‘ Previous Years’ CBSE Board Questions _

11.2 Electron Emission

1. The energy of a photon of wavelength A is
@ hea (b)) ho/h () whe (d) ih/c

(2023) |

11.3 Photoelectric Effect

(1 mark) :
2. Define the term threshold frequency in photoelectric |
emission. (2020) @']
OR f

Define the term “threshold frequency” in memntmct

of photoelectric emission (Delhi 2019) ¢

3. Define the term "Intensity” in photon picture of :

electromagnetic radiation. (Delhi 201%9)

11.4 Experimental Study of
Photoelectric Effect

Effect of Intensity of Light on Photocurrent

mumﬂ

For the light of wavelength 400 nm incident on the
cathode of a photocell, the stopping potential is 6 V. If
the wavelength of incident light is increased to 400 nm,
calculate the new stopping potential.

(Make h=4.14% 107 avs) (2021)
(il Monochromatic light of frequency 6.0 x 10 Hz
is produced by a laser. The power emitted is
20 % 107 W. Estimate the number of photons
emitted per second on an average by the source.

(ii} Drawa plot showing the variation of photoelectric
current versus the intensity of incident radiation on a
given photosensitive surface. (Delhi 2014) [_Hj']

NI (3 marks)

: 10. Light of wavelength 2000 A is incident on a metal

surface of work function 4.2 &V in an experiment on

photoelectric effect.

{a) Find the maximum kinetic energy (in €V) of
gjected photoslectrons.

(bl If the intensity of light is doubled, find the
change in stopping potential. {2020)

11. Plot a graph showing the variation of photoelectric



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 :

4.

the surface is
(a) 15eV (b) 17eV (¢ 32eVv (d) 47eV

(1 mark)

B

.

14. The variation of the stopping Vg

If the frequency of the radiation incident on a :
photosensitive surface increases (u > ug), how will :
the stopping potential change? (2021) ©
The three curves shown below, represent the :
variation of photocurrent and applied voltage for two |
different materials using two different intensities of

{  Effect of Potential on Photoelectric Current
(1mark)

13. Draw graphs showing wvariation of photoelectric

a monochromatic light. Identify the two curves which
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 !
intensities I, and I (I, < I5). |Delhi 2019)

Effect of Frequency of Incident Radiation on

Stopping Potential
(1 mark)

M,
potential (V) with the frequency Mo

(u) of the light incident on two
different photosensitive surfaces

M, and M, is shown in the figure. g o

Identify the surface which

has greater value of the work function. (2020)

(2023) 1Z. A beam of monochromatic radiation is incident on

(2020)

- IEXM 2 marks)

In photoelectric effect, does the photoelectric current :
i 14, Draw a graph showing variation of photocurrent

(2019) :

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 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)

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

with the anode potential of a photocell. (1/2, 2020) [ |

522. The following graph shows the wvariation of

photocurrent for a photosensitive metal:
Y

Photocurrent

- FRaE iy

{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 v,, v, and vy
(uy » vy > vg) for same intensity.

(d) Draw this graph for three different wvalues
of intensities of incident radiation Iy, I; and I3




17. 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 :
the incident radiation were increased? and (ii) the :

intensity of incident radiation were decreased?
Justify your answer.

emitted photoelectrons will be more.

(3 marks)

20. Tl-pewurkfum:tinnnfarnet-aEisz.Sle‘utPhumeiel:itric
emission occurs when light of frequency 64 x 107" Hz . - - "
R met'il surrz. C;:ume . () 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, Al 2017)
: 34. Figure shows the stopping potential (V) for the

(a) b) v (e) (d) —

C

e El

hc hu
E

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

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 (i) maximum kinetic energy of the |

(Delhi 2014C) (g

(2023)

(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)
: 11.5 Photoelectric Effect and Wave
_ Theory of Light
(5 marks)

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} more than 2K
) betweenKand2K (d) lessthankK  (2023)

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

photo electron versus [1/4) graph, for two metals A
and B, i being the wavelength of incident light.



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
(@) 1:2 (b) 1:1
i 1:3 (d) 1:4

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

(1 mark)

3:4
V3:42

2%. The threshold wavelength for two photosensitive
surfaces A and B are &4 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.

