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3 ITU Formula lland Book is permitted. 

sourNes, 
List ditlerences between coneulional and non-convetional ene 

b, St.te Ohm's law and meution its limitations. 

A resistance R is connectcd in series with a parallel circuit comprising O 

2032 and 482. The total power dissipated in the circuit is 1000W and 
applhed voltage js 250V. Calculate R. 

OR 

b. State and Explain Kirchhoffg baws. 

41 

Draw and, cxplain simple single-lihe>diagram of a powet supply system 

including generation ’ transmission distribution. 

100 S2 

Fig 2(c) 

Moduje-2 

Max, Marks: 100 

b. Distinguish clearly between ;) balanced and unbalanced supply 

ii) balanced and unbalanced load. 

each module. 

Define: i Amplitude ii) RMS Value ii) Average Value iv) Form Factor 

v) Peak actor with respect to siFusoidally varying quantity. 
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OR 

In the network shown in Fig. 2(c) determine.the direction and magnitude of 7! L3 

current flow in the milli-ammeter A, having ínternal resistançe of10 2. 
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e. A circuit consisting of a resistance of 25 2 and a capacitance of 100uF|7 

COnnected in series. A supply of 200V at 50Hz is applicd across the circuit. 

Find Curren!, power factor and I power consumed by the circuit. 
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Q.4 

Q.5 

Q.6 

Q.7 

Q.8 

a. 

D Denve an equation for nower consumed in R-L-CAeries circuit. 

In a three-phase star connection, find the relation betweernhe and phase 

C. 

values of current and voltagos. 

à. Derive the torque equation of a D.G, motor. 

A delta connected loud consists of a resistance of 10s2 and a capacitance ot 
1004F in ench phase. A NUpply of 4 10V at 50Hz is applied to the load.Find 
the line current, power factor and power consumed by the load. 

b.With a neat sketch cxplain the oonstruction of the varioua parts of a DC 
Machine. 

C. 

Module 3 

C, 

Determine the total torque developed in a 250V4 poie DC shunt motor 
with lap winding accommodated in60 slots, caçh containing 20 conductors. 
The armature current is S0A and the flux pçr pale is 23 mWb. 

a. Derive an EMF equation for DC generator with usual notations. 

b. Explain the following characteristics of a D.C. Series nio tor: 

OR 

() Torque vs armature current 
() Speed vs armature current 

The armature of an 8 pole DC generator, has 960 conductors and runs at 
400rpm. The flux pe pole is 40mWb. Ca<culäte the induced einf when the 
armature is lap wound. At what speed should it be rotated to generatc 
400V, if the armature is wave connected. 

Module -4 
Derive the enf equation of a.ransformer and hence obtain the voltage 
and curreht transformation, faios. 

b.Explain the construction and working of3-phase induction motor. 

A 50kVA, 3300/330-V, single phase ttansformer has iron loss and full load 
copper loss of 400W and 600 W tespectively. Calculate the efficiency at half full load and 0.9 p. 

OR 
Define slip of an induction notor. Derive an expression for efYect of slip on the rotor frequency. 

b. Explain the wo�lking principle of single -phase transformer and ts necessity in power ystem. 
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A 3 phase Pole, 440V, 50Hz induction motor uns with a slip of 4Y0. Find 6 L3 
the rotor'speed and frequency of the rotor current. 
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Q.9 What is Earthing? With a ncnt diagram, cxplain pipe carthing. 

.10 a. 

b, Defne Electric shock. What are the safcty precaution to be taken against 

Module -5 

to avoid clectric shock'? 

Explain what a "unit" (kWh) means in an clectricity bill. Give an example 6 of how it's calculated for a 60W bulb used for 5 hours. 

OR 
Nith neat wring diagrann and truth table explain two way and three way contiol of lamp. 

b. What is Fuse? With neat diagram, explain the working principle ol u 
c. Mention the power rating of the following electrical appiances. i) TV i) Laptops ii) LED Lights iv) Refrigerator 

Calculate the total power consumed by these four appliances. 
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Introduction to Electrical Engineering 
 

Module – 1 
Q1 a) List the differences between conventional and non-conventional energy sources. 

