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9.1.0 ELECTRICALANDELECTRONICSPRINCIPLES

9.1.01 Introduction:
Mostmachinesinmechanicalengineeringuseelectricity
assourceofpoweranduseelectrical/electroniccontrols.
Theunderstandingofelectricalandelectronics
principlesonwhichtheyoperateisnecessary.
Theassessmentmodeshallbemainlypractical.Some
referencematerialsforthismoduleunitarelistedbythe
endofthemoduleanditshouldbenotedthatthislistis
notexhaustive.

9.1.02 GeneralObjectives
BytheendoftheModuleunit,thetraineeshouldbeable

to:
a)understandthegeneralworkingofvarious

electricalandelectroniccomponents.
b)selectandusespecialelectricalandelectronic

toolandequipment
c)diagnose,service,maintainandrepairfaultsin

electricalandelectronicsystems
d)serviceandmaintainelectricalandelectronic

systems

9.1.03 ModuleSummaryandTimeAllocation

ElectricalandElectronicsPrinciples
Cod
e

SubModule
Unit

Content TimeHrs

Th. Prac
.

Total

9.1.1 DirectCurrent
Circuits

Statethebasic
electricalquantities
andtheirunits.

drawelectriccircuits
applyelectriccircuits

lawsandtheorems
tosolveproblemson
electricscircuits

Determine
resistanceof
conductorofa
Wheatstonebridge.

4 2 6
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Explaintheprinciple
ofoperationofa
potentiometer

9.1.2 Magnetism
and
Electromagneti
sm

Terminologies
Typesofmagnets
Magneticfields
Magneticcircuits
Electromagnetic

induction
 Classificationof

magneticandnon-
magneticmaterials

Verificationofthe
existenceof
magneticfield

4 2 6

9.1.3 Introductionto
Direct(D.C.)
Generators
andMotors

DC machines
Separatelyexcited

generators
Shuntwound

generators
Serieswound
Compoundwound
Startingmethods
Voltageregulation
Speedcontrol
MaintenanceofDC

machines

6 4 10

9.1.4 Alternating
Current
Circuits

ACcircuits
Waveforms
Amplitude
Phaseangle
Period
Rootmeansquare

value
Averagevalue
Frequency
Identificationof

componentsofanac
generator

Sinewavegeneration

8 4 12
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Experimentofpower
factor

9.1.5 Battery
(chemicalcells
)

Typesofbatteries
Construction
Principlesof

operation

2 4 6

9.1.6 Electron
Theory

Atomicand
molecularstructure

Semiconductor
materials

Intrinsicand
extrinsicconduction

Crystalstructureof
semiconductor

Crystalstructureof
semiconductor

FormationofP-and
N-type
semiconductor

4 2 6

9.1.7 Semiconductor
Devices

Constructionand
symbolof
semiconductor
devices

Operationofsemi
conductordevices

Characteristicsof
semi-conductor
devices

Applicationsof
semiconductor
devices

Identificationofsemi
conductordevices

Connectionof
semiconductor
devices

Testson
semiconductor
components

4 4 8

9.1.8 Electronic
Components

Electronics
Components

2 4 6
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9.1.9 Power
Rectification

Methodsofpower
rectification

Smoothing
Regulation
Voltagemultipliers
Methodsofpower

Supplyprotection
Voltagedivisionand

multiplication
Constructionof

powersupply
regulators

Testsand
measurements

4 2 6

TotalTime 38 28 66
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9.1.1 DIRECTCURRENT
CIRCUITS

Theory

9.1.1T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)statethebasic

electricalquantities
andtheirunits.

b)drawelectriccircuits
c) applyelectric

circuitslawsand
theoremstosolve
problemson
electricscircuits

d)determine
resistanceof
conductorofa
Wheatstonebridge.

e)explaintheprinciple
ofoperationofa
potentiometer

9.1.1CCompetence
Thetraineeshouldhave
theabilityto:
i) Deriveformulaefor

variousdirect
currentcircuits

ii) Determine
resistanceof
conductorsand
resistorsinvarious
circuit

iii)arrangement
iv)Connectvarious

electricalcircuits
v) Perform

measurementof
electricalquantities

vi)VerifyOhm’sand
Kirchoff’slaws

Content
9.1.1T1Electricalquantitiesand

theirunits
i) voltageinvolts
ii) Currentinamperes
iii)ResistanceinOhms
iv)Powerinwatts

