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4nwer my E fll qnestions, chonsing ONE fll question from ench module. 
2 M19.k,: Rinom , C(ouNe Dut omes. 

Module1 
Mth neat singie le diagram, esplain the various steps of electricai power 
tansmKENOn ad distributon systen 

SHate and eyiain Kirchol's cuurent and vollage law 

Wth bik dhagran, explain Hydel Power generation. 

Fig. Q2(c) 

OR 

State and expiaun Ohm's law w1th its lmitat1on. 

A ressiane R s connectd n series with a parallel circuit compris1ng of 6 
twe rezstance 120 and 82. The total power in the circuit s 70W when the 
appid voltage is 2UV. Calculate R. 

tor the ccuit shown in Fig. Q2(c), find the current in 22 resistor. 

A 

|2 

Module-2 

Define he following terms applied to alternat1ng curent wave 
i) RMS value ii) Average value ii) Form factor 
iv) Peak factor Phase difference. vi) V) Phase 

b. Show that the current through purciy capacit1ve crcuit lcads the applied 

voltage by 90° and average power consumed is zero. DDraw the wave shapes 

of current voltage and power. 

Max. Marks: 100 
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An InduÇuve coil takes a current of 10A from a supply of i00V, 5OHz and 

lags the voltage of30° Calculate i) Parameters of the circuit 
1) Power factor ii) Active reactive and apparent power. 

OR 

Explain the generation of three phase A.C. and list the advantage. 
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C. 

a. 

a. 

A circuit consists of a resistance of 209 and inductance of 0.05H, 

connected in series. A single phasc supply of 230V, 50kg is applied across 
the circuit. Find i) Impcdance i) Current iii) Power factor 

Power consumed by the circuit iv) 

b. Explan the characteristics of a D,C. shunt motor. 

C 

V) Voltage drop. across R & L. 

Three coils having rosistance of 102 and. inductance of 0.02H are 
connected n star across 440V, 50Hz , 3 - 'supply. Calculate the line 
current , p.fand total power consumed. 

Module -3 
Derive E.MF quation of thc DC gencr¡tor. 

C. 

A 4 pole, 1500 rpm, D.C generator has a lap wound armature having 32 
slab and 8 conductor per slot. If the flux per pole is 0.04 wb. Calculate the 
emf induced in the arnature. What would be the emf induced if the winding 
!S wave connccted. 

OR 

b. Expia1n the various methods used to controi the speed of IDC series motor. 

Derive Torque equation of the D.C motor, 

A 4 -pole DC shunt motor takes 25A from a 250V supply. The armature 

and ficid resistances are 0.52 and 122 respectiveiy. The wave wound 
, if the flux armature has 30 siots and.cach siot containing 10 conductors 

per pole is 0.02 wb. Calcülate i) speed ii) torque developed 
ii) power deveioped 

Module 4 

b. With neat diagram, explain the types of 3-o induçtion motor. 

Derive the cmf equation of a transformer and hence obtain the ivoltage and 

current transfommation ratios. 

A transformer is rated at 100KVa. At full load its-copper loss is 120Ow and 

its iron loss is 960W. Câlculate the following* 

i) the efficiency at full load, VPF i)the efficiency at half load, 0.8 pf. 

ii) the load KVA at which maximum efficiency will occur. 

OR 

a. | Explain the various losses in transfQrmer, how to minimize them? 

b. With diagrams, explain the concept of rotating magnetic field. 

A thrce phase induction motor with 4 pole :s supplied from the alternator 

having 6 poles running at 1000 rpm. Calculate Synchronous speed , rotor 

spccd of the nduction motor when slip 1s 0.04 and frequency of the rotor 

emf when the specd is 600 rpm. 
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iv) maximum eficiency at 0.85 p.f. 
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Q.10 a. 

Module -5 
With neat circuit diogramn and switching table explain twó way and three way control of load, 

b. Explain working principle of fuse and miniatura circuit breaker. 
What is earthing? With neat diagram, explain any one type of earthing. 

OR 
What is Electric shock? Give the list ofpreventive measures against shock. 

b. What are the desirable characteristics ofa tariff and explain two part tarift. 

VTU-13 

List out the power rating of home hold appliances including air 
conditioners , PCs, laptops, printers etc. Find the tótal power consumed. 
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1.a 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. 

●  
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2a.  

