Chapter 11 - Dual Nature of Radiation and Matter

Multiple Choice Questions (MCQs)

Single Correct Answer Type

Question 1. A particle is dropped from a height H. The de-Broglie wavelength of the particle
as a function of height is proportional to (a) H (b) H2 (c) H® (d) H'2

Solution: (d)

Key concept: According to de-Broglie a moving material particle sometimes acts as a wave and
sometimes as a particle.

The wave associated with a moving particle is called matter wave or de-Broglie wave and it
propagates in the form of wave packets with group velocity. According to de-Broglie theory, the
wavelength of de-Broglie wave is given by
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Where h = Planck’s constant, m = Mass of the particle, v = Speed of the
particle, E = Energy of the particle.
For a body falling freely under gravity from a height H, final velocity of v is
obtained by applying kinematic equations

V-t =2aH =V - 0° = 2gH.

or, v=.2¢gH
We define de-broglie wavelength as
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Question 2. The wavelength of a photon needed to remove a proton from a nucleus which is
bound to the nucleus with 1 MeV energy is nearly

a)1.2nm (b) 1.2 x 103 nm

(c)1.2x10®° nm (d). 1.2 x 10 nm

Solution: (b)

Key concept: According to Einstein’s quantum theory light propagates in the bundles (packets or
quanta) of energy, each bundle being called a photon and possessing energy.



Energy of photon is given by
ke
2’
J-sec, v = Frequency in Hz, A = the minimum wavelength of the photon
required to ¢ject the proton from nucleus.

In electron volt, E(e}V) = he 12375 12400

h MA) AMA)

E = hv=—: where ¢ = Speed of light, 4 = Planck’s constant = 6.6 x 10~

According to the problem,
Energy of a photon, E = 1 MeV or 10° eV 5
Now, he = 1240 eV nm

he
Now, E=—
- A '

he 1240
= A=—= ———nm

E 10

=1.24x107 nm

Question 3. Consider a beam of electrons (each electron with energy Eg) incident on a metal
surface kept in an evacuated chamber. Then,

(a) no electrons will be emitted as only photons can emit electrons

(b) electrons can be emitted but all with an energy, Eg

(c) electrons can be emitted with any energy, with a maximum of Ey — ¢ (¢ is the work
function)

(d) electron can be omitted with energy ,with a maximum of E

Solution: (d) If a beam of electrons of having energy Eg is incident on a metal surface kept in an
evacuated chamber.

The electrons can be emitted with maximum energy
Eo (due to elastic collision) and With any energy less
than Eg, when part of incident energy of electron is
used in liberating the electrons from the surface of
metal.

Question 4. Consider the figure given below.

Suppose the voltage applied to A is increased. The diffracted beam will have the maximum
at a value of 0 that (a) will be larger than the earlier value

(b) will be the same as the earlier value

(c) will be less than the earlier value

(d) will depend on the target
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Solution: (¢)

Key concept: Davision and Germer Experiment:

1. It is used to study the scattering of electron from a solid or to verify the wave nature of electron.
A beam of electrons emitted by an . electron gun is made to fall on nickel crystal cut along cubical
axis at a particular angle. Ni crystal behaves like a three dimensional diffraction grating and it
diffracts the electron beam obtained from electron gun.

| F] Electron gun

Incident beam
of electrons

2. The diffracted beam of electrons is received by the detector which can be positioned at any
angle by rotating it .about the point of incidence. The energy of the incideni beam of electrons can
also be varied by changing the applied voltage to the electron gun.

According to classical physics, the intensity of scattered beam of electrons at all scattering angle
will be same but Davisson and Germer found that the intensity of scattered beam of electrons was
not the same but different at different angles of scattering. It is maximum for diffracting angle 50°
at 54 volt potential difference.

3. If the de-Broglie waves exist for electrons then these should be diffracted as X-rays. Using the
Bragg'’s formula 2d sinB = nA, we can determine the wavelength of these waves.

The de-Broglie wavelength associated with electron is where V is the applied voltage.

Using the Bragg’s formula we can determine the wavelength of these waves. If there is a maxima
of the, diffracted electrons at an angle 6, then

2d sin 6 = A (ii)

From Eq. (i), we note that if V is inversely proportional to the wavelength A. i.e., V will increase with
the decrease, in A.

From Eq. (ii), we note that wavelength A is directly proportional to sin@ and hence 6.

