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Maharashtra Board Solutions Class 12 Physics: Chapter
14- Dual Nature of Radiation and Matter

Maharashtra Board 12th Physics Chapter 14, Class 12 Physics Chapter 14 solutions
1. Choose the correct answer.

i) A photocell is used to automatically switch on the street lights in the evening
when the sunlight is low in intensity. Thus it has to work with visible light. The
material of the cathode of the photocell is

(A) zinc

(B) aluminum
(C) nickel

(D) potassium
Answer:

(D) potassium

ii) Polychromatic (containing many different frequencies) radiation is used in an
experiment on the photoelectric effect. The stopping potential

(A) will depend on the average wavelength
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(B) will depend on the longest wavelength
(C) will depend on the shortest wavelength
(D) does not depend on the wavelength
Answer:

(C) will depend on the shortest wavelength

iii) An electron, a proton, an a-particle and a hydrogen atom are moving with the
same kinetic energy. The associated de Broglie wavelength will be longest for

(A) electron

(B) proton

(C) a-particle

(D) hydrogen atom
Answer:

(A) electron

iv) If Ngeq and Ng,. are the number of photons emitted by the respective sources
of equal power and equal dimensions in unit time, then

(A) Nrea < Nae
(B) Nrea = Naje
(C) Nred > Naie
(D) Nres = Naie
Answer:

(C) Nres > Nie

v) The equation E = pc is valid
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(A) for all sub-atomic particles

(B) is valid for an electron but not for a photon
(C) is valid for a photon but not for an electron
(D) is valid for both an electron and a photon
Answer:

(C) is valid for a photon but not for an electron
2. Answer in brief.

i) What is photoelectric effect?

Answer:

The phenomenon of emission of electrons from a metal surface when electromagnetic
radiation of appropriate frequency is incident on it is known as photoelectric effect.

ii) Can microwaves be used in the experiment on photoelectric effect?
Answer:

No

iii) Is it always possible to see photoelectric effect with red light?
Answer:

No

iv) Using the values of work function given in Table 14.1, tell which metal will
require the highest frequency of incident radiation to generate photocurrent.
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Metal Work function (in eV)
Potassium 23
B Sodium 2.4
Calcium 2.9
Zinc 3.6
Silver“ - 4.3
Aluminium 4.3
Tungsten | 4.5
| Copper 47
_J!'--mNickel 5.0
' Gold 51
Answer:
Gold.

[ Note : W, = hv,, where h is Planck’s constant. The larger the work function (W,), the
higher is the threshold frequency (v). ]

v) What do you understand by the term wave-particle duality? Where does it
apply?

Answer:

Depending upon experimental conditions or structure of matter, electromagnetic
radiation and material particles exhibit wave nature or particle nature. This is known as
wave-particle duality.

It applies to all phenomena. The wave nature and particle nature are liked by the de
Broglie relation A = h/p, where A is the wavelength of matter waves, also called de
Broglie waves / Schrodinger waves, p is the magnitude of the momentum of a particle or
quantum of radiation and h is the universal constant called Planck’s constant.
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[Note : It is the smallness of h (= 6.63 x 1034 J-s) that is very significant in wave-particle
duality.]

Question 3.

Explain the inverse linear dependence of stopping potential on the incident
wavelength in a photoelectric effect experiment.

Answer:

We have Vye = hch — ®, where V, is the stopping potential, e is the magnitude of the
charge on the electron, h is Planck’s constant, c is the speed of light in free space, A is
the wavelength of the electromagnetic radiation incident on a metal surface and ® is the
work function for the metal, h, ¢ and e are constants. ® is constant for a particular
metal.

Hence, it follows that as 1A increases, V, increases.

The plot of V, verses 1A is linear. This is because the energy associated with a quantum
of radiation (photon) is directly proportional to the frequency of radiation and hence
inversely proportional to the wavelength of radiation.

Question 4.

