COMEDK 2023 Morning Shift

Mathematics

Question 1

The value of a'°8:¢ — cl°%:%, where a,b,c > 0 but a, b, c # 1, is

Options:

Answer: D

Solution:

Lety = Co8:¢
= logoy =log,a

= = [los b= k]

= }252 = % = log,y = log, c

= y=a"8° [ log,r=y= a’=2x
. alogbc _ Clog,,a — alogbc _ alogbc

=0

Question 2

The slope of the tangent to the curve, y = z> — zyat (1, 3) is

Options:



>
ol

o
Wl

C.

N[9Y

3
D. 5
Answer: C

Solution:

Given curve, y = z% — zy.

2

On differentiating the equation, y = z* — zy w.r.t. , we

P N
get% =2z <xd:1: +y)

Y dy 2z —y
= (1+x)d_ —-y= de 1+=z
j<@) 21— (3) _3/2_3
Question 3

. axr __bx
The value of lm% “—_— is equal to
z—
Options:
+b
A S
—b
B. 4
ab
C. &
D.0
Answer: B

Solution:



azr bx

e —e

lim
z—0 2x

(1 as 2 )

- (1+b:c+ LI (”;)3)
= lim
z—0 2x
(a—b)+(‘ﬁ—f+‘f,,—fz+...)
’ b i)
y Pl 3 T

:%[(a—b)+(0+0+---)+(0+0+--')]

B a—>b
2

Question 4

The points of intersection of circles (z + 1)? + y* = 4 and
(x —1)? + y? = 9 are (a, +b), then (a, b) equals to

Options:

A (125,3V7)
B. (-1.25,4V7)
C.(-1,2)
D. (1,3)
Answer: B

Solution:

Given, (z +1)2+ 92 =4 ..()
and (z —1)2+42=9 .. (i)

On subtracting Eq. (i1) from Eq. (i), we get



(z+1)?2—(z—1)2=4-9
= (#®+2z+1)— (2> —20+1)=-5
= 4z =-5
= z=-125

On putting, z = —1.25 into Eq. (1), we get
(—0.25)° +y* =4
= > =23.9375 = y = +£/3.9375
= Y= i%\/?
a=—125and b= %\/7

(a,b) = (—1.25, %\/?)

Question 5

The approximate value of f(5.001), where f(z) = 2> — 7z? + 10

Options:

A. —39.995
B. —38.995
C. -37.335
D. —40.995
Answer: A
Solution:

First, break the number 5.001 as z = 5 and Az = 0.001 and use the relation

flz + Az) = f(z) + Az f'(z)
consider f(z) = 2° — 7z? + 10 = f'(z) = 32 — 14z

Therefore,



flx + Az) ~ (2 — 72 + 10) + Az (32 — 14z)

= £(5.001) =~ (5° — 7(5) + 10) + (0.001)(3(5)* — 14(5))
= (125 — 175 + 10) + (0.001)(75 — 70)

— —40 + (0.001)(5) = —40 + 0.005 = —39.995

Question 6

The circle 22 + y2 + 3z — y + 2 = 0 cuts an intercept on X-axis of
length

Options:
A.3
B.4
C.2
D. 1

Answer: D

Solution:

Given equation of circle is 2 + y> + 3z —y+2 = 0.

On comparing this equation with 2 + y* + 2gz + 2fy + ¢ = 0, we get g = %, f= —% andc =2

Now, the length of intercept on X-axis = 2\/ g’ —c

:2\/@)2—2:2 %—2:2\/2:2(%):1

Question 7

Let f(z) = a + (z — 4)7, then minima of f(z) is
Options:

A. 4



B.a
C.a—4
D. None of these

Answer: B

Solution:

cflx)=a+ (z— 4)4/9

fl@) =0+ 5(z—4)%"
Clearly, at x = 4, f'(z) is not defined
Hence, = 4 is the point of extremum.
cfl)=a+(4-4)Y=a

.. The minimum value of f(z) is a.

Question 8

2sinx ;
If f(x) =< asinz+b ;
COS T ;
|—, 7|, then
Options:

Aa=1landb=1
B.a=—-1land b= -1
C.a=—-landb=1
D.a=1andb= -1
Answer: D

Solution:

and it is continuous on



™
Atz =~

T
LHL = lim (asinz+b)=a+b

z—mw/2-
RHL = lim (cosz) =0
z—m/2t

Since, f(z) is continuous at x = /2

a+b=0 ..()

™
Atz = ——
b w 2

LHL = lim (2sinz)= —2
z——7/27

RHL = lim (asinz+b)=—-a+b
z——7/2%

Since, f(x) is continuous at x = —m/2

—a+b=—2.. (i

On solving Egs. (i) and (i1), we geta = 1 and b = —1

Question 9

. 2_9p4+1 2z .
The value of lim ( &= is
r—oo \ TZ—4r+2

Options:
A. e?

B. e?
C.e

D. el6

Answer: B

Solution:



2 _2z+1\*
Let L = lim <&>

z—oo \ 2 —4x + 2
2_2z+1
=InL = lim (2zln &
200 z? — 4z + 2
. 2z —1
= InL=Ilm (2zln{14+ —/———
00 z? — 4z + 2
2z—1 2 2z—1 3
—_ 3 2¢—1 ( 224742 > ( 224242 )
L - (1 2z(2z — 1) 040
= Inl={lim 5" ) -0+0...
422 (1 — =
= InL= lim ( - 2*2
zaoowz(l_?_i_;)
InL — 4(1-0)
S Gy, oy
= InL—-4
= L=c¢

Question 10

S=z’+y* —2x—4y—4=0and S' =z +y> -4z —2y—16=0
are two circles the point (—2, —1) lies

Options:

A. inside S’ only
B. inside S only

C. inside S and S’
D. outside S and S’

Answer: A

Solution:

S(—2,—-1) = (=2)2 4+ (-1)2 = 2(-2) — 4(—1) — 4
=44+1+4+4-4=9>0

.. (=2, —1) lies outside of S



S(—2,-1) = (=2)2 + (-1)2 — 4(-2) —2(-1) — 16
—441484+2-16=-1<0

. (—2,-1) lies inside of S’

Thus, (—2, —1) lies inside S’ only.

Question 11

A number n is chosen at random from s = {1,2,3,...,50}. Let
A={n€s:nisasquare }, B= {n € s: nisaprime} and

C = {n € s : nis a square}. Then, correct order of their probabilities
is

Answer: B

Solution:



Given, S = {1,2,3...,50}
A+{n€S:n+5—0>27}

n
={neS:n*—2Tn+50>0}
={neS:(n—25)(n-2)>0}
={neS:n<2orn > 25}

= {1,26,27,28,...,50}

= n(A) = 26

B = {n € S:nisprime }

={2,3,5,7,11,13,17,19, 23,

29, 31,37, 41, 43, 47}

= n(B) =15

C={ne€ S:nisasquare } = {1,4,9,16,25,36,49}
=n(C)="T7

_ n(4) 26

p(4) n(S) 50

_n(B) 15

= pB) = n(S) " 50
p(C) = o) _ T

Question 12

The feasible region for the inequations
x+2y>4,2x+y<6,z,y>0is

Options:

A.






Answer: A

Solution:

The given inequations are x + 2y > 4,2z +y < 6,z,y < 0.

According to the inequtions z,y > 0, the feasible region be the first quadrant (including positive X and positive
Y-axis). According to the inequation  + 2y > 4, the feasible region be the region above or on the line
x+2y=4.



According to the inequation 2z + y < 6, the feasible region be the region below or on the line 2z + y = 6. Now,
the common feasible region will be the required feasible region.

Thus, option (a) is correct.

Question 13

The maximum value of Z = 10z + 16y, subject to constraints
x>0,y>0,z+y<12,2x +y < 20is

Options:
A. 144

B. 192

C. 120

D. 240
Answer: B

Solution:

Given, constraints are x > 0,y > 0,z +y < 12,22 4+ y < 20

The feasible region is OABCO.



-+ Z =10z + 16y
At, 0(0,0), Z = 10(0) + 16(0) = 0

At, A(10,0), Z = 10(10) + 16(0) = 100
At, B(8,4)Z = 10(8) 4 16(4) = 144
At, €(0,12), Z = 10(0) + 16(12) = 192

Hence, the maximum value of Z is 192.

Question 14

2 2
If A= [3 4] , then A~! equals to

Options:

A [ 2 1]
-3/2 -1
B [ 2 —1]
1-3/2 1




D.

3/2 1]
Answer: B

Solution:

2 2
Given, A =
3 4
2 2
yAyzl 2x4-3x2=8-—6=2

3 4l=
NOW, All = 4,A12 = —3,A21 = —2and AQQ =2

4[4 31" [4 -2

WA= 2 2| T |3 2
1 1[4 —2

-1 _ L A T

a7t~ geia=z |5y 5|

- [—??/2 _11]

Question 15

If A is a matrix of order 4 such that A(adj A) = 101, then |adj A| is
equal to

Options:
A. 10
B. 100
C. 1000

D. 10000

Answer: C

Solution:



Given, A(adj A) = 101
We know that A(adj A) = |A|I

101 = |A|I
= |A] =10

We know that |adj A| = |A|™1, where n is order of A

s ladj Al = |A]* = 10% = 1000

Question 16

k+1 2 . . . .
If A= 4 b1 is a singular matrix, then possible values of k
are
Options:
A. £1
B. £2
C. %3
D. +4
Answer: C
Solution:
Given, A = lk 1 2 ] is a singular matrix.
4 k—1

|A[=0

N ‘k +1 2 ‘ 0
4 k-1

= (k+1)(k—1)—4x2=0
= kK -1-8=0
= kK -9=0
= k=9
= k=43



Question 17

The angle between the vectors a = i+ Zj +2kandb =i+ 2j — 2k is

Options:

Solution:

We have,a =i+ 2j+ 2kandb =i + 2j — 2k
Clearly, |a| = vV1+4+4=1/9=3

and |b|=v1+4+4=V9=3
a-b =|a||b| cosb
S cosf = Llr22r2(-2)

3Ix3
= COSHZ%—74:>C059:%

0 = cos™ ! (%)

Question 18

If the vectors a = 25—3j+4lA<;b :i+23—f<andc :mi—j+2f<
are coplanar, then the value of m is

Options:

A.

oo| o



Answer: B

Solution:

Since, vectors a, b and ¢ are coplanar

s labe=0=a-(bxc)=0

i j k
Now,bxc=|1 2 -1
m -1 2
—i(4—1) - j(2+m) + k(-1 — 2m)
=3i—(2+m)j— (1+2m)k
and

a-(bxc)=(2—3j+4k)-(3i— (2+m)j— (1+2m)k)
=2(3) +3(2+m) —4(1 + 2m)
=6+6+3m—4—-—8m=8—5m
. a-(bxc)=0

8—5m=0:>m:§

Question 19

The maximum value of Z = 12z 4 13y, subject to constraints
r>0,y>0,z+y<dand3z+y<9is

Options:
A. 63
B. 65

C. 60



D. 117

Answer: B

Solution:

Given constraints are ¢ > 0,y > 0,z +y < 5and 3z +y < 9and z = 12z + 13y

The feasible region is OABCO.

o Z=12x 4+ 13y

Here, maximum value of Z is 65.

Question 20

a=2i —|—j — lAc, b=i —j and ¢ = bi —j + lAc, then unit vector parallel
to a + b — c but in opposite direction is



Options:
A L(2i-j+2k)
B. 2(2i — j + 2k)

C. (21 —j—2k)

|~

D. None of these

Answer: A

Solution:

Given,a:2i+j—l;,b:i—jandc:5i—j+l::

na+b-—c=(2+1-5)i+(1-1+1j+(-1+0-1k
= 2i+j—2k=—(21—j+2k)

Now, the unit vector in the direction of a + b — ¢ be

—(2i—j+2k) _1(9% % -
24 (—1)2+22 3(21—j+ 2k)

.". The required unit vector be %(21 —j+2Kk).

Question 21

The place x — 2y 4+ z = 0 is parallel to the line

Options:

A z—3 — y—4 — z2—3
* 4

B z—2 _ y—2 z—3

C z—2 _ y=3 _ z2—4

D z—4 Yy—5 2—6

Answer: A



Solution:

Consider the equation of line given in option (a). The DR's of this line or (4, 5, 6).

