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(_ QUICK RECAP
@ Electron emission : The phenomenon of denoted by ¢, or W, and measured in electron
emission of electrons from the surface of a volt (eV).
metal. The minimum energy needed by an hc

; Work function W = =
electron to come out from a metal surface is W =hv,

known as “work function” of the metal. It is

Ao
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The electron emission can be obtained from the
following physical processes :

Thermionic emission : It is the phenomenon
of emission of electrons from the metal surface
when heated suitably.

Photoelectric emission : It is the phenomenon
of emission of electrons from the surface
of metal when light radiations of suitable
frequency fall on it.

Field emission or cold cathode emission : It is
the phenomenon of emission of electrons from
the surface of a metal under the application of a
strong electric field.

Photoelectric effect : It is the phenomenon of

emission of electrons from the surface of metals,

when light radiations of suitable frequency fall
on them.

Laws of photoelectric emission : The laws of

photoelectric effect are as follows :

- For a given metal and frequency of incident
radiation, the number of photoelectrons
ejected per second is directly proportional
to the intensity of the incident light.

- For a given metal, there exists a certain
minimum frequency of the incident
radiation below which no emission of
photoelectrons takes place. This frequency
is known as threshold frequency.

- Above the threshold frequency, the
maximum kinetic energy of the emitted
photoelectron is independent of the
intensity of incident light but depends only
upon the frequency (or wavelength) of the
incident light.

- The photoelectric  emission is an
instantaneous process. The time lag between
the incidence of radiation and emission
of photoelectrons is very small, less than

107? second.
Photoelectric current : T
Photoelectric  current

depends on the intensity
of incident light and
the potential difference
applied between the two
electrodes.

Stopping potential : The minimum negative
potential given to anode plate w.r.t. to cathode
plate at which the photoelectric current

Photoelectric
current

Intensity of light —»
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becomes zero is known as stopping potential or
cut off potential. It is denoted by V. If e is the
charge on the photoelectron, then

2

1
Ko =eVp= Emvmax

max

where m is the mass of photoelectron and

Vmax 1S the maximum velocity of emitted

photoelectrons.

— Variation of stopping potential V, with
frequency v of incident radiation :

!

Stopping
potential Metal A
(Vo)
V>, Metal B
, v >y
Vg Yo

O  Frequency of incident

radiation (v)

- Variation of photocurrent with collector
plate potential for different intensity of
incident radiation :

—

Photocurrent L>L>1, i
3
L
Stopping Saturation
potential \ current
Vv, O
Retarding Collector plate
potential potential >

- Variation of photocurrent with collector
plate potential for different frequencies of
incident radiation :

!

Photoelectric
current

;7 F Y

V3>Uy>1 Saturation
current
V3, /0y /v
h 4
Vo3 =Vo2 -Vo1 O
Retarding Collector plate
¢ potential potential >

Q Einstein’s photoelectric equation : If a light

of frequency v is incident on a photosensitive
material having work function (¢p), then
maximum kinetic energy of the emitted electron
is given as
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Kmax:hu_q)o
Forv >y,
or eVO=hD—(])0=hD—h‘l)0

or eVy=K_ .z = hc(%—%}.
0

where v, = threshold frequency

o = threshold wavelength
A = incident wavelength
Einstein’s photoelectric equation is in
accordance with the law of conservation of
energy.

Dual nature of radiation : Wave theory
of electromagnetic radiation explains the
phenomenon of interference, diffraction and
polarisation. On the other hand, photoelectric
effect is supported by particle nature of light.
Hence, we assume dual nature of light.

The photons : These are the packets of energy
(or energy particles) which are emitted by a
source of radiation. The photons emitted from
a source, travel through space with the same
speed ¢ (equal to the speed of light).

Energy of a photon E=hv= %
where, L = frequency, A = wavelength

h = PlancK’s constant, ¢ = speed of the light
Momentum of photon is

_E _ho
c <
The rest mass of photon is zero.

The moving mass m of photon is m =

=
Jz

c

All photons of light of a particular frequency

v or wavelength A have the same energy
ho _h

E(=hu=%) and momentum p(: ; _k)’

whatever be the intensity of radiation.

Photon energy is independent of intensity of
radiation.

Photons are not deflected by electric and
magnetic fields.

In a photon-particle collision (such as photon-
electron collision), the total energy and total
momentum are conserved.

©
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Number of photons emitted per second of
frequency v from a lamp of power P is

P PA
n=—=——
hv  hc

de Broglie waves (Matter waves) : Radiation
has dual nature, wave and particle. The
nature of experiment determines whether a
wave or a particle description is best suited
for understanding the experimental result.
Reasoning that radiation and matter should be
symmetrical in nature, Louis Victor de Broglie
attributed a wave like character to matter
(material particles). The waves associated with
the moving material particles are known as
matter waves or de Broglie waves.

de Broglie wavelength : The de Broglie
wavelength associated with a moving particle is
related to its momentum as

de Broglie wavelength, 2 = E = L

p my
where m is the mass of the particle, v is the
velocity of the particle, p is the momentum of
the particle.
- de Broglie wavelength is independent of the
charge and nature of the material particle.
- In terms of kinetic energy K, de Broglie
h

N2mK )

- Ifaparticle of charge gis accelerated through
a potential difference V, its de Broglie

h
,l2mqV'

1/2
For an electron, ) = [%) A.

wavelength is given by A =

wavelength is given by A=

- Foragas molecule of mass m at temperature
T kelvin, its de Broglie wavelength is given

by A= A , Where k is the Boltzmann
3mkT

constant.

Davisson and Germer experiment : Davisson
and Germer performed an experiment to study
the wave nature of electrons as suggested by de
Broglie.

According this experiment the de-Broglie wave

length A= 12

—/—— nm
N
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11.4 Experimental

Study of

Photoelectric Effect

(1 mark)

1.