Water Source: Hydropower plants are built near a water source such as a dam, river or 

reservoir. 

2. Dam: A dam is built to create a reservoir, which stores the water. The dam controls the 

flow of water to the power plant. 

3. Penstock: The water from the reservoir flows through a penstock, which is a large 

pipe or conduit. The penstock carries the water to the turbine. 

4. Turbine: The water turns a turbine, which is connected to a generator. 

5. Generator: The generator converts the mechanical energy from the turbine into 

electrical energy. 

6. Transformer: The electrical energy from the generator is then sent to a transformer, 

which increases the voltage to the level needed for transmission. 

7. Transmission Lines: The electricity is then transmitted through high-voltage 

transmission lines to the end-users. 

8. End-Users: The electricity generated is distributed to the end-users such as homes, 

businesses, and industries. 
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7(a)  

1. Transformer EMF Equation Derivation 

A transformer works on the principle of electromagnetic induction. It consists of two 
windings – primary and secondary – wound on a magnetic core. When an alternating 
current (a.c.) flows through the primary coil, it creates a changing magnetic flux, which 
induces an e.m.f. (electromotive force) in the secondary coil. 

Step-by-Step Derivation: 

1. Magnetic Flux Linkage: Let the total number of turns in the primary winding be 
𝑁1 and the total number of turns in the secondary winding be 𝑁2 . 

2. Magnetic Flux and Faraday’s Law of Induction: According to Faraday’s Law of 
Electromagnetic Induction, the EMF induced in a coil is given by: 

𝑒(𝑡) = −𝑁
𝑑𝛷

𝑑𝑡
 

where: 

o E is the induced EMF, 
o N is the number of turns in the coil, 
o Φ is the magnetic flux linking the coil, 

o 
𝑑𝛷

𝑑𝑡
 is the rate of change of magnetic flux. 

3. Magnetic Flux in the Core: If 𝜙(𝑡) is the flux in the core and it varies sinusoidally 
with time, then: 

𝛷(𝑡) = 𝜙𝑚𝑎𝑥sin(𝜔𝑡) 

where 𝜔 = 2𝜋𝑓 is the angular frequency of the ac supply, and 𝑓 is the frequency 
in hertz. 

4. Induced EMF in the Primary Coil: The induced EMF in the primary winding, 
𝐸1, is given by: 

𝐸1 = −𝑁1
𝑑𝛷

𝑑𝑡
 

Since 𝛷(𝑡) = 𝛷𝑚𝑎𝑥𝑠𝑖𝑛(𝜔𝑡), we differentiate this with respect to time: 

𝑑𝛷

𝑑𝑡
= 𝛷𝑚𝑎𝑥𝜔𝑐𝑜𝑠(𝜔𝑡) 

Therefore, the induced EMF 𝑒1(𝑡) in the primary winding becomes: 

|𝑒1(𝑡)| = 𝑁1𝛷𝑚𝑎𝑥𝜔𝑐𝑜𝑠(𝜔𝑡) 



𝑒1𝑎𝑣 =
2𝜔

𝜋
∫ 𝑒1(𝑡)

𝜋
2𝜔



0

𝑑𝑡 

=
2𝜔

𝜋
∫ 𝑁1𝛷𝑚𝑎𝑥𝜔𝑐𝑜𝑠(𝜔𝑡)

𝜋
2𝜔



0

𝑑𝑡 

=
2𝜔

𝜋
∫ 𝑁1𝛷𝑚𝑎𝑥𝜔𝑐𝑜𝑠(𝜔𝑡)

𝜋
2𝜔



0

𝑑𝑡 

= 𝑁1𝛷𝑚𝑎𝑥𝜔
2𝜔

𝜋
[
sin(𝜔𝑡)

𝜔
]
0

𝜋
2𝜔

 

=
2

𝜋
𝑁1𝜙𝑚𝑎𝑥𝜔 => 𝑒1𝑎𝑣 =

2

𝜋
𝑁1𝜙𝑚𝑎𝑥2𝜋𝑓 = 4𝜙𝑚𝑎𝑥𝑁1𝑓 

𝐸𝑟𝑚𝑠 = 𝑓𝑜𝑟𝑚𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝑒𝑎𝑣𝑒𝑟𝑎𝑔𝑒 

form factor for sinusoids is 1.11. 

