Chapter 11. Dual Nature of Radiation and Matter
Photoelectric Effect

1 Mark Questions

1.Define intensity of radiation on the basis of photon picture of light. Write its Sl unit.
[All India 2014]

Ans. The intensity of radiation is defined as the rate of emitted energy from unit surface area
through unit solid angle.

Its Sl unitis W/m? sr- 1.
2.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]

[ Metal B Metal A
Stopping A
potential
(Vo)
v v
0 =42
o Frequency of —
Wol-~ incident radiation (v)
e e
Wy
e

Ans.Metal A has higher value of work- function because and the intercept of the line of the
given graph depends on work-function.

3.The graph shows variation of stopping potential Vy versus frequency of incident radiation v
for two photosensitive metals A and Which one of the two metals has higher threshold
frequency and why? [All India 2014]
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As 0Q> 0P
Vo > Vo (1)

So, the threshold frequency of metal A is greater than metal B.

4.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]

Ans. Photoelectric effect is a one photon-one electron phenomenon. Therefore, when the
intensity of radiation incident on the surface increases the number of photons per unit area
unit time increases (since intensity of incident radiation number of photons).

Hence, the photo electrons ejected will be large, which in turn, will contribute to the increase in
photoelectric current.

5.The given graph shows the variation of photoelectric current (I) versus applied voltage (V)
for two different photosensitive materials and for two different intensities of the incident
radiations. Identify the pairs of curves that corresponds to different materials but same
intensity of incident radiation. [Delhi 2013]
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Ans.Curves 1 and 2 correspond to similar materials while curves 3 and 4 represent different
materials, since the value of stopping potential for the pair of curves (1 and 2) and (3 and 4)
are the same. For given frequency of the incident radiation, the stopping potential is
independent of its intensity.

So, the pairs of curves (1 and 3) and (2 and 4) correspond to different materials but same
intensity of incident radiation.

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

Ans.Graph of variation of photoelectric current with the intensity of radiation incident on a
photosensitive surface is given as below
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7.Define intensity of radiation in photon picture of light. [All India 2012]

Ans. The intensity of radiation is defined as the rate of emitted energy from unit surface area
through unit solid angle. Its SI unit is W/m? sr- 1.

8.Define the term stopping potential in relation to photoelectric effect. [All India 2011]
Ans. In experimental set up of photoelectric effect, the value of negative potential of anode at
which photoelectric current in the circuit reduces to zero is called stopping potential or cut-off

potential for the given frequency of the incident radiation.

9.Show the variation of photocurrent with collector plate potential for different frequencies
but same intensity of incident radiation. [Foreign 2011, All India 2010]

Ans. The variation of photocurrent with collector plate potential for different plate frequencies
is shown as below:
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10.Show the variation of photocurrent with collector plate potential for different intensities
but same frequency of incident radiation. [Foreign 2011, All India 2010; 2011 ]

Ans. The variation of photocurrent with collector plate potential for different intensities at
constant frequency is shown as below
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11.The stopping potential in an experiment on photoelectric effect is 1.5 V. What is the
maximum kinetic energy of the photoelectrons emitted? [All India 2009, HOTS]

D We know that at stopping potential, no electron
reaches the plate, ie. energy of electrons is

! compensated by energy equivalent to stopping
! potential.

KEmax = evﬂ
where, Vi = cut-off potential
KE =1.5 V. (1)

12.The maximum kinetic energy of a photoelectron is 3eV. What is its stopping potential? [All

India 2009]
Ans
Given, maximum kinetic energy of photoelectron
=3eV

Maximum KE = eV,
where, Vo = stopping potential

eV =eV,

. Stopping potential V, =3 V (1)

13.The stopping potential in an experiment on photoelectric effect is 2 V. What is the
maximum kinetic energy of the photoelectrons emitted? [All India 2009]

Ans

Given, stopping potential in an experiment on
photoelectric effect =2 V

Maximum kinetic energy, KE, . = eV,
=e(2V)=2eV. (1)

14.The figure shows a plot of three curves a, b, c showing the variation of photocurrent vs
collector plate potential for three different intensities |4, I, and I3 having frequencies v, v, and
vs, respectively incident on a photosensitive surface.

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

intensities.
I
Photoelectric I
current —
| I3

Collector plate potential
[HOTS; Delhi 2009]

Ans. The photoelectric current is directly proportional to the intensity of incident radiation.
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Energy of photoelectrons or cut-off potential depends on frequency of incident
radiation.Curves, a and b have got same cut-off potential, so for these two curves frequencies

will be same.

2 Marks Questions

15.(i) Monochromatic light of frequency 6.0x10'* Hz is produced by a laser. The power
emitted is 2.0 x 103 W. Estimate the number of photons emitted per second on an average by

the source.

(ii) Draw a plot showing the variation of photoelectric current versus the intensity of incident

radiation on a given photosensitive surface. [Delhi 2014]

Ans.
(i) Given, frequency, f =60 x10'* Hz
Power, P =20 x107° W
Number of photons emitted per second, n = ?
Energy of emitted photons, F = hf
=6.63x107 x6x10"=4x107"°)
p_2x107°

n=C=2""" -5 15
E=axi0-7 0" photons

(i) Graph of photoelectric current and intensity is
given as below

Photoelectric current

O Intensity

R RY

16.(i) Monochromatic light of frequency 5.0 x 10" Hz is produced by laser. The power
emitted is 3.0 x 10" W. Estimate the number of photons emitted per second on an average

by the source.

(ii) Draw a plot showing the variation of photoelectric current versus the intensity of incident

radiation on a given photosensitive surface. [Delhi 2014]
Ans. (i) 7.5 x10"° Refer to ans. 15 (i)

(i) Refer to ans. 15 (ii).

