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EXPERIMENT-1

AlM-INTRODUCTION AND USE OF ELECTRICAL TOOLS,
ELECTRICAL MATEIAL AND ABBREVIATION.

INTRODUCTION :-

ELECTRICAL TOOLS ARE TOOLS USED TO WORK ON AN ELECTRICAL SYSTEM.
THESE CAN INCLUDE A WIDE RANGE OF TOOLS SUCH AS WIRE AND CABLE
CUTTERS, WIRE STRIPPERS, COAXIAL COMPRESSION TOOLS, TELEPHONY
TOOLS, WIRE CUTTER/STRIPPERS, CABLE TIE TOOLS, ACCESSORIES AND EVEN
MORE. WE ALL KNOW THAT THE RIGHT TOOL CAN MAKE ALL THE
DIFFERENCE WHEN IT COMES TO COMPLETING A PROJECT. THEY MAKE THE
DIFFERENCE BETWEEN DONE AND DONE RIGHT. THE BOTTOM LINE IS, THE
BETTER THE TOOL, THE BETTER THE OUTCOME. WE STOCK THE BEST BRAND
ELECTRICAL TOOLS IN THE INDUSTRY AT THE BEST PRICES. THIS WAY YOU
CAN GET TO WORK AND GET THE JOB DONE CORRECTLY. THE FIRST STEP IN
DETERMINING THE ELECTRICAL TOOLS YOU WILL NEED IS TO DETERMINE
WHAT TASK NEEDS TO BE COMPLETED. NOT EVERY JOB WILL REQUIRE
SPECIALTY TOOLS BUT USING THE RIGHT TOOL FOR THE JOB WILL MAKE ALL
THE DIFFERENCE. TAKE A LOOK BELOW TO FIND OUT THE BASIC TYPES OF
ELECTRICAL TOOLS WE CARRY AND LEARN MORE ABOUT TOOLS EVERY
ELECTRICIAN SHOULD HAVE.

TYPES OF DIFFERENT ELECTRICAL TOOLS:-

HAMMER




A HAMMER IS USED TO SECURE ELECTRICAL BOXES EQUIPPED WITH
NAIL-ON BRACKETS TO WALL STUDS AND OTHER FRAMING MEMBERS
IN A HOME.

UTILITY KNIFE

A UTILITY KNIFE, OR BOX CUTTER, IS HANDY FOR CUTTING
SHEATHING FROM NON-METALLIC CABLE, TO CUT OFF ELECTRICAL
TAPE, AND TO OPEN CARDBOARD BOXES.

SCREWDRIVERS

ELECTRICIANS KEEP SCREWDRIVERS WITH THEM AT ALL TIMES, FOR
REMOVING AND INSTALLING COVER PLATES, OUTLETS, SWITCHES,
AND MANY OTHER DEVICES.




SCREWDRIVERS WITH INSULATING RUBBER JACKETS COVERING THE
HANDLES ARE DESIGNED FOR BETTER SAFETY WHEN DOING
ELECTRICAL WORK.

LINESMAN PLIERS

A PAIR OF LINESMAN PLIERS IS AN ELECTRICIAN'S DO-IT-ALL TOOL. IT
HAS A SQUARED-OFF END THAT IS GREAT FOR TWISTING WIRES
TOGETHER, A CENTER CUTTING BLADE FOR TRIMMING WIRE, AND A
GRIP AREA BETWEEN THE HANDLES FOR PULLING WIRE.
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NON-CONTACT VOLTAGE TESTER

PERHAPS THE MOST IMPORTANT SPECIALTY ELECTRICAL TOOL YOU
CAN OWN IS A VOLTAGE TESTER. A VOLTAGE TESTER IS USED FOR A
QUICK SAFETY CHECK TO MAKE SURE THERE'S NO VOLTAGE IN AN
ELECTRICAL WIRE OR DEVICE BEFORE YOU START WORKING ON IT.
NON-CONTACT VOLTAGE TESTERS, POWERED BY BATTERIES, ARE THE
SIMPLEST AND SAFEST TYPES OF TESTERS BECAUSE THEY CAN DETECT
ELECTRICITY JUST BY BEING NEAR AN OUTLET SLOT OR WIRE.




