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DC Circuit Analysis

1.1
1.2
1.3
1.4

1.5

Circuit elements: resistor, indicator and capacitor, types of sources

Series and parallel circuits, voltage and current sources

Ohm's law, Kirchhoff's laws, bridge circuit, equivalent resistance and star delta
transformation

DC Network Theorem: loop analysis, nodal analysis, Thevenin, Norton,
superposition and maximum power transfer theorems

Transient response analysis of RLC circuit excited by DC source

AC Circuit Analysis

2.1
2.2
23
24

2.5

Average value and RMS value

Active, reactive and apparent power, power factor (significance and correction)
Series and parallel RLC circuit, resonance and quality factor

Single and three phase system, delta and star connection, Measurement of three
phase power

Transient response analysis of RLC circuit excited by AC source

Electrical Machine

3.1

3.2

33

Transformer: construction and working principle, ideal and real transformer, EMF
equation, equivalent circuit, losses and efficiency, voltage regulation, transformer
on load and no-load operation, auto transformer and copper saving, tests on
transformer (polarity, no-load and load, back to back, temperature rise test), Three
phase transformer, constructional details and connection methods (A/Y, Y/Y, A/A,
open delta), power and distribution transformer, transformer in-rush current and
harmonics, transformer oil, efficiency curve and all day-efficiency, Importance of
parallel operation, conditions of parallel operation of transformers, parallel
operation of two single phase transformers, cooling methods of transformer

DC Machine: constructional details, commutation and armature reaction in DC
generators and DC motors, factors affecting commutation, solutions for
commutation problems, losses in a DC machine, efficiencies of DC motor and
generator, condition of maximum efficiency, power flow diagram of DC machine
DC Generator: working principle, classification, types and various characteristics
of DC generator, EMF equation, Voltage build-up in shunt generator, application
of DC generators and selection criteria

DC Motor: working principle, back emf and mechanical power developed, torque
equations of DC motor, shaft torque, Types of DC motor and their various
characteristics, necessity of a starter, starting methods of DC motors, three and
four point starters, methods of speed control of DC motors, Braking of DC motor
and its importance, methods of electric braking of DC motors, application of DC
motors and selection criteria, universal motor

Induction Motors: constructional details and working principle of three- phase
induction motor, equivalent circuit, slip and rotor frequency, starting torque,
maximum and full load torque, condition for maximum torque, torque-slip
characteristics, losses and power flow diagram of induction motor, induction
motor as a transformer, efficiency of motor and factors affecting efficiency, no-
load test and blocked rotor test, necessity of starter and starting methods (direct
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34

3.5

on-line, star-delta starter, autotransformer, slip ring starter), various methods of
speed control of induction motors, factors affecting performance of induction
motor

Single phase induction motor: working principle, types of single phase induction
motor based on starting methods, reluctance start induction motor, applications of
single-phase and three-phase induction motors

Induction Generators: working principle, necessity of capacitor bank, application
of induction generators

Alternators and Synchronous machine: construction and working principle of
synchronous generator, EMF equation, effect of harmonics and its elimination,
armature reaction in synchronous generator, voltage regulation, power equation
and power angle characteristics, capability curve, synchronous generator as source
and sink of reactive power, excitation system for synchronous generator (static and
brushless), automatic voltage regulator (AVR), effect of varying excitation current,
parallel operation of synchronous generator, synchronization procedure and
synchroscope, working principle of synchronous motor, hunting and its reduction,
application of synchronous motors, reluctance and hysteresis single phase
synchronous motors

Transmission and Distribution

4.1

4.2

4.3

4.4

4.5

4.6

Choice of working voltage, economic size of line conductors, cost of conductor
comparison between overhead and underground system, advantages and
limitations of adopting high voltage for transmission, comparison between HVDC
and HVAC transmission system

Main components of overhead lines, single and double circuit, stranded and
bundled conductors, conductor materials and conductor spacing, earth wire, sag
and tension calculation, clearance above ground, types of insulators, corona and its
reduction, skin and proximity effect, Ferranti effect, transposition and its
significance, corona and radio interference

Classification of transmission lines (short, medium and long), ABCD constants,
voltage regulation and efficiency, transmission line as source and sink of reactive
power, surge impedance loading (SIL), reactive power and voltage control in the
receiving end, calculation of shunt capacitor and reactor for VAR compensation,
common FACTS devices and their implementation

Unsymmetrical faults and symmetrical faults, single line to ground fault, line to
line fault, double line to ground fault, transient and temporary overvoltages,
counter measures to limit the overvoltages

Distribution system: primary and secondary distribution, classification, feeders and
distributors, types of cable faults and its location

HVDC transmission: HVDC station configuration (filters, converters, Inverters),
reversible power flow and control in line, series operation of converters

Switchgear and Protection

5.1
5.2
53
54
5.5
5.6

5.7

5.8

Faults and sources of faults

Necessity of protection and basic requirements of protection system

Fuse and its types, characteristics of HRC fuse

MCB, MCCB characteristics and working principle

Isolators and contactors

Circuit breaker, types of circuit breaker, operating principle and construction of
ACB, ABCB, OCB, VCB and SFC circuit breaker, application and selection of
circuit breakers, testing of circuit breakers

