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ATOMIC STRUCTURE
BASIC TOOLS FOR ATOMIC STRUCTURE
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What you will learn

• Orbits

• Drawbacks of Rutherford’s model

• Millikan’s oil drop experiment

• Quantization of charge

• Understanding the basics of electrostatics

• Basics of integration

• Distance of closest approach

• Basics of electromagnetic waves

What you already know

• Cathode rays

• Charge to mass ratio

• Anode rays

• Discovery of neutron

• Thomson’s model

• Rutherford’s model

• Nucleus

In an atom the electrons are held in the orbits due 
to two forces that balance each other viz. centripetal 
force and centrifugal force.

How the electrons are held in an atom?

Orbits
BOARDS

Orbit

Fig. 1:  Representation of an electron in orbit
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Orbit is an imaginary path taken by the electrons while 
moving around the nucleus. 
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Fig. 2:  Forces acting on moving electron
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Centripetal force acting in an atom is the result of an electrostatic force between the charges 
(A positively charged nucleus and a negatively charged electron). Centripetal force is a force that 
acts on a body moving in a circular path and is directed towards the centre around which the 
body is moving. Centripetal force is mathematically calculated as: 

Where K is a electrostatic constant, e is charge on an electron, Ze is charge on the nucleus and r 
is distance between the electron and the nucleus.

Centrifugal force is an apparent force that is felt by an object moving in a curved path that acts 
outwardly away from the center of rotation. Centrifugal force is mathematically calculated as:

As F
centripetal

 = F
centrifugal

, electrons move with a constant speed in an orbit. 

Where m is mass of an electron, v2

r
 is the angular acceleration.

F
centrifugal

 = 
mv 2

r

(The charge on an electron is -e and so, the overall value will be negative which 
will tell us that the force is attractive in nature.)

|F|
centripetal

 = 
K.e.Ze

r2  

1.     It could not explain the stability of an atom.

Reason: Electrons were compared with 
planets and the nucleus with the sun. But 
the electrons are charged particles and 
when they move in a circular path under the 
influence of an electric field, they do so with 
acceleration, thereby losing their energy 
and emitting radiation. If the energy of an 
electron keeps decreasing like this, then it 
will follow a spiral path and finally falls into 
the nucleus, destroying the atom, but it 
never happens.

2.    It could not explain the line spectrum (or discontinuous spectrum) of a hydrogen atom.

Drawbacks of Rutherford Model
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Spiralling of an accelerating 
electron into the nucleus

Fig. 3: Spiralling of an accelerating 
electron into the nucleus with progressive 

loss of energy 

Nucleus
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Millikan’s Oil Drop Experiment

• Millikan’s oil drop experiment measured the charge of an electron. Before this experiment, the 
existence of subatomic particles was not universally accepted.

• Millikan’s apparatus contained an electric field created between a parallel pair of metal plates, 
which were held apart by an insulating material. Electrically charged oil droplets entered the 
electric field and were balanced between the two plates by altering the field.

BOARDS MAIN
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• When the charged oil droplets were suspended in mechanical equilibrium, the gravitational 
and electrical forces on it were equal. Thus, the charge on the oil drop was calculated. Millikan 
found that the charge on the oil droplets were integral multiples of a certain base value found 
to be approximately equal to 1.6 × 10-19 C. And this value was proposed as the magnitude of the 
charge of a single electron.

• The mass of the electron was determined by combining these results with Thomson’s value of 
e/m ratio.

Subatomic particles Relative charge Absolute charge (C)

Electron -1 - 1.602 × 10-19 

Proton +1 1.602 × 10-19

Neutron 0 0

Subatomic particles Relative mass Absolute mass (kg)

Electron 0.0005 9.1 × 10-31

Proton 1 1.6727 × 10-27

Neutron 1 1.6750 × 10-27

Fig. 4: Millikan's experimental setup

Metal plate (+ve charged)

Battery

Atomiser

X-ray source

Charged oil droplet

Telescope

Metal plate (-ve charged)

Voltmeter

Quantization of Charge

It implies that the charge can only assume certain discrete values, i.e., the observed value of 
electric charge (Q) is only an integral multiple of electric charge (e).

where n = 0, 1, 2,....
(Both Zero and Positive integer)

Q = n × e
Q = n × (1.6 × 10-19 C )
Q = n × ( 4.8 × 10-10 e.s.u.)

BOARDS MAIN
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Basic Formula for Integration

•   Integration is the calculation of an integral. Integrals in maths are used to find many useful 
quantities such as areas, volumes, displacement, etc. 

•   Integration denotes the summation of all the values of a function over an independent vari-
able.

• The independent variable can be time or any other variable of interest.

Here, x is the independent variable and y is the dependent variable.

(where y = xn);∫ y dx.

∫ y dx.xn.dx = xn+1

n+1

BOARDS

Understanding Basics of Electrostatics

Electrostatic force: It is the attractive or repulsive force between two electrically charged species. 
Like charges repel each other, while unlike charges attract each other.

BOARDS

where 𝜖
o
 is permittivity of vacuum (8.854 × 10-12 C/Vm) 

where K = Electrostatic constant (8.9 × 109 Nm2/C2)
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Fig. 5: Force of electrostatic interaction
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Understanding the significance of integration through an example

•  Consider a person riding a bicycle with speed v and reaching his destination in time t.
•  In order to find the distance from the velocity-time graphs as shown below, we can use the 

following formula:
 s = v.Δt     (Where s is the distance)

Example 1:

Fig. 6: Velocity-time graphs

BOARDS

Time (t)

Speed (v)
Speed (v)

Time (t)
dt
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•   However, this is an ideal case where a person is travelling with constant speed v but in real 
scenario, there will be speed breakers on road, traffic lights, etc., due to which the speed of the 
person will vary in time t to reach his destination.