In photoelectric effect, why should the
photoelectric current increase as the intensity
of monochromatic radiation incident on a
photosensitive surface is increased? Explain.
(Foreign 2014)

The given graph shows the 1
variation of photoelectric I
current (I) versus applied

voltage (V)
different  photosensitive
materials and for two
different intensities of the
incident radiations.

for two

V—

Identify the pairs of curves that correspond to
different materials but same intensity of incident
radiation.? (Delhi 2013)

Show on a plot the nature of variation of

photoelectric current with the intensity of

radiation incident on a photosensitive surface.
(Delhi 2013C)

Why is photoelectric emission not possible at all
frequencies? (AI2012C)

Define the term ‘stopping potential’ in relation
to photoelectric effect. (AI2011)

Define the term ‘threshold frequency’ in relation
to photoelectric effect.
(Foreign 2011)

For a given photosensitive material and with
a source of constant frequency of incident
radiation, how does the photocurrent vary with
the intensity of incident light? (AI2011C)

The figure shows a plot of three curves a,
b, ¢ showing the variation of photocurrent
vs collector plate potential for three different
intensities I, I, and I having frequencies v, v,
and v; respectively incident on a photosensitive
surface.

Point out the two curves for which the incident
radiations have same frequency but different
intensities.

Photoelectric current

Collector plate potential

m. (2 marks)

9.

10.

11.

12.

(i) Monochromatic light of frequency
6.0 x 10" Hz is produced by a laser. The power
emitted is 2.0 x 10> W. Estimate the number of
photons emitted per second on an average by
the source.

(ii) Draw a plot showing the variation of
photoelectric current versus the intensity of
incident radiation on a given photosensitive
surface. (Delhi 2014)

Two monochromatic radiations of frequencies
v; and 1,(V; > v,) and having the same intensity
are , incident on a photosensitive surface
to cuuse photoelectric  emission. Explain,
giving reason, in which case (i) more number
of electrons will be emitted and (ii) maximum
kinetic energy of the emitted photoelectrons
will be more. (Delhi 2014C)

Plot a graph showing the variation of stopping
potential with the frequency of incident radiation
for two different photosensitive materials having
work functions W, and W,(W; > W,). On what
factors does the (i) slope and (ii) intercept of the
lines depend? (Delhi 2010)

Two monochromatic radiations, blue and
violet, of the same intensity, are incident on a
photosensitive surface and cause photoelectric
emission. Would (i) the number of electrons
emitted per second and (ii) the maximum
kinetic energy of the electrons, be equal in the
two cases? Justify your answer.  (Delhi 2010C)
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EEXTH (3 marks)

13.

14.

15.

16.

17.

18.

19.

Sketch the graphs showing wvariation of
stopping potential with frequency of incident
radiations for two photosensitive materials
A and B having threshold frequencies v, > V3.

(i) In which case is the stopping potential more
and why?
(ii) Does the slope of the graph depend on the
nature of the material used ? Explain.
(AI 2016)

Plot a graph showing the wvariation of
photoelectric current with intensity of light. The
work function for the following metals is given.

Na:2.75eV and Mo :4.175 eV.

Which of these will not give photoelectron
emission from a radiation of wavelength 3300 A
from a laser beam? What happens if the source
of laser beam is brought closer?

(Foreign 2016)
Define the term “cut off frequency” in
photoelectric emission. The threshold frequency
of a metal is f. When the light of frequency 2f
is incident on the metal plate, the maximum
velocity of photo-electron is v;. When the
frequency of the incident radiation is increased
to 5f, the maximum velocity of photoelectrons is
v,. Find the ratio v : v,. (Foreign 2016)

Describe briefly three experimentally observed
features in the phenomenon of photoelectric
effect. (2/3, AI 2015)

A beam of monochromatic radiation is incident

on a photosensitive surface. Answer the following

questions giving reasons.

(a) Do the emitted photoelectrons have the
same kinetic energy?

(b) Does the kinetic energy of the emitted
electrons depend on the intensity of incident
radiation?

(¢) On what factors does the number of emitted
photoelectrons depend? (Foreign 2015)

Define the terms (i) ‘cut-off voltage and (ii)
threshold frequency’ in relation to the phenomenon
of photoelectric effect. (2/3, AI 2012)

Draw a graph between the frequency of incident
radiation (v) and the maximum kinetic energy
of the electrons emitted from the surface of a

20.

21.

22,

24,
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photosensitive material. State clearly how this
graph can be used to determine (i) PlancK’s
constant and (ii) work function of the material.

(Foreign 2012)

Draw a graph showing the variation of stopping
potential with frequency of incident radiation
for two photosensitive materials having work
functions W, and W,(W, > W,). Write two
important conclusions that can be drawn from
the study of these plots. (AI2012C)

Draw a plot showing the variation of
photoelectric current with collector plate
potential for two different frequencies, V; > V,,
of incident radiation having the same intensity.
In which case will the stopping potential be
higher? Justify your answer. (AI2011)

In a plot of photoelectric current versus anode

potential, how does

(i) the saturation current vary with anode
potential for incident radiations of different
frequencies but same intensity?

(ii) the stopping potential vary for incident
radiations of different intensities but same
frequency.

(iii) photoelectric current vary for different
intensities but same frequency of incident
radiations? Justify your answer in each
case. (Delhi 2007)

(5 marks)

23.

Figure shows a plot of stopping potential (V)

with frequency (v) of incident radiation for two

photosensitive material M, and M,. Explain.

(i) why the slope of both the lines is same?

(ii) for which material emitted
have greater kinetic energy for the same
frequency of incident radiation?

