JAM 2018 Mathematics - MA

Paper Specific I nstructions

The examination is of 3 hours duration. There are a total of 60 questions carrying 100 marks. The entire
paper is divided into three sections, A, B and C. All sections are compulsory. Questions in each section are
of different types.

Section — A contains atotal of 30 Multiple Choice Questions (MCQ). Each MCQ type question has four
choices out of which only one choice is the correct answer. Questions Q.1 — Q.30 belong to this section
and carry atotal of 50 marks. Q.1 — Q.10 carry 1 mark each and Questions Q.11 — Q.30 carry 2 marks
each.

Section — B contains a total of 10 Multiple Select Questions (M SQ). Each MSQ type question is similar
to MCQ but with a difference that there may be one or more than one choice(s) that are correct out of the
four given choices. The candidate gets full credit if he/she selects al the correct answers only and no
wrong answers. Questions Q.31 — Q.40 belong to this section and carry 2 marks each with a total of 20
marks.

Section — C contains a total of 20 Numerical Answer Type (NAT) questions. For these NAT type
guestions, the answer is areal number which needs to be entered using the virtual keyboard on the monitor.
No choices will be shown for these type of questions. Questions Q.41 — Q.60 belong to this section and
carry atotal of 30 marks. Q.41 — Q.50 carry 1 mark each and Questions Q.51 — Q.60 carry 2 marks each.

In all sections, questions not attempted will result in zero mark. In Section — A (MCQ), wrong answer will
result in NEGATIVE marks. For all 1 mark questions, 1/3 marks will be deducted for each wrong answer.
For all 2 marks questions, 2/3 marks will be deducted for each wrong answer. In Section — B (MSQ), there
is NO NEGATIVE and NO PARTIAL marking provisions. There is NO NEGATIVE marking in
Section — C (NAT) aswell.

Only Virtual Scientific Calculator is allowed. Charts, graph sheets, tables, cellular phone or other
electronic gadgets are NOT allowed in the examination hall.

The Scribble Pad will be provided for rough work.

Useful infor mation

N set of al natural numbers{1, 2,3, ...}

Z set of all integers {0, +1, +2, ...}

Q set of all rational numbers

R set of al real numbers

C set of al complex numbers

R" n-dimensional Euclidean space {(x, x5, ... ,xp) | x; ER,1<j<n}

Sn group of al permutations of n distinct symbols

Zy, group of congruence classes of integers modulo n

i,j,k unit vectors having the directions of the positive x, y and z axes of athree
dimensional rectangular coordinate system
N N

\ la +7J 5 +k a7

M sn (R) real vector space of al matrices of order m X n with entriesin R

sup supremum

inf infimum
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SECTION -A
MULTIPLE CHOICE QUESTIONS (MCQ)

Q.1-Q.10carry one mark each.
Q.1 Which one of the following is TRUE?

(A) Z, iscyclicif and only if n isprime

(B) Every proper subgroup of Z, iscyclic

(C) Every proper subgroup of S, iscyclic

(D) If every proper subgroup of agroup is cyclic, then the group is cyclic

Q2 Letq, =222, whereb; =1, by =1 ad by = by + bnyy, n €N. Then lim a,, is

n—oo

) = B - © = o)

Q.3 If {v,,v,,v3} isalinearly independent set of vectorsin avector space over R, then which one of

the following setsis also linearly independent?

(A) {vq + vy, —v3, 2V + vy 4+ 3v3, S5v; +4v,}
(B) {v1 —vq, v, —v3, v3 — 4}
©C) {vi+vy,—v3, Vy+v3—Vy, V34V —V,, V;+V,+V3}

(D) {v1 + vy, vy + 2v3, v3+ 3v,}

Q.4 Leta beapositivereal number. If f isa continuous and even function defined on the interval

a f(x) .
[—a, a], then f_a T ax isequal to

A [IfG) dx ®) 2f L2 ax
© 2['f(x)dx ©  2af; L2 ax

Q.5 Thetangent planeto the surface z = \/x2 + 3y2 at (1,1, 2) isgiven by

(A) x=3y+z=0 B) x+3y—2z =0
(C) 2x+4y—-3z =0 (D) 3x—=7y+2z =0
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Q.6

Q7

Q38

Q.9

In R3, the cosine of the acute angle between the surfaces x + y? + z2 — 9 = 0 and

z—x?—y?+3=0athepoint (2,1,2)is

8
A) s

10
521 (©) 321 (D) 321

Let f: R3 —» R beascaar field, 7: R> - R3 beavector field and let d € R® be a constant vector.

