


Reach us goyalpublisher goyalpublishergoyalpublisher

also available at

To buy these books

www.goyal-books.com

GOYAL BROTHERS PRAKASHAN



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 1

1 Refraction of Light at Spherical 
Surfaces : Lenses

Summary
zz Lens: A lens is a piece of a refracting medium bounded by two surfaces, at least one of which is 
a curved surface. 
zz Refraction through a spherical surface: A surface which forms part of a sphere of a transparent 
refracting material is called a spherical refracting surface. 

 (i) Refraction from rarer to denser medium: When a ray of light travels from a rarer medium of 
refractive index µ1 to a denser medium of refractive index µ2 of a spherical surface of radius 
of curvature R, the relation between object distance u and image distance v is

      µ µ µ µ2 1 2 1
v u

− =
−
R

  If the rarer medium is air, then µ1 = 1 and µ2 = µ, we have 

      µ µ
v u
− = −1 1

R
 (ii) Refraction from denser to rarer medium: When the object is placed in a denser medium, the 

relation between u and v can be obtained by interchanging µ1 and µ2, 

      
µ µ µ µ1 2 1 2
v u
− =

−
R

zz Lens maker’s formula: This formula relates the focal length f to the refractive index µ and the 
radii of curvature R1, R2 of its spherical surfaces. 

      1 1 12 1

1 1 2f
=

−







 −









µ µ
µ R R

  When lens is replaced in air µ1 = 1 and µ2 = µ. The lens maker formula takes the form, 

      
1 1 1 1

1 2f
= − −





( )µ
R R

zz Thin lens formula: This formula gives relationship between object distance u, image distance v 
and focal length f of a spherical lens (convex or concave) of small aperture. 

      1 1 1
v u f
− =

zz Linear magnification produced by a lens: It is the ratio of the size of the image formed by a 
lens to the size of the object. 

      m = 
h
h

v
u

f
f u

f v
f

2

1
= =

+
= −

  When m is positive (or v is negative), the image is virtual and erect. When m is negative (or v is 
positive), the image is real and inverted. 
zz Power of a lens: The power of a lens is defined as the reciprocal of its focal length, expressed 
in metres. 

      P = 
1

f ( )m

  SI unit of power is m–1, also called dioptre (D). 

UNIT 6 : OPTICS
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2 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

One dioptre is the power of a lens whose principal focal length is 1 metre. 

P = 
1 1 1 1

1 2f ( )
( )

m
= − −







µ

R R

zz Lens combinations: When lenses are used in combination, each lens magnifies the image formed 
by the preceding lens. The total magnification is equal to the product of the magnifications produced 
by the individual lenses. 

m = m1 × m2 × m3 .... 
The combined focal length f of two thin lenses of focal lengths f1 and f2 placed in contact is 
given by 

1 1 1

1 2f f f
= +

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. Diameter of a plano-convex lens is 6 cm and thickness at the centre is 3 mm. If speed of light 
in material lens is 2 × 108 m/s, the focal length of the lens is :
(a) 20 cm (b) 30 cm (c) 10 cm (d) 15 cm

2. A point object is situated at the centre of a solid glass sphere of radius 6 cm and refractive index 
1.5. The distance of its virtual image from the surface of the sphere is :
(a) 4 cm (b) 6 cm (c) 9 cm (d) 12 cm

3. A bi-convex lens of focal length 15 cm is in front of a plane mirror. The distance between the 
lens and the mirror is 10 cm. A small object is kept at a distance of 30 cm from the lens. The 
final image in :
(a) virtual and at a distance of 16 cm from the mirror
(b) real and at a distance of 16 cm from the mirror
(c) virtual and at a distance of 20 cm from the mirror
(d) real and at a distance of 20 cm from the mirror

4. A person can see objects clearly when they lie between 50 cm and 400 cm from his eye. In 
order to increase the maximum distance of distinct vision to infinity, the type and power of the 
correcting lens, the person has to use, will be :
(a) convex, + 0.15 dioptre   (b) convex, + 2.25 dioptre
(c) concave, – 0.25 dioptre   (d) concave, – 0.2 dioptre

5. For a plano-convex lens of glass (n = 1.5) of focal length f, the radius of curvature R of its curved 
surface is equal to :
(a) f/2 (b) f (c) 3f/2 (d) 2f

6. The power of a thin convex lens (aµg = 1.5) is + 0.5D when it is placed in a liquid of refractive 
index aµl then it behaves as a concave lens of focal length 100 cm. The refractive index of the 
liquid aµl will be :
(a) 5/3 (b) 4/3 (c) 3 (d) 5/4

7. A convex lens of focal length 40 cm is in contact with a concave lens of focal length 25 cm. The 
power of combination is :
(a) – 1.5D (b) – 6.5 D (c) + 6.5D (d) +6.67D
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 8. A convex lens is dipped in a liquid whose refractive index is equal to the refractive index of the 
lens. Then its focal length will :

 (a) become zero   (b) become infinite
 (c) become small, but non zero (d) remain unchanged
 9. Which of the following forms a virtual and erect image for all positions of the object?
 (a) Concave lens   (b) Concave mirror
 (c) Convex mirror   (d) Both (a) and (c)
 10. If a convex lens of focal length 80 cm and a concave lens of focal length 50 cm are combined 

together, what will be their resulting power?
 (a) + 6.5 D (b) – 6.5 D (c) + 7.5 D (d) – 0.75 D
 11. A double convex lens of refractive index µ1 is immersed in a liquid of refractive index µ2. The 

lens will act as transparent plane sheet when :
 (a) µ1 = µ2 (b) µ1 > µ2 (c) µ1 < µ2 (d) µ1 = 1

µ2
 12. A thin convex lens has radii of curvature each of magnitude 40 cm and is made of glass with 

refractive index 1.65. Its focal length is nearly :
 (a) 20 cm (b) 31 cm (c) 35 cm (d) 50 cm
 13. The distance between an object and the screen is 100 cm. A lens produces an image on the screen 

when placed at either of the position 40 cm apart. The power of the lens is :
 (a) 3D (b) 5D (c) 7D (d) 9D
 14. A candle placed 25 cm from a lens, forms an image on a screen placed 75 cm on the other end 

of the lens. The focal length and type of the lens should be :
 (a) + 18.75 cm and convex lens (b) – 18.75 cm and concave lens
 (c) + 20.25 cm and convex lens (d) – 20.25 cm and concave lens
 15. A convex lens produces a real image m times the size of the object, what will be the distance of 

the object from the lens?

 (a) m
m

f+





1  (b) (m – 1) f (c) m
m

f−





1  (d) m
f
+





1

Answers
 1.  (b) 2. (b) 3. (b) 4. (c) 5.  (c) 6.  (a) 7. (a) 8.  (b)
 9.  (d) 10.  (d) 11.  (a) 12.  (b) 13.  (b) 14.  (a) 15. (a)

B. 1 Mark Questions

 1. Can a lens be used in a medium of which it is made of?
 Ans. No, it cannot be used as lens in a medium of which it is made of as there would be no refraction 

of light.
 2. What should be the position of an object relative to a biconvex lens so that it behaves like a 

magnifying glass?
 Ans. The object should be placed between the optical centre and the focus of the biconvex lens.
 3. Can the optical centre of a lens be situated outside the lens?
 Ans. Yes, it can happen in case of a meniscus lens.
 4. How does focal length of a convex lens changes with increase in wavelength of incident light?
 Ans. Focal length of a convex lens increases with increase in wavelength. The refractive index µ of the 

material of the lens decreases with increase in wavelength. Thus focal length f increases according 
to the relation f ∝ 1/(n – 1).

 5. A glass lens is immersed in water. Will its power increase or decrease?
 Ans. The power of the lens will decrease.
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 6. A virtual image is formed in space and cannot be taken on a screen. Yet when we see it, we bring 
it on the screen (called retina) of our eye. Is there a contradiction?

 Ans. No, there is no contradiction. The rays forming the virtual image enter our (converges) eye-lens 
which forms a real image on the retina.

 7. What is the focal length of a combination of a convex lens of focal length 30 cm and a concave 
lens of focal length 20 cm?

  Is the system a converging or diverging lens?
 Ans. Here f1 = + 30 cm (convex lens)
    f2 = – 20 cm (concave lens)
  Focal length of the combination is given by

    1
f

 = 
1 1 1

20
1

601 2f f
+ +

−
= −= 1

30

  or f = – 60 cm
  The negative value of f indicates that the combination behaves as a diverging lens.
 8. Two thin lenses of power + 4D and – 2 D are in contact. What is the focal length of the 

combination?
 Ans.  P = P1 + P2 = + 4 – 2 = + 2D

   f = 1
P  = 

1
2

50
+

=m cm

 9. A double convex lens, made from a material of refractive index µ1, is immersed in a liquid of 
refractive index µ2, where µ2 > µ1. What change, if any, would occur in the nature of the lens?

 Ans. The lens would behave as a diverging lens. When immersed in the liquid.

   1

1f
 = µ

µ
1

2 1
1 1 1

−








 −








R R2

  Where µ2 > µ1, f1 is negative.
 10. A glass lens of refractive index 1.5 is placed in a trough of liquid. What must be the refractive 

index of the liquid in order to make the lens disappear?
 Ans. The refractive index of liquid must be equal to 1.5 i.e, equal to that of glass lens in order to make 

the lens disappear.
 11. A converging lens of refractive index 1.5 is kept in a liquid medium having same refractive index. 

What would be the focal length of the lens in this medium?

 Ans.  1

1f
 = µ

µ
2

1 1
1 1 1

−








 −








R R2

= 
1 5
1 5

1 1 1

1

.

.
−






 −








R R2

   or   f = ∞

 12. A diverging lens of focal length F is cut into two identical parts each forming a plano-concave 
lens. What is the focal length of each part?

 Ans. Focal length of each part will be 2F.
  For original concave lens,

     1
F

 = µ
µ

−( ) −
−
−






 =

− −1 1 1 2 1
R R R

( )

  For each half lens, 1
F'

 = µ
µ

−( ) − −
∞







 =

− −1 1 1 1
R R

( )

  On dividing, F
F

'
 = 2 or F' = 2F
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 13. Draw a plot showing the variation of power of a lens, with the wavelength of the incident light.
 Ans. Power of lens, P ∝ (µ – 1). As µ (refractive index) of a material decreases with the increase in 

wavelength λ, so the graph between P and λ is shown below.

Wavelength, λ →

P
o

w
e

r,
P

→

 14. Use lens maker’s formula to write an expression for the refractive index, µ of the material in 
terms of its focal length f, and the radii of curvature R1 and R2 of its two surfaces.

 Ans. By lens maker’s formula,

    
1
f

 = µ −( ) −








1 1 1

R R1 2

  ∴ µ = 1 1
1 1

+
−









f

R R1 2

 15. Three lenses with magnifications 2, 3 and 10 form a combination. What is its total magnification?
 Ans. Total magnification of the combination,
    m = m1 × m2 × m3 = 2 × 3 × 10 = 60
 16. Under what circumstances the first focal length of a lens not equal to its second focal length?
 Ans. The two focal lengths of a lens are not equal when the medium on the two sides of the lens are 

not same.
 17. A thin convex lens (L1) of focal length 80 cm and a thin concave lens (L2) of focal length f are 

kept co axially 20 cm apart (L1 first and L2 next to it). When a narrow and parallel beam of light 
is incident on the convex lens, beam emerging from the concave lens is also a parallel beam.  
Find f.

 Ans. For the convex lens L1, u = ∞
  ∴ v = f1 = 80 cm
  Now this image will serve as virtual object for concave lens (L2)
  ∴  For concave lens, u = 80 – 20 = 60 cm
  Further it is given that the rays after refraction from concave lens becomes parallel to its principal 

axis.
  Thus for concave lens v = ∞

  Now from lens formula, 1
f

 = 1 1
v
−
u

  ⇒ 
1 1
f
=
∞
−

1
60   ⇒ f = – 60 cm

 18. The central portion of a lens is covered with a black paper. Will the lens form full image of an 
object?

 Ans. Yes, each part of the lens will form full image. But the intensity of the image is reduced.
 19. A lens has a power of –2.5 D. What is the focal length?

 Ans. Focal length, f = 
1 1

2 5P m
40 cm=

−
= −

.



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 6 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

C. 2 Marks Questions
 1. A biconvex lens made of glass (refractive index 1.5) has two spherical surfaces having radii 20 

cm and 30 cm. Calculate its focal length.
 Ans. Given µ = 1.5
    R1 = 20 cm and R2 = – 30 cm
  The focal length of the bifocal convex lens is given by :

    
1
f

 = µ −( ) −








1 1 1

R R1 2
= 1·5

20 ( 30)
−( ) −

−






1 1 1   ⇒ f = 24 cm

 2. Light from a point source in air falls on a convex spherical glass surface (µ = 1.5, radius of 
curvature = 20 cm). The distance of light source from the glass surface is 100 cm. At what position 
is the image formed?

 Ans. Here µ1 = 1, µ2 = 1.5, u = – 100 cm
    R = + 20 cm
  [as R is +ve for convex refracting surface]

  As 
µ µ2
v
− 1
u  = µ µ2 1

R
−

  ∴ 
15 1

100
·
v
+  = 15 1

20
1
40

· − =

  ⇒ 3
2v

 = 1
40

− =1
100

3
200

  ⇒ v = 100 cm
 3. A plano-convex lens made of glass (µ = 1.5) has a focal length of 10.0 cm. (i) Calculate the 

radius of curvature of its curved surface. (ii) If an identical plano-convex lens is placed in contact 
with the first (plane surfaces facing each other), what will be the power of the combination (in 
dioptre)?

 Ans. (i) The focal length of a lens is given by,

    
1
f

 = µ −( ) −








1 1 1

R R1 2
   For a plano-convex lens, R1 = ∞,

   ∴ 
1
f

 = 
− +µ 1

R2

   Here f = 10 cm and µ = 1.5

   ∴ 1
10 cm

 = 
− +

=
−15 1 0 5· ·

R R2 2

   ⇒ R2 = 10.0 cm × (– 0.5) = – 5.0 cm

  (ii) The focal length f (say) of the combination is given by

    
1
f

 = 
1 1

1 2f f
+ = +

1
10·0 cm

1
10·0 cm

 = 
1

5·0 cm

   ⇒ f = 5.0 cm = 0.05 m

   The power of the combination is, P = 
1 1

f (in metre) 0·05 m
= = 20 dioptre
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 4. On what factors does the focal length of a lens depend?
 Ans. The focal length of a lens depends on :
 (i) The radii of curvature of the two surfaces of the lens.
 (ii) The refractive index of the material of the lens with respect to the medium in which the lens 

is placed.
 (iii) The wavelength of the light used.
 5. A lens is made of two different materials of refractive indices µ1 and 

µ2, as shown. A point object is placed on the principal axis. How many 
images of the object will be formed by the lens (neglecting spherical and 
chromatic aberration)?

 Ans. Because of the two materials of different refractive indices, there will be 
two different focal lengths of the lens. Hence two images will be formed.

 6. How do the focal length of a lens and the focal length of a mirror depend on the wavelength of 
incident light?

 Ans. As wavelength of light increases, the focal length of lens also increases (because refractive index 
of lens material decreases). The focal length of the mirror is independent of the wavelength of 
the incident light.

 7. The image of a candle is formed by a convex lens on a screen. If the lower half of the lens is 
painted black to make it completely opaque, will still the full size of the image be obtained?

 Ans. Yes, the image of full size can still be obtained, as the various rays from a point on the candle, 
after refraction through different parts of the lens will still converge at the same point, only their 
number will now be less, resulting in less intense image.

 8. Can a convex (converging) lens behave as a concave (diverging) lens in some situation? Give 
example.

 Ans. Yes, when a convex lens is placed in a medium of refractive index greater than that of the material 
of the lens, then it behaves as a concave lens.

  For example, a convex lens of glass (µ = 1.50) immersed in carbon disulphide (µ = 1.63).
 9. What will be the effect on focal length and nature of a lens when immersed in a liquid whose 

refractive index is less than that of the material of the lens?
 Ans. The nature of the lens will remain unchanged. But focal length of the lens will increase, thus a 

converging lens will become less converging and a diverging lens will become lens diverging.
 10. A lens, whose radii of curvature are different, is forming the image of an object placed on its 

axis. What happens when the lens is reversed? 
 Ans. The position of the image will not change, as in the formula 1

f
 = ( )µ − −









1 1 1

R R1 2
.

  If we replace R2 in place of R1 and vice versa, then the value of f will not change. Hence the 
image will be formed at the same place.

 11. A monochromatic ray of light is incident on a spherical refracting surface of refractive index µ 
If f1 and f2 be the first and second focal lengths of the surface then prove that, f2 + µf1 = 0.

 Ans. If an object is placed at distance u from the pole of a spherical refracting surface of radius of 
curvature R and refractive index µ, and the image is formed at distance v, then

    µ
v
−

1
u

 = µ −1
R

  Now, if u = ∞, the image is formed at the second focus, that is v = f2. Then we have,

    µ
f2
−
∞
1  = µ −1

R
  ⇒ f2 = 

µ
µ

R
1−

   ...(i)

  Similarly, if v = ∞ then u = f1 (first focal length)

µ2

µ1

µ1
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  Now, we have

    µ
∞
−

1

1f
 = µ −1

R
  ⇒ f1 = −

−
R

1µ
   ...(ii)

  Multiplying equation (ii) by µ and adding equation (i) and (ii), we get
    f2 + µf1 = 0
 12. The radii of curvature of both the surfaces of a convex lens are equal. Prove that the focal length 

of the lens will be equal to its radius of curvature, if the refractive index of the material of the 
lens is 1.5.

 Ans. The focal length is given by

    
1
f

 = ( )µ − −








1 11

R R1 2
  For a convex lens, R1 is positive and R2 is negative and so

    1
f

 = ( )µ − +








1 11

R R1 2

  Given that : R1 = R2 = R (let) and µ = 1.5. Then,

    1
f

 = ( · )15 1 1− +




=1

R R
1
R

     f  = R
 13. An equiconvex lens of focal length f and power P is cut into two halves in thickness. Determine 

the focal length and power of each half?
 Ans. The focal length f of an equiconvex (R1 = R2 = R) lens is given by

    1
f

 = ( ) ( )
µ

µ
− +









 =

−1 1 2 11
R R R1 2

 ⇒ f = 
R

2 1( )µ −
  ...(i)

  On cutting in thickness, each half becomes a plano-convex lens (R1 = ∞ and R2 = R) whose focal 
length f ′ (let) is given by

    
1
f ′  = ( )µ

µ
−

∞
+






 =

−1 1 11
R R

  ⇒ f ′ = 
R

µ −
=

1
2 f  [From equn. (i)]

  The focal length of each half is 2f that is doubled and corresponding the power is halved i.e. P/2.
 14. Even after having a curved surface, sunglasses have zero power. Justify.
 Ans. The two radii of curvature of the lens used in sunglasses are equal and of the same sign (curved 

in the same direction), hence their powers are zero.
 15. State how focal length of glass lens (refractive index 1.5) changes when it is completely immersed 

in: (i) water (refractive index 1.3) (ii) A liquid (refractive index 1.65).

 Ans.  l

a

f
f  = 

1

1

a
g

l
g

µ −

µ −
    

l
g

a
g

a
l

µ
µ

µ
= =













15
133

·
·

  (i) l

a

f
f

 = 
1 5 1
1 5
1 33

1

0 5 133
017

39.
.
.

· ·
·

·−

−
=

×
=

  Focal length increases but nature does not change.

  (ii) l

a

f
f

 = 15 1
15

165
1

0 5 165
015

5 5·
·

·

· ·
·

·−

−
= ×

−
= −

  Nature of the focal length changes.
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 16. A lens of focal length f forms the image of a luminous object on a screen m times larger. Show 
that the distance of the screen from the lens is, f (1 + m).

 Ans. Multiplying both sides of the lens formula, 1 1 = 1
v u f
−  by v, we have

    1– v
u

 = 
v
f

  or 1 – m = 
v
f     ∵m

u
=








v

  or v = f (1 – m)
  Since the image is real (formed on screen), it is inverted and so m is negative. Then,
    v = f (1 + m)
 17. Use the lens equation to explain that a concave lens produces a virtual and diminished image, 

independent of the location of the object. 
 Ans. From the lens equation, we have

    v = 
uf
u f+

  The focal length f of a concave lens is negative and also the distance v of a real object from the 
lens is negative. Hence, v is always negative. Thus m (= v/u) is positive, that is image is virtual 
whatever the value of u.

 18. A thin convex lens of focal length 40 cm is placed in contact of a thin concave lens of focal 
length 25 cm. Find the focal length, power and nature of the combined lens system.

 Ans. The focal length of the combination is given by,

    
1
f  = 

1 1

1 2f f
+

  Here f1 = 40 cm (convex) and f2 = – 25 cm (concave)

    ∴ 
1
f  = 

1 3
20040 cm

1
25 cm

cm− =
−

  ⇒ f = − 200
3

cm

  ∴ The lens system is a diverging lens of focal length 200
3

cm .
  The power of the combined lens system is

   P = 
1

(in metre) m
D

f
=

−








= −
1

2
3

15·

 19. A double convex lens of +5 D is made of glass of refractive index 1.5 with both faces of equal 
radii of curvature. Find the value of curvature.

 Ans. Let R1 = R and R2 = – R. Then

      P = 
1 1 1
f
= − −









( )µ 1

R R1 2

   ⇒  5 = ( · ) ·15 1 1 0 5 2
− +




= ×

1
R R R

   ∴  R = 0 5 2
5

1· ×
=m

5
m = 20 cm
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 20. A convex lens is made of glass of refractive index 1.5. If the radius of curvature of the each 
of the two surfaces is 20 cm, find the ratio of the powers of the lens, when placed in air to its 
power, when immersed in a liquid of refractive index 1.25.

 Ans. R1 = 20 cm = 0.2 m
  R2 = – 20 cm = – 0.2 m,  µg = 1.5 and µl = 1.25
  For the lens placed in air :

    P1 = ( )µg − −








1 11

R R1 2
 = ( · )15 1 1 5− −

−





=

1
0·2 0·2

D

  For the lens placed in liquid :

    P2 = 
µ

µ
g

l
−









 −








1 11

R R1 2
= 15

1 25
1 1 2·

·
−





−
−









 =

1
0·2 0·2

D

  ∴ 
P
P2

1  = 
5
2

. Thus, ratio of powers of the lens = 5 : 2

 21. What is meant by the power of a lens? Define dioptre and give relation between the power and 
the focal length of a lens. Which type of lens has a positive power and which one negative?

 Ans. The linear magnification produced by a spherical (concave or convex) lens is the ratio of the size 
of the image formed by the lens to the size of the object, both measured perpendicular to the 
spherical axis. It is denoted by m.

  Magnification formula is same for both the convex and the concave lenses,

    m = v
u

  The lens formula for magnification;

    1
v
−

1
u

 = 
1
f    (i)

  Multiplying both side by v, we have

  ⇒  1− v
u

 = 
v
f

  ∴ m = v v v
u f

f
f

= − =
−1

  Similarly, multiplying both sides by u of equation (i), we have

    
u
v
−1  = 

u
f    ⇒ 

u
v

 = 1+ u
f = 

f
f
+ u

  ∴  m = 
v
u

f
f u

=
+   ⇒ m = v

u
 = 

f
f

f
f u

−
=

+
v

 22. Define linear magnification produced by a spherical lens. Derive various expressions for it in 
terms of object distance, image distance and focal length of the lens.

 Ans. The power of lens is measure of the degree of convergence or divergence of the light rays falling 
on it.

  The power of a lens is defined as the tangent of the angle by which it converges or diverges a 
beam of light falling at unit distance from the optical centre.

  One dioptre is the power of a lens whose principal focal length is 1 metre.
  Power of a lens is nothing but the reciprocal of its focal length. (in metre)

     P = 
1
f (in m)

  The focal length of a converging lens is positive and that of a diverging lens is negative. Thus, 
the power of a converging lens is positive and that of diverging lens is negative.
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 23. What happens when a lens is immersed in a liquid?
 Ans. If a lens is immersed in a liquid whose refractive index is less than the refractive index of the 

material of the lens, then the focal length of the lens increases and the power decreases, but the 
nature of the lens remains unchanged. If the refractive index of the liquid is equal to the refractive 
index of the material of lens, then the power of the lens will be zero (focal length infinite). A 
lens immersed in such a liquid becomes invisible.

  If the refractive index of the liquid is greater than the refractive index of the material of the lens, 
then convex lens will behave like a concave lens and vice-versa. Thus, nature of lens gets changed.

 24.  (i) The radii of curvature of the surfaces of a double convex lens are 10 cm and 15 cm. If focal 
length is 12 cm, what is the refractive index of glass? 

 (ii) A biconvex lens has a focal length 2/3 times the radius of curvature of either surface. Calculate 
the refractive index of lens material.

 Ans. (i) Here f = 12 cm, R1 = 10 cm
    R2 = – 15 cm, µ =?

    
1
f

 = ( )µ − −






1 1
R

1
R1 2

  ∴ 
1

12
 = ( ) ( )µ µ− +




= − ×1 1

10
1

15
1 5

30

  or µ – 1 = 
6

12
0 5= ·  ∴ µ = 1.5

  (ii) Here f = 2
3

R,        R1 = R,       R2 = – R

    1
f

 = ( )µ − −






1 1
R

1
R1 2

  ∴ 3
2

1
R
= − +






( )µ

1
R

1
R

  ∴ 3
4

 = µ – 1  or µ = 1 + 0.75 = 1.75

 25. A convex lens is placed in contact with a plane mirror. An axial point object, at a distance of  
20 cm from this combination, has its image coinciding with itself. What is the focal length of the 
convex lens?

 Ans. Figure shows a convex lens L is placed in contact with 
plane mirror M. P is the point object, kept in front of this 
combination of a distance of 20 cm, from it. As the image 
coincides with the object itself, the rays from the object, 
after refraction from the lens should fall normally on the 
mirror M, so that they retrace their path. For this, the rays 
from P, after refraction from the lens must form a parallel 
beam perpendicular to M. As the rays from P must be at 
the focus of the lens. Hence focal length of the lens is 20 cm.

 26. Derive an expression for the magnification produced by convex lens.
 Ans. From the above figure we can see ray diagram for the image A′B′ of a finite object AB by a 

convex lens.
  Now ∆AOB ~ ∆A'OB'

  ∴ A B
AB

' '
 = OB

OB

'

M
L

P
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  Applying the new cartesian sign convention, we get
   A'B' = – h2
   AB = + h1
   OB = – u
   OB' = v

  ∴ 
−
+

h
h
2

1
 = 

+
−

=
v v
u

h
h u

or 2

1

  ∴  magnification, m = 
h
h u
2

1
=

v

 27. Derive an expression for the magnification produced by concave lens.
 Ans. The figure shows the formation of a virtual image A'B' of a finite object AB by a concave lens.
  Now, ∆AOB ~ ∆A'OB'

  ∴ A B
AB

' '
 = OB

OB

'

  Applying the new cartesian sign convention, we get

    A'B' = h2, AB = h1
    OB' = – v, OB = – u

  ∴  
h
h
2

1
 = 

−
−
v
u

  ∴ magnification, m = 
h
h u
2

1
=
v

 28.  (i) State the lens formula. Is the same formula applicable to both convex and concave lenses? 
 (ii) A needle placed 45 cm from a lens forms an image on a screen placed 90 cm on the other 

side of the lens. Identify the type of the lens and determine its focal length. What is the size 
of image if the size of the needle is 5.0 cm?

 Ans. (i)  Thin lens formula is a mathematical relation between the object distance u, image distance v 
and focal length f of a spherical lens. This relation is :

    1 1
v
−
u

 = 
1
f

   This formula is valid for both convex and concave lenses for both real and virtual images.
  (ii) Here u = – 45 cm,
    v = 90 cm
   Using thin lens formula,

    
1
f  = 

1 1
v
−
u

= 
1
90

1
45

1 2
90

+ = +

   ∴  f  = 30 cm
   Positive value of f indicates that the lens is converging.
   Magnification,

    m = 
h
h u

h2

1 5
90
45

= =
−

v or 2    [  h1 = 5 cm]

  ∴  Size of image, h2 = – 10 cm
   Negative sign indicates that the image is real and inverted.

M

v

A

C' B F' CO

F B'

A'

f

u

A

O

M

A'

B F B'
v

f

u



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 13

D. 3 Marks Questions
 1.  (i) Derive the expression for the lens maker’s formulae. Write the expression for thin lens. 
 (ii) A convex lens of focal length 0.2 m and made of glass (µ = 1.50) is immersed in water 

(µ = 1.33). Find the change in the focal length of the lens.
 Ans. (i)  Consider a thin double convex lens of refractive index µ2 placed in a medium of refractive 

index µ1. Here µ1 < µ2. Let B and D be the poles, C1 and C2 be the centres of curvature and 
R1 and R2 be the radii of curvature of the two lens surfaces ABC and ADC respectively.

Normal
at M

µ1

Normal
at N

A

NM

B D

µ2

I C1C2O

µ1

C
u v1

R1R2

v

I1

  Suppose a point object O is placed on the principal axis in the rarer medium of refractive index 
µ1. The ray OM is incident on the first surface ABC. It is refracted along MN, bending towards 
the normal at this surface. If the second surface ADC were absent, the ray MN would have met 
the principal axis at I1. So we can treat I1 as the real image formed by first surface ABC in the 
medium of refractive index µ2.

  For refraction at surface ABC,

    µ µ2

1

1
v

−
u

 = 
µ µ2 1

1

−
R

     ...(1)

  But actually the lens material is not continuous. Therefore, the ray MN suffers further refraction 
at surface ADC and emerges along NI, meeting actually the principal axis at point I which is the 
final image of O formed by the lens.

  For refraction at second surface I1, acts as a virtual object placed in the medium of refractive 
index µ1. Therefore, the relation between the object distance v1, image distance v and radius of 
curvature R2 can be written as

    
µ µ1 2
v v
−

1
 = 

µ µ1 2−
R2

     ...(2)

  Adding (1) and (2) we get

    µ µ1 1
v
−
u

 = ( )µ µ2 1
1 1− −





R R1 2

 

    
1 1
v
−
u

 = 
µ µ

µ
2 1

1

1 1−





−




R R1 2

   ...(3)

  If the object is placed at infinity (u = ∞). The image will be formed at the focus i.e. v = f

  ∴ 
1
f

 = 
µ µ

µ
2 1

1

1 1−





−




R R1 2

  ...(4)

  From Eqs. (3) and (4) we have,

    
1
v
−

1
u

 = 
1
f

  This is the thin lens formula which gives relationship between u, v and f of a lens.
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  (ii) For glass lens in air, aµg = 1.5,  fa = 0.2 m

    
1
fa

 = a
gµ −( ) −









1 1 1

1R R2

  ∴ 1
0 2·

 = 15 1 1 1

1
· −( ) −









R R2

  ⇒ 
1 1

1R R2
−  = 10

  For the same lens in water, aµω = 1.33

    1
fw

 = w
gµ −( ) −









1 1 1

1R R2
 = 

a
g

a
w

µ

µ
−









 −








1 1 1

1R R2
 = 15

133
1 10·

·
−




×

   ⇒  fw = 0.78 m

   ∴  Change in focal length = fw – fa = 0.78 – 0.20 = 0.58 m

 2. Derive the relation, µ µ µ µ2 1 2 1
v u

− =
−
R

for a spherical surface and mention the assumptions adopted.

 Ans. In the given figure APB is a convex refracting 
surface which separates a rarer medium of 
refractive index µ1 from a denser medium of 
refractive index µ2. Let P be the pole, C be the 
centre of curvature and R = PC be the radius of 
curvature of this surface.

  Suppose a point object O is placed on the principal 
axis in the rarer medium. Starting from the point 
object O a ray ON is incident at an angle i. After 
refraction, it bends towards the normal CN at 
angle of refraction r. Another ray OP is incident 
normally on the convex surface and passes undeviated.

  The two refracted rays meet at point I. So I is the real image of point object O.
  In ∆NOC, i is an exterior angle, so
    i = α + γ
  Similarly from ∆NIC,
    γ = r + β
    r = γ – β
  Suppose all the rays are paraxial. Then the angles i, r, α, β and γ will be small.

  ∴ α = tanα = =
NM
OM

NM
OP

 [ P is close to M]

    β = tanβ = =NM
MI

NM
PI

       and γ = tan γ = =
NM
MC

NM
PC

  From Snell’s law of refraction,
    µ1 sin i = µ2 sin r
  As i and r are small, so
    sin i = i and sing r = r
  ∴ µ1i = µ2 r

  ⇒ µ1 [α + γ] = µ2 [γ – β] ⇒ µ1
NM
OP

+ NM
PC







 = µ2
NM
PC

NM
PI

−





:

:
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  ⇒ µ1
1

OP
+ 1

PC






 = µ2
1

PC
1
PI

−





    µ µ1 2
OP PI

+  = 
µ µ2 1−

PC

  Using  new cartesian sign convention,
   OP = – u (object distance)
   PI = + v (Image distance)
   PC = + R (Radius of curvature)

  ∴ µ µ1 2
−

+
u v

 = 
µ µ2 1−

R
   ⇒ µ µ2 1

v
−

u
 = 

µ µ2 1−
R

  Assumption adopted :
 (i) The object taken is a point object placed on the principal axis.
 (ii) The aperture of the spherical refracting surface is small.
 (iii) The incident and refracted rays make small angle with the principal axis so that the sine or 

tangents of these angles may be taken equal to the angles themselves.
 3. Explain, how focal-length of a lens change with surrounding medium. Focal length of a lens is f 

in air. Find its focal-length in water if aµg = 3/2 and aµw = 4/3.
 Ans. According to lens maker's formula, the focal length of the lens is given by

    1
f

 = µ −( ) −






1 1 1

1R R2
  ...(1)

  Thus, the focal length f of the lens depends upon refractive index µ of the material of the lens 
relative to the surrounding medium.

  The refractive index µ of the material of a lens depends upon the medium in which the lens is 
placed.

  If we place the lens in a medium other than air, then due to a change in µ, the focal length f of 
the lens will change. If µ decreases, f increases.

  If the lens be immersed in a liquid whose refractive index with respect to air is less than the 
refractive index of the material of the lens (glass), the focal length of the lens will increase. If 
the refractive index of the glass with respect to air be aµg and the refractive index of the liquid 
with respect to air be aµl, then the refractive index of glass with respect to the liquid is

    lµg = 
aµg
aµl

  But  aµl > 1 ∴ lµg < aµg
  If the focal length of the lens in air be fa and that in liquid be fl, then

    
1
fa

 = a
gµ −( ) −







1 1 1

1R R2
 and 1

fl
 = l

gµ −( ) −








1 1 1

1R R2

  ∴ 
f
f
l

a
 = 

a
g

l
g

µ

µ

−( )
−( )

>
1

1
1

    fl > fa
  If the lens is immersed in a liquid whose refractive index is equal to the refractive index of the 

material of the lens i.e aµl = aµg then

    lµg = 
aµg
aµl

 = 1
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  ∴ 
1

1f
 = 1 1 1 1 0

1
−( ) −






=

R R2

  ∴ focal length of the lens becomes infinite.
  Now the lens behaves just like a plane transparent plate and will become invisible.
  If however, the refractive index of the liquid is greater than the refractive index of the material 

of the lens, (aµl > aµg) then

    lµg = 
aµg
aµl

 < 1

  In this case we have have 
1 1 1 1

1fl
l

g= −( ) −








µ

R R2

  That is the focal length of the lens in liquid becomes negative. Hence the lens which was convex 
in air will behave as a concave lens in that liquid.

  Focal length in water,

    fw = 
a a

w
a a

w

f fµ µ

µ µ
g

g

−( )
−

=
−






× ×

−







1
3
2

1 4
3

3
2

4
3

 

    = 

1
2

4
3

1
6

2
3

6 4
×

= × =f f f .  (Where f is focal length of the lens in air)

 4. When two thin lenses are kept in contact, obtain the relation 
1 1 1

1 2f f f
= + and discuss the nature 

of combined lens when f1 > f2, f1 < f2 and f1 = f2.
 Ans. (i) If Both the lenses are convex :

L1 L2

O I I'

v

v'u

  Suppose two thin convex lenses L1 and L2 (as shown) of focal lengths f1 and f2 are placed in 
contact in air having a common principal axis.

  A point object O is placed on the principal axis at a distance u from the first lens L1. Its image 
would be formed by the lens L1 alone at I′, distance = v′ (say) from L1. Then, from the lens 
formula, we have

    
1
v'

−
1
u

 = 
1

1f
   ...(i)

  I' serves as a virtual object for the second lens L2 which forms a final image I at a distance v 
(say) from it. Then we have

    1
v v
−

1
'
 = 

1

2f
   ...(ii)

  Adding Eqs. (i) and (ii) we get

    1
v
−

1
u

 = 1 1

1 2f f
+   ...(iii)

  If we replace these two lenses by a single lens which forms the image of an object distance u from 
it at a distance v, then the focal length f of this equivalent lens would be given by
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1
v
−

1
u  = 1

f
   ...(iv)

  From Eqs. (iii) and (iv) we get

    1
f

 = 1 1

1 2f f
+    ...(v)

  (ii) One lens is convex and other concave :
  Suppose the focal length of the convex lens is f1 and that of the concave lens is f2.
  If f be the focal length of equivalent lens, then

    1
f

 = 
1 1 1 1

1 2 1 2f f f f
+
−

= −

    f   = 
f f

f f
1 2

1 2−
  If f1 > f2, then f is negative and the combination will behave like a concave lens.
  If f1 < f2, then f is positive and the combination will behave like a convex lens.
  If f1 = f2, then f is infinite and the combination will behave like a plane plate.
 5. Why do we use lens combinations in optical instruments? 
  Write an expression for the total magnification produced by combination of lenses.
 Ans. In many optical instruments, two or more lenses are used either in contact or with a gap between 

them. The purpose of using a lens combination is :
 (i) To magnify an image.
 (ii) To increase the sharpness of the final image by minimizing certain defects or aberration in it.
 (iii) To erect the final image.
 (iv) To increase the field of view.
  When lenses are used in combination, each lens magnifies the image formed by the preceding 

lens. Hence the total magnification m is equal to the product of the magnifications m1, m2 and 
m3 and so on

  Produced by the individual lenses.
    m = m1 × m2 × m3 × ....  
 6. Deduce an expression for combined focal length of two thin lenses in contact: if both the lenses 

are convex.
 Ans. If both the lenses are convex :
  Suppose two thin convex lenses L1 and L2 (as shown below) of focal lengths f1 and f2 are placed 

in contact in air having a common principal axis.
L1 L2

O I I'

v

v'u

  A point object O is placed on the principal axis at a distance u from the first lens L1. Its image 
would be formed by the lens L1 alone at I', distant v' (say) from L1. Then, from the lens formula, 
we have

    
1
'v
−

1
u

 = 
1

1f
     ...(i)
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  I' serves as a virtual object for the second lens L2 which forms a final image I at a distance v 
(say) from it. Then we have

    1
v v'
−

1  = 
1

2f
     ...(ii)

  Adding Eqs. (i) and (ii) we get

    1
v
−

1
u

 = 1 1

1 2f f
+     ...(iii)

  If we replace these two lenses by a single lens which forms the image of an object distance u from 
it at a distance v, then the focal length f of this equivalent lens would be given by

    1
v
−

1
u

 = 
1
f

     ...(iv)

  From Eqs. (iii) and (iv) we get

    
1
f  = 

1 1

1 2f f
+      ...(v)

 7. A plano-convex made of glass (µ = 1.5) has a focal length of 10.0 cm. (i) Calculate the radius of 
curvature of its curved surface. (ii) If an identical plano-convex lens is placed in contact with the 
first (plane surfaces facing each other), what will be the power of the combination (in dioptre)?

 Ans. (i) The focal length of a lens is given by

    1
f

 = ( )µ − −






1 1
R

1
R1 2

  For plano-convex lens, R1 = ∞

  ∴ 1
f

 = –
µ −1
R2

  Here f = 10 cm and µ = 1.5

  ∴ 
1

10 cm
 = 

− −( )
=
−1·5 1

R R2 2

0 5·

    R2 = 10 cm × (– 0.5) = – 5.0 cm
  (ii) The focal length f (say) of the combination is given by,

    1
f

 = 1 1

1 2f f
+  = 1

10
1

10
+ = 1

5 cm
    f = 5 cm = 0.05 m

  The power of the combination is, P = 
1

 (in metre)f  = 
1

0·05 m
20 diopter=

 8. The given figure shows an equiconvex lens (of refractive index 1.50) in 
contact with a liquid layer on top of a plane mirror. A small needle with 
its tip on the principal axis is moved along the axis until its inverted 
image is found at the position of the needle. The distance of the needle 
from the lens is measured to be 45.0 cm. The liquid is removed and the 
experiment is repeated. The new distance is measured to be 30.0 cm. What 
is the refractive index of the liquid?

 Ans. Distance of the needle from the lens in the first case
    =  Focal length F of the combination of the convex lens and 

planoconcave lens formed by the liquid.
   i.e., f = 45 cm
  Distance measured in second case = Focal length of the convex lens
  i.e., f1 = 30 cm

Q P P' Q'
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  The focal length f2 of the plano-concave lens is given by

    
1 1

1 2f f
+  = 

1
f

    
1

2f
 = 

1
f
−

1

1f
= 

1
45 cm

− = −
1
30

1
90

   

     f2 = –90 cm
  Now for equiconvex lens,
    R1 = R,  R2 = – R, f = 30 cm, µ = 1.5
  Using lens maker’s formula

    1
f

 = ( )µ − −








1 1

R
1

R1 2
  ⇒ 1

30
 = ( · )15 1− +





1
R

1
R

   ⇒  1
30

0 5 2
= ×.

R
    ⇒ R = 0.5 × 2 × 30 cm = 30 cm

  For plano concave lens, f = – 90 cm,
  For concave surface, R1 = – R = – 30 cm
  For plane surface, R2 = ∞

  As 1
f

 = ( )µ − −








1 1

R
1

R1 2

  ∴ 1
90−

 = ( )µ −
−

−
∞









1 1

30
1

 

  ⇒ µ – 1 = 
−
−

=30
90

1
3

  ∴ µ = 1 1
3

133+ = ·

E. Case Study Based Questions [3 Marks]

Case Study 1.
Ronit’s uncle is an Optician. He once visited Ronit’s house. As Ronit just upgraded to class XII he 
was very keen to know about his uncle’s work. So, he asked him many questions regarding lenses. His 
uncle explained him properly on the basis of lens maker’s formula.
 1. The radius of curvature of each face of biconcave lens with refractive index 1.5 is 30 cm. Then 

calculate the focal length of the lens in air.
 Ans. Here µ = 1.5; R1 = 30cm and R2 = –30cm 

    

1 1 1 1 1 5 1 1
30

1
30

0 5 2
301 2f R R

= − −








 = −( ) +




= ×( ) . .µ

  ∴  f = 30 cm
 2. The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If focal length 

is 12 cm, then what is the refractive index of glass?
 Ans. Here f = 12 cm
  R1 = 10 cm
  R2 = –15 cm

    

1 1 1 1 1
2

1 1
10

1
15

1 6
12

1 5
1 2f R R

= − −








 ⇒ = − + ⇒ = + ⇒ =( ) ( ) .µ µ µ µ
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 3. A thin lens of glass (µ = 1.5) of focal length 10 cm is immersed in water (µ = 1.33). Then 
determine the new focal length.

 Ans. 1 1 5 1 1 1

1 2f R R
= − −









( . )   and 1 1 5

1 33
1 1 1

1 2f R Rw
= −





 −










.
.

  ⇒ f
f
w =

×
≈

0 5 1 33
0 17

4. .
.

  ∴  fw = 4 × 10 = 40cm

Case Study 2.
Ramu while doing the experiment for determination of focal length of a convex lens, suddenly dropped 
the lens and it got broken into to two halves along its axis. Then Ramu asked the teacher whether even 
the broken piece will form the image, the teacher answered in the affirmative and showed the image also.
 1. What is a lens?
 Ans. A lens is a piece of refracting medium bounded by two surfaces at least one of which is a curved 

surface.
 2. What will be the nature of the image formed?
 Ans. Same size, less intensity.
 3. Where should an object be placed from a convex lens to form an image of the same size?
 Ans. The object should be placed at a distance equal to 2f from the lens.

Case Study 3. 
Refraction of light is the change in the path of light as it passes obliquely from one transparent medium 

to another medium. According to law of refraction sin i
sin r  = 1µ2, where 1µ2 is called refractive index 

of second medium with respect to first medium. From refraction at a convex spherical surface, we 
have µ2

v  − µ1
u  = µ2– µ1

R . Similarly, from refraction at a concave spherical surface when object lies in 

the rarer medium, we have µ2
v  − µ1

u  = µ2– µ1
R  and when object lies in the denser medium, we have  

µ1
v  − µ2

u  = µ1– µ2
R . 

 1. A ray of light of frequency 5 × 1014 Hz is passed through a liquid. The wavelength of light 
measured inside the liquid is found to be 450 × 10–9m. Calculate the refractive index of the liquid. 

 Ans. Here, v = 5 × 10–14 Hz; λ = 450 × 10–9m
  c = 3 × 108 ms–1

    µ
νλ

= = =
×

× × × −
c c
v

3 10
5 10 450 10

8

14 9
 

  ∴ µ = 1.33

 2. A ray of light is incident at an angle of 60° on one face of a rectangular glass slab of refractive 
index 1.5. Then determine the angle of refraction.

 Ans. Here i = 60°; µ = 1.5

    µ = sin i
sin r  ⇒ sin r = sin i

µ  = sin 60°
1.5  = 0.866

1.5  ⇒ sin–1 (0.58)

 3. A point object is placed at the centre of a glass sphere of radius 6 cm and refractive index 1.5. 
What is the distance of the virtual image from the surface of sphere? 

 Ans. As object is at the center of the sphere, the image must be at the centre only.
  ∴ Distance of virtual image from centre of sphere = 6 cm.
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Summary
zz Refraction through a prism: When a ray of light is refracted through a prism, the sum of the 
angle of incidence i and the angle of emergence i′ is equal to the sum of the angle of the prism 
A and the angle of deviation δ 

     A + δ = i + i'
     and A = r + r′ 
  where r and r' are the corresponding angles of refraction at the two faces. 
zz Relation between the refractive index and angle of minimum deviation: The minimum value 
of the angle of deviation suffered by a ray on passing through a prism is called the angle of 
minimum deviation and is denoted by δm. When a ray of light suffers minimum deviation. 

    i  = i', r=  r′ and δ = δm 

   A + δm = i + i = 2i  or i = A + δm

2
 

   And A = r + r = 2r  or r = 
A
2

   Refractive index, m = 
sin
sin
i
r

 = 
sin

sin

A

A

+















δm
2

2
zz Deviation produced by a prism of small angle: It does not depend on the angle of incidence and 
is given by, δ = (µ – 1) A. 
zz Dispersion: The splitting of white light into its constituent colours when it passes through a glass 
prism is called dispersion. The dispersion of light occurs because refractive index of prism material 
is different for different wavelengths. 
zz Angular dispersion: The angular separation between the two extreme colours (violet and red) in 
the spectrum is called angular dispersion. 

   Angular dispersion = δv – δr = (mv – 1) A – (mr – 1) A = (mv – mr) A 
zz Dispersive power: It is the ability of the prism material to cause dispersion and is defined as the 
ratio of the angular dispersion to the mean deviation. 

    Dispersion power = Angular dispersion
Mean deviation

    w	 = 
δ δ

δ
v − r  = 

( )µ µ
µ
v −
−

r
1

   Here δ = 
δ δv + r

2
 = and m = 

µ µv + r
2

 

zz Formulae used : 
 1. For refraction through a prism, 
    A + δ = i + i'
  and  A = r + r′ 

2 Refraction and Dispersion of 
Light through a Prism
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2. In the condition of minimum deviation, 
i = i', r = r′ and δ = δm

A + δm = i + i = 2i or i = A + δm
2

And  A = r + r = 2r or r = A
2

Refractive index, m = 
sin
sin
i
r  = 

sin

sin

A

A
2

+















δm
2

3. Deviation produced by a prism of small angle, 
 δ = (µ – 1) A 

4. Angular dispersion  = δv – δr = (mv – 1) A – (mr – 1) A = (mv – mr) A 

5. Dispersive power,  w = 
δ δ

δ
v − r =

µ µ
µ
v −
−

r
1

6. Mean deviation,  δ = 
δ δv + r

2

7. Mean refractive index,  m = 
µ µv + r

2

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. When light rays are incident on a prism at an angle of 45º, the minimum deviation is obtained. 
If refractive index of the material of prism is 2 , then the angle of prism will be :
(a) 30º (b) 40º (c) 50º (d) 60º

2. Angle of a prism is 30º and its refractive index is 2  and one of the surface is silvered. At 
what angle of incidence, a ray should be incident on one surface so that after reflection from the 
silvered surface, it retraces its path?
(a) 30º (b) 60º (c) 45º (d) sin–1 1 5.

3. The refractive index of a glass prism depends upon :
(a) the angle of prism   (b) the angle of deviation of light ray
(c) the colour of incident light  (d) the intensity of incident light.

4. The refractive index of glass is least for :
(a) red light (b) yellow light (c) green light (d) violet light.

5. A monochromatic light is incident at a certain angle on an equilateral triangular prism and suffers 
minimum deviation. If the refractive index of the material of the prism is 3 , then the angle of 
incidence is :
(a) 30º (b) 45º (c) 90º (d) 60º.

6. A thin prism having refracting angle 10º is made of glass of refractive index 1.42. This prism 
is combined with another thin prism of glass of refractive index 1.7. This combination produces 
dispersion without deviation. The refracting angle of second prism should be
(a) 4º (b) 6º (c) 8º (d) 10º.
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 7. A glass prism placed in a homogeneous transparent medium will deviate a light ray :
 (a) always towards its base
 (b) always away from its base
 (c) towards its base, only if the medium has refractive index smaller than that of glass.
 (d) towards its base, only if the medium has a refractive index greater than that of glass.
 8. In dispersion of white light by a prism :
 (a) only angular spread occurs
 (b) only angular deviation occurs
 (c) both angular spread and angular deviation occur
 (d) either angular spread or angular deviation for the mean colour occurs depending on the prism angle.
 9. A prism (µ = 1.5) has the refracting angle of 30º. The deviation of a monochromatic ray incident 

normally on its surface will be 
  (sin 48º 36′	= 0.75).
 (a) 18º (b) 18º 36′	 (c) 20º 30′ (d) 22º 1′.
 10. Dispersive power depends upon.
 (a) the shape of prism   (b) material of prism
 (c) angle of prism   (d) height of prism.
 11. The critical angle between an equilateral prism and air is 45º. If the incident ray is perpendicular 

to the refracting surface then
 (a) after deviation it will emerge from the second refracting surface
	 (b)	 it	 is	 totally	 reflected	on	 the	 second	 refracting	 surface
	 (c)	 it	 is	 totally	 reflected	 from	 the	 second	 and	 third	 refracting	 surfaces	 and	 finally	 emerges	 out	

from	 the	first	 surface.
	 (d)	 it	 is	 totally	 reflected	 from	all	 the	 three	 sides	 of	 prism	and	never	 emerges	out.
 12. Angle of minimum deviation for a prism of refractive index 1.5 is equal to the angle of prism. 

The angle of prism is 
  (cos 41º = 0.75).
 (a) 62º (b) 41º (c) 82º (d) 31º.
 13. The ratio of angle of minimum deviation of a prism in air and when dipped in water will be  

(amg = 3/2 and amw = 4/3)
 (a) 1/8 (b) 1/2 (c) 3/4 (d) 1/4.
 14. When white light passes through the achromatic combination of prism, then what is observed ?
 (a) Dispersion   (b) Deviation
 (c) Dispersion and deviation   (d) None of these
 15. If a glass prism is dipped in water, its dispersive power
 (a) decreases (b) increases
 (c) does not change
 (d) may increase or decrease depending on whether the angle of the prism is less than or greater 

than 60º.
Answers

 1.  (d) 2. (c) 3. (c) 4. (a) 5.  (d) 6.  (b) 7. (c) 8.  (c)
 9.  (b) 10.  (b) 11.  (b) 12.  (c) 13.  (d) 14.  (b) 15. (a)

B. 1 Mark Questions

 1. Name the factors on which the angle of deviation produced by a prism depends.
 Ans. The angle of deviation produced by a prism depends upon :
 (i) angle of incidence (ii) material of the prism.
 (iii) wavelength of the incident light (iv) angle of prism.
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 2. Define angle of minimum deviation.
 Ans. The minimum value of the angle of deviation suffered by a ray of light on passing through a 

prism is called angle of minimum deviation, (δm).
 3. Write the relationship between angle of incidence, angle of prism and angle of minimum deviation 

for a triangular prism.
 Ans. δm = 2i – A
  Here angle of minium deviation is δm and angle of incidence and angle of prism is denoted by i 

and A respectively.
 4. What is dispersion of light?
 Ans. Dispersion is the phenomenon of splitting of white light into the constituent colours on passing 

through a prism.
 5. State the factors on which dispersive power of a prism depends.
 Ans. Dispersive power of a prism depends on:
 (i) nature of prism material,
 (ii) choice of extreme colours for which dispersive power is to be measured.

 6. Write the relation for the refractive index of the prism in terms of the angle of minimum deviation 
and the angle of prism.

 Ans.  µ = 
sin A + 

sin A
2

δm
2

 7. Write the relation between the angle of incidence and emergence and the angle of deviation of a 
light ray passing through a prism.

 Ans. i + i׳ = A + δ
  Here i and i׳	 are	 angles	 of	 incidence	 and	 emergence	 respectively.
  ‘A’ denotes angle of prism and 'δ'	 represents angle of deviation.
 8. A monochromatic ray of light falls on a regular prism under minimum deviation condition. What 

is the relation between angle of incidence and angle of emergence?
 Ans. Angle of incidence is equal to angle of emergence.
 9. What happens when white light passes through a prism?
 Ans. The white light is dispersed into its constituent colours ranging from red to violet.
 10. What are the factors on which angular dispersion of a prism depends?
 Ans. Angular dispersion of a prism depends on :
 (i) angle of prism and
 (ii) nature of prism material.

 11. For which colour, the refractive index of prism material is (i) minimum and (ii) maximum?
 Ans. Refractive index of prism is (i) minimum for red colour and (ii) maximum for violet colour.
 12. Which colour is deviated (i) most (ii) least, on passing through a prism?
 Ans. (i)  Violet colour is deviated most 
  (ii) Red colour is deviated least, on passing through a prism.
 13. Out of red and blue lights, for which colour is the refractive index of glass greater?
 Ans. Refractive index of glass is greater for blue light as λB < λR.
 14. Does the angle of minimum deviation produced by a prism depend on wavelength?
 Ans. Yes, it depends on the wavelength of light.
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 15. A glass prism is held in water. How is the angle of minimum deviation affected?
 Ans. The angle of minimum deviation decreases when prism is held in water.
 16. In what case a ray passing through a prism deviate away from its base?
 Ans. This happens when the prism is immersed in a transparent medium having refractive index greater 

than that of the prism material.
 17. Define dispersive power (for light) of a medium.
 Ans. Dispersive power is defined as the ratio of the angular dispersion to the mean deviation.

   w = δ δ
δ

V R  −

 18. Draw a properly labelled graph between the angle of incidence and the angle of deviation for a 
prism and show the point of minimum deviation.

 Ans.          

Angle of incidence ( )i

(δ
)

 19. Why violet colour is seen at the bottom of the spectrum when white light is dispersed by a prism?
 Ans. The deviation produced by a small angled prism, δ	= (m – 1) A. As mv has maximum value, so 

it deviates the most.
 20. How does the angle of minimum deviation of a glass prism vary, if the incident violet light is 

replaced with red light?
 Ans. As δ	= (m – 1) A and mR < mV, so the angle of minimum deviation decreases when incident violet 

light is replaced with red light.
 21. How does the angle of minimum deviation of a glass prism of refractive index 1.5 change, if it 

is immersed in a liquid of refractive index 1.3?

 Ans. In air, amg = 
sin A + 

sin A
2

δm
2  = 1.5

  In water, wmg = 
sin A + 

sin A
2

δm
'

2  = 
1·5
1·3

  As wmg < amg, so δm׳	<	δm i.e. angle of minimum deviation decreases when the prism is immersed 
in a liquid of m = 1.3.

C. 2 Marks Questions

 1. What are rainbows?
 Ans. When rays of sunlight passes through falling raindrops, an observer whose back is towards the 

sun sees concentric arcs of spectral colours hanging in the sky. These coloured arcs, which have 
their common centre on the line joining the sun and the observer are called rainbow.
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 2. What are primary and secondary rainbow?
 Ans. In general two rainbows are seen, one above the other. The lower one is called ‘primary’ rainbow 

and the higher one is called the ‘secondary’ rainbow. The primary rainbow is brighter and narrower, 
having its inner edge violet and the outer edge red. The secondary rainbow, which is comparatively 
fainter has reverse order of colours.

 3. Even though white light disperses inside a glass slab, there is no dispersion in emergent ray. Why?
 Ans. The white light does disperse into its constituent colours on entering the glass slab, but rays of all 

colours emerge from the slab parallel to the incident light and combine together to form white light. 
Thus, white light itself consists of light of different colours, which are separated by the prism.

 4. What is scattering of light?
 Ans. When sunlight passes through the earth’s atmosphere, much of the light is absorbed by the fine 

dust particles and air molecules in the atmosphere which give out the absorbed light in some other 
direction. This is called scattering of light.

 5. In a certain spectrum produced by a glass prism of dispersive power 0.0305, it is found that the 
refractive index for the red ray is 1.645 and that of the blue ray is 1.665. What is the refractive 
index for the yellow ray?

 Ans. The dispersive power of the prism material is

   w = 
µ   µ
µ   1
B R−

−y

	 	 ∴ my	= µ µB R−
ω

 + 1 = 
1.665 1.645

0·0305
−

 + 1 = 1.656.

	 	 ∴ The refractive index for the yellow light in that prism is 1.656.
 6. A ray of light is refracted through a prism in the position of minimum deviation. The angle of the 

prism is 60° and the refractive index of its material is 1.532. Find the angle of minimum deviation.
 Ans. If A denotes the angle of the prism and δm be the minimum deviation produced,

  Then, m = 
sin (A + 

sin A
2

δm )
2













  Here m = 1.532, A = 60º

	 	 ∴ 1.532 = 
sin 60° + 

sin 60º
2

( )δm
2















	 	 ⇒	 sin [(60° + δm)/2] = 1.532 × sin 30º = 1.532 × 0.5 = 0.766

	 	 ⇒	 ( )60º + δm
2

 = sin–1 (0.766) = 50º

	 	 ⇒	 δm = 100º – 60º = 40º

 7. Define dispersive power of the material of a prism.
 Ans. Dispersive power is the ability of the prism material to cause dispersion. When white light passes 

through a thin prism, the ratio of the angular dispersion between the violet and the red emergent 
rays and the deviation suffered by a mean ray (ray of yellow colour) is called the ‘dispersive 
power’ of the material of the prism.

 8. Explain why sun looks reddish at sunset or sunrise.
 Ans. At sunrise or sunset, the sun is near the horizon and the sunrays reach the earth after passing 

through a maximum distance in the atmosphere. During this passage, the light is scattered as 



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 27

scattering ∝	
1
4λ

 most of the blue and neighbouring coloured light is scattered out before reaching 

the observer. Hence, the light received by the observer is predominantly red.
 9. Derive the expression for the refractive index of the material of the prism in terms of the angle 

of the prism and angle of minimum deviation.
 Ans. When prism is in the position of minimum deviation, a ray of light passes symmetrically (parallel 

to the base) through the prism, so,
   i = i′ (i.e. Angle of incidence = angle of emergence)
   r = r′
   δ	 = δm
  As A + δ	 = i + i′
	 	 ∴ A + δm = i + i  or  i = 

A + 
2
δm

  Also A = r + r′ = r + r = 2r

	 	 ∴ r  = A
2

  From Snell’s law, the refractive index of the material of the prism will be

    µ = 
sin 
sin 
i
r

 or µ = 
sin A + 

sin A
2

δm
2

 10. Derive an expression for the angle of deviation of a small prism in terms of the refractive index 
and the angle of the prism.

 Ans. Suppose the light is incident at a small angle i on the prism, then angles r, r′	and i′	will also be 
small for refraction at incidence face.

    µ = 
sin 
sin 
i
r

 = i
r

   ⇒	 i = µr

  For refraction at emergence face,

  and µ = 
sin 
sin 
i
r
'
′

 = 
i
r
′
′

   ⇒	 i′	= µr′

  Hence deviation produced by the prism is
    δ	= i + i′	– A = µr + µr′	– A = µ (r + r′) – A = µA – A   [∵ r′	+ r = A]

	 	 ⇒	 	 δ	= (µ – 1) A

 11. Draw an appropriate ray diagram to show the passage of a ‘white ray’, incident on one of the 
two refracting faces of a prism. State the relation for the angle of deviation for a prism of small 
refracting angle.

 Ans. 

Glass
prism

White

lig
ht

Screen

Red
Orange
Yellow
Green
Blue
Indigo
Violet

  ⇒	Angle of deviation, δ	= (µ – 1) A
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 12. Why red light is used in danger signals?
 Ans. This is because there is little scattering of red light passing through the atmosphere and hence, 

the signal is seen distinctly from quite a large distance.
 13. Draw a properly labelled graph between the angle of incidence and the angle of deviation for a 

prism and show the point of minimum deviation.
 Ans. 

