Sample Question Paper - 13
Physics (042)

Class- XII, Session: 2021-22
TERM 11

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

Draw energy band diagrams of an n-type and p-type semiconductor at temperature T > 0 K. Mark the donor
and acceptor energy levels with their energies.

A small particle of mass 7 moves in such a way that the potential energy U = ar* where a is a constant
and r is the distance of the particle from the origin. Assuming Bohr’s model of quantisation of angular
momentum for circular orbits, find the radius of n™ allowed orbit.

OR

Using the graph shown in the figure for stopping potential versus the incident frequency of photons, calculate
PlancK’s constant.
V(volts)

1.8

1.4
1.23

0.8
0.4

Sketch V-I characteristic and mention it significance of solar cell.
SECTION - B

The electron in a given Bohr orbit has a total energy of —1.5 eV. Calculate its

(i) kinetic energy

(ii) potential energy

(iii) wavelength of radiation emitted, when this electron makes a transition to the ground state.
[Given : Energy in the ground state = ~13.6 eV and Rydberg’s constant = 1.09 x 10" m™']

A student wants to use two p-n junction diodes to convert alternating current into direct current. Draw the
labelled circuit diagram she would use and explain how it works.



10.

11.

12.

Calculate the energy in fusion reaction :
JHe =7.73 MeV.

2H+>H — JHe+n, where BE. of {H = 2.23 MeV and of

Define the term, “refractive index” of a medium. Verify Snell’s law of refraction when a plane wavefront is
propagating from a denser to a rarer medium.

(a) Draw a ray diagram for the formation of image by a compound microscope.

(b) You are given the following three lenses. Which two lenses will you use as an eyepiece and as an objective
to construct a compound microscope?

Lenses Power (D) | Aperture (cm)
L 3 8
L, 6 1
L, 10 1
OR

(a) Draw a schematic labelled ray diagram of a reflecting type telescope.

(b) Write two important advantage justifying why reflecting type telescopes are preferred over refracting type
telescopes.

(c) The objective of a telescope is of larger focal length and of larger aperture (compared to the eyepiece).
Why? Give reasons.

(a) State two important features of Einstein’s photoelectric equation.

(b) Radiation of frequency 10" Hz is incident on two photosensitive surfaces P and Q. There is no
photoemission from surface P. Photoemission occurs from surface Q but photoelectrons have zero kinetic
energy. Explain these observations and find the value of work function for surface Q.

The image of an object, formed by a plano-convex lens at a distance of 8 m behind the lens, is real and is

one-third the size of the object. The wavelength of light inside the lens is 2 times the wavelength in free

3
space. Find the radius of the curved surface of the lens.

(a) Identify the part of the electromagnetic spectrum used in (i) radar and (ii) eye surgery. Write their
frequency range.

(b) Express the velocity of propagation of an e.m. wave in terms of the peak value of the electric and magnetic
fields.

OR
(a) Two monochromatic waves emanating from two coherent sources have the displacements represented by

y, =acos ot and y, = a cos (0t + )

where 0 is the phase difference between the two displacements. Show that the resultant amplitude at a
point due to their superposition is given by A* = 4a* cos*(¢/2).
(b) Hence obtain the conditions for constructive and destructive interference.

SECTION - C

CASE STUDY : OPTICAL FIBRES

An optical fibre is a thin tube of transparent material that allows light to pass through, without being refracted
into the air or another external medium. It make use of total internal reflection. These fibres are fabricated in
such a way that light reflected at one side of the inner surface strikes the other at an angle larger than critical
angle. Even, if fibre is bent, light can easily travel along the length.



Core

Lightray 771 ladding

(i) Which of the following is based on the phenomenon of total internal reflection of light?
(a) Sparkling of diamond (b) Optical fibre communication
(c) Instrument used by doctors for endoscopy (d) All of these

(ii) A ray of light will undergo total internal reflection inside the optical fibre, if it
(a) goes from rarer medium to denser medium
(b) isincident at an angle less than the critical angle
(c) strikes the interface normally
(d) isincident at an angle greater than the critical angle.

