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 MODERN PHYSICS 

 

 

It is believed that at the beginning of the universe (as per big bang theory), there were 

only two types of atoms, Hydrogen and Helium. How than did all others elements came 

from? 

It was Lise Meigner, a great physicist who was first able to explain correctly the process 

of nuclear reaction (mainly fission)  by which new elements can be synthesized from 

other elements available. During the formation of universe, there was enough energy 

released to support nuclear reactions. Later Ottohahn took support of her work to 

explain the process and won noble prize. Meitner is often mentioned as one of the most 

glaring examples of women's scientific achievement overlooked by the Nobel 

committee. 

 

 

  



Modern Physics  Page 2 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

SECTION I 

INTRODUCTION: 

After all developments in electricity and magnetism, some unusual experiments brought 

new light in the world of physics. The discharge tube, photoelectric effect, black body 

radiation, etc., revolutionized our concepts. 

 Modern physics is the biggest chapter in the syllabus of IITJEE and is very important as 

a large number of questions have been asked year after year. However, problems from 

this chapter are relatively easier to solve and hence the students must keep his concepts 

clear while reading for the first time.  

ELECTRIC DISCHARGE THROUGH GASES 

At normal atmospheric pressure, the gases are poor conductor of electricity. If we 

establish a potential difference (of the order of 30 kV) between two electrodes placed in 

air at a distance of few cm from each other, electric conduction starts in the form of 

sparks.  

The passage of electric current through air is called electric discharge through the air.  

The discharge of electricity through gases can be systematically studied with the help of 

discharge tube shown below  

 

 

 

 

 

 

 

The discharge tube is filled with the gas through which discharge is to be studied. The 

pressure of the enclosed gas can be reduced with the help of a vacuum pump and it's 

value is read by manometer.  

CATHODE RAYS 

Cathode rays, discovered by Sir Willium Crooke are the stream of electrons. They can be 

produced by using a discharge tube containing gas at a low pressure of the order of 10–2 

mm of Hg. At this pressure the gas molecules ionize and the emitted electrons travel 

Length of discharge tube º 30 to 40 cm 

Diameter of the tube º 4cm 

– +  

Gas 

High 

potential 

difference 

Vacuum pump 

Manometer 



Modern Physics  Page 3 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

towards positive potential of anode. The positive ions hit the cathode to cause emission 

of electrons from cathode. These electrons also move towards anode. Thus the cathode 

rays in the discharge tube are the electrons produced due to ionization of gas and that 

emitted by cathode due to collision of positive ions.  

(1) Properties of cathode rays 

(i) Cathode rays travel in straight lines (cast shadows of objects placed in their path) 

(ii) Cathode rays emit normally from the cathode surface. Their direction is independent of 

the position of the anode. 

 

 

 

 

(iii) Cathode rays exert mechanical force on the objects they strike. 

(iv) Cathode rays produce heat when they strikes a material surface.  

(v) Cathode rays produce fluorescence.  

(vi) When cathode rays strike a solid object, specially a metal of high atomic weight and 

high melting point X-rays are emitted from the objects.  

(vii) Cathode rays are deflected by an electric field and also by a magnetic field.  

(viii) Cathode rays ionise the gases through which they are passed. 

(i x) Cathode rays can penetrate through thin foils of metal. 

(x) Cathode rays are found to have velocity ranging th

30

1
 to th

10

1
 of velocity of light. 

SPECIFIC CHARGE OF ELECTRON 

It's working is based on the fact that if a beam of electron is subjected to the crossed 

electric field E  and magnetic field B , it experiences a force due to each field. In case the 

forces on the electrons in the electron beam due to these fields are equal and opposite, 

the beam remains undeflected.  
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If both the fields are applied simultaneously and adjusted such that electron beam 

passes undeflected and produces illumination at point P.  

In this case;   Electric force = Magnetic force Ý eE = evB Ý ;

B

E
v =  v = velocity of 

electron  

As electron beam accelerated from cathode to anode its potential energy at the cathode 

appears as gain in the K.E. at the anode. If suppose V is the potential difference between 

cathode and anode then, potential energy = eV  

And gain in kinetic energy at anode will be K.E. 2
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CANAL RAYS 

Positive rays are sometimes known as the canal rays. These were 

discovered by Goldstein. If the cathode of a discharge tube has 

holes in it and the pressure of the gas is around 10–3 mm of Hg 

then faint luminous glow comes out from each hole on the 

backside of the cathode. It is said positive rays which are coming 

out from the holes.  

 

(i) These are positive ions having same mass if the experimental gas does not have 

isotopes. However if the gas has isotopes then positive rays are group of positive ions 

having different masses. 

(ii) They travels in straight lines and cast shadows of objects placed in their path. But 

the speed of the positive rays is much smaller than that of cathode rays. 

(iii) They are deflected by electric and magnetic fields but the deflections are small as 

compared to that for cathode rays. 

(iv) They show a spectrum of velocities. Different positive ions move with different 

velocities. Being heavy, their velocity is much less than that of cathode rays. 
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(v) q /m   ratio of these rays depends on the nature of the gas in the tube (while in case 

of the cathode rays q/m is constant and doesn't depend on the gas in the tube). q/m  for 

hydrogen is maximum. 

(vi) They carry energy and momentum. The kinetic energy of positive rays is more than 

that of cathode rays. 

(vii) The value of charge on positive rays is an integral multiple of electronic charge. 

(viii) They cause ionisation (which is much more than that produced by cathode rays). 

 

 

PHOTOELECTRIC EFFECT 

It is the phenomenon of emission of electrons from the surface of metals, when light 

radiations (Electromagnetic radiations) of suitable frequency fall on them. The emitted 

electrons are called photoelectrons and the current so produced is called photoelectric 

current. 

This effect is based on the principle of conservation of energy. 
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A minimum energy is required to eject the electrons from metallic surface is defined as 

work function of that surface.  This energy is called threshold energy. And the 

corresponding frequency of the photons is called threshold frequency.  

Study of photoelectric effect 

The given set up (as shown in fig.) is used to study the photoelectric effect 

experimentally. 
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In an evacuated glass tube, two zinc plates C and D are enclosed. Plates C acts as anode 

and D acts as photosensitive plate. Two plates are connected to a battery B and 

ammeter A. If the radiation is incident on the plate D through a quartz window W, 

electrons are ejected out of plate and current flows in the circuit. The plate C can be 

maintained at desired potential (+ve or -ve) with respect to plate D. With the help of 

this apparatus, we will now study the dependence of the photoelectric effect on the 

following factors. 

1. Intensity of incident radiation 

2. Potential difference between C and D 

3. Frequency of incident radiation. 

Effect of Intensity of incident radiation 

The electrode C i.e. collecting electrode is made positive with respect to D. Keeping the 

frequency of light and the potentials fixed, the intensity (amount of energy falling per 

unit area per second) of incident light is varied and the photoelectric current (i) is 

measured in ammeter. The photoelectric current is directly proportional to the intensity 

of light. The photoelectric current gives an account of number of photoelectrons ejected 

per sec. 
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Effect of p.d. between C & D 

Keeping the intensity and frequency of light constant, the positive potential of C is 

increased gradually. The photoelectric current increases with increase in voltage 

(accelerating voltage) till, for a certain positive potential of plate C, the current becomes 

maximum beyond which it does not increase for any increase in the accelerating 

voltage. This maximum value of the current is called as saturation current. 
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Make the potential of C as zero and make it increasingly negative. The photoelectric 

current decrease as the potential is made increasingly negative (retarding potential), till 

for a sharply defined negative potential Vc of C, the current becomes zero. The retarding 

potential for which the photoelectric current becomes zero is called as cut-off or 

stopping potential (Vc). 

2

C max

1
eV mv

2
=  

When light of same frequency is used at higher intensity, the value of saturation current 

is found to be greater, but the stopping potential remains the same. Hence the stopping 

potential is independent of intensity of incident light of same frequency. 

 

Effect of frequency on Photoelectric Effect 

The stopping potential Vc is found to be changing linearly with frequency of incident 

light being more negative for high frequency. An increase in frequency of the incident 

light increases the kinetic energy of the emitted electrons, so greater retarding potential 

is required to stop them completely. For a given frequency v, Vc measures the maximum 

kinetic energy Emax of photoelectrons that can reach plate C. 
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2

c max

1
e V m V

2
ĩ =  

Where m is the mass of electron, e is charge of electron and Vmax is maximum velocity of 

electron. This means that work done by stopping potential must just be equal to 

maximum kinetic energy of an electron. 
 

The effect of changing incident frequency v can also be studied from the plot of 

photoelectric current Vs potential applied across CD, keeping the intensity of incident 

radiation same. 

 From graph, we see that imax is same in all cases. 

 (for same intensity). 

From graph, as v increases, Vc becomes more negative. 
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The plot of frequency Vs stopping potential for two different metals is shown here. It is 

clear from graph that there is a minimum frequency f0 and f0' for two metals for which 

the stopping potential is zero (Vc = 0). So for a frequency below f0 and f0' for two metals, 

there will not be any emission of photoelectrons. This minimum value of frequency of 

incident light below which the emission stops, however large the intensity of light may 

be, is called as threshold frequency. 
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Laws of Photoelectric Emission 
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1. For a light of any given frequency, photoelectric current is directly proportional 

to the intensity of light, provided the frequency is above the threshold frequency. 

2. For a given material, there is a certain minimum (energy) frequency, called 

threshold frequency, below which the emission of photoelectrons stops completely, no 

matter how high is the intensity of incident light. 

3. The maximum kinetic energy of the photoelectrons is found to increase with 

increase in the frequency of incident light, provided the frequency exceeds the 

threshold limit. The maximum kinetic energy is independent of the intensity of light. 

4. The photo-emission is an instantaneous process. After the radiation strikes the 

metal surface, it just takes 10–9 s for the ejection of photoelectrons. 

 

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. So if an electron 

in a metal absorbs a photon of energy E (= hn), it uses the energy in three following 

ways.  

(i) Some energy (say W) is used in shifting the electron from interior to the surface of 

the metal.  

(ii) Some energy (say W0) is used in making the surface 

electron free from the metal.  

(iii) Rest energy will appear as kinetic energy (K) of the 

emitted photoelectrons.  

Hence   E = W + W0 + K  

For the electrons emitting from surface W = 0 so kinetic 

energy of emitted electron will be max.  

Hence            E = W0 + Kmax  ;              This is the Einstein's photoelectric equation  
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Different graphs   

(i) Graph between potential difference between the plates P and Q and photoelectric 

current  

 

 

 

 

 
 

 

 

 

 

(ii) Graph between maximum kinetic energy / stopping potential of photoelectrons 

and frequency of incident light  

 

 

 

 

 

 

 

 

COMPTON EFFECT 

The scattering of a photon by an electron is called Compton effect. The energy and 

momentum is conserved. Scattered photon will have less energy (more wavelength) as 

compare to incident photon (less wavelength). The energy lost by the photon is taken 

by electron as kinetic energy.  

The change in wavelength due to Compton effect is called Compton shift. Compton shift 
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Note : Compton effect shows that photon have momentum. 

 

X-RAYS 

X-rays was discovered by scientist Rontgen that's why they are also called Rontgen rays.  

Rontgen discovered that when pressure inside a discharge tube kept 10–3 mm of Hg and 

potential difference is 25 kV then some unknown radiations (X-rays) are emitted by 

anode.  

(1) Production of X-rays 

There are three essential requirements for the production of X-rays 

(i) A source of electron 

(ii) 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. 

(2) Coolidge X-ray tube  

It consists of a highly evacuated glass tube containing cathode and target. The cathode 

consist of a tungsten filament. The filament is coated with oxides of barium or strontium 

to have an emission of electrons even at low temperature. The filament is surrounded 

by a molybdenum cylinder kept at negative potential w.r.t. the target.  

The target (it's material of high atomic weight, high melting point and high thermal 

conductivity) made of tungsten or molybdenum is embedded in a copper block. 

The face of the target is set at 45o to the incident electron stream.  

 

 

 
 

 

 

 

 

The filament is heated by passing the current through it. A high potential difference (º 

10 kV to 80 kV) is applied between the target and cathode to accelerate the electrons 

which are emitted by filament. The stream of highly energetic electrons are focussed on 

the target.  
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Most of the energy of the electrons is converted into heat (above 98%) and only a 

fraction of the energy of the electrons (about 2%) is used to produce X-rays.  

During the operation of the tube, a huge quantity of heat is produced in this target, this 

heat is conducted through the copper anode to the cooling fins from where it is 

dissipated by radiation and convection. 

(i) Control of intensity of X-rays : Intensity implies the number of X-ray photons 

produced from the target. The intensity of X-rays emitted is directly proportional to the 

electrons emitted per second from the filament and this can be increased by increasing 

the filament current. So intensity of X-rays ́  Filament current  

(ii) Control of quality or penetration power of X-rays : Quality of X-rays implies the 

penetrating power of X-rays, which can be controlled by varying the potential difference 

between the cathode and the target.  

For large potential difference, energy of bombarding electrons will be large and hence 

larger is the penetration power of X-rays. 

Depending upon the penetration power, X-rays are of two types : hard and soft. 

 

CLASSIFICATION OF X-RAYS 

In X-ray tube, when high speed electrons strikes the target, they penetrate the target. 

They loses their kinetic energy and comes to rest inside the metal. The electron before 

finally being stopped makes several collisions with the atoms in the target. At each 

collision one of the following two types of X-rays may get form.  

(1) Continuous X-rays  

As an electron passes close to the positive nucleus of atom, the electron is deflected 

from it's path as shown in figure. This results in deceleration of the electron. The loss in 

energy of the electron during deceleration is emitted in the form of X-rays.  

The X-ray photons emitted so form the continuous X-ray spectrum.   
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Note :  Continuos X-rays are produced due to the phenomenon called 

"Bremsstrahlung". It means slowing down or braking radiation.  

Minimum wavelength 

When the electron looses whole of it's energy in a single collision with the atom, an X-

ray photon of maximum energy hnmax is emitted i.e. 
min

max

2

2

1

l
n

hc
heVmv ===  

where v = velocity of electron before collision with target atom, V = potential difference 

through which electron is accelerated, c = speed of light = 3 ³ 108 m/s   

Maximum frequency of radiations (X-rays)   
h

eV
=

max
n  

Minimum wave length = cut off wavelength of X-ray  Å

VeV

hc 12375

min
==l  

Note : Wavelength of continuous X-ray photon ranges from certain minimum 

(lmin) to infinity.  

 

 

   

 
 

 

Intensity wavelength graph 

The continuous X-ray spectra consist of all the wavelengths over a given range. These 

wavelength are of different intensities. Following figure shows 

the intensity variation of different wavelengths for various 

accelerating voltages applied to X-ray tube.  

For each voltage, the intensity curve starts at a particular 

minimum wavelength (lmin). Rises rapidly to a maximum and 

then drops gradually.   

The wavelength at which the intensity is maximum depends on the accelerating voltage, 

being shorter for higher voltage and vice-versa.  

(2) Characteristic X-rays 

Few of the fast moving electrons having high velocity penetrate the surface atoms of the 

target material and knock out the tightly bound electrons even from the inner most 

shells of the atom. Now when the electron is knocked out, a vacancy is created at that 
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place. To fill this vacancy electrons from higher shells jump to fill the created vacancies, 

we know that when an electron jumps from a higher energy orbit E1 to lower energy 

orbit E2, it radiates energy (E1 – E2). Thus this energy difference is radiated in the form 

of X-rays of very small but definite wavelength which depends upon the target material. 

The X-ray spectrum consist of sharp lines and is called characteristic X-ray spectrum. 

  

 

 

 

 

 

 

 

K, L, M, …… series 

If the electron striking the target eject an electron from the K-shell 

of the atom, a vacancy is crated in the K-shell. Immediately an 

electron from one of the outer shell, say L-shell jumps to the K-

shell, emitting an X-ray photon of energy equal to the energy 

difference between the two shells. Similarly, if an electron from 

the M-shell jumps to the K-shell, X-ray photon of higher energy is emitted. The X-ray 

photons emitted due to the jump of electron from the L, M, N shells to the K-shells gives 

Ka, Kb, Kg lines of the K-series of the spectrum.  

If the electron striking the target ejects an electron from the L-shell of the target atom, 

an electron from the M, N ….. shells jumps to the L-shell so that X-rays photons of lesser 

energy are emitted. These photons form the lesser energy emission. These photons 

form the L-series of the spectrum. In a similar way the formation of M series, N series 

etc. may be explained.  

 

Energy and wavelength of different lines 
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Kb 
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Note : Ç  The wavelength of characteristic X-ray doesn't depend on accelerating voltage. It 

depends on the atomic number (Z) of the target material.  
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Intensity-wavelength graph 

At certain sharply defined wavelengths, the intensity of X-rays is 

very large as marked Ka, Kb …. As shown in figure. These X-rays 

are known as characteristic X-rays. At other wavelengths the 

intensity varies gradually and these X-rays are called continuous 

X-rays.   

MOSLEY’S LAW 

Mosley studied the characteristic X-ray spectrum of a number of a heavy elements and 

concluded that the spectra of different elements are very similar and with increasing 

atomic number, the spectral lines merely shift towards higher 

frequencies.  

 

He also gave the following relation )( bZa -=n  

where n = Frequency of emitted line, Z = Atomic number of 

target, a = Proportionality constant, 

b = Screening constant. 

Note : Ç  a and b doesn't depend on the nature of target. Different values of b are as 

follows 

 b = 1   for  K-series 

 b = 7.4  for  L-series 

 b = 19.2  for M-series 

Ç (Z – b) is called effective atomic number.  
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When a vacancy occurs in the K-shell, there is still one electron remaining in the K-shell. 

An electron in the L-shell will feel an effective charge of (Z – 1)e due to + Ze from the 

nucleus and – e from the remaining K-shell electron, because L-shell orbit is well 

outside the K-shell orbit.  
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where n = 2, 3, 4, …. While for Ka  line Å
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SECTION II 

 

ATOMIC THEORIES 

Thomson's model 

J.J. Thomson gave the first idea regarding structure of atom. According to this model. 

An atom is a solid sphere in which entire and positive charge and it's mass is uniformly 

distributed and in which negative charge (i.e. electron) are embedded like seeds in 

watermelon.  

 

 

 

 

 

Explained successfully the phenomenon of thermionic emission, photoelectric emission 

and ionization. 

Rutherford's model  

After Rutherford's scattering of a-particles experiment, following conclusions were 

made as regard as atomic structure : 

(a) Most of the mass and all of the charge of an atom concentrated 

in a very small region is called atomic nucleus. 

(b) Nucleus is positively charged and it's size is of the order of 10–15 

m º 1 Fermi. 

(c) In an atom there is maximum empty space and the electrons 

revolve around the nucleus in the same way as the planets revolve around the sun. 

It had some strong drawbacks: 

(i) Stability of atom : It could not explain stability of atom because 

according to classical electrodynamic theory an accelerated charged 

particle should continuously radiate energy. Thus an electron 

moving in an circular path around the nucleus should also radiate 

energy and thus move into smaller and smaller orbits of gradually 

– 
– 
– 

– – 

– 

Positively charged 

sphere 

Electron 

Size of the nucleus = 1 Fermi = 10–15 m  

Size of the atom 1 Å = 10–10 m 

Atom 

Nucleus 
+  

10–15 m 

10–10 m 

Instability of atom 

e– 



Modern Physics  Page 18 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

decreasing radius and it should ultimately fall into nucleus.  

(ii) According to this model the spectrum of atom must be continuous where as 

practically it is a line spectrum. 

(iii) It did not explain the distribution of electrons outside the nucleus 

Bohr's Model 

 

 

 

Bohr proposed a model for hydrogen atom which is also applicable for some lighter 

atoms in which a single electron revolves around a stationary nucleus of positive charge 

Ze (called hydrogen like atom)  

Bohr's model is based on the following postulates.  

( i) The electron can revolve only in certain discrete non-radiating orbits, called 

stationary orbits, for which total angular momentum of the revolving electrons is an 

integral multiple of 
p2

h
)( >=  
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p
  where n = 1, 2, 3, ……..= Principal quantum number 

(ii) The radiation of energy occurs only when an electron jumps from one permitted 

orbit to another.  

When electron jumps from higher energy orbit (E1) to lower energy orbit (E2) then 

difference of energies of these orbits i.e. E1 – E2 emits in the form of photon. But if 

electron goes from E2 to E1 it absorbs the same amount of energy. 
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Bohr Orbits ( for Hydrogen and hydrogen like atom) 

 

(1) Radius of orbit  

For an electron around a stationary nucleus the electrostatics force of attraction 

provides the necessary centripetal force  

i.e. 
r

mv

r

eZe
2

2

0

)(

4

1
=

pe
  ……. (i)                   also 

p2

nh
mvr =   …….(ii) 

From equation (i) and (ii) radius of nth orbit  

 Å

Z

n

mZe

hn

kZme

hn
r
n

2

2

0

22

22

22

53.0

4

===
p

e

p
     ù

ú

ø
é
ê

è
=

0
4

1
where

pe
k  

Ý  
Z

n
r

n

2

´     

Note : Ç The radius of the innermost orbit (n = 1) hydrogen atom (z = 1) is called 

Bohr's radius a0 i.e. Åa 53.0
0
= .    

(2) Speed of electron  

From the above relations, speed of electron in nth orbit can be calculated as  

 secm

n

Z

n

Zc

nh

Ze

nh

kZe
v

n
/102.2.

