Dual Nature of Radiation and Matter

1. Two beams, A and B whose photon energies are 3.3 eVand 11.3 eV
respectively, illuminate a metallic surface (work function 2.3 eV) successively.
The ratio of maximum speed of electrons emitted due to beam A to that due to
beam Bis: (2024)

(A)3

(B) 9
©1/3

(D) 1/9
Ans. (C) 1/3

2. The waves associated with a moving electron and a moving proton have the
same wavelength A. It implies that they have the same: (2024)

(A) momentum

(B) angular momentum
(C) speed

(D) energy

Ans. (A) momentum

3. Assertion (A) and Reason (R) type questions. Two statements are given one
labelled Assertion (A) and the other labelled Reason (R). Select the correct
answer from the codes (A), (B), (C) and (D) as given below. (2024)

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

(C) Assertion (A) is true, but Reason (R) is false.
(D) Assertion (A) is false and Reason (R) is also false.

Assertion (A): In photoelectric effect, the kinetic energy of the emitted
photoelectrons increases with increase in the intensity of the incident light.

Reason (R): Photoelectric current depends on the wavelength of the incident
light.

Ans. (D) Assertion (A) is false and Reason (R) is also false.
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4. Consider a neutron (mass m) of kinetic energy E and a photon of the same
energy. Let A, and A, be the de Broglie wavelength of neutron and the wavelength
of photon respectively. Obtain an expression for An/Ap. (2024)

Ans. Obtaining an expression for An/Ap

_hc - _hc
_)\p p_E
A D
n_p _\/(ZmE)
An h E

Ap N V(2mE) X hc

An E
E - (chz)

5. (i) A ray of light passes through a triangular prism. Show graphically, how the
angle of deviation varies with the angle of incidence ? Hence define the angle of
minimum deviation.

(ii) A ray of light is incident normally on a refracting face of a prism of prism
angle A and suffers a deviation of angle 8. Prove that the refractive index n of the
material of the prism is given by sin A sin (A + § )/sin A.

(iii) The refractive index of the material of a prism is V2. If the refracting angle of
the prism is 60°, find the

(1) Angle of minimum deviation, and
(2) Angle of incidence. (2024)
Ans.

(1) Graph showing variation of angle of deviation with angle of
incidence
Defining angle of minimum deviation
sin(A + 9)
(1) Proof of refractive index A= " sinA

(111) (1) Finding angle of minimum deviation

(2) Angle of Incidence
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Angle of deviation (3)

—_
—
—t+
~
-+

Angle of incidence (i}

Minimum deviation angle is defined as the angle at which angle of incidence is
equal to the angle of emergence.
Alternatively

At minimum deviation refracted ray inside the prism becomes parallel to the base
of the prism.

(i)
At the face XZ :-
usini=lxsinr  aeee- (1)
r=1+9 [ from diagram] = - (2)

In AXMN ; A+( 90 —i) + 90 =180
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=>A=1 e (3)
Putting eq. (3) & (2) ineq. (1)
usin A=sin (A +9)
" sin (A + 9)
sin A

(iii)

. (A +0, )
sin
2 )

;oA
SN —

2

. (60 +0, j
Sin 2
V2= sin 30°

H =

= sin(mj— —1— = sin45°
2 V2

60; On - 45°= 5, = 30°
:. A+,
2 l - m
(2) ~3
60 + 30

2
i=45°

=>1l=

6. (i) State Huygens principle. A plane wave is incident at an angle i on a
reflecting surface. Construct the corresponding reflected wavefront. Using this
diagram, prove that the angle of reflection is equal to the angle of incidence.

(ii) What are the coherent sources of light ? Can two independent sodium lamps
act like coherent sources ? Explain.

(iii) A beam of light consisting of a known wavelength 520 nm and an unknown
wavelength A, used in Young's double slit experiment produces two interference
patterns such that the fourth bright fringe of unknown wavelength coincides with
the fifth bright fringe of known wavelength. Find the value of A. (2024)

Ans.

(i) Statement of Huygens’ Principle

Construction of reflected wave front

Proof of angle of reflection is equal to angle of incidence
(ii) Definition of coherent sources

Explanation

(iii) Finding the unknown wavelength
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(i) Each point of the wavefront is the source of a secondary disturbance and the
wavelets emanating from these points spread out in all directions with the spread
of the wave. Each point of the wavefront is the source of a secondary disturbance
and the wavelets emanating from these points spread out in all directions with
the speed of the wave. These wavelets emanating from the wavefront are usually
referred to as secondary wavelets and if we draw a common tangent to all these
spheres, we obtain the new position of the wavefront at a later time.

Incident
wavelront

Reflected
waveiront

AEAC is congruent to ABAC; so i = 4r

(ii) Two sources are said to be coherent if the phase difference between them
does not change with time.

No, two independent sodium lamps cannot be coherent.

Two independent sodium lamps cannot be coherent as the phase between them
does not remain constant with time.

(iii)
4B, = Sﬂl
4)( /1D — 5X A’knownD
d
5
=> A =—x
4 Z‘known
~2
4
= 650 nm
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Previaus Years’ CBSE Board Questions “

11.2 Electron Emission (2 marks)
For the light of wavelength 400 nm incident on the

ML cathode of a photocell, the stopping potential is 6 V. If
1. The energy of a photon of wavelength A is the wavelength of incident light is increased to 400 nm,
(a) hck (b)) he/d  (€) Afhe  (d) Ahfe calculate the new stopping potential.
(2023) : (Take h=4.14x 10" eV ¢) (2021)
9. (i) Monochromatic light of frequency 6.0 x 10 Hz
11.3 PhﬂtﬂElECtrit EffECt L] produced by a Eger '|'|'|E::_-:i pmi-‘;r emitted is
T 20 % 107 W. Estimate the number of photons
i emitted per second on an average by the source.
2. Define the term threshold frequency in photoelectric ! (i) Drawa plot showing the variation of photoelectric
emission. (2020) @'] ©  current versus the intensity of incident radiation on a
OR given photosensitive surface. {Delhi 2014) [_Eﬂ
Define the term “threshold frequency”, in tl'secnntext marks)
of photoelectric emission (Delhi 2019) ¢ B
3. Define the term “Intensity” in photon picture of | 10- Light of wavelength 2000 A is incident on a metal
electromagnetic radiation. (Delhi 2019) ; surface of work function 4.2 eV in an experiment on
photoelectric effect.
11.4 Experimental Stud? of {a) Find the maximum kinetic energy (in €V) of
. i ejected photoslectrons.
Photoelectric Effect (b) If the intensity of light is doubled, find the

: cha instoppi tial. 030
Effect of Intensity of Light on Photocurrent g INSa/NDE polentia {2020)
11— Plot a graph showing the variation of photoelectric
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the surface is
(a) 15eV (b) 17eV () 32eV (d) 47eV
(2023) :
(1 mark) =
5. If the frequency of the radiation incident on a

.

14. The variation of the stopping Vg

Get More Learning Materials Here: i

MCQ

Photons of energy 3.2 eV are incident on a
photosensitive surface. If the stopping potential for :
the emitted electrons is 1.5 V, the work function for :

photosensitive surface increases (u > ug), how will :
(2021) |
The three curves shown below, represent the :
variation of photocurrent and applied voltage for two |
different materials using two different intensities of
a monochromatic light. Identify the two curves which

the stopping potential change?

are for the same material.
|

s

o

depend on intensity of incident radiation? Give reasons.

. {a) Define the terms, (i} threshold frequency and

(i) stopping potential in photoelectric effect.

(b} Plot a graph of photocurrent versus anode
potential for a radiation of frequency v and !
|Delhi 2019)

Effect of Frequency of Incident Radiation on

intensities '1 and .Iz “1 = ,2}.

Stopping Potential
(1 mark)

4 : Ml M
potential (V) with the frequency 1
(1) of the light incident on two
different photosensitive surfaces i
M, and M, is shown in the figure. g ol
Identify the surface which
has greater value of the work function. (2020)

(2020)

In photoelectric effect, does the photoelectric current YN (2 marks)
: 14,

(2019) :

12.

t 22,

current with intensity of light. The work function for
the following metals is given.