Angle of incidence

 14. State two basic differences between primary and secondary rainbows.
 Ans. In formation of primary rainbow sunrays undergo one internal reflection, in secondary rainbow 

sunrays undergo two internal reflections. In secondary rainbow, order of colours is reversed to that 
in primary rainbow. Intensity of colour one more in primary rainbow as compared to secondary 
rainbow.

 15. Explain the terms angular dispersion and dispersive power. How are the two related?
 Ans. The angular separation between the two extreme colours (violet and red) in the spectrum is called 

the angular dispersion.
  l	The ability of the prism material to cause dispersion is known as dispersive power.
  l	Dispersive power is equal to the ratio of the angular dispersion to the mean deviation.
 16. What is dispersion of light? Explain it with a ray diagram. Also explain the cause of dispersion 

of light.
 Ans. The phenomenon of splitting of white light into its component colours on passing through a 

refracting medium is called dispersion of light.
  When a narrow beam of sunlight is incident 

on a glass prism, the emergent light when 
made to fall on a screen shows seven coloured 
bands. Broadly, the component colours are 
in the sequence: violet, indigo, blue, green 
yellow, orange and red. The red colour bends 
the least and violet bends the most.

  Dispersion takes place because the refractive 
index of the refracting medium is different for different wavelengths.

 17. Define the term angular dispersion. Draw the path of a ray of white light passing through prism 
and mark angular dispersion on it.

 Ans. When a beam of white light passes through a prism, 
it gets dispersed into its constituent colours. Let δV, 
δR and δy be the angles of deviation for violet, red 
and yellow (mean) colour respectively.

  The angular separation between the two extreme 
colours (violet and red) in the spectrum is called the 
angular dispersion.

Glass
prism

White

lig
ht

Screen

Red
Orange
Yellow
Green
Blue
Indigo
Violet

A

N

Q

B C
V

R
i'

N'

White light

R

�R
�V

�

�

V

R

–
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 18. Consider a ray of light passing through a prism (angle A) in the position of minimum deviation 
(angle δ). Show that the angles of incidence and refraction are given by i = (A+ δ)/2, r = A/2.

 Ans. From figure we can conclude that,
A

N

Q

B

E

CP

i

S

MD

R
i'

r'r'

δ

   angle of deviation, δ	= (i + i′) – (r + r′) ...(i)
     and r + r′	= A ...(ii)
     δ	= i + i′	– A ...(iii)
  If the prism is in the position of minimum deviation then,
   i′	= i and r′	= r and δ = δm
  Hence from Eq. (ii) and (iii), we have

   2r  = A or r = 
A
2

   δm  = 2i – A  or i = 
A + δm

2






 19. Deviation produced by a prism depends on what factors? What is angle of minimum deviation? 
Draw a graph showing the variation of the angle of deviation with the angle of incidence. In what 
case maximum deviation occurs?

 Ans. The deviation produced by a prism depends upon the angle of 
incidence, refracting angle of prism and the material of the prism.

  The minimum value of the angle of deviation suffered by a ray on 
passing through a prism is called the angle of minimum deviation.

  Maximum deviation δmax occurs when the angle of incidence on 
the face of prism is 90º.

 20. What is a rainbow? Draw ray diagram to illustrate formation 
of primary rainbow (using single water drop only and a single 
incident-ray).

 Ans. The rainbow is nature’s most spectacular display of the spectrum of light, produced by refraction, 
dispersion and internal reflection of sunlight by spherical rain drops. An observer standing with 
his back towards the sun observes it in the form of concentric circular arcs (bows) of different 
colours in the horizon. The inner brighter rainbow is called the primary rainbow and the outer 
rainbow is called the secondary rainbow.

Sunlight

A

R

V

B

V1

R1

Angle of incidence
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 21. A ray of light PQ is incident at angle of 60° on the face AB of a prism 
of angle 30°, as shown in figure. The ray emerging out of the prism 
makes an angle of 30° with the incident ray. Show that the emergent 
ray is perpendicular to the face BC through which it emerges. Also 
calculate the refractive index of the prism material.

 Ans. Here i = 60º, A = 30º
  As the emergent ray makes an angle of 30º with the incident ray, so
  angle of deviation, δ	= 30º
  Now, i + i′	= A + δ
	 	 ∴	Angle of emergence,
    i′	= A + δ	– i = 30º + 30º – 60º = 0º
  Thus the emergent ray is perpendicular to the face BC through which it emerges.
  When i′	= 0º, r′	= 0º
	 	 ∴ r = A – r′	= 30º – 0º = 30º

    µ = 
sin 
sin 
i
r  = 

sin 60º
sin 30º

 = 3/2
1/2

 = 3

 22. A ray of light is incident on a prism whose refractive index is 1.52 at an angle of 40°. If the 
angle of emergence is 60°, calculate the angle of the prism.

 Ans. At first face, µ = 
sin 
sin 

i
r1

	 	 ⇒	 	 sin r1 = sin 40º
1.52

  ⇒	 r1 = 25º

  At second face, sin r2 = 
sin 60º
1.52

  ⇒	 r2 = 35º

  Then,  A = r1 + r2 = 25º + 35º = 60º.

 23. Show that the deviation produced by a thin glass prism placed in air is reduced to fourth when 
the prism is immersed in water. Given: amg = 3/2 and amw = 4/3. 

 Ans. The deviation produced by a thin prism is given by
     δ	= (µ – 1) A;
  where µ is the refractive index of the material of the prism with respect to the surrounding and 

A is the angle of the prism. When the prism is in air, then
    µ = aµg = 3/2

	 	 ∴	 δair = 
3
2

  1−



  A = 

1
2 A

  When the prism is in water, then

    µ = wµg = 
a
g

a
w

µ

µ
 = 

3/2
4/3

 = 9
8

	 	 ∴	 δwater = 
9
8

  1−



  A = 1

8
A

  Thus, 
δ
δ
water

air
 = 

A/8
A/2

 = 
1
4

 24. A ray of light incident on an equilateral glass prism shows minimum deviation 30°. Calculate the 
speed of light through the prism.

30º

i= 60º

Q

B

A C

r

= 30º

P
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 Ans. Here A = 60º, δm = 30º

   µ = 
sin A + 

sin A
2

δm
2

 = 
sin 60º + 30º

sin 60º
2

2
 = sin 45º

sin 30º
 = 1/ 2

1/2
 = 2  = 1.414

  Velocity of light in glass,

   v = c
m  = 3 × 10

1.414

8
 ms–1 = 2.12 × 108 ms–1

 25. A glass prism deviates the red and the blue rays through 10° and 12° respectively. A second prism of 
equal angle deviates them through 8° and 10° respectively. Find the ratio of their dispersive powers.

 Ans. For the first prism, we have
   δB – δR = 12º – 10º = 2º

  Mean deviation,

    δ	= 
δ δB R + 

2  = 12º + 10º
2

 = 11º

	 	 ∴ Dispersive power, w = 
δ δ

δ
B R  −

 = 
2

11
  Now, for the second prism,

    δ δB R  ' '−  = 10º – 8º = 2° and δ′ = 
δ δB R + ' '

2
 = 

10° + 8°
2

 = 9º

	 	 ∴ w′ = 
δ δ

δ
B R  ' '

'
−

 = 
2
9

  Hence w
w'   = 2/11

2/9
 = 9 : 11.

D. 3 Marks Questions

 1. A ray of light passes through a prism of angle A and emerges out at an angle of emergence e. 
Show that i + e = A + δ and show that deviation produced is minimum only when the angle of 
incidence (i) is equal to angle of emergence (e).

 Ans. Let ABC be the principal section of a glass prism. 
Let a monochromatic ray of light PQ be incident on 
the face AB. This ray is refracted towards the normal 
NQE and travels in the prism along QR. The refracted 
ray QR bends away from the normal MRE at AC and 
emerges along RS into the air. Thus, PQRS is the path 
of the light ray passing through the prism. Let i be the 
angle of incidence and r be the angle of refraction at 
AB; r′ the angle of incidence and e be the angle of emergence at AC. Let δ be the angle between 
the incident ray PQ produced forward and the emergent ray RS produced backward. δ is called 
the ‘angle of deviation’.

  In triangle QDR, the exterior angle δ is
    δ	= ∠DQR + ∠DRQ = (i – r) + (e – r′) = (i + e) – (r + r′) ...(i)
  In the quadrilateral AQER, ∠AQE and ∠ARE are right angles. Hence, the sum of the angles A 

A

N

Q

B

E

CP

i

S

MD

R
e

r'r



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 32 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

and E is 180º that is,
    A + E = 180º
  In ∆QER,
    r + r′	+ E = 180º
  Now, r + r′	 = A       ...(ii)
  Substituting the value of r + r′	 in Eq. (i) we have
    δ	= i + e – A       ...(iii)
	 	 	 	 ⇒	 i + e = δ	+ A 

  Now, when angle of incidence is equal to angle of emergence,
     i = e
  We know for each angle of incidence the angle of deviation will be different.
  If we plot i against δ, we will get a curve like below.

Y

X 10
30

 ANGLE OF INCIDENCE (i)

i – δ CURVE

δm
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  It is seen from the curve that as angle of incidence i increases, the angle of deviation δ first 
decreases, becomes minimum for a particular angle of incidence and then again increases. Thus 
for one, and only one particular angle of incidence the prism produces minimum deviation, and 
is denoted by δm.

  For the ray PQRS, the angle of incidence is i and the angle of emergence is e. Let the angle of 
deviation δ be minimum that is, δ = δm. If the path now is reversed i.e. SRQP is the new path 
of the ray, then the angle of incidence will be e and angle of emergence will be i, and δ will still 
be minimum. Thus δ is minimum for two angle of incidence i and e. But δ can only be minimum 
for one angle of incidence. Therefore, it is clear that i = e

 2. What is minimum angle of deviation? Draw graph between angle of incidence and deviation 
produced in the path of incident ray passing through a prism. Why (i – δ) curve has two arms?

 Ans. The deviation produced by a prism depends upon the angle 
of incidence, refracting angle of prism and the material of the 
prism.

  The minimum value of the angle of deviation suffered by a 
ray on passing through a prism is called the angle of minimum 
deviation.

  Here i. is the angle of incidence and δ	is the angle of deviation.
  For a given colour of light, the angle δ	 depends on angle of 

incidence (i) only. As i increases, the angle of δ	first decreases 
and reaches a minimum value of δm and then increases. Clearly, any given value of δ corresponds 
to two angles of incidence  i and i′ in the equation δ	= i + i′	–A i.e. δ	remains the same as i and 
i′	 are interchanged physically, it means that the path of the ray can be traced back, resulting in 
the same angle of deviation. As there is one value of δ	 is present for two values of i, thus the 
i–δ	graph has two arms.

δ δ= m

i i i'= i'

A
n

g
le

o
f

d
e

v
ia

ti
o

n



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 33

 3. Define scattering of light? Why sky appears blue and dangerous signals are of red colour? Write 
Rayleigh’s concept of scattering and relate it to above mentioned colours.

 Ans. When sunlight passes through the earth’s atmosphere, much of the light is absorbed by the fine 
dust particles and air molecules in the atmosphere which give out the absorbed light in some other 
direction. This is scattering of light.

  The sunlight we receive is scattered by fine dust particles, air molecules and water vapour molecules 
present in the atmosphere. Since blue light which is present in larger portion than violet light in 
the sunlight is scattered more so sky looks bluish to us.

  Red light is used for dangerous signals as there is little scattering of red light passing through the 
atmosphere.

  According to the Rayleigh’s concept of scattering the intensity of the scattered light varies with 
the wavelength of light, the shorter waves are being scattered more readily than the longer waves. 
Rayleigh proved that the intensity of scattered light is inversely proportional to the fourth power 
of the wavelength; provided the scatterer is smaller in size than the wavelength of light.

    Scattering ∝	
1
4λ

  As blue light has shorter wavelength it scatters the most, and as red light has the highest wavelength 
it scatters the least.

 4. Define angular dispersion and dispersive power of an optical medium. Explain the dependence 
of deviation on the refractive index and also explain why deviation is maximum for violet colour 
and minimum for red colour. 

 Ans. The angular separation between the two extreme colours (violet and red) in the spectrum is called 
the angular dispersion.

  Dispersive power is the ability of the prism material to cause dispersion. When white light passes 
through a prism it gets dispersed into its constituent colours.

  Let δV, δR and δ	be the angles of deviation for violet, red and yellow (mean) colours respectively.
  Then, δV = (µV – 1) A
    δR = (µR – 1) A
    δ	= (µ – 1) A
  As λred > λviolet
	 	 ∴ µred < µviolet, and hence δred < δviolet.
  As refractive index is maximum for violet and minimum for red light, the deviation is maximum 

for violet colour and minimum for red colour.

 5. Define dispersive power of an optical medium. Obtain a formula for the dispersive power of the 
material of a prism in terms of refractive indices.

 Ans. Dispersive power is the ability of the prism material to cause dispersion. It is defined as the ratio 
of the angular dispersion to the mean deviation.

  When a beam of white light passes through a prism, it gets dispersed into its constituent colours. 
Let δV, δR and δ	be the angles of deviation for violet, red and yellow (mean) colours respectively.

  Then, δV = (µV – 1) A
    δR = (µR – 1) A
    δ	= (µ – 1) A
  When µV, µR and µ are the refractive indices of the prism material for red, violet, red and yellow 

colours respectively.
  ∴ Angular dispersion = angular separation between the two extreme colours
    ⇒	Angular dispersion = δV – δR
   = (µV – 1) A – (µR – 1) A = (µV – µR) A
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  So, dispersive power

   w = 
δ δ

δ
V R  −

	 	 	 	 	 ⇒	w = 
(µ   1) A  (µ   1) A

(µ  1) A
V R− − −

−

     ⇒	w = 
µ   µ

µ  1
V R−

−
 6. A 60° glass prism has a refractive index of 1.5. Calculate: (i) the angle of incidence of minimum 

deviation, (ii) the angle of emergence of light at maximum deviation.
 Ans. (i)  If the prism is in the position of minimum deviation, then the refracted ray is parallel to the 

base of the prism, and we have

   r = 
A
2  = 

60
2

º
 = 30º

  By, Snell’s law,

   µ = 
sin 
sin 
i
r

	 	 	 ⇒	 sin i = µ sin r = 1.5 × sin 30º = 1.5 × 
1
2  = 0.75

	 	 	 ⇒	 i = sin–1 (0.75) = 48.6º.
 (ii) Maximum deviation occurs when there is grazing 

incidence, that is, angle of incidence 90º, then by Snell’s law.

    µ = 1.5 = 
sin 90º
sin r

	⇒	 sin r = 
1

1.5
 = 0.67	⇒	 r = sin–1 (0.67) = 42º

   Now, r + r′	= A = 60º
	 	 	 ∴ r′	= 60º – 42º = 18º
   Let the angle of emergence be i′, Then,

    sin 
sin 
i
r
′
′

 = µ = 1.5

	 	 	 ⇒	 sin i′ = 1.5 sin 18º = 1.5 × 0.31 = 0.465
	 	 	 ∴ i′	= sin–1 (0.465) = 28º

E. Case Study Based Questions [3 Marks]

Case Study 1.
Rajesh younger brother was curious about formation of rainbow. He asked Rajesh who is a science 
student	 about	 it.	 Rajesh	 explained	 him	 about	 total	 internal	 reflection,	 dispersion	 of	 sunlight	 through	
water drops and types of rainbows.
 1. What are rainbows?
 Ans. When rays of sunlight passes through falling raindrops, due to internal reflections and dispersion. 

We can see coloured arcs of spectral colours hanging in the sky is known as rainbow.
 2. What are primary and secondary rainbow?
 Ans. In general two rainbows are seen, one above the other. The lower one is called primary rainbow 

and the higher one is called the secondary rainbow.
 3. State one difference between primary and secondary rainbows.
 Ans. Sun ray goes under one internal reflection in formation of primary rainbow. In case of secondary 

rainbow sun rays undergo two internal reflections.

A

B C

i i'
r'r
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Case Study 2.
A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at 
a suitable angle. A ray of light suffers two refractions on passing through a prism and hence deviates 
through a certain angle from its original path. The angle of deviation of a prism is, δ = (m – 1) A, 
through which a ray deviates on passing through a thin prism of small refracting angle A. 

  If m is refractive index of the material of the prism, then prism formula is, µ = 
sin

sin

A

A

+















δm
2

2
 1. For what angle of incidence, the deviation through a prism is maximum?
 Ans. When angle of incidence is 90°, the deviation is maximum.
 2. What is the deviation produced by a prism of angle 6°?
 Ans. A = 6°; m = 1.6444
  δ = (m – 1) A
  δ = (1.644 – 1) × 6 = 3.864°
 3. A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum deviation. 

If the angle of prism is 60°, then calculate the angle of minimum deviation.
 Ans. δm = i1 + i2 – A = 100° – A = 100° – 60° = 40°
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Summary
zz Visual angle: The angle subtended by an object on the eye is called visual angle. Larger the visual 
angle, larger is the apparent size of an object. 
zz Simple microscope: It is a convex lens of short focal length. When the object is placed between 
the lens and its focus and the eye is held just behind the lens, a virtual, erect and enlarged image 
is seen. When the final image is formed at the least distance of distinct vision (D), the magnifying 
power of the simple microscope is the ratio of angle subtended by the image at the least distance 
of distinct vision and the angle subtended by the object at the least distance of distinct vision. 

  Or  M = 
β
α

= 1 + 
D
f

  When the final image is formed at infinity, M = 
D
f

. Viewing is more comfortable when the eye 
is focused at infinity. 

zz Compound microscope: It is an optical device used to see magnified images of tiny objects. The 
objective is a convex lens of very short focal length and of small aperture. The eyepiece is a convex 
lens of relatively larger focal length and of larger aperture. The difference between the focal lengths 
of the eyepiece and the objective is small. Its magnifying power is given by 

     M = mo× me 
  When the final image is formed at the least distance of distinct vision, 

     M = 
β
α

 = 
v
u f
o

o e
1+










D

zz Astronomical telescope: It is used to view heavenly bodies. The objective is a convex lens of 
large focal length and large aperture. The eyepiece is convex lens of small focal length and small 
aperture. The difference in the focal lengths of the two lenses is large. The eyepiece forms a real, 
inverted and diminished image. The eyepiece magnifies this image. The final image is inverted 
with respect to the object. 

  When the final image is formed at the least distance of distinct vision, 

    M = 
β
α

 = – 
f
f
o

e
1+







fe
D

  When the final image is formed at infinity (normal adjustment), 

    M = 
β
α

 = – 
f
f
o

e
  For large magnifying power of a telescope, clearly fo >> fe
zz Reflecting telescope: It uses a concave paraboloidal mirror of large aperture to view the distant 
object. Both spherical and chromatic aberrations are minimum. 

  When the final image is formed at the least distance of distinct vision, 

    M = 
β
α  = 

f
f

fo

e

e1+



D

  When the final image is formed at infinity, M = 
f
f
o

e

3 Optical Instruments
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Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. The least distance of distinct vision is 25 cm. A convergent lens of focal length 5 cm acts as a 
magnifier of maximum magnifying power
(a) less than 5 (b) 5 (c) 6 (d) more than 6

2. The  objective of a telescope must be of larger diameter in order to
(a) remove chromatic aberration

	 (b)	 remove	 spherical	 aberration	 and	high	magnification
(c) gather more light and for high resolution 
(d) increase its range of observation

3. In a compound microscope, the distance between objective lens and eye lens is
	 (a)	 fixed	 (b)	 variable	 (c)	 infinite	 (d)	1	metre	

4. The final image formed in an astronomical telescope with respect to the object is
(a) real, inverted (b) real, erect (c) virtual, erect (d) virtual, inverted

5. The focal length of the objective lens of a telescope is 50 cm. If the magnification of the telescope 
is 25, then the focal length of the eyepiece is
(a) 12.5 cm (b) 5 cm (c) 2 cm (d) 10 cm

6. The focal length of the objective of a microscope is 
(a) larger than the focal length of the eye-piece
(b) smaller than the focal length of the eye-piece
(c) equal to the focal length of the eye-piece
(d) none of the above

7. When the length of a microscope tube is increased, its magnifying power
(a) decreases (b) increases (c) does not change (d) none of these

8.  On increasing the focal length of the objective the magnifying power:
(a) of microscope will increases, of telescope will decrease
(b) of both microscope and telescope will increase
(c) of both microscope and telescope will decrease
(d) of microscope will decreases, of telescope will increase

9. In an astronomical telescope of refracting type:
(a) eyepiece has greater focal length
(b) objective has greater focal length
(c) objective and eyepiece both have greater focal length
(d) eyepiece has greater aperture than the objective

10. Which one of the following statement is correct about the magnification of an optical microscope?
	 (a)	 Magnification	 increases	with	 the	 increase	 in	 focal	 length	of	 eyepiece
	 (b)	Magnification	 increases	with	 the	 increase	 in	 focal	 length	of	 objective
	 (c)	 Magnification	does	not	 depend	upon	 the	 focal	 length	of	 eyepiece
	 (d)	Magnification	decreases	with	 the	 increase	 in	 focal	 length	of	 eyepiece

11. What is the magnification power of a simple microscope of focal length 10 cm for image formed 
at near point ‘D’? (D is about 25cm)
(a) 2.5 (b) 3.5 (c) 1.5 (d) 4.5
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 12. A telescope consisting of an objective of focal length 60 cm and a single eyepiece lens of focal 
length 5 cm is focused at a distant object in such a way that parallel rays emerge from the eyepiece. 
If the object subtends an angle of 2° at the objective then the angular width of the image will be:

 (a) 10° (b) 24° (c) 50° (d) (1/6)°
 13. The objective in a reflecting telescope is:
 (a) concave mirror (b) convex mirror (c) prism (d) convex lens
 14. The magnification power of an astronomical telescope at normal adjustment is:
 (a) fo fe (b) fe / fo (c) fo / fe (d) fo fe /(fo+ fe)
 15. The compound microscope was invented by:
 (a) Galileo (b) Romer (c) Foucault (d) Fizeau
 16. Two lenses of focal length 5 cm and 50 cm are to be used for making a telescope. Which lens 

will be used for the objective?
 (a) Both (b) 5 cm (c) Neither (d) 50 cm
 17. How does the magnifying power of a telescope change on increasing the diameter of its objective?
 (a) Remains same (b) Doubled (c) Halved (d) Becomes zero
 18. The magnifying power of a telescope is 9 when it is adjusted for parallel rays. The distance 

between the objective and eye piece is found to be 20 cm. The focal length of lenses are:
 (a) 5 cm, 5 cm (b) 11 cm, 9 cm (c) 10 cm, 10 cm (d) 18 cm, 2 cm
 19. If an object subtends an angle of 2° at eye when seen through telescope having objective and 

eyepiece of focal length fo = 60 cm and fe = 5 cm respectively then angle subtended by image 
at eyepiece will be:

 (a) 16° (b) 50° (c) 24° (d) 10°
 20. A compound microscope has a magnifying power 30. The focal length of its eyepiece is 5 cm. 

Assuming the final image to be at the least distance of distinct vision. The magnification produced 
by the objective will be

 (a) + 5 (b) –5  (c) + 6 (d) – 6 

Answers
 1.  (c) 2. (c) 3. (a) 4. (d) 5.  (c) 6.  (b) 7. (a) 8.  (d)
 9.  (b) 10.  (d) 11.  (b) 12.  (d) 13.  (a) 14.  (c) 15. (a) 16. (d)
 17.  (a) 18.  (d) 19.  (c) 20.  (b)

B. 1 Mark Questions
 1. What is angular size of an object or image?
 Ans. It is the angle subtended by the object or image at the eye when placed at the least distance of 

distinct vision.
 2. What is the least distance of distinct vision?
 Ans. It is the nearest distance from the eye at which an object can be distinctly seen by the eye. Its 

value is 25 cm for a normal human eye.
 3. How distant objects appear larger through a telescope which appear quite small with naked eye?
 Ans. The telescope forms the image of the distant object near the eye. Thus it appears larger.
 4. What is simple microscope?
 Ans. A simple microscope is a convex lens of short focal length. It forms a magnified image when the 

object is placed between its focus and optical centre.
 5. What is the magnification produced by a single convex lens used as a simple microscope in normal 

use?
 Ans. Magnification (M) = 1+ D

f
  Here D denotes the least distance of distinct vision and f is the focal length of the lens.
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 6. What should be the position of an object relative to biconvex lens so that it behaves like a 
magnifying glass?

 Ans. The object should be between the optical centre and the focus of the lens.
 7. If the final image is formed at infinity, what is the magnification of a simple microscope?

 Ans. Magnification (M) = 
D
f

  Where D is the least distance of distinct vision and f is the focal length of the lens.
 8. What is the nature of the final image in a compound microscope?
 Ans. In a compound microscope, the final image is inverted with respect to the object. It is virtual and 

magnified.
 9. How a high angular magnification from a compound microscope is obtained?
 Ans. Both, the objective and the eye-piece are taken of small focal lengths, the focal length of the eye 

piece being slightly longer.
 10. What is the eye-ring of a microscope or a telescope?
 Ans. The image of the objective in the eye piece is known as eye-ring. All the rays from the object 

refracted by the objective go through the eye-ring. So it is an ideal position for our eyes for 
viewing.

 11. Comment on the length of a compound microscope if the final image is formed at infinity?
 Ans. The length of the compound microscope is greater than fo + fe.
 12. What do you mean by normal adjustment of telescope?
 Ans. When the final image is formed at infinity, the telescope is said to be in normal adjustment.
 13. What is the length of the telescope in normal adjustment?
 Ans. Length of telescope in normal adjustment,
    = fo + fe
  Where fo is the focal length of objective and fe is the focal length of eye-piece.
 14. Express the angular magnification of an astronomical telescope in terms of the focal length of the 

objective and the eyepiece.
 Ans. When the final image is formed at the least distance of distinct vision

    M = 
−

+







f
f

fo

e

e1
D

  When final image is formed at infinity, M = 
− f
f
o

e
 15. An astronomical telescope set for normal adjustment has a magnifying power 10. If the focal 

length of the objective is 1.2 m, what is the focal length of the eyepiece?

 Ans. As M = 
− f
f
o

e
(magnitude in normal adjustment)

	 	 ∴ fe = 
− fo
M  = 

−
= −

12
10

012· · m

 16. In which device-microscope or telescope, the difference in the focal lengths of the two lenses is 
larger?

 Ans. In a telescope, the difference in the focal lengths of the two lenses is larger.
 17. Define magnifying power of an optical instrument.
 Ans. It is the ratio of the angle subtended by the final image at the eye to the angle subtended by the 

distant object at the eye when seen directly.
 18. Why is the power of the objective lens of a telescope is kept as small as possible?
 Ans. Small power means large focal length which results in high magnifying power of telescope.
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 19. State any one advantage of using a reflecting telescope in place of a refracting telescope.
 Ans. The image formed by reflecting telescope is brighter than that formed by a refracting telescope 

of equivalent size.

C. 2 Marks Questions
 1. What is a simple microscope? Write expression for its magnifying power when it forms final 

image at the least distance of distinct vision and at infinity.
 Ans. A simple microscope or a magnifying glass is just a convex lens of short focal length, held close 

to eye. It forms large image of a close and minute object. Magnifying power :
 (i) When image if formed at the least distance of distinct vision

    M = 1+ D
f

	 (ii)	 When	final	 image	 is	 formed	 at	 infinity

    M = 
D
f

  Here D is the least distance of distinct vision and f is focal length.
 2. What is an astronomical telescope?
 Ans. An astronomical telescope is an optical instrument used to see heavenly objects like stars, planets, 

etc. The image of such a distant object formed by the telescope subtends a large visual angle at 
the eye, so that the object appears quite large to the eye.

 3. What is the difference between linear magnification and angular magnification (also called 
magnifying power) produced by a lens?

 Ans. The linear magnification produced by a lens is the ratio of the size of the image to the size of 

the object and is equal to the ratio of the image and object distance, that is, m = 
v
u

.

  On the other hand, angular magnification is the ratio of the angle subtended at the eye by the 
image to the angle subtended by the object seen directly when both are located at the least distance 
of distinct vision (D) it is given by

    M = 
D D
u f
= +1

 4. Why objective lens of a small aperture is used in a microscope?
 Ans. Microscope is used to observe very small objects placed very close to it. Therefore if the aperture 

of the objective is large then light coming from the object will spread in large aperture and the 
object will be seen less bright. On the other hand, if aperture is small then light will spread in 
small aperture and the image formed will be more bright.

 5. Write down construction of a compound microscope.
 Ans. It consists of two convex lenses of short focal length arranged co-axially at the ends of two sliding 

metal tubes.
 (i) Objective : It is a convex lens of very short focal length fo and small aperture. It is positioned 

near	 the	object	 to	 be	magnified.
 (ii) Eyepiece : It is a convex lens of comparatively larger focal length fe and larger aperture than 

the objective (fe > fo).	 It	 is	 positioned	near	 the	 eye	 for	 viewing	 the	final	 image.
 6. Why focal length of objective is large and eyepiece is small in a telescope?
 Ans. Magnifying power of a telescope :
	 (i)	 When	 the	final	 image	 is	 formed	 at	 the	 least	 distance	D	of	 distinct-vision

    M = 
−

+







f
f

fo

e

e1
D

   ...(i)
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	 (ii)	 When	final	 image	 is	 formed	 at	 infinity	 :

    M = 
− f
f
o

e
    ..(ii)

  From Eqs. (i) and (ii), it is clear that in order to increase the magnifying power of a telescope the 
focal length of objective (fo) lens should be large and the focal length of eye piece (fe) should be 
small.

 7. In a telescope, the objective has a large aperture while the eye-piece has a small aperture. Why?
 Ans. The objective of the telescope should have large aperture because a much wider beam of light is 

incident on it and is converged into a small cone which on entering the eye, produces a brighter 
image. On the other hand, eye-piece of small aperture is taken so that whole of the light forming 
the image may enter the small pupil of eye.

 8. Express the magnifying power (angular magnification) of an astronomical telescope in terms of 
the focal lengths of the objective and the eye-piece.

 Ans. M = 
−

+







f
f

fo

e

e1
D

, when the final image is formed at the least distance of distinct vision and  

M = 
− f
f
o

e
, when the final image is formed at infinity.

  Here fo and fe are the focal length of objective and eye-piece respectively.
 9. Write down the advantage of a compound microscope over a simple microscope.
 Ans. A compound microscope can provide a much larger magnification.
  The image obtained from compound microscope is almost free from the defect of spherical and 

chromatic aberrations.
 10. State one reason why giant telescopes are of reflecting type?
 Ans. Reflecting type telescopes are free from spherical and chromatic aberration.
 11. Write difference between the construction of the objective of a telescope and that of a microscope?
 Ans. The object of a telescope is a convex lens of larger focal length and larger aperture (compared to 

eye piece) while that of microscope is a convex lens of smaller focal length and smaller aperture 
(in comparison to eye piece).

 12. Why moon appears bigger although the size of the moon is smaller than stars?
 Ans. The apparent size of an object as seen by our eye depends upon the visual angle. The moon, being 

much closer to us than the stars, subtends a larger visual angle at our eye and hence, appears 
bigger in size.

 13. The magnifying power of a simple microscope is inversely proportional to the focal length of the 
lens. Then, why can we not obtain a very high magnifying power by using a lens of very small 
focal length?

 Ans. For a very high magnifying power, the focal length of the lens would have to be very small. 
Lenses of very small focal length are not feasible to manufacture. And also such lenses would be 
very thick in the middle and cause appreciable dispersion of light due to their prismatic action. 
Hence chromatic aberration will dominate.

 14. A simple microscope is rated 5X for a normal relaxed eye. What will be its magnifying power 
for a relaxed farsighted eye whose near point is 40 cm?

 Ans. For normal eye : D = 25 cm, M = 5

  As  M = 
D
f

 ⇒	5 = 
25
f    or f = 5 cm

  For relaxed farsighted eye : D40 = ׳ cm, f = 5 cm
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	 	 ∴  M = 
D'

f
= =

40
5

8

  Thus the magnifying power of the simple microscope is 8X in the second case.
 15. A small telescope has an objective lens of focal length 140 cm and an eyepiece of focal length 

5.0 cm. What is the magnifying power of the telescope for viewing distant objects when 
	 (a)	 the	 telescope	 is	 in	 normal	 adjustment	 (i.e.,	when	 the	final	 image	 is	 at	 infinity),	
	 (b)	 the	final	 image	 is	 formed	 at	 the	 least	 distance	of	 distinct	 vision	 (25	 cm)?
 Ans. Here fo = 140 cm, fe = 5 cm
 (a) In normal adjustment :

   Magnifying power, M = 
f
f
o

e
= =

140
5

28

	 (b)	When	 the	final	 image	 is	 formed	 at	 the	 least	 distance	of	 distinct	 vision	 (25	 cm).

   M = 
f
f

fo

e

e1+





D   = 

140
5

1 5
25

+





    = 28 × 1·2 = 33·6.

 16. Draw a labelled ray-diagram of an image formed by a compound microscope when the final 
image lies at least distance of distinct vision. Write expressions for its magnifying power. Why 
is its objective have a very small aperture?

 Ans.

F 'A'e
Fe

  Magnifying power, M = 
f

u f u
o

o o e−










D
  or M = −











v D0

0u ue
  When final image is formed at least distance of distinct vision i.e at D,

      M = 
f

u f fe
0

0 0
1

−
+







D
  or M = 

−
+











v D0

0
1

u fe
  When final image is formed at infinity,

     M = 
−v Do

eu f0
.

  If aperture is small, then light will spread in small aperture and the image formed will be more 
bright hence objective of small aperture is taken.

 17. Draw a labelled ray diagram of an image formed by a refracting telescope with final image formed 
at infinity. Derive an expression for its magnifying power with the final image at infinity.
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 Ans. 

A'

O

B

A

fo fe

Fo

B'

Fe

E

At in�nity

�

  In general formula for magnifying power is,

  M = 
− f
u
o

e
    ...(i)

  When the final image is formed at infinity.
  For this the distance between the objective and the eye piece is adjusted so that the image A׳B׳ 

formed by the objective O is at the focus Fe
  of the eyepiece (ue = fe). So now substituting ׳

ue = fe in equ ...(i), we get M = 
− f
f
o

e
        

 18. A card-sheet divided into squares each of size 1 mm² is being viewed at a distance of 9 cm 
through a magnifying glass (a converging lens of focal length 10 cm) held close to the eye, 

	 (a)	 what	 is	 the	magnification	produced	by	 the	 lens?	How	much	 is	 the	area	of	each	square	 in	 the	
virtual image? 

	 (b)	what	 is	 the	 angular	magnification	 (magnifying	power)	 of	 the	 lens?	
	 (c)	 is	 the	magnification	 in	 (a)	 equal	 to	 the	magnifying	power	 in	 (b)?	Explain.
 Ans. (a) Here f = 10 cm, u = – 9 cm

  From 1 1
v
−

u
 = 

1
f     ⇒ 1

v
 = 

1 1 1
9

1
10

1
90u f

+ =
−

+ = −

	 	 ∴ v = – 90 cm

  Linear magnification, M = 
v
u
=
−
−

=
90
9

10

  Each square in the virtual image has an area = 10 mm × 10 mm = 100 mm2 = 1 cm2

 (b) Magnifying power, M = D
u
= =25

9
2 8·

	 (c)	 Magnification	of	 an	 image	by	a	 lens	 and	magnifying	power	of	 an	optical	 instrument	 are	 two	

separate	things.	Magnification	is	 v
u

while magnifying power is 
D
u

. These are equal only when 

image is located at the least distance of distinct vision, i.e, D = v = 25 cm.
 19. A compound microscope consists of an objective lens of focal length 2.0 cm and an eye piece 

of focal length 6.25 cm separated by a distance of 15 cm. How far from the objective should an 
object be placed in order to obtain the final image at 

 (i) the least distance of distinct vision (D = 25 cm) and 
	 (ii)	 infinity.	
  What is the magnifying power of the microscope in each case?
 Ans. Given fo = 2 cm, fe = 6·25 cm, L = 15 cm
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  (i) When final image is formed at least distance of distinct vision: Here ve = – 25 cm

	 	 	 ∴ 
1
fe

 = 
1 1
ve eu

− 	 	 ⇒	 1
ue

 = 
1 1
ve ef

−  = − − =
− −

=
−1

25
1

6 25
1 4
25

5
25·

  ⇒	ue = – 5 cm

   as, L = |vo| + |ue|  ⇒	 |vo| = L – |ue| = 15 – 5 = 10 cm
   For objective lens :

   
1
fo

 = 
1 1
vo ou

−   ⇒ 1
uo

 = 
1 1
vo of

−  = 
1

10 2
2

5
− =

−1
	 	 	 ⇒	u0 = 

− = −5
2

2·5 cm

   This is distance of objective is 2·5 cm.

   Magnifying power, M = 
−

+










v Do
u fo e

1  = 
− +





10
2 5

1 25
6 25· ·

 = – 4 × 5 = – 20

  (ii) When final image is formed at infinity :
   In this case L = v0 + fe  or v0 = L – fe = 15 – 6·25 = 8·75 cm

   For objective lens :  1
fo

 = 
1

vo
−

1
uo

	 	 ⇒	 1

0u
 = 

1
vo

−
1
fo

 

   = 
1

8 75
1
2

2 8 75
2 8 25·

·
·

− = −
×

  ⇒ u0= 
− ×2 8 75

6 75
·

·

	 	 	 ∴  u0 = – 2·59 cm 

   ∴  |u0| = 2·59 cm

   Magnifying power M = 
− 









v Do

ou fe
 = 

− 




= −8 75

2 59
25

6 25
13 5·

· ·
·

D. 3 Marks Questions
 1. Define magnifying power of an optical instrument in term of visual angles. Write the condition when 

visual angle is maximum for naked eye. Write two possible values for magnification of simple microscope.
 Ans. Visual Angle : The angle which an object subtends at our eye is called the ‘visual angle’. The 

apparent size of an object as seen by our eye depends upon the visual angle. Larger the visual 
angle, bigger the size (apparent) of the object.

  Magnifying power : The magnifying power of an optical instrument is defined as the ratio of 
the visual angle subtended by the image formed by the instrument at the eye to the visual angle 
subtended by the object at the unaided eye.

  Visual angle is maximum at the least distance of distinct vision D for a naked eye. We cannot 
increase the visual angle beyond that certain limit because then the objects will not be seen 
distinctly.

  For a simple microscope the magnifications :
 (i) When image is formed at least distance of distinct vision,

    M = 1+ D
f

  D is the least distance of distinct vision and f is the focal length of the lens.
	 (ii)	 When	 image	 is	 formed	 at	 infinity,

    M = 
D
f

  D is the least distance of distinct vision and f is the focal length of the lens.
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 2. Draw a ray diagram for a compound microscope. Derive an expression for the magnifying power 
when the final image is formed at the least distance of distinct vision.

 Ans. Cut	 length	A″	B′″	 =	AB	 from	A″	B′″.	Then,	 angle	A″	 EB″	 =	α that is, the angle subtended by 
the	object	had	been	at	D.	Further	suppose	the	final	image	A″	B″	subtends	an	angle	β at the optical 
centre E of the piece lens. Since, eye is very close to the aye piece of the compound microscope.

    M = β
α

β
α



tan
tan

	 	 ⇒	 M = 

A"B"
A"E

A"B"'
A"E

 = 
A"B"
A"B"'

A"B"
AB

=

	 	 ⇒	 M = 
A"B"
A'B'

A'B'
AB

×

  But  A"B"
A'B'

 = Me (the linear magnification 

by eye-piece lens)

  and  
A'B'
AB

 = Mo (the linear magnification by objective lens)

	 	 ∴	  M = Me × Mo ...(i)

  Further Mo = 
distance of the image from objective lens

distance of the obbject from the objectives lens  = 
−vo
ou

   ...(ii)

  Using lens formula for objective lens, we have

   
1 1
vo ou

−
−

 = 
1
fo

   ⇒ 
1 1 1

vo o ou f
+ = 	

	 	 	 ⇒	
uo
ov
+1= 

u
f
o

o
   ⇒	

u u
f

u f
f

o

o

o

o

o o

ov
= − =

−
1

	 	 	 ⇒	
vo
ou

 = 
f

u f
o

o o− 	 		 ⇒	Mo = f
u f

o

o o−
 ...(iii)

	 	 	 ⇒	Me = 
ve
eu

   ...(iv)

  Where, vo	 is	 the	 distance	 of	 image	 A″B″	 of	 the	 virtual	 object	 A׳B׳	 formed	 by	 the	 eye-piece	 
lens E.

  Now, if the final image is formed at D, that is,
    if ve = D then,

   Me = 
D
ue





  ...(v)

  Now magnifying power M can be obtained by using Equn. (ii) and (v) are equn. (i), we have,

   M = 
− 









v Do
u uo e

 ...(vi)

  And the magnifying power if Equn. (iii) and (v) are used in equn. (i) is:

   M = 
f

u f uo o e

o D
−









  ...(vii)

�

�
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  When image is formed at distance of distinct-vision,
  For this configuration,
   u = – ue, v = – D and f = fe the lens formula,

   
1
v
−

1
u

 = 
1
f

 

  Now, we have

   
1
D−
+ 1
ue

 = 
1
fe

 	⇒	
1
ue

 = 1 1
fe
+

D
 ...(viii)

  Now, from Eqs. (vi) and (viii) magnifying power of compound microscope,

   M = 
−

+










v D 1
D

o

ou fe

1
  ⇒ M = 

−
+











v Do

o eu f
1  	⇒	M = 

f
u f fo o e

o D
−

+








1

 3. Draw ray diagram for astronomical telescope when final image is formed at D. Find magnifying 
power and length of the telescope in this arrangement.

 Ans.

  The magnifying power of the telescope is defined by,

   M = 
Angle subtended by the final image at the eye ( )

Angle sub
β

ttended by the object at the eye when the object is in its  actual position ( )α
  Since the eye is near the eye-piece E, the angle β	 subtended	by	 the	final	 image	A″B″	at	 the	eye-

piece may be taken as the angle subtended at the eye.
  And since the object AB is very far from the telescope, the angle subtended by the object at the 

objective may be taken as the angle subtended at the eye, then

   M = 
β
α

  Since β and α	are very small, we can write

   β	= tanβ = A'B
EA'

'

	 	 	 α	=	 tan
'

α =
A
OA

'

'
B

   M = A'B'/EA'
A'B'/OA'

=
OA
EA

'
'

  If the focal length of the objective O be fo and the distance of A׳B׳ from the eye-piece E be ve, 
then	with	proper	 sign,	OA׳	=	 fo	 and	EA׳	=	–ue. Thus, by the above equation we have

   M = –
fo
ue

  ...(i)
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  For normal adjustment i.e., when the final image is formed at the least distance D of the distinct 
vision,

  By applying the lens formula, 1 1
v f
− =

1
u

 for the eye-piece, we have,

   v = –D, u = –ue and f = +fe
  Where fe denotes the focal length of the eye-piece.
  Now,

   
1 1 1 1 1 1 1 1
−

−
−

= = + = +





D u f

or
u f D f

f
De e e e e

e

  Substituting the value of 1/ue in eq (i)

   M = 
−

+







f
f

f
D

o

e

e1

  In this position the length of the telescope will be fo + ue.
 4. Draw labelled ray diagram of reflecting telescope, write its magnifying power and write its 

advantages over refracting telescope.
 Ans. Magnifying power :

   M = 
Angle subtended by the final image at the eye ( )

Angle sub
β

ttended by the object at the eye ( )α

  Where β	= 
A B A"B"' '

o−
=

f fe
,α

	 	 ∴  M = 

A B

A"B"

' '

0

− f

f

e

	 	 But	A׳B׳	 =	A″	B″	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	∴ M = 
− f
f
o

e

  Where fo and fe are the focal length of the concave mirror M1 and the eye-piece E.
  Advantages of Reflecting Telescope Over Refracting Telescope :
	 (i)	 The	 image	 formed	 by	 a	 reflecting	 telescope	 is	 brighter	 than	 that	 formed	 by	 a	 refracting	 

telescope of equivalent size because in the latter the intensity of light is partially lost due to 
reflection	 and	 absorption	by	 the	objective	 lens	 glass.

	 (ii)	 Further	 in	 reflecting	 telescope	 the	 image	 is	 free	 from	chromatic	 aberration.
 (iii) With the use of paraboloidal mirror the image may also be made free from spherical aberration.
 (iv) High resolution is achieved by using a mirror of large aperture which is easier to support 

than a lens of equal aperture.
 5. Draw ray diagram for astronomical telescope in normal adjustment. Write the magnifying power 

and length in this arrangement.
 Ans. To see with relaxed eye, the final image 

should be formed at infinity. For this the 
distance between the objective and the 
eye-piece is adjusted so that the image 
A׳B׳	 formed	 by	 the	 objective	 O	 is	 at	
focus Fe

 of the eye-piece (ue = fe). This ׳
adjustment of the telescope is called 
normal adjustment.

B

α
αM1

M2 A" A

Fo

B"

B'
A'
Fe

β

E(EYE-PIECE)

OBJECTIVE
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   M = β
α

  since β and α	are very small, we can write,

   β	= tanβ = A B
EA

' '

'  and α = tan α	= 
A'B'
OA'

	 	 	 ∴  M = 

A B'
EA'
A B
OA

OA
EA

'

' '

'

'

'=

  If the focal length at the objective O be fo and	 the	 distance	 of	A׳B׳	 from	 the	 eye-piece	E	 be	ve, 
then	with	proper	 sign,	OA׳	=	 fo	 and	EA׳	=	–	ue. Thus, by the above equation we have

    M = 
− f
u
o

e
     ...(i)

 6. Draw a neat ray diagram of simple microscope. Deduce the formula for its angular magnification 
when the image is formed at the least distance of distinct vision.

 Ans. 

D

α

B

A

(b)

  Let β be the angle subtended by the image A׳B׳ at the eye and α the angle subtended by the 
object AB at the eye when placed directly at a distance D from the eye.

  The magnifying power of the simple microscope is given by,

  M = 
Angle subtended by the image at the eye

Angle subtended by tthe object at the eye when placed at least distance of disstinct vision = 
β
α

  Since the object AB is small, the angles α and β are so small, hence from figure

   β	= tan β	= AB
OA

 and α	= tan α	= AB
D

	 	 	 ∴ M = 

AB
OA
AB
D

D
OA

=

  But OA = u (distance of the object from the lens)

	 	 ∴  M = D
u

      ...(i)

  The image A׳B׳ is being formed at a distance D from the lens. Hence, in the lens formulae

   
1
v

−
1
u

 = 
1
f

  We shall put v = – D and u = – u (with proper sign)

  Thus, 
1

 D−
−
−
1
u

 = 1
f

 	⇒	
1
u

 = 
1
D
+ 1

f 	 	 ⇒	 D
u

 = 1+ D
f

  Putting the value of D
u

in equn. (i), we get, M = 1+ D
f
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 7. With the help of a ray diagram, explain the working of a simple microscope when the image is 
formed at infinity. Write an expression for its magnifying power.

 Ans. 

Eye focused
at in�nity

O F

f

h

A

B

From
�

�

�

(a)

D

A

B

h
�

(b)
 

  Often the object is placed at the focus of the convex lens, so that the parallel rays enter the eye 
as shown in the above figure, the image is formed at infinity.

  Magnifying power : It is defined as the ratio of the angle formed by the image (when situated at 
infinity) at the eye to the angle formed by the object at the eye, when situated at the least distance 
of distinct vision.

M = 
β
α

β
α

= tan 
tan 

 [as α, β	are small]

  From figure, tan β	= 
h
f  and tan α	= 

h
D

	 	 ∴  M	= 

h
f
h
D

	⇒ M	= 
D
f

 8. (a) Draw a labelled diagram of refraction type telescope in normal adjustment. 
	 (b)	Give	 its	 two	 shortcomings	over	 reflection	 type	 telescope.	
 (c) Why is eyepiece of a telescope of short focal length, while objective is of large focal length? 

Explain.
 Ans. (a) 

o

o

	 (b)	 (i)	 	The	 large	objective	 lens	used	 is	very	heavy,	which	 is	difficult	 to	make	and	 support	by	 its	
edges.

	 	 (ii)	 	It	 is	difficult	 and	expensive	 to	make	 large	 size	 lenses	 free	 from	chromatic	aberration	and	
distortions.

 (c) When fo >> fe, i.e., focal length of eye piece is smaller than focal length of objective, the 
telescope will have large magnifying power.
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E. Case Study Based Questions [3 Marks]

Case Study 1.
Shruti was very much fascinated towards astronomy that she decided to make a telescope. She carefully 
studied about the construction of astronomical telescope and with the help of her friend she prepared 
her	 own	model	 and	presented	her	 ideas	 in	 a	 science	 seminar	 and	got	first	 prize.	
 1. Express the angular magnification of an astronomical telescope in terms of the focal length of the 

objective and the eye piece. 
 Ans. When the final image is formed at the least distance of distinct vision.

  M
D

=
−

+








f
f

fo

e

e1  

  When the image is formed at infinity.

  
M =

− f
f
o

e
 2. An astronomical telescope set for normal adjustment has a magnifying power 10. If the focal 

length of the objective is 1.2 m, what is the focal length of the eyepiece? 

 Ans. As M =
− f
f
o

e

  ∴ f
f

e
o= = =

M
m

1 2
10

0 12
.

.

 3. Why is the power of the objective lens of a telescope kept as small as possible? 
 Ans. Small power means large length which results in high magnifying power of telescope.

Case Study 2.
A teacher has given three lenses 0.5 D, 4.0 D and 10.0 D to a student. He is not sure as to which 
lens would be used for constructing a good astronomical telescope. So he consulted his seniors and the 
teacher and constructed a telescope. Later he showed the telescope to the junior classes and explained 
about the choice of lenses. 
 1. Which lens is used as objective and which one is an eyepiece? 
 Ans. Objective - 0.5D lens
  Eyepiece - 10 D lens
 2. Why focal length of objective lens is higher than the focal length of the eyepiece? 
 Ans. For large magnifying power.
 3. If a fly sits on the objective of the telescope, what will be the effect on image?
 Ans. The fly will not be seen in the image however, the intensity of the image will be slightly decreased.
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Summary
zz Nature of light: Wave nature of light could be established from the phenomena like interference,  
diffraction and polarisation, establish the wave nature of light where as the phenomena like black 
body radiation and photoelectric effect and also establish the particle nature of light. 

  Hence, de-Broglie proposed that light has a dual nature i.e., it can behave as particles as well as 
waves.
zz Wavefront: It is the continuous locus of all such particles of the medium which are vibrating in 
the same phase at any instant. A point source generates spherical wavefronts, a linear source of 
light generates cylindrical wavefronts and sources present at a very large distances generates plane 
wavefront. 
zz Ray: It is an arrow drawn perpendicular to a wavefront in the direction of propagation of a wave. 

  The principles valid for rays and wavefronts are: 
 (i) Rays are normal to wavefronts 
 (ii) The time taken to travel from one wavefront to another is the same along any ray. 
zz Huygen’s principle of secondary wavelets : Huygen’s principle describes how a wavefront 
propagates through a medium. It is based on the following assumptions : 

 (i) Each point on a wavefront acts as a source of new disturbance called secondary waves or 
wavelets. 

 (ii) The secondary wavelets spread out in all directions with the speed of light in the given medium.
 (iii) The wavefront at any later time is given by the forward envelope of the secondary wavelets at 

that time. 
zz Effect on frequency, wavelength and speed during refraction : Upon refraction, the frequency of 
light remains unchanged but both its wavelength and speed get changed, depending on the refractive 
index of the refracting medium. 
zz Relation between Frequency and Speed : The frequency remains the same as light travels from 
one medium to another. The speed v of a wave is given by v = lv, where l is the wavelength of 
the wave and v is the frequency. 
zz Optical Path (d) : It is defined as the distance which light travelling in a medium would have 
travelled in the same time if it were travelling in vacuum. It is given as the product of the geometric 
length of the optical path (D) followed by light and the refractive index (m) of the medium through 
which a light ray propagates i.e., d = Dm

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :
 1. Which phenomenon cannot be explained using wave theory of light ?
 (a) Interference   (b) Photoelectric effect 
 (c) Polarisation   (d) Diffraction
 2. Wavefront is the locus of all points, where the particles of the medium vibrate with the same :
 (a) phase (b) amplitude (c) frequency  (d) period

4 Wavefront and Huygen’s  
Principle
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 3. If a plane wavefront is incident on a concave mirror, then the emergent wavefront will be.........
of the mirror as its centre.

 (a) Spherical with centre of curvature of the surface
 (b) Conical with focus
 (c) Conical with centre of curvature of the surface
 (d) Spherical with focus
 4. According to Huygen’s principle, light is a form of :
 (a) particle (b) rays (c) wave (d) none of these
 5. Which phenomena among these cannot be explained by Huygen’s construction of wavefront?
 (a) Reflection (b) Diffraction (c) Refraction (d) Origin of spectra
 6. Spherical wavefronts, emanating from a point source, strike a plane reflecting surface. What will 

happen to these wavefronts, immediately after reflection?
 (a) They will remain spherical with the same curvature, both in magnitude and sign.
 (b) They will become plane wavefronts.
 (c) They will remain spherical, with the same curvature, but sign of curvature reversed.
 (d) They will remain spherical, but with different curvature, both in magnitude and sign.
 7. According to Huygen’s principle of secondary wavelets, each particle at a wavefront :
 (a) is an electron
 (b) behaves as a new light source
 (c) behaves as a photon
 (d) represents the direction of the motion of wavefront
 8. Two plane wavefronts of light, one incident on a thin convex lens and another on the refracting 

face of a thin prism. After refraction at them, the emerging wavefronts respectively become :
 (a) spherical wavefront and plane wavefront
 (b) plane wavefront and spherical wavefront
 (c) elliptical wavefront and spherical wavefront
 (d) plane wavefront and plane wavefront
 9. What is the direction of wavefront of a wave with respect to the direction of propagation of wave?
 (a) Parallel (b) Opposite (c) Perpendicular (d) At an angle
 10. A wavefront is an imaginary surface where;
 (a) all particles lying on this vibrate in opposite phase
 (b) all particles lying on this vibrate in same phase
 (c) some particle vibrate in same phase and some in opposite phase
 (d) None of these
 11. Two points are situated at the same distance from a light source but in opposite direction. The 

phase difference between the light waves from the two points will be :
 (a) π

2
 (b) zero (c) π (d) None of these

 12. The speed of light in vacuum depends upon :
 (a) wavelength   (b) frequency
 (c) motion of observer   (d) none of these
 13. A spherical wavefront is generated by :
 (a) point source   (b) extended source
 (c) line source   (d) distant source
 14. When light passes from rarer to denser medium, then :
 (a) wavelength increases   (b) wavelength decreases 

 (c) frequency increases   (d) nothing is changed
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 15. The refractive index of glass is 1.5 and that of water is 1.3. The speed of light in water is  
2.25 × 108 ms– 1 then calculate the speed of light in glass .

 (a) 2.25 × 108 ms– 1   (b) 3.8 × 108 m/s
 (c) 1.95 × 108 ms– 1   (d) 2.6 × 108 m/s
 16. The colour of light that travels slowest in glass is :
 (a) green (b) red (c) violet (d) yellow
 17. A line source produces :
 (a) spherical wavefront   (b) cylindrical wavefront
 (c) plane wavefront   (d) elliptical wavefront
 18. The refractive index of a medium is 1.5. The speed of light in air is 3.0 × 108 ms– 1. What is 

the speed of light in the given medium?
 (a) 3.2 × 108 ms– 1 (b) 2 × 108 ms– 1 (c) 4 × 108 ms– 1 (d) 3.2 × 108 ms– 1

 19. A plane wavefront is generated by :
 (a) point source (b) distant source (c) extended source (d) line source
 20. Can two wavefronts intersect?
 (a) Yes   (b) No
 (c) Information is insufficient  (d) None of these

Answers
 1.  (b) 2. (a) 3. (d) 4. (c) 5.  (d) 6.  (c) 7. (b) 8.  (a)
 9.  (c) 10.  (b) 11.  (b) 12.  (d) 13.  (a) 14.  (b) 15. (c) 16.  (c)
 17.  (b) 18.  (b) 19.  (b) 20.  (b)

B. 1 Mark Questions

 1. Name any two phenomena to support wave theory of light.
 Ans. Interference and diffraction.
 2. Define the term ‘wavefront’.
 Ans. A wavefront is defined as the locus of all such particles of the medium which are vibrating in 

the same phase at any point.
 3. Define a ray of light.
 Ans. A line drawn perpendicular to a wavefront in the direction of propagation of light wave is called 

as a ray of light.
 4. How is the direction of a ray related to a wavefront?
 Ans. The direction of ray is perpendicular to a wavefront.
 5. State any one postulate of Huygens’ wave theory.
 Ans. Every particle of the medium situated on the wavefront acts as a new wave-source from which 

fresh wave originates.
 6. What is the shape of the wavefront diverging from a point source of light?
 Ans. Spherical, with the point source as the centre.
 7. State Huygens’ principle.
 Ans. According to Huygen’s principle,
 (i) Each point on a wavefront becomes a fresh source of secondary wavelets, which spread out 

with the speed of light in that medium.
 (ii) A new wavefront at any time later is given by the forward envelope of the secondary wavelets 

at that time.
 8. With what type of source of light are cylindrical wavefronts associated?
 Ans. Line source of light.
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 9. What is the shape of wavefront for a beam of parallel waves and for waves originating from a 
point source? 

 Ans. For a beam of parallel waves the wavefront attained is plane and for waves originating from a 
point source, the wavefronts are spherical.

 10. The refractive indices of glass, diamond and water are 1.5, 2.0 and 1.33 respectively. In which 
of these will the speed of light be maximum? Justify your answer with a suitable reason.

 Ans. The speed of light in a medium is inversely proportional to the refractive index of the medium.
This is given by v = c

µ
.

  So, as refractive index of water is lowest, the wave of light will have the maximum speed in 
water.

 11. What is the shape of wavefront observed when a small piece of stone is dropped into a pond of 
still water?

 Ans. Spherical.
 12. Draw the refracted wavefront emerging from a convex lens if a plane wavefront is incident 

normally on it.
 Ans. 

Incident
wavefront

A

C

B B'

A'

C'

F

Refracted
wavefront

 13. How will the wavelengths and frequencies of a light wave get affected upon reflection and 
refraction?

 Ans. Upon reflection, wavelength and frequency remains same while upon refraction, wavelength 
changes but frequency remains the same.

 14. What is phase speed?
 Ans. The speed with which the wavefront moves outwards from the source is called as phase speed.
 15. How does the phase change when a wave gets refracted and reflected?
 Ans. Upon refraction, there is no phase change. Upon reflection, the phase changes by π radian.

C. 2 Marks Questions

 1. Differentiate between a ray and a wavefront.
 Ans. A ray is an arrow drawn perpendicular to the wavefront along the direction of propagation of wave 

where as a wavefront is the locus of all those particles which are vibrating in the same phase at 
any instant in the medium.

 2. A monochromatic light upon reflection and refraction from the surface separting two media have 
same frequency. Justify.

 Ans. This happens because reflection and refraction at a surface occur due to interaction of incident light 
with the atoms of the surface matter. The atoms undergo forced oscillations with the frequency 
of the incident light. Hence, the oscillating atoms emits light of same frequency as the frequency 
of oscillation.

 3. Light of wavelength 5000 Å falls on a plane reflecting surface. What are the wavelength and 
frequency of the reflected light?

 Ans. The speed of a light in a given medium is fixed. The frequency of light does not change during 
its reflection from a surface. So the wavelength should also remain unchanged.
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   Speed of reflected light, c = 3 × 108 ms– 1

   Wavelength of reflected light, l = 5000 Å = 5 × 10– 7 m

   Frequency of reflected light, ν = 
c
λ  = 3 ×10

5×10

8

7−  = 6 × 1014 Hz

 4. Sketch the wavefronts corresponding to (a) converging rays, (b) diverging rays.
 Ans. 

 5. What is the contribution of the wavelets lying on the back of the wavefront to intensity?
 Ans. The amplitude of the secondary wavelets in any direction making angle θ with the normal to the 

wavelets is proportional to (1 + cos θ). For wavelets on the back of the wavefront, θ = 180°. So 
the contribution to amplitude is (1 + (– 1) = 0) as cos θ = cos 180° = – 1.

 6. If ∈o and mo are the permittivity and permeability of free space and ∈ and m are corresponding 

quantities for a medium, then show that the refractive index of the medium is
µ
µ

∈
∈o o

.

 Ans.  Velocity of light in vaccum = c =
∈

1
µo o

   Velocity of light in medium = v =
∈

1
µ

   Refractive index of the medium,  µ
µ
µ

= =
∈
∈

c
v o o

 7. When a light pulse is sent through a medium will it retain its shape?
 Ans. A pulse consists of waves with a large range of wavelengths which travel with different speeds 

in the medium. Hence, the pulse will not retain its shape as it travels through the medium.
 8. What is the geometrical shape of the wavefront for (i) light diverging from a point-source,  

(ii) light out of a convex lens when a point-source is placed at the focus of the lens, (iii) the 
portion of wavefront of light from a distant star intercepted by the earth, (iv) sunlight focused 
by a convex lens?