So, with the decrease in A, 6 will also decrease.
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Thus, when the voltage applied to A is increased. The diffracted beam will have the maximum at a
value of 6 that will be less than the earlier value.
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4. A proton, a neutron, an electron and an a-particle have same energy. Then, their de-Broglie
wavelengths compare as

The de-Broglie wavelength associated with electron is

A=12274 . i)

N

where V' is the applied volhage.
Using the Bragg’s formula we can determine the wavelength of these waves.
If there is a maxima of the, diffracted electrons at an angle 6, then

2dsin 8= A A1)
From Eq. (i), we note that if ¥ is inversely proportional to the wavelength A.
i.e., ¥ will increase with the decreasean A
From Eq. (ii), we note that wavelength 4 is directly proportional to sin & and
hence 6.
So, with the decrease in A, 8 will also decrease.
Thus, when the voltage applied to 4 is increased. The diffracted beam will
have the maximum at a value of @ that will be less than the earlier value.

Question 5. A proton, a neutron, an electron and an a-particle have same energy. Then, their
de-Broglie wavelengths compare as (a) Ap = An>Ae >Aq (D) Ag <Ap=An>Ae

(€) Ae<Ap=An>A; (d)Ae=Ap=An=A4

Solution: (b)

Key concept:

e Matter Waves (de-Broglie Waves)

According to de-Broglie a moving material particle sometimes acts as a wave and sometimes as a



particle.
+ de-Broglie wavelength: According to de-Broglie theory,-the wave-
length of de-Broglie wave is given by
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Where /i = Plank’s constant, m = Mass of the parucle, v = Speed of the
particle, E = Energy of the particle.

The smallest wavelength whose measurement is possible is that of
yrays.
The wavelength of mauer waves associated with the microscopic
particles like electron, proton, neutron, a-particle etc. is of the order
of 10 m,

We conclude from above that the relation between de-Broglie wavelength 4
and kinetic energy K of the particle i1s given by
h
2mK )
Here, for the gw:ﬂ value of energy K, NiT3 15 @ constant.
Thus, = Aec—m
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Comparing wavelength of proton and neutron, m, = m,, hence A, = A,

As, m, > m, therefore 4, < 4,
As, m, > m, therefore 4, < 4,

Hence, A,<4,=4,<4.

Question 6. An electron is moving with an initial velocity v = vyi and is in a magnetic field B
= Boj. Then, its de-Broglie wavelength

(a) remains constant

(b) increases with time

(c) decreases with time

(d) increases and decreases periodically

Solution: (a)

Key concept: If a particle is carrying a positive charge g and moving with a velocity v enters a
magnetic field .5 then it experiences a force F which is given by the expression

F=q(vxB)=%F =qvB sin 6. As this force is perpendicular to v and B , so the magnitude of v will



not change, i.e. momentum (p = mv) will remain constant in magnitude. Hence,
According to the problem, ¥ = vyiand B = Bj
Magnetic force on moving electron = —e[vyi X Byj] = = —ev,Bok
B,
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As this force is perpendicular to Vv and B, so the magnitude of v will not
change, i.e. momentum (p = mv) will remain constant in magnitude. Hence,

: h :
de-Broglie wavelength A =—— remains constant.
mv

Question 7. An electron (mass m) with an initial velocity v = vgi(vg > 0) is in an electric field E
=E,i (Eq = constant > 0). Its de-Broglie wavelength at time t is given by

(a) ._;I.'U_ (b) ,]_0[1+'E£_01:|
[Hﬂi] . mvy
_ m v o
() A ' (d) Ayt
Solution: (a)

Key concept: The wave associated with moving particle is called matter wave or de-Broglie wave
and it propagates in the form of wave packets with group velocity. According to de-Broglie theory,
the wavelength of de- Broglie wave is given by



h h

lA:—:—':

h
P my 2mE

As initial velocity of the electron is v,i , the initial de-Broglie wavelength of
electron,

A,f.=i ()
myv,

Electrostatic force on electron in electric field is,
F.=-eE= —e[-EuE] = eEuE

EEIJ]

m

Acceleration of electron, a =

2™

Velocity of the electron after time 7,

- i E, \-
v= vﬂi +[ﬂJI=(v“+EJIJ1
m m

Question 8. An electron (mass m) with an initial velocity v =vgi is in an electric field

o h . o
E<E,j. It A4,= o its de-Broglie wavelength at time ¢ is given by
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Solution: (c) According to the problem de-Broglie wavelength of electron at time t=0.
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Electrostatic force on electron in electric field is
F,=—¢E =—¢E,j

. . F ek, ~
The acceleration of electron, d =— 9
m

m
It is acting along negative y-axis.
The initial velocity of electron along x-axis, v, =v;l.

This component of velocity will remain constant as there is no force on
electron in this direction.

Now considering y-direction. Initial velocity of electron along y-axis, v, = 0.