If # represents the position vector xi + yj + zk, then which one of the following is FALSE?
(A) curl(f v) = grad(f) X v + f curl(v)
: _ (o
(B) div(grad() = (F+35+23) f

(C) curl(@x®)=2l\al#

(D) div () =0, for7 =0

73

In R?, the family of trajectories orthogonal to the family of asteroids x2/3 + y?/3 = a?/3 is

given by
(A) x*3 + y4/3 = c4/3 (B) x4/3 — y4/3 = c4/3
(C) x5/3 — y5/3 = ¢5/3 (D) x2/3—y2/3 = ¢2/3

Consider the vector space V over R of polynomial functions of degree less than or equal to 3
definedonR. LetT : V — V bedefined by (Tf)(x) = f(x) — xf'(x). Thentherank of T is

(A) 1 (B) 2 © 3 (D) 4

Q10 Lets, =1 +%+%+ +% for n € N. Then which one of the following is TRUE for the

sequence {s, }n=1

(A) {sp}n=1 convergesinQ
(B) {sp}n=1 isaCauchy sequence but does not convergein Q
(C) thesubsequence {syn};=, isconvergentin R, only when k iseven natural number

(D) {sp}n=1 isnot aCauchy sequence
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Q.11 -Q. 30 carry two marks each.

Qll 'z
9 . .
Leta, = t— if nisodd neN.
1+ zin , if niseven

Then which one of the following is TRUE?
(A) sup {a,|neN}=3andinf{a, |neN} =1
(B) liminf (a,) = limsup (a,) =2
(C) sup{a, |n€eN} =2andinf{a, |neN} =1
(D) liminf(a,) =1andlimsup (a,) =3

Q.12 Leta,b,c € R. Which of the following values of a, b, c do NOT result in the convergence of the

series
> e
b c
Lun (logen)
(A) lal<1, beRc€eER B)a=1b>1 c€eR
€ a=1b=20,c<1 D) a=-1,b=0,c>0

QL3 Leta,=n +% , n € N. Then the sum of the series Y%, (—1)"+! 2242 g

n!

(A) el-1 (B) e?! (C) 1—e71 (D) 1+e?

Q14 | a, = \(/%): andlet ¢, = Y3-oan_rar , wheren € N U {0}. Then which one of the

following is TRUE?

(A) Both Y_ya, and Y., ¢, are convergent
(B) YXm=oa, isconvergent but Y.,_, c, isnot convergent
(C) Xy=qcy, isconvergent but Yo, a, isnot convergent

(D) Neither »>_oa, nor Y,_;c, isconvergent
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Q.15 Supposethat f, g : R — R are differentiable functions such that f is strictly increasingand g is
strictly decreasing. Definep(x) = f(g(x)) and q(x) = g(f(x)), Vx € R. Then, fort > 0, the

signof [ p'(x) (q'(x) — 3)dx is

(A) positive (B) negative (C) dependentont (D) dependenton f and g

Q.16 x3sin G) L x#0

0, x=0

Forx e R, let f(x) = { . Then which one of the following is FALSE?

(A) lim 22 = o

x—0 X
L f)
(B) im~5= =0
(© I®) has infinitely many maximaand minimaon theinterval (0,1)

x2

(D) % iscontinuous at x = 0 but not differentiableat x = 0

4

Q.17 a2 (x,y) # (0,0)

Let f(x,y) = { Py
fen =1, ) = (0,0

Then which one of the following is TRUE for f at the point (0,0)?

(A) For a =1, f iscontinuous but not differentiable

(B) For a = % f iscontinuous and differentiable
(C) Fora = i, f iscontinuous and differentiable

(D) For a = %, f isneither continuous nor differentiable

Q.18 Leta,b e R andlet f:R — R beathrice differentiable function. If z = e* f(v), where

u = ax + by and v = ax — by, then which one of the following is TRUE?