(iii) If in core, angle of incidence is equal to critical angle, then angle of refraction will be
(a) 0° (b) 45° (c) 90° (d) 180°

(iv) In an optical fibre (shown), correct relation for refractive indices of core and cladding is

Gore I
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Cladding
(a) ny=mn, (b) ny>n, (c) ny<mn, (d) ny+ny,=2

(v) If the value of critical angle is 30° for total internal reflection from given optical fibre, then speed of light in
that fibre is
(a) 3x10°ms™ (b) 1.5x10°ms™ (c) 6x10°ms™ (d) 45x10°ms™
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PHYSICS - 042

Class 12 - Physics

1. The required energy band diagrams are given

below:
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Energy band diagram of Energy band diagram of
n-type semiconductor p-type semiconductor
atT>0K at T>0K

2. The force at a distance r is
F= —d—U =—2ar
dr
Suppose 7 be the radius of #™ orbit. The necessary
centripetal force is provided by the above force. Thus,

2
"™ _oar ..(i)

r

Further, the quantisation of angular momentum gives,

mvr = @ ..(ii)

27
Solving, equations (i) and (ii) for r, we get
n’h?

1/4
r =
(Samnz )
OR

Using Einstein’s photoelectric equation, eV = hv - ¢
On differentiation, we get eAV = hAv

_eAV  1.6x107"x(1.23-0)

h ———=6.56x10" J s
Av (8-5)x10
3 . 14
(open circuit
voltage)
A -
Voc v
B
Isc
(short-circuit
current)

(i) V-I curve is drawn in the fourth quadrant,
because a solar cell does not draws current but supply
current to the load.

(ii) In V-I curve, the point A indicates the maximum
voltage V- being supplied by the given solar cell

when no current is being drawn from it. V) is called
the open circuit voltage.
(iii) In V-I curve, the point B indicates the maximum
current I¢- which can be obtained by short circuiting
the solar cell without any load resistance. Iy is called
the short circuit current.

4. (i) The kinetic energy (E;) of the electron in an
orbit is equal to negative of its total energy (E).
E,=-E=-(-15)=15eV

(ii) The potential energy (Ep) of the electron in an
orbit is equal to twice of its total energy (E).
E,=2E=-15x2=-3.0eV

(iii) Here, ground state energy of the H-atom
=-13.6eV

When the electron goes from the excited state to the
ground state, energy emitted is given by
E=-15-(-13.6)=121eV=121x1.6x10""]

Now, E = E
A

_ he_ 6.62x107* x3x10°
E  12.1x1.6x107"

A

A =1.025x10"m

A=1025A

5. Two p-n junction diodes can be used to make
full wave rectifier which is used to convert alternating
current into direct current.

Centre- Tap
Transforme

X

R; Output

Y

A full wave rectifier consists of two diodes connected
in parallel across the ends of secondary winding
of a center tapped step down transformer. The load
resistance R; is connected across secondary winding
and the diodes between A and B as shown in the
circuit.

During positive half cycle of input a.c., end A of the
secondary winding becomes positive and end B
negative. Thus diode D, becomes forward biased,



whereas diode D, reverse biased. So diode D, allows
the current to flow through it, while diode D, does not,
and current in the circuit flows from D, and through
load R, from X to Y.

During negative half cycle of input a.c., end A
of the secondary winding becomes negative and
end B positive, thus diode D, becomes reverse biased,
whereas diode D, forward biased. So diode D, does
not allow the current to flow through it but diode D,
does, and current in the circuit flows from D, and
through load R; from X to Y.

Input-Output waveforms

Since in both the half cycles of input a.c., electric
current through load R; flows in the same direction,
so d.c. is obtained across R;. Although direction
of electric current through R; remains same, but its
magnitude changes with time, so it is called pulsating
d.c.

. .22 3
6. Fusion reaction, {H+H —> ;He +n

Energy released = final B.E. - initial B.E.
=7.73-(2.23 +2.23) =3.27 MeV.

7. Refractive index (W) : Refractive index of a
medium is defined as the ratio of the speed of light in
vacuum to the speed of light in that medium. i.e.,

¢ _ speed of light in vacuum

v speed of light in medium

Given figure shows the refraction of a plane wavefront
at a rarer medium i.e., v, > v,

Incident
wavefront

W

i
Denser - v;

Rarer - v,

Vi<V, Refracted

wavefront

Let the angles of incidence and refraction be i and r
respectively.
From right AABC, we have,

sin ZBAC =sini= E
AC

From right AADC, we have,
sin ZDCA =sinr = A—D
AC

sini  BC vt
sinr  AD vyt
sini v

or —=-1- 1“2 (a constant)

sinr v,

This verifies Snell’s law of refraction. The constant 'u,

is called the refractive index of the second medium

with respect to first medium.

8. (a)

(b) For constructing compound microscope, L,
should be used as objective and L, as eyepiece because
both the lenses of microscope have short focal lengths
and the focal length of objective lens should be smaller
than the eyepiece lens.