𝐸1𝑟𝑚𝑠 = 1.11 ∗ 𝑒1𝑎𝑣𝑒𝑟𝑎𝑔𝑒 => 𝐸1 = 1.11 ∗ 4𝜙𝑚𝑎𝑥𝑁1𝑓 

𝐸1 = 4.44𝜙𝑚𝑎𝑥𝑁1𝑓 

5. Induced EMF in the Secondary Coil: By the same reasoning, the induced EMF 
in the secondary winding E2E_2 is given by: 

𝐸2 = 4.44𝜙𝑚𝑎𝑥𝑁2𝑓 

 

Now we can express the relationship between 𝐸1 and 𝐸2 based on the number of 
turns in the primary and secondary coils. 

 

2. Voltage Transformation Ratio 

The voltage transformation ratio is derived from the relationship between the induced 
EMFs in the primary and secondary windings: 

𝐸1
𝐸2

=
𝑁1
𝑁2

 

This means that the voltage in the primary winding is directly proportional to the 
number of turns in the primary coil and vice versa for the secondary coil. 



∵ 𝐸1 ≈ 𝑉1𝑎𝑛𝑑𝐸2 ≈ 𝑉2 

𝐸1
𝐸2

=
𝑉1
𝑉2
𝑎𝑛𝑑

𝑉1
𝑉2

=
𝑁1
𝑁2

 

Which is the voltage transformation equation. 

Here, 

• 𝑉1  is the voltage applied to the primary coil, 

• 𝑉2  is the voltage induced in the secondary coil, 
• 𝑁1 is the number of turns in the primary winding, 
• 𝑁2 is the number of turns in the secondary winding. 

This shows that the voltage in the secondary coil is a scaled version of the primary 
voltage, depending on the turn ratio. 

 

3. Current Transformation Ratio 

The current transformation ratio can be derived using the power equilibrium on the two 
sides of transformer, i.e. power-in must be equal to power-out, assuming an ideal 
transformer (no losses): 

𝑃𝑝𝑟𝑖𝑚𝑎𝑟𝑦 = 𝑃𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 

Since 𝑃 = 𝑉 × 𝐼 (power is the product of voltage and current), we can write: 

𝑉1𝐼1 = 𝑉2𝐼2 

Substituting the voltage transformation ratio 
𝑉1

𝑉2
=

𝑁1

𝑁2
, we get: 

𝑉1
𝑉2

=
𝐼2
𝐼1

 

Thus, the current transformation ratio is: 

𝐼1
𝐼2
=
𝑁2
𝑁1

 

or equivalently, 

𝐼2
𝐼1
=
𝑁1
𝑁2

 



This indicates that the current in the secondary winding is inversely proportional to the 
number of turns in the winding, relative to the primary current. 

 

Summary of Key Equations: 

• EMF Equation (for both primary and secondary): 

𝐸1 = 4.44𝑁1𝑓𝛷𝑚𝑎𝑥 , 𝐸2 = 4.44𝑁2𝑓𝛷𝑚𝑎𝑥 

• Voltage Transformation Ratio: 

𝑉1
𝑉2

=
𝑁1
𝑁2

 

• Current Transformation Ratio: 

𝐼1
𝐼2
=
𝑁2
𝑁1

 

 

7 b. 

Construction of 3 Phase Induction Motor 
The construction of an induction motor is simple and robust. It consists of two parts. 

 
 
• Stator 
• Rotor 
Stator of a 3 Phase Induction Motor 
As the name suggests, the stator is a fixed piece of the motor. The stator of the induction 
motor comprises of three primary parts. 
• Stator Casing 
• Stator Core 



• Stator Winding 
 
Stator Casing 
The stator casing is the external cover of the motor. The stator casing offers protection 
to the stator core and stator windings. It gives mechanical protection to the internal 
parts of the motor. The casing has projections/ fins on its external surface for heat 
dissipation and cooling of the motor. 
 
Depending on the machine type, the enclosure is constructed in die-cast or fabricated 
steel, aluminum/aluminum alloys, or stainless steel. 
 
Stator Core 
The stator core's function is to carry the alternating magnetic flux. This alternating flux 
causes hysteresis and eddy current losses. To limit these losses, the core is fabricated 
out of high-silicon steel stampings with thickness ranging from 0.3 to 0.6 mm. These 
stampings are insulated from each other by insulating enamels coating.  
The inner surface(cylindrical) of the stator core has conductor slots. 
 
