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Physics
1. (b) Ina SHM,

Acceleration, f = —w
Time period, T = Zf
~fT) =
“ |fT) o x

Hence, |fT|vsx graph is a straight line.
2. (a)Given,v =4 m/s

Attime, t = 0,y = 3sin2m (—3)

2x

2 21
—wx X —| = 2nwx
w

~Attime t,y = 35in%ﬂ (vt —x)

~ Attime 4 s,y = 35in2?”(4 X 4 —x)
_ —16

~y =3sin2n (—x —)

3
3. (a) The FBD of the liquid above the level is

Y d

h

tan9=£=— h=£a
g a g
4. (b) The velocities of the molecules of ideal gas are 1,3,5,5,6 and 5 m/s.
~ Average speed,
__217_1+3+5+5+6+5:>25_41
v="—= 6 g~ + m/s
Sv2

Root mean square speed, Vs = —

12 + 32452 + 52 + 62 + 52
< VUrms =

6
’121 116
= T—T—4.5m/5
 VUpms > U
5. (¢)

@)
N
F——é%A a—V

Let u, and v are the speed at inlet and outlet of the pump.

-~ Applying Bernoulli's theorem at points 1 and 2 .
F 1 1,
Po + 7 +5pu” =po +5pv
F 1

= —p(w? —u?) ..(0)

By continuity equation, Au = av
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> u= %....(ii)

From Egs. (i) and (ii), we get
F 1 [, a** 1 (A*-a?
sz[” L ]=zf“’ <A—>

A% — a?

As,A> a=> =1,

A2
v=,2F/pA
6. (a) Given, Z—Z = constant(K)....... )]
Where, H = ms6
~ From Eq. (i),
de

— =K
ms—
de 1
— cx —
dt s )
i.e., slope of 8 vs t graph « <
As (Slope )z > (Slope )4
~ ( Specific heat ), > ( Specific heat )
7. (c¢) Given, Wy, = 200]
Qac = 280]
G
A

R ¢

oL —

By first law of thermodynamics
Qac =AUyc +Wyc
AUye = Qac —Wyc
=280—-200=80]
AUp-pc = 80]
From processA - B - C,
Wype =80]
~ By first law of thermodynamics
Qapc = AUppc + Wype
=80+80=160]
8. (b)
The electric field at the center of the semicircle is:
N Ao .
E= 87tsoR]

The direction of the electric field is upward along the positive y-axis due to the symmetric sine distribution of charge.

9. (b) The top view of the cylinder and the dipole is

Hence, the dipole will experience a net force and a net torque in clockwise direction.

10. (a) Given, Q; = 12uC, Q, = 6uC
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12uC  6pC

O

Al C
The charges on the outer surfaces A and D of the plates are
Q1 +Q, 12+6

Qa=0Qp = 2 = 2

=9uC

o QB:Ql_QA=12_9=3“C

Qc = —Qp = —3uC
Hence, the charges on the surfaces 4, B, C and D are 9uC, 3uC, —3uC, 9uC, respectively.
11. (¢)

The magnetic force on a current carrying wire is
F =IIxB=I1xB
F =1ABsin90° = [.AB

12. (b)
y(cm) o
4v
E
0 2.0) (2,0 e
The x-component of E is given by
AV 2—-4
Ex = —E = —m =-1 V/cm =-100 V/m
13. (d)

b

»X

=

Z
£8¢(0,0,a)
P
0
/ {a, 0, 0)
Y

The work required to move a charge (q) from point A to B is

kp
Wew = V= Va) = q (-5~ 0)

1 Pq(uk_ 1)
T 4mey, a? ' 4me,

14. (b) The electric field of EMW is

E = E,(1+j)sin(kz — wt)

Here, the EM wave is propagating in +Z-axis direction.
o=k
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~ The direction of magnetic field B is
VXE=kx(@{+j)=-1+j

"~

B=Bo+k

15. (b) ) |

Y

As the component of velocity is along B as well as perpendicular to E. Hence, the trajectory of the particle is helical
path.
Also,v, =4m/s,z=2m

Z=v,-t
t—Z _2_1
v, 4°2°

lA 1”

Reading of voltmeter, V = 8 V
~ Potential difference across resistance 20()
V'=10-8=2V
+ Current through 20Q resistor,
vto2 1

R, 20 10
Current through 160(Q resistor,
- v 8 1 A
27 R, 160 20
~ Current through voltmeter,

I—( 160 )I
17 \160 + Ry

= ()
27 \160 + Ry
1 ( 160 ) 1
= —_— =) X —
20 \160+ R,/ " 10
Ry = 1609

17. @) I;: 1, =n: 1
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max = (VI +4/E2)

Iyin = (\/E_ \/E)Z , ,
Imax — Imin — (\/I—1+ \/E) - (\/1_1_\/1—2)
fmax + hmin (I + 1) + (JI = JI2)’
4Ly, L,  nZ  n

" 2(L+L) L+, (m+DL n+1

Imax — Imi d n
For =2 ™M (0 be maximum, — Vn =0
Imax + Imin dx\n+1
1
+1) ——=— 1
(n+1) 5 == V(D)
= =0
(n+1)2
>n+1-2n=0
sn=1
18. (¢)
19. (a)
For Lens Lyu = —g,f =+f
11 1 1 1 1
e E e - ==
vou f v _f f
2
~v=—fandm=v/u=2
For Lens Lyu = =2f,v = 2f
v
s m=—=—-1
u
For Lens Lyu = +f,f = +f
1 1 1
v u f
1 1 1 f
> ———=—->v==
v f f 72
and
v 1
m_u_Z .
sm=my-my -my=2X(-1)x-=-1

2

Hence, final image will be g behind the lens L3 and the magnification is -1 .

20. (b)
sinr
30° .
0 —>8in i
sinr
tan30° = ——
sini

sinr
sini

il =
~
o~
—
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By Snell's law,
- - - C - - C -
UxSini = p,sinr = —sini = —sinr
x Y Vy vy
D TG
v, sini

From Egs. (i) and (ii), we get

vy, 1
oAl V3u,
21. (b) Given, for hydrogen atom, potential energy in first excited state,
(PE), = 0 (Assumption)
But, (TE)Z = (PE)Z + (KE)Z
—13.6 - 3.6
2 (PE)2 + 4
13.6
&~ (PE), = -2 (T) = —6.8eV

~ According to the question,

—68+x =0
Y x = 6.8eV
-~ Total energy of n = oo state is E,, = 0 + x = 6.8eV
22. (b)
/ 20002
S)V__l—T V=5V A=100 [V,

The current through the circuit is
9 3

~ 200+ 100 100
3
“V, =1 R,=—x100=3V

100

As V; < V. So, the Zener diode will not activate and I/;, = 3 V.
23. (¢)

. AB
Ae—{>0-2 ===
B oY= AB+C
C =

C
The output, Y =A-B + C
LetD =A-B
~Y=D+C=D-C=D-C=A-B-C
~Y=A-B-C

This is AND gate with input A, B and C

ForY =1;A=1,B = 1,C = 1 = one combination.
~ The combination of A, B and C which gives Y = 0 is
2n—1=23-1=7

24. (d) By Bragg's law,

For maxima of X-ray diffracted from the crystal,
2dsin g = ni

Where, n = 1,2,3, ...

25. (d)
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u
/K h
m 0

o]

u u?sin? 9 0

T, = = ————,V = Ucos

L max 2 g

Angular momentum at the maximum height about point O is
u?sin? 9>

L = mvr, = m(ucos9) < 29

mu?
L= <—> - sin® Ocos O
29

As, sin? @ varies from 0 to 1 between 0 to /2.
cos 6 varies from 1 to 0 between 0 to /2.
= sin? 6 - cos @ varies from 0 to 0 between 0 to /2.

At =2 sin20-cos@ =ixi=2
4 272 4
26. (d) Given,m = 2 kg,r = 5m,v = 2/5m/s
_dv 3 )
a; = P m/s
-~ Centripetal acceleration or radial acceleration is
v?2  (2V5)?
ar=7=( 5) = 4m/s?

= Net acceleration, a = \/a? + a?
»a=4(3)?+ (4)? =5m/s?

~ The force action on the body is
F=ma=2x5=10N
27. (a) Measurement of the object = 6.50 cm
+ Number of significant figures = 3
Now, when the measured value is converted from one unit to another unit, then the number of significant figures
remains same in both cases.
~ The number of significant figures in 0.0650 m is 3 .
28. (a) By conservation of angular momentum,
o = (I +MR?) -’

o
w I+ mR?
=~ The fractional loss of angular velocity is
w—w w' I
w w I + mR?
_ mR?
I+ mR?
29. (c) The acceleration due to gravity at height H from the surface of planet is

GM .
91 = Gy

The acceleration due to gravity at depth H below the surface of planet is
GM .
From Eq. (i) and (ii), we get
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M GM

G
CEY A A
= H?4+HR-R?>=0
_ —R+R2-4x1x(-R?