 Ans. (i) Spherical (ii) Plane (iii) Plane (iv) Spherical
 9. Compare Maxwell’s electromagnetic theory with Huygens’ wave theory of light.
 Ans. In both of these theories light is treated as a wave. Electromagnetic theory does not demand any 

medium for light propagation but the wave theory requires a medium for propagation. This is 
why Huygen assumed the existence of hypothetical ether medium.

 10. When monochromatic light travels from one medium to another its wavelength changes but 
frequency remains the same. Explain. 

 Ans. Frequency is the characteristic of the source while wavelength is the characteristic of the 
medium. When monochromatic light travels from one medium to another, its speed changes, so 
its wavelength (l = c/ν) changes but frequency ν remains unchanged.
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 11.  A monochromatic beam of light travelling in vacuum enters a medium of refractive index n. 
What is the relation between the wavelengths of the incident and the refracted light waves? How 
is optical path related to path in medium?

 Ans. lincident = n × lrefracted
  Optical path = n × path in medium
 12. Find the time taken by light to travel 1.0 m thickness of glass whose refractive index n is 1.5.

 Ans.                                c
v
= n

  Speed of light in medium (v) = c ms
n
=

×
= × −3 10

1 5
2 10

8
8 1

.

    Time taken by light = 
Distance travelled in medium
Speed of light in medium ( )v

      = 
1

2 108×
s  = 0.5 × 10– 8 s = 5 ns

 13. Green light of mercury has a wavelength of 5.5 × 10–7 m in air.
 (i) What is its frequency in MHz ?
 (ii) What is its wavelength in glass, if nglass = 1.5?

 Ans.   Frequency of light = c

airλ
 = 3 10

5 5 10

8

7
×
× −.

     = 3
5 5

1015
.
× Hz = 5.45 × 108 MHz

    Wavelength in glass (lglass)  = 
λair

glassn
 = 5 5 10

1 5

7.
.
× −

m  

     = 3.67 × 10– 7 m
 14. Use Huygen’s geometrical construction to show how a plane wavefront at t = 0 propagates and 

produces a wavefront at a later time.
 Ans. Let us consider a plane wave moving through free 

space as shown in the diagram below. At t = 0, the 
wavefront is shown by the plane labelled AA′.

  According to Huygen’s principle, each point on this 
wavefront is considered as a point source.

  For clear understanding, only three point sources are 
shown on AA'. With these source for the wavelets, we 
draw circular arcs each of radius c∆t, where c is the 
speed of light and ∆t is time interval during which 
the wave propagates. The surface drawn tangentially 
to these wavelets gives us the new wavefront BB′ at a later time and is parallel to AA'.

 15. Write Huygens’ postulates of wave theory . Draw the wavefront emerging from a (i) linear source 
of light like a slit and (ii) a very far away source.

 Ans. Postulates of Huygen’s wave theory :
 (a) Every point on the given wavefront called ‘primary wavefront’ acts as a fresh source of new 

disturbance, called ‘secondary wavelets’ that travels in all directions with the velocity of light 
in the medium.

 (b) A surface touching these secondary wavelets tangentially in the forward direction at any instant 
gives a new wavefront at that instant. This is the secondary wavefront.

Old wavefront

c∆t

A' B'

New wavefront

A B
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  (i)  

     

Source

Ray

Cylindrical
wavefront

For linear source

  (ii) 

    
 16. Define optical path. If ‘d’ is the distance travelled by a lightwave in air in ‘t’ seconds and ‘D’ is 

the distance travelled in a medium of refractive index ‘n’ in the same time, prove that d = nD.
 Ans. Optical path : It is defined as the distance which the light travelling in a medium would have 

travelled in the same time if it were travelling in a vacuum.
  Let v be the speed of lightray in a medium of refractive index n, then according to wave theory, 

we have
   v = c

n
  Where c is the speed of light in air (or vacuum). For travelling a distance D in this medium, the 

time taken by the light ray is given by

   t = D D D
cv

= =
c n

n
/

  In the same time t, the distance travelled by the light ray in air is

   d = c × t = 
c D

c
D×

=
n n

  Hence, if a light ray travels D distance in a medium in a given interval of time t, then it will 
travel d distance in air in the same time interval ‘t’.

 17. Monochromatic light of wavelength 589 nm is incident from air on a water surface. What are 
the wavelength, frequency and speed of (i) reflected, and (ii) refracted light? Refractive index of 
water is 1.33. 

 Ans. (i) For reflected light :
   Speed of reflected light = Speed of light in air
   c = 3 × 108 ms– 1

   Wavelength of reflected light = Wavelength of incident light
   l = 589 nm = 589 × 10– 9 m

   Frequency of reflected light, v  = 
c Hz
λ
=

×
×

= ×
−

3 10
589 10

5 09 10
8

9
14.

 (ii) For refracted light :
   Speed and wavelength get changed.

   Speed of light in water, vw = 
c ms 1
µ
=

×
= × −3 0 10

1 33
2 26 10

8
8.

.
.
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   Wavelength of light in water, lw = vw
ν

=
×
×

2 26 10
5 09 10

8

14
.
.

    = 444 nm
 18. A ray of light of frequency 5 × 1014 Hz is passed through a liquid. The wavelength of light 

measured inside the liquid is found to be 450 nm. Calculate (i) wavelength of light in vacuum 
(ii) refractive index of liquid (iii) velocity of light in the liquid. Take velocity of light in vacuum 
as 3 × 108 ms–1

.
 Ans. Given, ν = 5 × 1014 Hz
   l1 = 450 nm = 450 × 10– 9 m
   v1 = l1v = 450 × 10–9 × 5 ×1014

  Velocity in liquid, l1v = v1
v = 2.25 × 108 ms– 1

  Refractive index, m = 
c
v1

8

8
3 10

2 25 10
133=

×
×

=
.

·

  Wavelength in vacuum, l = ml1 = 1.33 × 450 nm = 600 nm

D. 3 Marks Questions

 1. (i)  What is meant by the term ‘optical path’ and prove that optical path D = nd, where n is the 
refractive index of medium other than the air and ‘d’ is the distance travelled in medium. 

 (ii) The optical path of monochromatic light is the same if it travels 2.0 cm thickness of glass 
or 2.25 cm thickness of water. If the refractive index of water is 1.33, what is the refractive 
index of glass?

 Ans. (i)  Optical path: It is defined as the distance which the light travelling in a medium would have 
travelled in the same time if it were travelling in a vacuum.

  Let v the speed of light-ray in a medium of refractive index n, then according to wave theory, 
we have

   v = c
n

  where c is the speed of light in air (or vacuum). For travelling a distance D in this medium, 
the time taken by the light ray is given by

   t = D D
c

D
cv

= =

n

n

   In the same time t, the distance travelled by the light ray in air is

   d = c× t = c × nD
c

= nD

   Hence, if a light ray travels D distance in a medium in a given interval of time t, then it will 
travel d distance in air in the same time interval t.

  (ii)  Optical path = n × Path in medium
       Given, optical path for glass  = Optical path for water
   ⇒ ng × 2  = 1.33 × 2.25

   ∴	 ng  = 1.33 × 2.25
2 0

1 50
.

.=

 2. (i) When monochromatic light travels from a rarer to a denser medium, explain the following, 
giving reasons: 

 (a) Is the frequency of reflected and refracted light same as the frequency of incident light? 
 (b) Does the decrease in speed imply a reduction in the energy carried by light wave? 
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 (ii) Draw a diagram to show how a plane wavefront incident at the interface of the two media 
gets refracted when it propagates from a rarer to a denser medium.

 Ans. (i) (a)  Yes, both the reflected and refracted lights have the same frequency as the frequency of 
incident light. As both refraction and reflection occur when light interacts with the atoms 
at the surface of separation and making the atoms acts as oscillator that vibrates with the 
frequency same as that of incident light. The atoms emit the light having same frequency 
as that of incident light.

 (b) No. Because the energy carried by a wave depends on amplitudes of the wave and not on 
the speed of propagation.

 (ii) 

v
2

Wavefronts and corresponding rays for refraction by a plane surface  
separating two media

 3. On the basis of Huygen's wave theory prove the laws of reflection of light. 
Or 

  On the basis of Huygen's wave theory, show that when light is incident on a plane mirror obliquely, 
angle of reflection is equal to angle of incidence. 

 Ans.  

Wavefronts and corresponding rays for reflection from a plane surface

  Let us consider a wavefront AB incident on the plane reflecting surface XY, both the wavefront 
and the plane of reflection are perpendicular to the plane of the paper.

  First the incident wavefront touches the reflecting surface at B and then again at C. According to 
Huygen’s principle, from each point on BC, secondary wavelets starts growing at speed c. The 
time within which the disturbance from A reaches the point C, the secondary wavelets from B 
reaches point D which lies on a hemisphere of radius BD = AC = ct, where t is the time taken 
by the disturbance to reach from A to C. The new reflected wavefront is the tangent plane CD 
draw from the point C over this hemisphere of radius ct.

  Let angles of incidence and reflection be i and r respectively. In ∆ABC and ∆DCB, we have
   ∠BAC = ∠CDB (Both are 90°)
   BC = BC
   AC = BD
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   ∆ABC ≅ ∆DCB
  Hence, ∠ABC = ∠DCB
  i.e ∠i = ∠r
  i.e the angle of incidence is equal to angle of reflection. This proves the first law of reflection.
  Since incident wavefront, reflected wavefront and plane of reflection all lies perpendicular to the 

plane of paper, rays drawn perpendicular to the incident and reflected wavefront and the normal (i.e 
ray SB, BD and BN respectively) all lie in the same plane. This proves this second law of reflection.

 4. Derive Snell’s law of refraction using Huygen's wave theory.  (ISC 2018) 
Or

  On the basis of Huygens’ wave theory, prove Snell’s law of refraction of light. Draw a neat and 
labelled diagram. (Postulates of Huygens’ wave theory not required.)  (ISC 2012) 

 Ans. 

v
2

Wavefronts and corresponding rays for refraction by a plane surface  
separating two media

  Let a plane wavefront AB incident on a plane surface XY, separating two media 1 and 2 as shown 
in above diagram. Let v1 and v2 be the velocities of light in the two media with v2 < v1.

  The wavefront first strikes at point A and then at the successive point towards C. According to 
Huygen’s principle, from each point on AC, the secondary wavelets starts growing in the second 
medium with speed v2. Let the time taken for disturbance to travel from B to C be t, then  
BC = v1t.

  Within time interval t, secondary wavelets from point A must have reached point D that lies on a 
hemisphere of radius AD = v2t in the second medium. The new refracted wavefront is the tangent 
plane CD drawn over hemisphere of radius v2t.

  Let i and r be the angle of incidence and angle of refraction respectively.
  From right angled ∆ABC, we have

   sin ∠BAC = sin i = 
BC
AC

  From right angled ∆ADC, we have

   sin ∠DCA = sin r = 
AD
AC

  ⇒ 
sin
sin
i
r

BC
AD

t
t

= =
v
v

1

2
   ⇒	

sin
sin
i
r

 = 
v
v

1

2
= n21

  This proves Snell’s law of refraction. The constant n21 is called refractive index of second medium 
with respect to first medium.

  Since the incident ray, refracted ray and the normal are respectively perpendicular to incident 
wavefront, refracted wavefront and the surface dividing the two medias, therefore, they all lie in 
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the same plane i.e (ray SA, AD and normal AN) all lie on the plane of the paper.
 5. Define ‘wavefront’. What are the assumptions on which Huygen's principle is based? Is a backward 

wavefront possible?
 Ans. A wavefront is defined as the continuous locus of all such particles at the medium which are 

vibrating in the same phase at any instant.
  The Huygen’s principle is based on the following assumptions :
 (i) Each point on a wavefront acts as a fresh source of new disturbance, called secondary waves 

or wavelets.
 (ii) The secondary wavelets spread out in all directions with the speed of light in the given 

medium.
 (iii) The new wavefront at any later time is given by the forward envelope (tangential surface in 

the forward direction) of the secondary wavelets at that time.
  A backward wavefront is not possible because during propagation of a wave backward flow energy 

is not possible.
  Mathematically,
  The amplitude of secondary wavelets is proportional to (1 + cos θ), where θ is the angle between 

the ray at the point of consideration and the direction of secondary wavelets.
  For backward wavefront, θ = π, So, cos θ = – 1
  This implies amplitude of secondary wavelets is proportional to, 1 – 1 = 0. So backward wavefront 

cannot exsist.
 6. Distinguish between a plane wavefront and a spherical wavefront. Sketch the wavefront emerging 

from a (i) point source of light and (ii) linear source of light.
 Ans. The wavefront emerging from a point source is 

called spherical wavefront. This is because all 
such points which are equidistant from the point 
source will lie on a sphere and the disturbance 
starting from the sources will reach all these points 
simultaneously. Whereas plane wavefront is a small 
portion of spherical or cylindrical wavefronts 
emerging from a source at a large distance.

 7. The absolute refractive index of air is 1.0003 and wavelength of yellow light in vacuum is  
6000 Å. Find the thickness of air column which will contain one more wavelength of yellow light 
than in the same thickness of vacuum.

 Ans. Wavelength of yellow light in vacuum, l = 6000 Å

 Wavelength of yellow light in air, l′ = 
λ
µ  = 6000

1·0003
Å

  Let t be the thickness of vacuum and n be the number of waves and the same thickness t of air 
contains n + 1 waves.

 Then n = 
t t
λ
=

6000Å  ...(1)

 and n + 1 = 
t t
λ′
=

1 0003
6000
.

Å  ...(2)
 Put (1) in (2), then we get

  
t

6000
1

Å
+  = 

1 0003
6000

6000. t t t
Å

Å=1·0003⇒ +

  ∴	 t = 6000
0 0003

2 10 107 10Å m
·

= × × −  = 2mm

Cylindrical
wavefront S

(b)(a)

S
Spherical

wavefronts

Ray Ray
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 8. Let us list some of the factors which could possibly influence the speed of wave propagation
 (a) nature of the source  (b) direction of propagation 
 (c) motion of the sources and/or observer  (d) wavelength 
 (e) intensity of the wave 
  On which of these factors, if any, does 
 (i) the speed of light in vacuum
 (ii) the speed of light in a medium (say glass or water) depend?
 Ans. (i) Speed of light in vacuum does not depend on any of the above mentioned factors. The speed 

of light in vacuum is a universal constant.
 (ii) Speed of light in a medium :
 (a) does not depend on the nature of the source. Wave speed is determined by the properties 

of the medium of propagation.
 (b) does not depend on the direction of propagation for isotropic media.
 (c) is independent of the motion of the source relative to the medium but it depends on the 

motion of the observer relative to the medium.
 (d) depends on wavelength of light.
 (e) does not depend on intensity of waves.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Raghu is sitting in a physics class but was distracted. He was observing the ripples generated in the 
nearby pond that was visible from the window near his sit. His teacher brought back his attention by 
saying , “that is a wavefront and to understand it well please pay attention to the class”. And then 
continued the class and drew the shown diagram.

medium – 1

f h
X Y

b
d

a c

medium – 2
g

e

A ray of light is perpendicular to the wavefront. According to Huygen's principle, each point of the 
wavefront is the source of a secondary disturbance and the wavelets connecting from these points spread 
out in all directions with the speed of wave. The figure shows a surface XY separating two transparent 
media, 1 and 2. The lines ab and cd. represent wavefronts of a light wave travelling in medium-1 and 
incident on XY. The lines ef and gh represent wavefronts of the light wave in medium-2 after refraction. 
 1. How does light travel in a medium? 
 Ans. Light travels as a parallel beam in each medium.
 2. Comment about the speed of light in the given media if angle of incidence (i) is larger than angle 

of refraction (r)
 Ans. Since angle of incidence (i) is larger than angle of refraction (r), we have

    n21 = 
sin i 
sin r  = 

v1
v2

  (Using Snell’s law)

    v1 > v2 as i > r.
 3. Define wavefront. 
 Ans. Wave front is the locus of all points of medium where the particles of that medium vibrates with 

same phase.
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Case Study 2.
Jackie and Joy were both creating a series of circular ripples by jiggling their legs in water. The waves 
form a pattern. Their friend, Anitha, advised them not to play with water for a long time. Out of 
curiosity, they asked Anitha how these circular waves are formed. She explained them about wavefront 
and Huygen’s principle. 
 1. Define wavefront. 
 Ans. It is the continuous locus of all such particles of the medium which vibrate in same phase at any 

instant of time.
 2. What kind of wavefront does a point source of light produce?
 Ans. Spherical wavefront
 3. What kind of wavefront does a linear source of light such as a light rod produce? 
 Ans. Cylindrical wavefront

Case Study 3.
Shiksha is sitting on her study table to do her physics homework of wave optics but is unable to do it 
alone. So she took help of her elder sister Diksha. She asked her who stated light behaves as a wave 
and how. Diksha then went ahead and explained Huygen’s wave theory of light. 
 1. What is a wavefront? 
 Ans. It is the continuous locus of all such particles of the medium which vibrate in same phase at any 

instant of time.
 2. What are secondary wavelets?
 Ans. Each point an a wavefront acts as fresh source of new disturbance, this is called as secondary 

wavelet.
 3. Write a phenomena that support wave theory of light.
 Ans. Diffraction, or Interference.
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Summary
zz Principle of superposition: According to principle of superposition, when two or more waves travel 
simultaneously in a medium, the resultant displacement at each point of the medium at any instant 
is equal to the vector sum of the displacements produced by the two waves separately. 
zz Interference of light waves: When light waves from two coherent sources travelling in the same 

direction superpose each other, the intensity in the region of superposition gets redistributed, becoming 
maximum at some points and minimum at others. This phenomenon is called interference of light. 
zz Constructive and destructive interference: If path difference p = nλ or phase difference φ = 2nπ 
the two waves are in same phase and so they create a bright fringe with maximum intensity. This 
is called constructive interference. 

zz If p = ( )2 1
2

n − λ  or φ =(2n – 1)π, the two superposing waves are out of phase, the resultant amplitude 

is equal to difference between their individual amplitudes and hence intensity is minimum resulting 
in dark fringe. This is called destructive interference.
zz Young’s double slit experiment: In Young’s double slit experiment, a narrow source S is illuminated 
with monochromatic light and two identical narrow slits S1 and S2 are placed symmetrically with 
respect to S. The interference pattern is obtained on a screen placed at large distance D from S1 
and S2. The position of nth bright fringe from the centre of the screen is 

    xn = n
d

Dλ

zz The position of nth dark fringe from the centre of the screen is 

    x n
dn' ( )= −2 1

2
Dλ

zz Fringe width: It is the separation between two successive bright or dark fringes and is given by 

    β
λ

=
D
d

zz Angular fringe width: It is the angular distance between two consecutive fringes and is given by 

    
θ

λ
=

d
zz Resultant amplitude and intensity of interfering waves: Let a1 and a2 are the amplitudes and 
I1 and I2 are the intensities of two coherent waves having phase difference φ, then their resultant 
amplitude at the point of superposition are given by 

    a a a a a= + +1
2

2
2

1 22 cosφ
  and intensity at the point of superposition are given by 

    I = I1 + I2 + 2 I I1 2 cosφ

zz If amplitude of each wave is a0 and intensity I0 then 
   I = 2I0 + 2I0cos φ = 2 I0 (1 + cos φ) 

   = 4 I0 cos2 φ
2

5 Interference of Light
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The term 2 I I1 2 cosφ  is called interference term. 
(i) When a cos φ remains constant with time, the two sources are coherent. The intensity will 

be maximum at points for which cos φ = 1 and minimum at points for which cos φ = – 1. 
(ii) In incoherent sources, cos φ varies continuously with time so its average value becomes 

zero over the time interval of measurement, and the resultant intensity at all points becomes 
I1 + I2. Hence no interference fringes are observed. 

zz Ratio of intensity at maxima and minima of an interference pattern: If a1 and a2 are the amplitudes 
of two interfering waves, then the ratio between the intensities at maxima and minima will be  

I
I
max

min
=

( )
( )
a a
a a

r
r

1 2
2

1 2
2

21
1

+
−

= +
−







where, r = 
a
a

1

2
= I

I
1

2
 is the amplitude ratio of two waves. If w1 and w2 are the widths of the 

two slits, then 
w
w

I
I

a
a

1

2

1

2

1
2

2
2= =

zz Coherent sources: Two sources of light which continuously emit light waves of same frequency 
(or wavelength) with a zero or constant phase difference between them, are called coherent sources 
of light. Two independent sources of light cannot act as coherent sources, they have to be derived 
from the same parent source. 
zz Conditions for sustained interference: 

(i) The two sources should continuously emit waves of same frequency or wavelength. 
(ii) The two sources of light should be coherent. 

(iii) The amplitudes of the interfering waves should be equal. 
(iv) The two sources should be narrow. 
(v) The interfering waves must travel nearly along the same direction. 

(vi) The sources should be monochromatic. 
(vii) The interfering waves should be in the same state of polarisation. 

(viii) The distance between the two coherent sources should be small and the distance between the 
two sources and the screen should be large. 

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. The interference phenomena can take place:
(a) light waves only   (b) sound waves only 
(c) both light and sound waves (d) neither light nor sound waves

2. Which is not a necessary condition for two light waves to be coherent?
(a) The two waves must be continuous.
(b) The two waves should be of same frequency or wavelength.
(c) They should have a constant or zero phase difference.
(d) The light sources should be narrow.

3. For constructive interference to take place, the path difference between the two waves should be

(a) nλ (b) 
nλ
2  (c) (2n + 1) λ/2 (d) (2n –1) λ/4
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 4. For sustained interference, we need two sources which emit radiations
 (a) of the some intensity   (b) of the same amplitude
 (c) having a constant phase-difference (d) none of these
 5. If monochromatic source of light in Young’s double slit experiment is replaced by a white light, 

then what will happen?
 (a) No fringes are observed. 
 (b) All bright fringes become white.
 (c) Only central fringe is white and all other fringes are coloured.
 (d) All bright fringes have colour between violet and red.
 6. The phenomenon of interference is based on :
 (a) conservation of momentum (b) conservation of energy
 (c) conservation of momentum and energy (d) quantum nature of light
 7. A double slit experiments is carried out in air and the entire arrangement is immersed in water. 

The fringe width
 (a) increases   (b) decreases
 (c) remains unchanged   (d) fringe pattern disappears
 8. In Young’s double slit experiment, if the separation between the coherent source is halved and 

the distance of screen from coherent source is doubled, then fringe width
 (a) becomes one-fourth   (b) becomes four times
 (c) becomes double   (d) remains same
 9. Ratio of intensities of two waves are given by 9:1. The ratio of amplitudes of the two waves is
 (a) 3 : 1 (b) 1 : 3 (c) 9 : 1 (d) 1 : 9
 10. When interference of light takes place
 (a) energy is created in the region of maximum intensity
 (b) energy is destroyed in the region of maximum intensity
 (c) conservation of energy holds good and energy is redistributed
 (d) conservation of energy does not hold good
 11. In Young’s doubles slit experiment, the intensity of light at a point where the path difference λ is 

k, (where λ is wavelength of light used). The intensity at a point where the path difference λ/4 
will be

 (a) k (b) k/4 (c) zero (d) k/2
 12. If yellow light emitted by sodium in Young’s double slit experiment is replaced by monochromatic 

blue light of the same intensity
 (a) fringe width will decrease  (b) fringe width will increase
 (c) fringe width will remain unchanged (d) fringe width will become less intense
 13. Colours appear on a thin soap film and on soap bubbles due to
 (a) dispersion (b) interference (c) refraction (d) diffraction
 14. The path difference for destructive interference (in Young’s double slit experiment) should be :
 (a) nλ (b) (2n + 1) λ/4 (c) (2n – 1) λ/2 (d) Zero
 15. Coherence is a measure of
 (a) capability of producing interference by wave
 (b) waves being diffracted
	 (c)	waves	being	 reflected
 (d) waves being refracted
 16. What will happen to the interference pattern, when the two slits S1 and S2 in Young’s double slit 

experiment are illuminated by two independent but identical sources?
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 (a) No interference pattern is observed.
 (b) The internsity of bright fringes doubled.
 (c) Two sets of interference fringes overlap.
 (d) The intensity of the bright fringes becomes four times.
 17. The devise which produces highly coherent sources is
 (a) Fresnel prism   (b) Young’s double slit experiment
 (c) Laser   (d) Lloyd’s mirror
 18. In Young’s double slit experiment, the intensity is I at a point, where the path difference is λ/4 (where 

λ is the wavelength of light used). If Io denotes the maximum intensity then I
I0

is equal to

 (a) 
3

2
 (b) 

1
2

 (c) 
3
4

  (d) 
1
2

 19. In Young’s double slit experiment, if there is no initial phase difference between the light from 
the two slits, a point on the screen corresponding to the second minimum has path difference

 (a) 3λ/2 (b) 5λ/2 (c) λ/2 (d) 11λ/2
 20.  The fringe width (β) of interference pattern and the slit width d are related as :

 (a) β ∝ d (b) β ∝ 
1
d

 (c) β ∝  
d
2

 (d) β ∝ 1
d 2

Answers
 1. (c) 2. (d) 3. (a) 4. (c) 5.  (c) 6.  (b) 7. (b) 8.  (b)
 9. (a) 10.  (c) 11.  (d) 12.  (a) 13.  (b) 14.  (c) 15. (a) 16.  (a)
 17. (c) 18.  (b) 19.  (a) 20.  (b)

B. 1 Mark Questions
 1. What do you mean by “coherence” for light waves?
 Ans. The two light waves interfering with each other are said to show coherence, if the two waves 

have same frequency or wavelength and have a constant phase difference between them.
 2. How the interference pattern is affected if the phase difference between the two sources varies 

continuously?
 Ans. If the phase difference between two sources varies continuously then the position of bright and 

dark fringes will change rapidly making it impossible for our eyes to detect these changes thereby 
resulting in a uniform illumination. Hence interference disappears.

 3. A slit, S is illuminated by a monochromatic source of light to give two coherent sources P1 and 
P2. These give bright and dark bands on a screen. At a point R, on the screen, there is a dark 
fringe. What relationship must exist between the lengths P1R and P2R? 

M

R

S

P1

P2

 Ans. Since we are obtaining dark fringe, the path of difference between the two waves should be an 

odd multiple of λ
2

.

  Here path difference     P = P2 R – P1 R = (2n – 1) λ
2

  where n = 1, 2, 3...
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 4. Give a relation between path difference and wavelength for constructive interference between two 
waves.

 Ans. Path difference = nλ,	  where n = 0, 1, 2
 5. What is the shape of interference fringes in Young’s double slit experiment?
 Ans. Straight line fringes, parallel to the slits.
 6. What is the relation between phase difference and path difference between two waves reaching a 

point?
 Ans. Phase difference = 2π

λ
 × Path difference

 7. Define fringe width.
 Ans. It is the distance between two successive bright or dark fringes on the screen.
 8. Give one condition for observing a sustained interference of light.
 Ans. The two sources of light must be coherent.
 9. How is fringe width of an interference pattern in Young’s double-slit experiment affected if the 

two slits are brought closer to each other?
 Ans. Fringe width β is written as,

   β = λD
d

  Here, λ = Wavelength of source
   D = distance between the screen and the slits
   d  = distance of separation between two slits

  Since, β	∝	 1
d
,	as d decreases β	  will increase. Hence, fringe width increases.

 10. In Young’s double-slit experiment, the intensity of a bright fringe is I. What will be the intensity 
at the same place if one slit is closed?

 Ans. In Young’s double slit experiment,
   Intensity I at any point is given by,
   I = I1 + I2 + 2I1I2 cos θ (Where θ is the phase difference)
  For bright fringe, θ = 0°
  Hence, I = k2A2 + k2A2 + 2k2A2     [I1 = I2 = k2A2]
   = 4k2A2

  We know both slits contribute equally. 
  When cover one slit, I2 = 0, 
  So  I' = k2A2

  Now  I
I
'  = 

k A
k A

2 2

2 24
   ⇒ I' = 

I
4

 11. Find the ratio of the fringe width for bright and dark fringes in Young’s double slit experiment.

 Ans. 1 : 1 as both dark and bright fringe have fringe width, β = 
λD
d

.

 12. What is the ratio of the interference fringe widths β1 and β2 obtained with monochromatic red 
light of λ1 = 660 nm and ultraviolet light of λ2 = 330 nm?

 Ans. Since  β = λD
d

   ∴ 
β
β

1

2
 = 

λ

λ

1

2

D

D
d

d

   ⇒	
β
β

1

2
 = 

λ
λ

1

2
 = 

660
330

 = 2



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 69

    So, 
β
β

1

2
= 2

    ⇒ β1 : β2 = 2 : 1
 13. What is the distance in terms of fringe width β between central bright and fifth dark fringe?

 Ans. Since position of dark fringes, x = (2n – 1) λD
2d

  So, x = ( )2 1
2

n − . 
λD
d

  For finding distance between central bright and fifth dark fringe we put n = 5

    x = 
2 5 1

2
( ) −

 λD
d

 = 9
2

. 
λD
d

 = 
9
2

 β. (We know λD
d

 = β)

 14. The phase difference between two waves reaching a point is π/3. What is the resultant amplitude 
if the individual amplitudes are 3 mm and 4 mm?

 Ans. Here, a1 = 3 mm
   a2 = 4 mm

   Phase difference, θ = 
π
3

  We know resultant amplitude of two waves is given as

   a = a a a a1
2

2
2

1 22+ + cosθ

    = ( ) ( ) ( )( )3 4 2 3 4 1
2

2 2+ +   cos π
3

1
2

=





    = 25 12+  = 37
 15. Thin films, such as a layer of oil on water, show beautiful colours when illuminated by white 

light. What is the phenomenon involved?
 Ans. Interference of light
 16. What will happen when the two coherent sources are brought infinitely close to another?

 Ans. Since, β = λD
d

   β ∝ 1
d

 when d → 0, β → ∞

  So fringe width will be very large. Even a single fringe may occupy the entire screen hence, no 
interface pattern will be observed.

 17. In Young’s double slit experiment, the two parallel slits are made one millimetre apart and a screen 
is placed one metre away. What is the fringe separation when blue green light of wavelength  
500 nm is used ?

 Ans. Given,  d = 1 mm = 10–3 m
    D = 1 m
    λ = 500 nm = 500 × 10–9 m
  Fringe Width

    β = 
λD
d

 = 1 500 10
10

9

3
× × −

−
 m = 5 × 10–4 m = 0.5 mm.

C. 2 Marks Questions
 1. What are coherent source of light? Why is no interference pattern observed when two sources are 

far apart?
 Ans. Two sources of light are said to be coherent when they emit light waves of same wavelength, 

same frequency and are in same phase or having a constant phase difference. Since fringe width 
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(β) is inversely proportional to the distance of separation between two sources (d), as d →	∞,  
β	→	0. So at very large distance the fringe width becomes too small to be detected.

 2. Sketch a graph showing the variation of intensity versus the position on the screen in Young’s 
experiment (a) When both slits are open and (b)when one slit is closed.

 Ans. (a) When both slits are opened, interference obtains on the screen.
Intensity

Position

  (b) When one slit is closed, diffrction pattern is obtained on the screen.
Intensity

Position

d

–3λ

d

–2λ

d

–λ

d

λ

d

2λ

d

3λ

 3. In double-slit experiment using light of wavelength 600 nm, the angular width of a fringe formed 
on a distant screen is 0.1°. What is the spacing between the two slits?

 Ans. Given, wavelength of light used, λ = 600Å = 600 × 10–9 m

  Angular width of fringe, θ	= 0.1º = 0.1 × π
180 = 

3.14
1800

 rad

  Relation between angular width of a fringe and slit spacing d is given by,

    θ	= λ
d

   ⇒	d = λ
θ

 = 
600 10

3 14
1800

9× −

.  = 3.44 × 10–4 m

 4. In Young’s double slit experiment how is the fringe width change when 
 (a) Light of smaller frequency is used 
 (b) Distance between the slits is decreased?

 Ans. We know fringe width, β = λD
d

  ⇒ β ∝ λ and also β ∝ 1d  
  Here,

   D = distance of screen
   λ	= wavelength of light
   d = Slit separation

  Since  λ	= c
v

 ⇒ λ	∝ 1
v

 (v = frequency of light)

  So we can say, β	∝	
1
v

 (a) If light of smaller frequency, in other words, higher wavelength is used, then the fringe width 
could also increase.

 (b) Since, β	∝	
1
d

, if distance between the slits (d) is decreased then fringe width will increase.



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 71

 5. Find the ratio of intensities of two points P and Q on a screen in a Young’s double slit experiment  
when waves from sources S1, and S2, have phase difference of (i) π3  and (ii) π2  respectively.

 Ans. We know
   I = 2I0 (1 + cos φ)   ⇒ I ∝ (1 + cosφ)

   So,  
I
I
P

Q
 = 

1
3

1
2

+

+

cos

cos

π

π  = 
1 1

2
1 0

+

+
 = 3

2
.

   ⇒  IP : IQ = 3 : 2

 6. Yellow light of wavelength 6000 Å produces fringes of width 0.8 mm in Young’s double slit 
experiment. What will be the fringe width if the light source is replaced by another monochromatic 
source of wavelength 7500 Å and the separation between the slits is doubled?

 Ans. Given λ1 = 6000Å, β1 = 0.8 mm
  λ2 = 7500 Å 
  Fringe width in first case is given by

   β1 = 
Dλ1

d
  Fringe width in second case is given by

   β2 = 
Dλ2
2d

   Now,  
β
β

2

1
 = 

D
D
λ
λ
2

1

2/
/

d
d  =

1
2

2

1
. .λ
λ

   β
λ
λ

β2
2

1
1

1
2

= . .  = 
1
2

 × 
7500
6000  × 0.8 × 10–3 m

   ⇒ β2 = 0.5 mm.
 7. The path difference produced due to interference of light coming out of two slits for yellow colour 

of light at a point on the screen be 3
2

λ  , what will be the colour of the fringe at the point? Now, 
what will be colour of the fringe if white light is used?

 Ans. The given path difference satisfies the condition for minima, i.e., path difference = (2n – 1) λ
2

. 

Here n = 2. So if yellow light is used, a dark fringe will be formed at the given point. If white 
light is used, a dark fringe will be formed at the given point.

 8. Write the essential conditions for two light waves to be coherent.
 Ans. (i) The two waves must be continuous.
  (ii) The two waves should be of same frequency or wavelength.
  (iii) They should have a constant or zero phase difference.
  (iv) Waves of equal amplitude are preferable.
 9. Write the principle of superposition.
 Ans. When two or more waves travel simultaneously in a medium, the resultant displacement at each 

point of the medium at any instant is equal to the vector sum of the displacement produced by 
two waves separately.

 10. Give an expression for the ratio of intensities at maxima and minima in an interference pattern.
 Ans. Let a1 and a2  be the amplitudes and I1 and I2 be the intensities of light waves which will produce 

interference.
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  We know, Intensity ∝ (amplitude)2 

  This implies  
I
I
1

2
 = 

a
a

1
2

2
2

  After interference (using superposition principle)
  Amplitude at maxima = a1 + a2 
  Amplitude at minima = a1 – a2

  So  I
I
max

min
 = ( )

( )
a a
a a
1 2

2

1 2
2

+

−
     or      I

I
max

min
 = 

a
a

a
a

1

2

2

1

2

2

1

1

+










−










 = ( )
( )
r
r
+

−

1
1

2

2

  where  r = a
a

1

2
 = 

I
I
1

2

 11. Two coherent sources whose intensity ratio is 100 : 1 produce interference fringes. What will be 
the ratio of intensities of maxima and minima in the fringe-system.

 Ans. Let a1  and a2 be the amplitudes and I1 and I2  be the intensities of the two coherent sources.

  Given  
I
I
1

2
 = 100

1
  We know,

   I
I
1

2
 = 

a
a

1
2

2
2  = 100   ⇒ 

a
a

1

2
 = 10

1
  In interference, the maximum and minimum resultant amplitudes are (a1 + a2) and (a1 – a2) 

respectively.

   
Maximum Intensity(I )
Minimum Intensity(I )

max

min
 = ( )

( )
a a
a a
1 2

2

1 2
2

+

−

   I
I
max

min
 = 

a a
a

a a
a

2
2 1

2

2

2
2 1

2

2

1

1

+










−










 = 

a
a

a
a

1

2

2

1

2

2

1

1

+










−










 = 11
9

2

2
 = 121

81
; Thus, Imax : Imin = 121 : 81

 12. Two independent monochromatic sources of light cannot produce a sustained interference pattern. Why?
 Ans. The phase difference between those two sources will change rapidly with time. Hence the two 

sources will not be coherent and therefore, will not produce a sustained interference.
 13. Laser light of wavelength 630 nm is incident on a pair of slits which are separated by 1.8 mm. 

If the screen is kept 80 cm away from the two slits. Calculate 
 (i) fringe separation i.e., fringe width 
 (ii) distance of 10th bright fringe from the centre of the interference pattern.
 Ans. Given,
   λ = 630 nm = 630 × 10–9 m
   d = 1.8 mm = 1.8 × 10–3 m
   D = 80 cm = 0.8 m

  (i) We know that,  β	= λD
d

 = 630 10 0 8
1 8 10

9

3
× ×

×

−

−
.

.
 m = 2.8 × 10–4 m = 0.28 mm

  (ii) The distance of nth order bright fringe from the centre is given by

    x = m Dλ
d

       Here, m = 10 and λD
d

 = β

	 	 	 	 ⇒	x = 10 β	= 10 × 0.28 mm = 2.8 mm.
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 14. When a low-flying aircraft passes overhead, we notice a slight shaking of the picture on our TV 
screen. Why?

 Ans. The low flying aircrafts reflect the TV signals. These reflected signals along with direct signals 
are received by the antenna. Hence this interference of signals is responsible for the slight shaking 
of picture on the TV screen sometimes.

 15. In a Young’s double-slit experiment with monochromatic light, fringes are obtained on a screen 
placed at a distance D from the slits. If the screen is moved by 5 × 10–2 m towards the slits, the 
change in the fringe-width is 3 × 10–5 m. If the separation between the slits is 10–3 m, calculate 
the wavelength of the light used.

 Ans. Given, d = 10–3 m, change in fringe width = 3 × 10–5 m, when the screen is placed at a distance 
D from the slits, the fringe width is given by,

   β = λD
d

     ...(i)
  When the screen is moved by 5 × 10–2 m towards the slits, the fringe width is given by

   β׳ = 
D − ×





−( )5 10 2 λ

d
   ...(ii)

  Subtracting (ii) from (i), we get

   β – β׳ = ( )5 10 2× − m
d

 λ

	 	 	 λ	= d ( )'β β−

× −5 10 2
 m = 10 3 10

5 10

3 5

2

− −

−
× ×

×

( )  m = 6 × 10–7 m = 6000 × 10–10 m = 6000 Å

 16. Can two sodium vapour lamps act as coherent sources? Explain.
 Ans. Two sodium vapour lamps emit light waves that cannot have a constant phase difference, i.e., 

phase difference changes continuously and rapidly. Hence, two sodium lamps cannot be coherent 
sources.

 17. How will the interference pattern of Young’s double slit change, if one of the two slits is covered 
by a paper which transmits only half of the light intensity?

 Ans. Let a be the amplitude and I be the intensity of light waves emitted from each slit. Then, 
   Imax = (a1 + a)2

    = I I+( )2  = 2
2

I( )  = 4I

   Imin = (a – a)2 = 0
  When one slit is covered by paper. The intensity of wave emitted from that slit is I/2. Whereas 

the other slit is still emitting waves with intensity I.
  Now,
   Imax = I I

+








2

2
 = 2.914 I

   Imin = I I
−









2

2

 = 0.086 I

  So, the intensity of maxima reduced to 2.914 I and the intensity of minima reduced to 0.086 I.
 18. Why we need narrow source to produce good interference fringes?
 Ans. It is because a broad source is equivalent to a large number of narrow sources lying close to each 

other. Different parts of narrow sources will produce their own interference patterns which will 
overlap with each other. So we cannot obtain the fringe system.

 19. What is angular fringe width? Prove that it is independent of the position of the screen.
 Ans. The angular distance between two consecutive fringes is called as angular fringe width.
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  The angular position of the mth bright fringe is, θm = 
x
D
m  = m dD

D
λ /






  = 

m
d
λ

  The angular position of the (m + 1)th bright fringe is

    θm + 1 = ( )m
d
+1 λ

  Angular frindge width (θ) = Qm+1 – Qm =  ( )m
d
+1 λ  – m

d
λ

   θ = 
λ
d

  As expression for angular fringe-width is a function of λ and d only, we can say that angular 
fringe width is independent of position of the screen.

 20. In Young’s double slit experiment show graphically how intensity of light varies with distance 
and explain.

 Ans. We obtain a bright fringe when the waves interfere constructively. The intensity of bright fringe 
will be

   Imax = k (a + a)2 = 4ka2 = constant
  Thus, all bright fringes have the same intensity.

On the other hand, we obtain a dark fringe, when 
the waves interfere destructively. The intensity 
of dark fringe will be

   Imin = k (a – a)2 = 0
  Thus we obtain, the bright fringes of equal 

intensity and the dark fringes are totally dark 
(i.e., 0). All fringes have equal fringe width. 
The bright and dark fringes are alternately and 
symmetrically situated on both sides of central 
bright fringe at O.

 21. A double slit is illuminated by light of wavelength 6000 Å. The slits are 0.1 cm apart and the 
screen is placed 1 m away. Calculate (i) the angular position of 10th maximum in radian and  
(ii) separation of the adjacent minima.

 Ans. Given,
     λ	 = 6000 Å = 6000 × 10–10 m
     d = 0.1 cm = 0.1 × 10–2 m
     D = 1 m
 (i) The angular position of nth maximum is given by

   θm = 
x
D
m  = mD d

D
λ /  = m

d
λ

   θ10 = 10 6000 10
0 1 10

10

2
× ×

×

−

−.
 = 0.006 rad

 (ii) Separation between two adjacent minima is the fringe width that given by

   β = 
λD
d

 = 1 6000 10
0 1 10

10

2
× ×

×

−

−.
 m = 6 × 10–4 m = 0.6 mm.

 22. Two coherent sources of light of intensity ratio k interfere. Prove that in the interference pattern, 
I I
I I
max min

max min

−
+

=
+

2
1

k
k
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 Ans. Given :  k = I
I
1

2
 = 

a
a

1
2

2
2  or 

a
a

1

2
 = k

  We know
     Imax = k (a1 + a2)2 and Imin = k (a1 – a2)2

     I I
I + I
max min

max min

−  = 
k a a k a a
k a a k a a

( ) ( )
( ) ( )

1 2
2

1 2
2

1 2
2

1 2
2

+ − −

+ + −

     = 
( ) ( )

( ) ( )

a a a a

a a a a
1 2

2
1 2

2

1 2
2

1 2
2

+ − −

+ + −
 = 

4
2

1 2

1
2

2
2

a a
a a( )+

 = 

2

1

1

2

1

2

2

a
a

a
a



















 +















 = 2
1
k

k +

 23. In a Young’s double slit experiment, the slits are separated by 0.5 mm and screen is placed 1.0 m 
away. It is found that the ninth bright fringe is at a distance of 8.835 mm from the second dark 
fringe. Find the wavelength of light used.

 Ans. The distance of nth bright fringe from the central bright fringe is given by:

     xn = n D
d
λ  = nβ	 	 	 	 	 	 	 	 	 	∴	 	 	n9 = 9β

	 	 The distance of the nth dark fringe from the central bright fringe is given by:

     xn׳ = (2n – 1) λD
d2

 = ( )2 1
2

n − β

     ∴ x23 = ׳
2

 β

  But x9 – x28.835 = ׳ mm

     9β – 3
2

 β = 8.835 mm ⇒ 15
2

 β = 8.835 mm  ⇒ β = 8 835 2
15

. ×  mm

      = 1.178 mm = 1.178 × 10–3 m

D. 3 Marks Questions

 1. In Young’s double slit experiment to produce interference pattern, obtain the conditions for constructive 
and destructive interference. How does the fringe width get affected, if the entire experimental 
apparatus of Young's experiment is immersed in water?

 Ans. If I1 and I2 be the separate intensities of the two interfering waves then
    I1 = ka1

2 and I2 = ka2
2

  ∴  I = I1 + I2 + 2 I I1 2  cos φ   ...(i)

    2 I I1 2  cos φ	 is called interference term.

  Thus the resultant intensity depends on phase difference φ. 
  A phase of 2π corresponds to a path difference of λ. Thus the relationship between phase difference 

φ and path difference p is given by

     p = λ
π2

 φ

  Condition for constructive inteference: The resultant intensity at a point on screen will be maximum 
when  cos φ = 1 (This cos φ belongs to the interference term)
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  or
     φ = 0, 2π, 4π...
  ∴	 	 	 φ = 2nπ
  ∴ The phase difference for constructive inteference should be an integral multiple of 2π.
  The path difference for constructive inteference is given by

     2π
λ

p  = 0, 2π, 4π  ⇒	p = 0, λ, 2λ,	 	 ⇒	p = nλ

	 	 Hence for constructive interference path difference should be an integral multiple of λ.	
	 	 Conditions for distructive interference. The resultant intensity at a point will be minimum when 
     cosφ	= – 1      or     φ	= π,	 3π,	 5π,
	 	 or  φ	 = (2n – 1)π	

  or  2π
λ

p 	 =	 (2n –	 1)	π  ⇒ p = (2n –	 1)	
λ
2

	 	 Hence for distructive interference phase differnece should be an odd multiple of π	 and path 

difference should be an odd multiple of 
λ
2

.
  The expression for fringe width β	 is given by

     β	= λD
d

    ⇒	β	∝	λ

	 	 When the entire experimental appratus is immersed in water, the wavelength λ	reduces to 
λ
µ

 where µ	 is 

the refractive index of water. Since β	∝	 λ,	as λ	 reduces to λ
µ

, the fringe width β	  also reduces to 
β
µ

.

 2. A beam of light consisting of two wavelength 650 nm and 520 nm, is used to obtain interference 
fringes in a Young’s double-slit experiment on a screen 1 m away. The separation between the 
slits is 1 mm. 

  (i) Find the distance of the third bright fringe on the screen from the central maximum for 
wavelength 650 nm. (ii) What is the least distance from the central maximum when the bright 
fringes due to both the wavelength coincide?

 Ans.  Given,   λ1 = 650 nm = 650 × 10–9 m, d = 1 mm = 1 × 10–3 m
     λ2 = 520 nm = 520 × 10–9 m; D = 1m.

  (i)  xm = 
mDλ1
d

  ∴	 	 	x3 = 3 1 650 10
1 10

9

3
× × ×

×

−

−
 = 1.95 × 10–3 m = 1.95 mm

  (ii) For least distance of coincidence of fringes,
      Let us take any distance x from the central maximum, we have
     x = n1 β1 = n2β2

    ⇒	n1 
D
d

 λ1 = n
d

2 2Dλ

     n1 λ1 = n2 λ2    ...(i)
  The bright fringes will coincide at the least distance x if
     n2 = n1 + 1    ...(ii)
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  Put (ii) in (i), we have
    n1 λ1 = (n1 + 1) λ2  ⇒	n1 × 650 × 10–9 = (n1 + 1) × 520 × 10–9  ⇒	n1 = 4.

  Hence the required distance is

      x = n
d

1 1Dλ  = 4 1 2 650 10
2 10

9

3
× × ×

×

−

−
.  m = 1.56 × 10–3 m = 1.56 mm.

 3. A narrow monochromatic beam of light of intensity I is incident on a glass plate. Another identical 
glass plate is kept close to the first one and parallel to it. Each plate reflects 25% of the incident 
light and transmits the remaining. Calculate the ratio of minimum and maximum intensity in the 
interference pattern formed by two beams obtained after reflection from each plate.

 Ans.  Let I be the intensity of beam 1 incident on first glass plate. Each plate reflects 25% of light 
incident on it and transmits the 75%.

    I1 = I;

    I2 = 
25

100
 I = 

I
4

;

    I3 = 75
100

 I = 3
4

 I;

    I4 = 25
100

 I3 = 
1
4

 × 
3
4

 I = 
3

16
 I

    I5 = 
75

100
 I4 = 3

4
 × 3

16
 I = 

9
64

 I

  ∴ Amplitude ratio of beams 2 and 5 is

    r = 
I
I
2

5
 = 

I
I4

64
9

×  = 
4
3

    
I
I

min

max
 = 

( )
( )
r
r
−

+

1
1

2

2  = 

4
3

1

4
3

1

2

1

−







+







 = 
1
49

 Thus, Imin : Imax = 1 : 49.

 4. Deduce an expression for intensity at any point on the observation screen in Young’s double slit 
experiment.

 Ans. 
SCREEN

P

S1

S2

S

  Let the displacement of two waves from two coherent sources S1 and S2 at point P on the 
observation screen at any time t are given by

   y1 = a1 sin (ωt – kx) ...(i)
   y2 = a2 sin (ωt – kx + φ) ...(ii)
  Where a1 and a2 are the amplitudes of the two waves, and φ is the phase difference.

1

2

3

4

5
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  By superposition principle, the resultant displacement at point P is.
   y = y1 + y2 = a1 sin (ωt – kx) + a2 sin (ωt – kx + φ)
    = a1 sin (ωt – kx) + a2 sin (ωt – kx) cos φ + a2 cos (ωt – kx) sin φ
  Let a1 + a2 cos φ = R cos θ ...(iii)
   a2 sin φ	= R sin θ ...(iv)
  Where R and θ are new constants, Then,
   y = R sin (ωt – kx) cos θ	+ R cos (ωt – kx) sin θ
    = R sin (ωt – kx + θ)
  Here R can be determined, by squaring (iii) and (iv) and then adding both the equations, we get
   R2sin2 θ + R2 cos θ = a2

2 + a2
1 + 2a2a2 cos φ

  ⇒		 R2 = a1
2 + a2

2 + 2a1a2 cos φ
  The intensity is directly proportional to the square of the amplitude. Hence, the resultant intensity 

I at point P is given by
   I = kR2 = ka1

2 + ka2
2 + 2k2a1a2 cos φ

  Here, k is the proportionaity constant.
  If I1 and I2 be the separate intensities of the two interfering waves then,
   I1 = ka1

2 and I1 = ka2
2

  ∴  I = I1 + I2 + 2 I I1 2  cos φ ...(v)

  2 I I1 2  cos φ	 is called interference term.

  Thus, the resultant intensity depends on phase difference φ.

 5. Find the expression for path difference in Young’s double slit experiment.
 Ans. The arrangement of Young’s double slit 

experiment is shown in the diagram. 
Let S be illuminated by monochromatic 
light of wavelength, λ. S1 and S2 be 
two narrow slits at equal distance from 
S. S1 and S2 acts as coherant source 
of light, separated by a small distance 
d. The screen is placed at a distance  
D form the source S1 and S2. The wavelets from S1 and S2 form interference fringes on the screen. 
On measuring the width of these fringes, the wavelength λ	can be be calculated.

  Let CO be the right bisector of S1 and S2 and O be the point where waves from S1 and S2 are 
in same phase and give rise to central bright fringe. 

  Let P be another point on the screen at a distance x from the centre. The nature of interference 
at the point P depends on the path difference p = S2P – S1P.

  Let us draw a prependicular S1A on S2P from S1. Then path difference p at the P is,

    p = S2P – S1P = S2P – AP = S2A.

  From right angled ∆ S1AS2, we have, sin θ = 
S A
S S

2

1 2
 ...(i)

  From right angled ∆ POC, we have, tan θ	= 
OP
CO

 ...(ii)

P

d
O

SCREEN
D

C

A

S

S2

S1
x

θ
θ
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  Now as θ is small,
    sinθ ≈ tanθ, so from (i) and (ii), we have

   
S A
S S

2

1 2
 = 

OP
CO    ⇒ S A2

d
 = x

D
   ⇒ p = S2A = xd

D
  Therefore path difference between the waves coming from S1 and S2 at the point P of the screen,

   p = 
xd
D

 6. Prove that in Young’s double slit experiment width of bright fringe is equal to the width of dark 
fringe. How the fringe width will change if we put the whole set up in a medium optically denser 
than air?

 Ans. Width of a dark fringe = Separation between two consecutive bright fringes 

   β	 = xn – xn – 1 = n
d
Dλ  – ( )n

d
−1 λD  = Dλ

d
  Width of a bright fringe = separation between two consecutive dark fringes.

   β = xn׳ – x׳n –1 = (2 n – 1) Dλ
2d

 – (2 (n – 1) – 1) 
Dλ
2d

 = Dλ
d

  Hence both the dark and bright fringe has the same width.

  The expression for fringe width is given by, β = λD
d

  If we put the whole set up in a optically denser medium (µ) than air, then the wavelength of the 

light (λ) reduces to 
λ
µ

 in the optically denser medium. Since β	= λD
d

, this implies β	∝ λ. So 

as λ reduces to λ
µ

, fringe width (β) also reduces to 
β
µ . So the new fringe width is written as

   β׳ = 
β
µ

 = λ
µ

D
d

.

 7. In Young’s double-slit experiment, what is the path difference and phase difference between the 
two light waves, forming; (i) 5th bright band (ii) 6th dark band (fringe) on the screen?

 Ans. (i) For bright band
   path difference   p = mλ
	 	 	 and phase difference  φ = 2mπ
   So here    m = 5
   So path difference   p = 5λ
	 	 	 phase difference   φ	 = 10π
	 	 (ii) For dark band
   path difference p = (2m – 1) λ

2
   phase difference φ	= (2m – 1) π
	 	 	 Here  m = 6
    p = 11 λ

2
    φ = 11π
 8. Mention two ways of changing the fringe width without changing the source of light. Laser light 

of wavelength 630 nm incident on a pair of slits produces an interference pattern in which the 
bright fringes are separated by 8.1 mm. A second light produces an interference pattern in which 
the bright fringes are separated by 7.2 mm. Calculate the wavelength of the second light.
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 Ans. The expression for fringe width is given by 

     β = 
λD
d

  Where  D = distance between source and screen
   d = distance of separation between the slit.

  The fringe width β can be changed by changing the position of screen and by changing the distance 
of separation between the slits.

  Given :  λ1 = 630 nm, β1 = 8.1 mm
     β2 =	7.2	mm,	λ2 = ?

   Fringe width, β = 
λD
d  ⇒	β	∝ λ	

	 	 So   
β
β

λ
λ

2

1

2

1
=

  ⇒		 	
λ
λ

2

1
	 = 7 2

8 1
.
.
	 	 	 	 ⇒	λ2	= 7 2

8 1
.
.

 × 630 nm = 560 nm.

 9.  In a Young’s double experiment, the slits are 1.5 mm apart. When the slits are illuminated by a 
monochromatic light source and the screen is kept 1 m apart from the slits, width of 10 fringes 
is measured as 3.93 mm. Calculate the wavelength of light used. What will be the width of  
10 fringes when the distance between the slits and the screen is increased by 0.5 m. The source 
of light used remains the same.

 Ans. In first case :
  Given, d = 1.5 mm = 1.5 × 10–3 m, D = 1 m
   Width of 10 fringes = 3.93 mm

  ∴  Fringe width, β	= Width of  10 fringes
10

 = 
3 93
10
.

 = 0.393 mm = 0.393 × 10–3 m

  For, wavelength;

    β = λD
d

  ⇒	λ = 
βd
D  = 0 393 10 1 5 10

1

3 3. .× × ×− −
 = 5.895 × 10–7 m.

  In second case
     D׳	 = 1 + 0.5 = 1.5 m
     d = 1.5 × 10–3 m;   λ = 5.895 × 10–7 m.

   Width of 10 fringes = 10β׳ = 
10D'λ

d
 = 

10 1 5 5 895 10
1 5 10

7

3
× × ×

×

−

−
. .

.
 = 5.895 × 10–3 m = 5.895 mm.

 10. In Young’s double-slit experiment using monochromatic light of wavelength 600 nm, 5th bright 
fringe is at a distance of 0.48 mm from the centre of the pattern. If the screen is at a distance 
of 80 cm from the plane of the slits, calculate (i) distance between the two slits (ii) fringe-width 
i.e., fringe separation.

 Ans. Given,
     λ = 600 nm = 600 × 10–9m
     x5 = 0.48 mm = 0.48 × 10–3 m
     D = 80 cm = 80 × 10–2 m = 0.80 m
 (i) The position of the mth bright fringe width respect to central fringe is given :

     x = m D
d
λ
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     d = mD
x

λ  = 5 0 80 600 10
0 48 10

9

3
× × ×

×

−

−
.

.
 = 5 × 10–3 m = 5 mm

 (ii) The frings width

     β = 
λD
d

 = 0 80 600 10
5 10

9

3
. × ×

×

−

−
 = 9.6 × 10–5 m = 0.986 mm.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Srima went to the physics lab to collect back her notebook from her teacher Mr. Raghav. While waiting 
for Mr. Raghav she switched on a sodium lamps of an experimental set up kept there. She noticed that it 
illuminated two pinholes S1 and S2 placed at equal distance from lamp. There was screen in front of the 
pinholes. She expected only two spots on the screen but there were multiple spots. Seeing her confused 
look, Mr. Raghav explained her that it is Young’s double slit experiment, and phenomenon taking place 
is interference. She exclaimed, “yeah I remember now, it is based on the principle of superposition.”. 
 1. Now she used two coherent sources of intensity 10 W/m2

 and 25 W/m2 interfere to form fringes. 
Find the ratio of maximum intensity to minimum intensity? 

 Ans. Given, I1 = 10 W/m2 I2 = 25 W/m2

   

I
I
1

2

1
2

2
2

10
25

= =
a
a

   ⇒ a
a

1

2

2
5

0 6324= = .

   ∴ I
I

.

.
max

min
=

+










−










=
( )
−( )

=

a
a

a
a

1

2

2

1

2

2

2

2

1

1

1 6324

0 3676
19..724

 2. In the experiment, she doubled the distance between the pinholes. To maintain the same fringe 
spacing on the screen, what should be the new screen-to-slit distance. (if the old screen to slit 
distance is D)

 Ans. Since β = 
λD
d ;  for d′ = 2d  ⇒ β′ = λD1

2d  = β

     ⇒ 
λD′
2d  = 

λD
d  ⇒ D′ = 2D

 3. If slit separation equal to twice the wavelength of light source used in the experiment, what is 
the maximum number of possible interference maxima? 

 Ans.  The condition for possible interference maxima on the screen is, d sinθ = nλ
  Where d is slit separation and λ is the wavelength
  As d = 2λ   ⇒ 2λ sin θ = nλ   ⇒ 2sin θ = n
  For number of interference maxima to be maximum, sin θ should be equal to  

1.50, 2 × 1 = n ⇒ n = 2

Case Study 2.
Sushant and Sandeep, on their way from school were discussing seriously about something. They both 
were blowing soap bubbles and were thrilled to watch the expanding bubble with spectacular colour rings. 
Shwetha, a class XII student, was watching them for a long time, walking behind them. Suddenly she 
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realised	 that	 the	kids	did	not	 look	at	 the	 traffic	 in	 that	 junction	area.	She	rushed	 to	 them	and	instructed	
them	to	be	cautious	while	on	the	road.	She	also	explained	the	importance	of	 traffic	rules	and	told	them	
that	 obeying	 traffic	 rules	 not	 only	makes	us	 safe	 but	 also	others	 safe.
 1. Name the phenomenon due to which colours formed on bubbles? 
 Ans. Interference
 2. Name the principle on which this phenomenon is based on. 
 Ans. Principle of superposition.
 3. Give another instance where you can observe this phenomenon occurring? 
 Ans.  When light passes through a thin film of oil floating on surface of water, interference is observed 

and it can be said so due to the appearance of coloured fringes.

Case Study 3.
Kritika was watching her favourite programme KBC on TV. Suddenly the picture started shaking on 
the TV screen. She asked her elder brother to check the dish antenna. Her brother found nothing wrong 
with the dish. A little later, Kritika again noticed the same problem on the TV screen. At the same time, 
she	heard	 the	 sound	of	 a	 low	flying	aircraft	 passing	over	 their	 house.	She	 asked	her	brother	 again.	He	
then explained her the cause of shaking picture on TV screen when aircraft passes overhead.
 1. Why do we observe slight shaking of the picture on our TV screen when a low-lying laircraft 

passes overhead? 
 Ans. The low flying aircraft reflects the signal. Due to interference between direct signal received by 

antenna and the weak reflected signal, slight shaking of the picture is seen on the screen.
 2. Name the principle on which this phenomenon is based on.
 Ans. Principle of superposition.
 3. Give another instance where you can observe this phenomenon occurring?
 Ans. When light passes through a soap bubble, colour rings are observed. This is due to interference.
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Summary
zz Diffraction of light : The phenomenon of bending of light around the corners of small obstacles or 
apertures and their consequent spreading into the regions of geometrical shadow is called diffraction 
of light. 
zz Diffraction at a single slit: A plane wave of wavelength l on passing through a narrow slit of width 
a suffers diffraction producing a central bright fringe (q = 0°), flanked on both sides by minima and 
maxima. The intensity of secondary maxima decreases with the increase in distance from the centre. 
zz For nth minimum : 

   a sin qn = nl,    n =1, 2, 3,…. 

zz For nth secondary maximum : 

   a sin qn = (2n + 1)
l
2

,    n =1, 2, 3,…. 

zz Angular position of nth minimum, 

   qn = 
n
a
λ

zz Distance of nth minimum from the centre of the screen, 

   xn = n Dλ
a

zz Angular position of nth secondary maximum 

   q′n = ( )2 1
2
n
a
+ λ

zz Distance of nth secondary maximum from the centre of the screen, 

   x'n = (2n + 1) Dλ
2a

zz Width of a secondary maximum, 

   b = Dλ
a

zz Width of central maximum, 

   b0 = 2b = 2Dλ
a

zz Angular spread of central maximum on either side of the centre of the screen is 

   q = ± λ
a

zz Total angular spread of the central maximum is

   2q = 
2λ
a

zz For diffraction to be more pronounced, the size of the slit should be comparable to the wavelength 
of light used. 