M, M,
Vo
U

(3/5, AI 2015C)
Define the terms ‘threshold frequency’ and

‘stopping potential’ in the study of photoelectric
emission. (2/5, Foreign 2010)

electrons
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11.5 Photoelectric Effect and Wave
Theory of Light

m (3 marks)

25. Discuss briefly how wave theory of light cannot
explain photoelectric effect. (2/3, A1 2015)

26. Why photoelectric effect cannot be explained
on the basis of wave nature of light.

(2/3, Delhi 2013)

(5 marks)

27. Write three observed features of photoelectric
effect which cannot be explained by wave
theory of light. (2/5, AI 2015C)

28. Explain briefly the reasons why wave theory of
light is not able to explain the observed features
in photoelectric effect. (2/5, Foreign 2010)

11.6 Einstein’s Photoelectric Equation :
Energy Quantum of Radiation

m. (2 marks)

29. Using the graph shown in the figure for stopping
potential vs the incident frequency of photons,
calculate Planck’s constant.

A

1.8
® 141
£ 1.23]
> 08
0.4

246 81 "
v(10*Hz)

(Delhi 2015C)
30. Write Einstein’s photoelectric equation. State
clearly the three salient features observed in
photoelectric effect, which can be explained on

the basis of the above equation.

(AI2010)

UM (3 marks)

31. Write three characteristic features in
photoelectric effect which cannot be explained
on the basis of wave theory of light, but can be

CBSE Chapterwise-Topicwise Physics

explained only using Einstein’s equation.
(Delhi 2016)

32. Write  Einstein's  photoelectric  equation
and mention which important features in
photoelectric effect can be explained with the
help of this equation.

The maximum kinetic energy of the
photoelectrons gets doubled when the
wavelength of light incident on the surface
changes from A, to A,. Derive the expressions
for the threshold wavelength A, and work
(Delhi 2015)

33. Light of wavelength 2000 A falls on a metal
surface of work function 4.2 eV. What is the
kinetic energy (in eV) of the fastest electrons
emitted from the surface?

(i) What will be the change in the energy of the
emitted electrons if the intensity of light with
same wavelength is doubled?

(ii) If the same light falls on another surface of
work function 6.5 eV, what will be the energy of
emitted electrons? (Foreign 2011)

(5 marks)

34. Explain how Einsteins photoelectric equation

function for the metal surface.

is used to describe photoelectric effect

satisfactorily. (3/5, AI 2015C)

11.7 Particle Nature of Light : The
Photon

(1 mark)

35. Define intensity of radiation on the basis of
photon picture of light. Write its S.I. unit.

(AI 2014)
36. Define ‘intensity’ of radiation in photon picture
of light. (Delhi 2012)

m. (2 marks)

37. Write three basic properties of photons which
are used to obtain Einstein’s photoelectric
equation. Use this equation to draw a plot of
maximum kinetic energy of the electrons emitted
versus the frequency of incident radiation.

(AI 2014C)
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BT (3 marks)

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

In the wave picture of light, intensity of light is
determined by the square of the amplitude of
the wave. What determines the intensity in the
photon picture of light? (2/3, AI 2016)

(a) Write the important properties of
photons which are used to establish Einstein’s
photoelectric equation.
(b) Use this equation to explain the concept of
(i) threshold frequency and (ii) stopping
potential. (AI2015)
Write the basic features of photon picture of
electromagnetic radiation on which Einstein’s
photoelectric equation is based.

(2/3, Delhi 2013)

Write Einstein's photoelectric equation and
point out any two characteristic properties of
photons on which this equation is based. Briefly
explain the three observed features which can be
explained by this equation. (AI2013)

State three important properties of photons
which describe the particle picture of
electromagnetic radiation. (Delhi 2013C)

Write Einstein’s photoelectric equation. Mention
the underlying properties of photons on the basis
of which this equation is obtained. Write two
important observations of photoelectric effect
which can be explained by Einstein’s equation.
(AI 2013C)

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. (Delhi 2012)

Write two characteristic features observed in
photoelectric effect which support the photon
picture of electromagnetic radiation.

(2/3, Foreign 2012)
Write  Einsteins  photoelectric  equation,
giving the main points of the photon-picture
of electromagnetic radiation on which this
equation is based. State three observed features
of photoelectric effect which can be explained
by Einstein’s equation. (AI2012C)

(a) Ultraviolet light of wavelength 2271 A

27

from a 100 W mercury source is incident on a
photocell made of molybdenum metal. If the
stopping potential is 1.3 V, estimate the work
function of the metal.

(b) How would the photocell respond to high
intensity (10° W/m®) red light of wavelength
6328 A produced by a He - Ne laser?

(Delhi 2011C)

11.8 Wave Nature of Matter
M (1 mark)

48.

49.

50.

51.

52.

53.

54.

55.

56.

Draw a plot showing the variation of de Broglie
wavelength of electron as a function of its K.E.
(Delhi 2015C)

Write the expression for the de Broglie
wavelength associated with a charged particle
having charge ‘¢ and mass ‘m} when it is
accelerated by a potential V. (AI2013)
A proton and an electron have same kinetic
energy. Which one has greater de-Broglie
wavelength and why? (AI2012)

Show on a graph the variation of the de Broglie

wavelength () associated with an electron, with

the square root of accelerating potential (V).
(1/3, Foreign 2012)

Show graphically, the variation of the de-Broglie

wavelength (A) with the potential (V) through

which an electron is accelerated from rest.
(Delhi 2011)

Write the relationship of de-Broglie wavelength
A associated with a particle of mass m in terms
of its kinetic energy E. (Delhi 2011C)

A particle is moving three times as fast
as an electron. The ratio of the de Broglie
wavelength of the particle to that of the electron
is 1.813 x 107, Calculate the particle’s mass and
identify the particle. (AI2011C)

An electron and an alpha particle have the same
de-Broglie wavelength associated with them.
How are their kinetic energies related to each
other? (Delhi 2008)

An electron, an alpha-particle and a proton have

the same kinetic energy. Which one of these

particles has the largest de-Broglie wavelength?
(Delhi 2007)
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BINYM (2 marks)

57. The wavelength A of a photon and the de-Broglie
wavelength of an electron have the same value.
Show that energy of a photon is (2A mc/h)times
the kinetic energy of electron, where m, c and
have their usual meaning. (Foreign 2016)

58. A proton and an o-particle have the same
de-Broglie wavelength. Determine the ratio of
(i) their accelerating potentials

(ii) their speeds.

