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 The journey to create a complete book is strewn with triumphs, failures and near misses. If you think 
we’ve nearly missed something or want to applaud us for our triumphs, we’d love to hear from you. 

 Please write to us on: mail@targetpublications.org  

Perfect Physics Vol. II, Std. XII Sci. is intended for every Maharashtra State Board aspirant of 
Std. XII, Science. The scope, sequence, and level of the book are designed to match the new textbook of 
Maharashtra State board.  
At a crucial juncture of cracking a career defining board examination, we wanted to create a book that 
not just develops the necessary knowledge, tools and skills required to excel in the examination in 
students but also enables them to appreciate the beauty of subject and piques their curiosity.   
We believe the students need meaningful content presented in a way that is easy to read and understand 
rather than being mired down with facts and information. They do much better when they understand 
why Physics is relevant to their everyday lives.  
Comprehension of Physics eventuates naturally when subject is studied systematically with sincere and 
dedicated efforts.  
Core of Physics lies in its concepts. Therefore, writing clear and lucid explanations of fundamental 
concepts is our highest priority. Moreover, special care has been taken to ensure that the topics are 
presented in a logical order.   
Every chapter in this book begins with ‘About the Chapter’ that offers a brief introduction of the chapter 
and orients students towards the topic from examination point of view. The coherent Question/Answer 
approach helps students expand their horizon of understanding of the concepts. Though Physics is 
communicated in English, it is expressed in Mathematics. To help the students hone their problem-solving 
skills, ample numericals of different types are amalgamated. Log calculations are presented as seemed 
necessary to give students idea of solutions expected in board examination.   
The scope of the book extends beyond the State Board examination as it also offers a plethora of 
Multiple Choice Questions (MCQs) in order to familiarize the students with the pattern of competitive 
examinations.  
In addition, the Topic-Test has been carefully crafted to focus on concepts, thus providing the students 
with a quick opportunity for self-assessment and giving them an increased appreciation of chapter-
preparedness. ‘Model Question Paper’ based on latest paper pattern is provided along with solution 
through QR code to help students assess their preparedness for final board examination.  
We believe; amongst building concepts, advancing into numbers and equations, it is essential to ponder 
underlying implications of subject. Students should read from references, visit authentic websites, watch 
relevant fascinating links and even experiment on their own following proper safety guidelines. We 
have added several features to nurture the curiosity of students.  
As famous hat detective Sherlock Holmes has pointed, people see, they do not observe. By becoming 
attentive to their surroundings students can easily perceive how Physics has touched entire spectrum of life. 
The very realization is catalytic enough for students to admire and further dive into this compelling subject.  
Our Perfect Physics Vol. II, Std. XII Sci. adheres to our vision and achieves several goals: building 
concepts, developing competence to solve numericals, recapitulation, self-study, self-assessment 
and student engagement—all while encouraging students toward cognitive thinking.  
The flow chart on the adjacent page will walk you through the key features of the book and elucidate how 
they have been carefully designed to maximize the student learning.  
We hope the book benefits the learner as we have envisioned.  
- Publisher
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Continue… 

KEY FEATURES 

About the 
chapter 

‘About the Chapter’ is a short 
introduction designed to stimulate
students’ appetite for the topic. 

Reading between the lines provides 
elaboration or missing fragments of 
concept which is essential for 
complete understanding of the 
concept. 

Reading 
between
the lines 

Strategy
Strategy provides a step-by-step
process to break a complex
numerical problem into simpler
parts. 

Caution helps students to be
watchful against commonly made
mistakes. 

Caution

NCERT Corner covers information
from NCERT textbook relevant to
topic. 

Connections enable students to
interlink concepts covered in
different chapters. 

QR code provides:  
i. Access to a video/PDF in order to

boost understanding of a concept
or activity 

ii. Solutions to Numericals for Practice
iii. Model Question Paper with solution
iv. Reduced Syllabus as per Board

Notification 
v. Solution to Board Question Paper 

of March 2022 

Connections 

QR Codes 

NCERT  
Corner 
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KEY FEATURES 

Enrich Your Knowledge presents
fascinating information about the
concept covered. 

Enrich 
Your 

Knowledge

Gyan Guru illustrates real life
applications or examples related to
the concept discussed. 

GG-Gyan
 Guru 

Apply Your Knowledge includes
challenging questions. 

Apply  
Your  

Knowledge

Quick review includes tables/ flow
chart to summarize the key points in
chapter. 

Quick  
Review

Important Formulae includes all of the
key formulae in the chapter. 

Important
Formulae 

Competitive Corner includes selective
questions from prominent
[NEET (UG), JEE (Main), NEET
(ODISHA), MHT CET] competitive
exams based entirely on the syllabus
covered in the chapter. 

Competitive
Corner 
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 There will be single question paper of 70 Marks and practical examination of 30 Marks in Physics.  
 Duration of the question paper will be 3 hours.  
 
 Section A:               (18 Marks) 

This section will contain Multiple Choice Questions and Very Short Answer (VSA) type of 
questions. 

  There will be 10 MCQs and 8 VSA type of questions, each carrying one mark. 
  Students will have to attempt all these questions.  
 
 Section B:       (16 Marks) 
  This section will contain 12 Short Answer (SA-I) type of questions, each carrying 2 marks.  
  Students will have to attempt any 8 questions. 
 
 Section C:       (24 Marks) 
  This section will contain 12 Short Answer (SA-II) type of questions, each carrying 3 marks.  
  Students will have to attempt any 8 questions.  
 
 Section D:       (12 Marks) 
  This section will contain 5 Long Answer (LA) type of questions, each carrying 4 marks.  
  Students will have to attempt any 3 questions. 
 

Distribution of Marks According to the Type of Questions   
Type of Questions 

MCQ 1 Mark each 10 Marks 
VSA 1 Mark each 8 Marks 
SA - I 2 Marks each 16 Marks 
SA - II 3 Marks each 24 Marks 
LA 4 Marks each 12 Marks 

 
 
 
 

 

  

Percentage wise distribution of marks 
Theory 63% 

Numerical 37% 

PAPER PATTERN 

This reference book is transformative work based on textbook Physics; Reprint: 2021 published by the Maharashtra State Bureau of Textbook 
Production and Curriculum Research, Pune. We the publishers are making this reference book which constitutes as fair use of textual contents which are 
transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, memorize and reproduce the same in 
examinations.  
This work is purely inspired upon the course work as prescribed by the Maharashtra State Bureau of Textbook Production and Curriculum Research, 
Pune. Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers 
shall not be responsible for any loss or damages caused to any person on account of errors or omissions which might have crept in or disagreement of 
any third party on the point of view expressed in the reference book.   
© reserved with the Publisher for all the contents created by our Authors.  
No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for 
the benefit of students.  
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Chapter 
No. Chapter Name Marks without 

option 
Marks with 

option Page No. 

