Previous Years

Examination Questions

(4} 1 Mark Questions

1.

Define the term threshold frequency, in
the context of photoelectric emission.
Delhi 2019

. Define the term intensity in photon

picture of electromagnetic radiation.

Delhi 2019

. Draw graphs showing variation of

photoelectric current with applied voltage
for two incident radiations of equal
frequency and different intensities. Mark
the graph for the radiation of higher
intensity.Delhi 2018

. Define intensity of radiation on the basis

of photon picture of light. Write its SI
unit. All India 2014, 2012

. The given graph shows the t

5. The graph shows the variation of stopping

potential with frequency of incident
radiation for two photosensitive metals A
and B. Which one of the two has higher
value of work function? Justify your
answer. All India 2014
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. The graph shows variation of stopping

potential V|, versus frequency of incident
radiation v for two photosensitive metals
A and B. Which one of the two metals has
higher threshold frequency and why?

All India 2014
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. 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

variation of photoelectric g
current (I) versus applied

voltage (V) for two different 3
photosensitive materials |
and for two different

intensities of the incident
radiations. Identify the Ve
pairs of curves that




corresponds to different materials but

same intensity of incident radiation.
Delhi 2013

18.

Show on a plot the nature of variation of
photoelectric current with the intensity of
radiation incident on a photosensitive
surface. Delhi 2013C

10.

Why is photoelectric emission not possible
at all frequencies? All India 2012C

11. 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? All India 2011C
12.

Define the term stopping potential in
relation to photoelectric effect. All India 201

13. Show the variation of photoelectric
current with collector plate potential for
different frequencies but same intensity of

incident radiation. Foreign 201, All India 2010

14. Show the variation of photoelectric
current with collector plate potential for
different intensities but same frequency of

incident radiation. Foreign 201, All India 2010; 2011

(4 2 Marks Questions

15. Photoelectric emission occurs when a
surface is irradiated with the radiation of
frequency (1) v; and (i1) vo. The maximum
kinetic energy of the electrons emitted in
the two cases are K and 2K respectively.
Obtain the expression for the threshold

frequency for the surface. CBSE 2022 (Term-I1)

16. (i) Name the factors on which
photoelectric emission from a surface

depends.

(11) Define the term threshold frequency
for a photosensitive material. 1

19.

20.

(1) Energy of the photoelectrons.
(i1) Photocurrent. All India 2020

Light of same wavelength is incident on
three photo sensitive surfaces A, Band C.
The following observations are recorded.

(1) From surface A, photoelectrons are
not emitted.

(i1) From surface B, photoelectrons are
just emitted.
(111) From surface C, photoelectrons with
some kinetic energy are emitted.
Compare the threshold frequencies of the

three surfaces and justify your answer.
All India 2020

Figure shows the stopping potential (V;)

for the photoelectron versus (%) graph, for

two metals A and B, A being the
wavelength of incident light.

Yo
/A/B
0 >1/0

(1) How is the value of Planck’s constant
determined from the graph?

(i1) If the distance between the light
source and the surface of metal Ais
increased, how will the stopping
potential for the electrons emitted
from it be effected? Justify your
answer. Delhi 2020

Why is wave theory of electromagnetic
radiation not able to explain photoelectric
effect ? How does photon picture resolve
this problem? pelhi 2019

21. Explain with the help of Einstein’s

CBSE 2022 (Term-I1)

17. If the frequency of light incident on the
cathode of a photo-cell is increased, how
will the following be affected? Justify your

answer.

photoelectric equation any two observed
features in photoelectric effect which
cannot be explained by wave theory.

Delhi 2019



22.

23.

24,

25.

26.

27.

(1) Define the terms (a) threshold frequency
and (b) stopping potential in photoelectric
effect.

(11) Plot a graph of photocurrent versus anode

potential for a radiation of frequency v
and intensities [; and I,(I; < I,). Delhi 2019

If light of wavelength 412.5 nm is incident on
each of the metals given below, which ones will
show photoelectric emission and why?

Metal Work Function (eV)
Na 1.92
K 2.15
Ca 3.20
Mo 4.17

Delhi 2018

Find the frequency of light which ejects
electrons from a metal surface, fully stopped
by a retarding potential of 3.3 V. If
photoelectric emission begins in this metal at a
frequency of 8 x 10'* Hz, calculate the work

function (in eV) for this metal. All India 2018C

Monochromatic light of frequency
6.0 x 10** Hz is produced by a laser. The power

emitted is 2.0 x 10~> W. Calculate the (i)

energy of a photon in the light beam and (i1)
number of photons emitted on an average by
the source. All India 2018C

In the wave picture of light, intensity of light
1s determined by the square of the amplitude
of the wave. What determines the intensity in
the photon picture of light? All India 2016

Using the graph shown in the figure for
stopping potential versus the incident
frequency of photons, calculate Planck's
constant.
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Delhi 2015

28.