= H= 2x1
—R ++/5R
=—
H=<—_1i\/§>R
2
= HxR

Hence, H vs R graph is straight line.
30. )M =04kg L=4m
e OO XXX

03m

oY, 06m

Wexe = Us — U; = 0 — (—mgh)

M
= mgh = (fx 0.6) X 10 x 0.3

_ 04 x 0.6 X 3
= .
=0.18]
31. (c) Let the collision of two balls
(m}— A
4 o @ ij' (mi2)

-~ By conservation of momentum,
m

mvy= mv; + ?vz
V2 .
.'.‘UO =1 + — (l)
2 2%
For elastic collision, e = 1 = ;—01
-

o UO = UZ - Ul(ll)
From Egs. (i) and (ii), we get

3v
< =2
= 4y
V2 =3

2
Similarly, the velocity of 3rd ball, v = (3)  vq

_ mn-1
~ Velocity of nth ball, v,, = (5) Vg

32. (¢) The time period of the satellite near surface of planet is

2 2
2 = 4r R3 = 4r R3
GM G '%TL’R?’ - p
T? _3n
pG
- For the earth, T2 = =% (i)
fe
For the moon, T2 = ——....(ii)

PmG
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As T, = T,, = 90rev/min
~ From Egs. (i) and (ii), we get

3w _ 3w
PG pmG
“Pe = Pm

33. (a) Initially only gravity force acts on the magnet.
~ The speed of magnet increases from zero to certain value. When the magnet reaches near the ring, then opposing
magnetic force F,, acts on the magnet. So, its speed decreases.

it
mg

Fm
l::rlng
Similarly when magnet crosses the ring and goes away, then only gravity force acts and the speed of magnet increases.

34. (a)
i

iy

0 i
AP VO
Pi=-g ig ... (1)

The charge flowing through the coil is
Q = Areaofi—t graph

1 .
+ iy =2Q/T
~ From Eq. (i),

1 20 Q:Q< t)

Tttt T

~ Amount of heat generated in the coil is,

w=[ erae= [ () (1-5) r-a
0 0

_ AR fT 1 2t+t2 de
T2, T T2

_AQR[ 222 1 t2]"

S T2 T 2 T* 3| ~ 3T

35. (a) Given, gravitational potential,
A

GM
V=-—"7+=
r or
By principle of homogeneity,

1= [

4Q2R
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Now, [G] =
mymy

[MLT~?][L?] _ _
:—[MZ] :[M 1L3T 2]
~ [A] = [M~1 L3 T2]M][L] = [L* T~?]
According to the question,

[A]= [G]*[M]”[c]”

= [L* T72]= [M~1 L3 T"2]¥[M]Y[LT1]*

s—x+y=0=>x=y (1)
3x+z=4 (ii)
—2x—z=-2 (iii)

From Egs. (i), (ii) and (iii), we get
x=y=2,z=-2

G?*M?
“A=GPMAcTE = —
c
36. (b, ¢, d)
DT
3
1 2
—V
Tt
2
] Y 3
»>S

From p — V diagram,

Process 1 — 2 is isobaric process.
Process 3-1 is isochoric process

From T-S diagram,

Process 2-3 is constant entropy process
1e,dS =0

~Q=TdS=0

~ Process 2-3 is adiabatic process.
Also, in cyclic process

Whet = Qnet # 0

37. (a, d)
. K
Ve ::/5 C::
C B

Initially switch K is closed,
Energy stored in capacitor 4, E, = %C &

1

Energy stored in capacitor B, Ep = 3 cv?

-~ Total energy stored in two capacitors,

1 2 1 2 2
E; =B+ Ep =5 CV2 450V =CV
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When switch K is open, and a dielectric ( K = 3) is inserted in both capacitors, then
Energy stored in capacitor A,

E _1 3CV2—3CV2
A_z( ) =5

_ @ _

Energy stored in capacitor B, E;, = Lev?

2x3C 6
-~ Total energy stored in two capacitors,

3 1\ . 5
38. (a)

@

(@, m)

. dB
B:(4t2—2t+6)k:>E:(8t—2)

By Maxwell's equation,
Forr <R,
dog dB
§ Eing - dl == = (dt)A
= Eyq(Q2nr) = —(8t —2) - nR?
RZ
Eing = —(4t—1)-—

1
= FEjg X " = Ej,q Vs 1 does not vary linearly.

As Ej,4 is a non-conservative field. So, it will form a closed loop.

dB
Now, (E)m =8x0—2=-2
~ B will decrease. So, by Lenz's law the charge particle will move in anti-clockwise direction to oppose the decreasing

magnetic field.
Now, |Eing lt=2s = (4t =1 37| =
~ Acceleration of charge particle is
g 1Ema_a 7R _7qR
m m 2 2m

R? 7R

39. (a, b, €) XXXXX,,
XX XXX
(g m)—->v
XX XXX

XXX XX
The radius of the circular path of moving electron is

By Bohr's quantization,

h .
muvy,ty, = :—n = nh...(i1)

From Egs (i) and (ii),
Bqr, -1, =nh =12 =nh/Bq=>r1, xn
m2v? Bqnh
Again, ko p2 =

m2

JBgh-n

S v, =
n m
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~ For minimum velocity of electron,n = 1

" VUmin = vV th/m

Now, E,, = KE + PE = KE — 2(KE)

) 1 Bghn
= —KE = —Emvn = —Em- -
~ EpXn
Also,hvxn=>vxn
40. (a, c)
a—
—u
O m

The kinetic energy of ball measured by girl,
1

K = -mv?
va

By work-energy theorem,

W

1 2 1 5
i =K —K; = Em(v +u) —5mu
= Gain in KE
Now, force on the girl by the train for small time dt is, F = mv/dt
Displacement of girl, s = udt

~ Work done by train on the girl = F - §
mv
= (—) (udt) = mvu

dt
Chemistry
41. (c) The correct order of boiling points of given compounds is II < I < III.

Butan-2-ol shows stronger hydrogen bonding than N -ethylethanamine. While ethoxyethane have dipole association
which is weaker than hydrogen bonding. Thus, the order followed is ethoxyethane < N-ethylethanamine < butan-2-ol.
42. (a)

™
Ph—C=CH ——— Ph—C—CH
(M) Lindlar (N)
catalyst
Ammonical Ozonolysis
AQNO3
o ®
Ph—C =C Ag Ph—CH=0 + CH,~0
White precipitate ©) (P)
(CH,CO),0
CH,COONa

Ph—CH=CH —COQOH
Cinnamic acid
43.(d)
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OH OH -
CH3 ' NMGQ
Hyperconjugation is +R effect is shown
Shown by Ch; by NMe,
OH OH
CH=CH, NO,
- R effect is - R effect is
shown shown by

by CH=CH, NO, group

Electron donating group decreases the acidity while electron withdrawing group increases the acidity: Thus, the

correct orderis IV > III > I > 1I1.

44. (a) In acidic medium, during the formation of X, monohalogenation will takes place. After that'
X ' formed undergoes bromoform reaction to give Y and Z. The reaction will takes place as follows:

0O 0
)j\ Br,/AcOH X /u\
CH; CHs Monohalogenation CH; CHy-Br
X)
Bry/NaOH
(Bromoform reaction)
CHBrz + CH3COONa
() @
45. (d)

HoCHsC CHCHy HiC—({_)—S04CI
e \ aq.NaOH / ;

H"'/ Ci SN2 >HO \M H Pyridine ]
H3C CH3
()

0 CH,CHs
CHs—@*S—O—‘Q"'H
4 CHs

Nal
SNzl acaetone
HsCH,C
H u-}— |

Thus, E and F are given in option d .
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46. (b) Given, my =100 g
Vi=V; m/s
m,=50g
VZ = 1.5V1 m/S
A(my) —9
A(my)
Using the formula of de-Broglie's wavelength, we will get
h
A=—
mv

At myV, 50x15V; 3
= — = = = —
Ay mVg 100V, 4
So, the ratio is 3: 4.
47. (d) For body centred cubic system, edge length is given by

4r

a=—
V3
On substituting the given value of r = 75pm we will get
AX75 173.2
a= = .2pm
73 p
48. (¢) Given,
T1 =T TZ = 2T
M
Ml =M Mz — ?

