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Sol.

Sol.

Sol.

SECTION - A
A Copper (Cu) rod of length 25 cm and cross- sectional area 3 mm? is joined with a similar
Aluminium (Al) rod as shown in figure. Find the resistance of the combination between the ends
Aand B
(Take Resistivity of Copper = 1.7 x 1078 ¢« m Resistivity of Aluminium = 2.6 x 1078 ¢+ m)

A— B
QA )
(1) 1.420 mQ (2) 0.0858 mQ (3) 2.170 mQ (4) 0.858 mQ
4
1 1 1
— =4 —
R R, R,

_RRy L pp
Ri+R; A py+p;
R - 25x10% 1.7x2.6x107'°

= X
3x10°° 4.3x10°8
R =0.858mO

A porter lifts a heavy suitcase of mass 80 kg and at the destination lowers it down by a distance
of 80 cm with a constant velocity. Calculate the workdone by the porter in lowering the
suitcase. (take g = 9.8 ms-2)

(1) + 627.2] (2) -62720.01] (3) 784.0 ] (4) -627.2]

4

Woorter + Wmg = AKE. =0

Woorter = _ng =-mgh
=-80x9.8%x0.8=-627.2]
An electron of mass m. and a proton of mass mp are accelerated through the same potential

difference. The ratio of the de-Broglie wavelength associated with the electron to that with the
proton is :-

m, m, m,
(1) \/m:E (2) m, (3)1 (4) m
1

P

Kinetic Energy = eAV
h

he J2m.(eav)

h

Ay = —
P Q/Zmp(eAV)
oo te Mo
}“P me
What should be the height of transmitting antenna and the population covered if the television
telecast is to cover a radius of 150 km ? The average population density around the tower is
2000/km? and the value of R, = 6.5 x 10 m.
(1) Height = 1731 m Population Covered = 1413 x 10°
(2) Height = 1241 m Population Covered = 7 x 10°

(3) Height = 1600 m Population Covered = 2 x 10°
(4) Height = 1800 m Population Covered = 1413 x 108
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Sol. 1
Radius coverd r = JZRHT
150km = /2 (6.5 x 10°m|Hy

(150kmx10°)? =2x6.5x10°H;

H; =1731m

Population covered = (nr?)(2000 / km?)
=3.14x(150)? x2000 = 1413 x10°

5. In a circuit consisting of a capacitance and a generator with alternating emf Eg = E, sinot , Vc
and I¢ are the voltage and current. Correct phasor diagram for such circuit is :

N

@ ——c|Vvc

A4
Ic Ve Ve
(1) ot s @ < RN
Ic
Y
Ic ¢
Ve ¢
(3) 4) < AN
ot
Ic
Sol. 1
In capacitor, current lead voltage by g
6. Intensity of sunlight is observed as 0.092 Wm™ at a point in free space. What will be the peak
value of magnetic field at that point ? (oo = 8.85 x 107 *C°N"'m™)
(1)8.31T (2)5.88T (3)1.96 x 10T  (4)2.77 x 108 T
Sol. 4
2
Lyg = BiCe L =g, C?
2up Mo
2
21
B —
0 o c3

B, =2.77x107°T
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Sol.

Sol.

Sol.

10.

Statement I : The ferromagnetic property depends on temperature. At high temperature,
ferromagnet becomes paramagnet.

Statement II : At high temperature, the domain wall area of a ferromagnetic substance
increases. In the light of the above statements, choose the most appropriate answer from the
options given below :

(1) Statement I is true but Statement II is false

(2) Both Statement I and Statement II are true

(3) Both Statement I and Statement II are false

(4) Statement I is false but Statement II is true

1

As temperature increases, domains disintegrate so ferromagnetism decreases and above curie
temperature it become paramagnet.

What will be the projection of vector A= i+ j+K on vector B=i+]"

ML i+ ) (2 (i+75) (3) 2((+5+K) (4) 2(7+5+K)
2

Projection of vector A on vector B

(Acos e)B A (

BN R |
el

Consider a situation in which a ring, a solid cylinder and a solid sphere roll down on the same
inclined plane without slipping. Assume that they start rolling from rest and having identical
diameter.
The correct statement for this situation is:-
(1) The sphere has the greatest and the ring has the least velocity of the centre of mass at
the bottom of the inclined plane.
(2) The ring has the greatest and the cylinder has the least velocity of the centre of mass at
the bottom of the inclined plane.
(3) All of them will have same velocity.
(4) The cylinder has the greatest and the sphere has the least velocity of the centre of mass
at the bottom of the inclined plane.
1
_gsin®
1+ I
mR?
L. >1I

ring solid cylinder

> Isolid sphere

= ding <4a

ring solid cylinder >a

solidsphere

= Vring < VsoIidcyIinder

Choose the correct option :

(1) True dip is not mathematically related to apparent dip.
(2) True dip is less than apparent dip.

