Sample Question Paper - 14
Physics (042)
Class- XII, Session: 2021-22
TERM II

Time : 2 Hours Max. Marks : 35

General Instructions :

(i)

(ii)
(iii)
(iv)

(v)

There are 12 questions in all. All questions are compulsory.

This question paper has three sections: Section A, Section B and Section C.

Section A contains three questions of two marks each, Section B contains eight questions of three marks each,
Section C contains one case study-based question of five marks.

There is no overall choice. However, an internal choice has been provided in one question of two marks and
two questions of three marks. You have to attempt only one of the choices in such questions.

You may use log tables if necessary but use of calculator is not allowed.

SECTION - A

Explain, how the heavy doping of both p and n-side of a p-n junction diode results in the electric field of the
junction being extremely high even with a reverse bias voltage of a few volts.

What is the conductivity of a semiconductor sample having electron concentration of 5 x 10'® m™3, hole
concentration of 5 x 10! m™3, electron mobility of 2.0 m? V! s™! and hole mobility of 0.01 m? V! 5712
(Take charge of electron as 1.6 x 107'? C)

Figure shows the stopping potential (V) for the photo electron versus (1/A) graph, for two metals A and B,
A being the wavelength of incident light. How is the value of PlancK’s constant determined from the graph?
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OR

Write two main observations of photoelectric effect experiment which could only be explained by Einstein’s
photoelectric equation.

SECTION - B

Write three characteristic properties of nuclear force.

A parallel beam of light of wavelength 600 nm is incident normally on a slit of width d. If the distance
between the slits and the screen is 0.8 m and the distance of 2™ order maximum from the centre of the
screen is 15 mm. Find the width of the slit.

A diatomic molecule is made of two masses m, and m, which are separated by a distance r. Calculate its
rotational energy by applying Bohr’s rule of angular momentum quantization.

A ray of light passing from air through an equilateral glass prism undergoes minimum deviation when the

angle of incidence is Zof the angle of prism. Calculate the speed of light in the prism.



OR

Draw a ray diagram to show the image formation of a distant object by a refracting telescope. Write the
expression for its angular magnification in terms of the focal lengths of the lenses used.

8. An electron and a photon each have a wavelength 1.00 nm. Find
(i) their momenta,
(ii) the energy of the photon and
(iii) the kinetic energy of electron.

9. In the following diagram, an object ‘O’ is placed 15 cm in front of a convex lens L, of focal length 20 cm
and the final image is formed at I at a distance of 80 cm from the second lens L,. Find the focal length of the
lens L,.

20 cm 80 cm

L,

10. Answer the following questions:
(i) Show, by giving a simple example, how e.m. waves carry energy and momentum.
(ii) How are microwaves produced? Why is it necessary in microwave ovens to select the frequency of
microwaves to match the resonant frequency of water molecules?
(iii) Write two important uses of infrared waves.
OR
In a modified set-up of Young’s double slit experiment, it is given that SS, — SS, = A/4, i.e. the source ‘S’ is
not equidistant from the slits S, and S,,.
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(a) Obtain the conditions for constructive and destructive interference at any point P on the screen in
terms of the path difference d = S,P - S, P.

(b) Does the observed central bright fringe lie above or below ‘O’? Give reason to support your answer.
11. In the given figure, find the potential difference between A and B.
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SECTION - C

12. CASE STUDY : SOURCES OF LIGHT
Consider the situation shown in figure. The two slits S, and S, placed symmetrically around the central line are
illuminated by monochromatic light of wavelength A. The separation between the slits is d. The light transmitted




by the slits falls on a screen S, place at a distance D from the slits. The slits S; is at the central line and the slit S,
is at a distance from S;. Another screen S_ is placed a further distance D away from S,.
Based on the above facts, answer the following questions:
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(i) Find the path difference if z = 7;—? .
(@) A (b) A/2 (c) 3/2A (d) 2A

(i) Find the ratio of the maximum to minimum intensity observed on S_if z = L

(a) 4 (b) 2 () o (d) 1

(iii) Two coherent point sources S, and S, are separated by a small distance d as shown in figure. The fringes
obtained on the screen will be

<
5% Screen
<D—>
(a) concentric circles (b) points (c) straight lines (d) semi-circles.