8 Electrostatics 4 6 1 
9 Current Electricity 4 6 62 
10 Magnetic Fields due to Electric Current 4 6 103 
11 Magnetic Materials 4 5 161 
12 Electromagnetic Induction 5 7 195 
13 AC Circuits 4 6 237 
14 Dual Nature of Radiation and Matter 4 5 282 
15 Structure of Atoms and Nuclei 4 6 321 
16 Semiconductor Devices 4 5 373 

Board Question Paper March 2022 
(with solution through QR code) 

408

 Scan the given Q.R. Code to access the Reduced Syllabus. 

 Scan the given Q.R. Code to download the Model Question Paper with 
Solution. 

[Reference: Maharashtra State Board of Secondary and Higher Secondary Education, Pune - 04] 
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Note: 1. * mark represents Textual question.
2. # mark represents Intext question.
3. + mark represents Textual examples.
4.   symbol represents textual questions that need external reference for an answer.
5. This Reference Book is based on the Entire Textbook (Complete Syllabus) of Physics

Prescribed by Maharashtra State Board.     symbol represents the content that belongs to the
Reduced Syllabus as issued by State Board.

6. Table provided at the beginning of the chapter facilitates students to find out Textual Exercise
Questions given in this book.

7. Chapters 1 to 7 are a part of Std. XII: Perfect Physics - I

R

Scan the adjacent QR Code to know more about our “Model Question Papers with
solutions” book for Std. XII (Sci.) and Gear up yourself to score more in the XII Board
Examination.  

Scan the adjacent QR Code to know more about our “Board Questions with solution”
book for Std. XII (Sci.) and Learn about the types of questions that are asked in the XII
Board Examination.  
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TEXTBOOK EXERCISE QUESTIONS 
Textbook 
Exercise 
Question 

No. 

Target Notes  Textbook 
Exercise 
Question 

No. 

Target Notes 

Subtopic 
No. 

Question 
No. 

Page 
No. 

 Subtopic 
No. 

Question  
No. Page No. 

Q.1 Multiple choice questions Q.8 15.11 113,120 353, 354 
i. 15.6 26 365 Q.9 15.11 116,119 353, 354 
ii. 15.6 27 365 Q.10 15.9 84 343 
iii. 15.5 28 365 Q.11 15.6 35 330 
iv. 15.7 29 365 Q.12 15.8 64 338 
v. 15.10 30 365 Q.13 15.9 87 343 

Q.2 Answer in brief Q.14 15.9 81 342 
i. 15.6 16 326 Q.15 15.8 66 339 
ii. 15.4 9 323 Q.16 15.10 106 349 
iii. 15.9 72 341 Q.17 15.10 107 350 
iv. 15.6 22 328 Q.18 15.10 108 350 
v. 15.6 26 329 Q.19 15.10 109 350 
    Q.20 15.10 110 351 

Q.3 15.6 16,19 326, 327 Q.21 15.10 104 348 
Q.4 15.6 24 328 Q.22 15.10 111 352 
Q.5 15.6 18 326 Q.23 15.11 128 356 
Q.6 15.5 15 325 Q.24 15.8 68 339 
Q.7 15.9 80 342     

R

R

R

15.1  Introduction 
15.2 Thomson’s Atomic Model 
15.3  Geiger-Marsden Experiment  
15.4 Rutherford’s Atomic Model 
15.5 Atomic Spectra 
15.6 Bohr’s Atomic Model 

15.7  Atomic Nucleus  
15.8 Nuclear Binding Energy  
15.9 Radioactive Decays  
15.10 Law of Radioactive Decay 
15.11 Nuclear Energy  
 

CONTENTS AND CONCEPTS 

R

R

15 Structure of Atoms and Nuclei 

About the chapter…   
 The chapter discusses structure of an atom and various models developed 
to describe it. It gives detail account of Bohr’s atomic model as a modern model. 
Chapter looks into atomic spectra as well as nuclear aspect of atom. Nuclear 
energy and phenomenon of radioactivity and laws of radioactive decay are also 
explained at length in this chapter.   
 Chapter is allotted weightage of 6 marks with option and 4 marks without 
option. Concepts and numericals, together form the backbone of the chapter. 
Therefore, equal emphasis should be given to theory questions and numericals. 
The chapter is also important from drawing and labelling diagrams and MCQ point 

of view.   

Standing electron wave for the 
4th orbit of an electron in an 

atom 

Nucleus 
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Q.1. Can you recall? (Textbook page no. 324)
i. What is wave particle duality?     [2 Marks] 
Ans: Wave particle duality of light 

(electromagnetic radiation): 
a. Light has both particle and wave like nature.
b. Phenomena such as diffraction and interference

of light could be explained by treating light as
electromagnetic wave.

c. However, the black-body radiation or
photoelectric effect could not be explained by
wave nature of light. This could be accounted
for by considering particle nature of light. Thus,
both phenomena could be explained only by
accepting that light has dual behaviour.

d. When light interacts with matter, it behaves as a
stream of particles (called photons) and when
light propagates, it behaves as an
electromagnetic wave.

ii. What are matter waves?    [2 Marks] 
Ans: Concept of de Broglie (matter) wave: 
a. According to de Broglie, every moving particle

is associated with a wave of wavelength given

by,  = h h
p mv


These waves are called matter waves. 
b. As v  0,    and as v  ,  0.

This implies that, matter waves are associated
with material particles only if they are moving.

iii. What is Dalton’s atomic model?       [1 Mark]
Ans: Assumptions of Dalton’s atomic model:
a. Matter is made up of indestructible particles.
b. Atoms of a given element are identical.
c. Atoms can combine with other atoms to form

new substances.

iv. What are atoms made of?     [1 Mark] 
Ans:
a. Atom consists of positively charged nucleus

(which is 105 times smaller than size of atom
and contains 99.9% of its mass) and negatively
charged electrons.

b. Nucleus itself is made of protons and neutrons.

Q.2. Describe Thomson’s cathode ray experiment.
[2 Marks] 

Ans:  
i. Thomson performed experiment using glass

vacuum tube.

ii. On each side of the inside tube each electrode
(cathode and anode) was placed.

iii. Upon applying a voltage, the cathode was
observed to emit rays which produced glow
when they struck glass behind the anode.

iv. By studying the properties of these rays, he
concluded that the rays are made up of
negatively charged particles which he called
electrons.

Q.3. Discuss Thomson’s model of atom or
plum-pudding model.    [2 Marks] 

Ans: According to Thomson’s atomic model, 
i. An atom is a sphere having a uniform positive

charge in which electrons are embedded.
ii. The total positive charge is equal to the total

negative charge of electrons in the atom, making
it electrically neutral.

iii. As the whole solid sphere is uniformly
positively charged, the positive charge cannot
come out and only the negatively charged
electrons which are small, can be emitted.

