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1. (c) We can write, B = Bcos HA + Bsin 64
Thus, B — Bsinfa, = Bcos6A

N
"

a,

A A

Hence, B — Bsin fa| has direction along A.
m
2. (b) Given, P %

(i) The RHS term does not include dimensions of charge.
(i1) The formula should be consistent in all system of units.

m
(b) Given, P oc 42
Electrostatic energy K qoqo

Power =

Time rxt
K =1 in CGS system
2 m_._m

Thus, - = 9=

rt cn
Comparing both sides, we get m = 2
Thus,

1 [LT~2]?

[ - e L T = T

Thus,weget—1=—-44+n=>n=3
3. (a) Object

f/2
| |
Object | |
“ 4f >
L L
Forlens L,
1 1 1
v u f
1 1 1 4f
S5 ——— =y =—
v Tar T F VT3
This image will act as an object for lens L.
Thus, u, =Y I
3 2 6
For lens L,
1 1 1 1 6 1 5f

= =>___=_:>U2:_
v, u f v, 5f f 11

Since v, is positive, thus final image will be 5f /11 unit right of L,.

4. (d) We know that,

[A] = [ML? T™] = [C] = [LT™]

Dimensions of length,

[L] = h*CPmY = [L'] = [ML2 T~ ]¢[LT"1]B[M]"
Upon equating, we get
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at+ty=0=> 2a+ =1 _
=>—a—p =0=p

Thus, 2a —a =1

Sa=1=>p=-1=>y=-1

—a

Hence, final formula is %

5. (b) Number of particles = Area under the curve
3 .

=sv-a= N...(3D)

Now, the number of particles between speed 1.2v, to 1.8v, will be

(1.8 — 1.2)v¢ = 0.6v2
From Eq. (i), v§ = %

Thus, number of particle will be

N X2
0.6 x =04N

6. (d)The internal energy U is an extensive property, meaning it scales linearly with the

system size. Entropy S and volume V are also extensive properties. For an extensive quantity, if we scale all extensive
variables by a factor A, the quantity itself should scale by the same factor A.

Given U = aS*/3v .

If we replace S with AS and V with AV :

U = a(/lS)4/3 (/1V)a — a/14/354/3/1ava i A4/3+a(a54/3va) - /14/3+aU

For U to be extensive, U’ must be equal to AU. Therefore, the exponent of A must be 1 :

Y=t
3 T4
4
“=173
1
“=73

The final answer is —1/3.

7. (c) Given, potential energy, U(x) =
Here, [8] = [L] = [a] = [ML3 T7?]
We know that 2?” =worw = [T™1]

a3 [ML3T—2]3 M3LOT® _
(a) \/Tflﬁ‘* =\/ LT = L == [T 1]
_ [[ML3T—2]
mp* M[L]

a [ML3T2] 4
©) \/mﬂ3 = =T

a [ML3 T~2] 1
(d) \Im/% TN [MILIe it

Hence, option (¢) is the correct answer.

8. (d) Longitudinal waves do not have perpendicular components of oscillation w.r.t. their
propagation. So, these waves can not be polarised.

9. (b) The given circuit can be reduced to

104
A.Ml.

—ax
x2+ 2

l)
2V
As, the diode in the 204 branch is reversed biased.

Thus, current, i = Y=2=02A
R 10

10. (¢) According to Gauss’s law
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F=——— =
€o €o

11. (d) The elastic potential energy of a strained body is given by

1 ,
E = EX stress X strain X volume

12. (b) The mass energy of nucleus is lesser than the total mass energy of its individual protons and
neutrons. This mass difference appears as binding energy of the nucleus.
13. (b) We know that,

2
Kinetic energy, KE = é—l => K=
14. (d) Given:

]2 . _ _ _]2
- and total energy of the satellite, E = —KE = py—

m = 10 kg,

us = 0.6,

6 = 60°

Formula:
usmg

~ cos@ + ussin @
Substitute values:
06-10-9.8 58.8

F = 560"+ 0.6 5m60° _ 05+ 05196

_ 588 77N
T 1.0196 "

15. (d) Given, wavelength, 1 = 6000A
refractive index (u) = 1.5
refraction angle (r) = 60°
For dark fringe, 2utcosr = ni
Here, n = 1 for smallest thickness as at n = 1, we will receive first minima.
o 2 X (1.5) X t X cos(60°) = 6000 x 10710
6000 x 10710 x 2

=4x10"7
-t 2% 15 v
16. (¢) All resistances are in parallel combination,
Ryt =R/3

For maximum power transfer, cells, internal resistance must be equal to circuit resistance.
Thus, 7 == R = 37
17. (b) Lets redraw the circuit,

Cy 2C
—i I
i
c ||
— i — r
Cir
P IRk o N
Thus, equivalent capacitance,
1 1 4 1 1 2+1 c 2C
Ceq € 2C  Cgq 2C ¢ 3

18. (¢) Condition of minima in diffraction is given as dsin 8 = ni
According to question,
1 1 A4 n, 3
= =S —_— = — = —
NyA1 = NaAz L on 2
19. (d) For 0 <t < T/2, the force is increasing thus the velocity will keep on increasing.
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0 T2
We know that,
dv
F=ma=>F~dt=mdv
Thus, the velocity will keep on increasing.
From graph,% =1l=>f=t
Thus, t - dt = mdv

T/2 tzg T2
f t-dt=m dv:>mv=<—> =—
0

2 0 8

Hence, the v versus t graph will be a parabola.
For,§<tST:%:—1:>f:—t

T —c2|"
Hence, _fT/Z dt=m/[ dv= [T]T =mv
2
1] T?] —1[3T?] —3T?
—1 = —— —_— | =—|—] =
mw=T3 4| 2|4 8

Hence, the graph will be parabolic but less curved outward.
Hence, correct option is (d).
20. (a) Given, r = xi + bji.e.,
dr dx
arTIrT X
Then, r X v = bv(—K)
Angular momentum, r X mv = bmv(—k)
1.€.,
[L] = bmv
(*+ v = constant )
Hence, the graph will be a straight line.
21. (d) Let us consider that the plate has mass be 4 m

i

a a

i=v,d

7

z 22~ I

1€ 2a —>|
Then, m, = 3mand my = m
Therefore, m,x, + m;x; = 4m(0)
a

v

a
3mx+mz—0:>x——g
Similarly, y = _?b

Hence, position of centre of mass will be (_?a, _?b).
22. (d) Given, V., across Vg = 30 V V,, across V. =90V
V = 50V2sin wt
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R L C
(=)
py
V = 50 V2 sinow!

As we know that,

VE+ (Ve — V)2 = V?

= 302+ (90 — V,)? = 507

= (90 — V)2 = 40?2 =V, = 130 or 50

(V)peak = 1302 or 50v2

Since, 1302 is not possible, the correct optio is (d).
23. (c¢) Net force = T'sin 8 along

= Net torque about O is zero.

v T=rXF
If both r and F has same direction, then T = 0.
24. (a) Let angle of incidence be 6.

Thus, f; = cos8(—j) + sin6(1)
fi, = cos6(§) + sin (1)

A, - t= cos(180° — ) = —cos 6
f; —f, = —2cos8(j)
f; —f, = —2cos Ot = +2(h - D)t

= ﬁz = ﬁl _Z(ﬁl 'f)f -

25. (¢) We know that, r = Pl constant

Einstein's photoelectric equation is given as

hc 1 1 5 q*B?*r?
7=1w0+5mv =w0+%(m‘l7) = wy + om
Let> = xand B2 =y

2p2

Then, hex = wq + qz::l y

Eq. (i) represents y = mx — ¢
Hence, option (c) is correct graph.
26. (b) Given, velocity v = v;1 + v,]
Force, F = Fii + F,j

Let B = B1i+ B,j

We know that,
i 7 k
F=q(vxB)=q|lv; v, 0
By B; B3

= Q[i(sz3 —0) —j(wB; — 0) + k(v, B, — VZB1)]




WB JEE 2024

cp

— edu

é WEST BENGAL JEE PYQs

= q[v;Bsi — v1B3j + (v; B, — v, B1)K]

Thus, Fii + Faj = q[v,Bsi — v Bsj + (v, B, — v,B,)K|
Upon comparison, we get

and F;, = qv,B;

and F, =—qv;B;3

= F3 =0=qwB; —v;B;)
= leZ = 17231

By v

B, Bl U3

(Here B3 # 0)
27. (b) From the diagram, [ = 2vftan8/2

o
e

0/2

N

N

Induced emf, € = Blv = 2Bv?tan g.