Urms(1) = X m/s VUrms(2) =?
On substituting the above values, we will get

v [T My [T M/2_1
_—= — X — = —_ —_— -
v, My T, (M~ 2T 2

x
.-.U—Z=E=>v2 = 2xm/s
49. (a) (I) Mass of mole of N, is given by
Mass = Number of moles X molar mass
=1x%x28¢g
=28g
(IT) Mass of 0.5 mole of O
=05%x48=24¢g
(II1) Mass of 3.011 x 1023 molecules of O,

=3 mole of O,

1
(IV) Mass of 0.5 g atom of O,

= > mole of atoms of O

1
=3 X16=8g
Thus, the order of increasing mass is

IV<II<II<I

50. (d) From Arrhenius equation, we can say that
k = AeEa/RT

Taking natural logarithm on both side of equation

_ a
Ink= BT +1InA

Ink=1InA Ea
orlnk =1n RT(I)
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Intercept=In A

Slope=-£,/R

1r—
On comparing Eq. (i) with straight line equation, we will get the linear plot in graph of In k v s%
51. (b) Given,
A-y,coona = 91071 cm?eq™!
Ay = 426.16Q71 cm?eq?
AjNac = 12645071 cm?eq?
Using Kohlrausch's law,
A°CH;COOH = A°CH;COONa + A°HCI — A® yaq
AN°CH;COOH =91 + 426.16 — 126.45
A° cu,coon = 390.71ohm™" cm?eq ™!
52. (c¢) For the given reaction, A + B — C, rate equation is given by
R = k[A]*[B]”
where, x and y are the orders w.r.t. A and B respectively. So, from the given data we can write
100 = k[1]*[10]”....(1))
1 = k[1]*[1]?.....>11)
10 = k[10]*[1]?.....(ii1)
On dividng Eq. (ii) by Eq. (i), we will get
1 k[A)F[])Y
100 k[1]*[10]Y

5= ()
> —=(—
100 10
y=2
Now, dividing Eq. (iii) by Eq. (i), we will get
10  k[10]*[1]”

1 kA1)

= 10 = (10)*

= x=1

So, the reaction is 2 nd order w.r.t. B and 1st order w.r.t. A.
53. (¢)

54. (b) Given,
pH = 7.0 R = 1.987cal/mol K
H,0 = H*(aq) + OH™ (aq)
K, = [H*][OH"] =107 x 1077
=10"MaspH=7
Now, using the equation,
AG° = —2.303RTlogK,,
= —2.303 X 1.987 x 298 x 14cal/mol
= 19091.3cal/mol = 19091cal/mol
55. (c) KHCOj; is appreciably soluble in water, thus cannot be separated from reaction medium easily.

So, it does not precipitates out like sodium bicarbonate. Hence, it is not prepared by solvay process.

(NH4)HCO3 + KCl — KHCO3(aq) + NH,Cl(aq)
Appreciably
soluble
56. (b) For radioactive decay, half-life is given by
0.693 .
Tl/z = T ........ (1)
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Also, Ty, = A (Given)
Let both of them are equal to x, then Eq. (1) will become

0.693
sz:xz = 0.693

or x = (0.693)/2

= Ty = A = (0.693)"2

57. (b) The order of ionisation energy of given elements is He > Ne > Ar > Kr. Since, the energy of
photon is sufficient to ionise both Ar and Kr. Thus, the mixture contains Ar* + Kr*.
58. (b) Given, m = 3 x 10™% atm
T=27°C=300K
R =0.0821Latm mol ! K™}V =4 L
Mass =4 g
Using the formula, m = i X CRT

where, C is the concentration i.e. molarity which is
Number of moles

SIVERBY MM = ¥ o lume of solution (L)

On substituting the values,
3x107* =1xC x0.0821 x 300
C=122x10"5
or 2 =122 x 107"
= M =81967 =~ 82000 g/mol
59. (d) The molecular shapes of SF,, CF, and XeF, are as follows
F

F

F
E?«-S<F F/C\F

r -
1 lone pair see-saw 2 lone pairs square
Shape planar shape

F\g;)e/F
F/ \F

2 lone pairs Square planar shape

Thus, the given molecules have different molecular shapes with 1,0 and 2 lone pairs of electrons on the central atom
respectively.

60. (¢) Among the given options NOZ has nitrogen in sp-hybridisation.

1
Number of electronic lobes = 2 + 5 [5—4-1]
2 0
= T + T
Bond Paris  Lone paris

Thus NOZ has sp-hybridisation.

61. (a) In both the compounds Fe is in +3 oxidation state. Thus,
Fe3* = [Ar]3d°4s°

Now, for [Fe(CN)g]3~
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| )
do%sp’
Pairing of electron will takes place due to presence of strong field ligand i.e CN ~but has one unpaired electron thus

paramagnetic.
Now, for [FeFg]3~,

3d 4s 4p 4d
(T D DI el 1 1
sp°d®

F~is a weak field ligand. So, no pairing of electron, thus has five unpaired electrons. Therefore, paramagnetic.
62. (a) For [FeCl,]™

Fe is in +3 oxidation state. Thus,

Fe3* = [Ar]3d°4s°

In this complex,

3d5 4s 4p
T 5] [<]x]x

sp°
Cl™is a weak field ligand. So, no pairing of electron will take place. Thus, it has
5 unpaired electrons (n = 5)

u =4nn+2) BM=,5(5+2)BM
= 5.9BM

Now, for [Fe(CN)g]3~
Fe is in +3 oxidation state and CN~is a strong field ligand. So, pairing of electron will takes place.

3ad° 4s0 4p6
Fov+=[ATA L 1[x] ]
L d28p3 §

Thus,n =1

L pu=41(14+2)=1732BM

63. (b) BrF; self ionises as BrF3 and BrFj.

2BrF; = BrFJ + BrFj.

It is because of their relatively more stable structure.

64. (b) Among the given options Pr3* has 42 configuration.
Pr(59) = [Xe]4f36s?

~ pr3* = [Xe]4f?

65. (d) Incorrect statement is given in option (d).

In [CoF¢]3~ complex, Co is in +3 oxidation state.

Co3* = [Ar]3d®4s°

Also, F~is a weak field ligand. So, no pairing of electron will takes place. Thus, the compound is paramagnetic with 4

unpaired electrons instead of 2 .

66. (d)>G=D bond has the most single bond

character in compound II followed by I and II respectively.
4
D) iy
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Thus, the order is I > 1> III.
67. (a) Among the given options 4-nitrobenzaldehyde has all the atoms in a single plane.

(III)

O H
N
sp? S

N -
S(gz Gep?

Here, all atoms are sp? hybridised, other than hydrogen.
68. (b) The [UPAC name of the given compound is

4 3 2
1CHO

2-ethylbut-2-enal
69. (c) The correct order of carbocation is III >V > 1> II.

@
>H,C— CH=CH
—NMe,
( NMe, group shows

more +M effect have
most stable.)

@
>H,C— CH=CH

—OMe
(OMe group shows +M effect
but it is less than
NMe, thus less stable than II1
but more than IV.)

>H,C—CH—CH

(Contains no electron withdrawing or
donating group but is stabilised
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by +R effect.)

>CH,— CH=CH

(Since it contains boron which

is electron deficient. Hence,

is least stable.)

70. (c) Compounds given in (1) are enantiomers of each other.

0 ©]
HOWH H, ,OH )
S (Enantiomers)
/\@)E\COZH Hozc’t’%)/\
&)
®) ®)
Compounds given in (2) are identical or are homomers of each other.
2 2.
3 2Hs5
@
®sr CHs and Br CoHs
e ® CHa
) ®
()
Comounds given in (3) are diastereomers
Ph Ph Ph
Ph N \ /  ( Diastrereomers)
trans cis
71. (¢) The compound (G) is given in option (c).
1
H-
CHaCH3C—0—CHy—CH,—CH, 2_%*1:9_,
O

i =
CH3CH;—C—0 + CHz—CH,—CH,—OH
l OH*/H,0
O

|
CH3CHy—C—OH + CH3CH,CH,OH
) (H)
CrOyH*
72. (b) As temperature is directly proportional to kinetic energy, thus when temperature is halved the
average kinetic energy will also be halved. Also, we know that average speed is given by

or
Voo 2RT
av — M
v T
M —
av M
Case |
v T
« —
av M
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av 2x2M 2. |M

So, average speed is also halved.

73. (b) Given

Mass of compound (Solute) =63 g

Mass of solvent = 500 g

Molecular weight = 126 g

Density = 1.126 g/mL

Molarity = ?

Mass of solution = Mass of solute + Mass of solvent
=63+500=563¢g

63
Number of moles = e = 0.5 moles
Mass 563
— =——mL
Density 1.126
Now, using the formula of molarity,
Number of moles of solute

Volume =

Volume of solution (in L)
_0.5x1000

1=
563/1.126

1.126 x 1000 x 0.5
= 563 = 1 Molar or 1.0M.

74. (a) In the given complex [NiX,]?~, Ni is present in +2 oxidation state. Thus, it configuration will
be Ni?* = [Ar]3d®4s°

3d 4s 4p
(AT ATA]
sp°
Thus, the given compound is paramagnetic with two unpaired electrons and sp® hybridisation.
75. (a) ' L ' is the given sequence of reaction is benzaldehyde.

OPngs |\ coght
i r +
PhCHO e OH s >}::o

i) 0"
W Ph// Ph

W'“‘Glphap =CH,

reaction
>—’: C Hp_
Ph

Ph
76. (a,c,d) The correct set of reaction(s) to synthesise benzoic acid starting from benzene is given

in option a, c and d.




‘II(G T T 5T é_ WEST BENGAL JEE PYQs

edu

Br _ MgBr

COOMgBr
(a)
HE,O‘l
COOH
CHg COO~
CHaCl KMnO4
Anhy AlCl, oH/a
(c)

COOH

CHaCOCI Bra/KOH
Anhy AICl + CHBry

(d) ’ "'30+

OOH '

77. (a,c,d) Statement given in option (a) is applicable above critical temperature. That is a gas cannot

be liquefied above critical temperature, a liquid phase cannot be distinguished from a gas phase and density changes
withp or V.