Ma: 275 eV and Mo : 4.175 V.

Which of these will not give photoelectron emission
for a radiation of wavelength 3300 A from a laser
beam? What happens if the source of laser beam is
brought closer? (Foreign 2014)

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)

Effect of Potential on Photoelectric Current

(1 mark)

i 13,

Draw graphs showing variation of photoelectric
current with applied wvoltage for two incident
radiations of equal frequency and different
intensities. Mark the graph for the radiation of
higher intensity. {2018)

Draw a graph showing variation of photocurrent
with the anode potential of a photocell. (1/2, 2020} | U |

The following graph shows the wvariation of
photocurrent for a photosensitive metal:
Y

Photocurrent

- FRaE s
{a) Identify the variable X on the horizontal axis.
(b} What does the point A on the horizontal axis
represent?

(¢} Draw this graph for three different values of
frequencies of incident radiation vy, v; and v,
(uy > vy > 1) for same intensity.

Draw this graph for three different values
of intensities of incident radiation Iy, I; and I3

(d)
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i7. Estimate the frequency associated with a photon of
(2019} :

energy 2 eVl

BEEYI (2 marks)

18. How would the stopping potential for a g[w&ng ¥
photosensitive surface change if (i) frequency of : 11.5 Photoelectric Effect and Wave
the incident radiation were increased? and (i) the

(5 marks)

(2023)
i ; : i 24, Why is wave theory of electromagnetic radiation
1%. Two monochromatic radiations of frequencies vy

and uz{vy > vg) and having the same intensity are in
turn, incident on a photosensitive surface to cause
photoelectric emission. Explain, giving reason, in
which case (i) more number of electrons will be :
emitted and (ii) maximum kinetic energy of the

intensity of incident radiation were decreased?
Justify your answer.

emitted photoelectrons will be more.

BELXI (3 marks)

20, TI'rEwurkfum‘:ticrnﬂfamﬂa[islﬂle‘uﬂphutﬁeieﬁtriﬁ
emission occurs when light of frequency 6.4 = 107" Hz . : - 2
is incident on the mea surfz:. C;:u!ate . (i) the : 11.6 Einstein’s Photoelectric Equation:

energy of the incident radiation (il) the maximum

kinetic energy of the emitted electron and (i) the

(2022C)

: 25. Alight of frequency v is incident on a metal surface

stopping potential of the surface.

21. Explain giving reasons for the following:

(a) Photoelectric current in a photocell increases
with the increase in the intensity of the incident :

radiation.

{b) The stopping potential (V) varies linearly with
the frequency (u) of the incident radiation for :
a given photosensitive surface with the slope @ 5

remaining the same for different surfaces.

(2/3, A1 2017) |
: 34. Figure shows the stopping potential (V) for the

@ % Bm @ = @ =
[ o i
(2023) |

(Delhi 2014C) (g

e @)

(13 > Iy > Iy) having same frequency. (Al 2017) [Ev)

23, Describe briefly three experimentally observed
features in the phenomenon of photoelectric effect.
{2/3, Al 2015)

Theory of Light

not able to explain photoelectric effect? How
does photon picture resolve this problem?
(Delhi 2019) (An]
OR

Discuss briefly how wave theory of light cannot
explain photoelectric effect. {2/3. Al 2015)

OR
Write three observed features of photoelectric

effect which cannot be explained by wave theory of
light. (2/5, Al 2015C)

Energy Quantum of Radiation
MCQ

whose work function is Wig. The kinetic energy of
emitted electron is K. If the frequency of the incident
light is doubled then the kinetic energy of emitted
electron will be

(a) 2K (b)
(c) betweenKand 2K (d) (2023)

E. ¢ and v represent the energy, velocity and
frequency of a photon. Which of the following
represents its wavelength?

more than 2K
less than K

photo electron versus [1/4) graph, for two metals A
and B, i being the wavelength of incident light.
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27, Photons of energies 1 &V and 2 eV are successively
incident on a metallic surface of work function :
0.5 eV. The ratio of kinetic energy of most energetic :

photoelectrons in the two cases will be
fa) 1:2 (b) 1:1
() 1:3 (d) 1:4

(a) 2:3 (b)
& 1:3 (d)

M (1 mark)

J:4

W3

2%. The threshold wavelength for two photosensitive
surfaces A and B are i, and A, respectively. What is
the ratio of the work functions of the two surfaces? !

(2020) :

30. The figure shows the variation of stopping potential
Vg with the frequency v of the incident radiations for
two photosensitive metals P and Q. Which mestal has

smaller threshold wavelength 7 Justify yvour answer.

|

lo1 10 (=100550y

(2 marks)

32. The figure shows =

m

versus =
A

photoelectrons emitted from a surface where v is |
the maximum speed of electrons and 4 is wavelength :
of incident radiation. Using this graph and Einstein's :
photoelectric equation, obtain the expression for :

Planck's constant and work function of the surface.

{2020

24, If photons of frequency v are incident on the surfaces
of metals A and B of threshold frequencies /2 and
/3 respectively, the ratio of the maximum kinetic :
energy of electrons emitted from A to that from B is

(2020) (&p]

35 Write two main observations of photoelectric

(Al 2019) (Ev)

31. Name the phenomenon which shows the guantum 37. Using the graph shown in the figure for stopping

nature of electromagnetic radiation. (Al 2017) [E

graph for

X G marks)

38. {a) Give an example each of a metal from which

(2023) |

e @)

A, B
o—LL s

-

(a) Howisthe value of Planck's constant determined
from the graph?

(b} If the distance between the light source and
the surface of metal A is increased, how will the
stopping potential for the electrons emitted
from it be effected? Justify your answer.

(2020) (Ev)

effect experiment which could aonly be explained by
Einstein's photoelectric equation. (1/2, 2020)

36. If light of wavelength 412.5 nm is incident on each
of the metals given in table, which one will show
photoelectric emission and why?

Metal Work Function (eV)
Ma 192
K 215
Ca 3.20
Mo 417

(2018)
potential versus the incident frequency of photons,

calculate Planck's constant.

W (wolts)

||||||||||||

=
246810 y0ez

(Delhi 2015€C) (An)

photoelectric emission takes place when irradiated
by (i) UV light. (i} visible light.
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33.

39.

40,

42,

s
L

44,

Get More Learning Materials Here : i

Why it is the frequency and not the intensity of :
light source that determines whether emission of !

photoelectrons will occur or not? Explain.

(Term Il 2021-22) |

(a) Use Einstein's photoelectric equation to depict |
the variation of the maximum kinetic energy (E,) :
of electrons emitted, with the frequency(u) of the !

incident radiation.

{b) A photosensitive surface is illuminated with a

beam of (i) yellow light, and (ii) red light, both of the : a4

same intensity.

In which case will

(1) photoelectrons have more E,?
{Il} more numbers of electrons be emitted?
Justify yvour answer in each case.

in terms of A, and As.

Einstein's photoelectric equation?

(ii} The work function of the following metals is
given:Ma=275eV, K=23¢eV, Mo=4.17 eV and
Ni = 5.15 V. Which of these metals will not cause
photoelectric emission for radiation of wavelength 48.
3300 A from a laser source placed 1 m away from

these metals? What happens if the laser source

is brought nearer and placed 50 cm away?

(Delhi 2017) (An] |

(i) State two important features of Einstein's :

photoelectric equation.

(i) Radiation of frequency 10'° Hz is incident :
on two photosensitive surfaces P and Q. There is |
no photoemission from surface P. Photoemission |
occurs from surface Q but photoelectrons have zero
kinetic energy. Explain these observations and find |

the value of work function for surface Q.
incident radiation.
Using photon picture of light, show how Einstein's

explained by wave theory

0 is shown in:

(Term It 2021-22) :

The maximum kinetic energy of the photoelectrons :
emitted is doubled when the wavelength of light !
incident on the photosensitive surface changes !
from k4 to As. Deduce expressions for the threshold :
wavelength and work function for the metal surface 47.
{2020) :

. {i) How does one explain the emission of electrons
from a photosensitive surface with the help of !

