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ANSWERS & HINTS
for
WBJEE - 2023
SUB : MATHEMATICS

CATEGORY -1 (Q:1to Q50)
(Carry 1 mark each. Only one option is correct. Negative marks: — %)

(A) f'(1) does not exist
(C) f'(1)existandis 9
Ans: (A)

(B) f'(1) exists and is zero
(D) f'(1) existsand is 10

Code-Q

a+ay+...+a,

1. Xlin {x —Q/(x —ag)(x—-ap)...(x —an)}where a,, a,, ..., a_are positive rational numbers. The limit
a;+a, +..4a n
(A) does not exist (B) is % ©) is VYaja,..a, D) is
Ans: (B)
Hint: It {x—>\</(x—al)(x—a2)...(x—an)}
X—
It {x—x”\/(l—ﬁj(l—a—zj...(l—a—”j}
X—>o0 X X X
Un 1/n 1/n

it xdi-{1-2] [1-%2 | [1-%

= xow X X X
a a a

It x|1-|1-2L|l1-22 . |1-
S R

it X atayt..tay | _agtay+..tay
= X—>00 n)( n

1, if x=1
2. Suppose f:R — R begivenby f(x)= (Xlo_l) ) 1 ,if X#1then
e +(x-1) sin—1
X_
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1 if x=1
Hint: f:R>Rf(x)= (xlo—l)
e

+(x—1)2.sin[ilj if x#1
X_

—h
—

1‘)=1+0=1

f(x) is continuous at x = 1

0 - o0t s - oo o 25 (25

which does not exist.

3. Let f:[1 3] > R be continuous and be derivable in (1, 3) and '(x) = f (x)]2 +4vx e (1,3). Then

A) f(3)-f(1) =5holds B) f(3)—f(1) =5 does not hold
(© f(3)-f(1)=3holds (D) f(3)—-f(1)=4holds
Ans: (B)

Il
—_—
—+
—~
o
S—
g
N
+
N
Il
—+
—~
w
SN—
|
—+
—~
N’

Hint: f'(c)

= f(3)-f(1)=2(f(c))* +8

f(2+2h+h?)-1(2)
4. f(x) is a differentiable function and given f/(2) =6 and f'(1) =4, then L = lim
ho0 f(1+h-h?)-f(2)

(A) does not exist (B) equalto-3 (©) equalto3 (D) equalto3/2
Ans: (C)

f(2+2h+h?)-1(2)
It
h=0 f(1+h-h?)-f(1)

[+ (form)}

Hint :

by L. Hospital rule.

1

h—0 f'(1+ h— hz)(l— 2h) f'(1)

=§><2=3
4

. f(2+2h+n?)(2h+2) f(2) [ZJ
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n
5. Let cos‘l[%j =loge (Ej , then Ay, + By, + Cy = 0 is possible for

A A=2,B=x3C=n B) A=x%,B=xC=n?
C) A=x,B=2x,C=3n+1 D) A=x3,B=3x,C=2n
Ans: (B)

-1 <Ly n

Sy, =

Hint: 1—y2 b nx >

b2 "

-1

N Y. _n

Jo2oyz X
= y1x+n\/b2 —y2 =0

= Y1+ Xy2 +%-(-ZV)Y1 =0

n
=Y +XYo +7y=0

= y1x+x2y2 +ny =0

= x2y2 +xy1+n2y =0

A=x?3B=x, C=n?

2
6. IfI=I x“dx 2=f(x)+tanx+c,thenf(x)is
(x sin x +cos X)
sinx 1 —X 1
B Xsinx + cosx ®) (xsinx +cosx)? © cosx(xsinx +cosx) ©) sinx(xcosx +sinx)
Ans: (C)

2

X X X
X

Hint:I—I 2dx=j . dx
(xsinx +cosx) (xsinx +cosx)” COSX

[=-

1 X +J‘( 1 (Cosx+x5|nx)dx

(xsinx+cosx) cosx xsinx+cosx) cos?x

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
®3)



WBJEE - 2023 (Answers & Hints) Mathematics

1 X
[=- - . +J.sec2 xdx
(xsinx +cosx) cosx

I=- X +tanx+C

(xsinx +cosx)cosx

. _ —X
~1x)= cos x(xisnx + C)
7 |fj d =r1bg Ei:ﬁﬁtiiﬂ +C , then the value of ki
- (x+)(x-2)(x-3) k | (x-2)" fhenhe valie orkis
(A 4 B) 6 C) 8 D) 12

Ans: (D)

Hint : .[(x+1)(xd—x2)(x—3) - J(xiﬁ (x?z) . x(—:3JdX

1 _A(x—2)(x—3)+B(x+1)(x—3)+C(x+1)(x—2)

(3T (x-2)(x-3) (3+T) (x=2)(x-3)

=1=A(x-2)(x-3)+B(x+1)(x-3)+C(x+1)(x-2)

forx=—-1
1=A(-3)(-4)> A=
- 12
forx=2
1

1=B(3)(—1):>B=—E
forx=3

1
1=C(4)(1):>C=Z
;1=JLI—1—dx—1 ! dx+1j 1 odx

12J x+1 3Jx-2 4J)x-3

=iln|x+:q—Eln|x—2|+iln|x—3|+c
12 3 4

=i[ln|x +]j—|n|x—2|4 +In|x —3|3}+C
12

_iLmﬂx+lDﬂx—303_

C
12 (x-2)*

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
@)



WBJEE - 2023 (Answers & Hints) Mathematics

J.[x]dx

8. The expression r?

J.{x} dx

, where [x] and {x} are respectively integral and fractional part of x and n € N, is equal to

0

O ® = © n © n-1
Ans: (D)

J.[x]dx

0 _h
Hint : "% I

{x}dx
|

2

[x]dx+I[x]dx+...+ ]1 [x]dx

—
=
Il

O e -

=

n(n-1
=0+1+....+(n-1)= (n-1)
2
n 1 2 1
I, = J.{x}dx = nJ.{x} dx = n{—} =%
0 0 0
I nn-1
1o ( ) =n-1
Iy n
12
X
9. Thevalue of J. is(neN)
1_ in
0
(A) lessthan or equal to % (B) greaterthan orequaltol
1 T
(C) lessthan 2 (D) greater than s

Ans: (A)

1
Hint : For 0 to 5

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
®)



WBJEE - 2023 (Answers & Hints) Mathematics

N 1 1
V-2 J1-x®"
12 1 12 1
:>J. 2dx> —zdx
n
o V1-X o V1-X
- 12
= sin‘li >1
L 0
= T
6
T
2
10. If I, = jcos” xcos nxdx, then Iy,I,,15... are'in
0
A) AP B) G.P © H.P (D) nosuchrelation
Ans: (B)

/2
Hint: I, = J. cos" x.cosnx dx
0

/2 /2

1 2X
I = J.cosx.cosxdx= I SHOOS X gy - T
2 4
0 0
n/2 nl/2
I, = J.COSZX.COSZX dx = j—sinz X.COS 2x dx
0 0
n/2 TE/21 4
21, = J. cos? 2x = I%ng
0 0
T
Sl ==
> 8
n/2 n/2 3 3
X X
I3 = I cos® x .cos3x dx = I [WJCOS3X dx
0 0

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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3TE/2 11'5/2
=2 J. COSX.COS 3X dX+Z I cos® 3x dx
0 0
37t/2 1 n/21 6
-3 J (c032x+cos4x)dx+Z J%x
0 0
-
16
= I3,15,15 arein G.P.
VI S - trerential equation L =L+ o[ % .then o X | i
1. | y_loge [ox | is the solution of the differential equation dx  x v/ y is given by
yz yz XZ XZ
W ® - © 2 ®) ~y
Ans: (B)
. y_ X
Hint : mlox|
dy /njex|-1_ 1 1

dx (gn|cx|)2_€n|cx| (/n|cx|)?

2 2
:ﬂ:z_m ¢[5J=_y_2
dx x \x y X

dy ﬂj[d_v_

dy
12. The function y = e** satisfies [WJf ax yj =Y gy - Itis valid for

dx

(A) exactly one value of k (B) two distinct values of k
(C) threedistinct values of k (D) infinitely many values of k
Ans: (C)
Hint :y = e¥

dy kx d’y 2,k 2

—==ke" =k —=ke" =k
= I y = v e y
Now LHS

d’y dy )(dy
= [W +&J[& - yj = (K2y + ky) (ky —y) = k( k + 1)(k — 1)y? = k(k? — 1)y?

d
Now RHS yd—i=ky2, Alq k(K2 — 1)y? = ky? = k[k? 2] =0 = k =0,k =42

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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2 X
13. Given 3—)2/ + cot xj—y +4ycosec’x = 0. Changing the independent variable x to z by the substitution z = log tan >
X X

the equation is changed to

dy 3 d?y d?y d’y
_+—=O _— y: _— = _— =
® Gty ®) 24z+e =0 © 4z =0 O) 4z +4y=0
Ans: (D)
_ dz 1secz(x/Z)
Hint: 92 _2 = cosecx

dx  tan(x/2) _ sinx

2
dy _dy dz _ ocecxdy 9Y_ i(d_yj _ i(d_yj(zj

dx  dz dx dz’ dx* dxldx) dzldx)\dx
o)
= —| COSec.—— [cosecx
dz dz
2 2
=| COSecCX d )2/ —COSECX.COtX%d—y cosecX = Coseczxd_y_cosecx_cotxd_y
X dz dz dz?
2 2
d—Z + cotxﬂ +4ycosec’x=0 = cos eczxd—g — COSECX. cotxd—y + cotx.cosecx.d—y+ 4cosec’x =0
dx dx dx dz dz
d’y
=—+4y=0
a7

X+1 -1<x<0
14. Let f(x)={ -X, 0<x<1
(A) f(x)isdiscontinuousin[-1, 1] and so has no maximum value or minimum value in [-1, 1]
(B) f(x)iscontinuous in [-1, 1] and so has maximum value and minimum value
(C) f(x)isdiscontinuousin[-1, 1] but still has the maximum and minimum value

(D) f(x)is boundedin[-1, 1] and does not attain maximum or minimum value

Ans: (C)
: X+1 -1<x<0
Hint: f(x)z{—x O0<x<1
f(-1)=0 f(0)=1
f-D=0 | continuousatx =—1, @) =1 giscontinuous at x = 0
f(-1')=0 f(0")=0

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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¢
O ~
/D v >
CYTRY )
N\
=

obviously f(x) has local maximum atx =0

. 25
15. A missile is fired from the ground level rises x meters vertically upwards in t sec, where X =100t—7t2. The

maximum height reached is

(A) 100m (B) 300m (C©) 200m (D) 125m
Ans: (C)

Hint: X = 100t—%t2

dx dx

i 100 - 25t for maximum and minimum o 0=t=4sec
¢
dt?

- atx =4 itwill have maixmum height

=-25<0

X, . =1OO><4—2—25><16 = 400 - 200 = 200m

16. If a hyperbola passes through the point P(«/E, \/§) and foci at (2, 0) then the tangent to this hyperbola at P is

A y=x/6-+3 B) y=x/3-16 © y=xv6++3 D) y=x/3+/6
Ans: (A)
Hint: ae=2,a*+b*=4
Da%—%=1 =b*=3:a’=1
2 2

X
T—y?=l. Tangent at P(\/E\E) is

V6x —y =3

17. A, B are fixed points with coordinates (0, a) and (0, b) (a >0, b > 0). P is variable point (x, 0) referred to rectangular
axis. If the angle ZAPB is maximum, then

® x=ab ®) x=a+b © *=% O x=22

Ans: (A)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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X2 +a’+x*+b? —(a—b)zJ

2UX% +a2x? +b?