78. (b,c)Acidic buffer is formed by a salt of weak acid and strong base + weak acid, while basic

buffer is formed by salt of weak base and a strong acid + weak base.
(b) NH,OH + HCI (2:1 mole ratio)

— NH,Cl + NH,0H
I 1
Basic buffer
(c) CH3;COOH + NaOH (2:1 mole ratio)
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—» CH, COONa + CH, COOH
1 - 1
Acidic buffer
Thus, among the given options buffer solutions are formed in b and c.
79. (a,d)
Since, the orbital given is 5d. Hence,n = 5 and [ = 2.

So, the value of m can vary from +1 to -1 . Thus, the value of m can be +2,+1,0,—1, —2.
80. (a,d)

Br
PhCH = CHCH; Caf PhCHBrCHBrCH,
4

In this reaction addition of Br, takes place in presence of CCl, solvent.

COOH COOH

@ Bra/FeBr, @
Br

Red P
CH;CH,COOH B—> CH;CHBrCOOH
1Y)

The above reaction is a Hell-Volhard Zelinsky reaction and does not use Br, /CCl,.

Br
COOAg
—
Br,/CCly

The above reaction is a borodine Hunsdiecker reaction, which uses Br, /CCl,.
Thus, options given in (a, d) uses Br, in CCl,.

Mathematics
81. ) Ifx+2y—-9=0,3x+5y—5=0,ax + by — 1 = 0 are concurrent, then
1 2 -9
3 5 =5/=0
a b -1

= 1(=5+5b) —2(=3+5a) —9(3b —5a) =0
= —-5+5b+6—10a—27b+45a =0
=35a—-22b+1=0
Comparing with 35x — 22y +1 =0
(x,y) = (a,b)
~ 35x — 22y + 1 passes through (a, b).
82. (b) We have, A(0,4), B(2t,0)
Since, L is mid-point of AB,
0+2t 4+0) . .
_ _0t 2
m = Slope of AB = Py .. )
~ Slope of line perpendicular to AB = T_n— = %
1
So, equation of perpendicular bisector of AB is

2= (ie-o
t

Putting, x =0,y — 2 = (E) (-t)

tZ
So,M(02-5)
As, N is mid-point of LM,
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t+0 2+2—§
So, N (T' 3 )

ie,N (% 2— 2—2)

2
Lett=h2-S=k
2 4
t\?2 5
= k=2—<—) =2-—h
2

>h?+k—-2=0=>h?=2—-k
i.e., Locus of N is x2 = 2 — y, which is a parabola.
83. (a) 4a® + 9b?> —c? +12ab =0
(2a)? + (3b)? + 2(2a)(3b) — c? =0
(2a+3b)2—c?=0
(2a+3b—-c)(2a+3b+c)=0
(=2a—-3b+c)(2a+3b+c)=0
= —2a—3b+c=0o0r2a+3b+c=0
Comparing with ax + by + ¢ =0
(x,y) =(—2,-3) or (2,3)
So, given family of lines are concurrent at (2,3) or ( —2,—3).
x?  y? xcos6 | ysin@
b2

84. (b) Tangent at (acos 8, bsin ) to = = 1 is given by L

a2

=
=
=
=

= 1 (parametric form)

Putting, y = 0 = x = asec.....(1)

Putting, x = 0=y = b - cosech...... (i1)

So, T(asec 8, 0) and T; (0, bcosech)....(iii)
b

Now, (0,T)(0,T;) = —

T
-0 €(0).
~ |cos 8| = cos 8, |sinf| = sin b

So,
(0' T) (0' Tl) =

|cos@| |sin@|

i 2ab vl 2ab
- sinfcos@ 2sinfcosf sin26
g€ (0,5) = 26 € (0,7) = sin 26 € (0,1]

i.e., max.(sin26) =1
~ min{(0,T)(0,T;)} = 2ab

A
0o < E
85. (b) AB = AC = 15 units, BC = 10 units
A
0
B P C

OP = radius of incircle.
. . A
Now, inradius r = 3

where, A = area of A ABC
s = semi-perimeter of A ABC

A= ,/(S)(S —AB)(S — BC)(S — CA) sq units
=20 x5 x 10 x 5 sq units = 50v/2 sq units
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86. (d) Vertex 0, of parabola x? = 8y is 0(0,0)
Let Q be a point on parabola i.e., Q(4t, 2t2), P(h, k) divides OQ internally in ratio 1: 3.

p3 Q (e,B)
1
0]
_1x4t+3><0_tk_1><21:2+3x0_1:2
B 1+3 S 1+3 2
h2
>k=—
2
i.e., Locus of P is x2 = 2y.
87. (¢) Given lines are Ll:x—_1 =22 =23 nd LZ:E —y3_z*
2 3 4 3 4 5

= Direction ratios of L;:(2,3,4)

= Direction ratios of L,: (3,4,5)

Since, plane contains these two lines, so normal to plane ||L_1) X E

i j k

2 3 4

3 45
=1i(15—16) —j(10 — 12) + k(8 — 9)
=-i+2j—k

~ Direction ratios of normal to plane are (—1,2, —1).

L, passes through ( 1,2,3).

So, plane also passes through ( 1,2,3)

-~ Its equation is

CDE-D+2(y-2)+(-1(Ez-3)=0

ie,x—2y+z=0

Other parallel planeis ax — 2y +z—k =0

Since, they are parallel

L1XL2:

a2 1

R

Distance between these planes = V6 units
10— (=h)I

=V6= k| =6

@+ (27 + (17

2 2
88. (d) We have, hyperbola ’“7 — % =1

A(2secH,3tan ), B(2sec ¢, 3tan ¢)

Equation of normal in parametric form gives equation of normal at A and B as:

2xcos B + 3ycotf = 13....(1)

2xcos ¢ + 3ycot ¢ = 13......(ii)

Also,0 +¢p=2=>¢=>—0

~ Eq. (ii) becomes,

2xcos (E - 9) + 3ycot (E - 9) =13
2 2

= 2xsinf + 3ytan8 = 13...... (ii1)

sinf X (1) — cos 8 X (3),

3y(cos8 —sinf) = 13(sinH — cos H)
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Let eccentricity be e.
~ Si(ae,0),5,(—ae, 0),B,(0,b)
Given, £B;S5,5; = 60°
~ Slope of B1S, = tan 60°
b

-0
=z O—(—ae)z\/§

Also, b? = a?(1 —e?)

= (ae)?(3) = a?(1 —e?)

>3e’=1-e?2>e?=
1

=>e==
€=3

90. (d) y = log, log, log, ...log, x
n-times
Using chain rule of differentiation,
dy 1 1
dx log,log, ...log, x % log, ...1og, x
(n—1) times (n—2) times

1 1
X X
log.log,x log,x
1

1
4

X ..

1
X —
X

dy
T dx (log™ 1 x)(log™ 2 x) ... (log? x)(log x) (x)

"‘1xd—y= 1

dx
xlog™ x ﬂ = log" x
& Xy g
91. (a) Direction ratios of normal to plane
2x —y+2z—1=0are(2,—1,2)
Direction ratios of X-axis are (1,0,0)
Let 6 be angle between the normal and X-axis,

|(2)(1) + (=1)(0) + (2)(0)| _2
J@)2+(-D2+ (29 -V12+02+02 3
= 6 = cos™1(2/3) is the required angle.

= xlog xlog? x ...log

= xlogxlog? x ...log"" !

s cosf =
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0<x*<1
1<x?<?2
2<x?<3 2
“x%2>0
3Sx2<4( )
4<x%2<5

92. (¢) [x?] =

0
1
= [x?] =<2,
3
4

A WN RO

0<x<1
1<x<A2
V2<x<V3(x>0)
V3<x <2

X 2<x<+5
r 0, 0<x<1

sin x, 1<x<+?2
2sinmx, V2<x<+3
3sinmx, V3<x<2
4sin x, 2<x<+5

~

-

~

f(x) = [x?]sinmx = <

\
atx =1,LHL =0,
RHL =sinm =0 = f(I)
~ f(x) is continuous at x = 1
at x = 2,LHL = 3sin(2m) = 0
RHL = 4sin(2m) = 0 = f(2)
~ f(x) is continuous at x = 2 and so on.
~ f(x) is continuous at only those points which are perfect square.
1, x=1
93-(d) f(x) = {e(xw‘l) + (x — 1)%sin (ﬁ), x# 1
lim,, f(x) = el 4 (1 —1)2 x oscillating number between (-1 and 1)=1+0 =1 = f(1)
~ f(x) is continuous at f (1)

Fx0) = e(*™°~1) x10x° + (x — 1)%cos (x _1_ 1)

-1
X m + sin (
lim,_,, f'(x) = (elw‘l) x 10(1)° + 0 X oscillating number between (-1 and 1 ) +0 = 10
~ f'(l) exist and is 10 .
94, (b) Let

11)><2(x—1)

L= limx— [(xr — a)(x — @) . (x — )]

