JEE (Main) SOLVED PAPER

2022

29'" June Shift 1

ANSWERS WITH EXPLANATIONS

Physics

Section A

Option (D) is correct.
Explanation: As ball A is dropped from tower

u =0m/s
Ball A Ball B
QO @)
lS cm
18 cm

T

As the meeting point lies 100 m above ground,
displacement of ball will be 80 m.

For ball A
u=0,S=80m,a=+g= +1Orn/s2,time=i.‘1

S_ l 2
—ut+2at

1 %
80 =0+5 x10x

160 =t2
0 !
= t, =4s

As ball B is thrown after 2 seconds after release
of A. Thus, time available for ball B is 2 seconds
to cover a distance of 80 m.

Let speed be 'u' m/s, t, =4-2=25,5=80m,
a=+g=+10m/s

1
80=u><2+5><10><(2)2

80 =u+ 20
2u = 60
= u =30m/s

Hint :

(i) As the motion is under gravity i.e., free
fall it can be assumed to be uniformly
accelerated motion.

1
(ii) UseS =ut+ Y at* two times, first for ball A
and then for ball B.
(iii) Solve for initial velocity of ball B.

Shortcut:

As distance covered is same for both the balls,
then

1 o 1 2
58t =u(t-2)+ Eg(t—Z) =80 ...(1)

..

X N 80=t=4s
By substituting value of t in equation 1, we
get:

1
u(t=2)+ g (t-2)7°=80

1
u@4-2)+ Eg(4—2)2=80
u = 30 m/s

Option (B) is correct.
Explanation: In the given problem a body of
mass M explodes into three pieces of mass ratio
1:1:2

Thus, the mass of fragments will be x, x, 2x
Hence, M = x + x + 2x = 4x kg

As in the process of explosion no external
forces are involved and explosion occurs due to
internal forces. Thus, momentum of the system
will be conserved.

Initially M is at rest

Pinitial = Pfinal

By law of conservation of momentum x

M A M N -
Mx0=— x30i +—><40]+%v
4 4 4

Where 7, is the velocity of the third fragment.

M;} M A A
3¢ = (B0 +40])
v =-15i -20]
Thus, magnitude of v =| 5| = Ux2+vy2

= /(-15)* +(-20)

|p| = 625=25m/s
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(x kg; 40 m/s)

(x kg; 30 my/s)

Hint :
(i) As the explosion process does notinclude
any external forces. Hence momentum
of the system will be conserved.

(ii) Apply law of conservation of momentum

Shortcut:
Assume mass of the body to be 4 kg

= Mass of fragments will be 1 kg, 1kg and 2
kg respectively.

= Momentum of 3rd fragment = — (E o E)

- _(1x3012+1x401) —151-20

(03) = yJ(-15)> +(-20)* = /625 =25m /s

3. Option (B) is correct.

Explanation: Given, at t = 0 = Activity of
Radioactive Sample = 2.56 x 10~ Ci

Thus, R, = 2.56 x 107 Ci

Half life of sample, T\, = 5 days

As, Radioactive decay is of first order reaction.
Thus, Rate of decay or activity decreases
exponentially.

By Radioactive Decay law,

R =R

= 2x107 = 256 X 102 ™
Where, R = Activity at time ¢

A = Activity constant of Radioactive sample

in2
T

1/2

A=

Taking logarithm on both sides
In (2 X 107) = In (2.56 x 1073) + In (™)
In (2 x 107°) - In (2.56 X 107) = —At

n( 2x107° )
\256x107) = M
ln(ij =\t
128)

—In128 = -\t
2

= 2 = ln—t
Tl/Z

= /n2 = ln—zf
Tl/Z

= t =7 x5 =35days

Hint :
(i) Apply Law of Radioactive Decay
(i) UseR =R ™

Shortcut:
We can calculate number of half lives taken
for activity to change from 2.56 x 107 to 2 X
10~ Ci By relation:

Ly

2x107°
256x107° ) =
7

As n= !

' ITl/Z
Thus, n==7
Hence, T =nXTy,

=7X5
= 35 days

4. Option (C) is correct.

Explanation: Given: Mass of hollow sphere
=1kg

Radius of sphere = R

As sphere is in pure rolling motion, then sphere
will be rotating about its centre of mass with
angular speed o and its centre of mass will also
perform translatory motion with velocity= v,
Condition for pure rolling, v, = Rw
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= Total Angular momentum of Rolling Sphere
= Angular momentum due to rotation about it's
centre of mass + Moment of linear momentum
possessed by centre of mass about origin.

= Lot = Lo + 7 X (M0an)

= Lot = Io + Mo, X 7,

= Lot = lo + Mo R

Where r,,. is the perpendicular distance
between centre of mass and line passing from
origin

S ra=R

Moment of inertia of hollow sphere about its

2
centre of mass = EMRZ

L =§MR2(»2+1><R03><R

h
I

%xlxR2m+R2w

2
L, = Rw {§+1}

5
0 ng(})

So, by comparing it with given value, we get,
a=>5.

h
I

Hint: 1. Net Angular momentum of sphere
about origin = Angular momentum
due to Rotation about its centre
of mass + Moment of linear
momentum possessed by centre of
mass

Ly=Io + 7x(Mve)
2. Use condition of pure rolling i.e.,
Uem = RO

Shortcut: L, = Mo R + Io

=1 X RoR + %Z\/IRZ(,\)2
2 2
= oR” + 3 x 1 oR?

®R>

SRS INS!

Thus, a

Option (C) is correct.

Explanation: As the cylinder is of fixed capacity
it means its volume is fixed.

Hence, it is an Isochoric process.

Helium is at S.T.P. conditions (given).

By Avogadro Hypothesis, one mole of gas
occupies 22.4 L volume at S.T.P. condition.

= Thus, at S.T.P. 44.8 L volume will be occupied
by 2 moles of Helium Gas.

= As, Helium is monoatomic gas, its degree of
freedom will be 3.

For Isochoric Process

Q = AU where Q is the heat transfer AU =
change in internal energy of gas AU = nC,AT
wgere Cy, is specific heat at constant volume

R

= Cy=—= P for monoatomic gas
V7o 12

(where, f = degree of freedom)
Given: AT = 20°C

Thus, Q=AU:2><%R><ZO:60R
v Q =60 x 8.3 =498]

Hint :

(i) By Avogadro Hypothesis, calculate
number of moles of Helium gas.

(i) Capacity of cylinder is fixed, so gas
follows constant volume process.

(iii) Apply Q = nCy AT, because work done is
zero in isochoric process.

Shortcut :

By first law of thermodynamics,
Q=AU+w ..(0)
As container is rigid so, change in volume = 0
Thus, work done = 0
Q = AU = nCyAT
At S.T.P. condition 1 mole of gas occupies 22.4 L

volume,so2molesof Heliumwilloccupy44.8L
volume.

As Helium is monoatomic gas, so its degree of
freedom = 3

Thus, Cv=i=ﬁ
2 2
= Q=2x%x20

=60R =60 x 83 =498]

Option (C) is correct.

Explanation: Given: When 1 kg mass is attached
to wire the final length becomes L, and when 2
kg mass is attached to wire, the final length of
wire becomes L,.



Oswaal JEE (Main) Mock Test 15 Sample Question Papers

Let the Young’'s modulus of wire material be Y,

Then

I
(@)
Al

By Hooke’s Law of elasticity = % =Y T
Let area of cross-section of wire be A

original length of wire = L

Case-I —» When 1 kg load is attached to wire
change in length = L; - L

Using Hooke’s Law

1 L-L
Fl=mg=1xg= Zg=Y(1 ] (1)

L
_ZZL{
|
o |

1
I
l |
] :
v
2kg

8
(b)

<=

Length of wire

(a) in normal condition

(b) When 1 kg mass is suspended

(c) When 2 kg mass is suspended

Case-II — When 2 kg load is attached to wire
change in length = L, - L

Using Hooke’s Law
F, =mg=2Xg¢
2xg [LZ - L]
=Y
= a I 2)
Dividing equation (1) by (2)
2 L,-L

Hint :

(i) Apply Hooke’s Law of elasticity.
(ii) Compare both the cases of loading and
obtain relation.

Shortcut :

As loading is done on same wire
Thus, A, Y, L remains constant
Thus, Hooke’s Law yield F ot A

E Al

- il s
Ixg L;-L
2xg Ly =1L
1 _L-L
2 /5 -L
L,-L=2L,-2L

Option (B) is correct.

Explanation: In photoelectric effect ejection of

electron from metal surface takes place only

when :

Energy of incident photons is greater or equal

to the Work Function of the Metallic Surface.

Where, work function is the minimum energy

required to free an electron from metal surface.

~. When energy of photon is less than work
function, no electron will become free and
photoelectric effect does not take place.

Thus, Assertion (A) is correct.

By equation of photoelectric effect

hv = ¢ + K.E .«
As per Reason (R), if K.E =0
Then hv = ¢

Thus, Reason (R) is also correct

But Reason (R) is not explaining Assertion (A)
because it does not consider or explain why
photoelectric effect does not take place if hv < ¢

Hint : (i) Use equation of photoelectric effect

and check the correctness of both
statements.

(ii) If the combined statement makes sense
then Reason (R) is correct explanation
of Assertion (A) otherwise not.

Shortcut :

To free the electrons from metal surface,
minimum energy required is equal to the
work function of metal.
So, Assertion (A) is correct.

hv = ¢ + KE_ .,
if hv = ¢
= KE, =0
Hence, Reason R is correct.
But, Reason (R) does not explains Assertion (A)
Thus, option B is correct.
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8. Option (D) is correct.
Explanation: Given: Velocity as a function of
position as v = bx*? (1)
By differentiating the above equation with
respect to time
o _

d . sp 5, ap
= A ey 0y,
o= g gt

[ . dx}
since, v = —
dt

4

5. 3
=—bx""xv
> 1T

= a= gbx3/2 xbxx? =q= %bx

Mass of body = 500 gm = 0.5 kg
Force acting on body = m X a
(by Newton’s II law of motion)

5

F =05 X be2x4 = ZbZX4

By definition of work done = W = j Fdx

Xy

x=4

= W = I Ebzx4dx
4
x=0
2 x=4
= =i x*dx
4 x=0
5 (1 [2]7"
- w2
x=0
B 1 4°-0 1024
= X —— X = —
4 16 .4 64
= W =16]
Hint :

X3
(i) By using definition of work, W = _[ Fdx

2
(i) By differentiating v, obtain acceleration
(a) hence find force.