ELECTRICAL MATERIAL:-

ELECTRICAL MATERIALS ARE USED FOR THE ELECTRICAL INSTALLATIONS 48,
IN CASE OF House WIRING OR BUILDING WIRING ELECTRICAL
MATERIALS ARE USED. WE CAN’T DO THE ELECTRICAL 9
INSTALLATIONS WITHOUT USING ELECTRICAL MATERIALS.

What is the purpose of electrical material

THE ELECTRICAL 5 MATERIALS HAVE MANY PURPOSES, THEY CAN BE USED
TO CONTROL THE CURRENT FLOW IN AN ELECTRIC CIRCUIT. THERE ARE
CERTAIN ELECTRICAL MATERIALS 15 LIKE CIRCUIT BREAKER 8 AND FUSES
WHICH CAN BE USED TO PROTECT THE ELECTRICAL APPLIANCES AND DEVICES
AND IT CAN PREVENT FIRE HAZARDS AND DAMAGE. ELECTRICAL MATERIAL
SUCH AS INSULATORS CAN PREVENT USERS FROM GETTING ELECTRIC SHOCKS
WHILE OPERATING ELECTRICAL APPLIANCES OR INSTRUMENTS. ELECTRICAL
MATERIALS SUCH AS CURRENT-CARRYING WIRES 2 OR CONDUCTORS ARE

USED TO TRANSFER THE CURRENT FROM SOURCE TO THE LOAD.
What are the most commonly used electrical materials?

CONVENIENCE OUTLET

THIS ELECTRIC MATERIAL ACTS AS A CONVENIENT SOURCE OF ELECTRIC
ENERGY FOR ELECTRICAL APPLIANCES WHICH REQUIRES ELECTRICITY TO




WORK. THE MALE PLUG OF THE APPLIANCES IS CONNECTED TO THIS
MATERIAL. IT COULD BE SIMPLEX, DUPLEX, OR MULTIPLEX IT MAY BE
SURFACE OR FLUSH TYPE.

MALE PLUG

THE MALE PLUG IS A DEVICE THAT IS USED TO CONNECT THE ELECTRICAL
APPLIANCE TO THE CONVENIENCE OUTLET. THE CONVENIENCE OUTLET WILL
ACT AS A SOURCE OF ELECTRICAL ENERGY AND THE MALE PLUG IS ATTACHED
TO A FLAT CORD. ONE END OF THE CORD IS CONNECTED TO THE MALE PLUG
AND THE OTHER END IS CONNECTED TO THE APPLIANCE.

hutterstock com « S45668931

LAMP HOLDERS

LAMP HOLDERS ARE A DEVICE THAT IS USED TO HOLD THE LAMP THEY ARE
ALSO CALLED LAMP SOCKETS AND RECEPTACLES. THESE LAMP HOLDERS ARE

IN ANY SIZE AND IN MANY DESIGNS.
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SWITCHES

SWITCHES ARE USED TO CONTROL THE FLOW OF ELECTRIC CURRENT IN A
CIRCUIT THEY ARE USED TO CONNECT AND DISCONNECT THE FLOW OF
ELECTRIC CURRENT IN A CIRCUIT. SWITCHES ARE IN MANY SHAPES AND

SIZES.

FUSES

A FUSE CAN BE CONSIDERED AS A CIRCUIT PROTECTION DEVICE THAT
AUTOMATICALLY BLOWS AND CUTS THE CURRENT WHEN A SHORT CIRCUIT
HAPPENS. SO IF THERE IS AN OVERVOLTAGE THE SWITCH WILL CUT THE
CURRENT AND PROTECTS THE DEVICE.




CIRCUIT BREAKER

A CIRCUIT BREAKER IS ALSO A PROTECTIVE DEVICE THAT WILL PROTECT THE
APPLIANCES FROM OVER-VOLTAGES. THE CIRCUIT BREAKER WILL
AUTOMATICALLY BLOW AND CUTS WHEN SHORT CIRCUIT OR OVERVOLTAGE
OCCURS.

JUNCTION BOX

JUNCTION BOXES ARE ELECTRIC MATERIALS WHERE CONNECTIONS OR JOINTS
OF WIRES ARE DONE. JUNCTION BOXES ARE MOSTLY MADE OF METAL OR
PLASTICS.

