
SECTION - A
All questions are compulsory. In case of internal choices, attempt any one of them.
1. Write the relation between the refractive index and critical angle for a given pair of optical media.

OR
State the condition for total internal reflection.

2. Arrange the following materials in increasing order of their resistivity.
Nichrome, Copper, Germanium, Silicon

3. In the circuit shown if drift current for the diode is 20 mA, find the potential difference across the diode.

15 �

4 V

OR
Show the variation of resistivity of Si with temperature in a graph.

4. Is the ratio of number of holes and number of conduction electrons in a p-type semiconductor more than, less 
than or equal to 1?

5. The circuit shown in the figure has two oppositely connected ideal diodes connected in parallel. Find the current 
flowing through each diode in the circuit.

12 V

For question numbers 6-7 two statements are given-one labelled Assertion (A) and the other labelled Reason (R). 
Select the correct answer to these questions from the codes (a), (b), (c) and (d) as given below. 
(a) Both A and R are true and R is the correct explanation of A 
(b) Both A and R are true but R is not the correct explanation of A 
(c) A is true but R is false 
(d) A is false and R is also false
6. Assertion (A) : Velocity of light is different in different media.

Reason (R) : Light is an electromagnetic wave whose velocity in a medium depends on refractive index of the 
medium.

*The paper is for practice purpose. CBSE has yet not released the official sample paper.
So, the pattern is suggestive only. For latest information visit www.cbse.gov.in.

Time allowed : 2 hours Maximum marks : 35

General Instructions : 
(i) All questions are compulsory. There are 16 questions in all.
(ii) This question paper has five sections: Section A, Section B, Section C, Section D and Section E.
(iii)  Section A contains five very short answer questions and two assertion reasoning MCQs of 1 mark each. Section 

B has one case based question of 4 marks, Section C contains four short answer questions of 2 marks each,  
Section D contains two short answer questions of 3 marks each and Section E contains two long answer questions 
of 5 marks each.

(iv)  There is no overall choice. However internal choice is provided. You have to attempt only one of the choices in 
such questions. 
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7. Assertion (A) : V - I characteristic of p-n diode is same as that of any other conductor.

Reason (R) : p-n diode behave as conductor at room temperature.

SECTION - B
Question 8 is a Case Study based question and it is compulsory. Attempt any 4 sub parts from this question. Each 
part carries 1 mark.

Photoelectric Emission
8. When light of sufficiently high frequency is incident on a metallic surface, electrons are emitted from the metallic 

surface. This phenomenon is called photoelectric emission. Kinetic energy of the emitted photoelectrons 
depends on the wavelength of incident light and is independent of the intensity of light. Number of emitted 
photoelectrons depends on intensity. (hu – f) is the maximum kinetic energy of emitted photoelectrons (where 
f is the work function of metallic surface). Reverse effect of photo emission produces X-ray. X-ray is not 
deflected by electric and magnetic fields. Wavelength of a continuous X-ray depends on potential difference 
across the tube. Wavelength of characteristic X-ray depends on the atomic number.

(i) Einstein’s photoelectric equation is 

(a) Emax = hu – f (b) E = mc2 (c) E2 = p2c2 + m0
2c4 (d) E mv= 1

2
2

(ii) Light of wavelength l which is less than threshold wavelength is incident on a photosensitive material. If incident 
wavelength is decreased so that emitted photoelectrons are moving with some velocity then stopping potential 
will

(a) increase (b) decrease (c) be zero (d) become exactly half
(iii) When ultraviolet rays incident on metal plate then photoelectric effect does not occur, it occur by incident of 

(a) Infrared rays  (b) X-rays (c) Radio wave (d) Micro wave
(iv) If frequency (u > u0) of incident light becomes n times the initial frequency (u), then K.E. of the emitted 

photoelectrons becomes (u0 threshold frequency).
(a) n times of the initial kinetic energy 
(b) More than n times of the initial kinetic energy
(c) Less than n times of the initial kinetic energy
(d) Kinetic energy of the emitted photoelectrons remains unchanged.