OR

(a) ‘% Objective mirror

Secondary
B )= p={)-----]
mirror

Eye piece

(b) Advantages :

(i) Itis free from chromatic aberration.

(ii) Its resolving power is greater than refracting type
telescope due to larger aperture of mirror.

(c) (i) The objective of a telescope have a larger focal
length to obtain large magnifying power and greater
intensity of image.

(ii) The aperture of objective lens of a telescope is
taken as large because this increases the light gathering
capacity of the objective from the distant object.
Consequently, a brighter image is formed.

9. (a)Two features of Einstein’s
equation:

(i) Below threshold frequency v, corresponding to
W, no emission of photoelectrons takes place.

(ii) As the number of photons in light depend on its

intensity, and one photon liberates one photoelectron.

photoelectric



So number of emitted photoelectrons depend only on
the intensity of incident light for a given frequency.
(b) Below threshold frequency no emission takes
place. As there is no photoemission from surface P
i.e., the frequency of incident radiation is less than the
threshold frequency for surface P.

From surface Q photoemission is possible i.e., the
frequency of incident radiation is equal or greater than
threshold frequency. As the kinetic energy of photo
electrons is zero i.e., the energy of incident radiation is
just sufficient to pull out the electron from the surface Q.
Work function for surface Q, Wq= hv.
AsKE.=0;v=v,=10" Hz
Wo=6.6%x107x10"=6.6x10""]=4.125¢eV

10. Image is formed behind the lens.

v=+8m
. . I 1
As the image is real, m=—=—=——
O u 3
u=-3¥=-3(8m)=-24m
According to lens formula
l_lzl = l_Lzl or f=6m

v u f 8 24 f
Refractive index of the material of the lens is

_ Wavelength of the light in free space A, 3
B Wavelength of light inside the lens 2 A 2
0
According to lens maker’s formula
1 (u-1 .
—=>_" or R=flu-1) ...(1)
PR fu
Substituting the value of p and fin eqn. (i), we get
R=(6m)(1.5-1)=3m
11. (a)
Uses Part of Frequency
electromagnetic range
spectrum
(i) |Inradar | Microwaves 3x 10* Hz
system to 3 x 10" Hz
(ii) |Ineye Ultraviolet 8 x 10 Hz
surgery to 8 x 10'° Hz

(b) In e.m. waves, the ratio of amplitudes of electric
and magnetic field is always constant and is equal to
the speed of e.m. waves. i.e.

E
c==" (where E, and B, are peak values)
0

OR
(a) y,=acosot,y,=acos (0t +0)

(%)
S
[——p

. K%
=
Qi
SIS
S =

[%]
[\
A
&)
v |le
=

Y

where ¢ is phase difference between them. Resultant
displacement at point P will be,

Y=y, +Yy,=acos Ot +acos(wt+ ¢)

=a [cos Wt + cos (ot + )]

_ a[Zcos (ot + ot +0) cos ((ot—g)t—q))]

y:2acos(mt+g)cos(g) (1)

Let y=2a COS(%) = A, then equation (i) becomes

y= Acos(wt+g)

where A is amplitude of the resultant wave.

Now, A=2a cos(g)

On squaring, A% = 44” cos? (g)

(b) Condition for constructive interference,
cosAp=+1

2n% =0,2m,4T7...

or Ax=nMn=0,1,2,3,...
Condition for destructive interference, cos A¢ = - 1

Ax
271:7 =Tm,3m,57...

or Ax=02n-1)AR2

wheren=1, 2, 3...

12. (i) (d) : Total internal reflection is the basis for
following phenomenon:

(a) Sparkling of diamond.

(b) Optical fibre communication.

(c) Instrument used by doctors for endoscopy.

(ii) (d) : Total internal reflection (TIR) is the

phenomenon that involves the reflection of all the
incident light of the boundary. TIR only takes place



when both of the following two conditions are met:
The light is in the more denser medium and approaching
the less denser medium.

The angle of incidence is greater than the critical angle.

(iii) (¢) : If incidence of angle, i = critical angle C,
then angle of refraction, r = 90°

(iv) (b) : In optical fibres, core is surrounded by
cladding, where the refractive index of the material of
the core is higher than that of cladding to bound the
light rays inside the core.

(v) (b) : From Snell’s law, sinC= |n, = N
V2

where, C = critical angle = 30° and v, and v, are speed
of light in medium and vacuum, respectively.

We know that, v, =3 x 10° m s

V1

sin30° = 5
3%x10

8, 1 8 1
= v;=3X10 x5:>v1:1.5><10 ms