Hint: ZAPB=0= cosl(

do
- —=0 2 _
For Max; =0,

2 2

X
18. The average length of all vertical chords of the hyperbola 2z Z—Z =1 a<x<2ais

@A) b{2V3+m2+V3)] B) b{aV2+m@+V2)l (€ af2V5-m2+VB)] ©) al5v2+im(E+y2))

Ans : (**)
2a
2J'ydx
Hint: A =—
J'dx

2a
ng\/ 2 _a%dx

T - b[zﬁ - Zn(2 + @)J (a,10) (2:a, 0)

a

19. The value of ‘a’ for which the scalar triple product formed by the vectors

+aj+k p=j+akandy=ai+k is maximum, is
A) 3 B) -3 C L D =3
A) B) - © Ng (®) N
Ans: (C)
Hint: A=1+a®*-a Formax; — =0
da
dA 1
—=3a’-1 a=+t—
da J3
2
d—€=6a<0 for a=—i
da J3
20. Ifthe vertices of a square are z,, z,, z, and z, taken in the anti-clockwise order, then z, =
A -iz, - (1 +i)z, B) z,-(1+i)z, © z,+@+iy, 0) -iz,+ (1L +i)y,
Ans: (D)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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D(z.) C(z,)
Tc/2r
A(z,) B(z.)
Z,-Z, |21 2 |ini2 Z.—Z AB . .
Hint : In AABC = Mo =220 =—.i=i
Z; -2, |23_Zz| z,-2, BC
=2,-2,=0(2,-2,) =>-iz,+iz,=2,-2, =z, =-z, +(i+1)z,=—iz, + (1 +i)z,

21.

Ifthentermsa,, a,,
the square of their mean is

rz{(n—l)z—} ’ r*(n* -1) n° -1
A) — 0 B) 2 © Q- D) 12
Ans: (C)
Hint af+a§:...+a§_(a1+a2:...+anJ2
, n(n=1) ‘
a+(a,+r) +.. . +{a +(n-r} | FTT
- n B n
naf+r2-(n_l)'n(zn_l)+a1r(n—1)-n 2 ()2
6 2 (n 1)
- - a; —ar(n-1)- 2
(n-1)(2n-1) rz(n—l)2
e e I D =
_rz(n—l)(Zn—l_n—lj
2 3 2
_rz(n—l)(4n—2—3n+3j
2 6

,a_areinA.P. withincrementr, then the difference between the mean of their squares &

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph
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22. 1f1,log,(3**+2),log,(4.3*~1) are in A.P, then x equals

(A) log,4 (B) 1-log,4 € 1-log,3 O) log,3
Ans: (B)

Hint: 2log, (3" +2) =log, (4.3 —1)+1
= log, (3" +2) =log, 3(4.3" - 1)

=342 :3(4.3* —1)
:%+2:4.3**1—3

3
:3%+2=12.3X—3

—12.(3") -5(3)-3=0

= (4(3")-3)(3(3") +)=0

23>0 (3

B3

)-3=0

3(3X)+1¢o — 3 _§

= Iog3 i log,3 —log,4
= X =1-log,4

23. Reflection of the line 3z + a7 = 0 inthe real axis is given by

(A) aziaz-0 B) 3z-az-0 © az-az=0 O 2+2-0

Ans: (A)

Hint :

Let,a=a+ip and z=x+1iy

s.az+az=0

= (a—iB)(x +iy)+ (o +iB)(x—iy) =0

(04
= 2((xx + By) =0 = ax+By =0 which passes through origin - slope = _E

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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24,

25.

26.

.. Reflected line’s slope =%

.. Reflected line’s equation : ax — By =0

()l
(P

=az+az=0

—az+az=0

If one root of x> + px —g*> =0, p and g are real, be less than 2 and other be greater than 2, then

(A 4+2p+g*>0 B) 4+2p+g*<0 © 4+2p-0>0 O) 4+2p-0g’<0
Ans: (D)

/\y

Hint :

p(2)

a<2 and p>2

Let, p(x) = x?+ px —g?

L p(2) <0

= 224+2p-0°<0

=4+ 2p—¢?*<0

The number of ways in which the letters of the word ‘VERTICAL’ can be arranged without changing the order of the
vowelsis

8! 8!
(A) 6!'x3 B) = © 6!x3 D) 31
Ans: (D)

Hint : Vowels ‘EIA’ to be kept in order, so out of 8 places 3 places can be chosen in *C, ways. Remaining 5 letters
can be arranged in 5! ways.

.. Total number of ways = °C, x5! :E

n objects are distributed at random among n persons. The number of ways in which this can be done so that at least
one of them will not get any object is

(A) nl—n B) n"—n © n"—n? D) n"—n!
Ans: (D)
Hint : Total number of ways of distributing n objects randomly among n persons = n"

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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27.

28.

29.

30.

Number of ways in which each person gets exactly one object ="P, =n!

.. Required number of ways = n"—n!
LetP(n)=3"*1+2"*2where ne N . Then

(A) P(n)isnotdivisible by any prime integer. (B) there exists prime integer which divides P(n).
(©) P(n)isdivisibleby5forall ne N . (D) P(n)isdivisibleby 3forall ne N.
Ans: (B)

Hint : P(1) = 32 + 22 which is divisible by (3+2) = 5 which is prime
.. There exists prime integer which divides P(n)

Let A be a set containing n elements. A subset P of A is chosen, and the set A is reconstructed by replacing the
elements of P. A subset Q of Ais chosen again. The number of ways of choosing P and Q such the Q contains just
one element more than P is

(A) 2n Cn71 (B) ZnC

Ans: (A)
Hint : Required number of ways

© *cC,., D) 2nn

n

="C,-"C,+"C,-"C, +....+"C,,-"C,

=2"C, ,
Let Aand B are orthogonal matrices and det A+ detB = 0. Then

(A) A +Bissingular (B) A+ Bisnon-singular

(C) A +Bisorthogonal D) A + B is skew symmetric
Ans: (A)

Hint: AAT=1 and BB"=1

= det(AAT) =1 and det (BB) =1

det (A) =—det (B) (Given) = (det(A))’=1 = (det(B))’=1

. det (A +B) =det (A(B" + A")B)

=—det (BT +A) [ (det(A))(det(B)) = —1] as det (A) = — det (B)

=—det(B+A)T
=—det(A+B)"
=—det (A+B)
=2det(A+B)=0
=det(A+B)=0

.. (A + B)issingular

2 0 3
LetA=|4 7 11|.Then
5 4 8
(A) detAisdivisible by 11 (B) detAisnotdivisible by 11
(C) detA=0 (D) Alisorthogonal matrix
Ans: (A)
Hint : det(A) = 2(56 — 44) + 0 + 3(16 — 35)

=24-57
= —33 which s divisible by 11

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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r

31. Ifthe matrix M is given by M, =[ r—lj forr=1,2,3,....then

r-1 r
det (M) + det (M) +..... +det (M) =
(A) 2007 (B) 2008 (C) (2008)? (D) (2007)?
Ans: (C)
Hint: det(M)=r*—(r-1?=r*—(r*-2r+1)=2r-1
2008 2008

ooy det(M,)= > (2r-1)=1+3+5+---+4015
=1

r=1
= (2008)?
32. Let o, B be the roots of the equation ax* + bx + ¢ = 0, a, b, c real and s, = a" + B" and

3 1+s, 1l+s,

1 1 1 - I((a+b+c)2
+s, 1+s, l+s,|= T thenk=
1+s, 1+s, 1+s,
(A) b?-4ac (B) b?+4ac (©) b?+2ac (D) 4ac-Db?

Ans: (A)

3 1+s, 1l+s,
. I+s, 1+s, l+s,
1+s, 1+s, 1+s,

1+1+1 l+a+B 1+a”+p°
l+a+p 1+a’®+p° 1+a’+p°
1+a”+p* 1+’ +p° 1+a’+p*

={1-a) (a-p)A-B)¥
= (1= (o+B)+ ap)? (a—p)

( b cjz[b2 4cj
= l+=+=| | 5-——
a ajla® a

2 2
_ (a+22+ c) b’ ;24ac e _4ac)(a+24+ c)
. k=b?-4ac
33. LetA, B, C are subsets of set X. Then consider the validity of the following set theoretic statement :
A AuB\C)=(AUB)\(AuUC) B) (A\B)\C=A\(BuC)
© (AUB)\A=A\B D) A\C=B\C
Ans: (B)
Hint: (A\B)\C=(AnB)nC
=An(B'nC)
=An(BuC)
=A\(BuC)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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34. LetXbe anonvoidset. If p, and p, be the transitive relations on X, then

(A) p,.p,istransitive relation (B) p,.p,isnottransitive relation
(©) p,.p,isequivalence relation (D) p,.p,isnotany relation on X
Ans: (B)

Hint : Fact

1
35. LetAand B are two independent events. The probability that both A and B happen is D) and probability that neither

1
A nor B happen is 5 Then

1 1 1 1
A) P(A)=§'P(B)=Z (B) P(A)=§'P(B)=g
1 1 2 1
© P(A)=5P(B)=5 ©) P(A)=5P(®)=3
Ans: (A)
. 1
Hint: P(ANB) == :>P(A)P(B)=$ ----------- @
P(A'NB) = > P(AUB)=1-2 =

7 1
- EP(A) T
— 12P(A)?—7P(A) +1=0
— 12P(A)? — 4P(A) — 3P(A) + 1= 0
= (BP(A)-1)-(4P(A)-1)=0

=P(A) 0

1 1
P(A)== P(A)==
(A)=5 o P(A)=3
P(B)=1:x3 = P(B)=1-x4

_1 _1

4 3

1 1
P(A)==. P(B)==

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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36. Let S be the sample space of the random experiment of throwing simultaneously two unbiased dice andE, ={a, b) €
S:ab=Kk}. If p_=P(E,), then the correct among the following is :

A) p,<py<p, B) p,<p;<p, ©) p,<Pg<P, D) p,<P,<Pp;
Ans: (A)
Hint: E, ={(1, 1)}, E,={22),(1,4, (41} E,={205)(5 2}
1 3_1 2 _1
Pi=36 Pe=36 " 12 P =35 " 18

37. If %sin 0,cosH,tan are in G.P., then the solution set of 0 is

(A) 2nm+ % (B) 2nm+ g ©) nu+(-1) g D) nn +g

Ans: (B)
Hint : 6 cos®0 + cos?0—-1=0
= (2c0s6 — 1)(3c0s?0 + 2cosb + 1) =0

1
= cosH= > (3c0s?0 + 2cos6 + 1 = 0)

38. The equation rzcosz[e - g} = 2 represents

(A) aparabola (B) ahyperbola (C) acircle (D) apair of straight lines
Ans: (D)

2
Hint : rz[cozse +§sin9} =2

= (rcose+\/§rsin9)2 =8
= (x+y\/§)2=8
= (x+y\/§—2\/§)(x+y\/§+2\/§)=0

= apair of straight lines

39. Let A be the point (0, 4) in the xy-plane and let B be the point (2t, 0). Let L be the midpoint of AB and let the
perpendicular bisector of AB meet the y-axis M. Let N be the midpoint of LM. Then locus of N is

(A) acircle (B) aparabola (C) astraightline (D) ahyperbola
Ans: (B)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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Hint :
B(2t,0)
O. > X
M(0,4—t/2)
Equation of LM =
y-2= 2(x-1
2

2
:>M[O,4_t J
2
Midpoint of LM : N(h, k)

{2
= 2h=t 2k= 4—5
= X=2-y

40. |If 4a2 + 9b2—c? + 12ab = 0, then the family of straight lines ax + by + ¢ = 0 is concurrent at
A) (2,3)or(-2,-3) B) (-2,3)or(2,3) © (3,2 o0r(-3,2) D) (-3,2)or(2,3)
Ans: (A)
Hint: -- 2a+3b—-c=0 or2a+3b+c=0

= c=%(2a+3b)

- ax+by+c=0

= ax+byt(2a+3b)=0

= a(xx2)+b(yx3) =0 (family of lines)
= (-2,-3) or (2, 3)

41. The straightlinesx + 2y—9=0, 3x + 5y —5=0and ax + by — 1 = 0 are concurrent if the straight line 35x — 22y +
1 = 0 passes through the point

(A) (-a-b) (B) (a,-h) © (-ab) ©) (ab)
Ans: (D)

ab -1
Hint: |1 2 -9/ =0=35a-22b+1=0

3 5 -5
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42.