(v) A monochromatic light is used in a photoelectric  experiment. The stopping potential
(a) is related to the mean wavelength 
(b) is related to the shortest wavelength
(c) is not related to the minimum kinetic energy of emitted photoelectrons
(d) intensity of incident light.

SECTION - C
All questions are compulsory. In case of internal choices, attempt anyone.
9. In a certain double slit experimental arrangement, interference fringes of width 1 mm each are observed when 

light of wavelength 5000 Å is used. Keeping the setup unaltered, if the source is replaced by another of wavelength 
6000 Å, then find the fringe width.

OR

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.
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10. Name the parts of the electromagnetic spectrum which is
(a) suitable for radar systems used in aircraft navigation.  
(b) used to treat muscular strain.

11. Draw the output waveform across the resistor.

+1 V

0
–1 V

A
V0

Input waveform at A

OR
Three photo diodes D1, D2 and D3 are made of semiconductors having band gaps of 2.5 eV, 2 eV and 2.75 eV, 
respectively. Which ones will be able to detect light of wavelength 5500 Å?

12. State the process responsible for energy generation in Sun. Why such process is difficult to achieve an Earth.

SECTION - D
All questions are compulsory. In case of internal choices, attempt any one.
13. (a)  Two slits in Young’s double slit experiment are illuminated by two different lamps emitting light of the same 

wavelength. Will you observe the interference pattern? Justify your answer.
(b)  In Young’s double slit experiment using monochromatic light of wavelength l, the intensity of light at a 

point on the screen where path difference is l, is K units. Find out the intensity of light at a point where path 
difference is l/3.

14. Use the lens equation to deduce algebraically:
(a) An object placed within the focus of a convex lens produces a virtual and enlarged image.
(b) A concave lens produces a virtual and diminished image independent of the location of the object.

OR
A convex lens of focal length 20 cm is placed coaxially with a convex mirror of radius of curvature 20 cm. The 
two are kept at 15 cm from each other. A point object lies 60 cm in front of the convex lens. Draw a ray diagram 
to show the formation of the image by the combination. Determine the nature and position of the image formed.

SECTION - E
All questions are compulsory. In case of internal choices, attempt any one.
15. 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 ni) to the lower state, (nf). When electron 
in hydrogen atom jumps from energy state ni = 4 to nf = 3, 2, 1. Identify the spectral series to which the emission 
lines belong.

OR
(i)  In hydrogen atom, an electron undergoes transition from 2nd excited state to the first excited state and then 

to the ground state. Identify the spectral series to which these transitions belong.
(ii) Find out the ratio of the wavelengths of the emitted radiations in the two cases.

16. Define power of a lens. Write its units. Deduce the relation 
1 1 1

1 2f f f
= +  for two thin lenses kept in contact 

coaxially.
OR

A screen is placed 80 cm from an object. The image of the object on the screen is formed by a convex lens placed 
between them at two different locations separated by a distance 20 cm. Determine the focal length of the lens.

1. a
b C

µ = 1
sin

,  where a and b are the rarer and denser 

media respectively and C is the critical angle for the given 
pair of optical media.

OR
(a) Conditions for total internal reflection are
(i) Light must travel from denser to rarer medium.
(ii) Angle of incidence must be greater than critical 
angle.
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2.  Materials             Resistivity (r) (W m at 0°C)
Copper (Cu) Nichrome 1.7 × 10–8

(alloy of Ni, Fe, Cr) 100 × 10–8

Germanium  0.46
Silicon       2300

3. (c) : Since the diode is reversed biased, only drift 
current exists in circuit which is 20 mA.
Potential drop across 15 W resistor 
 = 15 W × 20 mA = 300 mV = 0.0003 V
Potential difference across the diode 
 = 4 – 0.0003 = 3.99 ; 4V

OR
The variation of resistivity of Silicon (Si) with temperature 
is shown as
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4.   The ratio of number of holes and number of 
conduction electrons in a p-type semiconductor is more 
than 1.

