
Date: .........

A CONSOLIDATED QUESTION PAPER.CUM.ANSWER BOOKLET

\ N
/. Jo

a

IAS/IFoS

MAIHEMATIGS
Under the guidance of K. Venkanna

LINEAR ALGEBRA, CALCULUS AND THREE DTMENSIONAL GEOMETRY

INSTRUCTIONS

1 . This question paper-cum-answer booklet has 5 8 pages and has

33 PART/SUBPART questions. Phase ensure that ttre copy of the question

papercJrlFan$^€r booklet you have received contains all the questions.

2. Write your Name, Roll Number, Name of the Test Centre and Medium
in the appropriate space provided on the right side.

3. A consolidated Question Paper-cum-Answer Booklet, having space

below each parUsub part of a guestion shall be provided to them for

writing the answers. Candidates shall be required to attempt answer to

the parUsub-'part of a question strictly within the pre{efined space. Any

attempt outside the predefined space shall not be evaluated. "

4. Answer must be written in the medium specified in the admission

Certificate issued to you, which must be stated clearly on the right side.

No marks will be given for the answers written in a medium other than

that specified in the Admission Certificate.

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

and any THREE of the remaining questions selecting at least ONE
question from each Section.

6. The number of marks carried by each question is indicated at the end of
the question. Assume suitable data if considered necessary and indicate

the same clearly.

7. SymbolJnotations carry their usual nreanings, unless oherwise indicated.

8. All questions carry equal marks.

9. All answers must be written in blue/black ink only. Sketch pen, pencil

or ink of any other colour should not be used.

10. All rough work should be done in the space provided and scored out

finally.

11 . The candidate should respect the instructions given by the invigilator.

12. The question paper-cum-answer booklet must be returned in its entirety

to the invigilator before leaving the examination hall. Do not remove any
page from this booklet.

READ INSTRUCTIONS ON THE
LEFT SIDE OF THIS PAGE
CAREF ULLY

Roll No.

Test Gentre

Do not write your Roll Number or Name

anywhere else in this Question Paper-

cum-Answer Booklet.

I have read all the rnstructions and snali

abide by them

l-Irav? veriTie? the lnTo rm ati o n 
-l 

i fed 6y t rt e

candidate above

,]

lledium *a*'

Signature of the invigilator

IMPORTANT NOTE:
Wtrenever a question is being attempted, all its partd sub-.parts must be attempted contiguously. This means that before moving on to the next

question to be attempted, caididates must finish attemptirg all partV sub-parts of the previous question attempted. This is to be strictly followed.

Pages let blank in the ans,rer-book are to be dearly struck out in ink. Any ansaiers lhat follow pages lefl blank may not be given credit.

P.T.O.

r]}ts'"
IINSTITUTE OF T'IATHEMATICAL SCIEIICESI

MAINS TEST SERIES.aOZZ
A D VA N C E T E S T S E R I E S ( MA RC H. -2022 to M AY.-20221

n'\,ra O-duvt$

I



3 of 58

INDEX TABLE

QUESTION No. PAGE NO. NTAX. MARKS IlIARKS OBTAINED

I (a)

(b)

(d)

(e)

2 (a)

(b)

(d)

3 (a)

(b)

(c)

(d)

4

(b)

(d)

(a)

(b)

(c)

(d)

(e)

6 (a)

(b)

(c)

(d)

7 (a)

(b)

(c)

(d)

8 (a)

(b)

(c)

(d)

Total Marks

il[

(c)

(c)

(a)

(c)

5



5of58

SECTION - A
1 1^fi*tx,,xr,..

,/ vectors X,
\ be the eigen values ofa n X n square matnx A wlth correspondin b elgen

4, .xn If B ls a matrix similar to A show that the eigen values of B ate

sarne
of A.

as that ofA. Also find the relation between the eigen vectors ofB and eigen
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(b) Are the vectors
cr, = (1, L,2,4),a,2= (2,-1,-5.21
o. = (1, -L,4,0), o+ = (2, 1,1, 6) lineady independent in IRa ?

Find a basis for the subspace of Ra spanned by the four vectors
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1. kI l*t f : R -+ IR be such that

sin(a + l)x+ sinx
x

,ifx<0

,if x:0

,ifx>0

f(x) = c

(x+ bx' \'-*,
bx/.

Determine the values of a, b, c for which the function is continuous at x = 0.

[10]
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'(d) Prove that the function f(x, y) = f(x,y)=JEyl is]]ot differentiable at the point

(0, 0), but that
that these two "rrd ! both exist at and have the value 0' Hence deduce

are continuous except at the origin. [1O]
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1. (e) Provethatthe centres of the sphereswhich touch the linesY = oX, z= ciY =-
mx, z = -c lie upon the conicoid m:ry + cz (l + m2) = 0. 
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(a) Find the a:99""1 fogp and the diagonalizing matrix P for the follow'
matrix9gf:
[= 34

43

,({t"t U = span (1, 3, -2,2,3), (1, 4, -3,4,2), (2,3, -1, -2, g)lv W= span {(1, 3, 0,2, !),(1, 5, -6, 6, 3,), (2, 5,3,2, 1)}
be the subspace of IRs.

Pind the basis and dimension of U, W, U + W and U n W.
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SECTION - B

s. t{v erify the Cayley-Hamilton theorem for the matrix
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s.( If T : V. -+ Vo defined bY

T(x,, x,, x.,, xo) = (0, 2x,, 3x, + 2x2, \+ 4x3l

then prove that T is nilpotent of degree 4. Prove a'lso that I -T and I + T are non-

singuiar. [1o]
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Integrate the function f(x,y) = ,<y (x2 + y2) over the domain
R : {-3 <* -y2 < 3, 1 <>ry < 4}.
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5. A line makes angles o, g, Y, 6 with the four diagonals of a cube; prove that cos2 cr

+ cos2 F + cos2 y + cosz 6 = 4/3 [101
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5 (e)7A sphere of constant radius r passes through the origin O ald cuts the axes in
,/ e,g, C. Find the locus of the foot of the perpendicular from O to the plane ABC.
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6 Find a Hermitian and a skew - Hermitian matrix each whose sum is the matrix
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6 Let V be the vector space of all 2 x 2 rnatrices-over the field F. Let W, be the set

of matrices of thu fo.- l* -*l
Ly , I *d let W, be the set of matrices of the form

ab
-ac

lrr w,1 .

(i) Prove that Wr and W, are subspaces of V.

(ii) Find the dimensions of W,, W, W, t W, and W, n Wr.
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6.( Consider the singular matrix

A=

-l 3 -1 I
-35 1 -1
l0 -10 -10 14

4-4-48
Given that one eigenvalue ofA is 4 and o ne eigenvector that does not correspond
to this eigenvalue 4 is (1 I 0 0)r . Find all the eigenvalues ofA other than 4 and
hence also find the real numbers p, q, r that satisfr the matrix equation Ao + pA3
+qA2+rA=O trsl
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6. Consider the vector space V(R) of all2 x 2 matrices over the field R of real numbers
Let T be a linear transformation on V that sends each matrix X onto AX, where

I-t llo=1, 
r.l'

Find the matrix of T relative to the ordered basis B, where
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7, Evaluate i
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Find the maximum and minimum values of f(x, y, zl = x - 2y + 5z

on the sphere x'+ f + z'?= 30 by using Lagranges multipliers method. [1sl
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7 ) Find the asJrmptotes of the curve :
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