It is observed in an experiment on photoelectric effect that an increase in the
intensity of the incident radiation does not change the maximum kinetic energy of
the electrons. Where does the extra energy of the incident radiation go? Is it lost?
State your answer with explanatory reasoning.

Answer:

When electromagnetic radiation with frequency greater than the threshold frequency is
incident on a metal surface, there is emission of electrons. It is observed that not every
incident photon is effective in liberating an electron. In fact, the number of electrons
emitted per second is far less than the number of photons incident per second. The
photons that are not effective in liberation of electrons are reflected (or scattered) or
absorbed resulting in rise in the temperature of the metal surface. The maximum kinetic
energy of a photoelectron depends on the frequency of the incident radiation and the
threshold frequency for the metal. It has nothing to do with the intensity of the incident
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radiation. The increase in intensity results in increase in the number of electrons emitted
per second.

Question 5.

Explain what do you understand by the de Broglie wavelength of an electron. Will
an electron at rest have an associated de Broglie wavelength? Justify your
answer.

Answer:

Under certain conditions an electron exhibits wave nature. Waves associated with a
moving electron are called matter waves or de Broglie waves or- Schrodinger waves.
The de Broglie wavelength of these matter waves is given by X = h/p, where h is
Planck’s constant and p is the magnitude of the momentum of the electron.

If an electron is at rest, its momentum would be zero, and hence the corresponding de
Broglie wavelength would be infinite indicating absence of a matter wave. However,
according to quantum mechanics/wave mechanics, this is not possible.

Question 6.
State the importance of Davisson and Germer experiment.
Answer:

The Davisson and Germer experiment directly indicated the wave nature of material
particles and quantitatively verified the de Broglie hypothesis for the existence of matter
waves.

[Note : The aim of the experiment was not to verify wave like properties of electrons.
The realisation came only later, an example of serendipity.]

[Note : Like X-rays, electrons exhibit wave nature under suitable conditions. When the
wavelength of matter waves associated with moving electrons is comparable to the
inter-atomic spacing in a crystal, electrons show diffraction effects. In 1927, Sir George
Thomson (1892 — 1975), British physicist, with his student Alex Reid, observed electron
diffraction with a metal foil. It is found that neutrons, atoms, molecules, CE-particles, etc.
show wave nature under suitable conditions.]
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Question 7.

What will be the energy of each photon in monochromatic light of frequency 5 x
10" Hz?

Answer:

Data:y =5 x 10" Hz, h = 6.63 x 1034 Js,
1eV=1.6 x 107 J

The energy of each photon,

E =hv=(6.63 x 107 J.s)(5 x 10" Hz)
=3.315x10"J

= 3.315x10-19 J1.6x10-19 J/eV = 2.072 eV
Question 8.

Observations from an experiment on photoelectric effect for the stopping
potential by varying the incident frequency were plotted. The slope of the linear
curve was found to be approximately 4.1 x 107'° V s. Given that the charge of an
electron is 1.6 x 10'° C, find the value of the Planck’s constant h.

Answer:

Data : Slope=4.1 x 10" V's, e =1.6 x10" C
Voe = hv — hy,

. Vo =(he)v-(hvOe)

.". Slope = he .". Planck’s constant,

h = (slope) (e)=(4.1 x 10"° V-s)(1.6 x 10" C)
=6.56 x 10 34J. (as 1V =1J1C)

Question 9.
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The threshold wavelength of tungsten is 2.76 x 10° cm. (a) Explain why no
photoelectrons are emitted when the wavelength is more than 2.76 x 10~° cm.(b)
What will be the maximum kinetic energy of electrons ejected in each of the
following cases

(i) if ultraviolet radiation of wavelength A = 1.80 x 10 cm and
(ii) radiation of frequency 4 x 10'° Hz is made incident on the tungsten surface.
Answer:

Data: A\, =2.76 x 10°cm =2.76 x 10" m,

A=1.80 x 10°cm =1.80 x 10" m,

v=4x10"Hz, h=6.63 x 103 Js,c=3 x 10 m/s

(a) For A > Ay, v < v, (threshold frequency).