L

28. (d)
.
Ta 0 +a X A
From the diagram, electric field at x due to all charges is
kq kq 2kq]

- (x—a)?  (x+a)? x2
[(x + a)?x? + (x — a)?x?
=kq| -2(x+a)*(x-a)? |[i
| (x —a)?(x + a)?x?
[x2(2x? + 2a?) — 2(x? — a?)?]
x2(x2 — a2)? ]l
[2x* + 2a%x? — 2x* — 2a* + 4a*x?].,
_ x2(x2 — a2)? }
[6x2a? — 2a*
2
~ kq <6xi4>i =6 47380 xQ—4{'.' Given ga? = Q}
Hence, f = 4anda =6
ie., 2a =30
29. (d) Buoyant force = mg
= Fg =mg

1
1-—= =
V( n)ag Vdg

a

1

1
| -
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n—1
=>d= ( )a
n
Here, d is density of the body and o is density of water.
Now,

For the body to come back up

————

h
D .4
F, —mg
a=—-—
Vaén—Vdg o
a=—g—=(G-1)9=

n g
(n—l_l)g_n—l
We know that, h = %at2

2h 2h 2h(n—1

a Jg/n—-1)
30. (a) In case of no friction, applying work energy theorem, change in potential energy = gain in
kinetic energy
i.e.,, ngR —mgr = KE = KE = mg(R — 1)
31. (d) Case I Without water

:

45/

Case |

1 1 1 1 1 B
== o f=
v u FTF 36 —ag S/ =20m

Case Il After pouring water upto 40 cm .

Apparent object distance, u = —‘LO +5
1 1 11 1 !
=l sy == .
Again, i o t— ?_'_5 = 1.366

32. (d) In the given network of AND and OR gates, output Q can be written as (assuming n as even)

Xo
X i
Tl xn;D;iD—o

Xy
N
For 1: Xy X,
For 2: XoX; + X,
For 3: X X1 X3 + X, X3
For4: XoX1X3 + X,X3 + X,
Thus, Q = Xo X1 ... Xp_q + XoX3X5 .. Xppo1 = X2 X1 + X

33. (b) Velocity of efflux = ,/2gh,
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Time to reach the water from height Z to ground,
t=.2Z/g
Thus, Range = Velocity of efflux X Time

=29l X\/% = J4Z = \[(hy + 2)? — (hy — Z)?

For range to be maximum, h; = Z

We also can see that, hy +Z = H

Thus, 2Z =HorZ =H/2

34. (b) Given, area of metal plate, A = 1072 m?
Thickness of 0il, t = 2 x 1073 m

Viscosity of oil, 7 = 1.55Nsm™2

Speed, v =3 x 1072 ms™?!

Force required, to more the plate will be,
Velocity ( _F- dx)

F=nX Area X ———— =
1 % * Thickness T=A av
—155><10‘2><—3><1 _2—02325N
o 2x10°3
35. (¢) The double derivative of potential energy (V) gives the equilibrium point of curve.
Ul A C
B > x

If it's positive, then the particle is in stable equilibrium and if it's negative, then particle is in unstable equilibrium.
Here, A and C represent unstable equilibrium.
B represents stable equilibrium.

36. (d) Given, wavelength, 1 = 4770A

Energy of incident light, £ = he

c

A

6.626x 1074 x3x10° _ ' o
= =0. X

4770 x 10-10 ]

0.00416 x 1016 5
= oo = 00026 X 10%V = 2.46eV

For emission of photoelectrons, work function ( wg ) should be less than or equal to energy of incident light.
Thus, from metal D electrons will be emitted.

37. (ab,c) §f E - dS =§

0

¢p symbol represents surface integral over a closed surface. The surface integral can be calculated with the help of a
polar vector.

Here dS represents a polar vector.

dS = rdrdQ

It con:ains Coulomb's law and superposition principle. Q represents all the charges emerged within the stored surface.
38. (a,b,d) Given, length of rod, l = 1 m

mass of rod, m = 4 kg

velocity along Y-axis = 4 m/s

velocity along Y-axis = 3 m/s
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¢ C (/ cos8, | sing)

0 3mis A
Angular velocity of rod, w = -4 = 2&
ac e
3 4
oWl = vi vh vA + vB + _ e
ACZ BCZ 12 12

= w = 5rod/s
Velocity of centre of mass, voy = w X 1/2

1
=5><§=2.5m/s

We know that rotational kinetic energy,

ml2 ml?
KE = —Ia) lroa =

— 2 - -
2 (12) &7 = ]
39. (¢, d) At resonance, (XL =Xc)

The impedance Z is minimum.

A

7 A B

XL=XC

As the frequency increases, capacitive reactance decreases and inductive reactance increases i.e., for AC, X; < X¢ =
Capacitive nature
BC; X; > X = Inductive nature
40. (b,c) Given,
E(x,y,2,t) = Eghetkol(x+ty+a)=ctl ()
Polarisation is in XZ-plane.
The general equation of EM wave is given by
E = Ephetfolkr—ot] _ (i)
Comparing both Egs. (i) and (ii), we get
k=i+j+k

Cc Cc

. w
Velocity, v = Pl iy

Hence, refractive index, n = V3

Eis in XZ-plane. Thus, E-v=0=1f = %
Chemistry

41. (a) The complete reaction is as follows
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42. (c¢) The electronic configuration of Sm is

62Sm = [Xe]4f%6s% = Sm?* = [Xe]4f%6s°

Hence, Sm?* ion have 4f° configuration.

43. (d) For metallic conductor, resistance is given by

R=Ry(l+at)orRxT

Hence, conductivity decreases as temperature increases. For semi-conductors, conductivity increases with rise in
temperature due to increase in number of electron-hole pairs.

44. (b) The given reaction is,

IZ + 2Na2 8203 = 2Nal + Naz S4-O6
I, + 2Na}? S,0; = 2Nal + Na3?® S,04

2x05=1
~ Number of moles off electron lost per mole of Na, S,0; = 1

Hence, equivalent weight of Na, S;05 = % =M
45. (b) Reactivity of Sy 1 reaction « Stability of carbocation formed
Yy 2
CH,=CH —CH, —Cl 4% o, ==CH—CH, + C|~
(Allyl chloride) ®
CH2 "". CH =, CHZ
(Resonance stabillised)

@—_&j: Bond order>1 due to lone pair
(1) - 7 conjugation (+ R effect of )

Nee————— thercfore no heterolytic cleavage
(Chlorobenzne) Hence, no Syl reaction

@

Yy o
CH, — CH, —CI 4% cx, —cH, + ¢®
() (Ethy] chloride) (1° carbocation)
T 1

46. (c) When toluene react with mixed acid at 25°C it will produce predominantly o-nitrotoluene and
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p-nitrotoluene. The complete reaction proceeds as follows,

CH; (o,p-directing group) CHj

10,
HNO;+H,50, :
25°C z
(Nitration)
63%
Hy CH,
+ +
NO
3% 4
NO,
34%
47.(b)
48. (d)

The reactivity of alkenes towards HBr addition depends on the stability of the carbocation intermediate formed during

the reaction:

—MeOCH = CH,, (III) forms a resonance-stabilized carbocation due to the electron-donating methoxy group, making

it the most reactive.