\

loi 10 (x10%s9u

nature of electromagnetic radiation. (Al 2017) [E

(2 marks)

32. The figure shows =

m

WErsUs =
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

28. If photons of frequency v are incident on the surfaces :
of metals A and B of threshold frequencies w2 and
/3 respectively, the ratio of the maximum kinetic :
energy of electrons emitted from A to that from Bis :

(2020) (Rp)

35 Write two main observations of photoelectric

(Al 2019) (Ev) |
31. Mame the phenomenon which shows the guantum :

graph for

I (3 marts)

(2023)

Ny

= 1/3

(a) Howis the 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)

i 37. Using the graph shown in the figure for stopping
potential versus the incident frequency of photons,
calculate Planck's constant.

W (wolts)

------------

I b i ; 3 B
246810 y0ez

(Delhi 2015C) ()

38. {a) Give an example each of a metal from which
photoelectric emission takes place when irradiated
by (i) UV light, (ii} visible light.



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

39.

40.

41,

42,

s
L

a4,

45,

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 :'.1 and .:I'l.:.

Einstein's photoelectric equation?

(ii} The work function of the following metals is
given:Na=275¢eV K=23¢eV, Mo=417 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 | 2"
(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 Pand |

(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,A12015C) (1)

. 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) [Gr)

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



2l P
! Q
vt
(V)
0
123454
=21 Y= 10" Hz —

(i) Which one of the two metals has higher

threshold frequency?

11.7 Particle Nature of Light :
The Photon

(1 mark)

33x10°° 2 (2020) |
52. Define intensity of radiation on the basis of photon
picture of light. Write its 51 unit. (Al 2014)

Y (2 marks)

of incident radiation.

XM (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) (U]

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 (c) 1

(@ 242 5

(2023)

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 :

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)  myfmy
© 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 sguare of the amplitude of the
wave, What determines the intensity in the photon :

(2/3,A1 2016) | £3. 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

P A P A

(c) (d)

(2020)



57.

[-1: 8

&9.

70.

71

associated de-Broglie wavelength?

G A
p [

(a) (b)

P
(c) \

A ——3A

(d)

. An a-particle and a proton are accelerated through :
the same potential difference. Find the ratio of their
(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 (24 me/h) times the |
kinetic energy of electron, where m, ¢ and h have their :

(Foreign 2016) (i)
i 73,

de Broglie wavelengths.

usual meaning.

A proton and an a-particle have the same de-Broglie
wavelength. Determine the ratio of
(i} their accelerating potentials
(ii) their speeds.

twao has

(a) greater
associated with it, and

(b) less momentum?

Give reasons to justify your answer.

as a function of E .

IEZNIM (3 marks)

T2

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

(2023) (U]

(Delhi 2015)

A proton and a deuteron are accelerated through
the same accelerating potential. Which one of the : 74.

value of de-Broglie w;velengthé

(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 2. ©
(Delhi 2014C)

i 64,
Which of the following graphs correctly represents :

the variation of a particle momentum with its :

(2 marks)

-

48,

75,

Draw a plot showing the wvariation of de-Broglie
wavelength of electron as a function of its K.E.

(Dethi 2015€) (U]

What are matter waves? A proton and an alpha
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 11 2021-22)

(a) Calculate 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
&40 nm are incident on a metal surface whose
threshold wavelength is 800 nm. In which case/cases
will photoemission take place and why? Calculate the
threshold frequency of the metal surface.  [2022C)

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

(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 2019)

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)



11.2 Electron Emission
MCQ

1. Photeoelectric emission from a given surface of metal

is less than the energy of incident photon. The
physical quantity is i
{a) threshold frequency

{b) work function of surface
e} threshold wavelength

{d) stopping potential

11.3 Photoelectric Effect
MCQ

(2019-20) () :

2. The work function for a metal surface is 4.14 eV. The
threshold wavelength for this metal surface is :
(a) 4125A (b) 2062.5A :
() 3000A (d) 6000A r.?[:-zz;zz) i

11.5 Photoelectric Effect and Wave

IETYT (3 marks)

4,  State the main implications of observations obtained
fraom various photoelectric experiments. Can these
implications be explained by wave nature of light?
Justify your answer. (2020-21) (Ag)

11.6 Einstein's Photoelectric
Equation: Energy Quantum
of Radiation

MCQ

5. Two statements are given-one labelled Assertion [AJ
and the other labelled Reason (R). Select the correct : : B
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 i

: 114 Experimental Study of

Photoelectric Effect

XM (3 marks)

can take place when the value of a ‘physical quantity’ 3,

The graph shows the variation of photocurrent for a
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)

(3 marks)
Theory of Light L7

Light of wavelength 2000 A falls on a metal surface

of work function 4.2 e\,

(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)

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.



