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What you will learn

Introduction

The existence of atoms had been proposed as early as 400 BC by Indian and Greek philosophers 
who were of the view that atoms are the fundamental building blocks of matter.

The word atom has been derived from the Greek word a-tomio which means uncut-able or non-
divisible.

A chronological timeline for the development of atomic structure.

Rutherford’s  
model

Planck’s 
quantum theory

Heisenberg’s 
uncertainty 

principle
de Broglie’s 
hypothesis

J.J. Thomson’s  
model

Bohr’s 
model

Schrodinger’s
wave equation

Dalton’s Atomic Theory

• The atomic theory of matter was first proposed on a scientific basis in 1808 by John Dalton.

Fig. 1: Evolution of different atomic models
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1. All matter is made up of atoms that are indivisible.
2. Atoms of different elements have different mass, shape, and size. All the atoms of a given element 

are identical in mass and properties
3. It explained the law of conservation of mass, law of constant composition, and law of multiple 

proportions. 
4. It regarded the atom as the ultimate particle of matter.
5. Atoms can neither be created nor be destroyed. There is simple rearrangement of atoms in a 

chemical reaction.

• It failed to explain the results of many experiments. For example, it was known that substances 
like glass or ebonite when rubbed with silk or fur, get electrically charged. It could not explain 
that phenomenon.

• The experimental observations made by scientists towards the end of the 19th and beginning 
of the 20th century established that the atoms are made of subatomic particles, i.e., electrons, 
protons, and neutrons-a concept that was very different from that of Dalton.

Drawbacks of the theory

Features of the theory

Discovery of Subatomic Particles

Cathode Rays 

An insight into the structure of atom was obtained from the experiments on electrical discharge 
through gases. Before we discuss that, we need to keep in mind a basic rule regarding the charged 
particles: "Like charges repel each other and unlike charges attract each other".

Some basic terminologies used are as follows:
Discharge tube: It is a glass tube that contains gas at low pressure and metal electrodes connected 
at high potential difference at both the ends of the tube.
Electric field region: It is the region around the charged species in which its effect can be observed. 
Anode: Positive electrode  
Cathode: Negative electrode

Fig. 2: Experimental setup of the cathode-ray discharge tube
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It is a cylindrical hard glass tube that is fitted with two metallic electrodes connected to the opposite 
terminals of a battery. The gas taken in the tube was subjected to a very low pressure (≃10-6 atm) 
maintained by a vacuum pump and high voltage (≃ 10,000 V ). 

• Gases are poor conductors of electricity. Under normal pressure, gases did not conduct electricity 
even when potential difference of 10,000 V was applied.

• Gases started conducting electricity under reduced pressure and at very high voltage.
• When sufficiently high voltage was applied across the electrodes, current started flowing through 

a stream of particles moving in the tube from the negative electrode (cathode) to the positive 
electrode (anode). These were known as cathode rays or cathode ray particles. 

• The flow of charge from cathode to anode was further checked by making a hole in the anode 
and coating the tube behind anode with a fluorescent material zinc sulphide. When these rays, 
after passing through anode, strike the zinc sulphide coating, green glow is developed on the 
coating.

Discharge tube/Cathode-ray tube/Crookes tube/Crookes discharge tube

What happened in the discharge tube?

Based on discharge tube

Why would this given tube not function as a 
discharge tube?
(A) Electrodes are not parallel to each other                      
(B) Gas chamber is not evacuated
(C) Valve is open
(D) Low voltage is applied

Solution

In the discharge tube, the chamber is evacuated and maintained at low pressure. Secondly, the valve 
is open, making the chamber non-evacuated. Discharge tube works at high potential difference in 
order of 104 V. So the discharge tube does not work at low voltage (10 V ).

Options b, c, and d are correct.

A low pressure is required because at low pressure, 
more distance between the ions enables them to 
attain the kinetic energy required to strike the cathode 
surface, so as to eject a large number of electrons from 
the cathode. At high pressure, there are more number 
of gas molecules that would act as obstructions in the 
path of electrons, thereby preventing the electrons 
from reaching the anode.

Note: Why is low pressure required?