We know that if the line == = 5% = “2= is parallel to the plane asz + bay + 22 + d = 0, then
ai1az + bi1ba + ci1ca = 0, that is the normal to the plane is perpendicular to the line.

Here, the vector i — 2j + k is normal to the plane z — 2y + z = 0 and
4(1) +5(—2)+6(1)=4-10+6=10—-10=0

So, option (a) is correct.

Question 22

1l 2(1%‘;33)3/2 is equal to

Options:

24z
A. A +C

242
B. o/its +C

C.\/H_m—l—C

D.—¢1+—w+0

Answer: A
Solution:
Let I = f‘2(1id$3/2

On putting, 1 + = = ¢, we get de = dt



t—1)dt
I:/( ) — l{/t_l/zdt—/t_?’/zdt]
2t3/2 2

1T #1/2 4-1/2
2[1/2 —1/2]
L 1
== \/t+—}+c
2" { Vit
2
oo 22 ¢
Vi v+ x

Question 23

1l ¢1 —dz is equal to

Options:
A. (log4)sin 14 + C
B. sin' (4%) + C

C. sin~14* + C

log4
D.4log4sin 4+ C

Answer: C

Solution:

Let I =

dz
v1-—16"

Y

On putting, 4* = t, we get 4* log 4dx = dt



dt

= 4%dx = Togd
7— 1 / dt
logd J 112
1 . -1
= 1Og4:s1n t+C
_ o —1 4%
Tog 4 sin +C
Question 24
/2

[ sin? zdz is equal to
—m/2

Options:
A.0

B. 7w
C.I

D. T
Answer: C

Solution:

Let f(z) = sin’z

Now, f(—z) = sin®*(—x) = (sin(—z))?

= (—sinz)? =sin’z = f(z)

So, f is an even function



/2 w/2
/ sin’x = 2/ sin® zdz
—/2 0

l / f(z)dz = 2/0af(m)d:1:, if £ is even}

2/% 1_C0S2xda:: {:c— sin2x}7r/2
0 2 2 |,

LR N Gy

-(5-9)-0-0-3

[\)

Question 25

. z—1 _ y—4 _ z-2 1—z y—2  3—z .
The lines - = —— = =35~ and — . = —, are perpendicular

to each other, then a equals to
Options:

A. —6

B.6

C. 2

22
D. —Z

Answer: B

Solution:

_ 4 _
Let L : —121 = _y4 = 22

_ —2 _
and L2 — ll;z: — ?/5 3az

. . _ —2 _
the line L can be written as £=- = £= = 23

Now, the DR's of lines L; and Ly are (2,4, 3) and (—1, 5, —a) respectively.

Since, L; and L2 are perpendicular to each other.



52(-1)+4)(5)+3(—a) =0
= —2+4+20-3a=0
= -3a=-18=a=6

Question 26

o _— 1 —_ —_ _k o
If two lines L1 : "’“’21 = y"g — 241 and L : ”“"13 = L= = zintersect

at a point, then 2k is equal to

Options:
A.9

B.

|~

9
C. 5
D. 1
Answer: A

Solution:

z—1 _ y+l _ -1 __
Let 5 — "3 T 1 —)\

Now, any point P that lies on the lines L; has the form (1 + 2X, —1 + 3,1 + 4\).

Now, on putting z = 1 + 2\, y = —1 + 3A$and$z = 1 + 4 into the equation of lines Lo, we get



1420 -3  —1+3\—k

1 5 =144\
LH:1+4)\
1
-3
= —2)\:3:>)\:7
and _1+3)\_k:1+4>\
= —14+3A—k=24+8)\
=~ BA=3+k
() sk pan o
15
= k_7—3
9
= k—E
= 2k=9
Question 27

A five-digits number is formed by using the digits 1, 2, 3,4, 5 with no
repetition. The probability that the numbers 1 and 5 are always
together, is

Options:

A.

SN

B.

o=

C.

e

1
D. T
Answer: A

Solution:

The total number of possible five-digit numbers = 5 !

The total number of possible five-digit numbers in which 1 and 5 are always together = 2 x 4!

2x4! 2x4!

5! 5x4!

.". Required probability = =2



Question 28

If a number n is chosen at random from the set {11,12,13,...... ,30}.

Then, the probability that n is neither divisible by 3 nor divisible by 5,
is

Options:
7

A. 55

B.

Cc. i
13

D. 35

Answer: C

Solution:

Here, number which are divisible by either 3 or 5 are 12, 15, 18, 20, 21, 24, 27, 30.
.. Total numbers = 9

P (number either divisible by 3or5) = 2%

P (number neither divisible by 3 nor 5 )

= 1 — P (number either divisible by 3 or 5)

~1-% -4
Question 29

Three vertices are chosen randomly from the nine vertices of a regular
9-sided polygon. The probability that they form the vertices of an
isosceles triangle, is

Options:



>
IS

w
~|w

C.

3|00

5
D. o
Answer: B

Solution:

Number of triangles formed = °C
Number of isosceles triangles = 9 x (451)
=9x4=236

So, required probability

_ 36 _ _ 36 __ 36x3x2x6! _ 3

%0y T WQQITW T 9x8xTx6! T 7
[ d

Question 30

If A, B and C are mutually exclusive and exhaustive events of a
random experiment such that P(B) = 2 P(A) and P(C) = 5 P(B),
then P(A U C) equals to

Options:

10
A 3

3
B. &

6
C. &
D. -Z

Answer: D

Solution:



Given, P(B) = 2 P(A) and P(C) =  P(B)

Since, A, B and C are mutually exclusive and exhaustive events.

LR
g

—_ o~~~ o~
— — — ~— ~—

Also, A, B and C are mutually exclusive.
.P(ANB)=P(BNC)=P(CNA)=0
Now, P(AUC) = P(A) + P(C) — P(ANQC)

— 4.3 _og=21
=t 0=13

Question 31

Using mathematical induction, the numbers a0 are defined by
ag = 1,a,41 = 3n% +n + a,, (n > 0). Then, a,, is equal to

Options:
A.nd+n?+1
B.n®—n?+1
C.n3 —n?

D. n3 + n?
Answer: B

Solution:

Given, ag = 1,a,.1 = 3n2 +n +a,
= a;=3(0)2+0)+a=0+0+1=1
= a;=31)%+1)a;=3+1+1=5

From option (b),



Let P(n)=n®-n2+1
P(0) =(0)3—(0)2+1=1=aqy
P1)=(1)P -1’ +1=1-1+1=a
P(2)=(2)°-(2)2?+1=8—-4+1=5=ay

Thus, a,, = n —n? +1

Question 32

If 49" + 16" + k is divisible by 64 for n € IV, then the least negative
integral value of & is

Options:
A —1

B. -2
C.-3

D. -4
Answer: A
Solution:

Let P(n) = 49" + 16" + k
Forn =1, we get
P(1) = 49W +16W + k = 65 + k
As P(1) is divisible by 64 , we take
kE=-1
P(1) = 65 — 1 = 64, which is divisible by 64 .

Thus, the least negative integral value of k be —1 .

Question 33



— 7n — 1 is divisible by
Options:
A. 64
B. 36
C. 49
D. 25

Answer: C

Solution:

Let P(n) = 2% — Tn — 1
= P1)=2M_-71)-1=8-8=0
= P(2)=2%% —7(2) —1=164—15=49

P(1) and P(2) are divisible by 49 .
Let P(k) = 2%% — Tk — 1 = 49¢, where t is an integer
Now,

Pk+1)=23%Y _ 7k +1)—1=2%.2° ~7k—7-1
=8 (2% — Tk — 1) + 49k
— 8(49t) + 49k
= 49(8t + k), where 8¢ + k is an integer

Thus, 2%" — 7n — 1 is divisible by 49.

Question 34

The sum of n terms of the series, % + 10 10 + B

Options:

37(2n+1)+1
2(3")

3"(2n+1)—1
2(37)

A.

B.

+...

is



~1
")

3"n
C. 23

3n—1
D. 5
Answer: B

Solution:

Given series is

4 10 28
3 +t9 5 +-..

The sum of the given series upto n-terms

4, 10 28 o
— - B 0 n-terms
379 27 upton

1 1 1
:(1+§> + <1+§> + <1+2—7) + ... upto n-terms

=(1+1+1+... upto n-terms )
3 32

1(1- 4 3n_1 3"(2n +1) —1
:n+_(1 31>:n+( )_ (n+ )
-3

3 2(37) 2(37)

1 1 1
+ | =+ +§+...upt0n-terms

Question 35

Thevalueof%#—%+...+%isequalto

Options:

100!-1
A 100!

100!'+1
B. 100!

999!—-1
C. 999!

999!41
D 999!

Answer: A

Solution:



Given L 2,99
Ve, oy T3 T T o0

2—-1 3—-1 4—-1 100 — 1
T TR A TR RN T,

1 1 1 1 1 1 1 1
:<r§>+(§—§>+<§—z)+-“+<@—m>
_ .1 _doot-1

100! 100!
Question 36

If the sum of 12th and 22nd terms of an AP is 100, then the sum of the
first 33 terms of an AP is

Options:
A. 1700
B. 1650
C. 3300

D. 3500

Answer: B
Solution:

Here, T19 = a + 11d and Ty = a + 21d
Since, 100 = T9 + T

s, 100 =a+11d + a + 21d
=a+16d=50 ... (i)

Now,

Say — %[2& + (33— 1)d]

= 33(a + 16d) = 33 x 50 [From Eq. (i)]
= 1650

Thus, required sum be 1650 .




Question 37

The differential equation of all non-vertical lines in a plane is
Options:

A fy_ g

B. 2% =0
C.&_yg
D. 4 =0
Answer: A
Solution:

The general equation of all non-vertical lines in a plane is ax + by = 1, where b # 0.
On differentiating both sides w.r.t. , we get
a—+ b% =0

Again, differentiating w.r.t , we get

&y

dx?
= % =0 [b#0]
Question 38

2
The general solution of (%) =1—x2—y*+2%9y%is

Options:

A.2sinfy=2vV1—22+sintz+C

1 1

B.cosT™my=xcos 'z



C.sin"ly= %sin_1 x4+ C

D.2sin"ly=xzy/1-9y2+4+C

Answer: A

Solution:

Given, (%)2:1_m2_y2+m2y2
dy\” N , ) 2
@) () - @-4?) - (- )

W Jame )

= Y =V1-—z2dz
V1-y?

On integrating both sides, we get
d
/ L / V1-— z2dx
V1-y?
C

1
= sinly= %\/1—w2+asin*1w+5

= 2sin'y=zvV1-22+sintz+C

Question 39

The solution of the differential equation
(%) tany = sin(z + y) + sin(z — y) is
Options:

A.secx = —2secy+ C

B.secy =2cosy+ C

C.secy= —2cosz + C

D.secx = —2cosy + C

Answer: C



Solution:

Given, differential equation is

(Z—y> tany = sin(z + y) + sin(z — y)
T

d —
= 2 tany = 2sin rrytroy
dx 2

d .
= (_y) Sy = 2sinzcosy

dx ) cosy
siny

> dy = 2sin zdx
cos2y

On integration both sides, we get

/ 31n2y dy = / 2sin zdz
cos?y

—2+41
_ % = —2cosz+C
(-2+1)
= 1 = —2cosx +C = secy=—2cosz +C
cosy

Question 40

Find "Coy1, 1f "Cho = "C12
Options:

Al

B. 21

C.22

D.2

Answer: C

Solution:

We know that if "C, = "C,, then either x = y



orr+y=mn
Since, "Cp = "Ci2
S 10412 =n
= n=22
Now, "Cy = 2204y
22! 22! 22 x 21!

(22 —21)1211 ~ 1211 1 x 21!