(iii) Integrate with proper limits and obtain
work done.

Shortcut : As, velocity is given as a function
of position Obtain velocity at x = 0 m and
x=4m

Apply work-energy theorem

Net work done = Change in kinetic energy

5
W=lm[(v )* = (00))] o) =1 < @7
5 Ml ) o=@
1 1 2 le 2y
= 5 x5 [®)° = (0] 4 @
: :Sm/s
= [ x64 =16] '.‘U(O)=ix(0)5/2
=0m/s

9. Option (C) is correct.

Explanation: In a cyclotron, charge is rotated
along circular path by magnetic field and it’s
kinetic energy is increased by electric field.
Radius of charged particle on circular path is
given by

Let the initial speed of charged particle be v
Due to application of electric field, it's kinetic
energy increases to 4 times. Thus, new speed of
charged particle

1
4K=5mwf
o _1_ v 1
WP 4 o 2 °°%

Thus, speed of charged particle becomes
doubled.

Let initial radius of circular path be R; and final
radius of circular path be R,. Then,

mo
Rl = B_
q (1)
mx 2v
RZ =
Bg -2
from (1) and (2)
Thus, Radius gets doubled.
Hint :
(i) Asradius of charged particle in uniform

mo
magnetic field, R = B_q
(ii) Mass, charge of charged particle and

magnetic field remains constant.

R, _7

(iii) Thus, Rec v => —=—
Ry, v,

(iv) As, kinetic energy becomes 4 times of

initial, then speed gets doubled.
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Shortcut :
mo P |2mK
As,R = Bg =R = Bg _Bq
where p = momentum of particle
K — kinetic energy of particle
Thus, & = ﬁ
R, K,
LR S,
R, V4K 2
R, =2R;

10. Option (C) is correct.
Explanation: At resonance X; = X. and
impedance of circuit is minimum and is equal
to R and current is maximum.

1
At resonance, m, = ﬁ

= If potential drop across capacitor is more
than inductor, then current leads voltage
and circuit becomes capacitive.

= If potential drop across inductor is more
than capacitor, then voltage leads current
and circuit becomes inductive

Thus, iy X; > iy X 0 X > Xy
Circuit is inductive Circuit is capacitive
X; > Xc Xe> X,
oL > 1 e > oL
oC oC
) 1 » 1
W > == o< —F7—
LC VLC
AL L
® >\ 5 o<\ c
® > O 0 < 0
Hint
) 1
(i) Atresonance, ® = Wy = /== ,and X; =

LC

Xc. Thus circuit is purely resistive and
impedance is minimum.

1
(ii) X; =oLand X = —
oC
On increasing T, X; > X circuit is

inductive.
On decreasing od, X- > X, circuit is
capacitive.

Shortcut :

1
X; o< @ and Xpoc —

o)
On increasing o, X; increases and circuit
becomes inductive.

On decreasing o, X; decreases and X,
increases circuit becomes capacitive.

11. Option (C) is correct.

Explanation: As water ejected by jet strikes the

block, it imparts momentum to the block

= Change in momentum of water jetin1s =
Momentum gained by block in 1 s.

= Change in momentum of jet in second
= Mass of jet ejected in 1 second X change
in velocity

18 10-0
S

= 10 kg m/s
= Momentum gained by block = 10 kg m/s
By Newton’s Il law of motion = F = Rate of
change of momentum

_ A
At
10 k m
po J0kMS _oye S =10N
1s s
Thus, 10 N force acts on the block
By F =ma
F 10
g =—=— =b5m/s?
m 2
Hint :
(i) Apply impulse-momentum equation on
the block.
Shortcut :

As water is continuously ejecting out of jet.
Thus, it's a variable mass system

For variable mass system

F=Ud—m
dt
F=10% x 28

m
F=10kg 5 = 10N
S

By F=ma:>a=£:E
m

= 5m/s?
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12. Option (C) is correct.

Explanation: [P + %} [V - bJ =RT

By principle of Dimensional Homogeneity,
physical quantities with same dimensions only
can be added or subtracted.

Thus, Dimensions of P and Lz and dimensions
of V and b must be same

[P] = [%} - [a] = [PV2] (1)
[V] = [0]
2
Thus, Ratio of a_ [PV7]
b [V]
= [PV]
Hint :

(i) Apply principle of Dimensional Homo-
geneity and obtain dimensions of @ and b.

a
(i) Calculate dimensions of .

b

Shortcut :

As physical quantities of only same

dimensions can be added or subtracted

[P] = {%} = [a] = [PV?] (1)

[Vl = [b] -(2)
On dividing (1) by (2), we get:

A

Vv

13. Option (C) is correct.

- > - -
Explanation: Given | A+ B|=2[A-B| ..(1)
- -
Let angle between A and B be 6.
|A| = |B|
Magnitude of resultant of two vectors is given

=1

|A—B| = JA? + B + 2AB cos (n - 6)

= /A% + B> — 24B cos 0

- o - o
Substituting values of | A+ B| and |A - B| in
equation (1), we get :

JA? + B? + 24B cos 0

= 2\/A2 + B? —2AB cos 0

On squaring both the sides
(A% + B% + 2AB cos 6) = 4(A% + B%—2AB cos 0)

As |A| =|8| =>A=B
2+2cos® =4 (2-2cos0)
6 =10cos 6
cos 0 = L)
10

cos O = éj 0= cos™? (é}
5 5

Hint :
(i) Apply the formula of resultant of
addition of two vectors and subtraction
of two vectors.

> o - o
(i) As|A+B| =2|A-B]|
(iii) Put A = B and solve for 6

- > - >
Shortcut: |A+B| =2 |A-B|
Squaring both the sides

= =5 > 2,
|A+B|" =4|A-B|
> > 0
Using identity A.A = |4l

- o

- - - - - —
(A+B)- (A-B)=4 (A-B)-(A-B)-

|AI>+ [BI>+2A4.B =4|A|>+4|B)?
- -
-8A-B

- -
10 A-B =3[|A]*+ |B|7]
10 |A| |B| cos® =3 (]A|? |B|?)

As |A| = |B]
10 cos 6 =6

cos O = i:>c059=é
10 5

3
0 = cos”(J
COs 5
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14. Option (A) is correct.
Explanation: Escape velocity of a body on a = Ve R \/_

p
planet is given by : . Va _ Ry fp_A: /p—A
V.= \/ﬂ orV, = /_Zi'M Vg Rg \pp 4ps
1 1

where ¢ = acceleration due to gravity at the Va .
surface = Vy = 4 XE_l
m = mass of planet and R = Radius of planet V, = Vg = 12km/s
Assuming plant to be solid sphere uniform,
density p 15. Option (A) is correct.
Mass = Density X Volume Explanation: Angle of dip at a place is defined

as angle between earth’s magnetic field and

4 53
= —_ R . b
M =px 3" horizontal plane at that location.
The expression for escape velocity can be horizontal plane

written as By,
3

2 px—nR
= —zJ—GR =
v, R 3 p B

(V) for planet A = 12 km/s.
Let it’s Radius R, and density p

=l
<
vertical plane

R .
For planet B = (V) = R = TA: Pp=4p4s 8 — Angle of Dip

>
87 Gp, R,z On resolving B into two perpendicular
AA components
Va ¥ S8

= 3 5 By = Bcos d (1)
(Vo)s /87'5 GpgRp By, = Bsind .(2)
3 Given horizontal component of earth’s
3 magnetic field at a location is 0.5 G
palRy) Sy O\ Using equation (1)
=\ps (R, "V 0.5 = B cos 30°
(VDn = (V) = 12k 05 =5 L2
Hint :
- 05x2 1
(i) Use the formula of escape velocity B = T = E
V, = % Hint :

Use the relation By; = B cos §

and convert mass in terms of density and
Shortcut : As, By; = By cos 0

volume.
.. . . . Given, By=05G

(i) Obtain relation of escape speed in terms 5 = 30°

of radius and density. Hence, 05C = B X cos 30°
(iii) Compare escape velocity of both planets. 05 05 1

= — = —— = — G
- cosd +f3/2 3

Shorteut : V, < || 16. Option (B) is correct.

for a solid sphere x
4 Explanation: y = 10 sin 2n [nt - —)
= —nR>x3
- "= 3 y =10 sin [27‘mt - Z—Tcxj
mo< p and m o< R LM .
- On comparing it with standard equation of
pR

wave
Thus, Vo N\ TR = pR? o
= w 21n and k = N
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Given : Maximum particle velocity = 4 X wave
velocity

In wave propagation, medium particle oscillates
and maximum velocity of oscillating particle is
equal to Aw

Where, A = Amplitude

o = Angular frequency

= Wave velocity is given by V = % where, k is
2n
angular wave number and k = 7~

27n
Vivave = 27 L = nk
Vparﬁcle =4 Vwave
Aw = 4nA
A X2mn =4nh
AX27mn =4n)
2nA ﬂ
T4 2
10
As, A=10>r= """ _5n

Hint :
(i) Compare the given equation of wave
with standard equation of wave y = sin

(ot — kx)
(ii) Obtion w, k
(iii) Find V.
situation i.e., VP

and substitute in the given
=4V,

article wave

Shortcut :

y = 10 sin [ZTmt - Zixj
Standard equation of wave y = A sin (ot — kx)

= = 2m, nk = Zix

Maximum velocity of oscillating particle = Am

A ()
w_4k
4 21A
A==y
o
nA  mx10
=2 =
Thus A =5m

17. Option (A) is correct.
Explanation: Potential energy stored in air
capacitor of capacitance C, charged to potential
difference V is given by:

u=2Lev
2

If the above capacitor is filled completely with
a dielectric of dielectric constant K, keeping the
potential difference same, then potential energy
of capacitor becomes

u = %KCV2 =KU

Given:
Initially K of dielectric = 10

U; = Initial potential energy = % X 10 x CV?

Uy = Final potential energy = % x 15 x CV2

percentage increase in energy of capacitor

u, -u
= x 100
u

= percentage increase

;cv2 [15-10]

- 1—)(10
—CV2x10
2

5
= —x100 = 50
10 o

Hint:
(i) Use the expression of potential energy
stored in a capacitor filled with dielectric
ie.,

U= Lkev?
2
(i) Compare energy stored in both cases.