1372

2
6

0

22

³=ö
÷

õ
æ
ç

å
===

e

p
 

  where (c = speed of light 3 ³ 108 m/s ) 

Note : Ç The ratio of speed of an electron in ground state in Bohr's first orbit of 

hydrogen atom to velocity of light in air is equal to 
137

1

2
0

2

=
ch

e

e
  (where c = speed of 

light in air)  

(3) Some other quantities  

For the revolution of electron in nth orbit, some other quantities are given in the 

following table  

Quantity Formula Dependency on n and 

Z 

E1 

E2 
E1 – E2 = hn 

Emission  

E1 

E2 
E1 – E2 = hn 

Absorption  

r 

n 

v 

n 
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(1) Angular speed  
332

0

42

2 hn

emz

r

v

n

n

n

e

p
w ==  

3

2

n

Z

n
´w  

(2) Frequency  
332

0

42

42 hn

emz
n

n

ep

w
n ==  

3

2

n

Z

n
´n  

(3) Time period  
42

332

0
41

emz

hn

T

n

n

e

n
==  

2

3

Z

n
T

n
´  

(4) Angular momentum  
ö
÷

õ
æ
ç

å
==
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h
nrmvL

nnn
 

nL
n
´  

(5) Corresponding 

current  
332

0

52

4 hn

emz
ei

nn

e
n ==  

3

2

n

Z
i
n
´  

(6) Magnetic moment  ( )2

nnnn
riAiM p==  

(where ==
m

eh

p
m

4
0

Bohr 

magneton) 

nM
n
´  

(7) Magnetic field  
553

0

0

732

0

82 hn

ezm

r

i

B

n

n

e

mpm
==  

5

3

n
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(4)  Energy  

(i) Potential energy : An electron possesses some potential energy because it is found in 

the field of nucleus potential energy of electron in nth orbit of radius rn is given by 

nn
r

kZe

r

eZe

kU

2

)()(

. -=
-

=  

(ii) Kinetic energy : Electron posses kinetic energy because of it's motion. Closer orbits 

have greater kinetic energy than outer ones.  

As we know 
2

2

)()(.

nn
r

eZek

r

mv
=  Ý Kinetic energy 

2

||

2

2

U

r

kZe
K

n

==  

(iii) Total energy : Total energy (E) is the sum of potential energy and kinetic energy i.e. 

E = K + U  

Ý 
n

r

kZe
E

2

2

-=   also 
2

0

22

mze

hn

r
n

p

e
= . Hence 

2
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.
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h
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E
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÷

õ

æ
æ

ç

å
-=
e 2

2
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z
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ö
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÷

õ
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ç
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e

eV

n

Z

n

Z
chR

2

2

2

2

6.13-=-=  

where 
32

0

4

8 ch

me
R

e
= = Rydberg's constant = 1.09 ³ 107 per metre  
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Note : Ç Each Bohr orbit has a definite energy 

Ç  For hydrogen atom (Z = 1) Ý eV

n

E
n 2

6.13
-=  

Ç The state with n = 1 has the lowest (most negative) energy. For hydrogen atom 

it is E1 = – 13.6 eV. 

Ç Rch = Rydberg's energy eVJ 6.31ð~1017.2ð~
18-³ . 

Ç 
2

U
KE =-= . 

(iv) Ionisation energy and potential : The energy required to ionise an atom is called 

ionisation energy. It is the energy required to make the electron jump from the present 

orbit to the infinite orbit.  

Hence ö
ö

÷

õ

æ
æ

ç

å
--=-= ¤ 2

2

6.130

n

Z
EEE

nionisation
eV

n

Z

2

2

6.13
+=  

For H2-atom in the ground state eV

n

E
ionisation

6.13
)1(6.13

2

2

=
+
=  

The potential through which an electron need to be accelerated so that it acquires 

energy equal to the ionisation energy is called ionisation potential.          

e

E

V
ionisation

ionisation
=  

(v) Excitation energy and potential : When the electron is given energy from external 

source, it jumps to higher energy level. This phenomenon is called excitation.  

The minimum energy required to excite an atom is called excitation energy of the 

particular excited state and corresponding potential is called exciting potential.   

   
InitialFinalExcitation

EEE -=  and 
e

E

V
excitation

Excitation
=  

(vi) Binding energy (B.E.) : Binding energy of a system is defined as the energy released 

when it's constituents are brought from infinity to form the system. It may also be 

defined as the energy needed to separate it's constituents to large distances. If an 

electron and a proton are initially at rest and brought from large distances to form a 

hydrogen atom, 13.6 eV energy will be released. The binding energy of a hydrogen atom 

is therefore 13.6 eV.  

Note : Ç For hydrogen atom principle quantum number 
(B.E.)

6.13
=n . 
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(5) Energy level diagram  

The diagrammatic description of the energy of the electron in different orbits around 

the nucleus is called energy level diagram.  

 

 

Energy level diagram of hydrogen/hydrogen like atom  

 n = ¤  Infinite  Infinite  E¤ = 0 eV    0 eV      0 eV 

 n = 4  Fourth Third  E4 = – 0.85 eV  – 0.85 Z2 + 0.85 eV 

 n = 3  Third  Second E3 = – 1.51 eV  – 1.51 Z2 + 1.51 eV 

 n = 2  Second First E2 = – 3.4 eV  – 3.4 Z2 + 3.4 eV 

 n = 1  First  Ground  E1 = – 13.6 eV  – 13.6 Z2 + 13.6 eV 

 Principle 

quantum 

number 

Orbit Excited 

state 

Energy for H2  

– atom 

Energy for H2  

– like atom 

Ionisation 

energy  

from this level 

(for  H2 – atom) 

 

Note : Ç In hydrogen atom excitation energy to excite electron  from ground 

state to first excited state will be eV2.10)6.13(4.3 =--- . 

and from ground state to second excited state it is [ eV09.12)6.13(51.1 =--- ]. 

Ç In an 
2

H  atom when -e makes a transition from an excited state to the ground 

state it’s kinetic energy increases while potential and total energy decreases. 

(6) Transition of electron 

When an electron makes transition from higher energy level having energy E2(n2) to a 

lower energy level having energy E1 (n1) then a photon of frequency n is emitted  

(i) Energy of emitted radiation  
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EEE -=D
ö
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÷
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(ii) Frequency of emitted radiation     

  nhE=D Ý 
ö
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æ
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212
11
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E
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(iii) Wave number/wavelength  

E2 

E1 

DE,n,l 

Emission  

n2 

n1 
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Wave number is the number of waves in unit length 
c

n

l
n ==

1
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(iv) Number of spectral lines : If an electron jumps from higher energy orbit to lower 

energy orbit it emits raidations with various spectral lines.  

If electron falls from orbit n2 to n1 then the number of spectral lines emitted is given by  

   
2

))(1(
1212

nnnn

N
E

-+-
=  

If electron falls from nth orbit to ground state (i.e. n2 = n and n1 = 1) then number of spectral lines 

emitted 
2

1)( -
=

nn

N
E

 

Note : Ç Absorption spectrum is obtained only for the transition from lowest 

energy level to higher energy levels. Hence the number of absorption spectral lines will 

be (n – 1). 

(v) Recoiling of an atom : Due to the transition of electron, photon is emitted and the 

atom is recoiled  

Recoil momentum of atom = momentum of photon 
ö
ö

÷

õ

æ
æ

ç

å
-==

2

2

2

1

2
11

nn

hRZ
h

l
 

Also recoil energy of atom 
m

p

2

2

=
2

2

2 lm

h
=    (where m = mass of recoil atom) 

 

Lyman series

Balmer series

Pasher Series

Braken series

Prilind Series

Ground State

Emission lines

higher lowerhv E E= ­

n = 6

n = 5

n = 4

n = 3

n = 2

n = 1

1

13.6
E ev

9

-
=

2

13.6
E ev

4

-
=

Absorptions lines and

exciatation energies

n=a
ionization energy

 

 

The spectrum of H-atom studied by Lyman, Balmer, Paschen, Bracken and Pfund can 

now be explained on the basis of Bohr's Model. It is now clear that when an electron 
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jumps from a higher energy state to a lower energy state, the radiation is emitted in 

form of photons. The radiation emitted in such a transition corresponds to the spectral 

line in the atomic spectra of H-atom. 

 

 

Lyman Series 

When an electron jumps from any of the higher states to the ground state or 1st state  

(n = 1), the series of spectral lines emitted lies in ultra -violet region and are called as 

Lyman Series. 

 

Balmer Series 

When an electron jumps from any of the higher states to the state with n = 2 (IInd 

state), the series of spectral lines emitted lies in visible region and are called as Balmer 

Series. 

 

Paschen Series 

When an electron jumps from any of the higher states to the state with n = 3 (IIIrd 

state), the series of spectral lines emitted lies in near infra-red region and are called as 

Paschen Series. 

 

Brackett Series 

When an electron jumps from any of the higher states to the state with n = 4 (IVth 

state), the series of spectral lines emitted lies in far infra-red region and called as 

Brackett Series. 

 

Pfund Series 

When an electron jumps from any of the higher states to the state with n = 5 (Vth state), 

the series of spectral lines emitted lies in far infra-red region and are called as Pfund 

Series. 

 

(7) Draw backs of Bohr's atomic model 

(i) It is valid only for one electron atoms, e.g. : H, He+ , Li+2 , Na+1  etc. 

(ii) Orbits were taken as circular but according to Sommerfield these are elliptical. 
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(iii) Intensity of spectral lines could not be explained.  

(iv) Nucleus was taken as stationary but it also rotates on its own axis.  

(v) It could not be explained the minute structure in spectrum line.  

(vi) This does not explain the Zeeman effect (splitting up of spectral lines in magnetic 

field) and Stark effect (splitting up in electric field) 

(vii) This does not explain the doublets in the spectrum of some of the atoms like 

sodium (5890Å & 5896Å) 

 

Quantum theory of atomic structure 

An atom contains large number of shells and subshells. These are distinguished from 

one another on the basis of their size, shape and orientation (direction) in space. The 

parameters are expressed in terms of different numbers called quantum number. 

Quantum numbers may be defined as a set of four number with the help of which we 

can get complete information about all the electrons in an atom. It tells us the address of 

the electron i.e. location, energy, the type of orbital occupied and orientation of that 

orbital. 

(1) Principal Quantum number (n) : This quantum number determines the main energy 

level or shell in which the electron is present. The average distance of the electron from 

the nucleus and the energy of the electron depends on it.   
2

1

n

E
n
´   and   

2

nr
n
´  (in H-atom) 

The principal quantum number takes whole number values, n = 1, 2, 3, 4,….. ¤  

(2) Orbital quantum number (l) or azimuthal quantum number (l)  

This represents the number of subshells present in the main shell. These subsidiary 

orbits within a shell will be denoted as 0, 1, 2, 3, … or s, p, d, f … This tells the shape of 

the subshells.  

The orbital angular momentum of the electron is given as 
p2

)1(
h

llL +=        (for a 

particular value of n).    

For a given value of n the possible values of l are  l = 0, 1, 2, ….. upto  (n – 1) 

(3) Magnetic quantum number (ml) : An electron due to it's angular motion around the 

nucleus generates an electric field. This electric field is expected to produce a magnetic 
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field. Under the influence of external magnetic field, the electrons of a subshell can 

orient themselves in certain preferred regions of space around the nucleus called 

orbitals. 

The magnetic quantum number determines the number of preferred orientations of the 

electron present in a subshell. 

The angular momentum quantum number m can assume all integral value between – l 

to + l including zero. Thus ml can be – 1, 0, + 1 for l = 1. Total values of ml associated 

with a particular value of l is given by (2l + 1).  

(4) Spin (magnetic) quantum number (ms) : An electron in atom not only revolves 

around the nucleus but also spins about its own axis. Since an electron can spin either in 

clockwise direction or in anticlockwise direction. Therefore for any particular value of 

magnetic quantum number, spin quantum number can have two values, i.e. 
2

1
=

s
m  

(Spin up)  or 
2

1

-=
s

m   (Spin down) 

This quantum number helps to explain the magnetic properties of the substance.  

 

Orbital Electron filling rules: 

An atomic orbital is a mathematical function that describes the wave-like behavior of 

either one electron or a pair of electrons in an atom. This function can be used to 

calculate the probability of finding any electron of an atom in any specific region around 

the atom's nucleus. These functions may serve as three-dimensional graphs of an 

electron’s likely location. The term may thus refer directly to the physical region defined 

by the function where the electron is likely to be. Specifically, atomic orbitals are the 

possible quantum states of an individual electron in the collection of electrons around a 

single atom, as described by the orbital function. 

http://en.wikipedia.org/wiki/Mathematical_function
http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Quantum_state
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Energy levels of orbitals 

Based on energy, the orbitals of various levels can be arranged as given in the diagram. 

The relative energy can be found as, Energy= Principle quantum  number + Orbital 

Quantum number. As per this rule, if two orbitals get the same energy, then , one having 

greater principle  quantum number will have greater energy.   
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The distribution of electrons in different orbitals of an atom is called the electronic 

configuration of the atom. The filling of electrons in orbitals is governed by the 

follow ing rules.  

 

(1) Pauli's exclusion principle  

"It states that no two electrons in an atom can have all the four quantum number (n, l, 

ml and ms) the same." 

It means each quantum state of an electron must have a different set of quantum 

numbers n, l, ml and ms. This principle sets an upper limit on the number of electrons 

that can occupy a shell.  

   
max

N  in one shell = 2n2; Thus Nmax in K, L, M, N …. shells are 2, 8, 

18, 32, 
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 Note : Ç The maximum number of electrons in a subshell with orbital quantum 

number l is 2(2l + 1).  

(2) Aufbau principle 

Electrons enter the orbitals of lowest energy first.  

As a general rule, a new electron enters an empty orbital for which (n + l ) is minimum. 

In case the value )( ln+  is equal for two orbitals, the one with lower value of n is filled 

first. 

Thus the electrons are filled in subshells in the following order (memorize) 

1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p, …… 

(3) Hund's Rule  

When electrons are added to a subshell where more than one orbital of the same energy 

is available, their spins remain parallel. They occupy different orbitals until each one of 

them has at least one electron. Pairing starts only when all orbitals are filled up. 

Pairing takes place only after filling 3, 5 and 7 electrons in p, d and f orbitals, 

respectively.  
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Examples: 
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SECTION III 

 

NUCLEAR PHYSICS AND RADIOACTIVITY 

 

It was observed by Henri Becquerel in i896 that some minerals like pitchblende emit 

radiation spontaneously, and this radiation can blacken photographic plates if 

photographic plate is wrapped in light proof paper. He called this phenomenon 

radioactivity. It was observed that radioactivity was not affected by temperature, 

pressure or chemical combination; it could therefore be a property that was intrinsic to 

the atom-more specifically to its nucleus. Detailed studies of radioactivity resulted in 

the discovery that radiation emerging from radioactive substances were of three types : 

a-rays, b -rays and g -rays. 

a-rays were found to be positively charged, b-rays (mostly) negatively charged, and g 

- rays uncharged. Some of the properties of ,ab and g– rays, are explain below: 

 

(i)  Alpha Particles: An a-particle is a helium nucleus, i.e. a helium atom which has lost 

two electrons. It has a mass about four times that of a hydrogen atom and carries a charge 

+2e. The velocity of a-particles ranges from 5 to 7 percent of the velocity of light. These 

have very little penetrating power into a material medium but have a very high ionising 

power. 

 

(ii)  Beta Particles: b-particles are electrons moving at high speeds. These have 

greater (compared to a-particles) penetrating power but less ionising power. Their 

emission velocity is almost the velocity of light. Unlike a-particles, they have a spectrum 

of energy, i.e., beta particles possess energy from a certain minimum to a certain 

maximum value. 

 

(iii)  Gamma Rays: g-rays are electromagnetic waves of wavelength of the order of ~ 

10–12 m. These have the maximum penetrating power (even more than X–ray) and the 

least ionising power. These are emitted due to transition of excited nucleus from higher 

energy state to lower energy state. 
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 Property a b g  

 Nature Positive charged Negatively charged  Uncharged 

  particles, 2He4 particles (electrons). ~ 0.01A,l  

  nucleus  electromagnetic radiation 

 Charge +2e –e 0 

 Mass 6.6466 × 10–27 kg 9.109×10–31kg 0 

 Range ~10 cm in air, can be Upto a few m in Several m in air 

  stopped by 1mm of A  can be stopped  stopped by ~ cm of 

   ~cm of A  Pb 

 Natural  By natural radioiso- By radioisotopes Excited nuclei formed 

 sources topes e.g. 92U236 e.g. 29Co68 as a result of a, b  decay 

Neutrons 

Neutron is a fundamental particle which is essential constituent of all nuclei except that 

of hydrogen atom. It was discovered by Chadwick.  

(1) The charge of neutron : It is neutral  

(2) The mass of neutron : 1.6750 ³ 10–27 kg  

(3) It's spin angular momentum : sJ
h

-

22

1

ö
÷

õ
æ
ç

å
³
p

 

(4) It's magnetic moment : 9.57 ³ 10–27 J/ Tesla  

(5) It's half life : 12 minutes  

(6) Penetration power : High  

(7) Types : Neutrons are of two types slow neutron and fast neutron, both are fully 

capable of penetrating a nucleus and causing artificial disintegration.  

Nucleus 

(1) Different types of nuclei   

The nuclei have been classified on the basis of the number of protons (atomic number) 

or the total number of nucleons (mass number) as follows  

A free neutron outside the nucleus is unstable 

and decays into proton and electron.   

 
oAnt inutrinElectron

0

1
Proton

1

1

1

0 nb ++­ -Hn  
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(i) Isotopes : The atoms of element having same atomic number but different mass 

number are called isotopes. All isotopes have the same chemical properties. The 

isotopes of some elements are the following  

 3

1

2

1

1

1
,, HHH    18

8

17

8

16

8
,, OOO    4

2

3

2
, HeHe    37

17

35

17
, ClCl    238

92

235

92
, UU  

(ii) Isobars : The nuclei which have the same mass number (A) but different atomic 

number (Z) are called isobars. Isobars occupy different positions in periodic table so all 

isobars have different chemical properties. Some of the examples of isobars are  

  17

9

17

8

14

7

14

6

3

2

3

1
 and,and, and FONCHeH  

(iii) Isotones : The nuclei having equal number of neutrons are called isotones. For them 

both the atomic number (Z) and mass number (A) are different, but the value of (A – Z) 

is same. Some examples are  

  4

2

3

1

8

4

7

3

19

9

18

8

14

7

13

6

10

5

9

4
and, and, and ,and,and HeHBeLiFONCBBe  

(iv) Mirror nuclei :  Nuclei having the same mass number A but with the proton number 

(Z) and neutron number (A – Z) interchanged (or whose atomic number differ by 1) are 

called mirror nuclei for example.  

  7

4

7

3

3

2

3

1
 and,and BeLiHeH  

(2) Size of nucleus  

(i) Nuclear radius : Experimental results indicates that the nuclear radius is 

proportional to A1/3 , where A is the mass number of nucleus i.e.    3/1

AR´      Ý 

3/1

0
ARR= , where R0 = 1.2 ³ 10–15 m = 1.2 fm.  

Note : Ç Heavier nuclei are bigger in size than lighter nuclei. 

(ii) Nuclear volume : The volume of nucleus is given by AVARRV ´Ý== 3

0

3

3

4

3

4
pp  

(iii) Nuclear density : Mass per unit volume of a nucleus is called nuclear density. 

   
33/1

0
)(

3

4nucleusof  Volume

nucleusof  Mass
 )(densityNuclear 

AR

mA

p

r ==  

where m = Average of mass of a nucleon (= mass of proton + mass of neutron = 1.66 ³ 

10–27 kg)  

and mA = Mass of nucleus  

Ý 317

3

0

/1038.2

4

3
mkg

R

m
³==

p
r  
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Note : Ç r is independent of A, it means r is same of all atoms. 

Ç Density of a nucleus is maximum at it's centre and decreases as we move outwards 

from the nucleus. 

(3) Nuclear force   

Forces that keep the nucleons bound in the nucleus are called 

nuclear forces.  

(i) Nuclear forces are short range forces. These do not exist at 

large distances greater than 10–15 m. 

(ii) Nuclear forces are the strongest forces in nature.  

(iii) These are attractive force and causes stability of the nucleus.  

(iv) These forces are charge independent.  

(v) Nuclear forces are non-central force.  

Nuclear forces are exchange forces  

According to scientist Yukawa the nuclear force between the two nucleons is the result 

of the exchange of particles called mesons between the nucleons.  

p - mesons are of three types – Positive p meson (p+ ), negative p meson (p –), neutral p 

meson (p0)  

The force between neutron and proton is due to exchange of charged meson between 

them i.e.  

   -+ +­+­ pp pnnp ,     

The forces between a pair of neutrons or a pair of protons are the result of the exchange 

of neutral meson (po) between them i.e.  0

' p+­ pp    and    0

' p+­ nn  

Thus exchange of p meson between nucleons keeps the nucleons bound together. It is 

responsible for the nuclear forces. 

 

(4) Nuclear stability   

Among about 1500 known nuclides, less than 260 are stable. The others are unstable 

that decay to form other nuclides by emitting a, b-particles and g - EM waves. (This 

process is called radioactivity). The stability of nucleus is determined by many factors. 

Few such factors are given below : 

At high speeds, nuclei come close enough 

for the strong force to bind them together. 

At low speeds, electromagnetic repulsion 

prevents the collision of nuclei 
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(i) Neutron -proton ratio ö
÷

õ
æ
ç

å
Ratio

Z

N

  

The chemical properties of an atom are governed entirely by the number of protons (Z) 

in the nucleus, the stability of an atom appears to depend on both the number of 

protons and the number of neutrons. 