Q.4. Discuss success and failures of Thomson’s
model.            [2 Marks] 

Ans: Success: The model explained the formation of 
ions and ionic compounds. 
Failure: Distribution of charges was 
experimentally found to be different than 
propose by Thomson’s model. 

 

Q.5. Describe the Geiger-Marsden experiment.
State observations from the experiment.     

[3 Marks] 
Ans:  
i. The experimental arrangement is as shown in

the figure.

Source of 
 particles

Collimator 

Detector

Gold
foil 

 

Set up of Geiger-Marsden Experiment

15.1  Introduction 

15.2 Thomson’s Atomic Model 

READING BETWEEN THE LINES

The experiment demonstrated that atoms are 
not indestructible. They contain electrons which 
are emitted by the cathode. 

15.3 Geiger-Marsden Experiment R
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ii. In this experiment, a narrow beam of -particles 
from radioactive source was incident on a gold 
foil. 

iii. The scattered particles produced scintillations 
on the surrounding screen.  

iv. The scintillations were observed through a 
microscope which could be moved to cover 
different angles with respect to the incident beam. 

 Observations: 
i. Most alpha particles passed straight through the foil. 
ii. A few were deflected (scattered) through 

various scattering angles.  
iii. Only about 0.14% of the incident alpha particles 

were scattered through angles larger than 0.1o. 
iv. About one alpha particle in 8000 was deflected 

through angle larger than 90o and a fewer still 
were deflected through angles as large as 180o. 

 
 
 
Q.6. Explain the contradiction presented by 

Geiger-Marsden’s experiment to Thomson’s 
model.           [2 Marks] 

Ans:  
i. According to Thomson’s model, the positive 

charge was uniformly spread over the large 
sphere constituting the atom.  

ii. Thus, the volume density of the positive charge 
would be very small and all of the incident 
alpha particles would get deflected only through 
very small angles. 

iii. But experimentally, it was found that only very 
few -particles get scattered through angles 
greater than 0.1. 

 This presented a contradiction. 
 
Q.7. Explain the Rutherford’s model of an atom.  

[2 Marks] 
Ans: Rutherford’s model of an atom:  
i. An atom consists of a very small central core 

called the nucleus.  
ii. The nucleus carries all the positive charge and 

most of the mass of the atom (99.9%). 
iii. The size of the nucleus is of the order of  

10 femtometre (1014 m) which is very small in 
comparison to the size of the atom which is of 
the order of 109 m. Thus, major portion of atom 
is empty space. 

iv. Electrons revolve around nucleus in circular 
orbits. The revolution of the electrons was 
necessary as without it, the electrons would fall 
into the positively charged nucleus and the atom 
would collapse. 

v. Atom is electrically neutral as positive charge 
on nucleus is exactly equal to the total negative 
charge of all electrons. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Q.8. State Merits of Rutherford’s model. 

[2 Marks] 
Ans: Merits of Rutherford’s model of atom: 
i. According to Rutherford’s model, the space 

between the orbits of the electrons and the 
nucleus is mostly empty. Hence, most alpha 
particles pass through this empty space 
undeflected and a very few which are in direct 
line with the tiny nucleus or are extremely close 
to it, get repelled and get deflected through large 
angles. Thus, the model explained observations 
from Geiger-Marsden’s model. 

ii. It also explained, due to large mass of nucleus, 
it is not affected by force when applied on an 
atom. As a result, only negatively charged 
electrons are emitted by atoms and not the 
positively charged particles. 

 
*Q.9. State the difficulties faced by Rutherford’s 

atomic model.           [2 Marks] 
Ans: Difficulties with Rutherford’s model: 
i. The circular motion is accelerated motion and 

according to Maxwell’s equation, accelerated 
charge radiates energy.  The electron should 
continuously emit energy. This implies, the 
energy of accelerated electrons should therefore 

15.4 Rutherford’s Atomic Model 

NCERT Corner 

Alpha-particle trajectory 
 
 
 
 
 
 
 
 
 
 
Trajectory of -particles in the coulomb field of
a target nucleus. The impact parameter (b) and
scattering angle () are also depicted. 
 
The trajectory traced by an -particle depends 
upon the impact parameter (b) of collision. The 
impact parameter is the perpendicular distance of 
the initial velocity vector of the -particle from 
the centre of the nucleus. 

b 
 

Target nucleus
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continuously decrease and follow inward spiral 
path to finally fall into the nucleus.  However, 
electrons revolve round the nucleus without 
falling into it. Thus, Rutherford’s model of atom 
could not explain the stability of the atom. 

ii. When electrons follow inward spiral path, their
angular velocity and hence frequency would
increase continuously.  As a result, they would
emit energy with continuously increasing
frequency (or continuously decreasing
wavelength). That is, atom should emit
continuous spectra.  But, experimentally
observed facts are in contradiction with these
expectations. All atoms emit line spectra i.e.
spectra of well-defined frequencies or
wavelengths. Thus, Rutherford’s model could
not explain atomic spectra.

+Q.10. In a Rutherford scattering experiment,
assume that an incident alpha particle 
(radius 1.80 fm) is moving directly toward a 
target gold nucleus (radius 6.23 fm). If the 
alpha particle stops right at the surface of the 
gold nucleus, how much energy did it have to 
start with? 
(Example 15.2 of Textbook page no. 328)  

[3 Marks] 
Solution:  
i. Initially when the alpha particle is far away

from the gold nucleus, its total energy is equal
to its kinetic energy.

ii. By the time it reaches the surface of the nucleus,
its kinetic energy is completely converted into
potential energy and it stops moving.

iii. Thus, by conservation of energy
KE = PE (of nucleus and  - particle system)

 KE =
0 1 2

1 (2e)(Ze)
4πε (r + r )

 , where, Z is the atomic 

number of gold and r1 and r2 are the radii of the 
alpha particle and gold nucleus respectively. For 
gold Z = 79. 

 K = 
2

1 2

1 2Ze
4π (r + r )



 = 9  109  
19 2

15

2 79 (1.6 10 )
(6.23 1.80) 10





  
 

 = 4.53  1012 J  

 = 
12

13

4.53 10
1.6 10








 MeV 

 = 28.31 MeV 
Ans: The initial kinetic energy of - particle is 

28.31 MeV. 

Q.11. How is continuous spectrum obtained?
[1 Mark] 

Ans: When a metallic object is heated, it emits 
radiation of different wavelengths. When this 
radiation is passed through a prism, a 
continuous spectrum is obtained. 