Velocity of electron after time ¢ dlong y-axis,
ek, - 2 P
v, =0+ (—JJJI = ——1;
- m m

Magnitude of velocity of clectron after time ¢ is

e Ejt
= =Vl +—=-
m-v
. , h
de-Broglie wavelength, A"=—
mv
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e £yt e kgt
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m-vg mv

One or More Than One Correct Answer Type

Question 9. Relativistic corrections become necessary when the expression for the kinetic
energy 1/2 mv2 , becomes comparable with mc2. where m is the mass of the

particle. At what de-Broglie wavelength, will relativistic corrections become important for an
electron?

(a) A=10nm (b) A =10"' nm (c) A=10"* nm (d) A=10% nm

Solution: (c, d)

Key concept: De-Brogile or matter wave is independent of die charge on the material particle. It
means, matter wave of de-Broglie wave is associated with every moving particle (whether
charged or uncharged).

The de-Broglie wavelength at which relativistic corrections become important that the phase
velocity of the matter waves can be greater than the speed of the light (3 x 108 m/s).

The wavelength of de-Broglie wave is given by

A =h/p =h/mv

Here, h = 6.6 x 103 Js

and for electron, m = 9 x 10731 kg



To approach these types of problem we use hit and trial method by picking up each option one by
one.

In option (a), 4, =10nm =10x 10" m=10"m
L 66x107"
" ex107 ) %107

=2—3'2-><m-‘=105nﬁs

In option (b), 4, = 10" nm = 10" x 10 m=10""m
_ 66x107Y

| - 9x10°) %107
In option (¢). A; = 100 mm=10%*%10"m=10"m

= v =107 m/s

6.6x107
= W= - =3
. 9x107)x10 :
In option (d), A, = 10 nm=10°x10°m=10""m
_ 6.6x107
9x107°") %107

Thus. options (c¢) and (d) are correct as v, and v, is greater than 3 x 10* m/s.

=10"" m/s

= v, =10" m/s

Question 10. Two particles A; and A, of masses m; , m, ( m;> m,) have the same de-Broglie
wavelength. Then,

(a) their momenta are the same (b) their energies are the same

(c) energy of A, is less than the energy of A,

(d) energy of A, is more than the energy of A,

Solution: (a. ¢)
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We know that de-Broglie wavelength A =—
my

where, mv = p (momentum) of the particle
. N

, h
=> But we can express wavelength A=—= p=—
Here. 4 is Planck constant. A

Hence, pml=ﬂ=£
A py A

But particles have the same de-Broglie wavelength. (4, = 4,)= 4

Then. 2iot_imp=p,
p. A

Thus, their momenta 15 same.

Also, E=smi=sm??
2 2 m
_1m: _1p7
2 m  2m
As p is constant, FE e< L
m
£ =21 E < E,
E, m
Imp-urtnnt points:

Some important characteristics of Matter Waves:

1. Matter wave represents the probability of finding a pam-::I¢ in space.

2. Matter waves are not electromagnetic in nature.

3. de-Brogile or matter wave is independent of the charge on the
material particle. It means, matter wave of de-Broglie wave
is associated with every moving particle (whether charged or

- uncharged).

4. Practical observation of matter waves is possnble only when the de-
Broglie wavelength is of the order of the size of the particles.

5. Electron microscope works on the basis of de-Broglie waves.

6. The phase velocity of the matter waves can be greater ﬂlan the

speed of the light. .

7. Matter waves can propagate in vacuum, hence they are not
mechanical waves.

8. The number of de-Bmghe waves associated with n ﬂ;hrtal electron
is n.

*9. Only those circular orbits around the nuclmm are stable whose
circumference is integral multiple of de-Broglie wavelength
associated with the orbital electron.

Question 11. De-Broglie wavelength associated with uncharged particles: For Neutron efe-
Broglie wavelength is given as ve=c/100.Then

E iy i
@ Ze=10% ®) Z£=107 (o) Pe=10? (@ P10
E, E, m,c m,c

Solution:(b,c)



Key concept: De-Broglie wavelength associated with the charged particles:
The r.nergy of a charged pm—tmle mlerated through pntentml d1ﬂ‘er=m:e 4

mv2=ql"

. h h h
Hence de-Brogllc wavelength 1 =—= =
| p N2mE [2mqV
1227 0286 ,
A,
Atectron = 7 Aproton = _J__
0.202 0!01

ﬂﬂeumn T‘A Aa-pumcle "T
De-Broglie wavelength associated with unc}mrgved parncfes For Neurmn '
de-Broglie wavelength is given as

