7! (without finding 47"). 10
wHd AERE B={(0, 1, 1), (1,0, 1), (1, 1,0)} F aN& V,(R) R IRy W=
WHRSE : T(a,b,c)= (a+b, a—b, 2c) ¥ Gaf¥a g 71a Fiforg |

Find the matrix associated with the linear operator on V3(R) defined by
T(a, b,c)= (a+ b, a— b, 2c) with respect to the ordered basis
B={,1,1),(1,0,1), (1, 1, 0)}. ‘ 10

ﬁﬂTW%:

A(x)=

f(x+a) f(x+2a) f(x+3a)
f(@) fQa) fBa)
fl@) [f'Cx)  f'Ga)

Vel f T afas-A Saeeid B § 991 o Th SRR © |
1im$("—)a?rwaﬁhm

x—0 X
Given :
f(x+a) f(x+2a) f(x+3x)
A(x)=| f(@) f(Qa) fQGa)
flo) [f'Cx) f'Ga)

where f is a real valued differentiable function and « is a constant.
A(x)

Find lim —=. 10
x—0 X

TUTEY foF e*cosx=1 & Tl Q1 @1 & oiF A e*sinx— 1 =0 N T & T TH o
foremm 2

Show that between any two roots of e*cos x = 1, there exists at least one root of
e*sinx—1=0. 10
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Find the equation of the cylinder whose generatofs are parallel to the line

x=-—%=§ and whose guiding curve is x*+2y* =1, z=0. 10
2.(a) cufsy f6 ¥ wwaa, s fF 9F ax? + by +c2’ =0 F SR T FEQ T,
) :
X

2

+-2 4 Z =0 & @ W % |

g

® b+c c+a a+b

Show that the planes, which cut the cone 'ax?+by*+cz>=0 in perpendicular
2 2 2

generators, touch the cone X X4 Z_=o. 20

b+c c+a a+b
2.b) R f(x,y) = |2 -)2|, T £, (0, 0) T £, (0,0) F1d R | 3 qURY
% £,,(0,0) = £, (0,0) |
Given that f(x, ) = |x*-)?|. Find £, (0, 0) and f,, (0, 0).
Hence show that £, (0, 0) = £x (0, 0). 15
2.(c) sy % S={(x, 2y, 3x):x, y AEEH FAN €} RAR) F TH SUEEE |
S ¥F A R 7 e | S F fmr it s fiferg |

Show that S = {(x, 2y, 3x) : x, y are real numbers} is a subspace of R3(R). Find two

bases of S. Also find the dimension of S. 15
: d(u,
3.(a)(i) IR u=x2+)% v=x?-)% SR R x=rcos, y=rsinf g, @ 5%%; T FfY |
If u=x2+)%, v=x2—)?2, where x=r cos, y=rsin6, then find gﬁ:’;i 7
x 1
3.@)i) R [f@)di=x+[tf@de R T f(1) T AT T Hforg |
0 x -
X B |
If [ f(t)dt=x+ [tf(t)ds, then find the value of £(1). 5
0 x
b
3.@)iD) [(x-a)"(b-x)"dx R Her-Het F & F =rp AR |
b
Express I (x —a)™(b - x)"dx in terms of Beta function. 8

3.(b) R Prew r @ T Men qo-fog 0 ¥ ToRa1 § @ FE W 4, B, C foga
W® @A &1 O A @GR ABC R W T we-ug @ fagra W i |
A sphere of constant radius r passes through the origin O and cuts the axes at

the points 4, B and C. Find, the locus of the foot of the perpendicular drawn from
O to the plane ABC. 15

& Download FREE UPSC E-BOOKS

MTH



https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

Get Printed Study Notes for UPSC Exam - https://iasexamportal.com/notes

3.(c)(i)

3.(c)(ii)

4.(2)(1)

4.(a)(ii)

4.(b)

4.(c)
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fog @it 5 & awdfos wafa seE & @ fm afeefe @ ¥ @
Ffvaates afew, wifas € |

Prove that the eigen vectors, corresponding to two distinct eigen values of a real
symmetric matrix, are orthogonal. 8