Q.12. Discuss hydrogen spectrum in details.
[3 Marks] 

Ans:  
i. When a hydrogen gas is heated inside a glass

tube to high temperature, it emits radiation of
few selected wavelengths (410, 434, 486 and
656 nm) in visible region.

ii. When these wavelengths are allowed to pass
through prism, the lines are seen in the spectrum
called as emission lines.

iii. It also emits radiation of specific wavelengths in
ultraviolet (UV), infrared (IR) and of longer
wavelengths.

iv. The spectral lines can be divided into groups
known as series with names of the scientists
who studied them.

v. The series, starting from shorter wavelengths
and going to larger wavelengths are called
Lyman series, Balmer series, Paschen series,
Brackett series, Pfund series, etc.

vi. In each series, the separation between successive
lines decreases as we go towards shorter
wavelength and they reach a limiting value.

SOLVED EXAMPLES

15.5 Atomic Spectra

READING BETWEEN THE LINES

As studied in chapter 8, Electrostatics, potential 
energy of system of two charges is, 

U = 1 2

0

1 q q
4 r

 
    

. where, r is distance 

between two charges. 
It is essential to keep in mind that charge on 
 – particle is 2e and that of gold nucleus is
79e. Also, distance between two charges will be
addition of their radii, i.e., r = r1 + r2



r1 r2 

Gold nucleus 

Thereby, potential energy of gold nucleus and 

–particle system will be, U =
0 1 2

1 (2 e) (79 e)
4 r r
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vii. The observed wavelengths of the emission lines
are found to obey the relation.
1


 = R 2 2

1 1
n m
   

 where,  = wavelength of a line, R = constant 
n and m = integers such that 

n = 1, 2, 3, …. respectively, for Lyman, Balmer, 
Paschen…. series, such that m > n. 

viii. The wavelength decreases with increase in m.
ix. The successive lines in a given series come

closer and closer and ultimately reach the values

of   = 
2n

R
in the limit m  ∞, for different

values of n.

Q.13. Explain the statement: atomic spectrum is a
signature of element.      [2 Marks] 

Ans:  
i. Atoms of an element emit line spectra.
ii. The wavelengths of the lines emitted by each

element are unique.
iii. Hence, the element can be identified from the

wavelengths of the spectral lines that it emits.
iv. Consequently, atomic spectrum is said to be a

signature of element.

Q.14.  The wavelength of the spectral line emitted is
4861 Å, when the electron jumps from the nth 
orbit to the second orbit. Calculate n if      
R = 1.097  107 m1.                           [3 Marks] 

Solution: 
Given:  = 4861 Å = 4861  1010 m,

n = 2, R = 1.097  107 m1. 
To find: Orbit Number (m) 

Formula: 2 2

1 1 1R
n m

     
Calculation:  

From formula, 

10

1
4861 10

 = 1.097  107  2 2

1 1
2 m

  
 

 2.057  106 = 1.097  107 
2

2

m 4
4m

 
 
 

 m2 =
7

2
6

1.097 10 (m 4)
4 2.057 10


 

 
 m2 = 0.133  101 (m2  4)
 m2 = 1.33  m2  1.33  4
 0.33 m2 = 1.33  4

 m2 = 1.33 4
0.33

 = 16.1212

 m  4
Ans: The electron jumps from the 4th orbit.

*Q.15. Determine the series limit of Balmer, Paschen
and Bracket series, given the limit for Lyman 
series is 911.6 Å.                       [3 Marks] 

Solution: 
Given: Series limit of Lyman Series, 

(L) = 911.6  Å
To find: Series limit of

i. Balmer series
ii. Paschen series
iii. Bracket series

Formula: 2 2

1 1 1= R
λ n m

   
Calculation:  
 From formula, 

For series limit, m = ∞ 

  = 
2n

R
For Lyman series, n = 1

2 2

L
n 1 1λ = = =
R R R

= 911.6  Å 

i. For Balmer series, n = 2

B = 
22 4=

R R
 = 4   911.6  = 3646.4  Å 

ii. For Paschen series, n = 3

P = 
23 9=

R R
 = 9 911.6  = 8204.4 Å 

SOLVED EXAMPLES

Given: Limit for Lyman series. 

1. 
Recall that in case of series limit electron 
is transitting from infinite level i.e., m = ∞ 
to lower level n.  

2.

Considering , m = ∞ , formula, 

R = 2 2

1 1
n m
   

reduces to

1


= 2

R
n

⇒ λ =
2n

R

3.

Applying formula obtained in step 2 for 
Lyman series, comprehend that series limit 

for Lyman series, λL = 
2n

R
= 

1
R

Since n = 1 for Lyman series. 

4. 

Equate 
1
R

 with value given of series limit 

i.e.,
1
R

= 911.6 Å. 

5. 

Use formula for λ obtained in step 2, value 

of 
1
R

 obtained in step 4 and substitute 

values of n as 2, 3 and 4 for Balmer, 
Paschen and Bracket series respectively to 
obtain series limit values. 

Strategy
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Q.130.If Bohr’s quantisation postulate (angular
momentum = nh/2) is a basic law of nature, 
it should be equally valid for the case of 
planetary motion also. Why then do we never 
speak of quantisation of orbits of planets 
around the sun?                                (NCERT) 

Ans: Bohr’s quantisation postulate is expressed in 
terms of Planck’s constant (h). But angular 
momenta associated with planetary motion are 
approximately of the order of 1070 h (for earth). 
In terms of Bohr’s quantisation postulate, this 
will correspond to n  1070.  
will correspond to n  1070.  
For such large values of n, the differences in 
successive energies and angular momenta of the 
quantised levels are so small that the levels may 
be considered as continuous and not discrete. 

Q.131.The gravitational attraction between electron
and proton in a hydrogen atom is weaker 
than the coulomb attraction by a factor of 
about 1040. An alternative way of looking at 
this fact is to estimate the radius of the first 
Bohr orbit of a hydrogen atom if the electron 
and proton were bound by gravitational 
attraction. You will find the answer 
interesting.                                          (NCERT) 

Ans: The radius of the first Bohr orbit of a hydrogen 
atom is,  

 2
0

0 2
e

4 h / 2
r

m e
 



If we consider the atom to be bound by the 

gravitational force p e
2

Gm m
,

r
 
 
 

 the quantity, 

2

0

e
4

 will be replaced by (Gmpme). In that case, 

radius of first Bohr orbit of hydrogen atom, 
 2

0 2
p e

h / 2
r

Gm m




Substituting the standard values, we get 

 
 

234

0 211 27 31

6.63 10 / 2
r

6.67 10 1.67 10 9.1 10



  

 


    

 = 1.2  1029 metre 
This value is much greater than the estimated 
size of the entire universe. 