For lighter nuclei, the greatest stability is achieved when the number of protons and 

neutrons are approximately equal (N º Z) i.e. 1=
Z

N
 

Heavy nuclei are stable only when they have more neutrons than protons. Thus heavy 

nuclei are neutron rich compared to lighter nuclei (for heavy nuclei, more is the number 

of protons in the nucleus, greater is the electrical repulsive force between them. 

Therefore more neutrons are added to provide the strong attractive forces necessary to 

keep the nucleus stable.) 

  

 

 

 

 

 

 

 

 

Figure shows a plot of N verses Z for the stable nuclei. For mass number upto about A = 

40. For larger value of Z the nuclear force is unable to hold the nucleus together against 

the electrical repulsion of the protons unless the number of neutrons exceeds the 

number of protons. At Bi (Z = 83, A = 209), the neutron excess in N – Z = 43. There are 

no stable nuclides with Z > 83. 

Note : Ç The nuclide 209

83
Bi  is the heaviest stable nucleus. 

Ç A nuclide above the line of stability i.e. having excess neutrons, decay through 

-b  emission (neutron changes into proton). Thus increasing 

atomic number Z and decreasing neutron number N. In -b  

emission, 
Z

N
 ratio decreases.  
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 A nuclide below the line of stability have excess number of protons. It decays by 

+b  emission, results in decreasing Z and increasing N. In +b  emission, the 
Z

N
 ratio 

increases. 

(ii) Even or odd numbers of Z or N : The stability of a nuclide is also determined by the 

consideration whether it contains an even or odd number of protons and neutrons.  

It is found that an even-even nucleus (even Z and even N) is more stable (60% of stable 

nuclide have even Z and even N). 

An even-odd nucleus (even Z and odd N) or odd-even nuclide (odd Z and even N) is 

found to be lesser sable while the odd-odd nucleus is found to be less stable. 

Only five stable odd-odd nuclides are known : 180

75

14

7

10

5

6

3

2

1
 and,,, TaNBeLiH  

(iii) Binding energy per nucleon : The stability of a nucleus is determined by value of it's 

binding energy per nucleon. In general higher the value of binding energy per nucleon, 

more stable the nucleus is . 

Mass energy equivalence 

According to Einstein, mass and energy are inter convertible. The Einstein's mass energy 

relationship is given by 2

mcE=   

If m = 1 amu, c = 3 ³ 108 m/sec then E = 931 MeV  i.e. 1 amu is equivalent to 931 MeV or 1 

amu (or 1 u) = 931 MeV  

Mass defect and binding energy 

(1) Mass defect (Dm)  

It is found that the mass of a nucleus is always less than the sum of masses of it's 

constituent nucleons in free state. This difference in masses is called mass defect. Hence 

mass defect 

Dm = Sum of masses of nucleons – Mass of nucleus  

 { } { } ')()( MmZAZmZmMmZAZm
zepnp
--++=--+=  

where mp = Mass of proton, mn = Mass of each neutron, me = Mass of each electron 

M = Mass of nucleus, Z = Atomic number, A = Mass number, M¡ = Mass of atom as a 

whole. 
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Note : Ç The mass of a typical nucleus is about 1% less than the sum of masses of 

nucleons.  

(2) Packing fraction   

Mass defect per nucleon is called packing fraction  

Packing fraction (f ) 
A

AM

A

m -
=

D
=  where M = Mass of nucleus, A = Mass number 

Packing fraction measures the stability of a nucleus. Smaller 

the value of packing fraction, larger is the stability of the 

nucleus.  

(i) Packing fraction may be of positive, negative or zero value. 

(iii) At A = 16, f ­ Zero  

 

(3) Binding energy (B.E.) 

The neutrons and protons in a stable nucleus are held together by nuclear forces and 

energy is needed to pull them infinitely apart (or the same energy is released during the 

formation of the nucleus). This energy is called the binding energy of the nucleus. 

    or 

The binding energy of a nucleus may be defined as the energy equivalent to the mass 

defect of the nucleus. 

If Dm is mass defect then according to Einstein's mass energy relation  

Binding energy = Dm Ö c2 =  [{ mpZ + mn(A – Z)} – M]Ö c2  

(This binding energy is expressed in joule, because Dm is measured in kg) 

If Dm is measured in amu then binding energy = Dm amu = [{ mpZ + mn(A – Z)} – M] 

amu = Dm ³ 931 MeV  

(4) Binding energy per nucleon  

The average energy required to release a nucleon from the nucleus is called binding 

energy per nucleon. 

Binding energy per nucleon  

Nucleon

MeV

A

m

i.e

931

nucleons)of number  total .(number  Mass

energying Total bind ³D
==  

Binding energy per nucleon ́  Stability of nucleus  

– 10 

– 20 

0 

10 

20 

30 

40 

N0/ 8 

A > 240 
Mass  

number 

(A) 
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Binding Energy Curve 

It is the graph between binding energy per nucleon and total number of nucleons (i.e. 

mass number A)  

 

 

 

 

 

 

 

(1) Some nuclei with mass number A < 20 have large binding energy per nucleon than 

their neighbour nuclei. For example 20

10

16

8

12

6

8

4

4

2
 and ,,, NeOCBeHe . These nuclei are 

more stable than their neighbours.  

(2) The binding energy per nucleon is maximum for nuclei of mass number A = 56 

)(
56

26
Fe . It's value is 8.8 MeV per nucleon. 

(3) For nuclei having A > 56, binding energy per nucleon gradually decreases for 

uranium (A = 238), the value of binding energy per nucleon drops to 7.5 MeV.  

Note : ÇWhen a heavy nucleus splits up into lighter nuclei, then binding energy per 

nucleon of lighter nuclei is more than that of the original heavy nucleus. Thus a large 

amount of energy is liberated in this process (nuclear fission). 

When two very light nuclei combines to form a relatively heavy nucleus, then binding 

energy per nucleon increases. Thus, energy is released in this process (nuclear fusion). 
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The number of atoms disintegrating per second dN/dt is directly proportional to the 

number of atoms (N) present at that instant.  For most radioisotopes, l is very small in 

the SI system it take a large number N(~ Avogadro number, 1023) to get any significant 

activity. 

dN
N

dt
=-l     ….(i) 

Where l is the radioactivity decay constant. 

If No is the number of radioactive atoms present at a time t = 0, and N is the number at 

the end of time t, then 

-= 0N N e ɚt 

The term (dN/dt) is called the activity of a radioactive substance and is denoted by 'A'. 

Units:  1 Becquerel (Bq) = 1 disintegration per second (dps) 

  1 curie (Ci)  = 3.7 x 1010 dps 

  1 Rutherford  =10 6 dps 

The changes in N, due to radioactivity, are very small in 1 s compared with the value of 

N 'its self. 

Therefore. N may be approximated by means of a continuous function N(t).  

For the case considered in equation (i), we can write, 

 A =  rate of decrease of N = Nl  

or 
dN

N
dt
- =l    .....(ii) 

Note the equation (ii) is valid only for large value of N, typically –1018 or so. 

If the number of atoms at time t = 0 (initial) is N = N0, then one can solve equation (ii):  

 
0

N t

N 0

dN
dt

N
=- lñ ñ  

or In 
0

N
t

N
=-l 

or N(t) = N 0 
te-l ......(iii) 

The activity A (t) = Nl (t) and is given by  

 A (t) = 
t

0N e-ll  

  =  A0 
te-l taking (A0 = lN0) ....(iv) 

The variation of N is represented below: 
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In N

Straight Line

t  

N
Expontential decay

t
av

1t

2

oN

2

N
o

.31N
0

 

Graphs of A vs t or In A vs t are similar to the above graphs 

Half  Life  

A significant feature of the above graph is the time in which the number of active nuclei 

(N) is halved. This is independent of the starring value, N = N0. Let us compute this 

time: 

 r '0
0

N
N e

2

-l=  

\ t 'e-l = 
1

2
 

or, t 'l  = In 2 = 0.693 (approx)  

or, t' = 1/ 2T  = 
0.693

l
 

This half-life represents the time in which the number of radioactive nuclei falls to 
1

2
 of 

its starting value. Activity, being proportional to the number of active nuclei, also has 

the same half-life. 

Mean Life  

A very significant quantity that can be measured directly for small numbers of atoms is 

the mean lifetime. If there are n active nuclei, (atoms) (of the same type, of course), the 

mean life is  

 1 2 2.......

n

t +t + +t
t=  

Where 1t, 2t,....... nt represent the observed lifetime of the individual nuclei and n is a 

very large number. It can also be calculated as a weighted average: 

 1 1 2 2 n n

1 n

N N ....... N

N ..... N

t +t + +t
t=

+ +
 

Where  N1 nuclei live for time 1t, 
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 N2 nuclei live for time 2,t ....... and so on. 

This quantity may be related with l. 

Using calculus (vi) may be rewritten as: 

 
t dN

dN
t=
ñ

ñ
 

Where |dN| is the number of nuclei decaying between t, t + dt; the modulus sign is 

required to ensure that it is positive. 

 dN = t

0N e dt-l-l  

 and  |dN| = t

0N e dt-ll  

 \ 

t

0

0

t

0

0

t N e dt

N e dt

¤

-l

¤

-l

l

t=

l

ñ

ñ

 

   = 

t

0

t

0

te dt

e dt

¤

-l

¤

-l

ñ

ñ

 = 
2

1

1

å õ
æ ö
lç ÷

å õ
æ ö
lç ÷

 (integrating the numerator by parts) 

 or 
1

t=
l

  

 

NUCLEAR REACTIONS 

The process by which the identity of a nucleus is changed when it is bombarded by an 

energetic particle is called nuclear reaction. The general expression for the nuclear 

reaction is as follows.  

 

 
Energy)() particles(Productnucleus) Compound(nucleus) (Compound particle)Incident(nucleus) Parent(

QbYCaX ++½­½½­½+  

Here X and a are known as reactants and Y and b are known as products. This reaction 

is known as (a, b) reaction and can be represented as X(a, b) Y  
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(1) Q value or energy of nuclear reaction   

The energy absorbed or released during nuclear reaction is known as Q-value of nuclear 

reaction.  

Q-value = (Mass of reactants – mass of products)c2 Joules  

           = (Mass of reactants – mass of products) amu 

If Q < 0, The nuclear reaction is known as endothermic. (The energy is absorbed in the 

reaction) 

If Q >  0, The nuclear reaction is known as exothermic (The energy is released in the 

reaction) 

(2) Law of conservation in nuclear reactions  

(i) Conservation of mass number and charge number : In the following nuclear reaction  

   1

1

17

8

14

7

4

2
HONHe +­+  

Mass number (A) ­  Before the reaction   After the reaction  

        4 +14 = 18      17 + 1 = 18 

Charge number (Z) ­      2 + 7 = 9       8 + 1 = 9 

(ii) Conservation of momentum : Linear momentum/angular momentum of particles 

before the reaction is equal to the linear/angular momentum of the particles after the 

reaction. That is Sp = 0 

(iii) Conservation of energy : Total energy before the reaction is equal to total energy 

after the reaction. Term Q is added to balance the total energy of the reaction. 

(3) Common nuclear reactions 

The nuclear reactions lead to artificial transmutation of nuclei. Rutherford was the first 

to carry out artificial transmutation of nitrogen to oxygen in the year 1919. 

   1

1

17

8

18

9

14

7

4

2
HOFNHe +­­+  

It is called (a, p) reaction. Some other nuclear reactions are given as follows.  

(p, n) reaction  Ý  1

0

11

6

12

6

11

5

1

1
nCCBH +­­+  

(p, a) reaction  Ý  4

2

4

2

8

4

11

3

1

1
HeHeBeLiH +­­+  

(p, g) reaction  Ý  g+­­+ 13

7

13

7

12

6

1

1
NNCH  

(n, p) reaction Ý   1

1

14

6

15

7

14

7

1

0
HCNNn +­­+  

(g, n) reaction Ý   1

0

1

1

2

1
nHH +­+g  
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NUCLEAR FISSION 

The breaking of a heavy nucleus into two or more fragments of comparable masses, 

with the release of tremendous energy is called as nuclear fission. The most typical 

fission reaction occurs when slow moving neutrons strike 92U235. The following nuclear 

reaction takes place. 

QnKrBaUnU +++­­+ 1

0

92

36

141

56

nucleus) (unstable

236

92

1

0

235

92
3  

 

 

(1) Fission reaction of U235  

(i) Nuclear reaction :  

   QnKrBaUnU +++­­+ 1

0

92

36

141

56

nucleus) (unstable

236

92

1

0

235

92
3  

(ii) The energy released in U235 fission is about 200 MeV or 0.8 MeV per nucleon. 

(iii) By fission of 235

92
U , on an average 2.5 neutrons are liberated. These neutrons are 

called fast neutrons and their energy is about 2 MeV (for each). These fast neutrons can 

escape from the reaction so as to proceed the chain reaction they are need to slow 

down.  

(iv) Fission of U235 occurs by slow neutrons only (of energy about 1eV) or even by 

thermal neutrons (of energy about 0.025 eV). 

(v) 50 kg of U235 on fission will release º 4 × 1015 J of energy. This is equivalence to 

20,000 tones of TNT explosion. The nuclear bomb dropped at Hiroshima had this much 

explosion power. 

(vi) The mass of the compound nucleus must be greater than the sum of masses of 

fission products.  

(vii) The 
A

energyBinding 
 of compound nucleus must be less than that of the fission 

products. 

(viii) It may be pointed out that it is not necessary that in each fission of uranium, the 

two fragments Ba
56

 and Kr
36

 are formed but they may be any stable isotopes of middle 

weight atoms.  

Same other 235

U  fission reactions are   

   1

0

94

38

140

54

1

0

235

92
2 nSrXenU ++­+  
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             1

0

85

35

148

57
3 nBrLa ++­  

             ­  Many more 

(ix) The neutrons released during the fission process are called prompt neutrons. 

(x) Most of energy released appears in the form of kinetic energy of fission fragments.  

 

 

 

 

 

(2) Chain reaction  

In nuclear fission, three neutrons are produced along with the release of large energy. 

Under favourable conditions, these neutrons can cause further fission of other nuclei, 

producing large number of neutrons. Thus a chain of nuclear fissions is established 

which continues until the whole of the uranium is consumed. 

 

 

 

 

 

 

 

 

In the chain reaction, the number of nuclei undergoing fission increases very fast. So, 

the energy produced takes a tremendous magnitude very soon.  

NUCLEAR FUSION 

The process in which two or more light nuclei are combined into a single nucleus with 

the release of tremendous amount of energy is called as nuclear fusion. Like a fission 

reaction, the sum of masses before the fusion (i.e. of light nuclei) is more than the sum 

of masses after the fusion (i.e. of bigger nucleus) and this difference appears as the 

fusion energy. The most typical fusion reaction is the fusion of two deuterium nuclei 

into helium. 

Slow 

Neutron 
92U235 92U236 

Energy 

Energy 

Energy 

Energy 

Kr 

Ba 

n 

Kr 

Ba 
U 

U 

Kr 

Ba 

Kr 

Ba 

U 
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1 2 4

1 1 2H H He 21.6 MeV+ È +  

For the fusion reaction to occur, the light nuclei are brought closer to each other (with a 

distance of 10–14 m). This is possible only at very high temperature to counter the 

repulsive force between nuclei. Due to this reason, the fusion reaction is very difficult to 

perform. The inner core of sun is at very high temperature, and is suitable for fusion, in 

fact the source of sun's and other star's energy is the nuclear fusion reaction 

NOTE: The energy released to compensate the unbalanced mass by conversion of mass 

to energy by einstein’s relation.  
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Solved Examples on Section 1 

Example: 1 The ratio of specific charge of an a-particle to that of a proton is  

  [BCECE 2003] 

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

Solution : (c) Specific charge 
m

q
= ;   Ratio 

2

1

)/(

)/(

=³==
a

aa

m

m

q

q

mq

mq p

pp

. 

Example: 2 The speed of an electron having a wavelength of m
10

10
-  is   

  [AIIMS 2002] 

(a) 6
1025.7 ³ m/s  (b)  sm /1026.6

6³  (c)  sm /1025.5
6³  (d)  sm /1024.4

6³  

Solution : (a) By using 
vm

h

e

electron
=l  Ý ./1025.7

10101.9

106.6
6

1031

34

sm

m

h
v

ee

³=
³³

³
==

--

-

l
 

Example: 3  In Thomson experiment of finding e/m  for electrons, beam of electron is 

replaced by that of muons (particle with same charge as of electrons but mass 208 times 

that of electrons). No deflection condition in this case satisfied if      

    [Orissa (Engg.) 2002] 

(a) B is increased 208 times  (b) E is increased 208 times 

(c)  B is increased 14.4 times   (d)  None of these 

Solution : (c) In the condition of no deflection 
2

2

2VB

E

m

e
= . If m is increased to 208 times 

then B should be increased by times.4.14208 =   

 

Example: 4 In a Thomson set-up for the determination of e/m, electrons accelerated 

by 2.5 kV enter the region of crossed electric and magnetic fields of strengths 

14
106.3

-³ Vm  and T
3

102.1
-³  respectively and go through undeflected. The measured 

value of e/m  of the electron is equal to    [AMU 2002] 

(a) 11
100.1 ³ C-kg-1 (b)  11

1076.1 ³  C-kg-1  

(c)  11
1080.1 ³  C-kg-1 (d)  11

1085.1 ³  C-kg-1  

Solution : (c) By using 
2

2

2VB

E

m

e
=  Ý ./108.1

)102.1(105.22

)106.3(
11

233

24

kgC

m

e
³=

³³³³

³
=

-
 

Example: 5 In Bainbridge mass spectrograph a potential difference of 1000 V is 

applied between two plates distant 1 cm apart and magnetic field in B = 1T. The 

velocity of undeflected positive ions in m/s  from the velocity selector is    

      [RPMT 1998] 

(a) sm /10
7  (b)  sm /10

4  (c)  sm /10
5  (d)  sm /10

2  
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Solution : (c) By using 
B

E
v = ; where mV

d

V
E /10

101

1000
5

2

=
³

==
-

  Ý smv /10

1

10
5

5

== . 

Example: 6  An electron and a photon have same wavelength. It p is the momentum 

of electron and E the energy of photon. The magnitude of p/ E in S.I. unit is   

(a) 3.0 ³ 108  (b)  3.33 ³ 10–9  (c)  9.1 ³ 10–31  (d)  6.64 ³ 10–34  

Solution : (b) 
p

h
=l               (for electron)            or      

l

h
p =     and 

l

hc
E =       (for photon)  

\    ms

smcE

p
/1033.3

/103

11
9

8

-³=
³

==  

Example: 7 The energy of a photon is equal to the kinetic energy of a proton. The 

energy of the photon is E. Let l1 be the de-Broglie wavelength of the proton and l2 be 

the wavelength of the photon. The ratio l1/l2 is proportional to  

[UPSEAT 2003; IIT-JEE (Screening) 2004] 

(a) 0
E  (b)  2/1

E  (c)  1-
E  (d)  2-

E   

Solution : (b) For photon 
E

hc
=

2
l  ……. (i)       and     For proton 

mE

h

2

1
=l           …….(ii) 

Therefore 
cm

E

2

2/1

2

1 =
l

l
  Ý  2/1

2

1
E´

l

l
. 

Example: 8  The de-Broglie wavelength of an electron having 80eV of energy is nearly 

( JeV
19

106.11
-³= , Mass of electron kg

31
109
-³  and Plank's constant 34

106.6
-³ J-sec) 

   [EAMCET (Engg.) 2001] 

(a) 140 Å (b)  0.14 Å (c)  14 Å (d)  1.4 Å  

Solution : (d) By using 
VmE

h 27.12

2

==l . If energy is 80 eV then accelerating potential 

difference will be 80 V. So .4.137.1

80

27.12
Åº==l  

Example: 9 The kinetic energy of electron and proton is J
32

10
- . Then the relation 

between their de-Broglie wavelengths is        

 [CPMT 1999] 

(a) 
ep
ll <  (b)  

ep
ll>  (c)  

ep
ll=  (d)  

ep
ll 2=  

Solution : (a) By using 
mE

h

2

=l     E = 10–32 J = Constant for both particles. Hence 

m

1
´l  

Since 
ep

mm >  so .
ep
ll <  
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Example: 10  The energy of a proton and an aparticle is the same. Then the ratio of the 

de-Broglie wavelengths of the proton and the ais      

  [RPET 1991] 

(a) 1 : 2 (b)  2 : 1 (c)  1 : 4 (d)  4 : 1 

Solution : (b) By using 
mE

h

2

=l   Ý 
m

1
´l    (E – same)  Ý 

1

2
==

- pparticle

proton

m

ma

al

l
. 

Example: 11 The de-Broglie wavelength of a particle accelerated with 150 volt 

potential is 10
10
- m. If it is accelerated by 600 volts p.d., its wavelength will be  

    [RPET 1988] 

(a) 0.25 Å (b)  0.5 Å (c)  1.5 Å (d)  2 Å 

Solution : (b) By using 
V

1
ĺ    Ý  

1

2

2

1

V

V

=
l

l
  Ý 2

150

60010

2

10

==
-

l
  Ý l2 = 0.5 Å. 