17.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. [All India 2014]

Ans. Three basic properties of photons are given as below :

(i) Photons are quanta or discrete carriers of energy.
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(ii) Energy of a photon is proportional to the frequency of light.
(i) The photon gives all its energy to the electron with which it interacts.

Einstein’s photoelectric equation
1 .
5 mvi. =hv -W
The plot is shown as below.

1 2
E-—HW rmax

Voo Vo —— (2)

18. (i) Define the term stopping potential.

(ii) 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 v,(v,
>v,). [All India 2014 C]

Ans. In experimental set up of photoelectric effect, the value of negative potential of anode at
which photoelectric current in the circuit reduces to zero is called stopping potential or cut-off
potential for the given frequency of the incident radiation.

19.(i)Define the term threshold frequency as used in photoelectric effect.

(i) Plot a graph showing the variation of photoelectric current as a function of anode
potential for two light beams having the same frequency but different intensities and I, > I,
)+ [All India 2014 C]

Ans. For a given material, there exists a certain minimum frequency of the incident radiation
below which no emission of photoelectrons take place. This frequency is called the threshold
frequency.

20.Two monochromatic radiations of frequencies v, and vo(v1 >v5) 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 emitted photoelectrons will be more. [Delhi 2014C]
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() Intensity of incident radiation,
I=nhv, where n is number of
photons incident per unit time per
unit area, h is Planck’s constant and
v is frequency of photon for same
intensity of two monochromatic
radiations of frequencies v, and v,

n1 hv-| = nzh\r’?_

As, vi>vyandn,>n, (1)
Therefore, the number of electrons
emitted for monochromatic

radiation of frequency v,, will be
more than that for radiation of
fregency v,.

21.Two monochromatic radiations, blue and violet of the same intensity are incident on a
photosensitive surface and cause photoelectric emission. Would (i) the number of electrons
emitted per second and (ii) the maximum kinetic energy of the electrons be equal in the two

cases? Justify your answer. [Delhi 2010]

Ans
The intensities for both the monochromatic
radiation are same but their frequencies are
different. It represents (1)

(i) The number of electrons ejected in two
cases are same because it depends on
the number of incident photons.

(if) As, KEa =hv—dg
[Einstein’s photoelectric current]
The KE,, of violet radiation will be
more, (1)

22 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]

Ans.
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Einstein’s photoelectric equation,

KEmax = hv — Wy ()
where, v= frequency of incident light
beam

W, = work-function of metal

KE .x = Maximum kinetic energy
v Wy=hvg
where, v, is threshold frequency.
= KE, .. =hv—hv,

KE ax = h{(v = vy) -1 (1)

This equation is obtained by considering
the particle nature of electromagnetic
radiation.
Three salient features observed in
photoelectric effect and their explanation
on the basis of Einstein’s photoelectric
equation is given as below:

(i) Threshold frequency ForKE,, 20.
= V2, [From Eq. (ii)]
i.e. the phenomenon of photoelectric
effect takes place when incident
frequency is greater or equal to a
minimum frequency (threshold
frequency) v, fixed for given metal.

(i) KE,,,, of photoelectron When incident
frequency is greater than threshold
frequency, then KE,,, of photoelectron is
directly proportional to (v = v,) as

KE .« =h{v =vy  [From Eq. (ii)]
=5 KE jax o< (¥ — V)

(iii) Effect of intensity of incident light The
number of photon ncident per unit time
per unit area increases with the increase
of intensity of incident light. More
number of photons iacilitates ejection of
more number of photoelectrons from
metal surface leads to further increase of
photocurrent till its saturation value is
reached. ' (1)

23.Plot a graph showing the variation of stopping potential with the frequency of incident

radiation for two different photosensitive materials having work-functions and W, (W1> W5).
On what factors does the

¢ slope and
e intercept of the lines depend? [Delhi 2010]
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The variation of stopping potential with
frequency of incident radiation is shown as

below:
| A
Stopping | 2 0 P
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(i) The slope ol stoppine potential versus

frequency of incicom radiation gives the

ratio  of Planch's constant  (h)  and

electronic charge (e (1/2)

(ii) Intercept on the freguency axis gives the
value of threshald aoguency vy,

Vo

, . h
Intercept on ihe polential axis = = ——=
e

24 Figure shows variation of stopping potential (V) with the frequency (v) for two
photosensitive materials M; and M.

(i) Why is the slope same for both lines?

(i) For which material will the emitted electrons have greater kinetic energy for the incident
radiation of the same frequency? Justify your answer. [Foreign 2009]

Ans.
The slope of a straight line graph is equal to | the ratio of value on Y-axis to X-axis.

(i) Slope of stopping potential with frequency of incident radiation gives the value of Planck’s
constant, i.e. the reason why the slope is same for both lines.

(ii) The intercept of graph on stopping potential gives the value of stopping potential which is
higher for M.

So, for the photoelectrons to be emitted from material M, kinetic energy will also be higher.
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25.The given graph shows variation of photoelectric current with collector plate potential for

different frequencies of incident radiation.
(i) Which physical parameter is kept constant for the three curves?

(if) Which frequency (vq v; or v3) is the highest? [Foreign 2009]

|
//*:7

Ans. (i) According to laws of photoelectric emission, the photoelectric current depends on the
intensity of incident light. The constant saturation value of photoelectric current reveals that

intensity of incident light is constant.

(ii) Frequency Vt is the highest among v4 v, and v3 because higher the cut-off potential, higher

will be the frequency of incident light.