 

Conventional Energy Sources Non-Conventional Energy Sources 

1. Derived from fossil fuels (coal, 
petroleum, natural gas) and nuclear fuels. 

1. Derived from renewable sources like solar, 
wind, biomass, tidal, geothermal, etc. 

2. Exhaustible (limited reserves). 2. Renewable and inexhaustible. 

3. Cause high environmental pollution 
(CO₂, SO₂, global warming). 

3. Environment-friendly with minimal 
pollution. 

4. High running cost due to fuel 
requirement. 

4. Low running cost (no fuel cost). 

5. Mature and well-established technology. 5. Developing and improving technologies. 

6. Large centralized power plants. 6. Can be decentralized (rooftop solar, small 
wind systems). 

7. High maintenance due to mechanical 
parts and fuel handling. 

7. Low maintenance (especially solar PV). 

8. Example: Thermal power plant, Nuclear 
power plant. 

8. Example: Solar power plant, Wind power 
plant. 

 
b) State Ohm's law and mention its limitations. 
 

Ohm’s Law: At constant temperature and other physical conditions, the current flowing through 
a conductor is directly proportional to the potential difference applied across it. 

Mathematically, 

V∝I 
V=IR 

Where: V = Voltage (Volts), I = Current (Amperes), R = Resistance (Ohms)​
 



Limitations of Ohm’s Law: 

1.​ Valid only for ohmic conductors​
 It applies only to materials where resistance remains constant (e.g., metals). 

2.​ Temperature must remain constant​
 If temperature changes, resistance changes, and the law is not strictly valid. 

3.​ Not applicable to non-linear devices​
 It does not apply to devices like Diodes, Transistors, Thermistors, Electrolytes, Vacuum 
tubes 

4.​ Fails at very high electric fields​
 At very high voltages, breakdown may occur and the V–I relationship becomes 
non-linear. 

c) A resistance R is connected in series with a parallel circuit comprising 20Ω and 48Ω. The 
total power dissipated is 1000W and applied voltage is 250V. Calculate R. 

Given: 

●​ Two resistances in parallel: 20 Ω and 48 Ω 
●​ Series resistance: R = ? 
●​ Total Power P=1000 WP = 1000 \, WP=1000W 
●​ Applied Voltage V=250 VV = 250 \, VV=250V 

Rtotal​=                                                                     

 

 



 

Rp=  

   

Series Resistance R= 

 

 



Q2 a) Draw and explain simple single-line diagram of a power supply system including 
generation → transmission → distribution.          

 

 



Electrical power transmission and distribution system can be divided into several 
steps, including: 
1. Generation: Electricity is generated at power stations using various sources such as 
coal, natural gas, nuclear energy, hydroelectricity, wind, or solar energy. 
2. Step-up transformers: The voltage of the generated power is stepped up using step-up 
transformers to reduce energy losses during long-distance transmission. 
3. Transmission: High-voltage transmission lines are used to transmit the electricity over 
long distances from the power station to the substations. 
4. Substations: At the substations, the voltage is stepped down using step-down 
transformers for local distribution. 
5. Distribution: Low-voltage distribution lines are used to distribute the electricity to 
residential, commercial, and industrial consumers. 
6. Distribution transformers: At the end of the distribution lines, distribution 
transformers are used to step down the voltage to the levels suitable for consumer use. 
7. Consumption: The electricity is finally consumed by various appliances and devices in 
homes, businesses, and industries. 
Overall, electrical power transmission and distribution system involves the generation, 
transmission, distribution, and consumption of electricity to meet the needs of the 
society. 
 
   b) State and explain Kirchhoff’s Laws. 

Kirchhoff’s Laws are fundamental laws used to analyze electrical circuits. They are: 

1️⃣ Kirchhoff’s Current Law (KCL) 

Statement: The algebraic sum of currents at any junction (node) in a circuit is zero.  

 

 



 

c) In the given network, determine the direction and magnitude of current flow in the 
milli-ammeter A (internal resistance 10Ω). 

 

 



 
 
 
 

Module – 2 
 
Q3 a) Define: i) Amplitude ii) RMS Value iii) Average Value iv) Form Factor v) Peak Factor 
with respect to sinusoidal quantity. 

i) Amplitude (Peak Value): Amplitude is the maximum value attained by a sinusoidal quantity 
during a cycle. 