Question 41

In a trial, the probability of success is twice the probability of failure.
In six trials, the probability of at most two failure will be

Options:

600

500
B. 729

400
C. 729

496
D. 73

Answer: D

Solution:

Let the probability of failure and success be p and g, respectively.
Let X represents the number of failure
According to the question, ¢ = 2p

p+qg=1andq=2p

p=sandg=2

Now, required probability = P(X < 2)



= P(X=0)+ P(X =1) + P(X = 2)
= °Cop’¢® + °Cip'q® + °Cop?¢*

~(5) +(3) (3) +5(5) (5)

1 496
= g (64192 +240) = —=
Question 42

If cos A = m cos B and cot (#) = Atan (B%A), then A is equal to

Options:
A -2

m
m—

+1

3

B.

d

+1
-1

3

C.

3

D. None of these

Answer: C

Solution:

cos A

Given, cos A = mcos B = %

=m
On applying componendo and dividendo rule, we get

cosA+cosB  m+1
cosA—cosB m-—-1
2c0s (42) cos (42) 41
2sin (432 sin (£54) m -1
cot (442)  m+1

tan (£5%) ™1

(A+B) <m+1) (B—A)
= cot = tan | ——
2 m—1 2
m+1
A= m—1




Question 43

can be written as

2tan A + 2cot A
l1-cot A 1—-tan A

The expression
Options:

A.sin2A + cos2A
B. 2sec Acosec A + 2
C.tan2A + cot 24
D. sec2A + cosec2A

Answer: B
Solution:

2tan A N 2cot A
1—cotA 1—tanAd

2sin A 2cos A
cos A sin A

Given,

_ cosA _ sinA
1 sin A 1 cos A

_<sinA> ( 2sin A >+<COSA> < 2cos A )
cos A sin A — cos A sin A cos A —sin A

2 sin?A  cos? A
sinA —cos A l cosA  sinAd }

2 sin® A — cos® A

sin A —cos A l sin A cos A }
2(sin A — cos A) (sin? A + cos? A + sin Acos A)

(sin A — cos A)(sin Acos A)

1
=2 ——+1
(sinAcosA * )
= 2(sec Acosec A + 1) = 2sec Acosec A + 2

Question 44

The general solution of 2 cos 4z + sin? 2z = 0 is

Options:



C.z = 2 + cos™! (%)
D.z = + Sfhcos ™ ()
Answer: B

Solution:

Given, 2 cos4z + sin? 2z = 0

1-— 4
= 2cosdz + (#) =0

= 3cosdx+1=0

= cosdxr = —

N ol
%,
)

sindr = +

=
= 4z =nr+ (—-1)"sin"! (i%)
= +

Question 45
If2f (%) + 3f (-x) = 2® — 1,Vz € R — {0}, then f (z*) is equal to
Options:

(1—2®) (228+3)
58

A.

(1+2?) (228-3)
58

B.

(1—2?) (228-3)
58

C.

D. None of these

Answer: A



Solution:

Given, 2f (2%) +3f (&) =2* —1... ()
Replacing x by %, we get

2f (L) +3f(2?) = & — 1. (ii)

On multiplying Eq. (i) by 2, Eq. (ii) by 3 and then subtracting Eq. (i) from Eq. (ii), we get

L - )
5 (1 — ms) (2:1@8 + 3)
f (ac ) N 58
Question 46

If A= {a,b,c}, B={b,c,d} and C = {a,d, c} then
(A — B) x (BNC)is equal to

Options:
A. {(a,c),(a,d)}
B. {(a,b), (c,d)}
C.{(c,a),(d,a)}

D. {(a,c¢),(a,d), (b,d)}

Answer: A

Solution:



Given, A = {a,bc}, B={b,c,d} and C = {a,d, c}
Now, A — B ={a,b,c} — {b,c,d} = {a}

and BN C = {b,c,d} N{a,d,c} = {c,d}

.. (A—B) x (BNC) ={a} x {c,d} ={(a,c),(a,d)}

Question 47

If n(A) = p and n(B) = g, then the numbers of relations from the set
A to the set B is

Options:
A. 2PT1

B. 2%4
C.p+gq
D. pq
Answer: B

Solution:

Given; n(A) = pandn(B) = ¢

-.n(A x B) = pg

The number of relations from a set A to a set B is same as the total number of subset of the set A x B.
We know that if n(A) = k, then n(P(A)) = 2*

Now, the total number of subset of A x B be 2P¢

.. Then number of relations from the set A to the set B is 2P4.

Question 48

If z = /3 + 4, then the argument of z%¢*~* is equal to

Options:



A. e™/3

B. 3

C. 5

D. e™/6
Answer: B

Solution:

Given, Z = V34+i
—arg (2 + 2V3i)e"?|
= arg -26\/5(1 + \/52)]

= arg[(1 + V/31)]

3
= tan "' (4) = tan ! (tan%) = %

Question 49

If i = v/—1 and n is a positive integer, then 5" + ;"1 + 4712 4 4743 jg
equal to

Options:
Al
B.1
C."
D.0

Answer: D

Solution:



Given, z"—i—z”“ + 42 4 z”+3 =" (1 +i+i2+14 )
" (L+i+ (1) + (¢%)d)
i"(1+17+ ( ) (—1)3)

z”[(l +14)—(1+14)]=:"(0)=0

Question 50

If (% + z@) . 3%(x + iy), where z and y are real, then the
ordered pair (2z, 2y) is

Options:

A. (~6,0)

B. (0, 6)

C. (0, -6)

D. (1,v/3)

Answer: D

Solution:



2 2

—~
~
[Ny
N—"
—_
[\
[\V]
—~
€
w
~—
—
[=2]
[\
I
8
_|_
~
<

S (D)2 (—1) (1)16-(—%—i§)=m+zy
1 V3 .
= 5+272m—|—zy

=  1+4+iV3=2z+i(2y)
(2z,2y) = (1,V3)

Question 51

There are 10 points in a plane out of which 4 points are collinear. How
many straight lines can be drawn by joining any two of them?

Options:
A. 39

B. 40

C. 45

D. 21
Answer: B

Solution:

From 10 given points, 1°C}, straight lines can be drawn.
But 4 points are collinear, using 4 points, *C straight lines can be drawn.

From 4 col linear points, 1 straight line can be drawn. So, total number of straight lines = 0o, —40y+1



10! 41 .
=g oo T
=45 —-6+1=40

Question 52

The total number of numbers greater than 1000 but less than 4000
that can be formed using 0, 2, 3, 4 (using repetition allowed) are

Options:
A. 125

B. 105

C. 128

D. 625
Answer: C

Solution:

Since, numbers should be greater than 1000 but less than 4000.
.. The first digit: must be either 2 or 3.
It is clear that required numbers must be 4 digit numbers.

Now, there are four choices (0, 2, 3, 4), for each unit, ten and hundred place digit.

Thus, total number = 201 x4 x4x4
=2x4x4x4=128

Question 53

A polygon of n sides has 105 diagonals, then n is equal to

Options:

A. 20



B. 21
C.15

D. —-14
Answer: C

Solution:

*.» The total number of lines joining any two points of the polygon is given by "C>

So, "Cy = 105

= ) — 105

= n?—n =210
= n?—n—-210 =

= n?—15n+14n—210 =0
= n(n —15) +14(n—15) =0
= (n—15)(n+14) =0

eithern —15=0o0orn+14 =0
= mn=150r — 14

*. Number of sides cannot be negative

s.n=15

Question 54

Let the equation of pair of lines y = m;x and y = myx can be written
as (y — mix) (y — mox) = 0. Then, the equation of the pair of the
angle bisector of the line 3y? — 5xy — 222 = 0 is

Options:

A 2?2 +5zy—1y> =0
B.z2 —bzy+y> =0
Caxl—zy+1y°=0

D.z?4+2zy—y*=0



Answer: D
Solution:

" Equation of angles of bisector of pair of straight line, ax? + 2bxy + by? is m::;bﬁ =2

. For, 3y? — bzy — 222 =0
a=3,b=-2,h=-5

So, equation of angle bisector is

w2 —y? xy
3—(-2) -5
z® —y? LY 2 2
= 3 :_—5:>a: -y +zy=0

Question 55

The distance of the point (3,4) from the line 3x + 2y +7 =0
measured along the line parallel to y — 2 + 7 = 0 is equal to

Options:

24v/5
A=

B. 35

C 235

D. 45

Answer: A

Solution:



Q/ [ 3x+2y+7=0

y -2y +7=0
P(3,4)
The slope of the line, y — 2z +7 =0

= y=2zr—7
Slope  (m) =2
.". Slope of PQ = mpg = 2
Equation of PQ,

(y—4) =2(z-3)
= y=2z—-2 ..()
and 3z +2y+7=0 .. (i)

On putting, the value of y in Eq. (i1), we get
3x+22x—-2)+7=0

3
= 7w:—3:>w:—7

Then, y = 2 x (—%) ) _2_70
So, coordinates of ) = (_%’ %20)

Thus, distance

PQ= /(3 () +(4- (-

1Y
~[
~
~
%)
)
=~
E

Question 56

The slope of lines which makes an angle 60° with the line
y—3z+18=10
Options:

3v3-3 3v3-3
" 143v3 7 143V3




3—v3  3+V3

" 1+3v37 1-3V3
C. 3 3 _
1+v/37 1-v/3

V3-1 /341
D. 5 " 3
Answer: B

Solution:

Slope of the line,

y—3z+18=0
= y =3z — 18 = Slope (m;) =3
and angle (6) = 60°

so, tan60° = %
.3 ‘ﬂ
14 3may
= T = +V/3
Either, Tt = V3 or £ = —v/3

= 3—my=+3+3V3m,
or 3—mgy= —\/§—3\/§m2
= my(1+3vV3)=3-+3
or my(l1—3v3)=3++/3

3-3 3+3
= mo — = 0rmo = —m/—
27 133 27 133
_ 3.3  31V3

C143v3 7 1-3V3

Question 57

3 and 5 are intercepts of a line L = 0, then the distance of L = 0 from
(3,7) is

Options:

A. /31



<
Z

o
b sk

D. 57

Answer: C

Solution:

If 3 and 5 are intercepts of a line L = 0, then
x-intercept = a = 3

y-intercept = b =5

Equation of line is
24+4=1=5z+3y—15=0

.". Required distance

_ ‘ 5(3)+3(7)715‘ _ 2
Vi ® VAt

Question 58

The total number of terms in the expansion of (z + y) 60 4 (x — ) 60 js
Options:

A. 60

B. 61

C. 30

D. 31

Answer: D

Solution:



(z + )8 =800 2% — OC, 259y + . ... +90C 2% ... ()
(2 —y)% = 0Cz% + 0C 2%y + ... + Dy ... (i)
By adding Eq. (i) and Eq. (i1)

(@+9)* + (& -y~
_9 (60003[:6 00,8y 4 4 60060y60)

31 terms

Hence, the expansion of (z + )% + (z — y)® has 31 terms.

Question 59

The coefficient of z?° in the expansion of (1 — 3z + 3x% — w3) " is

Options:
A. #Cy
B. ¥ Cyg
C. —*Ce
D. ¥C3

Answer: C

Solution:

(1-3z+ 3x? — :c3) - [(1- ac)3] o
=(1—2z)%

So, Ty1 = #C ()P (—2)"

For coefficient of £2°, put r = 29

Then, T3y = Cag(1) 2 (—2)% = — B0z

Hence, coefficient of 2 = —*Cyg and —*Cyy = —C44

Question 60



In the expansion of (1 + 3z + 3z% + z3) *" the term which has
greatest binomial coefficient, is

Options:
A. (3n) th term

B. (3n + 1) th term
C. (3n — 1) th term
D. (3n + 2) th term
Answer: B

Solution:

*.» Middle term has greatest binomial coefficient. In the expansion of (1 + 3z + 3z% + :c3) 2

— (1+2))" = 1 +a)tn
".» 6n is even
So, middle term of (1 + z)%" = T(%”Jrl)

= T(3p+1) = (3n + 1) th term.




Chemistry

Question 61

Which of the following hexoses will form the same osazone when
treated with excess phenyl hydrazine?

Options:

A. D-glucose, D-fructose and D-galactose
B. D-glucose, D-fructose and D-mannose
C. D-glucose, D-mannose and D-galactose
D. D-fructose, D-mannose and D-galactose

Answer: B

Solution:

D-glucose, D-fructose and D-mannose form the same osazone treated with excess phenyl hydrazine because they
differ only Ist and 2nd carbon atoms which are transformed to the same form.