9.1.1T2Electriccircuits
i) Simpleelectric

circuits
ii) Resistorsinparallel
iii)Resistorsinseries

parallel
9.1.1T3Circuitlawsand

theorems
i) Ohmslaw
ii) Kirchhoff’slaws

9.1.1T4Resistanceofmetal
conductorsand
resistors
i) Length
ii) cross-sectionalarea
iii)resistivity
iv)conductivity
v) effectsof

temperature
9.1.1T5Potentiometer

i) operation
ii) deriveformula
iii)Wheatstonebridge

Practice

9.1.1P0 Specific
Objectives

Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)connectelectrical

directcurrent
circuits

b)measureelectrical
quantities

ea
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c) verifygivenelectric
laws

d)useaWheatstone
bridgetomeasure
resistance

e)useapotentiometer
tomeasurevoltage

Content
9.1.1P1Circuitconnections

i) Series
ii) Parallel
iii)Series/parallel

9.1.1P2Electricalquantities
i) Current
ii) Voltage
iii)Resistance
iv)Power

9.1.1P3VerificationofElectrical
laws
i) Ohm
ii) Kirchoff

9.1.1P4Measurementof
resistanceusing
Whetstone’sbridge

9.1.1P5Measurementof
resistanceusinga
Potentiometer

SuggestedLearningResources
- Textbook
- Handout
- Charts
- Multimeter
- Capacitors
- Resistors
- Circuit
- Testmodules
- Simulationsoftware
- Computersystem

9.1.2 MAGNETISM AND
ELECTROMAGNETISM

Theory

9.1.2T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)defineterminologies

usedinmagnetic.
b)statetypesof

magneticmaterials
c) listtypesofmagnets
d)describemagnetic

fieldspatterns
e)describemagnetic

circuits
f) explaintheprinciple

ofelectromagnetic
induction

9.1.2CCompetence
Thetraineeshouldhave
theabilityto:
i) explaintheprinciple

ofoperationof
electromagnetic
induction

ii) verifytheexistence
ofexistenceof
magneticfield

Content
9.1.2T1 Terminologies

i) Magneticflux
ii) Magneticfield

strength
iii)Magneticflux

density
iv)Magneticmotive

force
v) Reluctance
vi)Permeability
vii)Hysteresis

9.1.2T2 Typesofmagnetic
materials

9.1.2T3 Typesofmagnets
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i) Permanent
ii) Electromagnets

9.1.2T3 Magneticfields
patterns
i) Barmagnets
ii) Currentconductors

9.1.2T4 Magneticcircuits
i) Introduction
ii) Laws
iii)Inductance
iv)Energystoredinan

inductor
v) Calculation

9.1.2T5 Theprincipleof
electromagnetic
induction

Practice

9.1.2P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeable:
a)identifyvarioustypes

ofmagnetic
materials.

b)classifydifferent
typesofmagnetsand
non-magnetic
material

c) verifytheexistence
ofmagneticfield.