43.

44,

45,

ABC is an isosceles triangle with an inscribed circle with centre O. Let P be the midpoint of BC. If AB = AC = 15 and
BC =10, then OP equals
5o 5
— unit — unit i i
® 5 ® 5 © 245 unit (D) 5v2 unit
Ans: (B)
Hint : A AP = 152 _52 =102
1
A= =.BC-AP =502
15 15 2
_15+15+10 _
o4 s = — - 20
' A 50v2 5
B .. - —_—_—
5 5 °© TS 20 2
Let O be the vertex, Q be any point on the parabola x2 = 8y. If the point P divides the line segment OQ internally in the
ratio 1 : 3, then the locus of P is
(A) xz=y (B) y*=x ©) y*=2x DO) x*=2y
Ans: (D)
Hint : OP:PQ=1:3
t2
=h=t, k= —
Q(4t, 2t) 2
P(h.K) n2
k= —
@)
2 2

. . . X . .
The tangent at point (a cos 6, bsin0),0<6 < g , to the ellipse a—2+ b2 =1 meetsthe x-axisat T and y-axisat T,.

Thenthe value of min (OT) (OT))is
0<0<—
2

(A) ab (B) 2ab © o D) 1
Ans: (B)
Hint: Tangent : x(b cos6) + y(a sinb) = ab

. OT.OT. = ab  2ab
YY1 cosh sind  sin20
- _ X2 y2

Let A(2 sec 0, 3tan 0) and B(2 sec ¢, 3 tan ¢) where 6 + ¢ = 5 be two points on the hyperbola 2 9 =1.1f (o, B)
is the point of intersection of normals to the hyperbola at A and B, then B is equal to

12 13 12 13
A —_ _ —_— —_
A 3 ® 3 © -3 O -3
Ans: (D)

Hint : Eqn of Normal at A

4x N 9y
2secH 3tano0
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atB
4x . 9y _13
2cosecO 3cot0
= (2cos0)x + (3cotf)y = 13 EE—D)
& (2sinf)x + (3tanO)y = 13 —— )
Lo 13
y="73

2 2
46. If the lines joining the focii of the ellipse — +Z—2 =1 where a> b, and an extremity of its minor axis is inclined at an
a

angle 60°, then the eccentricity of the ellipse is

V3 1 V7 1
@ — ® 3 © 3 © 73
Ans: (B)
Hint: — =tan60° = — = ev3

X-1 y-2 z-3

47. If the distance between the plane ax — 2y + z = k and the plane containing the lines 3 2 and
X—-2 y-3 z-4 . :
3 -1 " is /6 , then |k| is
(A) 36 B) 12 © 6 D) 23
Ans: (C)
Hint: E. of plane
x-1y-2 z-3
2 3 4 =0
3 4 5
=>x-2y+z=0 —
&givenax—-2y+z=k —— (2)
WNE =a=1k=0
K
1l-6 =|k=6
=V =K
48. The angle between a normal to the plane 2x —y + 2z — 1 = 0 and the X-axis is
1 2 -1 1 -1 3 -1 1
cos™ — cos™ — cos™ — cos™ —
®) 2 ®) c © " ©) 2

Ans: (A)
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Hint: Normal: 2, -1, 2
X-axis:1,0,0

S 0= cos-12
3

49. Letf(x) = [x?] sin nx, x > 0. Then
(A) fisdiscontinuous everywhere.
(B) fiscontinuous everywhere.
(C) fiscontinuous at only those points which are perfect squares.
(D) fis continuous at only those points which are not perfect squares.
Ans : (Ambiguity in the options)
Hint : [x?] sin nx

\

discontinuous
at all points where x?is integer

If x2is integer and x is also integer then f(x) will be continuous, but if x? is integer and x is not integer then f(x) will be
discontinuous.

50. Ify=log"x, where log" means log, log, log, ... (repeated n times), then

d
x log x log? x log®x ..... log"* x log" x L is equal to

dx
(A) logx B) x © 1 (D) log"x
Ans: (D)
Hint : d_y= — 1_2
dx xlog""x log"“x.... logx

CATEGORY -2 (Q.51t0 65)
(Carry 2 marks each. Only one option is correct. Negative marks : —%%)

27
51. j 0sin® 0cos0do is equal to
0

= B o =F D) ©
= ® © ®

Ans: (D)

A)

applying King’s Property,

2n
j(Zn—e)sin6 0.cosfdo an
0

27
adding () and (11), 2= ZnJ sin®6cosHdo
0
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27
:>|=njsin660039 _____ )
0

2a a
Using Queen’s Property, J f(x) dx zzjf(x) dx , when f(2a—x) = f(x)
0 0

applying Queen’s Property on (1ll), | = 2njsin6 6cos0do
0

2a

again, using Queen’s Property, J f(x)dx =0 when, f(2a - x) = —f(x)
0
52. Ifx=sin0andy =sin k6, then (1-x*)y, —xy, —ay =0, for a =
A k B) -k © K (D) k2
Ans: (C)
Hint: x =sin@
y = sinko
dy dy/d6 _kcosk6 _y
dx dx/d® cose ' U

dy d (dy) do | —k*sin(k6).cos6+kcos(k)sin® 1
= = — — | X— = X
Y2 = 4x " doldx )" dx cos?0 cos0
_ kcos(k6)sin6 —k?sin(k6)cos 6 |
, = g an
also, 1—-x?> =1-sin?0=c0S%0 -...ve.... (1)

So, putting the values of 1-x?, y, andy, from (1), (I1), (1) we get
(1-x?)y, = xy, = ay

k cos(k0)sin® —k?sin(k0).coso i
= (cos®0) (k6) : (ko) _ksinbeos(kd) _  sinko)
cos” 0 coso

kcos(k8)sin6 -k’ sin(k8)cos6 —ksinOcos(k0)
cos6 -

= OLSiI’](kG)

= —k? sin(k6) = asin(k6)
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53.

54.

55.

Inthe interval (—2m,0), the function f(x) = sin[igj
X

(A) neverchanges sign

(B) changes sign only once

(C) changes sign more than once but finitely many times
(D) changes sign infinitely many times

Ans: (D)

Hint : xe (-27,0), f(x) = sin[x—laj

s —2n<X<0
=-81° <x*<0

U L
x3 8r®

(1
Hence, 5'”(;) will take all values from —1 to 1, and will change its sign infinitely many times since itis a periodic

function

The average ordinate of y = sinx over [0, nt] is

2 3

@ - |®) — © - O) =
o o

Ans: (A)

Hint : As sin x is a continuous function in [0, 1]

[-cosx]; 2

1 .
Average ordinate will be = —jsm xdx =
-0 0 T T

2 2 2
The portion of the tangent to the curve x3 +y3 =a?, a> 0 at any point of it, intercepted between the axes

(A) varies as abscissa (B) variesas ordinate
(C) is constant (D) varies as the product of abscissa and ordinate
Ans: (C)

2 2 2

Hint : for the given curve x3 + y5 —a®,a>0

Parametric Coordinates are x = a cos®0

y = asin*0
d—y— I ft t at = dy /9
X =slope of tangent at any = dx/do

point (X, y)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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56.

57.

_ 3asin®6.cos6
3acos’6(-sino)

=—tano

Equation of tangent at (acos3 ,asin’® 6)

y —asin® 0 =—tan0(x-acos’0)

its x-intercept = a cos 6
its y-intercept = a sin 6
So, the tangent cuts the axes at A(a cos 0, 0) and B(0, a sin 0) respectively.

AB = \/(a(;ose)2 +(asin 9)2 =a, which is constant

If the volume of the parallelopiped with 2 x Db, bx¢ and € xa as coterminous edges is 9 cu. units., then the volume
of the parallelopiped with (éx 5) X (5 X E) , (5 x E) x(Cxa) and (Cxa)x (é X 5) as coterminous edges is

(A) 9 cu. units (B) 729 cu. units (C) 81cu. units (D) 243 cu. units

Ans: (C)

Hint : Volume of Parallelopiped whose coterminous edges are @, b and C = [556]

24

So, Given that [gx-ﬁ BxT Cx

=(9)* (from (1))

Given f(x) = "™ + e . The global maximum value of f(x)

b 1
(A) does not exist (B) existsatapointin [OEJ and its value is 2e+?
(C) exists at infinitely many points (D) existsatx =0 only
Ans: (C)

Hlnt : f(X) — esinx + eCOSX

f/(x)=0
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sinx

— € ".CosX+e

COS X (

-sinx) =0

= esinx—cosx =tanx

X=77 orin general X =nm+ -
4 4

Now, f"(x)<0 at X=% or x=Nnm + %

So, Global maximum exists at infinitely many points

root, then which of the following is true?

(A) a, b, ccannot bein A.P. or H.P. but can be in G.P.
(B) a, b, ccannot be in G.P. or H.P. but can be in A.P.
(©) a, b, ccannot beinA.P. or G.P. but can be in H.P.
(D) a, b, ccannotbeinA.P., G.P. or H.P.

Ans: (C)

Hint : For no real root

(2b)?—4ac <0

b2 < ac

b<+ac ab,c>0

Ifin AP, thena+c=2b

i.e., x =-1 a solution

.. a, b, cnotin AP

+b? <ac

..a, b, cnotin GP

ForHP b= =
a+cC a c
i+ —
\/;

. 24ac <9
- \/5+ ¢ .. ab,cinHPis possible
c Va
al a2 an
59. Leta, a, a, .., & be positive real numbers. Then the minimum value of a_+a_+ ----- +; is
2 3 1
A 1 B n © rC, O 2
Ans: (B)
T zn\/a1xa—2 ..... 4
Hint: 2, @ a, a, 3, a,

58. Consider a quadratic equation ax? + 2bx + ¢ = 0 where a, b, c are positive real numbers. If the equation has no real

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph
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AM>GM (property)
-.Minimum value =n

Itis possible whena, =a,=a,=....=a,
0 01 010 0 10
60. Let A={1 0 0|,B=|0 0 1|and P=|x 0O O] be an orthogonal matrix such that B = PAP! holds.
000 0 00 0 0y
Then
A) x=1=y B) x=1,y=0 © x=0,y=1 D) x=-1,y=0
Ans: (A)

Hint : B = PAP!