(Delhi 2017) |

Give reason for maximum kinetic energy of the
photoelectrons is independent of the intensity of |

(1/3, A1 2017) (D] !

(5 marks)
photoelectric equation can be established. Write : _
two features of photoelectric effect which cannot be 30.
(Al 2017) :
In the study of a photoelectric effect the graph
between the stopping potential V and frequency v of

the incident radiation on two different metals P and

e @)

(b) The work function of a metal is 4.50 V. Find the
frequency of light to be used to eject electrons from
the metal surface with a maximum kinetic energy of
6.06 x 10717 ), (Term Il 2021-22)

(iil Determine the work function of the metal
which has greater value.

(iif) Find the maximum kinetic energy of electron
emitted by light of frequency 8 x 10 Hz for
this metal. (Delhi 2017) (A

Sketch the graphs showing wvariation of stopping

potential with freguency of incident radiations

for two photosensitive materials A and B having

threshold frequencdies u, > ug.

(il Inwhich case is the stopping potential more and
wihy?

(i Does the slope of the graph depend on the
nature of the material used 7 Explain.

(Al 2016) (An)

Define the term “cut off frequency” in photoelectric
emission. The threshold frequency of a metal is [
When the light of frequency 2f is incident on the
metal plate, the maximum velocity of photoelectron
is v4. When the frequency of the incident radiation is
increased to 5f, the masdrmum velocity of photoelectrons
is vy. Find the ratio v, : vy (Foreign 2016)

Write three characteristic features in photoelectric
effect which cannot be explained on the basis of
wave theory of light, but can be explained only using
Einstein's equation. (Delhi 20164)

OR

Explain how Einstein's photoelectric equation is
used to describe photoelectric effect satisfactorily.

(3/5, Al 2015C) (U]

. 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 4, to A, Derive the
expressions for the threshold wavelength iy and

work function for the metal surface. (Delhi 2015) I!:'.r':

Figure shows a plot of stopping potential (Vp)

with frequency (v) of incident radiation for two

photosensitive material My and M. Explain

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

(ii) for which material emitted electrons have
greater kinetic energy for the same frequency
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al P
! Q
vt
(v)
0
12 345 4
2T ux 10" Hz —»

(i} Which one of the two metals has higher;

threshold frequency?

11.7 Particle Nature of Light :
The Photon

(1 mark)

33x10°Y 2

52. Define intensity of radiation on the basis of photon
(A12014) |

picture of light. Write its 51 unit.

Y (2 marks)

of incident radiation.

I (3 marks)

picture of light?

55. (a) Write the important properties of photons :
which are used to establish Einstein's photoelectric

equation.

(b) Use this eqguation to explain the concept of

(i) threshold frequency and (i) stopping potential.

(A1 2015) (1]

11.8 Wave Nature of Matter
MCQ

56. A photon and an alpha particle have the same
kinetic energy. The ratio of de Broglie wavelengths
associated with the proton to that with the alpha

particle is
fa) 1 b) 2 {d) o

() 242 =

(2023) |

e @)

of incident radiation?
'y'n.u

M M,

R

(345, Al 2015C) (Ev)

58. How will the de Broglie wavelength associated with

an electron be affected when the (i} velocity of the
electron decreases? and (i) accelerating potential is
increased? Justify your answer. (2023)

5%, A heavy particle initially at rest splits spontaneously
51. What is the wavelength of a photon of energy :

(2020)

into two particles of masses my and m; having non-
zero velocities. The ratio of de Broglie wavelengths
associated with the particles is

(a) myfmy (b) mayfmy
© 1 () Jmy/Jm  (2020)

_ _ _ —  IEM . mark)
53. Write three basic properties of photons which are L AR SEEHRE S Scealeriad throigh 3 polental

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 |

(Al 2014C) : 61. A proton and a deuteron are moving with the same

difference of 100 V. Calculate the de Broglie
wavelength associated with it. (2021)

speed. Find the ratio of the de Broglie wavelength
(Apf24) associated with them. (2021)

54. In the wave picture of light, intensity of light is : 62 A proton and an electron have equal speeds. Find

determined by the square of the amplitude of the :
wave, What determines the intensity in the photon :

(2/3, Al 2016) 53, The graph showing

the ratio of de Broglie wavelengths associated with
them. (2020)

the correct wvariation of
linear momentum (p) of a charge particle with its
de-Broglie wavelength (4] is

ok eA

(a) (b)

Pa P A

(c) (d)

(2020)
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57.

[-1: 8

&69.

70.

71

associated de-Broglie wavelength?

A1) M)

(a) / (b) J
) —= 3
it o

lc) \ (d) K
S A o EE— ]

. An o-particle and a proton are accelerated through
the same potential difference. Find the ratio of their
de Broglie wavelengths. (Dethi 2017) :

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, ¢ and h have their :
usual meaning. (Foreign 2016) (An) :

A proton and an a-particle have the same de-Broglie 73. Obtain an expression for the ratio of the accelerating

wavelength. Determine the ratio of
(i} their accelerating potentials

(ii) their speeds. rDE!hiEEIISJE

A proton and a deuteron are accelerated through
the same accelerating potential. Which one of the

two has

(a) greater wvalue of de-Broglie w;velengthé

associated with it, and
(b) less momentum?

Give reasons to justify your answer. (Delhi 2014)

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 (4) :
of the electrons emitted and the energy (E,) of the :
incident photons. Draw the nature of the graph for & ¢
as a function of E . (Delhi 2014C)

IEZNIM (3 marks)

T2
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(a) A proton and a-particle are moving with the
same speed. Which one of them has greater value

(2023) (1] :

4 - ! &4, Draw a plot showing the variation of de-Broglie
Which of the following graphs correctly represents :

the variation of a particle momentum with its :

(2 marks)

&5. What are matter waves? A proton and an alpha

wavelength of electron as a function of its K.E.
(Dethi 2015€) (U]

particle are accelerated through the same potential
difference. Find the ratio of the de Broglie
wavelength associated with the proton to that with
the alpha particle. (Term Il 2021-22)

: 66, (a) Caleulate the energy and momentum of a photon

in a monochromatic beam of wavelength 331.5 nm.

(b) How fast should a hydrogen atom travel in order
to have the same momentum as that of the photon in
part (a) ? (Term 11 2021-22)

of de Broglie wavelength associated with it? Justify
YOUr answer.

(b) Lights of wavelengths 430 nm, 450 nm and
&60 nm are incident on a metal surface whose
threshold wavelength is 600 nm. In which case/fcases

will photoemission take place and why? Calculate the
threshold frequency of the metal surface.  [2022C)

potentials required to accelerate a proton and an
w-particle to have the same de-Broglie wavelength
associated with them. (2/3, A1.201%)

74. (a) Anelectronand aproton are accelerated through
the same potential. Which one of the two has
(i)} greater value of de-Broglie wavelength associated
with it, and
(i} lesser momentum?
Justify your answer in each case,
(b} How is the momentum of a particle related with
its de-Broglie wavelength? Show the variation on a
graph. (Al 201%9)

75. An electron microscope uses electrons accelerated
by a woltage 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? {Al 2014)
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\ CBSE Sample Questions /

11.2 Electron Emission
MCQ

1. Photoelectric emission from a given surface of metal :

can take place when the value of a ‘physical quantity'

physical guantity is

(a) threshold frequency

{b) work function of surface
e} threshold wavelength
{d) stopping potential

11.3 Photoelectric Effect
| MCQ |

2. Thework function for a metal surface is 4.14 eV. The

threshold wavelength for this metal surface is
(a) 4125A (b) 20625 A
(c) 3000A (d) 6000 A
11.5 Photoelectric Effect and Wave
Theory of Light

LA (3 marks)

4,  State the main implications of observations obtained
fraom various photoelectric experiments. Can these
implications be explained by wave nature of light?