26.Plot a graph showing variation of stopping potential (Vo) with the frequency (v) of the
incident radiation for a given photosensitive material. Hence, state the significance of the
threshold frequency in photoelectric emission. Using the principle of energy conservation,
write the equation relating the energy of incident photon, threshold frequency and the
maximum kinetic energy of the emitted photoelectrons [Delhi 2009c]

Ans.
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The graph showing the variation of stopping
potential with the frequency is shown as

below:
Stopping
potential
Vo) Vo
._/’ Frequency of
w L incident radiation (v)
)
(1/2)
where,
W = work-function of photosensitive

material
e = electronic charge.
From Einstein’s photoelectric equation,
(KE) max =hv —hvg=h(v = v)
where, v = frequency of incident radiation,
vp = threshold frequency. (1/2)

From the equation, if v < v then (KE)may is negative, which is not possible. For a given
material, there exists a certain minimum frequency of the incident radiation below which no
emission of photoelectrons take place, this is called threshold frequency, i.e. photoelectric
effect will take place only when v>vq.

27 Write Einstein’s photoelectric equation relating the maximum kinetic energy of the emitted
electron to the frequency of the radiation incident on a photosensitive surface. State clearly
the basic elementary process involved in photoelectric effect.  [All India 2009C]

Ans.
Einstein’s photoelectric equation,

KEqa = hv — W, i)
where, v= frequency of incident light
beam

W, = work-function of metal
KE, .« = maximum kinetic energy

v Wy=hvg
where, v, is threshold frequency.
= KE, . =hv —hv,

KE o = h(V = vg) -W1) ()

This equation is obtained by considering
the particle nature of electromagnetic
radiation.
Three salient features observed in
photoelectric effect and their explanation
on the basis of Einstein’s photoelectric
equation is given as below:
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(i) Threshold frequency ForKE_ ., 20.
= V2V, [From Eq. (ii)]
i.e. the phenomenon of photoelectric
effect takes place when incident
frequency is greater or equal to a
minimum frequency (threshold
frequency) v, fixed for given metal.

(ii) KE,,, of photoelectron When incident
frequency is greater than threshold
frequency, then KE,,, of photoelectron is
directly proportional to (v — v,) as

KEm.Jx = 'h{-\"‘ - Vo) [FI'O'I'T'I Eq- (ll“
= KE

M hdX
(iii) Effect of intensity of incident light The
number of photon ncident per unit time
per unit area increases with the increase
of intensity of incident light. More
number of photons iacilitates ejection of
more number of photoelectrons from
metal surtace leads to further increase of
photocurrent till its saturation value is
reached, ' (1)

oe (Y — \’g)

28.Write Einstein’s photoelectric equation. Explain the terms:

¢ threshold frequency and
¢ stopping potential. [Delhi 2008C]

Ans. (i) For Einstein’s photoelectric equation and definition of threshold frequency Refer to
ans. 22.

(i) Stopping potential The minimum negative potential given to plate w.r.t. cathode, at which
no photoelectron reaches the plate is called stopping potential. It is represented by V.

29.Wirite Einstein’s photoelectric equation in terms of the stopping potential and the

threshold frequency for a given photosensitive material. Draw a plot showing the variation of
stopping potential versus the frequency of incident radiation. [All India 2008]
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The variation of stopping potential with
frequency of incident radiation is shown as

below:
@
| _ A
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(i) The slope ol stoppine potential versus
frequency of incicom radiation gives the
ratio  of Planch's constant  (h)  and
electronic charge (e (1/2)

(ii) Intercept on the freguency axis gives the
value of threshald aoguency vy,

, , . hv,

Intercept on ihe polential axis = = ——=

e

3 Marks Questions

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

(i) Write the basic features of photon picture of electromagnetic radiation on which
Einstein’s photoelectric equation is based. [Delhi 2013]

Ans.(i) The photoelectric effect cannot be

explained on the basis of wave nature of light because wave nature of radiation cannot explain
the following:

e The instantaneous ejection of photoelectrons.

e The existence of threshold frequency for a metal surface.

e The fact that kinetic energy of the emitted electrons is independent of the intensity of
light and depends upon its frequency

(ii) Photon picture of electromagnetic radiation on which Einstein’s photoelectric equation is
based on particle nature of light. Its basic features are given as below:

All photons of light of a particular
frequency v or wavelength A have the

h
same energy £ =.‘w=f] and
hv h
momentum p:—~I whatever
C

. the intensity of radiation may be.
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kach photon has energy

he
F (:hv = IJ and momentum

o(=hv/c=h/A), where c is the
speed of light, h is Planck’s
constant, v and A are frequency and
wavelength of radiation.

e |ninteraction of radiation with matter, radiation behaves as if it is made up of particles
called photons.

e By increasing the intensity of light of given wavelength, there is only an increase in the
number of photons per second crossing a given area with each photon having the same
energy. Thus, photon energy is independent of intensity of radiation.

e Photons are electrically neutral and are not deflected by electric end magnetic fields.

e |n a photon-particle collision (such as photon-electron collision), the total energy and
total momentum are conserved. However, number of photons may not be conserved.

e The velocity of photon in different media is different which is due to the change in its
wavelength.

31.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]

Ans.For Einstein equation Refer to ans. 22.

The two characteristic properties of photons on which this equation is based are as follows

(i) Photons have particle characteristics. It is emitted or absorbed in units called quanta of
light.

(i) Photons have wave characteristics. It travels in space with particular frequency, a
characteristic of waves.

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

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

e Stopping potential and
e Threshold frequency. [Delhi 2013C]

Ans.The three important properties of photon are given as below:

(a) photon is massless, has no electric charge and is stable.

(b) Photons are emitted in many natural processes.

(c) The photon also carries spin angular momentum that does not depend on its frequency.
(i) Einsten’s photoelectric equation is given by

eVO =h (V - Vo)
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e Refertoans. 28.
o Refertoans. 19 (i). (1/2)

33.Wirite 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

(i) Planck constant and (ii) work-function of the material? [Foreign 2012]

Ans.