•  In order to find the distance from the later graph as shown in fig. 6, for a fraction of time dt, we 
do integration of v over time dt to find the distance travelled in dt.

As the radius of cylinder is same throughout its height therefore, (𝝅r2) will be constant and can be 
taken out of the integral operator.

(Where v(t) is an equation of v in terms of time and gives the value of speed at time t)s = v(t) .dt∫ y dx.

dV = (𝝅r2) 1 .dh∫ y dx. ∫ y dx.

dV =  (𝝅r2) dh∫ y dx. ∫ y dx.

V = (𝝅r2) h

dV = (𝝅r2) h0 .dh∫ y dx. ∫ y dx.

Example 2:

Volume of a cylinder = Area of base × Height

In order to calculate the volume of a cylinder we can consider the cylinder 
to be a stack of n number of discs of height dh. Now the volume of the 
cylinder can be calculated by integrating the area of a disc with respect 
to the height of the disc.

Volume of a disc (dV) = Area of base (A) × dh 

dV = (𝝅r2) × dh    ……. (1)

Integrating equation number (1) to obtain the volume of the cylinder.

Using integration to calculate volume of a cylinder.

r

h

dh

Using integration to calculate volume of cone

Example 3:

r

dV = (Area) × (Height)

Here, the radius is changing with height. Therefore, we cannot 
take r2 outside the integration.

dV = 𝝅   (r2) dh ……. (1)∫ y dx.∫ y dx.

dV =   (𝝅r2) dh∫ y dx.∫ y dx.

r

dh
h
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∫ y dx.

Using trigonometry, we have, tan θ =     or r = h tanθ,

Substituting the value of r in eq (1), we get the following expression:

r
h

h3

3
V = 𝝅(tan 𝜽)2

h
3

V = 𝝅r2

dV = 𝝅 (h tan 𝜽)2 dh∫ y dx.

dV = 𝝅(tan 𝜽)2   h2 dh∫ y dx.∫ y dx.

θ

dh

dr

Calculating potential energy change for the ball of mass ‘m’ for a displacement of ‘h’.

As the ball is hit by the bat it starts moving upward with some 
kinetic energy. As the ball moves up the kinetic energy will 
keep decreasing and potential energy will keep increasing. 
At height h let us assume that the ball will stop for an instant, 
at this point all of its kinetic energy will get converted to 
potential energy which can be calculated as: 

Potential energy = Force × Displacement

Potential energy during this flight can be calculated by 
integrating the potential energy change corresponding to 
a negligible height dh. Potential energy corresponding to 
height dh can be calculated as:

d (P.E.) = F × dh

h mg

Fig. 7: Determining P.E. of the  
Table tennis ball

Here, the force acting on the ball is gravitational force which is given as F = mg

d (P.E.) = mg × dh  ……... (1)

Integrating (1) to calculate the potential energy at height h

Since, mass of ball (m) and gravity (g) is constant therefore, mg is constant and can be taken out of 
the integral operator.

Potential energy P.E. = mgh

d (P.E.) =  mg × dh∫ y dx.∫ y dx.

d (P.E.) = mg  dh∫ y dx.∫ y dx.
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Calculating potential energy between the charges q
1 
and -q

2
 with a changing distance x

d (P.E.) = - F.dx

(P.E.) = - 
K q

1
 q

2

x2
 dx∫ y dx.∆

(P.E.) = - K q
1
 q

2
  x-2dx∫ y dx.∆

(P.E.) = 
K q

1
 q

2

x
∆

+q
1

-q
2

x
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Fig. 8: Comparing P.E. and electrostatic 
energy of two opposite charges

Distance of Closest Approach
BOARDS MAIN

•  If an alpha particle with kinetic energy K.E. is fired directly 
towards a gold nucleus with (Ze) as its nuclear charge, it 
will feel repulsion which increases as it gets closer to the 
nucleus.

•  When all the kinetic energy has been converted to 
potential energy, an alpha particle (charge 2e) reaches 
its distance of closest approach (d) and comes to rest. 

•  At this point, all of its K.E. is converted into P.E. as it comes 
to a momentarily rest before rebounding.

Fig. 9: Repulsion between alpha 
particle and gold nucleus

Let intial K.E. of alpha particle is p2

2m
, then the distance of closest approach (d) is given by the 

following expression:

d = 
1

4𝝅𝜖0
 × 

2m

K (2e) (Ze)

p2

( )( )K e Ze
K.E. P.E.

d
= = ×

21
4𝝅𝜖0

Alpha particles

Closest  distance 
approach

Gold nucleus
d

 
Introduction to Waves

A wave is a disturbance in a medium that carries 
energy without a net movement of particles.

We see the formation of ripples in water, when a stone 
or a small pebble is thrown. These ripples are also 
called waves.

Fig. 10: Formation of ripples in water

BOARDS
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Another example is of the spring being attached to the mass m and having expansion and 
contraction from its mean position which can be shown in the form of a wave.

x

y

Mean postion

ExpansionContraction

Fig. 11:  Expansion and contraction of spring from its mean position
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Fig. 12: Direction of propagation of EM wave

Direction of 
propagation

Basics of Electromagnetic Waves

Electromagnetic waves are produced as a result of oscillation of electric and magnetic fields. 
The changing electric field induces a perpendicular magnetic field and vice versa.

Light is an example of an electromagnetic wave.

Properties 

•  The electric and magnetic field components oscillate perpendicular to each other as well as 
being perpendicular to the direction of propagation of the wave. 

•  Electromagnetic waves do not require a medium and can travel in vacuum. 

•  They propagate at a constant speed in vacuum i.e., with the speed of light (c = 3 × 108 ms-1) 