(2020-21) (Ag)

Justify yvour answer.

11.6 Einstein's Photoelectric
Equation: Energy Quantum
of Radiation

MCQ

5. Two statements are given-one labelled Assertion [A:I

and the other labelled Reason (R). Select the correct :
answer to these questions from the codes (a), (b), (c) :

and (d) as given below.

(a) Both A and R are true and R is the correct |

explanation of A.

{b) Both A and R are true and R is NOT the correct

explanation of A.

(2019-20) () :

(2022-23) |

: 114 Experimental Study of

Photoelectric Effect

(3 marks)

3.  The graph shows the variation of photocurrent for a
is less than the energy of incident photon. The

photosensitive metal.

=
£
2
0o
T A O X
(a) What does X and A on the horizontal axis

represent?

(b) Draw this graph for three different values of
frequencies of incident radiation vy, vy and vy
{vg > vy > vy) for the same intensity.

{c) Draw this graph for three different values of
intensities of incident radiation /4, I; and I (i3>
I3>14) having the same frequency. (2022-23)

m (3 marks)

?. Light of wavelength 2000 A falls on a metal surface

of wark function 4.2 e\l

(a) What is the kinetic energy (in V) of the fastest
electrons emitted from the surface?

(b) What will be the change in the energy of the
emitted electrons if the intensity of light with

same wavelength is doubled?

(c] If the same light falls on another surface of
work function 6.5 eV what will be the energy of
emitted electrons? (Term 1] 2021-22)

i 11 7 Particle Nature of Light :

The Photon

LA M (3 marks)

i B. Radiation of frequency 10 Hz is incident on
three photosensitive surfaces A, B and C. Following
observations are recorded:

Surface A : no photoemission ocours

Surface B photoemission occurs but  the
photo-electrons have zero kinetic energy.
m @& www.studentbro.in
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(c) Ais true but R is false,
(d] Ais false and R is also false.

surface have a spread in their kinetic energies.

Reason [R) : The energy of electrons emitted from
the metal surface, is lost in collision with the other
atoms in the metal. (2022-23)

(1 mark)

6. Ina photoelectric experiment, the potential required
to stop the ejection of electrons from cathode is
4 V. What is the value of maximum kinetic energy of
(2020-21) '

emitted Photoelectrons?

Assertion (A) : The photoelectrons produced by
a monochromatic light beam incident on a metal :

Surface C: photo emission occurs and photoelectrons
have some kinetic energy.

Using Einstein's photo-electric equation, explain the
three observations. (2022-23)

11.8 Wave Nature of Matter
- IEEXIM 3 marks)

: 9. (a) Explain de-Broglie argument to propose his

; hypothesis. Show that de-Broglie wavelength of
photon equals electromagnetic radiation.

(b) If deuterons and alpha particle are accelerated
through same potential, find the ratio of the
associated de-Broglie wavelengths of two.

(2020-21) (An|

Detailed gleji8ajle]) M

@\ Previous Years' CBSE Board Questions Al

[b): Energy of phaoton of wavelength &,
E=hu

L

C=1ik or u=§ or E=T

2. Threshold frequency is defined as the minimum
radiation below which the :

frequency of incident
photoelectric emission does not ocour.

3. The amount of light energy or photon energy

incident per unit area per unit time is called intensity of :

electromagnetic radiation.

7. The number of photoelectrons emitted,
photoelectric current depends only upon its intensity.
The photo current is directly
proportional to the number of
photoelectrons emitted  per
second. This implies that the
number of photoelectrons emitted
per secand is directly proportional
to the intensity of incident
radiation.

8. A, =400nm=4x10"m
Ay=600nm=6x10"m
h=414x10"evs

a

Phot oelectric current

Intensity of light

Vﬂl = 6 1'-"
Voa =?
EVD= h'LJ = WH
EVG“ h'l..l}_ - W
E‘I"rn:' hU: - W
elVa1 = Voa) = hluy = va) =he Ao X
A Ao
bt 414x107 P k3108 1 1 ]
O 6x107 P x6.624x10% | 4x107 6x10~7

-

i current with intensity of light ET
! for a given frequency of incident J;ﬁ
 radiation 33
! Given that 2=3300x 107 m, g o

| Ona = 2756V, O = 4175 eV
: Then energy of the laser beam is

L 12, (a)
: energy as the kinetic energy of emitted photoelectrons
depends upon frequency of the incident radiation for a
i given photosensitive surface,

: (b)

e @)

i 4, (b): According to Einstein's photoelectric equation,

i ev=hu=-n

i b= hu - eV

: Here, energy of photon = 3.2 eV

i Stopping potential = 1.5 eV

i h=32eV-15eV=17eV

{ 5. If the frequency of incident radiation increase then
the kinetic energy of ejected photoelectron will also

increase.
Hence, we have need to increase the stopping potential.

fi.  Curve 1and 2 are for same materials. The value of
¢ stopping potential increases with the fregency of incident
! radiation.

11. Variation of photoelectric

Intensity of light —»

_he_ 66x107* x3x10°
A 3300%10 % 1.6x10717

=3.75eV

: Since E < dy, therefore there will be no emission of
! photoelectrons for molybdenum (Ma).

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

Concept Applied @

= Work function is the minimum energy or work done
to free the electrons or remove the electrons from the
surface of ametal.

Yes, all emitted photoelectrons have same kinetic

Mo, the kinetic energy of emitted electrons does
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& = Vgy =0.975
Vpz =6 -0.975=5025V

2. (i) Given,v=60x10"Hz
Answer Tips -3

= The ratio of the power emitted by the source and the
energy of the photon gives the number of photons
emitted per second by the source.

P=20x10"%wW

second.
P P_ 2x1072
T E I 6.63x10~ x60x10%
= 0.0502 x 107 = 5 x 10" photons per second.

(ii)

Photoelectric
current —e

Intensity of light —s
10. (a) K.E=hu—wﬂ=%=%
7=2000A=2x%x107" m, Wy=42eV

6.63x107% x3x108
KES =
2x10™7 x1.6x10° 17

=62 -42 eV
=2eV

(b) Stopping potential, eV, =%mv2 —KE.

4.2

Stopping potential does not depend upon the intensity of
light. Hence, if intensity is doubled, the stopping potential :

remains constant.

16. M; has greater value of work function. since it has
higher value of threshold frequency.

Concept Applied @

= Stopping potential is independent of the intensity of
incidence radiation of a given frequency.

17. Energy of photon, E = hu
E=2eV=2x16x10"1

—19
u=£=w_=4_8x1014|'t2

h  a63x107%
18. (b} hu=hug+eVy
(i} As, incident frequency v increases, the stopping
potential also increases.

intensity changes. The photoelectric current will change
as the intensity change.

12. (i)
unit time

e @)

: not depend on the intensity of incident radiation. If
i 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
i 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
i radiation, its intensity depends on the number of photons.

i 13. Fora given frequency,

Let n is the number of photons emitted by the source per | Photoelectric current o= Intensity

Phatoelectric current
Higher intensity
lE
J1

-

i -V A]:lpli.edvr.lt-t—age

! 14. For a given Photoelectric current
frequency, Photoelectric Higher intensity
current  wvaries  with Iy
anode potential is as Iy

i shown in graph. =2 Amdeput;nt:'al

: 15. (a) (i) Threshold Frequency : The minimum frequency
i of incident light which is just capable of ejecting electrons
from a metal is called the threshold frequency. It is
i denoted by ug.

