
Historical Development of 
Interest In Electric(tronic)s

And the role played by understanding different materials



Charge (q): It is an indivisible physical property which bears a force upon interac<on with an electromagne<c field. 
Electrons are taken to be nega<vely charged and protons posi<vely charged (conven<on).  

What is electric charge ?

Thales Miletus 400 – 600 BC

Amber and Fur are inanimate objects 
having soul

In 1600 William Gilbert coins the 
term electrica from Greek word 
electron for Amber

1729 The ‘electron’ in the Amber-fur flown 
across distances [Stephen Gray]

1733 Almost all materials can collect 
electrons by rubbing, other than metals! – C. 
Fay



1750 – Rubbing glass 
with rubber develops 
equal ‘electrons’ on 
both and there exists 
a[rac<ve force. So two 
kinds of charges – B. 
Franklin

1800 – Charges can be made 
to flow in a con<nuous loop. 
Alexander Volta

1833- 1838 There are only two kinds 
of charges. 
They are independent on its prepared. 
There is a force of a[rac<on between 
the two kinds and they want to inter-
mix  in normal materials. When you 
rub one against other, the two types 
separate to different surfaces - M. 
Faraday

Benjamin Franklin Alexandra Volta Michael Faraday



Charles Augus,ne Di Coulomb 
In 1784:
• There exists a force between two charges
• The force was found to act on the line joining the charges, only either towards/away

• Thereby giving only two kinds of charges
• The force is propor<onal to the number of charges
• The force is inversely propor<onal to the square of the distance between the two 

Electric Field E: Force experienced by a unit posi<ve charge
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Charge Dynamics
• Force on a charge 𝐹 = 𝑞𝐸
• Forces causes charges to move, 
• moving charges are called current from hydrodynamics.
• One defines current density 𝐽 = !"

!#

1820 – Orsted - flowing charge affects compass. There is an induced magneDc field. 
• MagneDc field lines encircle the wire carrying current 
• lie perpendicular to the plane of the wire. 
Ampere also introduced the equaDons for the magneDc field and current density called 
as the circuital law: 

Ampere equa*ons



James Clarke Maxwell 
In dynamical theory of electromagne5c fields (1865)

1. In any closed surface, the electric summation of the electric field lines is proportional to the charge density enclosed. 

2. In any closed surface, the magnetic field summation should be zero. Or the net magnetic density should be zero.  Or 
there cannot be a magnetic monopole

3. Say, I have a loop, enclosing a surface. If the magnetic field passing the surface changes, then a non-zero emf is induced 
in the loop.

4. If you have a non-zero field on a loop, you either have a current or a changing electric field line density in the surface 
enclosed.  



Landmark experiments in Solid State Devices
• Thomson’s Charge over mass:  1897

Image from Openstax, CC BY 4.0.

J J Thomson



Milliken’s experiment (1909)
Viscous drag – Gravita<onal pull equilibrium 

Apply field to suspend the par<cle 

Remember, No viscous drag for arrested particle!

Electronic charge was measured to an accuracy 1x 10-24 C to be 1.5924(17) x 10-19 C



Rutherford, Geiger, 
Marsden Experiment: 1908 

The Laws of Deflexion of a Par<cles through Large Angles, Philosophical Magazine ,Wikicommons



Vacuum Tube Rec+fiers (1880 – 19--)

John Ambrose Fleming, Vacuum Tube based Rec<fier

John Ambrose Fleming (1919) The Thermionic Valve and its Developments in Radiotelegraphy and Telephony, The Wireless Press, London, 

Can you think why it rec<fies ? 

Lenard’s Photo electric 
experiments

Current is propor<onal to wavelength and not intensity



Lenard’s Photo electric experiments, 1899

Current is propor<onal to wavelength and not intensity

1905 Einstein ‘s photoelectric effect

Plank’s black body radia<on

Ultra-violet catastrophe

12



Atomic Lines of gases (1756 – 1855)



Ultraviolet Catastrophe

Rayleigh – Jean Law
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Classical equipar<<on theorem

Planck’s weird par<cle law
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Understanding the Atom (Neil Bohr 1913)



De Broglie

• Every particle with mass m moving with a velocity v, can be associated with 
a wave
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If, according to Bohr, the electrons are on orbits (of radius R), they must be 
standing waves. 

𝑛𝜆 = 2𝜋𝑅
If we lose the relativistic correction

𝑛ℏ = 𝑚𝑣𝑅 = 𝐿
Where L is the angular momentum, and it can be seen that it is quantized! 



Electrical Components

Leiden Jar, 1745
Faraday’s Motor, 1820

Faraday thought a wave will flow 
between two coils wound on an 
iron core when one of them is 
carrying current. He also saw 
that current can flow in the coil 
as the magnet/iron rod can be 
moved fast enough. Hence he 
name inductance, where the 
wave is induced. 

First no<on of storage of charges, 
First unit of capacitance was Jar.

Morse code, 1844
Transmission of 
electric signals on 
long wires to 
communicate 
informa<on. 

Marconi, 
Bose Radio 
waves
1886-1888



If there exists a current density (j) with 
smoothly varying electric field (E) across a segment,

𝐽 = 𝜎𝐸

Where σ is the conduc<vity [Sm-1]
we define the poten<al

𝑉 = −∫ 𝐸. 𝑑𝑙

A charge density ρ separated by a distance d [m] develops a potential 
difference

𝑉 = -.
/

Defining a capacitance density C = ϵ/d [F/m]
Current through the plates: 𝑖 = 𝐶 -0
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Correspondence: I ↔ V Faradays law : If magne<c flux is ɸ
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Circuits with passive components:







Diodes – Nonlinearity of IV
• What are the fundamental proper5es of a diode?

• Two terminal device
• Non-linear
• Conducts in one direc<on. 

• 𝐼 = 𝐼B e
!"
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• Is depends on material, temperature
• In the on-state 𝑟C =

DE%
F&

• In the reverse bias,
Δ𝑉$ = Δ𝐼$ ∗ 𝑟%



Bi-Polar transistors

𝐼2 = 𝐼3 + 𝐼&
𝐼3 = 𝛽𝐼&

𝐼2 = 𝛽 + 1 𝐼& =
𝐼3
𝛼

𝛼 =
𝛽

𝛽 + 1

Power consumed is then
𝑉32𝐼3 + 𝑉&2𝐼&





Metal-Oxide Semiconductor



𝐼4 =
𝜇𝐶56𝑊
𝐿 [ 𝑉78 − 𝑉, 𝑉48 −

𝑉48#

2 ]

In the triode region 

𝐼4 =
𝜇𝐶56𝑊
𝐿 𝑉78 − 𝑉, #

In saturation

MOSFET as a Switch



So what’s so important about a switch ? 

• Right, now we have a fancy switch. So, what ? 
• One can do Logical opera5ons with switches
• One can do arithme5c with logical opera5ons
• With these two, one can watch NeNlix!  