PBP = P'PAP'P
0 0 xy 0 01
x 0 0|=A=|1 0 O
00O 00O

x=l=y

61. Let p be arelation defined on set of natural numbers N, as p ={(X,y) e Nx N: 2x+y =41}. Then domain Aand range
B are

A) Ac{xeN:1<x<20} and Bc{yeN:1<y <39}
B) A={xeN:1<x<15} and B={yeN:2<y<30}
© A=N.,B=Q
D) A=Q,B=Q
Ans: (A)
Hint: 2x+y =41

y =41 - 2x

o x={1,2,34, ..... 20}

y ={1,3,5,..... 39}

13 . .
62. From the focus of the parabola y?=12x, a ray of light is directed in a direction making an angle tan 1Z with x-axis.

Then the equation of the line along which the reflected ray leaves the parabola is

A y=2 B) y=18 © y=9 O) y=36
Ans: (B)

Hint : Reflected Ray passes parallel to the Axis of the parabola

y > Reflected ray tan 0 = 3/4
0 Incident ray
(3,0 Equation of incident ray
y = 3/4 (x-3)
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For point P

2

31/—2=%+3 . y=18
63. The locus of points (X, y) in the plane satisfying sin? x+sin? y =1 consists of
(A) acircle centered at origin
(B) infinitely many circles that are all centered at the origin
(C) infinitely many lines with slope + 1
(D) finitely many lines with slope + 1
Ans: (C)
Hint : sin?y = cos®

siny =  cosx

. Y
If siny = cos x = S'H[E—Xj
- y=nn+(—1)"[g—xj
If siny=—cosx=sin(x—gj

— y=nn+(-1) [x—gj

Iimi+l+1+l++L+;'
64. Thevalueof 1T || 5= 22 3 2232 5332 | T onan " oneign || 1S

A 3 B 3 C 3 D 3
A 3 ® 15 © 1 O 15
Ans: (B)

— 1 1
Hint : rllmle(zx « 3% +2x+l><3xj

I
=

M:
AT

7\
H

+

N |-

N—

n—co :16
Exlim l+i+ ...... 1 3 % 3
- 2 nowl6 62 6" - EX—zﬁ
infinite  GP 1_%

65. The family of curvesy = e3s"x where ‘a’ is arbitrary constant, is represented by the differential equation

A ylogy=tanx % B) ylogx=cotx %
(A) ylogy=tanx = (B) ylogx=cotx
C) | =t d_y D) | = cot d_y
© logy= anxdx (D) ogy—coxdx
Ans: (A)

Hint : y = g2sinx
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=logy =asinx

= dx\sinx) dx —logy xcosx=0

0 sinx dyx
d [I gyj da) o #

dy
=ylogy=tanx x dx

CATEGORY -3 (066 to Q75)
(Carry 2 marks each. One or more options are correct. No negative marks)

X 0 >
2
66. Letfbe anon-negative function defined on { } If ,[ ~sin2t)d If(t) tan tdt, f(0) =1 then j x)dx is
0 X 0
T T T
A B) 3-—- 3+— =
(A) 3 (B) 5 ©) 5 O 3

Ans: (B)
Hint : f'(x) — sin2x = — f(x) tanx
= f'(x) + tanx f(x) = sin2x

df (x)
Cdx

+tanx.f(x) = sin2x

T
If = e flaxdx = ginlsecd = |gec x| = secx As, X‘{QE}
Solution is,

f(x) x secx = jsin 2xsecxdx = jZSinxcosxsecxdx = stinxdx

f(x) secx = —2cosx + C

Putx=0;f(0)=1

f(O) sec0 = -2 cos0+c
=-2+C .. C=3

Reqwred solution is;

f(x) secx = —2 cosx+3

f(x) = —2cos?x + 3 cosx

1+cos2x
=7 — +3C0SX = -1 —cos2x + 3cosx

f(x) = =1 — cos2x + 3cosx

Now |f(x)dx

[ L I— P

in2 . T T
(—1—cost+Scosx)dx = {_X_sm X+33|nxw2 = [——+3j—0 -3
2 0 2 2

[ L I— P
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67. A balloon starting from rest is ascending from ground with uniform acceleration of 4 ft/sec?. At the end of 5 sec, a
stone is dropped from it. If T be the time to reach the stone to the ground and H be the height of the balloon when the
stone reaches the ground, then

(A) T=6sec (B) H=1125ft (C) T=5/2sec (D) 225ft
Ans: (C)

Hint: 50 ft

A

Let after 5 sec ballon is at B

Given : a = 4ft/sec? u(Initial velocity) =0
t=5sec

Distance covered by ballon in 5 sec;

1
S=ut+ %at2 = E><4><52 =50 ft

Let Speed of balloon at B be V
V=u+at =0+ 4x5 =20 ft/sec
So, speed of ball when it's dropped
at point B is v, = 20ft/sec.

1 5
S= Vlt + Ealt
1 5
= -50 =20t + 5 (-32)t2 =>t= 5 sec

68. If f(x)= 3Yx? —x?, then

(A) fhasnoextrema (B) fismaximum at two pointsx =1 andx = -1
(C) fisminimumatx=0 (D) fhas maximum atx =1 only
Ans: (B, C)

HInt : £(x) = 3(x)s - X°

Differentiate both sides wrt. x

Y
, 2 ) - 1-x/3
:f(x)=3.§x%—2x:2x%_2x:2(x%—x):2 x%’

+ A IV +A

-1 0 1

. f has maximum at two pointsx =-1 x=1

f has minimum atx =0
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z,+z z
69. Ifz and z, are two complex numbers satisfying the equation 21 ~ 22 =1 then 2_1 may be
1 2 2
(A) real positive (B) real negative (C) zero (D) purely imaginary
Ans: (C, D)
z,+2,
Hint : z2,-2,

|21/22 + 1| = |21/22 _1|

Im(2)
z,lz,

e(2)

Lo ° @wo "

z
Distance of 2_1 from -1 and 1 are equal
2

z
So, locus of 2_1 is perpendicular bisector of line joining (—1,0) & (1, 0)
2

z
g 2_1 = purely imaginary or O
2
70. Aletter lock consists of three rings with 15 different letters. If N denotes the number of ways in which it is possible to
make unsuccessful attempts to open the lock, then

(A) 482dividesN (B) Nis the product of two distinct prime numbers.
(C) Nisthe product of three distinct prime numbers. (D) 16dividesN
Ans: (A, C)
Hint : Number of unsuccessful attempts = 153 — 1= 3374 = 2x1687 = 2x7x241
Divisible by 482

N is the product of three distinct prime number
71. If Rand R! are equivalence relations on a set A, then so are the relation
A R B) RUR? C©) RNR? (D) All of these

Ans: (A, C)

Hint: If R & R'are equivalence relation
R~ = Equivalence
R n R'= Equivalence
R U R!'may or may not equivalence
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2 2

X
72. Letf be astrictly decreasing function defined on R such that f(x) >0, vx e R . Let + y =1 be

f(a2 +5a+3) f(a+15)

an ellipse with major axis along the y-axis. The value of ‘a’ can lie in the interval (s)
(A) (-o0,-6) B) (-6, 2) © @ ») D) (-0, )
Ans: (A, C)
Hint : f = strictly decreasing function vy ¢ R
fx)>0 =f(x)<0

2 2

X LY
f(a2 +5a+3) f(a+15)

As major axis is y-axis
f(a+15) > f(a®+5a+3)
—atlb<a’?+5a+3 (- fis decreasing)
= a*+4a-12>0
=a<-6ora>2

73. Arectangle ABCD has its side parallel to the line y=2x and vertices A,B,D are on lines y=1, x=1 and x=—1 respec-
tively. The coordinate of C can be

A B8 (B) (-3.8) © (3.-1) ©) G-1
Ans : (No option(s) matched)
Hint : Case |
AD parallel toy = 2x
(-1, 1 —2a) A@l)
=M, = Z&MAB:—1
2
fora=3
- B(1, 23) A(3.1), B(L,2), C(-3,-6), D(-1, -7)
C(-a, > ) \ Y B @

liney =2x---- (1) A
/| >y
<V
D v
fora=-3
C(3,3),A(-3,1),B(1,-1),D(-1, 5)

\ Y
oo
K
/>
B

A

Casell AD perpendicular to line (1)

1
:>MAD:E, M,=2 =b=3-2a =d=—/—

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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a+l
D(-1,—
( > )

Aa,1) DIV ®©

/ A
fora=3,C(3,-2) C / X

B(1, 3-2a) B

C(-a, % (5-3a))

AY
B(1,9)

A(=3,1) //\0(3,7)
fora=-3,C(3, 7) \/ X

D(-1, -1)

* In both cases if abscissa of C : 3 or -3
then co-ordinates of C can be (3,3) or (3,7) or (-3,-6) or (-3, -2)
74. Letf(x) =x™, m being a non-negative integer. The value of m so that the equality f'(a+b) = f'(a) + f'(b) is valid for all a,

b>0is
A 0 B) 1 C 2 D) 3
Ans: (A, C)

Hint: Letf(x)=x™m > 0, m ¢
f'(atb) =f(a) +f'(b),a,b>0

= m(atb)™!=ma™!+ m.bm™?
(a+tb)™t=am*+bm™? f'(x) =mnm?
form=0 =0=0
(atb)yt=a'+b?

Not satisfied

form=1

(a+b)° =al!+ b

1=2

Not satisfied

form=2

(at+b)>t=a*'+ p>?

a+b = a+b (satisfied)

form=3

(a+b)*1= a1+ bt

Not satisfied

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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75.  Which of the following statements are true ?

a+T
(A) If f(x) be continuous and periodic with periodicity T, then I= ,[ f(x)dx dependon‘a’.
a
a+T

(B) If f(x) be continuous and periodic with periodicity T, then I= ,[ f(x)dx does not depend on ‘a’.
a

1, if X is rational
(C) Letf(x)= 0. if x is irrational then f is periodic of the periodicity T only if T is rational

(D) fdefinedin (C)is periodic forall T

Ans: (B, D)
a+T T
Hint: (A) 1= [ f(x)dx = [f(x)dx
a 0
Independent of a
a+T T
®) '= j f(x)dx = jf(x)dx does not depend on ‘a’
a 0

1 xeQ
© f(X) = 0,x¢#Q is periodic for all T with undefined fundamental period.

(D) fdefined on (C) is periodic for all T with undefined fundamental period.