Fig. 3: Cathode-ray discharge tube
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• They cast the shadow of an object on the ZnS 
screen placed behind the anode.

• Cathode rays move from cathode to anode.
• A sharp shadow of an object is produced on 

the ZnS screen placed at the opposite end 
of the cathode in the absence of electric and 
magnetic fields.

• Cathode rays travel in a straight line.
• They rotate the light paddle wheel placed in 

their path, i.e., they show mechanical effects.
• This shows that the cathode rays contain material particles having both mass and velocity.
• Rays are observed with the help of fluorescent or phosphorescent material. These rays are not 

visible with the naked eye.
• They get deflected when placed in an electric field and magnetic field.
• The direction of deflection shows that they are negatively charged as particles were deflected 

towards the positive terminal. These negatively charged particles were identified as electrons.

Observations and conclusions

(i)  The cathode rays start from the cathode and move towards the anode. 
(ii)  These rays themselves are not visible. However, their behaviour can be observed with the help 

of certain kinds of materials (fluorescent or phosphorescent) that glow when hit by them. 
(iii)  In the absence of an external electric or magnetic field, these rays travel in straight lines.

Results of these experiments
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Fig. 4: Cathode-ray discharge tube

Fig. 6: Experimental setup to show cathode 
rays travel in a straight line

Fig. 8: Experimental setup to show deflection 
of cathode ray in presence of electric field

Fig. 7: Experimental setup to show deflection 
of cathode ray in presence of magnetic field

Fig. 5: Experimental setup to show particle 
nature of cathode ray
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(iv) In the presence of an external electrical or magnetic field, the behaviour of cathode rays is 
similar to that expected from negatively charged particles, suggesting that the cathode rays 
consist of negatively charged particles known as electrons. 

(v)  The characteristics of cathode rays (electrons) do not depend upon the material of electrodes 
and the nature of the gas present in the cathode-ray tube.

The above observations led to the conclusion that the cathode rays consist of negatively charged 
particles. These charged particles were identified as electrons.

Note: Irish physicist George Johnstone Stoney named the fundamental unit of electricity as 
electron in 1891. J.J. Thomson and his team of British physicists identified it as a particle in 1897.

Conclusions

Charge to Mass Ratio

• In 1897, J.J. Thomson measured the charge (e) to mass (m) ratio of an electron by applying 
electric and magnetic fields perpendicular to each other as well as to the path of electrons.

Experimental setup for determining the charge (e) to mass (m) ratio 

When only electric field is applied, the 
electrons deviate from their path and hit the 
cathode-ray tube at a point above the original 
path (centre line). Similarly, when only 
magnetic field is applied, electrons strike the 
cathode-ray tube at a point below the original 
path (centre line). By carefully balancing the 
electrical and magnetic field strength, it is 
possible to bring the electrons back to the 
path that is followed in the absence of an 
electric or a magnetic field. The electrons hit 
the screen through the centre line only.

Thomson argued that the amount of deviation 
of the particles from their path in the presence of electrical or magnetic field depends upon the 
following:

 • The magnitude of the negative charge on the particle—greater the magnitude of the charge 
on the particle, greater is the interaction with the electric or magnetic field and thus greater 
is the deflection. 

 • The mass of the particle—lighter the particle, greater the deflection.

 • The strength of the electrical or magnetic field—the deflection of electrons from its original 
path increases with the increase in the voltage across the electrodes, or the strength of the 
magnetic field. 

By carrying out accurate measurements on the amount of deflection shown by the electrons in 
the presence of applied electric or magnetic field, Thomson was able to determine the value of 
e/m as follows: 

e/m = 1.758820 × 1011 C kg–1 ≃ 1.76 × 1011 C kg–1 

 • This e/m ratio came out to be the same irrespective of the nature of the gas or the material 
of the cathode taken, concluding that the electrons are fundamental particles.

Fig. 9: Experimental setup to determine  
the e/m ratio
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Canal rays / Anode raysAnode

Experimental Procedure

The apparatus used by Goldstein was similar to that of Crookes’ setup in the discharge tube 
experiment. The setup consisted of a discharge tube with two metallic plates attached to the 
corresponding negative and positive terminals of a battery. The metallic plate behaving as cathode 
was replaced to a perforated one by Goldstein.