5. Diode D1 is reverse biased, so it offers an infinite 
resistance. So no current flows in the branch of diode 
D1.
Diode D2 is forward biased, and offers negligible 
resistance in the circuit. So current in the branch

I V
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12 V
6. (a) : Velocity of light has different values in different 
media.
It depends on the refractive index of the medium. Related 
by formula 

 vmedium
velocity in vacuum

refractive index of medium
=

7. (d) : The V-I characteristic of p-n diode depends 
whether the junction is forward biased or reverse 
biased. This can be showed by graph between voltage 
and current.

In the given graph knee voltage is a voltage at which  
forward bias becomes greater than the potential barrier, 
the forward current increases almost linearly. 
From this graph we can verify that p-n diode 
characteristics are very different from that of conductor 
which obey’s Ohm’s law.
8. (i) (a) Einstein’s  photoelectr ic  equat ion is  
Emax = hu- f
(ii) (a) : According to Einstein’s photoelectric 
equation,

 eV0 = 
hc hc
λ λ

−
0

As l0 is constant, so when l is decreased, stopping 
potential (V0) increases.

(iii) (b) : It indicates that threshold frequency is 
greater than that of ultraviolet light. As X-rays have 
greater frequency than ultraviolet rays, so they can 
cause photoelectric effect.
(iv) (b) : K.E.1 = hu – f
 K.E.2 = nhu – f = n(hu – f) + (n – 1)f
 K.E.2 = nKE1 + (n – 1)f
 K.E.2 > nKE1

(v) (b) :  Stopping potential is the measurement of 
maximum kinetic energy of emitted photoelectrons 
and kinetic energy of emitted photoelectrons is 
linearly related with the frequency of incident light 
(i.e., corresponding to shortest wavelength, K.E. is 
maximum).
Stopping potential is independent of intensity.

9.   Fringe width, β
λ

=
D

d
Since D and d are unaltered, b ∝ l

∴ ′ =
′β

β
λ
λ  

or . mmβ β λ
λ

′ = × ′ = × =1 6000
5000

1 2

OR
Position of first minimum in diffraction pattern

y D
a

= λ

So, slit width a D
y

= = × ×
×

= ×
−

−
−λ 1 500 10

2 5 10
2 10

9

3
4

.
m

10. (a)  Microwaves are suitable for radar systems 
used in aircraft navigation.
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These waves are produced by special vacuum tubes, 
namely klystrons, magnetrons and Gunn diodes.
(b) Infra-red waves are used to treat muscular pain.
These waves are produced by hot bodies and molecules.
11. 

The diode acts as half wave rectifier, it offers low resistance 
when forward biased and high resistance when reverse 
biased. 

OR
We know that, energy of incident photon 

E hc=
λ

l = 6000 Å  = 600 nm  (given)

E = =
1242 eVnm

550 nm
eV2 25.

D2 will detect these radiations because energy of incident 
radiation is greater than the band gap.
12. Nuclear fusion is responsible for energy generation 
in the Sun. For fusion, temperature of 107 K is required,
such a temperature is difficult to achieve.
13. (a) Two different lamps emit light waves which
are not coherent, as they are not in same phase or not 
have stable phase difference. Due to this, no sustained 
interference pattern can be obtained on screen.