(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)

4. Inaphotoelectric 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 :

11.8 Wave Nature of Matter
- IEEXIM 3 marks)

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

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

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

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

A Ty —— -

1. (b): Energy of photon of wavelength A,
E=hu

c=vh Or u=§ ar E=T

2. Threshold frequency is defined as the minimum
frequency of incident
photoelectric emission does not ocour.

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
persecond is directly proportional
to the intensity of incident
radiation.

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

a

Pt eles tric ourment

Intensity of light

Vﬂl = 6 V
Voa =?
EVDt hu - WH
EVG“ h'l..l}_ - W
EVQ" 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

-

- current with intensity of light ¢
for a given frequency of incident ﬁ*ﬁ
¢ radiation Bt
! Given that 2=3300x 107 m, E o

| O = 275V, 0y = 41756V
: Then energy of the laser beam is

: 4. [b): According to Einstein's photoelectric equation,

ev=hu=-n
i = hu - eV

Here, energy of photon = 3.2 &V
i Stopping potential = 1.5 eV

h=32eV-15eV=17eV

: 5. If the frequency of incident radiation increase then

i the kinetic energy of ejected photoelectron will also

radiation below which the : jh-rezse

Hence, we have need to increase the stopping potential.

3. The amount of light energy or photon energy &. Curve 1and 2 are for same materials. The value of

incident per unit area per unit time is called intensity 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

=375eV

: 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.

i 12. (a) Yes, all emitted photoelectrons have same kinetic
: energy as the kinetic energy of emitted photoelectrons
i depends upon frequency of the incident radiation for a
given photosensitive surface.

: (b)

Mo, the kinetic energy of emitted electrons does



& = Vgz =0.975
Vpz =6 -0.975=5025V

2. (i) Given,v=60x10"Hz

= 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=%=wu
7=2000A=2x%x107" m, Wy=42eV

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

=62 -42 eV
=2eV

(b) Stopping potential, eV, =%rmr2 —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 Appiied (]
= Stopping potential is independent of the intensity of
incidence radiation of a given frequency.
17. Energy of photon, E = hu
E=2eV=2x16x10""
_E_2x16x10°%®

==t BP  _48x10MHz
h  663x1073

18. (b) hv=hug+eVy
(i} As, incident frequency v increases, the stopping
potential also increases.

as the intensity change.

12. (i)
unit time

: 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.

: (&) 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

Photoelectric current
Higher intensity
I
Y
; -V App\tledvut-t-age
i 14. For a given Photoelectric current
: frequency, Photoelectric Higher intensity
: current  varies  with !
i anode potential is as h
: shown in graph. -
i -V Anode potential

: 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).

{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
intensity changes. The photoelectric current will change
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 ~

inorder Vi3 > Vipy> Vp, if the frequencies are in the order



Forunit area and unit time, Iy = I, = nq vy = NV,

-nl=3->1 = N, >n,

ny v

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 vy.
20.
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[Topper’s Answer, 2022]

23. On the basis of experiments on photoelectric effect, |

three observed features are :

incidence of light and emission of photoelectrons.

certain critical value called threshold frequency ug, which
is characteristic of that metal emitting electrons.
Above threshold frequency ug, maximum kinetic energy

@

Photoelectric
current
v1>vy> Uy * saturation
v current

u

" =Vos Vo2 Vos © Collector plate —»

<«—— 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
Vg >Up > Vg ‘r-Saturaﬁon

% current

A el
-Vo1 “Voz -Voa @ Collector plate —»
<«— Retarding potential gopentisl

<

Photocurrent
l1>lz>l,
e — ‘1
- ‘2
" Saturation Iy
Stopping current
potential\
-V° (o]
Retarding Collector plate
potential potential

(i} Inthe interaction of photons with free electrons, the

: entire energy of photon is absorbed.
(i) Emission of photoelectrons start as soon as light : (i) Energy of photon is directly proportional to

falls on metal surface ie., there is no time lag between | frequency. Intensity of incident radiation depends on the

i number of photons falli r unit are nit time for
(il The emission of photoelectrons takes place only : al;ivenﬁ Iincv g per-un: @ per-uni s
when the frequency of the incident radiations is above a < j

: M
H
)
H

= Free electrons in a metal do not have the same energy.
At constamt temperature, each electron has its own



with which photoelectrons are emitted is &Irectly';

proportional to frequency v of

n—*

incident radiation.