(A) b2zyy — a®zy, = 4a*b?e*f'(v) (B) b2zyy — a*zy, = —4e*f'(v)

(C) bzy+az, =abz (D) bz, + az, = —abz

Q.19 Consider the region D in the yz plane bounded by the line y = % and the curve y2 + z2 = 1, where

y = 0. If theregion D isrevolved about the z-axisin R3, then the volume of the resulting solid is

(A) % (B) % (©) ”T‘/g (D) w3

MA 5/12



JAM 2018 Mathematics - MA

Q20 | F(x,y) = (3x — 8y)i + (4y — 6xy)] for (x,y) € R?, then $. F-d#,whereC isthe
boundary of the triangular region bounded by thelinesx = 0,y = 0 and x + y = 1 oriented in the

anti-clockwise direction, is

n 2 (B) 3 ©) 4 (D) 5

Q.21 Let U,V and W be finite dimensional real vector spaces, T:U - V, S:V - W and P:W — U be
linear transformations. If range (ST) = nullspace (P), nullspace (ST) = range (P) and
rank (T) = rank (S), then which one of the following is TRUE?

(A) nullity of T = nullity of S
(B) dimensionof U # dimension of W
(C) If dimensionof V = 3, dimension of U = 4, then P isnot identically zero

(D) If dimensionof V = 4, dimension of U = 3 and T isone-one, then P isidentically zero

Q.22 et y(x) bethe solution of the differential equations—i’ +y=f(x), for x>0, y(0) = 0, where

2, 0<x<1
fo={% "Trsq Thenyt)=

(A) 2(1—e™*) when0<x<1 and 2(e —1)e ™ *whenx > 1
B) 2(1—e™) when0<x<1 and 0 whenx >1
(C) 21 —e™) when0<x<1 and 2(1—e e *whenx =1

(D) 2(1—e™) when0<x<1 and 2el™*whenx > 1

Q23 Anintegrating factor of the differential equation (y +§ y3 +% xz) dx + %(x +xy?)dy=0is

(A) x? (B) 3log, x (C) «x3 (D) 2logex

Q.24 A particular integral of the differential equation y”’ + 3y’ + 2y = e is

(A) e e (B) e® e 2x (C) e e (D) e e*

Q.25 Let G beagroup satisfying the property that f: G — Z,,, isahomomorphism implies
f(g) =0, Vg € G. Thenapossiblegroup G is

(A) Z (B) Zsy ©) Zo (D) Zy1q
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Q.26 Let H bethe quotient group Q/ Z. Consider the following statements.
l. Every cyclic subgroup of H isfinite.
. Every finite cyclic group isisomorphic to a subgroup of H.

Which one of the following holds?

(A) 1isTRUE but Il isFALSE (B) 1lisTRUE but | isFALSE
(C) bothl and |l are TRUE (D) neither I nor Il is TRUE

Q.27 Let I denotethe 4 x 4 identity matrix. If the roots of the characteristic polynomial of a4 x 4 matrix

M are + /%\E then M8 =

(A) I+ M? (B) 2I + M? (C) 2I +3M? (D) 31 + 2M?

Q.28 Consider thegroup Z2 = {(a,b)| a,b € Z} under component-wise addition. Then which of the

following is a subgroup of Z? ?

(A) {(a,b) € 72| ab = 0}

(B) {(a,b) € Z?| 3a + 2b = 15}

(© {(ab) € 72| 7 divides ab}

(D) {(ab) € 72| 2 divides a and 3 divides b}

Q.29 Let f:R — R beafunction and let J be abounded open interval in R. Define

W(f.)) =sup {f(x) [x€J} — inf{f(x)|x€]}.
Which one of the following is FALSE?

(A) W(f,J1) SW(f,]J,) if €],
(B) If fisabounded functioninjandj o J; o J, - 2 J, D -+ such that the length of the

interval J,, tendsto 0 asn — oo, then lim W(f,J,) =0
n—oo

(C) If fisdiscontinuousat apointa € J, thenW(f,J) # 0
(D) If fiscontinuousat apoint a € J, then for any given e > 0 thereexistsaninterval I c J

suchtha W(f,I) < e
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Q.30 Forx > _71 let f,(x) = =2, f,(x) = log.(1 + 2x) and f;(x) = 2x . Then which one of the

1+2x '
following isTRUE?

(A) f3(0) < fo(x) < fi(x) for0 <x < g

(B) fi(x) < f5(x) < fo(x) forx >0
©) fi(x)+ fo(x) < % for x > ?

(D) fo(x) < fi(x) < f3(x) forx >0

SECTION-B
MULTIPLE SELECT QUESTIONS (MSQ)
Q. 31-Q. 40 carry two marks each.