Example: 12 The de-Broglie wavelength of an electron in an orbit of circumference rp2  

is     [MP PET 1987] 

(a) rp2  (b)  rp  (c)  rp2/1  (d)  rp4/1  

Solution : (a) According to Bohr's theory 
p2

h
nrmv =   Ý  lp n

mv

h
nr =ö

÷

õ
æ
ç

å
=2  

For n = 1    l = 2pr  

Example: 13 The number of photons of wavelength 540 nm emitted per second by an 

electric bulb of power 100W is (taking 34

106
-³=h J-sec)      

  [Kerala (Engg.) 2002] 

(a) 100 (b)  1000 (c)  20

103³  (d)  18

103³  

Solution : (c) By using 20

834

9

103

103106.6

10540100
³=

³³³

³³
==

-

-

hc

P
n

l
 

Example: 14 A steel ball of mass 1kg is moving with a velocity 1 m/s . Then its de-

Broglie waves length is equal to    

(a) h  (b)  h / 2  (c)  Zero  (d)  1 / h 

Solution : (a) By using 
mv

h
=l  Ý .

11

h=
³

=
l

l  

 

Example: 15  The de-Broglie wavelength associated with a hydrogen atom moving with 

a thermal velocity of 3 km/s  will be 

(a) 1 Å  (b)  0.66 Å (c)  6.6 Å   (d)  66 Å 

Solution : (b) By using 
rms

mv

h
=l   Ý  Å66.0

1031067.12

106.6

327

34

=
³³³³

³
=

-

-

l  
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Example: 16 When the momentum of a proton is changed by an amount P0, the 

corresponding change in the de-Broglie wavelength is found to be 0.25%. Then, the 

original momentum of the proton was   [CPMT 2002] 

(a) p0  (b)  100 p0  (c)  400 p0  (d)  4 p0  

Solution : (c) 
p

1
´l   Ý 

l

lD
-=

D

p

p
  Ý 

l

lD
=

D

p

p
  Ý 

400

1

100

25.0
0 ==

p

p

  Ý p = 400 p0 . 

Example: 17  If the electron has same momentum as that of a photon of wavelength 

5200Å, then the velocity of electron in m / sec is given by 

(a) 103  (b)  1.4 ³ 103  (c)  7 ³ 10–5   (d)  7.2 ³ 106  

Solution : (b) 
mv

h
=l    Ý 

1031

34

105200101.9

106.6

--

-

³³³

³
==

lm

h

v   Ý v = 1.4 ³ 103 m/s .  

Example: 18 The de-Broglie wavelength of a neutron at 27oC is l. What will be its 

wavelength at 927oC  

(a) l / 2  (b)  l / 3  (c)  l / 4  (d)  l / 9  

Solution : (a)  
T

neutron

1
´l    Ý 

1

2

2

1

T

T

=
l

l
  Ý 2

300

1200

)27273(

)927273(

2

==
+

+
=

l

l
  Ý .

2
2

l
l =  

Example: 19  The de-Broglie wavelength of a vehicle is l. Its load is changed such that 

its velocity and energy both are doubled. Its new wavelength will be 

(a) l  (b)  
2

l (c)  
4

l  (d)  2l  

Solution : (a) 
mv

h
=l  and 2

2

1
mvE=   Ý 

E

hv

2

=l  when v and E both are doubled, l 

remains unchanged i.e. l' = l.  

 

 

Example: 20 In Thomson mass spectrograph when only electric field of strength 20 

kV/m  is applied, then the displacement of the beam on the screen is 2 cm. If length of 

plates = 5 cm, distance from centre of plate to the screen = 20 cm and velocity of ions = 

106 m/s , then q/m  of the ions is  

(a) 106 C/ kg  (b)  107 C/Kg  (c)  108 C/kg  (d)  1011 C/kg  

Solution : (c) By using 
2

mv

qELD
y = ;  where y = deflection on screen due to electric field 

only  

Ý ./10

2.01051020

)10(102
8

23

2622

kgC

ELD

yv

m

q
=

³³³³

³³
==

-

-
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Example: 21 The minimum intensity of light to be detected by human eye is 210

/10 mW
- . 

The number of photons of wavelength m
7

106.5
-³  entering the eye, with pupil area 26

10 m
-

, per second for vision will be nearly 

(a) 100 (b)  200 (c)  300 (d)  400 

Solution : (c) By using ;

A

P
I =   where P = radiation power  

Ý AIP ³=   Ý IA

t

cnh

=
l

    Ý 
hc

IA

t

n l
=  

Hence number of photons entering per sec the eye 
834

7610

103106.6

106.51010

³³³

³³³
=ö
÷

õ
æ
ç

å
-

---

t

n

= 300. 

 

Example: 22 The work function of a substance is 4.0 eV. The longest wavelength of 

light that can cause photoelectron emission from this substance is approximately  

    [AIEEE 2004] 

(a) 540 nm (b)  400 nm (c) 310 nm (d)  220 nm 

Solution : (c) By using 
)(

12375

0

0

eVW

=l    Ý 
4

12375

0
=l = 3093.7 Å nm310ð~  

Example: 23 Photo-energy 6 eV are incident on a surface of work function 2.1 eV. What 

are the stopping potential   

[MP PMT 2004] 

(a) – 5V (b)  – 1.9 V (c)  – 3.9 V (d)  – 8.1 V 

Solution : (c) By using  Einstein's equation E = W0 + Kmax Ý     
m a x

1.26 K+=    Ý 

eVK 9.3
max
=  

Also .9.3
max

0
V

K

V -=-=
r

 

Example: 24  When radiation of wavelength l is incident on a metallic surface the 

stopping potential is 4.8 volts. If the same surface is illuminated with radiation of double 

the wavelength, then the stopping potential becomes 1.6 volts. Then the threshold 

wavelength for the surface is      [EAMCET (Engg.) 2003] 

(a) l2  (b)  l4  (c)  l6  (d)  l8  

Solution : (b) By using ù
ú

ø
é
ê

è
-=

0

0

11

lle

hc
V  

             ù
ú

ø
é
ê

è
-=

0

11
8.4

lle

hc
        …… (i)         and       ù

ú

ø
é
ê

è
-=

0

1

2

1
6.1

lle

hc
       …… (ii)  

From equation (i) and (ii)   .4
0

ll =  
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Example: 25 When radiation is incident on a photoelectron emitter, the stopping 

potential is found to be 9 volts. If e/m  for the electron is 111
108.1

-³ Ckg  the maximum 

velocity of the ejected electrons is   [Kerala (Engg.) 2002] 

(a) 15
106

-³ ms  (b)  15
108

-³ ms  (c)  16
108.1

-³ ms  (d)  15
108.1

-³ ms  

Solution : (c) 
0

2

max

2

1
eVvm =    Ý   

0max
.2 V

m

e
v ö

÷

õ
æ
ç

å
=  sm /108.19108.12

611 ³=³³³= . 

Example: 26 The lowest frequency of light that will cause the emission of 

photoelectrons from the surface of a metal (for which work function is 1.65 eV) will be 

     [JIPMER 2002] 

(a) Hz
10

104³  (b)  Hz
11

104³  (c)  Hz
14

104³  (d)  Hz
10

104
-³  

Solution : (c) Threshold wavelength .7500

65.1

12375

)(

12375

0

0
Å

eVW

===l  

\  so minimum frequency  .104

107500

103
14

10

8

0

0
Hz

c
³=

³

³
==

-l
n  

Example: 27 Light of two different frequencies whose photons have energies 1 eV and 

2.5 eV respectively, successively illuminates a metal of work function 0.5 eV. The ratio of 

maximum kinetic energy of the emitted electron will be      

   [AIEEE 2002] 

(a) 1 : 5 (b)  1 : 4 (c)  1 : 2 (d)  1 : 1 

Solution : (b) By using 
0max

WEK -=    Ý  .

4

1

2

5.0

5.05.2

5.01

)(

)(

2max

1max ==
-

-
=

K

K

 

Example: 28 Photoelectric emission is observed from a metallic surface for frequencies 

1
n  and 

2
n  of the incident light rays )(

21
nn> . If the maximum values of kinetic energy of 

the photoelectrons emitted in the two cases are in the ratio of 1 : k, then the threshold 

frequency of the metallic surface is     [EAMCET (Engg.) 2001] 

(a) 
1

21

-

-

k

nn
 (b)  

1

21

-

-

k

k nn
 (c)  

1

12

-

-

k

k nn
 (d)  

1

12

-

-

k

nn
 

Solution : (b) By using 
max0

khh =-nn    Ý 
101

)( kh =-nn  and  
201

)( kh =-nn  

Hence 
kk

k 1

2

1

02

01 ==
-

-

nn

nn
   Ý 

1

21

0

-

-
=

k

k nn
n  

Example: 29 Light of frequency Hz
15

108³  is incident on a substance of photoelectric 

work function 6.125 eV. The maximum kinetic energy of the emitted photoelectrons is 

     [AFMC 2001] 

(a) 17 eV (b)  22 eV (c)  27 eV (d)  37 eV 
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Solution : (c) Energy of incident photon 

.331028.5108106.6
181534

eVJhE =³=³³³== --n  

From 
max0

KWE +=   Ý 125.633
0max

-=-= WEK .2787.26 eVeVº=  

Example: 30 A photo cell is receiving light from a source placed at a distance of 1 m. If 

the same source is to be placed at a distance of 2 m, then the ejected electron   

 [MNR 1986; UPSEAT 2000, 2001] 

(a) Moves with one-fourth energy as that of the initial energy  

(b)  Moves with one fourth of momentum as that of the initial momentum 

(c) Will be half in number  

(d)  Will be one-fourth in number 

Solution : (d) Number of photons ́  Intensity  ́
2

distance)(

1
 

Ý   
2

1

2

2

1

ö
ö
÷

õ
æ
æ
ç

å
=

d

d

N

N

    Ý  
2

2

1

1

2

ö
÷

õ
æ
ç

å
-

N

N

   Ý 
4

1

2

N

N = . 

Example: 31  When yellow light incident on a surface no electrons are emitted while 

green light can emit. If red light is incident on the surface then   

 [MNR 1998; MH CET 2000; MP PET 2000] 

(a) No electrons are emitted  (b)  Photons are emitted 

(c)  Electrons of higher energy are emitted (d)  Electrons of lower energy are 

emitted 

Solution : (a) 
RedYellowGreen
lll <<  

According to the question 
Green
l  is the maximum wavelength for which photoelectric 

emission takes place. Hence no emission takes place with red light. 

Example: 32 When a metal surface is illuminated by light of wavelengths 400 nm and 

250 nm the maximum velocities of the photoelectrons ejected are v and 2v respectively. 

The work function of the metal is (h = Planck's constant, c = velocity of light in air)  

      [EMCET (Engg.) 2000] 

(a) Jhc
6

102 ³  (b)  Jhc
6

105.1 ³  (c)  Jhc
6

10³  (d)  Jhc
6

105.0 ³  

Solution : (a) By using 
max0

KWE +=   Ý 2

0

2

1
mvW

ch

+=
l

   

2

0
9

2

1

10400

mvW
hc

+=
³ -

         ……(i)       and       2

0
9

)2(

2

1

10250

vmW
hc

+=
³ -

    ……(ii) 

From equation (i) and (ii) .102
6

0
JhcW ³=  
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Example: 33 The work functions of metals A and B are in the ratio 1 : 2. If light of 

frequencies f and 2f are incident on the surfaces of A and B respectively, the ratio of the 

maximum kinetic energies of photoelectrons emitted is (f is greater than threshold 

frequency of A, 2f is greater than threshold frequency of B)   [EAMCET 

(Med.) 2000] 

(a) 1 : 1 (b)  1 : 2 (c)  1 : 3 (d)  1 : 4 

Solution : (b) By using 
max0

KWE +=    Ý  
AAA

KWhfE +==   and 
BBB

KWfhE +== )2(  

So,    
BB

AA

KW

KW

+

+
=

2

1
   ……(i)     also  it is given that 

2

1
=

B

A

W

W

    ……..(ii) 

From equation (i) and (ii) we get .

2

1
=

B

A

K

K

 

Example: 34 When a point source of monochromatic light is at a distance of 0.2m from 

a photoelectric cell, the cut-off voltage and the saturation current are 0.6 volt and 18 mA 

respectively. If the same source is placed 0.6 m away from the photoelectric cell, then 

   [IIT -JEE 1992; MP PMT 1999] 

(a) The stopping potential will be 0.2 V (b)  The stopping potential will be 

0.6 V  

(c)  The saturation current will be 6 mA (d)  The saturation current will be 

18 mA 

Solution : (b) Photoelectric current (i)  ́Intensity  ́
2

distance)(

1

. If distance becomes 0.6 

m (i.e. three times) so current becomes 
9

1
times i.e. 2mA. 

Also stopping potential is independent of intensity i.e. it remains 0.6 V.    

Example: 35 In a photoemissive cell with exciting wavelengthl, the fastest electron 

has speed v. If the exciting wavelength is changed to 4/3l , the speed of the fastest 

emitted electron will be      [CBSE 1998] 

(a) 2/1
)4/3(v  (b)  2/1

)3/4(v  (c)  Less then 2/1
)3/4(v  (d)  Greater 

then 2/1
)3/4(v  

Solution : (d) From 2

max0

2

1
mvWE +=   Ý   

m

W

m

E
v

0

max

22
-=     (where 

l

hc
E = ) 

If wavelength of incident light charges from l to 
4

3l
 (decreases) 

Let energy of incident light charges from E to 'E  and speed of fastest electron changes 

from v to v ¡ then  
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m

W

m

E
v

0
22
-=       …..(i)   and       

m

W

m

E
v

0
2'2

' -=      …….(ii)  

As  
l

1
´E    Ý   EE

3

4
'=  hence  

m

W

m

E

v
0

23

4
2

' -

ö
÷

õ
æ
ç

å

=   Ý  
2/1

0

2/1

3

4

22

3

4
'

ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å
=

m

W

m

E
v    

Ý  
2/1

3

4
' ö

÷

õ
æ
ç

å
=v        v

m

W

m

E
X >

ö
÷

õ
æ
ç

å
-=

2/1

0

3

4

22
  so vv

2/1

3

4
' ö

÷

õ
æ
ç

å
> . 

Example: 36  The minimum wavelength of X-rays produced in a coolidge tube operated at potential difference of 

40 kV is  

[BCECE 2003] 

(a) 0.31Å  (b) 3.1Å (c)  31Å (d)  311Å 

Solution : (a) Å309.0

1040

12375

3min
=

³
=l Å31.0º  

Example: 37  The X-ray wavelength of aL  line of platinum (Z = 78) is .30.1 Å  The X –ray wavelength of 

a
L  line of Molybdenum (Z = 42) is        [EAMCET (Engg.) 2000] 

(a) 5.41Å (b)  4.20Å (c)  2.70Å (d)  1.35 Å 

Solution : (a) The wave length of aL  line is given by 

222

2

)4.7(

1

3

1

2

1
)4.7(

1

-
´Ýö

÷

õ
æ
ç

å
--=

z

zR l
l

 

 
2

2

2

2

1

2

2

2

1

)4.778(

)4.742(30.1

)4.7(

)4.7(

-

-
=Ý

-

-
=Ý

ll

l

z

z
Ý Å41.5

2
=l . 

Example: 38  The cut off wavelength of continuous X-ray from two coolidge tubes 

operating at 30 kV but using different target materials (molybdenum Z= 42 and 

tungsten Z = 74) are  

(a) 1Å, 3Å (b)  0.3 Å, 0.2 Å (c)  0.414 Å, 0.8 Å (d)  0.414 Å, 0.414 Å 

Solution : (d) Cut off wavelength of continuous X-rays depends solely on the voltage 

applied and does not depend on the material of the target. Hence the two tubes will 

have the same cut off wavelength. 

l
n

hc
hVe ==    or   .414.010414

106.11030

10310627.6
10

193

834

Åmm

Ve

hc
=³=

³³³

³³³
== =

-

-

l  
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Solved examples on section 2 

Example: 1 The ratio of areas within the electron orbits for the first excited state to 

the ground state for hydrogen atom is        

 [BCECE 2004] 

(a) 16 : 1 (b)  18 : 1 (c)  4 : 1 (d)  2 : 1 

Solution : (a) For a hydrogen atom 

Radius 2
nr ´  Ý 

4

2

4

1

2

2

2

1

n

n

r

r

=  Ý 
4

2

4

1

2

2

2

1

n

n

r

r

=
p

p
 Ý 16

1

2

4

4

4

2

4

1

2

1 ===
n

n

A

A

 Ý 
1

16

2

1 =
A

A

 

Example: 2  The electric potential between a proton and an electron is given by 

0

0
ln

r

r
VV= , where 

0
r  is a constant. Assuming Bohr’s model to be applicable, write 

variation of 
n
r  with n, n being the principal quantum number   

[IIT -JEE (Screening) 2003] 

(a) nr
n
´  (b)  nr

n
/1́  (c)  2

nr
n
´  (d)  2

/1 nr
n
´  

Solution : (a) Potential energy 
0

0
ln

r

r
eVeVU ==  

\  Force 
r

eV

dr

dU
F

0=-= .  The force will provide the necessary centripetal force. Hence  

  
r

eV

r

mv
0

2

=  Ý 
m

eV

v
0=  …..(i)     and  

p2

nh
mvr =  …..(ii) 

 Dividing equation (ii) by (i) we have  
0

2 eV

mnh
mr ö

÷

õ
æ
ç

å
=
p

 or r  ́  n 

Example: 3  The innermost orbit of the hydrogen atom has a diameter 1.06 Å. The 

diameter of tenth orbit is 

[UPSEAT 2002] 

(a) 5.3 Å (b)  10.6 Å (c)  53 Å (d)  106 Å 

Solution : (d) Using 2
nr ´  Ý 

2

1

2

1

2

ö
ö
÷

õ
æ
æ
ç

å
=

n

n

r

r

  or    
2

1

2

1

2

ö
ö
÷

õ
æ
æ
ç

å
=

n

n

d

d

 Ý 
2

2

1

10

06.1

ö
÷

õ
æ
ç

å
=

d

 Ý d = 106 Å  

Example: 4  Energy of the electron in nth orbit of hydrogen atom is given by 

eV

n

E
n 2

6.13
-= . The amount of energy needed to transfer electron from first orbit to third 

orbit is    [MH CET 2002; Kerala PMT 2002] 

(a)  13.6 eV (b)  3.4 eV (c)  12.09 eV (d)  1.51 eV 

Solution : (c) Using eV

n

E
2

6.13
-=  
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 For n = 1 , eVE 6.13

1

6.13

2
1

-=
-
=  and  for n = 3 eVE 51.1

3

6.13

2
3

-=-=  

 So required energy eVEE 09.12)6.13(51.1
13

=---=-=  

Example: 5 If the binding energy of the electron in a hydrogen atom is 13.6 eV, the 

energy required to remove the electron from the first excited state of ++
Li  is   

   [AIEEE 2003] 

(a)  122.4 eV (b)  30.6 eV (c)  13.6 eV (d)  3.4 eV 

Solution : (b) Using eV

n

Z
E

n
2

2
6.13 ³

-=  

 For first excited state n = 2 and for ++
Li , Z = 3 

 \ eVE 6.30

4

96.13
3

2

6.13
2

2

-=
³

-=³-= . Hence, remove the electron from the first excited 

state of ++
Li  be 30.6 eV 

Example: 6 The ratio of the wavelengths for 2 ­ 1 transition in Li++ , He+  and H is 

  [UPSEAT 2003] 

(a)  1 : 2 : 3 (b)  1 : 4 : 9 (c)  4 : 9 : 36 (d)  3 : 2 : 1 

Solution : (c) Using 
ö
ö

÷

õ

æ
æ

ç

å
-=

2

2

2

1

2
111

nn

RZ

l
 Ý 

2

1

Z

´l  Ý 36:9:4

1

1
:

4

1
:

9

1
:: ==+ HHeLi
lll  

Example: 7 Energy E of a hydrogen atom with principal quantum number n is given 

by eV

n

E
2

6.13-
= . The energy of a photon ejected when the electron jumps n = 3 state to n 

= 2 state of hydrogen is approximately  

[CBSE PMT/PDT Screening 2004] 

(a) 1.9 eV (b)  1.5 eV (c)  0.85 eV (d)  3.4 eV 

Solution : (a) eVE 9.1

36

5
6.13

3

1

2

1
6.13

22

=³=ö
÷

õ
æ
ç

å
-=D  

Example: 8  In the Bohr model of the hydrogen atom, let R, v and E represent the 

radius of the orbit, the speed of electron and the total energy of the electron 

respectively. Which of the following quantity is proportional to the quantum number n

       [KCET 2002] 

(a) R/ E (b)  E/ v (c)  RE (d)  vR 

Solution : (d) Rydberg constant 
2

22

0

mZe

hn

R

p

e
=  

 Velocity 
nh

Ze
v

0

2

2e
=  and energy 

222

0

42

8 hn

emZ
E

e
-=  

 Now, it is clear from above expressions   R.v ́  n  
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Example: 9  The energy of hydrogen atom in nth orbit is En, then the energy in nth 

orbit of singly ionised helium atom will be       

  [CBSE PMT 2001] 

(a) 4En (b)  En/4  (c)  2En (d)  En/2  

Solution : (a) By using 
2

2
6.13

n

Z

E -=   Ý  
22

2

1

ö
÷

õ
æ
ç

å
=ö

ö
÷

õ
æ
æ
ç

å
=

He

H

He

H

Z

Z

E

E

 Ý 
nHe

EE 4= . 