(Delhi 2015)

59. A proton and a deuteron are accelerated
through the same accelerating potential. Which
one of the two has
(a) greater value of de-Broglie wavelength

associated with it, and
(b) less momentum?
Give reasons to justify your answer.
(Delhi 2014)

60. X-rays fall on a photosensitive surface to cause
photoelectric emission. Assuming that the work
function of the surface can be neglected, find
the relation between the de-Broglie wavelength
(A) of the electrons emitted and the energy (E,)
of the incident photons. Draw the nature of the
graph for A as a function of E,.  (Delhi 2014C)

61. An o-particle and a proton are accelerated
from rest by the same potential. Find the ratio

of their de Broglie wavelengths. (AI2010)
ITNTH (3 marks)
62. An electron microscope uses electrons

accelerated by a voltage of 50 kV. Determine

the de-Broglie wavelength associated with the

electrons. Taking other factors, such as numerical

aperture etc. to be same, how does the resolving

power of an electron microscope compare with

that of an optical microscope which uses yellow

light? (A 2014)
63. Anelectronand a photon each have a wavelength

1.00 nm. Find

(i) their momenta,

(ii) the energy of the photon and

(iif) the kinetic energy of electron. (Delhi 2011)

64. A proton and an alpha particle are accelerated
through the same potential. Which one of the

— CBSE Chapterwise-Topicwise Physics

two has (i) greater value of de-Broglie wavelength
associated with it, and (ii) less kinetic energy?
Justify your answers. (Delhi 2009)

65. An electromagnetic wave of wavelength A is
incident on a photosensitive surface of negligible
work function. If the photoelectrons emitted
from this surface have the de-Broglie wavelength

2
Ay, prove that A = (%J AL
and

(Delhi 2008)

11.9 Davisson Germer

Experiment

m (1 mark)

1
66. Figure shows a plot of —\/=, where V is the
Vv

accelerating potential, vs. the de Broglie
wavelength A’ in the case of two particles
having same charge ‘q’ but different masses
m; and m,. Which line (A or B) represents a
particle of large mass?

1
\/‘7 B

(0]
(AI2013C)

67. Name an experiment which shows wave nature
of electrons. Which phenomenon was observed
in this experiment using an electron beam?

(Foreign 2010)

68. Two lines, A and B, in the plot given in the figure
show the variation of de-Broglie wavelength,
A versus 1/+/V,when V is the accelerating
potential difference, for two particles carrying
the same charge. Which one of the two represents
a particle of smaller mass?

T

A B

(AI 2008)
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XM (2 marks)

69.

70.

71.

An electron is accelerated through a potential
difference of 100 volts. What is the de-Broglie
wavelength associated with it? To which part of
the electromagnetic spectrum does this value of
wavelength correspond?

(Delhi 2010)

Find the ratio of the de Broglie wavelengths,

associated with

(i) protons, accelerated through a potential of
128 V, and

(ii) a-particles, accelerated through a potential
of 64 V. (Delhi 2010C)

The two lines marked ‘A’ and ‘B’ in the given
figure, show a plot of de Broglie wavelength A

1
versus T, where Vis theaccelerating potential,
\4

for two nuclei %H and iH

(i) What does the slope of the lines represent?

(ii) Identify which lines correspond to these
nuclei.

273

1
0 N
(AI 2010C)

BEXTH (3 marks)

72.

73.

(a) Describe briefly how the Davisson-Germer

experiment demonstrated the wave nature of

electrons.

(b) An electron is accelerated from rest

through a potential V. Obtain the expression for

the de-Broglie wavelength associated with it.
(Foreign 2014)

Draw a schematic diagram of the experimental
arrangement used by Davisson and Germer
to establish the wave nature of electrons.
Explain briefly how the de-Broglie relation was
experimentally verified in case of electrons.

(AI 2007)
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Detailed Solutions —_—
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1. Since photoelectric current is directly
proportional to the number of photoelectrons
emitted per second. On increasing intensity, more
photoelectrons will emit.

2. Since the value of stopping potential for the
pair of curves (1 and 2) and (3 and 4) are the same
hence curves 1 and 2 correspond to one material
while curves 3 and 4 represent another material.
The pairs of curves (1 and 3) and (2 and 4)
correspond to different materials but same intensity
of incident radiation as the saturation current
depends upon intensity and not on material.

3. Variation of photoelectric current with intensity
of light for a given frequency of incident radiation

of
gz
3 8
g3
c v
£

=%

Intensity of
light

4. Photoelectric emission is not possible at all
frequencies because below the threshold frequency
for photosensitive surface of different atoms emission
is not possible.

5. For a given frequency of incident radiation
stopping potential is that minimum negative
potential given to anode for which the photoelectric
current becomes zero. It is denoted by V.. For a
given frequency of the incident radiation, the value
of stopping potential is different for different metals
but it is independent of the intensity of the incident
light.

6. Threshold frequency is defined as the minimum
frequency of incident radiation below which the
photoelectric emission stops altogether.

7. Threshold frequency does not depend upon
the intensity of light. The intensity of light mainly
depends on the number of photons for given
frequency of incident radiation. Therefore, the
photoelectric current increases with the intensity of
incident light.

8. For the curves a and b, the stopping potential
is same. Hence, for curves a and b, the frequency of
incident radiation is same (v, = v,) but intensities
I, and I, are different.

9. (i) Given,v=6.0x 10" Hz

P=20%x10"W

Let n is the number of photons emitted by the
source per second.

_P_P
"EETW
2x1073

- =0.0502 x 107
6.63x1073*x6.0x10"

= 5 x 10" photons per second.

(ii) Refer to answer 3.