—CH;3; — CH = CH,, (I) forms a secondary carbocation, which is moderately stable.
—CF3 — Cg = CH, (II) forms a destabilized carbocation due to the electron-withdrawing CF3 group.

” (IV) forms a sterically hindered carbocation, making it the least reactive.

CH,—C—CH = CH,

Thus, the order of reactivity is ||| > | > || > |
49. (¢) The complete reaction is as follows.
CH,

1
']
Q
i -
i _~° _Ci,

111 11

o o
lnznnulysis 1()2011()])‘5&5
O O
|l
CH;—C—C—CH; +
[=]eq. 0 0 O (ﬁ

2CH;—C C—H+H—C—C—H
Il = 2eq. Il = 3eq.

~LIENI=1:2:3
50. (¢) The complete reactions of giving compounds of A and B are,
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Br
M e
M l Me {o,p-directing)
Brz, CCL;.
Mg,
v . (Bromination) Me dry ether
{Product A}
e +5
MgBr
M e
Mce
(Grignard Reagent)
+3 ~§
o 0=C =0 {(dry ice)
Il
C —OH c —_—0 Mg"'Br
M
< H,O*‘
Mg(OH)Br
Me
(Product B)

51. (b) On heating benzene diazonium chloride it produces N, gas which escapes from the mixture

and NaCN is not formed hence this compound does not give positive Lassaigne's test.
52. (b)

00 O

Phenol
(n CHO 3- hydroxybenzaldchyde

4-hydroxybenzaldehyde (1)
(1)
Acidity strength =11 > I > |
-CHO is an electron withdrawing group which increases acid strength of phenolic compound.
Also electron withdrawing effect of - CHO is more through para-position (—R) as compared to meta-position ( -1
only).
53. (¢) The major product in given reaction

| |
Cl NaCN >
e O
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Halogen attached to benzene ring does not participate in Sy2 reaction.
Here, Cl attached to benzylic carbon can only be substituted. ( Syz ).
54. (a) nd - A,
Being spontaneous AG of the reaction is less than zero.
AG = AH — TAS
In polymerisation reaction lot of heat is generated, so AH must be negative and the final product is a polymer, which
has well defined structure (orderly manner), so AS is also negative.
55. (¢) H,0()) = H*(aq) + OH™ (aq)
K=10""
AG = —2.303RTlog(K)
= —2.303 x 1.987 X (273 + 25) x log(1071%)
= 2.303 X 1.987 x 298 X 14 = 19091cal
~19.1kcal mol 1
56. (c) Velocity of an electron according to Bohr's model is given as, V; = Vo%

For 1st orbit of Het,V; = VO% (Z=2,n=1)

For 3rd orbit of He™,V; = V0§ (z=2,n=23)

Ratio of V3 and V;

V3: Vl =1:3

57. (b) van der Waals' equation for 1 mole of gas is given by

(p+%)(V—b)=RT

At high pressure,
a
Ptyz~P
~ p(V—b)=RT
pV —pb=RT = pV =RT + pb
pV RT pb pb
RT RT+RT +RT

58. (a) Statement given in option (a) is incorrect, while (b), (¢), (d) are correct statement.
The correct form of statement (a) is,

(AGsystem )p,T <0
59. (c, d) Statement given in (¢), (d) are incorrect, while statements given in (a), (b) correct.
The correct form of incorrect statements is, viscosity and surface tension may increase or decrease upon addition of
impurities.
60. (a) From van't Hoff equation,

K, AH 1 1
o8 x| = 5505 7, 7

Kl 2303RIT; T,
where, K; and K, are equilibrium constants at T; and T, temperature respectively.
When AH > 0 (endothermic process) then equilibrium constant increases with increase in temperature.
When AH < 0 (exothermic process) the equilibrium constant
temperature.
According to Arrhenius equation

K, E, 11 1
o8 i) = 73058 7, 7

K, 2.303RIT; T,
E, (Activation energy) > 0
When temperature increases rate constant will increase.
61. (b) The nuclear reaction is as follows,

83Bi214 — 841:)0214- + ﬂ
gaP0?1* — o, Pb210 4 ¢

Number of neutron = Mass number (4)
210 — 82 = 128-Atomic number (Z)
62. (b) Bohr's atomic radius is given by
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Radius of nth orbit = 0.529n2 /ZA

Radius of 1st Bohr orbit of H -atom
2

1
= 0.529 x TA = 0.529A

Radius of 2nd Bohr orbit of Be3*
2

= 0.529 <ZZ> = 0.529A

63. (c) According to the integrated ist order rate law,
log[4], = [%] t + log[A],

Compare it with y = mx + ¢

log[A] + é

Slope = k.

2.303
64. (d) Concentration of H*in molarity

Total no. of mole of H*

~ Total volume of solution (L)
_IM xV(inL) X Basicity

TV
_V><0.1><1+Vx0.2x2_0.5_OZSM
N V+V 42 0

65. (b) Elevation in boiling point of aqueous solution o« number of solute particles
= KNOj; (Strong electrolyte);

KNO3(aq) = K{aq) + NO3(aq)

a=1i=2,c=1,N=1M

= NaCl( Strong electrolyte );
NaCl(aq) — Na*(aq) + Cl~(aq)

a=1i=2,c=1,N=1M
= CH3COOH (Weak electrolyte);
CH3COOH(aq) = CH3C00™ (aq) + H*(aq)

a<1li<2c=1N=1M

= Sucrose (Non electrolyte).
i=1lc=1,N=1M
66. (b) AgF is soluble in water. The other are sparingly soluble and solubility decreases from chloride
to iodide.
Hence, the correct solubility order in water is,
Agl < AgBr < Ag(Cl < AgF
67. (a) The mentioned reactions are as follows
(i) Cu*?(aq) + 4NHj (aq) — [Cu(NH3),]** + 4H* (aq)
Formation of stable [Cu(NH;3),]*? complex increases H*ion concentration, thus acidity increases.
(ii)) HF = H* + F~
SbFs removes F~as SbFg and shifts equilibrium forward to increase H*, thus acidity increases.

68. (d)

9 -
a /Cl\ (b) [:xcj
© O/Cl)I 0~ B @ *

2 Lone pairs

1 Lone pair
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F

1
| =
> - Q
S <
(© | ™S @ &/ |
T |
1 Lone pair 3 Lone pairs
I3 has highest, i.e., 3 lone pairs on central atom.
69. (c) Mohr's salt = FeSO, - (NH,),S0, - 6H,0 Dissociation of Mohr's salt in water is given as,
FeSO, - (NH,),SO, - 6H,0 = Fe*? + 2NH} + 2503
5 ions are produced on dissociation.
70. (a) MnOZ~ ion exhibits colour due to charge transfer from 02~ ion to Mn®* (LMCT) and also

exhibits paramagnetism as it has 3d* configuration (one unpaired electron).
71. (a) The structure of P,04 is,
O

P
s /0 0/

O_ \
\ 4 P
O
Hence, total 6P — O — P linkage are present in P,0.
72. (d) The complete reaction is as follows

' Me,CCH==CH, OH
(i)B,He | (i) Hg(OAC),

P=0

\/o

/

Me,CCH,CH,0H «— e » Me;CCH — CH;
(ii)H,0/OH (ii)NaBH4/OH *
(Hydroboration- . (Oxymercuration
Oxidation) Demercuration)

73. (d) For10~8(M)HCI solution, the solution being very dilute, H*ion concentration is not
significant as compared to H*ion furnished from H,0.
Thus,
Hiotay = Hfiqr + Hff,0 = 1078 + 1077
= 1.1 X 1077 (approx)
pH = —log(H;",;) = —log(1.1 x 1077)
=7 —log(1.1) = 6.96 approx
74. (a) First we need to calculate 1,,, of aq. CH;COOH
kX 1000 1.65x 1075 x 1000
N 0.02
Ay = 8.255cm?/mol
Am(CH3COOH at infinite dilution)
= Ay (H*) + 450 (CH5C007)
Now, degree of dissociation
Am[CH3;COOH at 0.02(M)]
Am[CH3COOH at infinite dilution |
8.25

g=—>=
349.1 + 40.9
75. (c)

a =

a =0.021
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H,PO,
ﬁ ﬁ
P

P /P\
HO | 'H yo~ | om
OH OH
Phosphorus Acid Orthophosphoric Acid
20H group 30H group

76.(a, b, c¢) Statement given in (a), (b) and (c) are correct, while statement given in (d) is incorrect.