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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**A&C

AB
AB,CD

AB.C

B,C.D
AD

B,C
AD
AD

ACD

A
**A&C

AB.C,D
AB.C
B,C.D

AD

AB

AD

AD

ACD

B,C

**A&C

AD

AB
AB,C.D

AB,C

B,C.D

B,C
AD

AD
ACD

A
**A&C

B,C.D
AD

AB
AB,C.D

AB.C

ACD

B,C
AD
AD

No option is correct

Both option is correct
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ANSWERS & HINTS
for
WBJEE - 2023
SUB : PHYSICS & CHEMISTRY

PHYSICS
CATEGORY -1 (Q1to Q30)
(Carry 1 mark each. Only one option is correct. Negative mark : — ¥4)
1. Inasimple harmonic motion, let f be the acceleration and T be the time period. If x denotes the displacement, then |fT|
vs. x graph will look like,

[fT| [fT|
N 4

A) (B) i
L 5y X
T
©) : D) f

Ans: (B)
Hint : F.T =0’ ﬁ =2n®X
®
-+ FT=2n0X
|fT]
X

2. The displacement of a plane progressive wave in a medium, travelling towards positive x-axis with velocity 4m/s

X
att=0isgivenbyy=3sin 2“[—§J . Then the expression for the displacement at a later time t = 4 sec will be

A Y= 3sin2n[—X_T16j (B) Yy=3sin 27'5[

—x—lGJ

©) y=3sin2n[_X3_lj D) y=3sin2n[_X3_lj

Ans: (A)
Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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Hint : Lety = 3sin[ot — Kk X]

att=0
y = 3sin(—kx)
ko 2T
3
o
v=—
k
0} 8n
4= _or
/i3 73
— H Bjt_ﬁx
y = 3sin 3 3
t=4
y =3sin 8—7Tx4—ﬁx
3 3
=3Sin27{_x+16}

onfo( )

3. Ashownin the figure, aliquid is at same levels in twoarms of a U-tube of uniform cross-section when at rest. If the
U-tube moves with an acceleration ‘f’ towards right, the difference between liwuid height between two arms of the

U-tube will be, (acceleration due to gravity = g)

A
@
\4

_.,
—h|(Q

A ya B) ~Ca © a ©) o

(o]

Ans: (A)
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Hint :

acceleration
g

tano =

acceleration
g

h
a

|
Q|

h-12
g

4.  Six molecules of an ideal gas have velocities 1, 3, 5, 5, 6 and 5 m/s respectively. At any given temperature, if yy and
V. represent average and rms speed of the molecules, then

A) v =5mis ®B) V..>Vv
(C) VT%T'IS <v2 (D) Vrms = v
Ans: (B)
Hint - \_/=1+3+5+5+6+5=§=4.16
6 6

v _\/1+9+25x3+36 _ 122 =£_448
rms 6 6 \/6_ .
V.. >V

Z 1

%

5. F—> 2 A JL

As shown in the figure, a pump is designed as horizontal cylinder with a piston having area A and an outlet orifice
having an area ‘a’. The piston moves with a constant velocity under the action of force F. If the density of the liquid is
p, then the speed of the liquid emerging from the orifice is, (assume A>> a)

F a |k 2F A 2k
@ \oa ® Avon © \on ® Fyon
Ans: (C)
Hint : by principle of continuity

AV = av

by Bernoulis principle

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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1 1
P+=pV?=P, +=pVv?
2p 0 2p

F 1 1
—+P, [+=pV? =P, + =pV?
{A 0} pPY TheToP

F 1 [av] 1 ,
A 27| A

F 1 , a’
—=—pv°|1l-—
A 2P { AZ}

aZ << AZ

2F
V= [—
pA

6. Two substance A and B of same mass are heated at constant rate. The variation of temperature 6 of the substance
with time t is shown in the figure. Choose the correct staement
0

t
0

(A) Specific heat of Aiis greater than that of B (B) Specific heat of B is greater than that of A
(C) Both have same specific heat (D) None of the above istrue
Ans: (A)
0
Hint :
B
A
t
0
AH=mCA0
dH do
—=mC— Ll = a constant
dt dt dt
do 1
Tdt C
. 1
i.e. slope o c . Cy<C,

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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7. Agiven quantity of gas is taken from A to C in two ways; a) directly from A — C along a straight line and b) in two
steps, from A— B and then from B — C. Work done and heat absorbed along the direct path A— Cis 200 J and 280J

respectively

(A) 80J ®B) o0 (©) 1603 (D) 1203
Ans: (C)

Hint : AW =200J AQ=280J for pathAC

AU = AQ — AW =280 - 200 = 80J
(AU) is same for both paths.
.. AQ =AW + AU =80 + 80 = 160J

8. Athinglassrodis bent in a semicircle of radius R. A change is non-uniformly distributed along the rod with a linear
charge density A=A sin(} is a positive constant). The electric field at the centre P of the semicircle is,

y
% X
Ao % Ao 4 Ao % Ao %
- [ - [
) BnSORJ ®) 87‘ESORJ © 8meR ©) 8negR
Ans : (None)
* +
+
+
Directed along
Hint : —-ve Y axis
cos 26)do

None of the options are matching.

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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9. Consider a positively charged infinite cylinder with uniform volume charge density r > 0. An electric dipole consisting
of +Q and — Q charges attached to opposite ends of a massless rod is oriented as shown in the figure. At the instant
as shown in the figure, the dipole will experience,

I

(A) aforce tothe left and no torque (B) aforce tothe right and a clockwise torque
(C) aforce tothe right and a counter clockwise torque (D) non froce but only a clockwise torque
Ans: (B)

Hint : ==

A+
+++++++++

g
Fl
E « 1'
r
oA
F,>F,

F. towardsright t_ clockwise.

10. 12mC and 6 mC charges are given to the two conducting plates having same cross-sectional area and placed face
to face close to each other as shown in the figure. The resulting charge distribution in mC on surface A, B, Cand D
are respectively,

12uC 6uC

(W,

B

A 9,3-3,9 ®B) 3,9,-9,3 © 6,6,-6,12 D) 6,6,3,3
Ans: (A)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
(6)



WBJEE - 2023 (Answers & Hint) Physics & Chemistry

Q, Q, Q+Q Q1 —-Q> Q;+Q;
Hint : ] [ _K 2 — 2

2

Q2 —Qy

9,3 -39

11. Awire carrying a steady current 1 is kept in the x-y plane along the curve y = Asin [% XJ .Amagnetic field B exists

in the z-direction. The magnitude of the magnetic force in the portion of the wire betweenx =0and x = A is
A O (B) 2IAB (© B (D) IAB/2
Ans: (C)

Hint: 1Y

> X
0 @?UX

Magnetic force=1AB

12. The figure represents two equipotential lines in x-y plane for an electric field. The x-component E_of the electric field
in space between these equipotential lines is,

3o

2-F--n

i

0o L—

2
(A) 100V/m (B) -100V/m (C) 200V/m (D) -200V/m
Ans: (B)
4-2
Hint: E = _d_v = —(—j =-1V/cm =-100 V/m
X dx 2

_)
13. Anelectric dipole of dipole moment P is placed at the origin of the co-ordinate system along the z-axis. The amount
of work required to move a charge ‘q’ from the point (a, 0, 0) to the point (0, 0, a) is,

Pq —Pq Pq
A B) O C) —— D) ——
®) 4dneya ®) © 47‘58032 ©) 47‘58032
Ans: (D)
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14.

15.

Hint : <
B‘ (0,0,a)

1

[

O > X
P A(a,0,0)

=
1

aVy—Vy

p cosO pcos90°
=4 T2 2
dney a dney @

P9
47‘58032
The electric field of a plane electromagnetic wave of wave number k and angular frequency o is given by

- AN g
E=Ep (i + jJsin(kz — ot). Which of the following gives the direction of the associated magnetic field B ?

& K B) —i+] © -i-j © -k
Ans: (B)

- -
Hint: E-B =0 andin the plane of XY.

AN AN

— A
Acharged particle in a uniform magnetic field B =Bk starts moving from the origin with velocity v = 3i+ 4k m/s.
The trajectory of the particle and the time t at which it reaches 2 m above x-y plane are,

1 1
(A) Circular path, Esec. (B) Helical path, 2 sec.
) 2 , 2
(C) Circular path, gsec. (D) Helical path, gsec.
Ans: (B)
o 7
Hint : o
N
N Bok
N
T 4k
0
v >y
3i
X

Velocity along z-direction will be const.

s 2 1
t= —=—==sec
vV, 4 2

z

Path will be helical.
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16. Inanexperiment on a circuit as shown in the figure, the voltmeter shows 8V reading. The resistance of the voltmeter

is,
AAAN—
160 O 200
[ 10V
| !
A) 200 B) 3200 © 1600Q D) 1.44kQ
Ans: (C)

Hint : Voltage across 20Q = 2V

2
Main current= — =0.1A
20

8 1
= ——=— =0.05A
Current through 160Q 160 20 0.05,

Also, 8V =0.05 x R

8
= = 1600
R= 005 =

17. An interference pattern is obtained with two coherent sources of intensity ratio n : 1. The ratio M will be
Max + Inmin
maximum if
A n=1 B) n=2 © n=3 D) n=4
Ans: (A)

. I
Hmt:l—l:n

fo= (Vi z ) =(PF + ) = (0 3 (4
o= (=38 =400z =z =401 (e
(Va+1) (1)~ (V-1 'L, (V1) ~(vn-1)°

Imax _Imin — —

Imax *+ Imin (\/ﬁ +:|_)2 I, + (\/ﬁ —1)2 I, (\/ﬁ +1)2 + (\/ﬁ—l)z

(n+1+2vn)-(n+1-2v0)  4n 24

© n+1+2n+n+1-2Jn 2(n+1) n+l

.. decreases with increasing n.
oo ltwill be maximumifn=1
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18. Adcircular coil is placed near a current carrying conductor, both lying on the plane of the paper. The current is flowing
through the conductor in such a way that the induced current in the loop is clockwise as shown in the figure. The
current in the wire is,

Up
I
Down
(A) time dependent and downward. (B) steady and upward.
(C) time dependent and upward. (D) Analternating current.

Ans: (A, C)

Hint : If current is increasing in upward direction, so magnetic field is increasing in out of plane in order to oppose it
induced current will be in clockwise direction

Up
©0 A
B
I
Down

Similarly if current is decreasing in downward direction, so magnetic field is decreasing into the plane in order to
support it induced current will be in clockwise direction.

So both option A and C can be correct Bonus.

19. Three identical convex lenses each of focal length f are placed in a straight line separated by a distance f from each
other. An object is located at f/2 in front of the leftmost lens. Then,

(A) Final image will be at f/2 behind the rightmost lens and its magnification will be —1.
(B) Final image will be at f/2 behind the rightmost lens and its magnification will be +1.
(©) Finalimage will be at f behind the rightmost lens and its magnification will be —1.
(D) Finalimage will be at f behind the rightmost lens and its magnification will be +1.
Ans: (A)

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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20.