6 Diffraction of Light
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Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. What is the essential condition for diffraction of light to occur?
(a) Size of the aperture must be comparable to the wavelength of light.
(b) The size of the aperture must be less when compared to the wavelength of light.
(c) The size of the aperture must be more when compared to the wavelength of light.
(d) The size of the aperture should not be compared to the wavelength of light.

2. What is the reason behind diffraction?
(a) Interference of primary wavelets (b) Interference of secondary wavelets
(c) Reflection of primary wavelets (d) Reflection of secondary wavelets

3. What should be the order of the size of an obstacle or aperture for diffraction of light?
(a) Order of wavelength of light (b) Order of distance of obstacle
(c) Order in ranges of micrometer (d) Order in ranges of nanometer

4. The fringe width ‘β’ of a diffraction pattern and the slit width d are related as :

(a) β∝ d (b) β∝
1
d

 (c) β∝ 1
d

(d) b ∝ d2

5. The phenomenon of diffraction can be treated as interference phenomenon if the number of 
coherent source is :
(a) one (b) two (c) zero (d) infinity

6. If the width of the slit in a single slit diffraction experiment is doubled, then the central maximum 
of diffraction patterns becomes :
(a) broader and brighter   (b) sharper and brighter 
(c) sharper and fainter   (d) broader and fainted

7. A diffraction pattern is obtained by using a beam of red light. What will happen if red light is 
replaced by green light?
(a) Bands disappear.
(b) Bands become broader and farther apart.
(c) No change will take place.
(d) Diffraction band becomes narrow and crowded together.

8. Diffraction is not easily observed in lightwaves because :
(a) light waves can travel in vacuum (b) light waves are transverse
(c) the speed of light is very large (d) the wavelength of light is very small

9. Determine the half angular width of the central maximum, if a wavelength of 1000 nm is observed 
when diffraction occurs from a single slit of 2µm width.
(a) 100° (b) 30° (c) 90° (d) 150°

10. What is the condition for minima in Fraunhofer’s diffraction due to single slit ?
(a) e sin q = ±ml; m = 0, 1, 2..... (b) e sin q = ±ml; m = 1, 2.....
(c) e sin q = (2m + 1)l/2; m = 0, 1, 2..... (d) e sin q = (2m + 1)l/2; m = 1, 2.....

11. What is the expression for linear width of the central maxima?

(a) β λ
0 =

D
d

(b) β λ
0

2
=

D
d

 (c) β λ
0 2=

D
d

(d) β λ
0 2

2
=

D
d
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 12.  What will happen if we use X-rays in a single slit diffraction experiment that has slit width = 0.8 
mm  ?

 (a) Bright central maximum is observed.
 (b) Large number of fringes are observed.
 (c) We do not observe diffraction pattern.
 (d) We observe diffraction but fringes are not sharp.
 13. A beam of light of wavelength 600 nm from a distant source falls on a single slit 1 mm wide 

and the resulting diffraction pattern is observed on a screen 2m away. The distance between first 
dark fringes on either side of the central bright fringe is :

 (a) 1.2 cm (b) 1.2 mm (c) 2.4 mm (d) 2.4 cm
 14. Relation between the central maximum (b0) and secondary maximum (b) in Fraunhofer’s diffraction 

is given by :
 (a) b0 = 8b (b) b0 = 2b (c) b0 = b (d) b0 = b/2
 15. For observing Fraunhofer diffraction from a single slit, the wavefront incident on the slit should 

be :
 (a) Spherical (b) Elliptical (c) Cylindrical (d) Planar

Answers
 1. (a) 2. (b) 3. (a) 4. (c) 5.  (d) 6.  (b) 7. (d) 8.  (d)
 9. (b) 10.  (b) 11.  (b) 12.  (d) 13.  (c) 14.  (b) 15. (d)

B. 1 Mark Questions

 1. What is the essential condition for diffraction of light to occur?
 Ans. For diffraction of light to occur the size of obstacle or aperture should be comparable to the 

wavelength of light.
 2. Name the phenomenon responsible for bending of light around the sharp corners of an obstacle. 

Under what conditions does this phenomenon take place?
 Ans. Diffraction causes bending of light around the corners of small obstacles. The size of the obstacle 

should be comparable to the wavelength of light incident on it.
 3. State one feature by which the interference phenomenon can be distinguished from the diffraction 

phenomenon.
 Ans. In interference, all bright fringes are of same intensity where as in diffraction pattern, the intensity 

of bright fringes decreases with the increase in distance from the central bright fringe.
 4. In Fraunhofer diffraction, what kind of source of light is used, and where is it situated?
 Ans. A monochromatic source of light which is placed at infinity virtually is used to obtain Fraunhofer 

diffraction.
 5. Write the condition for the secondary maximum in diffraction through a single slit of width e.
 Ans. e sin q = ±(2m + 1)l/2  where m = 1, 2, 3.....
 6. What is the condition for secondary minimum in diffraction through a single slit of width e?
 Ans. e sin q = ± ml  where m = 1, 2, 3.....
 7. Define angular width of the central maximum.
 Ans. The angular width of the central maximum is defined as the angular position between the first 

maxima on the two sides of central maxima.
 8. Write the formula for the linear width of the central maximum in the Fraunhofer diffraction pattern 

of a single slit as observed on a screen.
 Ans. b0 = 2Dl/e, where l is the wavelength of source.
  D = distance between the screen and the aperture
  e = width of the single slit
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 9. What is the total angular spread of the central maximum?

 Ans. 2qm = 
2λ
e

 10. What will be the effect on the width of the central bright fringe in the diffraction pattern of a 
single-slit if : 

 (i) if the setup is immersed in water, (ii) slit is made narrower?

 Ans. Width of the central bright fringe in the diffraction pattern is given as,  b0 = 2b = 2 Dλ
e

     b0 ∝ 1
e

 and b0 ∝l

 (i) Upon immersing the set up in water, the wavelength l reduces to λ
µ

 and hence b0 reduces 
to b0/µ where µ is the refractive index of the water.

 (ii) As b0 ∝ 
1
e

,  on reducing the slit width, width of the central bright fringe increases.

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

 Ans. Given, l = 600 nm = 600 × 10– 9 m, D = 1.2 m, x1 = 3 × 10– 3m

   Position of first minimum, x1 = Dλ
e

   Slit width, e = 
Dλ
x1

7

3
1 2 6 10

3 10
=

× ×
×

−

−
·

 = 2.4 × 10– 4m = 0.24 mm

 12. Light of wavelength 600 nm falls normally on a slit of width 1.2 µm, producing a Fraunhofer 
diffraction pattern on a screen. Calculate the angular position of the first minimum and the angular 
width of the central maximum.

 Ans. Given, l = 600 nm = 600 × 10– 9 m
  e = 1.2 µm = 1.2 × 10– 6 m
  The angular position θ of the first dark fringe is given by :

     sin q = λ
e
=

×
×

=
−

−
600 10
1 2 10

1
2

9

6.
 ⇒ θ = 30°

  Angular width of central maximum = 2q = 60°.
 13. Explain the phenomenon of diffraction of light.
 Ans. The bending of light around the corners of the obstacles, or apertures, is called diffraction.
 14. In Fraunhofer diffraction by a narrow slit, a screen is placed at a distance of 2 m from the slit 

to obtain the diffraction pattern. If the slit width is 0.2 mm and the first minimum is 5 mm on 
either side of the central maximum, find the wavelength of light.

 Ans. Given, Position of Ist minima, x1 = 5 mm = 5 × 10–3 m
   D = 2m
   e = 0.2 mm = 0.2 × 10– 3 m

   x1 = 
λD
e

   ⇒ l = 
x e1
D  = 5 10 0 2 103 3× × ×− −·

2
    = 5 × 10– 7 m = 5000 Å
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C. 2 Marks Questions

 1. Write any two differences between interference of light and diffraction of light.

 Ans. Interference Diffraction
1. All bright fringes are of same intensity.
2. All bright fringes are of equal width.

1. Intensity of bright fringes decreases with 
increasing order.

2. Central bright fringe is twice as wide as 
any secondary bright fringe.

 2. In a single slit diffraction experiment, the slit width is made double that of the original width. 
What would happen to the size and intensity of the central diffraction band? Give reason for your 
answer

 Ans. Width of central maxima of a single slit diffraction is given by, b0 = 
2 Dλ

e
;

   where, l is the wavelength
   D is the distance between the slit and screen
   e is the width of the slit
  When slit width (e) is doubled, width of central maximum is halved. Its area becomes 1/4 times 

and hence intensity becomes 4 times the initial intensity, as intensity is inversely proportional to 
area.

 3. When we look through a muslin cloth, a coloured spectrum is seen but not in a coarse cloth. 
Why?

 Ans. Muslin cloth is made of very fine threads and as such fine slits are formed. When light passing 
through these slits gets diffracted giving rise to coloured spectrum. The central maximum is white 
while the secondary maxima are coloured. This is because the positions of secondary maxima 
depend on the wavelength. In a coarse cloth, the slits formed by the threads are wider and hence, 
diffraction is not pronounced so no such spectrum is seen.

  4. In the diffraction at a single slit experiment, how would the width and the intensity of central 
maximum change if visible light of longer wavelength is used?

 Ans. Width of central maximum = 2λD
e

.

  If visible light of longer wavelength is used, width of central maximum increases and hence 
intensity decreases.

 5. Microwaves of frequency 24,000 MHz are incident normally on a rectangular slit of width 5 cm. 
Calculate the angular spread of the central maximum of the diffraction pattern of the slit.

 Ans. Given f = 24,000 MHz = 24 × 109 Hz
    e = 5 cm = 5 × 10– 2 m

  Wavelength of microwaves = 
c
v
=

×
×

3 10
24 10

1
80

8

9 m = m

  Angular spread of central maximum is

    2q = 
λ
e
=

× ×
=

×
×

=
−

2
80 5 10

2 100
80 5

1
22  rad

 6. Why is diffraction not observed when a ‘wide’ slit is illuminated by monochromatic light?
 Ans. The angular width of central maxima is inversely proportional to the slit width e. As e becomes 

large, the angular width of central maximum becomes very narrow and hence, its intensity becomes 
very large.

  Therefore, the intensity variation in subsidiary maxima and minima becomes small. So they cannot 
be distinguished and diffraction pattern cannot be observed.
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 7. A slit of width ‘a’ is illuminated by white light. For what value of ‘a’ is the first minimum, for 
the red light of l = 650 nm, located at point P? For what value of the wavelength of light will 
the first diffraction maxima also fall at P?

 Ans. Given : l = 650 nm = 650 × 10– 9 m
  For first minimum, n = 1
       a sin 30° = l

      ⇒ a× 1
2

 = 650 nm

      ⇒ a = 1300 nm
  For first maximum to lie at P,

    a sin q  = 3
2

2
3

λ λ
θ' ' sin

⇒ =
a

       = 
2 1300 10 30

3

9× × × °− sin
= 433.3 nm

 8. State with reason, how would the linear width of central maximum change if 
 (i) monochromatic diffraction yellow light is replaced with red light, and 
 (ii) distance between the slit and the screen is increased.
 Ans. The linear width of central bright maximum is given by,    b0 = 2Dλ

e
 (i) Since lred > lyellow; the linear width central maximum will increase on replacing yellow 

monochromatic light with red monochromatic light.
 (ii) As b0 ∝ D, when D is increased, linear width of central maximum is also increased.
 9. The following table gives data about the single slit diffraction experiment: 

Wavelength of light Half angular width of the 
principal maxima

l q
pl qq

  Find the ratio of the widths of the slits used in the two cases. Would the ratio of the half angular 
widths of the first secondary maxima, in the two cases, also be equal to q?

 Ans. Let e and e′ be the slit widths in the two cases.

  Then, q = λ
e

 and qq = p
e
λ
′

  ∴   e
e
′  = 

p
q
λ
θ
λ
θ

= 
p
q

  Half angular width of first secondary maximum = 3
2
λ
e

  The required ratio = 
3
2
3
2

p
e

e

λ

λ
′ = p × e

e′
 = p × 

q
p

 = q

  Hence, the ratio of the half angular widths of the first secondary maxima in the two cases is equal to q.
 10. Ray optics is based on the assumption that light travels in a straight line. Diffraction effects 

(observed when light propagates through small apertures/slits or around small obstacles) disprove 
this assumption. Yet, the geometrical optics assumption is so commonly used in understanding 
location and several other properties of images in optical instruments. What is the justification?
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 Ans. In ordinary optical instruments, the sizes of apertures are much larger than the wavelength of light. 
So diffraction effects are negligibly small. Hence, the assumptions that light travels in straight 
lines can be safely used in optical instruments.

 11. In a diffraction pattern due to a single slit of width e, the first minimum is observed at an angle 
of 30° when the light of wavelength 5000 Å is incident on the slit. What is the angular position 
of the first secondary maximum?

 Ans. For first minimum, e sin q = l
    e sin 30° = l
    e = 2l
  For  mth secondary maxima, e sin q = (2m + 1) l/2

  For secondary maxima, e sin q = 3
2
λ

   sin q = 3
2

3
4

λ
e
=   ⇒ q = sin− 








1 3
4

 12. Two students are separated by a 7 m partition wall in a room 10 m high. If both light and sound 
waves can bend around obstacles, how is it that the students are unable to see each other even 
though they can converse easily?

 Ans. For diffraction or bending by obstacles, apertures by a large angle the size of the obstacles should 
be comparables to the wavelength. Since the wavelength of sound waves are comparable to the 
size of partition, they can bend around the partition but the wavelength of light is much smaller 
than the partition. So, sound waves can bend around but light waves cannot.

 13. Determine the angular separation between central maximum and first-order maximum of the 
diffraction pattern due to a single slit of width 0.25 mm when the light of wavelength 5890 Å is 
incident on it normally.

 Ans. The angular separation between central maximum and first order minimum is

    q = 3
2

0λ
a
−

    q = 3 5890 10
2 0 25 10

10

3
× ×
× ×

−

−·
  ∴  q = 3.534 × 10– 3 rad

 14. Mention one similarity and one difference between interference and diffraction of light.
 Ans. Similarity : In both phenomenon, the energy of the medium is redistributed. They demonstrate 

wave nature of light but they do not tell about its transverse of longitudinal character.
  Difference : In the interference pattern, all bright fringes are of equal width but in diffraction 

pattern central bright fringe is twice as wide as any secondary bright fringe.
 15. Draw a labelled graph showing the variation in the intensity of light with angle in a single-slit 

Fraunhofer diffraction experiment.
 Ans. The angular positions of the principal maximum and successive minimum is given by

    sin q = 0, ± ± ±
λ λ λ
e e e

, ,2 3

  Since q is very small, sin q ≈ q. So the above expression becomes

    q = 0 2, , ....± ±
λ λ
e e

  Similarly, angular position for secondary maxima are :

    q = ± ±
3λ λ
2

5
2e e

, , ....
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  We know, the intensity falls of rapidly as we go from centre to either side of central maxima.
  Using these information, the required graph is as shown below.

Principal maximum

Minimum Subsidiary
maximum

I

θ

θ– θ
0–3 /λ e –2 /λ e – /λ e λ/e 2 /λ e 3 /λ e

 16. What difference do you notice in the intensity of fringes of interference and diffraction pattern? 
State the reason behind this difference.

 Ans. The intensity of all bright fringes in the interference pattern are equal whereas the intensity of 
central fringe is maximum while the intensity of other bright fringes obtained in diffraction pattern 
goes on decreasing with increasing order.

  The reason behind this difference is that the intensity of the central maximum is due to the 
constructive interference of wavelets from all parts of the slit, the first secondary maximum is 
due to the contribution of wavelets from one third part of the slit (wavelets from remaining two 
parts interfere destructively) the second secondary maximum is due to the contribution of wavelets 
from the one fifth part only and so on. Hence, the intensity of secondary maximum decreases 
with the increase in the order n of the maximum.

 17. What is the condition necessary for diffraction to take place? How is the diffraction effect 
suppressed in Young’s double-slit experiment? 

 Ans. The size of the obstacle or aperture should be comparable to the wavelength of light for diffraction 
to take place.

  In Young’s double slit experiment, the two slits are made quite narrow so that the central maximum 
of the diffraction pattern of each slit becomes broad enough to cover the entire field view. The 
interference fringes are then observed against a background of almost uniform intensity of the 
broad central diffraction maxima of the two slits.

D. 3 Marks Questions
 1. (a) Show the plot of intensity variation with angular position of diffraction pattern obtained in 

single slit diffraction 
  (b) Show that the angular width of the first diffraction fringe is half that of the central fringe.
  (c) Explain how the diffraction pattern is affected when the slit width increases?
 Ans.  (a) 

Principal maximum

Minimum Subsidiary
maximum

I

θ

θ– θ
0–3 /λ e –2 /λ e – /λ e λ/e 2 /λ e 3 /λ e

  (b) From the figure, we can say that the angular width of central maximum is given by

       2q = 2λ
e

  Now if D is the distance of the screen from the slit, then the linear width of central maximum 
(b0) will be
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   b0 = D × 2q = 
2λD

e
  2 (rad) = Arc

Radius D
0θ
β

=







  Now, linear width of secondary maximum (b) is calculated from the angular width of nth 
secondary maximum.

  ∴ Angular width of nth secondary maximum = (n + 1) λ λ
e

n
e

− = 

  Hence, the linear width of nth secondary maximum (b) = angular width × D

   ⇒ b = 
Dλ
e

   ...(2)
  Comparing (1) and (2) we can see,
   b0 = 2b
  Thus, the central maximum of a diffraction pattern is twice as wide as any secondary maximum.
  (c) Since width of a secondary maximum

           β ∝ 1
slit width

  As the slit width is increased, the secondary maxima get narrower. If the slit is sufficiently wide, 
the secondary maxima disappear and only the central maximum is obtained which is the sharp 
image of the slit. Thus, a distinct diffraction pattern is possible only if the slit is very narrow.

 2. A parallel beam of monochromatic light falls normally on a narrow slit, and the light, coming out 
of the slit, is obtained on a screen, kept behind, parallel to the slit plane. What kind of pattern 
do we observe on the screen and why? How does the (i) angular width, (ii) linear width of the 
principal maximum, in this pattern change when the screen is moved, parallel to itself, away 
from the slit plane? What happens to the width of the central maxima if the whole apparatus is 
immersed in water and why?

 Ans. The pattern obtained consists of alternate bright and dark bands of non-uniform intensity. This 
happens because the light on passing through the narrow slit undergoes diffraction. A diffraction 
pattern consist of alternate bright and dark bands.

 (i) Angular width of principal maximum, is given by

    2q = 
2λ
e

  It is not affected when screen is moved away from the slit plane.
 (ii) Linear width of principal maximum is given by

    b0 = 2Dλ
e

  Therefore, it increases when screen is moved away from the slit plane.
  Wavelength of light decreases in water, and b0 ∝ l.
  So width of central maximum also decreases.

  Here l׳ = 
λ
µ

, where µ is the refractive index of water.

  So, b׳
0 = 

2 0Dλ
µ

β
µe

= .
 3. Write three differences between interference and diffraction. Show the plot of intensity variation 

with distance for both interference and diffraction.
 Ans. 

Interference Diffraction
1. All the bright fringes are of same intensity. 1.  Intensity of bright fringes decreases with 

increasing order.
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2. All the bright fringes are of equal width. 2.  Central bright fringe is twice as wide as any 
secondary bright fringe.

3. Regions of dark fringes are perfectly dark. 3. Regions of dark fringes are not perfectly dark.

4. Maxima occur at q =
 
n
d
λ

In
te

n
s
it
y

4. Maxima occur at q = 
n
e
λ

–3�D

e

Intensity

–xm xm

–2�D

e

–�D

e

�D

e

2�D

e

3�D

e

0

 4. Obtain the relation, e sin q = l for the first minimum of the diffraction pattern of a single slit of 
width e, using light of wavelength l.

 Ans. The geometrical arrangement to observe 
diffraction of light by a narrow slit is given 
in the figure. The wavelets diffracted through 
an angle q are focused at a point P above O. 
The wavelets start from various parts of slit 
AB in the same phase but the reach point P in 
different phases. Let AK be the perpendicular 
drawn over BK. The optical paths from the plane AK to the point P are equal. Therefore, the 
path difference between the wavelets from points A and B of the slit is BK. Let BK = l. Let 
us now divide the slit AB into ten halves, each containing N wavelets. The wavelets from the 
corresponding points in each half have a path differences of l/2 and hence produce a dark band 
at P. Hence, this is first minimum which occurs when,

    BK = l
  But from the figure, BK = AB sin q = e sin q. Therefore the position of first minimum is given by:
       e sin q = l

 5. Write the conditions for angular width of secondary maxima and minima in single slit diffraction 
pattern. Comment on their intensities.

 Ans. The path difference between the wavelets in single slit diffraction phenomenon is equal to  
e sin q, where e is the slit width and q is the angle of diffraction.

  The condition for secondary minima is given by
    e sin q = ± ml
  Here m = 1, 2, 3.....except zero. (As m = 0, zero corresponds to principal maximum). The ± signs 

mean that the minima are formed on both sides of the principal maximum.
  The condition for secondary maxima is given by
    e sin q = ± (2m + 1) l/2
  Where m = 1, 2, 3...
  The intensity falls off rapidly as one moves away on either side from the principal maxima. This 

happens because some light reaches between consecutive minima, where weak maxima are formed. 
These are the points on the screen corresponding to which path difference between secondary 

wavelets is 3
2

5
2

7
2

λ λ λ, , ....... and so on.

X

θ

θ

S

A

e

B

K

L P

O

Y
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 6.  (i) Calculate the angular width of the central maxima.
 (ii) When the width of the slit is made double the original width, how would this affect the size 

and intensity of the central diffraction band?
 Ans. (i)  The angular width of central maxima is the angular position between the first minimum on 

the two sides of central maximum.
    The angular spread of central maximum on either side is given by

    sin q = 
λ
e

(radian)

    q = sin−1 λ
e

    ∴ q is small; sin q ≈ q  ⇒ q = 
λ
e

   Therefore, its angular width is, 2q = 2λ
e

  (ii)  Since, 2q = 2λ
e

  When the width of the slit (e) is double, angular width of central maximum decreases, hence 
the central diffraction band becomes narrower.

  As it becomes narrower, intensity increases because energy remains the same.
  So the central diffraction band becomes brighter and narrower.
 7. What change will occur in diffraction pattern due to a single slit if (i) light of smaller wavelength 

is used, (ii) slit is made narrower, and (iii) another slit is placed near and parallel to the first slit?
 Ans. The diffraction pattern due to a single slit has central maximum of width b0 and subsequent 

secondary maximum of width b.
  The expression for b0 is given by

   b0 = 
2λD

e
  The expression for b is given by

       b = λD
e

 

  So,
 (i) When light of smaller wavelength is used, the width of fringes decreases and hence a large 

number of fringes are obtained which makes the pattern crowded.
 (ii) When the slit is made narrower, slit width e decreases as a result of which b0 and b increases. 

So the number of fringes in a given place decreases.
 (iii) When another slit is placed near and parallel to the first slit, we obtain interference pattern 

instead of diffraction pattern. All fringes are of equal width and intensity.
 8. A single monochromatic source illuminates two narrow slits. Name the pattern obtained on the 

screen. One of the slits is now completely covered. What is the name of the pattern now obtained 
on the screen? Draw intensity pattern obtained in the second case.

 Ans. Interference pattern. 
  When one slit is completely covered we get diffraction pattern.
  The angular positions of the principal maximum and successive minimum is given by

    sin q = 0, ± ± ±
λ λ λ
e e e

, ,2 3

  Since q is very small sin q q. So the above expression becomes

    q = 0 2, , ....± ±
λ λ
e e
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  Similarly, angular position for secondary maxima are

    q = ± ±
3λ λ
2

5
2e e

, , ....

  We know, the intensity falls of rapidly as we go from centre to either side of central maxima.
  Using these information, the required graph is as shown below.

Principal maximum

Minimum Subsidiary
maximum

I

θ

θ– θ
0–3 /λ e –2 /λ e – /λ e λ/e 2 /λ e 3 /λ e

 9. Show the plot of intensity variation with the distance of diffraction pattern obtained in single slit 
diffraction.

 Ans. Linear position = angular position × D
  where D is the distance between the slit and the screen.
  The position of the principal maximum and successive minimum is given by

    x = 0 2, , , ,....± ± ±
λ λ λD D 3 D
e e e

  The position for secondary maximum is given by

    x = ± ±
3 D Dλ λ
2

5
2e e

, ....

  We know, central fringe width is twice the fringe width of secondary maximum and intensity goes 
on decreasing as we move from centre to either side of central maximum. Using these information 
the required graph obtained is shown.

–3�D

e

Intensity

–xm xm

–2�D

e

–�D

e

�D

e

2�D

e

3�D

e

0

 10. A parallel light beam of wavelength 6000 Å passes through a slit 0.2 mm wide and forms a 
diffraction pattern on a screen 1.0 m away from the slit. Find the width of the central maximum 
on the screen. What would be the width of the central maximum if the apparatus was immersed 
in water of refractive index 4/3? 

 Ans. Given,
    Wavelength (l) = 6000 Å = 6000 × 10–10m
    Slit width (e) = 0.2 mm = 0.2 × 10– 3 m
    D = 1 m
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  Width of central maximum (b) = 
2 2 6000 10 1

0 2 10

10

3
λD
e

=
× × ×

×

−

−·
     = 6 × 10– 3 m
     = 6 mm
  When the apparatus is immersed in water the wavelength l becomes  so the new fringe width 

is given by

    b2 = ׳
4

3 Dλ





 d

 = 3
4

2λ
λ
D






 = 3 6 10

4

3× × −
 = 4.5 mm

 11. In a single slit diffraction pattern, how does the angular width of central maximum change when 
(i) slit width is decreased, (ii) distance between the slit and screen is increased, and (iii) light of 
smaller visible wavelength is used? Justify your answer in each case.

 Ans. Angular width of central maximum is given by

    2q = 
2λ
e

  Where e is the slit width and l is the wavelength of light :
 (i) When slit width is decreased, angular width increases as it is inversely proportional to slit 

width.
 (ii) When distance between slit and screen is increased, the angular width remains same as it is 

independent of the distance between the screen and the slit.
 (iii) When light of smaller visible wavelength is used, the angular width decreases as it is directly 

proportional to the wavelength of light used.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Ricky is using yellow light in a single slit diffraction experiment with slit width of 0.6 mm. The teacher 
has replaces yellow light by X-rays. Now he is not able to observe the diffraction pattern. He feels sad. 
Again the teacher replaces X-rays by yellow light and the diffraction pattern appears again. The teacher 
then explained the facts about the diffraction. 
 1. Write condition necessary for the diffraction to occur. 
 Ans. The size of the obstacle should be of the order of the wavelength of light used.
 2. What will happen if we used red instead of yellow light? 
 Ans. The fringe width of diffraction patterns is directly proportional to the wavelength of light used. 

So, if we used red light instead of yellow, then the fringe width will increase as wavelengths of 
yellow light is less than the wavelength of red light.

 3. Will all fringes have equal fringe width? 
 Ans. No, the width of the central fringe is twice the width of any other fringe.

Case Study 2.
Nidhi performed an experiment in lab where she illuminated a slit with a monochromatic source of 
light. She was expecting the area having same dimension as that of the slit lying infront of the slit 
to be illuminated but she observed many fringes. She asked her teacher Ms. Neha about it. She then 
explained Nidhi about the phenomenon of diffraction. 
 1. Define diffraction. 
 Ans. The phenomenon of bending of light around the corners of small obstacles or aperture and their 

consequent spreading into the regions of geometrical shadow is called diffraction of light.
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 2. Mention one condition necessary to obtain diffraction. 
 Ans. The size of the obstacles should be of the order of the wavelength of light used.
 3. Write expression for fringe width of the central maxima.

 Ans. β = 2lD
e ; l = wavelength of source

    e = slit-width
    D = Distance between slit and screen

Case Study 3.
Sweta was appearing a practical exam. She used a monochromatic source of light to illuminate a single 
narrow slit, it gets diffracted and a pattern of alternate bright and dark fringes is obtained on screen, 
called “Diffraction Pattern” of single slit. She observed it and concluded 
 (i)  Central bright fringe is of maximum intensity and the intensity of any secondary bright fringe 

decreases with increase in its order.
 (ii)  Central bright fringe is twice as wide as any other secondary bright or dark fringe. Her examiner 

verified her results and appreciated her for such keen observation. He gave her various numerical 
to check her understanding.

 1. A single slit of width 0.1 mm is illuminated by a parallel beam of light of wavelength 6000 Å 
and diffraction bands are observed on a screen 0.5 m from the slit. What is the distance of the 
third dark band from the central bright band ? 

 Ans. Given,
   e = 0.1 mm = 0.1 × 10–3m
   l = 6000Å = 6000 × 10–10m;  D = 0.5m
  For 3rd dark band

   θ = 3l
e

   y = 3lD
e  (  y = θ × D)

   =  
3 × 0.5 × 6 × 10–7

0.1 × 10–3  = 9 × 10–3 m = 9 mm

 2. In the experiment, slit width is 0.2 mm and screen is at 2 m away from the lens. If wavelength 
of light used is 5000 Å then what is the distance between the first minimum on either side the 
central maximum ? 

 Ans. Given,
    e = 0.2 mm = 0.2 × 10–3 m;  D = 2m
    l = 5000Å = 5000 × 10–10 m = 5× 10–7 m

    β0 = 2lD
e  = 

2 × 5 × 10–7× 2
0.2 × 10–3  = 10–2m =10 mm

 3. If light of wavelength 600 nm is incident normally on a slit of width 0.2 mm, than what is the 
angular width of central maxima of the observed diffraction pattern?

 Ans. Given
    l = 600 ×10–9 m = 6×10–7 m; e = 0.2 × 10–3 m

  Angular width of central maxima = 2l
e  

     = 
2 × 6 × 10–7

0.2 × 10–3  = 6×10–3rad.
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Summary
zz Photoelectric emission : Electrons are emitted from a metal surface when suitable electromagnetic 
radiations illuminate it. 
zz Work function : The minimum amount of energy required by an electron to just escape from the 
metal surface is known as work function of the metal. It is denoted by W0.
zz Kinetic energy gained by an electron : When an electron is accelerated from rest through a 
potential difference of V volts, the gain in its kinetic energy is

   eV = 
1
2

 mv2 

zz Electron volt (eV) : It is the kinetic energy gained by an electron when it is accelerated through 
a potential difference of 1 volt. 

   1eV = 1.6 × 10–19 J,      1 MeV = 1.6 ×10–13 J. 
  The work function of a metal is generally measured in electron volt (eV). 
zz Photons : According to Planck’s quantum theory of radiation, an electromagnetic wave travels in the 
form of discrete packets of energy called quanta. One quantum of light radiation is called a photon. 
zz Photoelectric effect : The phenomenon of emission of electrons from a metal surface, when 
electromagnetic radiations of sufficiently high frequency are incident on it, is called photoelectric 
effect. The photo (light)-generated electrons are called photoelectrons. 

 Alkali metals like Li, Na, K, Ce show photoelectric effect with visible light. Metals like Zn, Cd, 
Mg respond to ultraviolet light. 

 Photoelectric effect involves the conversion of light energy into electrical energy. It follows the law 
of conservation of energy. It is an instantaneous process. 
zz Photoelectric current : The current constituted by photoelectrons is called photoelectric current. 
Its value depends on : 

 (i) the intensity of light, 
 (ii) the potential difference applied between the two electrodes, and 
 (iii) the nature of the cathode material. 
zz Cut off or stopping potential : It is the minimum value of the negative potential that must be 
applied to the anode of photocell to make the photoelectric current zero. It is denoted by VO. Its 
value depends on: (i) the frequency of incident light, and (ii) the nature of the cathode material. 
For a given frequency of incident light, it is independent of its intensity. The stopping potential is 
directly related to the kinetic energy of the emitted electrons.

   Kmax = 
1
2

2
0mvmax = eV

zz Threshold frequency : The minimum value of the frequency of incident radiation below which 
the photoelectric emission stops altogether is called threshold frequency. It is denoted by vo and is 
a characteristic of the metal. 
zz Laws of photoelectric effect : (i) For a given metal and a radiation of fixed frequency, the rate of 
emission of photoelectrons is proportional to the intensity of incident radiation. 

7 Photoelectric Effect

UNIT 7 : DUAL NATURE OF RADIATION AND MATTER
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(ii) For every metal, there is a certain minimum frequency below which no photoelectrons are emitted, 
howsoever high is the intensity of incident radiation. This frequency is called threshold frequency. 

(iii) For the radiation of frequency higher than the threshold frequency, the maximum kinetic 
energy of the photoelectrons is directly proportional to the frequency of incident radiation and 
is independent of the intensity of incident radiation. 

(iv) The photoelectric emission is an instantaneous process. 
zz Einstein’s theory of photoelectric effect : Einstein explained photoelectric effect with the help 
of Planck’s quantum theory. When a radiation of frequency v is incident on a metal surface, it is 
absorbed in the form of discrete packets of energy called quanta or photons. A part of energy hv
of a photon is used in removing the electron from the metal surface and remaining energy is used 
in giving kinetic energy to the photoelectron. Einstein’s photoelectric equation is

Kmax = 
1
2

2
0 0mv hvmax = = −eV W

Where W0 is the work function of the metal and v0 is the threshold frequency. All the experimental 
observations can be explained on the basis of Einstein’s photo electric equation. 
zz Important formulae: 

1. Energy of a photon, E = chv h=
λ

2. Number of photons emitted per second, N = P
E

3. Momentum of photon, p
hv
c

h= =
λ

4. Equivalent mass of a photon, m
hv
c

= 2 .

5. Work function, W0 = hv0 = 
hc
λ0

6. Kinetic energy of photoelectrons is given by Einstein’s photoelectric equation, 

Kmax = 
1
2

2
0 0 0

0
mv hv h v v h c c

max ( )= = − = − = −







eV W

λ λ

7. If VO is the stopping potential, the maximum kinetic energy of the ejected photo electrons, 

Kmax = 
1
2

2
0mvmax = eV

8. Intensity of radiation = 
Energy

Area time
Power
Area×

=

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. The unit of Planck’s constant is that of
(a) work   (b) force
(c) linear momentum   (d) angular momentum

2. The presently accepted value of charge/mass (e/m) is
(a) 1.66 × 10–19 C/kg   (b) 9.1 × 1011 C/kg
(c) 1.76 × 1011 C/kg   (d) 9.1 × 1019 C/kg
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 3. It is essential to consider light as a stream of photons to explain
 (a) diffraction of light (b) photoelectric effect (c) refraction of light (d) reflection of light
 4. The number of photons of frequency v present in energy E is
 (a) E/nh (b) nhE (c) nh/E (d) nE/h
 5. Dimension of Planck’s contant is same as of
 (a) distance × time (b) energy × distance (c) energy/time (d) energy × time
 6. In the photoelectric effect, electrons are emitted
 (a) at a rate that is proportional to the amplitude of the incident radiation
 (b) with a maximum velocity proportional to the frequency of the incident radiation.
 (c) at a rate that is independent of the emitter.
 (d) only if the frequency of the incident radiations is above a certain threshold value.
 7. Threshold wavelength for a metal having work function Wo is λ. What is the threshold 

wavelength for the metal having work function 2 Wo?
 (a) 4λ (b) 2λ	 (c) λ/2 (d) λ/4
 8. The energy of photon of wavelength 450 nm is
 (a) 2.5 × 10–17 J (b) 1.25 × 10–17 J (c) 4.4 × 10–19 J (d) 2.5 ×10–19 J
 9. Highest energy photoelectrons will be produed by
 (a) visible light (b) X-rays (c) ultraviolet light (d) γ rays
 10. Einstein’s photoelectric equation is.

 (a) Emax = hλ – W (b) Emax = hc
λ

 – W (c) Emax = hn + W (d) Emax = hc
λ

 + W

 11. The maximum energy of photoelectrons is independent of 
 (a) frequency of incident light  (b) intensity of incident light
 (c) nature of emitting surface   (d) all of these
 12. Work fuction of three metals A, B and C are 4.5 eV, 4.3 eV and 3.5 eV respectively if a light 

of wavelength 4000 Å is incident on the metals then
 (a) photoelectrons are emitted from A (b) photoelectrons are emitted from B
 (c) photoelectrons are emitted from C
 (d) photoelectrons are emitted from all the metals.
 13. The wavelength of a photon needed to remove a proton from a nucleus which is bound to the 

nucleus with 1 MeV energy is nearly
 (a) 1.24 nm (b) 1.24 × 10–3 nm (c) 1.24 × 10–6 nm (d) 1.24 × 10 nm
 14. Cathode rays were discovered by
 (a) Maxwell Clerk James (b) Heinrich Hertz (c) William Crookes (d) J.J Thomson
 15. The maximum value of photoelectric current is called
 (a) base current (b) saturation current (c) collector current (d) emitter current
 16. The photoelectric effect can be explained by
 (a) Corpuscular theory of light (b) Wave nature of light
 (c) Bohr’s theory   (d) Quantum theory of light.
 17. When light is incident on a metal surface the maximum kinetic energy of emitted electrons
 (a) vary with intensity of light  (b) vary with frequency of light
 (c) vary with speed of light   (d) vary irregularly

Answers
 1.  (d) 2. (c) 3. (b) 4. (a) 5.  (d) 6.  (d) 7. (c) 8.  (c)
 9.  (d) 10.  (b) 11.  (b) 12.  (d) 13.  (b) 14.  (c) 15. (b) 16.  (d)
 17.  (b)
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B. 1 Mark Questions

 1. What is cut-off (or stopping) potential? 
 Ans. It is that negative potential applied to the anode which completely stops the photoelectric current.
 2. Threshold frequency of a certain metal for photoelectric emission is 5 ×1014 Hz. Calculate its 

work function. 
 Ans. Work function (W) = hn0 = 6.6 × 10–34Js × 5 × 1014 s–1

   = 3.3 × 10–19 J

  Work function (W in eV) = 
3 3 10

1 6 10

19

19
.

.
×

×

−

−
 J

J/ Ve  
= 2.06 eV

 3. What is meant by threshold wavelength? 
Ans. The maximum wavelength of incident light capable of ejecting photoelectrons from a metal is 

known as threshold wavelength.
 4. Define photoelectric work function. 
Ans. The minimum amount of radiant energy needed to pull an electron (without importing it any 

kinetic energy).
 5. Is photoelectric emission possible at all frequencies? Give reason for your answer. 
Ans. No, photoelectric emission is possible only if the energy of the incident photon is greater than 

the work function (W0 = hνo) of the metal. Hence, the frequency n of the incident radiation must 
be greater than the threshold frequency νo.

 6. What happens to the wavelength of a photon after it collides with an electron? 
Ans. Photon transfers a part of its energy to the colliding electron, so its energy decreases and 

consequently wavelength increases.
 7. Define work function for a given metallic surface.
Ans. The minimum energy needed to pull an electron from a metal surface is called the work function 

of the metal.
 8. On what factors does the work function of a metal depend? 
Ans. The work function of a metal depends on its nature and the conditions of its surface.
 9. What is thermionic emission? 
Ans. When a metal is heated, its free electrons get thermal energy more than the work function of the 

metal and get ejected from the metal surface. This process is called thermionic emission.
 10. Mention one physical process for the release of electrons from a metal surface. 
Ans. Photoelectron emission, in this physical process, electrons are emitted from a metal surface when 

it is exposed to electromagnetic radiations of a suitable frequency.
 11. Name a phenomenon which illustrates particle nature of light. 
Ans. Photoelectric effect illustrates particle nature of light.
 12. A photon has velocity c and frequency v. Write down the expression for the wavelength. 

Ans. Wavelength, λ =
 

c
v

 13. What is photoelectric effect? 
Ans. Photoelectric effect is the phenomenon of emission of electrons from a metal surface when it is 

exposed to electromagnetic radiations of a suitable frequency.
 14. If the intensity of incident radiation on a metal is doubled, what happens to the kinetic energy of 

electron emitted? 
Ans. Kinetic energy of photoelectrons remains unaffected. It does not depend on the intensity of incident 

radiation.
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 15. Can we use any substance as photo-electron emitter? 
Ans. Yes, we can use any substance as photo-electron emitter. It can be made to emit photoelectrons 

by exposing it to electromagnetic radiations of sufficiently high frequency.
 16. Write Einstein’s photoelectric equation.
Ans. According to Einstein’s photoelectric equation the maximum kinetic energy of a photoelectron is 

given by,

   K = 
1
2  

mv2
max = hn – W0

   Here n denotes frequency of incident radiation and W0 is work function of the metal.
 17. If the intensity of the incident radiation in a photocell is increased, how does the stopping potential 

vary? 
Ans. Stopping potential remains unchanged by the increase in the intensity of incident radiation.
 18. The work function of cesium metal is 2.4 eV. When light of frequency 6 × 1014 Hz is incident 

on the metal surface, photoemission of electrons occurs, what is the maximum kinetic energy? 
Ans. W (work function) = 2.14 eV; n	= 6 × 1014 Hz
  Maximum kinetic energy = EK = hn – Wo

   = 6.63 × 10–34 × 6 × 1014 – 2.14 × 1.6 × 10–19

   = 0.54 × 10–19 J = 
0 54 10
1 6 10

19

19
.
.

×
×

−

−
 
eV

   = 0.34 eV
 19. Does the stopping potential depend on the frequency of incident radiation? 
Ans. Yes, the stopping potential Vo depends on the frequency n of the incident radiation

   V0 = h
e  (n	– n0)

 20. Threshold wavelength for photoelectric emission is 5000 Å. Will the photoelectrons be emitted 
when this material is illuminated with monochromatic radiation from 1 watt ultraviolet lamp? 

Ans. Yes, as the wavelength of ultraviolet radiation is less than that of the threshold wavelength  
5000 Å.

 21. What determines the maximum velocity of photoelectrons? 
Ans. Frequency of incident radiation and work function of the metal determines the maximum velocity 

of photoelectrons.
 22. Two metals A and B have work functions 2 eV and 4 eV respectively. Which metal has a lower 

threshold wavelength for photoelectric effect? 

Ans. Work function, Wo = hno = 
hc
λ0

   ∴ λo ∝ 1

0W
  As metal B has higher work function, so its has lower threshold wavelength.
 23. Light of frequency 1.5 times the threshold frequency is incident on a photosensitive material. If 

the frequency is halved and intensity is doubled, what happens to photoelectric current? 
Ans. Photoelectric current becomes zero,  because the new frequency is less than the threshold frequency.

C. 2 Marks Questions

 1. How does the stopping potential depend upon the frequency and the intensity of the incident light? 
Explain by drawing graph. 

 Ans. The stopping potential Vo is the measure of the maximum kinetic energy EK of the photoelectrons 
(EK = eVo). Hence, according to Einstein’s equation EK = h (v – n0), the graph between V0 and 
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frequency of light n will be a straight line having slope h/e and cutting the n–axis at v0.

  The stopping potential does not depend upon the intensity of light.
 2. In photoelectric effect what is meant by the terms: (i) work function of a metal, (ii) stopping 

potential? 
 Ans. (i) The minimum energy required for the emission of photoelectrons from a metal is called the 

work function of that metal.
  (ii) The negative potential at which the photoelectric current becomes zero is called stopping 

potential.
 3. Every metal has a definite work function. Even then, when light of a single frequency 

(monochromatic) is incident on a metal, photoelectrons having different energies are emitted, why? 
Ans. Photoelectrons are emitted not only from the surface of the metal but also from the interior of 

the metal. The photoelectrons from the surface have maximum energy. Those emitted from the 
interior of the metal lose part of their energy in collisions with metallic atoms.

 4. If propagation takes place through photons, then why does the light arriving at the eye not appear 
discontinuous? 

Ans. The effect of photon on retina persists for around 0.1 second. If during this time another photon 
strikes the retina, then the combined effect will be continuous. When visible light enters our eye, 
nearly 1018 photons strike the retina per second. It means that every point the retina is receiving 
photons continuously. Hence, their effect on the mind is continuous.

 5. How is photoelectric current affected on increasing the (i) frequency (ii) intensity of the incident 
radiations and why? 

Ans. (i) The increase of frequency of incident radiation has no effect on the photoelectric current. This 
is because the incident photon of increased energy cannot eject more than one electron from 
the metal surface.

  (ii) The photoelectric current increases proportionally with the increase in intensity of incident 
radiation. Larger the intensity of incident-radiation, larger is the number of incident photon 
and hence, larger is the number of electrons ejected from the metallic surface.

 6. The energy flux of sunlight reaching the surface of the earth is 1.388 × 103 W/m². How many 
photons (nearly) per square metre are incident on the earth per second? Assume that the photons 
in the sunlight have an average wavelength of 550 nm.

Ans. The energy of one photon

   E = hc
λ

 = 
6 63 10 3 10

550 10

34 8

9
. × × ×

×

−

−  = 3.62 × 10–19 J

  Number of photons incident on the earth per square metre per second

   n = 
Energy flu

Energy of photon
x

 = 1 388 10
3 62 10

3 1 2

19
.

.
×

×

− −

−
Js m

J
= 3.8 × 1021 m–2s–1
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 7. The threshold frequency for a certain metal is 33 × 1014 Hz. If light of frequency 8.2 × 1014 Hz 
is incident on the metal, predict the cut off voltage for photoelectric emission. 

  Given h = 6.63 × 10–34 Js and e = 1.6 × 10–19 C.
Ans. Here, no = 3.3 × 1014 17 Hz,  n = 8.2 × 1014 Hz
  Maximum K.E = eV0 = hn – hn0

  ∴	 	 V0 = 
h

e
( )ν ν− 0

   = 6 63 10 8 2 3 3 10
1 6 10

34 14

19
. ( . . )

.
× × − ×

×

−

−  = 2.03 V

 8. If 10% of the energy supplied to an incandescent light bulb is radiated as visible light, how many 
visible light photons are emitted by 100 watt bulb? Assume wavelength of all visible photons to 
be 5600 Å. 

Ans. Here λ = 5600 Å = 5600 × 10–10m

  Energy of one photon = 
hc
λ  = 

6 625 10 3 10
5600 10

34 8

10
. × × ×

×

−

−  = 3.5 × 10–19 J

  A 100 W bulb supplies 100 J of energy per second.
  ∴Energy released per second as visible photons

   = 100 10
100
×  = 10 J

  ∴	Number of photons emitted per second as visible light 

   = 
10

3 5 10 19. × −  = 2.86 × 1019

 9. Find the frequency of light, which ejects electrons from a metal surface fully stopped by a retarding 
potential of 3 V. The photoelectric effect begins in this metal at frequency of 6 × 1014 s–1. Find 
the work function of this metal.

Ans. Here V0 = 3V,  n0= 6 × 1014 s–1

  and we know, hn = hn0 + 
1
2

 mvmax
2

   But 1
2

 mv2
max = eV0

   ∴	hv = hv0 + eV0

   n = n0 + 
e
h
V0

    = 6 × 1014 + 1 6 10 3
6 6 10

19

34
.

.
× ×
×

−

−

    = 6 × 1014 + 7.25 × 1014 = 13.25 × 1014 s–1

  Work function,
   W0 = hn0 = 6.6× 10–34 × 6 ×1014 J

   = 6 6 10 6 10
1 6 10

34 14

19
.

.
× × ×

×

−

−
eV = 2.48 eV

 10. What is a photocell? Name the different types of photocells. 
Ans. A photocell or a photoelectric cell is an arrangement which converts light energy into electric 

energy. It works on the principle of photoelectric emission.
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  Photocells are of three types:
 (i) photo-emissive cell
 (ii) photo-conductive cell
 (iii) photo-voltaic cell.
 11. Explain work function and threshold frequency in photoelectric emission. Give Einstein’s equation 

for photoelectric emission. What do the symbols stand for? 
Ans. The minimum amount of energy required by an electron to just escape from the metal surface is 

known as work function of the metal.
  The minimum value of the frequency of the incident radiation below which the photoelectric 

emission stops or does not occur at all is called the threshold frequency.
  Einstein’ photoelectric equation is 

   Kmax = 

1
2  

mvmax
2 = eVo = hn	– W0 = h(n	– n0)

  Where W0 is the work function of the metal and n0 is the threshold frequency.
 12. Draw a graph showing variations of photoelectric current (I) with anode potential (V) for different 

intensities of incident radiation. Define what is stopping potential on the basis of the graph and 
name the characteristic of incident radiation that is kept constant in this experiment.

Ans. 

Anode potential V →O– V0

← Retarding potential

Stopping
potential

P
h

o
to

c
u

rr
e

n
t

→

I3 > I I2 1>

I3

I2

I1

  It is seen that the photoelectric current decreases rapidly until it becomes zero for a certain value 
of negative potential. Here the value of the retarding potential at which the photoelectric current 
becomes zero is called cut off or stopping potential for the given frequency of incident radiation.

  Frequency of the incident radiation is kept constant here.
 13. From photoelectric effect experiment explain the effect of (i) intensity of light on photoelectric 

current, (ii) potential on photoelectric current, (iii) frequency of incident radiation on stopping 
potential. 

 Ans. (i) For a fixed frequency number of photoelectrons increases as incident photons increases 
and hence photoelectric current increases linearly with the increase in intensity of incident 
radiation.

 (ii) If we keep the intensity and frequency of incident radiation fixed, and increase the positive 
potential, we can notice that the photoelectric current increases with the increase in potential 
till a stage is reached, when the photoelectric current becomes maximum and does not 
increase further with the increase in the accelerating potential.

 (iii) The stopping potential increases linearly with the frequency n of the incident radiation for 
a given material.

 14. Define the terms (i) ‘cut-off voltage’ and (ii) ‘threshold frequency’ in relation to the phenomenon 
of photoelectric effect.
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  Using Einstein’s photoelectric equation show how the cut-off voltage and threshold frequency for 
a given photosensitive material can be determined with the help of a suitable plot/graph. 

 Ans. (i) Cutoff voltage : The minimum negative potential given to the anode of a photocell for which 
the photoelectric current becomes zero is called threshold frequency.

  (ii) Threshold frequency : The minimum value of the frequency of incident radiation below which 
the photoelectric emission stops.

   According to photoelectric equations,
    Kmax =  hn	– W0

   If V0 is stopping potential then
    Kmax = eV0

    eV0 = hn –W0

    V0 = 
h
e

 n	– 
W0
e

   So the graph of V0 versus n is a straight line.
 15. Ultraviolet light of wavelength 2271 Å from a 100 W mercury source irradiates a photocell made 

of molybdenum metal. If the stopping potential is –1.3 V, estimate the work function of the 
metal. How would the photocell respond to a high intensity (105 W m–2) red light of wavelength  
6328 Å produced by a He-Ne laser? 

 Ans. Here λ = 2271Å = 2271 × 10–10m.
   V0 = 1.3 Volt

   (K.E)max = hn – W0

   or eV0 = hn – W0

   ⇒ W0 = hn – eV0 = 
hc
λ

 – eV0

   = 6 63 10 3 10
2271 10

34 8

10
. × × ×

×

−

−  – (1.6 × 10–19) × 1.3

   = (8.76 × 10–19 – 2.08 – 10–19) J = 6.68 × 10–19J

   = 
6 68 10

1 6 10

19

19
.

.
×

×

−

−
J

J / eV
 = 4.175 eV = 4.2 eV

  Threshold wavelength, λ0 = 
hc
W0

 = 
6 63 10 3 10

6 68 10

34 8

19
.

.
× × ×

×

−

−

   = 2977 × 10–10m = 2977Å
 18. Monochromatic radiation of wavelength 640.2 nm from a neon lamp irradiates a photosensitive 

material made of cesium on tungsten. The stopping voltage is measured to be 0.54 V. The source 
is replaced by an iron source and its 427.2 nm line irradiates the same photocell. Predict the new 
stopping voltage. 

 Ans. In first case when source of radiation is neon lamp 
   λ = 640.2 nm = 640.2 × 10–9m
   V0 = 0.54 V

Frequency of incident

radiation ( )ν →

Stopping
potential

( )V0

W0

e
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   From Einstein’s photoelectric equation

    eV0 = 
hc
λ

 = W    ...(i)

   ∴ e × 0.54 =
hc

640 2 10 9. × −  = W   ...(ii)

  In the second case when iron source is the source of radiation, i.e., λ′ = 427. 2 nm = 427.2 × 10–9m
  Let Vo

1 be the new stopping potential.

   eV0
′ = 

hc
427 2 10 9. × −     ...(iii)

  Subtracting Eq (ii) from Eq (iii), we get

  e(V0
1 – 0.54) = hc 

1
427 2

1
640 2

109
. .

−



  = 

6 63 10 3 10
1 6 10

34 8

19
.

.
× × ×

×

−

−

640 2 427 2
427 2 640 2

109. .
. .
−
×






×

   = 12 43 10 213 10
427 2 640 2

7 9.
. .

× × ×
×

−
 = 0.96 V

  ∴	 	 V0
′ = 0.96 + 0.54 = 1.5 V

D. 3 Marks Questions

 1. State the phenomenon of photoelectric effect and explain the dependence of photocurrent and 
stopping potential on intensity and frequency. 

 Ans. The phenomenon of emission of electrons from a metal surface when electromagnetic radiation 
of suitable frequency illuminates is known as photoelectric effect.

  For a fixed frequency number of photoelectrons increases as incident photon increases and hence 
photoelectric current increases linearly with the intensity of incident radiation.

  If we keep the intensity and frequency of incident radiation fixed, and increase the positive 
potential, we can notice that the photoelectric current increase with the increase in potential till 
a stage reached. When photoelectric current become maximum and does not increase further with 
the increase in the accelerating potential.

  The stopping potential increases linearly with the frequency n of the incident radiation for a given 
material.

 2. Define work function, threshold frequency and cut-off potential. Draw a graph between maximum 
kinetic energy against frequency of light falling on a metal surface. 

 Ans. The minimum amount of energy required by an electron to just escape 
the metal surface is known as work function of the metal.

  The minimum value of the frequency of the incident radiation below 
which the photoelectric emission does not occur is known as the 
threshold frequency.

  Cutoff potential is also known as stopping potential. It is the minimum 
negative potential given to the anode of a photocell for which the 
photoelectric current becomes zero.

 3. The maximum kinetic energy of the photoelectrons gets doubled when the wavelength of light 
incident on the surface changes from λ1 to λ2 . Derive the expressions for the threshold wavelength 
λ0 and work function for the metal surface. 

Emax

V0

νO
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Ans. According to Einstein’s photoelectric equation
   hn = W0 + Kmax = hn0 + Kmax 

   hc
λ

 = 
hc
λ0

 + Kmax

  for wavelength λ1

   
hc
λ1

 = hc
λ0

 + Kmax     ...(i)

  for wavelength λ2

   
hc
λ2

 = hc
λ0

 + Kmax     ...(ii)

  From (i) and (ii) we get

   
2

1

hc
λ

 – 
hc
λ2

 = 
hc
λ0

 or 
2

1λ
 – 

1

2λ
 = 

1

0λ

  ∴ λ0 = 
λ λ
λ λ

1 2

2 12 −
  Work function,

   W0 = 
hc
λ0

 = 
hc 2 2 1

1 2

λ λ
λ λ

−( )

 4. Write Einstein’s photoelectric equation. State clearly how this equation is obtained using the photon 
picture of electromagnetic radiation. Write the three salient features observed in photoelectric effect 
which can be explained using this equation. 

Ans. The phenomenon of emission of electrons from metal surface, when light of suitable frequency 
fall on them is known as photoelectric emission and this process altogether called as photoelectric 
effect.

  In photoelectric effect an electron of the metal surface absorbs a photon of energy hn. If this 
energy exceeds the work function of the metal, and the electron is emitted with maximum K.E. 
By conservation of energy,

   Kmax = 1
2

 mv2
max = hn	– Wo  Kmax = hno – Wo = h (n	– no)

   as W0 = hv0, here n0 is threshold frequency.
  The above equation is known as Einstein’ photoelectric equation.
 (i) Clearly above the threshold frequency n0, Kmax∝	n.
  i.e KE of the emitted electron is proportional to the frequency of incident radiation.
 (ii) When n	 <	 n0; Kmax becomes negative, which is physically unacceptable. Hence there is no 

photoelectric emission below the threshold frequency.
 (iii) It is obvious from the equation that photo electrons does not depend on the intensity of incident 

light.
 5. Establish the Einstein’s equation and explain the laws of photoelectric effect on its basis. 
Ans. When a photon of frequency n	falls on a metal surface, it transfers its whole energy to one (any) 

of the electrons present in metal. A part of its energy is used to free the electron from metal and 
rest is given to the ejected electron as kinetic energy.

  The energy used to free the electron is known as the work function of the metal and denoted 
as wo and wo = hn0, here n0 is the threshold frequency of light.

  Now from conservation of energy,
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  Energy of the incident photon = maximum KE of photo electrons + work function of the metal

   ⇒	
1
2

 mv2
max = (K Emax) = hn – W0

   = hn – hn0
   = h (n	– n0)

  ∴	  (KE)max = 1
2

 mv2
max = h(n	– n0)

  The above equation is known as the Einstein’s photoelectric equation.
  Laws of photoelectric effect :
 (i) Number of ejected photoelectrons increases with the increase in intensity of incident radiation.
 (ii) If n	<	n0 i.e, the frequency of incident radiation is less than the threshold frequency, the photo 

electric emission does not occur. As kinetic energy of photoelectrons can never be taken as 
negative.

 (iii) If n	>	n0, then (K.E)max = 
1
2  mv2

max
 ∝ n

  i.e above threshold frequency, the maximum kinetic energy of the electrons increases linearly 
with the frequency n of the incident radiation.

 (iv) Photoelectric emission is a instantaneous process. It is the result of an elastic collision 
between a photon and an electron. Hence, there is no time lag between the incidence of a 
photon and the emission of a photoelectron.

 6. Describe briefly the experimentally observed features in the phenomenon of photoelectric effect. 
 Ans. (i) For every metal there is a certain minimum frequency known as threshold frequency below 

which no photo electrons are emitted, however high is the intensity of incident radiation.
  (ii) Photoelectric current directly proportional to the intensity of incident radiation.
  (iii) The photoelectric current becomes zero at a certain value of negative potential (stopping or 

cut off potential) applied at anode.
  (iv) The value of stopping potential increases with the increase in the frequency of incident 

radiation.
  (v) The maximum K.E of photoelectrons is directly proportional to the frequency of incident 

radiation.
  (vi) The maximum K.E of photoelectron is independent of the incident radiation.
  (vii) The photoelectric emission is an instantaneous process.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Photoelectric effect is the phenomenon of emission of electrons from a metal surface, when radiations 
of suitable frequency fall on them. The emitted electrons are called photoelectrons and the current so 
produced is called photoelectric current.
Ans the following questions : 
 1. How the number of photoelectrons emitted per unit time changes with the increase of intensity 

of incident radiation?
 Ans. With the increase of intensity of the incident radiation the number of photoelectrons emitted per 

unit time increases.
 2. If the frequency if incident light falling on a photosensitive metal is doubled, find the kinetic 

energy of the emitted photoelectron.
 Ans. We know, K = hv –W0 ... (i)
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  Where v is the frequency of incident radiation and Wo is work function of the metal
  If the frequency of incident radiation is doubled then
   K′ = 2hv – W0 = 2(hv – W0) + W0 = 2K + W0 (using equation (i))
   ∴ K′ > 2K
 3. Give an example of device that applies photoelectric effect? 
 Ans. Photocell

Case Study 2.
Raj’s teacher taught about photoelectric emission in class. He told that the photoelectric emission is 
possible only if the incident light is in the form of packets of energy, each having a definite value, 
more than the work function of the metal. This shows that light is not of wave nature but of particle 
nature. It is due to this reason that photoelectric emission was accounted by quantum theory of light. 
 1. Packet of energy are called as? 
 Ans. Quanta
 2. Give the formula for photoelectric emission.
 Ans. K.E = hv – W0

 3. What is one quantum of radiation known as?
 Ans. Photon

Case Study 3.
Papul knows that red light has greater intensity and so it is much bright but in case of photoelectric 
emission it cannot produce the emission of electrons from a clean zinc surface while even weak ultra 
violet radiation can do so. He could not know specific cause of such thing. Then he went to his friend 
Kumar for its specific explanation. Kumar explained him that the photoemission of electron does not 
depend on the intensity while it depends on the frequency and the energy of photon of incident light. 
The energy of photon of red light is less than the work function of zinc, so red light cannot emit 
photoelectrons. Similarly, the energy of photon of ultraviolet light is greater than the work function of 
zinc, so ultraviolet light can emit photoelectrons. 
 1. What is photoelectric emission?
 Ans. The phenomenon of emission of electrons from a metal surface, when electromagnetic radiations 

of sufficiently high frequency are incident on it, is called photoelectric emission.
 2. What is work function of a metal?
 Ans. The minimum energy required to pull an electron from metal surface is called the work function 

of the metal.
 3. The work function of lithium and copper are 2.3 eV and 4 eV respectively. Which of these metals 

are useful for the photoelectric cell working with visible light?
 Ans. Lithium will be useful for photoelectric all.
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8 Matter Waves
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Summary
zz Dual nature of radiation: Light has dual nature. It shows wave like phenomenon in diffraction, 
interference, polarization, etc., while it shows particle like nature in photoelectric effect, Compton 
scattering, etc. 
zz Dual nature of matter: As there is complete equivalence between matter (mass) and radiation 
(energy) and nature always manifests the principle of symmetry, de-Broglie suggested that moving 
particles like protons, neutrons, electrons, etc., should be associated with waves known as de-Broglie 
waves and their wavelength is called de-Broglie wavelength. This is known as de-Broglie hypothesis. 
zz The de-Broglie wavelength of a particle of mass m moving with velocity v is given by 

    
λ = =

h h
mp v

  where h is the Planck’s constant. The de Broglie wavelength is independent of the charge and 
nature of the material particles. It has significantly measurable values for sub-atomic particles like 
electrons, protons, etc., due to their small masses. For macroscopic objects of everyday life, the 
de-Broglie wavelength is extremely small, quite beyond measurement. 

zz Davisson and Germer experiment: This electron diffraction experiment has verified and confirmed 
the wave-nature of electrons.
zz de-Broglie wavelength of an electron: The wavelength associated with an electron beam accelerated 
through a potential difference of V volts is given by 

   
λ = =

h
me2

1 227
V V

. nm

  Formulae used : 
 1. Kinetic energy, K  = 1

2 2
2

2
mv p

m
=

 2. Momentum, p m= 2 K
 3. de-Broglie wavelength, λ = = =

h
p

h
mv

h
m2 K

 4. de-Broglie wavelength of an electron beam accelerated through a potential difference of V 
volts is 

    λ = =
h
me2

1 227
V V

. nm

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :
 1. de-Broglie wavelength of a body of mass m and kinetic energy E is given by.