Qs 4 F B T Bfe, 2 ¥ % fg aui B s (4B) = sma
(BA) | 3@ <ufzq % AB-BA#I, S& I, @ 2-%f¢ &1 qwws g § |

For two square matrices 4 and B of order 2, show that trace (4B) = trace (BA).
Hence show that AB— BA #1,, where I, is an identity matrix of order 2. 7

frafafea sregg @ dfe-waFia dume w9 & wamem At @ a3 sadh
Hife dt w9 Hifsa |

4
2
6

— N NN
ANNO =

1
o
4=,
3 10

Reduce the following matrix to a row-reduced echelon form and hence also, find
its rank :

OO W

1 3 2 4 1
1 of 0 0 2 2 0
ryne 2 6 2
3 9 1 10 6 10
vﬁaﬁwaﬁmw,h(? ‘(')’) & sfterelies @ w9 sl
afest &1 s g |
Find the eigen values and the corresponding eigen vectors of the matrix
A= (? 6’), over the complex-number field. 10
qufsy 6 TEieR s 12 + )23 = 0P W W dEwa g_,w2 gl
Show that the entire area of the Astroid : x> + y2/ 3=4*3 s %ﬂaz. 15
Tt
x4l 343 iz45
3 5 y
X=2. y=4  z-0
1 3 5
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Find equation of the plane containing the lines

X+l y+3 z+4J

b

3 5 s
=2 y~4 z-—8
I % 5 ¢
Also find the point of intersection of the given lines. 15

gusg ‘B’ SECTION ‘B’
5.a)  SAFA GHIH :

d’y
dx?

H 7 R |
Solve the differential equation :
2

d’y
—= +2y=x
dx? 7

+2y = x%e>* + e*cos2x

23 + e*cos2x 10
5(b) T TR fafy & IwEE W g AR AW qEe

dzy =2X o2 !
Ex_2+4y=e sin2x; y(0)=»'(0)=0

& B T |

Solve the initial value problem :
’y
d—2+4y=e'2"sin2x; y(0)=y'(0)=0
x
using Laplace transform method. 10

5() QU BILMAMN MR TA & 30 FHR &t © 1 (LM)2+ (MN)? =(LN)?
T F WA ¥ § wraEed § BR fog L W & € | 7 fe qF v st
&1 Ul T T, IR o § | 85 LM & FEER foar & ae sw R i sl f
T F 'Y A A R |
Two rods LM and MN are joined rigidly at the point M such that
(LM)*+ (MN)?=(LN)? and they are hanged freely in equilibrium from a fixed
point L. Let @ be the weight per unit length of both the rods which are uniform.

Determine the angle, which the rod LM makes with the vertical direction, in terms
of lengths of the rods. 10

5(d) afc us I, S g & uRa: gig wen § aRymor oRar R, sEEE Aot e § A
e v @, O 9¢ @, Sed 9w @ # iR smom, @ S | ms ey & T
H UE & IR AEdH AT W wa Fifora |
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5.(e)

6.(a)

6.(b)
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If a planet, which revolves around the Sun in a circular orbit, is suddenly stopped
in its orbit, then find the time in which it would fall into the Sun. Also, find the ratio
of its falling time to the period of revolution of the planet. 10

e & v2| v.

~ vy

=£4,G{é' ?:x{+y}+2’2%|
r

)
Show that V2| V. ;

= =, where 7 = xi +y] +zk. 10
r i

ww TR 3, Few wa e A R, @ farget ¥ o R W
T), Ty, T; SN K& & o9 & forgatt 4, B, C R 7@ &, fm = & & &
g A AT, T SR B T GHIGR Hgl F § | 7 R 8 F 4B 7 BC Wit
%WWT:wIWwZ%Iﬁ@ﬁﬁQ )

37,

) T,, T, T, & TIHS A& = — 2
O D 3 1+2cosf
. 5w

(i1) T, @,

A heavy string, which is not of uniform density, is hung up from two points. Let
T,, T,, T; be the tensions at the intermediate points 4, B, C of the catenary
respectively where its inclinations to the horizontal are in arithmetic progression
with common difference f. Let o, and w, be the weights of the parts 4B and BC

of the string respectively. Prove that

(i) Harmonic mean of T}, 7, and T; = i gt
1+2cosp

5 o

(ll) 73 = w—z 20
Tt s (wRe) RO A quia gU EEie

2
d—f + (tanx — 3cosx)d—y + 2ycos2x = cos*x
dx dx -
H f ¥ F BA R |
Solve the equation :