= Sy 2 reaction rate depends upon nucleophilicity of the attacking nucleophile. Here, the 2 in the notation stand for
biomolecularity and 2nd order kinetics as well.

= tert-butyl substrate fails in Sy2 mechanism due to steric hinderence.

= Optical rotation does not change necessarily from (+) to ( - ) or vice-versa as product is not necessarily an isomer
of reactant.

777. ( b, ¢ ) The configuration of stereocentre in Y is ' R ' while that of option (a), (b) and (c) are R, S

and S respectively.

In option (d) the configuration around the double bond is cis, so it cannot be an enantiomer of Y. Hence, only (b) and
(c) are the enantiomers of y.

78. (a, b) Statement given in (a) and (b) are correct, while statements given in (c) and (d) are

incorrect.
0

0
(a) | \(I:I,/T Oxidation number (Cr) = +6
~ N

0o (&)
(b) N;04(g) — 2NO;3(g)
Mng=2-1=1
AH = AU + AngRT
Hence, AH > AU
(c) For 0.1 NHCL, pH is 1

Ny,so, = 0.1
(H*) = 0.1 N = Ny = 0.1
(H")=0.1N
Since, both contain same concentration of H* ion, hence, have same pH .

(d) 2225 = 0.0591 at 25°C

79. (b, d) Co®* is a d® ion. With strong field ligand like NH3, [Co(NH3)¢]3* has no unpaired

electron. For Co3*,F~is a weak field ligand. Fe?* is a d® ion. With strong field ligand CN~, [Fe(CN)¢]*~ has no
unpaired electron. For Fe?*,H,0 is a weak field ligand.
80. (b, c) Statements given in (b) and (c) are correct, while statements given in (a) and (d) are

incorrect. [, dissolves in aqueous KI to form KI5 - I, also dissolves in CCl, as both are non-polar compounds.

Mathematics
81. (¢) Given that

1 r%/3 1
ﬁfl <§&+1_\/_E)dx<4
LetI=f1a (S\/E+1—%)dx=l
= I = [xvx +x — 2vx|¢

= (ava+a—-2va)-0
Then, = ((Va)* + (Va)? - 2(V@)) < 4
= (Wa)d+ Ha)?—6Ja<0
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Let Va=t=>t(t>?+t—6)<0

= t(t?+3t—-2t—6)<0

= t[t(t+3)—2(t+3)] <0
1(t+3)(t—-2)<0
- + -+

-3 0 2
Therefore,

Va € (—o0,—3) orva € (0,2)

=a € (0,4)
82.(¢c)I = fg e0s* X cos3(2n + 1)xdx..(i)
Using integral property, x = m — x
=] = fonec"sz(”_x) [cos(2n + 1) (7 — x)]3dx

— [T ,cos?(m- 3
=>1= fonecosz(” M[cos{(2n + 1)m — (2n + 1)x}]3dx
=1 = [, e TN (—cos(2n + 1)x)3dx
=>1=- f: eos* (M) co53(2n + 1)xdx...(ii)
By adding Egs. (i) and (ii), we get
I+1=0=1=0

d ! !

83. (b) = =2+ yf'(x) = f()f' (x)
IF = e F/®dx — of ()
So,y- e/ = [ /™). f)f’ (x)dx
Let f(x) =t = f'(x)dx = dt
= y-el=[el-t-dt>yet =el(t—1)+C
= ye/®) = /O[f(x) - 1]+ C
w limye f(x) = 0,lim, 0 y(x) = 0
= 0-e2=e%0-1)+C>C=1
Therefore, y + 1 = f(x) + e /™ i
84. ) xy' +y—e*=0=>2 12

1 dx x x

W IF = e 7 = @ =
Therefore, yx = fx-ex—x-dx >xy=e*+C
“y@=>b
> ab=e*4+(C=>C=ab—e"
Therefore,
xy =e*+ab—e®
Now, limy(x) = lim [£+ M] =e+ab—e®
’ x-1 x->1LX X

85.b)x =4—y2=>y=VE—x

A
Y-axis S
¢ (0, 2)
(4,0)
» X

/4

~ Shaded area (4) = 2 f04 Vi —x-dx

32

2 4
= [[-2(4 —x)3/? x —] = — sq. units
|[ 30|~ 3
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86. (¢) f(x) =cosx—1 +J;—?

2x

f'(x) = —sinx -0 +7 = x —sinx
wx—sinx >0,Vx>0andx —sinx <0,vx <0
Hence, f(x) is increasing in x € (0, 00) and f(x) is decreasing in x € (—oo,0).

A
C
Ld
' _tangent

e S ., GA
87. (a) P S y=f)

N

> X

When the length of PC will be minimum then, P and C will overlap.
Therefore, PC = 0

and the tangent will be perpendicular.

Hence, PC is perpendicular to the tangent at P.

88. (¢) x = asin(VAt + b)

When the particle will come to rest.

Then, & =
d, dat

> i (asin VAt + b) = avAcos(VAt + b)

Put,% =0=cos(VAt+h) =0

>VAt+b=—ZorVit+b =7

= t= —m—2b rt= m—2b
~ 2 T od;
. —-m—2b
So,xl = asm(ﬁxﬁ+ b) ==

and x, = asin(z_—j;x VA + b) =a
Hence, the required distance = x, — x; = 2a

13, , 1,
89. (a) T2l + )
90. (¢) f(x) = |x% — 1]
= f(x) = —(x?—1), whenx € (—1,1)
and f(x) = x? — 1 otherwise

(1-x?%), —-1<x<1

So, f(x) = {(x2 —1), otherwise
At x=1,-1=>f(x)=0
atx=0=>f(x)=1
Therefore, graph of f(x) will be

Y
y=x-1|

T local
maxima {0,1)

T

Ci0f (0.0

local
mmima
Hence, f has local minima at x = +1 and a local maxima at x = 0
91. (b) a; = by and a, = b, for x > 2
Let 3rd term of AP(a3) = a; + 2d = a; + 2(a; — a4)
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(1)
and 3rd term of GP (b3) = b 12

b,\? b% a2
=b1<2) _b _a

b_1 _b_l_al
Let GP > AP
2
az 2 2
= —=>2a, —a; = a; > 2a4a, — af
aq

= a?—2a1a, +a% >0

= (a; — a,)? > 0 which is true
Hence, b,, > a,,Vn > 2.

92. (c¢) According to the question,

aq,ay, as, ... etc. a, — a,, 1 bears constant ratio with a, - a, ;1.
a—a; _ Aaz—dp

aj-a az-as
a; a; as a,
a,-a, aq-a; Gay-az a,-das
1 1 1 1 1 1 2
- - — ==

a; az - az as ai as a’
Hence, a4, a,, a3 are in HP.
93. (b) z; and z, are roots of the equation
z2+az+b=0.
So,zy+z,=—aandz; -z, =b
and z;, z, form an equilateral triangle.
So, z, = z;e™/3

LI 1, .3
=zl(cos—+lsm—)=z1 —ti—

3 3 2 2
= 22, — z; = V3iz
= (2z, —2;)? = —3z%
= 4z2 + z7 — 42,2, = =3z}
= 4(z7 +z2) = 42,2,
= (29 +2y)%? — 22,2, = 2,2,
= (—a)? —3(b)
= a?=3b

94. (¢) apx™ + a;x" 1+ -+ a,_1x+a, =0
Sag+a - x T+ tax T +ax =0

» cos @ + isin 6 is the root.

