


OVERVIEW

Modern Engineering is Inherently Multidisciplinary

Collaborative Projects: Large-scale industrial designs 

(e.g., smart factories, metros) are no longer isolated; civil 

structures and mechanical machines require electronic 

nervous systems.

Energy & Automation: No physical, chemical, or mining 

operation can run efficiently without precise monitoring, 

electrical actuation, and computer optimization loops.

Core Universal Language: Every branch uses electrical 

metrics (current, voltage, power) to interact with the 

environment, control physical systems, and log operational 

telemetry.
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OVERVIEW

Roadmap: Electrical Bridges Across 6 Fields

CIVIL ENGINEERING

Smart Infrastructure, Building Management 

Systems (BMS), Structural Health Monitoring, 

and Grounding.

MECHANICAL 
ENGINEERING

Mechatronics, Robotics, EV Drivetrains, 

Regenerative Braking, and Variable 

Frequency Drives.

CHEMICAL ENGINEERING

Process Control Instrumentation, 

SCADA/PLCs, Electrolysis, and Cathodic 

Protection.

METALLURGICAL ENG.

Electric Arc Furnaces, Induction Heating, 

Electromagnetic Separation, and Non-

Destructive Testing.

MINING ENGINEERING

Heavy Machinery Power Cables, Ventilation 

VFDs, Flameproof Enclosures, and Intrinsic 

Safety.

COMPUTER ENGINEERING

Embedded Systems, IoT Networks, Smart 

Grid Cyber-Physical Infrastructure, and VLSI 

Transistors.



HISTORY OF ELECTRICITY 600 BCE – PRESENT

A 2,600-Year Journey
From Ancient Sparks to the Smart Grid

Six eras carry electricity from a curiosity of rubbed amber to the power grids that run modern civilization.

Ancient Sparks

600 BCE–1600

Scientific
Awakening

1600–1750

Age of
Discovery

1750–1830

Unification

1830–1880

Electrification

1880–1950

Digital &
Green Era

1950–Present
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Σ IK RK = VK
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Mesh 1 Equation:

10I₁ + 30(I₁ − I₂) = 84

⇒ 40I₁ − 30I₂ = 84

Mesh 2 Equation:

20I₂ + 10I₂ + 30(I₂ − I₁) = 0

⇒ −30I₁ + 60I₂ = 0

Executing Mesh Analysis: Finding the Voltage Drop

From the Equations:

40I₁ − 30I₂ = 84

−30I₁ + 60I₂ = 0Solving:

I₁ = 3.36 A I₂ = 1.68 A

Current through 30 Ω resistor:

I₃₀Ω = I₁ − I₂ = 3.36 − 1.68 = 1.68 A
Voltage through 30 Ω resistor:

V₃₀Ω = I₃₀Ω*30 = 50.4 V 

10 Ω

30 Ω

20 Ω

10 Ω84 V I1 I2
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0

          

EY = Em Sin(wt-120 )ER = Em Sin(wt) EB = Em Sin(wt-240 )

The 120-Degree Advantage

•

In a Three Phase AC Generator, Coils are Placed at 120° apart. 
The Three Phases are
(a) ‘R’ Phase, 
(b) ‘Y’ Phase lagging ‘R’ Phase by 120°
(c) ‘B’ Phase lagging ‘R’ Phase by 240°, that is lagging ‘Y’ Phase by 120°
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Wiring the Grid: Star (Y) vs. Delta (Δ) Configurations

Star (Y) Connection Delta (Δ) Connection

Used Domestic  distribution.

Line Current = Phase Current  (IL = IP)

Line Voltage = √3 × Phase Voltage  (VL = √3 VP)

Industrial Motors

Line Current = √3 × Phase Current  (IL = √3 IP)

Line Voltage =  Phase Voltage  (VL = VP)

IR=IL=IP

VRN=VP

IR=IL

IY

IB

VRY=VL=VP
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VRY = VRN + (VNY)

VRY = VRN − VYN

VRY = VPh ∠ 0° − VPh ∠ (−120°)

= VPh[1 − (−1/2 − j√3/2)]

= VPh [3/2 + j√3/2]

= VPh √[(3/2)² + (√3/2)²] ∠ tan⁻¹[(√3/2)/(3/2)]

= √3 VPh ∠ 30°

VL = VRY = √3 VPh ∠ 30°

Phase (Line-to-Neutral) Voltages

VRN = VPh ∠ 0°

VYN = VPh ∠ −120°

VBN = VPh ∠ -240°

IR=IL=IP

VRN=VP

IY

IB

R

Y

B

N

IP

Y
}

VRY=VL

Star Connection:- Line Voltage=VL = VRY = √3 VPh
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IRY = IPh ∠ 0°

IYB = IPh ∠ −120°

IBR = IPh ∠ -240°

IR + IBR = IRY

IR =IRY- IBR

IR = √3 IPh ∠ -30°

IR=IL

IY

IB

VRY=VL=VP

R

Y
B

R

Y

IRY=IP

B

IBR IRY

IYB

Star Connection:- Line Current= IL = √3 IPh
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Distribution Transformer

Pole- Mounted Transformer

• Pole-Mounted Transformers: High Tension (HT) lines are stepped 

down using Delta-Star distribution transformers.

• The Star Connection Advantage: Providing a neutral wire allows two 

different voltage levels to be drawn from one unified system.

• 415 V: 3-phase, 4-wire supply used for commercial machinery.
• 230 V: Single-phase supply used for standard domestic household sockets.
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Installed Capacity of Generation (as on 31-07-2026) : 552 GW



Sector-wise Installed Capacity (as on 31-07-2026)



Power Supply Position of India (as on 31-07-2026) 
Installed Capacity : 552 GW, Peak Demand : 270 GW,  Energy Consumption : 170 Billion Units
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