Letxzyasx—>oo:t—>0+

1

X 1 1_a1t 1_a2t 1_ant n
L (G e R |
t—0t t t t t

1 [ = )1~ a0) . (1 — anD]r
m

—
—

t-ot t
1
g 1—[1—=S.t+S;t2 + -+ (m1)"S,t"]n
- t—1>r(¥r t

. .0
This is 5 form,

Using L-hospital rule,
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1 1
— lim ——(1 — 2 _ o1
L= tll%1+ - (1 =St + St° .+ (—1)"S,t")n

X (=S; + 28t + -+ n(=1)"S,t" )
-1 S
n n

_a1+a2 +"'+an

n

95. (b) cos™? (%) = log, (ﬁ)n =nin G)

= nIn(x) — nln(n)
= cos [cos_1 (%)] = cos(nlnx — nln n)are

=

SRS

= cos(nlnx —nlnn)
= y = bcos(nlnx —nlnn)

n
= y; = —bsin(nlnx — nlnn) X o

n
= y, = —bhn [x X cos(nlnx — nlnn) X p

—bn[ncos(nln x — nlnn) — sin(nln x —nlnn)]

= 2
Now, Ay, + By; + Cy =0
—Abn[ncos(nln x — nlnn) — sin(nln x — nlnn)]

x2

Bbnsin(nln x — nlnn)
- o + Chcos(nlnx —nlnn) =0

= —An?cos(nlnx — nlnn) + Ansin(nln x

—nlnn) — Bnxsin(nln x — nlnn)

+Cx?cos(nlnx —nlnn) = 0

= (—An? 4+ Cx?)cos(nlnx — nlnn)

+(An — Bnx)sin(nlnx —nlnn) = 0

= —An?+ Cx? = 0= Cx? = An?

and An—Bnx =0= A= Bx (i)

+ A=x%B=x_C=n?

96. (b) f:[1,3] > R

f'G0) = [f()]* + 4vx € (1,3)

Here, [f(x)]* = 0,Vx € (1,3)

= [f)]?+4=4

= f'(x) =4

By Lagrange's mean value theorem, 3C € (1,3)

PR AC S iC))
fro)=——=—"—

= f@) = f)=2f"(x)

From Eq. (i), 2f'(x) = 8

~fB)—-f(1)=8

97. (0 f'(2) =6,f'(1) =4

L f(2+2h+h?) - f(2)

T a0 f(L+h—hD) - F(1)

[@+2h+h) = @) 54 op 42— 2)

- lim —2+2h+h?—2
-0 f(1+h—h?)-f1) T
TT =2 =1 X(1+h—h?-1)

CF@ . h@+h)
=Fm

RS0 h(1 — h)
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98. (d) Let]; = [' [x]dx

1 2 3
=f O-dx+f 1-dx+f 2dx + ---
0 1 2

+J:_21 (n—2)dx + f:l (n—1)dx

=1(x)5+2(x)3 +3@)5+ -+ (n—2)()n; =

+(n = D (x)5-1
nn—-1)
2

Let], = fn {x}dx = fn (x — [x]Ddx
0 0

=fnxdx—jn [x]dx
0 0

x2\"
=3 -1
0
)

=1+2+434+-+Mm—-1)=

nn—1) n*-n’+n n
2 2 )
-1
RN !
(;l = = =n-—1
fo {x}dx >
x%dx

99. (¢) Given, I = [

(xsin x+cos x)?2
X XCOS X

= X
f (xsinx 4+ cosx)?  cosx

d
o (xsinx + cos x)

=xcosx + sinx — sinx
=XCOS X

XCoS x
I = f - ve
cosx ) (xsinx+ cosx)?
d/ x xcos dx
— j <_( ) y 2) dx
dx \cos x (xsinx + cos x)

x -1
=> 1= ( - )
cos x \xsin x + cos x
(cosx+xsinx)( -1 )d
— x

cos 2x xsinx + cos x
—Xx
=>1= - +.f sec’x
cos x(xsinx + cos x)
—Xx
L . +tanx +C
cos x(xsinx + cos x)
—x
AN f(x) - COS.x(xSinx + cos x)
dx
10. ] Zrames
1 A 5 ¢

Let = + +
e(x+1)(x—2)(x—3) x+1 x—2 x-3




Gp

— edu

WB JEE 2023

é_ WEST BENGAL JEE PYQs

>1=Ax—-2)(x—3)+B(x+1)(x—3)
+C(x +1)(x — 2)
1=A(x%?—-5x+6)+B(x?>—2x—13)
+C(x?> —x —2)
= 1=x?(A+B+C)+x(-54A—-2B—-0)
+(64 —3B —20C)
> A+B+C=0,-5A-2B-C=0,

A= p=_Lt..1
= = = — = —
12’ 3’77 4
] dx _1J‘ dx
) xx+DE-2)(x-3) 12) x+1

1 1
= Eloge |x + 1| —§loge [x — 2]
1 lx + 1]]x — 3|3
=—log,| —————|+C

12 |x — 2|
~ R=12
101. (b)y=—=

loge |cx|

= ylog,|cx| = x

= ><1>< +1 dy—l
y X —xc+loge|ex| -~ =

B y+§(g+¢(§))=1
X X

102.  (a)ForneNandx € (0,3)

X2 = (x2)" < x? 1
<
V1 —x2n V1 — x2

1/2 dx 1/2 dx . 1/2
=>f —Sf < sin"'(x)|,
0o V1—x2n o V1-—x?
< sin™! (1) sin~1(0) < z
i —)—si —
- 2 )

103.  (b) I, = [ cos™ xcosnxdx
s

2
I :f cos? xdx ... (i)
0

= I = [2 cos? (g—x) dx = [7 sin® xdx3....(ii)

On adding Egs. (i) and (ii), we get
2l = [F dx =7 =1 = (i)

I = [2 cos®xcos 2xdx....(iv)
V4

=1, =J:cosz(g—x)—cosz(g—x)dx

T

2
= —f sin? xcos 2xdx
0

On adding Egs. (iv) and (v), we get
s

2
21, =f cos? 2xdx
0
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T
T sin4x|2
J‘i(1+cos4x)d X+—3 T
= _—mm X =———— = —
0 2 2 4
0
12 = —...... (VI)
I3 = [2 cos3xcos3xdx
% 3cosx + cos 3x
= J- - cos 3xdx
0 4

3 12 )
= —f 2cos xcos 3xdx + —f 2cos” 3xdx
8Jo 8Jo

N[]

n n
3 (2 12
= §f (cos 4x + cos 2x)dx + §f (1 + cos 6x)dx
0 0

E]

Vs
3 (sin 4x 4 sin Zx)z 1 ( sin 6x>7
~8\ 2 2 T ),

+
o 8
171'_7'[

2T
~ 1, I, I are inGP

104.  (d)z=log (tan (g))

d 1 1
ﬁé:tan(g XSECZ(;)XE

1 1 ]
=—— = — = cosecx....(i)

- Zsin(g)cos(;—‘) sinx
LAy _dy  dz
CdxdzTdx )

dy
= Ccosecx —
dz

d’y d (dy)_ d ( dy)
dx?  dx\dx/) dx cosecy dz

. d ( dy) y dz
= |cosecx — ) X —

d?y N dy y . (dx) (dZ)
cosecxy —— +— (—cosecxcot x) ol
3 [ d?y dy 1

cosecx —= — — X cosecxcotx X
dz? dz

2
= cosec *x ﬂ — cosecxcotx Q
dz? dz

d?y

o ==+ cotxd—y + 4ycosec ?x = 0
dx? ) dx
d d
= coseczxd—z}zl — cosecxcotxd—JZ/

cosecx
X

d
+coseczxcot x = + 4ycosec ?x = 0
2

dz
dcy
S ——4+4y=0
dz2+ Y

105. ()y=e*=> Z—z = ke** = ky
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d2
=

y
dx?
d2y+dy dy _dy
<@ a)(a‘ )—Ya
(k*y + ky)(ky —y) =y x ky
(k2 + k)(k — 1)y? = ky?
k(k+D(k—1)—k=0
k[k?—-1-1]=0
k(k?-2)=0

= k=0+V2

106. (a) Focii of hyperbola (+ae, 0) = (£2,0)
= ae =12

= k2ekx = kzy

U

L AR

. x2  y?
Let equation of hyperbola be primie i 1
It passes through P(v/2,+/3)
2 3 1 2 3
>S=-—S=12—-————-=
a? b? a? a?(e?-1)

e e Y
a? a?e?-—a? a? 4 —q?

1

8 — 2x — 3x = 4x — x?
x2-9x+8=0
x-—1Dx—-8)=0
x =18
a’?=138
= b?=4—-q?*?=3,-4
But, b2 + —4
~a?=1b*>=3

2

2
So, equation of hyperbola is xT - y? =1

Equation of tangent at P(+/2,/3) is

R A

x-\2 y-\/§_1
1 3
= y=xV6—-+3

x+1, -1<x<0
107 (©f() = { —x, 0<x<1
At x=0,LHL=0+1=1
RHL=-0=0
Since, LHL # RHL
~ f(x) is discontinuous at x = 0
1y=fx)

1
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108. (¢)x =100t — — ) Xis the height.
For maximum height, % =0
25X 2t
> 100 + =0
2
= t=4s
. . 25(4)2
~ Maximum height = 100(4) — m =200 m

109. (©a=1i+aj+kp=014+]+ak
y=ai+0j+k

1 a 1
[aBy]=10 1 a
a 0 1

=1(1-0)—0+a(a?—-1)
=a®—a+1=f(a)(Let)
For maximum scalar triple product,
f'(a)=0=>3a>-1=0

1
> a=+—

V3
Now, f"(a) = 6a

r(5)> o (F) <o
> — , —
3 3

-1. . 5
=S the point of maxima.