So, the graph plotted between :i.

/2mvi, or eV with B

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

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 :
P 27. (6): (KE)ypay = v -

Thus, according to wave theory, the kinetic energy of (€} (KE)max ¢
photoelectrons 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) .= hUﬂB + (KE) .
(i) 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 :

electrons will increase.

intensity of incident light.

ﬁbs-ervai:[urﬁ, -thenliﬁht nf_frequerh:'.f -!E55 1:-han t-hres-hnid
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.

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

25, [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.
: 26, I'-c];E=hu=%
hc
h=—
E

(KE); hu,—& 2-05 15 3

ho hv Ky hu 3 3
= — = — = —=—N—=—
o= K=K = = o a
: . hc
29, Work function =h‘|—"=T
The ratio, ¢_‘=Ex""_ﬂ=ﬂ

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 vice versa, But experimental observations show that : h h

the emission of E|El‘:;l:r'|]|15 take place instantaneously E¥g ==l 0. Yo ={;]u-~£uu

: For P, when V=0, up = ug=0.1% 103 57*
¢ For Q, when Vo= U g = Uy = 1 %1075

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

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

¢ electromagnetic radiation.

%

lo1 10 (x10%sYu




32, Consider the graph shown below

Einstein's photoelectric equation v2 :
KE = hu - 0y -0
gt Be Tt /
i A L =y - (L) ey i
1 hc hc T ayr L
Loz he_he /4 H |
2 h g ! : :
2hc Zhc
P |
™= mikg
=(ZE)-(2e) 1 B =
" Jx Um Jag KL
(il Mow fromgraph,
Slope, “%E_=tanﬂ
m
25
m
b ’";‘C“E (i)
(i) Now, for work function
oot
Therefore, from graph, (1/4,) is threshold wavelength on
— graph :
o _he
ho
Now take value from eq.{iii)
m C mtant
by =—tandx — = ——
% Ay Dhg

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.

o7

Stopping potential
r.|§- {invalts)
o

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, E="=

Metal 2 Metal 1

T s,
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.
: {ii)
_ work function{W) _ hug

Intercept of graph 1 on the stopping potential axis

e ]
Intercept of the line depends upon the stopping

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

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 1242&Vnm= eV

% 412.5nm

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

: light.



Vn _ e\fﬂ
{v=up) elv—1ug)

The slope of graph is, tanB=

As energy of a photon depends on the frequency of light,
=0 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-Er-l-aﬂl]l'l of stopping g:::?f?e;:nt[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"
1éx107

Mow, K.E.= hu = é

= ho=KE+8=378eV+450eV=828¢eV

yei2BeV B8V o c00sx105Hs
h 4135x10° B avs

eV=378eV

Eg. = hu = hug
Where, ugis threshold frequency and his Planck’s constant.

:

ui

than red light.

electrons emitted will be same.

40. Since %=Kmu+¢.

For case I E:}c " hc:;h.: L2 =K
e} AT Ay A

For case II: E=2K+E =hc l—l]=2!‘¢1'
12 ;l"T ‘1"2 :.'T
Substituting (i) in (i),

1 1 1 1
= L T .
[12 "T] ["1 ’LT]z’lT'zlg-:u
_he _he(2h,-iy)

AT Ayho

Work function,

41 ()
J!{mar: = fio = Qg

Concept Applied {Ei?

= 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)

fir hamio =6.56x10~ )5
: Au {8-5)x10*

: for A=3300A

Che  1989x107F  603x107Y

P = = =377 eV

A 3300x100°  16x10° 7
Mo and Ni will not cause photoelectric emission.

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

i 42, (i)

: equation:
39. (a) According to Einstein photoelectric equation, : (a) Below threshold frequency v, corresponding to Wy,
i no emission of photoelectrons takes place.