The two characteristic features observed in
photoelectric effect which support the
photon pictures of electromagnetic
radiation are given as below:

(a) All photons of light of a particular
frequency v or wavelength A have the
same energy.

E [= hv = hl—CJ and momentum, p [: ;)

whatever the intensity of radiation may
be. The increase in intensity of the
radiation implies an increase in the
number of photons crossing a given area
per second. (1)
Photons are electrically neutral and not
deflected by electric magnetic fields.

(b

—

Threshold
frequency

|

il

Maximum phatoelectron
kinetic energy ineV —

Frequency in Hz —
(i) Planck constant is given by slope of
the curve, i.e. as

Slope of graph = %

(il Work-function is the minimum
energy required by the electron to
escape out of the metal surface thus,

b=hvy (2)
Here, v, is the threshold frequency.

34.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]

Ans.
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Einstein’s photoelectric equation,

KEmax = hv — Wy ()
where, v= frequency of incident light
beam

W, = work-function of metal

KE .x = maximum kinetic energy
v Wy=hvg
where, v, is threshold frequency.
= KE, .. =hv—hv,

KE ax = h{(v = vy) i) ()
This equation is obtained by considering
the particle nature of electromagnetic
radiation.

Three salient features observed in
photoelectric effect and their explanation
on the basis of Einstein’s photoelectric
equation is given as below:

(i) Threshold frequency ForKE,, 20.
= V2, [From Eq. (ii)]
i.e. the phenomenon of photoelectric
effect takes place when incident
frequency is greater or equal to a
minimum frequency (threshold
frequency) v, fixed for given metal.

(i) KE,,,, of photoelectron When incident
frequency is greater than threshold
frequency, then KE,,, of photoelectron is
directly proportional to (v = v,) as

KE .« =h(v =vy)  [From Eq. (ii)]
=5 KE jax o< (¥ — V)

(iii) Effect of intensity of incident light The
number of photon ncident per unit time
per unit area increases with the increase
of intensity of incident light. More
number of photons iacilitates ejection of
more number of photoelectrons from
metal surface leads to further increase of
photocurrent till its saturation value is
reached. ' (1)

35.Define the terms cut-off voltage and threshold frequency in relation to the phenomenon of
photoelectric effect. Using Einstein’s photoelectric equation show how the cut-off voltage
and threshold frequency for a given photosensitive material can be determined with the help
of a suitable plot/graph. [All India 2012]

Ans.

Cut-off voltage The minimum negative
voltage (V) applied on anode plate the
cathode w.r.t. for which photocurrent in
the circuit reduces to zero. (1)

Refer to ans. 19 (i).
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Einstein’s equation, hv =+
Wy =hv
hv =KE,., +hv,
KEax = hv = hv,
eVo=hv—-hv, [KE,, =eV,]

'1-_-' ah + WQ

VUZ—(\J' _VCI:
e

The wvariation of cut-off potential with
frequency of incident radiation is shown as
below:

Cut-off potential Vy—

/’F"D Frequency (v)—

~
t

S

g e e
~

(112)

From this graph, we can calculate the value
of threshold frequency (point of
intersection of frequency axis) and
stopping potential (point of intersection on
potential axis). '

36.Draw a plot showing the variation of photoelectric current with collector plate potential for
two different frequencies, v, >v; of incident radiation having the same intensity. In which
case will the stopping potential be higher? Justify your answer.  [All India 2011]

Ans.

For plot Refer to ans 9. (1)
Stopping  potential  will be higher
corresponding to frequency v.. (1)
By Einstein’s photoelectric equation

h
V, =(-e—]v—g )

where, V, = cut-off potential
h = Planck constant
e = electronic charge
0 = wurk-function of material

It is clear that for higher frequency v, cut-off
potential is higher, (1)

37.(i) Ultraviolet light of wavelength 2271 A from a 100 W mercury source is incident on a

photocell made of molybdenum metal. If the stopping potential is 13 V, estimate the work-
function of the metal.

(ii) How would the photocell respond to high intensity? (10°W/m?) red light of wavelength

6328 A produced by a He-Ne laser? [Delhi 2011C]
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Ans.
(i) Einstein’s photoelectric equation is
KEpax =hv =0
But, KE ax
where, V; = cut-off potential =1.3 V
eVo=hv-0 = ¢=hv-eV, (1)

= eVa

Here, h=6.63x107** )=
A=2271A=227x10"""m
< _ 3x10%
Ao 2271x107%
=1.32x10"° Hz
eVy=1.6x10"" x1.3=2x10""?

V=

- Work-function, =hv - eV,
=(6.63 %107 x(1.32 x10'%)
-2x107"  =8.76x107"% —2x107"?

=6.75x10'19j=Me
1610717
Work-function, ¢ = 4.22 eV )
(i) A=6328 x107""m
As, KEya =hv — 0 D)

Here, hv =f~;:—:= 3‘I4x10"1gj=1.96 eV

But, ¢=422eV ie hv<o
KE ax <0 [From Eq. (i)]
Which is not possible.
Photoelectric effect does not take place. (1)

38.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]

Ans. Threshold frequency The minimum frequency below which there is no occurrence of
photoelectric effect is called the cut-off frequency or threshold frequency and denoted by vg.

Stopping potential Refer to ans. 18 (ii). The wave theory of light is not able to explain the
observed features of photoelectric current because of following reasons

(i) The greater energy incident per unit time per unit area increases with the increase of
intensity which should facilitate liberation of photoelectron of greater kinetic energy which is in
contradiction of observed feature of photoelectric effect.