Shortcut:

As potential difference across
remains same in bothlcases.
U = EKCVZ

capacitor

= U =<K

e —a = ==

UZ KZ
U, K

=

— Uz_ — 2_K1
U,

—_

Kl
Y2=Ui 100 = X4

1 1

x 100

15-10

= percentage increase in U = x100

= 50%
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18. Option (D) is correct.
Explanation: Given:
u = Initial velocity of charged particle = 200 m/s
m = mass of charged particle = 100 mg
=100 x 10°kg = 10 kg
g = charge on particle = 40 uC = 40 x 10°C =
4x10°C
|E| = Electric field intensity = 1 x 10° N/C
As particle is projected opposite to the direction
of electric field, the electrostatic force will act on
the particle opposite to velocity. Thus, its motion
will be retarded.

As electric field is constant, F = gE will be
constants

E
Hence, a = £ - will also be constant.
m m

Thus, equations of motion can be used
v* = u?+ 2as ..(1)

—gE
(0> = (200)* + 2 x (%XS)

2x4x107° x1x10°

09 xS =4 x 10*
g = 4x10* x10* _1
8 2
m =0.5m
Thus, S =05m
Hint:

(i) As electric field is uniform, if will apply a
constant force, F = gE on charged particle.

E
Then, usea = @
m
(ii) Use Il equation of motion i.e. v* = u?
+ 2as to calculate the required stopping
distance.

Shortcut : By Work-Energy Theorem:
= Work done = change in Kinetic energy
As force acting on charged particle is
constant,
F =qE
Let the stopping distance by S.

1
Kinital = E X m (200)2
Kﬁnal =0
= W = KE-KE

107 x(200)?
2x4x107° x1x10°
= S =05m

19. Option (D) is correct.

Explanation: As, B = %
Case1: 0.5mm = 2000AXD (1)
dl
6000A x D
Case 2: = — (2
Ba 24, )
Dividing Eq. (1) by (2), we get
05 _ 5000 2d;
B, 6000 d,
B, = i% = (0.3 mm
Hint:
(i) Use the expression of fringe width in
dNBlodlit fet %D
(ii) Compare f for both the cases
Shortcut: Fringe width in double slit
. = AD
experiment = =
As D is kept constant
A
b=
BZ }\’2 dl
0.5mm 5000 2
= _X_
B, 6000 1

3
= = —mm = 0.3 mm
5=
20. Option (B) is correct.
Explanation: Given:
Wavelength of signal = 1000 mm = 10° x 10~

=10°m
¢ = Speed of light = 3 x 10® m/s
As ¢ =nk
8
P o L T
A 10°°

Thus, frequency of optical signal is 3 x 10'* Hz

Given only 2% of optical source frequency is
available for communication system.
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=0.75 x 10° = 75 x 107

Available frequency = % X 3 x 10
=6 x 10 Hz
Bandwidth of communication system
=6 x 10 Hz
Bandwidth of each channel to be accommodated
=8kHz = 8 x 10° Hz
Thus, number system of channel

_ Bandwidth of system
Bandwidth of each channel

6 x1012
n = e—_—e,—
8x10°

=0.75 x 10° = 75 x 107

Hint:
(i) Calculate the frequency of communicating
system by ¢ = nA
(i) By given percentage, calculate the
available bandwidth of frequency.
(iii) Use expression n
Available Bandwidth
" Bandwidth of one channel

Shortcut:
Frequency of signal having wavelength 1000
nm is
c £ 3xX¥Y*
% 1000x10~°
= Frequency available for communication

_ £ X 3 % 10* = 6 x 10 Hz
100

=3 x 10% Hz

Bandwidth for one channel = 8000 Hz
6x1012

Tl 75 x 107
X

.. Number of channel =

21. Correct answer is [15].
Explanation: Let there be two coils A and B.
Let the potential difference across source be V

2
Using H = V—t

R
. V2

For Caoil (1) H = R_1 % 60 ),
VZ

For Coil (2) H = = x 20 ...(2)
2

When coils (1) and (2) connected in parallel
combination across voltage source.
Total Heat generated = H; + H,

Let the total time be ‘" when two coils together
in parallel are operated.

As Htotal =H
Vz VZ
N H=t+—t
Rl RZ
H = Et‘+ﬁt
60 20

From equation (1) and (2)

(&%)
1=]|—+—1|t
60 20
- t = % = 15 minutes
Hint:
VZ
(i) Use expression H = ?t to calculate heat

generated, as potential drop across each
coil is same.

(ii) As coils are combined in parallel.
ApPlY Hygral = Heoit (1) + Heoil 2)

Shortcut: As heat generated in both coil is

same
V2 2
ie., —><60=V— X 20
R, R,
3_R
1 R,
Assume R; = 3Q, R, = 1Q
Then, 1o _ 1. 1 _ 1.1 4
- R, R, 3 3
2 VZ
And, V—xt = — X 60
Rl
eq
R
p= e = 2 g
R, 4x3
= 15 minutes

22. Correct answer is [43].
L)
Explanation: As I = EEOEO
On substituting value of I, €, and ¢, we get

022 = % (8.85 x 10™"%) E¢ x 3 x 108
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. _\/ 2x0.22
0" \8.85x102 x 3% 108

=129N/C
E
As ¢ =2
BO
= 0 = 129 3% 108 =43x10°T

© 3x108
Hint:

(i) Apply relation of intensity i.e., %SOEOZ X ¢
and calculate E,.

E
(i) As, speed of light c = =%, B, can be
calculated. By

2
Shortcut: I = (lsoEg) K o= lB_OC

2 2y,
1 Bf x3x10°

0.22 =
2 4nx107
5 _\/0.22x2><4><3.14><10‘7
0 3x108

=43x10%=43x10°T

23. Correct answer is [21].

KAAT
Explanation: Since, %: .

d
Here, all alphabets are is their usual meanings
where Q. Rate of heat transfer
& _Q
= t t
100-T, T-0
= 4KA ~ 252KA
100 -T, 2T;
= 4 25
= 250-25T;, =81,
r o 250
10.5

As the two plates are in series, same thermal
current will flow in composite rod as well

DT for composite plate = 100°C

250 _
100-0 _ 10.5

= 65 25
K A 2 KA

eq

K, x100  250x2K
6.5 10.5%2.5

K, = 30g %Kz(“—s)K
q 105 21 21

5
on comparing with K,, = 1+ — K, we get

21
a =21

Hint:

(i) The two plates of same cross-section area
are connected in series.

(ii) As thermal conduction obeys Ohm's Law,
the two plates act as thermal resistors
which are connected in series.

(iii) Use Req =R+ R,
L
Hence,— 1 = L r Ly
KA K,A
e
A = (KlKl)Leq

K
‘LK +LK,

Shortcut: As two plates are connected in series
Thus, same thermal current (heat transfer (OQ)

= Thermal Resistance also follow same
combination laws as that of electrical resistors.

In above diagram, compound plate is made by
joining two plates in series

Ry = Ry, +Ry,
Li+l, _ L L
KA KA KA

1 LK, + LK,

Thus, — =
Keq KlKZ (Ll + LZ)
. L _ 4x2K+2.5%xK _ 10.5K
Keq 2K? x6.5 13K?
. K, - 1K _180
10.5 105
26 S
=2k =|1+—|K
ank ( 21)

24. Correct answer is [700].

Explanation: Let the equation of particle
performing SHM be:

x = Asin (otf) ...(@)

On differentiating equation (1) we get,
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_dx
dt

= v = am/1-sin? ot

Aw 1_(1)2 [From eq (1)]
VA

v = (D\/A2 —xz

Initially, the amplitude of SHM is 10 cm.

= Aw cos ot

U
]
I

When the particle is at a location of 5cm i.e., 4 ,
it's speed is increased by air jet to 3V. 2

= This will increase the total energy of SHM
and and hence amplitude will also increase.

) Elastic Factor
= Angular frequency ie., o = Inertial factor

remains same because neither mass has changed
nor any force.

V=0 AZ—(é)Z
2

(A

[co (A)Z—(E

Divide (1) by (2)

[When xX= %:| (1)

3v =

On Sauaring both sides, we get;

342
1 __ 4
9 A'Z_iz
4
2 2
N A,Z_i=27A
4 4
12 (z+l)A_2 2
= A” = 4 1)a =7A
= A = J7A

On comparison with \/;
x =700 [As, A =10 cm]

Hint:

(i) Use the relation v = oV A? —x2

(ii) Write velocity in both cases in terms of
amplitude and solve them to find new
amplitude.

Shortcut: Kinetic energy of an oscillating

. . . 1 2 2 2
particle is gives as = K = o Mo (A= —x%)

= As velocity is tripled, kinetic energy
becomes g times

kK & ‘ATZ
9K o A7
4
= A? A 9A2 e
4 4
- 4% | BA?
4
= 7A?
= A = \7A
= A = J7 x10cm
= A= \/% cm
By comparing it with given value, we get;
‘ x =700

. Correct answer is [144].

Explanation: We know that slope of V-I graph
gives Resistance.

A%

45°
I
Thus, Slope = R = tan 6 = tan 45° = 1

Thus, R =1Q
. pl
By using R = —
y g A
_ xx10°x31.4x1072
= 1=
X (2.4x1072)2
4
2.4x24x10*  24x24x10?
= x = =
4x107° 4
24 %24
x =
4
=144
Hint:

(i) Byusingslope of V-I graph, find resistance.

(ii) Use Relation R = pzl to evaluate x
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Shortcut:

By slope of V-I graph, R = 1Q and R = %

3.14%(2.4x102)?
31.4x1072 x4

_ 24x24

= x X 107 =

x10% = x = 144

26. Correct answer is [102].

Explanation: Assuming the engine to be Carnot

engine
Qabsorbed — Tsource (1)

Qlost Tsink
On substituting values in equation (1)

300 cal _ 500K

225 cal T

Tenk = 225 x 500 = 375 K
300

Ty (in °C) = 375-273 = 102°C

Hint:
(i) Use the relation, o _ Qupsorbed
TL QLost
(ii) Substitute the required values in above

expression.

Shortcut: As engine operates on cyclic process

Qnet T Wnet
W, = + 300225 = 75 cal
T
n = efficiency of Carnot engine = 1- T—L
H
n= L = Jl= T_L
Qabsorbed TH
5B o_ 4
300 T,
LI
500 4
— T, = 375K

T, =375-273 = 102°C
27. Correct answer is [3].
Explanation: cot g o<b

i.e, more the impact parameter lesser is the
angle of scattering.