Q.132.A radioactive isotope has a half life of
4 seconds. At t = 0, a given sample of this 
isotope contains 6000 atoms. Calculate  

i. its decay constant
ii. average life
iii. the time t when 1000 atoms of isotope remain

in the sample
iv. number of decay/sec in the sample at time t
Ans: Here, T = 4 s, N0 = 6000

i.  = 0.6931
T

0.6931
4

  = 0.17/s

ii. t = 1 1 5.88 s
0.17

 


iii. N(t) = 1000

 As 
0

N(t)
N

 = 
n1

2
 
 
 

 
n1000 1

6000 2
   
 

 n  3
t = nT = 3  4 = 12 s

iv. dN(t)
dt

 = N(t) = 0.17  1000 = 170 s–1 

Q.133.Internet my friend. (Textbook page no.341)
i. https://www.siyavula.com/read/science/

grade-10/the-atom/04-the-atom-02
ii. https://en.wikipedia.org/wiki/Bohr_model
iii. http://hyperphysics.phy-

astr.gsu.edu/hbase/quantum/atomstructcon.html
iv. https://en.wikipedia.org/wiki/Atomic_nucleus
v. https://en.wikipedia.org/wiki/Radioactive_

decay

[Students can use links given above as reference and 
collect information about structure of Atoms and 
Nuclei.] 
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mevr = nh
2
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 E2  E1 = h 
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 (Frequency condition) 
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Spectrum 
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n = 1 

(Ultra-violet region) 

Balmer series 
n = 2 

(Visible region) 
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n = 3 

(Near Infrared) 
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n = 4 

(Middle Infrared) 
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Wavelength emitted, 
1


= R 2 2

1 1
n m
   

where, R = RHZ2  

Atomic Spectra 
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Chapter 15: Structure of Atoms and Nuclei

1. Wave number:

 =

1

 = R 2 2

1 1
n m

  
 

 = RHZ2 2 2

1 1
n m

  
 

 where, RH =
4

e
3

0

m e
8c h

2. Angular momentum: L = mevr = nh
2

3. Radius of nth Bohr orbit:

 rn = 
2 2

0
2

e

n h
m Ze



i.e., rn  n2

 
2

1

r
r

 = 
2

1

2

n
n

 
 
 

4. Velocity of electron in nth orbit:

vn = 
2

0

Ze
2 n h

 i.e., vn 
1
n

5. Energy difference between two successive
energy level:
E = E2  E1 = h

6. Energy of nth Bohr orbit:

i. En = 
4

e
2 2 2

0

m Ze
8 n h

i.e., En  2n
1

 
2

1

E
E

= 
2

1

2

n
n










ii. En =
2

2

13.6Z
n

 eV

7. K.E of nth orbit:

K.E = 
2 4

e
2 2 2
0

m Z e
8 n h

i.e., K.E  2

1
n

8. Potential energy in nth orbit:

P.E = 
2 4

e
2 2 2
0

m Z e
4 n h

i.e., P.E  2

1
n

9. Relation between K.E, P.E and T.E:
i. P.E = 2 K.E ii. P.E = 2 T.E
iii. T.E = P.E + K.E

10. Radius of a nucleus: R = R0
1/3A

11. Nuclear density:  = 3
0

3m
4 R

12. Mass defect: M = [Zmp + (A  Z) mn]  M

13. Binding energy: EB = Mc2 J = 
2Mc eV

e


14. Binding energy per nucleon:
BE

A
  = p n 2Zm (A Z)m M

c
A

   
 
 

 J/nucleon 

15. Radioactive decay:
i. For  – decay: A

Z X→ A 4
Z 2Y

 + α

ii. a. For   decay:
A
Z X → A

Z 1Y + e + antineutrino.
b. For  plus decay:

  A
Z X→ A

Z 1Y + e+ + neutrino
iii. For  – decay: Xexcited → Xrelaxed + γ

16. Decay law: N(t) = N0et

17. Activity: A(t) = A0 et = N(t)

18. Half life period: T1/2 = 0.693


19. Average life: τ = 1


= 1/ 2T
0.693

15.1 Introduction 

1. State assumptions of Dalton’s atomic model.
[1 Mark] 

Ans: Refer Q.1(iii)   
15.2 Thomson’s Atomic Model 

2. State merits and demerits of Thomson’s atomic
model.    [2 Marks] 

Ans: Refer Q.4.  
15.3 Geiger-Marsden Experiment 

3. With the help of a neat labelled diagram, describe
the Geiger-Marsden experiment.

[3 Marks] [Mar 16] 
Ans: Refer Q.5.  
15.4 Rutherford’s Atomic Model 

4. State assumptions of Rutherford’s model of
atom.                                                    [2 Marks]

Ans: Refer Q.7.  
5. Give demerits of Rutherford’s atomic model.

[2 Marks] 
Ans: Refer Q.9.  
15.5 Atomic Spectra 

6. Discuss H- spectrum in details.  [3 Marks] 
Ans: Refer Q.12.
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15.6 Bohr’s Atomic Model 
 
7. State any two postulates of Bohr’s theory of 

hydrogen atom.      [2 Marks] [Feb 20] 
Ans: Refer Q.16.( Any two postulates) 
 
8.  State Bohr’s third postulate for hydrogen (H2) 

atom.                                       [1 Mark][Oct 15] 
Ans: Refer Q.16(iii) 
 
9. Obtain an expression for the radius of Bohr orbit 

for H-atom.                         [2 Marks] [Mar 15]              
Ans: Refer Q.17. 
 
10. Derive an expression for the total energy of 

electron in ‘n’ th Bohr orbit. Hence show that 
energy of the electron is inversely proportional to 
the square of principal quantum number.  

[3 Marks] [Oct 14]   
Ans: Refer Q.19.(upto iv) 
v. As m, e, 0, and h in equation (5) are constant, 

 T.E  2
1

n
 

 
11. State the name of the visible series in hydrogen 

spectrum.                               [1 Mark] [Feb 20] 
Ans: Refer Q.20.(Balmer series) 
 
15.7 Atomic Nucleus 
 
12. Define: 
i. Atomic number ii. Mass number 

[1 Mark Each] 
Ans: Refer Q. 50 (i) and (ii) (Definitions only). 
 
13. Define the term isotopes.                      [1 Mark] 
Ans: Refer Q.51 (i). 
 
14. Define the term isobars.                        [1 Mark] 
Ans: Refer Q.51 (ii). 
 
15. Define the term isotones.                      [1 Mark] 
Ans: Refer Q.51 (iii). 
 
16. What is unified atomic mass unit?        [1 Mark] 
Ans: Refer Q.53 (ii). 
 
17. How nuclear size of an atom is estimated? 

Explain.                                               [2 Marks] 
Ans: Refer Q. 54. 
 