0.286x10" = 0.286

A
Arieuson = .,}'E[me‘u’] JE{ineV}
Energy of thermal neutrons at ordinary temperature

w E=kT= A=

h
m ; where T = Absolute temperature,

k = Boltzman's constant = 1.38 x 107> Joule/kelvin
6.62 %107 30.83

So, Ahermal neutron = =—=A
2x167x107 x1.38x105T T

Mass of electron = m,, Mass of photon = m
Velocity of electron is equal to velocity of proton which are v, and v,
respectively.

h

m,v,

de-Broglie wavelength for electron, A, =

h 1004
= A= ...(1)
m,(c/100) m.c

[

Kinetic energy of electron, E, = %m v

-

= my,= ﬁﬂ El,mr

So, A4,= A = h
m.v, 2mE,
h? ‘

...(ii)



The wavelength of proton is 4., and having an energy is
he ke
E=1 " ;, [ 4,=24,]

P

Ep [ ke | 22em,
E, (24, )\ &
_Amge 100k myc
h m.c h

=100

3 =1 n—I

E, 100

For electron, p, = m,v,=m, % ¢/100

So, i:Lzm 2

m.c 100
Important poeint:
Ratio of wavelength of photon and electron: The waveiength of a photon of

h
energy £ is given by 4, = Ec‘

L ]

h
. * : - K' 4 = \
_Win]tﬂnmlmgihafmelmmnfkmcmmgy is given by 4, N3

A 2mc*K
Therefore, for the same energy. the ratio ; - =%~J 2mK = ":;

(4

Question 12. Photons absorbed in a matter are converted to heat. A source emitting v
photon/sec of frequency v is used to convert 1 kg of ice at 0°C to water at 0°C. Then, the
time T taken for the conversion

(a) decreases with increasing n. with v fixed

(b) decreases with n fixed, v increasing

(c) remains constant with n and v changing such that nv = constant

(d) increases when the product nv increases



Solution: (a, b. ¢).
We know that energy spent to convert ice into water
E. .. = Mass X latent heat

E = mlL = (1000 g) % (80 cal'g)

E = 80000 cal
Energy of photons used = nT x E= nT x hv [~ E=hv]
So. nThv=mL=T= "L
mnhv

1
T == — . when v 15 constant.
"

Thus, time taken for corfversion decreases with increasing n, with v kept
constant.

1 . .
T == — . when n remains constant.
¥

Thus. time taken for conversion decreases with increasing v. with » kept
constant.

1
-:_ Tg; —
nv

Thus. time taken for conversion decreases with increase in product of »v and
T is constant. if #v is constant.

Question 13. A particle moves in a closed orbit around the origin, due to a force which is
directed towards the origin. The de-BrOglie wavelength of the particle varies cyclically
between two values A4, A, with Aq> A, Which of the following statements are true?

(a) The particle could be moving in a circular orbit with origin as centre

(b) The particle could be moving in an elliptic orbit with origin as its focus

(c) When the de-Broglie wavetength is A4 the particle is nearer the origin than when its value
is A,

(d) When the de-Broglie wavelength is A, the particle is nearer the origin than when its value
is )\1



Solution:
(b, d) According to the question, here given
that the de-Broglie wavelength of the particle
can be varying cyclically between two values 4,
and A,, it is possible if particle is moving in an
elliptical orbit with origin as its one focus.
As shown in the figure given alongside,

Let v; and v, be the speed of particle at 4 and B respectively and origin is at
focus O. If A, and A, are the de-Broglie wavelengths associated with particle
while moving at 4 and B respectively, then

_h .
I'?Ivl
and A= i
mv,
A_w
Ay
Since A, 4,
; Ve =¥

By law of conservation of angular momentum, the particle moves faster when
it is closer to focus. '
From figure, we note that origin O is closed to P than A.

Very Short Answer Type Questions

Question 14. Aproton and an a-particle are accelerated, using the same potential difference.
How are the de-Broglie wavelengths A, and A, related to each other?
Solution:



Key concept: Hence de-Bmglic wavelength:

J'I.————T-w Tm

In this problem since both proton and a-particle are accelerated thmugh same
potential difference,

h

J2mgv

We know that, A=

Ao

N

ﬁz‘.{maqa 3 4mp:=<2.~? _;J}E

Ay  myq, m,X e
A, =82,

1.e., wavelength of proton is J8 times wavelength of a-particle.

Important point: : ;
De-Broglie wavelength msacmmd with the charged pamc!es ' The
energ:,r of a charged parncle acmiemted thruugh potential difference V' is

= -mvz =gV _
Hem::e da-Bmghe wavelengm A=—= 7“ T_
2mgV
- 12.2'? [l 286
0. 202 ﬁ 101

‘;'Mm "T‘A‘ ‘;'u mch_T'A

Question 15. (i) In the explanation of photoeletric effect, we assume one photon of
frequency v collides with an electron and transfers its energy. This leads . to the equation
for the maximum energy E,.x of the emitted electron as E,,x = hv — ¢

where ¢ is the work function of the metal. If an electron absorbs 2 photons (each of
frequency v), what will be the maximum energy for the emitted electron?