 
(a) 

h
2mE  (b) 

h
2mE  (c) 

2mE
h  (d) 

h
mE

.



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 111

 2. What is the de-Broglie wavelength of an electron accelarated from rest through a potential difference 
of 100 volt ?

 (a) 12.3Å (b) 0.123Å (c) 1.23Å (d) None of these.
 3. Evidence of the wave nature of light cannot be obtained from :
 (a) diffraction (b) interference (c) doppler effect (d) reflection.
 4. The de-Broglie wavelength of a particle is :
 (a) proportional to its mass   (b) proportional to its energy
 (c) proportional to its momentum (d) inversely proportional to its momentum.
 5. The de-Broglie wavelength λ of a particle and its kinetic energy are related as :

 (a) λ ∝ K (b) λ ∝ K  (c) λ ∝ 1/K (d) λ ∝ 
1
K

.

 6. Which one of the following particles moving with the same velocity has longest waves associated 
with it ?

 (a) Proton (b) Neutron (c) α-particle (d) β-particle.
 7. The wavelength of de-Broglie waves associated with a moving particle is independent of its :
 (a) mass (b) charge (c) velocity (d) momentum.
 8. The momentum of a photon of wavelength λ is :

 (a) hc
λ

 (b) h
λ

 (c) 
h
cλ  (d) 

λ
h

.

 9. What is the de-Broglie wavelength associated with an electron, accelarated through a potential 
difference of 200 volts ?

 (a) 1nm (b) 0.5 nm (c) 0.0056 nm (d) 0.086 nm.
 10. What is the de-Broglie wavelength of a proton accelarated through a potential difference of 2kV?
 (a) 0.65 × 10–13 m (b) 0.65 × 10–10 m (c) 0.65 × 10–11 m (d) 0.65 × 10–20 m.
 11. What is the de-Broglie wavelength of a ball of mass 150 g moving at a speed of 50 m/s ?
 (a) 8.8 × 10–34 m (b) 8.8 × 10–30 m (c) 8.8 × 10–25 m (d) 8.8 × 10–35 m.
 12. An electron of mass m and a photon have same energy E. The ratio of de-Broglie wavelength 

associated with them is : (c is velocity of light).

 (a) 1
c

 E
2m








1 2/

 (b) E
2m








1 2/

 (c) c (2mE)1/2 (d) 1
c

2m
E








1 2/

 13. Two particles move at right angles to each other. Their de-Broglie wavelengths are λ1 and λ2 
respectively. The particles suffer perfectly inelastic collision. The de-Broglie wavelength λ of the 
final particle is given :

 (a) λ = 
λ λ1 2

2
 + 

 (b) 2
λ

 = 
1 1

1 2λ λ
 +  (c) λ = λ λ1 2  (d) 

1
2λ

 = 
1 1

1
2

2
2λ λ

 + .

 14. An electron is accelerated through a potential difference of 10,000V. Its de-Broglie wavelength 
is:

 (a) 12.27 × 10–14 m (b) 12.27 nm (c) 12.27 × 10–13 m (d) 12.27 × 10–12 m.
 15. The de-Broglie wavelength of a neutron in thermal equilibrium with heavy water at a temperature 

T (Kelvin) and mass m is :

 (a) h
mkT

 (b) 
h
mk3 T

 (c) 
2

3
h
mkT

 (d) 2h
mkT

.

 16. If the de-Broglie wavelength of an electron is equal to 10–3 times the wavelength of a photon of 
frequency 6 × 1014 Hz, then the speed of electron is equal to :

 (a) 1.45 × 106 m/s (b) 1.8 × 106 m/s (c) 1.7 × 106 m/s (d) 1.1 × 106 m/s.
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 17. Electron of mass m with de-Broglie wavelength λ falls on the target in an X-ray tube. The cut 
off wavelength of the emitted X-ray is  :

 (a) λ0 = λ (b) λ0 = 2 2mc
h

λ  (c) λ0 = 2h
mc

 (d) λ0 = 
2 2 2 3

2
m c
h

λ
.

 18. If the kinetic energy of the particle is increased to 16 times its previous value, the percentage 
change in the de-Broglie wavelength of the particle is :

 (a) 25 (b) 75 (c) 60 (d) 50.
 19. Light of wavelength 500 nm is incident on a metal with work function 2.28 eV. The de-Broglie 

wavelength of the emitted electron is :
 (a) < 2.8 × 10–9 m (b) ≥ 2.8 × 10–9 m (c) ≤ 2.8 × 10–12 m (d) < 2.8 × 10–10 m.
 20. A particle of mass 1 mg has the same wavelength as an electron moving with velocity of  

3 × 106 ms–1, the velocity of the particle is :
 (a) 2.70 × 10–18 ms–1   (b) 9.0 × 10–2 ms–1

 (c) 3 × 10–31 ms–1   (d) 2.7 × 10–21 ms–1.

Answers
 1.  (a) 2. (c) 3. (d) 4. (d) 5.  (d) 6.  (d) 7. (b) 8.  (b)
 9.  (d) 10.  (b) 11.  (d) 12.  (a) 13.  (d) 14.  (d) 15. (b) 16.  (a)
 17.  (b) 18.  (b) 19.  (a) 20.  (a)

B. 1 Mark Questions

 1. State de-Broglie hypothesis.
 Ans. According to de-Broglie hypothesis, material particles in motion displays wave like properties.
 2. What considerations led de-Broglie to suggest that material particles can also show wave property?
 Ans. (i) de-Broglie concept of nature loves symmetry and
 (ii) Matter can be converted into energy and vice-versa.
 3. Are matter waves electromagnetic? Write de-Broglie equation.
 Ans. No, matter waves are not electromagnetic. The de-Broglie equation is

   λ = 
h
mv

 = 
h
p

 4. Why are de-Broglie waves associated with a moving football not visible?
 Ans. Due to large mass of the football, the de-Broglie wavelength (λ = h/mv) associated with a moving 

football is very negligibly small, which is quite beyond measurement. Hence its waves nature is 
not visible.

 5. de-Broglie wavelength of a particle of kinetic energy K is λ. What would be the wavelength of 
the particle, if its kinetic energy were K/4?

 Ans. de-Broglie wavelength of a particle of mass m and kinetic energy K is

   λ = 
h
m2 K

  When kinetic energy is K/4,

   λ′ = 
h
m2 K /4  = 

2
2
h
mK

 = 2λ

 6. What information is derived from electron diffraction experiments?
 Ans. This experiment confirmed the existence of electron wave and electron have a wave like character.
 7. What conclusion can be drawn from G.P. Thomson’s experiment?
 Ans. Wave like behaviour of moving electrons.
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 8. What is the relation between wavelength and momentum of moving particles?

 Ans. p = h
λ

  Here p denotes momentum and λ and h represent wavelength and Planck’s constant respectively.
 9. Name a phenomenon or an experiment which proves: (i) particle nature of electromagnetic 

radiations, (ii) wave nature of particles.
 Ans. (i) Quantum theory of radiation, compton effect, photoelectric effect.
 (ii) de-Broglie hypothesis of matter waves, Davisson and Germer experiment.
 10. Show, on a graph, the nature of variation of the (associated) de-Broglie wavelength (λ), with the 

accelerating potential (V), for an electron initially at rest.

 Ans. As λ ∝ 1
V

, so the graph between de-Broglie wavelength (λ) and accelarating potential (V) is 

of the type as shown below,

V →

λ
→

 11. Which has a greater de-Broglie wavelength, a proton or an electron, moving with the same 
velocity?

 Ans. The electron has greater wavelength because it is lighter than a proton.
 12. A proton, and an alpha particle, both initially at rest, are (suitably) accelerated so as to have the 

same kinetic energy. What is the ratio of their de-Broglie wavelengths?
 Ans. de-Broglie wavelength,

    λ = 
h
p  = 

h
m2 K

  i.e., λ ∝ 
1
m

  ∴ 
λ

λα

p  = 
m
m
α

p
 = 

4m
m
p

p
. Thus, λp : λα= 2 : 1.

 13. The de-Broglie wavelengths, associated with a proton and a neutron, are found to be equal. Which 
of the two has a higher value for kinetic energy?

 Ans. λ = 
h
m2 K

  As λp = λn

  ⇒ 
h
mp p2 K

 = 
h
mn n2 K

  ⇒  mpKp = mnKn

    But mp < mn 

  ∴  Kp > Kn
  Thus, the proton has a higher value of kinetic energy.
 14. An electron and alpha particle have the same de-Broglie wavelength associated with them. How 

are their kinetic energies related to each other?
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 Ans.  K = 
p2

2m
 = h

m

2

22 λ
  as P = h

λ








   i.e., K ∝ 
1
m

   ⇒ K
K

m
m

e

eα

α= .

 15. An electron and alpha particle have the same kinetic energy. How are the de-Broglie wavelengths 
associated with them related ?

 Ans. K = p
2

2m
 = h

m

2

22 λ
  or λ = 

h
m2 K

  ⇒ λ ∝ 
1
m

  ∴ λ
λα

e  = 
m
m
α

e
.

C. 2 Marks Questions

 1. Show that the de-Broglie wavelength λ of electrons of energy K is given by the relation : 

  λ = =
h
m

h
2 K me2 V

Å

 Ans. Consider an electron of mass m and charge e. Let v be the final velocity attained by the electron 
when it is accelarated from rest through a potential different of V volts.

  K.E gained by the electron,

   K = 1
2

 mv2 = p
2

2m
  Work done on the electron = eV

  ∴  K = p
2

2m
 = eV

     p = 2mK  and λ = h
p

  ⇒  λ = 
h
p

 = 
h
m2 K

 = 
h
me2 V

 2. Show that the de-Broglie wavelength of electrons accelerated through a potential difference of V 
volts can be expressed as :

  λ = =
h
me2

12 3
V V

. Å

 Ans. An electron of charge (e) when accelarated through a potential difference of V volts has kinetic 
energy as, K = eV.

  and de-Broglie wavelength, λ = h
p

 = 
h
m2 K

  ⇒ λ = 
h
me2 V

  Now putting values, h = 6.63 × 10–34 Js
   m = 9.1 × 10–31 kg
   e = 1.6 × 10–19 C
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  ∴ λ = 
6·63 × 10

2 × 9.1 × 10  × 1.6 × 10  V

−

− −

34

31 19

    = 12·3 × 10
V

−10
 = 

12·3
V

 Å

 3. Derive de-Broglie wave equation for material particles.
 Ans. Photon of frequency v has energy,
    E = hv ...(1)  (here h denotes planck’s constant)
  Again considering photon as a particle of mass m, the energy associated with it is given by 

Einstein’s mass-energy relationship as
       E = mc2  ...(2)
  From equations (1) and (2)
    mc2 = hv

  ⇒  hc
λ

 = mc2   ∵   = v c
λ







  or λ = 
h
mc

 = 
h
p

  Where λ is the wavelength of the radiation of frequency v and p = mc, is the momentum of the photon.
 4. An electron and a proton have the same kinetic energy. Which of the two has greater wavelength? 

Justify your answer.

 Ans. We know, λ = 
h
m2 K

  As electron have the same kinetic energy,

     λe = 
h
me2 K

  λe is wavelength of electron.

     λp = 
h
mp2 K

  λp is wavelength of proton
  as  mp > me

  and  λ ∝ 
1
m

  hence  λe > λp

  ∴ Wavelength of electron is greater than wavelength of proton.
 5.  (i) What are matter waves? 
  (ii) Show how de-Broglie wavelength (λ) of moving particles varies with their linear momentum (p).
 Ans. (i)  The waves associated with moving particles of matter are called as 

matter waves.

 (ii) de-Broglie wavelength of moving particles is given by λ = 
h
p

.
  λ varies inversely proportional to p.

p

λ
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 6. de-Broglie wavelength of electrons of kinetic energy E is λ. What will be its value if kinetic 
energy of electrons is made 4E?

 Ans.   λ = h
m2 E

     ...(i)

  When kinetic energy of electron is made 4E, let the new wavelength be λ′,

   λ′ = h
m2 4E

 = 
h
m2 2 E

  Thus, λ

λ'
 = 2  or λ′ = λ

2
 7. Show that the wavelength of electromagnetic radiation is equal to the de-Broglie wavelength of 

its quantum (photon).
 Ans. The de-Broglie wavelength of a photon of electromagnetic radiation is given by
   λd = h/p    ...(i)
  where p is the momentum of the photon.
  The (kinetic) mass of a photon of electromagnetic radiation of wavelength λ is h/cλ and it travels 

with speed of light c. Therefore, the momentum of the photon is

   p = mass × velocity = h
cλ

 × c = h
λ

  Substituting in eq. (i); we get

   λd = h
h/λ

 = λ

 8. An electron and a proton have the same kinetic energy. Which one has greater de-Broglie 
wavelength? Give formula.

 Ans. λ = 
h
m2 K

  or mK = constant (as λ same)
  Since, mass of electron is less than that of proton, the electron has higher kinetic energy and it 

is moving faster.
 9. A photon and an electron have same de-Broglie wavelength (≈ 10–10 m). Compare the kinetic 

energy of the electron with the (total) energy of the photon.
 Ans. The kinetic energy of an electron of mass m moving with velocity v is

    K = 1
2

 mv2

  Its wavelength is λ = h/mv

  ∴  K = h
m

2

22 λ
  The energy E of a photon of same wavelength as of electron is

    E = hc
λ

  ∴  K
E

 = h
m c2 λ

     = 
6.6 × 10  Js

2 × (9 × 10  kg) × (10 m) (3 × 10  ms )

−

− − −

34

31 10 8 1

    = 0.012 < 1

  ∴ The kinetic energy of electron is less than the energy of photon.
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 10. A proton and an alpha particle have been accelerated through the same potential difference. 
Compute the ratio of their de-Broglie wavelengths.

 Ans. The kinetic energies of proton (charge e) and α particle (charge 2e) accelerated through V volt 
(say) are

     Kp  = 1eV and Kα = 2eV

  Thus, K
K
α

p

 = 2

  The de-Broglie wavelength of proton and α-particle are

    λp = 
h
m Kp p2

 and λα = h
m K2 α α

 11. Calculate the (a) momentum and (b) de-Broglie wavelength of the electrons accelerated through 
a potential difference of 56 V.

 Ans. For electron, mass m = 9.1 × 10–31 kg

 (a) Momentum, (p) = 2mK  = 2meV

   = 2 × 9.1 × 10  × 1.6 × 10  × 56− −31 19

   = 4.04 × 10–24 kg ms–1

  (b) de-Broglie wavelength λ = h
p

 = 6·63 × 10
4·04 × 10

−

−

34

24

   = 1.64 × 10–10 m = 0.164 nm
 12. Calculate the ratio of the accelerating potentials required to accelerate (i) a proton and (ii) an 

α-particle to have the same de-Broglie wavelength associated with them. [Given: Mass of proton 
= 1.6 × 10–27 kg; Mass of α particle = 6.4 × 10–27 kg]

 Ans. If a particle is accelerated through a potential difference V, then

   qV = 1
2

 mv2 = p
m

2

2

   or p = 2mqV

   ∴ λ = 
h
p

 = 
h
mq2 V

  As λp = λα

  or 
h

m qp p p2 V  = 
h

m q2 α α αV

  or 
V
V

p

α
 = 

m q
m qp p

α α  = 
4 2m e
m e
p

p
. Thus, Vp : Vα = 8 : 1.

 13. An α-particle and a proton are accelerated through the same potential difference. Calculate the 
ratio of liner momenta acquired by the two.

 Ans. The kinetic energy gained by an α particle when accelerated through potential difference V is

   1
2

mv2 = qV

   m2v2 = 2mqV
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  ∴ Momentum,

   p = mv = 2mqV

  ∴  
p
pp

α  = 
2
2
m q
m qp p

α αV
V

    = 
2 × 4  × 2 ×  × 

2 ×  ×  × 
m e
m e
p

p

V
V

.  Thus, pα : pp = 2 2 : 1 .

 14. In Davisson and Germer experiment, state the observations which led to 
 (i) show the wave nature of electrons, and 
 (ii) confirm the de-Broglie relation.
 Ans. (i)  Intensity of scattered electrons depends on the scattering angle φ and always shows a bump 

for φ = 50º.
 (ii) de-Broglie wavelength determined from the experiment agrees with the value determined from 

the relation,

    λ = 
h
p

 = 12.27
V

 nm.

 15. Mention the significance of Davisson Germer experiment. An α-particle and a proton are accelerated 
from rest through the same potential difference V. Find the ratio of de-Broglie wavelengths 
associated with them.

 Ans. Davission Germer experiment establishes the existence of matter waves of electrons. The kinetic 
energy gained by a charged particle when accelerated through a potential difference of V volts is 
given by

    1
2

mv2 = qV   or m2v2 = 2mqV

  ⇒ p = mv = 2mqV

  ∴ de-Broglie wavelength λ = 
h
p  = 

h
mq2 V

  For the same potential difference V,

    λ α
λ
 ( -particle)

 (proton)
 = 

m q
m q
p p

α α
 = 

m e
m e
p

p

 × 
 × 24  = 

1
2 2

  Thus, : λα : λp = 1 : 2 2
 16. Calculate the de-Broglie wavelength of (i) an electron (in the hydrogen atom) moving with a speed 

of 1/100 of the speed of light in vacuum and (ii) a ball of radius 5 mm and mass 3 × 10–2 kg 
moving with a speed of 100 ms–1. Hence, show that the wave nature of matter is important at the 
atomic level but is not really relevant at the macroscopic level.

 Ans. (i) λe = 
6.6 × 10

9 × 10  × 1  × 3 × 10

−

−

34

31 8
100

 = 2.44 × 10–10m

  (ii) λb = 
6.6 × 10

3 × 10  × 10

−

−

34

2 0
 = 2.2 × 10–34 m

  As the de-Broglie wavelength of the electron has a significant value while that of the ball is negligibly 
small, it shows that the wave nature of matter is important at the atomic level but it is not really 
relevant at the macroscopic level.
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 17. An electron and a photon each have a wavelength of 1.00 nm. Find 
  (a) their momenta,
  (b) the energy of the photon, and 
  (c) the kinetic energy of electron.
 Ans. (a) Both electron and photon have same wavelength, so they have same momentum also.

    p = h
λ

      = 
6.63 × 10
1.00 × 10

−

−

34

9  = 6.63 × 10–25 kg ms–1

  (b) Energy of a photon,

    E = hc
λ

 = 
6.63 × 10  × 3 × 10

1.00 × 10

−

−

34 8

9  = 19.89 × 10–17J

     = 19.89 × 10
1.6 × 10

−

−

17

19  eV = 1.24 × 103 eV = 1.24 keV

  (c) Kinetic energy of electron

    K = p
m

2

2
 = 

(6.63 × 10
2 × 9.1 × 10

−

−

25 2

31
)

 = 2.42 × 10–19J 

             = 2.42 × 10
1.6 × 10

−

−

19

19 ev = 1.51 eV

 18. (a) For what kinetic energy of a neutron will the associated de Broglie wavelength be  
1.40 × 10–10 m? 

 (b) Also, find the de Broglie wavelength of a neutron, in thermal equilibrium with matter, having 
an average kinetic energy of 3/2 kT at 300 K [given k = 1.38 × 10–23 JK–1].

 Ans. Given k = 1.38 × 10–23 JK–1

  (a) de-Broglie wavelength, λ = 
h
m2 K

     ∴ Kinetic energy,

   K = 
h
m

2

22 λ
 = 

(6.63 × 10 )
2 × 1.677 × 10  × (1.40 × 10 )

−

− −

34 2

27 10 2  = 6.686 × 10–21 J

   = 6·686 × 10
1·6 × 10

−

−

21

19 ev = 4.174 × 10–2 eV

 (b) K = 3
2

 kT

  ∴ λ = 
h
m2 K

 = 
h
mk3 T

    = 
6.63 × 10

3 × 1.677 × 10  × 1.38 × 10  × 300

−

− −

34

27 23
 m

    = 6·63 × 10−10

20 8.
 = 6.63 × 10−10

4 56.
 m

    = 1.45 × 10–10 m = 0.145 nm.
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 19. What is the de Broglie wavelength of a nitrogen molecule in air at 300 K? Assume that the 
molecule is moving with the root-mean-square speed of molecules at this temperature. (Atomic 
mass of nitrogen = 14.00764u and k = 1.38 × 10–23 JK–1).

 Ans. Mass of N2 molecule,
   m = 2 × 14.00764 × 1.677 × 10–27 kg = 46.5 × 10–27 kg,  T = 300K
  Average kinetic energy,

   1
2

mv2 = 3
2

 kT

  ⇒ v = 3 Tk
m

  ∴ λ = h
mv

 = 
h
mk3 T

 = 
6.63 × 10

3 × 46.5 × 10  × 1.38 × 10  × 300

−

− −

34

27 23
 m

    = 0.0276 × 10–9 m = 0.028 nm.

D. 3 Marks Questions
 1. What do you understand by wave particle duality for electromagnetic radiation. Derive the relation. 

λ =
h
me2 V

, where symbols have their usual meanings.

 Ans. The phenomena like interference, diffraction and polarisation etc., can be satisfactorily explained 
only on the basis of wave nature of light. On the other hand, the phenomena like photoelectric 
effect, compton effect etc., can be explained only in terms of quantum theory of light. i.e., by 
assuming particle nature of light. This shows that light radiation has dual nature, i.e. it sometimes 
behaves like a wave and sometimes as a particle.

  This phenomenon is known as wave particle duality for electromagnetic radiation.
  Consider an electron of mass m and charge e. Let v be the final velocity attained by the electron 

when it is accelerated from rest through a potential difference of V volts.
  K.E. gained by the electron,

     K = 1
2

 mv2 = p
m

2

2
  Work done on the electron = eV

  ∴  K = p
m

2

2
 = eV

  ∴  p = 2meV
  and de-Broglie’s wavelength,

     λ = h
p

 = h
me2 V

 2. (a) A deuteron and an alpha particle are accelerated with the same accelerating potential. Which 
one of the two has (i) greater value of de-Broglie wavelength, associated with it, and (ii) less 
kinetic energy? Explain.

 (b) A proton and a deuteron are accelerated through the same accelerating potential. Which one 
of the two has: (i) greater value of de-Broglie wavelength associated with it, and (ii) less 
momentum? Give reasons to justify your answer.
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 Ans. (a) (i) de-Broglie wavelength, λ = 
h
mq2 V

         For same V,  λ ∝ 
1
mq

         
λ
λα

d  = 
m
m
α αq
qd d

 = 
4  × 2e

 × 
m
m e
p

p2  = 2  ⇒ λd > λα

 (ii) Kinetic energy, K = qV
  for same V,  K ∝ q

  ∴ 
K
K

d

α
 = 

q
q
d

α
 = e

e2
 = 1

2
   ⇒ Kd < Kα

  (b) (i) 
λ
λ
p

d
 = 

m
m
d d

p p

q
q

 = 
2m
m
p

p

e
e

 = 2

      Hence, λp > λd for the same accelerating potential

   (ii) Momentum, p = h
λ

     As λp > λd   ⇒ pp < pd

     That is the momentum of the proton will be less than that of the deuteron.
 3. Derive the expression for the de Broglie wavelength of an electron moving under a potential 

difference of V volt.
 Ans. Consider an electron of mass m and charge e. Let v be the final velocity attained by the electron 

when it is accelarated from rest through a potential difference of V volts.
  K.E. gained by the electron,

   K =  mv2 = p
m

2

2
  work done on the electron = eV

  ∴  K = p
m

2

2
 = eV

  ∴  p = 2meV

  and de-Broglie’s wavelength,

   λ = 
h
p

 = 
h
me2 V

  Hence, the de-Broglie wavelength of an electron moving under potential is given by
  as h = 6.63 × 10–34 Js,  m = 9.1 × 10–31 kg, e = 1.6 × 10–19 C

  ∴       λ = 
6.63 × 10

2 × 9.1 × 10  × 1.6 × 10  V

−

− −

34

31 19

    = 
12·3

V
Å.
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 4. What reasoning led de-Broglie to put forward the concept of matter waves? The wavelength λ 
of a photon and de-Broglie wavelength associated with a particle of mass m, has the same value, 

say λ. Show that the energy of photon is 
2λmc
h

times the kinetic energy of the particle.

 Ans. de-Broglie put forward the bold hypothesis that moving particles of matter should display wave-
like properties under suitable conditions. He reasoned that nature was symmetrical that the two 
basic physical entities, matter and energy must have symmetrical character. If radiation shows 
dual nature so should matter.

  For a particle of mass m,

   K = p
m

2

2
 and p = h

λ

  ∴  K = h
m

2

22 λ

  Also, Ephoton = hc
λ

  ∴ 
K

Ephoton
 = h

mc2 λ

  ∴ Ephoton = 2λmc
h







 K

 5.  (i) What is de-Broglie hypothesis? 
 (ii) What conclusion can be drawn from Davisson and Germer’s experiment?
 (iii) Show that the de Broglie wavelength λ of electron of energy K is given by the relation : 

  λ =
h
m2 K

 Ans. (i) According to de-Broglie hypothesis, material particle in motion display wave like properties.
  (ii) This experiment confirmed the existence of electron wave and electrons have a wave like 

character.
  (iii) Considering electron of mass m and charge e. Let v be the final velocity attained by the 

electron when it is accelerated from rest through a potential difference of V volts.
   K. E. gained by the electron,

    K = 
1
2  mv2 = p

m

2

2
     ⇒ p = 2mK
      and de-Broglie wavelength,

    λ = 
h
p

     ⇒ λ = 
h
m2 K

 6. Derive an expression for the de Broglie wavelength associated with an electron accelerated through 
a potential V. Draw a schematic diagram of a localised-wave nature of the moving electron.

 Ans. Consider an electron of mass m and charge e. Let v be the final velocity attained by the electron 
when it is accelerated from rest through a potential difference of V volts.

  K.E. gained by the electron,

    K = 
1
2

mv2 = p
m

2

2
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  Work done on the electron = eV

  ∴ K = p
m

2

2
 = eV

    p = 2mK

  and λ = h
p

  ⇒ λ = h
p

 = 
h
m2 K

 = 
h
m2 eV

λ

  A matter wave associated with an electron of definite momentum has single wavelength and 
extends all over space.

 7. An electron microscope uses electrons accelerated by a voltage of 50 kV. Determine the de-Broglie 
wavelength associated with the electrons. If other factors (such as numerical aperture etc.) are 
taken to be roughly the same, how does the resolving power of an electron microscope compare 
with that of an optical microscope which uses yellow light? 

 Ans. Here V = 50 kV = 5 × 104 V, me = 9.11 × 10–31 kg
  K.E. of an electron,
   K = 5 × 104 eV
    = 1.6 × 10–19 × 5 × 104 J = 8 × 10–15 J
  ∴ de-Broglie wavelength of electrons is

    λ = h
m2 K

 = 
6.63 × 10

2 × 9.11 × 10  × 8 × 10

−

− −

34

31 15
m = 6·6 × 10

12·07

−11
 m = 5.5 × 10–12 m

  Wavelength of yellow light,
   λy = 5.9 × 10–7 m
  Resolving power of a microscope ∝ 1

λ

  ∴ 
Resolving power of electron microscope
Resolving power of opptical microscope

= 
λ

λ
y  

   = 
5·9 × 10
5·5 × 10

−

−

7

12  ≈ 105

  Thus, the resolving power of an electron microscope is about 105 times greater than that of an 
optical microscope which uses yellow light.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Shyam one day thought if radiation has a dual (wave particle) nature, might not the particle of nature 
(the electrons, protons etc.,) exhibit wave like character. So he consulted his physics teacher for its 
answer, who explained dual nature of matter and de-Broglie wavelength properly. 



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 124 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

 1. Name the phenomenon which explains dual nature of light. 
 Ans. Photoelectric effect and diffraction explain the dual nature of light.
 2. If the momentum of a particle is doubled, then what will its de-Broglie wavelength become? 
 Ans. Becomes half.
 3. Why is de-Broglie wave associated with the moving football not visible?

 Ans. de-Broglie wavelength (λ)∝ 1
m

  As mass of the football is considerably heavy, the de-Broglie wavelength associated with it is of 
extremely short wavelength.

Case Study 2.
Manas had knowledge that energy and momentum of an electron are related to frequency and wavelength 
of the associated matter (de-Broglie) wave by the relations, E = hν, p= h/λ. But when he heard from 
his friend Srikanth that value of λ is physically significant but the value of frequency has no physical 
significance. Srikanth explained it clearly. He said, according to de-Broglie, a particle behaves as a 
wave but it is now established that a particle cannot be equivalent to a single wave, but it is equivalent 
to a group of waves or a wave packet. As p =h/λ, so in the discussion of matter waves a wave packet 
is significant and hence only wavelength λ, is significant. As a single wave is insignificant, so phase 
velocity (velocity of a single wave, v = μλ) is insignificant and thus, frequency v is also insignificant. 
 1. State de-Broglie hypothesis. 
 Ans. According to de-Broglie hypothesis, material particles in motion displays wave like properties.
 2. Which has a greater de-Broglie wavelength, a β-particle or a proton, moving with the same 

velocity?
 Ans. β-particle has greater de-Broglie wavelength.
 3. Calculate the de-Broglie wavelength of the electrons accelerated through a potential difference of 

56 V.

 Ans. λ = = =
h
meV2

1 227
54

0 166. .nm nm
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9 Atoms

UNIT 8 : ATOMS AND NUCLEI

Summary
zz Every element is made up of atoms. Each atom is made of electrons, protons and neutrons.
zz The number of proton in an atom is denoted by Z which is also called as atomic number, number 
of electron is same as number of protons; the number of neutrons are denoted by N and the mass 
number of atom is denoted by A.
zz N = A – Z
zz Various models were given to describe the atomic structure:

 v	Thomson's Model (also known as plum pudding model)
 v	Rutherford's Model
 v	Bohr's Atomic Model
zz Thomson's Model of Atom:

According to Thomson's Atomic Model, an atom is a sphere having a uniform positive change in 
which electrons are embedded.

 v	Total positive charge is equal to the total negative charge hence, atom is electrically neutral as 
a whole.

 v	As the whole solid sphere is uniformly positively charged, the positive charge cannot come out 
and only the negatively charged electrons which are small, can be emitted.

zz Rutherford's a-particle scattering experiment:
Rutherford performed experiments on the scattering of a-particles by extremely thin gold foil and 
made the following observations:

 (i) Most of the a-particles pass through the foil.
 (ii) Some of them are deflected through small angles.
 (iii) A few a-particles are deflected through the angle more than 90°.
 (iv) A few α-particles returned back i.e. deflected by 180°.
 (v) The minimum distance from the nucleus up to which a-particle approach, is called distance 

of closest approach (ao) and ao = 1
4p∈0

 Ze2

K.E;  K.E. → Kinetic energy of a-particle.

 (vi) Number of scattered particle (N) ∝  1
sin4(q/2) 

  q → scattering angle
 (vii) Impact parameter (b): The perpendicular distance of the velocity vector (v→) of the a-particle 

from the centre of the nucleus when it is far away from the nucleus is known as the impact 
parameter

    b = 
Ze cot ( /2)

4 mv
    cot ( /2)

2

0

�
� �

πε
1
2

2







∝b

zz Rutherford's Atomic Model:
 v	Nucleus is positively charged, constitutes 10–5 times the size of atom.
 v	Size of the nucleus is 10–15 m.
 v	Electrons revolve around the nucleus in a circular orbit
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 v	He could not explain the stability of the atom.
 v	He could not explain the radiation produced due to the accelarated motion of the electron.
zz Bohr's Atomic Model:
He gave some postulates describing the motion of electron in an atom, as follows: 

 (i) The electrons revolve around the nucleus in circular orbits. Electrostatic force of attraction 
between the electron and nucleus is balanced by centripetal force.

 (ii) The radius of the orbit of an electron can only take certain fixed values such that the angular 
momentum of the electron in these orbits is an integral multiple of h/2π, h being the Planck's 
constant.

 (iii) These orbits are called stable orbits and electrons in these orbits do not emit radiation.
 (iv) An electron can make a transition from one of its orbits to another orbit having lower energy. 

In doing so, it emits a photon of energy equal to the difference in its energies in the two orbits.
	 v	Radius of nth orbit

   
r n h

Ze mn  = 
2 2

0
2

e

e

	 v	Velocity in nth orbit

   v  = Z
2

2

0
n

e
nhe  or    v  = c  n

Z
n137







 ; Here c = 3 × 108m/s

	 v	For H-atom, Z = 1
  ⇒  rn  = a0n

2

  Here a0 = 
h2ε0

πmee
2  = 0.53 Å

  ⇒	 rn ∝ n
Z

2

  ⇒	 En = 
-m Z e

h n
e

2 4

0
2 28e

   En = – 13.6 
Z
n

2

2  eV

zz Excitation Energy:
 v	Energy required to take an electron from ground state to excited state.
zz Ionization Energy of an atom:

  It is the minimum amount of energy required to be given to an electron in the ground state of that 
atom to set the electron free.
zz Rydberg Formula:

     1
λ

  = RH Z2 
1 1

1
2

2
2n n

−












   were (n2 > n1)

  λ is the wavelength of radiation emitted when electron makes a transition from n2 to n1.

zz RH = mee
4

8cε0h
3  = 1.097 × 107 m–1 

  called as Rydberg constant.
zz The transition of electrons from higher energy states or orbits to lower energy orbits results in 
various spectral series. For Hydrogen atom there are five such spectral series, these are:

 	Lyman Series 	Balmer Series 	Paschen Series
 	Brackett Series 	Pfund Series
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Name of the Series n2 n1 Region of EM Spectrum

1.   Lymen Series 2, 3, 4, .........∞ 1 Ultraviolet region

2.  Balmer Series 3, 4, 5, ..... ∞ 2 Visible region

3.  Paschen Series 4, 5, 6, ... ∞ 3 Infrared region

4.  Brackett Series 5, 6, 7, .....∞ 4 Infrared region

5.  Pfund Series 6, 7, 8, .....∞ 5 Infrared region

zz Wavelength (λ) = 
n n

n n
n
n
n

1
2

2
2

2
2

1
2

1
2

1
2

2
21

 
R

 = 
R−( ) −











zz Maximum wavelength:
n1 = n and n2 = n + 1

λmax = n n
n

2 2

2
 + 1

  1 R
( )
+( )

v Minimum wavelength:
n1 = ∞ and n1 = n
λmin = n2

R 

zz Drawbacks of Bohr's Atomic Model:
(i) It is valid only for one electron atoms, e.g., H, He+, Li2+.

(ii) Orbits were taken as circular orbit but according to Sommerfield these are elliptical.
(iii) Intensity of spectral lines could not be explained.
(iv) Nucleus was taken as stationary but it also rotates on its own axis.
(v) It could not explained the fine structure of spectral line.

(vi) This could not explain Zeeman effect (splitting of spectral lines in magnetic field) and Stark 
effect (splitting up in electric field).

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. What is the kinetic energy of the electron in first excited state of hydrogen atom?
(a) –3.4 eV (b) 13.6 eV (c) 3.4 eV (d) 1.52 eV

2. The radius of the innermost electron orbit of a hydrogen atom is 5.3 × 10–11 m. What is the radius 
of 3rd orbit?
(a) 2.12 × 10–10 m (b) 4.77 × 10–10 m (c) 3.42 × 10–10 m (d) 4.77 × 10–11 m

3. In Rutherford scattering experiment the distance of closest approach of an a-particle is d0. If we 
swap a particle with a proton how much KE in comparison to a-particle will it require to have 
the same distance of closest approach? (Ka denotes kinetic energy of a particle)

(a) 2ka (b) ka (c) 1
2Ka (d) (2)2 Ka

4. In the Bohr model of the hydrogen atom, let R, v and E represent the radius of the orbit, the speed 
at the electron and the total energy of the electron respectively which of the following quantity 
is proportional to the quantum number n?
(a) R/E (b) E/V (c) RE (d) VR
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 5. If scattering particles are 84 for 90° angle then what will be this at 60° angle?
 (a) 224 (b) 98 (c) 336 (d) 256
 6. Hydrogen atom in its ground state is excited by radiation of wavelength 975 Å. How many lines 

will be there in its emission spectra?
 (a) 2 (b) 6 (c) 4 (d) 8
 7. What is the impact parameter of a 5 MeV particle scattered by 90° when it approaches a gold 

nucleus?
 (a) 2.27 × 10–14 m (b) 2.27 × 10–14 cm (c) 4.94 × 10–4 m (d) 2.27 × 10–19 m
 8. What happens to the scattering angle when impact parameter increases?
 (a) Scattering angle decreases  (b) Scattering angle increases
 (c) Scattering angle remains unaffected (d) Can't be said
 9. From Geiger–Marsden experiment, we found out that the number of scattered particles falling on 

unit area of screen is not proportional to
 (a) the thickness of the foil
 (b) the square of the nuclear charge of the scattering material
 (c) the scattering angle q
 (d) mass of the α nucleus
 10. An alpha particle is scattered through 25′ on passing through a thin copper foil (Z = 29), the 

energy of the particle is 12 MeV, then what is impact parameter?
 (a) 1.569 × 10–9 m (b) 1.569 × 10–14 m (c) 9.25 × 10–15 m (d) 1.39 × 10–15 m
 11. Electron of a hydrogen atom is revolving in the orbit having energy –13.6 eV. What is the orbital 

radius?
 (a) 15.3 × 10–9 m (b) 5.3 × 10–11 m (c) 17.3 × 10–11 m (d) 5.3 × 10–9 m
 12. What is the shortest wavelength in Balmer series of hydrogen atom?
 (a) 3637Å (b) 4537Å (c) 2387Å (d) 5537Å
 13. What is the energy of 3rd excited state of doubly ionised lithium atom (Li2+)?
 (a) –30.6 eV (b) –15.6 eV (c) –13.6 eV (d) –7.65 eV
 14. What is the energy of the photon emitted during transition of electron from n = 3 to n = 2 state 

in a singly ionised helium atom?
 (a) 7.56 eV (b) 1.89 eV (c) 17 eV (d) 3.78 eV
 15. The shortest wavelength of Lyman series is 1/R of hydrogen atom, what is the ratio of shortest 

wavelength of Balmer series to that of the shortest wavelength of Lyman series?
 (a) 4 : 1 (b) 1 : 4 (c) 3 : 2 (d) 2 : 3
 16. With increasing quantum number n, the difference between adjacent levels
 (a) increases (b) decreases (c) remains constant (d) data insufficient
 17. An electron of hydrogen atom is revolving in the state having energy –3.4 eV. What is the angular 

moment of the electron in that state?

 (a) 
h

2p  (b) 4h
2p  (c) 2h

2p  (d) 3h
2p 

 18. In an atom the two electrons move around the nucleus in circular orbits of radii R and 4R. The 
ratio of the time taken by them to complete one revolution is

 (a) 
1
4  (b) 4

1  (c) 8
1  (d) 18 

 19. In Bohr model of hydrogen atom the ratio of periods of revolution of an electron in n = 2 and  
n = 1 orbit is

 (a) 2 : 1  (b) 4 : 1  (c) 8 : 1 (d) 16 : 1
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 20. Some energy levels of a molecule are shown in the figure. The ratio of the wavelength r = λ1

λ2
 is 

given by:

 (a) r = 4
3  (b) r = 2

3  

 (c) r = 3
4  (d) r = 1

3 

Answers
 1. (c) 2. (b) 3. (c) 4. (d) 5. (c) 6. (b) 7. (a) 8. (a) 9. (d) 10. (b)
 11. (b) 12. (a) 13. (d) 14. (a) 15. (a) 16. (b) 17. (c) 18. (d) 19. (c) 20. (d)

B. 1 Mark Questions
 1. Which experiment led us to the discovery of atomic nucleus? 
Ans. Rutherford's a-particle scattering experiment.
 2. Define impact parameter. 
Ans. Impact parameter is the perpendicular distance of the velocity vector of the a-particle from the 

central line of the nucleus, when particle is far away from the nucleus.
 3. Write down the conclusion of Rutherford's a-particle scattering experiment.
Ans. Rutherford concluded that there is a central massive positively charged core, called as nucleus 

inside every atom.
 4. Write down the relation between impact parameter b and scattering angle q.

 Ans. b = 
1

4 0πε
.
Ze2

2
 cot q

E  = 
1

4 0πε
.
Ze2

2

2
1
2

 cot 

 

q

mv

 5. For a projectile of given energy, what happens to the impact parameter if we decrease the scattering 
angle?

Ans. Impact parameter will increase.
 6. Write down the formula of distance of closest approach and explain every term. 

Ans. Distance of closest approach = r0 = 
1

4 0πε
. 4Ze

mv

2

2
  Ze is the charge of the nucleus
  2e is the charge of a-particle and m is the mass of the a-particle 
 7. The ionisation potential of an atom is 14.2 eV. Calculate series limit in its absorption spectrum. 

Ans. λ = 
hc
eV  = 

6 6
1 6
.

.
 × 10  × 3 × 10

 × 10  × 14.2

34 8

19

-

-  = 871.5Å = 87.15 nm

 8. Draw a graph to show the variation of impact parameter with the scattering angle. 
Ans. 

cot q
2
 

Im
pa

ct
 p

ar
am

et
er

– E

– 3E

– 2E

– 4
3

E
λ2

λ1
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 9. What happens to radius of an orbit of a hydrogen atom, if the electron is replaced by a particle 
which is 200 times heavier? 

Ans. Radius of an orbit, r ∝ 1
m 

   r׳ be the new radius

   r'
r  = 1

200m   1
m 

   r' = r
200 

  The radius decreases to 1
200  of the original radius.

 10. What do you mean by stationary orbits? 
Ans. According to Bohr, these are the discrete orbits in which electron can revolve around nucleus 

without radiating energy. 

 11. State Bohr's quantization condition. 
Ans. Angular moment L,

  L = mvr = nh
2p 

 12. Name the spectral series of hydrogen spectrum which lies in the visible region of the EM 
spectrum. 

Ans. Balmer Series
 13. What is the angular momentum of an electron in 4th orbit of an atom? 

Ans. L = nh
2p = 4h

2p  = 2h
p

  

 14. Potential energy of an electron in an excited state of a hydrogen atom is –6.8 eV. What is its 
kinetic energy and total energy? 

Ans. Potential energy  = 2 × total energy
    – 6.8  = 2 × total Energy
  ⇒ total energy = – 3.4 eV
  K.E. of Electron = – total energy
     = – (–3.4) = 3.4 eV
 15. Which force balances the centripetal force experienced by electron while revolving around nucleus 

in circular orbits? 
Ans. Electrostatic force of attraction between electron and nucleus.

C. 2 Marks Questions
 1. What is the difference between Rutherford's model and Bohr atom model? 
Ans. According to Rutherford Model electrons can revolve in any orbit and can emit radiations of all 

frequencies, while revolving in it, but Bohr model permits only radiations of definite frequencies 
and that itself only when the electron makes a transition from a higher energy orbit to lower 
energy orbit.

 2. In a Geiger-Marsden experiment, what is the distance of closest approach to the nucleus of a  
7.7 MeV a-particle before it comes momentarily to rest and reverses it's direction? 

Ans. Here K = 7.7 MeV = 7.7 × 1.6 × 10–13J
    Z (Au) = 79
  At the distance of closest approach of an a-particle

    K = 1
2 mv2 = 1

4pε0

 . Ze.2e
r0

 ⇒ r0 = 1
4πε0

 . 2Ze2

K
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    = 
9 1 6

7 7

9 2
 × 10  × 2 × 79 ×  × 10

 × 1.6 × 10

19

13

.

.

−

−

( )
 = 29.5 × 10–15m ≈ 30 fm

 3. An a-particle of energy 4 MeV is scattered by gold foil (Z = 79). Calculate the maximum volume 
in which positive charge of the atom is likely to be concentrated.  

Ans. The distance of closest approach = r0 = 2kZe2

K ;  k = 1
4πε0

 

   = 
2 9 10 79 1 6

4

9 2
× × × ( )−

−

 ×  × 10

 × 1.6 × 10

19

13

.
 = 5.688 × 10–14m

  Required volume, V0 = 4
3 pr0

3 = 7.7 × 10–40m

 4. What is impact parameter? How does it influence the trajectory of an a-particle scattered by heavy 
nucleus? What is the value of impact parameter for a head on collision? 

Ans. The impact parameter is defined as the perpendicular distance of the velocity vector of the 
a-particle from the centre of the nucleus, when it is far away from the atom.

 	For large impact parameters, the a-particle passes almost undeflected.

q

b  Nucleus
Impact parameter b 
and scattering angle q

	 	For small impact parameter the a-particle is scattered through large angle.
 	For a head on collision, when the α-particle just aims at the centre of the nucleus, the impact 

parameter b = 0, scattering angle q = 180°, the a-particle is reversed back along its original 
path. 

 5. The number of particles scattered at 60° is 256 per minute in an a-particle scattering experiment, 
using gold foil, determine the number of particles per minute scattered at 90° angle. 

Ans. Number of a-particles scattered at an angle q,

  N ∝ 
1

2
4sin θ






 i.e, N = K

sin4
2
θ






  K = proportionality constant

 \   
N90°

N60°

  = 
sin

sin

4

4

60
2

90
2

°







°







  ⇒ N90° = 
sin
sin

4 30° 
45°4  × N60° = 

1
2
1
2













4

 × 256

 ⇒    N90° = 64 paticles min–1

 6. What is the maximum number of spectral lines which can be emitted 
when an electron makes a transition from 3rd excited state to ground 
state? 

Ans. For 3rd excited state n = 4
  For ground state n = 1
  Therefore, the possible transitions are

  ni = 4 to nf = 3, 2, 1
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  ni = 3 to nf =  2, 1
  ni = 2 to nf = 1
  Total 6 lines.

 7. The radius of the innermost electron orbit of a hydrogen atom is 5.3 × 10–11m. What are the radii 
of the n = 2 and n = 3 orbits? 

Ans. Given,
   r1 = 5.3 × 10–11m
   rn = n2r1
   r2 = 22 × 5.3 × 10–11 = 2.12 × 10–10 m
   r3 = 32 × 5.3 × 10–11 = 4.77 × 10–10 m
 8. The wavelength of the second line of the Balmer series in the hydrogen spectrum is 4861 Å. 

Calculate the wavelength of the first line.
Ans. Here for first line of Balmer series
   ni = 3 and nf = 2

   1
λ1

 = R 
1
2

1
32 2−











  = 5

36 R

  For 2nd line of Balmer series
   ni = 4 and nf = 2

   1
λ2

 = R 
1
2

1
42 2−











  = 3

16 R

   
λ1
λ2

 = 3
16 × 36

5  = 27
20

   λ1 = 27
20 × λ2 = 27

20 × 4861 = 6562 Å

 9. What is the speed of electron in n = 3 orbit of He+ ion? 
Ans. Given  n = 3,  Z = 2

  v  = 2pkZe2

nh  = 
2 1 6

3

9 2
 × 3.14 × 9 × 10  × 2 ×  × 10

 × 6.6 × 10

19

34

. −

−

( )
 = 1.46 × 106 m/s

 10. Write down the drawbacks of Thomson's and Rutherford atomic model.
Ans. Drawbacks of Thomson Model:
 (i) It could not explain the origin of several spectral series in the case of hydrogen and other 

atoms.
 (ii) It failed to explain the large angle scattering of a-particles in Rutherford's experiment.
 Drawbacks of Rutherford Atomic Model:
 (i) Rutherford's model cannot explain the stability of an atom.
 (ii) In Rutherford's model, an electron can revolve in orbits of all possible radii. So it should emit 

a continuous spectrum. But an atom like hydrogen always emits a discrete line spectrum
 11. Draw a schematic diagram of arrangement of the Geiger-Marsden experiment. How did the scattering 

of a-particles by a thin foil of gold provide an important way to determine the size of the nucleus?
Ans. Geiger-Marsden experiment

D

G
q

M

S
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  Rutherford's scattering experiment can be used to find an upper limit to nuclear dimensions. As an a 
particle approaches nucleus for a head on collision, it will suffer scattering. At the instant of closest 
approach the initial kinetic energy of the particle will be completely converted into electric potential 
energy and this distance of closest approach is considered as approximately the radius of nucleus.

 12. Show that the speed of an electron in the ground state orbit (i.e. n = 1) of H-atom is 1
137 times 

the speed of light in vacuum. 
Ans. Orbital speed of electron is

    v = 2pkZe2

nh
  For hydrogen Z = 1, therefore,

    v = 2pke2

nh  = 
2 k 2p e
ch











c
n    ⇒ v = α c

n

  The quantity α = 2pke2

ch , is a dimensionless constant and is called fine structure constant.

    α = 
2 1 6

3

9 2
p × 9 × 10  ×  × 10

 × 10  × 6.63 × 10

19

8 34

. −

−

( )
 = 1

137   

  \	 	 v =  1
137 . c

n

  For ground state i.e., 1st orbit n = 1

  \  v = c
137 

 13. Describe Thomson's model of an atom.
Ans. Thomson's Model of an atom: Thomson proposed that an atom is a sphere of positively charged 

matter with electrons embeded in it. The positive charge is uniformly distributed over the entire 
atom. The electrons are arranged inside the continuous positive charge as similar to the seeds in 
a watermelon on the plums in a pudding.

  This is why this model is also referred as plum pudding model. The electrons are arranged in such 
a manner that their mutual repulsion are balanced by their attractions with the positively charged 
matter.

  Thus, the atom as a whole is stable and neutral.
 14. (a) In an experiment on α-particle scattering by a thin foil, draw a plot showing the number of 

particles scattered versus the scattering angle q.
  (b) Why is it that a very small fraction of the particles is scattered at q > 90°?
 Ans. (a) 

N
o.

 o
f 

pa
rti

cl
es

 s
ca

tte
re

d,
 

N
(q

)

Scattering angle q (in degrees)
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  (b) A few α-particles, about 1 in 8,000 get deflected through 90° or more, to explain this Rutherford 
suggested that all positive charge and mass of the atom is concentrated in very small region, 
called the nucleus of the atom.

 15. A beam of α-particles of velocity 2.1 × 107 ms–1 is scattered by a gold foil (Z = 79). Find the distance 
of closest approach of the a-particle to the gold nucleus. The value of charge/mass for a-particle is  
4.8 × 107 C/kg–1. 

Ans. At the distance of closest approach,
  Electrostatic P.E = Initial K.E of a particle

  1
4pε0

 × Ze2e 
r0

 = 1
2 mv2

 \    ro = 2
4pε0

 . Ze
v2  2e

m  = 2 × 9 × 109 × 
79

2 1
2

 × 1.6 × 10

 × 10

19

7

−

( ).
 × 4.8 × 107 = 2.5 × 10–14m

 16. An a-particle after passing through a potential difference of 2 × 106 V falls on a silver foil (Z = 47)
  Calculate :
 (i) the kinetic energy of the α-particle at the time of falling on the foil.
 (ii) the kinetic energy of the α-particle at distance of 5 × 10–14 m from the nucleus? 

 Ans. (i) Charge on a-particle, q = 2e
   V = 2 × 106V
   K.E of α-particle
   K.E = qV = 2 × 1.6 × 10–19 × 2 × 106 = 6.4 × 10–13J
  (ii) Charge on silver nucleus = Ze = 47e
   P.E. of the a-particle at a distance of 5 × 10–14m from the silver nucleus

      = 1
4pε0

  × 
47
5

e e × 2
 × 10 14-  

      = 
9 1 6

5

9 2
 × 10  × 94 ×  × 10

 × 10

19

14

. −

−

( )
  = 4.3 × 10–13J

   So, 4.3 × 10–3 J, of K.E. gets converted into P.E
    \ K.E. of the a-particle at a distance 5 × 10–14 m from silver nucleus 
      = 6.4 × 10–13 – 4.3 × 10–13 = 2.1 × 10–13J
 17. Write the expression for first Bohr's radius and ground state energy of a muonic hydrogen atom. 

(muonic atom is an atom in e–   is replaced by a negatively charged muon (µ–) of mass about 207 
me orbits around a proton.)

Ans. From Bohr's postulate we know, 

  r ∝ 1
m and E ∝ m

 So, rµ ∝ 1
mµ

    ... (i)

  re ∝ 1
me

    ...(2)

 Dividing (1) and (2)

  
rµ
re 

 = 
me
mµ 

 = 
me

207me 

  ⇒ rµ = 1
207  × re
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   = 1
207  × 0.53 × 10–10 m = 2.5 × 10–13m

  Eµ ∝ mµ	 	 	 	 	 	 ....	 (3)
  Ee ∝ me      ... (4)

  Dividing (3) by (4) 

  Eµ

Ee

 = mµ

me

 = 
207me

me

  = 207

 \	 Eµ = 207 Ee  = – 207 × 13.6 eV = – 2.8 keV

 18. Find out how the de Broglie wavelength associated with the electron orbiting in ground state 
of H-atom would change when it jumps to the first excited state. What is the energy of photon 
absorbed during this transition?

Ans. de–Broglie wavelength is given by

  λ  = h
mv  = 

h
2mE

  ⇒ 
λ0

λ2 
 = E

E
2

0

 Here λ0 and λ2 are the de-Broglie wavelength of e– ground state (E0) and first excited state (E2) 
respectively

  En = E0

n2 Here E0 = = – 13.6 eV

 So for 1st excited state, n = 2

   E2  =  E0

4

    λ0

λ2

  = 1
4

 = 1
2

  \ λ2  = 2λ0

  Now energy of photon absorbed = E2 – E0 = –13.6
4  – (– 13.6) = 10.2 eV

 19. The energy difference between nth state and ground state of hydrogen atom is 10.2 eV. If the 
wavelength of photon associated with the transition between these states is 487.5 nm. Find

  (i) Energy of (n + 3)th state?
  (ii) Radius of (n + 3)th state?
Ans. Energy of an electron in the nth orbit of hydrogen atom

   = En = –13.6
n2  eV 

    E1  = – 13.6 eV, E2 = – 3.4 eV, E3 = –1.51 eV

 Clearly E2 – E1 = – 3.4 – (– 13.6)  = 10.2 eV
  ⇒  n = 2

  (i) n + 3 = 2 + 3 = 5

    E5  = –13.6
52  eV = 0.54 eV

  (ii) Radius of nth state of hydrogen atom
   rn = 0.53 × n2Å
   rn + 3 = 0.53 × 52Å = 0.53 × 25Å = 13.25Å
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 20. (a)  What is the wavelength of photon generated during transition of electron from higher excited 
level to lower excited level of hydrogen atom?

  (b) Calculate the ratio of energies of photons produced during transition of electron of hydrogen 
atom from its

   (i) 2nd permitted energy level to the first energy level (E1)
   (ii) Highest permitted energy level to the 2nd permitted energy level.
Ans. (a) The wavelength of photon generated during transition is given by

   1
λ

 = R 1 1
2 2n ni f
−













   ni →	 higher excited state/Initial state
   nf →	 lower excited state/final state

  (b) We know  E = hc
λ

  = Rch
λ

  1 1
2 2n nf i
−












 

   (i)  E1 ∝ 1
1

1
22 2−












    ⇒	E1 ∝

3
4

   (ii) E2 ∝ 
1
2

1
2 2−
∞













     E2 ∝ 1
4 

     E1

E2

 = 3/4
1/4   ⇒ Thus, E1 : E2= 3 : 1.

 21. An electron in H-atom makes transition from 3rd excited state to ground state, Justify how the 
de Broglie wavelength associated with electron will change? 

 Ans. En = 
E0

n2 

  Where En = Energy of the excited state
    E0 = Energy of the ground state

     E4 = 
E0

42 = 
E0

16 

     
E4

E0

  = 1
16   ⇒ 

λ4

λ1

 = E
E

 = 1

4

16
1

 = 4  ⇒ λ4 = 4λ1.

D. 3 Marks Questions
 1. Explain alpha particle scattering experiment and write down the conclusions drawn from its 

observations.
Ans. Rutherford used the a-particles emitted from radium. The experimental arrangement was done as 

shown below.

 
 A narrow beam of α-particles were made to pass through a gold foil of thickness about  

10–4 mm. The scattered a-particles strike the fluorescent screen F. This produced flash of lights, 
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which could be observed using a microscope M. The angle of deflection q is measured, this 
angle is known as angle of scattering.

 Observations: 
  (i) Most of the a-particles pass straight through the gold foil or suffer only small deflection.
  (ii) A few a-particles, about 1 in 8,000 get deflected through an angle 90° or more.
  (iii) Occasionally, an a-particle gets rebounded from the gold foil, suffering a deflection of nearly 

180°.
 Conclusions: 

  (i) As most of the a-particles pass straight through the foil, so most of the space inside the 
atoms must be empty.

  (ii) To explain large angle scattering of a-particles, Rutherford suggested that all the positive 
charge and the mass of the atom is concentrated in a very small region called the nucleus 
of the atom.

  (iii) The nucleus is surrounded by cloud of electrons whose total negative charge is equal to the 
total positive charge on the nucleus so this explains the neutrality of the atom in whole.

 2. (i) What is the distance of closest approach?
  (ii) Explain how scattering of a-particles led to the estimation of the size of the nucleus.
  (iii) An a-particle of kinetic energy 10–12 joule exhibits back scattering from a gold nucleus  

(Z = 79). What can be the maximum possible radius of the gold nucleus? 
 Ans. (i) In Rutherford’s experiment of a-particle scattering, an a-particle approaches the atom. At 

certain distance r0 from the nucleus, the a-particle stops for a moment and then begins 
to retrace its path, i.e., it is scattered through an angle of 180°. This distance r0 is called 
the distance of closest approach. At this distance r0, the entire initial kinetic energy of the 
a-particle gets converted into electrostatic potential energy.

   Initial kinetic energy of a-particle, Ka = 1
2 mv2

   Electrostatic P·E of a-particle and nucleus at distance r0 = K 2Ze2

r0

  
   At distance r0,
   Ka = Electrostatic P·E

   Ka = 1
2 mv2 = K·2Ze2

r0

  

  \ r0 = 2KZe2

Ka

 = 4KZe2

mv2  

  Here, K = 1
4pε0

 = 9 × 109 Nm2 C–2

 (ii) Clearly, the radius of the nucleus must be smaller than r0.
  In Rutherford’s experiment, a-particles of energy 5.5 MeV were used.
  \ Ka  = 5.5 MeV = 5.5 × 1.6 × 10–13J 
    Atomic number of gold, Z = 79

    \	 r0  = 2KZe2

Ka

 = 2 × 9 × 10  × 79 × 1.6 × 10

5.5 × 1.6 × 10

9 19 2

13

−

−

( )  = 4.13 × 10–14m = 41.3 fm

    This distance is considerably larger than the sum of the radii of the gold nucleus and the 
a-particle. The radius of a nucleus is of the order of a fermi, where 1 fermi (fm) = 10–15m.  

 (iii) r0 = 2KZe2

Kα

  = 
2 × 9 × 10  × 79 × 1.6 × 10

10

9 19 2

12

−

−

( )

    = 3.64 × 10–14m
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 3. (a) Using Bohr’s postulates, obtain the expression for
 (i) Radius
 (ii) Velocity
 (iii) and energy of the nth orbit.
  (b) Draw the energy level diagram showing how the line spectra corresponding to Balmer series 

occur due to transition between energy levels.
 Ans. (a) According to Bohr’s theory, a hydrogen atom consists of a nucleus with a positive charge Ze, 

and a single electron of charge –e, which revolves around it in circular orbit of radius r. Here 
Z denotes the atomic number and for hydrogen Z = 1.

   The electrostatic force of attraction between the nucleus and the electron is

    F = KZe·e
r2   = KZe2

r2   
   To keep the electron in its orbit, the centripetal force on the electron 

must be equal to the electrostatic attraction.