Stator Winding 
The stator winding is placed within the slots available on the inner periphery of the 
stator. The stator is wound for three phases, and a three-phase power supply is applied 
to it. The motor's pole count is determined by the internal arrangement of the stator 
windings, and it controls the motor's speed. When the number of poles is higher, the 
speed is lower, whereas if the number of poles is fewer, the speed is higher. The number 
of poles is always an even number. The relation between synchronous speed and 
number poles is, 

𝑁𝑠 = 120 ×
𝑓

𝑃
 

Where, 
f = Supply Frequency 
P = Total Number of Poles 
Ns = Synchronous Speed 
The ends of the windings are terminated in the terminal box. Consequently, there are 
six terminals (two for each phase) in the terminal box. As per the application and sort 
of starting techniques for motors, the stator winding is connected in star or delta.  
 
Rotor of 3 Phase Induction Motor 
As the name suggests, the rotor is a rotating part of the motor. As indicated by the type 
of rotor, the induction motor is named. 
• Squirrel Cage Induction Motor 
• Phase Wound (Wound Rotor) induction motor / Slip-ring induction motor 
The structure of the stator is identical in the two kinds of induction motors. We will 
examine the kinds of rotors deployed in 3-phase induction motors in the types of three 
phase induction motor. 
 
Types of 3 Phase Induction Motor 
Three phase motors are classified mainly in two classes considering the rotor winding. 
Squirrel Cage Induction Motor 
• Slip-ring or Wound Rotor Induction Motor 
Squirrel Cage Induction Motor 



The rotor of this type resembles an enclosure of a squirrel. This motor is hence referred 
to as an induction squirrel cage motor. This kind of rotor is easy to make and is quite 
robust. More than 80% of the induction motors are squirrel cage type induction motors. 

Squirrel Cage induction motor Rotor 
The rotor is shaped like a tube, and the peripheral edges have slots. The slots are 
skewed. It helps to mitigate magnetic locking between the stator and rotor. It achieves 
smooth rotation and diminishes the mumbling commotion. Since skewing increases the 
length of the rotor guide, it increases the rotor resistance. 
Instead of a rotor winding, the squirrel cage rotor is made up of rotor bars. Aluminum, 
metal, or copper is used to make rotor bars. End rings permanently the short rotor bars. 
It effects closure of rotor circuit. Mechanical support is provided by welding or riveting 
the rotor bars to the end rings. The rotor bars are short-circuited. Along these lines, it 
is not possible to add external resistance into the rotor circuit. In this sort of rotor, the 
slip rings and brushes are not used. As a result, the construction of this kind of motor 
is simpler and robust. 
 
Advantages of Squirrel Cage Induction Motor 
• Simplicity: Squirrel cage motors have a simple and robust construction. 
• Low Maintenance: There are fewer parts that are susceptible to wear and 

maintenance issues because the rotor is a closed cage with no external 
connections. 

• High starting torque: In situations where high starting torque is required, squirrel 
cage motors frequently exhibit excellent characteristics. 

• Wide Range of applications: These motors are affordable for numerous 
applications, such as pumps, fans, compressors, and others. 

Disadvantages of squirrel cage induction motor 
• Limited Speed Control: Speed control options for squirrel cage motors are limited, 

and their speed is largely determined by the voltage and frequency applied. 
• Limited Starting Control: While slip-ring motors have greater control over 

starting torque, squirrel cage motors typically have intermediate starting torque. 
 
Slip-Ring or Wound Rotor Induction Motor 
Slip-ring Induction Motor are generally called wound rotor motor. The rotor is made up 
of a tube-shaped center with slots on its outer edges. The rotor winding is placed inside 



the slots. In this type of rotor, the winding is arranged in such a way that the number 
of rotor winding slots matches the number of stator winding poles. The rotor winding 
can be connected in star or delta. The slip-rings are connected to the end terminals of 
the rotor windings. Hence, it is named as a slip-ring induction motor. The rotor circuit 
can connect to external elements/ circuits through the slip-ring and brushes. Likewise, 
it is useful for controlling the speed of the motor and adjusting the starting torque of 
the Induction Motor. 