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

(b} Photoelectric

Higher intensity
currant

-Vo Applied unl.t-age
{21 (a) The number of photoelectrons emitted, ie.,

photoelectric current depends only upan its intensity.
: The photo current is directly
i proportional to the number of
photoelectrons
i second. This implies that the
! numberof photoelectrons emitted
i persecond is directly proportional
i to the
radiation.
: (b) The energy of the emitted electrons depends on
the frequency of the incident radiations. The stopping
potential is more negative for higher frequencies of
(i) There is no effect on stopping potential as the incident radiation. From the figure, stopping potentials are
i inorder V5 > Vigp> Vi if the frequencies are in the order
of ug> vy > u,. This implies that greater the frequency of
Intensity = Number of photons per unit area per incident light, greater is the maximum kinetic energy of
: the photoelectrons.

emitted  per

Phobo ekectric crnent

intensity of incident

o

Intensityof ight ~
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For unit area and unit time, I; = I; = ny vy = Ny
N _Y

>1 = n,>n
Ny vo 2 >y

For same intensity number of photons per unit area per
unit time is large for v, i.e. ny. Hence, more electrons will :

be emitted corresponds to v,

(i) The maximum kinetic energy of emitted electrons
is more for the light of greater frequency. Since vy > vy, !
maximum kinetic energy of emitted photoelectrons will :

be correspond to v,.
20.

,;1')‘\&1.:& \muem Of bgnk s et 310™ N2

§'A‘x.£ ‘Uuad 0F ifidenr = h~) \l

\_/‘,‘1 / |‘\- VoM abien —t

o ¥4 - - —
ol .,,h Ploccy’s coodand
L Satngy S0 Nabouant 2% Y
i Tk s RS + Cap liutr‘%y at. m:dr‘
' =S B Hahd

—  Ivieveiane "3
’ -

2% 52 o e )
:.h‘as 2 lim
. Brso Thos L000g. ok NuadM tadichioe = R 0.

"..)- Fanees _ Peatagiestnid U;...aJ =
,t.., s ,a
2 .-....,- e bkt swu + Jz«.w

.1 @nesgy oF /nudent: Xadi akon, {4250 o
A ;‘ .}’er J\!)( ]" l“t(“ »"J;c‘;
L

pRes: Thug (Maximem._ NRipadi. 0ewpy OF Preha) slechmns o
HANY Y

Lo Seapp ny  fareniol % Sustee > 'Fﬂc_h ‘f;;-g'gv %
1 == - oshaay ° e
{ x o —
S PIET
—

~

;F;; Thus. Sopsng  gotentid,  0f ] The Etoc’ 1S agey
! OBt s o
[Topper’s Answer, 2022]

23. 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 ie., there is no time lag between
incidence of light and emission of photoelectrons.

is characteristic of that metal emitting electrons.
Above threshold frequency ug, maximum kinetic energy

Get More Learning Materials Here : i m

Photoelectric
current

LVirV2> Vg

1 Saturation
current

> ¥ o
-Vo1 Vo2 “Vos © Collectorplate——»
i <«— Retarding potential patentia)
22. (a) The variable X on the horizontal axis is collector
: plate potential.
{(b) The point A on the horizontal axis represents
: stopping potential.
(o)
' Photoelectric
current

A g
Vg >0y > Vg Saturation
current
L i
S/
= Y =

T =Vor Vo2 Vo O Collector plate —»

. S Ratardios potentia ' Potentdl
 (d) T
Photocurrent
131,
e — ‘1
b~ ’2
r” Saturation Iy
Stopping current
potential\
-Vo (o]
Retarding Collector plate
potential potential

: (i) Inthe interaction of photons with free electrons, the

i entire energy of photon is absorbed.
(ii) Energy of photon is directly proportional to
frequency. Intensity of incident radiation depends on the
G The aisilon o8 photheladtibhe Lt bl ity nun_nber of photons falling per unit area per unit time for
when the frequency of the incident radiations is above a Ajgiven TEagency,
certain critical value called threshold frequency ug, which

Key Points _

= Freeelectrons ina metal do not have the same energy.
At constamt temperature, each electron has its own
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with which photoelectrons are emitted is directly";

proportional to frequency v of
incident radiation.

So, the graph plotted between =
E

n—*

/2mvi, or eV with 3

frequency v is a straight line for

frequencies above threshold e T
frequency vy =

upon its frequency.

24. 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

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
Thus, according to wave theory, the kinetic energy of i 2 W 0y = h0 =9
photoslectrons must depend on the intensity of incident (KE), _hv,-4_1-05_05_1
light, but according to experimental observations, the !

kinetic energy of photoelectrons does not depend on the 28. (b):E = = higy + (KE) .= thgB + (KE) .

electrons will increase.

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 :

ﬁbs-ervai:[uns, -thenliﬁht c;f_frequenc'.f -!E55 t-han t-hres-hniﬂ
frequency can not emit electrons, whatever be the

intensity of incident light.
(iii) According to wave theory, the energy transferred by

after the light is incident on the metal; whatever be the
intensity of light.

to explain photoelectric effect.

features.

e @)

certain energy. Because of this energy reguired to
eject an electron 1s different for different electrons
residing on metal surface.

=]
R

[B): Kinetic energy of emitted electron
K=hu-W,
ho=K+Wjy or =hu-Wj

- i)
i)

{iii} The maximum kinetic energy with which a ; Work function is constant for every metal surface and if
photoelectron is emitted from a metallic surface is | we double the frequency of incident light, then new KE

independent of the intensity of light and depends only :

will be
K = h{2u)- W = 2hu - W,
Using equation (i), we get
K = 2(K + Wo) - W = 2K + W,
Kinetic energy will be more than 2K, hence option (b)

: is correct.
the form of wavefronts and the energy is distributed

f 96 (e): £=hu=%"
he
s
E

(KE); hu,—& 2-05 15 3

ho . hu Kyi hv 3 3
= — = =2 —Ss—x——==—
o= K=K = = o a

hc
29, Work function =h‘|—"=T

e

The ratio, ¢_A=Ex""_ﬂ=‘."_2

% kb Ay

30. Metal Q has smaller threshold wavelength.
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 lessintensity :
and V!-IEF_T' versa, But experimental {:b5erva_t|'un5 show that eV, =hu—tu, or, Vg ={E]u-ﬂuu

the emission of electrons take place instantaneously : e £

! For P,when Vg =0,up=ug=0.1% 105"
¢ For Q, when Va=u, Vs =1y = 1x 101571

So, we conclude that wave nature of light cannot be used As v > Up SO ‘-""EI A

%

lol 10 (x10%sYu

The photon picture resolve this problem by following 31. Photoelectric effect shows the gquantum nature of

¢ electromagnetic radiation.
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32, Consider the graph shown below

Einstein's photoelectric equation v2 i

KE = hu - dg A0

qete b Tuqee i
o Ao =T - (1) iy L

By gy

B 2 5

T A ! -
2hc  Zhc

o e |

" mh mig

(2 el

" Jx Um Jag KL

(i)
Slope, ..2.*,":_ =tanf
m

MNow from graph,

2
m
b ’";‘C“E B
(i} Now, for work function
hc

f=—
Therefore, from graph, (1/4,) is threshold wavelength on
— graph
. _hc

ho
Now take value from eq.{iii)

m C mtané

= LANE

S e Dhy

33. Below threshold frequency v, energy of photon :
is less than work function of metal surface, ie. less than
minimum amount of energy reguired to liberate an
electron. 5o emission of photoelectrons take place only :
when the frequency of incident radiation is above or :
equal to the threshold frequency up.

o1

Stopping potential
r||§' {involts)
=]

0

: (i)
: photoelectron is emitted from a metallic surface is
i independent of the intensity of light and depends only

upon its frequency.
36. Wavelength of incident light, . = 412.5 nm
Energy of incident light, F=—

e @)

Metal 2 Metali

u>u, >,
StnppingT W, > W,
potential (V) , v,
o .. Frequency of —
: incident radiation
Slope of the ling <Y1 [+ eAV = hav]
Auv e

: b e :
Slope of the ling == iLe., itis a constant quantity and
E

does not depend on nature of metal surface.

: (i)

Intercept of graph 1 on the stopping potential axis
_ work function{W) _ hug
15w g

Intercept of the line depends upon the stopping

function of the metal surface.
: (b)
¢ incident light. If distance increases, it does not affect the
i stopping potential.