   \   mv2

r   = KZe2

r2  

    or  mv2 = KZe2

r3           ...(1)

    or   r = KZe2

mv2           ...(2)

   Where m is the mass of the electron and v, its speed in an orbit of radius r.
   Bohr’s quantisation condition for angular momentum is

    L = mvr = nh
2p  or r = nh

2pmv        ...(3)

   From equations (2) and (3) we get

    KZe2

mv2  = nh
2pmv      or   v = 2pKZe2

nh        ...(4)   

   Substituting this value of v in equation (3) we get

     r = nh
2pm · nh

2pKZe2    ⇒ r = n2h2

4p2mKZe2    ...(5)

   Energy of the electron:
   It includes the electron’s kinetic energy and the electrostatic potential energy of the two charges
   Kinetic energy of the electron in nth orbit is

    K·E =  1
2 mv2 = KZe2

2r   (from Eq (1)) 

   Potential energy of the electron in nth orbit is

    PE = K q1q2

r  = K 
( )( )Ze e

r
-

 = – KZe2

r    

   Hence, total energy of the electron in nth orbit is 
    En  = K·E + P·E

     =  KZe2

2r  – KZe2

r  = – KZe2

2r   = – KZe2

2  · 
4 mK2 2

2 2
p Ze
n h

   (from Equn 5)

    En = -2 mK2 2 4

2 2
p Z e
n h

2
              ...(6)

+Ze
e–, mr

Nucleus

Bohr model of H-atom
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  (b) For Balmer Series 

   v = R 1
2

1
2

2
2−











n

 , n2 = 3, 4, 5, ............

 
 

 4. State Bohr’s postulates.
 Ans. Bohr's postulates:
 (i) The positive charge in an atom is concentrated at the centre of the atom. The electrons revolve 

around the nucleus in certain circular orbits known as stationary orbits. The centripetal force on the 
electron is balanced by the electrostatic force of attraction between the nucleus and the electron.

 (ii) The permitted orbits are those in which the angular momentum is an integral multiple of h
2p, 

where h is the Planck’s constant. If m is the mass of electron, v is the velocity of the electron 

in radius r orbit, then mvr = nh
2p. This is known as Bohr’s quantisation condition. 

 (iii) When an electron revolves in its permitted orbit it does not radiate any energy.
 (iv) Electrons radiate energy only when it makes a transition from a higher energy orbit to a 

lower energy orbit.
   Let E1 and E2 be the energies of the two permitted state.  (E2 > E1)
   The frequency of radiation emitted is hv = E2 – E1

     ⇒	v = E E2 1-
h

. This is called  as Bohr's frequency condition.

 5. (i) Write the drawbacks of Bohr’s atomic model.
  (ii) What does the negative value of the energy signify?
 Ans. (i) Drawbacks of Bohr's Atomic Model:
  (a) Bohr could not give sufficient reason why only circular orbits are possible.
  (b) In the case of hydrogen, most of the spectral lines contain more than one line.
  (c) He could not explain the intensity of spectral lines.
  (d) Bohr considered electron as a particle only and he could not explain the wave nature of 

electron.
  (e) Also he could not explain the distribution of electrons in different orbits and how much 

time an electron spends in any orbit.
  (ii) The negative sign shows that the nucleus and electron are bound by electrostatic force of 

attraction and that energy must be supplied to detach an electron and is called binding energy 
of the electron.

 6. Explain the origin of the various spectral series of hydrogen atom using Bohr's theory.
 Ans. According to Bohr’s theory, the wave number can be written as follows,

 v = R 
1 1

1
2

2
2n n

−












 Where R = 
2 mK e

ch

2 2 4

3
p

, is the Rydberg constant and value of R is 1.0973 × 107 m–1. The above 

equation is the Rydberg formula for the spectrum of hydrogen atom. This formula indicates that the 
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radiation emitted by the excited hydrogen atom consists of certain specific wavelengths or frequencies, 
the value of which depends on principle quantum number n1 and n2. Here n1 is the final energy level 
where electron will land after transition and n2 is the initial state from which electron jumps.

Spectral Series

 The various series of hydrogen spectrum is originated when electron jumps from n2 to n1 as follows:

  (i) n2 = 2, 3, 4, ............ to n1 = 1

   Here, v = 1
λ

 = R 
1
1

1
2

2
2−











n
, n2 = 2, 3, 4, ............

   These set of spectral lines called as Lyman series which lies in ultraviolet region.

  (ii) n2 = 3, 4, 5 ............ to n1 = 2

   Here v = 1
λ

 = R 
1
2

1
2

2
2−











n

 

   These set of spectral lines called as Balmer series, which lies in visible region.

  (iii) n2 = 4, 5, 6, .............. to n1 = 3

   Here v = 1
λ

 = R 
1
3

1
2

2
2−











n

   These set of spectral lines called as Paschen series, which lies in infrared region.
  (iv) n2 = 5, 6, 7, .............. to n1 = 4

   Here v = 1
λ

 = R 
1
4

1
2

2
2−











n

   These set of spectral lines called as Brackett series that lies in infrared region.

  (v) n2 = 6, 7, 8,  .............. and n1 = 5

   Here v = 1
λ

 = R 
1
5

1
2

2
2−











n

   These set of spectral lines called as pfund series which lies in infrared region.
 7. Explain Rutherford atomic model. 
Ans. Rutherford's model of an atom:
  On the basis of the a scattering experiment, Rutherford proposed an atomic model, the features 

of his atomic model:
 (i) An atom consists of small and densed central core in which the entire positive charge and 

almost the whole mass of the atom are concentrated. This is called as nucleus.
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 (ii) The size of the nucleus (≈10–15m) is very small as compared to the size of atom (≈10–10m). 
 (iii) The nucleus is surrounded by a suitable number of electrons so that their total negative charge is 

equal to the total positive charge on the nucleus and the atom as a whole is electrically neutral.
 (iv) The electrons revolve around the nucleus in various orbits just as planet revolve around the 

sun. The centripetal force required for their revolution is provided by the electrostatic attraction 
between the electrons and the nucleus.

 8. (i) What is Bohr's quantization condition?
  (ii) Show that the circumference of the electron in the nth orbital state in hydrogen atom is n-times 

the de-Broglie wavelength associated with it.
  (iii) The energy level of an electron in an excited atom is – 3.4 eV. Calculate the angular momentum 

associated with this energy level?
 Ans. (i) Bohr's quantisation condition states

    L = mvrn = nh
2p 

  (ii) L = mvrn = nh
2p

    mvrn = nh
2p

    2prn = nh
mv 

   But h
mv = de Broglie wavelength (λ) 

    2prn = nλ
   From the above expression, it is concluded that the circumference of nth orbit is exactly  

n tines of the de-Broglie wavelengths.
 (iii) The energy of an electron in the nth orbit is

   En = –13.6
n2  eV

  Here En = –3.4 eV  

   – 3.4 eV = –13.6
n2  eV 

   n2 = 13.6
3.4

 = 4  ⇒ n = 2

  By Bohr's quantization condition

   mvr =  nh
2p 

   L = 2
2

34 × 6.63 × 10
 × 3.14

-
 = 2.1 × 10–34 Js

 9. Show that the radius of nth orbit in hydrogen atom is directly proportional to n2 and the energy 
of the nth orbit is inversely proportional to n2?

Ans. According to Bohr’s Atomic Theory, electrons revolve around the nucleus in circular orbits. Here 
the electrostatic force of attraction is balanced by the centripetal force

    mv2

r  = kZe2

rz  

 or  mv2 = kZe2

r           ... (1)
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 or   r = kZe2

mv2           ... (2)  

 Here m is the mass of the electron and v, its speed in an orbit of radius r
 Bohr’s quantization condition for angular momentum is

   L = mvr = nh
2p  

   r = nh
2pmv    ...(3)

 From eqn (2) and (3),

   kZe2

mv2  = nh
2pmv  

 ⇒ V = 2pkZe2

nh    ...(4)

 Substituting this value of v in eqnn (3), we get

   r = nh
2pm nh

2pkZe2
  

  ⇒ r = 
n2h2

4p2mkZe2   ... (5) 

  Hence, r ∝	n2

  Now,
   From Eqn (1)

   K.E. = 1
2

mv2  =  
kZe2

2r    

  Potential energy of the electron in nth orbit

   P.E. = K q1q2
r  = k Ze e

r
( )( )-  = – kZe2

r  

  Hence, total energy of e– in nth orbit is
   En  =  K·E + P·E

        = kZe2

2r  – kZe2

r  = – kZe2

2r  = –kZe2

2  
4 2

2 2
p mkZe
n h

2
 [using equation (5)]

   En  = -2 2

2 2
p mk Z e
n h

2 2 4
   and hence, En ∝ 1

n2    

 10. (i) Which series of the hydrogen spectrum lies in the ultraviolet region?
  (ii) Hr line corresponds to transition between which two states? What is the energy difference 

between these two states?
  (iii) If the angular momentum of the system is conserved, what would be the angular momentum of 

such Hr pattern?
 Ans. (i) Balmer series
  (ii) Hr in Balmer series corresponds to transition from n = 5 to n = 2. So the electron in ground 

state n = 1 must first be put in state n = 5.
   Energy required for this = E1 – E5 = 13.6 –0.54 = 13.06 eV
  (iii) As angular momentum is conserved,
   angular momentum of photon = change in angular momentum of e–
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     = L5 – L2 = 5h
2p – 2h

2p = 3h
2p 

     = 3.18 × 10–34 kg m2s–1

E. Case Study Based Questions [3 Marks]

Case Study 1.
Rutherford’s atomic model was a reasonably good model of structure of atom based on the famous 
particle scattering experiment. However it was modified by Niels Bohr and later on by others. The 
resulting improvements in the understanding of atomic structure have contributed to further scientific 
advancement. There are many examples in scientific field when original contributors happily accept 
modifications in their ideas.
 1. Write down one drawback of Rutherford’s atomic model.
Ans. Rutherford's atomic model could not explain the stability of an atom.
 2. What is Bohr’s quantization condition?
Ans. According to Bohr's theory, only such orbits are permissible for the motion of an electron around 

the nucleus in which the angular momentum of an electron is angular multiple of h/2π.

     L = mvr = nh
2π

 3. Write one limitation of Bohr’s atomic theory.
Ans. In the spectrum of hydrogen, certain spectral lines are not single lines but a group of closed lines 

with slightly different frequencies. Bohr's theory could not explain these fine structure of the 
hydrogen spectrum.

Case Study 2.
Rutherford and his team performed the gold foil experiment that provided a new insight into the structure 
of an atom. Their findings were not recognised by the scientific community in that period of time. Still 
this did not deter them from making further path breaking discoveries in the field of Physics.
 1. On what factor does the shape of trajectory of scattered α-particle depend?
Ans. The shape of the trajectory of scattered α-particles depends on (i) impact parameter and (b) nature 

of the potential field encountered by the α-particle.
 2. Draw the graph showing the relationship between the number of alpha-particles scattered and the 

angle of scattering
Ans. 
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 3. Why did Rutherford experiments require nuclear model of the atom?
Ans. Nuclear model was needed to explain large angle scattering of α-particles.
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Case Study 3.
The spectral series of hydrogen atom were accounted for by Bohr using the relation v = R

1 1

1
2

2
2n n

�
�

�
��

�

�
��

where R = Rydberg constant = 1.097 × 107 m–¹.
Lyman series is obtained when an electron jumps to first orbit from any subsequent orbit. Similarly, 
Balmer series is obtained when an electron jumps to 2nd orbit from any subsequent orbit, Paschen series 
is obtained when an electron jumps to 3rd orbit from any subsequent orbit. Whereas Lyman series lies 
in U.V. region, Balmer series is in visible region and Paschen series lies in infrared region. Series limit 
is obtained when n2 = ∞.
 1. What is the wavelength of first spectral line of Lyman series?

Ans. From, v = 
1 1 1

1
2

2
2�

� �
�

�
��

�

�
��R

n n
  n1 = 1, n2 = 2 for first spectral line of Lyman series

   

1 1 097 10 1
1

1
2

3 1 097 10
4

7
2 2

7
1

�
� � ��

�
�

�
�
� �

� � �. . m

   λ = 1215.4 Å

 2. What is the wavelength limit of Lyman series?
Ans. For wavelength limit, n2 = ∞

	 	 \	 1 1 097 10 1
1

17
2 2�

� � �
�

�
�
�

�
�
�.

   λ = 911.6Å
 3. Calculate the frequency of first spectral line of Balmer series.
Ans. For first line of Balmer series, n1 = 22, n2 = 3

   

v c Rc
n n

� � �
�

�

�
�

�

�

�
�
� �

�
1 1 4 57 10
1
2

2
2

14. Hz

.



14 Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination

GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

To view Sample or Purchase of Books 
www.goyal-books.com/mtpx

www.goyal-books.com/mtpx

Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

https://www.goyal-books.com/mtpx


Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

O

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

To view Sample or Purchase of Books 
www.goyal-books.com/mtpx

www.goyal-books.com/mtpx

Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

https://www.goyal-books.com/mtpx


GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 145

Summary
zz Nucleons : The constituents of nucleus i.e, the protons and neutrons which are present in the nuclei 
of the atoms are collectively known as nucleons.
zz Atomic Number : The number of protons present in the nucleus of an atom is called the atomic 
number. It is denoted by Z.
zz Mass number : The number of nucleons present in a nucleus is called the mass number of the 
element. It is denoted by A. Number of protons in an atom = Number of electrons in an atom  
= Z (Since the atoms are electrically neutral). Number of nucleons in an atom = A. Number of 
neutrons in an atom = N = A – Z.
zz Nuclear mass : Sum of mass of all the protons and neutrons present in a nucleus is called the 
nuclear mass.
zz Nuclide : It is a specific nucleus of an atom characterized by its atomic number Z and mass number A.  

It is written as Z
A X ; where X = chemical symbol of the element, Z = atomic number, and A = mass 

number.
zz Isotopes : The atoms of an element, which have the same atomic number but different mass number 
are called isotopes. E.g., 1

1H and 1
2H

zz Isobars : The atoms that have different atomic number but have the same mass number are called 
isobars. . E.g., 

1
3H and 2

3He
zz Isotones : The nuclides that have the same number of neutrons are called isotones. E.g., 17

37Cl  
and 19

39K .

zz Atomic mass unit (amu) : One twelfth of the mass of one 6
12C atom is defined as atomic mass unit. 

Its value is given by 1 amu = 1.660565 × 10–27 kg = 931 MeV.
zz Electron volt (eV) : Electron volt is the amount of energy acquired by an electron when it is 
accelerated through a potential difference of 1 volt and is denoted by eV. 1eV = 1.602 × 10–19 J.
zz Relation between size of nucleus and mass number : It is found that the radius r of a nucleus is 
proportional to the cube root of its mass number. R = R0A1/3; where R0 = 1.2 × 10–15 m = 1.2 fermi.
zz Nuclear density : The density of a nucleus is independent of the size of the nucleus.
zz Discovery of neutrons : Chadwick in 1932 discovered neutron. When he bombarded alpha particle 
on beryllium nuclei, highly penetrating radiations were emitted, which consisted of neutral particles, 
each having mass nearly equal to the mass of the protons. These particles were called neutrons. 
Neutrons have more penetrating power as compared to that of protons. Free neutrons are unstable.
zz Nuclear forces : The strong attractive forces which hold protons and neutrons together in a tiny 
nucleus are called as nuclear forces. These are short range forces which operate over of distances 
of about 2-3 fm from a nucleon. The nuclear force does not depend on the charge of the nucleus. 
It is an exchange force and it is a non-central force.
zz Mass defect : The difference between the rest mass of a nucleus and the sum of the rest masses 
of its constituent nucleons is called its mass defect. It is given by

Δm = Zmp + (A − Z)mn−m

10 Nuclei
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zz Binding energy : It is the energy required to break up a nucleus into its constituent protons 
and neutrons and to separate them to such a large distance that they may not interact with each 
other. It may also be defined as the surplus energy which the nucleons give up by virtue of their 
attractions when they become bound together to form a nucleus. The binding energy of a nucleus 

Z
A X is given by

B.E. = [ZmH + (A−Z)mH − m]c2.
zz Binding energy per nucleon : It is the average amount of energy required to remove one nucleon 
from the nucleus. It is obtained by dividing the binding energy of a nucleus by its mass number.

B.E.
A

Z A Z
A

H H=
+ − −[ ( ) ]m m m c2

In the mass number range, A = 30 to 170, the binding energy per nucleon is nearly constant, about 
8 MeV per nucleon. This suggests nuclear forces are short range forces.
zz Packing fraction : The packing fraction of a nucleus is defined as its mass defect per nucleon.

P.F. of a nucleus = Mass defect / Mass number
It relates the availability of nuclear energy and the stability of the nucleus.
zz Einstein’s Mass energy relation : According to this relation a particle having mass m even at rest 
possesses a large amount of energy, which is given by equation,

E = mc2

zz Pair production : When an energetic γ-ray photon falls on a heavy substance. It is absorbed by 
some nucleus of the substance and an electron and a positron are produced. This phenomenon is 
called pair production. For pair-production it is essential that the energy of photon must be at least 
2 × 0.51 = 1.02 MeV. If the energy of photon is less than this, it would cause photoelectric effect 
or Compton effect on striking the matter.
zz Pair-annihilation : It is the converse phenomenon pair production. Whenever an electron and a 
positron come very close to each other, they annihilate each other by combining together and two 
photons (energy) are produced. This phenomenon is called pair annihilation

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. The ratio of radii of nuclei 27
13Al and 125

52 Te is approximately
(a) 3 : 5 (b) 1 : 4 (c) 1 : 5 (d) 2 : 1

2. The nuclear mass of 26
56Fe is 55.85 amu. What will be its nuclear density? 

(a) 2.9×1017 kg m–3   (b) 3.15×1017 kg m–3 
(c) 2.9×1019 kg m–3   (d) 3.15×1019 kg m–3

3. The natural boron is composed of two isotopes of 
5

10B  and 
5

11B . The two isotopes have masses 

10.003 amu and 11.009 amu respectively. Find the relative abundance of 5
10B  isotope of boron 

if the atomic mass of natural boron is 10.51 amu. 
(a) 80.22% (b) 56.23% (c) 43.77% (d) 19.78%

4. When 92
235U undergoes fission 0.1% of its original mass is changed into energy. How much 

energy is released if 1 kg of 92U235 undergoes fission?
(a) 9 ×1010 J   (b) 9 ×1013 J
(c) 9 ×1011 J   (d) 9 ×1012 J
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 5. The masses of neutron and proton are 1.0087 amu and 1.0073 amu respectively. If the neutrons 
and protons combine to form a helium nucleus (alpha particle) of mass 4.0015 amu. The binding 
energy of the helium nucleus will be [1 amu = 931Mev] 

 (a) 20.8 MeV (b) 28.4 MeV (c) 27.3 MeV (d) 14.2 MeV

 6. The nuclei 6
13C and 

7
14N are

 (a) isotones   (b) isobars 
 (c) isotopes of carbon   (d) isotopes of Nitrogen
  7. Binding energy of nucleus is of the order of
 (a) electron volt (eV)   (b) kilo-electron volt (keV) 
 (c) mega electron volt (MeV)  (d) joule (J)
  8. The minimum energy of gamma-ray photon for pair production is :
 (a) 1.02 eV (b) 1.02 keV (c) 1.02 MeV (d) 1.02 µeV
 9. The most stable nuclei are :
 (a) odd-even (b) odd-odd (c) even-even (d) even-odd
  10. The stability of nucleus is decided by its 
 (a) Binding-energy   (b) Binding energy per nucleon 
 (c) Number of nucleons   (d) No. of protons
  11. What is the energy equivalent of 1 amu in MeV ? 
 (a) 931.5 MeV (b) 1.02 MeV (c) 0.51 MeV (d) 981.5 MeV
  12. With the increase in mass number of a nucleus, the binding energy per nucleon : 
 (a) goes on decreasing   (b) goes on increasing 
 (c) remains same   (d) first increases, then decreases
  13. Which one of the following is not a property of nuclear force? 
 (a) It is the strongest interaction force. (b) It is independent of charge. 
 (c) It is dependent on spin of the particle. (d) It is a central force.
 14. Pair-productions means : 
 (a) annihilation of γ-ray into an electron and a positron
 (b) ejection of electron from a metal surface illuminated by ultraviolet light 
 (c) ejection of electron from a nucleus
 (d) ionization of a neutral atom
 15. The binding energy per nucleon of deuteron (2

1H) and Helium nucleus (4
2He) is 1.1 MeV and 7 

MeV respectively. If two deutron nuclei react to form a singal helium nuclei, then the energy 
released is

 (a) 13.9 MeV (b) 26.9 MeV (c) 23.6 MeV (d) 19.2 MeV
 16. The binding energy per nucleon of O16 is 7.97 MeV and that of O17 is 7.75 MeV. The energy 

(in MeV) required to remove a neutron from O17 is
 (a) 3.52 (b) 3.64 (c) 4.23 (d) 7.86
  17. The curve of binding energy per nucleon against mass number has a sharp peak for helium nucleus. 

This means the helium nucleus:
 (a) is very stable   (b) is radioactive
 (c) is easily fissionable   (d) none of these
 18. Atoms of an element differing in mass though possessing the same chemical properties are called:
 (a) isotones (b) isotopes (c) isobars (d) isomers
 19. The atomic number of an atom is
 (a) number of protons in the nucleus of the atom
 (b) number of neutrons in the nucles of the atom
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 (c) number of nucleons in the nucleus of the atom
 (d) number of protons plus electrons in the atom
 20. Isobars have:
 (a) Same number of protons   (b) Same number of neutrons
 (c) Same number of nucleons  (d) None of these

Answers
 1. (a) 2. (a) 3. (d) 4. (b) 5. (b) 6. (a) 7. (c) 8. (c) 9. (c) 10. (b)
 11. (a) 12. (d) 13. (d) 14. (a) 15. (c) 16. (c) 17. (a) 18. (b) 19. (a) 20. (c)

B. 1 Mark Questions

 1. What is the order of magnitude of nuclear mass density?
 Ans. 1017 kgm–3 
 2. How is the radius of a nucleus related to its mass number A?
 Ans. R = RoA1/3

 3.  Define atomic mass unit.

 Ans. 1 atomic mass unit =
1

12
th  of the mass of 6

12 C atom.

 4.  What is Einstein’s mass-energy relation?
 Ans. When m mass is converted into energy in any process, the energy obtained is given by
  Einstein’s mass energy relation, that is
    E = mc2

 5.  Define isotopes and give examples.
 Ans. Isotopes are the atoms of an element having same atomic number but different mass number.

  e.g., 1
1

1
2

3
6

3
7H  and  H ; Li  and  Li 

 6.  What will be the ratio of the radii of two nuclei of mass numbers A1 and A2?

 Ans. R
R

A
A

1

2

1

2

1
3

=






 7.  Define isobars and give examples.
 Ans. Isobars are the atoms having the same mass number but different atomic number.
  e.g., 

1
3

2
3

17
37

16
37H  and  He;  Cl  and  S 

 8.  What is the relation between number of protons (Z), number of nucleons (A) and number of 
neutrons (N) present in a nucleus?

 Ans. A = Z + N
 9.  A nucleus consist of protons as well as nucleus in a very small space. How is it possible when 

the protons repel each other?
 Ans. It is possible because the nuclear forces binding the protons and neutrons, and protons and protons  

are short range, charge independent and strongly attractive forces.
 10.  Which is the largest stable nucleus?
 Ans. Lead
 11.  How many times is the nuclear force stronger than the electrostatic force?
 Ans. 100 times
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 12.  What do you mean by the term ‘mass defect’ of a nucleus? How is it related with its binding 
energy?

 Ans. The difference between the rest mass of the nucleus and the sum of the rest masses of its constituent 
nucleons is called its mass defect.

  It is written as,
   ∆m = Zmp + (A – Z)mn – m
   B.E. = ∆m × C2

 13.  How are binding energy per nucleon and stability of nucleus are related?
 Ans. Larger the binding energy per nucleon, more stable is the nucleus.
 14. Among electron, proton, neutron and alpha particle, which particle is unstable?
 Ans. Neutron is unstable.
 15.  Write an equation representing the decay of a neutron.

 Ans. 0
1

1
1

1
0n e    H   +    +    → − υ

 16.  Write any two characteristic properties of nuclear forces.
 Ans. (i) Nuclear forces are short range forces.
  (ii) They are the strongest force in nature. 

 17.  Write the number of protons and neutrons in 56
141Ba .

 Ans. Number of proton = Z = 56
  Number of neutrons = A – Z = 144 – 56 = 88 
 18.  The value of one unified atomic mass unit is 1.66 × 10–27 kg. Calculate the mass of one atom 

of 12C in kilogram.

 Ans. 1 amu = 1
12

th mass of one atom of 6
12 C

  Mass of one atom of 6
12 C

   = 12 amu = 12 × 1.66 × 10–27 kg
   = 1.992 × 10–26 kg
 19.  In the nuclear decay reaction 1

1
0
1H → +n q

pX , find p, q and hence identify x.
 Ans. By conservation of mass, p = 1 – 1 = 0
  By conservation of charge, q = 1 – 0 = 1

  \ X = 1
0e  i.e, is a positron. 

 20.  The binding energies of deuteron and alpha particle are 1.25 and 7.2 MeV/nucleon. Which nucleus 
is more stable? 

 Ans. The binding energy per nucleon decides the stability of the nucleus. Larger the binding energy 
per nucleon, more stable is the nucleus. Hence a-particle is more stable than deutron as it has 
larger binding energy per nucleon.

C. 2 Marks Questions

 1.  What do you mean by isotopes ? How is it different from isobars? 
 Ans. The atoms of an element which have the same atomic number but different mass number are called 

isotopes, where as the atoms which have the same mass number but different atomic number are 
called as isobars.

  e.g., 
1
1

1
2H and  H   are isotopes, but 

1
3

2
3H   and     He   are isobars.

 2.  What is packing fraction? What its physical significance in relation to nuclear stability?
Ans. Packing fraction of a nucleus is defined as its mass defect per nucleon. Thus

  Packing fraction (P.F.) of a nucleus = 
Mass defect

Mass number
 = M

A
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  If P.F. is positive, then the nucleus is unstable.
  If P.F. is negative, then the nucleus is stable. The P.F. directly relates the availability of nuclear 

energy and the stability of nucleus. 
 3.  What are the constituents of nucleus? Why electrons cannot be a part of a nucleus?
Ans. The nucleus constitutes of proton and neutrons. Electrons cannot be a part of nucleus because of 

the fact that the de-Broglie-wavelength of electrons is larger than the size of the nucleus.
 4.  Explain the term one atomic mass unit and electron volt.

Ans. One atomic mass unit is defined as 
1

12
th of the actual mass of carbon –12 atom.

  Electron volt is defined as the energy acquired by an electron when it is accelerated through a 
potential difference of 1 volt and is denoted by 1eV.

 5.  State Einstein’s mass-energy equivalence relation. What is the relation between amu and Mev?
Ans. The Einstein’s mass energy equivalence relation is written as E = mc2

  This relation shows that the energy content of an object is equal to its mass times the square of 
the speed of light.

  When,
    m = 1 amu = 1.66 × 10–27 kg
    c = 2.998 × 108 ms–1

    E = 1.66 × 10–27 × (2.998 × 108)2 J

   =
× × ×

×

−

−
1.66 10

1.602 10
eV

27 8 2

19
2 998 10( . ) = 931 MeV

    \1 amu = 931 Mev
 6.  Why are nuclear forces called as saturated forces? Give an instance to support this.
Ans. A nucleon interacts only with its nearest neighbouring nucleons. It does not interact with the 

nucleons not in direct contact with it. That is why they are called as saturated forces.
  The fact that binding energy per nucleon is same over as wide range of mass numbers support 

the statement that nuclear forces are saturated forces.
 7.  Write the relation between radius of nucleus and mass number. Prove that the nuclear density is 

independent of mass number of the nucleus.
Ans. The radius R of a nucleus is proportional to the cube root of mass number. It can be written as, 

   R A∝
1

3

   ⇒ R = R0A1/3     ...(i)
  R0 is a constant, which is of the order of the range of nuclear force.
  Let A be the mass number, and R be the radius of a nucleus. If m is the average mass of a 

nucleon, then
   mass of nucleus = mA

  Volume of nucleus =
4
3

πR3

   = 
4
3

4
3

1
3

3
3π πR A R A0 0







 =    (using (i)   

  \ Nuclear density

    ρ
π π

nu
m

= = =
Mass of nucleus

Volume of nucleus
A

R A R
m

4
3

3
4

0
3 0

3   ...(ii)

  Equation (ii) clearly indicates ρnu is independent of A.
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 8.  What do you mean by rest mass? State the law of mass-energy conservation.
Ans. The mass of a particle measured in a frame of reference in which the particle is at rest, is called 

as rest mass and is denoted by m0.
  The law of conservation of mass-energy states that the sum of the mass-energy of a system of 

particles is the same before and after their interaction.
 9.  Define binding energy per nucleon. Give its mathematical expression.
Ans. The binding energy per nucleon is the average energy required to extract one nucleon from the 

nucleus. It is obtained by dividing the binding energy of a nucleus by its mass number.
  The expression for binding energy per nucleon can be written as

   


E = E
A

 =
m A Z X c

BN
B H Z

AZ m mn+ − − ( )





( ) 2

A

  Where EB is binding energy of a nucleus.
 10.  What is mass defect of a nucleus? Express it mathematically.
Ans. The difference between the rest mass of a nucleus and the sum of the rest mass of its constituent 

nucleus is called its mass defect. It is written as 
   Dm = Zmp + (A – Z)mn – m.

  Where mp, mn and m are the rest masses of proton, neutron and the nucleus Z
A X respectively.

 11.  Give any two difference between nuclear force and electrostatic force.
 Ans.

Nuclear Force Electrostatic force
1.  It is a short range force. 1.  It is a long range force.
2. It is a non-central force. 2.  It is a central force.
3. It does not depend on charge of the particles. 3.  It depends on the charge of the particles.

 12.  How much energy will be created if 1.0 g of matter is destroyed completely? How much 
kilowatthour energy will be obtained by it?

Ans. According to Einstein’s mass-energy relation
   DE  = Dmc2
  Given,
   Dm  = 1g = 1 ×10–3 kg
   c  = 3 ×108 ms–1

   DE  = Dmc2 = 1 ×10–3 × (3×108)2 J (or Ws) = 9×1013 J (or Ws)

   1 second  = 
1

3600
hour  

   ⇒ 1 kW = 1000 W  ⇒ 1 W = 10–3 kW

   DE  = 9×1013 ×10–3 × 1
3600

kWh = 2.5×107 kWh.

 13.  What is meant by pair production? Explain with the help of an example and a balanced equation.
Ans. Pair production is a process in which energy is converted into mass. For example, when a photon 

(γ) with energy higher than 1.02 MeV falls on a heavy substance, it is absorbed by the nucleus 
of the substance and loses its identity. Now the energy of the photon which disappears give rise 
to the production of an electron and a positron.

  The balanced equation is written as :

 hυ β β
γ

=
− +

° °
1 1

  +
-photon electron positron( ) ( ) ( )
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 14.  What is meant by pair annihilation? Write a balanced equation for the same.
Ans. Pair annihilation is the process in which mass (of the electron positron pair) converts into energy. 

The balanced equation for pair annihilation is written as

 −
°° +

+1 1
2β β   =

electron positron photon

hv
( ) ( ) ( )

 15.  Two stable isotopes of lithium 3
6

3
7Li and Li have respective abundances of 7.5% and 92.5%. These 

isotopes have masses 6.01512 u and 7.01600 u respectively. Find the atomic mass of lithium.
Ans. Masses of isotopes,  m1 = 6.01512u  m2 = 7.01600 u
  Percentage of isotopes,  P1 = 7.5%  P2 = 92.5%

   Average atomic mass = 
P P

P P
1 1 2 2

1 2

m m+
+ = 

7 5 6 01512 92 5 7 01600
7 5 92 5

. . . .
. .

× + ×
+

 = 6.941u

 16.  Give the relation between atomic number (A), mass number (Z) and number of nucleons (N). 
How many electrons, protons and neutrons are there in a nucleus of atomic number 11 and mass 
number 24.

Ans. A = Z + N   ⇒ N = A – Z
  No. of electron in nucleus = 0
  No. of protons in nucleus = Z = 11
  No. of neutrons in nucleus = A – Z = 24 – 11 = 13
 17. Define mass defect of a nucleus. How is it related with binding energy of nucleus? Write the 

expression for mass defect. 
 Ans. The difference in the sum of the mass of nucleons in a nucleus and the mass of the nucleus is 

massdefect. The energy equivalent of mass defect is binding energy.
  Dm = (mass of proton + mass of neutron) – mass of the nucleus
  Dm = Zmp + (A – Z) mn – MN

  Where Mp, Mn and MN are masses of proton, neutron and mass of nucleus respectively. 

 18. What do you mean by isotope? Are the nuclei 3
7

3
4X and Y isotopes of the same element? Why? 

Which one is likely to be more stable? Why? 
 Ans. Isotopes are the atoms of an element which have the same atomic number but different mass 

number.

  Yes, 3
7

3
4X and Y  are isotopes of the same element as both nuclei have atomic number 3. Hence 

they represent the same element Li.

  3
7 X  is more stable than 3

4 Y  because the former has greater number of neutrons resulting in greater 
nuclear force to overcome electrostatic repulsion between protons.

 19.  What are the important properties of neutrons?
 Ans. Properties of neutrons
  (i) Neutron is an elementary particle present in the nuclei of all elements except hydrogen.
  (ii) Neutron has no charge.
  (iii) Neutron has mass slightly more than that of proton.
   mn = 1.00866 amu = 1.6749 × 10–27 kg
  (iv) Being neutral, they do not interact with electrons.
   So, neutrons have low ionising power.
 20.  What do you mean by binding energy per nucleon? A heavy nucleus X of mass number A = 

240 and binding energy per nucleon = 7.6 MeV is split into two nearly equal fragments Y and 
Z of mass numbers A1 = 110 and A2 = 130. The binding energy of each one of these nuclei is  
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8.5 MeV per nucleon. Calculate the total binding energy of each of the nuclei X, Y and Z hence 
the energy Q released per fission in MeV.

 Ans. The binding energy per nucleon is the average energy required to extract one nucleon from the 
nucleus. It is obtained by dividing the binding energy of a nucleus by its mass number.

 
E = Binding energy

Atomic number
 =

Zm A Z X
bn

H Z
A+ − − ( )





( )m mn cc2

A
  the nucleus X has 240 nucleons

   Binding energy of nucleus X = 240 × 
Binding energy
Atomic number

  

    = 240 × 7.6 MeV = 1824 MeV

   Binding energy of nucleus Y = no. of nucleon in Y nuclei × Binding energy
Atomic number

  

    = 110 × 8.5 MeV = 935 MeV

   Binding energy of nucleus Z = no. of nucleon in Z nuclei ×
Binding energy

nucleon
  

    = 130 × 8.5 MeV = 1105 MeV
  Energy released per fission   
   = Sum of binding energy of products – sum of binding energy of reactants
    = (935 + 1105) MeV – 1824 MeV = 216 MeV
 21.  How are protons which are positively charged, held together inside a nucleus? Draw a graph 

between potential energy of a pair of nucleons as a function of their separation.What does negative 
potential energy shown in figure signify?

 Ans. Protons are held together in a nucleus by very strong attractive nuclear force. This force is stronger 
than the electrostatic repulsion between protons.

Positive region

0.8 fm 10 fm
x

r (fm)

Negative
region

100

100

P
E

(M
e

V
)

  The negative potential energy indicates that the nuclear forces are attractive.
 22.  What are nuclear forces? What are its properties?
 Ans. Nuclear forces are the strong attractive forces acting between the protons and neutrons present 

inside the tiny nucleus. They bind the protons and neutrons together.
  Properties of nuclear forces are :
  (i) Nuclear forces are the strongest attractive force. 
  (ii) They show saturation effect.
  (iii) They are short range forces effective upto 2-3 fermi from a nucleon.
  (iv) They have charge independent nature.
  (v) They are non-central forces. 
 23.  Draw a graph and explain the variation of potential energy of a pair of nucleons as a function of 

their separation.
 Ans. The graph of potential energy of a pair of nucleons as a function of their separation ‘r’ is as 

shown below.
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Graph of P.E. of a pair of nucleons as a 
function of their separation ‘r’

Positive region

0.8 fm 10 fm
x

r (fm)

Negative
region

100

100

P
E

(M
e

V
)

  (i) The potential energy (P.E.) is minimum at a distance ro. = 0.8 fm.
  (ii) For r < r0, the P.E. increases rapidly with decreasing r. It indicate a strong repulsive nuclear  

force. 
  (iii) For r > r0, the P.E. gradually decreases to zero with increasing r. It indicates attractive nuclear  

force. The attraction is maximum at r0 = 0.8 fm.
  (iv) For r = 4 fm the nuclear force becomes zero indicating nuclear force is a short range force.
  (v) Negative sign of potential energy indicates the nuclear force is attractive.
 24.  Write Einstein’s mass energy relation. What does it signify? How would the binding energy of 

nucleus change if the speed of light were half of its present value?
 Ans. Einstein’s mass energy relation is written as 
   E = mc2

  where, E = energy of the particle
   m = mass of the particle
   c = speed of light
  It expresses equivalence between mass and energy. According to this equation, a particle even at 

rest, possesses enormous amount of energy because of its mass.
  The bindings energy of a nucleus = mass defect (Dm) × c2

  Here c = speed of light.

  when c becomes c
2

, 

  Binding energy of nucleus reduces to one fourth of the binding energy of nucleus when speed of 
light was ‘c’.

 25.  Draw a graph showing the variation of binding energy per nucleon with mass number for a large 
number of nuclei. What does it indicate about nuclear forces?

 Ans. The graph of binding energy per nucleon is shown below :

0 50 100 150 200 250
0

2

4

6

8

10

Mass Number (A)

E /A
(MeV)

B

3H

2H

6Li

14N

14O4He

12C

16O
32S

56Fe 100Mo 127I
184W 197An 238U
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  The constancy of binding energy per nucleon over a wide range of mass number 30<A<170 
indicates that

  (i) Nuclear force is a short range force.
  (ii) Nuclear force shows saturation effect.
 26.  What is the relation between radius of nucleus and mass number? Show that the nuclear mass 

density is nearly constant (that is, independent of A). Obtain approximately the ratio of the nuclear 
radii of the gold isotope 

79
197Au and the silver isotope 47

107Ag . What is the approximate ratio of 
their nuclear mass densities?

 Ans. Relation between radius of nucleus (R) and mass number (A) is given by

   R A∝
1
3

   R R A0=
1
3

  Where Ro is a constant
   R0 = 1.1 × 10–15 m
   Mass of a nucleus = mA
   where m is the average mass of a nucleon.

  Volume of a nucleus = 4
3 πR3

   = 4
3 π ( )R A0

1
3 3  =  4

3 πR0
3A

  Density of nucleus = 
Mass of nucleus

Volume of nucleus  = mA
4
3 πR0

3A
 = m

4
3 πR0

3

  It clearly indicates that density of nucleus is independent of A
  ⇒  As R = R0 A1/3; where R0 = 1.1 × 10–15 m

   
R

R
79
197

79
107

197
107

1 23
1
3Au

Ag

( )
( )

= 





 = .

  As nuclear density is independent of mass number or we can say size of nucleus

   

Density of nucleus

Density of nucleus

R
79

197

47
107

0
34

3

4

Au

Ag
=

m

m

π

33

1

0
3πR

= .

 
 

D. 3 Marks Questions

 1. Define Binding energy. Give relation between binding energy and mass defect. Calculate mass 
defect and binding energy per nucleon of 10

20Ne given mass of 10
20Ne =19.992397 u, 

  mass of 1
1H = 1.007825 u, mass of 0

1 n = 1.008665 u. 
 Ans. Binding Energy : It is defined as the amount of energy required to break up a nucleus into its 

constituent nucleon i.e., proton and neutrons and to separate them to such large distances that 
they cannot interact with each other.

  The binding energy is defined as the surplus energy which the nucleons give up by virtue of their 
attractions when they become bound together to form a nucleus i.e.,
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   B.E = mass defect × c2

   B.E.= ∆m × c2

  Mass defect = mass of nucleons – mass of nucleus

  Here in 10
20Ne , number of neutrons = 10

   number of protons = 10

   mass of proton 1
1H( )= 1.007825 u

   mass of neutron 0
1 n( )= 1.008665 u

   mass of nucleus 10
20 Ne( )  = 19.992397

  \ Mass defect = 10 × m 1
1H( )  + 10 × 0

1 n( )  – m 10
20 Ne( )

   = 10 × 1.007825u + 10 × 1.008665 – 19.992397
    ∆m = 0.172503 u
  Binding energy B.E. = 0.172503 × 931 MeV = 160.600 MeV

  Binding energy per nucleon = B.E.
A

 = 
160.600

20
 = 8.03 MeV.  

 2.  Obtain an expression for binding energy.
 Ans. Expression for binding energy (Eb).
  The nucleus 

Z
A X contains Z protons and (A – Z) neutrons.

  It mass defect is
   Dm = Zmp + (A – Z)mn –MN ...(1) 
  Where mn is the nuclear mass of Z

A X . From Einstein’s mass energy equivalence, the binding 
energy of the nucleus is

   DEb = Dm × c2 = (Z mp + (A – Z)mn – MN)c2 ...(2)

   MN = m meZ
A X Z( )( ) −( )  where me is the mass of electron ...(3)

  Put (3) in (2)
   

 E m c Zm m m Z mb p n Z
A

e= × = + − − ( ) −{ }





2 ( ) ( )A Z X

   = Z m m A Z m mp e n Z
A( ) ( )+ + − − ( )



X

  But the mass of mp + me = mH (i.e. mass of hydrogen atom)

  \
E Zm A Z m m cb n Z

A= + − − ( )



H X( ) 2

  Binding energy per nucleon is the energy required to extract one nucleon from the nucleus. It is 
given as

  


E E Zm A Z m m c
bn

b n Z
A

= =
+ − − ( )





A

X

A
H ( ) 2

  3.  Explain pair production and annihilation. Show that energy required to produce electron and 
antielectron is 1.02 MeV by γ photon.

 Ans. Pair production is a process in which energy is converted into mass. For example, when a photon 
(γ) with energy higher than 1.02 MeV falls on a heavy substance, it is absorbed by the nucleus 
of the substance and loses its identity. Now the energy of the photon which disappears gives rise 
to the production of an electron and a positron.
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  The balanced equation is written as : hυ β β

γ

=
− +

° °
1 1

  +
-photon electron positron( ) ( ) ( )

  Pair annihilation is the process in which mass (of the electron-positron pair) converts into energy. 
The balanced equation for pair annihilation is written as

   − +
° ° =

1 1
2β β υ  +

electron positron photon

h
( ) ( ) ( )

  The equation representing pair production is given by hυ β β

γ

=
− +

° °
1 1

  +
-photon electron positron( ) ( ) ( )

  This equation follows Einstein’s mass-energy relation. So for this process to occur energy of γ 
photon should be atleast equal to sum of rest mass energy of electron and positron.

  Therefore hv = 2moc2 (Here mo is the rest mass of electron)
   = 2moc2  (rest mass of electron and positron are same

   = 2 × 9.1 × 10–31 × (3 × 108)2 J = 
16 4 10

1 6 10
1 02

14

13
.

.
.×

×
=

−

−
J

MeV

MeV
 4.  Describe how Chadwick discovered neutrons. Is neutron a stable particle when isolated? 
 Ans. In 1932, Chadwick bombarded beryllium nuclei with a-particles (extracted from radioactive 

polonium source) and observed highly penetrating rays coming out of beryllium atom. These 
radiations could not be defleted by electric and magnetic fields suggesting these particles were 
chargeless but it had mass as it was highly penetrating.

  The set up used by Chadwick is as shown below :
Vacuum Beryllium

Window

Polonium
Leaf
block

Paraffin
slab

Proton detector

p

p

p

p

n

n
n

nn

n

α
α

α

  An isolated neutron is unstable as it spontaneously decays into proton, electron and antineutron 
(an elementary particle with zero charge and zero rest mass) with a mean life of about 1000s.

  0
1

1
1

1
0n H e Q → + + +− υ

 5.  Define binding energy. How the bonding energy per nucleon explains the stability of nucleus?
 Ans. The amount of energy required to break up a nucleus into protons and neutrons and to separate 

them to such large distances that they cannot interact with other is called as binding energy of 
the nucleus. 

  Depending on binding energy per nucleon of nuclei the nucleus undergoes nuclear fission or 
fusion. If heavier nuclei have smaller binding energy per nucleon, they undergo nuclear fission 
or fusion. If heavier nuclei have smaller binding energy per nucleon, they undergo nuclear fission 
to produce lighter nuclei with higher binding energy per nucleon. i.e. the lighter nuclei produced 
after fission have greater stability than the former.



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 158 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

  If smaller nuclei have smaller binding energy per nucleon, they undergo nuclear fusion to produce 
heavier nucleus with greater stability and higher binding energy nucleon than the former.

 6.  What information regarding nuclear fission and fusion do we collect from binding energy curve? 
Calculate the binding energy per nucleon of 20

40 Ca nucleus. Given

   m 20
40 Ca( ) =39.962589 amu

   mn (mass of a neutron) =1.008665 amu
   mp(mass of a proton)=1.007825 amu
 Ans. The binding energy curve is used to explain the phenomena of nuclear fission and nuclear fusion 

as follows :
 (i)  Nuclear Fission : Binding energy per nucleon is smaller for heavier nuclei than the middle 

ones. This suggests heavier nuclei are less stable. Hence, they undergo nuclear fission to 
produce more stable nuclei by releasing a large amount of energy.

 (ii) Nuclear Fusion : The binding energy per nucleon is small for light nuclei i.e., they are less 
stable. So when two light nuclei combine to form a heavier nucleus, the higher binding energy 
per nucleon of the latter results in liberation of energy. This happens during nuclear fusion.

  Given, m 20
40 Ca( )= 39.962589 amu

    mn (mass of neutron) = 1.008665 amu
    mp (mass of proton) = 1.007825 amu.

  The nucleus 
20
40 Ca  contains 20 protons and 20 neutrons.

  Mass defect = [20 mp + 20 mn – m 20
40 Ca( ) ]

    Dm = [(20 × 1.007825) + 20 × (1.008665) – 39.962589] amu
    Dm = 0.367211 amu

    B.E. = Dm × 931
MeV
amu = 0.367211×931 = 341.87 Mev

  B.E. per nucleon =
B.E.
A

=
341.87

40
= 8.547 MeV.

 7.  In a periodic table, the average atomic mass of magnesium is given as 24.312 u. The average 
value is based on their relative natural abundance on Earth. The three isotopes and their masses 

are 12
24 Mg (23.98504 u), 12

25 Mg (24.98564 u), 
12
26 Mg (25.98259 u). The natural abundance of 12

24Mg

is 78.99% by mass. Calculate the abundances of the other two isotopes.

 Ans. The abundance of 12
24Mg  is 78.99%

  The abundance of 
12
26Mg  is x.%

  The abundance of 12
25Mg  is (100 – (x + 78.99))%

  Avarage atomic mass of Mg = Weighted average of masses of isotopes

  ⇒ 24.312 = {( . . ) [( ( . )) . ] ( . )}78 99 23 98504 100 78 99 24 98564 25 98259× + − + × + ×x x
1100

  ⇒   24.312 = 1894.5783 + 2498.564 + (0.99615) x – 1973.6157

  ⇒   x = 
4404 8157 4393 1423

0 99695
. .

.
−

 = 
11 6734
0 99695

11 71.
.

. %=

   x = 11.71
   Abundance of 12

26 Mg = 11.71%

   Abundance of 12
25 Mg  = 100 – (11.71+78.99) = 9.3%  
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 8.  What is packing fraction? How is it used to explain the stability of packing fraction? Write the 
relation of between packing fraction, isotopic mass (M), and mass number (A)?

 Ans. Packing fraction of a nucleus is defined as its mass defect per nucleon.
  l If packing fraction is positive then the nucleus is unstable.
  l If packing fraction is negative then the nucleus is stable.
  Suggesting some mass has been converted into energy which binds the nucleons together.

  Since, packing fraction = 
Mass defect ( M)

Total number of nucleons (A)


  ⇒  P.F = 
∆M
A  = A M

A
−

 9.  What do you mean by neutron separation energy? Obtain the neutron separation energies of the 
nuclei 20

41Ca and 13
27Al  from the following data:

  mn = 1.008665 amu;

  m 20
40Ca( )  = 39.962591 amu ;  m 20

41Ca( )  = 40.962278 amu;

  m
13
26Al( )  = 25.986895 amu; m13

27Al  = 26.981541 amu.

 Ans. The neutron separation energy is defined to be the energy required to remove a neutron from a 
nucleus.

  Given :
   mn = 1.008665 amu; m 20

40Ca( )  = 39.962591 amu;

   m 20
41 Ca( )  = 40.962278 amu; m 13

26Al( )  = 25.986895 amu;

   m13
27Al  = 29.981541 amu;

   Mn → refers to nuclear mass.
   M → refers to atomic mass.

  Neutron separation energy Sn of a nucleus Z
A X  is given by

   S M m M XN
A

n N Z
A

n Z X= ( ) + − ( )





−1 2c

       = ( ) +{ }+ − ( ) +{ }











−M Z m MN
A

e n n
A

Z Z eX m X Zm c1 2

       = ( ) + − ( )





−m X m m X cZ n Z
AA 1 2

  Hence, Neutron separation energy Sn of 20
41Ca is calculated as follows :

   Sn = 20
41 Ca( ) = ( ) + − ( )





m m m cn20
40

20
41 2Ca Ca   

   = [39.962591+1.008665 – 40.962278] × c2

   = 0.008978 × 931 MeV     
   = 8.36 MeV

  Neutron separation energy Sn of 13
27 Al  is given as

   Sn 13
27 Al( )  = m m m cn13

26
13
27 2A Al l( ) + − ( )



  

   = [25.986895 + 1.008665 – 26.981541] × 931 MeV

   = 0.014019 × 931 MeV = 13.05 MeV.  
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E. Case Study Based Questions [3 Marks]

Case Study 1.
The nucleus was first discovered in 1911 by Lord Rutherford and his associates by experiments on 
scattering of alpha-particles by atoms. He found that the scattering results could be explained, if atoms 
consist of a small, central, massive and positive core surrounded by orbiting electrons. The experimental 
results indicated that the size of the nucleus is of the order of 10–14 m and is thus 10000 times smaller 
than the size of atom.
 1.  What is the ratio between the mass of nucleus and mass of the atom approximately?
 Ans. Mass of nucleus is nearly 99.9% mass of an atom

    ⇒ Mass of nucleus
Mass of atom  ∼ 1

 2.  What is the ratio of masses of nuclei of hydrogen, deuterium and tritium.
 Ans. Since, hydrogen (1

1H) has mass number A = 1, deuterium (2
1H) has mass number A = 2, and tritium 

(3
1H) has mass number A = 3. 

  The ratio of their mass A(1
1H) : A(2

1H) : A(3
1H) = 1 : 2 : 3.

 3.  What are the nuclides with same neutron number but different atomic number are known as?
 Ans. Isotones

Case Study 2.
Meera’s teacher completed the nuclei chapter today. She decide to test the understanding of the students. 
She gave a situation. Consider a neutron at rest and well separated from other particles. It decays into 
a proton, an electron and an undetected third particle as given here:

Neutron → proton + electron + ???
The given table summarizes some data from a single neutron decay. Electron volt is a unit of energy. 
Column 2 shows the rest mass of the particle times the speed of light squared.

Particle Mass × c2 Kinetic energy(MeV)
  Neutron 940.97 0.00
  Proton 939.67 0.01
  Electron 0.51 0.39

She asked them to answer the following question.
 1.  From the given table, which properties of the undetected third particle can be calculated ( total 

energy or kinetic energy or both)?
 Ans. We can calculate total energy of the particle.
  2.  How much mass has to be converted into energy to produce electric power of 500 MW for one hour?
 Ans. Given,
  P = 500MW = 5 × 108W = 1 hr = 3600s
  Energy produced = P × t  = 5 × 108 × 3600J
    = 18 × 1011J
  We known

   E = ΔMC2 ⇒ ΔM = E
c2  = 18 ×1011

(3 × 108)2  = 2 ×10–5 kg
 3.  What is the equivalent energy of 1 g of any given substance?
 Ans. E = mc2

  Here m = 1g = 1 × 10–3kg
   c = 3 × 108 m/s
   E = 10–3 × (3 × 108)2 = 9 × 1013J.
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Summary
zz Nuclear reaction: It is a reaction that involves the change of stable nucleus of one element into 
the nucleus of another element, by bombarding the former with suitable high energy particles.

  The general expression for the nuclear reaction is as follows:
	 	 X(parent	nucleus)	+	A(incident	particle)	→	Y(compound	nucleus)	+	B(product	particles)	+	Q(energy)
zz Q value or energy of nuclear reaction :

	 	 The	energy	absorbed	or	released	during	a	nuclear	reaction	is	known	as	Q-value	of	nuclear	reaction.
	 	 Q-value	=	 (Mass	of	 reactants	 –	mass	 of	 products)c2 Joules

	 	 	 =	 (Mass	of	 reactants	 –	mass	 of	 products)	 amu
	 	 If	Q	<	0,	The	nuclear	 reaction	 is	 known	as	 endothermic.	 (The	 energy	 is	 absorbed	 in	 the	 reaction)
	 	 If	Q	>	0,	The	nuclear	 reaction	 is	 known	as	 exothermic	 (The	 energy	 in	 released	 in	 the	 reaction)
zz Nuclear fission :	 It	 is	 the	 process	 in	which	 a	 heavy	 nucleus	 (A>230)	when	 excited	 gets	 split	 up	
into two smaller nuclei of nearly comparable masses. For example,

235 1 141 92 1
3692 0 56 0U Ba Kr 3 Qn n+ → + + +

zz Thermal neutrons :	 These	 are	 the	 slow-moving	 neutrons	 of	 energy	 0.0253	 eV,	 corresponding	 to	
the	velocities	 of	 2200	m/s
zz Multiplication factor :	The	multiplication	factor	of	a	fissionable	mass	is	defined	as	the	ratio	of	the	
number of neutrons present at the beginning of a particular generation to the number of neutrons 
present at the beginning of the previous generation.

	 	 If	 k	>	1,	 the	 chain	 reaction	grows.
	 	 If	 k	=1,	 the	 chain	 reaction	 remains	 steady.
	 	 If	 k	<1,	 the	 chain	 reaction	gradually	dies	 out.
zz Critical size and critical mass :	The	size	of	the	fissionable	material	for	which	multiplication	factor	
is unity is called critical size and its mass is called critical mass of the material. The chain reaction 
in this case remains steady or sustained.
zz Nuclear reactor : It is a device in which a nuclear chain reaction is initiated, maintained and 
controlled.	The	 reaction	 is	 controlled	by	using	neutron-absorbing	materials	 like	 cadmium	 rods.
zz Moderator :	Any	substance	which	 is	used	 to	slow	down	fast-moving	neutrons	 to	 thermal	energies	
is called a moderator. The commonly used moderators are water, heavy water (D2O) and graphite.
zz Nuclear fusion : It is the process of fusion of two smaller nuclei into a heavier nucleus with the 
liberation of a large amount of energy. For example,

2 2 4
1 1 2H H He 24MeV.+ → +

  These reactions require the extreme conditions of temperature and pressure so that the reacting nuclei 
can overcome their electrostatic repulsion. For this reason, these reactions are called thermonuclear 
reactions.

11 Nuclear Energy
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Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. What is the energy released by the fission of 1 g of 235
92 U in	 kWh?	 (Energy	 per	 fission	 is	 200	

MeV)
	 (a)	 22.78	×	103	kWh	 (b)	 2.278	×	104	 kWh	 (c)	 292	×	102	 kWh	 (d)	2.278	×	109 kWh

2.	 1g	 of	 hydrogen	 is	 converted	 into	 0.993g	 g	 of	 helium	 in	 a	 thermonuclear	 reaction.	 The	 energy	
released is : 

	 (a)	 63×107	 J	 (b)	 63×1010	 J	 (c)	 63×1014	 J	 (d)	63×1013 J
3. The binding energy per nucleon of O16	 is	 7.97	MeV	 and	 that	 of	 O17	 is	 7.75	MeV.	The	 energy	

(in	MeV)	 required	 to	 remove	 a	 neutron	 from	O17 is : 
	 (a)	 3.52	 (b)	 3.64	 (c)	 4.23	 (d)	7.86

4.	 An	atomic	power	reactor	furnace	can	deliver	300	MW.	The	energy	released	due	to	fission	of	each	
of uranium atom U238	 is	 170	MeV.	The	number	of	 uranium	atoms	 fissioned	per	 hour	will	 be	 :

	 (a)	 5	×1015	 (b)	 40	×1021	 (c)	 10	×202	 (d)	30	×1025

 5. For a nuclear fusion process, suitable nuclei are : 
 (a) any nuclei (b) heavy nuclei (c) lighter nuclei
 (d) nuclei lying in the middle of the periodic table
 6. When the number of nucleons in nuclei increases; the binding energy per nucleon : 
 (a) increases continuously with mass number
 (b) decreases continuously with mass number
 (c) remains constant with the mass number
	 (d)	first	 increases	 and	 then	decreases	with	 increase	of	mass	 number
 7. The mass of an atomic nucleus is less than the sum of the masses of its constituents. This mass 

defect is converted into
 (a) heat energy   (b) light energy
 (c) electrical energy   (d) energy which binds nucleons together
 8. Fusion reactions take place at high temperature because
 (a) atoms are ionised at high temperature 
 (b) molecules break up at high temperature 
 (c) nuclei break up at a high temperature 
 (d) kinetic energy is high enough to overcome the repulsion between nuclei.
 9. When 235

92 U 	 undergoes	 fission.	 0.1%	 of	 its	 original	 mass	 is	 changed	 into	 energy.	 How	 much	
energy is released if 1 kg of 235

92 U  undergoes fission?

	 (a)	 9	×	1010J	 (b)	 9	×	1011J	 (c)	 9	×	1012J	 (d)	9	×	1013J
 10. Light energy emitted by a star is due to 
 (a) breaking of nuclei   (b) joining of nuclei
	 (c)	 burning	of	 nuclei	 	 	 (d)	 reflection	of	 solar	 light
 11. In a nuclear reaction, there is conservation of : 
 (a) mass only   (b) energy only
 (c) momentum only   (d) mass, energy and momentum
 12. In a nuclear reactor, the control rods are made of 
 (a) cadmium (b) graphite (c) krypton (d) plutonium
 13. Average binding energy is maximum for ? 
 (a) C12 (b) Fe56	 (c) U235 (d) Po210
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 14.	 By	how	much	 factor	 energy	will	 be	 decreased	 in	 a	 given	 atomic	 explosion,	 if	 the	 speed	of	 light	
became	1/3	of	 the	present	 value?	

 (a) 
8
9

 (b) 1
9

 (c) 1
3

 (d) 
2
3

 15. The energy of thermal neutrons is of the order of 
	 (a)	 1	MeV	 (b)	 1	 eV	 (c)	 10–2	 eV	 (d)	10–4	 eV
 16.	 When	two	light	nuclei	of	mass	M1	and	M2	 fuse	 to	form	a	nucleus	of	mass	M,	energy	 is	emitted.	

In this process 
	 (a)	 M1 +	M2 >M	 (b)	 M1 +	M2 <M	 (c)	 M1 +	M2 = M	 (d)	M1 +	M2 >M2

 17. The hydrogen bomb is based on 
	 (a)	 nuclear	fission	only	 	 	 (b)	 nuclear	 fusion	only
	 (c)	 fission	 and	 fusion	both	 	 	 (d)	 radioactivity
 18. The energy released in a typical nuclear fusion reaction is roughly  
	 (a)	 25	MeV	 (b)	 200	MeV	 (c)	 800	MeV	 (d)	1050	MeV
 19.	 How	 much	 energy	 will	 approximately	 be	 released	 if	 all	 the	 atoms	 of	 1	 kg	 of	 deuterium	 could	

undergo fusion ?
	 (a)	 2	×	107	 kWh	 (b)	 8	×	1013	 J	 (c)	 6	×	1027	 cal	 (d)	8	×	1023	MeV
 20. Fast neutrons can easily be slowed down by  
 (a) using lead shielding   (b) passing them through water
	 (c)	 elastic	 collisions	with	nuclei	 (d)	 applying	 a	 strong	 electric	field.

Answers
 1.  (b) 2. (b) 3. (c) 4. (b) 5.  (c) 6.  (d) 7. (d) 8.  (d)
 9.  (d) 10.  (b) 11.  (d) 12.  (a) 13.  (b) 14.  (a) 15. (c) 16.  (a)
 17.  (c) 18.  (a) 19.  (b) 20.  (b)

B. 1 Mark Questions

 1.	 What	 is	 a	fissile	material?
 Ans. A material that can undergo nuclear fission easily is called a fissile material.
 2. Name the principal source of sun’s energy.
 Ans. Fusion of hydrogen nuclei into helium nucleus.
 3. Name the phenomenon by which energy is produced in a star.
 Ans.	 By	 fusion	 energy	 is	 produced	 in	 stars.
 4.	 	What	 do	you	understand	by	nuclear	fission?	Give	one	 representative	 equation.
 Ans.	 It	 is	 the	process	 in	which	a	heavy	nucleus	 (A	>	230)	when	excited	gets	split	up	 into	 two	smaller	

nuclei of nearly comparable masses.