110. (a) 2APB = a = £APO — £BPO

SaA =

Y
(0, a) A [

g

(0, b} Bl-\

\\,
| \_(b\
) O
] B

0 P (x 0)

= a=tan"?! (%) —tan~! (g)

For maximum value of «,
da 0 1 —a 1 o —b 0
— = (0>——X——— X — =
2 2 2 2
dx 1+ —zz SR [ xb—z K

—_ X

—a

= + =0

x?+a?  x?+b?
= b(x? + a®) = a(x? + b?)
=>x%=ab
x2 yZ

111.  (a) We have, hyperbola primh 1
Since, vertical chord is symmetric about X-axis.
-~ Average length of vertical chord from a to 2a,
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b
3 Zfaza ydx 3 2 faZa avxz — a?dx

Fhax ()2
Zb Za\/ﬁ
— x4 —a*dx 2p r2a
=4 Ja =— Vx?% —a?dx
a a? ),
2b (x a? 2a
_ePfr o 2% o2 _ 2
_a2<2 a 2ln|x+ X a|>a
_ 2b[(2a)V4a? —a?  a*In|2a + V4a? — a?|
T a? 2 2
ava? —a? N a21n|a ++Va? — a2|
2 2
2b | a’ln|2 +V3la| a?nla
N | | + la|
a?| 2 2
m‘#
2 3
= 2p| V3 + 12Vl J;‘/—)a

=b(2V3—1n|2 ++3)
112.  (a)Reflection of @z + aZ = 0 in real axis is
obtained by transforming Z to Z
So, required line is aZ + a(Z) = 0
=> az+az=0
113.  (d) At A, using rotation theorem,

B (z3) Ar(22)

C (z4) D (zy)
non BA
z1—27, DA

Since, it is a square, AB = AD

= BT % cos(—g) + isin(—z) =—i

Z1 — Zo 2
= z3— 2z = —i(zy — Z3)
= Z3 = —iZ1 + (1 + i)ZZ

114. (¢) a4, 0y, ..., a, are in AP with common difference r > 0
ie,a; =a,+ (@ —Dr....(0)

n’ 2
i=1 4

Mean of square =
ailaf +2a;7(i - D) + 121 - 1)?]

n
na? +2a;r(0+1+2+ -+ (n—1))
43024+ 1% 4+ 22+ +(n - 1)?)

n
na% + 2a47 X —n(nz— 1) + 72 x n(n — 1)6(2n — 1)

n
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_6aZ+6a;r(n—1)+r?(n—1)(2n-1)

. Q)

Square of mean = (%)2

%(Zal +(n—1r) ’

n

_ 2
(n . 1)r)

=al+ra(n—1)+

Required difference

= <a1 +
r?(n—1)>?
4

r’(n—1)(2n—1)]

a?+ar(n—1)+ ( é( )
r2(n — 1)?]
—[a%+ra1(n—1)+%
- _rz(n—l)[Zn—l n—1
2 3 2 |
_rz(n—l)(4n—2—3n+3)

2 6

_r*(n®-1)

12

115. (b) 1,loge(31™* + 2),log;(4 - 3* — 1) are in AP
= 2logo(31™* +2) =1 +logs(4-3*—1)
2
= Elog3(31_x +2) =log; 3 +logs(4-3*¥—1)

= 317 42 =3(4-3¥ — 1)
Let 3* =t,

3

=342t =12t* -3t
= 12t>?—-5t—-3=0
5i\/25+4-12-3_5i\/169

>t =

212 24
_5+13 -1 3 bt 3% S 0
=22 ~ 33 )
Lax_"13
374
=>3"—3
T4

= x = logs (%) =log; 3 —log; 4

=>x=1-log;4

116.  (d) The number of ways in which n different objects can be distributed into different person = n"
And number of ways in which each person gets exactly one objects = n!
-~ Required number of ways = n" — n!

117.  (d) Let p(x) = x% + px — ¢*

Since, one of root p(x) be less than 2 and other be greater than 2

~p(2) <0

= 2)?2+p)—-¢*<0

=>4+4+2p—q*<0

118.  (d) Given, word in VERTICAL.
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Here, vowel are E, I, A
Number of ways that out of 8 alphabets
3 vowels (EIA) can be chosen are 8C;
and remaining 5 letters can be arranged in 5! ways.
-~ Required number of ways
1
= 8C; x5! = %
119.  (a) Since, A and B are orthogonal matrices.
AA"=Tand BB' =1 ....(Q)

= |AA'|=1and|BB'|=1
= |A||A'|=1and |B||B'| =1
= |A|?> = 1and |B|? = 1....(ii)
Also, given, |A| +|B| =0
= |A| = —|B|
= 14||B| = _1....(111)
Now, |A+B|=|A-1+B-I| =|ABB' + AA'B|
[+ B-I=1-B],[Using Eq. (1)]

= |A(B' + A")B|
|A[|B" + A'||B|
—|B" + A’| [Using Eq. (iii)]

=—[(A+B)'|

= —|A + B|
=>2|A+B|=0
= |A+B|=0
= A + B is singular.
120.  (b) Given, P(n) = 321 4 2n+2 n e N
Atn=1,P(1)=3%3+23=35
Which is divisible by (3 + 2) =5
i.e. a prime number.
121.  (a) Given,n(4) =n
Since, set Q contains just one element more than set P. and sets P and Q are subsets of A.
~ Required number of ways

= "Cy X "Cy+ "Cy X "Cy+ "Cy X "C3

+ot MCpq X "Cp

= "Cyy
122. (a) We have, S;, = a™ + "
Si=a+p
S, =a*+p?
S; =a’+p3
Sy =a*+p*

3 145, 148,
Now, [1+S, 1+S, 1+S5;
14S, 1+4+S; 148,

1+1+1 1+a+pf 1+a?+p?
=[1+a+p 1+a?’+p* 1+a>+p3
1+a?+p% 1+a+p3 1+a*+p*
1 1 1 1 1 1
=1 a Blx|1 a a2
1 a% B2 11 B P2
1 1 1 1 1 1
=1 a B|x[1 a B
1 (12 ,82 1 a2 ,82
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1 1 1
=11 a ,8
1 aZ 32

={1-)1-p)(a- P}
1—(a+p)+ap}(a—p)?

{
{
“(++0) (%)

a? a?
a+b+c)?
R LLLD
k = b? — 4ac
2 0 3
123. (a) Wehave, A= (4 7 11]
5 4 8

= |A| = 2(56 — 44) + 3(16 — 35) = 2(12) + 3(—19)
= 24— 57 = —33
Which is divisible by 11 .
r r—1
124.  (c) We have, M, = [r . ],r =1,23,..

= M| =712 - (r—1)>°
=r?2—r?2-142r=2r—-1

o My + M| + [M3]| + - + [M3g0g]
2008 2008

= ml=>" @r-1
r=1 r=1

=1+3+5+-+4015
=1+3+5++(2x2008—1)

= (2008)2
125.  (a) We have, P(AN B) = —
Since, A and B are two independent events.
» P(ANB) = P(A)P(B) = —...(0)
Also, P(A'nB") = %

- 1

1

= P(AUB) = %

= P(A)+ P(B) — P(ANB) :%

= P(A) + P(B) — — = [Using Eq. (i)]
= P(A) + P(B) = —...(ii)

5o
Now, from Egs. (i) and (ii), we get
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P(A) {17—2 - P(A)} L

12
7 1

= EP(A) —P(A)? = 'R

= P(A)? —lP(A) +i =0

12 12

= 12P(A)?>—-7P(A)+1=0

= ((BP(A)—1)(@PA)-1)=0

= P(4) =% or P(4) =%

NI

> When P(4) = 7, then P(B) =
1

and when P(A) = %, then P(B) = 3

126.  (b) Given, A, B, C are subsets of X
Option (a), AU (B | )
= AU(BNC)
= (AUB)N(AucC")
which is wrong.
Option (b), |A|B) | C
=ANnB'NnC’
=An(B'ncC")
=An(BUC)
=A|(BUC)
Which is true.
127.  (b) We know that product of two transitive relation is not transitive.