Concept Applied @

Stopping potential only depends on the frequency of

-y
-

Vi versus v curve is a straight line with slope {=E ] .
independent of the nature of the material. £

35, On the basis of experiments on photoelectric effect,
: two observed features are :
: (i)

when the frequency of the incident radiations is above a

The emission of photoelectrons takes place only

i certain critical value called threshold frequency g, which

is characteristic of that metal emitting electrons.

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

The maximum kinetic energy with which a

hc ﬂdEEVnm= 3 &V

% 412.5nm

Metals Ma and K will show photoelectric emission because
i their work functions are less than the energy of incident

: light.
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Vﬂ _ e\fﬂ
(v-up)  elu-1ug)

The slape of graph is, tanf=

As energy of a photon depends on the frequency of light,
s0 the maximum kinetic energy with which photoelectron
is emitted depends only on the energy of photon or on
27. Using Einstein’s photoelectric equation,
34, {a:! The gf‘aph showing the v_arif'i!.iun of stc_:pping (E;:::::I?i‘]fje;jnt[atiun,weget T
potential (V) with the frequency of incident radiation (u) :

for two different photosensitive materials having work :

the frequency of incident radiation.

functions Wy and W5 (W, > W) is shown in figure.

38. (a) (i) Finc, cadmium

(i} Lithium, sodium

(b) Work function of metal, ¢ = 4.50 eV

Kinetic energy = 6.06 x 10717 J

_606x107"
16x107%

Mow, K.E. = hu - é

= ho=KE+8=378eV+450eV=828¢eV

_8.28eV _ 8.28eV R oy o
h  4135x10 S eVs

eV=378eV

3%. {a) According to Einstein photoelectric equation,

Eg. = hu = hug

Where, ugis threshold frequency and his Planck’s constant.

:

ui

than red light.

yellow light and red light have same intensity number of
electrons emitted will be same.

40. Since %=Kmu+¢.
by Ar

2 ;"'T ‘1"2 1T
Substituting (i) in (i),

1 1 1 1
he| —=— |=2he) ——— Ayho
[12 3"~r] [11 ""'-T] =hr=——L

Zho—hy
Wakdirictian, aaDe BeEiy—4y)
-ll"l-]" 1112
41 (i) The Einstein's photoelectric equation is given as

Kinax = hu = dg

e @)

H Concept Applied @

= The condition for the occurrence of photoelectric
effect is that the energy associated with the photon
should be greater than the work function of the metal.

eAV  16x107%x(1.23-0)

Sor  h=—-= T =656x107 )5
I Au {8-5)x10

: for A=3300A

Che  1989x107F  603x107Y

A 3300x10°10  16x1017

P —= - =377 eV

Mo and Ni will not cause photoelectric emission.

If the laser source is brought nearer and placed 50 cm
i away, then photoelectric emission will not effect, since
it depends upon the work function and threshold
i frequency.

42, (i) Two features of Einstein's photoelectric

: equation:

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

: (b) As the number of photons in light depend on its
intensity, and one photon liberates one photoelectron.
: S50 number of emitted photoelectrons depend only on the
intensity of incident light for a given frequency.

: (ii) Below threshold frequency no emission takes place.
: As there is no photoemission from surface P ie., the
frequency of incident radiation is less than the threshold

" . ; frequency for surface P.

(b) Yellow light has high frequency (thus more energy) | From _surfsce O photasmission & possible: Le,

: 2 > . frequency of incident radiation is equal or greater than

(), el gt Wi”EI‘ﬁilphﬂtﬂElEﬂrﬂnS naving more E."' i threshold frequency. As the kinetic energy of photo

() Mumber of photoelectrons emitted per second is : g : = = e

direct] ortional to intensitv of incident light. Since | electrons is zero e, the energy of incident radiation is
. (3 bl ol il MG Oh ML e s just sufficient to pull out the electron from the surface Q.

¢ Work function for 5urfa::E Q. Wg= hu.

i AsKE=0;us=

| Wo=6.6% 1074 % 10 = 6.6x 10717 ) = 4.125 &V

i 43. For a given frequency of the incident radiation, the
o hc_K_'__ hc[___] _(i) | Stopping potential is independent of its intensity, ie.
i the maximum kinetic energy of photoelectrons depends
: on the light source and emitter plate material but is
_hc he 1 A i
For case |l: —=2K+—=hc —-—]-2!{ iy
It i Viy= Stopping potential
: 44, According to photon picture of light. in photoelectric
! effect, electron absorbs a quantum of energy (hu) of
i radiation. If this quantum of energy absorbed exceeds
the minimum energy needed for the electron to escape
i from the metal surface, the electron is emitted with some
! kinetic energy, the maximum value of which can be given
s bY

the

u.u.=1ﬂ Hz

independent of intensity of radiation. As K5, = eVywhere

Kinax = hu = g
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emission is possible only if hu > g
or Ug > ug where ug = Ehil

This shows that the greater the work function dg higher
the threshold frequency vy needed to emit photoelectrons.

metal surface, below which no photoelectric emission is
possible,
(i) Condition for photoelectric emission, hu > ¢y

or Eb"

{iii) The maximum kinetic energy, of electron emitted by ;
¢ intensity.

light of frequency 8 x 10 Hz is,

o Kpax = hlu=ug)
=66% 107 (8 x 10" - 6% 109
=132x 1070 ) =0825eV

46. We know,

&MIEVEIHU-D‘)}
h h

ar, V.=—u-—

r. 5 E"-' E"-"ﬂ

potential is more for material B.
h
as W =E{u-unl

= V. is higher for lower value

of ug. Here ug < 1y

S0 VSB = ".-"SA.

(i) Slope of the graph is given by h \which is constant
e

depend on the nature of the material used.

47. The minimum value of the frequency of light below According to question

which the photoelectric emission stops completely, :

K onax

. N .t This is known as Einstein's photoelectric eguation. gy is
Since Koy, must be non-negative implies that photaelectric © e oy function of metal, which is the minimum enz?gy
i needed by a surface electron to come out.

! The two features of photoelectric effect which cannot be
explained by wave theory, are

i (i) The instantaneous emission of electrons

(i} The existence of threshold frequency for a metal

Thus, there exists a threshold frequency ug = %ﬂ- for the surface

(il For P threshold frequency vp= 3 = 10" Hz
p

Fnr Q, threshold frequency ug = 6 x 10 Hz

! 50, metal O has higher threshold frequency.

¢ {ii) Work function for Q,

E Wo=hug=66% 107 x6x 101 =396 x 10720

= 247 eV
s0 number of photoelectrons emitted depend only on its

49, Einstein's photoelectric equation

= L mv? = hu - 6 = hu - g i)
2

Wy = work function of the target metal

i Three salient features observed are

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

. . ifil) As energy of a photon depends on the frequency
(1 From the graph for the same valus of w SOPPING | ' (it 5o the: maximum kinétic eneray with which
photoelectron is emitted depends only on the ensrgy of
photon or on the frequency of incident radiation,

: (i) For a given frequency of incident radiation, intensity
of light depends on the number of photans per unit area
: per unit time and one photon liberates one photoelectron,
: so number of photoelectrons emitted depend only on its
! intensity.

. From i
for all the materials. Hence slope of the graph does not eqn. {j

H hc
EKma:ug_"'mﬂ

A

- m -
howsoever large may be the intensity of light, is called | Kmax= 3= =0 i)
the cut-off frequency. 4
Given that threshold frequency of metal is fand frequency 2K oy = _‘q’ﬂ i)
of light is 2f. Using Einstein's equation for photoelectric | ha
effect, we can write From eqn. (i} and (iii),
h(2f - f) = —mv2 i) z{ J %
Similarly, for light having frequency 5f, we have
! (2 L
h(5f - f) = 5 mv3 i) G A A Ay Ay
Using {i} and {ii} we find  Also, o= fE E=hc[£_l]
r 1 o e WM A
v E.L=1
f2 v, V3= 2° for L _Zho=ihy . MAy
- Ay Aghy 2hg=hy
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48. Einstein's photoelectric equation is given below.

m=%m§m +Wy

where u = frequency of incident radiation

§ Bt
'ﬁ'mvmau

Wy = work function of the target metal

Three salient features observed are

(i) Below threshold frequency vy corresponding to work
function W, no emission of photoelectrons takes place.
(i) MAs energy 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 ar on the frequency of incident radiation.

of light depends on the number of photons per unit area
per unit time and one photon liberates one photoelectron,

51.

ki LRsnE T, Snat

o 4 I3
Pidyeiie ”'}.- X P __"-_"!-_-""_"_""‘ ¥
IS r#,‘r T E 2
3 MR ik

s 5
o .