    92
235

0
1U + n  → 

56
141

36
92

0
1Ba + kr +3  + Qn

 5.	 What	 is	 nuclear	 fusion?	Give	one	 representative	 equation.
 Ans. It is a process in which two or more very light nuclei fuse together to form a heavier nucleus 

with the liberation of energy.
    1

3
1
2H + H   → 2

4
0
1He+ n +17·6 MeV energy

 6. What are thermal neutrons?
 Ans. Thermal neutrons are those which come into thermal equilibrium with a moderator at NTP. They 

have	 an	 energy	of	 about	 0.03	 eV,	 corresponding	 to	 the	velocities	 of	 2200	ms–	1.
 7. Why is a definite minimum size of U235 essential for the phenomenon of nuclear fission?
 Ans. If the size is too small, then most of the neutrons produced by fission, instead of doing further 

fissions, shall pass out and the chain reaction will stop.
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 8. What is the principle of operation of a nuclear reactor?
 Ans.	 A	nuclear	reactor	uses	controlled	chain	reaction	to	produce	energy.	Here	fast	neutrons	are	slowed	

down by elastic scattering with moderators like heavy water. The reaction rate is controlled by 
neutron-absorbing	materials	 like	 cadmium	 rods.

 9. What is critical size and critical mass as regards to nuclear fission?
 Ans.	 The	size	of	the	fissionable	material	for	which	the	multiplication	factor	k	=	1	is	called	critical	size	

and its mass is called critical mass, such a mass maintains the chain reaction steady on sustained.
 10.	 How	much	 is	 the	 critical	mass	 for	 uranium	 fuel?
 Ans.	 10	kg.
 11. Why should nuclear fission precede a nuclear fusion?
 Ans.	 Nuclear	 fusion	occurs	 at	 a	very	high	 temperature	of	106–107 K. Such a high temperature can be 

obtained by an atomic explosion involving nuclear fission. Once the fusion process is initiated, 
the energy released is enough to sustain this process.

 12. Why do lighter nuclei tend to fuse together?
 Ans. When lighter nuclei fuse together, they form heavier nuclei having greater binding energy per 

nucleon and they tend to attain a stable structure.
 13. Why is nuclear fusion difficult to carry out?
 Ans.	 Nuclear	 fusion	 requires	 a	 very	 high	 temperature	 of	 106–107K. This temperature is attained by 

causing	an	explosion	due	 to	 the	 fission	process.	Moreover,	no	solid	container	can	withstand	such	
a high temperature.

 14. What is the uses of heavy water in nuclear reactor?
 Ans.	 Heavy	 water	 contains	 protons	 (of	 mass	 nearly	 that	 of	 neutrons).	 Fast	 moving	 neutrons	 thus	 get	

slowed	 down.	Hence	 heavy	water	 can	 be	 used	 as	 a	moderator.	Also,	 heavy	water	 has	 negligible	
cross-section	 for	 neutron	 absorption.

 15. Which material is used in making control rods in a nuclear reactor?
 Ans. Cadmium or boron is used in making control rods in a nuclear reactor.
 16. What is the essential difference between the working of a nuclear reactor and that of a fission 

bomb?
 Ans. In a nuclear reactor, a controlled chain reaction on nuclear fission takes place whereas, in fission 

bomb, an uncontrolled chain reaction on nuclear fission takes place.
 17. Why nuclear fusion reaction is also called thermonuclear reaction?
 Ans. To overcome Coulomb repulsion, the fusing nuclei are given enough thermal energy by raising 

their	 temperature	 to	106–107 K. That is why nuclear fusion is also called thermonuclear reaction.
 18. What is the role of moderator in nuclear reactor?
 Ans. A moderator slows down fast moving neutrons to thermal velocities, so that they can cause fission 

of 
92

235U nuclei e.g., heavy water, graphite, beryllium, etc.
 19.	 What	 is	meant	 by	 a	 self-sustained	nuclear	 reaction?
 Ans. If the neutrons released in a nuclear fission can be used to promote further fission, then the 

reaction	 is	 a	 self-sustained	nuclear	 reaction.
 20. What is the role of control rods in nuclear reactor?
 Ans.	 Control	 rods	 are	 used	 to	 start,	 stop	 or	 adjust	 a	 nuclear	 fission	 at	 a	 steady	 rate.	By	 using	 control	

rods the average number of neutrons per fission can be made one.

C. 2 Marks Questions
 1. Explain how a chain reaction can occur in a fissionable material?
 Ans. When a single 92

235U nucleus	 captures	 a	 neutron,	 its	 fission	 produces	 2.5	 neutrons.	These	 freshly	
produced neutrons can further cause the fission of more uranium nuclei, still producing more 
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neutrons, which can further cause the fission of a large number of nuclei and so on. This is how 
chain reaction occurs in a fissionable material.

 2. What are delayed neutrons? Explain the role of delayed neutrons in a nuclear reactor.
 Ans. The neutrons produced by the subsequent decay of the initial fission fragments are called delayed 

neutrons.	They	 are	 named	 so	because	 they	 are	 produced	 after	 a	 fission–	 a	 few	 seconds	 later.
  The production of delayed neutrons is crucial to mechanical control of the reactor. If all fission 

neutrons were produced instantly in fission, there would be no time for the minute adjustments 
required in a nuclear reactor to keep it critical.

 3. Why is U235, and not U238 is suitable for maintaining a chain reaction?
 Ans. U238	 can	 be	 fissioned	 by	 a	 fast	 neutrons	 only.	But	 the	 fast	 neutrons	 released	 in	 a	 fission	 have	 a	

much larger probability of being absorbed by U238	 than	 fissioning	 it.	Hence	U238 does not help 
in continuing chain reaction. U235 is, however, easily fissionable by slow and also by thermal 
neutrons. These neutrons have a much higher probability of fissioning U235 than being absorbed 
by U238. Thus, U235 is able to maintain the chain reaction.

 4. Explain the role of the moderator in a nuclear reactor.
 Ans.	 In	 the	 fission	 of	 uranium,	 fast	 neutrons	 of	 energy	 2	MeV	are	 released.	These	 fast	 neutrons	 have	

more tendency to escape instead of triggering another fission reaction. Also, slow neutrons are 
more efficient in inducing fission in

92
235U nuclei	 than	 fast	 neutrons.	 By	 the	 use	 of	 a	 moderator,	

the fast neutrons are slowed to thermal velocities.
 5. Explain the role of control rods in a nuclear reactor. Why are they made of cadmium?
 Ans. Control rods are used to start, stop or control the chain reaction, and also to absorb neutrons in a 

nuclear reactor. The rate of neutron production is controlled by adjusting the depth of control rods. 
They	 are	made	of	 cadmium	because	 cadmium	has	 a	 high	 cross-section	 for	 neutron	 absorption.

 6.	 Both	 23592U and 23994Pu are fissionable, but 23994Pu is used more in bombs and reactors. Why?
 Ans. (i) The separation of 92

235U from	natural	uranium	(in	which	it	is	only	0.7%)	is	difficult	and	costly	
and this would lead to depletion of uranium reserves.

  (ii) 
94

239Pu can be produced from abundant 92
238U in breeder reactors.

  (iii) The critical size of 94
239Pu is smaller compared to that of 92

235U for chain reaction.
 7.	 How	 long	 an	 electric	 lamp	of	 100	W	can	be	 kept	 glowing	by	 fusion	 of	 2	 kg	 of	 deuterium?	The	

fusion reaction can be taken as
    2

1H	 + 2
1H		→	 32He	 + n	 +	 3.2	MeV

 Ans.	 No.	 of	 atoms	present	 in	 2g	of	 deuterium	=	6	×	1023
	 	 No.	 of	 atoms	present	 in	 2kg	or	 2000	g	of	 deuterium	=	 6×1023 × 2000

2
=	6	×	1026

	 	 Energy	 releases	 in	 the	 fusion	of	 2	 deuterium	atoms	=	3.2	MeV

	 	 Total	 energy	 released	=	 3 2
2

6 1026·
× × =	9.6	×	1026	MeV

	 	 	 =	9.6	×	1026	 ×	 1.6	×	10–	13	 J	=	15.36	×	1013 J
	 	 Energy	 consumed	by	 the	bulb	per	 second	=	100	 J

	 	 Time	 for	which	 the	bulb	will	 glow	=	 15 36 10
100

13· × s 	 =	
15 36 10
315 10

11

7
·
·

×
×

year	=	4.9	×	104 year

 8.	 Fission	 of	 U-235	 nucleus	 releases	 200	 MeV	 of	 energy.	 Calculate	 the	 fission	 rate	 (i.e.,	 no.	 of	
fissions	per	 second)	 in	 order	 to	 produce	 a	 power	of	 320	MW.

 Ans. Power received from reaction is
	 	 	 	 P	=	320	MW	=	320	×	106	W	=	320	×	106 Js–	1
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	 	 But	 1	MeV	=	1.6	×	10–	13 J

  ∴ P	 =	
320×10 Js

1·6×10 J/MeV

6

13

−

−

1
=	200	×	1019	MeVs–	1

  Number of nuclei undergoing fission (per second is)

	 	 	 	 	 =	
200 10

200

19 1× −MeVs
MeV 	 =	 1019s–	1

 9. The bombardment of the lithium with protons gives rise to the following reaction: 
     7

3Li  + 1
1H		→	 4

2He	 + 4
2He	 + Energy

	 	 The	 atomic	 mass	 of	 lithium,	 hydrogen	 and	 helium	 are	 7.016	 amu,	 1.008	 amu	 and	 4.004	 amu	
respectively. Find the initial energy of each a particle.

 Ans.	 In	 terms	of	 nuclear	masses,	 the	Q-value	of	 the	 reaction	 is	 given	by

	 	 	 Q	=	 m Li m H m He cN 3
7

N 1
1

N 2
4 2( ) + ( ) − ( )



2

  In terms of atomic masses, we can write

	 	 	 Q	=	 m m m m m3
7

e 1
1

e 2
4

eLi 3m H He( ) −{ }+ ( ) −{ }− ( ) −{ }





2 2 c2

	 	 	 =	 m m3
7

1
1

2
4 2Li H 2m He c( ) + ( ) − ( ){ }




×

	 	 	 =	 [7.016	+	1.008	–	2	×	4.004]	×	931	MeV

	 	 	 =	0.016	×	931	=	14.896	MeV

  Energy of each a-particle	=	
14 896

2
.

=	7.448	MeV.
 10. State necessary conditions for nuclear fusion to occur.
 Ans. Necessary conditions for nuclear fusion :
  The fusion reactions take place under high temperature and extreme density. The reasons are given 

below;
	 (i)	 The	high	 temperature	 is	essential	 for	 the	 light	nuclei	 to	have	sufficient	kinetic	energy	so	 that	

they can overcome their mutual coulombic repulsions and come closer than the range of 
nuclear force.

	 (ii)	 High	 density	 on	 pressure	 increases	 the	 frequency	 of	 collision	 of	 light	 nuclei	 and	 hence	
increases the rate of fusion.

 11. Explain how is nuclear fission an enormous source of energy.
 Ans. In a nuclear fission, the sum of the masses of the final products is less than the sum of the masses 

of the initial components. The difference in masses, known as mass defect, is converted into energy 
according	 to	Einstein’s	mass-energy	relationship	 (E	=	mc2). Thus an enormous amount of energy 
is released in a nuclear fission, as can be seen from the following example :

    92
235

0
1U + n  → 56

141
36
92

0
1Ba + Kr +3  + Qn

	 	 Mass	defect	 in	 this	 case	 is	 0.2153	 amu
	 	 as	 1	 amu	 =	931	MeV
  ∴ Energy	 released		=	Q	=	0.2153	×	931	MeV
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 =	 200	MeV
  This energy appears in the form of kinetic energy of the fission products and as γ-rays.
  For instance, the total energy released in the fission of 1 kg of naturally occurring uranium, which 

contains	 about	 2.56	×	1024 atoms, a 92
235U isotopes, will be 

	 	 	 	 200	×	2.56	×	1024MeV	=	1014J. 
  This is	a	very	huge	amount	of	energy	which	is	equal	to	the	energy	obtained	by	burning	3	tons	of	coal.
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 12. Explain the process of nuclear fission due to bombardment by neutrons on uranium nuclei.
 Ans. When a uranium is bombarded by slow moving neutrons, an atoms at 92

235U  nucleus gets excited 
by capturing a slow moving neutron and splits into two nearly equal fragments like 56

141Ba and 

36
92Kr along	with	 the	 emission	of	 3	 neutrons.

  The nuclear reaction involved can be written as :

    92
235U + 

0
1n  → 56

141Ba  + 36
92Kr  + 3 n + Q0

1

	 	 The	Q	value	of	 reaction	 is	 about	 200	MeV
 13. What is controlled thermonuclear fusion? Name the essential requirements for a thermonuclear 

reactor.
 Ans.	 High	 temperature	 is	a	necessary	condition	 for	 fusion	 to	 take	place.	This	 is	why	a	 fusion	 reaction	

is called as thermonuclear reaction. If the energy released in a thermonuclear reaction is controlled 
in such a manner that a limited amount of energy is produced continuously, it can be used for 
many useful purposes. Particularly for generating electric power.

  Essential requirements for a thermonuclear reactor :
	 (i)	 High	particle	 density
	 (ii)	 High	plasma	 temperature
	 (iii)	 Long	 confinement	 time.
 14.	 Briefly	 explain	nuclear	 holocaust.
 Ans.	 Nuclear	 holocaust	means	 large-scale	 destruction	 and	 devastation	 that	would	 result	 by	 the	 use	 of	

nuclear weapons.
  In the fission of a single nucleus of U235,	 about	 200	MeV	 energy	 is	 released	 instantly.	A	 nuclear	

bomb	using	50	g	of	uranium	when	exploded,	will	 therefore	suddenly	 release	about	2.5	×	1028	MeV	
of	 energy.	This	 is	 equivalent	 to	 20,000	 tons	of	TNT.

	 	 The	fusion	bombs	are	still	more	devastating.	The	first	hydrogen	bomb	was	 tested	 in	1954.	It	was	
about	 1000	 times	more	powerful	 than	 the	 fission	bomb	dropped	on	Hiroshima.

  It is estimated that the nuclear weapons possessed by the superpowers can destroy the entire life 
on the earth several times. Such a nuclear holocaust will also produce radioactive fallout that will 
make the earth unfit for living for all times to come.

 15.	 It	is	estimated	that	the	atomic	bomb	exploded	at	Hiroshima	released	a	total	energy	of	7.6	×	1013J. 
If	 on	 average	200	MeV	energy	was	 released	by	 fission	of	 one	 23592U atom, calculate

  (a) the number of the uranium atom fissioned
  (b) the mass of the uranium used in the bomb.
 Ans. (a) Number of 92

235U atoms fissioned

    n =	
Total energy released

Energy released per fission =	
7 6 10

200 1 6 10

13

13
.

.
×

× × − =	2.375	×	1024

	 	 (b)	 Mass	of	 uranium	used	=	
Mass number

Avogadro's number × n	 =	 235 2 375 10
6 023 10

24

23
× ×

×
.

.
=	926.66	g

 16. Calculate and compare the energy released by (a) fusion of 1 kg of hydrogen deep within sun 
and	 (b)	 the	 fission	of	 1	 kg	of	U-235	 in	 a	 fission	 reactor.

 Ans. (a) In the core of sun, 4 hydrogen nuclei combine to form a helium nucleus with the release of 
26	MeV	of	 energy.	The	net	 fusion	 reaction	 is

    41
1H  → 2

4He + + MeV2 26e+



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 168 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

  Number of atoms in 1g of 1
1H =	6	×	1023

  Number of atoms in 1kg of 1
1H =	6	×	1023	×	1000	=	6	×	1026

	 	 The	 energy	 released	by	1kg	of	 hydrogen	=	 26 6 10
4

26× × =	39	×	1026	MeV

	 	 (b)	 	 Number	of	 atoms	 in	 235	g	of	 235U	=	6	×	1023

   Number of atoms in 1 kg of 235U	=	 6 10 1000
235

23× × 	 =	 6 10
235

26×

   Energy released in per fission of 235U	=	200	MeV

	 	 	 Energy	 released	 in	 fission	of	 1	 kg	=	 235U

	 	 	 	=	 6 10 200
235

26× × =	5.1	×	1026	MeV

  Thus the energy released in fusion of 1 kg of hydrogen fusion is about 8 times that of energy 
released in fission of 1 kg 235U.

D. 3 Marks Questions
 1. What do you understand by process of nuclear fission due to bombardment of thermal neutrons? 

Why	 these	neutrons	are	called	 thermal	neutrons?	How	much	energy	 in	electron	volt	 is	possessed	
by these neutrons?

 Ans. The phenomenon in which a heavy nucleus when excited splits into two smaller nuclei of nearly 
comparable masses is called nuclear fission.

  When uranium is bombarded by slow moving neutrons a 92
235U nucleus gets excited by capturing 

the neutron and splits into two nearly equal fragments like 56
141Ba and 36

92Kr along with the emission 
of	 3	more	neutrons.

  These neutrons produced have average kinetic energy 2MeV.	 Such	 neutrons	 are	 called	 fast	
neutrons. The 235U nuclei have good probability of absorbing slow neutrons of thermal energy 
∼	 0.0235	 eV	 but	 have	 poor	 chances	 of	 absorbing	 fast	 neutrons.	Unless	 slowed	 down	 to	 thermal	
energies, the fast neutrons will escape from the fissionable material without causing any fission. 
The	 slow	moving	neutrons	of	 energies	 0.0235	 eV	are	 called	 thermal	 neutrons.

  Thermal	 neutrons	possess	 around	0.0235	 eV	of	 energy.
 2. Draw a labelled diagram of nuclear reactor and explain the use of various parts. Name a material 

used as a moderator.
 Ans. Nuclear reactor has the following important parts:
 (i) Fuel : The	 fissionable	 material	

known as fuel, plays a key role in 
the operation of a reactor. Uranium 
is mostly used as fuel.

 (ii) Moderator : It slows down the 
neutrons to thermal energies 
through elastic collisions between 
its nuclei and the fission neutrons. 
The thermal neutrons have a high 
probability of fissioning U235 
nuclei.

Steam

Coolant (CO )2

Heat
exchanger

Cold
water

Coolant
pump

Concrete
shield

Moderator
blocks

Uranium
fuel rods

Control
rods
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 (iii) Control rods : Control rods are used to start, stop and control the chain reaction, rods of 
neutron-absorbing	material	 are	 inserted	 into	 the	 reactor	 core.

 (iv) Coolant : It is the material used to cool the fuel rods and the moderator and is capable of 
carrying away a large amount of heat produced in the fission process.

 (v) Shielding : The intense neutrons and gamma radiations produced in a nuclear reactor are 
harmful to human body. To protect the workers from these radiations, the reactor core is 
surrounded by a thick concrete wall called the reactor shield.

 (vi) Safety device : In case of an accident or other emergency a special set of control rods, known 
as	 ‘shut-off	 rods’	 enter	 the	 reactor	 automatically.	 They	 immediately	 absorb	 the	 neutrons	 so	
that the chain reaction stops entirely.

  Usually, heavy water, graphite and beryllium oxide are used as moderators.
 3. What is nuclear fusion? Write the required conditions for this reaction and explain why fusion 

bombs are more dangerous than fission bombs.
 Ans. Nuclear fusion is a process in which two light nuclei combine at a extremely high temperature 

to form a single heavier nucleus is called nuclear fission.
  To carry nuclear fusion in a bulk material, the temperature of the material has to be raised to 

106K , so that the colliding nuclei have enough energy due to their thermal motion and they can 
penetrate the coulomb barrier. This process is called thermonuclear fusion. Required conditions 
for nuclear fission :

  The fusion reaction takes place under the conditions of extreme temperature and density due to 
the following reasons :

	 (i)	 The	 high	 temperature	 is	 necessary	 for	 the	 light	 nuclei	 to	 have	 sufficient	 kinetic	 energy	 so	
that they can overcome their mutual coulombic repulsions and come closer than the range of 
nuclear	 force.	That	 is	why	 a	fission	 reaction	 is	 also	 called	 a	 thermonuclear	 reaction.

	 (ii)	 High	density	or	pressure	increases	the	frequency	of	collision	of	light	nuclei	and	hence	increases	
the rate of fusion.

  The energy released per unit mass of fuel or reactant in a fusion reaction is much more than 
the energy released per unit mass of fuel in fission reaction this is why fusion bombs are more 
dangerous than fission bombs.

 4. What is a chain reaction? Explain the difficulties encountered in sustaining a chain reaction.
 Ans. Nuclear fission is a strange kind of reaction which besides other fission products produce the same 

kind of particle that initiated it, i.e, neutrons. So, the neutrons produced causes further fission of 
a larger number of nuclei, and so on. The number of fission taking place at each successive stage 
goes on increasing at a rapid rate. Thus a chain of reaction is set up. This is known as chain 
reaction.

  Difficulties in sustaining a chain reaction.
 (i) Neutron leakage :	 Some	 of	 the	 neutrons	 produced	 by	 fission	 may	 not	 interact	 with	 other	

nuclei and escape from the system.
 (ii) Neutron energy :	Neutrons	produced	 in	fission	are	 fast	neutrons,	having	kinetic	 energies	of	

about	 2	 MeV	 such	 neutrons	 have	 more	 chances	 of	 escaping	 from	 the	 fissionable	 material,	
causing	 further	fission.

 (iii) Neutron capture : When	 fast	 neutrons	 (2	 MeV)	 produced	 by	 fission	 are	 slowed	 down	 in	 a	
moderator to thermal energies ( 0.04eV)	 they	 pass	 through	 a	 critical	 energy	 range	 1–100	 eV.	
The neutrons of this energy range have good chances of being absorbed by 238U nuclei which 
are	present	in	large	numbers.	This	resonance	capture	is	non-fissionable	and	results	in	the	emission	
of γ-ray.	 In	 this	way	many	neutrons	get	 removed	 from	 the	fission	 chain.
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 5. What is nuclear chain reaction? What is controlled and uncontrolled chain reaction?
 Ans. Nuclear fission is a very strange kind of reaction, which, besides other fission products produces the 

same kind of particle that initiated it, i.e neutrons. So, the neutrons produced cause further fission 
of a large number of nuclei, and so on. The number of fission taking place at each successive 
stage goes on increasing at a rapid rate. Thus a chain of reaction is set up. This is known as chain 
reaction.

  Controlled chain reaction : The chain reaction can be controlled and maintained steady by 
absorbing a suitable number of neutrons at each stage of the reaction, so that on an average one 
neutron remains available for exciting further fission such a reaction is called controlled chain 
reaction.

  Uncontrolled chain reaction : If a chain reaction is started in a fissionable material having mass 
greater than a certain critical mass, then the reaction will accelerate at such rapid rate that the 
whole material will explode within a microsecond, liberating a huge amount of energy. Such a 
chain reaction is called uncontrolled chain reaction.

 6. Define multiplication factor and critical size for a fissionable mass.
 Ans. The multiplication factor of a fissionable mass is defined as the ratio of the number of neutrons 

present at the beginning of a particular generation to the number of neutrons present at the 
beginning of the previous generation.

	 	 k	=	
Number of neutrons present at the beginning of one generatiion

Number of neutrons present at the beginning of the prevvious generation
  The multiplication factor k gives a measure of the growth rate of the neutrons in a fissionable mass.
  If k >	1,	 the	 chain	 reaction	grows.
  If k =	1,	 the	 chain	 reaction	 is	 steady.
  If k <	1,	 the	 chain	 reaction	gradually	dies	 out.
  The size of the fissionable material for which multiplication factor k =	 1,	 is	 called	 critical	 size	

and its mass is called critical mass. The chain reaction in this case remains steady or sustained.
 7.	 Distinguish	between	nuclear	 fission	 and	nuclear	 fusion?	Give	one	 example	of	 each
 Ans. 

Nuclear fission Nuclear fusion

(1)	 Here	 a	 heavy	 nucleus	 when	 excited	
splits up into two smaller nuclei of 
nearly comparable masses.

(1)	 Here	 two	 lighter	nuclei	 fuse	 together	 to	 form	
a heavier nucleus.

(2) The conditions of high temperature 
and pressure are not necessary for its 
occurrence

(2) The conditions of extremely high pressure and 
temperature are necessary for its occurrence 
so it can’t be easily carried in laboratory.

(3)	 Neutrons	 are	 the	 link	 particles	 of	 this	
process.

(3)	 Protons	 are	 the	 link	particles	 of	 this	 process.

(4) It is a quick process. (4) It occurs in steps having a sufficient time gap.

(5)	 Energy	per	 nucleon	 is	 small. (5)	 Energy	per	 nucleon	 is	 large.

(6) The energy obtained from a unit mass 
of a fissionable material is smaller than 
that obtained in the case of fusion.

(6) The energy obtained from a unit mass of 
fusible material is large.

(7) It produces very harmful radioactive 
wastes.

(7) The products of fusion are harmless.
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  Example of :
  (i) Nuclear fission reaction :

    92
235U + 0

1n → 56
141Ba + 36

92Kr + 3 n + Q0
1

  (ii) Nuclear fusion reaction :

    1
1

1
1H + H  → 1

2H + + 0.42 MeVe v+ +

 8.	 How	 is	 energy	 being	 produced	 continuously	 in	 sun?	Give	 reactions.	Why	 do	 these	 reactions	 not	
occur at normal temperatures?

 Ans.	 Hydrogen	 nuclei	 i.e.,	 protons	 are	 most	 abundant	 in	 the	 body	 of	 the	 sun.	 At	 extremely	 high	
temperatures which exist in interior of sun, protons fuse together to form helium nuclei, liberating 
a huge amount of energy. This fusion takes place via two different cycles.

 (i) Proton-proton cycle : The	thermonuclear	reactions	in	a	proton-proton	cycle	take	place	in	the	
following sequence :

   1
1

1
1H + H  → 1

2H + + 0.42 MeVe v+ +

   e+ + e–	 	 	 → v + v +	1.02	MeV

   
1
2

1
1H + H  → 2

3He + 5.49 MeVv +

   
2
3

2
3He + He  → 2

4
1
1He + H +12.86 MeV

  Then the net reaction will be
   41

1H +2e−  → 2
4He + 2  + 6 + 26·7 MeVv v

	 	 Thus	four	protons	combine	to	form	are	helium	nucleus	with	the	liberation	of	26.7	MeV	of	energy.
 (ii) Carbon-nitrogen cycle : In this cycle, carbon nuclei successively absorb protons in a series of 

steps.	Finally	they	emit	α	particles	and	again	change	into	carbon	nuclei.	The	carbon-nitrogen	
cycle takes place in the following sequence.

    
6

12
1
1C + H → 7

13N + +1.93 MeVv
    7

13N  → 6
13 +C + +1.20 MeVe v+

    6
13

1
1C + H  → 7

14 N + +7.6 MeVv

    7
14

1
1N + H → 8

15O + +7.39 MeVv

    8
15O → 7

15 +N + +1.71 MeVe v+

    7
15

1
1N + H  → 6

12
8
4C + He + .99 MeV4

  The overall reaction may be represented as :

   1
1

6
12H + C  → 2

4
6

12He + C + + 2 +3  MeV2 24 9e v v+ + .
  Both	 proton-proton	 and	 carbon-nitrogen	 cycles	 participates	 almost	 equally	 in	 the	 generation	 of	

energy in the sun.
  As energy is released by fusion reactions and these reactions are thermonuclear reactions and 

they demand high temperature conditions. This is why these reactions can not occur at normal 
temperature.

 9.	 A	 1000	MW	 fission	 reactor	 consumes	 half	 of	 its	 fuel	 in	 5.00	 y.	 How	much	 23592U did it contain 
initially?	Assume	 the	 reactor	 operates	80%	of	 the	 time,	 that	 all	 the	 energy	generated	 arises	 from	
the fission of 23592U and that this nuclide is consumed only by the fission process.

 Ans.	 Power	of	 the	 reactor,	P	=	1000	MW	=	199 W
  Time of power generation, t =	5y	 =	 5	×	3.154	×	107 s
	 	 Total	 energy	 released	 in	 5y	with	 80%	one-time
	 	 	 	 =	 80%	of	Pt	=	0.8	×	109	 ×	 5	×	3.154	×	107 J
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  Energy generated in each fission of 92
235U

	 	 	 	 =	 200	MeV	=	200	×	1.6	×	10–	13 J

	 	 No.	 of	 atoms	 in	 235	g	of	 92
235U =	6	×	1023

   No. of atoms in 1 g of 92
235U =	 6 10

235

23×

  Energy generated per gram of 
92

235U 	 =	 200 1 6 10 6 10
235

13 23
1× × × ×−
−. Jg

  The amount of 92
235U consumed	 in	 5y	with	 80%	one-time

	 	 	 =	
Total energy generated

Energy generated per gram 	 =	
0 8 10 5 3 154 10 235

200 1 6 10 6 10

9 7

13 23
. .

.
× × × × ×

× × × ×−
g 	 =	 1.544	×	106	 g	=	1544	kg.

  This amount is half the fuel taken initially

  ∴ Mass	of	 92
235U taken	 initially	=	3088	kg.

E. Case Study Based Questions [3 Marks]

Case Study 1.
Savi’s	grandfather	was	reading	article	in	newspaper.	He	read	that	after	so	many	years	of	atomic	bombing	
in	Hiroshima	and	Nagasaki,	Japan.	National	census	indicated	that	children	born	even	now	are	genetically	
deformed.	His	grandfather	was	not	able	to	understand	the	reason	behind	it.	He	asked	his	granddaughter	
Savi who is studying in class XII science. Savi sat with her grandfather and showed him pictures from 
some books and explained the harmful effects of radiations.
 1. Name the nuclear reaction that occurred in atom bomb.
 Ans. Fission reaction.
 2. What is nuclear energy?
 Ans. Nuclear energy is the energy released in a nuclear reaction.
 3. What is the essential difference between the working of nuclear reactor and that of a fission bomb?
 Ans. In a nuclear reactor, controlled chain reaction or nuclear fission takes place whereas in a fission 

bomb, uncontrolled chain reaction or nuclear fission takes place.

Case Study 2.
In	 the	year	1939,	German	scientist	Otto	Hahn	and	Strassman	discovered	 that	when	an	uranium	 isotope	
was bombarded with a neutron, it breaks into two intermediate mass fragments. It was observed that, 
the sum of the masses of new fragments formed were less than the mass of the original nuclei. This 
difference in the mass appeared as the energy released in the process. Thus, the phenomenon of splitting 
of	 a	 heavy	 nucleus	 (usually	A	 >	 230)	 into	 two	 or	more	 lighter	 nuclei	 by	 the	 bombardment	 of	 proton,	
neutron,	 α-particle,	 etc.,	with	 liberation	of	 energy	 is	 called	nuclear	fission.
 1. For sustaining the nuclear fission chain reaction in a sample (of small size) of 23592U, it is desirable 

to slow down fast neutrons by what process?
 Ans. Fast neutrons are slowed down by elastic scattering with light nuclei as each collision takes away 

nearly	50%	of	 energy.
 2.	 Give	 an	 equation	 for	 nuclear	 fission.

 Ans. 92
235

0
1

54
140

38
94

0
1U + Xe + Sr + 2 nn →

 3. In any fission process what is the ratio of mass of daughter nucleus to mass of parent nucleus?
 Ans.	 Mass	of	 fission	products	<	Mass	of	 parent	 nucleus

  ⇒ 
Mass	of	 fission	products
Mass	of	 parent	 nucleus 	<	1.
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Summary
zz Classification of materials on the basis of their resistivities: Conductors have low resistivity (102 
to 10–8 Ωm), insulators have high resistivity (> 108 Ωm), while semiconductors have intermediate 
values (105 to 1 Ωm) of resistivity. 
zz Semiconductors: These are the materials that have resistivity higher than metals but less 
than insulators. They have a considerably lower concentration of charge carriers than metals. 
Semiconductors may be elemental (Si, Ge) and compound (GaAs, CdS, etc.) 
zz Energy bands in solids: Due to interatomic interactions in a crystal, the electrons of the outer shells 
are forced to have energies different from those in isolated atoms. Each energy level splits into a 
number of energy levels forming a continuous band. When an enormously large number of energy 
levels are closely spaced in a very small energy range, it forms a band known as an energy band. 
zz The highest energy band occupied by the valence electrons is called the valence band and the next 
empty allowed band is called the conduction band. The gap between these two where no allowed 
energy level can exist is known as band gap or energy gaps.
zz Fermi level: The highest energy level filled with electrons at absolute zero is called Fermi level 
and the energy corresponding to this level is called Fermi energy.
zz Difference between conductors, insulators, and semiconductors based on band theory: 

 (i) Conductors: In conductors, the conduction band is partially filled, or the valence and conduction 
bands overlap partially. 

  The energy gap, Eg = 0 in this case. Due to this, conductors have high conductivity or low 
resistivity. 

 (ii) Insulators: In insulators, the conduction band is empty and the valence band is filled. The energy 
gap is large (Eg >3 eV) in this case. Therefore, electrons in the valence band are not able to 
cross the band gap and reach the conduction band even by applying a strong electric field.

  Hence, no electrical conduction is possible. 
 (iii) Semiconductors: In semiconductors, the conduction band is empty and the valence band is filled. 

The energy gap is small (Eg < 3 eV) in this case. Some electrons from the valence band get 
thermally excited and reach the conduction band and hence, electrical conductivity is possible. 

  Therefore, semiconductors have small conductivity even at room temperature. 
zz Intrinsic semiconductors: These are pure semiconductors in which the electrical conductivity is 
due the electrons that are thermally excited from the valence band to the conduction band and in 
which no impurity atoms are added to increase their conductivity. This conductivity is called intrinsic 
conductivity. In this case electrons and holes act as the charge carriers. In an intrinsic semiconductor,

       ne = nh = ni
  where, 
 ne = the concentration of free electrons in conduction band, 
 nh = the concentration of holes in valence band, and 
 ni = the intrinsic carrier concentration. 
zz Doping: It is the process of addition of a impurity to a pure semiconductor so as to increase its 
conductivity. The impurity atoms added are called dopants. They are of two types: 

12 Semiconductor Electronics

UNIT 9 : ELECTRONIC DEVICES
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(1) Pentavalent dopants such as As, Sb and P. These are also called donors. 
(2) Trivalent dopants such as In, B and Al. These are also called acceptors. 

zz Extrinsic semiconductors: A semiconductor obtained by doping suitable impurity atoms to intrinsic 
semiconductor to increase its conductivity is called an extrinsic semiconductor. These are of two types: 

(1) n-type semiconductors 
(2) p-type semiconductors. 

zz n-type semiconductors: When pentavalent impurity atoms are added to intrinsic semiconductor we 
obtain n-type semiconductors, which have electrons as their majority charge carriers. The pentavalent 
impurity atoms are called as donors, because they donate electrons to the host crystal. Here, 

ne ≅ ND > nh
zz p-type semiconductors: When trivalent impurity atoms are added to extrinsic semiconductors, we 
obtain p-type semiconductors, which have holes as their majority charge carriers. The trivalent 
impurity atoms are called as acceptors, because they create holes which can accept electrons from 
the nearby bonds. Here 

nh ≅ NA > nh
In any semiconductor, 

ne nh = ni
2

zz Whatever the type of semiconductor may be as a whole it is electrically neutral. 
zz Holes: The absence of electron in the bond of a covalently bonded crystal is called a hole. It serves 
as positive charge carrier. 
zz Mobility: The drift velocity acquired by a charge carrier in a unit electric field is called its electrical 
mobility and is denoted by µ. 

µ = v
E

zz The mobility of an electron in the conduction band is greater than that of the hole (or electron) in 
the valence band. 
zz Electrical conductivity of a semiconductor. It is expressed by 

s = e(ne µe + nhµh)
zz The conductivity of an intrinsic semiconductor: It increases exponentially with temperature 

s = s0 exp −
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Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. How many valence electrons are present in a semiconductor?
(a) 2 (b) 3 (c) 4 (d) 5

2. With increasing temperature, the conductivity of a semiconductor
(a) increases   (b) decreases
(c) remains unchanged
(d) sometimes increases and sometimes decreases

3. In a p-type semiconductor, majority charge carriers are :
(a) atoms  (b) holes (c) electrons (d) protons
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 4. In an n-type semiconductor, majority charge carriers are
 (a) atoms (b) holes (c) electrons (d) protons
 5. A pure semiconductor whose electrical conductivity is only due to breaking of covalent bond is 

called
 (a) intrinsic (b) extrinsic (c) acceptor (d) none of these
 6. For a material to be a good conductor, the energy levels in a valence band:
 (a) are partially filled only   (b) overlap with conduction band only
 (c) both (a) and (b) (d) none of these.
 7. To obtain n-type semiconductor, silicon crystal should be doped with impurity atoms of valency:
 (a) 2 (b) 3 (c) 4 (d) 5
 8. The conductivity of an intrinsic semiconductor can be increased by doping it with
 (a) Pentavalent impurity   (b) Trivalent impurity
 (c) Both (a) and (b)   (d) None of these
 9. In nh and ne are the number of holes and conduction electrons in an extrinsic semiconductors 

respectively. Then
 (a) nh > ne (b) nh = ne (c) nh < ne (d) nh ≠ ne
 10. A n-type semiconductor is 
 (a) positively charged
 (b) negatively charged
 (c) uncharged
 (d) uncharged at 0 K but charged at higher temperature
 11. The electrical conductivity of pure silicon can be increased by:
 (a) Increasing the temperature 
 (b) Doping acceptor impurities
 (c) Doping donor impurities
 (d) All of these
 12. The order of energy gap between the conduction band and valence band of a semiconductor is:
 (a) 1 MeV (b  1 eV (c) 0.1 MeV (d) 0.5 eV
 13. If the hole concentration in a semiconductor is less than the electron concentration, the 

semiconductor is
 (a) n-type (b) p-type (c) intrinsic (d) an insulator
 14. Which one of the following is a p-type semiconductor?
 (a) Pure germanium   (b) Pure silicon
 (c) Arsenic-mixed germanium  (d) Boron-mixed germanium
 15. The relation between the electron concentration (ne) and hole concentration (nh) of a p-type 

semiconductor is given by
 (a) nh >> ne (b) nh << ne (c) nh ≈ ne (d) None of these
 16. Doping is the process of 
 (a) Adding electrons to the semiconductor
 (b) Adding holes to the semiconductor
 (c) Adding impurities to the semiconductor
 (d) None of these
 17. Adding pentavalent impurity to pure Ge, we get:
 (a) p-type semiconductor   (b) n-type semiconductor
 (c) conductor   (d) insulator
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 18. Semiconductor behaves as an insulator:
 (a) at very high temperature   (b) at absolute zero temperature
 (c) at room temperature   (d) none of these
 19. The energy gap between the conduction band and valence band of a conductor is
 (a) infinite (b) large (c) very small (d) zero
 20.  The energy gap between the conduction band and valence band of a Si crystal is:
 (a) 0.7 eV (b) 0.5 eV (c) 1.1 eV (d) 6 eV

Answers
 1. (c) 2. (a) 3. (b) 4. (c) 5. (a) 6. (c) 7. (d) 8. (c) 9. (d) 10. (c)
 11. (d) 12. (b) 13. (a) 14. (d) 15. (a) 16. (c) 17. (b) 18. (b) 19. (d) 20. (c)

B. 1 Mark Questions
 1. Define energy band in a solid.
 Ans. Energy band : A band formed when a very large number of energy levels come close within a 

small energy range of a solid is known as energy band.
 2. What do you mean by Fermi energy level?
 Ans. The highest energy level in the valence band at absolute zero temperature is called the Fermi 

energy level.
 3. Define valence band.
 Ans. Valence band : The highest energy band filled with valence electrons is called valence band.
 4. What do you mean by intrinsic semiconductor?
 Ans. A pure semiconductor is called an intrinsic semiconductor in which conductivity arises due to 

thermal excitation of electrons from the valence band to the conduction band.
 5. Define doping.
 Ans. Doping : It is the process of adding impurities to intrinsic semiconductors to enhance their 

electrical conductivity.
 6. Ge is preferred over Si to make semiconductors. Why?
 Ans. Because the energy gap of Ge is 0.7 eV while the energy gap of Si is 1.1 eV.
 7. Define conduction band.
 Ans. The lowest unfilled energy band formed just above the valence band is called the conduction 

band.
 8. The energy gap between the valence band and conduction band of a material is given. How can 

you say whether the material is a semiconductor, conductor, or insulator?
 Ans. If the energy band gap between the valence band and conduction band is :
 (i) zero, then the given material is a conductor.
 (ii) of the order of 1 eV, then the given material is semiconductor.
 (iii) very large, then the given material is insulator.
 9. Which charge carrier is responsible for conduction in a conductor, semiconductor, and insulator?
 Ans. The charge carriers responsible for conduction in a conductor, semiconductor and insulator are 

free electrons, electron and holes, and no charge carrier respectively.
 10. What is an n-type semiconductor?
 Ans. n-type semiconductor : It is a semiconductor formed by doping a pentavalent impurity with a 

pure semiconductor (intrinsic semiconductor).
 11. What is a p-type semiconductor?
 Ans. p-type semiconductor : It is a semi-conductor formed by doping a trivalent impurity with a pure 

semi-conductor (intrinsic semi-conductor).
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 12. Name two donor impurity atoms and their valency?
 Ans. Antimony and phosphorus, valency–5.
 13. Name two acceptor impurity atoms and their valency?
 Ans. Boron and aluminum, valency–3.
 14. What is the majority charge carrier in n-type semiconductors?
 Ans. Electrons.
 15. What is the majority charge carrier in p-type semiconductors?
 Ans. Holes.
 16. What do you mean by extrinsic semiconductors?
 Ans. A semiconductor prepared by doping pure semiconductor with impurities is called an extrinsic 

semiconductor. It has more conductivity than intrinsic semiconductor.
 17. Define electron mobility? What is its unit?
 Ans. It is defined as the drift velocity acquired by the electrons per unit applied electric field. Its unit 

is m2V–1s–1.
 18. Give the relation between the ratio of the concentration of holes (nh) and concentration of electrons 

(ne) in: 
 (a) intrinsic semiconductor
 (b) n-type semiconductor
 (c) p-type semiconductor
 Ans. (a) nh = ne  (b) nh < < ne  (c) nh > > ne
 19. What change is noticed in the energy gap of intrinsic semiconductors when doped with a trivalent 

impurity?
 Ans. The energy gap in the semiconductor decreases due to the creation of the acceptor energy level 

just above the gap of the valence band.
 20. Among electrons and holes, which charge carrier has larger mobility?
 Ans. An electron has larger mobility.
 21. Why are semiconductors called so?
 Ans. A semiconductor is called as semiconductor because it is a type of material that has an electrical 

resistance which is between the resistance typical of metals and the resistance typical of insulators.
 22. Write two factors on which the electrical conductivity of a pure semiconductor at a given 

temperature depends.
 Ans.  (i) The  width of the forbidden band.
 (ii) Intrinsic charge carrier concentration.

 23. Why does the conductivity of a semiconductor increase with the rise of temperature ?.
 Ans. When a semiconductor is heated, more and more electrons jump across the forbidden gap from 

valence band to conduction band where they are free to conduct electricity. So the conductivity 
increases with the increase in temperature.

 24. At what temperature, a semiconductor behaves as an insulator? Why?
 Ans. At 0 K. Because there are no free charge carriers.
 25. Let E1, E2, and E3 be the forbidden energy gap of insulators, semiconductors, and conductors. 

Arrange them in ascending order.
 Ans. E3 < E2 < E1.
 26. Does an n-type semiconductor have any hole that can act as a charge carrier?
 Ans. Yes. In n-type  semiconductors, holes are formed due to breaking of covalent bonds. But they are 

minority charge carries.
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 27. Does a p-type semiconductor have any electron that can act as a charge carrier?
 Ans. Yes. In p-type semiconductors, electrons, are formed due to breaking of covalent bands. But they 

are minority charge carriers.
 28. What do you mean by hole? Which type of doping creates a hole?
 Ans. A hole is a vacant state in the covalent band of a semiconductor from which an electron has been 

removed. When the semiconductor is doped with trivalent impurity atoms of B, Al or In, holes 
are created.

 29. The forbidden energy band of Ge is 0.7 eV. What does it mean?
 Ans. This means that if energy of 0.7 eV is given to an electron in the valence band, it will jump to 

the conduction band.
 30. The conductivity of the n-type semiconductor is greater than that of the p-type semiconductor, 

even when both have the same level of doping. Why?
 Ans. This is because, under a given electric field, free electrons have higher mobility than holes.

C. 2 Marks Questions

 1. What do you mean by doping in semiconductors? Why is it done?
 Ans. Doping is the process of addition of small amounts of certain specific impurity atoms having 

valency different from that of host atoms to a pure semiconductor. It is done to increase the 
number of mobile electrons/holes and hence to increase the conductivity of a semiconductor.

 2. What do you mean by donor energy levels?
 Ans. A pentavalent donor atom when added to a pure semiconductor such as Ge (or Si), it forms a 

n-type semiconductor. Here four of the five valence electrons of the donor atom form a covalent 
band with Ge (or Si) atoms and the fifth electron of the pentavalent donor atom leave the atom 
to occupy a discrete energy level just below the conduction band. Such energy level is called a 
donor energy level.

 3. With increasing temperature, how does the resistance of conductors change?
 Ans. It increases with rise in temperature. The reason is that, as the temperature rises, the kinetic energy 

of the free electrons in metals increases. Therefore, the frequency of collisions between the free 
electronic and the positive ions of the metal increases this increases the resistance of the metal.

 4. Distinguish between electron current and hole current?
 Ans. In semiconductor, when an electric field is applied the free electrons in the conduction band move 

opposite to the field and constitute “electron current.” At the same time, the electrons in the 
valence band pass from one vacancy to the next opposite to the direction of field. This movement 
is equivalent to the movement of holes in the direction of the field. The current corresponding to 
this motion is called as ‘hole current’.

 5. Distinguish between n-type and p-type semiconductors?
 Ans. 

n-type Semiconductor p-type semiconductors
1. These are extrinsic semiconductors obtained 

by doping pentavalent impurity atoms to Si 
or Ge.

1. These are extrinsic semiconductor obtained 
by doping trivalent impurity atoms to Si or 
Ge.

2. Here electrons are the majority charge 
carriers.

2. Here holes are the majority charge carriers.

 6. The energy of a hole is higher, the farther below it is from the top of the valence band. Give reason.
 Ans. Imagine an electron being removed from the filled valence band to the bottom of the conductor 

band. This creates a vacancy or a hole in the valence band. Hence, it is clear that it requires more 
energy to remove an electron which is farther from the top of the valence band, has higher energy 
just as a conduction electron farther from the bottom of the conduction band has higher energy.
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 7. Draw energy band diagrams of n-type and p-type semiconductors.
 Ans. 

Ec

Ev

ED

Eg

n-type extrinsic
semiconductor

Ec

Ev

EA

Eg

p-type extrinsic
semiconductor

 8. Write the limitations of intrinsic semiconductors when used for making semiconductor devices.
 Ans. Limitation of Intrinsic semiconductor :
 (i) It has low intrinsic charge carrier concentration (i.e. ~ 106m–3) as a result of which they have 

low electrical conductivity.
 (ii) It is not possible to control the number of charge carriers as intrinsic charge carriers are 

thermally generated.
 9. Which charge carrier has more mobility, the electron in the conduction band or the hole in the 

valence band? Why?
 Ans. Electrons in the conduction band have more mobility. Because the electrons in the conduction 

band are almost free and hence they are easily movable by application of the electric field but 
the holes in the conduction band are bound between the atoms of a semiconductor. So holes have 
less mobility than electrons of conduction band.

 10. Write two differences between ‘intrinsic’ and ‘extrinsic’ semiconductors.
 Ans. 

Intrinsic Semiconductor Extrinsic Semiconductor
1. These are pure semiconducting tetravalent 

crystals.
1. These are semiconductor formed by doping 

impurities in pure semiconductors.

2. Their conductivity is low. 2. Their conductivity is high.

 11. How does the conductivity of a semiconductor change with the rise of temperature? Why?
 Ans. It increases with the rising of temperature. It is so because when a semiconductor is heated, more 

and more electrons are able to jump across the forbidden gap from the valence band to conduction 
band where they are free to conduct electricity.

 12. Find the maximum wavelength of electromagnetic radiation which can create a hole-electron pair 
in germanium. The bandgap in germanium is 0.65 eV.

 Ans. Given, Eg = 0.65 eV = 0.65 × 1.6 × 10–19 J
  The electromagnetic radiation should have energy Eg to push an electron from valence band to 

conduction band. So maximum wavelength λmax is given by

   Eg = 
hc

λmax
  ⇒ λmax = 

hc

gE

   ∴ λmax = 
6 6 10 3 10

0 65 1 6 10

34 8

19
.

. .
× × ×

× ×

−

−  = 1.9 × 10–6 m.
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 13. In a pure semiconductor, the number of conduction electrons is 6 × 1018 per cubic metre. How 
many holes are there in a sample of size 1 cm × 1 cm × 1mm?

 Ans. Given; ne = 6 × 1018 m–3

  Volume of the sample = 1 cm × 1 cm × 1 mm = 10–2m × 10–2m × 10–3m = 10–7 m3

  Number of holes in the sample = number of electrons in the sample 
   = ne × V = 6 × 1018 × 10–7 = 6 × 1011

 14. Determine the number density of donor atoms that have to be added to an intrinsic germanium semi 
conductor to produce an n-type semiconductor of conductivity 5 ohm–1cm–1 given that electron 
mobility in n-type Ge is 3900 cm2 / Vs. Neglect the contribution of holes to conductivity.

 Ans. Given, s = 5 Ω–1cm–1; µe = 3900 cm2V–1s–1

  we know, s = 
1
ρ

 = e neµe

	 	 ∴	Electron density, ne = 
σ
µe

    = 
5

1 6 10 390019. × ×−  cm–3 

   = 8.01 × 1015 cm–3

 15. Derive the expression for the conductivity of the p-type semiconductor.
 Ans. A p-type semiconductor has holes as the majority charge carriers.
  We know, I = Ih = enh A Vh 

   R = ρ
l
A

	 	 ∴  V = RI = ρ l
A

. enh A Vh

   E = 
V
l

 = ρennVh = ρenhµhE	 	 ( 	µh =
Vh

E
)

	 	 ⇒  ρ = 1
enhµe

 

  Conductivity, s = 
1
ρ  = enhµh

 16. What happens when a strong current is passed through a semiconductor?
 Ans. When a strong current is passed through a semi-conductor, it gets heated up as a result of which 

the covalent bonds break up. This gives rise to a very large number of free electrons. The 
semiconductor gets damaged and behaves as a conductor instead of having as semiconductor.

 17. Write two differences between conductor, semiconductor, and insulator
 Ans. 

Conductors Semiconductor Insulation
1. Free electrons act as 

charge carriers.
1. Electrons and holes act as charge 

carriers.
1. There are no charge carriers.

2. They have low 
resistivity.

2. They possess resistivity intermediate 
to metals and insulators.

2. They have high resistivity.

 18. How does the resistivity of pure semiconductors vary with temperature?
 Ans. The resistivity of a semiconductor is given by :

   ρ = 1
ρ

 = 
1

e n ne e h h( )µ µ+
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  As the temperature increases, the mobilities µe and µh of electrons and holes decreases due to the 
increase in their collision frequency. But due to the small energy gap of semiconductors, more 
and more electrons (n ∝	e.–Eg/KBT) from the valence band cross over to the conduction band. The 
increase in carrier concentrations ne and nh is so large that decrease in the  values of µe and µh 
has no influence. The overall effect is that conductivity increases or resistivity decreases with the 
increase of temperature.

 19. Although C, Si, and Ge have the same lattice structure, C behaves as an insulator while Si and 
Ge behaves as intrinsic semiconductors. Why?

 Ans. C, Si and Ge have 4 valence electron, the 4 bonding electrons of C, Si and Ge lie, respectively, in 
the second, third and fourth orbit. Hence, the energy required to take out an electron from these 
atoms (i.e., ionisation energy Eg) will be least for Ge, followed by Si and higher for C. Hence, 
the number of free electrons for conduction in Ge and Si are quite significant but negligibly small 
for C.

 20. Explain the formation of energy bands in solids? Define valence band and conduction band.
 Ans. We know the electrons have well defined energy levels in an isolated atom. But due to interatomic 

interaction in a crystal, the electrons of the outer shell are forced to have energies different from 
those in isolated atoms. Each energy level now splits into a number of energy levels forming a 
continuous band, called energy band.

  We can say it is a collection of large numbers of energy levels closely spaced in a very small 
energy range.

  Valence Band : It is the highest energy band filled with valence electron.
  Conduction band : It is the lowest unfilled allowed energy band next to valence band.
 21. Draw energy level diagram of conductor, semiconductor, and insulator.
 Ans. Energy level diagrams of conductor, semiconductor and insulator are given below:

  

Partially �lled
conduction band

Filled valence
band

(i)

(ii)

Filled valence
band

Overlapping
conduction band

(a) Energy band diagram for a metal.    

Empty
conduction

band

E > 3eVg

Filled
valence

band

(b) Energy band diagram for an insulator.

  

<
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D. 3 Marks Questions

 1. Differentiate between n-type and p-type semiconductors based on energy band diagrams. Compare 
their conductivities at room temperature.

 Ans. 

n-type Semiconductors p-type Semiconductors

Ec

Ev

ED

Eg

≈ 0.01eV

E
le

c
tr

o
n

e
n

e
rg

y

1. It has an extra energy level called donor 
level that lies just below the bottom of the 
conduction band.

1. It has an extra energy level, called accep-
tor level, that lies just above the top of the 
valence band.

2. Most electrons (that are the charge carrier) 
come from the donor impurity.

2. Most of the holes are due to the acceptor 
impurity (Here holes are the charge carriers.)

3. ne of conduction band >> nh of valence band. 3. nh of valence band >> ne of the conduction band.

  At room temperature, if doping percentage in n-type semiconductor is equal to the doping 
percentage in p-type semiconductor then the n-type semiconductor will have more conductivities.

 2. Draw the energy level diagram for conductor, semiconductor, and insulator and, on the basis of 
this, distinguish between them.

 Ans. 
Conductor Semi-conductor Insulator

Partially �lled
conduction band

Filled valence
band

(i)

(ii)

Filled valence
band

Overlapping
conduction band

(a) Energy band diagram for a metal.

Empty
conduction

band

E < 3eVg

Filled
valence

band

(b) Energy band diagram for an semiconductor.

Empty
conduction

band

E > 3eVg

Filled
valence

band

Energy band diagram for an insulator.

1. Either the conduction band 
is partially filled or the 
conduction band overlap 
with the valence band 
partly. The energy gap 
between them is zero.

1. The energy gap between 
the valence band and the 
conduction band is very 
small i.e., Eg is of order 1 
eV. i.e., Eg = 0.2 eV to 3 
eV.

1. The energy gap between 
the valence band and the 
conduction band is very 
large i.e., Eg > 3 eV.
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2. Large number of free 
electrons are available 
for conduction in the 
conduction band.

2. Small number of free 
electrons are available 
for conduction in the 
conduction band.

2. No free electrons are 
available in the conduction 
band, hence do not conduct 
electricity.

 3. What is an intrinsic semiconductor? How can p-type semiconductors be formed from intrinsic 
semiconductors? How do holes act as positive charge carriers?

 Ans. Intrinsic semiconductor is pure semiconductor that does not contain any impurity. The charge 
carriers responsible for conductivity in the semiconductors is generated by thermal excitation.

  When a trivalent impurity atom such as boron, aluminium is doped in an intrinsic semiconductor 
such as Ge or Si, a p-type semiconductor is formed.

  In p-type semiconductor, the three electrons of the trivalent atom are covalent with the three 
electrons of Si (or Ge) surrounding it. Thus, resulting in an empty space ‘hole’ on the side with 
the impurity atoms. When an electric field is applied, the unbounded electron of the Si (or Ge) 
atom moves to fill the vacant space creating a new hole in the opposite direction of the applied 
electric field. This phenomenon continues and the movement of hole takes place in the direction 
of applied field, thus the hole acts as a positive charge carrier.

 4. In an intrinsic semiconductor, the energy gap Eg is 12 eV. Its hole mobility is very much smaller 
than electron mobility and is independent of temperature. What is the ratio between conductivity at 
600 K and that at 300 K? Assume that the temperature dependence of intrinsic carrier concentration 
ni and is expressed as 

       ni = n0 exp
−E
K T
g

B2

  here n0 is a constant and KB = 8.62 × 10–5 eVK–1 is the Boltzmann constant. 

 Ans. For an intrinsic semiconductor,
  Conductivity is given by,  s = e(neµe + nhµh) (∵ ne = nh = ni;    µe >> µh)
   = eni (µe + µh)
   ~ e niµe

  But ni = n0 exp
−









Eg
2KBT

	 	 ∴ s = e niµe = e µe n0 exp 
−









Eg
BK2 T

  let s0 = eµe n0

	 	 ⇒ s = s0 exp −









Eg
BK2 T

  Now 
Eg

2
 = 

1 2
2
.

 = 0.6 eV,     kB = 8.62 × 10–5 e VK–1

   s(600 K) = s0 exp
−

× ×









−

0 6
8 62 10 6005

.
.

   s(300 K) = s exp
−

× ×









−

0 6
8 62 10 3005

.
.
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  From above two equations, we get 

   exp .
.

0 6
8 62 10

1
300

1
6005×

−















−  = exp .

.
0 6 10

8 62 600

5×
×









 = exp (11.6) = 1 × 105

 5. (a) Draw energy band diagram of boron-doped germanium semiconductor? 
 (b) Give a reason why a p-type semiconductor crystal is electrically neutral, although nh >>ne? 
 Ans. (a) Boron doped Germanium semiconductor is a p-type semiconductor. Energy band diagram of 

Boron doped semiconductor is like p-type semiconductor. The diagram is shown below:

Ec

Ev

EA

Eg

p-type extrinsic
semiconductor

≈ 0.01 – 0.04 eV

 (b) In a p-type semiconductor, trivalent impurity atom shares its three valence electron with three 
valence electrons of the intrinsic semiconductor while the fourth electron remains unbounded. 
But the impurity atom as a whole is electricity neutral and the tetravalent  host atom is also 
electrically neutral. So the p-type semiconductor is also neutral.

 6. A semiconductor has an equal electron and hole concentration of 6 × 108 m–3. On doping 
with certain impurity, electron concentration increases to 9 × 1012 m–3. (i) Identify the new 
semiconductor obtained after doping. (ii) Calculate the new hole concentration. (iii) How does 
the energy gap vary with doping?

 Ans. (i) Since the electron concentration increases after doping, so the new  semiconductor obtained 
is n-type semi-conductor.

 (ii) Since nenh = ni
2

	 	 	 ⇒  nh = 
n

n
i

e

2

 = 
( )6 10
9 10

8 2

12
×
×

 (∵ for intrinsic semiconductor ne = nh = ni)

   = 4 × 104 m–3

 (iii) The energy gap decreases with doping.

E. Case Study Based Questions [3 Marks]

Case Study 1. 
Mr Michael began his class by introducing semiconductors. He stated that a semiconductor has 
conductivity that lies in between insulator and conductor. To understand the statement more clearly 
Sunaina asked what is the reason behind this? Michael said it is so due to different arrangements of 
conduction band and valence band in various solids. He then explained the band theory of solids. 
 1. What is valence band?
 Ans. The highest energy band occupied by the valence electrons is called the valence band.
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 2. What is conduction band?
 Ans. The first empty allowed energy band above valence band is called conduction band.
 3. What is energy gap?
 Ans. The gap between the valence band and the conduction band where no allowed energy level can 

exist is called as energy gap.