Q.31 . 1 . . .
Let f:R\ {0} —» R bedefinedby f(x) = x + el On which of the following interval(s) is
f one-one?
(A) (=o,—-1) (B) (0,1) © (0,2) (D) (0, =)

Q.32 The solution(s) of the differential equation % = (sin 2x) y'/3 satisfying y(0) = 0 is (are)

A yx)=0 B) y(x) =- % sin®x

C) y(x) =\/§ sin3x (D) y(x) =\/§ cos3x

Q.33 Suppose f, g, h are permutations of the set {a, 8,v, 8}, where
f interchanges @ and §8 but fixesy and &,
g interchanges § and y but fixesa and 6,
h interchangesy and § but fixes a and .

Which of the following permutations interchange(s) « and § but fix(es) g and y?

(A) fogohogof (B) gehofohog (C)gofohofoyg (D) hogo fogoh

Q.34 Let P and Q be two non-empty disjoint subsets of R. Which of the following is (are) FALSE?
(A) If P and Q are compact, then P U Q is also compact
(B) If P and Q are not connected, then P U Q is also not connected
(C) If PuQ and P areclosed, then Q isclosed
(D) If PUQ and P areopen, then Q isopen
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Q.35 Let C* = C )\ {0} denote the group of non-zero complex numbers under multiplication. Suppose

Y, = {z€C| z" =1}, n € N. Which of the following is (are) subgroup(s) of C*?

(A) UnZi Yy (B) UpzqYon (©) Unzi00Ya (D) UpzaYn

Q.36 Suppose a, B,y € R. Consider the following system of linear equations.
x+y+z=a x+pBy+z=y, x+y+az=L.If thissystem has at |east one solution, then
which of the following statementsis (are) TRUE?

(A) Ifa=1theny =1 B) Ifg=1theny =«
C) fp#1thena=1 (D) Ify=1thena=1

Q37 Let mneN, m<n, PEMu,(R), Q€ Mpy,(R). Then which of thefollowing is (are)
NOT possible?
(A) rank (PQ) =n
(B) rank (QP) =m
(C) rank (PQ) =m

m+n

(D) rank (QP) = [mel the smallest integer larger than or equal to —

Q.38 If F(x,y,z) = 2x + 3yz)i + (3xz + 2y)j + 3xy + 22)k for (x,y,z) € R3, then which among
thefollowingis (are) TRUE?

> -

(A) VXF =0
(B) §. F-dit = 0aongany simpleclosed curve C
(C) Thereexistsascalar function ¢: R® - R suchthat V - F= Pxx + Pyy + D2z

(D) V-F=0

Q.39 Which of the following subsets of R is (are) connected?

(A) {xeR|x%+x >4} (B) {x€e€R|x*+x<4}
©) {xeR|lx|<|x—4} (D) {x€eR|Ilx|>|x—4[}
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Q.40 Let S be asubset of R such that 2018 isan interior point of S. Which of the following is (are)
TRUE?

(A) S containsan interval

(B) Thereisasequencein S which does not convergeto 2018

(C) Thereisanelementy € S, y # 2018 such that y isaso aninterior point of S
(D) Thereisapointz € S, suchthat |z — 2018| = 0.002018

SECTION -C
NUMERICAL ANSWER TYPE (NAT)

Q.41 -Q. 50 carry one mark each.
Q.41 Theorder of theelement (1 2 3) (2 4 5) (4 56) inthegroup S¢ is

Q.42 Let p(x,y,z) = 3y? + 3yzfor (x,y,z) € R3. Then the absolute value of the directional derivative

of ¢ in the direction of thelinexz;1 = % == ,athepoint (1,-2,1) is

Q43 Let f(x) = Tg2o(~1)"x(x — D™ for 0 < x < 2. Thenthevalueof £ () is

Q.44 Let f:R? - R begiven by

x2y (x = y)
flx,y) = { ———— () #(0,0)

x% 4 y?
0, (x,y) = (0,0)
a (of 9 (of i i
Then —— (5) ~ 3y (&) at the point (0,0) is

y x_
Q45 Let f(x,y) = /x3y sin (g e(§_1)> + xy cos (g e(y 1)> for (x,y) ER? x>0, y>0.