(|3HO ﬁngOH (I:‘HD
H C OH C=0 HO C H
HD—?—H HU—%—H HO—(%—H
H-C-OH H-C-0I1 H-C-OH
H—lZ|T—OH H Cl' OH H—LL—OH
{_LIIEDII CH,OH (|:[[30H
D-glucose D-fructose D-mannosc

They form same osazone



CH = NNHC4H;
C—NNHCH;
(CHOH);
CH,OH

Question 62

Product of the following reaction is

OH (i) Hg(OAc), |
(i) NaBH, ~

Options:

H

C
Oy

A.
B.
C.
D.




Answer: B
Solution:

Addition of OH at most substituted side of the ene and final product is formed by loss of H O resulting in the
formation of ring.

i BRI
AV REIES v "
(i NaBH, A1

Question 63

Acetophenone when reacted with a base, CoH;ONa, yields a stable
compound which has the structure

Options:

A.
=CH—C

H;



C.
CH-CH;
C—C
@ e
D.
H—CH
OpIN®
Answer: A
Solution:

Aldehydes or ketones with a — H atom, in presence of dilute base, undergoes aldol condensation to give -
hydroxy aldehyde or ketone. On heating, aldol eliminate water molecule to form «, S-unsaturated compounds.



O

/@)\“ o O,
1. {Hass)

(11
|

i O
CLM®
I, 0

l H-00

¢ ¢
e~

Question 64

Gabriel's synthesis is used frequency for the preparation of which of
the following?

Options:

A. 1° amines
B. 1° alcohols
C. 3° amines
D. 3° alcohols

Answer: A
Solution:

Gabriel's synthesis is used for the preparation of 1° amines.



O o O e O

Flibahmide Potissiuim
phikalimide

COH
EMH-
I g TICMH

Phifahie acid

H,O/H

Question 65

The product P in the reaction,

CN

CH;MgBr

H,O

OCH;

Options:

A. CH3
K,



B. CHO
©\OCH3
C. COOH
@OCH3
D. i
—CH;
©\OCH3
Answer: D
Solution:
L‘I [y
( =NMpl3r
Mgn — @\
OCH:
HAC— (=0
OH

+ NH; + Mg<
OCH,

I-methoxy acetophenon

.];1

I3r



Question 66

Pick out the incorrect statement(s) from the following.

1. Glucose exists in two different crystalline forms, a-D-glucose and (-
D-glucose.

2. a-D-glucose and 5-D-glucose are anomers.
3. a-D-glucose and B-D-glucose are enantiomers.

4. Cellulose is a straight chain polysaccharide made of only 3-D-
glucose units.

5. Starch is a mixture of amylase and amylopectin, both contain
unbranched chain of a-D-glucose units.

Options:
A. 1 and 2 only

B. 2 and 3 only



C. 3 and 4 only
D. 3 and 5 only

Answer: D

Solution:

a-D-glucose and S-glucose, differ in the orientation of —H and —OH groups are first carbon atom. Such isomers
are called anomers. Starch is a mixture of amylase and amylopectin but amylase is a straight chain polymer
while amylopectin is a branched chain polymer of a-D-glucose.

Question 67

Which of the following is incorrect?
Options:

A. Primary alcohols are very easily oxidised to aldehydes, which are oxidised to acids
with same number of C-atoms.

B. Secondary alcohols are very easily oxidised to ketones, which are oxidised to acids
with same number of C-atoms.

C. Secondary alcohols are easily oxidised to ketones, which are oxidised to acids with
lesser number of C-atoms.

D. Secondary and tertiary alcohols on oxidation form acids with lesser number of C-
atoms.

Answer: B

Solution:

Primary alcohols are easily oxidised to aldehydes and then to acid, both containing the same number of carbon
atoms, while secondary alcohols are easily oxidised to ketones with same number of carbon atoms, but ketone
oxidised to carboxylic acid containing lesser number of carbon atoms than original alcohol.



H;C : H;C
N KaCraOs TN

JCHOH — = =0

H;( H;C
[sopropyl alcohol Acetone
O L 1 .

— S CH.COOH + COs + HL0
Acetic acid

Thus all alcohols on oxidation finally give acids but acids obtained from 2° and 3° alcohols contain less C-atom.

Question 68

Rank the following compounds in order of increasing basicity.

0
NII, NI, " NH,

NG,

el
e

Options:
A.4<2<1<3
B.4<1<3<2
C.4<3<1<2
D.2<1<3<4
Answer: C

Solution:

As, EDG on benzene increase the basicity and EWG decrease thus when (EWG) is directly attached to benzene
nucleus it is, least basic strength.

(1) aromatic amine

(2) aliphatic —CH,NH,, thus maximum basic strength



(3) aromatic but —NO3 group is (EWG) decreasing electron density at N-atom

@ 0
|
—C

directly attached hence, least basic strength 4 <3 <1 <2

Question 69

Ammoniacal silver nitrate forms a white precipitate easily with
Options:

A.CH3;C = CH

B. CH3C = CCH;

C. CH3CH = CH,

D. CH2 = CH2



Answer: A
Solution:

In general, C2H3 and all 1-alkynes given white precipitate with ammoniacal silver nitrate. Thus, in this question,
propyne-1 (CH3C = CH) will give white precipitate with ammoniacal silver nitrate.

CH3C = CH + NH4,OH + AgNOg — CH3C = CAg + NH4NOj3; + Hs0
Propyne—1 White ppt.

Question 70

Consider the following equilibrium,

2No(g) = Nz + O2;Kg = 2.4 x 10%
1
No(g) + 5Br2( g) = NoBr(g); K¢, =14

Calculate K for the reaction,
3 Na(g) + 502(g) + 3 Bra(g) = NOBr(g)

Options:
A.8.96 x 10711
B.9.48 x 107°
C.8.08 x 10712
D. 8.96 x 10
Answer: A

Solution:

For, 2NO(g) = N5 + O,

Ko, = JHp2 = 2.4 x 10%

For, NO(g) + %Brz (9) = NOBr(g)



K _ NOBr — 14
C2> ™ INO|[Br,) .
and Ko — INOB]

N3] 172 03] 172 [Bra] 172

[ _ /1
or K¢ = _K01><KC2_ —2.4X1020><1.4

Ko =896 x 107!

Question 71

Which of the following is incorrect regarding Henry's law?
Options:

A. Gas reacts with solvent chemically.

B. Pressure and concentrations are not too high.

C. Temperature is not too low.

D. Gas does not change its molecular state in solution i.e., neither dissociates nor
associates.

Answer: A

Solution:

Most of the gases obey Henry's law when gases do not react with solvent chemically.

Question 72

t-butyl chloride preferably undergo hydrolysis by
Options:
A. Sy1 mechanism

B. Sy2 mechanism



C. any of (a) and (b)
D. None of the above

Answer: A
Solution:

Tertiary halide preferentially undergo Sn1 substitution as they can give stable carbocation.

CH-

| Shonw ) +OH e
Hil—(—Cl ———— (H:{{U )0 ——— (H:0):COH

| ¢l 3¢ carbocation f-butyl alcohol
11, fmost stabled

Question 73

Which of these represents the correct order of decreasing bond order?
Options:

A.C3 > 05" >0, >Hej"

B.O, > Oj > Hej > C3~

C.Hej >0, >C5 > 05

D.He; >0 >0 >0,

Answer: A

Solution:



He; : 0ls?,0ls!
1 1
BO = E(N;J — N,) = 5(2— 1) =
Cgf : ols%,0%1s%, 0252, 0252, (7r2pi = 7r2p2),a2p3
1 6
BO=—-(10—-4)=—=-=3.0
2( ) 2

05 = ols?,0*1s% 02s°, 0*25°a2p> (7T2p§ ~ 7r2p§),

7T*2pi
1 5
7:—]_ — :—:2.5
1 3
BO=—(10—-7)= — =1.
0=310-7) =5 =15

Thus, the correct order of decreasing bond order is

Cy > 0F >0, > Hej

Question 74

In a 0.2 M aqueous solution, lactic acid is 6.9% dissociated. The value
of dissociation constant is

Options:
A.1.2x1074
B.9.5 x 1074
C.6.5 x 107*
D. 3.6 x 102
Answer: B

Solution:

Given, a = 6.9%

.". Degree of dissociation,

_ 6.
a =7

ol

According to Ostwald's dilution law,



K, =a*C = (0.069)% x 0.2
K,=95x10"*

Question 75

Pick up the correct statement.
Options:

A. Dipole moment of ammonia is due to orbital dipole and resultant diapole in same
direction.

B. O, Hy shown bond diapole due to polarisation.
C. Dipole moment is scalar quantity.
D. In BF3 bond dicopoles are zero but dipole moment is higher.

Answer: A

Solution:

Option (a) is the correct option.

In ammonia,



A@
A

H

As, nitrogen is more electronegative than hydrogen, the resultant dipole moment adds up in the same directioin.

Dipole moment is a vector quantity.

O3 and H2 are homoatomic molecules thus, show no dipole.

Question 76

Total number of o0 and 7w bonds in ethene molecule is
Options:

A. 1o and 27 bonds

B. 50 and 17 bonds

C. 50 and 27 bonds

D. 3o and 17 bonds

Answer: B

Solution:

In ethene,



< xH

H

50-bond and 17-bond.

Question 77

A buffer solution has equal volumes of 0.1 M NH,OH and
0.01 M NH,CI. The pK, of the base is 5. The pH is

Options:
A. 10
B.9
C.4

D.7

Answer: A
Solution:

Salt
pOH = pK, + log [ Salt ]
[ Base |

0.01 1
=5+1 =5+log—=5+(—-1)=4
8 .01 70 (=1)

pH=14-pOH=14-4=10

Question 78



Assuming no change in volume, the time required to obtain solution of
pH = 4 by electrolysis of 100 mL of 0.1 M NaOH (using current 0.5 A
) will be

Options:
A.193s
B.2.63s
C.1.80s

D.4.26s

Answer: A

Solution:

[H'] =10*M
No. of moles of NaOH in 100 mL solution

_ MV 10~4x100 _ 10—5
— 1000 — 1000 -

Mass of NaOH in solution = 107> x 40 =4 x 107* g
By Faraday's law,

_ _ItE
W= 96500

—4 __ 0.5xtx40
ord x 107" = =355+

_ 4x107*x96500 __
t = S Eed - = 1.93s

Question 79

Which of the following compounds would not be expected to
decarboxylate when heated?

Options:

A.



Answer: C

Solution:

Gem dicarboxylic acid like



[ COOH\

X COOH g

or an acid having a keto group at S-position is decarboxylated on heating.

() 0
; — yes
(a) )l\)I\OH

[y

(b} yes (C} no (d) ves

Question 80

Which of these molecules have non-bonding electron pairs on the
cental atom?

I:SF4:11:1Cl13:1II: SO9
Options:

A. Il only

B. I and II only

C. I'and III only

D. I, IT and III

Answer: D

Solution:



IF: F: 'Ll
M (I1)

V

N
T

(D), (IT) and (III) all of them have non-bonding electron (lone pair) on the central atom.

Question 81

For a cell reaction, A(s) + B*"(aq) — A**(aq) + B(s); the standard
emf of the cell is 0.295 V at 25°C. The equilibrium constant at 25°C
will be

Options:

A.1 x 10

B. 10

C.2.95 x 102
D. 2.95 x 10710

Answer: A

Solution:

For this given reaction, n = 2. At 25°C,



[e]

0.059

E 2 x (—0.295
K= antilog l n W}

} = antilog {

K=1x10"

Question 82

Which of the following shows negative deviation from Raoult's law?
Options:

A. Benzene-acetone

B. Benzene-chloroform

C. Benzene-ethanol

D. Benzene-carbon tetrachloride

Answer: B

Solution:

Negative deviation from Raoult's law are noticed when solvent-solvent and solute-solute interactions are weaker
than solute-solvent interactions. In such solutions, the mixing of two components leads to the strengthening of
intermolecular attractions and thus results in lesser values of vapour pressure of solution.

.". Benzene-chloroform mixtures shows negative deviation.