: (b)
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

Two features of Einstein's photoelectric

As the number of photons in light depend on its

" . ; frequency for surface P.
(b) Yellow light has high frequency (thus more energy) | From surface Q photoemission & possible: Te, the
: . > . frequency of incident radiation is equal or greater than
E:]” :ﬂ::ﬁr@;: ‘;::Li:;;;':?;ﬁ:'ﬁ:&g;h;::"fﬁEI'; | threshold frequency. As the kinetic energy of photo
directly proportional to intensity of incident light. Since | & Crons Is zera L2, the energy of incicent radiation s
How light and red light h iihonsite simiboraf | just sufficient to pull out the electron from the surface Q.
i AVE Same Intensity IUmBEre? | Work function for surface Q. W= hu.
i AsKE=D;u=

F Wp=66x107 10" =66x10"7 ) =4.125eV

i 43. For a given frequency of the incident radiation, the
| stopping potential is independent of its intensity, ie,
the maximum kinetic energy of photoelectrons depends
: on the light source and emitter plate material but is
! independent of intensity of radiation. As K5, =eVpwhere
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

The Einstein's photoelectric equation is given as | by

ug = 10"° Hz

Kinax = hu = g



Since Ky
emission is possible only if hu > g

or Ug > ug where ug = Eh'-’l

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 %“"‘3‘1}

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

light of frequency 8 x 10 Hz is,

o Ky = hiu=1g)
=66% 107 (8 x 10" - 6% 109
=132x 1070 ) =0825eV

46, 'We know,
Klm'evs'hhl-“ﬂ}
h h
ar, V.=—u=-
5 E"-" E"-"ﬂ

potential is more for material B.
h
5 Ve=—{v—ug)

= V. is higher for lower value

of ug. Here ug < 1y

S0 VSB = ".-"5.,,,.

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

for all the materials. Hence slope of the graph does not

depend on the nature of the material used.

47. 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 fand frequency

of light is 2f. Using Einstein's equation for photoelectric
Fn::m eqn {ii} and (iii),

effect, we can write
hi2f - ﬂ=—mf (i)

Similarly, for light having frequency 5f, we have

h{Sf-f) = % mv2 i)

Using (i) and (ii), we find

af 3 i et

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

i 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 = q—:}ﬂ- for the surface

(i) For P, threshold frequency up = 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

4%. Einstein's photoelectric equation
K= Lmv?=ho-dg=hu - hug
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
i 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 eqn. (i)

H hc

Kenax = T =@

! According to question,

I he 2
Kmax = Ty =% i}

1
i 1_“ o i)
2

- 2nc_he m{z_i

i hy ko
Also, 6= he . E;m[l_i]
Ao Ay hy Ry




48. Einstein's photoelectric equation is given below.

m=%m§m +Wy

where u = frequency of incident radiation

§ Bt
'imvmaat

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

photon ar on the frequency of incident radiation.

51
A B hi cann ™, Sl el 1%
plnthegl e g o2e o e WG
£ - o
‘-'.%is;'. 0 - - i r.;TE---u"-._

307 uinerliegll c COMCTT -
) -

[Topper's Answer, 2022] : hu=%mv,2““+wﬂ
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
%mvﬁm =KE. . =hu-W,

(i} Intheinteraction of photons with free electrons, the or, KE. .. =¢eVg

T | s — : When work done by collecting electrode potential on
(i) Enery OFip 5 0 ¥ o a photoelectron is equal to its maximum kinetic energy
{ 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.

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

Ug u—»

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

- Work function, w,

: 50. (i)
= maximum kinetic energy of an emitted electron Slope of line = }_|
= It is a constant quantity and 1 ]
i does not depend on nature of Y,
: metal surface. ¥ i
: (i) Maximum kinetic energy of i
: emitted photoelectron,

; KE“EVn“hU"hU'}

photoelectron is emitted depends only on the energy of :
: So, from equation (i), (KE); > (KE),
{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,

_hc(2hy=44)
Aqhp

Slope of line = ﬂ [ eAV =hiu]
A

£ £l
Y |IIII

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

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
! kinetic energy to the photoelectron during the emission.
i e

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

KE

. Stopping potential, |, = —max
. €

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

=
1]

But, p=./2mE



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

picture is determined by

‘_Energrnfpl'mtnrrs nxhu
T areaxtime T At

where n is the number of photons incident normally on

crossing area A in time t.

Commonly 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 T
proportional to frequency.
Intensity of incident radiation %
depends on the number of
photons falling per unit area per

unit time for a given frequency.