128.  (d) Given, 2cos? (9 i g) =2

» r(eos(o- 1)) =2

= 12 (cos 49cosE + sin Hsinz)2 = 2
3 3
2

cosf /3
= TZ( > +7sin9> =2

1
) (rcos @ + V/3rsin8)? = 2

(x +V3y)2=8
(x+V3y)2 - (2V2)2 =0
(x +V3y + 2V2)(x +V3y = 2v2) = 0
Which represents a pair of lines.
129. (a) We have, E;, = {(a,b) € S:ab = k}
and Prx = P(Ek)

LU U
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Here, E; = {(1,1)}

E, ={(1,2),(21)}

E, ={(22),(1,4), (4.1}

Es = {(1,5),(51)}

Eg ={(24),(4.2)}

E1o ={(2,5),(52)}
E14,E16, E17 are not possible

1 2
- P1 =%:Pz =%,
_ 3 _ 2 _ 2
p4_36'p5 _36'p8_36
d = —
and P19 36

& p1 < P1o < pg Which is correct.
130.  (b) Given, %sin 0, cos 6, tan @ are in GP.
1
.~ cos?6 = gsin ftan @

sin? 0
6cos% 60 =

=
cosf

= 6c0s%0 —sin?0—-1=0

= (2cos@ —1)(3cos? @ + 2cosf +2) =0

= 2cosf—1=0

=

3

6=2=costo 6= 2nnt
cos —2—c053:> =2nwt 2
131.  (a) Given, equation of curve y = e
Taking log on both sides, we get
logy = asinxloge
= logy = asinx....(1)
On differentiating both sides with respect to x, we get

1 dy
= — —=4acosx
y dx

asin x

% = y(acos x)

_ (log y )
=Y sinx cosx
[Using Eq. ()]

=>dy_ 1 t
dx—y( ogy - cotx)

anx® = 1

= tanx — =

a xdx ylogy

132.  (c) Given, sin?x + sin?y =1
= sin?y =1-sin’x

= sin?y = cos?x
= siny = tcosx
- . s
If siny = cosx = sin (E - x)

= y=nn+(—1)”(g—x),n€Z

Which represents equation of line with slope £1 and if siny = —cosx = —sin (g - x)

= sin (x - g)

= y=nn+(—1)"(x—g),nEZ

which represents equation of line with slope +1 So, there are infinitely many lines with slope +1.
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133.  (b) We have
) 1 1 1 1 )
n%[(2-3+22-3)+(22-32+23-32

1
o (zn TR T 3n)]
1

n

_ 1
= Jim (zx X 3% T 2t 3x>

8
1l
ey

n
_3, 1
=3lm > &

x=1
3 (L, 1
=oim (G gttt
_3 16 3 1 6_3
" 271-1/6 2765 10
134, (d) Given, f(x) = sin ()

and —2r <x <0
=> —8n3<x3<0
! > ! >
S>S——=>—>-—o
8m3 = x3
Clearly, f(x) will takes values between -1 and 1 so changes sign infinitely many times.

135. (@) Letl= = [ 05sin®Bcos 6d6...(i)

2T
= f (2m — 0)sin®(2m — 6)cos(2m — 6)dO
0

21
= f (2m — 0) sin® 6 cos AdH ... (ii)
0
On adding Eqgs. (i) and (ii), we get
21
21 = f 2msin® Gcos 6dO
0

2m

= 2] = 271.[ sin® Ocos 8dO
0

=2m X 2 jn sin® Bcos 0dO[~ f(2a — x) = f(x)]
0

Vs
> = an sin® Ocos 8dO
0

=2>[=2nX%x0

[since, f(2a — x) = —f(x)
2a
f()dx = 0]
0

I1=0
136. (c) We have, x = sin8 and y = sin k6
Differentiate x and y w.r.t. 6,

— cos6and 2 = kcos k6
da—COS an d9_ CoS

_dy_dyxde _ kcosk6
T dx  do  dx cos#

1
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o .. d
Again, differentiate d—z w.r.t. x,

_d%

y2 - dxz
_ cos 0[—k?sin k@] — kcos k6(—sin ) db
N cos2 6 dx
_ kcoskfsin 6 — k?cos Osin k@
- cos3 6

Now, (1 —x?)y, —xy; —ay =0
kcos kBsin 68 — k?cos Osin kO

1 —sin? 0
(1-sin"6) cos3 6
) kcos kO ]
—sin@ X —asinkf@ =0
cos

= kcos kBsin 8 — k?cos Osin k6
—kcos kBsin 0 — asin kBcos8 =0

= q = —k?
137.  (c) We have, x?/3 + y2/3 = q2/3
Let
x = acos3 0 andy = asin3 6
dx =-3 2@sin @
g = ~3acos’ Bsin
%Y _ 3asin? 6cos 0
do
d
dy % _ 3asin®Hcos b
dx dx —3acos?@sinf
do
= —tan@

Equation of tangent is
(y — asin® @) = —tan 6(x — acos>0)

ycos 8 — asin® fcos § = —xsin 6 + acos® Osin O
xsin @ + ycos 6 = asin Ocos O(cos? 6 + sin? #)
x Yy

acosf = asinf
= acos 6 is x-intercept and asin 8 is y-intercept

Let A(acos 8,0) and B is (0, asin ) are the points, where the tangents cuts X-axis and Y-axis, respectively.
AB = +Ja?cos? 6 + a?sin? 6 = a

~ The required position of tangent is constant.

138. (a) We have, y = sinx

As, sin x is continuous function in [0, 7], average

1 T
d
OL yex

ordinate = ——

1 T
J sin xdx
T {Jo

1 V4
= [cos x]§

=y =?
_T[[ ]_T[

-~ The average ordinate of y = sin x over [0, ] is%
139.  (c) We have, f(x) = eSIn¥ 4 g¢0s*
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f'(x) = eS™¥(cos x) — e°S*(sin x)
= f'(x)=0
= eSiMXcosx =

tan x = eSinx—cosx

b m 9t 17w
when x = AT

" (x) = e5"*cos? x + 5" *(—sin x)
+e°°5%(sin? x) + e°5*(—cos x)

cos xsin x

m 1+ L/ 1 /1 1
Fr(E)=5e+ eﬁ(——) + eﬁ(-) _
¥ 2 2 2) " \2°
1 1
= eﬁ _— \/Ee\/_7
") <0
Hence f(x) is maximum at infinitely many points.

140. (c¢) We have, volume of parallelepiped with a X b, b X cand ¢ X ais 9 cu . units.
=>[axXxbbXxccxa]=9
> (@xb)-{(bxc)x(cxa)}=9
= (ax b) - {[bca]c — [bcc]la} =9
= {~ (aXxb) X (c xd) = [abd]c — [abc]d}
= (a X b){[bca]c} = 9{~ [bcc] = 0}
=>(axb). [bcal]=9
= [abc][abc] =9
= {~ [bca] =[abc]} =[abc]? =9
» (axb) X (cxd) =[abd]c — [abc]d
» (axb) x (b xc) = [abc]b — [abb]c = [abc]b
{~[abc]=0
Similarly,
(b x c) X (c xa)=[bcalc
and (cxa)x (axb)=[cab]a
Volume of required parallel 8 piped
=[(axb)x(bxc) (bxc)x(cxa) (cxa)x(axb)]
=[[a b c]b[bcalc[cab]a]
=[a b c’b ¢ a]
[abc]*[ [bca] = [abc]]
=92
= 81 cu units
141.  (b) Given, numbers are a4, a,, as, ..., a,

We know that AM > GM
ﬂ ﬁ_{_. +an

2

: 1/n
a a a a a a
23 1><—1><—2><...><—")
n a, as a,
4G 49 .. 40
=}az as a _ (1)1/n
n
a;  ap an
>—4+—4+--4+—2=>n
a; as a1

= Minimum value of 2 4+ 22 4 ... 4 I jg .
a as az
142.  (c) We have, a quadratic equation, ax? + 2bx + ¢ = 0 has no real root.
= (2b)? —4XxaXxc<0=>4b?>—4ac<0
= 4(b?—-ac)<0=>b?<ac

b < (ac)'/?
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b <GMofa,b,c
~a,b,c are not in GP.
As, we know that AM > GM
a+c
> (ac)? and (ac)'/? > b

SO,“T“>b

~ a, b and c are not in AP.

2ac 2 /a+c\? 2ac a+c
HM = < ( ) = =

+a+c a+c\ 2 a+c 2
But,%>b

So, 29¢ an be equal to b.
a+c

Hence, a, b and ¢ cann't be in AP or GP, but can be in HP.
143. (b) We have, equation of parabola i.e.. y? = 12x

8_—

P

Here,a =3
So, co-ordinate of focus is (3,0)
Let A be the focus of parabola and AB is the incident ray and BC be the reflected ray.