:.r,; .-_.:n...:.'.':-r;l ¢ EE"M

T
- €000 10

52. The amount of light energy or photon energy, :
incident per unit area per unit time is called intensity of :
i energy of photoelectron is zero is called threshold
: frequency (ug).

53. Photons : According to Planck's quantum theory of Threshold frequency UB=E
: h

radiation, an electromagnetic wave travels in the form of
%m\%aﬁ =KE o =fu-Wy
(i} Intheinteraction of photons with free electrons, the or, KE, .=V,
= A . " I i When work done by collecting electrode potential on
(i) Enery OFip 5 0 ¥ Co a photoelectron is equal to its maximum kinetic energy
i then the electrode potential is known as stopping

: potential.

radiation.
Sl Unit: Wm2or Jm™2s™%,

discrete packets of energy called quanta.
The main features of photons are as follows:

entire energy of photon is absorbed.

frequency. Intensity of incident
radiation depends on the number T

of photons falling per unit area
per unit time for a given =
frequency.

(iii) In photon electron collision,
the total energy and momentum

Ug u—»

remain constant. é,| Frequency ofincident
Einstein's photoslectric equation is radiation i
Kinas = hu =g

= maximum kinetic energy of an emitted electron :

e @)

| Work function, w, ="t~

5 Txiks

_ AV

i 50. (i) Slope of line = o [-: AV =hau]

| _— "

i Slope ofline= — 1 )

i [ 1

i = It is a constant quantity and " A M,
i does not depend on nature of Y,

metal surface. Y, j

P i) Maximum kinetic energy of i u

: emitted photoelectron,

é KE“EVB = hu "h't.'l&.

: For a given frequency V; > V; (from the graph)
¢ So, from equation (i), (KE); > (KE)»

{iii) For a given frequency of incident radiation, intensity :

i)

Since the metal My has smaller threshold frequency ie.,

¢ smaller work function. It emits electrons having a larger
¢ kinetic energy.

i electrons of atoms of metal on its surface. Energy hu
of each photon is partially utilized by an electron to
: become free or to overcome its “work function” Wy
and rest of the absorbed energy provides the maximum
i kinetic energy to the photoelectron during the emission.
i e

[Topper's Answer, 2022] . h“=%m"’:2nax+wn

The minimum value of the frequency of incident radiation
below which the photoelectric emission stops ie. kinetic

KE

. Stopping potential, |, = —max
H €

56. (b):De Broglie wavelength is given as

=
1]

But, p=H|'2mE

@ www.studentbro.in



54, For a given frequency, intensity of light in the photon :

picture is determined by

I_Energrnf photons  fxhu
T areaxtime T At

where n is the number of photons incident normally on

crossing area A in time t.

Commoniy Made Mistake

= Sometime students define intensity as energy per
unit time whereas actually it is energy per unit area
per unit time. To avoid such confusion, go through its
definition.

55. (a) The main features of photons are as follows:

(i) Inthe interaction of photons with free electrons, the :

entire energy of photon is absorbed.
(i) Energy of photon is directly
proportional to frequency. T
Intensity of incident radiation %
depends on the number of
photons falling per unit area per

::.lnit time for a given freq;e ncy. - —
i) In electron collision, Pk an
the tnfglh:tmnergr and momentum Bl Ll b

radiation
remain constant.
Einstein's photoelectric equation is
Kl'ﬂa-:ﬂ = hL‘l = % =
(b} Einstein's photoelectric equation According ;

ta Einstein, when light is incident on metal surface, :
incident photons are absorbed completely by valence :

¥ snoricut (&)

1227 !

a0, An electron accelerated
difference = 100V

De-broglie wavelength associated with electron A=
1227

?ﬁh =1227 A

through a potential

Vv

Let mass of proton = m,

Wavelength of proton associated with it -'I'L;J =t
2 wd1) [+ mg=2m]
mpvn

h
hg= «(2)
Zmpvﬂ

Mow, divided eqgn. (1) by eqgn. (2)
h

by _ myvo
Ay

.?Lp=

&
b | 3

= h or

Zmpvﬂ

A
mv A

. m, 1836

Get More Learning Materials Here : i

by @il wgad
2 2]

e @)

h

b, 1“1 &= }"ﬂu'ntm= | Matpha
yZmE m '."'-alpha 1|||"l|!lrrlﬂﬂl‘l

Majpha = 4mpmtm

:I"nmtm_ |m.ﬂ|3"la _ |E=2

""'-alpha -1|||Impmtnn ﬁil

So, correct option is (b).

i

the graph is rectangular hyperbola.

| 58. (a) de Broglie wavelength is given by :
R
: mv
: (i)  When velocity decreases, wavelength increases
{IJ}' E=L= ,_.h_..= r-i_.._: hoc l,i__
x mv M'EITI'H M'EFHEVU \.luﬂ

when accelerating potential increases, the de-broglie
wavelength decreases.

59. [c}: By momentum of conservation

; My = My + Mol + e -
¢ Particle is at rest initially . myvy=-myv;
|P4l = [Pl
According to de-Broglie wavelength i:—g
M P
Ay B

= In such question we can directly use the wvalue
hc = 1240 nm-eV instead of putting absolute values of
handc

: i - 27 =1
&1, A proton and a deutron moving with same speed = vy (b)  For hydrogen atom, momentum, p=2x 10~ kg ms

 Speed, v=L

Bt !

= =% _124ms!
m  16x107%

&7, de-Broglie wavelength of a charged particle
accelerated through a potential difference V is given by,

_h
J2mgV
For proton and o particle charges are q and 2q

respectively,

h ;
lf.‘l = w ---{l:l

1ﬂ=.:lr.4.,i'_ i)
mqV

From eqgn (i) and (ii)
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(ey Points ()]
= The de-Broglie wavelength is independent of the
nature of material particle and charge on it
63

h 1
. (B} : p=I= momentum, pe—

"1

i

64. de-Broglie wavelength

jagt=_ M
“p J2mKE

= 3% KE = constant.
E"u"EF‘y’ moving particle. These are called matter waves.
. de-Broglie wavelength of acharged particle actEiEmtEd
h
v2mqgV
For proton and o particle charges are g and Zq‘
respectively,

through a potential difference V is given by, j.=

h ol
R =] i) : 69. De-Broglie wavelength of a particle of mass m and

: charge g accelerating through a potential V is given by
h (i i
i) i

(e 5

ha= :Edm“q'l-"'

From eqn (i) and (ii)
o (am 12
J;[i‘ﬂ.,] =22

s 2m
66. (a) Wavelength , A=331.5 nm

i
. B he 1240 nm—eV
B =y T 3315nm

—19
Momentum, p= E_374x16x10

c 3x108

(i ]

=374 eV

=2x 10T kgms1

{ii} Again fromeqn. (i)

}. = E:i‘— Py l_p=r"ﬁ.vﬂ:'l 1 = ﬂ or EE:E
p mv ha Mgy, mv, v, 1
VpiVy =4:1

70. For same accelerating potential, a proton and a :
deutron have same kinetic energy.
(al de Broglie wavelengthis given by

h h h i

=—= — X Sn'.], .'|‘|_nc
P J2mK 2migV) Jm
Mass of a deutron is more than that of a proton. So,

proton will have greater value of de-Broglie wavelength.
(b) Momentum, p= . /3 mK:

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

LConcept Appiied (@]

= Deuteron consists of a proton and neutron, thus have

Get More Learning Materials Here : i

KE— |
65. According to Louis de-Broglie, wave is associated with :

)

(As m, =4 m))

© Energy of light of wavelength 430 nm (€)=
As it is for wavelength of 450 nm (E,)=

: For wavelength of 660 nm (E3)=

e @)

{As m, =4 m,)

o a1
3 f‘m'[%] 22

Answer Tips | g

= Charge on an o-particle is two times the charge on
proton. Mass of an a-particle is four times the mass of
aproton.