45°
6
cotE
Given:  ./d, = impact parameter in 1% case
0, = 60°
\/Z = impact parameter in 2™ case
0, =90°
cot G d
Hence, o d—l
cot -2 2
2
On squaring both sides, we get;
cot? k| d
2 1
= =€~
cot? 9y %
2
W3y _ 4
5 Rl ey 1
1 d,
Hint:

. 0
i) Ascot — «<b
(@) 5

cot 9—1
2 _b
cot 9y b,
2

(ii) Put data in avobe relation and solve.

Shortcut:

Jd o< cot 9
2
dl =xd2

60° 90°
2 _ 2
cot (2)—xcot (2)

cot? 30° = x cot? 45°
3=xx1
x =3

Thus,

28. Correct answer is [2].
Explanation: Power gain is defined as the ratio
of output power to the input power.

Output power

Power gain =
Input power
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— I(thput XRoutput
Iiznput X Rinput
] IOL\ 108
A—Z‘C =~ = @ = current gain
Alb Iinput
in common emitter mode.
102 A
= =100
b 102 A
. 2 Rout
Power gain = (f)° X ——
in 3
=104 x 2X10% _ 5 w108
1x103
Thus, valueofx =2
Hint:
(i) In Common-emitter mode:
C t gain, B Al 10 mA
urrent gain, = =
£ Al, _ 100 pA
=10 = 100
.. R
(11) Pgain = BZ X —out

in

Shortcut: Al, =100 pA = 107*A
Al =10mA =102A
I
p =2k o102
Al
Rou 2
Pein § p* = R L= (1077 x =
=2 x 10*
Thus, i =9

29. Correct answer is [225].

Explanation: Parallel Beam of light strikes at
surface 1
D =90 cm

R=15cm

Surface 1 Surface 2

Thus, 1% refraction takes place at surface 1

and, 2" refraction takes place at surface 2
L T R o Bl
v ou R

Refraction at surface 1

All distances are measured from A
15 1  15-1

v —eo +15  [Given: u = 0,0 =72

15 _0s o= 15 = 1

v 15 R = +15 cm]
V=+45cm

for refraction at surface 2
All distance will be measured from B

Image after refraction at surface 1 will play role
of object for surface 2

Mo By _ Ml
v u R

1 1.5 _ 1-1.5
v +15 -15
1 1 o5
v 10 15

1 T

— 3 7+_

(4 30 10

U= @ =75cm

40

Thus, distance of final image from B is 7.5 cm
Thus, beam of light converges at point

15+ 7.5= 225 cm = 225 mm from centre of
sphere.

Hint:

(i) Use the relation, LT W o
v

u R
(i) Apply the above equation two times first
for surface 1 and then for surface 2. Obtain
the final position image.

30. Correct answer is [10].
Explanation: By Kirchhoff's Loop Rule,
Potential difference while traversing a closed
loop =0
By KVL, considering Loop ABCDA

A N 1Q B
I| I\/\/\/
/>I

ANV
D 20 C

+15-Ix1-2%xI=0
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15 =3I
= I =5A
Now, Vy+15-1x5=Vy
V-V, =15-5=10V
Hint:

(i) Apply Kirchhoff's Voltage Law in the
given loop and find current.

(ii) Find potential difference across the branch
AB.

Shortcut:

Vy — V, = Potential Difference across 2 Q
resistor
As 2 Q and 1 Q are connected in series.
Ruq =2+1=3Q
1

circuit
R, 3

The 5A

Thus, by using Ohm's law, the potential
difference across 2 Qis V-V, =2 x5=10V

Chemistry

31.

32.

33.

Section A

Option (C) is correct.
10°

Explanation : Moles of Fe;O, = 4.640 X )

= 20 mol

Moles of CO = 2.52 x % = 90 mol

Fe;0,(s) +4CO(g) »3Fe () + 4CO, ()

Since, 1 mole of Fe;O, produces 3 moles of Fe.

So, 20 moles of Fe;O, produces 20 X 3 moles of Fe.

Moles of Fe produced = 20 X 3 = 60 moles.

So, weight of Fe = No. of moles produced

X molar mass of Fe.

Weight of Fe = 60 x 56 = 3360 g.

Option (D) is correct.

Explanation: (a) The electronic configuration of

Cr is [Ar] 3d° 4s' is correct.

(b) The magnetic quantum number may have
a negative value because it depends upon
azimuthal quantum number so, m = —[to +
l'is correct.

(c) According to Aufbau principle, the ground
state of an atom, the orbitals are filled in
order of their increasing order of their
degenerate energy levels so, this statement
is also correct.

(d) The total number of nodes are given by n —1
so, this statement is incorrect.

Option (C) is correct.

Explanation: The covalent nature depends

upon the polarizing power of the ion. As the

size of the cation increases, its polarizing power

34.

35.

36.

37.

decreases. Hence, the covalent character of
the compound decreases. So, chloride (Cl)
compounds of alkali metals, the decreasing
order of covalent character is

LiCl > NaCl > KCI > RbCl > CsCl.

Thus, option (C) is correct.

Option (D) is correct.

Explanation: Adding a common ion decreases
solubility because a dissociation reaction causes
the equilibrium to shift left toward the reactants
to relieve the stress of the excess product,
causing precipitation. This effect is know as
Common lon Effect. Hence, solubility of AgCl
will be maximum in deionised water because
there is no common ion effect.

Option (D) is correct.

Explanation: When the colloidal particle have
similar charges, they will repel each other which
prevents them from aggregating when they
come close to each other. Hence, the presence of
equal and similar charges on colloidal particles
provides stability to the colloidal solutions.
Option (A) is correct.

Explanation: The electronic configuration of

Pt (Z = 78) = [Xe] 4f** 54° 65'.
Option (D) is correct.

ZnS,KCN is
depressant to separate ZnS and PbS ores in froth

Explanation: For used as
flotation process. For Gold and silver, CaCN is
used in cyanide process of extracting silver and
gold from their ores by dissolving them in a
dilute solution of sodium cyanide or potassium

cyanide.
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38.

39.

40.

41.

42.

Cyanide salts are not involved in the extraction
of copper metal. Hence, option (D) is correct.
Option (C) is correct.

Explanation:

+7 +4
ZMI‘IOAI + 2H202 — ZMI‘IOZ + 302 +
| |

Reduction
2H,0 + 20H"~

Since, the oxidation state of Mn changes from +
7 to + 4. So, Mn gets reduced.

Therefore, H,0, is acting as a reducing agent in
the above reaction.

Option (A) is correct.

Explanation: Range of visible region : 390 nm to
760 nm

LiC—Crimson Red - 670.8 nm

NaCl—Golden yellow — 589.2 nm

RbCl—Violet — 780.0 nm

CsCl—Blue — 455.5 nm

Option (A) is correct.

Explanation: Caesium is wused devising
photoelectric cells. Boron fibres are used in
making bullet-proof vest. Silicones being
surrounded by non-polar alkyl groups are water
repelling in nature. Gallium is less toxic and has
a very high boiling point, so it is used in high-
temperature thermometers.

Option (B) is correct.

Explanation:

P, + NaOH + H,0 — PH; + NaH,PO,
L HCl
H,PO,

White phosphorus + alkali — Phosphinic acid
@)

I
H/I|)\OH

H
Phosphinic acid

Option (A) is correct.
Explanation : Air pollutants like SO,, NO, are
released in the atmosphere through various
When these

combines and reacts with water, vapours present

human activities. pollutants
in atmosphere forms more acidic pollutants.
2802 + 02 — 2SO3

43.

44.

45.

46.

This H,50, formed reacts with CaCOj; of Taj
Mahal and is responsible for its damage.

CaCO; + H,50, — CaSO, + H,0 + CO,
Option (D) is correct.

Explanation: Two isomers with molecular

formula C,Hg are:
H3CN
¢ = CH and CH;—CH,—CH = CH,
HsC

H3C\ KMnO, H3C\
(i) C=CHy——> C=0+CO,
/ H /
H3C H3C
(i) CH;—CH,—CH=CH, "% ,
H*

CH;—CH,COOH + CO,
So, Isomer (A) is (H;C), C = CH, as it gives
ketone and CO,,.
Option (B) is correct.

Explanation
CH3)3CL1 (1 COZ
(11) H;O
COOH

QL

Option (A) is correct.

Explanation :
O
I b
R-C-[OH]+[H-0-R =

@]

R- l(l, ~O-R +[H-O-H]
In nucleophilic acyl substitution, attack of the
carbonyl carbon atom of an acyl derivative by (a)
nucleophile yields a tetrahedral intermediate.
The tetrahedral intermediate then eject a
leaving group. Also, electron withdrawing
group on carboxylic acid will increase the rate of
esterification.

@) @)

R-OH-R + C—OH—>R—O—(|3—R
Nucleophilic acyl substitution

Option (C) is correct.
Explanation :
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47.

48.

49.

50.

NH, NH,,
Br Br
Brp(excess)
5
H;O
Br
2,4,6-tribromoaniline
NH,,

(Major Product)
]
NH - C - CHj;

(CH3C0),0
_—
H,0

(i) Brp,
CH,COOH
(ii) HCI

N

Hp

Br

4-bromoaniline
Option (C) is correct.
Explanation : Bakelite can be moulded very
quickly, decreasing production time.
Nylon 6, 6 has high mechanical strength, high
toughness, stiffness and hardness.
Buna — N is synthetic rubber which can be
stretched and retains its original status on
releasing the force.
Terylene is a very strong fibre and will suffer
very little loss in strength when wet. It is elastic
in nature and possess the property of resist
creasing,.
Option (B) is correct.
Explanation:
DNA contains = 3-D - 2 deoxyribose
RNA contains = -D - ribose
Option (C) is correct.
Explanation :

/N

Histamine
Histamine is nitrogenous compound so, it does
not contain sulphur atom.
Option (C) is correct.
Explanation : Phenol is a weak acid.
Since, the phenoxide ion formed after the

51.

52.

53.

removal of H* ion is resonance stabilised due to
which it's stability increases, so phenol is more
acidic than alcohol and water.

Section B

Correct answer is [152].
Explanation : Assuming ideal behaviour

P = dRT/M
Given: p = 10 atm
760
T =257+ 273 =530K
d =046g/L
M = dRT/P
_ 0.46x0.082x530x760 _

152

100
The molar mass of geraniol is 152 g mol ™.
Correct answer is [117].
Explanation :
17 g NH; contains 1 mol NHj.

So, 85 g NH; will have %; = 5mol of NH;4

Enthalpy change for 1 mol of vaporisation of
NH, = 23.4 k] mol™

So, enthalpy change required for 5 mol of
vaporistion, AH = 5 mol x 23.4 k]

=117KJ

the enthalpy change for the
vapourisation of 85 g of NH; under the same
conditions is 117 kJ.