2
d—g + (tanx — 3cosx)d—y + 2ycos2x = cos*x
dx dx
completely by demonstrating all the steps involved. 15
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6

e Bt i 15

7.(a)  WAH FENE F 2 +22=9 T x=2 TR UREg 8 R F = 2x2yf — y2] + 4xz%k
¥ forq TRE swERw Wi B wafya i |

Verify Gauss divergence theorem for F = 2x2 yi - yzj' +4xz’k taken over the
region in the first octant bounded by y? +z2=9 and x=2. 20

7.b)  NTHA FHIE :

. 2
2 dy  (dy
1 = xy— Sy et
y 08y dx dx

& 3t §E B WIa A |

Find all possible solutions of the differential equation :

yzlogy=xy%+(%)2- 15
7.(c) TE WK 0 g s o 3 & uw RR fag & dm d un (2gh 9w A éfw
fan 3 waft o o 190 2 >h>a %, @ g A fr v firg 2
L(a + 2h) S0 TR w A B 3y T T @ wh 2 | 7 o g B

S8 F g VA fig ¥ IR W s da (4= M@+20)” 4
27a*

A heavy particle hangs by an inextensible string of length a from a fixed point

5
and is then projected horizontally with a velocity \[2gh. If 7‘1 >h>a, then prove
that the circular motion ceases when the particle has reached the height %(a + 2h)

from the point of projection. Also, prove that the greatest height ever reached by
(4a — h)(a + 2h)*

the particle above the point of projection is 5 15
27a
8.(a)(i) EH wHa FA
2 2
o Y ___1; a>b>0 IR T T A & WA T,

e
a?+A b +A

F daaig w¢ T Hifrg | quls fe fear o aw-ga weifas R
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8.(a)(ii)

8.(b)

8.(c)

Find the orthogonal trajectories of the family of confocal conics ®
2 2
% y ) :
2 =1; a>b> 0 are constants and A is a parameter.
a+Ad b+ L4
Show that the given family of curves is self orthogonal. 10

2
Fachel THIHT : d 2x(1+x)—+2(l+x)y 0 T SIS B 1T Do |
X

I FEHA AHER ; dy 2x(1+x)—+2(1+x)y-x3a?rmﬁ%m
X
fafy grr = difsTg |

Find the general solution of the differential equation :
2

xz;l—“;—2x(l+x)d—y+2(1+x)y = 0.
x

o
Hence, solve the differential equation : x? T y -2x(1+ x)— +2(1+x)y = %
x

by the method of variation of parameters. 10

TIHM m HTE w0, R e g F W o4 F ' dfes foor F w9 @
AW At fear # waow fog § oA A9 FEATR wWaw # wafta e s g,
Iht G T4 97 1 quie Afrg | afe o A SE o @ SE AR wWaw # A
4[g & @ vafE fF smar 8, @ o wdt & ot & fogma @ sft faffa

Fifeg |

Describe the motion and path of a particle of mass m which is projected in a vertical
plane through a point of projection with velocity u in a direction making an angle
6 with the horizontal direction. Further, if particles are projected from that point in

- the same vertical plane with velocity 4J_g_ , then determine the locus of vertices of

their paths. 15
e i & 9w & g [[(Vx F)-ds @ Am fraferg, st w

S
F=0G2+y—-4)f +3xyj +Qxy+2°)k TAT S, Wadast z=4—(x* +y*) &1
Xxy-Tdd ¥ IR W Y8 B | Tl A, S R THe Afeqdl Afdes afey # |

Using Stokes’ theorem, evaluate H (Vx?‘)-ﬁdS,

S
where F = (x? + y—4)i +3xyj+(2xy+2z*)k and S is the surface of the paraboloid
z=4—(x*+y?) above the xy-plane. Here, 7 is the unit outward normal vector
on S. 15
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