(b) Intensity at a point, I I= 



4

20
2cos φ

Phase difference = ×2π
λ

Path difference

At path difference l,

Phase difference, φ π
λ

λ π= × =2 2

∴ = 



Intensity, cosK I4 2

20
2 π

[Q Given I = K at path difference l]
        K = 4I0 ...(i)

At path difference λ
3

′ = × =φ π
λ

λ π2
3

2
3

Intensity, cos′ = 



I I4 2

60
2 π

 = K
4

(Using (i))

14. (a) For convex lens : f is +ve and u is – ve.
For 0 < |u| < f,

1 1 1 1 1
v f u f u

u f
f u

= + = − =
−

= −
| |

| |
| |

ve

or v = –ve

m v u
v u

v u= < >/ ,
| | | |

| | | |As or1 1

So m > 1
and hence image formed is enlarged.
(b) For concave lens : f is –ve and u is –ve
For u < 0 (object is on left)

1 1 1 1 1
v f u f u

f u
f u

= + = − +








 = −

+
⋅









| | | |

| | | |
| | | |

or v = –ve
As v is –ve, so image lies on the left of lens and is virtual 
in nature.

m v
u v u

v u= > <,
| | | |

| | | |As or1 1

So m < 1, and hence image formed is diminished.
OR

O

L M

60 cm 15 cm

15 cm

30 cm

I′ I

For the convex lens,
u = –60 cm, f = +20 cm
1 1 1
v u f

− =  gives v = +30 cm

For the convex mirror,

u = +(30 – 15) cm = 15 cm, f = + =20
2

10cm cm

1 1 1
v u f

+ =  gives v = +30 cm

Final image is formed at the distance of 30 cm from the 
convex mirror (or 45 cm from the convex lens) to the 
right of the convex mirror.
The final image formed is a virtual.

15. Q
mv

r
e
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2

0
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4
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πε …(i)

and mvr nh
n =

2π
…(ii)

From eqn. (i) and (ii)

∴ =r
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men
ε

π
0

2 2

2

Total energy

E mv e
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n
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When electron in hydrogen atom jumps from energy 
state ni = 4 to nf = 3, 2, 1, the Paschen, Balmer and Lyman 
spectral series are found.

OR

(i) An electron undergoes transition from 2nd excited
state to the first excited state is Balmer series and then
to the ground state is Lyman series.
(ii) The wavelength of the emitted radiations in the two
cases.

For n2 → n1
DE = (–3.40 + 13.6) = 10.20 eV

λ

λ

2

34 8
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2
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..218 10 7× − m  = 1218 Å

For n3 → n2
DE = (–1.5 + 3.4) = 1.9 eV

λ1

7
719 878 10

1 9 1 6
6 538 10= ×

×
= ×

−
−.

. .
. m  = 6538 Å

The ratio 
λ
λ

1

2

6538
1218

5 36= = .

16. Power of lens : It is the reciprocal of focal length
of a lens.

P
f

= 1  (f is in metre)

Unit of power of lens : Dioptre

A B

O P I I1

v1u

v

An object is placed at point O. The lens A produces an 
image at I1 which serves as a virtual object for lens B 
which produces final image at I.
Given, the lenses are thin. The optical centres (P) of the 
lenses A and B coincide with each other.
For lens A, we have
1 1 1

1 1v u f
− = …(i)

For lens B, we have 
1 1 1

1 2v v f
− = …(ii)

Adding equations (i) and (ii),
1 1 1 1

1 2v u f f
− = + …(iii)

If two lenses are considered as equivalent to a single lens 
of focal length f, then
1 1 1
v u f

− = …(iv)

From equation (iii) and equation (iv), we can write
1 1 1

1 2f f f
= +

OR
Case I : u = –x, v = 80 – x, f = f

x 80 – x
80 cm

\ 1 1 1 1
80

1
f v u x x

= − =
−

+ ...(i)

Case II : u = –(x + 20), v = 60 – x

x + 20 60 – x
80 cm

1 1
60

1
20f x x

=
−

+
+

...(ii)

From (i) and (ii)
1

80
1 1
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1
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−
+ =

−
+

+
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x x x x
x  cm

\ 
1 1

80 30
1
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18 75

f
f=

−
+ ⇒ = .  cm




