Physics 2013 (Outside Delhi)

Time allowed : 3 hours
1. Two charges of magnitudes -2Q and +Q are
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turns, mutual inductance increases.

located at point (a, 0) and (4a, 0) respectively. 3. The graphshownin theﬁgurerepresentsaplbtof
What is the electric flux due to these charges current versus voltage for given semiconductor.
through a sphere of radius “3a’ with its centre at Identify the region, if any, over which the
the origin ? (11 semiconductor has a negative resistance. [11
Answer : Gauss’s theorem states that the electric &
flux through a closed surface enclosing a charge B
1
is equal to o times the magnitude of the charge g
0 =
enclosed. The sphere encloses a charge of -2Q ‘E ¢
thus, ¢ = 2Q a| #
€9
. Voltage (V) o
Answer : Resistance of a material can be found
B W e~ out by the slope of the V-I curve. Part BC of the
0.0 (a:0) 350) #a0) curve shows the riegative resistance as with the
increase in voltage, current decreases.
4, Two identical cells, each of emf E , having

How does the mutual inductance of a pairs of
coils change when
(i) distance between the coils is increased and

negligible internal resistance, are connected
in parallel with each other across an external
resistance R. What is the current through this
resistance ? [1]

(ii) number of turns in the coils is increased ? E

11 / )
Answer : (i) As ¢ = MI, with the increase in the &
distance between the coils, the magnetic flux \l
linked with the stationary coil decreases and
hence the mutual inductance of the two coils will
decrease. ‘
(ii) Mutual inductance of two coils can be found A
out by B

M = Mo MM Al

ie., M «< myny so with the increase in number of

Answer : The cells are arranged as shown in
the circuit diagram. As the internal resistance is
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negligible, so total resistance of the circuit = R.
E‘ 0
The motion of copper plate is damped when it is
allowed to oscillate between the two poles of a
magnet. What is the cause of this damping ? [1]
Answer : As the copper plates oscillate in
the magnetic field between the two poles of
the magnet, there is a continuous change of
magnetic flux linked with the copper plate. Due
to this, eddy currents are set up in the copper
plate which try to oppose the motion of the plate
according to the Lenz’s law and finally bring it to
rest
Define the activity of a given radioactive
substance. Write its S.I, unit. 11l
Answer : Activity of a radioactive substance is
defined as number of radioactive disintegrations
taking place in one second in the sample.
S. L unit of activity is Becquerel (Bg).

1 Becquerel = 1 Bq = 1 decay per second.

So, current through the resistance, I =

.. Welders wear special goggles or face masks

with glass windows ta protect their eyes from
electromagnetic radiations. Name the radiations
and write the range of their frequency. (1]
Answer: Welders wear special goggles with glass
windows to protect the eyes from ultraviolet
rays (UVY rays). The mange of frequency of UV
rays is 8 x 10"*Hz to 3 x 10'SHz.

Write the expression for the de-Broglie
wavelength associated with a charged particle
having charge ‘q" and mass ‘m’, when it is
accelerated by a potential V. 11
Answer: Let v be the velocity gained by the given
charge particle when it is accelerated through a
potential difference of “V* volts,

Kinetic energy of the particle = %m’az .

Kinetic energy of the particle = Work done on the
particle by electric field.

%mv2 = gV
2
P
or — =
2m b

p = J2mgv

de-Broglie wavelength {A) associated with the
particle,

**Answers 1s not glven due to change in the present syllabus.
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Draw a typical output characteristics of an #-p-#
transistor in CE configuration. Show how these
characteristics can be used to determine output
resistance.** [1l
A parallel beam of light of 500 nm falls on a
narrow slit and the resulting diffraction pattern
is observed on a screen 1 m away, It is observed
that the first minimum is at a distance of 2.5
mm from the centre of the screen. Calculate the
width of the slit. {1l

Answer : The distance of the #1' minimum from
nDA

the centre of the screen is, x,=

Where, D = distance of slit from screen =1 m
A = wavelength of the light = 500 x 10-7m
a = width of the slit
For first minimum, » =1
1(1) (500107}
a

Thus, 25x10°=

g=2x10%m

g =02mm

A slab of material of dielectric constant K has
the same area as that of the plates of a parallel
plate capacitor but has the thickness 4/2, where
d is the separation between the plates. Find out
the expression for its capacitance when the slab
is inserted between the plates of the capacitor.
[2]
Answer: Initially when there is vacuum between
the two plates, the capacitance of the two parallel
plate is
A
Co=
Where, A is the area of parallel plates.
Suppose that the capacitor is connected to a
battery, an electrie ficld Ey is produced.
Now, if we insert the dielectric slab of thickness

= -g, the clectrie ficld reduces to E.

Now, the gap between plates is divided in two
parts, for distance ¢ there is electric field E and
for the remaining distance (2 - £} the electric field
is Eo.

If V is the potential difference between the plates
of the capacitor, then V.= Et + Eg (d-1}.
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. A capacitor, made of two parallel plates
each of plate area A and separation d, being
charged by an external ac source, Show that
the displacement current inside the capacitor is
same as the current charging the capacitor.  [2]
Answer : Let the alternating emf charging the
plates of capacitor be E = Ej sin wf.
Charge on the capacitor,
q = CE =CEg sin ot

Instantaneous current is I.
dg 4 .
— = — (CEg sinwf)
dt  dt

= WCEp cos Wt

= Iycos ot (i)
where, [j = 0CE

Displacement current,

4(E)
R

_oadfaYy a4
B EﬂAdt(SOA] [ E_E,OA]

— i CEO sin wf
= SoA dt (—%A ]

d :
=g (CE, sin ot}

[¢=EA]

= WCEy cos ®f

Il

Ip cos wi (1}

From equations (i) and (ii), the displacement
current inside the capacitor is same as the current
charging the capacitor.

13. Explain the term ‘drift velodty’ of electrons in a

conductor. Hence obtain the expression for the
current through a conductor in terms of ‘drift
velodity’. [3]
OR

Describe briefly, with the help of a circuit
diagram, how a potentiometer is used to
determine the internal resistance of a cell.
Answer : Drift velodty of electrons in a
conductor : Metals contain a large number of
free electrons. These electrons are in continuous
random motion. Due to the random motion,
the free electrons collide with positive metal
ions with high frequency and undergo change
in direction at each collisicrn. So the average
velocity for the electrons in a conductor is zero.

Now, when this conductor is connected to a
source of emf, an eleciric field is established in

the conductor, such that
B
L
Where, V = potential difference across the
conductor and,

L = length of the conductor-
The eleciric field exerts an electrostatic force
'—Ee’ on each free electron in the conductor.
The acceleration of each electron is given by
—
» ¢E

14

Where, ¢ = electric charge on the electron and
n = mass of electromn.

The negative sign indicates the force and hence
the acceleration is in a direction opposite o
the direction of the electric field. Due to this
acceleration, the clectrons attain a2 velocity in
addition to thermal velocity in the direction
opposite to that of electric field. The average
velocity of all the free electrons in the conductor
is called the drift velocity of free electrons of the
conductor,

Thus, the expression for the drifi velocity in
electric field (E}

E
€
; = —% 2 ...(i)

Wheret= rclaxationﬁglcbchvccn two successive
collision,

Let » = number density of electrons in the
conductor. >

No. of free electrons in the conductor = #AL
Total charge on the conductor, g = nAlLe

Time taken by this charge to cover the length L of

the conductor,
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Measurement of internal resistance of a cell
using potentiometer is shown in figure. The cell
of emf, E is connected across a resistance box (R)
through key K>

n—nrt’
1

When K is open, balance length is obtained at
length AN1=}4
Eeel 1
E=0f (i)
When K3 is closed : ;
Let V be the terminal potential difference of cell
and the balance is obtained at AN =z

Vocly
V=0l w(it)
From equations (i) and (ii), we get
%= % i)
But E=I{r+R)
¥V=IR
E _ r+R .
VR woiv)
From cquations (iii) and (iv), we get
R+r _ 4
R 4

a(t-)

We know Iy, Iz and R, so we can calculate r.

** Answers ia not given due to change in the present syllabus.
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14. A convex lens of focal length f; is kept in contact

15.

17

with a concave lens of focal length f. Find the
focal length of the combination, [21
Answer : For convex lens, focal length, f= f; and
for concave lens, the focal length, f= —f2

The equivalent focal length of a combination of
convex lens and concave lens is given as :

I 1 1

FTETR
_ Ak

In the block diagram of a simple modulator
for obtaining an AM gignal, shown in the
figure, identify the boxes A and B. Write their

functions.** [2]
£ AM
N TN gy FAVN ey B BN
modulating wave
signal ‘I‘
carmier
wave

. In the circuit shown in the figure, identify the

equivalent gate of the circuit and make its truth
table.** [2]

A._|:>A'_
se—{ | P—

(a) For a given ac., i

im sin Of, show

that the average power dissipated in
a resistor R over a complete cycle is
1.2

;t m.R'

(b} A light bulb is rated at 100 W fora 220 V a.c.
supply. Calculate the resistance of the bulb. [2]
Answer : {a) The average power dissipated

P = |2 R|=[i2 R sin® o]

= 2 Rsin o]
sin? @f = %(1—50520)2)
. 2 1 1
= ism (an = E(l—]cosZtot])=§
[ (]cos 20£}) = 0]
-
P= '-?-.-IMR

(b} Power of the bulb, P = 100 W and voltage, V=
220V. .
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The resistance of the bulb 125 given as
Vv
R = ?
_ (220)?
100

=484 Q

A rectangular conductor LMNOQ is placed in
a uniform magnetic field of 05 T. The field
is directed perpendicular to the plane of the
conductor. When the arm MN of length of 20 cm
is moved towards left with a velocity of 10 ms~,
calculate the emf induced in the arm. Given the
resistance of the arm to be 5Q (assuming that
other arms are of negligible resistance) find the
value of the current in the arm. [2]

XLXEX x wf§x, X

X [ X X x X xTX

X [X X x*xgx X

X [X % X XEx| X

X [X x x X gj(lx

X X X X XJEx x
OR

A wheel with 8 metallic spokes each 50 cm
long is rotated with a speed of 120 rev/min in
a plane normal to the horizontal component of
the Earth’s magnetic field. The Earth’s magnetic
field at the place is 0.4 G and the angle of dip is
60°. Calculate the emf induced between the axle
and the rim of the wheel. How will the value nf
ewnf be affected if the number of spokes were
increased ?
Answer : Let ON be x at some instant.
The emf{ induced in the loop =&.
4 _-A@lx)
a - dt

—dx
Bz(?)
= Blp=05x02x 10

™
]

Current in the arm,

I'=

H=Bcos =04 cos 60°=02 G=02 x 107*T.