Amplitude=Xm​ 

For example:​
 If v(t)=325sin⁡(ωt) 

 Amplitude = 325 V 

 

ii)RMS Value: The RMS (Root Mean Square) value (also known as effective or virtual value) of 
of an alternating current (AC) is the value of direct current (DC) when flowing through a circuit 
or resistor for the specific time period and produces same amount of heat which produced by the 
alternating current (AC) when flowing through the same circuit or resistor for a specific time. 
For AC sine wave, RMS values of current and voltage are: IRMS = 0.707 x IM , VRMS = 0.707 
VM 
 
iii) Average Value: The mean value of the signal over one complete cycle. It is calculated by 
integrating the function over one period and dividing by the period, or by using specific formulas 
for different waveforms. 

iv) Form Factor: Form factor is the ratio of RMS value to Average value. 

Form Factor=Xrms/Xavg 
Form Factor=0.707Xm/0.637Xm 
 Factor=​0.707Xm​​/0.637Xm =1.11 
For pure sine wave, Form Factor = 1.11 
 
V) Peak factor: 



 
   b) Distinguish between: i) Balanced and unbalanced supply ii) Balanced and unbalanced 
load. 

Balanced Supply​
 A three-phase supply is said to be balanced when: 

●​ All three phase voltages have equal magnitude 
●​ Same frequency 
●​ Phase difference of 120° between them 

For example      VR​=VY​=VB​ 
 
 
 
 
Unbalanced Supply​
 A supply is unbalanced when: 

●​ Phase voltages are not equal in magnitude 
●​ Or phase angles are not exactly 120° 
●​ For Example VR≠VY≠VB 

Feature Balanced Supply Unbalanced Supply 

Voltage magnitude Equal Unequal 

Phase angle 120° apart Not exactly 120° 

System symmetry Yes No 



System effect Stable Disturbances 

 

Feature Balanced Load Unbalanced Load 

Impedance Equal Unequal 

Current Equal in all phases Unequal 

Neutral current Zero Non-zero 

Power distribution Uniform Uneven 

   c) A circuit with 25Ω resistance and 100µF capacitance in series is supplied with 200V, 
50Hz. Find current, power factor and power consumed. 



 

Since it is capacitive circuit → Leading Power Factor 

 

 

 

 

 



Q4 a) In a three-phase star connection, find the relation between line and phase values of current 
and voltages. 







 

    

 



b) Derive equation for power consumed in R-L-C series circuit. 

 

 

Consider a Series R–L–C Circuit XL> Xc 

 

Current in the Circuit: 



 

Instantaneous Power 



Average Power

 

 



c) A delta connected load has 10Ω resistance and 100µF capacitance per phase. Supply: 
410V, 50Hz. Find line current, power factor and power consumed. 

Given: 

●​ Resistance per phase, R=10 ΩR = 10 \ \OmegaR=10 Ω 
●​ Capacitance per phase, C=100μF=100×10−6FC = 100 \mu F = 100 \times 10^{-6} 

FC=100μF=100×10−6F 
●​ Line voltage, VL=410VV_L = 410 VVL​=410V 
●​ Frequency, f=50Hzf = 50 Hzf=50Hz 
●​ Connection: Delta (Δ) 

Capacitive Reactance: 

 

Phase Impedance: 

 



Phase Voltage 

 

Phase Current & Line Current 

 

 

Power Factor 

 

capacitive → Leading Power Factor 



Total Power Consumed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Module 3: 

5 a) Derive torque equation of a DC Motor:  

 



 



b) With a neat sketch explain the construction of the various parts of DC Machine. 

 



 

 

c) Determine the total torque developed in a 250 V, 4-pole DC shunt motor with lap 
winding accommodated in 60 slots, each containing 20 conductors. The armature current is 
50 A and the flux per pole is 23 mWb. 

 



6 a) Derive an EMF equation for DC machine with usual notations. 

 

 

 



 

 

 

6 b)  

Explain the following characteristics of a D.C. Series motor: 

(i) Torque vs armature current 

(ii) Speed vs armature current 

 

 



(i) Torque vs armature current 

In a DC series motor, the field winding is connected in series with the armature. Hence, the 
same current flows through both armature and field. 

Ia = Ise 

Because of this, the flux (Φ) depends on armature current. 

 

 



(ii) Speed vs armature current 

 

 

 

 

 

 



6 c) The armature of an 8-pole DC generator has 960 conductors and runs at 400 rpm. The 
flux per pole is 40 mWb. Calculate the induced e.m.f. when the armature is lap wound. At 
what speed should it be rotated to generate 400 V, if the armature is wave connected? 

 

 

 

 



 

 

 

MODULE-4 

7.a Derive EMF equation of transformer and voltage/current transformation ratios. 