10. (i) Intensity = Number of photons per unit
area per unit time

For unit area and unit time, I; = I, = 1, v, = 1,0,
LU-RELIE >1 = nm>n

o Y

For same intensity number of pnotons per unit area
per unit time is large for v, i.e. n,. Hence, more
electrons will be emitted corresponds to v,.

(ii) The maximum Kkinetic energy of emitted
electrons is more for the light of greater frequency.
Since v, > v,, maximum kinetic energy of emitted
photoelectrons will be correspond to v;.

11. The graph showing the variation of stopping
potential (V;) with the frequency of incident
radiation (vy) for two different photosensitive
materials having work functions W, and W,(W, > W,)

is shown in figure.
Metal 2 Metal 1

. T V>V] >0,
Stopping Wy> W,
potential (V) v ' b
O| . . Frequency of incident —p
S radiation
; : AV h
(i) Slope of the line = & =— [ eAV = hAv]
\}] e

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

e
and does not depend on nature of metal surface.
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(ii) Intercept of graph 1 on the stopping potential
axis

_ work function(W)  hv,

e e
Intercept of the line depends upon the stopping
function of the metal surface.

12. (i) Frequency of violate light (v,) > frequency of

blue light (vy) i.e. ﬁ] 51
Yy
As both light have same intensity, so

1,0, = 1,V :>n—V—&<1
vYy — pYp " _U
b v
n,>n,

(1) Since n, > n,, hence number of electrons emitted
per second corresponding to blue light will be more
than that for violet light.

(ii) Since v, > vy, hence maximum kinetic energy
of the electrons (K, = AV - @) for violet light will
more than that for blue light.

V. 1
13. We know, s !
g f———————
Kiax = €V = h(v - vg) £3 g
=z B/ LA
h h 5 8 1
o, V. =—v—-—0 S
S oe e 0 Vg Yy v v

(i) From the graph for the same value of v,
stopping potential is more for material B.

as Vv =E(U—D0)
e

V, is higher for lower value of v,. Here vz < v,
so Vg > Vg

(ii) Slope of the graph is given by h which is
e

constant for all the materials. Hence slope of
the graph does not depend on the nature of the
material used.

14. Refer to answer 3.

Given that A = 3300 x 107" m, ¢y, = 2.75 eV,
Oppo = 4175 €V

Then energy of the laser beam is

_he_ 66x107* x3x10°

A 3300%1070 x1.6x107"
Since E < ¢y, therefore there will be no emission of
photoelectrons for molybdenum (Mo).

Bringing the source nearer will cause to emit
more photoelectrons as intensity on the plate will
increase.

E =3.75eV
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15. The minimum value of the frequency of light
below which the photoelectric emission stops
completely, howsoever large may be the intensity of
light, is called the cut-off frequency.

Given that threshold frequency of metal is f and
frequency of light is 2f. Using Einstein’s equation for
photoelectric effect, we can write

h2f-f) = %mvf (i)
Similarly, for light having frequency 5f, we have
h(5f - f) = % - (i)
Using (i) and (ii), we find

Lzé:v_l:\ﬁ Lol

4f V5 Vy 4 vy 2

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

(i) Emission of photoelectrons start as soon as light
falls on metal surface i.e., there is no time lag between
incidence of light and emission of photoelectrons.
(ii) The emission of photoelectrons takes place
only when the frequency of the incident radiations
is above a certain critical value called threshold
frequency vy, which is characteristic of that metal
emitting electrons.

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

So the graph plotted between (1/2)m’,, or eV,
with frequency v is a straight line for frequencies
above threshold frequency v,.

2 :
(iif) The maximum kinetic energy with which a
photoelectron is emitted from a metallic surface is
independent of the intensity of light and depends
only upon its frequency.

17. (a) Yes, all emitted photoelectrons have same
kinetic energy as the kinetic energy of emitted
photoelectrons depends upon frequency of the
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incident radiation for a given photosensitive
surface.

(b) No, the kinetic energy of emitted electrons does
not depend on the intensity of incident radiation. If
the intensity is increased, number of photons will also
increase but energy of each photon remains same as
the frequency is also same. The maximum kinetic
energy depends on frequency not on intensity.

(c) The number of emitted photoelectrons depends
only on intensity of incident light. For a given
frequency of incident radiation, its intensity depends
on the number of photons.

18. Cut-off voltage : For a particular frequency
(v > vy) of incident radiation, the minimum negative
potential V,, applied to the plate or anode, (A) for
which the photoelectric current just becomes zero is
called cut-off voltage.

Refer to answer 6.

19. Kinetic energy of photoelectrons emitted from
the surface of a photosensitive material,
KE=hv - ¢ =hv - hy,

This is a equation of straight line of the form,
y=mx+c

(i) From this graph,
the Planck constant
can be calculated
by the slope of the
line.

(ii) Work functionis
the minimum energy
required to eject the photo-electron from the metal
surface.

¢ = hv,, where v, = threshold frequency

From the graph, work function is given by intercept
of line on the kinetic energy axis.

20. Refer to answer 11,
21. The stopping potential is more negative for

higher frequencies of incident radiation. Therefore,
stopping potential is higher for v,.

b u(Hz)—»X

K.E. of electron (eV)—»

Photoelectric

current Saturation
V>V, current
Ly
~Vo1~ Vo2 _ 0 Collector plate—»
“Retarding Potential V
potential
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(KE)pax=€Vo=hv-¢

h
= ¥ :—v—9
e e
From this equation we can conclude that V will

increase if v increases.

22. (i) The saturation current remains same
because the saturation current depends upon
intensity of incident radiation.

Photoelectric T

current
V3> 0y >V

Vo3, Vo2 —Vou 0

Retar:ling potential  Anode pote;tial )
(i) Stopping potential remains same. It depends
upon the frequency of incident radiation.