This component is parallel to the plane of the
wheel. Thus, the emf induced is given as,

E= lBlzm

2

Where,m= M
I3

1 1 2 2%x3.14 %120
E= =x02x107" X053 X —MM

2 @3} 60
=3.14 x 1075V

The value of emf induced is independent of the
number of spokes as the emf across the spokes
are in parallel. So, the emf will be unaffected
with the increase in spokes.

Define the current sensitivity of a galvanometer.
Write S.L, unit, Figure shows two circuits each
having a galvanometer and a battery of 3 V.
When the galvanometers in each arrangement do
not show any deflection, obtain the ratio Ry/R>.
' [2]
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Answer : Current sensitivity of a galvanometer
is defined as the deflection in galvanomcter per
unit current. Its 5I unit is radians/armpere,

40 R,

8Q 8Q

30V

For balanced Wheatstone bridge, there will . . no
deflection in the galvanometer.

4 _6
R, 9
4x9
Ry = =6Q
% 6



20 80

3.0V

For the equivalent circuit, when the Wheatstone
bridge is balanced, there will be no deflection in
the galvanometer,

L W

8 R2
Ry 6x8
12

=48
R -6_3
R, 4 2

20. A wire AB is carrying a steady current 12 A and
is lying on the table. Another wire CD carrying
5 A is held directly above AB at a height of 1 mum.
Find the mass per unit length of the wire CD so
that it remains suspended at its position when left
free, Give the direction of the current flowing in
CD with respect to that in AB, [Take the value of

g=10ms7?] 121
Answer : Force per unit length between the
current carrying wires is given as ;
E= Fo 2L,
in 7

Let m be the mass per unit length of wire CD. As
the force balances the weight of the wire,

#p 24 _
4 r "2
Here, m is mass per unit length.
107 x%%é = m x 10
1x10
m ='10—7x_%_>‘<12_)<5“x‘_}:_
1x10% 10
= 1.2 x 103 kg m™1

The direction of current in CD is opposite to the
direction of current AB. because in this they will
repel each other and CD will remain suspended.

21. Draw V-l characteristics of a p-n junction diode.
Answer the following questions, giving reasans:

(i) Why is the current under reverse bias akmost
independent of the applied potential upto a

critical voltage ? ]

(ii) Why does the reverse current show a sudden
increase at the critical voltage ?

Name any semiconductor device which operates
under the reverse bias in the breakdown region.
[31
Angwer : V-I characteristics of p-n junction diode :
limA)

&
100 —
80 —
&0 —
40 —

Jemeoo® ),

VI- 02040608 1.8
br

10 —
20—
30

v

[(na)

() Under the reverse bias condition, the holes of '
p-side are attracted towards the negative terminal
of the battery and the electrons of the n-side are
attracted towards the posilive terminal of the
battery. This increases the depletion layer and the
potential barrier. However the minority charge
carriers are drifted across the junction producing
a small current. At any temperature the number
of minority carriers is constant and very small
so there is the small current at any applied
potential. This is the reason for the current under
reverse bias to be almost independent of applied

potential, At the critical voltage, avalanche break
down takes place which results in a sudden flow
of large current.

(ii) Atthecritical voltage, theholesi_nthe n-sideand
conduction electrons in the p-side are accelerated
due to the reverse-bias voltage. These minority
carriers acquire sufficient kinetic energy from the
electric field and collide with valence electrons.
Thus, the bond is finally broken and the valence
electrons move into the conduction band resulting
in enormous flow of electrons and thus result
in formation of hole-electron pairs. Thus, there
is a sudden increase in the current at the critical
voliage.

Zener diede is a semiconductor device which
operates under the reverse bias condition in the
breakdoyn region.



22, Draw a labelled ray diagram of a refracting
telescope. Define its magnifying power and
write the expression for it.

Write two important limitations of a refracting
telescope over a reflecting type telescope.
Answer : Refracting telescope : -

131

. Magnifying pewer : The magnifying power is
the ratio of the angle 8 subtended at the eye by
the final image to the angle 0. which the object
subtends at the lens or the eye.

_B_hi_ £
« F£h  f

Limitations of refracting teleacope

reflecting type telescope :

(i) Refracting telescope suffers from chromatic
aberration as it uses large sized lenses.

(ii) The requirement of big lenses tend to be very
heavy and therefore, difficult to make and
support by their edges.

. Write Einstein’s photoelectric equation and

point out any twe characteristic properties of

photons en which this equation is based.

Briefly explain the three observed features

which can be explzined by this equation.  [4]

Answer : Finstein’s photoelectric effect equation :

over

Kaai= %mvsm =(hv -0
or Kumx . h(\) —vo)

The two characteristics properties of the photon

on which this equation is based :

(i) The light travel in the form of photons ie.
small packet of enery and each photan has
energy hv.

{ii) Bach photun interact with une electron.

Three observed features that can be explained by

this equation.

(i) When v < v, Knax becomes negative. The
negative value of K./E. has no physical
significance. Hence, no photoelectric effect is
possible below there sheld frequency.

**Angwers is nof given due ta change in the present syllabus.
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{(ii) When v > v, Kpax o v, i.¢. max. KE. of the
emitted photo electrons depends linearly on
the frequency of incident radiations.

{iii) It is clear from the photoelectric equation
that the maximum KE. of photoelectrons is
independent of intensity of incident reactions.

Name the type of waves which are used for line

of sight (LOS) communication. What is the range

of their frequencies ?

A transmitting antenna at the top of a tower has

a height of 20 m and the height of the receiving

antenna js 45 m. Calculate the maximum distance

between them for satisfactory communication in

LOS mode. (Radius of the Earth = 6.4 x 10°m)**

[5]

. (a) What is linearly polarised light. Describe

briefly using a diagram how sunlight is
polarised.

(b) Unpolarised light is incident on a Polaroid.
How would the intensity of transmitted light
change when the Polaroid is rotated ?  [5]

Answer : {a) The light in which the vibrations of
electric vector are restricted to a particular plane,
is called plane polarised light.
The incident sunlight is unpolarised. The dot
and double arrows show the polarisation
in the perpendicular and-in the plane of the
figure respectively. Under the influence of the
electric field of the incident wave, the electrons
in the molecules of the atmosphere acquire
components of motion in both these directions.
For an observer looking at 90° to the direction of
the sun, the charges aceclerating parallel to the
double arrows do not radiate energy towards
this observer since their acceleration has no
transverse component. The radiation scattered
by the molecule is therefore, represented by
dots. It is linearly polarised light perpendicular
to the plane of the figure.

Incident Sunlight -
{Unpolarised)

Scattered light
{Polarised)

v
To observer

(b) If the unpolarised light is incident on a
polaroid, the intensity is reduced by half. Even
if the polaroid is rotated by angle 8 the average
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over cos” 8 = ] Thus, from Malus’ law:1=1
cos?9 e
[1| =|Ip cos?8|

[
=Ip|cos’8]= -

Thus, the intensity of the transmitted Light
remains unchanged when the polaroid is rotated.

One day Chetan’s mother developed a severe
stomach ache all of a sudden. She rushed to
the doctor who suggested for an immediate
endoscopy test and gave an estimate of
expenditure for the same. Chetan immediately
contacted his class teacher and shared the
information with her. The class teacher arranged
for the money and rushed to the hospital. On
realizing that Chetan belonged to a below
average income group family, even the doctor
offered concession for the test fee. The test was
conducted successfally.
Answer the following questions based on the
above information ; [5]
(a) Which principle in optics is made use of in
endoscopy ?
(b) Briefly explain the values refiected in the
action taken by the teacher,**

{c) In what way do you appreciate the response
of the doctor on the given situation ?
Answer : (a) Endoscopy is based on total internal
reflection principle. It has tubes which are made
up of optical fibres and are used for transmitting
and receiving electrical signals, which are
converted into light by suitable transducer.
{c) Doctor gave monetary help to Chetan by
understanding his poor financial condition

(2) UsingBiot-Savart'slaw,derivethe expression
for the magnetic field in the vector form at a
point on the axis of a circular current loop.

(b) What does a toroid consist of ? Find out
the expression for the magnetic field inside
a toroid for N turns of the coil having the
average radius r and carrying a current L
Show that the magnetic field in the open
space inside and exterior to the torpid is zero,
(5]
OR
{(a) Draw a schematic sketch of a cyclotron,
Explain clearly the role of crossed electric
and magnetic field in accelerating the charge.
Hence derive the expression for the kinetic
energy acquired by the particles.
8

(b) An o-particle and a photon are released
from the centre of the cyclotron and made to

accelerate,

(i) Can both be accelerated at the same
cyclotron frequency ? Give reason to
justify your answer.

(ii) When they are accelerated in turn, which
of the two will have higher velocity at
the exit slit of the dees ?

Answer : (a) Magnetic field on the axis of a
circular loop

[— Current

R—>Radii

X— Axis

x—> Distance of OP

dl— Conducting element of the loop
According to Biot-Savart’s law, the magnetic
field at P is :

Y\

ai

df

x>
_ o Ldlxr
dB_tlrt #2

Yo [dsing
B =4 2
o Beld [ Zﬁﬁ]
47 ¢
dB has two components 4B, and 4B, dBy
components being in opposite direction cancel

out each other and 4B; component being in same
direction added up.

an = dB sin e
}lc[dz R
= 7 % 172
4™ (52 4 R?)
poldl R
= x
By an

3
(x* +R%)2



(P =2+ R

Total magnetic field at P
B = IdBI
i e PORE
T 4n(xf +RE2
pUI:R d }lnIR
= x2nR
. (-xz " Rz)3/z-‘ it (xz 4 Rz)sfz
B PoIRz
= 2
2(a® + Rz)y
) BIR® 2
2(x? +R? )3/1

(b) Toroid is a hollow circular ring on which
a large number of turns of a wire are closely
wound. Figure shows a sectional view of the
toroid. The direction of the magnetic field inside
is clockwise as per the right-hand thumb rule for
circular loops. Three circular Amperian loops 1,
2 and 3 are shown by dashed lines.

By symmetry, the magnetic field should be
tangential to each of them and constant in

magnitude for a given loop.

Let the magnetic field inside the toreid be B.
Then by Ampere’s circuital law, _

- - ;
|Bdf =py 1= BL=p, NI

Where, L is the length of the loop for which B is
tangential, I is the current enclosed by one loop
and N is the number of turns.

We find, L =2nr

The current threads the ring as many fimes are
there are turns in the solenoid, therefore total
current in the solenoid is NL

B (2m) = pplNI

#oN1

2nr

Open space inside the toroid encleses ne current
thus, I =0.