 
The external circuit is used solely for the starting methods. The rotor copper loss 
increases if it remains connected while the motor has attained the running speed. In 
the initial condition, a high rotor resistance is advantageous, as it helps motor deliver 
higher torque. During the initial state, the rotor circuit is connected to external high 
resistances. The metal collar short-circuits the slip-rings when the motor attains speed 
close to operational speed. By this arrangement, the brushes and external elements are 
withdrawn from the rotor circuit. Copper losses from the rotor and brush friction are 
both reduced because of this. This motor requires more maintenance. This motor can 
be used in applications requiring high starting torque and variable speed. 
 
Advantages 
Variable Speed Control: One of the main advantages of slip-ring motors is the ability 
to control the speed and torque by varying the external resistances in the rotor circuit. 
For this, they are suitable for applications that require variable speed. 
 
High Starting Torque Control: Slip-ring motors can deliver higher starting torque, and 
the external resistances can be changed as per control requirements. 
Smooth Acceleration: The ability to control the torque through rotor resistance results 
in less mechanical vibrations during starting and a smoother speed rise. 



 
Disadvantages 
Complex Construction: Slip-ring motors have an improved performance as a result of 
the external circuits and slip rings, inviting complex construction and higher costs. 
Higher Maintenance: The slip rings, external resistances and brushes in the rotor 
require high maintenance. 

7 c. 

A transformer is rated at 100 KVA. At full load its-copper loss is 120O W and its iron 
loss is 960 W. Calculate the following  

(i) efficiency at full load, UPF   
(ii) efficiency at half load, 0.8 pf.  

(iii) the load KVA at which maximum efficiency will occur  
(iv) maximum efficiency at 0.85 p.f. 

 
Given Data: 

• Transformer rating: 100 KVA 

• Full load copper loss(PCu): 1200W 

• Iron loss(PFe): 960 W 

• Power factor: given case to case. 
 
(i)    Efficiency at full load (p.f. = 1) 
 
Efficiency (𝜂)  

𝜂 =
𝑂𝑢𝑡𝑝𝑢𝑡𝑝𝑜𝑤𝑒𝑟

𝑂𝑢𝑡𝑝𝑢𝑡𝑝𝑜𝑤𝑒𝑟 + 𝐿𝑜𝑠𝑠𝑒𝑠
 

 
At full load, the output power is 𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡𝑝𝑜𝑤𝑒𝑟𝑜𝑢𝑡𝑝𝑢𝑡 ∗ 𝑝. 𝑓. 
UPF- unity p.f. -> p.f.=1  

𝑃𝑜𝑤𝑒𝑟𝑜𝑢𝑡 = 100 ∗ 1 

= 100𝐾𝑊 = 100,000𝑊 

𝐿𝑜𝑠𝑠𝑒𝑠 = 𝑃𝐶𝑢 + 𝑃𝐹𝑒 = 1200 + 960 = 2160𝑊 

𝜂% =
𝑃𝑜𝑤𝑒𝑟𝑜𝑢𝑡

𝑃𝑜𝑤𝑒𝑟𝑜𝑢𝑡 + 𝐿𝑜𝑠𝑠𝑒𝑠
∗ 100 

𝜂 =
100,000

100,000 + 2160
∗ 100 = 97.89% 

(ii)    Efficiency at half full load, p.f. =0.8 
At sub full load, copper loss varies as square of fraction of load 

𝑃𝐶𝑢_𝐻𝑎𝑙𝑓_𝑓𝑢𝑙𝑙_𝑙𝑜𝑎𝑑 = (
1

2
)
2

𝑃𝐶𝑢 =
1

4
∗ 1200 = 300𝑊 

Iron Loss remains constant. 
𝑇𝑜𝑡𝑎𝑙𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑃𝐹𝑒 + 𝑃𝐶𝑢 = 300 + 960 = 1260𝑊 

Power output for half full load, at 0.8 p.f. 

𝑃𝑜𝑢𝑡 = 𝐴𝑝𝑝𝑒𝑟𝑒𝑛𝑡𝑃𝑜𝑤𝑒𝑟 ∗
1

2
∗ 0.8 = 40𝐾𝑊 



𝜂% =
40000 ∗ 100

40000 + 1260
% = 97% 

(iii)    Load KVA for maximum efficiency 
Condition for maximum efficiency: 

Copper Loss=Iron loss 
Let Load KVA at max. efficiency be 𝐿𝑜𝑎𝑑max _𝑒𝑓𝑓. 