Example: 10 The wavelength of radiation emitted is 
0
l  when an electron jumps from 

the third to the second orbit of hydrogen atom. For the electron jump from the fourth to 

the second orbit of the hydrogen atom, the wavelength of radiation emitted will be 

   [SCRA 1998; MP PET 2001] 

(a) 
0

25

16
l  (b)  

0

27

20
l  (c)  

0

20

27
l  (d)  

0

16

25
l  

Solution : (b) Wavelength of radiation in hydrogen atom is given by 

   
ù
ù
ú

ø

é
é
ê

è
-=

2

2

2

1

111

nn

R

l
 Ý RRR

36

5

9

1

4

1

3

1

2

11

22

0

=ù
ú

ø
é
ê

è
-=ù

ú

ø
é
ê

è
-=

l
 …..(i) 

and  
16

3

16

1

4

1

4

1

2

11

22

R
RR =ù

ú

ø
é
ê

è
-=ù

ú

ø
é
ê

è
-=

¡l
    …..(ii) 

From equation (i) and (ii)  
27

20

3

16

36

5
=³=

¡

R

R

l

l
 Ý 

0

27

20
ll=¡   

Example: 11  If scattering particles are 56 for o

90  angle then this will be at o

60  angle 

   [RPMT 2000] 

(a) 224  (b)  256 (c)  98 (d) 108 

Solution : (a) Using Scattering formula 

 
)2/(sin

1

4 q
´N Ý 

4

2

1

1

2

2

sin

2

sin

ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é

ê

è

öö
÷

õ
ææ
ç

å

öö
÷

õ
ææ
ç

å

=
q

q

N

N

Ý 4

30sin

45sin

2

60
sin

2

90
sin

4

4

1

2 =ù
ú

ø
é
ê

è

¯

¯
=

ù
ù
ù
ù

ú

ø

é
é
é
é

ê

è

ö
÷

õ
æ
ç

å ¯

ö
÷

õ
æ
ç

å ¯

=
N

N

Ý 

2245644
12

=³== NN  

Example: 12  When an electron in hydrogen atom is excited, from its 4th to 5th 

stationary orbit, the change in angular momentum of electron is (Planck’s constant: 

sJh -³= -34

106.6 )    [AFMC 2000] 

(a) sJ-1016.4
34-³   (b)  sJ-1032.3

34-³  (c)  sJ-1005.1
34-³  (d)  sJ-1008.2

34-³  

Solution : (c) Change in angular momentum 

 
pp 22

12

12

hnhn

LLL -=-=D  Ý 34

34

12
1005.1)45(

14.32

106.6
)(

2

-
-

³=-
³

³
=-=D nn

h
L

p
J-s 



Modern Physics  Page 58 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

Example: 13  In hydrogen atom, if the difference in the energy of the electron in n = 2 

and n = 3 orbits is E, the ionization energy of hydrogen atom is    

   [EAMCET (Med.) 2000] 

(a) 13.2 E (b)  7.2 E (c)  5.6 E (d)  3.2 E 

Solution : (b) Energy difference between n = 2 and n = 3;      

KKKE

36

5

9

1

4

1

3

1

2

1

22

=ö
÷

õ
æ
ç

å
-=ö

÷

õ
æ
ç

å
-=       …..(i) 

Ionization energy of hydrogen atom 1
1
=n  and ¤=

2
n ;  KKE =ö

÷

õ
æ
ç

å

¤
-=¡

22

1

1

1
           

…..(ii) 

From equation (i) and (ii) EEE 2.7

5

36
==¡  

Example: 14 In Bohr model of hydrogen atom, the ratio of periods of revolution of an 

electron in n = 2 and n = 1 orbits is 

 [EAMCET (Engg.) 2000] 

(a) 2 : 1 (b)  4 : 1 (c)  8 : 1 (d)  16 : 1 

Solution : (c) According to Bohr model time period of electron 
3

nT ´  Ý 

1

8

1

2

3

3

3

1

3

2

1

2 ===
n

n

T

T

 Ý  12
8TT = . 

Example: 15 A double charged lithium atom is equivalent to hydrogen whose atomic 

number is 3. The wavelength of required radiation for emitting electron from first to 

third Bohr orbit in ++
Li  will be (Ionisation energy of hydrogen atom is 13.6 eV)  

    [IIT -JEE 1985; UPSEAT 1999] 

(a) 182.51 Å (b)  177.17 Å (c)  142.25 Å (d)  113.74 Å 

Solution : (d) Energy of a electron in nth orbit of a hydrogen like atom is given by 

 eV

n

Z
E

n
2

2

6.13-= , and Z = 3 for Li 

 Required energy for said transition 

 JeVZEEE
192

22

2

13
106.18.1088.108

9

8
36.13

3

1

1

1
6.13

-³³==ù
ú

ø
é
ê

è
³=ö

÷

õ
æ
ç

å
-=-=D  

 Now using 
l

hc
E =D  Ý 

E

hc

D
=l  Ý m

7

19

834

1011374.0

106.18.108

103106.6 -

-

-

³=
³³

³³³
=l  Ý 

Å74.113=l  
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Example: 16 The absorption transition between two energy states of hydrogen atom 

are 3. The emission transitions between these states will be    

   [MP PET 1999] 

(a) 3 (b)  4 (c)  5 (d)  6 

Solution : (d) Number of absorption lines = (n – 1)  Ý 3 = (n – 1) Ý n = 4 

Hence number of emitted lines 6

2

)14(4

2

)1(
=

-
=

-
=

nn
 

Example: 17 The energy levels of a certain atom for 1st, 2nd and 3rd levels are E, 4E/3 

and 2E respectively. A photon of wavelength l is emitted for a transition 3 ­ 1. What 

will be the wavelength of emissions for transition 2 ­ 1   

[CPMT 1996] 

(a) l/3  (b)  4l/3  (c)  3l/4  (d)  3l 

Solution : (d) For transition 3 ­ 1  
l

hc
EEE =-=D 2  Ý 

l

hc
E =   …..(i) 

For transition 2 ­ 1 
l¡

=-
hc

E
E

3

4
 Ý 

l¡
=

hc
E

3
     …..(ii) 

From equation (i) and (ii)  ll 3=¡  

Example: 18 Hydrogen atom emits blue light when it changes from n = 4 energy level 

to n = 2 level. Which colour of light would the atom emit when it changes from n = 5 

level to n = 2 level   [KCET 1993] 

(a) Red (b)  Yellow (c)  Green (d)  Violet 

Solution : (d) In the transition from orbits 25­  more energy will be liberated as 

compared to transition from 4 ­ 2. So emitted photon would be of violet light. 

Example: 19 A single electron orbits a stationary nucleus of charge +Ze, where Z is a 

constant. It requires 47.2 eV to excited electron from second Bohr orbit to third Bohr 

orbit. Find the value of Z   [IIT -JEE 1981] 

(a) 2 (b)  5 (c)  3 (d)  4 

Solution : (b) Excitation energy of hydrogen like atom for 
12

nn ­  

 eV

nn

ZE
ö
ö

÷

õ

æ
æ

ç

å
-=D

2

2

2

1

2
11

6.13  Ý 2

22

2

36

5
6.13

3

1

2

1
6.132.47 ZZ ³=ö

÷

õ
æ
ç

å
-=  Ý 

25~98.24

56.13

362.47
2 -=

³

³
=Z  

 Ý Z = 5   
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Example: 20  The first member of the Paschen series in hydrogen spectrum is of 

wavelength 18,800 Å. The short wavelength limit of Paschen series is    

  [EAMCET (Med.) 2000]    

(a) 1215 Å (b)  6560 Å (c)  8225 Å (d)  12850 Å 

Solution : (c) First member of Paschen series mean it's 
R7

144

max
=l  

Short wavelength of Paschen series means 
R

9

min
=l  

Hence 
7

16

min

max =
l

l
 Ý Å8225800,18

16

7

16

7

maxmin
=³=³= ll . 

Example: 21 Ratio of the wavelengths of first line of Lyman series and first line of 

Balmer series is 

  [EAMCET (Engg.) 1995; MP PMT 1997] 

(a) 1 : 3 (b)  27 : 5 (c)  5 : 27 (d)  4 : 9 

Solution : (c) For Lyman series   
4

3

2

1

1

11

22

1

R
R

L

=ù
ú

ø
é
ê

è
-=

l
 …..(i) 

 For Balmer series  
36

5

3

1

2

11

22

1

R
R

B

=ù
ú

ø
é
ê

è
-=

l
 …..(ii) 

 From equation (i) and (ii) 
27

5

1

1 =
B

L

l

l
. 

Example: 22 The third line of Balmer series of an ion equivalent to hydrogen atom has 

wavelength of 108.5 nm. The ground state energy of an electron of this ion will be 

    [RPET 1997] 

(a) 3.4 eV (b)  13.6 eV (c)  54.4 eV (d)  122.4 eV 

Solution : (c) Using 
ö
ö

÷

õ

æ
æ

ç

å
-=

2

2

2

1

2
111

nn

RZ

l
 Ý ö

÷

õ
æ
ç

å
-³³=

³ - 22

27

9
5

1

2

1
101.1

105.108

1
Z   

 Ý 
100

21
101.1

105.108

1
27

9

³³³=
³ -

Z  Ý 4

21101.1105.108

100

79

2 =
³³³³

=
--

Z  Ý Z = 2 

 Now Energy in ground state eVeVeVZE 4.5426.136.13
22 -=³-=-=  

Example: 23 Hydrogen (H), deuterium (D), singly ionized helium )(
+

He  and doubly 

ionized lithium )(
++

Li  all have one electron around the nucleus. Consider 2=n  to 1=n  

transition. The wavelengths of emitted radiations are 
321

,, lll  and 
4
l  respectively. Then 

approximately      [KCET 1994] 

(a) 
4321

94 llll ===  (b)  
4321

224 llll ===  (c)  
4321

23222 llll ===  (d)

 
4321

32 llll ===  

Solution : (a) Using 2
ZE´D  (  ִ

1
n  and 

2
n  are same) 
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 Ý 2
Z

hc
´

l
 Ý constant

2 =Zl  Ý 4

4

2

33

2

22

2

11
ZZZZ llll ===  Ý 

3

4

2

3

2

21
3211 ³=³=³=³ llll  

 Ý 
4321

94 llll === . 

Example: 24 Hydrogen atom in its ground state is excited by radiation of wavelength 

975 Å. How many lines will be there in the emission spectrum     

   [RPMT 2002] 

(a) 2 (b)  4 (c)  6 (d)  8 

Solution : (c) Using 
ù
ù
ú

ø

é
é
ê

è
-=

2

2

2

1

111

nn

R

l
 Ý ö

÷

õ
æ
ç

å
-³=

³ - 22

7

10

1

1

1
10097.1

10975

1

n

 Ý n = 4 

 Now number of spectral lines 6

2

)14(4

2

)1(
=

-
=

-
=

nn
N . 

Example: 25 A photon of energy 12.4 eV is completely absorbed by a hydrogen atom 

initially in the ground state so that it is excited. The quantum number of the excited 

state is      [UPSEAT 2000] 

(a) n =1  (b)  n= 3  (c)  n = 4 (d)  n = ¤ 

Solution : (c) Let electron absorbing the photon energy reaches to the excited state n. 

Then using energy conservation 

 Ý 4.126.13
6.13

2

+-=-
n

 Ý 2.1
6.13

2

-=-
n

 Ý 12

2.1

6.13
2 ==n  Ý n = 3.46 4 ׃ 

Example: 26 The wave number of the energy emitted when electron comes from fourth 

orbit to second orbit in hydrogen is 20,397 cm–1. The wave number of the energy for the 

same transition in +
He  is    [Haryana PMT 2000] 

(a) 5,099 cm–1 (b)  20,497 cm–1 (c)  40,994 cm–1 (d)  81,998 cm–1  

Solution : (d) Using 
ö
ö

÷

õ

æ
æ

ç

å
-==

2

2

2

1

2
111

nn

RZn
l

 Ý 2
Z´n  Ý 4

1

22

1

2

1

2 =ö
÷

õ
æ
ç

å
=ö

ö
÷

õ
æ
æ
ç

å
=

Z

Z

Z

n

n
 Ý 

1

2
815884

-=³= cmnn . 

Example: 27 In an atom, the two electrons move round the nucleus in circular orbits of 

radii R and 4R. the ratio of the time taken by them to complete one revolution is 

(a) 1/4  (b)  4/1  (c)  8/1  (d)  1/8  

Solution : (d) Time period 
2

3

Z

n
T ´  

 For a given atom (Z = constant) So 3
nT ´  …..(i)      and           radius 2

nR´      

…..(ii) 
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 \ From equation (i) and (ii) 2/3
RT ´  Ý 

8

1

4

2/32/3

2

1

2

1 =ö
÷

õ
æ
ç

å
=ö

ö
÷

õ
æ
æ
ç

å
=

R

R

R

R

T

T

. 

Example: 28 Ionisation energy for hydrogen atom in the ground state is E. What is the 

ionisation energy of ++
Li  atom in the 2nd excited state 

(a) E (b)  3E (c)  6E (d)  9E 

Solution : (a) Ionisation energy of atom in nth state 
2

2

n

Z
E

n
=  

 For hydrogen atom in ground state (n = 1) and Z = 1  Ý 
0

EE=                             

…..(i) 

 For ++
Li  atom in 2nd excited state n = 3 and Z = 3, hence 

0

2

2

0
3

3

E

E

E =³=¡    

…..(ii) 

 From equation (i) and (ii)  EE =¡ . 

Example: 29 An electron jumps from n = 4 to n = 1 state in H-atom. The recoil 

momentum of H-atom (in eV/ C) is 

(a) 12.75 (b)  6.75 (c)  14.45 (d)  0.85 

Solution : (a) The H-atom before the transition was at rest. Therefore from 

conservation of momentum  

Photon momentum = Recoil momentum of H-atom or 

c

eV

c

eVeV

c

EE

c

h
P

recoil
75.12

)6.13(85.0
14 =

---
=

-
==

n
 

Example: 30 If elements with principal quantum number n > 4 were not allowed in 

nature, the number of possible elements would be 

[IIT -JEE 1983; CBSE PMT 1991, 93; MP PET 1999; RPET 1993, 2001; RPMT 1999, 2003; J & K CET 2004] 

(a) 60 (b)  32 (c)  4 (d)  64 

Solution : (a) Maximum value of n = 4 

 So possible (maximum) no. of elements 

6032188242322212
2222 =+++=³+³+³+³=N . 
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Solved Examples on section 3 

Example: 1 A heavy nucleus at rest breaks into two fragments which fly off with 

velocities in the ratio 8 : 1. The ratio of radii of the fragments is     

   [EAMCET (Engg.) 2001] 

(a) 1 : 2 (b)  1 : 4 (c)  4 : 1 (d)  2 : 1 

Solution : (a)  

      By conservation of momentum m1v1 = m2v2  

    Ý  
1

2

2

1

1

8

m

m

v

v
==   …… (i) 

     Also from 3/1

Ar´   Ý 
2

1

8

1
3/13/1

2

1

2

1 =ö
÷

õ
æ
ç

å
=ö

ö

÷

õ

æ
æ

ç

å
=

A

A

r

r
 

Example: 2  The ratio of radii of nuclei Al
27

13
 and Te

125

52
 is approximately  

  [J & K CET 2000] 

(a) 6 : 10 (b)  13 : 52 (c)  40 : 177 (d)  14 : 7 

Solution : (a) By using 3/1

Ar´   Ý 
10

6

5

8

125

27
3/13/1

2

1

2

1 ==ö
÷

õ
æ
ç

å
=ö

ö
÷

õ
æ
æ
ç

å
=

A

A

r

r
 

Example: 3 If Avogadro’s number is 6 ³ 1023 then the number of protons, neutrons 

and electrons in 14 g of 6C14 are respectively  

(a) 36 ³ 1023, 48 ³ 1023, 36 ³ 1023  (b)  36 ³ 1023, 36 ³ 1023, 36 ³ 1021  

(c)  48 ³ 1023, 36 ³ 1023, 48 ³ 1021  (d)  48 ³ 1023, 48 ³ 1023, 36 ³ 1021  

Solution : (a) Since the number of protons, neutrons and electrons in an atom of 14

6
C  are 

6, 8 and 6 respectively. As 14 gm of 14

6
C  contains 6 ³ 1023 atoms, therefore the numbers 

of protons, neutrons and electrons in 14 gm of 14

6
C  are  2323

10361066 ³=³³ ,    

2323
10481068 ³=³³  ,   2323

10361066 ³=³³ . 

Example: 4  Two Cu64 nuclei touch each other. The electrostatics repulsive energy of 

the system will be  

(a) 0.788 MeV   (b)  7.88 MeV   (c)  126.15 MeV  (d)  788 MeV  

Solution : (c) Radius of each nucleus fmARR 8.4)64(2.1)(
3/13/1

0
===  

Distance between two nuclei (r) = 2R  

So potential energy .15.126

106.1108.42

)29106.1(109

1915

21992

MeV

r

qk
U =

³³³³

³³³³
=

Ö
=

--

-

 

M 
m2 

v2 

m1 

v1 
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Example: 5 When 235

92
U undergoes fission. 0.1% of its original mass is changed into 

energy. How much energy is released if 1 kg of 235

92
U  undergoes fission [MP PET 1994; 

MP PMT/PET 1998; BHU 2001; BVP 2003] 

(a) 9 ³ 1010 J  (b)  9 ³ 1011 J  (c)  9 ³ 1012 J  (d)  9 ³ 1013 J  

Solution : (d) By using 2
cmE ÖD=  Ý JE

1328
109)103(1

100

1.0
³=³ö

÷

õ
æ
ç

å
³=  

Example: 6 1 g of hydrogen is converted into 0.993 g of helium in a thermonuclear 

reaction. The energy released is   

[EAMCET (Med.) 1995; CPMT 1999] 

(a) 63 ³ 107 J  (b)  63 ³ 1010 J  (c)  63 ³ 1014 J (d)  63 ³ 1020 J 

Solution : (b) Dm = 1 – 0.993 = 0.007 gm  

\ E = Dmc2 = 0.007 ³ 10–3 ³ (3 ³ 108)2 = 63 ³ 1010 J 

Example: 7 The binding energy per nucleon of deuteron )(
2

1
H  and helium nucleus 

)(
4

2
He  is 1.1 MeV and 7 MeV respectively. If two deuteron nuclei react to form a single 

helium nucleus, then the energy released is 

[MP PMT 1992; Roorkee 1994; IIT-JEE 1996; AIIMS 1997; Haryana PMT 2000; Pb PMT 2001; CPMT 2001; AIEEE 2004] 

(a) 13.9 MeV (b)  26.9 MeV (c) 23.6 MeV (d)  19.2 MeV 

Solution : (c)  QHeHH +­+ 4

2

2

1

2

1
 

Total binding energy of helium nucleus = 4 ³ 7 = 28 MeV  

Total binding energy of each deutron = 2 ³ 1.1 = 2.2 MeV  

Hence energy released = 28 – 2 ³ 2.2 = 23.6 MeV 

Example: 8  The masses of neutron and proton are 1.0087 amu and 1.0073 amu 

respectively. If the neutrons and protons combine to form a helium nucleus (alpha 

particles) of mass 4.0015 amu. The binding energy of the helium nucleus will be [1 

amu= 931 MeV]    [CPMT 1986; MP PMT 1995; CBSE 2003] 

(a) 28.4 MeV  (b)  20.8 MeV  (c)  27.3 MeV  (d)  14.2 MeV 

Solution : (a) Helium nucleus consist of two neutrons and two protons.  

So binding energy E = Dm  amu = Dm ³ 931 MeV  

Ý E = (2 ³ mp + 2mn – M) ³ 931 MeV = (2 ³ 1.0073 + 2 ³ 1.0087 – 4.0015) ³ 931 = 

28.4 MeV 

Example: 9 A atomic power reactor furnace can deliver 300 MW. The energy released 

due to fission of each of uranium atom 238

U  is 170 MeV. The number of uranium atoms 

fissioned per hour will be    [UPSEAT 2000] 
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(a) 5 ³ 1015  (b)  10 ³ 1020  (c)  40 ³ 1021  (d)  30 ³ 1025  

Solution : (c) By using t

En

t

W
P

³
==

  where n = Number of uranium atom fissioned and 

E = Energy released due to each fission so    3600

106.110170
10300

196

6

-³³³³
=³

n

  Ý n = 40 

³  1021  

Example: 10 The binding energy per nucleon of O16 is 7.97 MeV and that of O17 is 7.75 

MeV. The energy (in MeV) required to remove a neutron from O17 is    

  [IIT -JEE 1995] 

(a) 3.52  (b)  3.64  (c)  4.23  (d)  7.86 

Solution : (c) 
1

0

1617
nOO +­  

\ Energy required = Binding of 17
O  – binding energy of 16

O  = 17 ³ 7.75 – 16 ³ 7.97 = 

4.23 MeV 

Example: 11 A gamma ray photon creates an electron-positron pair. If the rest mass 

energy of an electron is 0.5 MeV and the total kinetic energy of the electron-positron 

pair is 0.78 MeV, then the energy of the gamma ray photon must be    

     [MP PMT 1991] 

(a) 0.78 MeV   (b)  1.78 MeV  (c)  1.28 MeV  (d)  0.28 MeV 

Solution : (b) Energy of g-rays photon = 0.5 + 0.5 +0.78 = 1.78 MeV 

Example: 12 What is the mass of one Curie of U234     

 [MNR 1985] 

(a) 3.7 ³ 1010 gm   (b)  2.348 ³ 1023 gm   (c)  1.48 ³ 10–11 gm  (d)

 6.25 ³ 10–34 gm 

Solution : (c) 1 curie = 3.71 ³ 1010 disintegration/ sec and mass of 6.02 ³ 1023 atoms of 

gmU 234
234 =  

\ Mass of 3.71 ³ 1010 atoms gm
11

23

10

1048.1

1002.6

1071.3234 -³=
³

³³
=  

Example: 13  In the nuclear fusion reaction ,
4

2

3

1

2

1
nHeHH +­+  given that the repulsive 

potential energy between the two nuclei is J
14

107.7
-³- , the temperature at which the 

gases must be heated to initiate the reaction is nearly [Boltzmann’s constant 

KJk /1038.1
23-³= ]      [AIEEE 2003] 

 (a) K
9

10  (b)  K
7

10  (c)  K
5

10  (d)  K
3

10  

Solution : (a) Kinetic energy of molecules of a gas at a temperature T is 3/2 kT  
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\ To initiate the reaction     JkT
14

107.7

2

3 -³=   Ý T = 3.7 ³ 109 K. 