48, Given that & is the wavelength of the photon. The

de-Broglie wavelength of the electronis A =i,
2 my

Kinetic energy of electron,
i 1 1 (h h? :
e -—— lL'2=—- [--- —— "-ml
P Be=gmr=omls) “ o
| We know that energy of photon is Ep="T‘ i)
: Dividing (i) by (i),
i 5‘-‘-=i-xl: E =%E
: E, 2m2 hc P7 p °°

i)
Here,m,=m,q,=e,m,=4m,=4m,q,=2q9,=2¢
From eqn. (i)

Ap_ Jmuau"-"u

Ao | mpapVy

_ lexZequ (-

-l i+ ] ch, =)
\‘mxexvp P

iVpiVe=8:1

= };:

A
1

1240eVnm
430

1240V nm
450

1240 eV nm
&60

E,=288eV
E,=276eV

E;=188eV

We have seen here clearly that E; and E; have energy
: more than required energy for remove photoelectron
: from surface.

i 5o, in both cases photoemission take place.

73. de-Broglie wavelength of a particle of mass m and
i charge q accelerating through a potential Vis given by

-{i)

LS
P Jzmav

Ha'e,mp=m.qp=e. mu=4mp==4m,qu=2qp==ie
: From eqn. (i)
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mass greater than the proton.
71, According to Einstein's photoelectric effect

E=W+%mv2

Since work function of the surface is negligible, the above :
: 74. (a) (i) For same accelerating potential, a proton and
! an electron have same kinetic energy. The de-broglie
wavelength associated with same potential Vis given by,

enuation becomes

E= 1i"rw2 T
2 i
mv =./2mE
If & is de-Broglie wavelength of the
emitted electrons, then
h h

“mv J2mE

mv

72, (@) Let, a proton and an a-particie are moving with
speed =1

The mass of proton m,=m

The mass of a-particle my,, = 4m

h
De-Broglie wavelength for proton, A =—
) h myv
1 v
De-Broglie wavelenth for a-particle, ""'-2=
i h : MV
Ap=——
27 dmv

S0, we can see clearly that i, > A,.

Therefore, proton has greater wvalue of De-bmgfieg

wavelength due to its less mass.

metal is 600 nm.

he
As weknuwthatE=T

he = 1240 eV nmi

metal surface (Ep)

En=%; Eg=207eV

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.

-

CBSE Sample Questions

2. [c):Work function for a metal surface, = JLE
Given that, 6 =4.14eV =414 x 1.6 x 1077 J a

_66x107M x3x10°
O 414x1.6x107Y°

1. (b) : Photoelectric emission from a given surface of : > CIVeN. stopping potential, V = 4V

metal can take place when its work function is less than K.E.may = €V

the energy of incident photon. (1) | KEmax=ex4==deV

: 7. Given, A=2000A =2000x10"%m
i Wp=4.2eV

i h=663x10]s

=3000 A (1) : (a) ’1£=%+K_E. ar K.E:%-wu

e @)

dmulexV, z
1= [+ L =
1|' mxex\i’p l: p ‘l'“]

h h h

P J2mk J2m(gV)

i i

i 8o, A=

— Jm
i As electron’s mass is lesser than proton. Thus A, >4, .

E (i) Momentum, p=+2mK or p=m

: As electron's mass is lesser than proton. Thus momentum

i of electron is lesser than proton.

. (b) De-Broglie wavelength of a particle

l:g ar Ap=h=constant

It shows a rectangular hyperbola.

h h 12.27
i 75, l=—= or A= A
i P /2meV JV

i 6.63x107H

J2%9.1x10731 x 1.6x1071% x50 % 10%)
=549 %1072 m

i The resolving power of an electron microscope is much
() There are three lights of wavelength 430 nm, : better than that of optical microscope.
450 nm and &40 nm and the threshold wavelength of . Resolving power of a microscope is inversely rtional

: to the wavelength of light.

This suggests that to improve resclution, we have to use
i shorter wavelength.

: For an electron microscope, the electrons are accelerated
So threshold energy for remove a photoelectron from : through a 50000 V potential diff?{zeme. Thus the
i wavelength of electrons is found to be 107" m.

i As, A is very small (approximately 10" times smaller) for
electron microscope than an optical microscope which

5. la):Electrons being emitted as photoelectrons have

different velocities. As all the electrons do not occupy the
same level of energy but they occupy continuous band
and levels. 5o, electrons ejected out from different levels
: come out with different energies.

(1)
(1)

(1)
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(a) Thevariable X on the horizontal axis is collector _(6:63x107)x(3x10%) 1

[

- i * V=42 ey
plate potential. i (2000x10710) 16x107Y
;he !;rnint ;ﬂ.mc_lnl the horizontal axis rv.=_-|:||rl.=.'ﬁt=:rttf]I = (6.2 -42) eV =206V
0 L H

(b) Gl : (b) The energy of the emitted electrons does not depend
i upon intensity of incident light, hence the energy remains

Photoelectric unchanged. (1)

current : (&) For this surface, electrons will not be emitted as

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

Ug>Tg > 1y 7r_7“_- i function (£.5 eV) of the surface. (1)
% Saturation current .

: 8. From the observations made (parts A and B) on the

¥ o basis of Einstein's photoelectric equation, we can draw
-Vgs -Voa Vo1 O Collector plate patential —» following conclusions:
<— Retarding potential (1) : 1. For surface A, the threshold frequency is more than

F 15 i 4 ¥
Variation of photoelectric current with collector plate : 107" Hz, hence no photoemission is possible.
potential for different frequencies of incident radiation. | 2~ Forsurface B, the threshold frequency is equal to the
() i frequency of given radiation. Thus, photoemission
? takes place but kinetic energy of photoelectrons is
Photocurrent Zero.
'3"'?”1 i | 3. For surface C the threshold frequency is less
,._.-——— ri i than 10%* Hz. So, photoemission occurs and photo-

L——  h electrons have some kinetic energy. (3)

{9 (a) De-broglie reasoned out that nature was
: symmetrical and two basic physical entities - mass and

Stopping potential

q—Retardingp;tt?-lﬁai?f_‘u1lucturplate potential—s : radiation must be symmetrical. If radiation shows dual
Wariation of photocurrent with collector plate potential for aspect than matter Shm']l: do so. (1)
different intensities of incident radiation. (1) : de-broglie equation, Ii.=F

4. Main implications: i

(i) Kinetic energy of emitted electrons depends upon : For photon, p=—
frequency, but not on intensity of radiation. Therefore h ¢
(ii) There exist a frequency of radiation below which no : i
photoemission takes place, how high intensify of radiation : radiation.

may be known as threshaold frequency. (2) : h
Explanation of wave nature of radiation fails to explain : (b) As JL:H
photoelectric effect. i

a|d

=k, wavelength of electromagnetic

=8|

So, alpha particle will be having shortest De-Broglie

According to wave theory, when light falls on a metal : wavelength compared to deutrons. (2)
surface, energy is continuously distributed owver the k=gqV
surface. All electrons may be ejected only when |l: ld w m m,_ =2m,
acquires energy more than the work function. 5o, if ; » l'mﬂq Y =\| = [

' e

we use low intensity source, it should take hours for :
photoelectric emission, but photoelectric effect is almost :'-a : Ayt =2:1
aspontaneous process. i .'-Lu
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