Question 83

5 g of non-volatile water soluble compound X is dissolved in 100 g of
water. The elevation in boiling point is found to be 0.25. The molecular
mass of compound X is

Options:
A.35¢

B.40 g



C.20¢g
D.60g

Answer: C

Solution:

The elevation in boiling point is,

AT, = 1000k, >< Woy M, = 1000 x Kk x b
M x wi(in(g)) 0.25 x 100
=My=20g

Question 84

The correct decreasing order of negative electron gain enthalpy for
C,Ca,ALLF and O is

Options:

AF>0>C>Al>Ca
B.Ca>Al>0>F>C
C.AlI>F>Ca>C>0
D.F>C>0>Ca>Al

Answer: A

Solution:

Electron gain enthalpy (EGE) is the amount of energy released when an electron is added to a neutral atom in the
gaseous state to form a negative ion. For non-metallic elements, EGE is typically more negative, reflecting the
energy released when these elements gain electrons to attain a stable electronic configuration.

Fluorine (F) is the most electronegative element, which means it has a very high propensity to gain electrons,
resulting in the most negative EGE. Oxygen (O), being close to fluorine in the periodic table and also very
electronegative, has the next most negative EGE. Carbon (C), a non-metal located in the same period as oxygen,
has a less negative EGE than oxygen but still more negative than the metals. Aluminium (Al) and Calcium (Ca)
are metals and tend to lose electrons; thus, their EGE values are less negative than those of the non-metals listed.

Thus, the correct decreasing order of negative EGE for the given elements is: F > O > C > Al > Ca.



Question 85

I and II are

Options:

A. identical

B. a pair of conformers

C. a pair of geometrical i1somers
D. a pair of optical isomers

Answer: B

Solution:

I and II are staggered and eclipsed conformers.

Question 86

Ti?" is purple while Ti*" is colourless because
Options:
A. Ti%*" has 3d? configuration

B. Ti*" has 3d? configuration



C. Ti?" is very small cation when compared to Ti?>" and hence, doesn't absorb any
radiation

D. There is no crystal field effect in Ti*"

Answer: A

Solution:

Ti(22) = [Ar]4s%3d>
Ti*" = [Ar]3d®
Ti*t = [Ar]3d°

117

Ti%" has two unpaired electrons in 3d orbital and hence d-d transition is possible due to absorption of light in
visible region whereas Ti*" is diamagnetic hence colourless.

Question 87

In Friedal-Crafts alkylation reaction of phenol with chloromethane,
the product formed will be

Options:

A. p-cresol only

B. m-cresol only

C. mixture of o-and p-cresol
D. o-cresol only

Answer: C

Solution:

The reaction is represented as



Ol (H (H

s
FOHLCL ."'x|'|||‘H.1.E ;
Al
Chloromethane

r-Cre sl

Phemal
{"H:

.'l‘l (M \I.'II

(Mo

i Minorl

Question 88

Which among the following is diamagnetic?
Options:

A. [Ni(CN)4]*~

B. [Co (F¢)]>~

C. [NiCl,]*~

D. [Fe(CN)g|*>~

Answer: A

Solution:

In [Ni(CN)4]* CN~ is strong field ligand and causes pairing of electrons.

- Ni?t = 348
[Ni(CN)4]*~

LT 5] B>

-

dsp”

As, all the electrons are paired, hence, it is diamagnetic.




Question 89

Which one of the following is an important component of chlorophyll?
Options:

A. Mn

B. Mg

C.Fe

D. Zn

Answer: B

Solution:

Magnesium is an important structural component of chlorophyll molecules. It is present in the tetraphyrrole ring
of chlorophyll in its centre.

Question 90

A volatile compound is formed by carbon monoxide and
Options:

A.Cu

B. Al

C. N1

D. Si

Answer: C

Solution:

Nickel on heating in a steam of carbon monoxide forms a volatile complex nickel tetracarbonyl.



330—350 K
Ni+4CO —3  [Ni(CO)4]

Question 91

The complex [PtCly(en),]”" ion shows
Options:

A. structural isomerism

B. geometrical isomerism only

C. optical isomerism only

D. geometrical and optical isomerism

Answer: D

Solution:

[PtCl, (en)Q]2+ shows both geometrical and optical isomerism as the complex forms cis and trans isomers.
trans-isomer doesn't show optical isomerism since.it is symmetrical but cis-isomer shows optical isomerism as it
is unsymmetrical.

Cl 2!
j,—-q,\_h\{ aa {Optically
fHeihis - ]“.-ﬂ]'l'll._] Lf"l‘.“-‘_.v!-:l:ﬂ':_-1“:‘:‘“—'..‘)‘II lt];lCIiK'U}
1
3.1 .
l al ia 3
cii-isomer | €0 1 _CPt t o en (Optically
R \) : (/JH"‘"-"J active)
LT'I : Tl
MWlyrror

{Non-superimposable mirror image)

Question 92



15 g of CaCO3 completely reacts with
Options:

A. 6.95 g of HC1

B. 10.95 g of HCI

C.11.95 g of HCI

D. 1.15 g of HC1

Answer: B

Solution:

The balanced equation the reaction is

CaCOj3 + 2HCI — CaCl; + H20 + COg
100 g 738

100 g of CaCO3 completely reacts with 73 g of HC1

73
So, 15 g of CaCO3 will react with = 100 x 15 g of HC1

= 10.95 g of HC1

Question 93

Bohr's radius of 2 nd orbit of Be®" is equal to that of
Options:

A. 4th orbit of hydrogen

B. 2nd orbit of He™

C. 3rd obit of Li%"

D. Ist orbit of hydrogen

Answer: D



Solution:

o
Bohr radius for nth orbit = 0.534 X "72 where, Z = atomic number

.. Bohr radius of 2nd orbit of

Bed+ — 0.53x(2)* _ 0 53;1
1 .
For option (d) Bohr radius of 1st orbit of

o
H= 25200 _ 0534

Hence, Bohr's radius of 2nd orbit of Be*" is equal to that of first orbit of hydrogen.

Question 94

How much faster would a reaction proceed at 25°C than at 0°C if the
activation energy is 65 kJ?

Options:
A. 4 times
B. 6 times
C. 12 times
D. 11 times

Answer: D

Solution:

We known,

ky E.[Ty—T
2.303log —= =
%% R { T ]
k2 65 x10° 25
. 2.303log ~= =
- 2303leg 7 = e [298 X 273]
ko

— =11.5.
k

.. The reaction would proceed 11 times faster.



Question 95

The blue colouration obtained from the Lassaigne's test of nitrogen is
due to the formation of

Options:
A.Fey[Fe(CN)s],
B. Fey[Fe(CN)gl 5
C. K2 [Fe(CN)gls

D. K4[Fe(CN)g]s

Answer: A

Solution:

The blue colouration is due to the formation of Fe4[Fe(CN)g]s (ferriferrocyanide).

Fe(OH)2 + 6NaCN — Nay[Fe(CN)4] + 2NaOH

Sodium ferrocyanide

3Na4[Fe(CN)6] + 2F62(SO4)3 — Fe4[Fe(CN)6]3 + 6NaQSO4

Ferric ferrocyanide
(Prussian blue)

Question 96

The ion that is isoelectronic with CO is
Options:

A.Of

B. CN™

C.0;



_|_
D. N2
Answer: B

Solution:

CN is isoelectronic to CO as they have same number of electrons.

Number of electrons in the given species is as follows,

CO=6+8=14
0, =16+1=17
Ny, =14—-1=13
O, =16—-1=15
CN =6+7+1=14

Question 97

At 300 K, the half-life period of a gaseous reaction at an initial
pressure of 40 kPa is 350 s. When pressure is 20 kPa, the half-life
period is 175 s. What is the order of the reaction?

Options:
A. Three
B. Two

C. One

D. Zero
Answer: D

Solution:

We know that

W= (8)"

where, n is the order of reaction and ¢, 5 is half-life.




.. It is a zero order reaction.

Question 98

If 2 moles of CgHg( g) are completely burnt 4100 kJ of heat is
liberated. If AH° for CO5( g) and H,O(l) are —410 and —285 kJ per
mole respectively then the heat of formation of C;Hg(g) is

Options:

A. —116 kJ
B. -375 kJ
C.-775kJ
D. —885 kJ
Answer: B
Solution:

2C,Hg(g) + 705(g) — 4CO,( g) + 6H,0(1);

AH = —4100 kJ
Let, AH}) (CQHG) =,
AH = EH;( products ) ZH;( aaaaaaaaa )
—4100 = [4(—410) + 6(—285)] — [2z + 0]

z=—-375k]

Question 99



Abnormal colligative properties are observed only when the dissolved
non-volatile solute in a given dilute solution

Options:

A. 1s a non-electrolyte

B. offers an intense colour
C. associates and dissociates
D. offers no colour

Answer: C

Solution:

As the colligative properties depend only upon the number of particles of solute, so if the non-volatile solute
dissociates or associates in the solution, the value of colligative properties deviates i.e., abnormal colligative
properties are obtained.

Question 100

Aqueous CuSO4 changes its colour from sky blue to deep blue on
addition of NH3 because

Options:
A. Cu®" forms hydrate
B. Cu*" changes to Cu™

C. [Cu(H,0),)*" is labile complex and changes to [Cu(NH3),]*" as NHj is stronger
ligand than H,O

D. Cu" changes to Cu*"

Answer: C

Solution:



As, H,O is a weak field ligand and thus [Cu(H;0),]*" absorbs red light in visible spectrum. But the colour

appears blue because [Cu(H,0),]*" is a labile complex and changes to [Cu(NH;),]**
field ligand thus absorbs yellow light of visible spectrum and impart blue colour.

Question 101

CHE
C-HLO0 C.HOH
3« CH: CCH-Br ' 3 A
o | | 5.2
CH.

Elimination

>
Identify A, B and C.
Options:
A. (|3H3
A :> CH3 —C—CI‘IQOCQHs;
CH;
CH,

B = CH; —C—CH,CH,
OC,H;
CH;

C = CH;—C=CH

CH;

B. CH;

C,H;

B = CH; —C—CHjs;

OC,H;

, where NHj is strong



C. CH,

D. e

A— CH; —\C—O—CH;
CH,
B ] CH'; - ‘C—CzHS )

OC;H;
CH,4

C = CH,—C—CH,CH;

Answer: A

Solution:

For Sy 1 reaction, the stable carbocation formation leads to stable product thus, there is 1, 2-methyl shift.

C'H; CH;

o |
| [LEJET -
{H—C—rtnta:4}L My CH—C—CH

R

{H; CH
C ll 2 methyl shifi

.—( H—CH;

&j&m

CH.

—

CH a—fT'—(‘H —{CH;

OC-Hs
(B)



e For Sn2 reaction, direct attack occurs, thus no rearrangement occurs in the reaction.

CH;

CH;
(A)
e For elimination, more stable alkene is fomred.

CH;

CH3 C _CH_CH3
(C)

Question 102

For a reaction, 24 + B — products, If concentration of B is kept
constant and concentration of A is doubled then rate of reaction is

Options:

A. doubled

B. quadrupled
C. halved

D. remain same

Answer: B

Solution:



The rate of reaction for

2A + B —» products is rate = k[A]?[B]
If concentration of A i1s doubled,

Rate’ = [24)2[B] = 4k[A)?[B]

Rate’ = 4 Rate

Question 103

For an adiabatic change in a system, the condition which is applicable
is

Options:
A.q=0
B.w=20
C.gq=—w
D.g=w
Answer: A
Solution:

There is no heat exchange between the system and the surrounding for adiabatic change.

q=20

Question 104

In dilute alkaline solution MnO, changes to

Options:

A. MHO2



B. MnOZ_
C. MnO
D. Mn203

Answer: B

Solution:

In strong base,

4MnO, +40H — 4MnO3 + Oz + 2H,0

Question 105

Which of the following complex show optical isomerism?

(i) cis — [COCl(en)2 (NHg)]2+

(i) cis — [CrCly(0x)2]
(iii) cis — [CO(en)2Cl3]Cl
(iv) cis — [CO(NH3),Cl,y] "
Options:

A. (i), (ii), (iii)

B. (1), (i1)

C. (i), (iv)

D. (1), (1), (iv)

Answer: A

Solution:



Octahedral complex having general formula [M(AA)qa,]™* or [M(AA),ab]™, shows optical isomersim.

cis — [Co(NH3),Cly] " does not show optical isomerism due to symmetry, while other three complexes show
optical isomerism.