(if) Why is this fact (two photon absorption) not taken into consideration in our discussion
of the stopping potential?

Solution:



Key concept: Einstein’s photoelectric equation: According to Einstein,
photoelectric effect is the result of one to one inelastic collision between
photon and electron in which photon is completely absorbed.

E=hvy - E=hy

Einstein’s photoelectric equation is E= Wy + K.

et 1 : : e,
where K, ™3 —mya, = maximum kinetic cnﬁrgy of emitted electrons.

And W. -Wm*k function (or threshold mcrg}'}

0 = hvy = *E Jnulﬁ. Vg = Thrcshald frequency and A; = threshold
wavelength

(i) According to the question, an electron absorbs the energy of two photons
each of frequency v then v = 2v where V' is the frequency of emitted
electron.

Here, E .. .=hv—¢, |
Thus, maximum energy for emitted electrons is -
= h(2v) - ¢y = 2hv - @, :

(ii) The pmbabllll‘}’ of absorbing two photons by the same electmn is very

low. Hence, such emission will be negligible.

Question 16. There are materials which absorb photons of shorter wavelength and emit
photons of longer wavelength. Can there be stable substances which absorb photons of
larger wavelength and emit light of shorter wavelength?

Solution: In the first case, when the materials which absorb photons of shorter wavelength has
the energy of the incident photon on the material is high and the energy of emitted photon is low
when it has a longer wavelength or in short we can say that energy given out is less than the
energy supplied.

But in second case, the energy of the incident photon is low for the substances which has to
absorb photons of larger wavelength and energy of emitted photon is high to emit light Of shorter
wavelength. This means in this statement material has to supply the energy for the emission of
photons.

But this is not possible for a stable substances.

Question 17. Do all the electrons that absorb a photon come out as photo electrons?
Solution:

Key concept: Photo-Electric Effect:

The photo-electtic effect is the emission of electrons (called photo-electrons when light strikes a
surface. To escape from the surface, the electron must absorb enough energy from the incident
radiation to overcome the attraction of positive ions in the material of the surface.

The photoelectric effect is based on the principle of conservation of energy.

1. Two conducting electrodes, the anode (Q) and cathode (P) are enclosed in an evacuated glass
tube as shown on next page.

2. The battery or other source of potential difference creates an electric field in the direction from



anode to cathode.
3. Light of certain wavelength or frequency falling on the surface of cathode causes a current in

the external circuit called photoelectric current.
4. As potential difference increases, photoelectric current also increases till saturation is reached.

Light
Radiations _ /
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5. When polarity of battery is reversed (i.e., plate O is at negative
potential w.r.t. plate P) electrons start moving back towards the
cathode. :

6. Ataparticular negative potential of plate O no electron will reach the

~ plate O and the current will become zero. This negative potential is
called stopping potential denoted by ¥;;. Maximum kinetic energy
of photo electrons in terms of stopping potential will therefore be
Kman = {I Vﬂr} eV

So we conclude that in photoelectric effect, we can observe that most electrons
get scattered into the. metal by absorbing a photon.

Therefore, all the electrons that absorb a photon doesn’t come out as
photoelectron. Only a few come out of metal whose energy becomes greater -
than the work function of metal.

Question 18. There are two sources of light, each emitting with a power of 100 W. One emits
X-rays of wavelength 1 nm and the other visible light at 500 nm. Find the ratio of number of
photons of X-rays to the photons of visible light of the given wavelength.

Solution:

Key concept: X-Rays:

1. X-rays were discovered by scientist Roentgen that is why they are also called Roentgen rays.
2. Roentgen discovered that when pressure inside a discharge tube is kept 10“3 mm of Hg and
potential difference is kept 25 kV, then some unknown radiations (X-rays) are emitted by anode.
3. There are three essential requirements for the production of X-rays.

(i) A source of electron

(i) An arrangement to accelerate the electrons

(iii) A target of suitable material of high atomic weight and high melting point on which these high



speed electrons strike.
Here in this problem total energy avill be constant. :
‘Let us assume wavelength of X-rays is 4, and the wavelength of visible light
is A,
Given, P=100W
A, =1nm
and A, =500 nm
Let n, and n, be the number of photons of X-rays and visible light emitted
from the two sources per sec.