.. hv < hv,. Hence, no photoelectrons are emitted.

(b) Maximum kinetic energy of electrons ejected

= hc(1A-1A0)

=(6.63 x 10*)(3 x 10%)(1071.8-1072.76)J

= (6.63 x 107%)(0.5555 — 0.3623)

= (6.63)(0.1932 x 10°)J = 1.281 x 107"° J

=1.281x10-19 J1.6x10-19 J/eV = 0.8006 eV

(c) Maximum kinetic energy of electrons ejected

= hv — hcAO

=(6.63 x 10**(4 x 10"°) — (6.63%x10-34)(3x108)2.76x10-7

=26.52 x 10" - 7.207 x 10"
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=19.313x 10™ J
=19.313%x10-19 J1.6x10-19 J/eV = 12.07eV
Question 10.

Photocurrent recorded in the micro ammeter in an experimental set-up of
photoelectric effect vanishes when the retarding potential is more than 0.8 V if the
wavelength of incident radiation is 4950 A. If the source of incident radiation is
changed, the stopping potential turns out to be 1.2 V. Find the work function of
the cathode material and the wavelength of the second source.

Answer:

Data: V, = 0.8 V, A = 4950 A = 4.950 x 107 m,
Vo' =1.2V,h=6.63 x 10* J-s, c =3 x 10® m/s.
(i) Vee=hv—® =hcA—-

.". The work function of the cathode material,
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he
¢=‘I—VDE

_ (6.63 x 1073 x 10°) -1
T 4950%x 1077 —(08)(1.6 1077

=4018 x 10719 —1.28 x 10" =2.738 x 10 '?]

_2738x 10" )
- 1.6x1071°]/eV

=1.711 eV

(i) Voe=——o

.. The wavelength of the second source,
, ke
C Voe+ o

_ (6.63 x 107 34)(3 x 108)
T (1.2)(1.6 x 107 '7)+2.738 x 10~ 1?

1989 x 10726
T 4658 x1071°

=4270 x 10" "m = 4270 A

Question 11.

Radiation of wavelength 4500 A is incident on a metal having work function 2.0
eV. Due to the presence of a magnetic field B, the most energetic photoelectrons
emitted in a direction perpendicular to the field move along a circular path of
radius 20 cm. What is the value of the magnetic field B?

Answer:
Data: A = 4500A = 4.5 x 107 m,
®=20eV=2%x16x10""J=3.2x10"J,

h=6.63 x103%J's,c=3 x 108 m/s,
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r=20cm=0.2m,e=1.6x10"C,

m =9.1 x 10°*'kg

he
%mvrznax (KEM) =T_
(6.63 x 10~ **)(3 x 10%)
= —-32%x10"1%
45x10"" e
=442 x 1071 —-32x10°1?

=122x1071°]

[2 2x122x10"1°
. t"ma.\{z EKEmax=\/ Q.IXIU_M

=,/ 0.2681 x 10'2=5.178 x 10° m/s

Z
X muv )
Now, centripetal force, —™* = magnetic force,
¥

max
. B Vmay _ (9.1 x 107 3')%(5.178 x 10%)
" re  (0.2)1.6x10719)
=1472x10"°T

This is the value of the magnetic field.
Question 12.

Given the following data for incident wavelength and the stopping potential
obtained from an experiment on photoelectric effect, estimate the value of
Planck’s constant and the work function of the cathode material. What is the
threshold frequency and corresponding wavelength? What is the most likely
metal used for emitter?
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Incident wavelength | 2536 |3650
(in A)
Stopping potential 1.95 0.5
(in V)

Answer:

Data: A = 2536A = 2.536 x 107 m,

N = 3650A = 3.650 x107 m, V, = 1.95V, V,' = 0.5V,
c=3x10®mls,e=1.6x10"C

(i) Vo = hch — ®d and Vy'e =hcN' — @

(Vo= Vo)e = hc(1A-1N)

. (1.95-0.5(1.6 x 10)

=h (3 x 108(1072.536-1073.650)

.. 2.32x 10" = h(3 x 10"°)(0.3943 — 0.2740)

. h =2.32x10-340.3609 = 6.428 x 10 J's

This is the value of Planck’s constant.