Relays and its classification, PMMC, Buchholz relay, over current and earth fault
relay, impedance relay and directional relay

Protection schemes: differential and distance, under voltage, over current and earth
fault protection, lightning arrestor, its type and characteristics, tower footing
resistance, shielding, grading rings
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59

Insulation co-ordination, BIL and volt-time characteristics of different equipments

5.10 Earthing: Importance, factors affecting earthing, system and equipment earthing,

safe value of current and voltage, step and touch potential, earthing mat,
importance of neutral grounding and methods of neutral grounding, resonant
grounding

Power Plant

6.1

6.2

6.3

6.4

6.5

Hydro Power Plant: layout and elements of hydro power plants, working principle,
classification, merits and demerits, selection of site, mass curve and flow duration
curve, hydro turbine: types, classification and selection.

Microhydro Power Plant (MPH): Role of MHP plant for rural development,
governor, electronic and discrete load controllers, automatic voltage controller
(AVR), start up and shut down procedure, Measurement of discharge and head at
site, load factor, diversity factor and utilization fator, load curve, load duration and
energy load curve, tariffs and its types, tariff system in Nepal

Diesel Power Plant: merits and demerits, components of diesel power plant,
application of diesel power plant

Steam Power Plant: merits and demerits, components of steam power plant and
general layout, selection of site for steam power plant

Solar Power Plant: Solar cell and its types, effect of temperature and insolation on
solar cells, tubular and flat plate batteries, factors to be considered while choosing
battery for a solar PV system, charge controllers and its types, isolated and grid
connected PV system, importance of grid connection, issues to be considered while
connecting PV into grid

qUE (@) - (KO % AH)
(¥ Y99 X Y 3 T 3 T X 90 AH)

Measurements and Instruments

7.1

7.2
7.3
7.4
7.5
7.6
7.7

Classification of measuring instrument, moving iron instruments, moving coil
instruments

Instrument transformers (CT, PT) and their characteristics

Wattmeters, power factor meters and single phase induction energy meter

DC/AC potentiometers and their applications

Megger, construction and working principle

Measurement of earth resistance and soil resistivity

Measurement of high ac and impulse voltages

Power Electronics

8.1
8.2
8.3

8.4
8.5

Power semiconductor devices: diode, transistor, thyristor, MOSFET, IGBT
Rectifiers: Half and full bridge

DC choppers: classification, switching mode regulators (buck, boost and buck-
boost)

Inverters: single-phase and three-phase inverters, PWM type inverters

AC voltage controller with resistive load and inductive load, principle and
operation of single phase cyclo-converters, step-up and step down cyclo-converters

Control system and Controllers

9.1

9.2

9.3

9.4

9.5

Feedback control system and its advantages, differential equation and transfer
function of electrical circuits, speed control of armature DC motor with feedback
Analogous system (mechanical and electrical) and its importance, signal flow
graph and block diagram reduction techniques
Effect of feedback on steady state gain, bandwidth, time constant, different test
signals
Time response of first and second order system to unit step input, transient
response specifications, steady state error, static error constants
Controllers: proportional, integral, derivative and their applications
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10.

11.

12.

13.

9.6

9.7

Root location and stability interpretation, effect of addition of poles and zeros on
transfer function, R-H criteria and setting loop gain using R-H criteria
Programmable logic controllers and its working

Utilization of Electrical Energy

10.1

10.2
10.3
10.4

10.5

Load characteristics: load and diversity factor, base and peak load, load curve,
load duration curve, power factor, causes of low power factor and its
disadvantage, power factor improvement

Tariffs: types and factors affecting tariffs

Heating: resistance, induction and dielectric heating

[Nlumination: general terms, incandescent and discharge lamps, tungsten and
filament lamps, fluorescent tubes, types of lighting schemes, design of lighting
schemes and methods of lighting calculations

Refrigeration and air conditioning: types and working principle

Power System Stability and Load Flow

11.1

11.2

11.3

11.4

Power flow and power angle curve, swing equation and steady state and transient
stability, factors affecting transient stability.

Equal area criterion and its application, critical clearing angle, two finite
machines

Load flow analysis: Bus admittance matrix, load flow equations and methods of
solution, approximate load flow study

Gauss-Seidel, Newton Raphson and Fast-decoupled methods of load flow

Electrical Installation and Wiring

12.1
12.2

12.3

12.4

12.5

12.6

General rules of wiring

Methods of wiring (Tee and Loop-in system), systems of wiring (cleat wiring,
wooden casing and capping wiring, PVC sheathed wiring, conduit wiring),
choice of wiring system

Types of cable for internal wiring, types of insulators main switch, design of
main distribution board and sub-distribution board, factors to be considered of
installing power circuits

Determining: number of points, total load, number of sub-circuits, rating of main
switch and distribution board, size of conductor, layout of wiring

Earthing electrode and earthing lead, factors affecting earth resistance, methods
of reducing earth resistance, methods of earthing, design of earthing mat

Fuse units, MCB and ELCB, thermal overload relay for motor protection
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(Voltage, frequency, power factor, voltage level for distribution and transmission)
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Insulation of electrical line

Lighting safety, earthing of equipments

Safety of internal wiring
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