So, ag + a;(cos @ — isin @) + a,(cos 260 — isin 20) + -
By comparing imagina +a, (cosnf — isinnf) = 0
—(aysinf + a,sin26 + -+ + a,sinnf) = 0

a,sin 6 + a,sin 26 + .-+ a,sinnf = 0

95. (a) (x%log, 27) -logox = x + 4

1
= x2-310gx3-§log3x=x+4
3x?
Tlogx3-log3x=x+4

=
52

= 2 —x+4
=X

= 3x2—-2x—8=0

= 3x2 —6x+4x—-8=0

= 3x(x—2)+4(x—-2)=0

= (x—2)3x+4)=0
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96. (b) P(x) = ax? + bx + ¢

Q(x) =—ax*+dx+candac # 0

For real roots,

b? —4ac>0and d? +4ac >0

Now, ifac < 0

Then, b? — 4ac >0

Then, P(x) - Q(x) has atleast two real roots.

If ac > 0, then d? + 4ac > 0

Therefore, P(x) - Q(x) has atleast two real roots.
97. (c) Since, 0 is a solution, then equation must be of the form ax? + bx = 0
Where, a € {1,2,...,9}and b € {0,1,2, ...,9}

~ a has 9 choices and b has 10 choices.
Hence, N =9 x 10 =90

98. (a)

99. (d) 1,2,3, ..., m are arranged in random order.

Total number of ways = m!

We know that arranging the digits 1,2,3, ..., r as group and the ( m — r ) will be remaining digits.
This can be done in (m — r + 1)! ways.

Therefore, total number of ways this can be done = (m —r + 1)!r!

__[cosf —sin@
100. (@ 4= [sinQ cosQ]

A2=AxA
_ [cos?6 —sin? 6 —2sinfcos @
2sin Ocos 6 —sin? 6 + cos? 6

_ [cos 20 —sin 29]
sin260 cos 26
Now,
AL00 — 498 g2
_ [COS 986 —sin 989] [cos 20 —sin260
sin986 cos9860 1lsin26 cos?26

Put@ = 2711 in A%8

(98 2 ) i (98 X 2 )
Xx—] - —
CosS 7 sin 7

i (98 2 ) <98><2 )
X — —
sin 7 cos 7
[cos 20 —sin 29]

sin260  cos26
- 5 . 2 cos20 —sin26
- [COS (28m) + sin®(28m) [sin 20 cos26 ]

cos26 —sin 29]
sin260  cos 260
101.  (©) Y7o (-D*ay, =ay—a, +a, —ag + ag ... ... Aq4
and (1 +x +x2 +x3)° =ay + ajk + -+ a;5x?5
Now, put x =i
A+i+i24+i®°=ay+ayi+azi® + - a;si'®
Now, on equating real part only
Ay — Ay, +a4,—ag+ag..+aq3 =0
Hence, Y7o (—1D¥ay, =0
102.  (c) The general term in the expansion of
(bc + ca + ab)*®
I

— (bo) (ca)*(ab)*

Hence, A0 = [

- ris!t!
10!

— : s+t r+t
ris!t!

CT+S
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Now, r+s+t =10
For the coefficient of a
s+t=10,r+t=7andr + s = 3, we get
r=0,s=3
Andt =7
Hence, the coefficient of a
10! 10x9x8
S0 axz 10
Kk xkt2 k43
103. (d) yk yk+2 yk+3
k k+2 k+3

10b7C3

10b7C3

VA Z VA
1 1
= —-Yy—-2)(z- +=+
-GN -E-0 (5 +7)
xk xk+2 xk+3 1 xZ x3
vyl ykv2 k3| = pkykg|] g2 )3
2k gk+2 k43 1 z2 23

Applying, Ry = R{ —R,,R, - R, — R;

0 (x—»x+y) (x—y»&*+xy+y?)
=xy*2 0 -2 +2) -G +yz+z2)
1 z? z3

0 x+y x%+xy+y?
=D =N -2)|0 y+z y>+yz+z?
1z z:
Applying R; = R; — R,
0 x—z (x—2)(x+y+2)
=) - -2[0 y+z y +yz+z?
1 z? z3

0 -1 —-(x+y+2)
= (YD) =@ -2DE-0|0 y+z y>+yz+z?

14 > z°

= (xy2) (x =) = 2)(z — ) (xy + yz + x2)

iy 1 i
= W) - o - D=9+ +)

z
On comparing with Eq. (i), we get
k+1=0=k=-1

104. (a)[3 2] A [ > _23]=[$ 2]

Let[ ] Ba d[ _3]—c
Then,B-A-C =1

Multiply Eq. (i) by B~1
B1-B-A-C=1-B71...(3)

Multiply Eq. (ii) by €1

= B7'B-A-C-C'=1-B71C71.. (ii)
=>I1-A-1=B 1. ]-C'>A=B"1.Cc!

Now, B™1 = ﬁ[ 2 _%1] = L_zgz _21]
and €™ =  (9- 10)[_ :3 - 5 3]

Therefore, A = [_23 _21] [g ;

=[6—5 4-371_11 1]

-94+10 —-6+461 11 0
cosx X 1

2sinx x3 2x
tanx x 1

105. (b) f(x) =
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=cos x(x3 — 2x?) — x(2sin x — 2xtanx)
= +1(2xsinx — x3tan x)
=x3cosx — 2x?cos x — 2xsinx + 2x%tanx
+2xsinx — x3tan x
= (x3 — 2x*)cosx + (2x? — x3)tanx
e ) o — Dt
Sl (x —2)cosx — (x — 2)tanx
Hence, lim Lf) =-2-0=-2
x>0 X
106.  (c) Reflexivity Let a be an arbitrary element of p.
Then,a € p

= a’—4axa+3a’>=0

So, p is reflexive.

Symmetry Let (a,b) € p

= a?—4ab +3b* =0

But b? — 4ab + 3a? # 0,Va,b € R

So, p is not symmetric.

Transitive Let (1,2) Ep and (2,3) €Ep
=2 1-84+6=0and4—-24+27=0

= —1#0and7#0
So, p is not transitive.

elXl—eg=*
107 @ f(0) =S
If x<0,f(0) =" =

= f(=2)=f=H=0
-~ f is not a one-one function.

ex_e—x eZX_l
If x > O,f(X) = o = PEry
ve?*4+1>e?*—-1,VxER
So, f(x) <1,Vx E€R
Then, pre-image of 1 does not exist.
=~ f is also not an onto function.
108. (d)~ A=1{24,6}and B = {2,3,5}
n(AXB)=3x3=9
Hence, the number of relations from A to B = 2°
109. (c) Total square = 64
Out of 64 squares, two squares are selected.
Total ways = %*C, ways = 32 X 63 ways
Number of ways of selecting the pairs which have the common side = 1/2
-~ Favourable cases

1
=E><(4><2+24><3+36><4)

1
=§X224=112

[ *+ each corner has two neighbours, every 24 squares on the border have 3 neighbours and remaining 36 squares have
four neighbours]
Hence, required probability
112 1
32x63 18
110. (d) We have, P(r <k and s < k)
P[(r £ k) and (s < k)]

P(s<k)
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and P(s < k) ==
ke, k-1

ne, - n(n-1)
(k(k—l))

n(n-1) — (E)

G) e

111.  (b) Let, p be the probability of getting a head and g be the probability of not getting head.
The head appears the first time on the even number of throws are 2 or 4 or 6 .