Question 106

H
(i) PBr .
(i) ale. KOH ~

Options:

¢
g
>




Answer: A

Solution:

(YH

B

Question 107

Mohr's salt has the formula

Options:
A.FeSO4 - TH20
B. FeSO4(NH4)2SO4 . 6H20

C. Fe(SO4)3(NH4)2SO4 . 6H20
D. MgSO4 * 7H20
Answer: B

Solution:

When FeSOy4 - TH20 reacts with (NH4),SOy, it forms a double salt known as ferrous ammonium sulphate
(FeSO4(NH,4),S0, - 6H50) or Mohr's salt.




Question 108

The mean energy per molecule for a diatomic gas is

Options:

5kpT
Ao N

5kpT
Bo 2N

5kpT
C. 2ol

3kpT
D. 3L

Answer: C

Solution:

For an ideal gas, mean kinetic energy per molecule
— LkpT
For diatomic gas, degree of freedom,

f=5

5kpT
.. K.E per molecule = B

2

Question 109

The phase difference between displacement and velocity of a particle
in simple harmonic motion is

Options:



A. wrad

B. 37/2 rad
C. zero

D. 7/2 rad

Answer: D

Solution:

The displacement of a particle executing SHM is z = A sin wt

. : _ dx __
.. Velocity, v = 2% = Awcoswt

s.v= Awsin (wt + %)

.. Phase difference, A¢ = (wt + %) —wt = 7 rad.

Question 110

The mass density of a nucleus varies with mass number A as

Options:

o

B. A2
C. &
D.InA

Answer: A

Solution:

As, the mass density of a nucleus is constant

3m

.. Mass density, =
Y 471'Rg




Question 111

A capacitor of capacity 2 uF is charged upto a potential 14 V and then
connected in parallel to an uncharged capacitor of capacity 5 yuF. The
final potential difference across each capacitor will be

Options:
A.6V
B.4V
C.8V

D. 14V

Answer: B

Solution:

When two capacitors are connected then their common potential difference is

_ CiVi+ChV,
V= C1+C>

Given, Cy = 2uF,V, = 14 V,Cy = 5uF,V, =0V

_ 2x1445x0 _
V=252 =4V

Question 112

The ratio of amplitude of magnetic field to the amplitude of electric
field of an electromagnetic wave propagating in vacuum is

Options:
A. reciprocal of speed of light in vacuum

B. the speed of light in vacuum



C. proportional to frequency of the electromagnetic wave
D. inversely proportional to the frequency of the electromagnetic wave

Answer: A

Solution:

. . E
For an electromagnetic wave, Speed of electromagnetic wave, ¢ = B—‘;

- Bo 1 e
. g, = ¢ = reciprocal of speed

Question 113

A particle is projected at an angle 30° with horizontal having Kinetic
energy K. The Kkinetic energy of the particle at highest point is.

Options:
A 3K
B.3K
C.3K
D. 2K
Answer: B

Solution:

Initial kinetic energy is
K=1mv? ..()
Final kinetic energy is

1 1
K' = Eva = Em(u cos 30°)° [ v = ucos 30°]

= %(%m'lﬂ) = %K [From Eq. (1)]



Question 114

An air bubble in water (i = %) is shown in figure. The apparent

depth of the image of the bubble in plane mirror viewed by observer
is.

«(observer)

L e T T T B e ———

e e — o o . S O e o

LI e e e

.............. g cm

Options:
A. 16 cm
B. 18 cm
C.24 cm
D. 12 cm

Answer: C

Solution:

The refractive index of water,

p=3
The real depth of image of bubble from the surface of water,

d=24+8=32cm



.". Apparent depth of the image of bubble is

_d _ 32 _
dl—ﬁ—m—24cm

Question 115

A transistor is connected in CE configuration. The collector supply is
10 V and the voltage drop across a resistor of 1000(2 in the collector
circuit is 0.5 V. If the current gain factor is 0.96 , then the base current
is

Options:

A. 256,LLA

B. 20.8uA

C. 22.5uA

D. 15uA

Answer: B

Solution:

Current gain factor, o« = 0.96

R = 100012, Voltage drop across collector resistor = 0.5 V

_ _a _ 096 __
'B_ l-a = 1-0.96 24

.. Collector current,

__Voltage drop across collector resistor

¢ R

0.5 —
= 1557 =05x10° A

The base current, 75 = % = %‘10_3 = 20.8uA

Question 116



One end of the string of length [ is connected to a particle of mass m
and the other end is connected to a small peg on a smooth horizontal
table. If the particle moves in circle with speed v, the net force on the
particle (directed towards centre) will be ( T represents the tension in
the string)

Options:

AT

B. T + ™

C.T - &2

D. zero

Answer: A

Solution:

Consider the string of length [ connected to a particle as shown in the figure

Speed of the particle is v. As, the particle is in uniform circular motion, the net force on the particle must be
equal to centripetal force which is provided by the tension (7).



.". Net force Centripetal force

Tension in string

Question 117

A thin circular ring of mass ,// and radius R rotates about an axis
through its centre and perpendicular to its plane, with a constant
angular velocity w. Four small spheres each of mass m (negligible
radius) are kept gently to the opposite ends of two mutually
perpendicular diameters of the ring. The new angular velocity of the
ring will be

Options:

A, (Mgt

B. X,

4m

C. (M+M4m)w

D. (M]—ng)w

Answer: C

Solution:

According to conservation of angular momentum,
Iw = constant
i.e. we can write,

Liwy = Ihw,
or MR?w=(M+4m)R*w,; (v w; =w)

M
or wy — M+ am w




Question 118

Two wire of same material having radius in ratio 2 : 1 and lengths in
ratio 1: 2. If same force is applied on them, then ratio of their change
in length will be

Options:
A.l:1
B.1:2
C.1:4
D.1:8

Answer: D

Solution:

Given, ratio of radius of two wires,

T1

2
T9 1

and ratio in their lengths,

We known that, Young's modulus,

yo FLo oA U
AAl AY
l
A -
locA

Al I Li/A LA,

Aly  LJA 1 < 1 ) S|
= — _ — . — = —
AT




Question 119

In the figure, pendulum bob on left side is pulled a side to a height h
from its initial position. After it is released it collides with the right
pendulum bob at rest, which is of same mass. After the collision, the
two bobs stick together and rise to a height

__T_h__QQ

Options:
A 3L
B. 2

h
C. 35

D.

NS J

Answer: D
Solution:

When bob A strikes to the bob B, then



A

O O
O

The potential energy of A at height h gets converted into kinetic energy of this mass, at point O, i.e.

mgh = Emu2

= u=4/2gh [From Eq. (i)]

o — \/2gh: /ﬂ
2 2

Let the combined mass moves to a height A’, then total mass = 2m

Then, 2mgh’ = £ (2m)v'

1 __ gh I _ h
= gh'==h =7

Question 120

A gas is taken through the cycle A — B — C' — A, as shown in figure.
What is the net work done by the gas?



R

Options:
A.200017J
B. 1000 J
C. Zero

D. —20001J

Answer: B

Solution:

Net work done by the gas = Area enclosed in p-V curve, i.e. area of AABC.

Wit =3 x5x107% x4 x10°J=10%J =1000J

Question 121

The gases carbon monoxide (CO) and nitrogen at the same
temperature have Kinetic energies £, and E,, respectively. Then,

Options:



A. E; = Es
B. E; > Ey
C.E1 < Ey
D. None of these

Answer: A

Solution:

The gases carbon monoxide (CO) and nitrogen (N3) are diatomic, so both have equal kinetic energy 2 KT, i.e.
El = E2

Question 122

Two wires are made of the same material and have the same volume.
The first wire has cross-sectional area A and the second wire has
cross-sectional area 3 A. If the length of the first wire is increased by
Al on applying a force F', how much force is needed to stretch the
second wire by the same amount?

Options:
A. 4F
B. 6F
C.9F
D.F

Answer: C

Solution:

According to the question,
For wire 1 : Area of cross-section = A,

Force applied = F}



and increase in length = Al.
From the relation of Young's modulus of elasticity,

_ _Fi
Y= AAl

Substituting the values for wire 1 in the above relation, we get

Fil :
= Yi=db )

For wire 2: Area of cross-section = A,
Force applied = F)

increase in length = Al

Similarly, Y5 = AT (i1)
> Volume, V = Al orl = %

Substituting the value of [ in Egs. (i) and (i1), we get

_ RV _ RV
Vi=paandYe =55

As it is given that the wires are made up of same material,

1.€. Y1:Y2
RV _ BV A 2 1 .. _ _
= BA T BA R A9 T 9 (v Ar=Aand A, = 34)

or Fy=9F, =9F (given, F} = F)

Question 123

Starting from the centre of the earth having radius R, the variation of
g (acceleration due to gravity) is shown by

Options:

A.



>.H

R—>r

0Q—>




Uq—

O R—>r

Answer: B

Solution:

Acceleration due to gravity at a depth d below the surface of the earth is given by

d
Gdepth = Ysurface <1 - E)

= Gsurface lRT?d] = dgurface (%)

Also, for a point at height h above surface,
R2
Gheight = Ysurface [m]

Therefore, we can say that value of g increases from centre to maximum at the surface and then decreases as
depicted in graph (b).

Question 124

A long spring, when stretched by a distance x, has potential energy U.
On increasing the stretching to nz, the potential energy of the spring
will be

Options:

AL



Answer: C

Solution:

Potential energy of the spring,

1
U= Ekmz e (D)

1 1
and U'= Ek(nw)2 =U' = n2§kx2

= U'=n’U [FromEq. ()]

Question 125

With what velocity should an observer approach a stationary sound
source, so that the apparent frequency of sound should appear double
the actual frequency?

Options:
A v/2
B. 3v
C.2v
D.v

Answer: D

Solution:

By using v’ = v [M]

V—Ug

+ vy

= Vg = —V



Negative sign indicates that observer is moving opposite to the direction of velocity of sound.

Question 126

A dielectric of dielectric constant X is introduced such that half of its
area of a capacitor of capacitance C is occupied by it. The new
capacity is

Options:

A. 2C

B. £

(1+K)C
c.

D.2C(1 + K)

Answer: C

Solution:

The dielectric is introduced such that half of its area is occupied by it.

In the given case, the two capacitors are in parallel.

CI201+02



A KA
ButC; = % and Cy = 2;0

Thus, ¢' = 53 + &2 = ¢' = (1 + K)

Question 127

Two very long straight parallel wires carry currents z and 2 in
opposite directions. The distance between the wires is 7. At a certain
instant of time a point charge q is at. a point equidistant from the two
wires in the plane of the wires. Its instantaneous velocity v is
perpendicular to this plane. The magnitude of the force due to the
magnetic field acting on the charge at this instant is

Options:

A. zero

3o iqu
B. o &

Mo iqv
C'7rr

Ko tqu
D. 2r r

Answer: A

Solution:

The magnetic field induction at P due to currents through both the wires is



/2 1/2

=
=1
)
)
<
=
=1
—

B:ﬂo 24 — Mo | 126

W Va2 A e

acting perpendicular to plane of wire inwards. Now, B and v are acting in the same direction, i.e. § = 0°

Force on charged particle is ' = quBsin§ = quB x 0 = 0.

Question 128

The magnetic flux linked with a coil satisfies the relation
¢ = (4t* + 6t + 9) Wb, where t is time in second. The emf induced in

the coil att =2 s is
Options:
A.22V
B.18V

C.16 V



D.40V

Answer: A

Solution:

Given, ¢ = (4> + 6t + 9)Wband t = 2's

We know that, |e| = ‘%

Here, %‘ = |8t + 6| = (%)tﬂ:Sx 2+6

Induced emf in the coil = 22V

Question 129

The instantaneous values of alternating current and voltages in a
circuit given as

1
i = ——sin(1007t)amp
V2
I
e = —sin(1007t + 7/3) volt

V2

The average power (in watts) consumed in the circuit is
Options:

A.

N

B. Y3

1
c.l

D.