Case Study 2. 
Sameer went for a seminar on “Semiconductor , the future of India”. The speaker was explaining various 
applications of semiconductor and their large scale uses in various fields. Sameer being a XIth student 
was unaware of basics of semiconductor. So in order to understand properly, he asked Shubham, a XIIth 
student. Shubham explained how a semiconductor is formed and all other basics required to understand 
the semiconductor and its working 
 1. What is the charge carrier in semiconductor?
 Ans. Holes and electrons.
 2. What is the order of energy gap of a semiconductor?
 Ans. Energy gap is less than 3eV.
 3. Give two examples of intrinsic semiconductor.
 Ans. Silicon (Si) and Germanium (Ge).
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Summary
zz p-n junction: It is a single crystal of pure semiconductors such as Ge or Si doped in such a 
manner that one half portion of it becomes p-type semiconductor and other half portion becomes 
n-type semiconductor. As soon as a p-n junction is formed, the holes from the p-region diffuse 
into the n-region and electrons. from n-region diffuse into p-region. This results in the formation 
of potential barrier V across the junction which opposes the further diffusion of electrons and 
holes through the junction. 
zz Depletion region: It is the small region in the vicinity of the junction which is depleted of free 
charge carriers and has only immobile ions . 
zz Symbol for a p-n junction diode :

Anode Cathode

p-n

zz Forward biasing of a p-n junction: If the positive terminal of a battery is connected to the p-side 
and the negative terminal to the n-side, then the p-n junction is said to be forward biased. A p-n 
junction offers a low resistance when it is forward biased. Current is due to diffusion of majority 
charge carriers. It is of the order of mA.
zz Reverse biasing of a p-n junction: If the positive terminal of a battery is connected to the n-side and 
the negative terminal to the p-side, then the p-n junction is said to be reverse biased. The potential 
barrier offers high resistance during the reverse bias. Current is due to the minority charge carriers. 
It is called reverse or leakage current and flows in the opposite direction. It is of the order of mA. 
zz Avalanche breakdown: When a very high reverse bias is applied the minority carrier acquire very 
high kinetic energy, high enough to break that covalent bond and produce electron hole pair. Many 
such large numbers of pairs are formed. This situation is known as avalanche breakdown. 
zz A junction diode has almost a unidirectional flow of current. 
zz Dynamic resistance: It is the ratio of small change in applied voltage ∆V to the corresponding 
change in current ∆I. It is given by 

    rd = ∆V∆I
zz Characteristic of a p-n junction diode: The graph showing the variation of current flowing through 
a p-n junction with the voltage applied across it is called the voltage-current or V–I characteristic 
of a p-n junction. 
zz Rectification: The process of converting a.c. into d.c. is called rectification and the device used 
for this purpose is called a rectifier. 
zz Rectifier: A junction diode conducts when forward biased and does not conduct when reverse 
biased. This unidirectional characteristic of the diode enables it to be used as a rectifier.
zz A half-wave rectifier uses only a single diode while a full wave rectifier uses two diodes. 
zz Photodiode: It is a junction diode that is made from a photosensitive semiconducting material in 
such a way that light can fall on its junction. It is operated in a reverse bias condition. It is used 
to detect optical signal 

13 Semiconductor Diode



GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 187

zz Light emitting diode (LED): It is a forward biased p-n junction which spontaneously converts 
the supplied electrical energy into optical energy, like infrared and visible light. It is made from 
materials like GaAs or InP to emit visible radiation. 
zz Solar cell: It is a junction diode used to convert solar energy into electrical energy. It works on the 
principle of photovoltaic effect. The materials used for solar cells are Si and GaAs.

Question Bank

A. Multiple Choice Questions [1 Mark]
Choose the correct option for each of the following questions :

1. The barrier potential in a p-n junction is due to the charges on either side of the junction, their 
charges are
(a) Majority carriers   (b) Minority carriers
(c) Both (a) and (b)   (d) Fixed donor and acceptor ions.

2. A p-n junction is said to be reverse biased when :
(a) The positive terminal of the battery is connected to the p-side and the negative side to the 

n-side.
(b) n-side is connected directly to the p-side
(c) Junction is earthed
(d) The positive terminal of the battery is connected to n-side and the negative side of the p-side.

3. Which of the following diode is said to be forward biased?
(a) 0 V – 2V (b) + 2V + 3V

(c) – 2V 0 (d) 0 2V

4. What happens when a p-n junction is reverse biased?
(a) large amount of current flows (b) depletion layer resistance increases
(c) no current flows   (d) potential barrier across junction inverses.

5. In a p-n junction.
(a) the potential of p and n sides becomes higher alternately
(b) the p side is at higher electrical potential than n side
(c) the n side is at higher electrical potential than p side
(d) both p and n sides are at same potential.

6. What is the cause of the potential barrier in a p-n junction diode?
(a) depletion of positive charges near the junction
(b) concentration of positive charges near the junction
(c) depletion of negative charges near the junction
(d) concentration of positive and negative charges near the junction.

7. The ratio of reverse biased resistance and forward biased resistance for p-n junction diode is :
(a) 1 : 10–4 (b) 1 : 10–1 (c) 1 : 10–2 (d) 1 : 104.

8. When the p-n junction is reverse biased :
(a) a large amount of current flows 
(b) potential barrier across the junction increases
(c) depletion layer resistance increases
(d) no current flows.
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 9. The barrier potential of semiconductor diode offers position to :
 (a) free electrons in n-region only
 (b) majority carriers in both regions
 (c) holes in p-region only
 (d) majority as well as minority carriers in both regions.
 10. The factor on which the barrier potential of p-n junction diode does not depend on :
 (a) doping density   (b) temperature
 (c) diode design   (d) forward bias.
 11. Reverse bias applied to a junction diode :
 (a) increases the minority carrier current (b) increases the majority carrier current
 (c) raises the potential barrier  (d) lowers the potential barrier.
 12. What happens when p-n junction diode is forward biased?
 (a) Both the depletion region and barrier height are reduced
 (b) The depletion region is widened and barrier height is reduced
 (c) The depletion region is reduced and barrier height is increased
 (d) Both the depletion region and barrier height are increased.
 13. In the middle of the depletion layer of a reverse biased p-n junction, the.
 (a) electric field is zero   (b) potential is maximum
 (c) electric field is maximum   (d) potential is zero.
 14. What is the minimum number of diodes required for a full wave rectifier?
 (a) 1 (b) 2 (c) 3 (d) 4.
 15. Diffusion current in a p-n junction is greater than the drift current in magnitude
 (a) if the junction is unbiased  (b) if the junction is forward biased
 (c) if the junction is reverse biased (d) none of these.
 16. The drift current in a p-n junction is from the :
 (a) n-side to the p-side   (b) p-side to the n-side
 (c) n-side to the p-side if the junction is forward biased and in the opposite direction if it is 

reverse biased
 (d) p-side to the n-side if the junction is forward biased and in the opposite direction if it is 

reverse biased.
 17. In an unbiased p-n junction.
 (a) The junction current at equilibrium is zero as equal but opposite carriers are crossing the junction
 (b) The junction current is due to minority carriers only
 (c) The junction current at equilibrium is zero as charges do not cross the junction
 (d) The junction current reduces with rise in temperature.
 18. The diffusion current in a p-n junction is from the :
 (a) p-side to the n-side
 (b) p-side to the n-side if the junction is forward biased and in the opposite direction if it is 

reverse biased
 (c) n-side to the p-side
 (d) n-side to the p-side if the junction is forward biased and in the opposite direction if it is 

reverse biased.
 19. LEDs fabricated from GaAsP emits radiation lying in the :
 (a) Infrared region   (b) Visible region
 (c) Ultraviolet region   (d) None of these
 20. What is the full form of LED?
 (a) Light Emitting Display   (b) Low Energy Display
 (c) Light Emitting Detector   (d) Light Emitting Diode.
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 21. Which diode is used for detecting light intensity?
 (a) LED in reverse bias   (b) Photodiode in forward bias
 (c) Photodiode in reverse bias  (d) LED in forward bias.

Answers
 1. (d) 2. (d) 3. (a) 4. (d) 5. (b) 6. (d) 7. (a) 8. (b) 9. (b) 10. (c)
 11. (c) 12. (a) 13. (c) 14. (b) 15. (b) 16. (a) 17. (a) 18. (b) 19. (b) 20. (d)
 21. (c)

B. 1 Mark Questions

 1. What do you mean by junction diode? Draw its symbol.
 Ans. A junction diode is a single crystal of Ge or Si crystal in such a manner that one half portion of 

it is p-type semiconductor whereas the other half portion of it is n-type. Its symbol is as shown 
below :

p n

 2. What is the value of the potential barrier across a Ge type junction diode?
 Ans. 0·3V.
 3. Define depletion region of a p-n junction.
 Ans. It is defined as a small region near the junction which has been depleted of the free charge carriers 

i.e., the holes and electrons and contains only immobile ions.
 4. Name the process that causes depletion region in a p-n junction.
 Ans. Diffusion.
 5. What is the current flowing through the depletion region of a reverse biased diode known as?
 Ans. It is known as leakage current. It depends on the minority current carriers.
 6. Which type of biasing of a p-n junction diode offers very high resistance?
 Ans. Reverse biasing of p-n junction offers a very high resistance.
 7. What is the order of reverse current in a reverse biased p-n junction ?
 Ans. It is very high of the order of few kΩ.
 8. What happens to the width of the depletion region when the forward bias applied to p-n junction 

is increased?
 Ans. The width of the depletion region decreases upon increasing the forward bias across the p-n 

junction.
 9. Write two advantages of LED’s over conventional incandescent lamps.
 Ans. (i) LEDs have fast action and no warm time is required.
   (ii) It has long life and ruggedness.
 10. In a half wave rectification, what is the frequency of ripple in the output if the frequency of input 

a.c. is 50 Hz? What is the output ripple frequency of a full wave rectifier? (NCERT)
 Ans. In half wave rectifier, the output ripple frequency is 50 Hz.
  In full wave rectifier, the output ripple frequency is twice of input frequency of ac signal 
    i.e., 2 × 50 Hz = 100 Hz.
 11. When does a p-n junction work as an open switch?
 Ans. In reverse biased condition.
 12. A p-n junction offers a resistance of the order of few ohm. What is the biasing of the p-n junction?
 Ans. Forward biasing.
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 13. What happens to the width of the depletion region when the reverse bias applied to p-n junction 
is decreased ?

 Ans. The width of depletion region of p-n junction increases as the reverse bias decreases.
 14. What is the thickness of depletion layer in a p-n junction ?
 Ans. Approximately about 10–6 m.
 15. Name the type of bias in which the ideal diode conducts.
 Ans. Forward bias.
 16. Which type of biasing is used in LEDs to emit radiations?
 Ans. Forward bias.
 17. Name the factor, which controls:(i) wavelength of light, and (ii) intensity of light emitted by an 

LED.
 Ans. (i) The nature of the semiconductor used in LED controls the wavelength of light.
  (ii) The forward bias applied to the LED controls the intensity of light.
 18. What is the reason behind using GaAs mostly to make solar cell?
 Ans. GaAs is mostly used for solar cells because it has a better solar conversion efficiency. The high 

solar conversion efficiency is due to its suitable band gap and high absorption coefficient.
 19. What is the work of a photodiode?
 Ans. It is used to detect optical signal.
 20. Why do holes diffuse from p-region to n-region in an unbiased p-n junction? 
 Ans. The phenomenon of diffusion is due to concentration gradient. Holes diffuse from p-region to 

n-region because concentration of holes in p-region is more than that in n-region.

C. 2 Marks Questions

 1. In the following diagrams, find out which of the diodes are forward biased and which are reverse 
biased. 

(ii)

+ 2 V+ 7 V

(i)

+ 5 V

(iii)

– 10 V

(iv)

– 12 V

– 5 V

 Ans.  (i) It is forward biased as p-side is at higher potential (+ 7V) than n-side (+ 5V).
 (ii) Reverse biased as the p-side is at lower potential (0 V) than n-side (+ 2V).
 (iii) Reverse biased as the p-side is at lower potential (– 10V) than n-side (0V).
 (iv) Forward biased as the p-side is at higher potential (– 12V) than n-side (– 5V).
 2. Define potential barrier of a p-n junction.
 Ans. The accumulation of negative charges in the p-region and positive charges in the n-region creates 

a potential difference across the junction. This is called potential barrier because it opposes further 
diffusion of electrons and holes across the junction.
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 3. A p-n junction is also called a junction diode. Explain.
 Ans. A p-n junction allows a large current to flow through it when forward biased and it offers a high 

resistance when it is reverse biased. This unidirectional property is similar to that of a vacuum 
diode. Hence, p-n junction is also called a junction diode.

 4. Draw a circuit diagram for p-n junction diode with reverse bias.
 Ans. 

R

p-n

– +

V

 5. Draw the V-I characteristic of a p-n junction diode in reverse bias.
 Ans.

2

4

6

8

10D

O

–10 –8 –6 –4 –2 0

C

REVERSE BIAS (V)

R
E

V
E

R
S

E
 C

U
R

R
E

N
T

(
A

)
�

BREAKDOWN
VOLTAGE

 6. Draw a circuit diagram for a p-n junction diode with forward bias.
 Ans. 

R

p-n

–+

V

 7. Draw the V–I characteristic of a p-n junction diode in forward bias.
 Ans. 

Knee

O

A

B

Forward Bias (V)

I(
m

A
)

 8. Draw the output waveform of the square wave(–1V to 1V) applied to the circuit shown below. 
+ 1 V

R

Output

– 1 V
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 Ans. As the p-side of the diode is earthed,it is at zero potential. So diode conducts current when input level 
is – 1V, because only then p-side will be at higher potential. It does not conduct when the input level 
is + 1V. As the diode is ideal, the output across it will be either 0 or – 1V as shown below :

Input – 1V

Output – 0V

+ 1V

– 1V

R

Ve
n

p

V0 = Vp – Vn

 9. The figure given below shows two p-n junction diodes along with a resistance R and a d.c. battery E. 
Indicate the path and direction of flow of appreciable current in the circuit. 

D1

pn

np

D2

R

E

 Ans. According to the circuit diagram, diode D1 is reverse biased and does not conduct while D2 is 
forward biased and conducts current. So current flows along the path E → R → D2 → E.

 10. Show the biasing of a LED with the help of a diagram. What is the function of LED?
 Ans. It is used to convert electricity into light. It is a forward biased p-n junction diode which emits 

light spontaneously when energised.
LIGHT

p n

R

+ –

 11. Draw a labelled circuit diagram of a half wave rectifier using diodes?
 Ans. 

JUNCTION
DIODE

OUTPUT
VOLTAGE

+

–

RL

S1

S2

p n

P1

P2

AC
INPUT

VOLTAGE
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 12. With the help of diagrams, show the important processes that occur during the formation of p-n 
junction and explain briefly.

 Ans. Two important processes involved during the formation 
of p-n junction are diffusion and drift. Due to the 
concentration gradient across the p-and n-sides of 
the junction, holes diffuse from p-side to n-side and 
electrons diffuse from n-side to p-side of the junction. 
This movement of charge carriers gives rise to diffusion 
current across the p-n junction. This leaves behind –ve 
acceptor ions on the p-side and +ve donor ions on the 
n-side of the junction.

 13. Define depletion layer and potential barrier.What happens 
to the potential barrier when the diode is forward biased?

 Ans. The space charge region on either side of the junction which gets devoid of mobile charge carriers 
and has only immobile ions is called as depletion layer. 

  The accumulation of negative charges in the p-region and positive charges in the n-region sets up 
a potential difference across the junction. This is called potential barrier because it opposes the 
further diffusion of electrons and holes across the junction.

  The potential barrier decreases when the diode is forward biased. As we go on increasing the 
forward bias, it cancels the potential barrier at line voltage and starts conducting.

 14. What is a solar cell? Draw and explain the construction of a solar cell.
 Ans. A solar cell is a p-n junction diode which converts solar energy directly into electrical energy. It 

is based on the phenomenon of photovoltaic effect.
  Construction :  A solar cell consist of a shallow p-n junction formed at a short distance below 

the surface of silicon crystal. At the top, there is an ohmic contact in the form of a comb like 
structure which covers 7% of the silicon area and at the bottom also there is also an ohmic contact 
which covers the entire bottom area. The top also carries an anti-reflection coating.

TOP CONTACT

SUN LIGHT

ANTI-REFLECTION
COATING

p-n

JUNCTION

BOTTOM
CONTACT

n-TYPE
Si

p-TYPE
Si

 15. Explain the working of solar cell. Draw its V-I characteristic.
 Ans. Working of Solar Cell : As soon as the sunlight falls on the top 

surface, it reaches p-n junction. It gets absorbed giving rise to 
electron and hole pair. The in-built electric field forces the electron 
to move towards the n-region and the holes to move towards the 
p-region. The two sides of the junction thus becomes oppositely 
charged and so a voltage is generated across the junction. This 
voltage drives a current in an external circuit. The V-I characteristic 
curve of the solar cell is as shown in the figure.

  Here V0 represents open circuit voltage (emf of the cell) and Is represents short circuit current.
 16. What is a photodiode? A p-n photodiode is made of a material with a band gap of 0.2 eV. What 

should be the minimum frequency of the radiation that can be absorbed by the material?
 Ans. A photodiode is a p-n junction fabricated from a photosensitve semiconductor and provided with 

a transparent window so as to allow light to fall on its junction.

Electron diffusion

np

Electron drift

Depletion region

Hole diffusion

Hole drift

Formation of p.n junction

I

V0

Is

V
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  Given,
   Eg = 0·2 eV
   Minimum energy of photon = Eg
   ⇒ hvmin = 0·2eV

   vmin = 
0·2eV

h  = 0·2 × 1·6 × 10
6·63 × 10

−

−

19

34  Hz = 4·8 × 1013 Hz

	 	 	 ≈ 5 × 1013 Hz
 17. Differentiate between LED and photodiode. Mention one use of each junction diode
 Ans.  

Light Emitting Diode (LED) Photodiode

It works when the diode is forward biased It works when the diode is reverse biased
Recombination of electrons and holes takes 
place at the junction and emits electromagnetic 
radiation.

The energy of photon is absorbed, so electron 
hole pair is generated. The electron moves to 
conduction band and holes move to valence band.

Light emitting diode (LED) is used in optical 
communication and in image scanning circuits 
for picture phones.

Photodiodes are used for detection of optical 
signals.

 18. When an a.c. signal is fed into two circuits X and Y, we get the corresponding output as shown 
in the figure below. Name the circuits X and Y. Also draw their detailed circuit diagrams.

X

Y

 Ans. The X circuit is the half wave rectifier. The detailed circuit diagram of half wave rectifier is 
shown below. 

JUNCTION
DIODE

OUTPUT
VOLTAGE

+

–

RL

S1

S2

p n

P1

P2

AC
INPUT

VOLTAGE

  The Y circuit is the full wave rectifier. The detailed circuit diagram of full wave rectifier is shown below.
S1

p n

D1

T

D2

p n

S2

RL

– +
OUTPUT
VOLTAGE

P1

P2

AC
INPUT

VOLTAGE
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 19. Define dynamic resistance. 
  The forward characteristic curve of a junction diode is 

shown in figure: 
  Calculate the resistance of the diode at : (a) V = 0.5 V 

(b) I = 60 mA.
 Ans. Dynamic resistance : It is the ratio of small change  

in applied voltage ∆V to the corresponding change in 
current ∆I. It is given by

   rd = ∆V∆I .

  From figure, (a) at V = 0·5 V, I = 40 mA = 40 × 10–3 A.
   Therefore, the diode resistance is

   Rd = 
V
I

 = 
0·5V

(40 × 10 ) A−3  = 12·5Ω

  (b) at I = 60 mA, V = 0·6 V

   Rd = V
I

 = 0·6V
60 × 10−3  = 10Ω

D. 3 Marks Questions

 1. Draw the circuit diagram of a half-wave rectifier using a p-n junction diode. Explain its working 
and show the output, input waveform.

 Ans. The circuit diagram of a half wave rectifier using p-n junction is shown below :

JUNCTION
DIODE

OUTPUT
VOLTAGE

+

–

RL

S1

S2

p n

P1

P2

AC
INPUT

VOLTAGE

  Working : An ac input voltage is applied across the transformer. Here P1P2 is the primary coil 
and S1S2 is the secondary coil. One terminal S1 of the secondary coil is connected to the p-side 
of the p-n junction diode and n-side is connected to the terminal S2.

  During the first half-cycle of AC input, when 
the terminal S1 is positive and S2 is negative, 
the junction diode is forward biased and hence 
it conducts the current. This current flows across 
load RL in direction of arrows and produces 
output waveform of the same shape as the half 
cycle of input voltage. During the second half 
cycle S1, is negative and S2 is positive. So the 
diode is reverse biased and it does not conduct. 
Hence zero current and zero voltage across 
RL. The process repeat everytime a cycle of 
input signal comes. Thus, the output current is 
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unidirectional, but intermitten and pulsating. Since, the output current corresponds to one half of 
the input voltage wave, the other half is missing, the process is called half wave rectification and 
circuit is called half wave rectifier.

 2. What is a p-n junction diode? Name any three special type junction diodes and give a brief 
explanation about them.

 Ans. When a single crystal of Ge or Si is doped in such a manner that one half portion of it acts as 
p-type semiconductor and other half functions as n-type semiconductor. Due to diffusion and 
drifting they form a junction called p-n junction. Such a diode with p-n junction is called as p-n 
junction diode.

  Various junction diodes are :
 (i) Photodiode : It is a special type of photo detector used for detecting optical signals. It is 

reverse-biased p-n junction made from a photosensitive conductor.
 (ii) Light emitting diode : It is a specially designed forward-biased p-n junction diode which 

emits light spontaneously when energised. It works on the principle of conversion of biasing 
electricity into light.

 (iii) Solar cell : It is a p-n junction diode which converts solar energy directly into electrical 
energy. It works on the phenomenon of photovoltaic effect.

 3. Explain briefly, with the help of a circuit diagram, how a p-n junction diode works as a full-wave 
rectifier and show the output and input waveform.

 Ans. The circuit diagram of a full wave rectifier is as given below:
S1

p n

D1

T

D2

p n

S2

RL

– +
OUTPUT
VOLTAGE

P1

P2

AC
INPUT

VOLTAGE

  Working : An AC input voltage is applied across the P1P2 primary coil of the transformer. S1S2 
is the secondary coil of the transformer. The terminal S1 and S2 of the secondary coil are connected 
to the p-side of the p-n junction diode of D1 and D2 respectively. The n-side of both diodes is 
connected to each other. A load RL is connected across the n-side of the diodes and the central 
tap T of secondary coil S1S2. 

  During the first half cycle of the AC input voltage, the terminal S1 is positive relative to T and 
S2 is negative. In this situation D1 is forward biased and D2 is reverse biased. So D1 conducts 
while D2 does not. The conventional current flows through diode D1, load RL and the upper 
half winding as shown by the solid arrow. During the second half cycle S2 is positive and S1 
is negative with respect to T. So D2 conducts while D1 does not conduct. The current in this 
situation flows through diode D2, load RL and the 
lower half winding as shown by dashed arrows.

  The current flows through D1 and D2 alternately, 
but the direction of current through RL is same 
for both half cycles of the AC input voltage. 
So the output current is a continuous series 
of unidirectional pulses. The output and input 
waveform of the full wave rectifier are shown.
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 4. Distinguish between forward biasing and reverse biasing of p-n junction diode.
 Ans.

Forward bias of p-n junction Reverse bias of p-n junction
(i) P side of the p-n junction is connected to 

the + ve side and n side of the p-n junction 
is connected to the – ve side.

(i) P side of the p-n junction is connected to 
the – ve side and n side is connected to 
the + ve side.

(ii) Forward current is due to majority charge 
carriers

(ii) Reverse current is due to the minority 
charge carriers.

(iii) Resistance across p-n junction decreases. (ii) Resistance across p-n junction increases.
 5. Draw a circuit diagram and V-I characteristics for p-n junction diode in forward bias.
  Discuss its voltage versus current graph.
 Ans.  (i) The V-I graph is not a straight line.
 (ii) The current increases very slowly 

almost negligibly intially, then after 
reaching a certain voltage called 
threshold voltage or cut-in voltage the 
forward current increases rapidly.

 (iii) The majority charge carriers feel 
negligible resistance at the junction i.e., the resistance across the junction is quite low in this case.

 6. Draw a circuit diagram and V-I characteristics for p-n junction diode in reverse bias. 
  Discuss voltage-current characteristic curve in the reverse bias.
 Ans.

V

R

p-n

–0.4

–0.3

–0.2

–0.1

–60

Reverse 
breakdown

Breakdown 
voltage

 Reverse bias (V)

I(µA
)

 

–50 –40 –30 –20 –10 0

   (i) In reverse bias state, the reverse voltage produces a very small current, about few microamperes 
which almost remain constant with bias. This small current is called reverse saturation current.

 (ii) It is due to the minority charge carriers.
 (iii) When the reverse voltage is increased sufficiently high, the reverse current suddenly increases 

to a large value. This voltage in which breakdown of the junction diode occurs is called Zener 
breakdown voltage or peak inverse voltage of the diode.

 7. Draw a circuit diagram to show the working of a photo-diode. Write briefly how it is used to 
detect the optical signals.

 Ans. When optical signal of appropriate wavelength falls on the 
junction of the diode additional electron hole pairs are generated 
in both regions due to breaking of covalent bonds. These light 
generated minority carriers cross the (reverse-biased) junction 
and contribute to the reverse current due to thermally generated 
carriers. Hence the current in the circuit increases (by a fraction 
of 1mA). This, so called photoconductive current varies almost 
linearly with the incident flux. Thus, the increase in the reverse 
saturation current indicates the detection of the optical signal.

R

p-n

–+

V

Knee

O

A

B

Forward Bias (V)

I(
m

A
)

p n

R
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 8. What is a LED? Draw a circuit diagram to show the working of a light emitting diode. Name 
two materials used for the fabrication of LED that emits visible light.

 Ans. LED is a specially designed forward-biased p-n junction diode which emits light spontaneously when 
energy is supplied to it. It works on the principle of conversion of biasing electricity into light.

LIGHT

p n

R

+ –

  The circuit drawn above shows the working of a p-n junction diode as LED. Two material used 
for fabrication of LED that emits visible light are :

 (i) Gallium Phosphide (GaP)
 (ii) Gallium Arsenide Phosphide (GaAsP).

E. Case Study Based Questions [3 Marks]

Case Study 1. 
Biswa was studying in a science college and was staying with his grandfather. One day, the old torch 
which was being used by Biswa’s grandfather stopped working. He asked Rohan to purchase a new 
torch for him. Biswa himself made a torch using LED with a small rechargeable battery and give it 
to his grandfather as a gift. Biswa explained the advantages of LED over a bulb. Biswa’s grandfather 
was very happy. 
 1. What does LED stands for? Name material’s used in making LED, whose light falls in the visible 

region.
 Ans. LED stand for light emitting diode.
  The two materials used in making LED, whose light falls in the visible region are Gallium-

Phosphide (GaP) and Gallium-arsenide Phosphide (GaAsP).
 2. How is the LED biased with the battery?
 Ans. Forward biased.
 3. Why is LED a better choice than bulb in a torch?
 Ans. It gives intense light and consumes less power.

Case Study 2.
Mahesh wanted to do social work during his vacation. He visited a remote village where there was no 
electricity so he made up his mind to help the villagers for getting solar panels. For this he educated 
the villagers about the technology and uses of solar panels. He requested the villagers to apply for the 
same to the government as the same was given to the villagers on subsidised rates. Villagers agreed 
and applied for the solar panels. They got the same from the government at reduced price. When the 
solar panels started working, the villagers were very happy. 
 1. What is a solar panel?
 Ans. Solar panel is a panel having a large number of solar cells fitted side by side.
 2. What is the basic principle of working of a solar panel?
 Ans. Solar panel consists of solar cell which a p-n junction diode and is used to convert solar energy 

into electrical energy. It works on the principle of photovoltaic effect.
 3. Name a material used for making solar panel.
 Ans. Silicon (Si) and Gallium- arsenide (GaAs).
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SPECIMEN QUESTION PAPER (Solved) 
(For Semester–2 Examination) 

[Issued by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)

Question 1
 (i) What is meant by a wavefront? [1]
 (ii) Find the de Broglie wavelength of electrons moving with a speed of 7×106 ms–1. [1]
 (iii) State how a p-type semiconductor will be obtained from a pure crystal of a semiconductor. [1]
 (iv) In case of a regular prism, in minimum deviation position, angle made by the refracted ray 

(inside the prism) with the normal drawn to the refracting surface is: [1]
 (a) 90º (b) 60º (c) 45º (d) 30º
 (v) In Young’s double slit experiment, what is the effect on fringe pattern if the slits are brought 

closer to each other? [1]
 (a) Fringes disappear.   (b) Fringe width increases.  
 (c) Fringe width decreases.   (d)  Fringe width remains unaltered.
 (vi) First line of Balmer series (Hα) in the spectrum of hydrogen is obtained when an electron of 

hydrogen atom goes from: [1]
 (a) 2nd orbit to 1st orbit   (b) 2nd orbit to 3rd orbit
 (c) 3rd orbit to 2nd orbit   (d) 3rd orbit to 1st orbit
 (vii) Which of the following graphs correctly represents the variation of maximum kinetic energy 

(Ek)of photoelectrons with the frequency (ν) of the incident radiation? [1]

 (a) 

Ek

v

 (b) 

Ek

v

 (c) 

Ek

v

 (d) 

Ek

v
Answer
 (i) A wavefront is the locus of all such particles of the medium which are vibrating in the same 

phase at any point.
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 (ii) de-Broglie wavelength of the electron = λe = 
h
me ev

     ⇒ λe = 
6 63

9 11

34

31 6

.
.

 × 10
 × 10  × 7 × 10

−

−   = 0.104 × 10–9m = 0.104 nm

 (iii) A p-type semiconductor is obtained by doping a trivalent impurity in a pure crystal of a 
semiconductor

 (iv) (d) (v) (b) (vi) (c) (vii) (d)  

SECTION B (10 Marks)
Question 2 [2]
 (i) What is meant by constructive interference?
 (ii) In Young’s double slit experiment, what should be the phase difference between the two overlapping 

waves to obtain 5th dark band/fringe on the screen?
Answer
 (i) When the path difference P = nλ or phase difference φ = 2np, the two waves are in same phase 

and so they create a bright fringe of maximum intensity. This phenomenon is called constructive 
interference.

 (ii) For dark band path difference

    P = (2m –1) λ
2 

  Here m = 5
    P = (2 × 5 – 1) λ

2  = 9λ
2

  ∴ Phase difference = 2p
λ

 × P = 2p
λ

 × 9λ
2  = 9p 

Question 3 [2]
 (i) A thin converging lens of focal length 5 cm is used as a simple microscope. Calculate its 

magnifying power when image formed lies at:
 (a) Infinity.
 (b) Least distance of distinct vision (D = 25 cm).

OR
 (ii) A thin converging lens of focal length 12 cm is kept in contact with a thin diverging lens of 

focal length 18 cm. Calculate the effective/equivalent focal length of the combination.
Answer
 (i) (a) At infinity,

   M = D
f  = 25 cm

5 cm  = 5

  (b) At least distance of distinct vision

  M = 1 + D
f

 = 6
OR 

 (ii) Focal length of converging lens is positive, hence
    f1 = + 12 cm

  Focal length of diverging lens is negative, hence
    f2 = –18 cm
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  Equivalent focal length of the combination is given by,

   1
f  = 1

f1
 + 1

–f2
 = 1

12 – 1
18  = 1

36  ⇒ f = 36 cm 

Question 4 [2]
 (i) Define angular dispersion.
 (ii) State any one difference between a primary rainbow and a secondary rainbow.
Answer
 (i) The angular separation between the two extreme colours (violet and red) in the spectrum (which 

is obtained by passing a beam of white light through a prism) is known as angular dispersion.
 (ii) In primary rainbow sunrays undergo one internal reflection, where as in secondary rainbow sunrays 

undergo two internal reflections.

Question 5 [2]
Explain the following terms:
 (i) Intrinsic semiconductor.
 (ii) Extrinsic semiconductor.
Answer
 (i) Intrinsic semiconductor: These are the pure semiconductors in which the electrical condcutivity is 

due to the electrons which are thermally excited from valence band to the conduction band and 
in which no impurity is added.

 (ii) Extrinsic semiconductor: These are the semiconductors, which are obtained by doping suitable 
impurity atoms to intrinsic semiconductor to increase its conductivity.

Question 6 [2]
 (i) Calculate maximum kinetic energy of photoelectrons emitted by a metal (work function =  

1·5 eV) when it is illuminated with light of wavelength 198 nm.
OR

 (ii) Calculate the minimum amount of energy which a gamma ray photon should have for the 
production of an electron and a positron pair.

Answer
 (i) Given,
    λ = 198 × 10–9 m, Wo = 1.5 eV

    hυ =  hc
λ   = 

6 63
198

34 8.  × 10  × 3 × 10
 × 10 9

−

−  J

       = 6 63
198

34 8

19

.  × 10  × 3 × 10
 × 10  × 1.6 × 109

−

− −
eV = 6.28 eV

  ∴ Maximum kinetic energy of photoelectrons = 6.28 eV – 1.5 eV = 4.78 eV

OR
 (ii) The equation representing pair production is given by,
 hv = –1β0 + 1β0

  This equation follows Einstein's– mass energy relation. So for this process to occur, energy of  
photon should be atleast equal to rest mass energy of electron and position.

  Therefore hv = 2moc2 (Here mo is the rest mass energy of electron)
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   = 2 × 9.1 × 10–31kg × (3 × 108)2 (ms–1)2 = 2 × 8.2 × 10–14 J

   = 
16 4

1 6

14

19

.
.

 × 10
 × 10 J/eV

−

−  = 1.02 × 106eV = 1.02 MeV.

SECTION C (18 Marks)
Question 7 [3]
 (i) In a single slit diffraction experiment, how does the angular width of the central maxima change 

when:
 (a) screen is moved away from the plane of the slit?
 (b) width of the slit is increased?
 (c) light of larger wavelength is used?

OR
 (ii) Using Huygen’s wave theory of light, prove Snell’s law of refraction of light.
Answer
 (i) Angular width of central maximum is given by

   2q = 2λ
e

  Where e is the slit width and λ is the wavelength of light.
 (a) When screen is moved away from the plans of the slit i.e., when distance between slit and 

screen is increased, the angular width remains same as it is independent of the distance between 
the screen and slit.

 (b) When width of slit is increased angular width decreases as it is inversely proportional to slit width.
 (c) When light of larger wavelength is used, the angular width increases as it is directly proportional 

to the wavelength of light used.
OR

 (ii) 

D
Refracted 
wavefront

Incident 
wavefront

Rarer–v1

Denser–v2
C

v1t

v2t

YX

S

N

B

A
i

i

r

r

M

  Let a plane wavefront AB incident on a plane surface XY, separating two media 1 and 2 as shown 
in above diagram. Let v1 and v2 be the velocities of light in the two media with v2 < v1.

  The wavefront first strikes at point A and then at the successive point towards C. According to 
Huygen's principle, from each point on AC, the secondary wavelets starts growing in the second 
medium with speed v2. Let the time taken for the disturbance to travel from B to C be t, then 
BC = v1t within the interval t, secondary wavelets from point A must have reached point D that 
lies on a hemisphere of radius AD = v2t in the second medium. The new refracted wavefront is 
the tangent plane CD drawn over hemisphere of radius v2t. i and r be the angle of incidence and 
angle of refraction respectively.

  From right angled DABC, we have

    sin ∠BAC = sin i = BC
AC
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  From right angled DADC, we have

    sin ∠DCA = sin r = AD
AC

    ⇒ sin i
sin r = v1

v2
 = n21

  This proves the Snell's law of refraction. The constant n21 is called refractive index of second 
medium with respect to first medium.

  Since the incident ray, refracted ray and the normal are respectively perpendicular to incident 
wavefront, refracted wavefront and the surface dividing the two media, therefore they all lie in 
the same plane (i.e., ray SA, AD and normal AM) all lie on the plane of the paper.

Ques tion 8 [3]
Draw a ray diagram of a refracting astronomical telescope when final image is formed at infinity. Also 
write the expression for its angular magnification (magnifying power).
Answer

Rays fromdistant object

Eye

From ∞

Objective
Eyepiece

At infinity

fo fe

α
α Fo, Fe

βB′

A′

A

B O E

Magnifying power

 M = –
f
f
o
e

 1 + e
D
f






 , when image is formed at D

 M = –
f
f
o
e

, when image is formed at infinity.

Question 9 [3]
Radius of curvature of an equi–convex lens of glass (n = 1·5) is 30 cm. Find its focal length. An 
object of height 5·0 cm is placed at a distance of 60 cm from the optical centre of the lens. Find the 
position and the height of the image formed.
Answer
 Radius of curvature of an equi-convex lens of glass = 30 cm.
 Refractive index = n = 1.5
 for equiconvex lens, R1 = +R and R2 = – R
From lens maker's formula,

  1
f  = (n – 1) 1

R
 + 1

R






 = 2 n −( )1
R

   ⇒  1f   = 
2 0 5
30

.( )
 cm

   ⇒ f = 30 cm
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Focal length (f) = 30 cm
Now u = – 60 cm,  f = 30 cm
From thin lens formula,

 1
v  = 1

f   + 1
u  ⇒ 1

30  – 1
60  = 1

60 

  ⇒ v = 60 cm
Magnification,

  m = 
h
h

2

1
 = 

v
u     or  

h2

5
 = 60

–60 = –1

 ⇒ h2 = –5 cm
Hence an inverted image of same height (i.e., 5 cm) is formed at a distance of 60 cm from the lens 
on the opposite side of the object.

Question 10 [3]
On the basis of Bohr’s theory, derive an expression for the radius of the nth orbit of an electron of 
hydrogen atom.
Answer
According to Bohr's atomic theory, electrons revolve around the nucleus in circular orbits. Here the 
electrostatic force of attraction is balanced by the centripetal force.

 
mv2

r  =  k Ze2

r2

Or mv2 = kZe2

r
 ...(i)

⇒	 r = 
kZe2

mv2  ...(ii)

Here m is the mass of electron and v, speed of electron in an orbit of radius r.
Bohr’s quantisation condition for angular momentum is,

  L = mvr = 
nh
2p

  r = 
nh

2pmv  ...(iii)

 From (ii) and (iii)

  
kZe2

mv2  = 
nh

2pmv

 ⇒     v = 2pkZe2

nh
 ...(iv)

Substituting above value of v in (iii) we have,

 r = 
nh

2pm × 
nh

2pkZe2  ⇒ r = 
n2h2

4p2mkZe2 

For a hydrogen atom

 rn = 
0.53n2

Z  Å

Question 11 [3]
Read the passage given below and answer the questions that follow.
Mr. Ravi had been living in a small town with his family for many years. He decided to shift to a city 
when he learnt that a nuclear power plant would be built in his town. His son Prakash, who was a science 
teacher, did not agree with his father’s decision.
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Prakash explained to his father how mass defect during nuclear fission released energy. He assured his 
father that the authorities were taking all the possible safety measures to avoid any kind of nuclear 
mishap. Mr. Ravi understood the scientific explanation given by his son and decided not to shift to 
another place.
 (i) What is the cause of energy generation of a nuclear reactor during nuclear fission?
 (ii) Write one nuclear reaction for nuclear fission that takes place in a nuclear reactor.
 (iii) Give the formula for the energy generation that takes place in the nuclear reactor.
Answer
 (i) Conversion of mass defect into energy according to formula, E = Dmc2.
 (ii) 0

1 235
56

144
36
89

0
1

92
n + U  Ba + Kr + 3  + Energy→ n

 (iii) E = Dmc2

Question 12 [3]
 (i) Answer the following questions.
 (a) Draw the circuit diagram of a full wave rectifier.
 (b) Draw labelled graphs showing the input and output voltages.

OR
 (ii) With reference to Semiconductor Physics,
 (a) Name the diode that emits spontaneous radiation when forward biased.
 (b) Draw a labelled energy band diagram for a semiconductor.
 (c) Name the process that causes depletion region in a p-n junction.
Answer
 (i) (a)

P n

AC
INPUT

VOLTAGE

S1

D1

RL

OUTPUT
VOLTAGE

P n

P1

P2

S2 D2

T

+–

 (b)

IN
PU

T
V

O
LT

A
G

E

T t0
T/2

O
U

TP
U

T
V

O
LT

A
G

E

T
t0 T/2
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 (ii) (a) Light emitting diode (LED)
  (b) 

Energy band diagram for a semiconductor

Eg < 3 eV

Empty conduction band

Filled valence band

  (c) Diffusion of electrons of n type crystal into holes of p type crystal.  

Useful Constants & Relations:

1. Mass of electron/positron m 9·1 × 10-31 kg
2. Charge of an electron e 1·6 × 10-19 C
3. Speed of light in vacuum c 3·0 × 108 ms-1

4. Planck’s constant h 6·6 × 10-34 Js
5. 1nm = 1 × 10-9 m
6. 1eV = 1·6 × 10-19 J
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MODEL TEST PAPER–1 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)
Question 1
 (i) What is doping? [1]
 (ii) State de-Broglie hypothesis. [1]
 (iii) Define impact parameter. [1]
 (iv) A convex lens produces a real image m times the size of the object. What will be the  

distance of the object from the lens? [1]

 (a) m
m

f + 1  





  (b) (m – 1)f (c) 

m
m

f  1  −





  (d) 

m
f

  1+









 (v) The locus of all particles in a medium, vibrating in the same phase is called [1]
 (a) wavelet (b) fringe (c) wavefront (d) none of these
 (vi) The ratio of nuclear radii and nuclear densities of 26Fe56 and 92U238 is [1]
 (a) 0.671 and 1 respectively
 (b) 1 and 0.671 respectively
 (c) both equal to 1
 (d) both equal to 0.671
 (vii) In the photoelectric effect, electrons are emitted [1]
 (a) at a rate that is proportional to the amplitude of the incident radiation.
 (b) with a maximum velocity proportional to the frequency of the incident radiation.
 (c) at a rate that is independent of the emitter
 (d) only if the frequency of the incident radiation is above a certain threshold value.

SECTION B (10 Marks)
 Question 2
 (i) What is a rectifier? Write any two types of rectifiers created using diodes. [2]

OR
 (ii) Mention one similarity and one difference between interference and diffraction of light.
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Question 3
 (i) Explain the role of the moderator in a nuclear reactor. [2]
 (ii) What is the use of heavy water in nuclear reactor?
 Question 4
 (i) In Young’s double slit experiment while using a source of light of wavelength 4600 Å, the fringe 

width obtained is 0.4 cm. If the distance between the slit and the screen is reduced to half, calculate 
the new fringe width. [2]

OR
	 (ii)	 Fraunhofer	 diffraction	 from	 a	 single	 slit	 of	 width	 1.0	 μm	 is	 observed	 with	 light	 of	 wavelength	

500 nm. Calculate the half angular width of the central maximum.

 Question 5
Explain the following terms: [2]
 (i) Angular dispersion
 (ii) Dispersive power

 Question 6
1. Sketch the wavefronts corresponding to  [2]
 (a) converging rays,
  (b) diverging rays.

SECTION C (18 Marks)
 Question 7
Show that the speed of an electron in the ground state orbit of H-atom is 1/137 times the speed of light 
in vacuum. [3]

Question 8
 (i) What is binding energy per nucleon? [3]
 (ii) Calculate the binding energy per nucleon of 20

40 Ca nucleus. Given,
   m 20

40 Ca( ) =39.962589 amu
   mn (mass of a neutron) =1.008665 amu
   mp (mass of a proton)=1.007825 amu
Question 9
 (i) What change will occur in diffraction pattern due to a single slit if [3]
 (a) light of smaller wavelength is used,
 (b) slit is made narrower,
 (c) another slit is placed near and parallel to the first slit?

OR 
 (ii) What is wavefront? Distinguish between a plane wavefront and a spherical wavefront. Sketch the 

wavefront emerging from a
 (a) point source of light and
 (b) linear source of light.
Question 10 

Draw properly labelled graphs to show the following concerning photoelectric emission : [3]
 (a) Variation of photoelectric current with the intensity of incident radiation.
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 (b) Variation of photoelectric current with accelerating and stopping potential.
 (c) Variation of stopping potential with frequency of the incident radiation.

Question 11
Read the passage given below and answer the questions that follow. [3]
Puneet was enjoying TV program at his home with his family at night. Suddenly the light went off 
causing darkness all over. Mother asked Puneet to bring candle along with matchstick from the kitchen 
to put the TV switched off. Puneet at once picked the mobile phone and pressed the button lighting up 
the surrounding. Her mother was surprised and asked where the light was coming from. Puneet proudly 
showed her that mobile.
 (i) Which material is used in LED?
 (ii) Which biasing is used to make the LED operational in a circuit?
 (iii) Give one advantage of using LED instead of conventional light bulbs?

Question 12
 (i) What is dispersion of light? Explain it with a ray diagram. Also explain the cause of dispersion 

of light. [3]
OR

 (ii) Draw labelled ray diagram of reflecting telescope, write its magnifying power and write its 
advantages over refracting telescope.

Answers (MCQs Only)
 1. (iv) (a) (v) (c) (vi) (a) (vii) (d)



14 Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination

GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP



Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

To view Sample or Purchase of Books 
www.goyal-books.com/mtpx

www.goyal-books.com/mtpx

Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

https://www.goyal-books.com/mtpx


Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

O

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

To view Sample or Purchase of Books 
www.goyal-books.com/mtpx

www.goyal-books.com/mtpx

Goyal’s I.C.S.E. Commercial Applications Class 10 for Semester-2 Examination 15

GOYAL BROTHERS PRAKASHAN

GOYAL BROTHERS PRAKASHAN

GOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APPGOYAL
BROTHERS
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx
To view Sample or Purchase of Books
WWW.goyal-books.com/mtpcx

https://www.goyal-books.com/mtpx


GOYAL BROTHERS PRAKASHAN

GOYAL 
BROTHERS 
PRAKASHAN

Learn @ ` 1 Per Day

A DIGITAL LEARNING APP

 210 Goyal’s ISC Physics Question Bank with MTP Class 12 for Semester-2 Examination 

MODEL TEST PAPER–2 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)
Question 1
 (i) The de-Broglie wavelength of a particle of kinetic energy K is λ . What would be the 

wavelength of the particle if its kinetic energy were K/4? [1]
 (ii) Define fringe width. [1]
 (iii) Name the process involved in the formation of p-n junction. [1]
 (iv) State any one advantage of using a reflecting telescope in place of a refracting telescope. [1]
 (v) The refractive index of a glass prism is least for  [1]
 (a) Red light (b) Yellow light (c) Green light (d) Violet light
 (vi) Electric conduction in a semiconductor takes place due to [1]
 (a) electrons only   (b) holes only 
 (c) both electrons and holes (d) neither electrons nor holes
 (vii) Fast neutrons can easily be slowed down by [1]
 (a) Using lead shielding   (b) Passing them through water
 (c) Elastic collision with nuclei (d) Applying a strong electronic field

SECTION B (10 Marks)
Question 2
What are breeder reactors and thermal reactors? [2]
Question 3 
 (i) What is the principle of superposition? [2]
 (ii) Give a condition for sustained interference pattern.
Question 4
 (i) State Einstein’s mass-energy equivalence relation. What is the relation between amu and MeV?  

 [2]
OR

 (ii) What is meant by pair production? Explain with the help of an example and a balanced equation.
Question 5 
 (i) What is the difference between linear magnification and angular magnification (also called 

magnifying power) produced by a lens? [2]
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OR
 (ii) Draw a properly labelled graph between the angle of incidence and the angle of deviation for a   

prism and show the point of minimum deviation.
Question 6 
A	photon	 and	 an	 electron	have	 same	de-Broglie	wavelength	 (≈	10–10 m). Compare the kinetic energy 
of the electron with the (total) energy of the photon. [2]

SECTION C (18 Marks)
Question 7
 (i) Draw ray diagram for astronomical telescope in normal adjustment. Write the magnifying power 

and length in this arrangement.  [3]
Question 8 
 (i) Establish the Einstein's equation and explain the laws of photoelectric effect on its basis. [3]

OR
 (ii) Ultraviolet light of wavelength 2271 Å from a 100 W mercury source irradiates a photocell made 

of molybdenum metal. If the stopping potential is –1.3 V, estimate the work function of the 
metal. How would the photocell respond to a high intensity (105 W m-2) red light of wavelength  
6328 Å produced by a He-Ne laser?

Question 9 
 (i) What is Bohr’s quantization condition? [3]
 (ii) Show that the circumference of the electron in the nth orbital state in hydrogen atom is n times 

the de-Broglie wavelength associated with it.
 (iii) The energy level of an electron in an excited atom is –3.4eV. Calculate the angular momentum 

associated with the energy level.
Question 10
 (i) What is a LED?  [3]
 (ii) Draw a circuit diagram to show the working of a light emitting diode.
 (iii) Name two materials used for the fabrication of LED that emits visible light.
Question 11 
Read the passage given below and answer the questions that follow. [3]
The	 nucleus	 was	 first	 discovered	 in	 1911	 by	 Lord	 Rutherford	 and	 his	 associates	 by	 experiments	 on	
scattering of alpha-particles by atoms. He found that the scattering results could be explained, if atoms 
consist of a small, central, massive and positive core surrounded by orbiting electrons. The experimental 
results indicated that the size of the nucleus is of the order of 10–14 m and is thus 10000 times smaller 
than the size of atom.
 (i) What is the ratio between mass of nucleus with mass of atom approximately?
 (ii) What is the ratio between masses of nuclei of hydrogen, deuterium and tritium?
 (iii) What are the nuclides with same neutron number but different atomic number known as?
Question 12
 (i) Write the essential conditions for two light waves to be coherent. Why we need narrow source 

to produce good interference fringes? [3]
OR

 (ii) Write the relation between phase difference and path difference? What should be the condition 
for obtaining constructive interference and destructive interference?

Answers (MCQs Only)
 1. (v) (a) (vi) (c) (vii) (b)
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MODEL TEST PAPER–3 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)
Question 1
 (i) What is the energy released by the fission of 1g of 235

92U in kWh (energy per fission is  
200 MeV)? [1]

 (ii) What is cut-off (or stopping) potential? [1]
 (iii) What is the essential condition for diffraction of light to occur? [1]
 (iv) Which type of biasing is used in LEDs to emit radiations? [1]
 (v) For a planoconvex lens of glass (n = 1.5)  of focal length f, the radius of curvature R of its curved 

surface is equal to [1]
 (a) f/2 (b) f (c) 3f/2 (d) 2f
 (vi) A glass prism placed in a homogeneous transparent medium will deviate a light ray : [1]
 (a) always towards its base
 (b) always away from its base
 (c) towards its base, only if the medium has refractive index smaller than that of glass
 (d) towards its base, only if the medium has refractive index greater than that of glass
 (vii) The unit of plank’s constant is that of: [1]
 (a) work (b) force (c) linear momentum (d) angular momentum

SECTION B (10 Marks)
 Question 2
 (i) Define work function for a given metallic surface. [2]
 (ii) What is thermionic emission?
Question 3
 (i) A biconvex lens made of glass (refractive index 1.5) has two spherical surfaces having radii  

20 cm and 30 cm. Calculate its focal length.   [2]
OR 

 (ii) A converging lens of focal length 50 cm is placed coaxially in contact with another lens 
of unknown focal length. If the combination behaves like a diverging lens of focal length  
50 cm, find the power and nature of the second lens. 
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Question 4
Explain the role of control rods in a nuclear reactor. Why are they made of cadmium? [2]

Question 5 
 (i) It is found experimentally that 13.6 eV energy is required to separate a hydrogen atom into a 

proton and an electron. Compute the orbital radius and the velocity of the electron in a hydrogen 
atom.  [2]

OR
 (ii) Show that the de-Broglie wavelength λ of electrons accelerated through a potential difference of 

V volts can be expressed as:

  λ = 
h
meV2

 = 
12.3

V
Å

Question 6
Draw energy band diagram of n-type and p-type semiconductors. [2]

SECTION C (18 Marks)

Question 7
 (i) Draw a labelled circuit diagram of a half wave rectifier. [3]
 (ii) Draw its input and output wave-form.
Question 8 
  A ray of light of frequency 5 × 1014 Hz is passed through a liquid. The wavelength of light 

measured inside the liquid is found to be 450 nm. Calculate [3] 
 (i) wavelength of light in vacuum 
 (ii) refractive index of liquid 
 (iii) velocity of light in the liquid. Take velocity of light in vacuum as 3 × 108 ms-1.

Question 9 
 (i) What are nuclear forces? What are its properties? [3]

OR
 (ii) Define multiplication factor and critical size for a fissionable mass.

Question 10 
 (i) Define linear magnification produced by a spherical lens. Derive various expressions for it in 

terms of object distance, image distance and focal length of the lens. [3]
OR

 (ii) For any prism, show that refractive index of its material is given by µ = 
sin A + 

2

sin A
2

mδ















; where 
symbols have their usual meanings.                                       

Question 11
Read the passage given below and answer the questions that follow. [3]
Kalyan knows that red light has greater intensity and so it is much bright but in case of photoelectric 
emission it cannot produce the emission of electrons from a clean zinc surface while even weak ultra 
violet	 radiation	can	do	so.	He	could	not	know	specific	cause	of	 such	 thing.	Then	he	went	 to	his	 friend	
Kumar	 for	 its	 specific	 explanation.	 Kumar	 explains	 him	 that	 the	 photoemission	 of	 electron	 does	 not	
depend on the intensity while it depends on the frequency and the energy of photon of incident light. 
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The energy of photon of red light is less than the work function of zinc, so red light cannot emit 
photoelectrons. Similarly, the energy of photon of ultraviolet light is greater than the work function of 
zinc, so ultraviolet light can emit photoelectrons.
 (i) What is photoelectron emission?
 (ii) What is work function of a metal?
 (iii) The work function of lithium and copper are 2.3 eV and 4 eV respectively. Which of these metals 

are useful for the photoelectric cell working with visible light?
Question 12
Draw a circuit diagram and V-I characteristics for p-n junction diode in forward bias. Discuss its voltage 
versus current graph. [3]

Answers (MCQs Only)
 1. (v) (c) (vi) (c) (vii) (d)
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MODEL TEST PAPER–4 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)
Question 1
 (i) A plane wavefront is generated by: [1]
 (a) point source   (b) distance source
 (c) extended source   (d) line source
 (ii) What is the de-Broglie wavelength associated with an electron, accelerated through a potential 

difference of 200 volts? [1]
 (a) 1 nm (b) 0.5 nm (c) 0.0056 nm (d) 0.086 nm
 (iii) What happens when a p-n junction is reverse biased? [1]
 (a) Large amount of current flows
  (b) Depletion layer resistance increases
 (c) No current flows
 (d) Potential barrier across junction increases
 (iv) The hydrogen bomb is based on [1]
 (a) nuclear fission only   (b) nuclear fusion only
 (c) fusion and fission both   (d) radioactivity
 (v) Ge is preferred over Si to make semiconductors. Why? [1]
 (vi) Define optical centre of a lens. [1]
 (vii) Show on a plot the nature of variation of photoelectric current with the intensity of radiation 

incident on a photosensitive surface. [1]

SECTION B (10 Marks)
 Question 2
 (i) Can we use any substance as photoelectron emitter? [2]
 (ii) Write Einstein's photoelectric equation.
Question 3 
 (i) What are primary and secondary rainbow? [2]

OR
 (ii) Why objective lens of a small aperture is used in a microscope?
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Question 4
 (i) How long an electric lamp of 100 W can be kept glowing by fusion of 2 kg of deuterium? The 

fusion reaction can be taken as [2]

   2
1 H+ 2

1H	→	 3
2 He + n + 3.2 MeV  

OR 
 (ii) A chain reaction dies out sometimes, why?
Question 5
Two independent monochromatic sources of light cannot produce a sustained interference pattern. 
Why? [2]
Question 6 
Explain the following terms  [2]
 (i) ionisation energy 
 (ii) excitation energy

SECTION C (18 Marks)
 Question 7
 (i) Define the terms isotopes, isobars and isotones and give one example of each [3]

OR
 (ii) Explain work function and threshold frequency in photoelectric emission. Give Einstein's equation 

for photoelectric emission. What do the symbols stand for?
Question 8 
In a nuclear reactor, what is the function of: [3]
 (i) The moderator
 (ii) The coolant
 (iii) The control rods
Question 9 
 (i) State how focal length of glass lens (refractive index 1.5) changes when it is completely immersed 

in: [3]
 (a) Water (refractive index 1.3),
 (b) A liquid of refractive index 1.65,      
 (c) A liquid of refractive index 1.5.    

OR
 (ii) A compound microscope consists of an objective lens of focal length 2.0 cm and an eyepiece of 

focal length 6.25 cm separated by a distance of 15 cm. How far from the objective should an 
object be placed in order to obtain the final image at

  (a) the least distance of distinct vision (25 cm), 
 (b) infinity?
 (c) What is the magnifying power of the microscope in each case?

Question 10
Write the conditions for angular width of secondary maxima and minima in single slit diffraction 
pattern. Comment on their intensities. [3]
Question 11 
Read the passage given below and answer the questions that follow. [3]
A prism is a portion of a transparent medium bounded by two plane faces inclined to each other at 
a suitable angle. A ray of light suffers two refractions on passing through a prism and hence deviates 
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through a certain angle from its original path. The angle of deviation of a prism is, δ = (µ – 1) A, 
through which a ray deviates on passing through a thin prism of small refracting angle A.

If µ is refractive index of the material of the prism, then prism formula is, µ = 
sin A + 

2

sin A
2

mδ















 

 (i) What is the angle of incidence if the deviation through a prism is maximum?
 (ii) A ray of light falling at an angle of 50° is refracted through a prism and suffers minimum deviation. 

If the angle of prism is 60°, then what is the angle of minimum deviation?
 (iii) What is the deviation produced by a prism of angle 6°? (Refractive index of the material of the 

prism is 1.644).

Question 12
What is a p-type semiconductor? What is the majority charge carrier in such extrinsic semiconductors?  
 [3]

Answers (MCQs Only)
 1. (i) (b) (ii) (d) (iii) (d) (iv) (c)
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MODEL TEST PAPER–5 (Unsolved)
[Based on the Latest Specimen Question Paper released by CISCE]

Maximum Marks: 35
Time allowed: One and a half hours

Candidates are allowed an additional 10 minutes for only reading the paper.
They must NOT start writing during this time.

All questions are compulsory.
This question paper is divided in 3 Sections A, B and C

The intended marks for questions are given in brackets [ ].
All working, including rough work, should be done on the same sheet as and

adjacent to the rest of the answer.
Answers to sub parts of the same question must be given in one place only.

A list of useful physical constants is given at the end of this paper.
A simple scientific calculator without a programmable memory may be used for 

calculations.

SECTION A (7 Marks)
Question 1
 (i) Name the phenomenon by which energy is produced in a star. [1]
 (ii) What is dispersion of light? [1]
 (iii) de Broglie wavelength associated with an electron accelerated through a potential difference  

V is λ. What will be its wavelength when the accelerating potential is increased to 4V? [1]
 (iv) Why is the power of the objective lens of a telescope is kept as small as possible? [1]
 (v) What do you mean by stationary orbits? [1]
 (vi) The factor on which the potential barrier of p-n junction diode does not depend on  [1]
 (a) doping density
 (b) temperature
 (c) diode design
 (d) forward bias
 (vii) Which of the following forms a virtual and erect image for all positions of the object? [1]
 (a) Concave lens
 (b) Concave mirror
 (c) Convex mirror
 (d) Both (a) and (c)

SECTION B (10 Marks)
Question 2
 (i) How does the focal length of a lens depend on the wavelength of incident light of a mirror? [2]

OR

 (ii) Define dispersive power of the material of a prism. 
Question 3 
An	α-particle	and	a	proton	are	accelerated	 through	 the	 same	potential	difference.	Calculate	 the	 ratio	of	
linear momenta acquired by the two. [2]
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Question 4
 (i) Using the Rydberg formula, calculate the wavelengths of the first four spectral lines in the Lyman 

series of the hydrogen spectrum.  [2]
OR

 (ii) Estimate the angular separation between first order maximum and third order minimum of the 
diffraction pattern due to a single slit of width 1 mm, when light of wavelength 600 nm is incident 
normal on it.

Question 5 
 (i) What is an n-type semiconductor? [2]
 (ii) What is a p-type semiconductor?

Question 6 
State Einstein’s mass-energy equivalence relation. What is the relation between amu and MeV? [2]

SECTION C (18 Marks)

Question 7 
 (i) What is de-Broglie hypothesis?  [3]
 (ii) What conclusion can be drawn from Davisson and Germer's experiment? 
 (iii) Show that the de Broglie wavelength λ of electrons of energy K is given by the relation:  

   λ = 
h
mK2

Question 8 
 (i) What is controlled thermonuclear fusion? Name the essential requirements for a thermonuclear 

reactor.  [3]
 OR

 (ii) Define the terms isotopes, isobars and isotones and give one example of each.

Question 9
 (i) With the help of circuit diagrams, distinguish between forward biasing and reverse biasing of p-n 

junction diode. [3]
 (ii) Draw V-I characteristics of a p-n junction diode in (a) forward bias, (b) reverse bias.

Question 10
 (i) What is wavefront? Distinguish between a plane wavefront and a spherical wavefront. Sketch the 

wavefront emerging from a [3]
 (a) point source of light and 
 (b) linear source of light.

OR
 (iii) A small telescope has an objective lens of focal length 140 cm and an eyepiece of focal length 

5.0 cm. What is the magnifying power of the telescope for viewing distant objects when
 (a) the telescope is in normal adjustment (i.e., when the final image is at infinity), 
 (b) the final image is formed at the least distance of distinct vision (25 cm)?

Question 11
Read the passage given below and answer the questions that follow. [3]
Amit's	 uncle	was	 finding	 great	 difficulty	 in	 reading	 a	 book	 placed	 at	 normal	 place.	He	was	 not	 going	
to the doctor because he could not afford the cost. When Amit came to know of it, he took his uncle 
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to the doctor. After thoroughly checking his eyes, the doctor prescribed the proper lenses for him. Amit 
bought the spectacles for his uncle from his pocket money. By using spectacles he could now read with 
great ease. For this he expressed his gratitude to his nephew.
 (i) Why does least distance of distinct vision increase with age?
 (ii) What type of lens is required to correct this defect?
 (iii) What type of lens would have been suggested if he could not see the far objects?

Question 12
 (i) Using Bohr's postulates, obtain the expression for total energy of the electron in the nth orbit of 

hydrogen atom. [3]
 (ii) What is the significance of negative sign in the expression for the energy?
 (iii) Draw the energy level diagram showing how the line spectra corresponding to Paschen series 

occur due to transition between energy levels.

Answers (MCQs Only)
 1. (vi) (c) (vii) (d)
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