Example: 14  A nucleus with mass number 220 initially at rest emits an a-particle. If the 

Q value of the reaction is 5.5 MeV. Calculate the kinetic energy of the a-particle  

   [IIT -JEE (Screening) 2003] 

(a) 4.4 MeV (b)  5.4 MeV (c) 5.6 MeV (d)  6.5 MeV 

Solution : (b)  

 

 

 

Q-value of the reaction is 5.5 eV  i.e. MeVkk 5.5
21
=+     ……(i) 

By conservation of linear momentum 
2121

)4(2)216(2 kkpp =Ý=  Ý  k2 = 54 k1 

 ……(ii) 

On solving equation (i) and (ii) we get k2 = 5.4 MeV. 

Example: 15  Let 
p

m  be the mass of a proton, 
n

m  the mass of a neutron, 
1

M  the mass of 

a Ne
20

10
 nucleus and 

2
M  the mass of a Ca

40

20
 nucleus. Then     

   [IIT 1998; DPMT 2000] 

(a) 
12

2MM =  (b)  
12

2MM >  (c)  
12

2MM <  (d)  )(10
1 pn

mmM +<  

Solution : (c, d) Due to mass defect (which is finally responsible for the binding 

energy of the nucleus), mass of a nucleus is always less then the sum of masses of it's 

constituent particles Ne
20

10
 is made up of 10 protons plus 10 neutrons. Therefore, mass 

of Ne
20

10
 nucleus )(10

1 np
mmM +<  

Also heavier the nucleus, more is he mass defect thus 
12

)(10)(20 MmmMmm
nppn
-+>-+  

or  
12

)(10 MMmm
np

->+  

Ý   )(10
12 np

mmMM ++<   Ý 
112

MMM +<   Ý   
12

2MM <  

 

 

Example: 16 When 228

90
Th  transforms to 212

83
Bi , then the number of the emitted a–and b–particles 

is, respectively  

[MP PET 2002] 

(a)  8a, 7b (b)  4a, 7b (c)  4a, 4b (d)  4a, 1b 

Solution : (d) 212'

83'

228

90

=
=

=
= ­ A

Z

A

Z
BiTh  

Number of a-particles emitted 4

4

212228

4

'
=

-
=

-
=

AA
na  

M = 220 m1 = 216 

k1 

m2 = 4 

k2 

p2 
­  

p1 
­  
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Number of b-particles emitted .1839042'2 =+-³=+-= ZZnn ab  

Example: 17 A radioactive substance decays to 1/16th of its initial activity in 40 days. 

The half-life of the radioactive substance expressed in days is     

  [AIEEE 2003] 

(a) 2.5 (b)  5 (c)  10 (d)  20 

Solution : (c) By using 
2/1

/

0

2

1
Tt

NN ö
÷

õ
æ
ç

å
=   Ý 

2/1
/40

0
2

1

16

1
T

N

N

ö
÷

õ
æ
ç

å
==  Ý 10

2/1
=T  days. 

Example: 18 A sample of radioactive element has a mass of 10 gm at an instant t = 0. 

The approximate mass of this element in the sample after two mean lives is  

   [CBSE PMT 2003] 

(a) 2.50 gm (b)  3.70 gm (c) 6.30 gm (d)  1.35 gm  

Solution : (d) By using t
eMM
l-=

0
  Ý 359.1

1
101010

2
2

)2( =ö
÷

õ
æ
ç

å
===
ö
÷

õ
æ
ç

å
-

-

e

eeM
l

l
tl gm 

Example: 19 The half-life of At
215  is 100 ms. The time taken for the radioactivity of a 

sample of At
215  to decay to 1/16th of its initial value is     

 [IIT -JEE (Screening) 2002] 

(a) 400 ms (b)  6.3 ms (c)  40 ms (d)  300 ms 

Solution : (a) By using 
n

NN ö
÷

õ
æ
ç

å
=

2

1

0
  Ý 

2/1
/

0
2

1
Tt

N

N

ö
÷

õ
æ
ç

å
=  Ý  

100/

2

1

16

1
t

ö
÷

õ
æ
ç

å
=   Ý t = 400 m sec. 

Example: 20 The mean lives of a radioactive substance for a and b emissions are 1620 

years and 405 years respectively. After how much time will the activity be reduced to 

one fourth    [RPET 1999] 

(a) 405 year (b)  1620 year (c)  449 year (d)  None of these 

Solution : (c) 
1620

1
=al  per year and 

405

1
=bl  per year and it is given that the fraction of 

the remained activity 
4

1

0

=
A

A

 

Total decay constant yearper

324

1

405

1

1620

1
=+=+= ba lll  

We know that t
eAA
l-=

0
Ý 

A

A

t
e

0
log

1

l
= Ý 2log

2
4log

1

ee
t

ll
==  = 324 ³ 2 ³ 0.693 = 449 

years. 

Example: 21 At any instant the ratio of the amount of radioactive substances is 2 : 1. 

If their half lives be respectively 12 and 16 hours, then after two days, what will be 

the ratio of the substances    [RPMT 1996] 
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(a) 1 : 1 (b)  2 : 1 (c)  1 : 2 (d)  1 : 4 

Solution : (a) By using 
n

NN ö
÷

õ
æ
ç

å
=

2

1

0
   Ý  

1

1

2

1

2

1

1

2

)2/1(

)2/1(

)(

)(

16

242

12

242

20

10

2

1

2

1

=

ö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å

³=³=
³

³

n

n

N

N

N

N

 

Example: 22 From a newly formed radioactive substance (Half-life 2 hours), the 

intensity of radiation is 64 times the permissible safe level. The minimum time after 

which work can be done safely from this source is 

[IIT 1983; SCRA 1996] 

(a) 6 hours (b)  12 hours (c)  24 hours (d)  128 hours 

Solution : (b) By using 
n

AA ö
÷

õ
æ
ç

å
=

2

1

0
   Ý   

n

A

A

ö
÷

õ
æ
ç

å
=ö

÷

õ
æ
ç

å
==

2

1

2

1

64

1
0

0

  Ý n = 6  

Ý  6

2/1

=
T

t
   Ý 1226 =³=t  hours. 

Example: 23  nucleus of mass number A, originally at rest, emits an a-particle with 

speed v. The daughter nucleus recoils with a speed     

  [DCE 2000; AIIMS 2004] 

(a) )4/(2 +Av  (b)  )4/(4 +Av  (c)  )4/(4 -Av  (d)  )4/(2 -Av  

Solution : (c)  

 

 
 

 According to conservation of momentum ')4(4 vAv -=   Ý   
4

4
'

-
=

A

v
v . 

Example: 24 The counting rate observed from a radioactive source at t = 0 second 

was 1600 counts per second and at t = 8 seconds it was 100 counts per second. The 

counting rate observed as counts per second at t = 6 seconds will be  

   [MP PET 1996; UPSEAT 2000] 

(a) 400 (b)  300 (c)  200 (d)  150 

Solution : (c) By using 
n

AA ö
÷

õ
æ
ç

å
=

2

1

0
 Ý  

2/1
/8

2

1
1600100

T

ö
÷

õ
æ
ç

å
=  Ý  

2/1
/8

2

1

16

1
T

ö
÷

õ
æ
ç

å
=   Ý secT 2

2/1
=  

Again by using the same relation the count rate at t = 6 sec will be 200

2

1
1600

2/6

=ö
÷

õ
æ
ç

å
=A . 

Example: 25  The kinetic energy of a neutron beam is 0.0837 eV. The half-life of 

neutrons is 693s and the mass of neutrons is 27

10675.1
-³ kg. The fraction of decay in 

travelling a distance of 40m will be 

Rest 

A – 4 
v¡ 

A 

m¡ 

4 
v 

+  

m 
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(a) 3
10
-  (b)  4

10
-  (c)  5

10
-  (d)  6

10
-

 

Solution : (c) 
m

E
v

2
=

27

19

10675.1

106.10837.02

-

-

³

³³³
= = 4 ³ 103 m/sec  

\  Time taken by neutrons to travel a distance of 40 m   sect
2

3

10

104

40
'

-=
³

=D  

\   dt

N

dN
N

dt

dN
ll =Ý=  

\ Fraction of neutrons decayed in Dt sec in 52
1010

693

693.0693.0 -- =³=D=D=
D

t

T

t

N

N
l  

Example: 26 The fraction of atoms of radioactive element that decays in 6 days is 7/8. The fraction that 

decays in 10 days will be  

(a)  77/80  (b)  71/80   (c)  31/32  (d)  15/16  

Solution : (c) By using 
2/1

/

0

2

1
Tt

NN ö
÷

õ
æ
ç

å
=   Ý   

)2(log

log
0

2/1

e

e

N

N

T

t

öö
÷

õ
ææ
ç

å

=   Ý  
N

N

t
e

0
l o g´ Ý 

2

0

1

0

2

1

log

log

ö
÷

õ
æ
ç

å

ö
÷

õ
æ
ç

å

=

N

N

N

N

t

t

e

e

 

Hence 
)/(log

)1/8(log

10

6

0
NN

e

e=   Ý  32log)8(log

6

10
log

0

eee

N

N

== Ý 32
0 =

N

N

.  

So fraction that decays 
32

31

32

1
1 =-= . 
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OBJECTIVE QUESTIONS 

1. Order of  e/m   ratio of proton, a-particle and electron is   [AFMC 2004] 

(a) a>>pe  (b)  ep >>a  (c)  pe >>a  (d)  None of these 

2. A cathode emits 14

108.1 ³  electrons per second, when heated. When 400V is applied to anode all the emitted 

electrons reach the anode. The charge on electron is C
19

106.1
-³ . The maximum anode current is    [MP 

PMT 2004] 

(a) Am7.2  (b)  Am29  (c)  Am72  (d)  29 mA 

3. An electron is accelerated through a pd of 45.5 volt. The velocity acquired by it is (in ms-1)...... [AIIMS 2004] 

(a) 6

104³  (b)  4

104³  (c)  6

10  (d)  zero 

4. The specific charge of an electron is  [MP PET/PMT 1998; J &K CET 2004] 

(a) 19

106.1
-³ coulomb (b)  19

108.4
-³ stat coulomb (c)  11

1076.1 ³

coulomb/kg (d)  11

1076.1
-³ coulomb/kg   

5. The colour of the positive column in a gas discharge tube depends on  [Kerala (Engg.) 2002] 

(a) The type of glass used to construct the tube (b)  The gas in the tube 

(c)  The applied voltage   (d)  The material of the cathode  

6. Cathode rays are produced when the pressure is of the order of  [Kerala (Engg.) 2002] 

(a) 2 cm of Hg (b)  0.1 cm of Hg (c)  0.01 mm of Hg (d)  mm1  of Hg 

7. Which of the following is not the property of a cathode ray  [CBSE 2002] 

(a) It casts shadow   (b)  It produces heating effect  

(c)  It produces flurosence   (d)  It does not deflect in electric field  

8. In Milikan's experiment, an oil drop having charge q gets stationary on applying a potential difference V in 

between two plates separated by a distance 'd'. The weight of the drop is   [MP PET 2001] 

(a) qVd (b)  
V

d
q  (c)  

Vd

q
 (d)  

d

V
q  

9. In Thomson mass spectrograph BE

CC
^ then the velocity of electron beam will be  [CBSE PM/PD 2001] 

(a) 
B

E
C

C

 (b)  BE

CC
³  (c)  

E

B
C

C

 (d)  
2

2

B

E
 

 

1  2  3  4  5  6  7  8  9  

a b a c b c d d a 

 

10. The ratio of momenta of an electron and a-particle which are accelerated from rest by a potential difference 

of 100 V is  

  

(a) 1 (b)  
am

m
e

2

 (c)  
am

m
e                               (d)  

am

m
e

2

 

11. In Millikan oil drop experiment, a charged drop of mass kg
14

108.1
-³  is stationary between its plates. The 

distance between its plates is 0.90 cm and potential difference is 2.0 kilo volts. The number of electrons on the 
drop is    

(a) 500 (b)  50 (c)  5 (d)  0 

12. The expected energy of the electrons at absolute zero is called [RPET 1996] 

(a) Fermi energy  (b)  Emission energy (c)  Work function  (d)  Potential 

energy 
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13. K.E. of emitted cathode rays is dependent on  [CPMT 1996] 

(a) Only voltage   (b)  Only work function  

(c)  Both (a) and (b)   (d)  It does not depend upon any physical quantity 

14. In a discharge tube at 0.02 mm, there is a formation of [CBSE PMT 1996] 

(a) FDS (b)  CDS (c)  Both space (d)  None of these 

15. A narrow electron beam passes undeviated through an electric field mvoltE /103
4³=  and an overlapping 

magnetic field 23

/102 mWeberB
-³= . The electron motion, electric field and magnetic field are mutually 

perpendicular. The speed of the electrons is    [MP PET 1995] 

(a) 60 m/s  (b)  sm /103.10
7³  (c)  sm /105.1

7³  (d) sm /1067.0
7-³  

16. An oxide coated filament is useful in vacuum tubes because essentially  [SCRA 1994] 

(a) It has high melting point   (b)  It can withstand high temperatures  

(c)  It has good mechanical strength    (d)  I can emit electrons at relatively lower 

temperatures  

17. Gases begin to conduct electricity at low pressure because [CBSE 1994] 

(a) At low pressure, gases turn to plasma 

(b)  Colliding electrons can acquire higher kinetic energy due to increased mean free path leading to 

ionisation of atoms 

(c)  Atoms break up into electrons and protons 

(d)  The electrons in atoms can move freely at low pressure 

18. When the speed of electrons increases, then the value of its specific charge  [MP PMT 1994] 

(a) Increases   (b)  Decreases 

(c)  Remains unchanged    (d)  Increases upto some velocity and then 

begins to decrease 

19. Cathode rays moving with same velocity v describe an approximate cirular path of radius r metre in an electric 

field of strength x volt/metre.  If the speed of the cathode rays is doubled to 2v, the value of electric field 

needed so that the rays describe the same approximate circular path (volt / metre ) is    [BHU 1994] 

(a) 2x (b)  3x (c)  4x (d)  6x 

20. Cathode rays are similar to visible light rays in that  [SCRA 1994] 

(a) They both can be deflected by electric and magnetic fields (b)  They both have a 

definite magnitude of wavelength 

(c)  They both can ionise a gas through which they pass (d)  They both can expose a 

photographic plate 

10   11   12   13   14   15   16   17   18   19   20   

d c a C b c d b b c D 

 

21. In a region of space cathode rays move along +ve Z-axis and a uniform magnetic field is applied along X-

axis. If cathode rays pass undeviated, the direction of electric field will be along   
 

(a) – ve X-axis  

(b)  +ve Y-axis 

(c)  – ve Y-axis 

(d)  +ve Z-axis 

22. A beam of electron whose kinetic energy is E emerges from a thin foil window at the end of an accelerator 

tube. There is a metal plate at a distance d from this window and at right angles to the direction of the 

emerging beam. The electron beam is prevented from hitting the plate P, if a magnetic field B is applied, which 

must be  

Cathode rays 

Y 

Z 

X B 
­ 
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(a) ,
2

22

de

mE
B²  into the page  (b)  

22

2

de

mE
B² , out of the page  (c)  ,

2

ed

mE
B²  

into the page (d)  ,
2

ö
÷

õ
æ
ç

å
²

ed

mE
B out of the page 

23. In Thomson's experiment for determining e/m , the potential difference between the cathode and the anode 

(in the accelerating column) is the same as that between the deflecting plates (in the region of crossed fields). 

If the potential difference is doubled, by what factor should the magnetic field be increased to ensure that the 

electron beam remains undeflected  

(a) 2  (b)  2 (c)  22  (d)  4 

 

21   22   23   

c b a 

 

24. The figure shows the variation of photocurrent with anode potential for a photo-sensitive surface for three 

different radiations. Let 
ba

II , and 
c

I  be the intensities and 
ba
ff ,  and 

c
f  be the frequencies for the curves a, b 

and c respectively.  [IIT -JEE (Screening) 2004] 
 

(a) 
ba
ff =  and 

ba
ll ¸  

(b)  
ca
ff =  and 

ca
ll =  

(c)  
ba
ff =  and 

ba
ll =  

(d)  
ba
ff =  and 

cb
ll =  

25. A photon of  energy 4 eV is incident on a metal surface whose work function is 2 eV. The minimum reverse 

potential to be applied for stopping the emission of electrons is    [Similar to DCE 2000; AIIMS 2004] 

(a) 2 V (b)  4V (c)  6V (d)  8V 

26. According to Einstein's photoelectric equation, the graph between the kinetic energy of photoelectrons ejected 

and the frequency of incident radiation is     [CBSE PMT 2004] 

 

(a)  (b)   (c)   (d)   

 

 

 

27. Consider the two following statements A and B and identify the correct choice given in the answers 

(A) In photovoltaic cells the photoelectric current produced is not proportional to the intensity of incident 

light. 

(B) In gas filled photoemissive cells the velocity of photoelectrons depends on the wavelength of the incident 

radiation 

   [EAMCET (Engg.) 2003] 

(a) Both A and B are true (b)  Both A and B are false (c)  A is true but B is false

 (d)  A is false B is true 

28. There are 
1

n  photons of frequency 
1
g  in a beam of light. In an equally energetic beam, there are 

2
n  photons 

of frequency 
2
g . Then the correct relation is     [KCET 2003] 

(a) 1

2

1 =
n

n

 (b)  
2

1

2

1

g

g
=

n

n

 (c)  
1

2

2

1

g

g
=

n

n

 (d)  
2

2

2

1

2

1

g

g
=

n

n

 

29. Two identical photo-cathodes receive light of frequencies 
1
f  and 

2
f . If the velocities of the photo electrons (of 

mass m) coming out are respectively 
1

v  and 
2

v , then    [AIEEE 2003] 

Frequency 

K
in

e
tic

 e
n
e
rg

y 

Frequency 

K
in

e
tic

 e
n
e
rg

y 

Frequency 

K
in

e
tic

 e
n
e
rg

y 

Frequency 

K
in

e
tic

 e
n
e
rg

y 

Photo current 

O Anode potential 
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(a) 
2/1

2121
)(

2

ù
ú

ø
é
ê

è
-=- ff

m

h
vv  (b)  )(

2

21

2

2

2

1
ff

m

h
vv -=-  (c)

 

2/1

2121
)(

2

ù
ú

ø
é
ê

è
+=+ ff

m

h
vv  (d)  None of these  

30. The frequency and work function of an incident photon are n and 
0
f . If 

0
n  is the threshold frequency then 

necessary condition for the emission of photo electron is  [RPET 2003] 

(a) 
0
nn<  (b)  

2

0
n

n=  (c)  
0
nn²  (d)  None of these 

31. Light of frequency n is incident on a substance of threshold frequency )(
00
nnn < . The energy of the emitted 

photoelectron will be 

 [MP PET 2000, 2003] 

(a) )(
0
nn-h  (b)  h/n (c)  )(

0
nn-he  (d)  

o
h n/  

32. In a photoelectric effect experiment the slope of the graph between the stopping potential and the incident 
frequency will be  

 [UPSEAT 2003] 

(a) 1 (b)  0.5 (c)  15

10
-  (d)  34

10
-  

33. Ultraviolet radiation of 6.2 eV falls on an aluminium surface (work function 4.2 eV). The kinetic energy in 
joules of the fastest electron emitted is approximately    [MNR 1987;  MP PET 1990; CBSE 1993; RPMT 2001; BVP 
2003] 

(a) 21

102.3
-³  (b)  19

102.3
-³  (c)  17

102.3
-³  (d)  15

102.3
-³  

34. In photoelectric emission the number of electrons ejected per second [MH CET 1999; MP PMT 2002; KCET 

2003] 

(a) Is proportional to the intensity of light (b)  Is proportional to the wavelength of light 

(c)  Is proportional to the frequency of light (d)  Is proportional to the work function of 

metal 

35. When ultraviolet rays are incident on metal plate, then photoelectric effect does not occurs. It occurs by the 

incidence of   [CBSE 2002] 

(a) X-rays (b)  Radio wave (c)  Infrared rays  (d)  Green house effect 

36. The threshold wavelength for photoelectric effect of a metal is 6500Å. The work function of the metal is 

approximately   [MP PET 2002] 

(a) 2 eV (b)  1 eV (c)  0.1 eV (d)  3 eV 

37. Which of the following statements is correct  [JIPMER 2001, 2002] 

(a) The stopping potential increases with increasing intensity of incident light 

(b)  The photocurrent increases with increasing intensity of light 

(c)  The photocurrent is proportional to applied voltage 

(d)  The current in a photocell increases with increasing frequency of light 

38. A caesium photocell with a steady potential difference of 60 V across is illuminated by a bright point source of 
light 50 cm away. When the same light is placed 1 m away the photoelectrons emitted from the cell          
 [KCET 2002] 

(a) Are one quarter as numerous   (b)  Are half as numerous  

(c)  Each carry one quarter of their previous momentum  (d)  Each carry one quarter of their 

previous energy 

39. A radio transmitter radiates 1 kW power at a wavelength 198.6 m. How many photons does it emit per second 
 [Kerala (Engg.) 2002] 