(iv) In the case of light waves from two coherent sources S, and S,, there will be constructive interference at an
arbitrary point P, if the path difference S,P - S,P is

(a) (n+l)x () ©) (n—l)x @ X
2 2 2

(v) Two monochromatic light waves of amplitudes 3A and 2A interfering at a point have a phase difference of
60°. The intensity at that point will be proportional to

(a) 5A? (b) 13A2 (c) 7A? (d) 1942



Solution

PHYSICS - 042

Class 12 - Physics

1. If p-type and n-type semiconductor are heavily
doped. Then due to diffusion of electrons from
n-region to p-region, and of holes from p-region to
n-region, a depletion region formed of size of order
less than 1 wm. The electric field directing from
n-region to p-region produces a reverse bias voltage of
about 5 V and electric field becomes very large.
AV 5V

E="=—"""25x%x10° V/m
Ax 1pum

2. Given;n,=5Xx 10'8 m"3, n,=5x 10° m3,
w,=2m?V's =001 m?Vis!
Then conductivity,
c = e (nM, + n,uy,)
Putting values, we get
0=1.6x10"5Gx10"%x2+5x 10" x 0.01)

= 1.6 x 107°(10" + 0.05 x 10") = 1.68 (Q-m) ™!
3. The graph showing the variation of stopping
potential (V) with the frequency of incident radiation
(v) for two different photosensitive materials having
work functions W, and W, (W, > W,) is shown in
tigure.

Metal 2 Metal 1

) T V>V, >V,
Stopping wy> W,
potential (V) v, o
O| .. Frequency of incident—
s radiation
(i) Slope of the line = A_V = ﬁ [ eAV = hAv]
Av e

Slope of the line = h i.e., it is a constant quantity

e
and does not depend on nature of metal surface.

(ii) Intercept of graph 1 on the stopping potential axis
B work function(W) _ hv,

e e
Intercept of the line depends upon the stopping

function of the metal surface.
OR

On the basis of experiments on photoelectric effect,
three observed features are :

(i) The emission of photoelectrons takes place only
when the frequency of the incident radiations is above
a certain critical value called threshold frequency v,
which is characteristic of that metal emitting electrons.

Above threshold frequency v, maximum kinetic
energy with which photoelectrons are emitted is
directly proportional to frequency v of incident
radiation.

(ii) The maximum kinetic energy with which a
photoelectron is emitted from a metallic surface is
independent of the intensity of light and depends only
upon its frequency.

4. Properties of nuclear force are :

(i) Nuclear forces are short range forces and are
strongly attractive within a range of 1 fermi to
4.2 fermi.

(ii) Nuclear forces above 4.2 fermi are negligible,
whereas below 1 fermi, they become repulsive in
nature. It is this repulsive nature below 1 fermi, which
prevents the nucleus from collapsing under strong
attractive force.

(iii)Nuclear forces are charge independent. The
same magnitude of nuclear force act between a pair
of protons, pair of proton and neutron and pair
of neutrons. The attractive nuclear force is due to
exchange of T mesons (%, mt*, ) between them.

5. Distance of 2™ order maximum from the centre
of the screen

5 DA
xX=——
2 d
Here, D=0.8 m, x=15mm = 15 X 10°m
A =600 nm =600 x 10~° m
5 DA 5 0.8%x600x107°
d=—"—""== X —_3
2 x 2 15%10
6. A diatomic molecule consists of two atoms of
masses 11, and m, at a distance r apart. Let v, and r, be
the distances of the atoms from the centre of mass.

=80 um

my m,
OO0
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The moment of inertia of this molecule about an axis
passing through its centre of mass and perpendicular
to a line joining the atoms is
m
—m. 2 - =2
I=mr+ mzrg as myr; =m,r, = r; = 1
1
m m,r
2 _ 2

r+r,=r
171 m,

m1+m2



.. m,r
Similarly, r, = !
m, + m,

Therefore, the moment of inertia can be written as

2 2
I=m, m,r m, mr __mm
m, +m, m, +m, m, +m,
(1)
According to Bohr’s quantisation condition
212
h
L=It o Y (i)
2n 4T
2 nZ 2
Rotational energy, E=— .. E= Using (ii
Y sep (s @)
21,2
n“h*(m, + m,)
- ) (Using ()
8" (mym,)r
_nzhz(ml+m2) ( " h )
- 2m1m2r2 ™
7. For equilateral prism A = 60°
For minimum angle of deviation,
ite=A+39,),
2i=A+3,,
2X3A
=A+9,
3A A
8m = — = —
2 2 60°
A
A+=
sin 5 2
— 60° 60°
(i)
sin[ —
2

(34
sm| ——
4 ) sind5° 07071

W= - = =1.414
. (A) sin30° 0.5
Sin 5

=

¢ 3x10° -
=—= =2.1216x10°* m s™
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When final image is formed at infinity :
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When the final image is formed at least distance of