Correct answer is [5].

Therefore,

Explanation : Given, volume of acetic acid (v) =

1.2 mL

Density of acetic acid (d) = 1.02 g mL™

So, mass of acetic acid (m) = Density X volume
=1.02x 12
=1224¢g

Now, molar mass of acetic acid = 60 g mol™
Mass
Molar mass

1224

60

So, No. of moles of acetic acid =

= 0.0204

So, Moles = 0.0204 mole in 2L
So, Molality = 0.0102 mol/kg
ATf =ix Ky xm
0.0198 =i x 1.85 x 0.0102
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_ _ 0.0198 — 1.049 56. Correct answer is [6].
i =1.05 FeCr,0, + Na,CO; + O, = Na,CrO, + Fe,O;
. i—1 1.05-1 + CO,
Since, o =_—--= =0.05
e n-1 1 Na,CrO, + H" — Na,Cr,0, + Na* + H,0
% 0. = 0.05 x 100% (A) (B)
_ 5(7 2-
=07 OGO ©
The percentage of dissociation of the acid is = 5% 2Nat o /Clr C|r\O
54. Correct answer is [127]. 0O 0O

55.

Explanation : Given: 2 F produces = 3/2 mole of
gas
i =010A

T =2h
Reaction at anode
2H,0 — O,(g) + 7H* + 4e”
At cathode: 2H™ + 2e™ — Hy(g)

ixt

Number of equivalent = 96500

= (.10 x 2 x 3600 coulomb produce

3x0.1x2x3600
2 x 2% 96500

Volume of gas produced = 0.0056 x 22.7 L
=0.127L
= 127 mL

Correct answer is [1].

: Ev] 1)1
Explanation : In ky/k; = { 3 ]

532611 1 1
In 310/300 = 33 [%—m]
Mo _ 532611( 10 )
N, — 83 (93000
In Ko _ 6.9
300
k
In kﬂ =3 x1n10
300
k310 3
—== =10
k00
So, x =1

57.

58.

59.

60.

The number of terminal oxygen atoms present
in the product B is 6.

Correct answer is [0]

Explanation :

+6 H+ 7 +4
MnO,> ——— MnO, +MnO, + H,0

In Mn’*, there is no unpaired electron.

So, spin only magnetic moment value of MnO,~
is 0.

Correct answer is [64].

Explanation :
14XNXV
%N = Mass of organic compound
14x2x125
% N = —o0s - 63.63%
[ Normality = Molarity X
n factor
N=1x2=2]
= 64%

Correct answer is [3].
Explanation : Compound which possesses

asymmetric carbon atoms are:

a NH,
A )ﬁ( OH :

OH

@)

Correct answer is [1]

Explanation :
CeHp206 Zymase CH3CH,OH Zymase
O

H-C-ONa + CHI3

So, in HCOONa (B), numbers of carbon atom is
1.
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Mathematics
Section A Let y=tx
. . dy dt
61. Option (C) is correct. ol t+ xd— ..(2)
Explanation: Let M be a 2 X 2 matrix such that = * *
S From equation (1) and (2), we get
— 2 2
M—|:O p:|and t+x;l_t:y+‘/y +16x
x x
For M to be a singular matrix, |[M| =0
242 2
- mp—on =0 - t+xﬁ _ bx+NPx% +16x
Case 1: All four elements are equal dx .
m=n=o0=p N Y RN R T3
= mp—on =0 dx
So, number of matnc.es possible = 10 - N dt _ JE+16
Case 2: When two prime numbers are used dx
= Eitherm =nando=porm=oandn=yp dt PR
So, number of matrices possible = 1°C, x 2! x 2! 2 e+16 %
_ 10x9 X2 X2 Integrating both the sides, we get
J‘ dt _ J. d_x
= 180 Ve~ 15
So, number of matrices possible = 10 + 180 =
190 ’ = In[t+ Jr+l6]=Inx+Inc
And total number of matrices that can be formed T t+yt2+16 = xc
=10 x 10 x 10 x 10 = 10* 2
190 19 e (Z] +16 = xc
So, required probability = == = x x
10*  10°
. y |y*+16x2
Hint: Take two cases : when all elements are = St/ =xc
» x x
equal and when two prime numbers are used
to form the matrix. = y+ [y? +16x2 = X’
Shortcut: Number of matrices possible = when Now, yd) =3
all elements are equal + when two prime = 3+ J9+16 =c
number are used = c=8
=10+ 1°C, + 2 x 2! = Y+ JyP+16x% = 822
=190 So,atx =2,
Total number of matrices = 10* Y+ JyP+64 =32
probability = g = 1—93 = (yr+64 =(32-y)
10° 10 = 464 =1+ (32)* - 64y
62. Option (A) is correct. = 64 =960
Explanation: Given differential equation is = y =15
y(@2) =15

d
xd—y—y = Jy? +16x2
X

N xd_y = Y++y*+16x?
dx
2 16 2
- dy _ yHyy +16x7 (1)

dx x

63.

Option (C) is correct.

Explanation: Given: The mirror image of (2, 4,7)
inthe plane3x-y + 4z =2is (4, b, c)

Aswe know, the mirror image of the point (x, y, z)
in the plane ax + by + cz + d = 0 is given by,
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z—z, _ —2(ax, +by, +cz, +d)

a b c a’+b* +c?

a2 _ b4 _c=7 _ 26+(4)+28-2)

3 -1 4 (3)% +(=1)* +(4)?
a-2 b-4 ¢-7 -2(28)
= e = =
3 -1 4 26
N a=2 28 b-4 28 c¢-7 28
3 13 1 13 4 13
a2 BB T2
13 13 13
-58 80 21
>a=—,b= —,c= —
13 13 13
=2a+b+2c=2 _—58 +@+2 _—21
13 13 13

=21+b+2c=-6

Hint: The mirror image of the point (x,
Y, 2z) in the plane ax + by + cz +d = 0 is
x—x; Y-y, z—z; —=2ax, +by, +cz +d)

a b € a’+b%+c?

64. Option (C) is correct.
Explanation: Given: f: R — R

max {3-3t x<2
f(x) = Jx*+2x—-6  2<x<3

[x-3]+9  3<x<5

2x+1 x>5

The graph of y = #° - 3t is:
y

2__
1._
' : ; —
—7 -1 1 /2
—1+
_2--

4
Forx<-1, max {f*-3t} = x*>-3x

For-1 < xﬁixmax {B-3t} =2

. t<x
x® —3x

x<-1
2 -1<x<2
x2+2x-6 2<x<3
flx) = 9 3<x<4
10 4<x<5b
11 x=5
2x+1 x>5

11T

[
/—1 1 2 3

As we know, a function is not differentiable at

=

4
W

sharp points and at point of discontinuity
= f(x) is not differentiable at x = 2, 3,4, 5

. The number of points where f(x) is not
differentiable = 4

=m=4
2
Now, I = Jf(x) dx
2
g 2
= I = Jf(x) dx+Jf(x) dx
e |
1 2
= I = jx3—3x)dx+_[2dx
e |
x 32
= [=]=—-= +[2x]%
4 2 |,
1 3 16
= I = Z_E_Z+6 + (4-(-2)
1 3
= I = (Z—EJFZ) +6
1-6+32
= I =
4
= I = 2
4

. The ordered pair (m, I) = (4, %)

Hint: (i) use the graph of y = > - 3t is

y
/\ﬁ /
-1
2

(ii) A function is not differentiable at sharp
points and at the point of discontinuity.
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(0d +3j-K) (i +2j-2k) _ 4

|i+2]-2k| 3

o+6+2 10

= Ji+4+4 — 3
= a+8 =10
= a=2

- - ~ ~ ~
Also, given that b x ¢ = —6i +10j+7k
— (3i —Pj+4k) x (1 +2]-2k) = —6i+10] +7k

i ok o
= 3 B 4| = —6i+10j+7k
R A/

= (@2B-8)i-j(-6-4)+ k(6 +P)k

= —6i+10]+7k
= 2-8 =-6o0r6+p=7
% B=1
. a+Bp=2+1=3

65. Option (A) is correct.

Explanation: Given: a = of + 3}'—12
b = 3i—pj+4k
¢ =i+2j-2k

The projection of a on c is 3

- g
As we know, the projection of x on ¥ is given
by =
[yl 5o
= 2 =10
lel 3

66. Option (C) is correct.
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Explanation: Given curves are y* = 8x and 3242 i J2
= ——8 —_——
y= V2x 3 2
Let us find the intersection point of both the 642 — 482 —3/2
curves: = 6
2
(V2x)" =s8x 1342
= 2x* = 8x == 5% units
= 22— 4x =0
= x (x — 4) =0 Hint:
= x=04 }( x=1
= y =042 1 . 45\5) y=N2x
So intersection points are (0, 0) and (4, 42 )
Let PQR be the triangle formed by y = /2x, < P R=@,2) > y=2\2
x=1landy= 22 N )
P Q_(]-I 2) > X
= (1,242),Q= (1, V2), R = 2, 242) T % ‘
Y
A Ax=1 =\x v
5 4, 42) \\ 1P=8x
WN2[=—=1"""""==5
7 Loy=2\2 Required area = Area of OPSRQ - Area of
22 R=(2,2v:§) i’ APQR
Q=(22\2) !
< — Shortcut:
O\ [t 2 3 4 N
A x=1
A (4 402) _ y=\3
v v\ i =8x S I
4
P
A f OPSRQ = - < > y=212
rea of OPSRQ {(@ V2x) dx R=(2, 29) y
P Q=(1’ \/2) S X
\/E 4 < rd
- {x/g(zxs/z)—axz} o
3 2 0 v
\\ y2=8x
2“/§ 4)3/2 __l__ 4)?2
- (4) 2 (4) Required area = Area of OPSRQ - Area of
APQR
42 . 16 t 1
= 7( )= = j(@—ﬁx)——x(zﬁ-\/i)xl
V2 2
= Area of OPSRQ = (32( 8\/_) $q. units _ 32\/_ 82— f
3 =
Now, area of APQR = 1y (PQ) x (PR) 13\6
’ ) == s units
-1 (V2 -2) x1
2 67. Option (B) is correct.
1y 2 Explanation: Given: A system of linear equation
2 has infinitely many solution.
=  Areaof APQR = % sq. units aty-z=7
x-3y+2z =1

So, Required area = area of shaded region

= Area of OPSRQ - Area of APQR x+4y+dz =k

As we know, if a system of linear equations
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alx + bly + C1Z = dl
ax + by +c3z =d,
azx + by + c3z = dj

has 1nf1n1te1y many solutions then, D = D, =

b b
o .
=-60-16-80+2-7=0

4G 0 GO d b

a, d; ¢ a, b d
D,=la, d, ¢|andD;=a, b, d

a; dy ¢ a; by d,

So/ D = 1 -3 21 =

=2(-35-8)-1(5-2)—1(4+3)

= 76 =-21
= d=-3
2 17
Also, Dy=1|1 -3 1 =0
1 4 k

=2 (3k-4)-1(k-1)+7 (4 +3) =
= 6k-8-k+1+49=0

= 7k =42
= k=6
= d+k=-3+6=3

8. Option (A) is correct.

Explanation: Given: o and P are roots of x> +

Qi-1) =

= X+ @2i-1) =0
= ¥ =1-2i
= o> =1-2iand p? =1-2i
= o = p?
= (@)* = P»*
= ad =p8
of + B8 =208
(X8+B8 =2((12)4
= of + % =2(1-2i)*
= lo® + B8 =2 |1-2i|*
4
= o + ¥ = 2(J(17 +(-27)
4
= lof + %] = 2({5)
= |od + B8 =2(25) =
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69. Option (C) is correct.