(i) Wave theory states that energy carried by wave is independent of frequency of light wave
and hence wave of high intensity and low frequency (less than threshold frequency) should
stimulate photoelectric emission but practically, it does not happen

39.The following graph shows the variation of stopping potential, Vg with the frequency v of
the incident radiation for two photosensitive metals, X and Y:
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e Which of the metals has larger threshold wavelength? Give reason.

¢ Explain giving reason, which metal gives out electrons having larger kinetic energy. For
the same wavelength of the incident radiation.

¢ [f the distance between light source and metal X is halved, how will the kinetic energy
of electrons emitted from it change? Give reason. [All India 2008]

Vo

f v
05 1.0 (x 105

Ans.
(i) From graph, threshold frequency for metal X, v, =05x10"s""'
Threshold frequency for metal Y, v, =1x10" s
Itis clearthatv, >v,

Threshold wavelength, A = 5

1
i.e. Ao —
v

o Ay > Ay
(i)~ KE
vy is higher for metal Y for given wavelength and hence frequency v.

max --:.h\-' - h\"o

. KE_. for metal X is greater than that of the metal Y.

ELIEEN

(iii) No effect, as kinetic energy depends only on frequency of incident electron heam.
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Matter Wave

1 Mark Questions

1.Write the expression for the de-Broglie wavelength associated with a charged particle
having charge q and mass m, when it is accelerated by a potential [All India 2014]
Ans.

A charged particle having charge g and
mass m, then

kinetic energy of the particle is equal to the
work done on it by the electric field.

i.e. K=qV
1T 2
= —mv-=qV
3 q
2
p
= —=qV
2m q
= p =+2mgqV (1)

2.State de-Broglie hypothesis. [Delhi 2012]

Ans.

de-Broglie hypothesis A Moving object
sometimes acts as a wave and sometimes
as a particle or a wave is associated with
the moving particle which control this
particle in every respect. This wave
associated with the moving particle is
called matter wave or de-Broglie wave,
Its wavelength is given by

h
V=—
mv
where, h= Planck constant, m = mass of

object, v = velocity of the object. (1)

3.A proton and an electron have same kinetic energy. Which one has greater de-Broglie
wavelength and why? [All India 2012]

Ans.
de-Broglie wavelength,

A = h_ h

p 2mK
where, K = KE
For given KE,
vm
Electron have smaller mass, A, > &,
[ m,<m,]

For given kinetic energy, electrons have
greater wavelength as these have smaller
mass. (1)
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4.Write the relationship of de-Broglie wavelength X associated with a particle of mass m in

terms of its kinetic energy E. [Delhi 2011c]

Ans.
2

Kinetic energy, K = P
2m

p = momentum
m = mass
and K =kinetic energy

= =~2mK
p=+

de-Broglie wavelength, A = =
p

where, p=+2mK

h h

= A=
\N2mK

f

5.Show graphically, the variation of de-Broglie wavelength (A,) with the potential (V)

AJ2Zm

[K=E] (1)

through which an electron is accelerated from rest. [Delhi 2011]

Ans.

g) To plot ‘the graph between the two |
* quantities, first of all we have to find the |

f relation between the two through the |

connecting formula

B ee—

Kinetic energy, K=eV
where, V = potential difference

= p=~.f2m.'<=~¢’2mé—‘.7

de-Broglie wavelength
p 2meV

1
Ao
Jv
= VL = constant
1

de-Broglie —
wavelength (A)

Electric potential (V) —
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6.Name an experiment which shows wave nature of the electron. Which phenomenon was
observed in this experiment using an electron beam? [Foreign 2010]

Ans.

Davisson-Germer experiment shows wave
nature of electron.

The  phenomenon of  constructive
interference was observed in
Davisson-Germer experiment. (1)

7.An electron and a-particle have the same kinetic energy. How are the de-Broglie

wavelengths associated with them related? [Delhi 2008]

Ans.

de-Broglie wavelength,

h
A= (o p=+2mK)
V2mK P
1
= Aoe —
Jm
Ae _ Mg
Ay m,

(1)

8. Two lines A and B in the given
shows the variation of de-Broglie

1 .
wavelength A versus —, where Vis

Vv

the accelerating potential difference
for two particles carrying the same
charge. Which one of the two
represents a particle of smaller
mass?

o)
1 —
J; [All iIndia 2008]
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Ans.
h

J2mgV
1
The slope of A versus — graph will be
i W
inversely proportional to the square root of
the mass of the particles.

Now, slope of B is greater it represents that
mass is smaller. (1)

As, A=

2 Marks Questions

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

e greater value of de-Broglie wavelength associated with it and
¢ less momentum? Give reasons to justify your answer. [Delhi 2014]

Ans.

(i) de-Broglie wavelength is given by
h
- V2ZmVyg

?Lg.c_l‘l-

m

[+ V, and g are same, because proton
and deuteron have been accelerated by
same potential and have same charge].

Since, mass of proton is more as
compared to a deuteron. So, it will have
lesser value of de-Broglie wavelength
associated with it. (1

(i) de-Broglie wavelength is given by

h h
A=— =—
p PR
As, ldblp
50, Py <P (1)
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10.A deuteron and an a-particle are accelerated with the same accelerating potential.

Which one of the two has

¢ greater value of de-Broglie wavelength, associated with it and
o less kinetic energy? Explain. [Delhi 2014]

Ans.

(i) de-Broglie wavelength is given by
h 1

A== ko =
N2ZmVyg - Jmg

1
Ay _ Aome 2
A, 1
4m2e {1]
wavelength of deuteron is two times the
wavelength of c-particle.
KEg _ Voe _1
KE, Vy2e 2
KE of deuteron is half of KE of a-particle.