(a) 10

10  (b)  20

10  (c)  30

10  (d)  40

10  

40. Photon of 5.5 eV energy fall on the surface of the metal emitting photoelectrons of maximum kinetic energy 
4.0 eV. The stopping voltage required for these electrons are  [Orrisa (Engg.) 2002] 

(a) 5.5 V (b)  1.5 V (c)  9.5 V (d)  4.0 V  



Modern Physics  Page 74 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

 

24   25   26   27   28   29   30   31   32   33   34   35   36   37   38   39   40   

a a d d c b c a c b a a a b a c b 

 

41. The minimum wavelength of X-ray emitted by X-rays tube is 0.4125 Å. The accelerating voltage is  
  [BHU 2003] 

(a) 30 kV  (b)  50 kV (c)  80 kV (d)  60 kV 

42. Characteristic X-rays are produced due to      [AIIMS 2003] 

(a) Transfer of momentum in collision of electrons with target atoms 

(b)  Transition of electrons from higher to lower electronic orbits in an atom  

(c)  Heating of the target 

(d)  Transfer of energy in collision of electrons with atoms in the target 

43. X-rays when incident on a metal        [BCECE 2003] 

(a) Exert a force on it  (b)  Transfer energy to it  (c)  Transfer pressure to it  (d)

 All of the above 

44. The minimum wavelength of X-rays produced by electrons accelerated by a potential difference of V volts is 
equal to  

[CPMT 1986; 88, 91; RPMT 1997; MP PET 1997; MP PMT/PET 1998; MP PMT 1996, 2003] 

(a) 
hc

eV
 (b)  

cV

eh
 (c)  

eV

hc
 (d)  

eh

cV
 

45. An X-ray machine is working at a high voltage. The spectrum of the X-rays emitted will   
 [CPMT 1983; BVP 2003] 

(a) Be a single wavelength   (b)  Extend from 0 to ¤ wavelength 

(c)  Extend from a minimum to ¤ wavelength (d)  Extend from 0 to a maximum wavelength  

46. What is the difference between soft and hard X-rays     [MP PMT 2002; 
AIIMS 2002] 
(a) Velocity (b)  Intensity (c)  Frequency (d)  Polarization 

47. X-rays are produced due to        [JIPMER 2002] 
(a) Break up of molecules    (b)  Change in atomic energy level 

(c) Change in nuclear energy level  (d)  Radioactive disintegration 

48. The essential distinction between X-rays and g-rays is that    

(a)  g -rays have smaller wavelength than X-rays 

(b)  g -rays emanate from nucleus while X-rays from outer part of the atom 

(c)  g -rays have grater ionizing power than X-rays 

(d)  g -rays are more penetrating than X-rays 

49. X-ray beam can be deflected by  

(a) Magnetic field  (b)  Electric field (c)  Both (a) and (b) (d)  None of these 

50. For the production  of characteristic ,gK X-ray, the electron transition is  

(a) 1to2 == nn   (b)  2to3 == nn  (c)  1to3 == nn  (d)  1to4 == nn  

51. When X  rays pass through a strong uniform magnetic field, then they 

(a) Do not get deflected at all   (b)  Get deflected in the direction of the field 
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(c)  Get deflected in the direction opposite to the field (d)  Get deflected in the direction 

perpendicular to the field 

52. If the potential difference applied across X-ray tube is V volts, then approximately minimum wavelength of the 
emitted X-rays will be  

 (a) Å

V

1227
  (b)  Å

V

1240
 (c)  Å

V

2400
 (d)  Å

V

12400
 

53. If V be the accelerating voltage, then the maximum frequency of continuous X-rays is given by  

 (a) 
V

eh
 (b)  

e

hV
 (c)  

h

eV
 (d)  

eV

h
 

54. A metal block is exposed to beams of X-ray of different wavelength X-rays of which wavelength penetrate most  

 (a) 2Å  (b)  4Å (c)  6Å (d)  8Å 

55. An X-ray tube operates on 30 kV. What is the minimum wavelength emitted ? (h = 6.6 ³ 10–34 Js, e = 
1.6 ³ 10–19 coulomb, c = 3 ³ 108 ms–1)   

(a) 0.133 Å  (b)  0.4 Å (c)  1.2 Å (d)  6.6 Å 

56. Bragg’s law for X-rays is        [UPSEAT 2001] 
(a) d sin q= ln2  (b)  lq nd =sin2  (c)  dn lq 2sin =  (d)  None of these 

57. Intensity of X-rays depends upon the number of    [SCRA 1998; DPMT 2000; AFMC 2001] 

(a) Electrons  (b)  Protons (c)  Neutrons (d)  Positrons 

58. In an X-ray tube electrons bombarding the target produce X-rays of minimum wavelength 1 Å. What must be 
the energy of bombarding electrons                 
[KCET (Engg.) 2001] 

(a) 13375 eV (b)  12375 eV (c)  14375 eV (d)  15375 eV 

59. For production of characteristic bK X-rays, the electron transition is     [MP 

PET 2001] 

(a) 1to2 == nn   (b)  2to3 == nn  (c)  1to3 == nn  (d)

 2to4 == nn  

41   42   43   44   45   46   47   48   49   50   51   52   53   54   55   56   57   58   59   

a a d c c c b b d d a d c a b b a b c 

 

60. Penetrating power of X-rays does not depend on      [MP PET 2001] 

(a) Wavelength  (b)  Energy (c)  Potential difference (d)  Current in the 

filament 

61. The intensity of X-rays from a coolidge tube is plotted against wavelength as shown in the figure. The 

minimum wavelength found is 
c
l  and the wavelength of the aK line is 

k
l . As the accelerating voltage is 

increased      [IIT -JEE (Screening) 2001] 

 

(a) )(
CK
ll - increases 

(b)  )(
CK
ll - decreases 

(c)  
K
l  increases 

(d)  
K
l  decreases 

62. Penetrating power of X-rays can be increased by       [MP PMT 1997, 2000] 

(a) Increasing the potential difference between anode and cathode 

(b)  Decreasing the potential difference between anode and cathode 

(c)  Increasing the cathode filament current 

(d)  Decreasing the cathode filament current  

I 

l lK lC 
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63. In an X-ray tube the intensity of the emitted X-ray beam is increased by   

 [MNR 1992; UPSEAT 2000] 

(a) Increasing the filament current  (b)  Decreasing the filament current 

(c)  Increasing the target potential  (d)  Decreasing the target potential  

64. X-rays are      [CPMT 1975; EAMCET 1995; RPET 2000] 

(a) Stream of electrons   (b)  Stream of positively charged particles 

(c)  Electromagnetic radiations   (d)  Stream of uncharged particles  

65. For the structural analysis of crystals, X-rays are used because     [IIT -JEE 1992; 

JIPMER 2000] 

(a) X-rays have wavelength of the order of interatomic spacing  (b)  X-rays are highly 

penetrating radiations 

(c)  Wavelength of X-rays is of the order of nuclear size (d)  X-rays are coherent radiations  

66. Electrons with energy 80 keV are incident on the tungsten target of an X-ray tube. K shell electrons of tungsten 
have – 72.5 keV energy. X-rays emitted by the tube contain only    [IIT -JEE 
(Screening) 2000] 

(a) A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of  ~ 0.155Å 

(b)  A continuous X-ray spectrum (Bremsstrahlung] with all wavelengths 

(c)  The characteristic X-rays spectrum of tungsten 

(d)  A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of ~ 0.155Å and the characteristic X-

ray spectrum of tungsten 

67. The wavelength of most energetic X-rays emitted when a metal target is bombarded by 40 keV electrons, is 

approximately 

(h = 6.62 ³ 10–34 J-sec; 1eV = 1.6 ³ 10–19 J; c = 3 ³ 108 m/s )    [MNR 1991; MP PMT 

1999; UPSEAT 2000] 

(a) 300 Å (b)  10 Å (c)  4 Å (d)  0.31 Å 

68. Consider the following two statements A and B and identify the correct choice in the given answer 

A : The characteristic X-ray spectrum depends on the nature of the material of the target. 

B :  The short wavelength limit of continuous X-ray spectrum varies inversely with the potential difference 

applied to the X-rays tube 

[EAMCET (Med.) 2000] 

(a) A is true and B is false (b)  A is false and B is true  (c)  Both A and B are true

 (d)  Both A and B are false 

69. The energy of an X  ray photon of wavelength 1.65 Å is  1834

103,-106.6(
-- ³=³= mscsecJh , 

)106.11
19

JeV
-³=  

[EAMCET (Engg.) 2000] 

(a)  3.5 keV (b)  5.5 keV (c)  7.5 keV (d)  9.5 keV  

70. The X-ray beam coming from an X-ray tube will be    [IIT -JEE 1985; SCRA 1996; MP PET 
1999] 

(a) Monochromatic  

(b)  Having all wavelengths smaller than a certain maximum wavelength 

(c)  Having all wavelengths larger than a certain minimum wavelength 

(d)  Having all wavelengths lying between a minimum and a maximum wavelength  

71. Molybdenum is used as a target element for production of X-rays because it is    
 [CPMT 1980; RPET 1999] 

(a) A heavy element and can easily absorb high velocity electrons (b)  A heavy element with a 

high melting point  
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(c)  An element having high thermal conductivity  (d)  Heavy and can easily deflect electrons  

72. Ka characteristic X-ray refers to the transition       [MP PMT 1999] 

(a) n = 2 to n = 1 (b)  n = 3 to n = 2 (c)  n = 3 to n = 1 (d)  n = 4 to n = 2 

73. What kV potential is to be applied on X-ray tube so that minimum wavelength of emitted X-rays may be 1Å (h 
= 6.625 ³ 10–34 J-sec) 

[UPSEAT 1999] 

(a) 12.42 kV   (b)  12.84 kV  (c)  11.98 kV  (d)  10.78 kV  

74. X-rays are not obtainable from H-atom because      [RPET 1999] 

(a) It is a gas   (b)  It is very light 

(c)  The difference in energy levels of H-atom is very small  (d)  The difference in energy levels of 

H-atoms is very large 

75. Energy of X-rays is about       [MP PMT 1999] 

(a) 8 eV   (b)  80 eV  (c)  800 eV  (d)  8000 eV  

76. The continuous X-rays spectrum produced by an X-ray machine at constant voltage has   
 [DPMT 1999] 

(a) A maximum wavelength  (b)  A minimum wavelength  (c)  A single wavelength

 (d)  A minimum frequency 

77. X-ray beam of intensity I0 passes through an absorption plate of thickness d. If absorption coefficient of 
material of plate is m, the correct statement regarding the transmitted intensity I of X-ray is   
   [MP PET 1999] 

(a) )1(
0

d

eII
m--=   (b)  d

eII
m-=

0
 (c)  )1(

/

0

d

eII
m--=  (d)  d

eII
/

0

m-=  

78. X-rays are produced in X-ray tube operating at a given accelerating voltage. The wavelength of the continuous 
X-rays has values from 

 (a) 0 to ¤    (b)  
min
l  to ¤, where 0

min
>l   

(c)  0 to 
max
l , where ¤<

max
l    (d)  

min
l  to 

max
l , where ¤<<<

maxmin
0 ll  

60   61   62   63   64   65   66   67   68   69   70   

d a a a c a d d c c c 

 

79. The emission of 
a

K  X-rays from tungsten is at a wavelength of 0.021nm. The energy difference between the K 

and L energy levels will be approximately       [IIT -
JEE 1997] 

(a) 0.51 MeV  (b)  1.2 MeV (c)  59 KeV (d)  13.6 eV 

80. Compton effect shows that  [DPMT 1995] 

(a) X-rays are waves  (b)  X-rays have high energy  (c)  X-rays can penetrate matter (d) 

 Photons have momentum 

71   72   73   74   75   76   77   78   79   

b a a c d b b b c 

 

81. The wavelength of Ka X-rays produced by an X-ray tube is 0.76Å. The atomic number of the anode material of 
the tube is 

 (a) 20  (b)  60 (c)  40 (d)  80 

80   81   

d C 

82. The velocity of an electron in the inner-most orbit of an atom is  

(a) Zero (b)  Highest (c)  Lowest (d)  Mean 
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83. An electron in revolving round a proton in an orbit of radius cm
9

103.5
-³ . The speed of electron will be 

 [RPET 2002] 

(a) sm /102.2
6³  (b)  sm /102.2

8³  (c)  sm /.102.2
5³  (d)

 sm /102.2
4³  

84. If elements corresponding to n > 5 do not exist, the number of possible elements will be  [RPMT 2002] 

(a) 60 (b)  5 (c)  75 (d)  110 

85. The possible quantum number for 3d electron are  [MP PMT 2002] 

(a) 
2

1
,1,1,3 -=+===

sl
mmln   (b)   

2

1
,2,2,3 -=+===

sl
mmln  

(c)  
2

1
,1,1,3 -=-===

sl
mmln   (d)  

2

1
,1,0,3 -=+===

sl
mmln  

86. The ratio of speed of an electron in ground state in Bohrs first orbit of hydrogen atom to velocity of light in air 
is 

      [MP PMT 2000; MH CET 2002] 

(a) 
hc

e

0

2

2e
 (b)  

hc

e
0

2

2 e
 (c)  

hc

e

0

3

2e
 (d)  

2

0
2

e

hce
 

87. In hydrogen atom, when electron jumps from second to first orbit, then energy emitted is  
 [AIEEE 2002] 

(a) – 13.6 eV (b)  – 27.2 eV (c)  – 6.8 eV (d)  None of these 

88. The wavelength of light emitted from second orbit to first orbits in a hydrogen atom is    
 [Pb. PMT 2002] 

(a) m
7

10215.1
-³  (b)  m

5

10215.1
-³  (c)  m

4

10215.1
-³  (d)

 m
3

10215.1
-³  

82   83   84   85   86   87   88   

b A d b a d a 

89. The energy of an electron in the nth orbit of hydrogen is given by  [RPET 1989; DCE 2002] 

(a) 
22

22

4

hn

mke
E

n

p
-=  (b)  

22

22

4 mke

hn
E

n

p
-=  (c)  

22

422

2

hn

emk
E

n

p
-=  (d)  

222

22

2 emk

hn
E

n

p
-=  

90. If radiations of all wavelengths from ultraviolet to infrared are passed through hydrogen gas at room 

temperature, absorption lines will be observed in  [KCET 2001] 

(a) Lyman, Baklmer and Paschen series (b)  Both Lyman and Balmer series 

(c)  Lyman series   (d) Balmer series 

91. In any excited state of hydrogen atom if m = 5, then value of n, i, m, s will be  [RPMT 2001] 

(a) 5, 5, 5, –1/2  (b)  7, 7, 5, +1/2 (c)  6, 6, 5, –1/2  (d)  8, 7, 5, +1/2 

92. Which of the following is true for number of spectral lines in going form Lyman series to Pfund series

 [RPET 2001] 

(a) Increases (b)  Decreases (c)  Unchanged (d)  May 

decreases or increases 

93. The first line in the Lyman series has wavelength l. The wavelength of the first line in Balmer series is  

[CPMT 1998; MH CET (Med.) 2001] 

(a) l
9

2
 (b)  l

2

9
 (c)  l

27

5
 (d)  l

5

27
 

89   90   91   92   93   

c c d b d 

 

94. The transition from the state n = 4 to n = 3 in a hydrogen-like atom results in ultraviolet radiation. Infrared 
radiation will be obtained in the transition        [IIT -
JEE (Screening) 2001] 
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(a) 2 ­ 1 (b)  3 ­ 2 (c)  4 ­ 2 (d)  5 ­ 4 

95. Orbital acceleration of electron is        [RPET 2001] 

(a) 
322

22

4 rm

hn

p
 (b)  

32

22

2 rn

hn
 (c)  

322

22

4

rm

hn

p
 (d)  

322

22

4

4

rm

hn

p
 

96. Which of the following transitions in a hydrogen atom emits photon of the highest frequency [MP PET 1996; 
CBSE 2000; DPMT 2001] 

(a) n = 1 to n = 2 (b)  n = 2 to n = 1 (c)  n = 2 to n = 6 (d)  n = 6 to n = 2 

94   95   96   

d a b 

97. The Rydberg constant R for hydrogen is [MP PMT 1998] 

(a) 
2

22

0

2

4

1

ch

me
R

p

peö
ö

÷

õ

æ
æ

ç

å
=        (b)  

2
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æ
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98. In the Bohr model of a hydrogen atom, the centripetal force is furnished by the coulomb attraction between 

the proton and the electron. If 
0

a  is the radius of the ground state orbit, m is the mass and e is charge on the 

electron and 
0
e  is the vacuum permittivity, the speed of the electron is [CBSE PMT 1998] 

(a) 0 (b)  
ma

e

00
e

 (c)  
ma

e

00
4pe

 (d)  
e

ma
00

4pe
 

99. The 21 cm radio wave emitted by hydrogen in interstellar space is due to the interaction called the hyperline 
interaction in atomic hydrogen. The energy of the emitted wave is nearly [CBSE 1998] 

(a) 17

10
- Joule (b)  1 Joule (c)  8

107
-³ Joule (d)  24

10
- Joule 

97   98   99   

d c d 

100. Which one of the series of hydrogen spectrum is in the visible region [RPMT 1999; MP PET 1990; MP PMT 
1994; AFMC 1998] 

(a) Lyman series (b)  Balmer series (c)  Paschen series (d)  Bracket series 

101. Frequency of the series limit of Balmer series of hydrogen atom in terms of Rydberg constant R and velocity of 
light C is  [KCET 1998] 

(a) RC (b)  
4

RC
 (c)  RC4  (d)  

RC

4
 

102. Hydrogen atom excites energy level from the fundamental state to n = 3. Number of spectral lines, according 
to Bohr, is [CPMT 1997] 

(a) 4 (b)  3 (c)  1 (d)  2 

103. Ionization energy of hydrogen is 13.6 eV. If 31

106.6 ³=h J-sec, the value of R will be of the order of
 [RPMT 1997] 

(a) 110

10 m  (b)  17

10
-

m  (c)  14

10
-

m  (d)  17

10
--

m  

104. In a hydrogen atom, which of the following electronic transitions would involve the maximum energy change
 [MP PET 1997] 

(a) From n = 2 to n = 1 (b)  From n = 3 to n = 1 (c)  From n = 4 to n = 2
 (d)  From n = 3 to n = 2 

105. The Rutherford a-particle experiment shows that most of the a-particles pass through almost unscattered 
while some are scattered through large angles. What information does it give about the structure of the atom
 [AFMC 1997] 

(a) Atom is hollow    

(b)  The whole mass of the atom is concentrated in a small centre called nucleus 

(c)  Nucleus is positively charged 

(d)  All of the above 

100   101   102   103   104   105   

b b b b b d 
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106. The angular momenta of electrons in an atom produces 

(a) Magnetic moment (b)  Zeeman effect (c)  Light (d)  Nuclear fission 

107. For an atom situated in a magnetic field, the number of possible orientations for orbit with n = 3 are 

(a) 9 (b)  7 (c)  5 (d)  3 

108. In Bohr model of hydrogen atom, the force on the electron depends on the principal quantum number as 

(a) 3

/1 nF´  (b)  4

/1 nF´  (c)  5

/1 nF´  (d)  Does not 

depend on n 

109. A proton and an electron, both at rest initially, combine to form a hydrogen atom in the ground state. A single 
photon is emitted in this process. Then the wavelength of this photon is 

(a) 912 Å (b)  3646 Å (c)  8201 Å (d)  None of these 

110. When a hydrogen atom emits a photon in going from n = 5 to n = 1, its recoil speed is almost 

(a) 4

10
- m/ s (b)  2

102
-³ m/ s (c)  4 m/ s (d)  2

108³ m/ s 

111. The ratio between total acceleration of the electron in singly ionized helium atom and doubly ionized lithium 
atom (both in ground state) is 

(a) 
3

2
 (b)  

9

4
 (c)  

27

8
 (d)  1 

112. Suppose the potential energy between electron and proton at a distance r is given by 
3

2

3r

ke
- . Application of 

Bohr’s theory to hydrogen atom in this case shows that 

(A)  Energy in the nth orbit is proportional to 6

n  (B)  Energy is proportional to 3-
m  (m = mass 

of electron) 

(a) Only (A) is correct   (b)  Only (B) is correct  

(c)  Both (A) and (B) are correct   (d)  None are correct 

113. An electron with kinetic energy 5 eV is incident on a hydrogen atom in its ground state. The collision 

(a) Must be elastic   (b)  May be partially elastic  

(c)  Must be completely inelastic   (d)  May be completely inelastic 

114. Suppose, the electron in a hydrogen atom makes transition from n = 3 to n = 2 in s
8

10
- . The order of the torque 

acting on the electron in this period, using the relation between torque and angular momentum as discussed in 

the chapter on rotational mechanics is 

(a) 34

10
- N-m (b)  24

10
- N-m (c)  42

10
- N-m (d)  8

10
- N-m 

106   107   108   109   110   111   112   113   114   

b a b a c c c a b 

115. 
1
r  and 

2
r  are the radii of atomic nuclei of mass numbers 64 and 27 respectively. The ratio 

2

1

r

r
 is   (a)

 
27

64
 (b)  

64

27
 (c)  

3

4
 (d)  1 

116. A nucleus ruptures into two nuclear parts which have their velocity ratio equal to 2 : 1. What will be the ratio 
of their nuclear size (nuclear radius)       [CBSE 1996] 

(a) 1:2
3/1  (b)  3/1

2:1  (c)  1:3
2/1  (d)  2/1

3:1  

117. Two nuclei are said to be mirror nuclei if     [AFMC 1994] 

(a) Number of protons in the two nuclei are equal 

(b)  Number of neutrons in the two are equal  

(c)  Number of neutrons in one equals number of protons in the other and vice-versa  