R
o

For first lens

UZ_E
111 1 1 1 1 1 2 1 -1
—_————_—— 0 —_=——— S —_——_— — = —
f vu ' f v -f7v v f
v=—f 2
v —f
ml_a=3:2
2
For second lens
u=—(f+f)=-2f
11 1 1 1 1 1 1 1 1 1
v u f v -2f f v f 2f v 2f
v =2f
1T u o —2f
For third lens
u=f
f=f
111 111 1 11 1 2 f
e =L =t = =V = —
v u f v f u v f f v f 2
f
m=Y_2_2
S u f 2

1
Total magnification =m, m, m, =2 x (-1) ><E =_1

Aray of monochromatic light is incident on the plane surface of separation between two media X and Y with angle of
incidence ‘i'in medium X and angle of refraction ‘r’in medium Y. The given graph shows the relation between sini and
sinr. If V, and V, are the velocities of the ray in media X and Y respectively, then which of the following is true?

sinr
N

30°
0 > sini

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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(A Vx =%VY
B) V,=+3V,

(C) Total internal reflection can happen when the light is incident in medium X.
D) vy= \/§VY1 where vy and vy are frequencies of the light in medium X and Y respectively.
Ans: (B)

Hint: Medium X i

Medium Y |>r\
4

wysini=p, sinr

N sinr

c .. C .
—sini=—-sinr

Vy Vy 30°
sini Vy sini
=2 X _ /3 -
sinr Vv V3 R
Vv
Vy = T)f; sin r = (tan 30°) sin i
sini 1 V3
Vx =43 Vy sinr  tan30° 1
21. |If the potential energy of a hydrogen atom in the first excited state is assumed to be zero, then the total energy of n
= oo state is,
(A) 3.4eV (B) 6.8eV © o D) o
Ans: (B)
Hint : Potential energy in 1st emited stage (U,) = —6.8eV. When U, is assumed to be zero then potential energy in
(n="0)
will be 6.8 eV

S0, total energy for (n = «) = 6.8eV

200 Q

22. — VWA
ov T 74N

-

R, =100 O

e/ < —>e

Inthe given circuit, find the voltage drop V_ in the load resistance R,.
A 5V B) 3V © 9v (D) 6V

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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23.

Ans: (B)
: i 200Q .
Hint: S AMAAAA 3!
> YWYWYY >
—— a <>
_ %E 100Q
9V =
b
9
300

V, -V, =——x100=3V
SO! a a 300

9

So, diode is not activated,
So, voltage across load is 3V.

Consider the logic circuit with inputs A, B, C and output Y. How many combinations of A, B and C gives the output
Y=07
(A) 8 B) 5 © 7 O 1

Ans: (C)
(ﬂ + 6]

. A
Hint: A o—I>O—

Co—|>o

(A+§)+E=m.cz(ﬂ-s~c)

Ol

Ly=1
ifA=0,B=1,C=1

For rest of all cases Y = O
Total cases = 8

L Ans(8-1)=7

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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24,

25.

X-rays of wavelength A gets reflected from parallel planes of atoms in a crystal with spacing d between two planes as
shown in the figure. If the two reflected beams interfere constructively, then the condition for maxima will be, (nis the
order of interference fringe)

(A) dtan6=n\ (B) dsind=n\ (C) 2dcosb =n\r (D) 2dsing=nA
Ans: (D)
Hint : 2d sin® = n\

A particle of mass m is projected at a velocity u, making an angle 6 with the horizontal (x — axis). If the angle of
projection 6 is varied keeping all other parameters same, then magnitude of angular momentum (L) at its maximum
height about the point of projection varies with 6 as,

L L
A) (B)
/2 S
L L
©) D)
/2 >0
0 nl4 - 0 /4 n2
Ans: (D)

L,=mucosO H

u?sin?0
29

=mucoso

_ mu’sin®6cos0
29

L is zero for 6 = 0°and 9=g

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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26. Abody of mass 2 kg moves in a horizontal circular path of radius 5 m. At an instant, its speed is 2./5 m/s and is
increasing at the rate of 3 m/s?. The magnitude of force acting on the body at the instant is,

(A) 6N (B) 8N (©) 14N (D) 10N
Ans: (D)
Hint: F=ma

=mya’+a?

2
=m (gj +9
5
=21J164+9 =2x5=10N

27. Inanexperiment, the length of an object is measured to be 6.50 cm. This measured value can be written as 0.0650 m.
The number of significant figures on 0.0650 m is

A) 3 B) 4 © 2 ©) 5
Ans: (A)
Hint:

28. A mouse of mass m jumps on the outside edge of a rotating ceiling fan of moment of inertia | and radius R. The
fractional loss of angular velocity of the fan as a result is

mR? I I-mR? I-mR?
A ———— B —— C D) ——
® I+mR? ®) I+mR? © I © I+mR?
Ans: (A)
Hint : I, = (I+mMR?)o ®, > Initial angular velocity
o 10 Final angular velocit

= —
I+mR? ® g y

_ 2
So,% ©_ . I - mR i

N I+mR* I+mR

29. Acceleration due to gravity at a height H from the surface of a planet is the same as that at a depth of H below of
surface. If R be the radius of the planet, then H vs. R graph for different planets will be

H H
N
(A) (B)
>R >R
H H
© (8)
>R >R

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
(15)



WBJEE - 2023 (Answers & Hint) Physics & Chemistry

Ans: (C)

Hint :

GM GM(R-H)
(R+H)’ R

(R+H)*(R-H)=R?

R® —RH? +HR? —H* = R¥

H? —-R? +RH =0

>R

30. A uniform rope of length 4 m and mass 0.4 kg is held on a frictionless table in such a way that 0.6 m of the rope is
hanging over the edge. The work done to pull the hanging part of the rope on the to the table is,
(Assume g = 10 m/s?)

(A) 0.36J B) 0.24J ©) 0.123J D) 0.18J
Ans: (D)
Hint : W=ngL=OTf4><O.6><10><O;26

=0.1x0.6x10x0.3
=0.18J

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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Category 2 (Q. 31 to 35)
(Carry 2 marks each. Only one option is correct. Negative marks —%%)

m m m
31. There are n elastic balls placed on a smooth horizontal plane. The masses of the balls are m,E,z—z,---.? respectively.
If the first ball hits the second ball with velocity v,, then the velocity of the n™ ball will be,
n n-1
4 4 4
A 3V ® |3V © |3] v © v,
Ans: (C)
Hint : 1st Collision
.T V, .T
2
2xm 4
V, = - V, ==V,
—+m
2
2nd Collision

m
2x— 4 2

V,=—2 xv0=[—j v,
m m 3
7+7
2 22

3rd Collision

4 n-1
----- (n = 1) collision, ..V, =(§J v,

32. An earth’s satellite near the surface of the earth takes about 90 min per revolution. A satellite orbiting the moon also
takes about 90 min per revolution. Then which of the following is true?

A p,<p, ®B) p,>p,

©) p,=p, (D) No conclusion can be made about the densities
Ans: (C)

Hint :

m(Eg) =mo’R
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m-47cGpR =mo°R

= o’ xp

:>Toci

7

If T are equal, so will be p

33. Abar magnet falls from rest under gravity through the centre of a horizontal ring of conducting wire as shown in figure.
Which of the following graph best represents the speed (v) vs. time (t) graph of the bar magnet?

v v
® I/\/ ®) I/\
> { > {
v v
i h A /
>t >t
Ans: (A)

34. Anamount of charge Q passes through a coil of resistance R. If the current in the coil decreases to zero at a uniform
rate during time T, then the amount of heat generated in the coil will be,

4Q°R 2Q°R QR

® 7 ® 57 © © QRT
Ans: (A)

[

N

Ly
Hint :

/t
T

2Q

i 1
Given, EIOT =Q =1, =

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
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. I
Equation of I(t) = I—+% =1

.
Heatzflszf

0
T 402 2
[{a7)
5 T T

4Q°R| | 1f,,. 2¢ 4Q°R T 4Q°R
= dt+—= [tdt—-=[tdt| == —— x| =
T D I B T V+3 4

Py

- . L GM A . . .
35. Amodified gravitational potential is given by V = N +r—2 . If the constant A is expressed in terms of gravitational

constant (G), mass (M) and velocity of light (c), then from dimensional analysis, Ais,

G*M? GM 1 _ _
A) 2 B) = © = (D) Dimensionless
Ans: (A)
GM A
Hint: V = -——t
roor
[GM]

[A]= ] [ ]=[eM][r]

GM . . .
now, we know, - gives dimension of c?

[GM] a7 7 _[GM]
[r] _[ ] [ ] [Cz]
N [GM][GM]
[A] [Cz]
[a]- S
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Category 3 (Q36 to 40)
(Carry 2 marks each. One or more options are correct. No negative marks)

p T
36. 2

>V >S

A cyclic process is shown in p—v diagram and T—S diagram. Which of the following statement(s) is/are true?
(A) 1-— 2:lIsobaric, 2 — 3 : Isothermal

(B) 3 — 1:lsochoric, 2 — 3 : adiabatic

(C) Work done by the system in the complete cyclic process in non-zero

(D) The heat absorbed by the system in the complete cyclic process in non-zero

Ans: (B,C,D)

Hint :

a7, KL

C o
T Al Bj

I To

The figure shows two identical parallel plate capacitors A and B of capacitances C connected to a battery. The key K
is initially closed. The switch is now opened and the free spaces between the plates of the capacitors are filled with
a dielectric constant 3. Then which of the following statement (s) is/are true?

(A) Which the switch is closed, total energy stored in the two capacitors is CV?
(B) When the switch is opened, no charge is stored in the capacitor B

3
(C) When the switch is opened, energy stored in the capacitor B is ECVZ

. .5
(D) When the switch is opened, total energy stored in two capacitors is ECVZ

Ans: (A, D)

Hint: v T T T
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1 3
— Z(KC)V? = 2¢cv?
1 va wz Uy =z Ke)Vi =3¢
T A B 2 [cVvF 2
Ug = 9 =[ ] =CV =1cv2

2KC  2KC 2K 6

Total energy when switch is open

U= iKCV2 +ECV2
2 6

3
2

CV? + %CV2

_00yz _3¢y2
6 3

38. A charged patrticle of charge g and mass m is placed at a distance 2R from the centre of a vertical cylindrical region

of radius R where magnetic field varies as B= (4t2 —2t+ 6)Izwheret istime. Then which of the following statement(s)
is/are true?

(A) Induced electric field lines form closed loops

(B) Electricfield varies linearly with r if r < R, where r is the radial distance from the centerline of the cylinder
(C) The charged particle will move in clockwise direction when viewed from top

7
(D) Acceleration of the charged particle is % whent=2sec

Ans: (A, B)

— -

Se~———————T

Exznr=@=£(4t2—2t+6)xnr2
dt dt
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Ex2nr = (8t—2)nr?

:(8t—2)r

2
E=(4t—1)r

Eocr
Forr>R

E x 2n.(2R) = %[4t2 -2t + 6] x n[R]?
E.47R = [8t - 2]7R?

[8t-2]R 14 7R
att=2, 2 5

E:

E 7R 79R
acceleration = =4 = /9 = L
m 2m 2m

39. Auniform magnetic field B exists in a region. An electron of charge g and mass m moving with velocity v enters the
region in a direction perpendicular to the magnetic field. Considering Bohr angular momentum quantization, which of
the following statement(s) is/are true?