Content
9.1.2P1 Identificationof

variousmagnetic
materials

9.1.2P2 Classificationof
magneticandnon-
magneticmaterials

9.1.2P3 Verificationofthe
existenceofmagnetic
field
i) Barmagnet
ii) Horseshoe

magnet

iii)Combinationof
magnets

iv)Currentcarrying
conductor

SuggestedLearningResources
i) Textbook
ii) Handout
iii)Magnets
iv)Ironfilings

9.1.3 INTRODUCTIONTO
DIRECTCURRENT
MACHINES

Theory

9.1.3T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeable:
a)explainthe

constructionof
electricmachines

b)explain
characteristicsof
electricalmachines
andtheirtypical
applications

c) describedifferent
typesofDC
windings

d)derivee.m.fequation
forAcandDC
machines

9.1.3CCompetence
Thetraineeshouldhave
theabilityto:
i) OperateDC

machines
ii) Carryout

ea
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maintenanceofDC
machines

Content
9.1.3T1 Theconstructionof

electricmachines
i) DC machines
ii) Principleof

operation
iii)Commutator
iv)Windings
v) Electromagnetic

induction
vi)Armaturereaction
vii)Excitation
viii)Acmachines
ix)Principleof

operation
x) armature
xi)Commutator
xii)Windings
xiii)Electromagnetic

induction
xiv)Armaturereaction
xv)Excitation

9.1.3T2 Characteristicsof
electricalmachines
i) Typical

applications
9.1.3T3 TypesofDC windings
9.1.3T4 Derivationofthee.m.f

equation
i) Acmachines
ii) Motors
iii)Generators
iv)DC Machines
v) Generators
vi)Motors

Practice

9.1.3P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeable:
a)operateDC

machines
b)carryout

maintenanceofDC
machines

Content
9.1.3P1OperationofDC

machines
i) Startingmethods
ii) Voltageregulation
iii)Speedcontrol

9.1.3P2maintenanceofDC
machines

SuggestedLearningResources
i) Labequipmentand

tools
ii) DCmotor
iii)Acmotor
iv)Electricalinstruments
v) DCgenerators
vi)DCconductors
vii)ElectronicDCmotor

starters
viii)Faceplatestarters
ix)Drum starters
x) Workshoptools

9.1.4 ALTERNATING
CURRENTCIRCUITS

Theory

9.1.4T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)explaintheprinciple

ofoperationofAc
circuits

b)explaintheeffectsof
variouspassive
elementsinacurrent.

c) Determinepower
factorinAccircuits
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9.1.4CCompetence
Thetraineeshouldhave
theabilityto:
i) Determinepower

factor.
ii) Calculatepowerinac

currents
iii)Explaintheprinciple

ofoperationofac
generation

iv)Perform powerfactor
improvement

v) Installpowerfactor
correctionequipment

vi)Operateacgenerator

Content
9.1.4T1OperationofAccircuits
9.1.4T2Effectsofpassive

elementsina.ccircuits
i) Waveforms
ii) Amplitude
iii)Phaseangle
iv)Period
v) Roofmeansquare

valve
vi)Averagevalve
vii)Frequency

9.1.4T3Powerfactor

Practice

9.1.4P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)generateaseries

wave
b)establishthefeatures

ofanAcwaveform
c) perform experiment

toshoweffectof
powerfactor

d)identifycomponents
ofanAcgenerator

e)verifytheeffectsof

passiveelementsin
accircuits

Content
9.1.4T1Wavegeneration
9.1.4T2FeaturesofanAc

waveform
9.1.4T3VerificationofPower

factor
9.1.4T4ComponentsofanAc

generator
9.1.4T5EffectsofPassive

elementsinAccircuits

SuggestedLearningResources
i) Charts
ii) Graph
iii)Calculations
iv)CathodeRay

Oscilloscope
v) Multimeter
vi)Acgeneratorkit
vii)Acgenerator

9.1.5 BATTERY

Theory

9.1.5T0SpecificObjectives
Bytheendofthesub-
moduleunit,thetrainee
shouldbeableto:
a)explaintheprinciples

ofoperationof
differenttypesof
batteries.

b)describethe
constructionof
differenttypesof
batteries

c) stateadvantagesand
disadvantagesof
bothlead-acidand
nickelalkaline
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9.1.5CCompetence
Thetraineeshouldhave
theabilityto:
i) Serviceand

maintainvarious
typesofbatteries

Content
9.1.5T1Principlesofoperation:

- Chemistryofcharge
anddischarge

9.1.5T2Construction
i) Casing
ii) Separators
iii)Plates
iv)Electrolyte

9.1.5T3Typesofbatteries
i) Lead-acidhigh

maintenance
ii) LeadAcid

Maintenancefree
iii)LeadLow

maintenance
iv)Nickelalkaline
v) Smallbatteries

Practice

9.1.5P0SpecificObjectives
Bytheendofthesub-
moduleunit,thetrainee
shouldbeableto:
a)serviceandmaintain

differenttypes
batteries

b)replacedifferent
typesofbatteries

c) usebatteryservice
andmaintenance
tools/equipment

d)chargebatteries

Content
9.1.5P1Serviceand

maintenance
i) Batterycharging
ii) Batterycharger
iii)Batterytesting
iv)Batteryreplacement
v) Safety