Hence, B=0
Open space exterior to the toroid :

Fach turn of current carrying wire is cut twice
by the loop 3. Thus, the current coming out of
the plane of the paper is cancelled exactly by
the current going into it. Thus,

[-0,and B=0

or B =

OR

(@) Schematic sketch of cyclotton : The
combination of crossed electric and magnetic
field is used to.increase the energy of the charged
parlicle. Cyclotron uses the fact that the frequency
of revolution of the charged parlicle in a magnetic
field is independent of its energy. Inside the dees
particle is shielded from the electric (eld and
magnetic field acts un the particle and makes it to
go round in a circular path. Every time the particle
moves from one dee to the other it cumes under
the influence of electric field which ensures to
increase the energy of the particles as the sign of
the electric field changed alternately. The increase
in energy increases the radius of the circular path
so the accelerated particle moves in a spiral path.

Magnetic field out
of the paper

Deflection plate

Since, magnetic force provides required
centripetal force

s IR
or r = %

Here, 7 is the radius of semi-circular path which
a patticle covers inside a dee. '
Hence, the kinetic energy of ions,
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(b} (i) Let us consider:
t — mass of proton
. g— charge of proton
. Mass of alpha particle =4 m
Charge of alpha particle =2 ¢

Cyclotron frequency is given by,
s B9

Yeg

or Ve —3;

For proton :

Frequency, Vp o= -:-3;

For alpha parlicle,

Frequency, Vo o %

or Va o %

Thus, particles will not accelerate with same

cyclotron frequency. The frequency of proton is
twice than the frequency of alpha particle.

(i) Velocity, ~ v=2T
m
or Do L
m
For proton :
; q
Vel(.)aty, L o
Far alpha particle :
L ] g
VeIOCIty; Va L O D o< E

Thus particles will not exit the dees with same
velocity. The velocity of proton is twice the
velocity of alpha particle.

(a) Define electric dipole moment. Is it a scalar
or a vector ? Derive the expression for the
electric field of a dipole at a point on the
equatorial plane of the dipole.

(b} Draw the equipotential surfaces due to an

10

electric dipole. Locate the poinis where the
potential due to the dipole is zera. [5]
OR

Using Gauss’ law deduce the expression for
the electric field due to a uniformly charged
spherical conducting shell of radius R at a point
(i) ouiside and (ii} inside the shell.

Plot a graph showing variation of electric field
as a function of r > R and 7 < R. (r being the
distance from the centre of the sheli)
Answer : (a} Electric dipole moment : Electric
dipole moment is defined as the product of
magnitude of either charges and the distance
between the positive and negative charge of
the electric dipole. The strength of any electric
dipole is measured by the magnitude of its
electric dipole moment.

7@ Qg

e 28 e

Electric dipole moment, p =4 x 24
It is a vector quantity.

In vector form it is written as}: qxéa where
-y

the direction of @ is from negative charge to

positive charge.

Electric Field of dipole at peoints on the

equatorial plane:

+q

Let P be the point on the equatorial plane of the
dipole where electric field is to be calculated.
Let its distance from either charge be ’¥. The
magnitude of the electric field due to the two .
charges +4 and — at P is given by
E,=_9 1 wli]
o dne, 7% + ®
. S
e dney #2 4 a?
From equations (i) and (ii),
Eiy = E4=E(say)
The direction of E,, and E_; are shown in figure.

Total electric field at P,

(ii)

— -+

E} = E+q+E_q



Magnitude of E (using || gm law of vector
addition),

Ep

]

B3, +E2, +2E,,E_ cos20

]

JE? + E? + 2E? cos 20

JZE2 + 2E2 cos 20

JZE2 {1 + cos 28)
2E* 2 cos® ©
4E? cos? @

E, = 2Ecos®
1 g a
2% X
T angy (P v a?) (R + Y

dne,(r® + a®y/?

§ S el =
Ep 4%(’,2 + )2

>

[ o.-p a zaq]

N

Ep

_ 4
4mey(r? +a)¥?

{b} Equipotential surface due to electric dipole :

The potential due to the dipole is zero at the line
bisecting the dipole length.
OR

Electric field due to a uniformly charged thin
spherical shell :

(i) When point P lies outside the spherical
shell : Consider a spherical shell of radius
R and centre O. Let g be the charge on the
spherical shell. Suppose -that we have to

calculate electric field at the point P at a distance |,

r (r > R) from its centre. Draw the Gaussian
surface through point P so as to enclose the
charged spherical shell. The Gaussian surface is
a spherical shell of radius r and centre O.

Gaussian Surface

p—————

-
e LT

\ ™A Charged spherical
hY / shell

-
Let E be the electric field at point P. Then, the

electric flux through area element :{: is given by

- =
49 = E.ds

Since s is also along normal to the surface,

d¢ = Eds

o Total electric fiux through the Gaussian
surface is given by

q) = éE.df
K
Now, ) Eg)df
ds = 47
¢ = E x 4m? (i)

Since the charge enclosed by the Gaussian
surface is g, according to Gauss theorem,

i =
- ]l
o (i)
From equations (i} and (ii), we get,
Ex 4,1':?2 = i
€0
B 4—%-’% (for 7> R)

(ii) When point P lies inside the spherical shell
: In such a case the Gaussian surface encloses no

charge,




According to Causs law,
Ex4m? =0
ie., E=0{<R)

Graph showing the variation of electric field as a
function of 7.

)

1
Elﬁx

-
-«

r ri{m :

29. Using Bohr's postulates, derive the expression

for the frequency of radiation emitted when

electron in hydrogen atom undergoes transition

from higher energy state (quantum number n;)

to the lower state, (n¢).

When electron in hydmgen atom jumps from

energy state n; = 4 to ng = 3, 2, 1, identify the

spectral series to which the emission lines

belong. (51

OR

(@) Draw the plot of binding energy per nucleon
{(BE/A) as a function of mass number, Write
two important conclusions that can be drawn
regarding the nature of nuclear source.

(b) Use this graph to explain the release of
energy in both the processes of nuclear
fusion and fission.

(c) Write the basic nuclear process of neutron

_undergoing f-decay. Why is the detection of
neutrinos found very difficult ?

Answer : In the hydrogen atom,

Radius of electron orbit,

n*ht

4m’kme”

Kinetic energy of electron,

2
Fp. = 1*mr,v2=¥-'hz~-'
2 2r
Using equation (i), we get

ke* an’me’ | 2n’kme’

7 =

)

E; = =
¥ 2 nh? nh®
Potential energy,
—k(e)x(e) —ké
EP - =

r r 12

Using equation (i), we get
B i 4rk kme®
p = nzhz
dm?kime*
AR

Total energy of electron,

272%K2me* 4n’kime?

E = _
n 2 h 2 n2 hi
2t
B n2h?
212k me? » (i]
- K2 n®

Now, according to Bohr’s frequency condition
when electron in hydrogen atom undergoes
transition from higher energy state to the Jower
energy state (1y) is,

hv = By - Ey,
2/
212 4
o B o _anzme iz
h ir
[~ 2k ime’ e J
- 2 2
h nf
22, 4
or v = 20kme (1 1
) W n} ni2
G = ankzme4x Ly o
W n’% nf
2ntkime (11
Y= m ey g
‘ ch nf H;
2%k e
=3 = R (Rydberg constant)
R = L0097 x10/m*
Thus,
v =Rcx —%T_"l_
Now, higher state, RE W
1y = 4
Lower state,
=321
For the transition

n;=4to ny=3 — Paschen series
n;=4 tong=2 —> Balmer series



ni=4tons=1 —> Lyman series
OR
(a) Plot of binding energy per nucleon as the

function of mass number A is given as below :
10

- Palde ) oFe mhw Man P
85‘48 a =0
52 BN
RS
o84
£g 4,3
g2 ot
!
0

0 50 100 150 200 250
Masa number (&) ' g
Following are the two conclusion that can be
drawn regarding the nature of the nuclear force :
(i) The force is atiractive and strong enough
to produce a binding energy of few MeV per
nucleon.
{ii) The constancy of the binding energy in the
range 30 <A<170 is a consequence of the fact that
the nuclear force is short range force.

(b) Nuclear fission : A very heavy nucleus
(say, A = 240) has lower binding energy per
rtuc]ecm as compared to the nucleus with

= 120. Thus, if the heavier nucleus breaks to

' the]ighternucleuswithhighbmdingenergyper

nucleen, nucleons are tightly bouncl.

This implies that energy will be released in the
process which justifies the energy release in
fission reaction. ; :

Nuclear fusion : When two light nuclei (A<10) are
combined to form a heavier nuclei, the binding
energy of the-fused heavier nuclei is more than the
binding energy per nucleon of the lighter nuclei.
Thus the final system is more tightly bound than
the initial system., Agmntl‘temergywﬂlbere]eased
in fusion reaction. ,

(@@ The basic nuclear process of neutron
undergoing B-decay is given as :

n=>pte+V

Neutrinos are massless and chargeless particles.

" Neutrinos interact very weakly with matter that

it becomes very difficult to detect them. That's
why the detection of neutrinos is found very
difficult.

SET 11
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Time aIlowed 3 hours

Note : Except for the followmg questions, all
the remaining questions have been asked in

previous Set.

4. Two charges of magnitudes —30) and +2Q) are
located at points (z, 0} and (44, 0) respectively,
What is the electric flux due to these charges
through a s;:here of radius ‘54’ with its centre at
the origin ? [1]
Answer: According to Gauss’ theorem, the electric
flux through a closed surface enclosing a charge

1
is equal to — fimes the magnitude of the charge
enclosed. %o

(0.0) (2,0} {(4a,0)

B O >O_
** Answers {5 not given due to change in the present syllabus. 13 Y2

7'

Maximum marks : 70
The sphere enclose charge = —=3Q + 2Q = -Q
», Total electric flux, ¢ = g-

Ahghtmetaldmcontheh)pofanelectmmagnet
is thrown up as the current is switched on. Why ?
Give reason. (2]
Answer : A light metal disc on the top of an
electromagnet is thrown up as the current is
switched on because when the current flows
through the electromagnet, the magnetic flux
through the disc increases which leads in setting
up an eddy current in the disc in the same
direction oty the electromagnetic current. So the
upper surface of electromagnet and the lower
surface of the disc acquire same polarity. Since
body with same polarity repels, therefore, the
disc is thrown up.