Su}, £=P*—'ﬂ|'h_c—n2h_c
AT
m_n
= —L=—=
A Ay
mo_A_ 1
= n o 2y 500

Important point: The wavelength of characteristic X-ray doesn’t depend
on accelerating voltage. It depends on the atomic number (£) of the target
material. In charactenistic X-ray spectrum Ag, < A, 5 < Aygand vy, < v, <
Vita: Als0 Ay < Ayp < Ay,

Question 19. Consider a metal exposed to light of wavelength 600 nm. The maximum energy

of the electron doubles when light of wavelength 400 nm is used. Find the work function in
eV.

Solution:The momentum of incident photon is transferred to the metal ,during photo electric
emission.

At microscopic level ,atoms of a metal absorb the photon and its momentum is transferred mainly
to the nucleus and electrons.The excited electron is emitted.Therefore,the conservation of

momentum is to be considered as the momentum of incident photon transferred to the nucleus
and electron.

Question 20.Consider a metal exposed to light the wavelength of 600 nm. The maximum
energy of electron doubles when light of wavelength 400 nm is used.Find the work function



in eV?

Solution:
Key concept: Work function (or threshold energy) (Wy): The minimum
energy of incident radiation required to eject the electrons from metallic
surface is defined as wark function of that surface.

he
Wy=hvy= *i; Joules; v, = Threshold frequency;

A, = Threshold wavelength

. ke 12375
Work function in electron volt, Wy(eV) # i: %

Einstein’s photoelectric equation is £ = Wy + K,
Maximum energy = hv— ¢

According to the problem for first condition wavelength of light A = 600 nm
and for the second condition, wavelength of light A" = 400 nm

~ Also, maximum kinetic energy for the second condition is equal to the
twice of the kinetic energy in first condition.

ie., K. =2K ..

he
th K ===
cn - ﬂ,
= ZKmax_ﬁi:_%
. A

1230 1230
2 —_— =] —— - . =

= [6[]0 ¢J [4uu- lp} [ he = 1240 eV nm)|
= ¢£@=1.02&V
. 1230

¥

Question 21. Assuming an electron is confined to a 1 nm wide region, find the uncertainty in
momentum using Heisenberg uncertainty principle (Ax xAp=h). You can assume the
uncertainty in position Ax as 1 nm. Assuming p = Ap, find the energy of the electron in
electron volts.

Solution:



In this problem, Ax = 1 nm = 10" m, we have to find Ap. As we know Ax - Ap
=h

h h
Therefore, =
4 Ax  2mAx

_ 6.62x107Js
T 2% (22/7(107°)m
=1.05x10"" kg m/s
P _(tp)
2m 2m
_(1.05x107%5)?
T 2x%9.1x107!

Energy, [ p=Ap]

1.05 %1072y
= ( T ) —mev
2x91x107 " x1.6x10
=38x102%eV

Question 22. Two monochromatic beams A and B of equal intensity |, hit a screen. The
number of photons hitting the screen by beam A is twice that by beam B. Then, what
inference can you make about their frequencies?



Solution:
Key concept: Effect of intensity: 1f the intensity of hght is increased
(while its frequency is kept the same) the current levels off at a higher
value, showing that more electrons are being emitted per unit time. But the
stopping potential ¥, doesn’t change, i.¢.
Intensity o< no. of incident photon = no. of emmed-phomelectmn per
time = photo current.

o j'T“
v = constant et H
L I
"-'Fu (@) s e .'":

Effevt of frequency: If frequency of incident light increases, (keeping'
intensity constant) stopping potential increases but their is no change in
photoeleciric current.

v >V

.
Lt

Voa ~Vu ﬂl . V—s>

Let us assume n, is the number of photons falling per second of beam 4 and
ny is the number of photons falling per second of beam B.

And it is given that the number of photons hitting the screen by beam A is
twice that by beam B. n, = 2nj
Energy of falling photon of beam 4 = hv,
Energy of falling photon of beam B = Avy
Now, according to question, intensity of 4 is equal to intensity of B.
Therefore, I=ngw, = ngvg
N Va_mp_mp _1

vg ng, 2ng 2

= vg=2v,

Question 23. Two particles A and B of de-Broglie wavelengths A, and combine to form a
particle C. The process conserves momentum. Find the de-Broglie wavelength of the
particle C. (The motion is one-dimensional)



Solution:
By the law of conservation of momentum,

lodl = P4l + [Pl

Let us first take-the case | when both p, and p, are positive,
, A A
then =—4"F
A Ayt Ag
In second case when both p, and p; are negative,
A A
then —_ATE
A Ay+ Ag
In case Il when p, = 0, pp <0 i.e., p,4 is positive and py is negative,
h h h_ (g=A)h

[ P W

_ _Aiky
RO Wy
And in case IV when p, <0, pg = 0, i.e., p, 1s negative and py 1s positive.
N kR R
T P
- (A~ Ag)h _ AuAy

' Ashy = A= Ayg— Ay

Question 24. A neutron beam of energy E scatters from atoms on a surface with a spacing d
= 0.1 nm. The first maximum intensity in the reflected beam occurs at 8= 30°. What is the
kinetic energy E of the beam in eV?