9.1.5P2Batteryreplacement
9.1.5P3Batterymaintenance

toolsandequipment
9.1.5P4Batterycharging

SuggestedLearningResources
- Textbooks
- Charts
- Voltmeter
- Battery
- Charger
- Hydrometer
- Funnel
- Electrolyte
- Distilledwater
- Workshoptools
- Jumpercables

9.1.6 ELECTRONTHEORY

Theory

9.1.6T0SpecificObjectives
Bytheendofthesub-
moduleunit,thetrainee
shouldbeableto:
a)describetheatomic

andmolecular
structureofsemi
conductors

b)statethetypesof
semiconductor
materials

c) explainintrinsicand
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extrinsicconduction
d)explainthecrystal

structureofa
semiconductor

e)describethe
formationofP-andN
-typesemiconductors

Content
9.1.6T1Atomicandmolecular

structure
i) neutron
ii) proton
iii)electrons
iv)orbit

9.1.6T2 Semiconductor
materials
i) silicon
ii) germanium
iii)periodictable

9.1.6T3 Intrinsicand
extrinsicconduction
i) electrons
ii) holes
iii)influenceofexternal

field
iv)generationand

recombinationof
chargecarriers

9.1.6T4 Crystalstructure
ofsemiconductor
i) covalentbond
ii) energylevels
iii)lattice

9.1.6T5 FormationofP
andN-type
semiconductor
i) donorandacceptor

atoms
ii) doping
iii)trivalentand

pentavalentatoms
iv)freeelectronsand

holes
v) diffusionanddrift

currents

9.1.7 SEMICONDUCTOR
DEVICES

Theory

9.1.7T0 SpecificObjectives
Bytheendofsub-
moduleunit,thetrainee
shouldbeableto:
a)describethe

constructionofsemi
conductordevices

b)explainthe
operationsofsemi
conductordevices

c) explainandplotthe
characteristicsof
semi-conductor
devices

d)stateapplicationof
semiconductor
devices

9.1.7CCompetence
Thetraineeshouldhave
theabilityto:
i) Constructelectronic

circuitsusing
semiconductor
devices

ii) Testsemiconductor
devices

iii)Explainandplotthe
characteristicsof
semiconductor
devices

iv)Selectanduse
various
semiconductor
devices

Content
9.1.7T1 Constructionand

symbolof
semiconductor
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devices
i) Diode
ii) Bipolarjunction

transistor(BJT)
iii)Fieldeffect

transistors(FETs)
iv)Zenerdiode
v) Lightemitting

diode
vi)Siliconcontrolled

rectifier(SCR)
vii)Liquidcrystal

displayLCD)
9.1.7T2 Operationofsemi

conductordevices
i) Diode
ii) Bipolarjunction

transistor(BJT)
iii)Fieldeffect

transistors
(FET/MOSFET)

iv)Zenerdiodes
v) Siliconcontrolled

rectifier(SCR)
vi)LiquidCrystal

display(LCD)
vii)Lightemitting

diodes(LEDs)
9.1.7T3 Characteristicsof

semi-conductor
devices
i) Diode
ii) BJT
iii)FET/MOSFET
iv)Zenerdiode
v) Lightemitting

diode(LED)
vi)Liquidcrystal

display(LCD)
vii)SCRs

9.1.7T4 Applicationsof
semiconductor
devices
i) Diode
ii) BJT
iii)FET

iv)Zenerdiode
v) LED
vi)SCR
vii)LCD

Practice

9.1.7P0SpecificObjectives
Bytheendofthesub
moduleunitthetrainee
shouldbeableto
a)Identifytypesof

semiconductor
devices

b)Connectandoperate
semiconductor
devices

c) Testthe
semiconductor
devices

Content
9.1.7P1 Identificationofsemi

conductordevices
9.1.7P2 Connectionof

semiconductor
devices

9.1.7P3 Testson
semiconductor
components

SuggestedLearningResources
i) Charts
ii) Selectedtextbooks
iii)Reliance
iv)Catalogue
v) HandoutsTest

instruments
vi)Charts
vii)Circuittrainerkits
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9.1.8 ELECTRONIC
COMPONENTS