(d)  The number of nucleons in the two are equal 

118. The mass number of helium and sulphur are 4 and 32 respectively. The nucleus of sulphur is then how many 
times greater than the He nucleus        [CBSE PMT 
1994] 
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(a) 8  (b)  4 (c)  3 (d)  2 

119. What is the radius of iodine atom (Atomic number 53, mass number 126)    [CBSE PMT 
1993] 

(a) 11

105.2
-³ m (b)  9

105.2
-³ m (c)  9

107
-³ m (d)  6

107
-³ m 

115   116   117   118   119   

c B c d a 

120. “Mass density” of nucleus varies with its mass number A as    [CBSE PMT 1992] 

(a) 2

A  (b)  A (c)  0

A  (d)  1/ A 

121.  The radius of the nucleus with nucleon number 2 is m
15

105.1
-³ , then the radius of nucleus with nucleon 

number 54 will be 

(a) 15

103
-³ m (b)  15

105.4
-³ m (c)  15

106
-³ m (d)  15

109
-³ m 

122. If 
pp

F , 
pm

F  and 
nn

F  are the magnitudes of net force between proton-proton, proton-neutron and neutron-

neutron respectively, then 

(a) 
nnpnpp

FFF ==  (b)  
nnpnpp

FFF =<  (c)  
nnpnpp

FFF >>  (d)

 
nnpnpp

FFF <<  

123. A nucleus A

Z
X  emits 2a-particles and 3b-particles. The ratio of total protons and neutrons in the final 

nucleus is 

(a) 
7

7

+-

-

ZA

Z
 (b)  

8

1

--

-

ZA

Z
 (c)  

7

1

--

-

ZA

Z
 (d)  

3

3

+-

-

ZA

Z
 

120   121   122   123   

c b b C 

124. 
p

M  denotes the mass of a proton and 
n

M  that of a neutron. A given nucleus, of binding energy B, contains Z 

protons and N neutrons. The mass M (N, Z) of the nucleus is given by (c is the velocity of light)    

 (a) 2

),( BCZMNMZNM
pn
-+=   (b)  2

),( BCZMNMZNM
pn
++=   

(c)  2

/),( CBZMNMZNM
pn
-+=   (d)  2

/),( CBZMNMZNM
pn
++=  

125. The binding energy of nucleus is a measure of its      [MP PET 2004] 

(a) Charge (b)  Mass (c)  Momentum (d)  Stability 

126. If M is the atomic mass and A is the mass number, packing fraction is given by  [KCET 2004] 

(a) 
AM

A

-
 (b)  

A

MA-
 (c)  

AM

M

-
 (d)  

A

AM-
 

127. When an electron-positron pair annihilates, the energy released is about  

[MP PET/PMT 1988; CBSE 1992; MP PMT 1994; RPET 1997; RPMT 2000; AIIMS 2004] 

(a) J
13

108.0
-³  (b)  J

13

106.1
-³  (c)  J

13

102.3
-³  (d)  J

13

108.4
-³  

128. The atomic mass unit (amu) is equivalent to energy   [Similar to CPMT 2001; MP PET/PMT 

2001; MP PMT 2004] 

(a) 93.1 eV (b)  931 MeV (c)  931 keV (d)  931 eV 

129. Sun radiates energy in all the directions. The average energy received by earth is 1.4 kW/m 2. The average 

distance between the earth and the sun is 1.5 ³ 1011 m. The average mass in kg lost per day by the sun is (1 

day = 86400 sec) (QBP 279)  [MP PMT 1993, 2003] 

(a) 4.4 ³ 109 (b)  7.6 ³ 1014  (c)  3.8 ³ 1012  (d)  3.8 ³ 1014 

130. Energy obtained when 1 mg mass is completely converted to energy is   [CPMT 1998; BVP 2003] 

(a) 8

103³ J (b)  10

103³ J (c)  13

109³ J (d)  15

109³ J 

131. The energy liberated on complete fission of 1 kg of 235

92
U  is (Assume 200 MeV energy is liberated on fission 

of 1 nucleus)  

[RPET 1999, 2000; UPSEAT 2003] 



Modern Physics  Page 82 

EDUDIGM 1B Panditya Road, Kolkata 29                         www.edudigm.in  40034819 

(a) 8.2 ³ 1010 J  (b)  8.2 ³ 109 J   (c)  8.2 ³ 1013 J (d)  8.2 ³ 1016 J 

132. The mass defect in a particular nuclear reaction is 0.3 gm. The amount of energy liberated in kilowatt 

hours is (Velocity of light = 3 ³ 108 m/s )       
 [EAMCET 2003] 

(a) 6

105.1 ³  (b)  6

105.2 ³  (c)  6

103³  (d)  6

105.7 ³  

133. The binding energy per nucleon is maximum in the case of     [CBSE 1993; JIPMER 2001, 

2002] 

(a) He
2

4
 (b)  Fe

56

26
 (c)  Ba

141

56
 (d)  U

235

92
 

134. Binding energy per nucleon plot against the mass number for stable nuclei is shown in the figure. Which curve 

is correct 

[Orissa JEE 2002] 

(a) A 

(b)  B 

(c)  C 

(d)  D 

124   125   126   127   128   129   130   131   132   133   134   

c d D b b d c c d b C 

135. 
n

M  and 
p

M  represent mass of neutron and proton respectively. If an element having atomic mass M has N-

neutron and Z-proton, then the correct relation will be    [CBSE 2001] 

(a) ][
Pn

ZMNMM +<  (b)  ][
Pn

ZMNMM +>  (c)  ][
Pn

ZMNMM +=

 (d)  ][
Pn

MMNM +=  

136. An element has binding energy 8 eV/ nucleon. If it has total binding energy 128 eV, then the number of 

nucleons are (QBP 314)      [CPMT 2001] 

(a) 8 (b)  14 (c)  16 (d)  32 

137. If the binding energy per nucleon in Li7 and He4 nuclei are respectively 5.60 MeV and 7.06 MeV, then energy of 

reaction 4

2

7

2 HepLl ­+  is       [CBSE 1994; JIPMER 2000] 

(a) 19.6 MeV(b)  2.4 MeV  (c)  8.4 MeV  (d)  17.3 MeV  

138. If 200 MeV energy is released in the fission of a single U235 nucleus, the number of fissions required per second 

to produce 1 Kilowatt power shall be (Given 1 eV = 1.6 ³ 10–19 J)  [AMU 1995; MP PMT 1999] 

(a) 3.125 ³ 1013  (b)  3.125 ³ 1014  (c)  3.125 ³ 1015  (d)  3.125 ³ 1016 

139. MP = 1.008 amu, Mn = 1.009 amu and 003.4
4

2
=HeM amu then the binding energy of a-particle is 

 [RPET 1998] 

(a) 21.4 MeV  (b)  8.2 MeV  (c)  34 MeV  (d)  28.8 MeV  

140. The rest energy of an electron is 0.511 MeV. The electron is accelerated from rest to a velocity 0.5 c. The 
change in its energy will be      [MP PET 1996] 

(a) 0.026 MeV  (b)  0.051 MeV  (c)  0.079 MeV  (d)  0.105 MeV  

141. The binding energy per nucleon of O16 is 7.97 MeV and that of O17 is 7.75 MeV. The energy (in MeV) required 
to remove a neutron from O17 is         [IIT -JEE 1995] 

(a) 3.52 (b)  3.64 (c)  4.23 (d)  7.86 

142. The binding energies per nucleon for a deuteron and an a-particle are x1 and x2 respectively. What will be the 

energy Q released in the reaction QHeHH +­+ 4

2

2

1

2

1
     

 [CBSE 1995; CPMT 1995] 

(a) 4 (x1 + x2)  (b)  4 (x2 – x1)  (c)  2 (x1 + x2)  (d)  2 (x2 – x1) 

135   136   137   138   139   140   141   142   

a c d a d c c b 

143. The function of the control rods in nuclear reactor is  [Similar to CPMT 2003; MP PET 2004] 

(a) Absorb neutrons (b)  Accelerate neutrons (c)  Slow down neutrons (d)

 No effect on neutrons 

B
in

d
in

g
 e

n
e

rg
y
 

p
e

r 
n
u
c
le

o
n 

Mass number 

A 
C 

B 
D 
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144. Complete the reaction nBaUn 3....
144

56

235

92
++­+     [Kerala PMT 2004] 

(a) Kr
89

36
 (b)  Kr

90

36
 (c)  Kr

91

36
 (d)  Kr

92

36
 

145. Heavy water is ………….       [KCET 2004] 

(a) Water, in which soap does not lather (b)  Compound of heavy oxygen and heavy hydrogen  

(c)  Compound of deuterium and oxygen (d)  Water at 4°C 

143   144   145   

a a c 

146. Which one is not possible       [CPMT 2001] 

(a) 1

1

16

7

1

0

14

7
HNnN +­+    (b)  4

2

35

17

1

1

32

16
HeClHS +­+   

(c)  0

1

1

1

14

7

1

0

16

8
23 b-++­+ HNnO  (d)  4

2

1

1

1

1
HeHH ­+  

147. ,
4

2

1

0

32

16
HeXnS +­+  X is        [CPMT 2001] 

(a) 28

16
S  (b)  7

14
N  (c)  29

14
Si  (d)  29

16
S  

148. The polonium isotope Po
210

84
 is unstable and emits a 10 MeV alpha particle. The atomic mass of Po

210

84
 is 

209.983 U and that He
4

2
 is 4.003 U. The atomic mass of the daughter nucleus is   [AMU 2001] 

(a) 210 U (b)  208 U (c)  82.0 U (d)  None of these 

149. When two deuterium nuclei fuse together to form a tritium nuclei, we get a       [EAMCET 1994; CPMT 2000; 

CPMT 2000] 

(a) Neutron (b)  Deutron (c)  a-particle (d)  Proton 

150. The average number of prompt neutrons produced per fission of  235U is    [MP PMT 2000] 

(a) More than 5 (b)  3 to 5 (c)  2 to 3 (d)  1 to 2  

151. Nuclear fission experiments show that the neutrons split the uranium nuclei into two fragments of about same 

size. This process is accompanied by the emission of several                                  [CBSE 1994; SCRA 

1994; DPMT 2000] 

(a) Protons and positrons (b)  -a particles (c)  Neutrons (d)  Protons and 

-a particles 

152. To generate a power of 3.2 mega watt, the number of fissions of 235U  per minute is  

 (Energy released per fission = 200MeV,  )106.11
19

JeV
-³=          

 [EAMCET (Engg.) 2000] 

(a) 18

106³  (b)  17

106³  (c)  17

10  (d)  16

106³  

153. Atomic hydrogen has its life period of      [CBSE PMT 2000] 

(a) One day (b)  A fraction of a second (c)  One hour (d)  One minute 

154. It is possible to understand nuclear fission on the basis of the     
 [CBSE PMT 2000] 

(a) Meson theory of the nuclear forces (b)  Proton-proton cycle 

(c)  Independent particle model of the nucleus (d)  Liquid drop model of the nucleus 

155. If 
1

E  is the energy released per unit mass in Nuclear fusion and 
2

E  that in nuclear fission then   

 [KCET 2000] 

(a) 
21

EE <  (b)  
21

EE >  (c)  
21

EE -=  (d)  
21

EE =  

146   147   148   149   150   151   152   153   154   155   

c C d d c c a c d b 

156. Four physical quantities are listed in column I. Their values are listed in column II in a random order 

Column I 
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(A)  Thermal energy of air molecules at room temperature (B)  Binding energy per nucleon of heavy nuclei  

(C) X-ray photon energy    (D) Photon energy of visible light 

Column II 

(E) 0.02 eV  (F) 2 eV  (G) 1 keV  (H)  7 MeV 

The correct matching of column I and column II is given by   [IIT JEE 1988] 

(a) A – E, B – H, C – G, D – F (b)  A – E, B – G, C – F, D – H  (c)  A – F, B – E, C – G, D – H

 (d)  A – F, B – H, C – E, D –G  

157. Most suitable element for nuclear fission is the element with atomic number near   
 [CPMT 1982] 

(a) 11 (b)  21 (c)  52 (d)  92 

158. A free electron can give rise to the following decay (where g is a quantum of E.M. field)  

 [NCERT 1978] 

(a) +-­ ee  (b)  g+­ --
ee  (c)  --­ ee  (d)  --­me  

159. Assuming that about 20 MeV of energy is released per fusion reaction 3

2

1

0

2

1

2

1
HenHH +­+  then the mass 

of 2

1
H  consumed per day in a fusion reactor of power 1 megawatt will approximately be   

   [CPMT 1976] 

(a) 0.001 g (b)  0.1 g (c)  10.0 g (d)  1000 g 

160. If mass of 12142.235
235=U  amu., mass of 12305.236

236=U  amu and mass of neutron = 1.008665 amu. 

Then the energy required to remove one neutron from the nucleus 236

U  is nearly about   
  [CPMT 1976] 

(a) 75 MeV (b)  6.5 MeV (c)  1 eV (d)  Zero 

156   157   158   159   160   

a D b b b 

161. Rate of decay is proportional to       [RPMT 2003] 

(a) The number of nuclei initially present (b)  The number of active nuclei present at that instant 

(c)  To the number of decayed nuclei (d)  None of these 

162. The rate of radioactive decay of a material is 800 dps. If the half-life period of the material is 1 sec, the rate of 
decay after 3 seconds will be       [RPMT 2003] 

(a) 800 dps (b)  400 dps (c)  200 dps (d)  100 dps 

163. A sample of radioactive element has a mass of 10 g at an instant t = 0. The approximate mass of this element in 
the sample after two mean lives is       [CBSE 
PMT/PDT 2003] 

(a) 1.35 g (b)  2.50 g (c)  3.70 g (d)  6.30 g 

164. The half-life of radium is 1620 years and its atomic weight is 226 kg per kilomol . The number of atoms that 

will decay from its 1 gm sample per second will be (Avogadro’s number 26

1002.6 ³=N  atom/ kilomol )  
  [MP PMT 1993; BVP 2003] 

(a) 15

101.31 ³  (b)  15

1011.3 ³  (c)  12

106.3 ³  (d)  10

1061.3 ³  

165. Half-life of a radioactive substance is 20 minutes. The time between 20% and 80% decay will be  
 [KCET 2003] 

(a) 20 minutes (b)  40 minutes (c)  30 minutes (d)  25 minutes 

166. The half-life of a radioactive substance is 48 hours. How much time will it take to disintegrate to its 
16

1
th part 

 [BCECE 2003] 

(a) 12 h (b)  16 h (c)  48 h (d)  192 h 

 

161   162   163   164   165   166   
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b D a d b d 

167. N atoms of a radioactive element emit n alpha particles per second. The half life of the element is  

 [MP PET 1995; MP PMT 1997, 2003] 

(a) 
N

n
sec (b)  

n

N
sec (c)  

n

N693.0
sec (d)  

N

n693.0
sec 

168.  A radioactive sample at any instant has its disintegration rate 5000 disintegration per minute. After 5 

minutes, the rate is 1250 disintegrations per minute. Then, the decay constant (per minute) is  
   [AIEEE 2003] 

(a) 0.8 ln 2 (b)  0.4 ln 2 (c)  0.2 ln 2 (d)  0.1 ln 2 

169. A radioactive substance has an average life of 5 hours. In a time of 5 hours   [Orissa JEE 

2003] 

(a) Half of the active nuclei decay  (b)  Less than half of the active nuclei decay 

(c)  More than half of the active nuclei decay (d)  All active nuclei decay 

170. In a mean life of a radioactive sample      [MP PMT 2000, 2003] 

(a) About 1/3 of substance disintegrates (b)  About 2/3 of the substance disintegrates 

(c)  About 90% of the substance disintegrates (d)  Almost all the substance disintegrates 

171. Half-life of a substance is 10 years. In what time, it becomes 
4

1
th part of the initial amount [AIEEE 2002] 

 (a) 5 years (b)  10 years (c)  20 years (d)  None of these 

172. If in a radioactive substance, the initial number of active atoms is 1000, the number of active atoms after three 

half lives will be         [RPMT 2002] 

(a) 1000 (b)  500 (c)  250 (d)  125 

173. A sample of a radioactive substance contains 2828 atoms. If its half-life is 2 days, how many atoms will be left 

intact in the sample after one day       [AFMC 2002] 

(a) 1414 (b)  1000 (c)  2000 (d)  707 

174. The activity of a sample of a radioactive material is A at time 
1
t  and 

2
A  at time 

2
t  )(

12
tt > . If its mean life T, 

then (QBP-1263)         [BHU 2002] 

(a) 
2211

tAtA =  (b)  
1221
ttAA -=-  (c)  Ttt

eAA
/)(

12

21
-

=  (d)

 Ttt

eAA
)/(

12

21=  

175. If 
0

N  is the original mass of the substance of half life period 5
2/1
=T  years, then the amount of substance left 

after 15 years is         [AIEEE 2002] 

(a) 8/
0

N  (b)  16/
0

N  (c)  2/
0

N  (d)  4/
0

N  

176. In a sample of radioactive material, what percentage of the initial number of active nuclei will decay during 

one mean life          [KCET 2002] 

(a) 69.3% (b)  63% (c)  50% (d)  37% 

167   168   169   170   171   172   173   174   175   176   

c B c b c d c c a b 

177. A radioactive material decays by simultaneous emission of two particles with respective half lives 1620 and 

810 years. The time (in years) after which one-fourth of the material remains is[IIT -JEE 1995; UPSEAT 2002] 

(a) 1080 (b)  2430 (c)  3240 (d)  4860 

178. If the decay or disintegration constant of a radioactive substance is l, then its half life and mean life are 

respectively (loge2 can also be written as log 2)   [IIT -JEE 1989; MNR 1990; MP PET 1995, 97, 99, 

2002; MP PMT 1999, 2002; UPSEAT 2002] 

(a) 
l

1
 &

l

2log
e  (b)  

l

2log
e  &

l

1
 (c)  2log

e
l  & 

l

1
  (d)  

2log
e

l
 and 

l

1
 

179. The decay constant of a radioactive element is 0.01 per sec. Its half life period is  [DPMT 2001] 

(a) 693 sec (b)  6.93 sec (c)  0.693 sec(d)  69.3 sec 

180. The half-life of 210

Bi  is 5 days. In the seven samples out of eight, the time required for decay is  

 [MNR 1986; Pb. PMT 2001] 
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(a) 3.4 days (b)  10 days (c)  15 days (d)  20 days 

181. 99% of a radioactive element will decay between     [AMU (Engg.) 2001] 

(a) 6 and 7 half lives (b)  7 and 8 half lives (c)  8 and 9 half lives (d)  9 half lives 

182. Certain radioactive substance reduces to 25% of its value in 16 days. Its half-life is  [MP PMT 2001] 

(a) 32 days (b)  8 days (c)  64 days (d)  28 days 

183. The decay constant of a radioactive element is 9

105.1
-³  per second. Its mean life in seconds will be 

  [MP PET 2001] 

(a) 9

105.1 ³  (b)  8

1062.4 ³  (c)  8

1067.6 ³  (d)  8

1035.10 ³  

184. Three fourth of the active decays in a radioactive sample in 3/4 sec. The half life of the sample is  

 [KCET (Engg.) 2001] 

(a) 
2

1
sec (b)  1 sec (c)  

8

3
sec (d)  

4

3
sec 

185. During mean life of a radioactive element, the fraction that disintegrates is   [CPMT 2001] 

(a) e (b)  
e

1
 (c)  

e

e 1-
 (d)  

1-e

e
 

177   178   179   180   181   182   183   184   185   

a B d c a b c c c 

186. A sample contains 16 gm of a radioactive material, the half life of which is two days. After 32 days, the amount 
of radioactive material left in the sample is   [NCERT 1984; MNR 1995; MP PMT 1995] 

(a) Less than 1 mg (b)  
4

1
gm (c)  

2

1
gm (d)  1 gm 

187. The count rate of Geiger-Muller counter for the radiation of a radioactive material of half life of 30 minutes 
decreases to 5 s–1 after 2 hours. The initial-count rate was     [CBSE 1995] 

(a) 1

25
-

s  (b)  1

80
-

s  (c)  1

625
-

s  (d)  1

20
-

s  

188. Carbon-14 decays with half-life of about 5,800 years. In a sample of bone, the ratio of carbon-14 to carbon-12 

is found to be 
4

1
 of what it is in free air. This bone may belong to a period about x centuries ago, where x is 

nearest to    [KCET 1994] 

(a) 2 ³ 58 (b)  58 (c)  58/2  (d)  3 ³ 58 

189.  The decay constant for radioactive isotope 57

Co  is 18

sec103
--³ . The number of disintegration taking 

place in a milligram of 57

Co  per second is      [CBSE 1993] 

(a) 11

10  (b)  6

103³  (c)  11

103³  (d)  7

103³  

190. The half life of a radioactive material is T. After T/2 time, the material has been disintegrated is [MP PMT 1992] 

(a) 1/2  (b)  3/4  (c)  
2

1
 (d)  2/)12( -  

191. The decay constant l of the radioactive sample is the probability of decay of an atom in unit time, then  
 [CBSE 1990] 

(a) l decreases as atoms become older 

(b)  l increases as the age of atoms increases 

(c)  l is independent of the age  

(d)  Behaviour of l with time depends on the nature of the activity 

192. If 10% of a radioactive material decays in 5 days, then the amount of original material left after 20 days is 

approximately  [MNR 1987] 

(a) 60% (b)  65% (c)  70% (d)  75% 

186   187   188   189   190   191   192   

a b a c d c b 

 