00|

Answer: D



Solution:

Given,

1

i= NG sin(1007r¢)amp

and e = %sin(lOOwt + 7/3) volt

= '—LandeozL

Y V2

We know that, average power,

1 1
Pay =Vims X Grms COS ¢ = 5 X 5 X cos 60°

( Tyms = io/\/§ and Vo = VO/\/§>

1 1 1 1
—3 X3 X373 W

Question 130

A car is moving towards a high cliff. The car driver sounds a horn of
frequency f. The reflected sound heard by the driver has a frequency
2f. If v be the velocity of sound, then the velocity of the car in the same
velocity units, will be

Options:
v

A. 73

B.

w|e

C.

e

D.

()]

Answer: B

Solution:

When the sound is reflected from the cliff, it approaches the driver of the car. Therefore, the driver, acts as an
observer and both the source (car) and observer are moving.



Hence, apparent frequency heard by the observer (driver) is given by
fl=1 (f—) (i)
where, v, = velocity of sound

and v, = velocity of the car

Thus, Eq. (i) becomes

2f=f(ZfZ”)

v
:>2v—2vo:v+vo:>3v0:v:>v(,:§

Question 131

If escape velocity on earth surfaceis 11.1 kmh_l, then find the escape

velocity on moon surface. If mass of moon is 8—11 times of mass of earth

and radius of moon is % times radius of earth.

Options:
A.2.46 kmh ™"
B. 3.46 kmh "
C.4.4kmh™*

D. None of these

Answer: A

Solution:

Given, Escape velocity on the surface of the earth is given by

1.€:

Ve = \/ZgRe

2GM
ve:\/ (;ee o ()




Mass of the moon, M, = 5=

Radius of the moon, R, = %

.. Escape velocity on the surface of the moon

o — . [J26My _ [26(57) _ 2v3 [GM,
m R, fe 9 R,

From Eq. (i),

_ 2 [26M, _ 2,
) R. — 9e

Escape velocity ve = 11.1 km/h

=2 x11.1=246kmh™"

Question 132

An ideal gas goes from state A to state B via three different processes
as indicated in the p-V diagram. If ()1, Q5 and ()3 indicate the heat

absorbed by the three processes and AU;, AU, and AUj indicate the
change in internal energy along the three processes respectively, then

I\

NV

<



Options:

A. Q1> Qy > Q3and AU, = AU, = AU;3
B. Q3 > Qo > Q1 and AU, = AUy = AU;3
C.Q1=Q2=Q3and AU; > AU, > AU;
D. Q3 > Q2 > Q1 and AU; > AUy > AU;5

Answer: A

Solution:

For all processes 1, 2 and 3

Change in internal energy, i.e.

AU:UB—UA
AU = AUy = AU = Q = AU + AW

Now, AW = work done by the gas, i.e. area under p-V curve.

As, area (1) > area(2) > area (3)
AW, > AW, > AW,
Q1> Q2> Q3

Question 133

In the series L-C-R circuit shown, the impedance is



1 H 20 uF 300 Q

i
%

Options:
A. 20002
B. 100€2
C. 30092
D. 50012
Answer: D

Solution:

Here, L = 1H, C = 20uF, R = 3002
50
X; =2rfL = 2n (—) x 1 = 1009

U
1 1

T 2fC T 2r(R)20x 1070

Xc = 5000

Impedance, Z = \/R2 + (X¢o — XL)2
= /(300)2 + (400)2 = 5000

Question 134



In Young's double slit interference experiment, using two coherent
waves of different amplitudes, the intensities ratio between bright and
dark fringes is 3 . Then, the value of the ratio of the amplitudes of the
wave that arrive there is

Options:

V3+1
A'(VE&)

B.(52)

C.\/§:1

D.1:43
Answer: A

Solution:

I bright . I, max

Here =3 (given)

I dark 1 min

(a1 —ap)? 1 ai — a2

2
a1 +a 3
(1 2) :>a1+a2:\/§

- a
= a1+a2=\/3(a1—a2)¢a—1=<
2

V341
VvV3-1

Question 135

The wavelength of the first line of Lyman series for H - atom is equal
to that of the second line of Balmer series for a H-like ion. The atomic
number Z of H-like ion is

Options:
A. 4

B.1



C.2
D.3

Answer: C

Solution:

Lyman series of H-atom, we can write

he _ 1 1

% = Rhe (7 — %)

where, symbols have their usual meaning and for second line of Balmer series of H-like ion

e = 7°Rhe (% - &)

Therefore, (1—12 — Lz) =Z? (% - 1_16)

The approximately value of Z will be 2.

Question 136

If 150 J of heat is added to a system and the work done by the system
is 110 J, then change in internal energy will be

Options:
A. 40

B.1101J
C. 15017
D. 260 J

Answer: A

Solution:



From the first law of thermodynamics, if an amount of heat () is given to a system, a part of it is used in
increasing the internal energy AU of the system and the rest in doing work W by the system.

S Q=AU+W
= AU=Q—-W= AU =150 - 110
=40J

Question 137

In the figure below, the capacitance of each capacitor is 3uF. The
effective capacitance between A and B is

B

Options:
A. % pF
B. 3uF

C. 6uF

D. 5uF
Answer: D

Solution:

From figure,



Ae | *B

Cl = Cz = 03 = C4 = 3,LLF (given)
"+ Cy4 and C5 are in parallel, i.e.
Ceq = 04 + 03 = (3 + 3),uF = 6,U,F

Now arrangement of capacitors will be as follows

Ae— — e B
I [ |
——t
C2 eq

*.» C'1 is in parallel with the series combination of C's and C’éq .

Céﬁl between A and B

_ (c2xcy )
Cz+C’éq

+C1= (£3) +3="5uF

Question 138

The first emission of hydrogen atomic spectrum in Lyman series
appears at a wavelength of

Options:
1

A. % cm

4
B.ﬁcm



IR -1
C. 11 cm

D.%cm

Answer: B

Solution:

Question 139

In Young's double slit experiment, the ratio of maximum and
minimum intensities in the fringe system is 9 : 1. The ratio of
amplitudes of coherent sources is

Options:
A.9:1
B.3:1
C.2:1
D.1:1

Answer: C

Solution:

Assume, Young's double slit experiment, amplitudes corresponding to the sources S; and S5 be a1 and ay and
intensities be I; and I, respectively.



q, " —> (Screen)

(Young’s doublc
slit experiment)

2

2
S0, Ijax x @ and Iy, o az.

2 2
Imax _ ( Amax ) _ < ai+az )
= Tomin . - —
min Qmin al1—a2

According to given question,

Imax_g
Imin_1
1\ 2
ai/ay —1
ap/as +1)2 .
= 32 = —L=——
0= (22) ven
/ 1 (a1+a2>
ai/as + a
S G Ve B Nl U VAN R e
ay/a; —1 (ara2> ai — a
az
= 3(a1—a2)=a1+a2¢3a1—3a2:a1+a2
4
= 2a1:4a2:>ﬂ:—:>a1:a2:2:1
Qo 2

Question 140

In the case of an inductor
Options:
A. voltage lags the current by 7/2

B. voltage leads the current by 7/2



C. voltage leads the current by /3
D. voltage leads the current by /4

Answer: B

Solution:

In case of an inductor, voltage leads the current by phase difference of 3.

Question 141

The height vertically above the earth's surface at which the
acceleration due to gravity becomes 1% of its value at the surface is

Options:
A.8R
B.9R
C. 10R
D. 20R

Answer: B

Solution:

Acceleration due to gravity at a height A from the earth's surface,

, GM

I T RT R
; r_ _ 9
Given, ¢ =1%ofg= 100

g GM
100 (R + h)2
(R+h)? GM (R+h)? ) GM
= or =R g =
100 g 100 R2
or R+h=10R
h=9R

=




where, R is the radius of the earth.

Question 142

If C be the capacitance and V' be the electric potential, then the
dimensional formula of CV? is

Options:
A, [ML2 T2 AO]
B. [MLT? A‘l}

c. [MoLT2 AO]

D. :ML_3TA]
Answer: A

Solution:

We know that energy, E = 1 CV?

Dimensions of CV 2 = Dimensions of energy, E = [ML2 T2 AO]

Question 143

Which logic gate is represented by the following combination logic
gates?



>
—]>

Options:
A.OR

B. NAND
C.AND
D. NOR

Answer: C

Solution:

The output,

Y=—A+B=A.B=A.B

This is the boolean expression for AND gate.

Question 144

An LED is constructed from a p-n junction diode using GaAsP. The
energy gap is 1.9 eV. The wavelength of the light emitted will be equal
to

Options:
A.104 x 1072 m

B. 654 nm

C.654 A



D. 654 x 1071 m

Answer: B

Solution:

The energy of light of wavelength A is given by

he
E—h’U—T
= ,\:% .. (@)

Here, h = Planck's constant = 6.63 x 10734 J —s
c = speed of light = 3 x 10® m/s
E = energy gap =1.9eV
—19x1.6x10"J

Substituting the given values in Eq. (i), we get

~ 6.63x 10 % x 3 x 10°

=6.54x 10 ' m
1.9 x 1.6 x 10719

= A

~ 654 nm

Thus, the wavelength of light emitted from LED will be 654 nm.

Question 145

A body is projected vertically upwards. The times corresponding to
height h while ascending and while descending are ¢; and ¢-,
respectively. Then, the velocity of projection will be (take, g as
acceleration due to gravity)

Options:

gV/tity
A, 9t

g(t1+t2)
B. —12 2

C. gy tltg

t1t
D. g (h:—iz)




Answer: B

Solution:

Let v be initial velocity of vertical projection and ¢ be the time taken by the body to reach a height h from
ground.

Here, u=wu,a=—g,s=h,t=1

Using, s=ut+ %at2, we have

1
or h=ut+ 5(—g)t2

gt’ —2ut +2h =0

L 2ut /4u? —4gx 2k  ut+/u®—2gh

29 g

It means ¢ has two values, 1.e.

u+ /u2 — 2gh u—\/u2—2gh

t1 = =t =
g g

g(ty +1ty)
2

2u
ti1+to=—oru=
g

Question 146

When a certain metal surface is illuminated with light of frequency v,
the stopping potential for photoelectric current is V. When the same
surface is illuminated by light of frequency <, the stopping potential is

%. The threshold frequency for photoelectric emission is

Options:

A.

o|v

B.
C. 2z
D. 4

Answer: B



Solution:

We know that,

eV = hv — ¢ where, Vy = stopping potential
and v = frequency of light.

Casel eVy = hv — ¢y .... (1)

Case I 92 = h2 _ 4,

= eV =2hv —4¢y .... (i)

From Egs. (i) an 1 (ii), we get

hv — ¢g = 2hv — 4¢y

= hv =3¢g = hv =3hyy (. ¢g = hry)

:>V0:%:>V0:%

Question 147

A fish in water (refractive index n ) looks at a bird vertically above in
the air. If y is the height of the bird and z is the depth of the fish from
the surface, then the distance of the bird as estimated by the fish is

Options:
Az+y(l—2)
B.z +ny

Cz+y(l+3)
D.y+z(l—2)

Answer: B

Solution:

When object is in rarer medium and observer is in denser medium, then normal shift,



d=(mn-1)h
where, h = real depth = y

Now, apparent depth or the apparent height of the bird from the surface of the water = y + (n — 1)y = n.y. The
total distance of the bird as estimated by fish is  + ny.