Or

@

(1)

@

(1)

Monochromatic light of frequency
6.0 x 10** Hz is produced by a
laser. The power emitted is

2.0x 107 W. Estimate the
number of photons emitted per
second on an average by the
source.

Draw a plot showing the
variation of photoelectric
current versus the intensity of
incident radiation on a given
photosensitive surface. pelhi 2014

Monochromatic light of frequency
5.0 x 10'* Hz is produced by laser.

The power emitted is
3.0x 10”2 W. Estimate the

number of photons emitted per
second on an average by the
source.

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

29. 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 frequency of
incident radiation.

30.

31.

@
(1)

@

(1)

All India 2014

Define the term stopping
potential.

Plot a graph showing the
variation of photoelectric
current as a function of anode
potential for two light beams of
same intensity but of different
frequencies v; and vy(vy > Vy).

All India 2014C

Define the term threshold
frequency as used in
photoelectric effect.

Plot a graph showing the
variation of photoelectric



32.

33.

34.

35.

current as a function of anode
potential for two light beams having
the same frequency Av different
intensities I; and I,(I; > I5).

All India 2014C

Two monochromatic radiations of
frequencies v; and v4(v; > vy) and having
the same intensity are in turn, incident on
a photosensitive surface to cause
photoelectric emission.

Explain giving reason in which case (1)
more number of electrons will be emitted
and (i) maximum kinetic energy of the
emitted photoelectrons will be more.

Delhi 2014C

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 (11) the maximum kinetic energy of
the electrons be equal in the two cases?
Justify your answer. Delhi 2010

Write Einstein’s photoelectric equation.
State clearly the three salient features
observed in photoelectric effect which can
be explained on the basis of above
equation. All India 2010

Plot a graph showing the variation of
stopping potential with the frequency of
incident radiation for two different
photosensitive materials having
work-functions ¢, and ¢, (¢; > ¢5). On what
factors does the

(1) slope and
(11) i1ntercept of the lines depend?

Delhi 2010

(2 3 Marks Questions

36.

State Einstein’s photoelectric explaining
the symbols used.

37.

38.

Vmax

1 (¥)—
|

Light of frequency v incident is on a
photosensitive surface. A graph of the
square of the maximum speed of the
electrons (v2,,) versus v is obtained as

shown 1n the figure. Using Einstein’s
photoelectric equation, obtain expressions
for (1) Planck’s constant and (i1) work
function of the given photosensitive
material in terms of parameters [, n and
mass of the electron m. All India 2018C

(1) How does one explain the emission of
electrons from a photosensitive
surface with the help of Einstein's
photoelectric equation?

(11) The work function of the following
metals is given as Na= 2.75¢eV,
K=23eV,Mo=4.17 eV and
Ni=5.15eV. Which of these metals
will not cause photoelectric emission
for radiation of wavelength 3300 A
from a laser source placed 1 m away
from these metals? What happens if
the laser source 1s brought nearer and
placed 50 cm away? Delhi 2017

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

Radiation of frequency 10'° Hz is
incident on two photosensitive
surfaces P and . There is no
photoemission from surface P.
Photoemission occurs from surface
but photoelectrons have zero kinetic
energy. Explain these observations
and find the value of work function
for surface ). Delhi 2017

(11)



39.

40.

41.

42.

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 @ is shown

below.
P
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(1) Which one of the two metals has
higher threshold frequency?

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

(11) Find the maximum kinetic energy of
electron emitted by light of frequency
8 x 10* Hz for this metal.

Sketch the graphs showing variation of
stopping potential with frequency of
incident radiations for two photosensitive
materials A and B having threshold
frequencies v4 > vp.
(1) In which case, is the stopping
potential more and why?

(i1) Does the slope of the graph depend
on the nature of the material used?
Explain. Al India 2016

Plot a graph showing the variation of
photoelectric current with intensity of
light. The work function for the following
metals is given. Na : 2.75 eV 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
photoelectron is v;. When the frequency of
the incident radiation is increased to 5f,
the maximum velocity of photoelectrons is
Uy. Find the ratio v, : v,. Foreign 2016

Delhi 2017

43.

44.

45.

46.

47.

48.