Explanation:
p g pvqg (pva=q9 pnrg (P A A (A gV prg)= prg e
pva=q (pvop=q9 (vao=9 (pve)=9
T T T T T T T T T
T F T F F F F T T
F T T T F T T T F
F F F T F F T T F
Clearly, (p A q) = ((p v q) = q) is a tautology. PA+ ... +3%4 + FA

- 2 7 4 a8
Hint: Tautology is a statement which is =3A1+3+3 ... +3+3)

always true. =34 ( 3 )
Shortcut: (pvyg =q 39-1
=~(pvavyg —BA( )
=(~pAr~q)vq
{By De Morgan's law} 310 _3
=(~pva)Al~qva) =( )A
=(~pvg AT 2
=(=pvq) N N Wy
And N EI(MEY) Hint: (i) Simplify using multiplication of
=(pag)=>(~pvyg matrices.
:T prgv(~pva) (ii) Sum of G.P. with a as first term, r as
So option ‘C” is corre ot. common ra(tio ail)d n as number of terms is
. a(r"-1)-
70. Option (A) is correct. . given by s W
Explanation: Given: a; = 2/~
[p1-1  p2-1 p3-1 _ -
A = 21—2 22—2 23—2 ! 2 4
Shortcut: A = |1/2 1 2
21—3 22—3 23—3 1
= L [1/4 1/2 1}
[ A W2 \4
A 2 12 1 2 4 1 2 4
= p» = A2=|12 1 2[|y2 1 2
1/4 1/2 1
- [1/4 1/2 1f|1/4 1/2 1
1 2 4 1 2 4 5
= A =3A
NOW,AZ = 1/2 1 2 1/2 1, ® A3 = A2A = 324
14 12 1][1/4 12 1 W A2E A+ AV =3A+FA+ L ABA
TR 24242 4+4+4 5 A{3(39— )}
= A= |1/2+1/2+1/2 1+1+1 24242 3-1
1/4+1/4+1/4 1/2+1/2+1/2 1+1+1 (310_3)
= A
3 6 12 2
= A*=|3/2 3 6 71. Option (D) is correct.
3/4 3/2 3 Explanation: Set A = A; U A, UA;...0 A, where
- AmA]—(]),l;t 1<i,j<k
1 2 4 AndrelationR = {(x, y): y € A;: iff xeA; 1<i<k}
- A2=(12 1 2 (1) Symmetric: If (x, y) € R, then (y, x) € R
. Given relation is symmetric.
/4 12 1 (2) Reflexive: - (1, a) € Rforallae A,
- A2 = 3A . Given relation is reflexive
3 _ B 2 2 (3) Transitive: If (x, y) € Rand (y, z) € R
Also, A = 3A.A =3A7=3(34) = 3°A =ye A iffxe Ajandze A;iffy e A;
Similarly A4 A =3AA =34A% = 3*(3A) = =ze A iffx= A
3°A =(x,z) € R

AT+ A+ AT+ +A% + A =3A + 3%A + .. Given relation is transitive.
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Since, given relation is symmetric, reflexive and

transitive
- Itis an equivalence relation.

Hint: (i) Recall the definition of symmetric,
reflexive and transitive relation.
(ii) A relation is said to be equivalence relation

if it is symmetric, reflexive and transitive.

Shortcut: Let A = ={1, 2, 3,4}
=R={(11),(1,2),(1,3),(2,1),(2,2),(23),(3,1)
(3,2),(3,3)}

- Ris reflexive transitive and symmetric.

- Itis an equivalence relation.

72. Option (B) is correct.

Explanation:

Given,ay= a;=0anda, ,,= 2a,,1-a,+1V
n=0

= a4y, =2a-a,t1=1

and a3 =2a,-a;+1=3

and a, =2a3-a,+1=6

And a5 =2a,-a;+1=10

n(n-1)
ST
Let p= iu—z
n=2
= n(n-1)
:> —
P= Lo
1 3 6 10 .
= p 772+773+7_4+_7?+ ...... (l)

R — +—+. %/ ...(i0)

Equation (i) — equation (ii), we get

5 _ i+£+i+i+ (iii)
7 At Tor oy T

6p 1 2 3 4 .
7—2 = 7—3+F+7—5+7—6+ ...... ...(IV)

Equation (iii) — equation (iv), we get

ep(,oy L, 1, 1. 1.
17 Ttortor ot
1
= 61(9) -

7 \7 -1
7

(9)2 __ 1
7) " T 7))

- -7
T3

Hint:

(i) Use an = @

(ii) Simplify given sequence and try to
convert it into the form of infinite G.P. and
solve further.

(iii) Sum of infinite G.P. with first term a and

. .. a
common ratio r (r < 1) is given by 1
=7

. Option (C) is correct.

Explanation: Given: A and A' lies ony = 2

Let coordinates of A = (x1,2) and A' = (x,, 2)

Let slope of OA be m; and OB be m,

As we know slope of line passing through
(%1, 1) and (xy, ) is given by

m = 42"
Xy =X
Y
A B3
A w4 An/4 A yzz
< O /X
\%
2 3
= m; = — andm, = —
b 2

Also, we know that if angle between two lines
having slope m; and m, is 0, then tan 6 =

nmy —n,

1+mym,
2.3
x, 2
= tan— = |—F <<
[2)6)
1+ — || =
x J\2
2.3
X 2
= 1= 3
1+—
X
4-3
N 1= ( X1)
2(x; +3)
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—1 _1 = ﬂ 2 2
2 (x; +3) = AA' = (10+§) OS2
= 4-3x; = = (2x; + 6)
= 4-3x; =2x;+6 AA' = §units
and 4-3x =-2x;-6 >
= 5x; =-2andx, =10 74. Option (B) is correct.
N X = __52 and x; = 10 Explanation: Given: A wire of length 22 m

- x is positive for A and negative for A'

-2
x =10and x, = =

-2
= AE(lO,Z)&A'E(?,Z)
.. by distance formula,
2\
AA" = (1(”5) +(2-2)?
2
= AA' = 5? units
Hints: (1) The angle between two lines having
slope m; and m, is  and tan 6 = Ml
1+mym,
2
Shortcut: m; = — and m, = %
X 2
9 3
x 32
= tan =% | >
4 wdr—
X
A B(2, 3)
! it A
(2, 2) N\l Lo (x1,2)
< H <
< 0O >X
v
- 41 20n
2 (x; +3)
—2
= x1=?andx1=10

-2
A =(10,2)and A' = (?r 2

Let length of the side of triangle be x and the
length of the side of square be y and p be the
length of wire formed into triangle

. p — 3x
and 2-p =4y
p 1
= andy= — (22—
= X 3 and y 4( p)
2
Now, area of triangle = g x2 = l{g(g)

1 2
and area of square = 1> [Z(ZZ _P)]

2
Total area = ﬁp—Jrl(ZZ—p)Z
4 9 16
N
A= ——p*+— (22> + p* - 44
S P 16! p”—44p)

2 2
_V3 L, P22 22

= 36" "6 8" 16
For A to be minimum, d— =0
dp
dA J3 J (p) 2
— =2 =p? |[+2| = |-= =
= dp (36p 16) 8 ~°
dA 3 p 22
- @2 X2 P 22—
dp 18" 8 8
WENE
Plis"8)™ 3
N 228
N
72
N pZQXL
8 4J3+9
N P 229
3 (43+9)3
66

= x=
4\/§+9
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Hint: (i) The area of equilateral triangle with
side a is —3u2
4

(ii) Find total area in terms of length of wire
of triangle and find critical points.

Shortcut: Let p be the length of wire formed
into triangle.

A\

= +1> 0 and 1 -1<0
4x% -1 4x% —
2 A2
N 4x > 0 and 2—4x 0
4x% -1 4x% -1

= @x-1)@x+1) 20

(1-~/2x) (1++/2x)
and “o Ty 2x 1) =0

= x€ (_“'_%) v (LZ MJU{O}
1 1 1 1
wore [ He

= xe (7‘”’7%) U (% °°J v {0}

Hint: (i) Domain of cos™ y is [1, 1]
(ii) Recall wavy curve method for solving
rational inequalities.

«—x—> —y
3 4
2 )2
Total area = ﬁ(}?_)_'_(zz p)
419 16
A= (£+i) 2+%_§
= 18716 "6 8!
1 22
= d_A = (£+_)p__
dp 18 8 8
For minimum A, d_A =0
dp
(\/5 1) 22
:> p _+— ny —
18 8 8
= T
(43 +9)
= Nl 0 -~
(43 +9)
75. Option (D) is correct.
2sin1( 1 )
|\ 1)

Explanation: Let f(x) = cos™ .

As we know the domain of cos™! yis[-1, 1]

2 sin™! (1
4x% -1

= -1< <1
T
1 B
T -1
_= sin <—
= 5 = (4;:2—1) 2
= g 1
4x2 -1
So, LIRS -1 and 1 <1
4x% -1 4x% —

Shortcut:

2 sin™? (1)
4x2% -1

T

Let f(x) =cos™!