PhotoelectricT L>L

current 2
1,

Stopping
potential

-y 0

Retar‘ding potential  Anode poter:tial 4%)

(iii) At constant frequency and accelerating potential,
photoelectric current is directly proportional to the
intensity of light.

Photoelectric
current
— >

—
Intensity of light
It is so because photoelectric current is directly
proportional to the number of photoelectrons
emitted per second.

23. (i) Slope of line = i—v [+ eAV = hv]
{V]
Slope of line = i
e
A
Vl
My M,
VO
V;
[,
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= Itis a constant quantity and does not depend on
nature of metal surface.

(ii) Maximum  kinetic energy of emitted
photoelectron,
KE = eV, = hv - hu,, ()

For a given frequency V; > V, (from the graph)

So from equation (i),

(KE), > (KE),

Since the metal M, has smaller threshold frequency
i.e., smaller work function. It emits electrons having
a larger kinetic energy.

24. Threshold Frequency : The minimum frequency
of incident light which is just capable of ejecting
electrons from a metal is called the threshold
frequency. It is denoted by v,

Stopping Potential : The minimum retarding potential
applied to anode of a photoelectric tube which is just
capable of stopping photoelectric current is called
the stopping potential. It is denoted by V; (or V).

25. Failure of wave theory of light to explain
photoelectric effect

(i) According to wave theory, greater the intensity
of radiation, greater the amplitudes of electric
and magnetic fields and hence greater the energy
density of the wave. So, the maximum kinetic
energy of the photoelectron emitted must depend
on intensity of incident light, however practically
it does not happens. So independence of maximum
kinetic energy of photoelectron emitted on intensity
of incident light cannot be explained using wave
theory of light.

(ii) Also, whatever the frequency of incident
radiation may be, incident light of large intensity
over a sufficient time must be able to impart enough
energy to the electrons, so that they can get off the
metal surface. So, a threshold frequency must not
exist.

(iif) Further, number of electrons absorb energy
continuously over the entire wavefront of the
radiation. So, energy absorbed per unit time by
an electron becomes very small. So, in that case
electrons may take quite long time to come out of
metallic surface on continuous exposure of light on
the surface. However, practically we found that there
is no time lag between incident of light and emission
of photoelectron. So, we conclude that wave nature
of light cannot be used to explain photoelectric
effect.

277

26. Refer to answer 25.

27. The observed characteristics of photoelectric
effect could not be explained on the basis of wave
theory of light.

(i) According to wave theory, the light propagates in
the form of wavefronts and the energy is distributed
uniformly over the wavefronts. With increase of
intensity of light, the amplitude of waves and the
energy stored by waves will increase. These waves
will then, provide more energy to electrons of metal;
consequently the energy of electrons will increase.
Thus, according to wave theory, the kinetic energy
of photoelectrons must depend on the intensity
of incident light; but according to experimental
observations, the kinetic energy of photoelectrons
does not depend on the intensity of incident light.
(ii) According to wave theory, the light of any
frequency can emit electrons from metallic surface
provided the intensity of light be sufficient to provide
necessary energy for emission of electrons, but
according to experimental observations, the light of
frequency less than threshold frequency can not emit
electrons; whatever be the intensity of incident light
(iii) According to wave theory, the energy transferred
by light waves will not go to a particular electrons,
but it will be distributed uniformly to all electrons
present in the illuminated surface. Therefore,
electrons will take some time to collect the necessary
energy for their emission. The time for emission will
be more for light of less intensity and vice versa. But
experimental observations show that the emission of
electrons take place instantaneously after the light is
incident on the metal; whatever be the intensity of light

28. Refer to answer 25.

29. Using Einstein’s photoelectric equation,

eV=hu-¢

on differention we get eAV = hAv

_eAV _1.6x107°x(1.23-0)
Av 8-5)x10™

30. Einstein’s photoelectric equation is given below.

orh =6.56x107*Js

1
huzgmvim + W,

where v = frequency of incident radiation

1
Emvfmx= maximum kinetic energy of an emitted

electron
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W, = work function of the target metal

Three salient features observed are

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

(ii) Asenergy of a photon depends on the frequency
of light, so the maximum kinetic energy with which
photoelectron is emitted depends only on the energy
of photon or on the frequency of incident radiation.
(iii) For a given frequency of incident radiation,
intensity of light depends on the number of photons
per unit area per unit time and one photon liberates
one photoelectron, so number of photoelectrons
emitted depend only on its intensity.

31. Refer to answer 30.

32. Einstein’s photoelectric equation
K. = % mv? = v = ¢, = ho - hv, (@)

Refer to answer 30.
(ii) From eqn. (i)

hc
Ky = — -
% b

According to question,

h "
Kma.x = }\,_‘1: - (])0 ...(ll)
2K pax = ;—z - P ...(iii)

From eqn. (ii) and (iii),

he he
et

A A, oA
Also, ¢g = LA E:hc(i_Lj
0 ;“0 ;"1 ;“2
A MA, 20, A,

33. A=2000A =2000x10""m
Wy=4.2eV
h=6.63x107*]-§
E =W, +K.E
A

_ he

or K.E.—T—VVO
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_(663x107)x(3x107) 1
(2000 x107'%) 1.6x107"

=(62-42)eV=20eV

(i) The energy of the emitted electrons does not

depend upon intensity of incident light, hence the

energy remains unchanged.

(ii) For this surface, electrons will not be emitted as

the energy of incident light (6.2 eV) is less than the

work function (6.5 eV) of the surface.

34. Refer to answer 30.

35. The amount of light energy or photon energy,
incident per unit area per unit time is called intensity
of radiation.

S.I. Unit : W m~2or ] m 2L

36. Refer to answer 35.

37. Photons : According to Planck’s quantum theory
of radiation, an electromagnetic wave travels in the
form of discrete packets of energy called quanta.
The main features of photons are as follows:

(i) Intheinteraction of photons with free electrons,
the entire energy of photon is absorbed.