In the drcuit shown in the figure, identify the
equivalent gate of the circuit and make its truth
table.** [2]

Ao—i' >o—Y'
P




13. A parallel beam of light of 600 nm falls on a

19.

narrow slit and the resulting diffraction pattern
is observed on a screen 1.2 m away. It is observed
that the first minimum is at a distance of 3 mm
from the centre of the screen. Calculate the

width of the slit. 3]
Answer : The distance of the #® minimum from
the centre of the screenis, x, = @

where, D= distance of slit from scmfzn
A = wavelength of the light
& = width of the slit

For first minimum, n =1

=3 x10%m
A =600x10"m
D=12m
-5
3)(10‘3 i 1X1.2X.600X10
a
1x1.2x600x10™
7= 3
3x10
_ l2xéx10™
3
=24x10%m
=024 x10%m
2 =0.24d mm

A wire AB is carrying a steady current of 10 A and
is lying on the fable. Angother wire CD carrying 6
A is held directly above AB at a height of 2 mm.
Find the mass per unit length of the wire CD so
that it remains suspended at its position when left
free. Give the direction of the current flowing in
CD with respect to that in AB. [Take the valueof g
=10ms™?] 3]

Answer : Force per unit length between the
current carrying wires is given as:
¢ Mo 2hly
Tt »

where

The current in wire AB, [; =10 A

The current in wire CD, I, =6 A

The distance between wires, 7= 2 mm = 2 x 10~3m
Let m be the mass per unit length of wire CD.

“*Answers is not given due to change in the present syllabua.

14

As this force balances the weight of the wire CD.

& 21112
it r

= 10—7)(2___)(10)(6 =mx10
21007

The direction of current in CD w.rt. AB is
opposite (antiparallel) because in this condition
both the wires will repel each other.

. Name the type of waves which are used for line

of sight {LOS) communication. What is the range
of their frequencies ?
A transmitting antenna at the top of a tower has
a height of 45 m and the height of the receiving
antennais 80 m. Calculate the maximum distance
between them for satisfactory communication in
LOS mode. {Radius of the Earth = 6.4 x10% m)**
(4]

. (@) For a given a.c, i = iy, sinwf, show that the

average power dissipated in a resistor R over
a complete cycle is —%a' i,RR

(b) A light bulb is rated at 120 W for a 240 V a.c.
supply. Calculate the resistance of the bulb.

: [5]
Answer : {a) The average power dissipated

Pav = (R) = (i.2R sin%m)

= i2R (sinwf)
7 ; 1
since,  sinfwt = 5(1 ~cos 2¢01)

(sin® oot) = lIl — {cos 2 )] =%

=]

[*rcos 2wt = Q]

Pa = %%R
(b) Power of the bulb, P =120 W
Voltage, V=240V
The resistance of the bulb is given as

2 2
= YA g
P 120
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Sets.

Note : Except for the following questions all the
remaining question have heen asked in previous

1. Write the expression for the de-Broglie
wavelength associated with a charged particle
having charge ‘g’ and mass ‘n’, when it is
accelerated by a potential V., [11

Answer : de-Broglie wavelength associated
with the particle,

=t

- P ¥ 2mgV

Two charges of magnitudes + 4Q and -Q are
located at points (4, 0} and (-34, 0) respectively.
What is the electric flux due to these charges
through a sphere of radius “2a’ with its centre
at the origin 7 [1l
Answer : Gauss's theorem states that the
electric flux through a closed surface enclesing

a charge is equal to L times the magnitude of
the charge enclosed™

+4Q
4
{2.0) (2a,/0)

.—

—— @
(-3a. Q) {0, 0)

The sphere enclose charge = + 4Q
iQ

Thus, total electric flux ¢ =

In the circuit shown in the figure, identify
the equivalent gate of the circuit and make
its truth table.** [1]

Bo—Do—

** Angwers 18 not given due to change in the present syllabns.

Maximum marks ; 70

11, A parallel beam of light of 450 nm falls on a-

17.

15

narrow slit and the resulting diffraction pattern
is observed on a screen 1.5 m away. It is observed
that the first minimum is at a distance of 3 mm
from the centre of the scxeen, Calculate the width
of the slit. [21

Answer : The distance of the # minimum

from the centre of the screen,
zDA

a
Where,D — distance of slit from screen.
A —> wavelength of the light.
# — width of the slit
For first minimum, 7 = 1,
;= 3x10%m
D=15m
A=450x107m

An =

axc1n? - 1X(15)x (450 10~%) nDa
24 (]

e 1x(L5)x (450 107%)
3x167°

a =0.255mm

A wire AB is canrying a steady current of 6 A
and is lying on the table. Another wire CD
cartying 4 A is held directly above AB at a
height of 1 mm. Find the mass per unit length
of the wire CD so that it remains suspended at
its position when left free. Give the direction
of the current flowing in CD with res io
that in AB, [Take the value of g=10ms™] [3]
Answer : Force per unit length between the
current carrying wire is given as:
E = Ho 2Ll
in r

Let m be the mass per unit length of wire CD.
As the force balance the weight of the wire

24, _
An r g
Here m — Mass per unit length
-7
107 x2x6x4 _ ., 10
1x10° ‘

m =48 x 10¢kgm™



The current in CD is in opposite direction to
that in AB than they will repel each other and
CD wire remain suspended in air.

18. (b) A light bulb is rated at 125 W for a 250
V a.c. supply. Calculate the resistance of the
bulb. [31
Answer: (b) Power of the bulb, P=125 W

Voltage, V=250V
The resistance of the bulb is given as
2 2
RV _(250)
P 125

Physics 2013 (Delhi)

=500 €2

25. Name the fype of waves which are used for

line of sight (LOS) communication. What is
the range of their frequencies ?

A transmifting antenna at the top of
a power has a height of 45 m and the
receiving antenna is on the ground,
Calculate the maximum distance between
them for satisfactory communication
in LOS mode. (Radius of the Earth
= 6.4 x 10°m)** [51

SET 1

Time allowed : 3 hours

1. What are permanent magnets ? Givé one
example. (1]
" Answer ; The magnets which have high
retentivity and high coercivity are known as
permanent magnets.
For example : Steel, cobalt

2. What is the geometrical shape of equipotential
surface due to a single isolated charge ? [1]

Answer : The equipotential surfaces of an
isolated charge are concentric spherical shells
and the distance between the shells increase
with the decrease in electric field and vice-versa.

3. Which of the following waves can be polarized
(i) Heat waves (i) Sound waves ? Give reason to
SUppOrt your answer. [1]
Answer : Heat waves can be polarized as they are
transverse waves whereas sound waves cannot
be polarized as they are longitudinal waves.

Transverse waves can oscillate in the direction
perpendicular to the direction of its transmission
but longitudinal waves oscillate only along the
direction of its transmission. So, longitudinal
waves cannot be polarized. ’

**Answers is not given due to change in tha present syllabus.lG

4,

Maximum marks : 70

A capacitor has been charged by a dc source.
What are the magnitude of conduction and
displacement current, when it is fully charged
? I1]
Answer: Electric flux through plates of capacitor,

o= L
Here charge g is constant ass;.%e capacitor is fully

0 — 0

Displacement current,
dr

[since g is constant]

a_

1D= 80 d_‘

£

Conduction current,

av
=C—=
LR

t
As voltage also becomes constant when capacitor
is fully charged.
Therefore, magnitude of di splacement to and
induction current is zero.
Write the relationship between angle of
incidence ‘i’, angle of prism ‘A’ and angle of
minimum deviations 3, for a triangular prism.
; [1]

Answer : The relation between the angle of
incidence i, angle of prism A, and the angle of
minimum deviation 8, for a triangular prism is
given by
A+3,

2
The given graph shows the variation of
photoelectric current (I) versus applied voltage

(V) for two different photosensitive materials

i=



7.

and for two different intensities of the incident 9.

radiations. Identify the pairs of curves that
correspond to different materials but same
intensity of incident radiation. [2]

V—

Answer ; Curves 1 and 2 correspond to similar
materials while curves 3 and 4 represent different
materials, since the value of stopping potential
for 1, 2 and 3, 4 are the same. For the given
frequency of the in¢ident radiation, the stopping
patential is independent of its intensity.

So, the pairs of curvea (1 and 3) and (2 and 4)
cotrespond to different materials but same
intensity of incident radiation.

A 10 V battery of negligible internal resistance
is connected across a 200 V battery and a
resistance of 38 Q as shown in the figure. Find
the value of the current in circuit. (2}

v

]
l

L —AAAAN =

38 200V
Answer : Since, the positive terminal of the
batteries are connected togetber (So they oppose
each other), so the equivalent emf of the batteries
is given by

E=200-10=190V
Hence, the current in the circuit is given by

[

The emf of a cell is always greater than its
terminal voltage. Why ? Give reason. [2]
Answer : The emf of a cell is greater than ibs
terminal voltage because there is sume potential
drop across the cell due to its small internal
resistarxe.

17

10.

11.

{a) Write the nccessary conditions for the
phenomenon of total internal reflection to
occur.

(b) Write the relation between the refractive
index and critical angle for a given pair of
optical media. [2]

Answer : (a) Necessary conditions for total

internal reflection to occur are :

1. The incident ray on the interface should

travel in optically denser medium,

‘I'he angle of incidence should be greater than

the critical angle for the given pair of optical

media.

2.

1
} M,
s Ry sin C
Where # and b are the rarer and denser media
respectively. C is the critical angle for the given
pair of optical media.
State Lenz's law.

A metallic rod held horizontally along east-
west direction, is allowed to fall under gravity.
Will there be an emf induced at its ends ?
Justify your answer. [2}

Answer : Lenz’s law states that the polarity of
induced emf is such that it produces a cutrent
which opposes the change in magnelic flux that
produces it.
Yes, cmf will be induced in the rod as there is
change in magnetic flux,
When a metsllic rod held herizontally along east-
west direction, is allowed to fall freely under
gravity i.e., fall from north to south, the magnetic
flux due to vertical component of Earth's
magnetic field, which keeps on changing and the
emf is induced in it.
A convex lens of focal length 25 m is piaced
coaxially in contact with a concave lens of
focal length 20 cm. Determine the power of the
rombination. Will the system be converging or
diverging in nature ? [2]
Answer : We have, facal length of convex lens,
fis+25em=+025m

Focal length of the concave lens,
f=-20cm=-020m
Equivalent focal length,
G T QP W . B
F £ f, 25 -20 100
F = —100 cm
Power of convex lens,
£ 02s



Power of concave lens,

11
Poosscismme =
2T 6 C0zo

Power of the combination,
P=P1+D
1 1 _@_@__4{]0-500

P= ——+——

025 -020 25 20 100

100
S ==
100
e P=-1D
The focal length of the combination
=-lm =—100 cm,

As the focal length is negative, the system will be

diverging in nature.