For domain of f(x),

= -1

= x€ (_“”_%) v (% m) v {0}

. Option (D) is correct.

Explanation: We have to find the constant term

10
in expansion of (3x3 —2x? +?j
_ 2

= x20(3x% - 2x7+5)1°

For constant term in the expansion of
x50 (3x8 — 247 +5)1% we will find the coefficient of
Y in (3x® — 2x7+5)1°
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As we know, the coefficient of x" in the expansion

(@)" (b)* (c)*

n!

of (a + b + c)"is given by PP
1-72°73"

wherer! + 2 + ¥ =n

So here coefficient of x*° in the expansion of
(3x® - 247 +5)"0

I U S\ (7 Ve s
B nin!ln! (3x) (—Zx) (5)

10! n n 3 n+7r
= )26 @

rlinln!
Herer; + 1, + r; = 10 and 8r; + 7r, = 50
Letry=1=r,=6andr;=3
. 10! 1 6 /=\3
. Coefficient is m(3) (-2)"(5)

10x9x8x7
—_—FFX

320 3><(2)6><(5)3

= 2% (5)* x (2)* X 7 x (2)° x (3)

= )31
Now, 21 = (2%) 3)* (5)* (7)
= K=9

10
5
Hint: (3353 —2x +?j = x0 (328 - 247 +5)10.

So find the coefficient of x*° in (3x® — 2x” +5)1°

10
Shortcut: The general term of [ 3% —2x% + isj
e

10!
1 U 7y NG

is Tr+1 = (S)r‘ (_2)72 (5)r3 (x)3xl+2r275y3

Where r; + 1, + 13 = 10
and 3r; + 2r, — 5r; = 0 (for constant term)
Solving above two equations, we get,

7’1=1,1‘2=6,1’3=3

10! o s csy:
= 5@ (2°0)

=2’ (3 (5)* (7)
k=09.

.. Constant term

77. Option (D) is correct.

r x
Explanation: Let1 = ICOS My dx
0

Now,

COS(RX —T

oA i)l 2]

2 4 5
s = Icos(nx)dx+jcos(nx—n)dx+J.cos(nx—ZTE)dx
0 2 4

l= {sin(nx)}z _{sin(rcx—rc)}4 _{sin(mc—Zrc)}5
Y 0 T 5 T N
=1= 1 (sin2m —sin 0 + sin (4w —m)) —sin (2n—m)
T
+ sin (51 — 2x) — sin (4m — 2m)
1
=I= b 0)
=1=0

Hint: Break the integral into 3 parts, xe [0, 2)
and xe [2, 4) and xe [4, 5) and solve it.

: x
Shortcut: Let I = ICOS(’{X _[EDJ dx
=1= 0

2 4 5
Icos(nx)dx+!cos(nx—n)dx+Icos(nx —2m)dx
0 2 4

=1=0

78.

Option (B) is correct.
Explanation: Given: Focal chord of y* = 4x is PQ

T
and it subtends an angle of 5 at point (3, 0)

Let parametric coordinates of point P be
(f3, 2t) then parametric coordinates of point Q

1 -2
be (t_zr Tj
P(t2, 2t)

90°NA 5
(3,0)

A

S(1,0

v Q1 -2
)

AP 1 AQ
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(M ap) (mAQ) =-1

-2
( 2t j ¢
= | 42 =-1
£-3 %_3
—4t? =_1

|/

42 = -3t* + 102 -3

N
= 3t'-62+3 =0
= (t-1?% =0
= t =1

. Coordinates of point P and Q are (1, 2) and
(1, -2) respectively.

Since, line segment PQ) is also a focal chord of
2 2

Xy
ellipse SHrs 1,a*> b

. Pand Q must be end points of latus rectum

(i) P and Q must be end points of latus
rectum of ellipse.

(iii) The end points of the latus rectum of the

2

2 b?
ellipse X—Z+Z—2 =1, a* > b*are (ae, 7]
a

_ 2
and [ae, ij
a

2
z& =4andae =1
a
Asweknow, B =a?(1-¢%)
= VP = a? - %
= ¥ =d-1
2_
N a -1 _»5
a
= ?-2a-1 =
= a =1+\/§
1 1
= ¢ = 4 1+2
s 1
= T 35202
1
= = = 3+22
Hint:

(i) Coordinates of end point of any focal
chord of parabola y* = 4ax are P(at?, 2at)

a —2a
d —,—
an Q(tz ; )

Shortcut:
AY
P(t2, 2t)
P 90°NA
v Q1 )
)
. AP 1L AQ
=~ (myp) (mAQ) < 4
-2
( 2t j r
|2 2/l 1T |=-1
t* -3 %_3
= (*-1%=0

=t=1

So, coordinates of point P and Q are (1, 2)
and (1, —2) respectively

~. P and Q must be end point of latus

rectum.
2
= & =4andae=1
a

bZ
= =2 andd*?=a*- =1

a
—Sa=1+2

1
:>e—2=3+2\/5

79. Option (C) is correct.
Explanation: Circles C; : x* + 4> = 2 and C, :
(x-3)°+(@y-27°=5
Now, equation of tangent to the circle C; and M
(-1, 1)is given by x (-1) + y(1) = 2
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= x-y+2=0

Let

Now,

Apply Pythagoras' theorem in AACD, we get
(CD)* + (AD)* = (AC)*

’ 9

= 5——

= AD 2
1

= AD=E
= tanoc=C—D=3
AD
. 1
= siIn oL = AC \/ﬁ
Now, in AADN,
; AD_ 3
SIn oL = AN \/E
Vio 15

Now, area of AANB = % (AN)? sin 20

1(5)

219 (2 sin o cos o)
5,8 L
IECIRVITORNT]

1 .
s square unit
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80. Option (B) is correct.

Explanation: The observations are x, x,, X3, Xy, Section B
X5 mean of Xy, Xy, X3, X4, X5 = % 81. Correct answer is [26].
Explanation: Given: S = {Ze C: |[z-2| <1,
Xp+ Xy + x5+ Xy + X5 24 N .
5 =? z(1+i)+ z (1-i) <2}
S Xty ox o xs = 24 ) Let z=x+1y
R 7 Now, |z-2| <1
and mean of  xy, Xy, X3, X4 = 5 N l(x-2) +iy| <1
2, 2
Xp Xyt X3+, 7 = (x-2y"+y <1
= =5 = It represents the region inside circle whose
4 2 . . .
Xt Xty +x, =14 o) centre is (2, 0) and Fadluf is 1. .
From eq. (1) and (2) Now, zI+i)+z (1-i)<2
w=24-1 =10 = i) (L) + @iy (1-) <2
4
variance of x;, X,, X3, X, X5 = 154 = x-y-1<0
25 , = It represents the all points which lies on and
:x12+x22+x32+x42+x52 :12_'_ 24 above the linex-y-1=0
5 25 5 Y
194 576 A0, g x-y-1=0
2 2 2 2 2_ 9% 9/6 o e T
=Sx "ttt tx xS = —+— =154 :
25 5 S
= xl + xz + x3 + x42 = 154 — (10)2 P
:>x1 +x2 +x3 + x,° =54 (1,0) C(ZO) > X
variance of xq, Xy, X3, X, = a ’
P+ x_,,2 +x,° 49 _
= 4 3 Fig.
54 49 Now, |z — 4i| represents distance of a point
=>Z_Z =a A (0, 4) from z.

Now, AP= /17 and AQ = /13

©|z—4i| . = AP and |z - 4i|,;, = AD

= 4da+x,=5+10=15 Let coordinates of point D be (cos 6 + 2, sin )
Now, (m),c =tan6 = -2

= a=

NI

Hint : Mean = E

1 2
n :cosez—ﬁandsinezﬁ
D’
Variance = =~ - =% (2 1 2 )
- - . . . . 2
. coordinates of point D is 55
% 24
Shortcut: —1 = = So, zl=2—i+ii and z, =1
55 NN
= Sx, = 24

2 2 2 2
0 = 20 AN Now, |z]| = ( _i) +(i)
5 5 25 J5 5

= x? =154

4
and x; + x, + x5 + x, = 14 - o] = JA+=——=+—
= x5 =10 2] V5
and x12+x22+x32+x42_§:a 5 /54

4 4 = |zy| = 5
= x2+ 1%+ x? +x4 =4q + 49
= x5 =154 — 4a - 49 5 5\/5_4
= 100 = 154 — 4a — 49 = |z |” =
= 40 =5 5
= 4a + x5 =15
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Now 5 (a4l + [ = 5 [ T 41

ow, =

w, 5 (|z; zZ, N
=30-4 5

>a+p.5 =30-45

= o=230,p=-4

oa+p =26
Hint :
(1) |z-2| <1, represents the region inside

the circle whose centre is (2, 0) and radius
is 1.

(ii) z(1 + i) + z (1-1i) < 2, represents all the
points which lies on and above the line
x-y-1=0

(iii)Find the required region using above

points and solve further.

82. Option (B) is correct.

dy V2

Explanation: Given: -~ t+
P dx 2 cos* x — cos2x

_ tan~! (/5 cot 2x)] . T
y = x el (5o X)],xe(O,ZJ

It is linear differential equation.

Comparing above differential equation with
dy

_+=,
» py =Q

NG

2 cos* x — cos 2x

weget, p=
and Q _ xetan’l(\/gcotZX)
Now, ILE =e¢

So, dex J»de

2cos* x — cos 2x

N jp.dx=jl 2 dx

> (2cos* x)2 — Cos 2x

N J-p.dx:J’ \/E dx

) (1+ cos 2x)2 —Cos 2x

242
- Jp.dx - '[1 + cos? 2x dx

J- 2\/5 sec? 2x

= |pdx=
JP 2+ tan? 2x

dx

Let t = tan 2x = di = 2 sec? 2x dx

:jpdx IJ([)H

= [pdx=13, } tan- (LZ)

tan 2x
dx =tan™
= v ( 2 ]

S IF=e

So, solution of the given differential equation is

given by y (IF) = jQ.(I.F.).dx

(tan ZxJ
- yeta“_l NP J‘xetan—l(ﬁcotbc).
tan 2x
tan—1( )
P V2
Now, tan™! (\/5 cot Zx) +tan”! (tan Zx)
W,
V2
e 2 cot 2x + tan 2x/7/2 n
) 1-1 T2
From equation (i),
tan 2x
yem_l( V2 ) = jen/zx dx
tan 2x T 2
tan—1 jad
= ye ( 2 ] = e2.—+C
v(5)-=
1) 32
2 = T2
2= 2 i
32 32
= C=0
put x = — in equation (ii), we get

3
1| -, 1= T 2
- T etan (o) o [ \g]: EETC—
18 18
tan ! (- a)+tar1’1[— \/g} K
= e = g2

3 T
= tan' (- o) + tan™ (_\E ] Dy

)

...(i)
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= (04 E =1
= o = 2
3
= 302 =2
Hint :
(i) Solution of linear differential equation
d
d—y + py = Q, where p and Q are the
X
function of x is given by y (LE) =
[Q.(LF.)dx

d
where LE = ejp *

X+
(i) Usetan x + tan'y = tan™! (1 _ xy}

1 1 _1(3()
———dx=—tan | —
(iii) Use I 422 P a

83. Correct answer is [26].
Explanation: Given: Equation of plane is
—x+ty+z=1
Points p(1,2,-1) and Q (2, -1, 3) lie on same side
of the plane.
Now, perpendicular distance of a point p from
plane-x +y +z-1=0is

-1+2-1-1} 1
JZ+12 413 V3

And perpendicular distance of a point Q from

plane-x+y +z1=10is

P - R |
22212 VB
dlzdz

—_—
. PQ is parallel to given plane.