Fraction of Full load,  

𝑋 =
𝐿𝑜𝑎𝑑max _𝑒𝑓𝑓

𝐴𝑝𝑝𝑒𝑟𝑒𝑛𝑡𝑃𝑜𝑤𝑒𝑟𝑂𝑢𝑡𝑝𝑢𝑡
⇒ 𝐿𝑜𝑎𝑑max _𝑒𝑓𝑓 = 𝑋 ∗ 𝐴𝑝𝑝𝑒𝑟𝑒𝑛𝑡𝑃𝑜𝑤𝑒𝑟𝑂𝑢𝑡𝑝𝑢𝑡 

𝐶𝑜𝑝𝑝𝑒𝑟𝑙𝑜𝑠𝑠𝑎𝑡𝑋𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑙𝑜𝑎𝑑 = 𝑋2 ∗ 𝐹𝑢𝑙𝑙𝑙𝑜𝑎𝑑𝐶𝑜𝑝𝑝𝑒𝑟𝑙𝑜𝑠𝑠 

𝑋2 ∗ 1200 = 960 ⇒ 𝑋 = √(
960

1200
) = √0.8 = 0.894 

𝐿𝑜𝑎𝑑𝐾𝑉𝐴𝑓𝑜𝑟𝑚𝑎𝑥𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = 𝑋 ∗ 𝐾𝑉𝐴𝑟𝑎𝑡𝑖𝑛𝑔 = 0.894 ∗ 100 = 89.4𝐾𝑉𝐴 

(iv) Maximum Efficiency at PF = 0.85 
At maximum efficiency load (89.4 kVA), output power: 

Output Power=89.4×0.85=75.99 kW=75990 W 
Total losses at maximum efficiency: 

Total Loss = 960 + 960 = 1920 W 
Total Loss=960+960=1920 W 

𝜂 =  (75990 + 1920) ∗
100

75990
= 97.53% 

Final Answers: 

(i) Efficiency at full load, unity PF = 97.89% 

(ii) Efficiency at half load, 0.8 PF = 96.95% 

(iii) Load kVA at max efficiency = 89.4 kVA 

(iv) Maximum efficiency at 0.85 PF = 97.53% 

 

8a. Explain the various losses in a transformer, how to minimize them? 

Losses in a Transformer and How to Minimize Them: 

A transformer is an electrical device that transfers power between circuits using electromagnetic 

induction. However, during this process, some energy is lost in various forms. The major losses in 

a transformer are categorized as core losses, copper losses, stray losses, and dielectric losses. 

1. Core Losses (Iron Losses)  

These losses occur in the iron core of the transformer due to alternating magnetic fields. Core 

losses consist of:   

a) Hysteresis Loss  



Cause: Hysteresis loss occurs due to repeated magnetization and demagnetization of the 

transformer core.   

Formula:  

𝑃ℎ = 𝜂𝐵𝑚
𝜒
𝑓𝑉 

where: 

Bm - Maximum flux density webers/ m2 

f - Supply frequency Hz 

V - Volume of the core m3 

 𝜂 - Hysteresis constant   

  𝜒 is typically 1.6 to 2   

 

Minimization:   

  - Using high-silicon steel (CRGO - Cold Rolled Grain Oriented Steel) for the core, which has 

low hysteresis loss.   

  - Using laminated cores to reduce eddy currents.   

  - Using materials with low hysteresis coefficient.   

b) Eddy Current Loss   

Cause: Eddy currents are circulating currents induced in the core due to the alternating magnetic 

field, leading to resistive heating.   

Formula: 

𝑃𝑒 = 𝐾𝐵𝑚
2 𝑓2𝑡2𝑉 

where: 

K - Constant   

Bm - Maximum flux density wb/m2 

f - Frequency Hz 



t - Thickness of lamination 

V - Volume of the core m3 

Minimization:   

Laminating the core to increase resistance and reduce circulating currents.   

Using thinner laminations to decrease the loop path of eddy currents. 

Using high-resistivity core material to reduce eddy currents.   

2. Copper Losses (I²R Losses) 

Cause: Copper losses occur due to the resistance (\(R\)) of the transformer windings when the 

current flows through them.   

Formula:   

𝑃𝑐𝑢 =  𝐼2𝑅 

where: 

I - Current   

R - Resistance of the winding referred to one side primary or secondary 

Minimization:  

Using low-resistance materials like copper or aluminum for windings. 