 



 

 



 

Current Transformer ratio: 

 



 

7.b Explain construction and working of 3-phase induction motor. 

A 3 Phase induction motor has two main parts: 

○​ Stator 
○​ Rotor 

By a small air gap ranging from 0.5 mm to 4 mm, the rotor and stator are separated depending on 
the power rating of the motor. here we will discuss the construction of three phase induction of 
motor in detail. 

Stator of Three Phase Induction Motor 

The stationary part of the three phase induction motor is the stator. It is made of a steel frame 
which encloses a hollow cylindrical core. The core of the three phase induction motor is made of 
silicon steel lamination of thin layers to minimize the hysteresis losses and eddy current. Evenly 
spaced slots are given on the inner periphery of the laminated core as shown in the figure. The 
insulated conductors are kept in these stator slots and are connected properly to form a balanced 
3-phase delta or star-connected stator winding. 

The 3-phase stator windings are configured with a specific number of poles, depending on the 
requirement of speed, i.e., the greater the speed of the motor, the lesser the number of poles and 
vice-versa. When a balanced 3-phase supply is fed to the stator winding, a rotating magnetic flux 
(RMF) of constant magnitude is produced and this RMF induces currents in the rotor circuit by 
electromagnetic induction. 



 

Rotor of 3 Phase Induction Motor 

The rotor of a three phase induction motor is a laminated core hollow cylindrical, slots are 
constructed on its outer periphery. On these rotor slots, the rotor windings are placed. Depending 
upon the winding placement, the rotor of a 3-phase induction motor is of two types: 

●​ Squirrel Cage Type Rotor 
●​ Wound Type or Slip-Ring Type Rotor 

●​  

 



Squirrel Cage Type Rotor 

The squirrel cage rotor is made of a cylindrical laminated core, Skewed slots are kept on its outer 
periphery, which are nearly parallel to the shaft axis. An uninsulated aluminum or copper bar 
(rotor conductor) is placed in each slot. At both ends of the rotor, the rotor bar conductors are 
connected by heavy end rings made from the same material (see the figure) creating a 
short-circuit. This is indestructible winding because it is formed by permanently short-circuited 
winding. This whole arrangement resembles a cage which was once normally used for keeping 
squirrels hence the name.  

Squirrel cage rotor conductors are skewed because this offers the following advantages − 

○​ The noise is reduced during operation. 
○​ More uniform torque is produced. 
○​ The magnetic locking tendency or cogging of the rotor is reduced. Due to magnetic 

action coggging occurs, in which the rotor and stator teeth lock with each other. 

Wound Rotor or Slip Ring Rotor 

The slip ring rotor is made of a laminated cylindrical armature core. The slots are constructed on 
the outer periphery and insulated conductors are placed in the slots. To form a 3-phase double 
layer distributed winding similar to the stator winding, the rotor conductors are connected. The 
rotor windings are connected in star form  

The external resistors provide the variation of each rotor phase resistance to serve the following 
two purposes − 

○​ To Reduce the starting current from the supply and increase the starting torque. 
○​ To control the speed of the motor. 

 

 



 

7.c 

 

8.a Define Slip of an Induction motor

 



Effect of Slip on Frequency of an Induction Motor

 

8.b Explain the working  principle of a single transformer and its necessity  

An A.C. device used to change high voltage low current A.C. into low voltage high current A.C. 
and vice-versa without changing the frequency 

In brief, 
1. Transfers electric power from one circuit to another 
2. It does so without a change of frequency 
3. It accomplishes this by electromagnetic induction 
4. Where the two electric circuits are in mutual inductive influence of each other. 
 

It is based on principle of MUTUAL INDUCTION.  According to which an e.m.f. is induced in 
a coil when current in the neighbouring coil  changes. 



 
 

 



 

 

 

 



8.c 

 

Module 5 

9a)​

 



 

 



 



 



 

9b) 



 

 



 

9c) 

kWh stands for kilowatt-hour. 

It is the unit of electrical energy used to calculate your electricity consumption. 

●​ Bulb power = 60 W​
 

●​ Time used = 5 hours​
Electricity bill uses kWh, so first convert W → kW: 

60W=60/1000=0.06 kW 

So, 

●​ 60 W = 0.06 kW 

Energy consumed: 

Energy=Power×Time 

=0.06 kW×5 hours= 0.30 kWh 

10a) 



 

 



 



 

10b) 

 



 

 



 

 



 

10c) 
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