(3) True dip is always greater than the apparent dip.

(4) True dip is always equal to apparent dip.

< Vsolid sphere
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Sol. 2
If apparent dip circle is at an angle a with true dip circle then
True dip circle
> By
o
B
tan ¢ = %
BH
v
Bv
Apparent dip circle
» B, cos a
¢l
N = e " oose
v
Bv
Ascosa <1
Hence true dip (¢) is less than apparent dip (¢")

11. The motion of a mass on a spring, with spring constant K is as shown in figure. The equation of
motion is given by x(t) = Asinot + Bcosot with o = \/% Suppose that at time t = 0, the
position of mass is x(0) and velocity v (0), then its displacement can also be represented as
x(t) = Ccos(wt -¢), where C and_ ¢ are :

/ rEETVEES
v
I X 1
2v(0)? > -1 [ X(0)o v(0)’ 2 -1 [ X(0)o
1) C= x(0)*, ¢ = tan 2) C= x(0)* , ¢ = tan
(1) X0, ¢ o) @ ,/m2+()¢ v0)
0) 2
PO o {Lj MO e et (V(O)
(3) C= = +x(0)°, ¢ = tan x(0)o (4) C= 7 +x(0)°, ¢ = tan X(0)o

Sol. 4
X = A sin ot + Bcos ot
V= d_x = Aw cos ot —Bo sin ot

Att=0,x(0)=B
v (0) = Aw
x = A sin ot + B sin (ot + 90°)
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Anet

P ————

Ao = A2 + B2

B A
tana = — = cota = —
A B

= x=+yA? +B? sin(ot + o)

= X =+vA? +B? cos(wt — (90 - o))
x = C cos(ot - ¢)

= C=+A?+B?

c- J oL, EOR

2
0=90-a

tana =cosa =
v (
X(O).co

_ -1 v(0)
¢ = tan [—X(O)mj

L2 >

= tan¢ =

12. Ty is the time period of a simple pendulum at a place. If the length of the pendulum is reduced

to % times of its initial value, the modified time

(1) 8z To (2) 4T, (3) To (4) %To

Sol. 4
Time period of a simple pendulum

l

Ty =2m, [—

-2t
New time period T = 2n/f/_16 = @\F
g 4\g

T=To
4

13. What will be the average value of energy for a monoatomic gas in thermal equilibrium at
temperature T?

(1) keT (2) % keT (3) % keT (4) % keT
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Sol. 2
As per Equi-partition law :
Each degree of freedom contributes

% kg T Average Energy

In monoatomic gas D.O.F. = 3

= Average energy = 3 x %kBT = ngT

14. Consider a situation in which reverse biased current of a particular P-N junction increases when
it is exposed to a light of wavelength ¥ 621 nm. During this process, enhancement in carrier
concentration takes place due to generation of hole-electron pairs. The value of band gap is

nearly.

(1)1ev (2) 4 eV (3) 2 ev (4) 0.5 eV
Sol. 2

Band gap = %

0
Where %, =threshold wavelength

Band gap = 124622(3% = 2ev

15. A body is projected vertically upwards from the surface of earth with a velocity sufficient
enough to carry it to infinity. The time taken by it to reach height h is S.

1 2R, h )" 2R, hY"”

M 35 ““R_J —1] @ [ HHR—J —1]
1 [R, h Y’ R, h Y

(3) 5 E I:[1+R_GJ —1] (4) \/;I:[l'FR—e] —1]

Sol. 1
IZ V2=V

V; = ZF({;—M = Escape velocity

e

Applying energy conservation from (1) to (2)

1 2GM} GMm 1 _ >, GMm
-m. - =_mv° -
2 | R, R, 2 R+r
1 5, GMm
= —mv‘ =
2 R+r

,_ [oM _ar
“\VR+r dt
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= J2GM|dt =RTh(\/R+r)dr
R

3/2
el [2Relfq Py
3V g Re

16. A bullet of '4g' mass is fired from a gun of mass 4 kg. If the bullet moves with the muzzle
speed of 50 ms™}, the |mpulse imparted to the gun and velocity of rec0|l of gun are :

(1) 0.4 kg ms™, 0.1 ms (2) 0.2 kg ms™, 0.1 ms™
(3) 0.2 kg ms™!, 0.05 ms™ (4) 0.4 kg ms‘l, 0.05ms™
Sol. 3
M 50 - v
— —_—
()<=
|/ 4 gm
4 kg

By momentum conservation
4 x103(50-v)-4v=0
_ 4x107 x50
4+4%x1073
Impulse =] = mv = 4x0.05 = 0.2 kgms™

~ 0.05ms™!