Increasing conductor size to reduce resistance. 

Improving cooling methods to maintain the efficiency of the transformer.  

3. Stray Losses 

Cause: These losses occur due to leakage flux that induces eddy currents in nearby metallic parts 

such as the transformer tank and winding supports.   

Minimization:   

Proper winding design to reduce leakage flux.   

Using magnetic shields to prevent flux leakage in metallic structures.   



4. Dielectric Losses  

Cause: Occurs in the insulation material of the transformer due to the alternating electric field, 

leading to energy dissipation as heat.   

Minimization:   

Using high-quality insulation materials like oil-impregnated paper.   

Maintaining the insulation dry and free from moisture.   

Regular oil filtration and replacement in oil-filled transformers.   

5. Mechanical Losses 

Cause: These losses arise due to vibrations and noise in the transformer, especially in the core 

laminations.   

 

Minimization:   

Proper tightening of laminations to reduce vibration.   

Use of damping materials to absorb mechanical energy.   

Conclusion  

To minimize losses and improve transformer efficiency, the following key strategies should be 

implemented: 

   Use high-grade core materials (CRGO steel).   

   Laminated core with thin, high-resistance sheets.   

   Low-resistance winding materials (copper preferred over aluminum).   

   Efficient cooling systems to maintain optimal operating temperature.   

   Proper insulation and maintenance to prevent dielectric losses.   

By optimizing these factors, transformers can achieve higher efficiency, lower operating costs, and 

longer service life.  

8b. With diagrams, explain the concept of rotating magnetic field. 



 

• Rotating Magnetic Field Definition: A rotating magnetic field is created in 
space when a three-phase distributed winding in a rotating machine is 
excited by a balanced three-phase supply. (Three-Phase Supply: This supply 
involves three currents of equal magnitude, that are 120 electrical degrees 
apart, creating a balanced system. Magnetic Flux Behavior: The magnetic flux 
produced in each phase is in phase with the currents and can be represented 
graphically.) 

• Rotation of Flux Vector: The resultant flux vector rotates with a constant 
angular speed. 

• Production of Rotating Magnetic Field: This rotating field is established due 
to the balanced supply applied to the stator winding. 

When we apply a three-phase supply to a three-phase winding distributed in space, 
around stator of a rotating machine, a rotating magnetic field is produced which 
rotates in synchronous speed. We first imagine stator of an electric motor whose three-
phase winding is distributed in the stator core in a manner that winding of each phase 
is separated from each other by 120o mechanical in space. 



 

Although the vector sum of three currents in a balanced three-phase system is zero at 
any moment, the resultant magnetic field produced by these currents is not zero. It has 
a constant non-zero value that rotates over time. 

The magnetic flux produced by the current in each phase can be represented by specific 
equations. These equations show that the flux is in phase with the current, similar to a 
three-phase current system. 

 

Where φR, φY and φB are the instantaneous flux of corresponding Red, Yellow and Blue 
phase winding, φm amplitude of the flux wave. The flux wave in space can be represented 
as shown below. 



 

Now, on the above graphical representation of flux waves, we will first consider the point 
0. Here, the value of φR is 

 

The value of φY is 

 

The value of φB is 

 

The resultant of these fluxes at that instant (φr) is 1.5φm which is shown in the figure 
below. 



 

 
Now, on the above graphical representation of flux waves, we will consider the point 1, 
where ωt = π / 6 or 30o. 
Here, the value of φR is 

 

The value of φY is 

 

The value of φB is 

 



The resultant of these fluxes at that instant (φr) is 1.5φm which is shown in the figure 
below. here it is clear that the resultant flux vector is rotated 30o further clockwise 
without changing its value. 

 

Now, on the graphical representation of flux waves, we will consider the point 2, where 
ωt = π / 3 or 60o. 
Here, the value of φR is 

 

The value of φY is 

 

The value of φB is 

 



The resultant of these fluxes at that instant (φr) is 1.5φm which is shown in the figure 
below. here it is clear thet the resultant flux vector is rotated 30° further clockwise 
without changing its value.

 

Now, on the graphical representation of flux waves, we will consider the point 3, where 
ωt = π / 2 or 90o. 
Here, the value of φR is 

 

The value of φY is 

 

The value of φB is 

 



The resultant of these fluxes at that instant (φr) is 1.5φm which is shown in the figure 
below. here it is clear that the resultant flux vector is rotated 30o further clockwise 
without changing its value. 