Theory

9.1.7T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)describethe

constructional
featuresofvarious
components

b)describethe
operationofvarious
electronic
components

c)statetheapplication
ofvariouselectronic
component

9.1.7CCompetence
Thetraineeshouldhave
theabilityto;
i) Selectanduse

variouselectronic
components

ii) Testelectronic
components

iii)Determine
componentvalueand
rating

Content
9.1.7T1 Electronics

Components
i) Resistors
ii) Capacitors
iii) Inductors
iv) Diodes
v) Bipolartransistor

(BJT)
vi) Fieldeffect

transistors(FETS)
vii)Triacs

viii)Thyristors(SCR)
ix) Photoconductive

cells
x) Photodiodes
xi) Phototransistors
xii)Lightemitting

diodes(LED)
xiii)Liquidcrystal

display(LCD)
xiv)Integratedcircuits

(ICS)
9.1.7T2 Operationof

electronics
components

9.1.7T3 Applicationsof
electronics
components

Practice

9.1.7P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)identifyvarious

electronic
components

b)determinevalues
andratingsof
electronic
components

c) testvarious
electronic
components

Content
9.1.7P1 Identificationof

variouselectronic
components

9.1.7P2 Valuesandrating
i) Componentsize
ii) Colourcode
iii) ComponentData

9.1.7P3 Testingofelectronic
component
i) Shortcircuit

ea
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ii) Opencircuit
iii)Changeinvalue
iv)leakage

SuggestedLearningResources
i) Textbooks
ii) Databooks
iii)Charts
iv)Assorted

electronics
components

v) Assorted
electronics
components

9.1.8 POWERRECTIFICATION

Theory

9.1.8T0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:

a)explaintheprinciples
ofpowerregulation
andstabilization

b)describethe
rectification
processes

c) describedifferent
methodsof
smoothing

d)explaintheoperation
ofvoltagemultipliers
anddividers

e)explainthemethods
ofpowersupply
protection.

9.1.8CCompetence
Thetraineeshouldhave
theabilityto:
- Rectifyvoltage

rectification
- Applydifferent

methodsof

smoothing

Content
9.1.8T1 Methodsofpower

rectification
i) Halfwave
ii) Fullwave
iii)Fullwavebridge

9.1.8T2 Smoothing
i) Reservoir
ii) capacitor
iii)R–Cfilter
iv)Piefilter

9.1.8T3 Regulation
i) Zenerdiode

regulator
ii) Transistor

regulator
iii)ICregulator

9.1.8T4 Voltagemultipliers
i) Double
ii) Triplex
iii)Quadrupler

9.1.8T5Methodsofpower
Supplyprotection

i) Circuitbreakers
ii) Switches
iii)Fuses

Practice

9.1.8P0SpecificObjectives
Bytheendofthesub
moduleunit,thetrainee
shouldbeableto:
a)buildsimple

regulatorcircuit
b)testandmeasure

varioussupply
parameters

Content
9.1.8P1Constructionofpower

supplyregulators
i) Zenerdiode

regulator
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ii) Transistorregulator
iii)ICregulator

9.1.8P2Testsand
measurements
i) DCoutputonno

load
ii) DCoutputonload
iii)Loadcurrent
iv)Ripple

SuggestedLearningResources
i) Chats
ii) Handouts
iii)Textbooks
iv)Reservoir
v) Capacitor
vi)R–cfilter
vii)Piefilter
viii)Zenerdiode

regulator

ix)Transistor
regulator

x) Icregulator
xi)Double
xii)Triplex
xiii) Quadrupler
xiv) Circuit

breakers
xv) Switches
xvi) Fuses
xvii)Electrical

workshoptools
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