Low pressure (≃ 10-6 atm) was maintained in the tube by a vacuum pump to facilitate the movement 
of ions by reducing the number of collisions. A high voltage (≃ 10,000 V ) was also maintained 
between the metallic plates to provide enough energy for the movement of the charged particles.

High voltage generator To vacuum pump

AnodePerforated 
Cathode

Gas at very low pressure

- +

Discharge tubeRed glow

Anode Rays

The discovery of cathode rays started intriguing the mind of researchers about the existence of 
positive ions that are formed after high velocity electrons ionise the gas present in the tube. The 
search for an answer led to the discovery of anode rays. 
 • The discovery of anode rays was done by E. Goldstein.
 • The discharge tube experiment done by Crookes was modified by Goldstein. It consisted of a 

perforated cathode that led to the detection of anode rays.
 • Existence of positively charged particles was shown using anode rays.

Perforated cathode

Fig. 10: Experimental setup for anode ray

Ammeter

 Fig. 11: Experimental setup of the anode ray discharge tube

Theory of Goldstein’s Experiment

• The electrons generated from the cathode upon moving through the discharge tube knocks 
off electrons and ionises the gaseous atoms/molecules present in the tube, thus producing 
positively charged species particles.
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• In presence of the electric field generated by high voltage, 
the ions are accelerated and move towards the negatively 
charged plate, i.e., the cathode.

• Since the cathode was not perforated while performing 
the cathode ray experiment, the generated positive ions 
struck the cathode plate, gained an electron, and became 
neutral. 

• Upon introduction of the perforated cathode by 
Goldstein, the ions that passed through the holes in the 
cathode created a red glow behind the cathode, thus confirming their presence.

• The ions with certain velocity, when collided with the ZnS screen, transferred energy to the 
atoms and exciting their electrons to higher energy levels. On returning to their former energy 
levels, these electrons released the energy in the form of radiation that they had gained similar 
to the red glow produced while using the perforated cathode.

Based on discharge tube experiment 

Based on discharge tube experiment 

What will happen if both the anode and the cathode are perforated?
(A) Both ends of tube will glow   (B) Only end behind the cathode will glow
(C) Only end behind the anode will glow  (D) Neither end will glow

If the gas filled in a discharge tube is changed, which of the following changes is observed?
(A) Colour behind cathode will change  (D) Colour behind anode will change
(C) Colour at both ends will change  (E) No change in colour behind electrodes

Solution

Solution

Since both the anode and cathode are perforated, the electrons as well as positive ions will be able 
to reach the detector screen. Therefore, both the ends of the tube will glow. 
Option (A) is correct. 

The colour behind anode is due to electrons, whereas the colour behind cathode is due to the 
positive ions (or gaseous ions) present in the tube. Therefore, changing the gas filled in the tube will 
change the colour behind the cathode.
Option (A) is correct.

Fig. 12: Positive and negative ions

Observations and Characteristics

• Anode rays travel in straight lines in the absence of both electric and magnetic fields.

• By deflection of anode rays away from the positive charge in the presence of electric field, it 
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was concluded that anode rays have positive charge.

• The properties of anode ray depended upon the nature of gas taken in the discharge tube.

• The e/m ratio of the anode rays is different for different gases. Moreover, the ratio was found 
to be very small as compared to that of cathode rays due to the huge difference in mass.

Note : In 1919, Rutherford discovered that the smallest and the lightest positive ions are obtained 
from hydrogen and called them protons.

• Anode rays are positive in charge and produce a glow behind the perforated cathode.

• Anode rays are also known as canal rays or channel rays.

• Properties of anode rays depend upon the gas taken in the discharge tube.

Discovery of Neutrons

• James Chadwick discovered neutrons in 1932.
• He bombarded a thin sheet of beryllium (4

9Be) with alpha particles (2
4He2+). 

• The high speed alpha particles overcame the nucleus-nucleus repulsion force and initiated a 
nuclear reaction that converted beryllium atoms to carbons atoms with ejection of a neutron.