Solution:



By the law of conservation of momentum,

el = P4l + |psl
Let us first take-the case | when both p , and pj are positive,
LAy

then =
& Ayt Ag
In second case when both p, and pg are negative,

1A
th — AR
en A Lo+ Ag

In case ll when p, = 0, pp <0 i.e., p, is positive and py is negative,
h _h  h _(Ag—Ah-

he Ay Ay Ay

_ _MaAp
= TR,
And in case IV when p, <0, p; = 0, i.e., p, 1s negative and p is positive.
s A _chh
e Ay A
= = . S
=, A, o TiCa
2.2 2 e
Now, KE:lmvz=lm v =lp_
2 2 m 2m

~24.2
=lx{ﬁ.62xm_ﬂ} J
2 1.67 =10

=0.21eV

Long Answer Type Questions

Question 25. Consider a thin target (102 cm square, 103 m thickness) of sodium, which
produces a photocurrent of 100 pyA when a light of intensity 100 W/m? (A = 660 nm) falls on
it. Find the probability that a photoelectron is produced when a photon strikes a sodium
atom. [Take density of Na = 0.97 kg/m?]

Solution:



According to the problem, area of the target A = 10~ em® = 10~ m’
And thickness, d= 10" m
Photo current, i = 100 x 10°A=10"*A
Intensity, 1= 100 W/m®
= A =660 nm =660 x 10 " m
Pr, = 0.97 kg/m®

Avogadro's number = 6 x 10%°

kg atom
Volume of sodium target = A x d
. =10 % 107
= =107 m’
We know that 6 x 10°® atoms of sodium weighs = 23 kg
Density of sodium = 0.97 kg/m’

. . 23
Hence the, volume of 6 x 19° sodium atoms = ——m’

0.97
Volume occupied by one sodium atom. = 2 =3.95x107*m’
0.97x(6x10%)
Number of sodium atoms in target (N ) = L =2.53x10'®
B Psodiom) =395 102

Let n be the number of photons falling per second on the target.
Energy of each photon = hc/A

nhe _

Total energy falling per second on target = - " 1A
TAA
n=——
he
4 -9 .
100107 % (660 x 10 } 3.3% 1018

T (6.62x107%) x (3x10%)

Let P be the probability of emission per atom per photon.
The number of photoelectrons emitted per second
N=Pxnx {Nmmm_} o
=P x (33 x 10"%) x (2.53 x m“‘)
Now, according to question,
i=100 MA=100x 10°=10"*A

Current, i= Ne
107 =Px(3.3x 10" % (2.53x 10" x (1.6 x 107"%)
- _ 107
(3.3%10') % (2.53%10'%) x (1.6 x 107"?)
- =748x107%

Then, the probability of photoemission by a single photon on a single atom is
very much less than 1. Because, the absorption of two photons by an atom is

negligible.

Question 26. Consider an electron in front of metallic surface of a distance d.Assume the
force of attraction by the plate is given as . Calculate work in taking the to an infinite
distance from the plate .Taking d=0.1 nm. find the work done in electron volts?



Solution:
Consider the figure in which an electron is displaced slowly by a distance x

by the means of an external force which is,
2

) F: q . ¢ X .3
4 % 4;-mna.'i :

where, d=01nm=10"m
Let the electron be at distance x from metallic
surface. Then, force of attraction on it is

c4 >

]
2 - d=0.] nm
-9
Y 4xdneyd?
Work done by external agency in tak.mg the electron from distance d to
infinity is
2
W= Fax=[ 4% L
d d 4 % dng, x*
__4q¢ 1
4xdne, | d
(1.6x107"%)? x 9 x 10°
= — I
- 4x10

_ (1.6x107"7)* x (9 x10%)

= =36eV
(4x107'%)x (1.6 x107%)

Question 27. A student performs an experiment on photoelectric effect, using two materials
A and B. A plot of Vg, versus v is given in figure.

Veoph .
(V)

3

25

2

L5

1

! 1
510 10x 10 15 x 104
Frequency (Hz)

(i) Which material A4 or B has a higher work function?

(i) Given the electric charge of an electron= 16 % 10~ 1% C, find the value of
h obtained from the experiment for both 4 and B.
Comment on whether it is consistent with Einstein’s theory.