(ii) Energy of photon is directly proportional to
frequency. Intensity of incident radiation depends
on the number of photons falling per unit area per
unit time for a given frequency.

(ili) In photon electron collision, the total energy
and momentum remain constant.

Einstein’s photoelectric equation is

Kinax = ho - 0
T

eV—-42eV

-
N
. Yo v —Pp
% Frequency of incident
radiation

38. For a given frequency, intensity of light in the
photon picture is determined by

Energy of photons _ nxhv
I= CAxt
Where # is the number of photons incident normally
on crossing area A in time .

39. (a) Refer to answer 37.
(b) Einstein’s photoelectric equation :

area X time

According
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to Einstein, when light is incident on metal surface,
incident photons are absorbed completely by valence
electrons of atoms of metal on its surface. Energy #v
of each photon is partially utilized by an electron to
become free or to overcome its “work function” W,
and rest of the absorbed energy provides the
maximum Kkinetic energy to the photoelectron
during the emission. i.e.

1
ho= Emvlznax +W,

The minimum value of the frequency of incident
radiation below which the photoelectric emission
stops i.e. kinetic energy of photoelectron is zero is
called threshold frequency (vy).

Threshold frequency, v, = %

1 2
2 ™max = K.E. . =ho-W,

o, KE. ..=¢eV,

‘When work done by collecting electrode potential
on a photoelectron is equal to its maximum Kinetic
energy then the electrode potential is known as
stopping potential.

K.E. .
e

Stopping potential, Vi, =

40. Refer to answer 37.

41. Einstein’s photoelectric equation

1
K., =-mv_=hv—hy,

max mi

(a) Refer to answer 37.
(b) Refer to answer 30.

42. Refer to answer 37.

43. Refer to answers 30 and 37.

44, Refer to answers 30 and 37.

45. Refer to answer 30.

46. Refer to answers 30 and 37.

47. From Einstein’s equation hv = ¢y + K= ¢y + eV,

h
or ¢0=hn—eVs=xc -eV,
(Equation is independent of the power of the source)
_ 6.6x107* x3x10°

2271x10710
_( 6.6x107* x3x10°

N -1.3eV

eV

22711070 x1.6x107°
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=55eV-13eV=42eV

Threshold frequency v, = 4;1_0

_42x1.6x107"

6.6x107*
and the frequency of red light from the source is
10° W/m®.

8
AR N T o

A 6328x1070
Since frequency of red light is less than threshold
frequency so photocell will not respond to red
light, however high (10° W/m®) be the intensity
of light.
48. de Broglie wavelength
el 0
P ~2mKE

— A2 KE = constant.

T

A

=1.0x10"Hz

E—>»
h

J2mqV

50. We Irnow the relation

49. A=

h
A=—,

P 2
kinetic energy, K = ;;

h
2mK

Then, A =

1
KP=K2 —1 )\,oc——

Jm
Ay <<,

Hence for same kinetic energy wavelength associated

my>>m, ..

with electron will be greater.

51. We know K=%A
NG

)\.\/V = constant

The nature of the graph between Aand</V is
rectangular hyperbola.
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A
—
12.27
52, A=——A
W
A’V = constant
A
V—>
53. A= h
2mE
. h_h
54. de Broglie wavelength A=—=—
p mv
L T
Ay My
Meve
M, =——— (v v =3v)
1.813x107(3v,)
9.1x107

= -1675x10 7 kg
1.813%107* x 3 §

Thus, the particle may be a proton or a neutron.

mp << m,
Proton will have larger de-Broglie wavelength.
55. De-Broglie wavelength, ), = ﬁ = h
P ~N2mK

An electron and an alpha particle have the same
de-Broglie wavelength.

ie, A=Ay
h h
B =>mK, =m_ K
\/2meKe \/ZmaKa e e
K _my
K(X me

56. As ) oc L and m, << m, < mg, electron will
m
have largest de-Broglie wavelength.
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57. Given that is the wavelength of the photon. The

de-Broglie wavelength of the electron is ), = —.

my
Kinetic energy of electron,
2 2
B, =1m? =lm(i) -5 ()
2 2 \mh 202

We know that energy of photon is E 5= % ..(if)

Dividing (i) by (ii),

E, K _\
—€ - X —
EP 2m7\,2 he
2Ame
E,=="F,

58. de Broglie wavelength of a particle of mass m and
charge g accelerating through a potential V'is given by

h (D)
2mqV

}\_:E:
p

(1) Here’ mp =m, qp =e My = 4mP = 4m, Qo= 2qp =2e
From eqn. (i)

P AP

Mg, m,q,V,

- \/m
mxexVP

V,:V,

3V Vg

(2 Ay =)

=8:1

Ve

59. For same accelerating potential, a proton and a
deutron have same kinetic energy.
(a) de-Broglie wavelength is given by

Ve =4:1

P \2mK \2m(qV)
S(), }\,OCL
Jm

Mass of a deutron is more than that of a proton.
So, proton will have greater value of de-Broglie
wavelength.
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(b) Momentum, p=./2mK
pem

Mass of a deutron is more than that of a proton. So,
a proton has less momentum.

60. According to Einstein’s photo electric effect
1
E=W+- my?

Since work function of the surface is negligible, the
above equation becomes

E=lmﬁ
2

mv = ,2mE

If A is de-Broglie wavelength of the emitted
electrons, then

rat B

my 2mE

Ey—»

h
61. de Broglie wavelength A =
. & \2mE
h

J2mqV
. }\'(l

[ kinetic energy E = qV:|

h 2m

Ao [T Mpdp \/T 1
= —_—= = = |=—=
Ay \mego \@m)-2q,) Y8 242

= hyih, =1:242
h h 12.27
62. A=—= or A= —
P J2meV \/V
- 6.63%x1074

J2x9.1x107! x1.6x1072 x50 x10%)

A=549%x10"m

The resolving power of an electron microscope is
much better than that of optical microscope.
Resolving power of a microscope
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2u sin®
R.P.= s

This formula suggests that to improve resolution, we
have to use shorter wavelength and media with large
indices of refraction. For an electron microscope, [t
is equal to 1 (vacuum).