Thus, = = qp + ¢°p + ¢°p + -~

and P[(r <k)and (s < k)] =

Therefore, P, =

2 qp
= —=
5 1-—4¢q2
q=1-p
2 p(l-p)
S I .
5 1-(1-p)
> 4—-2p=5-5p=>3p=1
p=1/3

112.  (b) The given expression is
cos? ¢ + cos?(6 + ¢)
—[cos(6 + ¢) + cos(6 — ¢)]cos(6 + ¢)
=cos? ¢ — cos(6 — ¢p)cos(8 + ¢)
=cos? ¢ — (cos? ¢ — sin? ) = sin? O
which is independent of ¢.
113. (b) ~ tan(36) = tan(26 + 6)
tan 20 + tan 6
= tan(36) = 1—tan@ - tan 26
= tan36(1 —tanf - tan 20) = tan @ + tan 260 tan 6 + tan 26 + tan36 = 0
= tan30(1 —tanftan26) + tan36 =0
= tan36(2 —tanftan26) = 0
~ tan30 # 0
~ tanftan260 = 2
Hence, k = 2
114.  (c) rcos @ = 2asin? 6
~rcosf = xand rsinf =y = sinf =%
— V2 L2 2
= x—Za(T) =>x-1r°=2ay

r2 = x% + y2
= x3+xy?=2ay?=x%=v%2Qa—-x)
115.  (b) We have,
S5x—y—-4=0...(0)
And 3x + 4y — 4 = 0...(ii)
Let the required line intersects the given lines in Eq. (i) and in Eq. (ii) at points ( @4, 1 ) and ( a5, 8, ) respectively.
Then, we get
S5a; — B =4 = B, =5a; —4....(ii1)
and 3a, +4£, —4 =0

It is given that mid-point of the segment of the required line between ( @4, 81 ) and (a5, 5 )is (1,5)

B is g ta,=2..(v)
and
+
¥=5=>/31+ﬁ2=10

By Egs. (iii) and (iv)
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3
50{1_4’"'1_1“2:10

= 200 — 12 —3a, =40
20a; — 3a;, = 52(vi)
By using Eq. (v)
23 58 >8
= = = = —
aq aq >3
58 —12

and 0!2:2—5:?

Similarly, B; = 2 and f, = >
(2_@)
y_198: 23”23 ( _5_8)
23 (—12 _ 5_8) 23
23 23
198 83( 58)
Y~ 23 T35\* 723
= 35y=83x+92=83x—-35y+92=0

116. (d) A ABC has vertex A(1,2)
Let the mid-point of AC is D and mid-point of AB is E.
Now, equationof BDis=>x+y =15
Equation of CE is = x = 4
Let coordinate of B = (p, q) and C = (r,s)
*+ E lies on the line segment CE.

p+1
T =4= p = 7
and B(p, q) lies on the line BD.
“p+tq=5=>qg=-2
Then, B = (7,-2)
C(r,s) lies on the line CE[x = 4]

T =4
. _ (41 s+2
Coordinate of D = (T’T)
r+1 s+2
+ =5=2r+s=7=>s=3
2 2
S C — (413)
Therefore, mid-point of
BC_<7+4 —2+3)_<11 1)
U2 2 ) \22
117.  (c) Let perpendicular lines are

x=0andy =0
Let, the coordinate of point = (h, k)
ax+b(0) _ ax

So, h = a+b a+b
and
Jo=2Qtby by (i)

a+b a+b
n Y

0.7
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By Pythagoras theorem, (a + b)? = x? + y?
On substitute the values of x and y from Egs. (i) and (ii), we get
(a +b)?h? (a+ b)?k? 5
p + b2 =(a+Db)
2 2
>ty = (a+ b)?

which is standard ellipse.
118. (b) x = 4 = directrix
Foci = Origin

N Y

P(h, k) '
<1 ale > 2>x=4
)

: .\ 1
- ﬁ? iA » X
i(0, 0)|S i
<> E
ae 5
!
1—e?
SA=——ae=4>a 2 =4
2
=>—(1—e2)—4[':1—e2=;]
b? b?
=>-X==4>—=4
e ae

= p(h, k) = (ae, b)
i.e.ae=handb =k
2
By Eq. (1), % =4 = k? = 4h = y? = 4x which is standard parabola.

119.  (b) By properties of circle, if two chords AB and CD of circle intersect at 90° with each other,
then diameter d of circle is given by

A
= d =+/AP%+ PB% + CP? + PD?
= d=+22+62+324+42=4+36+9+16

d = V65

~ Radius = % = @ units

120. (b)LetP, =2x—y+3z+5=0

andP,=x+y+z=1

So, the equation of plane, say P, passing through the line of intersection of both P; and P, is given by
>P3=P+AP, =0

>P=02x—y+3z+5)+A(x+y+z—-1)=0
>P=0C2+D)x+(-14+A)y+B+A)z+5-1=0
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Now, according to question, P; is related through 90° about line of intersection = Dot product of direction ratios of P;
and P; isequal to 0 .

= 224+ -1(-1+A1)+33+1) =0

=2 44+214+1-21+94+31=0

- nee-Pee (-3 oD

()

P -3 9 z N 17 0
= =E—x—cy——+—=
3T 272

~ Required equation of plane is

3x+9y+z=17
121.  (b) We know that, cos 8 = ﬁ;....(i)

where, 6 = angle between both vectors a and b.
Now, givenl+m+n =0
> l=—(m+n)
and substituting value of [ in
2im+2mn—-In=20
2-m—n)m+2mn+(m+n)n=20
—-2m? —2mn+2mn+nm+n? =0
2m? —nm—n?=0
2Zm+n)((m—n)=0
= Either2Zm+n=0orm—n =20

JU Uy

> n=-2morn=m

When n=- 2n and when n=m
Sl==(m+n | = Il=-(n+n

Dl=—=m-=2m| = I=~(m+m
=Il=m = I==2m

~ Direction ratio of
Line 1 = (m,m,—2m) and Line 2 = (—2m, m, m)
Now by Eq. (i),

m(—2m) + m(m) + (—2m)(m)

cosf =
Vm?2 + m2 + 4m2vV4m? + m? + m?
-3m? -1 (1 _2n
$C059=W:7=>9=C05 (7>:?

122.  (a) Given, equilateral triangle OAB, of side d, is inscribed in a parabola
y? = 4ax, where a > 0
So, according to given information

y

— X

Now, equation of line OA
1 ..
> y= ﬁx....(u)
Now, since 04 intersects with parabola, so by solving Egs. (i) and (ii) both

x2

= dax = —
3

= x2—12ax =0
= x(x—12a)=0
> x=0o0orx=12a
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and
1
=—(12a) = 4V3a
y \/§( )
~. Coordinates of A = (12a, 4v/3a)
So,

d= \/(12a)2 + (4V3a)? = y/144a? + 48a?

=/192a? = 8aV3
123.  (a) Given, f(x) = —, f1(x) = f(x)

x+1

and f(¥) = f(fuza (1)) forn > 2
X
> L@ =fHE) =fF@®) = f(—=)
X

x+1
_ x+1 _ X
T_X T 2x+1
x+1_|_1
X
2x+ 1 x
ﬁ = = =
f3(x) f(f2(x)) X 1 3x+1
2x+1
- By following the patterns,
f"(x):nx+1

Now, f1(_—22) 'fz(—_Zz) 'f3(—2_)2---fn(—2) W_1121 be
- (EZ ; 1)2(—4 ¥ 1)2(—6 T 1) (—érr} N 1)
- (I)(§)(§)"'<2n—1) ~1.3:5-@2n-1)

124.  (b) Given, U(x) = %

U)X (x?—2Bx+C)=Lx+M
Differentiating w.r.t. x, we get

U(x)[2x —2B] + U, (x)[x* = 2Bx + C] = L
Again, differentiating w.r.t. x, we get

Ui (x)[2x — 2B] + U(x)[2]

+U,(x)[x? = 2Bx + C] + U;(x)[2x — 2B] = 0
On rearranging,
Uy, (x)[x? —2Bx + C] + Uy (x)[4x —4B] + U(x) X2 =0
On comparing with PU, + QU; + RU =0
= P=x?>—-2Bx+C
Q=4(x—B)andR =2
125.  (b) Given, 2* + 5% = 3* + 4%
Here, LHS = RHS for x = 0 and
At x =0
LHS =29°+5%=2andRHS =3°+40=2
~LHS=RHSandatx =1
LHS =2+5=7andRHS =3+4+4=7
~ LHS = RHS
~ 2% + 5% = 3% + 4% has only one non-zero real solution.
126.  (a) Given, xlog,x =2 — x(x > 0)
2—x

= log,x =

Let g(x) = xx;z + log, x
Now, let differentiate f(x) w.r.t. x, we get
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fleo = XT +logex = f'(x) = g(x)
= f(x) is primitive of g(x)

= Roots of f(x) = 1,2

So, by Rolle's theorem, if a function has same value at two points, then its derivative must have atleast one root

between both the points.
~ g(x) has atleast one root in (1,2).