(if)

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

Ans.
From Einstein and photoelectric equation

Kmax =hv - ¢U
E=dg+ K [ E=hv]
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According to the question, 5 =0
So E=Kq

P2 p?
e B
2m I: max Zm]

p=+2mE o (0)

de-Broglie wavelength is given by

A=A
p

Substituting the value of p from Eq. (i), we get

L
2mE

r

i —

— (2)

12.An electron is revolving around the nucleus with a constant speed of 2.2 xI0% m/s. Find
the de-Broglie wavelength associated with it. [All India 2014 C]

Ans.

Given, v=2.2 x10% m/s

de-Broglie wavelength is given by
= (D)
mv
Here, m=91x 10" kg
h=663x107>* kg-m’-s

Substituting all values in Eq. (i), we get

A < 663x10"*
91x10" ¥ x2.2 x10°8
A=331x10""m (2)

13.An a-particle and a proton are accelerated from rest by the same potential. Find the ratio
of their de-Broglie wavelengths. [All India 2010; Foreign 2008]

Ans.
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-+ de-Broglie wavelength,

h h
= = e—— I:‘,' K = qV}
V2mK J2mqV
Here, potential is kept constant. (1)
?"u mpqp

= — =
A, MyQq

Ay 242 ' - (1)

14.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]

Ans.

Given, V =100 V. Wavelength of
accelerated electron beam from
de-Broglie equation

!I}':T

dooe TITA
i
For V=100V
Ao=1027 f‘;\ (1)

This wavelength belongs to the X-ray part of
electromagnetic radiation. (1)

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

Ans.
Refer to ains. 144,

ko=1A 2)
This wavelensith belongs to X-ray part of
electromann: o <pectrum.

16.An electron is accelerated through a potential difference of 64 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]

Ans. Refertoans 14

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

¢ protons, accelerated through a potential of 128 V and
¢ a-particles, accelerated through a potential of 64 V. [HOTS; Delhi 2010C]

Ans.
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: ) To craiio 'ﬁ‘.-’ ratio of de-Broglie ;
[ wavelen 't o0 two particles, find the ratio |
in terms of svin ur::I= and then put the given
numerlcat YAHLE s r

e JRUUR R — |

de Broghe wa\.wtmulh is given by

h h
= = e - * K =
V2mK J‘?mq'v’ ( av)

= l oo .____1_
'mqV

v

where, m = mass of charged particle,
g =charge, V = potential difference

. Ratio of de-Broglie wavelengths of proton
and a-particle.

Ao _ [maaaVy _ Ifm v,
JL = J——{f— = || = ql_u ﬁ,"_ {1)
o MpdpVe Mp J\Gp J\ Vo

=

Here, Mo = 4 9o =
mp Ap
.E‘"’-zl%:l
V, 128 2

(o - particle is 4 times heavier than proton
and it has double the charge than that of

proton)
y [
142 >< —=2

%
=2: e}

=

=
'H..

18.The ratio between the de-Broglie wavelengths associated with protons, accelerated
through a potential of 512 V and a-particles, accelerated through a potential of X volt is

found to be one. Find the value of X. [Delhi 2010c]
Ans.

de-Broglie wavelength of accelerated charged
particle is given by

Ratio of wavelengths of proton and

a-particle.
o)
Yo (1)

= o~
a |z
|
.
3|3
= |8
—
—
Ea e
T |

Here’ r_n1=4’ cj.”;:
Mp qp
v;r_ — }‘ }\'P =1
V, 512" ki,
= 1= ﬁtxzx[i)—i
'\I 12 64
= X=64V (1)
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19. The two lines marked A and B in the
given figure, show a plot of de-Broglie

1
wavelength A versus ——, where V is the

V'

accelerating potential for two nuclei
{Hand H.

;A
/B
)‘ / //’/

/S

/’/,
a1
W

(i) What does the slope of the lines

represent?

(if) Identify which of the lines
corresponded to these nuclei.
[All India 2010]

Ans.

de-Broglie wavelength of accelerated
charged particle is given by

= AV = ——— = constant
Joma W

() The slope of the line represents - where

h
+/2mqg
h = Planck’s constant, g = charge and m=
mass of charged particle.

(i) =+ \H* and ,H carry same charge (as they
have same atomic number)

1
lfx-ﬁ

The lighter mass, i.e. ;H’ is represented by
line of greater slope, i.e. A and similarly ,H’
by line B. (1)

20.Derive an expression for the de-Broglie wavelength associated with an electron
accelerated through a potential V. Draw a schematic diagram of a localised wave
describing the wave nature of the moving electron.  [Foreign 2009]

Ans.

Let an electron beam is accelerated by potential
difference V from the position of rest.

. Kinetic energy of the electron, K = eV
Momentum of electron, p =+/2mK

p =+2meV

where, m = mass of an electron
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By de-Broglied equation

oho b
P NZ2meV

Here, h=6.63x107** J-s

e=16x10""7 C
m=9.1x10""kg
= 1_£2_7A

(1)

/\/\/\
VARV

——A—
A matter wave associated with an electron
of definite momentum has single
wavelength and extends all over space. (1)

21.Calculate the ratio of the accelerating potential required to accelerate a proton and an
cx- article to have the same de-Broglie wavelength associated with them. [Delhi 2009C]

Ans.
-+ de-Broglie matter wave equation for
accelerating charged particle is given by

A=
2mgV

where, k= Planck’s constant
m = mass of charged particle
g = charge of charged particle
V = potential difference
Ratio of wavelengths of proton and

a-particle,
= _" o || da || 2o
Ay J[an{ ][VJ W
Aoy ma_y
A my 4
5’9_=2’V_u=;
9p Vo
—
1= J4><2 x[ﬁ]
Ve
=H=B><-vi = r_g
Vp Vi
= '1r"_u:"-"uE =8:1 .