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 2016

(1) Write the important properties of
photons which are used to establish
Einstein’s photoelectric equation.
Use this equation to explain the
concept of (a) threshold frequency
and (b) stopping potential. Delhi 2015

(i1)

(1) Describe briefly three experimentally
observed features in the phenomenon
of photoelectric effect.

(i1) Discuss briefly how wave theory of
light cannot explain these features.
Delhi 2015

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

The maximum Kkinetic energy of the
photoelectrons gets doubled when the
wavelength of light incident on the
surface changes from A, to A 5. Derive the
expressions for the threshold wavelength
Ao and work function for the metal
surface. Delhi 2015, All India 2014

A beam of monochromatic radiation is
incident on a photosensitive surface. Answer
the following questions giving reasons.
(1) Do the emitted photoelectrons have
the same kinetic energy?

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

(111) On what factors does the number of
emitted photoelectrons depend?
Fareign 2015

Write Einstein’s photoelectric equation
and point out any two characteristic
properties of photons on which this
equation is based. Briefly explain three
observed features which can be explained
by this equation. All India 2013



49.

50.

51.

52.

53.

54.

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

(i1) Use Einstein’s photoelectric equation
to define the terms :

(a) Stopping potential and
(b) Threshold frequency. Delhi 2013¢C

Why photoelectric effect cannot be
explained on the basis of wave nature
of light? Give reasons.

(11) Write the basic features of photon
picture of electromagnetic radiation
on which Einstein’s photoelectric

equation is based.Delhi 2013

Draw a graph between the frequency of
incident radiation (v) and the maximum
kinetic energy of the electrons emitted
from the surface of a photosensitive
material. State clearly how this graph can
be used to determine

(1) Planck’s constant and

(11) work function of the material.
Foreign 2012

Write two characteristic features observed
in photoelectric effect which supports the
photon pictures of electromagnetic
radiation. Draw a graph between the
frequency of incident radiation (v) and the
maximum kinetic energy of the electrons
emitted from the surface of a
photosensitive material. State clearly how
this graph can be used to determine the

(1) Planck constant and

(i1) work function of the material?
Foreign 2012

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

Define the terms cut-off voltage and
threshold frequency in relation to the
phenomenon of photoelectric effect. Using
Einstein’s photoelectric equation show

55.

56.

57.

58.

how the cut-off voltage and threshold
frequency for a given photosensitive
material can be determined with the help
of a suitable plot/graph. All India 2012

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

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

(i1) If the same light falls on another
surface of work function 6.5 eV, what
will be the energy of emitted

electrons? Foreign 201

Draw a plot showing the variation of
photoelectric current with collector plate
potential for two different frequencies,

V4 > Vv, of incident radiation having the
same intensity. In which case will the
stopping potential be higher? Justify your
answer. All India 201

(1) Ultraviolet light of wavelength
2271 A from a 100 W mercury source
1s incident on a photocell made of
molybdenum metal. If the stopping
potential is 1.3V, estimate the work
function of the metal.
(11) How would the photocell respond to
high intensity (10° W/m?) red light of
wavelength 6328 A produced by a
He-Ne laser? pelhi 2011c

Define the terms threshold frequency and
stopping potential in the study of
photoelectric emission. Explain briefly the
reasons why wave theory of light is not
able to explain the observed features in
photoelectric effect? Foreign 2010

Explanations

Refer to text on page 335

(Laws of Photoelectric Emission). m
The intensity of radiation is defined as the rate of
emitted energy from unit surface area in a given
interval of time.

Its SI unit is watt/metre”. m



Previous Years

Examination Questions

(2 1 Mark Questions
1.

Draw a plot showing the variation of
de-Broglie wavelength of electron as a
function of its KE. Delhi 2015C

. Figure shows a plot of /vV, where V is

the accelerating potential versus 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?
Delhi 2014

A
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. Write the expression for the de-Broglie

wavelength associated with a charged
particle having charge ¢ and mass m,
when 1t 1s accelerated by a potential.

All India 2013

State de-Broglie hypothesis. Delhi 2012

. A proton and an electron have same

kinetic energy. Which one has greater
de-Broglie wavelength and why?
All India 2012

. 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 8.3 x 107, Calculate the

particle’s mass and identify the particle.
All India 2011C

. Write the relationship of de-Broglie

wavelength A associated with a particle of
mass m in terms of its kinetic energy E.
Delhi 2011C



8.

Show graphically, the variation of
de-Broglie wavelength (A) with the
potential (V') through which an electron is
accelerated from rest. Delhi 2011

[ 2 Marks Questions

9.

10.

11.

12.

13.

14.

15.