 

 
This demonstrates that a balanced 3 phase supply applied to a three-phase stator 
winding creates a rotating magnetic field in space. 

8c. A three phase induction motor with 4 poles supplied from the alternator having 6 poles running 

at 1000 rpm. Calculate Synchronous speed, rotor speed of the induction motor when slip 1s 0.04 

and frequency of the rotor emf when the speed is 600 rpm. 

We will calculate the following step by step:   

Given Data: 

- Alternator Poles Ps = 6   

- Alternator Speed Ns = 1000 rpm   

- Induction Motor Poles Pr = 4   

- s = 0.04   

- Rotor Speed when speed = 600 rpm 

Step 1: Calculate Synchronous Speed of the Induction Motor  

Synchronous speed is given by: 



𝑁𝑠 = 120 ×
𝑓

𝑃
 

 

The alternator supplies the induction motor, so the alternator frequency fs is: 

𝑓𝑠 =𝑁𝑠 ×
𝑃𝑠
120

= 1000 ×
6

120
= 50𝐻𝑧 

 

Now, the synchronous speed of the induction motor: 

𝑁𝑠,𝑟 = 120 ×
𝑓𝑠
𝑃𝑟
= 120 × 50/4 = 1500𝑟𝑝𝑚 

Thus, the synchronous speed of the induction motor is 1500 rpm. 

Step 2: Calculate Rotor Speed Nr when Slip s = 0.04  

Rotor speed is given by: 

𝑁𝑟 = 𝑁𝑠(1 − 𝑠) 

𝑁𝑟 = 1500(1 − 0.04) = 1500 × 0.96 = 1440𝑟𝑝𝑚 

Thus, the rotor speed of the induction motor is 1440 rpm. 

Step 3: Calculate Frequency of Rotor EMF when Speed is 600 rpm  

Rotor frequency is given by: 

𝑓𝑟 = 𝑆 ×𝑓𝑠 

Slip s when rotor speed is 600 rpm: 

𝑠 =  (𝑁𝑠 −𝑁𝑟)/𝑁𝑠 =  (1500– 600)/1500 = 900/1500 = 0.6 

Now, rotor frequency: 

𝑓𝑟 = 0.6 ∗ 50 = 30𝐻𝑧 

Thus, the frequency of the rotor EMF when speed is 600 rpm is 30 Hz. 

Final Answers: 



1. Synchronous speed of the induction motor = 1500 rpm  

2. Rotor speed at slip 0.04 = 1440 rpm  

3. Frequency of rotor EMF when speed is 600 rpm = 30 Hz 
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10C) 

Power Ratings of Household Appliances 

Appliance Power Rating (Watts) 

Air Conditioner (1.5 Ton) 1500 – 2000 

Ceiling Fan 50 – 80 



Appliance Power Rating (Watts) 

LED Bulb 5 – 15 

CFL Bulb 15 – 25 

Refrigerator 100 – 400 

Microwave Oven 800 – 1500 

Electric Kettle 1000 – 2000 

Personal Computer (PC) 200 – 400 

Laptop 50 – 100 

Printer (Laser) 300 – 500 

Printer (Inkjet) 30 – 50 

Washing Machine 300 – 800 

Television (LED) 50 – 150 

Water Heater (Geyser) 1500 – 3000 

Iron 800 – 2000 

 

• 
Appliances & Usage: 

o Air Conditioner (1.5 Ton, 1800W) → 8 hours/day 

o Ceiling Fan (70W) → 12 hours/day 

o LED Bulb (10W) → 5 bulbs, 6 hours/day 

o Refrigerator (300W) → 24 hours/day 

o Personal Computer (300W) → 5 hours/day 

o Laptop (70W) → 5 hours/day 

o Printer (Laser, 400W) → 1 hour/day 

o Washing Machine (500W) → 1 hour/day 

o Television (100W) → 4 hours/day 



o Water Heater (2000W) → 1 hour/day 

o Iron (1000W) → 1 hour/day, 15 days/month 

Calculation of  the total electricity bill. 

Results: 

• Total Energy Consumption = 851.7 kWh per month 

• Total Electricity Bill = $102.20 (at $0.12 per kWh) 

 

 