15.8 Nuclear Binding Energy  
 
18. What is nuclear binding energy?          [1 Mark] 
Ans: Refer Q. 59. 
 
15.9 Radioactive Decays  
 
19. Define the term radioactive decay.       [1 Mark] 
Ans: Refer Q.69. 

20.     Explain alpha, beta and gamma decays. 
[2 Marks Each] 

Ans: Refer Q.73, Q. 74 and Q. 77.  
15.10 Law of Radioactive Decay 
 
21. Derive the relation N = N0e–t.           

  [2 Marks] [July 16, Mar 19]                     
Ans: Refer Q.89.  
22. Explain activity of radioactive substances. 

[2 Marks] 
Ans: Refer Q.90.(i and ii)  
23. What is half life period?                       [1 Mark] 
Ans: Refer Q.91.(only definition)  
24. Derive an expression for half life period. 

[2 Marks] 
Ans: Refer Q.91.(derivation)  
15.11 Nuclear Energy  
 
25. Define the term nuclear fission.            [1 Mark] 
Ans: Refer Q.113.(i) 
 
26. Explain nuclear fusion.                       [2 Marks] 
Ans: Refer Q.120. 
 
27. Write notes on – 
 i. Nuclear fission ii. Nuclear fusion  

[4 Marks][Oct 13] 
Ans: Refer Q.113 and 120 
 
28. Distinguish between nuclear fission and nuclear 

fusion.                                                  [2 Marks] 
Ans: Refer Q.124. 
 
 
 
15.5 Atomic Spectra 
 
1. The H line of the Balmer series of hydrogen 

spectrum has a wavelength of 6560 Å. Calculate 
the wavelength of H line.                   [2 Marks] 

Ans: 4859 Å 
 
15.6 Bohr’s Atomic Model 
 
2. Calculate the radius of second Bohr orbit in 

hydrogen atom from the given data. 
 Mass of electron = 9.1 × 10–31 kg 
 Charge on the electron = 1.6 × 10–19 C 
 Planck’s constant = 6.63 × 10–34 J-s 
 Permittivity of free space = 8.85 × 10–12 C2/Nm2 

 [2 Marks] [Mar 14]  
Ans: 2.127  Å 
   
3. The radius of the fifth Bohr’s orbit in hydrogen 

atom is 132.5  1011 m. What is the radius of 
the third orbit?                                     [2 Marks] 

Ans: 4.77 Å 

R

R

R

R
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4. Find the ratio of diameter of electron in 1st Bohr
orbit to that in 4th Bohr orbit.              [2 Marks]

Ans: 1:16 

5. The speed of the electron in the first orbit is
2.182  106 m/s. Find the speed of the electron 
in the third orbit.                                 [2 Marks] 

Ans: 7.273  105 m/s 

6. Calculate the linear velocity and frequency of
revolution of an electron in the first Bohr orbit
of hydrogen atom [Radius of first Bohr orbit
= 0.53  1010 m and m = 9.1  1031 kg]

[3 Marks] 
Ans: i. 2.188  106 m/s ii. 6.574  1015 Hz 

7. The period of revolution of the electron in the
third orbit in a hydrogen atom is 4.132  1015s.
Find the period in the fourth orbit.      [2 Marks]

Ans: 9.794  1015 s 

8. The energy of the electron in the first orbit in a
hydrogen atom is 13.6 eV. Find the energy of
the photon emitted when the electron jumps
from the fourth orbit to first orbit.      [2 Marks]

Ans: 12.75 eV 

9. If the radius of third Bohr’s orbit in Hydrogen
atom is 47.7  1011 m. What will be the radius
of the first Bohr’s orbit?                      [1 Mark]

Ans: 5.3 1011 m 

10. Find the longest wavelength in the Pfund series.
[Given that Rydberg constant is 1.097107 m1]

[2 Marks] 
Ans: 74583 Å 

11. The energy of the electron in a hydrogen atom
in its ground state is 13.6 eV. Calculate
Rydberg’s constant and the wavelength of the
series limit of the Pashcen series.       [2 Marks]

Ans: 1.094  107 m1, 8227 Å 

12. Calculate the wavelength and frequency of the
first line of the Lyman series for a hydrogen
atom.             [3 Marks]

Ans: 1215 Å, 2.469  1015 Hz 

13. Rydberg’s constant for hydrogen is
1.097  107 m1. Calculate the wavelength of
the second line of the Balmer series.  [2 Marks]

Ans: 4862 Å 

15.7 Atomic Nucleus  

14. Find nuclear radius of 197Au.    [2 Marks]      
Ans: 6.9828 fm

15. Without assuming value of R0 find nuclear
radius of 235U.
[Given: Nuclear radius of 16O = 3.024 fm]

[2 Marks] 
Ans: 7.406 fm  
15.8 Nuclear Binding Energy  

16. Two stable isotopes of lithium 6
3 Li  and 7

3 Li  have 
respective abundances of 7.5% and 92.5%. 
These isotopes have masses 6.01512 u and 
7.01600 u, respectively. Find the atomic mass of 
lithium.                       [2 Marks] 

Ans:  6.941 u 

17. Boron has two stable isotopes, 10
5 B  and 11

5 B . Their 
respective masses are 10.01294 u and 11.00931 u, 
and the atomic mass of boron is 10.811 u. Find the 
abundances of 10

5 B  and 11
5 B .                   [3 Marks] 

Ans:  19.9, 80.1 

15.9 Radioactive Decays  

18. Find the Q-value of reaction of the α -decay of
226
88 Ra  into 222

86 Rn .  
[Given m  ( 226

88 Ra  ) = 226.02540 u, m ( 222
86 Rn ) = 

222.01750 u and mHe = 4.002603 u.]  [2 Marks] 
Ans: 4.93 MeV 

15.10 Law of Radioactive Decay 

19. A radioactive isotope X has a half life of 6 seconds.
At t = 0, a given sample of this isotope contains
16000 atoms. Calculate (i) its decay constant (ii)
average life (iii) the time t, when, 103 atoms of the
isotope X remain in the sample (iv) number of
decay/s in the sample at time t.               [4 Marks]

Ans: i. 0.1155 s1 ii. 8.658 s
iii. 24 s iv. 115.5 s1 

20  A radioactive isotope has a half-life of T years. 
How long will it take the activity to reduce to 

i) 3.125%, ii) 25
16

% of its original value? 

[2 Marks] 
Ans:  (a) 5T years, (b) 6T years  

21.  The half-life of 90
38Sr   is 28 years. What is the 

disintegration rate of 15 mg of this isotope? 
[3 Marks] 

Ans:  7.861  1010 Bq  

22. Obtain the amount of 60
27 Co  necessary to provide 

a radioactive source of 8.0 mCi strength. The 
half-life of 60

27 Co  is 5.3 years.           [3 Marks] 
Ans:  7.105  106 g 

R

R

R
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23. A source contains two phosphorous radio
nuclides 32

15 P  (T1/2 = 14.3d) and 33
15 P   (T1/2 =

25.3d). Initially, 10% of the decays come from
33
15 P . How long one must wait until 90% do so?  