So, distance between P and Q = distance
between their foot of perpendiculars

= |P—Q>| :\/(2—1)2+(—1—2)2+(3+1)2
=26
= =26

= 42 =26

Hint :

(i) Perpendicular distance of a point P and
Q from the plane is same.

(ii) Distance between two points (x;, ¥, 21)
and (x,, ¥y, 2,) is given by

Je P + s - ) + (2 - 2)

Shortcut : Points P and Q lie on same side
of plane. Perpendicular distance of a point P
and Q from the plane —x + y + z = 1is same.

So, distance between the foot of

perpendiculars = PQ

= A2 W+ (- 12 + B+ 12
= 26

= d* = 26

84. Correct answer is [32].
Explanation: Given: 3 cos?26 + 6 cos 20 — 10 cos?
0+5=0;,0€e [4m,4n]
= 3005220 + 60520 -5 (1 + cos20) +5=10
{+2cos?0 =1+ cos 20}
=3 3c0s*20 + cos 20 =0
= c0s20 (3cos2060 +1) =0

= c0529=00rc0526=—%
Case-1 If cos 20 =0
= 26=2n+1)g;nel
= 0=@Qn+1) =
4
= 0=+2,+3% 457 . +15%
47774774 4

.. For 0 € [-4mn, 4n], 16 values of 0 is possible for

this case.
Case-2 If cos 292—%
Let Cosocz—1
3

SN L.

= o = Cos 3] e |3
e

= 20 =2nm* o 0 € (E,TE)
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= 0 =nm=x

(SRES]

- For® e [-4m, 4n], 1
this case.

(o)

So, number of elements in the set S is 32.

values of 6 is possible for

Hint :

(i) Draw the graph of y = cos® @ and y = 20
+ /2 and find intersection point of both
graph.

Hint :
further.
i ;ne L
2

2nm = o; ae (0, m)

(i) Simplify given trigonometric equation
using 1 + cos 20 = 2 cos? 6 and solve

(ii) General solution of cos x = 0isx = (21 + 1)

(iii) General solution of cos x = cos o is x =

4m, 47t for this case.
.. Total solution = 32 for 6 € [ 4m, 47]

Shortcut : 3 cos? 20 + 6 cos 20 — 10 cos? 0 + 5

Shortcut: 20—-cos20 + 2 =0

= cos’0 =20 + \/E
/\y
y=20+2 )
\ / y=cos“0
< Vi
-n o)
2 / 2

Since, both graphs intersect at one point
So, Number of solution for given equation is 1.

=0
= 3cos?20 + cos20 =0
= co0s 20 = 0 or cos 20 =—%
If cos 20 =0
b

= 9=(2n+l)z,nel
.. For 0 € [ —4m, 4], 16 values of 0 is possible.
If cos 206 = — 1

3

Similarly, 16 values of 0 is possible for 6 € [-

85. Correct answer is [1].
Explanation: Given: 20 — cos® 0 V2 =0
=c0s’0 =20+ 2
Lets draw the graph of y = cos? 0 and y
=20+ 2

J
y=20+\2 )
y=cos“0

<\_/ >0
3/

(ST

-~ Both graphs intersect at one point.

.. Number of solution for given equation is 1.

86. Correct answer is [29].

Explanation: Let A = 50 tan

) )

+4+2 tan (% tan—l(zﬁ))

1 _
Let B = tan (Etan 1(2\/5))
Let 20 = tan™ (2/2);20 € (—g,g)
tan 0 =2\/§
2 tan 6
= — =2\/§ L1
1-tan?0 ®
= 22 tan?0 +2tan0-22 =0
= 22 tan’0 + 4tan6-2tan6-22 =0
= (tan 6 + v2) (242 tan0-2) = 0
1
= tan9=—\/§ or —
V2
0 e (_E,E)
4 4
tan © = — /2 is not possible
So, tan0 =

B

Sl- &

= tan™! (2)

N——

1
1 =
Now, cos ( 5
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1 1
Let C = tan | 3tan! (—) +2cos™ (—D
( 2 NG

= C = tan
-1 1 -1 1 -1
tan™ | = [+2tan"" | = [+ 2 tan” (2)
2 2
1 1 +2
= C = tan | tan™ (—) +2|tan!
2 1-1
= C = tan | tan™ (1) +2 (E)J
2 2
_ a1
= C=tan | n+tan 5
)
=>C=tan |tan | =
2
=C= 1
2
1 1
A= —|+42| =
=A=25+4=29
Hint :
1
(i) Convert cos™ (ﬁ) in terms of tan’!
e simplify further using tan™ x + tan™
X+
tan”! ( . x]/ J
Y= 4
(ii) Assume 20 = tan’! (2\/5 ) and solve
further.

Shortcut: Let A = 50

4(1 4 1
tan (3 tan (E) + cos (ED
+4+/2 tan (% tan™! (zw/Z))

Let B = tan (% tan™ (2\/5) and

EE

T T
Let 20 = tan™" (2\/5)} 20 e |:— 5 E:|

= tan20= 2\/5

= tan0 =

B:

Sl- &

Now, C =tan (3 tan~! G) +2 tan‘l(z))

= C = tan (tan_l (%) + n)

= C=1
2
1 1
A=50 = +4J§(—)
s
= A =29

87. Correct answer is [3395].
Explanation:
fo) =@+ 2P+ (1-A)x+2k
(D)
and f(x + y) = f(x) + fly) —xy Vx,y € R
i SO =) e fy) -2y

y=0 Y y—=0 y
= fx) =f(0)—x
flx) = —%xz + f(0).x + A
butf(0))=0=1=0
flx) = —%xz + (1-0c)x (2)
as f=1-¢

Comparing equation (1) and (2)

We obtain, ¢ = —%

1, 5

X) = —=x"——x

f@) = -5 -2
252, fx)| = £2 224252

2

= 2870 + 525 = 3395

88. Correct answer is [88].
Explanation: Given: Equation of hyperbola is
2 2
x
H: 5 -% —10>0b>0
a b
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89.

J11 o a _ -b

Andeccentrlatyolese:T "1+15 2-15 1045

And sum of length of transverse and conjugate = a=16A,b =13\, c = 15A
axisisZa+2b=4(2\/E+\/ﬂ) = o =133=15
o+ p =28
bZ Hint :
Asweknow, e = ,[1+— (i) Equation of plane passing through (x;,
a .
) Y1, 21), (X2, Yo, 2) and (x5, i3, 25) is given by
= 62=1+b_2 X=X Y-y z-z
a Xp=X1 Ya—Y1 Z—7%| =0
11 b X3 =X1 Y3 — Yg NZagy
= — =1+ —
(ii) Line of intersection of the planes is
- P = 7 2 perpendicular to the both normal vector
of planes.
= b= ﬁﬂ = PN ~
2 Shortcut : Given : Py : r,(21+]—3k)=4
20+ 2b = 4 (242 +14) = Pp:2x+y-3z =4
X Vgl 3 47—
= 2a+ ﬁﬂ =4(2\/E+\/ﬁ) And PZ: 0 1 -5 =0
-1 -1 0
= a (2+V7) = 42 24 7)
= Py:-bx+5y+z+23 =0
= a= 42 Let a, b, ¢ be direction ratios of the line of
N b= 214 intersection of plane P, and P,
-b c
@+ = (42) +(2414) 1415 T 2-15 10+c
= 32 + 56 = 88 = a =16A,b =13\, c = 151
Correct answer is [28]. = a=13pB=15Pa+p =28

Explanation: Given: P; : , (Zi +j-3 k) =4 90. Correct answer is [18915].

=P 2x+y-3z=4 Explanation: b; € {1,2,3, .......... , 100}
Now, equation of plane passing through points Let P = setwhen b, b,, by are consecutive.
(2,-3,2),(2,-2,-3)and (1, - 4, 2) is given by 97 +97 +97 +....97

(x-2) (y+3) (2-2) o n(P) = % Gmes =97 %98

(2-2) (=2+3) (=3-2) =0 Let 6 = setwhen b,, b;, b, are consecutive.

1-2) (-4+3) (2-2)

_97+97+ .97
x—-2 y+3 z-2 n(Q) = 98 times =97 x 98
= 0 1 -5| =0 Now, PNQ = set when by, b,, b;, b, are consecu-
-1 -1 0 tive.
So, n(PUQ) = n(P) + n(Q) — n(PNQ)

= (@-2)5-+3)(5)+z-2)=0 =97 X 98 + 97 x 98-97
= -bx+5y+z+23=0 =97(98 +98-1)
: Py:—5x+5y+2z+23=0 =97 (195)
Let a, b, ¢ be the direction ratios of the line of _ 18915

intersection of plane P; and P,
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Hint :

(i) There are 98 sets of three consecutive
integer and 97 sets of four consecutive
integer.

(ii) n(AUB) = n(A) + n(B) — n(ANB)

Shortcut : There are 98 sets of there
consecutive integer and 97 sets of four
consecutive integer.

Number of permutation of b; b, by b, =
(Number of permutation when b;, b,, b; are
consecutive) + (Number of permutations
when b, b; b, are consecutive) — (Number of
permutation when b; b, b; b, are consecutive)

=97 X 98 + 97 x 98 -97

=97 (98 + 98 - 1)

= 18915

aaa