127.  (d) Given, a and S are roots of the equation ax? + bx + ¢ = 0, then it can be written as

ax? +bx+c=a(x—a)(x—p)...(0)
Now, we have to find value of
1 — cos(ax? + bx + ¢)

BTGB

_ 1 —cos(a(x —a)(x — B))

R (= B)?

_ lim 2sin“(a(x —a)(x — B)/2 X a?(x — a)?

x=f a?(x — a)?(x — B)?
1. sin®(a(x —a)(x —B)/2

=-1 X a?(x — a)?
22 - 22— p7/a] ¢ D
_1>< ) 2 [ sinx_1
=X @ - P |+ lim = = ]
_a 2
=5 @=p
. _e*
128. (o) Given, f(x) = ——
et _ e 1
Now, f(a) = 1+e? andifi(—a)= 1+e=0¢ ~ @41
N a N 1 1+e
= —a) = = =
f@+7(=a) 14+e?2 1+e% 1+4e¢

f(@)
Now, I; = ff(_a)xg(x(l —x))dx

fb f(x)dx=fb fla+b—x)dx

f(a)
=l = f 1-xg9((1—-x)(1-(01—x))dx

f(=a)
f(@)
= = j (1—-x)g((1 —x)x)dx
f=a)
f(@) f(@
= = j g(x(1—x))dx — j xg(x(1 —x))dx
f(-a) f(-a)

I
:11=12—11:>211:12=>I_2:2
1
f(x)
129. (a) LetL = lim ff(x) 2t 4t — lim ;" 2tat
x—1 74 x—1

x—1 x—1

By applying L'Hospital rule
e 2f)-ff0)-0
L =lim
x-1 1
L=2f(1)-f'(1)=2%x4%x2=16

130. (@) Let/=J %dx

Letlog(x + V1 +x2) =t

Differentiating w.r.t. x,

1 2x
= (—)x(1+—>
x+ V1 + x2 2V1 + x?

dx =dt
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1 V1+x2+x
:>( )x dx = dt
civize) \Viee
dx
Nl

t2 1 2
- - i 2
I=[tdt = +C—2[log(x+ 12+x )] +C
X
Given, I = f(g(x))+C = f(x) = >
andg(x)zloge(x+ 1+x2)

131 (d)Let/(R) = [, e ®"*dx;R >0
Now, we know, x > sinx
= —x < —sinx = e ’¥ < ¢~Rsinx
R R -
= [, e ®dx < [ e Rsinxgx

e—Rx i R _Rsinx
= [—R <[,e dx
0
- [e_RZ -1 <1(R):>M<1(R)
(=R) (=R R

132.  (b) Given, f(x) = x(x — 1)(x — 2) ... (x — 100)
Let f'(x) = (x— 1)(x — 2) ...(x — 100)
+x(x —2)(x —3) ...(x —100) + -
+x(x —1D)(x —2)...(x —99)
=x(x—1Dx—-2..(x—100)
1 1 1 1
x T x—1tx—2" "x=100
_x(x—1)(x—2)...(x —49)(x = 50)(x — 51) ... (x — 100)

101(x — 50)
, x(x—1D(x—=2)..(x—49)(x —51) ...(x — 100)
) = 101

= f'(x) have 100 roots
= 50 will be maximas and 50 will be minimas.

133.  (a) We know that in hyperbola difference of distances of a point, say P, from two fixed points S;

and S, is constant.
SIP‘ S:P =20

::;E P(r) s
)- L —

Given, [r—a|—|r—b|=c
= ¢ = 2a.(i)
We also know, S1S, = 2Zae (where, e is eccentricity)
= 5,5, =2ae =|a—b|
®]

a-b a-b
> e=00l bl [from Eq.
2a Cc

134.  (d) Let 5 balls be By, By, B3, By, Bs and 3 boxes be Cy, €, C5.

Now, we have to place atleast one ball in each box.

So distribution of ball can be done in 2 ways.

(1) 3,1,1 = 3 balls in one box, 1 in second and 1 in last box.
(1) 2,2,1 = 2 balls in one box, 2 in second and 1 in last box.
Now, first take 3, 1, 1 arrangement.

Total combinations will be

=3x3C3x 2C;x 1€;=3x10%x2%x1=60
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and second take 2,2,1 arrangement.

=3x °C, x 3¢, x ¢,
=3%x10%x3 =90

-~ Total ways = 60 + 90 = 150

Total combination will be

1 -1 0 2
135. (d)Here,A=(0 1 -1 ,B = 1]
1 1 1l3xs 713x1
So, to get result AX = B order of X will be 3 X 1
X
Let X = [y]
z

> AX =B

1 -1 07 2
= 0 1 -1 [y] = 1]

1 1 11z 7
By multiplication of matrices
x—y =2...(0)
=>y—z =1..(3i)
>x+y+z =7.. (i)
By solving Egs. (ii) and (iii), we get

x+y+@y-1)=7
= x + 2y = 8(iv)
Soloving Egs.(i) and (iv)
x+2(x—2)=8
3x =12

X=4
and y=4-2=2=z=2-1=1

4

e[
1

136.  (d) Given, a4, @5, @3, ..., @, are in AP with common difference 6.
Ay —Ap1=d=0ay — ¥ = 03 — Ay ...
Now we know,
sin(A — B) = sin Acos B — cos Asin B
sin(4A — B) = cos Acos B(tan A — tan B)
tanA —tan B
sin(4A — B)
~ secaiseca, + secaysecaz + -+ seca,_iSeca,
(tana, —tana,;) (tanaz —tana,)
~ sin(a, — ay) sin(as — a,)
(tana, —tana,_;)

=secAsecB =

Sin(an - an—l)
tana,, —tana,

= cosecld(tana,, — tana
sin ( n 1)

= k(tana, —tana,)
~ k = cosec
137.  (a) Given, x and y € R and relation on (x, y) is given by x — y + v/2 is an irrational number
Lets check for
(1) Reflexive
If (x, x) € Relation
>x—x+V2
= /2 - always an irrational number
-~ Relation is reflexive.
(i1) Symmetric
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Let (x,y) € Relation, where x = V2 and y = 2
= V2 — 2 + /2 - an irrational number

But for (y, x)

= 2 — /2 + /2 - rational number

~ (y,x) & Relation

~ Relation is not symmetric.

(iii) Similarly relation is also not transitive.
Hence, relation is not equivalence.

0o 0 -1
138. (d)Given,A=|0 -1 0
-1 0 0

Clearly, A is not a null matrix and skew-symmetric matrix.
~ Option (a) and (b) are incorrect.
Now, |[4A] = -1(-1) =1
= |A| # 0, therefore inverse of A exists
~ Option (c) is also incorrect.
= Option (d) is correct, A2 = |
139. (a) Given, 1000! = 3" xm
Here, we have to find exponent of 3 in 1000 !.
[1000] [1000] 1000] [1000]

1000] [1000] [1000]

=3334+111+374+12+44+1 =498

» 1000! = 3*%% . m = n = 498

140. (a) Given, A and B are acute angle, also

sinA = sin? B and 2cos? A = 3cos? B

= 2(1 —sin? A) = 3(1 — sin? B) = 2 — 2sin? A = 3 — 3sin® B
= 2—2sin?4A=3—3sind = 2sin?A—3sinA+1=0

= (2sinA —1)(sind—1) =0

. 1 T T
=>sindA=-orl=>A4A=-or—
2 6 2

But A is acute angle.
A=mn/6
2 . s
Now, sin“ B = sin (g)

1
2

1
sinB=+—=B=—
V2

But B is also acute angle.