22.Calculate the ratio of the accelerating potential required to accelerate a deuteron and an
a-particle to have the same de-Broglie wavelength associated with them. (Given, mass of
deuteron = 3.2 x 1CT?7 kg) [Delhi 2009C]

Ans.

Get More Learning Materials Here : & @ @&\ www.studentbro.in



Get More Learning Materials Here : &

- de-Broglie matter wave equation for
accelerating charged particle is given by

A= h
2mgV

where, h = Planck’s constant

m = mass of charged particle

g = charge of charged particle

V = potential difference
Ratio of wavelengths of proton and
o-particle,

—_—
Ao m, I\ g, Vp
A
_=1fﬂ=4'
Ay b
Eﬁl.:z’v_u:;
qp Vo
—
1= J4x2x ﬁ
(A
=:’I=Bx-vi = ] 8
Vp V}‘
= V,:V, =81 .

23.Crystal diffraction experiments can be performed either by using electrons accelerated
through appropriate voltage or by using X-rays. If the wavelength of these probes
(electrons or X-rays) is 1 A, estimate which of the two has greater energy. [All India 2009]

Ans.

For an accelerated electron beam, the
de-Broglie matter wave equation states

h
that A = =
J2emV  2mK
h2
— K=— (D)
2mA? '

For X-ray of same wavelength, A =1 A.

E'=hv=— ()]

K_ W & _ b
E' 2mA*  hc  2mch (1)
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where, h=6.6 x107* J-s c =3x10% m/s
m=9.1x10""kg
A=1TA=1x10"m

K 6.6 x 107
E' 2x91x1073"x3x10% x1x107"°
K =0012 = K = 1<
E’ E° 911

= K<FE’

= Energy possess by X-ray is more than
electron. (1)

24.In Davisson-Germer experiment, state the observations which led to

¢ show the wave nature of electrons and
¢ confirm the de-Broglie relation. [Delhi 2008]

Ans.

(i) The existence of peak corresponding to
sharp diffraction maximum in the
electron distribution at a voltage 54 V
and scattering angle 50° led to show
wave nature of electron. (1)

The existence of peak depicts the wave
properties like interference.

(i) As per Bragg's law for first order
diffraction (maximum),

2d sin@ =2
Here, d =0.914 A, 0 =65°
= A=1.65A : .00
By de-Broglie equation

h 1227 12.27 "
A=—=-"""=-"0=165A (i)
p W 54
= Bragg's law confirms the de-Broglie
equation. (1)

25.For what kinetic energy of a neutron will the associated de-Broglie wavelength be 1.32 x
1071 m? [All India 2008]

Ans.
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From de-Broglie matter wave equation

h h
A=—= (v p=+2mK)
P A2mK P m

_ . (i)

2mi 1)
where, m=1.66x10""" kg
A=132%10""m
h=6.63x107* J-s

=

B (6.63 x 10734)?
2x1.66 x107%7 x(1.32 x107'9?

K=75x10""") (1)

26.An electron and a-particle have the same de-Broglie wavelength with them. How are
their kinetic energies related to each other? [Delhi 2008]

Ans.

From de-Broglie matter wave equation,

h h h?
=, = mK = —5 =
o] 2mK 2\
constant

(for given wavelength)
1

= Koc—
m (1)
o Ke _mg
KU. mE‘

where, m, and m, are masses of electron
and u-particles, respectively (1)

27.For what kinetic energy of a neutron, will the associated de-Broglie wavelength be 1.32
x 10-"° m? Given that the mass of a neutron = 1.675 xI0"27 kg. [All India 2008C]

Ans.
It is given that A =1.32 x 107"°m
andm,_ =1.675 x107?" kg

h h*

= K=
\2m K 2m\°
~. Kinetic energy of neutron
(663x107%)?

T 2% (1.675x10727)x(1.32 x107'9)?
=753%x107%"] @

As, A=

3 Marks Questions

28.An electron microscope uses electrons accelerated by a voltage of 50 kV. Determine the
de-Broglie wavelength associated with the electrons. Taking other factors, such as
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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? [All

india 2014]

Ans.

Given, V=50kV=50x10°V

. de-Broglie wavelength,
1227

W V50 x10°

Resolving power of a microscope
R = 2 sin@
A

A=00526 A

From the formula, it is clear that if other
factors remains same, then resolving power
is inversely proportional to ‘vavelength of
the radiation used. The wavelength of
moving electron is very small as compared
to that of yellow light; so it has greater
resolving power than optical microscope.

29.(i) Describe briefly how the Davission-Germer experiment demonstrated the wave nature

of electrons.

(ii) An electron is accelerated from rest through a potential V, obtain the expression for the

de-Broglie wavelength associated with it.

Ans.

(i) The wave nature of electron was verified

by Davisson-Germer experiment in
1927. The experimental arrangement is
shown in the figure. It consists of an
electron gun which comprises of a
tungsten filament F coated with barium
oxide and heated by a low voltage power
supply. Electrons emitted by the filament
are accelerated to a desired velocity by
applying suitable potential from a high
voltage power supply.
They are made to pass through a cylinder
with free holes along its axis producing a
fine collimated beam. The beam is made
to fall on the surface of a nickel crystal.
The electrons are scattered in all
directions by the atoms of the crystal.

A beam of electrons emitted by the
electron gun is made to fall on nickel
crystal cut along cubical axis at a
particular angle.
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HT Collimated atomic plane

_________ = beam .
_"J‘M' vV \Aﬂgleot Ni crystal
— ingidence
1

== T \L — _:\_\_\_ il ,/ =T
e ] Scanelnna' 0 2
T Siotted . 9 i
anode VA

Scattered &~ beam

@’ Detector
Galvanometer

The scattered beam of electrons is
received by detector which can be
rotated at any angle.