(i) @ =hch - Ve

_ (6,428 x 107*#)(3 x 10°)
- 2536 x 1077

—(1.95)(1.6 x 10~ 1?)

=7.604x10719-312x10"'9=4.484x10" 7]

4484 x 10719]

=16 x10-Pjjey 2003 eV

This is the work function of the cathode material.
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(i) ® = hv,
.". The threshold frequency, v, = ¢h
=4.484%x10-19 J6.428%x10-34 J s =6.976 x 10" Hz
(iv) vo = cho .". The threshold frequency, A, = cvo
= 3x1086.976x1014 = 4.300 x 107 m = 4300 A
(v) The most likely metal used for emitter : calcium
Question 13.
Calculate the wavelength associated with an electron, its momentum and speed
(a) when it is accelerated through a potential of 54 V
Answer:
Data: V=54V, m=9.1x103%kg, e
e=16x10"C,h=6.63 x 10* J.s, KE = 150 eV

(a) We assume that the electron is initially at rest.

. Ve = 12mv?
"o v = 2Vem———V=2(54)(1.6x10-19)9.1x10-31-—————————- \
=19x1012-——————- \ =4.359 x 106 m/5

This is the speed of the electron.

p=mv=(9.1x 10°)(4.359 x 10°)

=3.967 x 10 kg'm/s

This is the momentum of the electron. The wavelength associated with the electron,

A = hp=6.63x10-343.967x10-24 = 1.671 x 10" m
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=1.671 A=0.1671 nm

(b) when it is moving with kinetic energy of 150 eV.
Answer:

As KE o< V-, we get

V'v=15054--- = 1.666

.. v = 1.666v = (1.666)(4.356 x 10°)

=7.262 x 10° m/s

This is the speed of the electron.

p’=mv’=(9.1 x 103")(7.262 x 10°)

=6.608 x 10 kg-m/s

This is the momentum of the electron. The
wavelength associated with the electron,

A = hp'=6.63x10-346.608x10-24 = 1.003 x 10" m
=1.003 A =0.1003 nm

Question 14.

The de Broglie wavelengths associated with an electron and a proton are same.
What will be the ratio of

(i) their momenta
(ii) their kinetic energies?
Answer:

Data : A (electron) = A (proton)
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m (proton) = 1836 m (electron)

(i) A = hp As A (electron) = A (proton),

p( electron )p (proton) =1, where p denotes the magnitude of momentum.
(i) Assuming v «c,

KE = 12mv? = 12m2v2m=p22m

.". KE (electron) KE (proton) =m (proton) m (electron) = 1836 as p is the same for the
electron and the proton.

Question 15.

Two particles have the same de Broglie wavelength and one is moving four times
as fast as the other. If the slower particle

is an a-particle, what are the possibilities for the other particle?
Answer:

Data: A=Ay, vy =4V,

A =hp=hmv .. A, = hm1v1, A, = hm2v2

Jomy =m, v2vl = my(14)=m24

As particle 2 is the a-particle, particle 1 (having the mass 14 times that of the a-particle)
may be a proton or neutron.

Question 16.

What is the speed of a proton having de Broglie wavelength of 0.08 A?
Answer:

Data: A=0.08 A=8x 10"2m, h=6.63 x 10 J-s, m = 1.672 x 10%" kg

A =hmv .". v = hAm=6.63x10-34(8x10-12)(1.672x10-27)
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.~ v =4.957 x 10* m/s
This is the speed of the proton.
Question 17.

In nuclear reactors, neutrons travel with energies of 5 x 102! J. Find their speed
and wavelength.