[3 Marks] 
Ans:  209 days 

15.11 Nuclear Energy  

24. Consider the fission of 238
92 U  by fast neutrons. In

one fission event, no neutrons are emitted and
the final end products, after the beta decay of
the primary fragments, are 140

58 Ce  and 99
44 Ru . 

Calculate Q for this fission process. The 
relevant atomic and particle masses are  
 m( 238

92 U ) = 238.05079 u 
 m( 140

58 Ce ) = 139.90543 u 
 m( 99

44 Ru ) = 98.90594 u 
mn = 1.00866 u    [2 Marks] 

Ans:  231.09 MeV 

[1 Mark Each] 

1. The radius of hydrogen atom in the second
excited state is
(A) 2.12 Å (B) 4.77 Å
(C) 1.59 Å (D) 3.18 Å

2. The period of revolution of electron in the third
orbit in a H-atom is 4.132  1015s. Hence the
period in the fourth orbit is
(A) 9.794  1015 s
(B) 9.794  1014 s
(C) 9.974  1015 s
(D) 9.974  1014 s

3. The linear momentum of the electron in the
ground state of H-atom is 2  1024 kg m/s, its
linear momentum in the 8th orbit is
(A) 2.5  1025 kg m/s
(B) 5.2  1025 kg m/s
(C) 5.2  1015 kg m/s
(D) 2.5  1015 kg m/s

4. If the wavelength of the first line of Balmer
series of hydrogen atom is 6561 Å, the
wavelength of the second line of the series will
be
(A) 3575 Å (B) 3860 Å
(C) 4500 Å (D) 4860 Å

5. The shortest wavelength of spectral line in
Lyman series is 912 Å. The shortest wavelength
of the spectral line of the Paschen series is
(A) 8208 Å (B) 8028 Å
(C) 8828 Å (D) 8820 Å

6. In the hydrogen atom spectrum, the series which
lies in ultraviolet region is
(A) Lyman series (B) Balmer series
(C) Paschen series (D) Brackett series

7. The energy of an electron in nth Bohr orbit is
proportional to _______.

(A) n2 (B) n (C) 1
n

 (D) 2

1
n

8. Linear momentum of an electron in Bohr orbit
of H-atom (principal quantum number n) is
proportional to                       [Mar 15]

 (A) 2

1
n

 (B) 1
n

(C) n (D) n2 

9. Energy of the lowest level of hydrogen atom is
13.6 eV. The energy of the photon emitted in
the transition from n = 3 to n = 1 is
(A) 27 eV (B) 9 eV
(C) 3 eV (D) 12.09 eV

10. The wavelength of second member of Balmer
series of H-atom has a wavelength of 4860 Å.
What will be the wavelength of fourth member
of the series?
(A) 3509 Å (B) 4522 Å
(C) 4101 Å (D) 3961 Å

11. In hydrogen atom, electron jumps from the 3rd

orbit to the 1st orbit. The change in angular
momentum is _______.              [Feb 20]
(A) 1.05  10–34 Js (B) 2.11  10–34 Js
(C) 3.16  10–34 Js (D) 4.22  10–34 Js

12. The ratio of longest wavelength and the shortest
wavelength as observed in the five spectral
series or emission spectrum of hydrogen is

(A) 4
3

(B) 525
376

(C) 25 (D) 900
11
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31. Atom bombs or nuclear devices employ
_______.
(A) nuclear fission only
(B) nuclear fusion only
(C) nuclear fusion alone as well as

combination of both nuclear fission and 
fusion 

(D) nuclear fission alone as well as
combination of both nuclear fission and 
fusion 

32. The angular speed of an electron in the first
orbit in H-atom is 4.016  1016 rad/s. The
angular speed of the electron in the second orbit,
is_______
(A) 4.016  1016 rad/s (B) 5.02  1015 rad/s
(C) 5.02  1016 rad/s (D) 0.38  1016 rad/s

33. Ground state of an atom is a state of _______.
(A) highest stability with highest energy
(B) lowest stability with highest energy
(C) lowest stability with lowest energy
(D) highest stability with lowest energy

34. The potential energy of the electron in the first
Bohr orbit in the hydrogen atom is 27.2 eV.
What is its kinetic energy and binding energy in
the same orbit?
(A) 27.2 eV, 13.6 eV
(B) 13.6 eV, 27.2 eV
(C) 27.2 eV, 27.2 eV
(D) 13.6 eV, 13.6 eV

35. If linear momentum of electron in second Bohr
orbit in a hydrogen atom is p0 then, its linear
momentum in fifth Bohr orbit will be

 (A) 0
2 p
5

 (B) 0
5 p
2

 (C) 0p  (D) 0p
5

1. (B) 2. (A) 3. (A) 4. (D)
5. (A) 6. (A) 7. (D) 8. (B)
9. (D) 10. (C) 11. (B) 12. (C)
13. (D) 14. (A) 15. (A) 16. (C)
17. (B) 18. (D) 19. (B) 20. (D)
21. (C) 22. (C) 23. (C) 24.  (D)
25. (B) 26. (B) 27. (B) 28. (D)
29. (D) 30. (B) 31.  (D)  32. (C)
33. (D) 34. (D) 35. (A)

4. 2 2

1 1 1R
p n
 

    

 For 1st Balmer line,

2 2

1 1 1R
6561 2 3

    
= 5 R

36
….(i) 

 For 2nd Balmer line, 

2 2

1 1 1R
2 4
     

= 3 R
16

….(ii) 

Dividing equation (i) by equation (ii) we get, 
2 5 16

6561 36 3


 

 2 = 20 6561
27
 = 4860 Å

8. p = mv and v  1
n

 p  1
n

9. En 
2

1
n

 E3 = E1  1
9

 E1  E3 = E1  1E 8
9 9
 E1 = 8

9
 13.6  12.09 eV

11. Angular momentum of electron in first orbit, L1

= mv1r1 = 1n h
2

Angular momentum of electron in third orbit, 

L3 = mv3r3 = 3n h
2

 Difference in angular momentum,
L3  L1= mv3r3  mv1r1

 = 3n h
2

 1n h
2

=  3 1
h n n

2




 =  h 3 1
2




 = 
h


= 
346.63 10

3.142



 L3  L1 = 2.11  1034 kg m2/s

26. rn =
2 2

0
2

e

n h
m Ze





2n

Z
For hydrogen, deuteron and tritium, n = 1, 
Z = 1. 
For singly ionized helium, n = 1, Z = 2. 

 Amongst given options, radius of singly ionized
helium is smallest.