• The neutrons emitted falls on the paraffin wax sheet and knocks out protons(Hydrogen nuclei) 
upon collision due to their similarity in mass. These protons were further observed by a detector 
and the existence of neutrons were confirmed.

• The electrically neutral particles were named as neutrons by Chadwick.
• Mass of the neutron is slightly greater than that of proton.

He
4 2+

2
C

12

6
n

1

0
Be

9

4

Atomic number = 2
Atomic mass = 4 u 

Atomic number = 4
Atomic mass = 9 u

+

+

+

+

→

→

Atomic number = 6
Atomic mass = 12 u

Charge = 0
Atomic mass = 1 u

Alpha Source Beryllium

Alpha particles ProtonNeutron

Detector and counter for protonsParaffin wax

Fig. 13: Experimental setup for the discovery of neutrons
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Thomson’s Model of Atom

It is usually known by three names. 

• Raisin pudding model 

• Plum pudding model 

• Watermelon model

Raisin 
pudding
 model

Plum 
pudding
 model

Watermelon
 model

Postulates of Thomson’s Model 

• An atom has a spherical shape (radius ≃ 10–10 m).
• Positive charge is uniformly distributed throughout the sphere.
• Negatively charged electrons are embedded in it like raisins in a pudding.
• Mass of the atom is assumed to be uniformly distributed throughout.
• Electrons are embedded in an atom in such a way that the most stable electrostatic arrangement 

is achieved.
• The model is able to describe the electrical neutrality of atoms.

Limitations of Thomson’s model

• It failed to explain how the positive charge holds the electrons inside the atom.
• It failed to explain the stability of an atom.
• This theory did not mention anything about the nucleus of an atom.
• It was not consistent with the results of later experiments like the Rutherford scattering experiment.

Fig. 15: Thomson's atomic model
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Fig. 14: Experimental setup for the discovery of neutrons
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Observations and Conclusions of Rutherford’s Experiment

Observations

Most of the alpha-particles passed through  
the foil without any deflection.

Few alpha-particles were deflected by small 
angles.

Very few alpha-particles (1 out of 20,000) 
rebounded completely, i.e., deflected at ≃ 180°

There are large empty spaces in the atom.

Positive charge is concentrated in a very 
small region and not uniformly distributed in 

the whole atom.

There is a small positively charged 
core at the centre

Conclusions

• Atom consists of a small positively charged core at the center that almost carries the entire 
mass of the atom, known as nucleus of an atom. 

Rutherford’s Experiment

• An alpha particle source (Radium) was taken 
and the stream of high energy 𝞪–particles 
was directed at a thin gold foil (thickness 
≃ 100 nm). Gold was selected because of 
its high malleability that made it possible to 
generate extremely thin sheets. 

• A screen was set up around the bombarded 
gold sheet to observe the scattering 
direction of alpha particles.

• When an 𝞪-particle struck the screen, a glow 
was produced at that point on the screen.

ZnS glow
 Lead box

Source

Gold foil

Alpha particles

Fig. 16: Rutherford's experiment

Fig. 17: Scattering of 𝞪-particles
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• James Chadwick discovered neutrons by bombarding beryllium atoms with alpha particles.

• Thomson’s model of atom represents an atom as a positively charged sphere with 
electrons embedded in it like raisins in a pudding. It is able to explain electrical neutrality 
but fails to explain the results of later experiments.

• Rutherford bombarded thin gold sheets with alpha particles and found that the atom is 
mostly empty and consists of a positively charged dense core. The core is termed as 
nucleus and electrons revolve around it bound by the electrostatic attraction towards 
nucleus.

Key Features of Rutherford’s Model

• Nucleus is surrounded by electrons revolving in 
circular paths known as orbits.

• Electrons and the nucleus are held together by 
electrostatic forces of attraction in an atom.

• The volume of the nucleus is negligible when 
compared to the total volume of the atom.

• Radius of the atom is about 10–10 m, whereas the 
radius of the nucleus is 10–15 m.

For comparison, nucleus residing in an atom is like 
placing a marble/glass bead of 1 mm thickness in a 
stadium of radius 100 m.

Fig. 19: Comparison of a cricket stadium with an atom
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