Answer:

Data: KE =5 x 102" J, m=1.675 x 10%" kg, h =6.63 x 103 J-s
KE=12mv?=5x 102"

"o v = 2KEm-—-—v=(2)(5%x10-21)1.675%10-27-——————- \
=2.443 x 10°* m/s

This is the speed of the neutrons. The de Broglie wavelength associated with the
neutron,

A = hmv=6.63%x10-34(1.675%10-27)(2.443x103)
=1.620 x 10" m =1.620 A
Question 18.

Find the ratio of the de Broglie wavelengths of an electron and a proton when
both are moving with the (a) same speed, (b) same energy and (c) same
momentum? State which of the two will have the longer wavelength in each case?

Answer:

Data: m, = 1836 m,
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h h

(a) The de Broglie wavelength, i = I-_? =r=

_EZ(EE)(U—E)=1836 as Up =7,
A‘p Me Ue
Thus, 4. > 4,

h
(b) i=}—1— , where K denotes the kinetic

F_JEmK

energy (%mv’ )

K
sote [MmoKo My 1836 - 42,85
A meKe Me

as K, =K,.

Thus, 4, > .lp

(c) J.-——E

RS

Ze _Pp

C i F’e=1 as pp=rpe-
Remember This (Textbook Page No. 316)
Question 1.

Is solar cell a photocell?

Answer:

Yes

Remember This (Textbook Page No. 317)

Question 1.

Can you estimate the de Broglie wavelength of the Earth?
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Answer:

Taking the mass of the Earth as (about) 6 x 10 kg, and the linear speed of the earth
around the Sun as (about) 3 x 10* m/s, we have, the de Brogue wave length of the
Earth as

A = hp=hMv=6.63x10-34 J -s(6x1024 kg)(3x104 m/s)
= 3.683 x 10°*m (extremely small)
Question 2.

The expression p = E/c defines the momentum of a photon. Can this expression
be used for momentum of an electron or proton?

Answer:
No
Remember This (Textbook Page No. 319)

Diffraction results described above can be produced in the laboratory using an
electron diffraction tube as shown in figure. It has a filament which on heating
produces electrons. This filament acts as a cathode. Electrons are accelerated to
quite high speeds by creating large potential difference between the cathode and
a positive electrode. On its way, the beam of electrons comes across a thin sheet
of

Hot cathode

Graphite target

Diffroction
rings

L] 1
L=Dnstance of graphite target to sereen

graphite. The electrons are diffracted by the atomic layers in the graphite and
form diffraction rings on the phosphor screen. By changing the voltage between
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the cathode and anode, the energy, and therefore the speed, of the electrons can
be changed. This will change the wavelength of the electrons and a change will
be seen in the diffraction pattern. By increasing the voltage, the radius of the
diffraction rings will decrease. Try to explain why?

Answer:

When the accelerating voltage is increased, the kinetic energy and hence the
momentum of the electron increases. This decreases the de Brogue wavelength of the
electron. Hence, the radius of the diffraction ring decreases.

Remember This (Textbook Page No. 320)
Question 1.

On what scale or under which circumstances are the wave nature of matter
apparent?

Answer:

When the de Brogue wavelength of a particle such as an electron, atom, or molecule is
comparable to the interatomic spacing in a crystal, the wave nature of matter is revealed
in diffraction/interference.
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Maharashtra Board Solutions
Class 12 Physics

e Chapter 1- Rotational Dynamics
e Chapter 2- Mechanical Properties of Fluids

e Chapter 3- Kinetic Theory of Gases and Radiation

e Chapter 4- Thermodynamics

e Chapter 5- Oscillations

e Chapter 6- Superposition of Waves

e Chapter 7- Wave Optics

e Chapter 8- Electrostatics

e Chapter 9- Current Electricity

e Chapter 10- Magnetic Fields due to Electric Current
e Chapter 11- Magnetic Materials

e Chapter 12- Electromagnetic Induction

e Chapter 13- AC Circuits
e Chapter 14- Dual Nature of Radiation and Matter

e Chapter 15- Structure of Atoms and Nuclei

e Chapter 16- Semiconductor Devices
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE I ATEI (A 10T 3Ta
AT A RANET0T ASSD), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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