(A) Theradius of n" orbit r_ o Jn

(B) The maximum velocity of the electron is

\JqBA
m

(C) Energyofthen®level E, «cn
(D) Transition frequency o between two successive levels is independent of n
Ans: (A,B,C,D)

mv

H = —
Hint : 9B

_nh
2nrgB
) nh nh
= =TI =
2nqB 2nqB

roc\/ﬁ

aer_ao [
2nqB

q B2 an \/—

2an
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EzlmW
2
_ lm ngBh
2 2mm?
Eoxn
r-]2
W n

gBh
E,-E,=(n,-n,)—
2 1 (2 1)47'[m
gBh
hf =(n, —n
(n, 1)41rm

n,—n, = 1forsuccessive levels
40. Atrainis moving along the tracks at a constant speed u. A girl on the train throws a ball of mass m straight ahead
along the direction of motion of the train with speed v with respect to herself. Then

(A) Kinetic energy of the ball as measured by the girl on the train is mv3/2
(B) Work done by the girl in throwing the ball is mv?/2

(C) Work done by the train is mvu
(D) The gain in kinetic energy of the ball as measured by a person standing by the rail track is mv?/2

Ans: (A, B, C)
2

1
Hint : w.r.t. the girl E, = Emv

W =AE, = }émv2

.1 , 1,1 1,
Work by the train = E(V+U) - mut - 2my

GaininE, = lm(v+u)2—lmu2—lmv2+mvu
A== 3 2" T2

measured from rail track
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CHEMISTRY
CATEGORY-1(Q41to 70)
(Carry 1 mark each. Only one option is correct. Negative marks —%4)

41. The correct order of boiling points of N-ethylethanamine (1), ethoxyethane (II) and butan-2-ol (Ill) is
A) <<l B) l<l<l © l<i<ll O) H<i<l
Ans: (C)

Hint : Butan-2-ol shows stronger H-bonding than N-ethylenthanamine. Ethoxyethane involves dipole association,
weaker than H-bonding

42. H,Lindlar Catalyst Ozonolysis
M— > N > O+P

Ammoniacal AgNO, (CH,C0),0
CH,COONa
White precipitate Cinnamic acid
Structure of M is,
(&) Ph-C=CH (B) Ph-C=C-CH, (©) H,C-C=CH (0) HC-C=C-CH,

Ans: (A)

O®
Hint : ph—c=cH Ammonical o, ¢ _ CAgl

AgNO; white precipitate
) Ozonolysis
: Ph—-CH=CH, ———> Ph-CH=0+CH,=0
Lindlar
catalyst (O) (P)

Benzaldehyde (O) gives Cinnamic acid (Ph — CH = CH — COOH) on reaction with (CH,CO),0 and CH,COONa known
as Perkin’s condensation

999 Q

H.  NMe, CH=CH, NO,
(1) () (i) (V)

The correct order of acidity of above compounds is

A) NI>IvV>I1>1l B) H=>Iv>Il>1 © Wv>l>l>1 O) IVv>ll>1>1
Ans: (D)

Hint : —NO, shows strong -R

—CH = CH, shows -R

—CH, shows hyperconjugation

—NMe, shows +R

Donating groups lowers acidity while withdrawing groups raise acidity

Aakash Educational Services Limited - Corp. Office: Aakash Tower, 8, Pusa Road, New Delhi-110005, Ph.: 011-47623456
(24)



WBJEE - 2023 (Answers & Hint) Physics & Chemistry

0]
" )k Br/ACOH _  Br/NaOH _ v,
CH; CH,
The correct option for the above reaction is
0]
A) X= )k Y = CHBr, Z =CH,CO,Na
CH; CH,Br
0]
B) X= )k Y = CHBr, Z =CH,CO,Na
CH; CBr,
0]
_ )k Y = CHBr Z =CH,CO,Na
© X= o CH,Br ’ |
Br
0
(D) — /lk Y = CHBI‘3 Z= CHZCOZNa
CH, CH, |
Br
Br Br
Ans: (A)
I
C
Hint: X : CH3/ \CHZ - Br
Inacidic medium, only monohalogenation takes place.
Y : CHBr,
Z:CH,COONa

Second step is bromoform reaction that takes place here on CH,COCH, —Br

H.CH,C aqueous
T NaOH HaC_QSOZC' Nal

H i Cl >C,H, O >C,H,.SO,——>C,H,l
pyridine acetone

45,

H,C e £

If all the nucleophilic substitution reactions at saturated carbon atoms in the above sequence of reactions follow S, 2
mechanism, then E and E will be respectively,

H,CH,C H,CH,C CH,CH, H.C

@) H “\“\\>7OH and H “\“\\>—I - HO nnnnnH and H “““\\\\\ [
H3C H3C CH3 H3CH 2C
CH,CH, CH,CH, CH,CH, H.CH,C
i and | fmmnH HO fmmnH and W [
© HO H D) H W
CH, CH, CH, H.C
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Ans: (D)
CH,CH,
Hint:E: HO I””’”//H (Product of S%)
CH,
(@]
I CH,CH,
CHSO,: CH3_@_ﬁ —0 <”””’II/ H
o) CH,
CH.CH,
H 1y, |
F: (Product of S ?)
CH,

46. Two base balls (masses: m =100 g, and m, = 50 g) are thrown. Both of them move with uniform velocity, but the
velocity of m, is 1.5 times that of m,. The ratio of de Broglie wavelengths A(m.) : A(m.,) is given by

@) 4:3 ®) 3:4 © 2:1 D) 1:2
Ans: (B)

), mV, 50x15V, 15 3

Hint: 5 “myv,  100xv, 2 4

47. Whatis the edge length of the unit cell of a body centred cubic crystal of an element whose atomic radius is 75 pm?
(A) 170 pm (B) 175pm (C) 178pm (D) 173.2pm
Ans: (D)

Hint: InBCC, 4r= /33

4 4x75 300

48. The root mean square (rms) speed of X, gasis x m/s at a given temperature. When the temperature is doubled, the
X, molecules dissociated completely into atoms. The root mean square speed of the sample of gas then becomes (in

m/s)
(A) x/2 B) x © 2x (D) 4x
Ans: (C)

RT
Hint: C, = ,/3—

M
T1:T T2:2T
M, =M M, = M/2
C,=X C,=

M

G_ W M _ T 72 1
C, M T, M 2T 2

X 1

2
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49. Arrange the following in order of increasing mass

l. 1moleofN, Il. 0.5moleofO,

. 3.011 x 10* molecules of O, IV. 0.5gram atom of O,

A) IV<ili<li<l B) Iv<i<ll<ll © l<l<Iv<l D) I<li<li<Iv
Ans: (A)

Hint : 1Imole N, = 28g
0.5 mole O, = 24g
3.011 x 10* molecules of O, =% mole O,=1mole O =169
0.5 g atom O, = %2 mole of atoms of O = 8g
50. Which of the following would give alinear plot?
(A) kvsT B) kvslT ©C) InkvsT D) Inkvs1/T
(k is the rate constant of an elementary reaction and T is temp. in absolute scale)
Ans: (D)
Hint : Arrhenius equation gives us

sze—Ea/RT

In k=InA—5 i
R\T

y = C—mx

In k

\

[ uT

51. The equivalent conductance of NaCl, HCl and CH,COONa at infinite dilution are 126.45, 426.16 and 91
ohm=cm?eq™ respectively at 25°C. The equivalent conductance of acetic acid (at infinite dilution) would be

(A) 461.61ohm=cm?eq™ (B) 390.71ohm=cm?eq™
(C) cannot be determined from the given data (D) 208.71o0hm=cm?eq™
Ans: (B)

Hint : According to Kohlrausch'’s law
0 0 0 0
A cHycoon = N crycoona TA Hel ™A Nac

A’ ocoon = (91+426.16 —126.45)ohm"cm’eq™

A cicoon = 390.71ohm™cm’eq™
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52. Forthereaction A+ B — C, we have the following data :

Initial concentration of Initial concentration of B (in Rate (initial)
A (in molarity) molarity) (Relevant unit)
1 10 100
1 1 1
10 1 10

The order of the reaction with respectto Aand B are

(A) Not possible to tell with the given data

(B) First order with respect to both Aand B

(C) First order with respect to A and second order with respect to B
(D) Second order with respect to A and first order with respect to B.
Ans: (C)

Hint : Let us assume R =KJ[A]*[B]”

Where x and y are orders wrt A and B respectively
.. We can write from given data

100 = k(L) (10)” )
1=k(1)*(1y @
10 = K(10)X(1)” 3)

2+10ives

1 k@ 1 _[1}

100 k@ @oy ' 100 (10)7

y=2

10 KOy (1
3LOVES ke

10 = (10)"

So reaction is 2nd order w.r.t B but 1st order w.r.t A.
53. The equivalent weight of KIO, in the given reaction is (M = molecular mass) :
2Cr(OH), + 40H" +KIO, — 2CrO,> + 5H,0 +KI
A M B) M/2 © M/6 D) M/8
Ans: (C)

. _ +5 1
Hint: Cr(OH), +40H+K 10, —> 2CrO,2 +5H,0 +K |
Change in oxidation state of iodine = 6
. Equivalent weight of KIO, = M/6

54. At STP, the dissociation reaction of water is H,O —— H* (aqg.) + OH"(aq.), and the pH of water is 7.0. The change
of standard free energy (AG°®) for the above dissociation process is given by
(A) 20301 cal/mol (B) 19091 cal/mol (C) 20096 cal/mol (D) 21301 cal/mol
Ans: (B)
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Hint: AG" =-2.303 RTlogK,,
=-2.303 x 1.987 x 298 log10*4
=+ 2.303 x 1.987 x 298 x 14 cal/mol [K,=[H]T[OH]=107x 107" =10"as pH = 7]
=19091.3 cal/mol = 19091 cal/mol
55. Na,CO,is prepared by Solvay process but K,CO, cannot be prepared by the same because

(A) K,CO,is highly soluble in H,O (B) KHCO, is sparingly soluble
(C) KHCO,is appreciably soluble (D) KHCO,decomposes
Ans: (C)

Hint: (NH,)HCO, + KCI —> KHCO, (aq) + NH,Cl (aq)
KHCO, being appreciably soluble cant be isolated from reaction medium easily.

56. If in case of aradio isotope the value of half-life (T ) and decay constant (1) are identical in magnitude, then their value

1/2

should be
(A) 0.693/2 (B) (0.693)*2 ©) (0.693) D) 0.693
Ans: (B)
. . 0.693
Hint : For aradio decay Ty, = —

0.693
If T,, =A=x then X=T

—x2=0.693, = x=T,,=»%1=(0.693)"?
57. Suppose a gaseous mixture of He, Ne, Ar and Kr is treated with photons of the frequency appropriate to ionize Ar.
What ion(s) will be present in the mixture ?
A) Ar (B) Ar+Krt (C) Art+ He*+ Ne* (D) He*+ Ar*+Krt
Ans: (B)
Hint : He > Ne > Ar > Kr > Xe > Rn (Order of lonization energy)
Energy of photon is sufficient to ionize Ar, hence Kr will also ionize.
Therefore mixture contains Ar* and Kr*

58. A solution containing 4g of polymer in 4.0 litre solution at 27°C shows an osmotic pressure of 3.0 x 10~ atm. The
molar mass of the polymer in g/molis

(A) 820000 (B) 82000 (©) 8200 (D) 820
Ans: (B)

Hint : 1 =iC(M)RT

3.0x10™* =1xC(M)x0.0821x 300

no. of moles

- C(M)=1.22x10"°, Molarity =———————
vol. of solution(L)

4 /M
1.22x10°° = 2 Hence M = 81967 ~ 82000 g/mol

59. The molecular shapes of SF,, CF, and XeF, are
(A) the same with 2, 0 and 1 lone pairs of electrons on the central atoms, respectively.
(B) the same with 1, 1 and 1 lone pairs of electrons on the central atoms, respectively
(C) differentwith 0, 1 and 2 lone pairs of electrons on the central atoms, respectively
(D) different with 1, 0 and 2 lone pairs of electrons on the central atoms, respectively
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Ans: (D)