. An ammeter of resistance 0.80 Q can measure

current up to 1.0 A. 31

(i) What must be the value of shunt resistance
to enable the ammeter to measure carrent
uptob50 A7

(ii) What is the combined resistance of the
ammeter and the shunt ?

Answer : We have, resistance of ammeter,

Ra=0380Q
Maximum current through ammeter, I, = 1.0 A

S0, voltage across ammeter, V = IR = 1 x 0.80 14.

=0.8V
Let the value of shum be x.
{i) Resistance of ammeter with shunt,

A e O,
T Ry+x 08+x

Current through ammeter, I=5 A
[ 0.8x
08+x
= 0.8¢ x 5 = 0.8(0.8 + x)

4x = 0.64 + 0.8x
e
32
=02
Thus, the shunt resistance is 0.2 Q

(i) Combined resistance of the ammeter and the
shunt,

)x5=03

_ 0.8« __0.8)40.2_0.16
T084+x 08+02 1

=0.16 L2
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13. In the given circuit diagram a voltmeter “V” is

connected across a lamp ‘L’. How would (i) the
brightness of the lamp and (ii) voltmeter reading
‘V’ be affected, if the value of resistance ‘R’ is
decreased ? Justify your answer. [3]

© o L

kL
I

if==a

© |
j

L
Answer : The given figure is Common Emitter
(CE) configuration of an n-p-n transistor, The
input circuit is forward biased and collector
circuit is reverse biased.

If resistance R decreases, forward biased in the
input circuit will increase, thus the base current
(Ip) will decrease and the emitter current (Ig) will
increase. This will increase the collector current
(lc) asIg =Ip + Ic.

When I¢ increases which flows through the
lamp, the voltage across the bulb will also
increase making the lamp brighter and since the
voltmeter is connected in parallel with the lamp,
the reading in the voltmeter will also increase.

(@ An EM wave is travelling in a medium with
a velocity v = vi. Draw a sketch showing
the propagation of the EM wave, indicating
the direction of the oscillating electric and
magnetic fields.

(b) How are the magnitudes of the electric and
magnetic fields related to velocity of the EM
wave ? (31

Answer: (a) Given.

i A
Vekocity, v=o17 and electric field, E along Y-axis
and magnetic field, B along Z-axis.

The propagation of EM wave is shown belaw :

(b) Speed of EM wave can be given as the ratio of
magnitude of electric field (Ep) to the magnitude
of magnetic field (By), -



15. Block diagram of a receiver is shown in the

figure =

Racelwing Anlanna

t
Arpiar |+ [ X —¥ibotedor [ ¥ o

(a) Identify X’ and ",
(b} Write their funchons.

ving
Slgnal

'16. Explain, with the help of a circuit diagram, the

working of a photodiode, Write briefly how it
is used to detect the optical signals. (31
OR '

Mention the important consideration required
while fabricating a p-# junction diode to be
used as a Light Emitting Dicde (LED). What
should be the order of band gap of an LEL} if it
is required to emit light in the visible range 2

Answer : A junction diede made from light
sensitive semiconductor is called a photodiode.

W

An elecirical device that is used to detect and
convert light into an energy signal with the use
of a photo detector is known as a photodiode.
The light that falls on it controls the function of
pn-junction. Suppose, the wavelength i3 such

that the energy of a photon % is enough to break
a valence bond. There is an increase in number
of charge carrlers and herce the conductivity of
the junction also jncreases. New hele-electron
pairs are rreated when such. light falls on the
junction. If the junction is connected in a cireuit,
the intensity of the incident light contrels the
current in the cirenit.
‘OR

{i) The reverse breakdown voltage of LEDs are
very low, which is around 5V. S0 enough care is
to be taken while fabricating a pr-junction dicde

w& 4 nawers is not glven due to ¢hange in the pregent ayllabus.

such that the high reverse voltages do not oceur
across them.

(if) There exist very small resistance to limit the
current in LED. So, a resistor must be placed
in series with the LED such that no damage is
occurred to the LED.

. The semiranductor used For fabrication of visible

17.

1B,

19

LEDs must at least have a band gap of 1.8 eV.
Write three impertant factors which justify the
need of modulating a message signal. Show
diagrammatically how an amplitude modulated
wave is obtained when a modulating signal is
superimposed on a carrier wave.** [31
A capacitor of unknown capacitance is
connected across a battery of V volts. The
charge stored in it is 360 nC. When potential
across the capacitor is reduced by 120 V, the
charge stored in it becomes 120 nC.

Calculate :

{i) 'The potential V and the unknown
capacitance C.

{ii) What will be the charge stored in the
capacitor, if the voltage applied had increased
by 120V ? 131

OR

A hollow cylindrical box of length 1 m and
area of cross-section 25 cm? is placed in a three-
dimensional canrdinate systen: as shown in the
figure. The electric field in the region is given
by F =50z where E is NC1 and x is in metres.
Find :
(i) Net fiux through the cylinder.
{ii) Charge enclosed by the cylinder.

¥

A

X

AN
Y,

Answer:
(i) Initial voltage, V1 = ¥V volts and charge stored,

O =360 pl

Q=CVy (i}
Changed potential, ¥z =V —-120

Q=120 pC

r=CV; -1}
By dividing (i1) from (i), we get

Q.Y

Q, CV%



360 v althgugh number of nucteons is conserved,

= M Vo 120 yet energy is released. How ? Explain.
V = 180 valts (b) Show that nuclear density in a given
mucleus is independent of mass number A.
C= & = M [3]
V 180 Answer:
=2x 10°F=2pF (a) In a nuclear reaction, the aggrepate of the

bombarding particle may be greater or less
Va =180+ 120 = 300 V, : than the aggrepate of the masses of the product
Elence, charge stered in the capacitar, 'Islch:::f-. t(l%[ I‘f} *m':f[ the OUtgﬂiﬂng_’aIﬁd‘? (o) -
_ _ -5 _ & law of conservation of mass-energy
Q2 =CVa=2x 107 x 300 = 600 uC some crwrgy (3.27 MeV) isevolved or involved in
OR a nuclear reaction. This energy is called Q-value

(i) Gi\?ETl, of the nuclear reacton,

Mass of nucleus

Y ‘
E = 50x, and As =25 cm? = 25 x 107 m? {b) Density of the nuclens = ¢o——" "t
M Mass of the nucleus = A amu = A x 1666 x 10 %
A B kg
“ |(\ Volume of the nucleus
y, ' = x 4 ,3_4 1/33
/ ﬁﬁ‘_t} ]LJ Ha V= EWR = EE(RQA )
— .
z o Where, R = RoA*/3
As the electric field is only along the X-axis, so, v 4 1,
flux will pass only through the cross-section of - EER“
cylinder. . AxLesx10%
; : . Thus, density = —————
Magnitude of electric ficld at cross-secton A, (4 TERSJ A
2 D
Ea= 50 % 1=50NC! 3
. - ; 1.66 x 107
Magnitude of electric field at cross-section B, =i [wf= -F]
Eg = 50x 2 =100 NC (g ERET
The corresponding electric fluxes are : which shows that the density is independent of
N ; mass number A,
9a= E-As= 50 x 25 x 107 » cos 180° = - 0.125 20, (a) Why photoelectric effect canmot he
Nm’/C explained on the basis of wave nature of
S, light ? Give reasons.
¢5= E.Ar =100 %25 % 107 e cos 0° =0.25 Nm2/C (b) Write the basic features of photon picture
So, the net flux through the cylinder, of electro-magnetic radiation on which
ugh the cylinder Einstein’s photoelectric equafion is based,
§ =Pa + 08 =—0.125 + 025 = 1.25Nm?/C [3]
(i1} Using Gauss’s Law : Answer : (a}) Wave nature of radiation cannot
s d explain the following :
§ T B 1. The immediate cjection of photoelectrons.
= 0.125=—- QT 2, The presence of threshold frequency for a
8.85%x107 metal surface.
g=8.85%0.125%107%2 =1 1x1072C 3. The fact that kinelic energy of the emitted
electrons is independent of the intensity of light
19, (a) In a typical nuclear reaction, e.g. and depends upon its frequency.
2 g s . Thus, the photoelectric effect cannot be explained
1H + TH = jHe + jn + 3.27 MeV, on the basis of wave nahure of lght.

20
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(b) Photon picture of electromagnetic radiation
on which Kinstein’s photoclectric equation is
based on particle nature of light.

Its basic features are ;

1. In interaction with maiter, radiation behaves
as if it is made up of particles called photons.

2. Each photon has energy (E = kv), momentum

[p =h—:'],whéreci5ﬂ1e speed of light
3. All photons of light of a particular frequency
v, or wavelength A, have the same energy

7)

4. By increasing the intensity of light of given
wavclength, there is only an increase in the
number of photons emitted per second crossing
a given area, with each photon having the same
energy. Thus, photon energy is independent of
intensity of radiation.

5. Photons are electrically neutral and are not
deflected by electric and magnetic fields.

6. Tn a photon-particle collision (such as photon-
glectron callision), the total energy and total
momentum are conserved. However, number of
photons may not be observed.

A metallic rod of length ‘I’ is rotated with a
frequency v with one end hinged at the centre
and the other end at the circumference of a
circular metallic ring of radius 7, about an axis
passing through the centre and perpendicular
to the plane of the ring. A constant uniform
magnetic field B parallel to the dxis is present
everywhere. Using Lorentz force, explain how
emf is induced between the centre and the
metallic ring and hence oblained the expression
for it. . 31
Answer ; Suppose the length of the rod is greater
than the radius of the circle and rod rotates
anticlockwise and suppose the direction of
electrons in the rod at any instant be along +y
direction.

Sippose the direction of the magnetic field is
along +z direction.

(E:hv:-};—c) and momentumn ( =

Then, using T.orentz law, we get the following :

- -+ ¥
g = elv xB)
=¥ P
T =—~nj = BE)
— v
F = —B:

*+4 ngwers is not given due to rhange in the present syllabus.
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o

Thus, the dirertion of foree on the elecirons is
alonp —x axis.

So, the electruns will move towards the centre
i, the fixed end of the rod. This movement of
electrons will effect in current and thus it will
generate an emf in the rod between the fixed end
and the point touching the ring;

Let 8 be the angle between the rod and radius of
the circle at any time t.