R k3 wh Uﬂ
(iii) In photon electron collision, 4 |¢. 2 .y o N

the total energy and momentum P Y
remain constant.

Einstein's photoelectric equation is

Ky = o = iy -
{b) Einstein's photoelectric  equation According :

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

a0, An electron
difference = 100V

De-broglie wavelength associated with electron A=
1227

mh =1227 A

accelerated

1227
v

Let mass of proton = m,
Wavelength of proton associated with it -'I'L;J =E

e A1) [ mg=2m,]
mpvu
h
= w2
b= @
Mow, divided eqn. (1) by eqn. (2}
h
ﬁ= nip‘l"ﬂ or h=E
by _h hg 1
zf'ﬂp\"u

A
'6'2. }L:l:}—E=£‘= =L
mv A

. m, 1836

by @il wgad
2 2]

through a potential !

A svoricut ()
A

respectively,

h

b, _.-i._u-:l o= i"1:ur.:.tm= | Matpha
yZmE m '."'-alpha 1|||""rl[:ur'rl:ln'h-ﬂH

Majpha = 4mpml:m
Aoton | Maiha _ 4

""'-.alpha k 1|||In'llr.'n'ruﬂ:ln 1

: 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
(0 (S R S P
x mv M'EITI'H M'EFI'JE‘I"IU ‘.luﬂ

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

59. (c): By momentum of conservation

D MV = myvy + mgVs + e .
¢ Particle is at rest initially . myvy=-myv;
[Pyl = P2l
According to de-Broglie wavelength 1:%
M_P_
Ay B

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

) 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
J2magV
For proton and o particle charges are q and 2q

R i)
p :Empq'-"'

1"::{'4'1‘_ i)
mqV

From eqgn (i) and (ii)



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

63. (b): p=;=:- I‘|'||:j|n1|'_*n|:l,|r|‘|,|::|-:-a.-1

"1
A

44, de-Broglie wavelength

= 3% KE = constant.
every moving particle. These are called matter waves.

h

J2ZmaV

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

respectively,

P Jemgav

= 4-I’I'l“_q'-"'
From eqn (i) and (ii)

a4 12
B_|2Ma | _a 3
A [2"";:] J

66. (a) Wavelength , A=331.5 nm

. B he 1240 nm—eV
NEEe-E=S. T T a3iSnm

—19
Momentum, p=E= 3.74x1.6x10

c 3x108

(i ]

=374 eV

=2x 10T kgms1

{ii} Again fromeqn. (i)

p mv ha Mgy, mv, v, 1
v'p:\-'a=4:1

70. For same accelerating potential, a proton and a :
: For wavelength of 660 nm (E3)=

deutron have same kinetic energy.
(al de Broglie wavelengthis given by
h h h i

=—= —; .Sn'.], Ao
P JZmK [2migV) Jm

proton will have greater value of de-Broglie wavelength.
(b) Momentum, p=. 2mK: peim

proton has less momentum.

Concept Applied @j}
= Deuteron consists of a proton and neutron, thus have

KE —
&5. According to Louis de-Broglie, wave is associated with

' de-Broglie wavelength of a charged particle accelerated : 2 2 Imi 2mi

We know that energy of photon is E‘;I = h{

¢ Dividing (i) by (i),
For proton and o particle charges are g and 2q :
H —=.= —

i Ep 2mrZ he' PTh

_ h i) |
f ik i) : 69. De-Broglie wavelength of a particle of mass m and

charge q accelerating through a potential V is given by

b -*Emg e
: p

(Asm,=4m,)

© Energy of light of wavelength 430 nm (€)=

. As it is for wavelength of 450 nm (E,)=

{As m, =4 m,)

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

&8. Given that A is the wavelength of the photon. The
" de-Broglie wavelength of the electron s A, _ A

mv
Kinetic energy of electron,

i)

E ' A 2Amc

DE,=—CF,

h

— i)

{i) Here,m,=m,q,=em,=4m,=4m.q,=2q,=2e

From eqn. (i)

_ (MaluVe
myqVy
_ lexﬂex'h",_.l

§ 1,|| mxe pr

7|

iVpiVe=8:1

l;:};:
= | o

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.

Mass of a deutron is more than that of a proton. So. | So, in both cases photoemission take place.