For an electron microscope, the electrons are
accelerated through a 50,000 V potential difference.
'Thus the wavelength of electrons is found to be 107" m.
As, A is very small (approximately 107 times smaller)
for electron microscope than an optical microscope
which uses yellow light of wavelength (5700 A to
5900 A). Hence, the resolving power of an electron
microscope is much greater than that of optical
microscope.

63. (i) Momentum of photon

B 6.6x107*
=—=————=66%x10" kgms™’
A 1x10”°
Momentum of electron
6.6x107*

=———=6.6%x10* kgms *
1x107°

(ii) Energy of photon
he 6.6x107* x3x10°

E=—= S =1.98x107'¢J
A 1X10”
(iif) Kinetic energy of electron
2 (6.6x107%)
e_p S ) =239%x107"]

T 2m 2x9.1x107!

64. Asmy=4m,and q, =2e,q,=¢
As both are accelerated through same electric
potential, so

2
Empvp B qu
St Y
m \% | 4
or L x| L|=Z o |2 |=222
am, \Vo) 2e Voo| 2
v
or L=2 ()
VO!
0 _pzh/mpvp Mo Ve, 4mp xi

or —p=2\/§>lor7\p>?»(x
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So, proton has greater value of de-Broglie wavelength
associated with it.

1 2
(i) ZmPVP qu 9 1 -
i) -—=—=—=—

1

E’"‘*”é 9oV qu 2

1 5, 1

or Empvp <Emava
So, proton has less kinetic energy.

Since mass of alpha particle is larger than a proton

7\‘pr0t0n > )\’a]pha

(ii) Since KE.=hv=h .}%
Foe Ll

A
Since kproton > Aalpha

K,

roton 15 1658 than Kyjop,.
65. As the work function of the metal can be
neglected, so, according to Einstein’s photoelectric
equation, K.E. of emitted electron = Energy of X-ray
photon.

p* ke

1
St =hy, P _he 2mhc

or p=
2m A A
de-Broglie wavelength of emitted electrons,

}\,lzﬁz h

)4 ’2mhc
A

or A1=,}ﬂ r?x2 (L —_—

2mc 2mce

. h
66. de Broglie wavelength, A =

\J2mgV
4 L Th h of A -

——='——=:"The graph of A versus—is a
Jomq v B T

b .The slope of line B is
\2mgq

small, so particle B has larger mass (charge is same).

or

A=

straight line of slope

67. Davisson-Germer experiment shows
nature of electrons. The phenomenon of diffraction
of electron beam was observed in this experiment

wave

h h 1
68. .. _\/2mqv —\/m—q'W
h

Slope of line = \/m_q
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Slope of B > Slope of A

1 1
—_—_—
Jmy g

mp<my
Therefore, line B represents a particle of smaller
mass.
69. Here V=100 volts. The de Broglie wavelength

_ L 227 1.227 1.227

IR T

The value of de-Broglie wavelength is associated
with the wavelength of X-rays.

70. The de Broglie wavelength A is

(for same q)

=0.1227 =0.123 nm

_ h
\2mgV
h h
A, = and A, =
P amgv “ gV’
4 /VI
A, A, = |04
P mqV

m =4m,q=e,q =2e
V=128V, V'=64V

’4m><26><64
mxex128

Requlred ratio=2:1

1
2 A
B
o L

(i) In terms of accelerating potential V, the
de Broglie wavelength of a charged particle is given by

h
A= (D)
\2mqV
Where g is the charge and m is the mass of the
particle. The equation (i) represents a straight

h
\2mq
inversely proportional to Jm for given value of g.
(ii) Since the slope of line B is lesser, it represents

the particle of heavier mass i.e., ; 3H.
'The line A represents the particle of lighter mass ; H.

line, whose slope is . The slope of the line is
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72. (a) ExperimentalarrangementusedbyDavisson
and Germer : Electrons from a hot tungsten cathode
are accelerated by a potential difference V between
the cathode (C) and anode (A). A narrow hole in
the anode renders the electrons into a fine beam of
electrons and allows them to strike a nickel crystal.

= Electron
T
y: S .\Detector

The electrons are scattered in all directions by the
atoms in the crystal and its intensity in a given
direction is found by the use of a detector. The graph
is plotted between angle ¢ (angle between incident
and the scattered direction of the electron beam)
and intensity of the scattered beam.

The experimental curves obtained by Davisson and
Germer are as shown in the figure below,

44V,

502
p 54V,

48V 64V

Incident beam
—y
Incident beam
Incident beam
Incident beam

(@ (&) © (d
The appearance of the peak in a particular direction
at 54 V is due to the constructive interference of
electrons scattered from different layers of the
regularly spaced atoms of the crystals.

(b) 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. Then kinetic energy gained by

283

the electron equals the work done on the electron by
the electric field.
K.E. gained by the electron,

1 5, _p
K=—mv*=—

2 2m
Work done on the electron = eV

2
K:p—=eV or p= \V2mK =2meV

2m

Hence the de Broglie wavelength of the electron is

aoh_o b h
p 2mK  «2meV

Now h=6.63 x 10°*]s,m=9.1x 107" kg
e=16x10""C

. 6.63x107>*
¥2x9.1x1073 1 x1.6x10~ 0V
_123x107° 123,

NG m NG A
73. Refer to answer 72 (a).
This is the experimental value of wavelength of
electron.
According to de-Broglie hypothesis,
the wavelength of electron
accelerated through a potential Vis

?\.=E=12'27A

p v
For V=54 volt, A = 0.167 nm
As there is a close approximation between the
estimated value of de-Broglie wavelength and
experimental value determined by Davisson and
Germer. This proves existence of de-Broglie waves
for electron in motion.

50° 54°

(@)