27. r4 = a0 (4)2 = 16 a0, r8 = a0 (8)2 = 64 a0 

 r4 = 8r
4

ANSWERS TO MULTIPLE CHOICE QUESTIONS

HINTS TO MULTIPLE CHOICE QUESTIONS 
R
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COMPETITIVE CORNER 

28. For hydrogen: 1


 = RH 2 2

1 1
n m

  
 

  
A

1


 = RH 2 2

1 1
1 2
  
 

 A = 3
4

RH

 
B

1


 = RH 2 2

1 1
4 5

  
 

= H9R
400

 B = 400
9

 RH 

 
C

1


 = RH 2 2

1 1
6 7

  
 

= H13R
1764

 C = 1764
13

 RH 

 
D

1


 = RH 2 2

1 1
7 8

  
 

= H15R
3136

 D = 3136
15

 RH 

D is longest.

31. Atom bombs or nuclear devices can employ
nuclear fission alone as well as combination of
nuclear fission and fusion processes. But they
cannot be operated employing nuclear fusion
alone.

32. ω  3

1
n

 2

1

1
8






 ω2 = 1

8
 = 

164.016 10
8


     = 5.02  1015 rad/s. 

34. Kinetic energy = Potential energy
2

= 27.2
2




= 13.6 eV

 Binding energy 
 = total energy  

 = (potential energy + kinetic energy) 
  =  (27.2 + 13.6)  = 13.6 eV 

35. Since v n 
1
n

, pn   1
n

 5

2

p 2
p 5



 p5 = 2 0p p
5 5
 



1. Half lives of two radioactive elements A and B
are 20 minutes and 40 minutes, respectively.
Initially, the samples have equal number of
nuclei. After   80 minutes, the ratio of decayed
numbers of A and B nuclei will be

[JEE (Main) 2016] 
(A) 4 : 1 (B) 1 : 4
(C) 5 : 4 (D) 1 : 16

Hint: Number of nuclei remaining N = N0 
n1

2
 
 
 

For element A, TA = 20 min. Hence, 80 minutes, 
correspond to 4 half lives. 

 Number of nuclei decayed of A( AN  ) 

 = N0  NA = N0 4

11
2

   
= 0

15 N
16

Similarly for element B, TB = 40 min. Hence, 
80 minutes correspond to 2 half lives. 

 Number of nuclei decayed of B ( BN ) 

 = N0  NB = N0 2

11
2

   
 = 0

3 N
4

 Taking ratio, 
0

A

B
0

15N
N 516

3N 4N
4

 
    

  
 
 

2. In Bohr’s theory of Hydrogen atom, the electron
jumps from higher orbit ‘n’ to lower orbit ‘p’.
The wavelength will be minimum for the
transition                                [MHT CET 2016]
(A) n = 5 to p = 4 (B) n = 4 to p = 3
(C) n = 3 to p = 2 (D) n = 2 to p = 1

Hint: 2 2

1 1 1  =  R
λ p n

 
 

 

a. For n = 5 to p = 4

 =
400
9R

b. For n = 4 to p = 3

 =
144
7R

c. For n = 3 to p = 2

 =
36
5R

d. For n = 2 to p = 1

 =
4

3R
  is minimum for the n = 2 to p = 1 transition.

3. Some energy levels of a molecule are shown in
the figure. The ratio of the wavelengths
r = 1/2, is given by      [JEE (Main) 2017]

(A) r = 3
4

(B) r = 1
3

(C) r = 4
3

(D) r = 2
3

– 4
3

E 

1

–E 
2

–2E 
–3E 
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(A) The first member of the Lyman series,
third member of Balmer series and second
member of Paschen series.

(B) The ionization potential of hydrogen,
second member of Balmer series and third
member of Paschen series.

(C) The series limit of Lyman series, second
member of Balmer series and second
member of Paschen series.

(D) The series limit of Lyman series, third
member of Balmer series and second
member of Paschen series.

Hint: A corresponds to transition from n =  to n = 1, 
hence series limit of Lyman series. 
B corresponds to transition from n = 5 to n = 2, 
hence second member of Balmer series. 
C corresponds to transition from n = 5 to n = 3, 
hence second member of Paschen series. 

Time: 1 Hour 30 Min TOPIC TEST Total Marks: 25 

SECTION A 

Q.1.  Select and write the correct answer: [04] 
i. If an electron jumps from 1st orbit to 3rd orbit, then it will _______.

(A) absorb energy (B) release energy
(C) have zero energy (D) escape from the atom

ii. The radius of first Bohr orbit is 0.53 Å and radius of nth Bohr orbit is 212 Å. The value of ‘n’ is
(A) 2 (B) 12 (C) 20 (D) 400

iii. What is the number of  and  particles emitted in the following reaction?
200 168

90 80X Y

(A) 8 and 6 (B) 6 and 8 (C) 8 and 8 (D) 6 and 6

iv. Choose the INCORRRCT one:
(A) The energy equivalent to that of mass defect is called binding energy of the nucleus.
(B) Mass defect per nucleon is called packing fraction.
(C) The energy equivalent to l amu is 931.5 MeV.
(D) The mass and energy are not interconvertible.

Q.2.  Answer the following: [03] 
i. What is minimum angular momentum of electron in hydrogen atom?

ii. What is mass defect?

iii. State Q-value for beta decay ignoring mass of neutrino.

SECTION B 

Attempt any Four:   [08] 
Q.3. Show that linear velocity of electron in Bohr orbit is inversely proportional to principal quantum

number. 

Q.4. Discuss the demerits of Rutherford’s model of atom.

Q.5.  Obtain expressions for longest and shortest wavelength of spectral lines in ultraviolet region for
hydrogen atom.

Continuum 
+eV
0eV
0.54 eV
0.85 eV
1.51 eV

3.4 eV

13.6 eVn = 1

n = 2

n = 3

n = 4
n = 5

A E

B D C 
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Q.6. Prove that nuclear density for all the nuclei is same.

Q.7. Calculate the binding energy in MeV of a nitrogen nucleus  14
7 N .[Given: m  14

7 N = 14.00307 u]   

Q.8. Describe nuclear fission of 236
92 U . 

SECTION C 

Attempt any Two:   [06] 
Q.9. With the help of neat diagram, describe the Geiger-Marsden experiment. Also, write observations

noted from the experiment. 

Q.10. i. Define excitation energy. 
ii. What inferences can be drawn from binding energy curve?

Q.11. How long will it take for a radioactive sample to reduce to 1% of its original activity?
(Half life of the sample is 8 years.) 

SECTION D 

Attempt any One:    [04] 
Q.12. i. Derive an expression N(t) = N0 et 

ii. Explain with an example the concept of chain reaction.

Q.13. i. An electron is orbiting in 4th Bohr orbit. Calculate ionisation energy for this atom, if the
ground state energy is 13.6 eV.

ii. Describe  decay and write down formula for energy generated in the process.
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Download the answers of the Topic Test by 
scanning the given Q.R. Code. 
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