Then, area swept by the rod inside the circle =

i1't:a'25|
2
Induced emf
dil 2) 1 40 I
= Bx 2 |igle| = ~ B = S Ba
dr 2 ’ Zﬂ 4 2

- %WZB(TM] = 2By

Output characteristics of an n-p-# transistar in

CE configuration is shown in the figure. [31

Determine :

(i) dynamic output resistance

(i) de current gain and

{ili) ac current gain at an operating point Ve =
10 V, when Tp = 30 pA**

10 pA

——
=0
e

TR oy

—1

o : + 4 —

€ 8 10 12 14 6
Vi) —»

L
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Using Bohx's postulates, obtain the expression
for the total energy of the electron in the
stationary states of the hydrogen atom. Hence
draw the energy level diagram showing how the
line spectra corresponding to Balmer series occur
due o transition between cnergy levels. 4 -
Answer : In a hydrogen atorm,
Radius of electron.orbit,
e

: " an?k me”

and, angular momenturmn

)

MOF=——
in



nf
or =
2nmr
tih
?" 2mm n2p?
[’4::2 k MZJ
_ 2tke?
T nh
S0, kinetic energy,
2
_ 1, 1 {onke?
L. = 3 my = 3 m[ -
akietm 2%k m
T
Potential energy
~ke)x &) ke
E,= — e
Using equation {i}, we get
amtime?
A= —ke? X — et
B eh?
_AnK e
Wt
IIence, tolal energy of the electron in the 1™ orbit
E=F +Es
antkPmet ke’
T TR nh*
_28'KPmet
- 22
We know k= - L =9 % 10° NmZ(C™2
ame,

h (Planck’s constant) = 6.6 x 107 Jg

m for Hratom = 1.67 x 10°% kg

e=16x1071¢C
Substituting these values, we get

e 26
b

When the electron in a hydrogan atom jumps
from higher energy level to the lower energy
level, the difference of energies of the two energy
levels is emitted as a radiation of parhicular
wavelength. It is called 2 spectral line.

In H-atom, when an electron jumps from the
orbit #; to orbit g, the wavelength of the emitted
radiation is given by,

22

1 1 I

— = R ————

* [ﬂi d ]
Where,
R —» Rydberg’s constant = 1.09678 x 107 m ™!
For Balmer series, y=2andnm;=3,4,5,..

These spectral lines lie in the visible region.

Total enargy, E (&)

—0.85
-1.5

BopElS
payox3

—3,40

Ground state

—zeln=1

24, (@) In what way is diffraction from each slit

related to the interference pattern in a
double slit experiment.

() Two wavelengths of sodium light 590 nm
and 596 nm are used, in turn to study the
diffraction taking place at a single slit of
aperture 2 x 10~ m. The distance between
the slit and the screen is 1.5 m. Calculate the
separation between the pusitions of the first
maxima of the diffraction pattern abtained
in the two cases. (51

Answer : (@) If the width of each slit is

comparable to the wavelength of light used, the

interference pattern thus obtained in the double-
slit experiment js modified by diffraction from
each of the two slits,

(b) Given that : Wavelength of the light beam,

A1 =590nm =59 x 107m

Wavelength of another light beam,

Az =596 nm ~ 5.96 x 10 “m
Distance of the slits from the screen =D =15m
Distance between the two slits, # = 2 x 10~%m

3™ _x

For the first secondary maxima, sin @ = p o
. E;



x= 3}hl—]_) andxzz 3_1'2..D_
2 ¥
o 3x590x 107 x15 _ 3x596x1077x1.5
1= ) r 1'2—- _4
Ix2x10 2x2x10
7 = 663.75 x 107, xp = 670.50 x 107

S Spacing between the positions of first
secondary maxima of two sodium lines
3 x1 = 6.75 x 107° m = 0.0675 mm.

25. In a series LCR circuit connected to an ac source

of variable frequency and voltage v = Dy 5in
tot, draw a plot showing the variation of current
(I) with angular frequency (1) for two different
values of resistance R; and Rz (Ry > Ka), Wiite
the condition under which the phenomenon
of resonance occurs. For which value of the
resistance out of the two curves, a sharper
resonance is produced ? Define Q-factor of the
circuit and give its significance. (=1
Answer : Figure shows the variation of i, with

@ in a LCR series circuit for two values of
Resistance R; and By (R > Ry),

¥ Iy ! :\ # Ra
]
I / Re
. Hy g Dy X
— 0
The condition for resonance in the LCR circuit is,
oo L
I

We can ohserve that the current amplitude is

maximum at the resonant frequency . Since

i = V/ R at resonance, the current amplitude
for case R; is sharper to that for case R1.

Quality factor or simply the Q-factor of a
resonant LCR circuit is defined as the ratio of
voltage drop across the capacitor {(or inducter} to
that of applied volkage.

1L
r VC
The @ factor determines the sharpness of the
resonance curve and if the resonance is less sharp,

Itis given by Q=

A ncwers is not given due ta change in the present syllabus.

the maximum current decreases and also the

citeuit is close to the resonance for a larger range

At of frequengices and the regulation of the circuit-
will not be good. 5o, leas sharp the resonance, less

is the selectivity of the circuit while higher is the

3, sharper is the resonance curve and lesser will

be the loss in énergy of the circuit and circudt will

be more selective.

26. While travelling back to his residence in the caz,
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Dr, Pathak was caught up in a thundesstorm. It
became very dark. He stopped dxiving the car
and waited for thunderstorm to stop. Suddenly
he noticed a child walking alone on the road.
He asked the boy to come inside the car till the
thunderstorm stopped. Dr. Pathak dropped
the boy at his residence. The boy insisted
that Dr. Pathak should meet his parents.
The parents expressed .their gratitude to
Dr. Pathak for his concern for safety of the
child.

Answer the following questions based on the
above information ¢ [51

(2) Why is it safer to sit inside a car during a
thunderstorm ?

{b) Which two values are displayed by Dr.
Pathak in his action 7**

(c) Which values are reflected in parenis”
response ko Dr. Pathak 7**

{d) Give an example of similar action on your
part in the part from everyday life.

Answer ¢ (a) It is safer to be inside a car during

thunderstorm because the car acts like a Faraday

cage.

{d) Once I came across to a situation where a

puppy was struck in the middle of a busy road

during rain and was not able to crass due to heavy’
flow, So I quickly rushed and helped him.

{a) Draw a ray diegram showing the image
formationbyacompound microscope. Hence
obtain expression for total mapgnification
when the image is formed at infinity.

(b) Distinguish  between myopia and
hypermetropia. Show diagrammatically
how these defects can be corrected. (51

OR

{a) State Huygen's principle. Using this
principle draw a diagram to show how a
plane wave front incident at the interface
of the two media gets refracted when it
propagates from a rarer to a denser medium.
Hence verify Snell’s law of refraction.

{b) When monechromatic light travels from
a tarer .to a denser medium, explain the
following, giving reasoms :



(i} I8 the frequency of reflected and
refracted light same as the frequency of
incident light 7

(ii) Does the decrease in speed imply a
reduction in the energy carried by light
wave 7

Answer : (a} A compound microscope consists
of two convex lenses parallel separated by some
distance. The lens nearer to the object is called
the objcctive. The lens through which the final
image is viewed is called the eyepiece.

EYELENS

OBJECT LEMS

infinity : The magnification produced by the
compound microscope is the product of the
magnifications produced by the eyepiece and

Objective
M= M, x M, A1)

Where, M, and M, are the magnifying powers of
the eyepiece and objective respectively.
If ug is the distance of the object from the
objective and vy is the distance of the image from
the objective, then the magnifying power of the
objective is

L

A
Where, & ) are object and image heights
Tespectively and f; is the focal length of the
abjective and L is the tube length 1.e., the distance
between the second focal point of the objective
and the first focal point of the eyepiera.

When the final image is at infinity,
L2
. L
F o] / Magnifying power of compound microscope,
n
Magnifying power when final image is at M=M, = M, =Tx?
] e
Myopia Hypermetrapia
1, | Also known as nearsightedness. 1. Also known as farsightedness.

2. | Person'is not able to see far objects clearly.,

For myopic eye, far poinf is less than
infinity.

4. | To correct myopia, concave lens of
appropriate focal length is used.
Myopic eye

2, Persen is not able to see near objects clearly,

3. For hypermetropic eve,
point is  greater than D
25 cm (least distance of distinct vision).

4. To correct hypermetropia convex lens of
appropriate focal length is used.
Hypermetropic eye :

near
ie.,

Correction :

OR
{2) Huygen's Principle :

1. Each point on the primary wave front acts as a
source of secondary wavelets, transferring out
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distutbance in all directions in the same way as
the criginal source of light does.
2. The new positicn of the wave front at any

instant is the envelope of the secondary
wavelets at that instant.



Refraction on the basis of wave theory

L Consider any point Q on the incident wave
front.

2, Syppose when disturbance from point I on
incident wave front reaches point P' on the
refracted wave front, the disturbance from
point Q reaches Q' on the refracting surface XY.

megurrnnsannanssnssan

®

L Denser Madium

3. Since P'A’ represents the refracted wave front,
the time taken by light to travel from a point on
incident wave front to the corresponding point
on refracted wave front should always be the
same. Now, time taken by light to go from Q
10 Q' will be

S )

c ?
In right-angled AAQK, ZQAK =i

QK = AK sin (i)

In right-angled APQXK, ZQTK = # and QK = KP”
sin 7 -..({if)

Substituting (i1) and (iii) in equation (i),

AKsini KF sin¢
t = +

c o
fo AKsin!'_(AP'-AKsin?)
B ¢ v
[ KP'= AT" - AK]
= i sinr+AK(ﬂ—ﬂ) wll¥)
v ¢ v

The rays from different points on the incident
wave front will take the same time to reach the
corresponding points on the refracted wave
front ie., given equation (iv) is independent of
AK. It will happen so, if -

28.(a) State the

25

sini sinr-
b R LR P
c v

sini ¢

= T -

sin ¥ Vv
- n=b_m'
sin.r

This is the Snell’s law for refraction of light.

{b} (i) The frequency of reflected and refracted

light remains constant as the frequency of

incident light because frequency only depends

on the source of light.

{ii) Since the frequency remains same, hence

there is no reduction in energy.

working principle of a
potentiometer. With the help of the circuit
diagram, explain how a potentiometer is
used to compare the emf’s of two primary
cells. Obtain the required expression used
for comparing the emfs.

(b) Write two possible causes for one sided

deflection in a potenfiometer experiment.
(51

OR

(2} State Kirchhoff's rules for an eleetric
networle Using Kirchhefi's rules, obtain the
balance condition in terms of the resistance
of four arms of Wheatstone bridge.