Question 148

A car starts from rest and accelerates uniformly to a speed of

180 kmh ' in 10 s. The distance covered by the car in this time
interval is

Options:
A. 500 m
B.250 m
C. 100 m

D. 200 m

Answer: B

Solution:

Speed of car, v = 180 kmh ' = 50 ms ! and time, t = 10's

.". Acceleration of the car,

v—1u 50—0 2

a=-—7T-="7 =5 ms

Thus, the distance covered by the car,

s=zat’ =1 x 5x (10)2 =250 m

Question 149

A plane electromagnetic wave of frequency 20 MHz travels through a
space along x-direction. If the electric field vector at a certain point in



space is 6 Vm_l, then what is the magnetic field vector at that point?
Options:

A2x1078T

B.£ x10°°T

C.2T

D. 5T

Answer: A

Solution:

Magnetic field,

E

B = =, where c = 3 x 10* m/s.
c
B 6
3% 108

—2x10°%T

Question 150

The sides of a parallelogram are represented by vectors

= 5i — 4J + 3k and ¢ q= 31+ 2J — k. Then, the area of the
parallelogram is

Options:

A. V684 sq units
B. V72 sq units
C. 171 sq units

D. 72 sq units

Answer: A



Solution:

Area of a parallelogram = |a x 5| where, a and b are sides of parallelogram.
Given, @ = § = 5i — 4j + 3k

andb=g=3i+2j—k

= G xb=144—6)—j(—5—9)+ k(10 + 12)

= @ x b= —2i + 14] + 22k

Thus, [ x 5| = 1/(2)? + (14)° + (22)° = v/684 sq units

Question 151

If 6, and 05 be the apparent angles of dip observed in two vertical
planes at right angles to each other, then the true angle of dip 6 is given
by

Options:

A. cot? 0 = cot2 0; + cot? 6,
B. tan? § = tan? 6; + tan? 6,
C. cot? = cot? 0, — cot? 0,
D. tan?f = tan? 0, — tan? 6,
Answer: A

Solution:

Let the By and By be the horizontal and vertical component of the earth's magnetic field B.

tanf = g—; = cot = 31;_5 e (1)



Plane -1 Magnetic meridian

A~

A
rd
-
s
d
rd
I
. rd
B][ 51N U —————— —

|
R |
o 7 |
P |
|
{) |
|

By cos 0

Plane -2

Let plane - 1 and 2 be mutually perpendicular planes makings angle 6 and (90° — #) with magnetic meridian.
The vertical component of the earth is magnetic field remain same in two plane but effective horizontal
components in the two planes is given by

B; = Bpgcosf ... (i)
and B, = Bgsinf ... (iii)

By By
Th tanf; = =
en, tan o B, By cosf
B 6
cot 0, = %‘([)S oo (IV)
. By By
Similarl tan @, = =
imilarly, = tan @, By ~ Basnd
By sinf
= cot 0, = Zusmy e (V)
By

From Egs. (iv) and (v), we get
= cot?6; + cot? 6,
_ B}cos’0 By sin®6

2 2
By, By,

B2
= cot? 01 + cot? 0y = B—H (cos2 6 + sin> 9)

%/
= cot? 61 + cot? s = cot> 0

Question 152

Let K1 be the maximum Kinetic energy of photoelectrons emitted by
light of wavelength \; and K2 corresponding to wavelength \,. If



A1 = 2)9, then
Options:

A.2K; = Ky

B. K1 = 2K,
C.K; < Ky/2

D. K, > 2K,

Answer: C

Solution:

Question 153

A ball is projected horizontally with a velocity of 5 ms~ ' from the top
of a building 19.6 m high. How long will the ball take to hit the
ground?

Options:
A. \/ 25

B.2s



C.\/gs
D.3s

Answer: B

Solution:

The time taken to hit the ground is given by

— > U =235ms

19.6 m

H:

_  J/2H __  [/2x196 __

Question 154

A galvanometer having a resistance of 8(2 is shunted by a wire of
resistance 2(). If the total current is 1 A, the part of it passing through
the shunt will be

Options:
A.0.25A
B.0.8 A

C.02A



D.05A

Answer: B
Solution:

Let total current through the 1 parallel combination be I, the current through the galv anometer be I, and the
current through the shunt be I — I,.

The shunted galvanometer is shown in the figure.

I
>- G b

b

The potential difference, V,, = (V, — V;) is the same for both paths, so I,G = (I — I,,)S
= L(G+8)=IS= 2 = 5

The fraction of current passing through shunt

-1,
I
8

|~

S G

“l-5Te 53¢

1
J— JR— 8 J—

2+38 10

o ™

8 A

Question 155

In the diagram shown below, m; and m4 are the masses of two
particles and =, and - are their respective distances from the origin
O.

O m; m,
o & o

k— Xi—

K X2

S



The centre of mass of the system is

Options:

A M1T2+MoT2

mi+my

B mi+mgy
: 2

C M1T1+MaTo

mi+my

D m1m2—|—m1m2

m1—|—m2

Answer: C

Solution:

The centre of mass of the system is given by

M1 +MaTo

T = m1+m2

O m; M-
S o o
K X —

K X2 A

Question 156

A block of wood floats in water with (4/5) th of its volume submerged.
If the same block just floats in a liquid, the density of the liquid is (in

kgm_?’)
Options:
A. 1250
B. 600

C. 400



D. 800

Answer: D

Solution:

Applying Archimedes' principle, submerged part = replaced water
= 2hpuwg=hxp xg
where, p,, = density of water and p; = density of the liquid.

pL= 1t X puw =+ x 1000
= p; =800 kgm °

Question 157

A balloon with mass m is descending down with an acceleration a
(where, a < g ). How much mass should be removed from it so that it
starts moving up with an acceleration a ?

Options:

2ma
A' gt+a

2ma
B. 2ma

ma
C. g+a

ma
D. e

Answer: A

Solution:



T

When the balloon is descending down with an acceleration a,
mg—B=ma ...(1)
where, B = buoyant force.

Here, we should assume that while removing some mass the volume of balloon and hence buoyant force will not
change.

Let the new mass of the balloon is m’, so
B—-m/g=m'a ..(ii)

On solving Egs. (1) and (i1), we get



mg—m'g: ma +m'a

m(g— a)
=m(g—a)=m'(g+a)=m' =
(9—a) (9+a) P

So, mass removed, Am = m — m’

_ (9-a) | _ +a—gta| _ 2ma
_m[l— (g+a)] _m[g Z+§ ] = gta

Question 158

A straight wire of length 2 m carries a current of 10 A. If this wire is
placed in uniform magnetic field of 0.15 T making an angle of 45°
with the magnetic field, the applied force on the wire will be

Options:
A.1.5N
B.3N
C.3V2N

D.3/v/2N

Answer: D

Solution:

Given,

i1=10A,B=0.15T
0 =45°andl=2m

Here, FF = ilBsinf = 10 x 2 x 0.15sin45° = N

3
V2

Question 159

Two slabs are of the thicknesses d; and d>. Their thermal
conductivities are K1 and K>, respectively. They are in series. The free



ends of the combination of these two slabs are kept at temperatures 6,
and 05. Assume 6, > 6,. The temperature 6 of their common junction
is

Options:

K160:1+K56,
A. 01406,

B K101d1+K205d,
Kids+Kaody

: Kids+Kod,y

D K101+ K50,
© K1+ K,

Answer: C
Solution:

For first slab,

0, 0 0,

K, K>

«—d——d—

K(0,—0)A
Heat current, H; = 1(5—1)

For second slab,
Ky(0—65)A

Heat current, Hy = A

As slabs are in series, H1 = Ho



K, (6; —6)A Ky(6—0,)A
dy B do
K,0,d; + K30,d,
Ksd; + Kqd,

= 0=

Question 160

A square wire of each side 1 carries a current /. The magnetic field at
the mid-point of the square

)I

N/\

Options:

A 4y248 L
I

B.8v24L 4

C.16v242 L

D. 322421



Answer: B

Solution:

B=4[4 - L(sing; +sin¢,)]

Here, a = % and ¢; = ¢9 = 45°

B:4x%(1/12) U§+ ji}

16 | po I 5o 1
B:— —_— | = 21 — . —
\/§|:47Tl‘| 8V <47r l)

Question 161

A cylinder of radius r and of thermal conductivity K is surrounded
by a cylindrical shell of inner radius r and outer radius 2r made of a
material of thermal conductivity K. The effective thermal
conductivity of the system is

Options:
A. (K1 +2K,)
B. (2K + 3K>)

C.

w|—

(3K +2K1)
D. + (K1 + 3K>)
Answer: D

Solution:

Both the cylinders are in parallel, for the heat flow from one end as shown



_ KA +KyA,
So, Keq = B e

where, A; = area of cross-section of inner cylinder = mR?
and A, = area of cross-section of cylindrical shell

=71{(2R)? — (R)?} = 3rR?

K1 (mR?) + K, (37R?) 1
ST R iR B T3K)

= Keq

Question 162

The speeds of air-flow on the upper and lower surfaces of a wing of an
aeroplane are v; and v,, respectively. If A is the cross-sectional area of
the wing and p is the density of air, then the upward lift is

Options:

A. $pA (v1 — v2)
B. 3 pA (vy + vy)
C. A (v} —v3)
D. 5pA (v} + v})
Answer: C

Solution:

Due to the specific shape of wings, when the aeroplane runs, air passes at higher speed over it as compared to its
lower surface. This difference of air speeds above and below the wings, in accordance with Bernoulli's principle,
creates a pressure difference, due to which an upward force called 'dynamic lift' acts on the plate.



.". Upward lift = pressure difference x area of the wings ['." F=p x A]

From Bernoulli's equation,

TEp 2 puy?
J— — — oV
pL+ 5pur” = P2+ o pv
1
p2—p1= Ep(mz—sz)

1
Hence, upward lift = 5 pA (v% — v%)

Question 163

Two cells with the same emf E and different internal resistances 7
and ro are connected in series to an external resistance R. If the
potential difference across the first cell is zero then value of R.

Options:
A. \/7"17"2
B. r1+ 79

C. 1T —T9

r1+72
D. 2

Answer: C

Solution:

Here are two batteries with emf E each and the internal resistances r; and ra2, respectively



—— T
[T

_* —
ﬁ e —
) ——

Wehave I (R+ 71+ 12) =2F

. . . o 2E .
Current in the circuit, I = 7==— .... (i)

Now, the potential difference across the first cell would be equal to V- = E — Ir;. From the question, V' = 0,
there

E=1Ir = 21— [FromEq. (i)]

where, R + r1 + 1o = 211

Hence, R = r1 — 7o.

Question 164

A string vibrates with a frequency of 200 Hz. When its length is
doubled and tension is altered, it begins to vibrate with a frequency of
300 Hz. The ratio of the new tension to the original tension is

Options:
A.9:1
B.1:9

C.3:1



D.1:3

Answer: A

Solution:

The frequency of a vibrating string can be expressed by the formula:

=%
Where:

e fis the frequency of the string,

e L is the length of the string,

e T'is the tension in the string, and

e u is the linear mass density of the string.

Initially, the frequency of the string is 200 Hz when the length is L and the tension is 7. The formula becomes:

200 = 374/

When the length of the string is doubled to 2L and the tension is altered to T5, the frequency becomes 300 Hz.
The formula then changes to:

300 = 574/ 22

We can rearrange each equation to express the square root of tension over linear mass density:

JL =400 \/E — 1200L
7 1

Squaring both sides of each equation gives:
o = (400L)* <= = (1200L)*
Take the ratio %:

T, _ (12000 T, (1200)2 I, _ (3)2 I _9

T~ (400L)2 Ti ~ \ 7400 T T

Thus, the ratio of the new tension 7% to the original tension 77 is 9:1, indicating that the new tension is 9 times
greater than the original tension.

The correct answer is Option A: 9 : 1.

Question 165



When 10% electrons are removed from a neutral metal plate, the
electric charge on it is

Options:

A.—-1.6C
B.+1.6C
C.10"1°C
D.107" C
Answer: B

Solution:

Charge, ¢ = ne

= ¢=10"x16x10"Y=16C

Question 166

In an electrical circuit R, L, C and AC voltage source are all connected
in series. When L is removed from the circuit, the phase difference
between the voltage and the current in the circuit is /3. If instead C is
removed from the circuit, the phase difference is again 7/3. The power
factor of the circuit is

Options:

A.1/2

B. 1v/2

C. 1

V3
D.

Answer: C



Solution:

Here, phase difference

_ Xi—X¢ n _ Xi—X¢
tan ¢ = ~Lz=¢ = tan § = =L
. X,
When L is removed, tan 5 = 5 =

Xc=vV3R...(~0)

Similarly, when C'is removed

X
tanzz—L:\/g

3 R
= X;=+3R
= X¢g= X ..(i) [from Eq. ()]
Now, tan¢ = 0
= ¢=0°

.". Power factor, cos ¢ = cos(0° =1
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