The energy of the incident beam of
electrons varied by changing the applied
voltage to the electron.

Intensity of scattered beam of electrons is
found to maximum when angle of
scattering is 50° and accelerating
potential is 54 V.

Intensity — —

50° ¢
Scattering angle

Here, 8 + 50°+ 06 =180°, i.e. 8 =65°
For Ni crystal, lattice spacing (d) =091A
For first principle maximum, n =1

Electron’s diffraction is similar to X-ray
diffraction.

According to Bragg's equation,
2d sin®=nA gives A =1.65A
According to de-Broglie hypothesis,

L 1227 5 1227
Vv 54 (2
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de-Broglie wavelength of moving
electron atV =54 is1.67A which is in
close agreement with 1.675 A

This proves the existence of de-Broglie
waves for slow moving electrons.

(ii) Energy of electron, E = eV
Momentum is given by

p =~2mE =+2meV i)
de-Broglie wavelength

A=n i)

p

From Eq. (i) substituting the value of p in
Eq. (ii)

A= h

2meV

30.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, (ii) In which
region of electromagnetic spectrum does this wavelength lie? [All India 2011C]

Ans.

) Inthese types of questioné, we have tomind |
* that in full-wave rectifier, full cycle of the |
input will be used. |

(i) de-Broglie matter waveequatlonls given
by

o l__’_h'

b .
—= (s p=+2mK)
p J2mK
where, m =mass of proton

K =kinetic energy of proton.
According to the question, kinetic energy
of proton, K = mecz

(Einstein’s mass-energy relation)

= A= ———
J2mim .y )
~ h ______h
" V2 cymm,  N2cx(m,) V1836
(-m=1836m,)
- 6.63%x 107
1.414x 3x10%)x 9.1x 107" x 42.8
A=4x10""m (1)
(i) This region of electromagnetic spectrum
is X-ray. (1)

31.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.

(i) In which region of the electromagnetic spectrum does this wavelength lie? [All India
2011C]

Ans.
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(i} From de-Broglie matter wave equation,
h

?Lzﬁ = m:E A
Here, 1 =0.135x10"m
v=5x%x10°ms
6.63x 107
T0.135%x 107 x 5% 10°
=9.82 %107 kg (1)

(i) This wavelength 0.135 nm falls in the
region of X-ray of electromagnetic
spectrum. (1)

32. (i) A pattiis is moving three
T orasaneleon oo
ratio of  the  de-Brogi:
wavelength of the particle tc
that of the electron s
1.813x 167",
Calculate the particle's mass
and identify the particle.

(iif) 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]

Ans.

Givenr Vparticle =3 Velectron " ‘J)
and ?"panicle =1.813x107* }‘-eicnron

(i) As, A = I {de-Broglie equation)
mv

mparlicle — }"electmn X Vealectron

A XV

Majeciron particle particle

Myarticle = 1839 Mealactron [From Eq. (i}]
=1839x%9.1x107"

mparti-:le
=1.673x10"*" kg )

Particle is either a proton or a neutron.
.. h
(i) Now, A = ——
v2mK

Therefore, it is clear that KE of edectron is
more than that of proton or neutron. (1)

33.An electron and a photon each have a wavelength Inm. Find [Ail India 2011C]

e their momenta
e the energy of the photon and
¢ the kinetic energy of electron.

Ans.
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(i) For electron or photon, momentum
_h _663x107
A 1077
.. - _hc (6.63x107*)x(3x10%
(i E=—= i
A 107% x(1.6 x10'9)
=1243 eV
2

=663x107 m

iiiy As, E=2 . —220%1073" x(1.6x107"%
2m

=1.52eV

34.A proton and an a-particle are accelerated through the same potential. Which of the two
has '

e greater value of de-Broglie wavelength associated with it and
e less kinetic energy? Justify your answer. [Delhi 2009]

Ans.

From de-Broglie matter wave equation,

where, m = mass of charged particle.
g = charge _
V = potential difference

Jmg
(for same accelerating voltage) (1/2)
() Ratio of wavelengths of proton and
a-particle.
w

- I[—"“"___-“"_
o [Maa _ f[&][g_q]
1'1 ‘l’mpqp V my qP (1/2)
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But,

3|3

k=]

=4, Jo-)
Ap

=

L= ([ x2=2\2

=>lp:lct=2w.5:1

=
R

Proton  have  greater  de-Broglie
wavelength associated with it. (1)

(ii) -+ Kinetic energy, K =gV
K
Y
Ke \dq

(for same accelerating voltage)

K .
Ko 2 2
Proton have less KE. (1)

35.An electron and a proton are accelerated through the same potential. Which one of the

two has

e greater value of de-Broglie wavelength associated with it and
¢ less momentum? Justify your answer. [Delhi 2009]

Ans.

(i) From de-Broglie equation

aoh__h
p 2mK
As, p=+2mK
and K=gV
= L= __,!]_ (i)
\2mgV
A o

Mg

Ratio of wavelengths of electron and
proton

-
Ap )j M. )\ Qe
"+ Ratio of mass of proton and electron

my,
-~ =1836 (constant)
m

e
Qe

=1
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(i) -
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(Both electron and proton have same
charge)

= % =,/1836 x1
p
Ao =42.8); nearly

Electron have greater wavelength
associated with it than that of proton.

H

h . .
A= (de-Broglie equation)
p
. peb
A
= pe= l = & = —F
A Py Ae
But from Eq. (i), we get
Mo 1
Ao 428
P, A, 428

Momentum of proton is nearly
42.8times to that of momentum of
electron, (.11
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