Magnification, M = —

distinct vision :

Objective
From Eye piece
object at oo

\V/s

Magnification, M = — &(1 + L)
f\ D

8. (i) Momentum of photon

h 6.6x107* ’
=—=—  —66%x10¥ kems™"
P A 1x107° &
Momentum of electron
6.6 107" s o
p=——"—7=6.6x10"""kgms

1x107°
(ii) Energy of photon
phe 6.6 x107* x3x10°

=1.98x107"]
A 1x107°
(iii) Kinetic energy of electron
2 (6.6x1077)°
. P _ =239x107Y]

Tom 2%9.1x10°

9. As per the figure,
The image formed by lens L, is at P. Therefore, using

1 1 1
lens formula —=———

f v u

As per the parameters given in the question
u=- 15cm,fL1=20cm

So, the image distance will be

1 1 1

v (=15) 20

Now, this image is acting as an object for thelens L,. We

y=-60cm

can again use the lens formula and other parameters
given in the question and question figure to find the
focal length of lens L,.

1 1 1

Vi, Ui, sz
Here, U =v+ (-20) =-60-20=-80cm

vp, = 80 cm



it
80 (-80) f,
fi,=40cm

So, the focal length of the lens L, = 40 cm.

10. (i) Consider a plane perpendicular to the
direction of propagation of the wave. An electric
charge, on the plane will be set in motion by the
electric and magnetic fields of e.m. wave, incident on
this plane. This illustrates that e.m. waves carry energy
and momentum.

(ii) Microwaves are produced by special vacuum tube
like the klystron, magnetron and gunn diode.

The frequency of microwaves is selected to match the
resonant frequency of water molecules, so that energy
is transformed efliciently to the kinetic energy of the
molecules.

(iii) Uses of infra-red waves :

(a) They are used in night vision devices during warfare.
This is because they can pass through haze, fog and mist.
(b) Infra-red waves are used in remote switches of
household electrical appliances.

OR
A

(a) Given: SS, —S8S, ==

Now path difference between the two waves from slit
S, and S, on reaching point P on screen is

Ax = (8S, + S,P) - (SS, + S,P)

or Ax=(SS,-SS,) +(S,P-S,P)
A yd
or Ax=—+ Saia
4 D
p
y
<} o)
0¥’

screen
e——D —>

(i) For constructive interference at point P, path
difference, Ax = nA

or &+y—d= nA
4 D
d 1
or X (n——)k (1)
D 4

wheren =0, 1, 2, 3,...,
(ii) For destructive interference at point P, path
difference

A yd
Ax=2—1— ——_2—1—
(2n-1) or4 D ( )

or %iz(z;q—l—%)%=(4n—3)z (i)

wheren =1, 2, 3, 4,...
For central bright fringe, putting n = 0 in equation (i),

we get
yd A —AD
D 4 4d

(b) The negative sign indicates that central bright
fringe will be observed at a point O” below the centre
O of screen.

11. In forward biasing, the diode offers negligible
resistance to the circuit. So, the diode will act as a simple
wire only. Therefore, the circuit can be redrawn as
follows :
Here, R, and R, are in parallel.

10><10

p=

10+10
Ry =10 kQ

30VT R, =10 kQ =10 kQ
B
Now, R; and R are in series.
R, =5+10=15kQ
So, current, j = L: 30 =2x10"°
R, 15x10°

eq
Voltage across Rs, V' = iRy=2x 103 x10x10% =

S0, V,;=30-20=10V

12. (i) (b):Asz= };—I;

20V

Ars X2

d D

_ADd _A

2dd 2
(i) (¢):z= — AD
Axat$,: Ax—k—DEZK

d d
Hence, maxima at S, as well as S;.
Resultant intensity at S, I = 41,

I B [(410)1/2+4(4IO)1/2]2 _

I. - [(410)1/2_(410)1/2]2

min




(iii) (a): When the screen is placed perpendicular
to the line joining the sources, the fringes will be
concentric circles.

(iv) (b): Constructive interference occurs when the
path difference (S, P - S,P) is an integral multiple of A.
or S$P-S,P=nk, wheren=0,1,2,3, ...

(v) (d):Here, A, =3A,A,=2Aand ¢ =60°

The resultant amplitude at a point is

R=\JA? + A2 +2A,4, cosd

= JBAY +(2A) +2 X34 X 24 X c0s60°

= \J9A? +4A% + 647 = AV19
As, Intensity o< (Amplitude)2
Therefore, intensity at the same point is
I oc 1942