A proton and a electron have the same
de-Broglie wavelength A. Prove that the
energy of the proton is (2mAc/h) times the
kinetic energy of the electron. All India 2019

The wavelength of light from the spectral
emission line of sodium i1s 590 nm. Find
the kinetic energy at which the electron
would have the same de-Broglie
wavelength. All India 2019

Plot a graph showing variation of
de-Broglie wavelength (L) associated with

a charged particle of mass m versus N7
where V is the potential difference
through which the particle is accelerated.
How does this graph give us the
information regarding the magnitude of
the charge of the particle? Delhi 2019

(1) Plot a graph showing variation of
de-Broglie wavelength (1) associated
with a charged particle of mass m
versus 'V , where V is the
accelerating potential.

(11) An electron, a proton and an alpha
particle have the same kinetic
energy. Which one has the shortest
wavelength? pelhi 2019

An o-particle and a proton are accelerated
through the same potential difference.
Find the ratio of their de-Broglie
wavelengths. Delhi 2017; All India 2010

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 (2Amc/ h) times the kinetic
energy of electron, where m, ¢ and h have
their usual meaning. Foreign 2016

A proton and an a-particle have the same
de-Broglie wavelength. Determine the

17.

18.

19.

20.

Or

ratio of (1) their accelerating potentials
(i1) their speeds. Delhi 2015

. A proton and a deuteron are accelerated

through the same accelerating potential.
Which one of the two has
(1) greater value of de-Broglie
wavelength associated with it and
(11) less momentum?

Give reasons to justify your answer.
Delhi 2014

A deuteron and an q-particle are
accelerated with the same accelerating
potential. Which one of the two has
(1) greater value of de-Broglie
wavelength, associated with it and
(11) less kinetic energy? Explain. 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 (L) of the
electrons emitted to the energy (E) of the
incident photons. Draw of the graph for A
as function of E. pelhi 2014 ¢

An electron is revolving around the nucleus
with a constant speed of 2.2 x 10% m/s.

Find the de-Broglie wavelength associated
with it. All India 2014 C

An electron is accelerated through a
potential difference of 100 V. What is the
de-Broglie wavelength associated with it?
To which part of the electromagnetic
spectrum does this value of wavelength
correspond? Delhi 2010

An electron is accelerated through a
potential difference of 144 V. What is the
de-Broglie wavelength associated with 1t?
To which part of electromagnetic spectrum
does this wavelength correspond? Delhi 2010

An electron is accelerated through

a potential difference of 64V. What is the
de-Broglie wavelength associated with it?
To which part of the electromagnetic
spectrum does this value of wavelength
correspond? Delhi 2010



21. Find the ratio of de-Broglie wavelengths
associated with

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

(i1) o-particles, accelerated through a
potential of 64 V. pelhi 2010c

22. The ratio between the de-Broglie
wavelengths associated with protons,
accelerated through a potential of 512V
and o-particles, accelerated through a
potential of X volt is found to be one. Find
the value of X. pelhi 2010C

23. The two lines marked A and Bin the
given figure, show a plot of de-Broglie
wavelength A versus 1/\V, where Vis the

accelerating potential for two nuclei
2H and %H-

A
B
A
A
2
(1) What does the slope of the lines
represent?

(11) Identify which of the lines
corresponded to these nuclei.

All India 2010

(2 3 Marks Questions

24. Find the ratio of the de-Broglie
wavelengths associated with an alpha
particle and proton, if both

(1) have the same speeds,

(i1) have the same kinetic energy,

(i11) are accelerated through the same
potential difference.

25. An electron is accelerated from rest
through a potential difference of 100V.
Find

(1) the wavelength associated with
(11) the momentum of and
(1i11) the velocity required by the electron

26. (1) Determine the de-Broglie wavelength
of a proton whose kinetic energy is
equal to the rest mass energy of an
electron. Mass of a proton 1836 times
that of electron.

(11) In which region of electromagnetic

spectrum does this wavelength lie?
All India 2011C

27. (1) The mass of a particle moving with
velocity 5 x 10° m/s has de-Broglie
wavelength associated with it to be
0.135 nm. Calculate its mass.

(11) In which region of the electromagnetic

spectrum does this wavelength lie?
All India 2011C

28. (i) 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 1.813x 107%.
Calculate the particle's mass and
1dentify the particle.

(11) An electron and a proton have the
same kinetic energy. Which of the
two will have larger de-Broglie
wavelength? Give reason. All India 2011C

29. An electron and a photon each have a
wavelength 1nm. Find
(1) their momenta
(11) the energy of the photon and

(111) the kinetic energy of electron.
All India 2011C
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