73. de-Broglie wavelength of a particle of mass m and

. charge q accelerating through a potential Vis given by
Mass of a deutron is more than that of a proton. So, a N h

h i)

P \zmav

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



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
J|_= L = h
2mE

mv

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

The mass of proton m,=m

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

h
De-Broglie wavelength for proton, M =——
) h myv
Y mv
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.

hc
As we know that ===

he = 1240 &V nm

metal surface (Ep)
_1240eVnm

Ep= : =207 eV
- &00nm Eo ¥

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.

-

T\  CBSE Sample Questions

Z  (c): Work function for a metal surface, ¢= JLE
Giventhat 6 =414eV=414x16x10%) 0

_66x107M x3x10°
O 414x1.6x107Y°

| 75.

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 =2000 x 107 m
i Wp=4.2eV

i h=663x10]s

=3000 A (1) (@) %:%H{E ar H.E.:%-wg

l_p= Ima,V, i dmx2exV, (o =)
A, \"mpqpv’p y mxexVy T
v

2 _8.y.v,=8:1

v, 1

h h h

P J2mk J2m(gV)

1

i 5o, A=

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

: i) Momentum, p=+2mK or p=<m

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

i of electron is lesser than proton.

()

l:g ar Ap=h=constant

De-Broglie wavelength of a particie

It shows a rectangular hyperbola.

S SO,
P J2meV
A=

1227
or h= A
JV

6.63x107H

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

The resolving power of an electron microscope is much
(b) There are three lights of wawvelength 430 nm, :

450 nm and 660 nm and the threshold wavelength of | Resolving power of a microscope is inversely proportional

: 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 diﬁ?{zE"CEa 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

better than that of optical microscope.

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
i and levels. 5o, electrons ejected out from different levels
: come out with different energies.

(1)
(1)

(1)



3. (a) Thewvariable X onthe horizontal axis istnliecturé
plate potential. i
The point 4 on the horizontal axis represents
stopping potential. 1) ¢
(b)
Photoelectric
current
bR 7—7“'—-
- Saturation current
) ey I )
-Vga -Voz Vo1 O Collector plate potential —»
=—— Retarding potential

potential for different frequencies of incident radiation.

le) ?

Phatocurrent
’3 2=l Iy

,.-*-"'___ '2
—n
Stopping potential

-vy O
+— Retarding potential Collector plate potential —s

different intensities of incident radiation.

4. Main implications:

freguency, but not on intensity of radiation.

photoemission takes place, how high intensify of radiation

photoelectric effect.

acquires energy more than the work function. So, if :
we use low intensity source, it should take hours for
photoelectric emission, but photoelectric effect is almost |

aspontaneous process.

2. (a) De-broglie reasoned
symmetrical and two basic physical entities - mass and
: radiation must be symmetrical. If radiation shows dual

Wariation of photocurrent with collector plate potential for aspect than matter should do so.

m

_(6:63 w10~ ¥ ix{.’]xﬂ]a}x 1
(2000x10°10) 16x1071¥
=(62-42)eV=20eV

eV =22 ey

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

(1)

{c) 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.

(1)

8. From the observations made {parts A and B) on the
basis of Einstein's photoelectric equation, we can draw
following conclusions:

(1

Variation of photoelectric current with collect late
e B e e i i 2. Forsurface B, the threshold frequency is equal to the

1. For surface A, the threshald frequency is more than
10" Hz, hence no photoemission is possible.

frequency of given radiation. Thus, photoemission
takes place but kinetic energy of photoelectrons is
zero.

3 Far surfat:E C, the threshold frequency is less

than 10 Hz. Se, photoemission occurs and photo-
electrons have some kinetic energy. (3)

out that nature was

(1)

de-broglie equation, 1=g

H hu
(i) Kinetic energy of emitted electrons depends upon | For photon, p=—

(i) There exist a frequency of radiation below which no § | "=refore,

 radiation.
may be known as threshaold frequency. {(2) :

Explanation of wave nature of radiation fails to explain (b) As JL::-'_

=k, wavelength of electromagnetic

h
2mK

3 2 So, alpha particle will be having shortest De-Broglie
According to wave theory, when light falls on a metal :

surface, energy is continuously distributed owver the
surface. All electrons may be ejected only when it |

: wavelength compared to deutrons. (2)
k=gV
'?1=..‘lm¢q¢'u" _|2myx2q, [ L =2my
Ao mya,V mydy Oy =
-:.1=g = hythy=2:1
o 1