(b} In the meter bridge experimental set-up,
shown in the figure, the null point D’ is
obtained at a distance of 40 cm from end
A of the meter bridge wire. If a resistance
of 10 L2 is connected in series with Ry, null
point is obtained at AD = 60 cm. Calculate

the values of R; and Rp.
R, R,
B
@ | | & p @ | [

> |
jw )
cle

I
L4

K

Answer : {3) Working principle of Potentio-
meter : When a constant current is passed
through a wire of uniform area of cross-section,
the potential drop across any portion of the
wire is directly proportional to the length of
that portion.

Applications of Potentiometer for comparing
emf’s of two cells : The following figure shows
an application of the potentiometer to compare
the emf of two cells of emf E, and E;.



gL
R
S “_““,-'
Kl
E3, Ep are the emf of the two cells.

1,2, 3 form a two way key.
When 1 and 3 are connected, E; is cormected to
the galvanometer (G).
Jockey is moved to N;, which is at a distance Ly
from A, of cell E the balancing length.
By the potentiometer principle
E; =kl where k i3 the potential gradient
Similarly for E; is balanced at {> (ANZ)
Ez = kfz
By (i) and (ii)

L ¢ i

~l (iif)
Thus, we can compare the emf’s of any two
sources. Generally, one of the cells is chosen as
a standard cell whose emf is known to a high
degree of accuracy. The emf of the other cell is
then calculated from equation (iii).
{b} (i) The emf of the cell connected in main
circuit may not be mere than the emf of the
primary cells whose emfs are to be compared.
(i} The positive ends of a'\} alls are not connected
to the same end of the wire,

OR

(a) Kirchhoff’s first law - Junction rule : The
algebraic sum of the currents meeting at a point
in an electrical circuit is always zero.

Let the currents be Iy, Iy, Ia, and 14.
Convention : Current towards the junction
positive
Current away from the junction negative

Ia+ (I} + -l + (L) =0
This law is in accordance with conservation of
charge
Kirchhoff's second law-Loop rule : In
a closed loop, the algebraic sum of the

26

emfs is equal to the algebraic sum of
the products of the resistance and current
flowing through them.

For closed part BACB, E; - Ex = 1Ry + [iR; — 3Rs
For closed part CADC, E; = 3Rz + LiR4 + IsRs
Wheatstone bridge : The Wheatstone bridge is

an arrangement of four resistances as shown in
the following figure.

1] —
3
Ri1, Ra, R3, and Ry are the four resistances.
Galvanometer (G) has a current [ flowing
through it. '
Atbalanced condition, [; =0
Applying junction rule at B,
A [2 = 14
Applying loop rule to closed loop ADBA,
1R +0+I3R3=0
L = Rz
L R
Applying loop rule to closed loop CBDC,
LRy +0 - LRy =0
(vL=hla=l)
h_Re D)
I, Ry
From equations (i) and {ii),
R, R,
R Ry



This is ‘the required balanced condition of
Wheatstone bridge.

{b} Considering both the situations and writing
- them in the form of equations Let R’ be the
resistarice per unit length of the potentiometer
wirg,

B MR oo

Rz‘(mu—h)R
-  A__Rxo 4 2

R, R(100-40) 60 3
o R+I0_ Rx60 60 3

R, RU00-60) 40 2
Putting the value of R; from equation {i} and

substituting in equation (i}
2,10 3
3R, 2
Re=120
Recalling equation (i) again
Ry _2
12 3
R =84

29, (a) Derive the expression for the forque on a

rectangular current carrying loop suspended
in a uniform magnetic feld,
{b) A proton and a deuteron having equal

momenta enter in a region of a uniform -

magnetic field at right angle to the direction

of the field. Depict their trajectories in the

field. [5]
OR

(@) A small compass needle of magnetic
moment ‘m" i5s free o turn about an axis
perpendicular to the direction of uniform
magnelic field ‘B*. The moment af inertia of
the needle about the axis is ‘T. The needle
18 slightly disturbed from ils stable position
and then released. Prove that it executes
simple harmonic motion. IHence deduce the
expression for its time period.

(b} A compass needle, free to turn in a vertical
planc orients itself with its axis vertfical
at a certain place on the earth. Tind out
the values of (i) horzontal component of
earth’s magnelic Held and (ii) angle of dip
at the place.

Answer:

(a) Consider a rectangular loop PORS of length
[, breadth b suspended in a uniform magpetic

-

field B. The length of loop = PQ = RS =1 and
bmadth = QR = 5P = b Let at any instant the
normal to the plane of loop make an angle 0 with

the direction of magnetic field E and I be the
current in the loop. We know that a force actsona
current carrying wire placed in a magnetic field.
Therefore, each side of the loop will experience
a force. The N

net force E!ﬂd Fak /J’Srﬁ;ﬁ:fl lt?:ntgup
torque  acting a £ »
on the loop will 1'"“‘--..I.R >
be determined ~F; >
by the forces t L 4 >
acting on all >
sides of the loop. = h“,“‘wh 5
Suppose that the Fa ’

forces on skles

PQ, QR, RS and SP are Fy,Fq,Fs and Py
respectively, The sides QR and 5P make angle
{90° - B} with the direction of magnetic field.

‘Therefore each of the forces I‘}; and ?4 aching
on these sides has same magnitude F = Blb sin
{90° — 8} = Blb cos 0. According to Fleming's left

- hand Il;le the
+ VA forces F; and
Iw :;Eﬁ—-—-lr _F> are equal
4
{Upward} B\b '}c'___;- and  opposite
g +g5  but their line of

— / \\ L achon is same.
/ " " Therefure, these

—

./f | (Downward) forces ca.n'a_wel
N el B each other ic.,
F hd . the resultant of
3 - Coe
]:"2 aned Fa ig
ZeTo.

The sides PQ arl RS of current loop are
perpendicular to the magnetic feld, therefure,

the magnitude of each of forces ?1 and ;3 is
ZCTo,

F = IiB sin 90° = 1!B.
According to Fleming's left hand rule the forces

- -
F; and F3 acting on side PQ and RS are
equal and opposite, but their lines of action are

—
different; therefore, the resullant force of Fj

-
and Fa is zerp, but they form a couple called
the deflecting couple. When the normal to plane
of loop makes and angle B with the direction
of magnetic ficld B, the perpendicular distance
between F and Fz is b sin 6.



. Moment of couple or Torque,
t= {Magnitude of one force ) x Ferpendicular
distance
= {Bli ), (b sin 8 =1 (i) Bsin A
But Ih = area of loop = A (say)
& Torque, T=I[ARsnG
If the loop contains N-furns, thent = NI ABsin 6

—> > ¥
Invectorform 1+ = NI AxB.

The magnetic dipole moment of rectangular
current loap
=M =NTA

— - =

T = MxB
Dtrerhnn of torque is perpendicular to
direction of area of loop as well as the
direchon of magnetic field e, along
{.F: ® E{}
(b We know, Lorentz force, F = Bgu sin 8
Where ) = angle between velocity of particle and
magnetic field = 90°
So, Lorentz force, F = Baw
Thus, the particles will move in circular path and
required centripetal force is provided by this
Lorentz force,

Let m, = mass of proton, g = mass of deuteron,

7y = velocity of proton and g = velocity of
deuteron.
i, D
p = _P°F i)
By
L .
Ti= By (1)
The charge of proton and dieuferon are equal.
Given that, Mgl = MUY

Since, RHS of equation (f) and (ii) are equal, 5o Fp'

=fi=".
Thus, the trajectory of both the particles will be

OR
{a) The torque on the needle is T =m x B

In magnitude T = mB sin 0

Here 1 is restoring torque and 0 is the angle
between i and B.
z

Therefare, in equilibrium [ —29 =mB sin §

Negative sign with mB sin & implies that restoring
torque is in a position to deflecting torque. For
small values of 8 in radians, we approximate $in
£ =8 and pet

2
128 _ _Bsing
d!‘
2
or dﬁ —1]-3-9
6&2 I

This represents a simple harmonic moticn,
The square of the angular frequency w” = mB /I
and the time pericd is,

“an[ "—l

(b) Since the needle rotates in vertical plane, so
the placc here is magnetic pole of earti.

Therefore, Bir =0
and, angle of dip at magnetic pole, § = H¥

Physics 2013 (Delhi} SET II
Time allowed : 3 hours Maximum marks : 70

Note : Except for the following questions, all the
remaining questions have been asked in previ-
ous Set.

1. Acell of emnf ‘E’ and internal distance '+ draws a

current T, Write the relation between terminal
voltage “V’ in terms of E, [, . 11l

28

Answer ; When the current 1 draws from a ccll of

emf E and internal resistance z, then the terminal

voltageisV=E-Ir

Which of the following substances are

diamagnetic 7 [il
Bi, Al Na, Cu, Ca and Ni



10.

14

Answer; Bi and Cu are diamagnelic substances.
A heating element is marked 210 V, 630 W. What
is the value of current drawn by the element
when connected to a 210 V de¢ source ? [1]
Answer : In dc source, P = VI

Giventhat P =630 Wand V =210 V.

Go, .

= P = @ =3A
Vo210

An ammeter of resistance 1 £ ¢can measure
current upto 1.0 A. (i} What must be the value
of the shunt resistance fo enable the ammaeter
to measure upto 50 A 7 (ii) What is the
combination resistance of the aumeter and the
shunt ? [1]

Answer 1 We have, Resistance of ammeter,

Ha=14
Maximum, current across ammeter, [y = 1.0 A
S0, Yollage drop across ammeter, V = IR = 1.0 x
10=1V
(i} Resistance of ammeter with shunt,
po Rar __x
Rﬂ. +x l+x

Current through ammeter,
[=5A

( x_) x5=1.0
L+x

xxiz=l+x
4x=1
=025

Thus the shunt resistance is 0250
{if} Combined resistarce of the ammeter and the
shunt

Now, V=1IR

X
B= 1+=x
0.25
R =
1+0.25
0.25
R=1%
R =024

A convex lens of focal length 20 cm is placed
coaxially in contact with a concave lens of
focal length 25 cm. Determine the power of the
combination. Will the system be converging or
diverging in nature 7 121
Answer : We have, Focal length of concave lens,
Hh=+2cm=+0.20 m

15
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Focal length of concave lens, f; = =25 ¢m = -0.25
m

Power of nomvex lens,
Pi= L:
A 62D
Power of concave lens,
1 1

Pz:———

=25
Power of the cormnbination lens,

P=T1+F:

1 1
—t—
020 025

190 1400
F——
20 =25
~ 500-400
100
_loo
100
=1D
As the power is positive, the system will be
converging in nature
Using Bohr's postulates, obtain the expressions
for (i) kinetic energy and (ii) pofential encrgy
of the electron in stationary state of hydrogen
atom.