17. Match List-I with List-II :

List-1 List - I1

(@) oL > iC (i) Current is in phase with emf
(O]

(b) oL = iC (ii) Current lags behind the applied emf
(O]

(c) oL < LC (iii) Maximum current occurs
()

(d) resonant frequency (iv) Current leads the emf

Choose the correct answer from the options given below :
(1) (a) - (iv) ; (b) - (iii) ; (c) - (ii) ; (d) - (i)
(2) (a) - (i) ; (b) = (i) ; () - (iv); (d) - (ii)
(3) (a) = (ii) ; (b) = (i) ; (c) - (iv); (d) - (iii)
5?4) (@) = (i) ; (b) = (i) ; (c) - (iii) ; (d) = (iv)

Sol- (_a}) For x_ > Xc , voltage leads the current
Eg% For x_ = Xc , voltage & current are in same phase
Eg) For x. < Xc , current leads the voltage
Elc\ll); For resonant frequency x_. = Xc, current is maximum
ifi
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18.

Sol.

19.

Sol.

An electric dipole is placed on x-axis in proximity to a line charge of linear charge density
3.0 x 10°® C/m. Line charge is placed on z-axis and positive and negative charge of dipole
is at a distance of 10 mm and 12 mm from the origin respectively. If total force of 4 N is
exerted on the dipole, find out the amount of positive or negative charge of the dipole.

(1) 815.1 nC (2) 8.8 puC (3) 0.485 mC (4) 4.44 uC

4

A
v
A
v

>
8§+ + ++ + + + + + 8

r=10mm, x =2

= 2k

FQ‘ = T-q

= 2k

F_q‘ Trax

.2

E ol 2krg.x
" r(r + x)

4_ 2x9x10° x3x10° xgx2mm
- 10mm.12mm

q=4.44 ,C

A ray of light passes from a denser medium to a rarer medium at an angle of incidence j. The
reflected and refracted rays make an angle of 90° with each other. The angle of reflection and
refraction are resepectively r and r'. The critical angle is given by :

1

(1) sin! (tanr) (2) sin™? (tanr) (3) sin"*(cotr) (4) tan*(sini)Sol.
1

r+r +90°=180°=r"=90-r=90-i

By using snell’s law

Ny sini=nysinr =n,sin (90 - i)

L. . . n
nysini=n,cosi=tani= —*%
ny
) n, .
Now sinC = —= = tani
ny

= C=sin! (tani) = sin”! (tan r)
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20. A nucleus with mass number 184 initially at rest emits an a-particle. If the Q value of the
reaction is 5.5 MeV, calculate the kinetic energy of the «- particle.

(1) 5.0 MeV (2) 5.5 MeV (3) 0.12 MeV (4) 5.38 MeV
Sol. 4
4v/180 v
. .
Rest
2
Lamw? + L asom)[ 2] Z5.5Mev
2 2 180
2
= Yamv?|14a5(-2 ) |- 5.5Mev
2 180
KE, = LZ MeV
4
1+45.| —
" (180)
K.E.n» = 5.38 MeV
Section-B
1. The position of the centre of mass of a uniform semi-circular wire of radius 'R' placed in x-y
plane with its centre at the origin and the line joining its ends as x-axis is given by (O,ﬁj.
T
Then, the value of |x| is
Sol. 2
. L 2R
COM of semi-circular ring is at —
T
R COM
Y
Centre
Distance from centre = x = 2
2. In an electric circuit, a call of certain emf provides a potential difference of 1.25 V across a load
resistance of 5 Q. However, it provides a potential difference of 1 V across a load resistance of
2 Q. The emf of the cell is given by %V. Then the value of x is .
Sol. 15
I R
E,r
|
[ |

A\
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ER

Terminal voltage v = iR =
R+r

fte125=E§L(0
5+r

o 1 E@)
+r
By (i) and (ii)
r=1Q,E= EV = EvoIt
2 10

= x =15

(i)

3. In a given circuit diagram, a 5 V zener diode along with a series resistance is connected across
a 50 V power supply. The minimum value of the resistance required, if the maximum zener
current is 90 mA will be Q.