Solution:



Key concept: Threshold frequency (ng) : The minimum frequency of
incident radiations required to eject the e:lectmn ﬁmn nmtnl mrface is
defined as threshold frequency. :
If mldeut froquency n<ny= No photualactmn emismnn s
Fartm}stmeta!sthe threshold ﬁ'ﬁpmmy is Inﬂ!mﬂtravmlet {mondmg
Iﬂ W;IVE]E!‘]EEI‘]S between 200 and 300 nm), but for potassium and cesium
oxides it is in the visible spectrum (A between 400 and 700 nm).

Here we are given threshold frequency of 4
v =5x 10" Hz and

For B, vog=10x 10" Hz
We know that :
Work function, @ = hv,or @= v,
= % oo ',JI]
14

So, 0oy _ 5x10%

O 10x10
= P04 < Pos
Thus, work function of B is higher than A.

. h 2
(ii) Fjor metal 4, slope = ; = m

2¢e 2x1.6x107"

or -
T5x10% s5x10°
=64%x107)s
For metal B, slope = b _'—-2’5—14
e (15-10)10
25xe 25x1.6x107"°
or h= =
5x 10" sx 10

=8x10""Js
Since, the value of & from experiment for metals 4 and B is different.
Hence, experiment.is not consistent with theory. '

Question 28. A particle A with a mass mp is moving with a velocity v and hits a particle B
(mass mp) at rest (one dimensional motion). Find the change in the de-Broglie wavelength
of the particle A. Treat the collision as elastic.



Solution:

The laws of conservation of momentum and kinetic energy are obeyed

because the collision is elastic.

By the law of conservation of momentum,
my +mg 0 =m,v, +mgy,

= my(v—v)) = mgv,

And the law of consefvation of energy.

1 1 1
—msz =—m,,vf‘+-mb.v§
2 2

2
T
= m (v’ =)= mgv3
= md{v—vk}{v+v|j=m3u-_,2

Dividing Eq. (ii) by Eq. (i),
weget vy =w0rv=v, -y
Selving Eqgs. (1) and (ii1), we get

my—m 2m
vy=|—4—=& lvand v, =| —4— |v
my+mg m,+ mg

h :
Ainihal =
m v
h h(m , + mg )
Aging = =

mayvy  my(my—=mg)v

AL = Agingt = Aipitial = " {m_‘ 8 l]

Question 29. Consider a 20 W bulb emitting light of wavelength 5000 A and shining on a
metal surface kept at a distance 2 m. Assume that the metal surface has work function of 2
eV and that each atom on the metal surface can be treated as a circular disk of radius 1.5 A.
(i) Estimate number of photons emitted by the bulb per second. [Assume no other losses]

(ii) Will there be photoelectric emission?

(iii) How much time would be required by the atomic disk to receive energy equal to work

function (2 eV)?

(iv) How many photons would atomic disk receive within time duration calculated in (iii)

above?

(v) Can you explain how photoelectric effect was observed instantaneously?

Solution:

vf(1)

..-(1i)

.(1ii)



According to the problem, 2 =20 W, 1 = 5000 A = 5000 x 10°'* m, distance
(d) =2 m, work function @, =2 eV, radius 7= 1.5A=1.5x 10" m

Now, Number of photon emitted by bulb per second, n’ = %
H : H ’ ,P Pl
(i) Number of photon emitted by bulb per second is #n'=——="—
he/A  he

_ 20 (5000%107'7)
(6.62 x 107"y x (3x10%)
= n =5x10"/sec
(ii) Energy of the incident photon
-34 8
_he __(662x10°HGx10H o o

A 5000%10"x1.6x107"°

As this energy is greater than 2 eV (ie.,
work function of metal surface), hence
photoelectric emission takes place. P
(iii) Let A7 be the time spent in getting the energy
¢ = (work function of metal).
Consider the figure, if P is the power of source then energy recieved by
atomic disc

- P 3
wr A=
ard? %
42
. pr= Y00
Pr

_4x(Ex1.6x107"7)x2?
20% (1.5x107"")

(iv) Number of photons received by dtomic disc in time At is

=28.4s

n' % mr’
4rrd’
n'riAt
Mz
_G6x 10%) % (1.5x107'%)? % 28.4 -
4 x (2

N= *® At

2

Now let us discuss the last part in detail. As time of emission of electrons
is 11.04 s. ' _
Hence, inthis-problem, the photoelectric emission is not instantaneous.
(v) In photoelectric emission, there is an collision between incident photon
and free electron of the metal surface, which lasts for very very short
interval of time (= 107 s), hence we say photoelectric emission is
instantaneous.