B=m/4
141.  (b) Let the equation of the circle be
x2+y2+2gx+2fy+c; =0
Since, it passes through (0, a) and (0, —a).
~0+a’?+0+2fa+c; =0..30) .
0O+a?+0—2fa+c, =0 -++(11)
Solving Egs. (i) and (ii),
4fa=0=f =0andc, =—a?
Hence, the circle becomes
x2+y2+2gx—a*=0
Centre = (—g,0)

Radius = /g2 + a?

or

NS
AN

Now, line y = mx + ¢ touches the circle, hence perpendicular from centre should be equal to radius.

—-mg + ¢
:)Lz /g2+a2
m2+1
= (c—mg)? = (m* +1)(g* + a?)
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= c?2+m2g? —2cmg = m?g? + m?a® + g% + a?

= g%+ 2gmc+ [a?(1+m?)—c?]=0

Roots of above equation give us value of g for both the circles. Let g will give g; and g,, then

9192 = a*(1 +m?) — ¢?

Now, circles will be

and

x2+y2+2g1x—a

x2+y2+2g,x—a*=0

Now, conditions for two circles to intersect orthogonally is
2019: +2faifz =1+ ¢

= 2@ +m?)—-c®)+0=-a%?-a%=-2a?

2:

= a?(1+m?) —c?=-a’>=a’@+m?) =c?
142.  (b) Given equations of hyperbola is

X2 y?

_—— = 1

4 9

Now, let mid-points of chord is ( h, k).
Equations of chord when mid-point is known to is us given by T = §;.

4 9 4 9
= x—h—%=c where c=h—2—k—2>
4 9 ' 4 9

Slope of above equation, m = 9h/4k

Now, according to question above chord is parallel to y = 2x.
m=2=9h/4k = 2

= 9h—-8k=0

Replacing ( h, k) with (x,y)

s 9x — 8y =0
143.  (a)
ey <t 2] o 2

y =tan (1) — tan"!(2lnx) + tan~1(3) + tan"*(2In x)
y = tan"1(1) + tan"1(3) = y is a constant.
Ly

T odx an dx? L
145.  (¢) Let L = limp o, =7 [2 + 4% + 65 + - + 2n)¥]
. A NN 2r\* 2nx K
om0+ ) G+ () <)
ni\n n n n n

L =lim, ., % yn_ ok (%)k

Replacing% — dx,lim, Y7, — [ 01 and% =
o1t ~ ok
k+1| k+1

146.  (b,c)Given, f = 6 — V' 1.2t, where f = dv/dt
Now, for max velocity, dv/dt =0= f =0

36
>6—vV1.2 =0:>6=\/1.2t:>36=1.2t=>t=§=305
Now, v= [, fdt = [.°6—VI2tdt
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2
= [6t —/1.2t3/2 x §]

30

0

2
=6 %30 —1.2 x (30)3/2 x 3

2 2
=180—30V36X§=180—30X6X§

=180 — 120 = 60ft/s
147. (a,d)Given,T =y = be */®and L = z +% =1

Lets dra)\’)v graph of both
OO
L
— X
(a,0)

Here line L touches the curve at point on Y-axis and since I" curve is an exponential functions, graph of its will never
touches the X-axis.
148. (a,c)Given,
S=C2n+D"Co+2n-1"C;+(2n—-3)"C,...1- *C, S = 1"Cy + 3"C; + 5"*C, ...(2n + 1)"C,
25 =02n+2)"Cy + 2n+ 2)"C;
+(2n+ 2)"C, ...(2n + 2)"C,

=225 =02n+2)["Cy+ "C; + "Cy + -+ (]
> S=m+1)2"
Now, let f(x) = x™*1
L) = (o D

f'@ =@+ 12"
149. (a,c)According to given information, graph of quadratic is

Adding both

2.0 @0

(a, 0,\/ (8.0)

Given, a > 0 = Graph will open upward
Now a — negative and f — positive

c
~ aff = negative =—=>¢ <0
a

Also value of quadratic ( y ) between a and £ is negative.

> f(-1D)<0=>a(-1)%2+b(-1)+c<0=>a—-b+c<0
150. (a,b,c)Let

a,+bix ayx+b
A=la,+bx a,x+by, c,
az;+bsx azx+b; c3
Now,atx =1

ag+b, a1+by
A=la,+b, a,+b, c
az+b; az+b; c3
[+ C; and C, are identical]
andatx = —1

=0
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a,—by, —-a1+by
A=la,—b, —a,+b, c;=0
a;—b; —az;+b; c3
[+ C; and C, are identical]
a; aix ¢ a; by
Also,A =1z ax Cz[+|a, b, ¢
as azx ¢z as; bs c3

bix a;x ¢ bix b, ¢
+[byx azx cy[+|byx by 3| =0
bsx asx c; bsx b; c;
a b
= 0+(1—-x%|a;, by c|+0=0
as bz ¢
a by
= |la, b, c;]=0andx=+1
az bz ¢

151.  (d) Given, f(x) = e* + ¢~*

Letput x = —x = f(—x) = e * +e*

= f(x) = f(—x) = f(x) = even function
~ f(x) is a many one function.

Now, e* and e ™ both are always positive.
~ Codomain # Range = f(x) is not onto.

152.  (a,c)According to the question, Equation of OB = y = tan(45 + a)x
1+ tan a)

—x
1 —tana,
cosa + sma)

=

>y = (—
cosa —Ssina

A 2 X
0.0

= y(cosa —sina) = (cosa + sina)x
Now coordinate of A = (acos a, asin @)
Equation of line AC = (y — asina)

(sm a —cosa

- ) (x —acos )
cosa +sina

= y(cosa + sina) — asin acos @ —asin? @ = x(sina — cos a)
—acosasina + acos? a
= y(cosa + sina) + x(cosa —sina) = a
153. (c,d)Given ABC is an isoscceles triangle Now, slope of BC,
u 7-3 -4
BE™ 217 3
Slope of
AD,M,p = 3/4




%_ WEST BENGAL JEE PYQs
WB JEE 2024

coso - sinay=a
. AlhL R

{1'?:3; (-1/2.5) =7
Equation of
A=@-5=3(x+s)

=0-5)=7(x+3
=8y—-40=6x+3 =8y —6x =43
Putting ( h, k ) in above equation of line.
= 8k — 6h = 43 which is required equation.
~ Option (c) and (d) will satisfies the above equation.
154, (ab)lety = [© E=5tH g,
: ’ 0 2+et
By applying Leibnitz's rule,
dy [x4 —5x% + 4]
— = |— | X 2x

dx | 2+e**
To find extremum (maximas and minimas), we put % =0
(x* —5x2+4)
Tz 2x=0
2+e*

= x*-5x2+4=00rx=0
( 2+ e is always greater than 0).
52 —-4)(x?*-1)=0=>x*—-4=0o0rx*—-1=0
> x=42o0rx==1
155. (b, d) Graph of x + sin 2x
graph of x+sin2x

ﬁ\ 2> y=x+8in2x

Clearly it is not periodic.
Now, in cos(v/x + 1), x = 0.
Lets consider cos(v/x + 1) be a periodic function, with period T, where T > 0
“f(x+T)=f(x) = cosVx + T = cosvx
In particular, let x = 0, then we have
cosVT = cos 0 = 1....(J)
For x = T, we have
cos V2T = cos+2T = 1....(ii)
By Eq. (i), VT = 2nm and
By Eq. (ii), V2T = 2mn
or
2mm m

V2 = =— = — = Rational number
2nm n

But /2 is an irrational number.
= Due to contradiction cos(v/x + 1) is not a periodic function.