I I,

R I

o
V=50 Vg /_:/ %RL oV
Z

Sol. 500
I I,

(n
6 W % Ry sz

Vi=50V 4 /sz

Voltage across R, = 5V
=iy = i
RL
Also voltage across R = 50 - 5 = 45 volt
\% 45

By v=iR=>R=—=—-
i+

45

90mA + >

RL
Current in zener diode is maximum when R — o«
(ipb>0andi; =1i)

45
So R=——"=500Q
90mA

R:

4. A ray of light passing through a prism (u = \/5) suffers minimum deviation. It is found that the
angle of incidence is double the angle of refraction within the prism. Then, the angle of prism is
(in degrees)
Sol. 60

At minimum deviation r; =r, :%

Also given i = 2r; = A
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Now 1 sini = \Esinr1
1sinA:\/§sin§

A A A
= 2sin—cos— =+3sin—
2 2 3 2
= Cosé:ﬁ:é:30°
2 2 2
= A = 60°
5. The total charge enclosed in an incremental volume of 2 x 10™° m? located at the origin is

nC, if electric flux density of its field is found as

D =e*sinyi —e™*cosyj+2zk C/m?
Sol. 4
Electric flux density

@=haoe.p. Qg |2 ¢
Area 4nr dn ey r
~ = X X ~ ~
:E:R: e ”’sinyi —e ™ cosyj+2zk
o S0

Also by Gauss's law
LR (A R S o = A S SR el
oX oy 0z =
a —X a —X a
= p=—(eXsin —(-e ¥ cos —(2z
p= (e siny)+ ¢ Y)+ < (22)
p=-eXsiny+e*siny+2

At origin p=-e%sin0+esin0+2

p=2C/m’
Charge = p x volume =2 x 2 x 10° =4 x 10° = 4nC

6. The area of cross-section of a railway track is 0.01 m?. The temperature variation is 10°C.
Coefficient of linear expansion of material of track is 107>/°C. The energy stored per meter in
the track is J/m.
(Young's modulus of material of track is 10! Nm™))

Sol. 5

Elastic energy = g(strain)2 x Area x length
. . Y .2
= Elastic energy per unit length = E(straln) x Area
(strain = % = oAT =107 x10 = 10‘4j

1011

« (10—4)2 «x102 =51/ m
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Sol.

Sol.

Three students S;, S, and S; perform an experiment for determining the acceleration due to
gravity (g) using a simple pendulum. They use different lengths of pendulum and record time
for different number of oscillations. The observations are as shown in the table.

Student |Length of  |No. of Total time for n
N jpendulum |oscillations oscillation[Time
o. (cm) (n) s period (s)
1. 64.0 3 128.0 16.0
. 64.0 4 64.0 16.0
3. 20.0 4 36.0 9.0

(Least count of length = 0.1 m least count for time = 0.1 s)
If E;, E; and E; are the percentage errors in 'g' for students 1, 2 and 3 respectively, then the
minimum percentage error is obtained by student no.

1
2
T-2n |t =g=22!
g T
Ag _ Al 2AT
g 1 T

_ least count of time (AT,)
"~ number of oscillations(n)
Ag _ AL 2AT,
g 4 nT

As Aland AT,same for all observations so % is minimum for highest value of , nand T

Minimum percentage error in g is for student number-1

Three particles P, Q and R are moving along the vectors A = AI + Aj, B= Aj+ k and C= —Ai + AJ
respectively. They strike on a point and start to move in different directions. Now particle P is
moving normal to the plane which contains vector A and B. Similarly particle Q is moving
normal to the plane which contains vector A and B. The angle between the direction of

motion of P and Q is cos™ (iJ Then the value of xis

Jx
3
Direction of P =¥, = + 2B _1-I+kK
e B
Direction of Q = V, =+ 'f‘X(E L S
‘AXC‘ 2

Angle between v,and v,
Vb, #1/43 1
W, @@ B

=X =3
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9. In 5 minutes, a body cools from 75°C to 65°C at room temperature of 25°C. The temperature
of body at the end of next 5 minutes is °C.
Sol. 57
By newton’s law of cooling (with approximation)
AT
At = _C(Tavg -T)
o
1%t ﬂ =-C(70°C-25°C)
5min
= C=2Z mint
45

ond T_—€_55=—C T+65_25 _ i T+15
5min 2 45 2

=  9(T-65)=-(T+15)
= 10T = 570
= T =57°C

Alternate Solution :
Newton’s law of cooling (without approximation)

T, -Ts =(T, - Tg)e™

4
5
2 T_25-(65-25)eC - 40><§ _32

1%t 65— 25=(75-25)e¢ = € =

T = 57°C

10. The centre of a wheel rolling on a plane surface moves with a speed v,. A particle on the rim of
the wheel at the same level as the centre will be moving at a speed JX Vo. Then the value of

X is
Sol. 2
O)R (D\
A
Vg —» Vo
C
(0]

For no slipping vo =oR
NOW Vv, = Vg = V2 + (@R )’

= X =2
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