Slope of AB = tan 8 = %
Equation of ABisy — 0 = z(x —-3)
4y =3x -9
. a?
Let co-ordinate of B be (E' a)

3a?
Now, 4 =——9
12

16a = a? — 36
a’—16a—-36=0
a =18

[Neglecting a = —2 ]
The reflected ray leaves the parabola aty = 18
144. (a) As, P be an orthogonal matrix,

PPT =pTp =]
0 1 0110 x O 1 0 O
=>[x 0 0|11 0 O]=|0 1 0]
0 0 ylflO 0 y 0 0 1
1 0 O 1 0 0
=0 x2 0|=|0 1 o]
0 0 »* lo o 1
x?=1andy?=1
As, B=PAP~!', Bp=PA
0 1 0]j0 1 0 0 1 0110 0 1
0 0 1f[x 0 Oo|=[x O 0[1 0 o]
0 0 0ll0O 0 y 0 0 yllo 0 o
x 0 0 1 0 0
:[0 0 y|=|0 0 x
0 0 O 0 0 O
> x=y=

145. (a) We have, {(x,y) E N X N:2x + y = 41}
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The relation R can be written as

R ={(1,39),(2,37),(3,35), (4,33), ... (20,1)}
Domain A = {1,2,3, ...,20}

Range B = {1,3,5,7, ...,39}
Ac{xeN:1<x<20}andBc{yeN:1<y<39}

a+T

146. (b Letf(x) = [ f(x)dx

= J:) f(x)dx + fOT f(x)dx + J‘TMT f(x)dx

Letx =T =yin [ f(x)dx
=>dx =dy

fT " fodx = fo " fy+Tydy = fo " Fondy

= foa f(x)dx

Now, substitute it in Eq. (i),

f(x) =fa0 f(x)dx+f0Tf(x)dx+J:f(x)dx
=faof(x)dx+LTf(x)dx—Lof(x)dx

T
= f f (x)dx, which is independent on a
0

f(T)=0and f(T + (=T) = f(0) =1 # f(T)
So, T cannot be an irrational number
Let T is a rational numer then
f(x+T)=f(x) =1,if x is rational
f(x+T)=f(x)=0,if x is irrational
So, T must be rational for f (x) a periodic function.
147.  (a,c) We have, f(x) = x™
fa@a+b)=(a+b)™
f'(a+b)=m(a+b)™?!

f'(@) =m(a)™ ! and f'(b) = mb™1
Also,

f'la+b)=f"(a)+f'(b)
m(a+b)™ !t =ma™ ! + mpm?

(a+ b))y 1=qgm 14 pm1

From the binomial expansion, we can say that
m—1=1=>m=2
and d false forn = 1andn = 3
Also, forn=0,f(x) =1
So, f'(x) =0;f'(a+b)=0
So, f'(a+b) = f'(a) + f'(b)
Hence, value of m are 0 and 2 .
148.  (b,c) We have, f(x) = 3Vx2 — x?
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f’(x)=3><§x_1/3—2x=2[%—x]
ffx)=0
%—xzo:'x:%

o> xt=1=2x=+1

f'(x)=2 [—lx‘4/3 - 1] = -2 [; - 1]
- 3 - 3(x4)1/3
f"(x) > 0,whenx = +1
~ f(x) is maximum at two points x = 1 and x = —1
So, f(0)=0
From the graph

-~

~ f is minimum at x = 0
149.  (b) We have, [; (f'(t) — sin 2t)dt

0
= f f(Htan tdt
X
Differentiate both sides, we get
f'(x) —sin2x = 0 — f(x)tanx
f'(x) + f(x)tanx = sin 2x
Which is linear differential equation whose

IF = eJ tanxdx — gecx
- Equation is f(x) X secx = [ sin 2x x secxdx

f(x) Xsecx = Zf sin xdx

f(x) X secx = —2cosx +c
f(x) = —2cos?x + ¢ X cos x
ASf(0)=1
1=-2+c¢
c=3

f(x) = —2cos?x + 3cos x

T
f(x)dx = [ Z(—2cos? x + 3cos x)dx

J

2
= f (1 4+ cos2x + 3cosx)dx
0

AC Ny

s

sin 2x 2
= [— <x+ )+ 35inx]
2 0

= (-5+0+3)-(0+0+0)=3-7

150.  (b,c)When the stone is dropped from the balloon, its velocity is the same as the velocity of the

balloon at that instant.
The balloon starts from rest, so u = 0ft/s.

The upward acceleration of the balloon (a) is 4ft/sec?. The balloon rises for 5 sec before the stone is dropped.
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v=u+at=0+4X5
=20ft/sec in the vertically
upward direction.
20ft/sec is the initial velocity of the stone after being dropped.
The height of balloon in 5 sec is
v?=u?+ 2ah

v? = 2ah
(20)2=2%x4xh
h—400—50ft

=5 =

Now, the acceleration on the stone after being dropped is g = 9.8ft/s?
u = —20ft/sec,s = 50ft,a = 32ft/s?,t = 5sec
Now,

t+1 t2
S=Uu —a
2

1
50:—20xT+§><32><T2

8T2 - 10T —25=0
T_S

Total height of the ballon when store reaches the ground
1
(H) = 50ft + (ut + Eatz)

H = 50ft + 20x5+1><4x(5)2
- Xdo) 2

25
H=50ft+50+7

225

151.  (a,c) We have, three rings with 15 different letters.

The total number of possible permutation = 15 X 15 X 15 = 3375

Out of all the possible permutations, only one pattern will open the lock.

~ Number of unsuccessful attempts to open the lock = 3375 — 1 = 3374 = 2 X 7 X 241
~ N is the product of three distinct prime numbers.

Clearly 482 divides N because i

482
_2XT7X2r
T 482
152.  (c,d) We have, |252| = 1
2122

Letz; =a+ibandz, = c+id
(a+c)y+i(b+d)

(a—c)+i(b—ad)l

= |l(a+o)+ib+d)|=|(a—c)+i(b—a)|
= (a+0)+(b+d)?>=((@a—c)*+(b—d)?
= a’? +c? + 2ac + b%? + d? + 2bd
=a?+c? - 2ac+ b?+d? - 2bd

= 4ac+4bd =0

ac = —bd

z a+ib
Now, =+t = —
Zy c+id
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_ (a+ib)(c—id)
"~ (c+id)(c —id)
_(ac+bd)  (bc—ad)
T it ar Tl zyaz
[bc —ad
= i) o = -l
2—1 is purely imaginary.
2
Take z; = 0and z, # 0
Now, |22 = |2 = | -1 =1
> zy—2z, - -7, - -
So, 2 =0
Z2
C (o, B) B (1,2 +C)
153.  (a,¢) ‘f”ﬁ“\
S
1,77 5

Since, side of rectangle ABCD 1is parallel to line y = 2x
~ Let equation of AB is y = 2x + c.....(1)
Since, Aisonliney =1

= 1=2x+c
_1—c
=
A—(l_cl)
={—5
Since, Bisonline x = 1
y=2+c
B=(12+¢)

Now, equation of DA,

e

1—-c
> 2y—-2=—x+ >

1—-c
> x+2y=2+ >
Since, Disonx = —1

1-c
—1+2y:2+T
1—c_7—c

= 2y=3+ > >

7—c

7—c¢
'-DE(—L )
4

Let co-ordinates of c are (@, 8 )
Here, mid-point of AC = mid-point of BD
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1-c 7—c
s at—— p+1 _ 1—1 2+c+ 7
2 ; 2’ 2
2a+1—c f+1 3c+15
- ()=
4 2 8
20+1—c 0
—1 _— =
4
= 20+1—-c=0
= 2+ 1 =c.... (i)
d B+1 3c+15
an > =g
= 43 +4 =3c+ 15
= 45 — 11 =3c
45 — 11
ﬁT = C oo (i)

From Egs. (if) and (iii), we get
48 —11

20+ 1 = T

= 6a+3=4p-11

= 6a—4f=-14

= 3a -2 =-7

“ Locus of € is 3% = 2y = —7....(1v)

From given options (a) and (¢), (3,8) and (—3, —1) satisfied (iv).

154. (a,c)We have, R be arelationon Ai.e. RS AX A
R={(a,b) | a,b € A}

R t={(b,a) | abeA}

Since, R is reflexive; (a,a) € R

= (a,a) € R™! = R 1 is reflexive

Since, R is symmetric; (a, b), (b,a) € R

= (b,a),(a,b) € R~ = R~ is symmetric

For transitive,

Let (b,a),(a,c) € R7!

(a,b)(c,a) ER

Since, R is transitive (c,b) € R

= (b,c) ER?

~ R™1 s transitive

Hence, R™1 is an equivalence relation.

ForRNR"andRUR'

Since, R and R’ are reflexive
(a,a) ERand (a,a) E R'Va € 4,
(a,a) ERNR"and (a,a) ERUR’

= RNR"and R U R’ are reflexive

Since, R and R' are symmetric.

If (a,b) € R, then (b,a) ER

Similarly, if (a, b) € R', then (b,a) € R’

If (a,b) E RUR'" and (a,b) E RN R', then (h,a) ERUR"and (b,a) ERNR’

~ RUR"and R N R' are symmetric.
Since, R and R’ are transitive

If (a, b), (b,c) € R, then (a,c) ER
Similarly,
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If (a,b), (b,c) € R, then (a,c) € R’

If (a,b), (b,c) ERNR', then (a,c) ERNR’

~ R N R’ is transitive

If (a,b) € R,(b,c) € R, then (a, b),(b,c) ERUR".

But (a, ¢) may or may not be in R U R’

~ R U R' may or may nor be transitive.

Hence, if R and R’ are equivalence relation, then R™1, R N R’ and R U R’ are also equivalence relation.

155.  (a,c) If f(x) is an decreasing function, then
for x>y=fx)<fW)

f(a®> +5a+3) < f(a+15)
a’?+5a+3>a+15

a’+4a—-12>0

(a+6)(a—2)>0

a € (—o,—6) U (2, )

LUl