Draw the energy level diagram showing how
the ttansitions between energy lavels result in
the appearance of Lyman series. [2]

Answer : According tv Bohr's postulates, in
a hydrogen atom, a single electron revolves
around a nucleus of charge +¢.

And the radius of orbit in which the electron
revolves, ia given by

nh*
" drtkmet

{i} Kinctic energy of electron,

r

)

2
E - ._m'uz = 'ke;
] 2r
Using equation (i}, we get
ke® dr’kme’
Ex = — s,
: 2 nh

(ii} Potential energy

xfz) -kt
g k) ke

¥ r



Using equation (i}, we get

A’ kme?

Ep = —ke? x
n*h?

_4n*k me*
°h2
Energy level diagram showing the transitions
. between energy levels result in the appearance
of Lyman series :
For Lyman series, ny=loand #;=2,3,4,5, .....

1 1 1)
—=Ry|=-—
A H[12 nZ

Where, #;=2,3.4,5, ......

Total energy, E{eV)

FH-;F_W
n=4
Ol
-0 85— @
Ry Rk gg
LY
~340}=2
138 n=1 + Ground state
Lyman
Serfes

22, Fipure shows a rectangular loop conducting

PQRS in which the arm PQ is free to move,
A uniform magnetic field acts in the direction
perpendicular to the plane of the loop. Arm PQ
is moved with a velocity v towards the arm RS
Assuming that the arms QR, RS and SP have
negligible resistances and the moving arm PQ
has the resistance r, obtain the expression for (i)

©* Answers {s not given due to change in the present syllabus.

30

the current in the loop (ii) the force and (iii) the
power required to move the arm PQ).

xxxxxxxxxxl

S

X % X[ [X X X X [XPFx X

v —

X x X[[X X X X|[X X X

xxxxxxxxoxx]
R

X X X X X X XLX X X

X X X X X X X X X X

[3]
Answer : Let the length RQ~xand RS =1.

Let the magnitude of the uniform magnetic field
be B.

{i) The magnetic flux ¢ enclosed by the loop
PQRS is given by, ¢ = Blx

As, x is changing with time, the rate of change of
flux d;:)wﬂl induce an emf given by :

d
E= —.-d_?. =-—m = —Bf—d—x' =Bl'{}
I {3 at ar
[=5=~]
as,—=-v
dt
Current in the loop is given by,
- E_BW

ror
(ii) The magnetic force on the PQ is,
£ Rin 2,2
F=Bl= B|'LIE}><: - B
; LT ¥
(i) Power required to move the arm PQ is,
B2y B22y?
XY =
r r

P=lFxvy=

23. Distinguish between ‘sky waves’ and ‘space

waves’ modes of propagation in communication
system,** [4]
(a) Why is sky wave mode propagation
resiricted to frequencies upto 40 MHz ?
(b} Give fwo examples where space wave mode
of propagation is used.
L 1]
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remaining questions have beenasked in previous Now, | 0.6 J x5 =06

Sets, 0.6 +x

6. A 5V battery of negligible internal resistance
is connected across a 200 V battery and a
resistance of 39 L2 as shown in the figure. Find

the value of the citrent. [21
Y
| —
Ik
AMAAA 1] bere] —
380 . 00V
Answer : Let I be the current flowing in the
circuif.
Using Kirchhoff's law,
©30T = 200-5
. 195
L=
I =5A.
7. Which of the [following subsfances are
paramagnetic ? [2]
Bi, Al, Cu, Ca, Pb, Ni
Answer Paramagnetic substances are

Alumirium (Al) and Caleium (Ca).

9, An ammeter of resistance 0.6 (2 can measure
current upto 1.0 A. Calculate {i) The shunt
resistance required to enable the ammeter to
measure current upto 5.0 A. (ii) The combined
resistance of the ammeter and the shunt, [2]
Answer ; We have, resistance of ammeter, Ry =
0.60 ohm.

Maximurm current across ammetet, [, = 1.0 A
S0, voltage across ammcter,
Y=IR
=1.0x Q.60
V=0aY
Let the value of shunt be x.
(i) Resistance of ammeter with shunt
' R - Ryx
Ry+=x
_ D&
0+ x

Current ﬂu‘nugh ammeter | = 5A

...V=]R

0.6x%5=0.6(0.6+ x)
3x=0.36+0.6x

Ix—-06x =036

0.36
x=—
2.4
x=0.152
Therefore, the shunt resistarwe is 0.15 ahm.
{ii) Combined resistarce of the ammeoter and the
shunt is given by
_ Dex
0.6+x
_ 06x0.15

T p6+0.15
R =012

15. A convex lens of focal length 30 om is placed
coaxially im contact with a concave lens of
focal length 40 cm. Determine the power of the
combination. Will the system be converging ar
diverging in nature ? k]|
Amnswer : We have, focal length of convex lens,

fA=+30cm
=030m
Focal length of concaye lens
fo=-40cm
=-040m
Equivalent focal length

fl

RN
2

b=l o
]~

1

+

— 40

—3 1._
120

1200
F=120m

k=1 1.2 m
- Power of the combination,
Lol _omp
F 12

The focal length of combination = 1.2 m = 120 em.
As the focal length is positive the system will be
converging in nature.,
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18. A capacitor of wunknown capa;:itance is Hence, charge stored in the capacitor,

connected across abattery of V volts. The charge Q3 =CVa—2x 1078 x 250
stored in it is 300 pC. When potential across the

capacitor is reduced by 100 V, the charge stored = 500 pC

in it becomes 100 uC, Calculate the potential OR

V and the unknown capacitance. What will be

the charge stored in the capacitor if the voltage —— o »
applied had increased by 100 V 2 pr  DGhen, E=20xy
OR and As =20 cmy
A holiow cylindrical box of length 0.5 m and =20 x 107*m?
area of cross-section 20 om is placed in a three- As the electric field is only along the X-axis, so
dimensional coordinate system as shown in the flux will pass only through the cross-section of

figure. The electric field in the region is given by cylinder.

A . a_ fo
E= 20¢7, where Eis NC™ and 7 is in meters, ~ MAgnitude of clectric feld at A,
Find Eq = 20x0.5=10NfC
Magniiude of electric field at cross-section B.
(i} Net flux through the cylinder Eg = 20x1=20N/C
(ii) Charge enclosed in the cylinder. Y
Y W A B
) [ —>X
/ w U Ve
4 0.5m
z The corresponding electric fluxes are :
s s - =)
Answer : (i) Initial voltage 0A= EAs
Char; edVl:Vvullts = 10 x 20 x 10 ~* x cos 180°
stored, : :
= = ~0.02 Nm*C?
Q=300 uC
) e SO
Q1=CV1 -..(l) ¢A “ EAs
Changed potential, V2=V - 100V = 20 x 20 % 107* x cos 0°
Q2 =100 pC = 0.04 Nm°C™"
Q2=CVs (i) So, the net flux through the eylinder,
By dividing (ii) from (i), w
Y g (i) (i), we get 0= ba+ B
& - S = =0.02+0.04
Q2 CVZ ' = J J
Q- M = 0,02 Nm?C?
Q, V2 (i) Using Gauss's law :
@ = V - =
100 V-100 [ = L
V =150 volts * @
g 11 T
Ql 300 x10 8.85 > 10—12
C=t="r—
Vi 150 g =885 x0.02 x 1072
=2 x 1075F
) g = 0177 x 10°2C
e ZP_IF ' 19. (a}) Write two  characteristic = features
If the voltage applied had increased by 100 V, distinguishing the diffraction pattern from
then the interference fringes obtained in Young’s
Va=150+100 double slit experiment.
=250V (b} Two wavelength of sodium light 590 nm

and 596 nm are used, in turn, to study the
32



21.

diffraction takmg place due to a single slit binding energies on two sides appears as energy

of aperture 1 x10*m. The distance between released or absorbed in the nuclear reaction.
the slit and the screen is 1.8 m. Calculate the {b) The potenHal minim t ro. F
separation between the positions of the first djsmpﬁrgrérath&z;f rggr t1§e nega;\?; ‘I,Oi‘gm‘;f
maxima of the diffraction pattern obtained energy goes on decreasing and for the distances
in the two cases. 131 less than 7 the negative potential energy decrease
Answer : (a) Two characteristic features to zero and then becomes positive and increases
distinguishing the diffraction pattern from the abruptly. Thus, A to B is the positive potential
interference fringes obtained in Young’s double energy region and B to C is the negative potential
slit experiment are : energy region.
(i) The interference fringes may or.may not be of
the same width whereas the fringes of diffraction
pattern are always of varying width.
(ii) In interference the bright fringes are of same A
intensity whereas in diffraction pattern the
intensity falls as we go to successive maxima
away from the centre, on either side. +100
(b) Wavelength of the light beam, #; = 590 nm = T /Repulsive
59x107m N
Wavelength of another light beam, A; = 596 nm = g
596 x 107" m : ot | c
Distance of the slits from the screen =D =18 m @;e
Distance between the two slits =1 x 1074m Sl 5 L v
For the first secondary maxima, . r (fon) —p-
gin 8 = M_xn 25. (b) What is the significance of negative sign. in
22 D the expression for the energy ?
3A.D " (c) Draw the energy level diagram showing
s S how the line spectra corresponding to

Paschen series occur due to ransifion

ey Him S)LZD between energy levels.

'+ Spacing between the posmons of first
secondary maxima of two sodium lines

nucleus.
e e (c) For Paschen series, n =3 and n; = 4, 5,
- - Lt 1)
3
M- 1.62 x 10*m where, n; =4, 5, .....
2x107
(a) In a nuclear reaction Totalenergy, E(eV)
_.--—=—g——vu"-—-———_
3He+3He —5 Het H+ H+12.86 MeV, n=4"
though the number of nucleons is conserved —0.85 k T o
on both sides of the reaction, yet the energy is _151fp=3 : VY '3 3
released. How ? Explain. Paschen g g
(b) Draw a plot of potential energy between a _a4l2=2 Series
pairof nucleons as a function of their separation.
Mark the regions where potential energy is ()
pesitive and (ii) negative. [3]
Answer : (a) In a nuclear reaction, the sum of the
masses of the target nucleus 31 Ie may be greater
or less the sum of the masses of the product
nucleus 4He and the {H . So from the law of
conservation of mass energy, some energy, (12.86
MeV) is evolved in nuclear reaction. This energy
is called Q-value of the nuclear reaction. The — it Sk

binding energy of the nucleus on the left side is -13.6

not equal to the right side. The difference in the 23

Answer : (b} Negative sign indicates that
revolving electfon is bound to the positive
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