Then £.(1L,D) + £,(1,1) =

Q46 Let £:[0,00) — [0, ) be continuous on [0, o) and differentiable on (0, o) . If
fG) = [FF® dt, thenf(6) =
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_1\n _1\n—-1
Q47 | & a, = (1+(2n1) ) 4 (1+(3i) ) Then the radius of convergence of the power series Yo ; a,x™

aboutx =0 is

Q.48 Let A, be the group of even permutations of 6 distinct symbols. Then the number of elements of

order 6 inAgz is

Q.49 Let W, betherea vector space of al 5 x 2 matrices such that the sum of the entriesin each row is
zero. Let W, bethereal vector space of all 5 x 2 matrices such that the sum of the entriesin each

column is zero. Then the dimension of the space W; n W, is

Q.50 The coefficient of x* in the power series expansion of eSi"* about x = 0 is

(correct up to three decimal places).

Q.51 -Q. 60 carry two marks each.
Q51 Letay = (—D*Y, s,=a;,+a,++a,ando, = (s, +5, ++5s,)/n,wherek,n € N.

Then lim o, is (correct up to one decimal place).

n—oo

Q52 Let f:R —» Rbesuchthat f'" iscontinuousonRand f(0) =1, f'(0) =0 and f""(0) = —1.

X—00

X
Then lim (f <\/% >> is (correct up to three decimal places).

Q.53 Suppose x, y, z are positive real numbers such that x + 2y + 3z = 1. If M isthe maximum value of

xyz? , then the value of % is
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Q.54 If the volume of the solid in R3 bounded by the surfaces

Il
N
<

N}
+
N

N}

Il

N

x=-1, x =1, y=-1, y=1, z

isa —m, thena =

Q.55 __ (m/3 sint+cost La z.
If a = fn/6 —= dt, then the value of (251n2+1) is

Q.56 Thevalue of the integral

101 ,
f f y*e*" dy dx
0 YJx

is (correct up to three decimal places).

Q.57 Suppose Q € M3, 3(R) isamatrix of rank 2. Let T: M543 (R) —» M3.3(R) bethe linear
transformation defined by T(P) = QP. Thentherank of T is

Q.58 The area of the parametrized surface

S = {((2+cosu)cosv, (2+ cosu)sinv, sinu) ERHOSuS%, 0<v<

NI
R

is (correct up to two decimal places).

Q-39 |f x(t) isthe solution to the differential equation% = x2t3 + xt, fort > 0, satisfyingx(0) = 1,

then the value of x(\/z) is (correct up to two decimal places).

Q.60 If y(x) = v(x) secx isthesolutionof y’" — (2tanx)y’' + 5y =0, —25 <x< g satisfying

y(0) =0 and y'(0) =6, thenv (#) is (correct up to two decimal places).

END OF THE QUESTION PAPER
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Q No. %‘;ZS:Z:) Section | Key/Range (KY)
1 McQ A B
2 McQ A D
3 McQ A D
4 McQ A A
5 McQ A B
6 McQ A C
7 McQ A C
8 McQ A B
9 McQ A C

10 McQ A B
11 McQ A A
12 McQ A C
13 McQ A D
14 McQ A B
15 McQ A A
16 McQ A D
17 McQ A C
18 McQ A A
19 McQ A C
20 McQ A B
21 McQ A C
22 McQ A A
23 McQ A C
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Q No. %‘;ZS:Z:) Section | Key/Range (KY)
24 McQ A B
25 McQ A A
26 McQ A C
27 McQ A C
28 McQ A D
29 McQ A B
30 McQ A C
31 MSQ B B
32 MSQ B AB,C
33 MSQ B AD
34 MSQ B B,C,D
35 MSQ B B,C,.D
36 MSQ B AB
37 MSQ B AD
38 MSQ B AB,C
39 MSQ B B,C,.D
40 MSQ B AB,C
41 NAT C 4t04
42 NAT C 6.5t0 7.5
43 NAT C lto1l
44 NAT C lto1l
45 NAT C 3to3
46 NAT C 9to9
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Question

Q No. Tvpe (QT) Section | Key/Range (KY)
47 NAT C 2to 2
48 NAT C OtoO
49 NAT C 4t04
50 NAT C -0.130 to -0.120
51 NAT C 0.4t0 0.6
52 NAT C 0.350 to 0.380
53 NAT C 1140 to 1160
54 NAT C 5.991t06.01
55 NAT C 29to 3.1
56 NAT C 0.230 to 0.250
57 NAT C 6to6
58 NAT C 6.30 t0 6.70
59 NAT C -2.80to -2.70
60 NAT C 0.5 t0 0.5
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