F F @ -
| F I

@S/ I:\Xe/
| g

~ ~

Hint : F f\F F/G F
F

LP=1 LP=0 LP=2

60. The species in which nitrogen atom is in a state of sp hybridisation is
(A) NO, (B) NO, (C©) NO, (D) NO,
Ans: (C)

5+0-1
2

Hint : Steric Number in NO," = 2

.. sp hybridization
61. The correct statement about the magnetic properties of [Fe(CN),]*~ and [FeF,]*" is

(A) Both are paramagnetic
(B) Both are diamagnetic

(©) [Fe(CN),I*" isdiamagnetic, [FeF ]* is paramagnetic
(D) [Fe(CN),I*" is paramagnetic, [FeF ]* is diamagnetic
Ans: (A)

Hint: Fe =[Ar]3d°4s°

For [Fe(CN),]*

3d° 4s°  4p°
Fe® = [QN]1]x]x] (xIxx]

d’sp® hybridization

Pairing of e~ takes place as CN-is strong field ligand but has one unpaired electron thus paramagnetic.
For [FeF,]”

As F-isweak field ligand, so no pairing of electron, thus it has five unpaired electron. Therefore paramagnetic.
62. The calculated spin-only magnetic moment values in BM for [FeCl |- and [Fe(CN)J* are
(A) 5.9BM,1.732BM (B) 4.89BM, 1.732 BM (©) 3.87BM,1.732BM (D) 1.732BM, 2.82BM

Ans: (A)
Hint : Fe*® = [Ar] 3d°4s°
[FeCl ]
3d° 4s° 4p°
Fee=| 111111111 X || x|x|x
-
sp®

No pairing as CI- is weak field ligand, hence have five unpaired electron (n =5).
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p=4n(n+2) B.M=,/5(5+2) B.M =5.9B.M

[Fe(cN), ]

3d° 4s° 4p°
Fee= |1 1L 1| X | X X X | x| x
\/‘V\/
d’*sp?

Pairing takes place as CN-is strong field ligand but has one unpaired electron (n=1)

. p=yn(n+2) BM= 1(1+2) =1.732 B.M

63. BrF, selfionises as following

(A) 2BrF, ——BrF" +BrF, (B) 2BrF, ——BIF," +BIF,"
(©) 2BrF, —=BIF," +BrF, (D) 2BrF, ——BrF," +BIF,”
Ans: (B)

Hint: 2BrF, ——BrF," +BrF,” (Relatively more stable structures.)

64. 4f2 electronic configuration is found in
(A) Pr B) Pr (C) Na* D) Pm®
Ans: (B)
Hint : Pr(59) = [Xe] 4f2 6s?
.. Pr3 =[Xe] 4f2
65. Which of the following statements is incorrect ?

A) [VF6]3’ is paramagnetic with 2 unpaired electrons.

(B) [CuCI4]2’ is paramagnetic with 1 unpaired electron.
(©) [CO(NH3 )s T is diamagnetic.

D) [CoF, ]3’ is paramagnetic with 2 unpaired elecstrons.
Ans: (D)
Hint : [(Iilol%]3_ As F~is weak field ligand.

Oxidation Number of Co =+3
Co® (4s° 3d°)

Wi1[111]1

n—>| X
n—>| X
n—>| X
n—> X

Number of unpaired e-= 4
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66.

67.

68.

The correct order of C = O bond length in ethyl propanoate (1), ethyl propenoate (II) and ethenyl propanoate (l11) is

A 1>1>11 B H>1>I © I1>1m>1 O) H>1>1u
Ans: (D)
0]
_ Oﬂ)’
Hint: )] N \V‘“/\
i
O AV AN
i
) N\ NGy AY

C = O bond length
H>1>1l

C = O bond has the most single bond character in compound Il and the least single bond character in compound

/
.

Select the molecule in which all the atoms may lie on a single plane is
(A) 4-Nitrobenzaldehyde (B) 4-Methoxybenzaldehyde
(C) 4-Methylnitrobenzene (D) 4-Nitroacetophenone
Ans: (A)

OVQ O

v’(_:‘/

Hint : N
o<~ “NH

All atoms other than Hydrogen are sp? hybridised.

The IUPAC name of CH3CH=C-CH, —CHjy is:

I
CHO

(A) 3-Formyl-2-pentene (B) 2-Ethylbut-2-enal (C) 3-Ethylbut-3enal (D) 2-Ethylcrotonaldehyde

Ans: (B)
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) 4 3 2
Hint: CH,~CH=C-CH,—CH,

1CHO
2-Ethylbut-2-enal

69. The correct stability order of the following carbocations is

® ®
I I
® ®
H, C-CH=CH-NMe, H, C-CH=CH-0OMe
1l v
A H=>I1>1>1v B) HM>I>1>1Vv © m=>iv>1i>l O) vV>lll>1>1
Ans: (C)
Hint: HI>IV>I1>1l

+ R effect : —NMe2>_ OCH,
—BMe, can show —R effect

HOy (H
70, 1 A

4
.

and L

JF

\And @

The relationship between the pair of compounds shown above are respectively,
(A) enantiomer, diastereomer, diastereomer

CO.H

_N,

(B) enantiomer, enantiomer, diastereomer

(C) enantiomer, homomer (identical), diastereomer

(D) homomer (identical), diastereomer, geometrical isomer
Ans: (C)
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Hint : 1 ;
/Oi>§\\:\ H://giH\
N Enantiomers
¥ CcoH  Ho,C NZ ( )
2 2
R S
3 2
CH, C,H,
lBr CH, 'Br H (Identical)
2
H CH,
S 3
S
PhA/Ph Ph Ph (Diastereomers)
Trans \:/
Cis

Category 2 (Q71to Q 75)
(Carry 2 marks each. Only one option is correct. Negative marks :—%%)

o
(i) OH/H,0, A
(ii) HzO"

H + I
. 1
- CrO4H
‘G’ in the above sequence of reactions is

71. CgH50,

(A) (CH,),CHCOOCH,CH,
(©) CH,CH,COOCH,CH,CH,
Ans: (C)

0]
Il

(B) CH,CH,CH,COOCH,CH,
(D) CH,CH,COOCH(CH,),

o]
Il &

OH/H.O
Hint : CH,CH,C-0-CH,~CH,-CH,——— CH,-CH,~C-O + CH,-CH,—CH,-OH

lH ‘H,0

O

[l
CH,—CH,~C~OH + CH,CH,CH,~OH

(1) (H)

[

Cro,/H’
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72. Case—1:Anideal gas of molecular weight M at temperature T.
Case — 2 : Another ideal gas of molecular weight 2M at temperature T/2
Identify the correct statement in context of above two cases.
(A) Average kinetic energy and avereage speed will be the same in the two cases
(B) Boththe averages are halved
(C) Boththe averages are doubled
(D) Only average speed is halved in the second case
Ans: (B)

Hint : As temperature is halved, average KE is halved.

Average speed (C) « \/g

T
_1 (C) e |—
In case — 1, ( )oc\/;
T 1T
— C = — |—
Incase — Il ( )OC’,ZXZM 2\/;

So average speed is also halved.

73. 63 g of acompound (Mol. Wt. = 126) was dissolved in 500 g distilled water. The density of the resultant solution as
1.126 g/ml. The molarity of the solution is

(A) 1.25M B) 1.0M © 0.75M D) 11M
Ans: (B)

Hint : Mass of compound (solute) =63 g

Mole of compound = & 1 mole
126 2
Mass of solution = Mass of solute + Mass of solvent
=63+ 500
=563 ¢

Mass 563

— = ml
Density 1.126

Volume of solution =

mole of compound

Molarity = —
volume of solution(inL )
% %1000
" 563
% 126
_1.126x1000 _,
2x563
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74. Nickel combines with a uninegative monodentate ligand (X) to form a paramagnetic complex [NiX,]*~. The hybridisation
involved and number of unpaired electrons present in the complex are respectively.

(A) sp*two (B) dsp? zero (C) dsp? one (D) spd one
Ans: (A)
Hint : Ni#* (d®)

3d 4s 4p
WL {11 [ 1| X X|[x | X
Ne——

sp?

it should be paramagnetic with 2 unpaired electrons

. o B
" T (i)H0" T =
“L"in the above sequence of reactionis/are (where L = M = N)
(A) Benzaldehyde (B) Methyl benzoate (C) Benzoyl chloride (D) Benzonitrile
Ans: (A)

Ph
>=——0

: Ph

() PhMgBr > Cro,/H® Ph

Hint : PhCHO(ii)HT@g> OH O3—> lPh3P=CH2(Wittig reaction)
’ Ph Ph:
Ph
Category 3 (Q76 to Q80)

(Carry 2 marks each. One or more options are correct. No negative marks)

76. The correct set(s) of reactions to synthesize benzoic acid starting from benzene is/are

(A) (i)Br,/Fe (ii)) Mg / dry ether (iii) CO, (iv) H3O®
(B) (i)Br,/Fe (ii) NH,, 25°C
(iif) NaNO,, dil. HCI, 0° to 5°C (iv) CUCN/KCN
(v) dil. HCI, A
(©) (i) CH,CI, Anhydrous AICI, (i) KMnO, | OH®, A
(i) HyO®
(D) (i) CH,COCI, AnhydrousAICI, (ii) Br,, NaOH, (iii) H3O®
Ans: (A,C,D)
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r MgBr coo® MgBr
Hint : (A) @ Br,/Fe é Mg/dry ether @

HO+

COOH

0

CHCI KMnO, o
3
@ AMMACT, @ —onin @ L SN
H
Ox~CHs Og-OH
CH,COCl o
__LHcoct o Br,KOH H;0
@ AnhAICl, — SRR + CHBr L SN

77. Which statement(s) is/are applicable above critical temperature ?
(A) Agas cannot be liquified
(B) Surface tension of a liquid is very high
(C) Alig. phase cannot be distinguished from a gas phase
(D) Density changes continuously with P or V
Ans: (A)
Hint : Gas cannot be liquified above critical temperature (fact.)

78.  Which of the following mixtures act(s) as buffer solution ?

(A) NaOH+ CH,COOH (1: 1mole ratio) (B) NH,OH + HCI (2:1 mole ratio)
(C) CH,COOH +NaOH (2 : 1 more ratio) (D) CH,COOH + NaOH (1:2moleratio)
Ans: (B,C)

Hint : (B) NH4OH +HCI(2: 1mole ratio) — NH4Cl+NH,OH
1 1
Basic buffer

(C) CH3COOH +NaOH(2: 1mole ratio) - CH3COONa + CH;COOH
1 : 1
Acidic buffer
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79. An electron in the 5d orbital can be represented by the following (n, 1, m ) values
@ (6.2,1) B) (5,1,-1) © 6,0,1) ©) (5,2,-1)
Ans : (A,D)
Hint:5d .. n=5 1=2
and m can be -2 to 2

80. The conversions(s) that can be carried out by bromine in carbon tetrachloride solvent is/are

COOH COOH
(A) PhCH=CHCH; — PhCHBrCHBrCH, (B) @ R
Br
Br
COOAg
(© CH;CH,COOH — CH;CHBrCOOH (D) —

Ans : (A,D)
Hint : (A) Addition Reaction

(D) Borodine Hunsdiecker reaction
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