UTILITY BOX




UTILITY BOXES ARE MADE UP OF METAL OR PLASTIC MATERIAL, UTILITY
BOXES ARE ATTACHED WITH THE FLUSH TYPE CONVENIENCE OUTLET AND
SWITCH.

IT IS A DUPLEX STRANDED WIRE WHICH IS USED FOR TEMPORARY WIRING
INSTALLATIONS AND THEY ARE COMMONLY USED IN EXTENSION CORD
ASSEMBLY.

shitterstock o - 1623902152

ELECTRICAL WIRE

ELECTRICAL WIRE IS A CONDUCTOR WHICH IS USED FOR THE TRANSFER OF
ELECTRICITY, THE ELECTRIC WIRE IS THE BASIC MATERIAL FOR ELECTRICAL
INSTALLATIONS. THE TRANSFER OF CURRENT FROM SOURCE TO LOAD IS




POSSIBLE WITH THE HELP OF AN ELECTRIC WIRE. STRANDED ELECTRIC WIRES
ARE MADE UP OF MULTIPLE STRANDS JOINED TOGETHER AND SOLID WIRE IS
MADE UP OF A SINGLE STRAND OF WIRE WHICH IS EITHER MADE UP OF
COPPER OR ALUMINUM. THESE ARE USED IN WIRING INSTALLATIONS.

ELECTRICAL ABBREVIATION:-

A Ampere

AAAC All Aluminum Alloy Conductor

AAC All Aluminum Conductor

AC Alternating Current or Auxiliary Carry
A/C Air Conditioning

ACB Air Circuit Breaker

ACCB Air Case Circuit Breaker

ACDB Alternating Current Distribution Board
ACSR Aluminum Conductor Steel Reinforced
ADC Analog to Digital Converter

AF Audio Frequence




AFC Automated Frequency Control or Available Fault Current
AFCI Arc Fault Circuit Interrupter

AGC Automatic Gain Control

AGMA American Gear Manufacturer’s Association
Ah Ampere-hour

AHU Air Handling Unit

AIC Ampere Interrupting Capacity

Al Aluminum

ALCI Appliance Leakage Current Interrupter
ALE Address Latch Enable

ALU Arithmetic Logic Unit

AMD Advanced Micro Device

ANSI American National Standards Institute
APFC Automatic Power Factor Control

ASI Asynchronous Serial Interface

ASCI American Standard Code For Information
Ask Amplitude Shift Keying

ASTA Association of Short-circuit Testing Authorities
ATC Automatic Temperature Control

ATS Automatic Transfer Switch

AVR Automatic Voltage Regulator

AWA

Aluminum wire Armour




AWG American Wire Gauge

B Electrical Susceptance or Base
BBUL Bumpless Build-Up Layer

BCD Binary Coded Decimal

BGA Ball Grid Array

BIL Breakdown Insulation Level

BJT Bipolar Junction Transistor
BLAC Brushless AC

BLDC Brushless DC

BMS Battery Management System
BPSK Binary Phase Shift Keying

BTB Branch Target Buffer

BTU British Thermal Units

C Capacitance or Capacitor or Collector or Celsius or Centigrade
CAD Computer-Aided Design

CATV Cable Television or Community Antennae Television
CB Circuit Breaker or Common Base
CBCU Circuit Breaker Control Unit
CBM Certified Ballast Manufacturer
CBR Constant Bitrate

CcC Common Collector

CCR

Central Control Room




CCTV Closed Circuit Television

CCcu Central Control Unit

CDA Common Drain Amplifier

cDIP Ceramic Dual In-Line Package
CcbDM Charged-Device Model

CDMA Code Division Multiple Access

CE Common Emitter or Chip Enable
CEGB Central Electricity Generating Board
CISC Complex Instruction Set Computer
CLF Current Limiting Fuse

CMOS Complementary Metal Oxide Semiconductor
Cont. Continuous Quantity

COR CU Corrugated Copper

Cos ¢ Power Factor

CPGA Ceramic Pin Grid Array

CPT Control Power Transformer

CPU Central Processing Unit

CRO Cathode Ray Oscilloscope

CRT Cathode Ray Tube

Cs Chip Select

CSA Cross-Sectional Area or Common Source Amplifier

Csli

Current Source Inverter




CcspP Chloro-Sulfonated Polyethylene
CsS Computerized Synchronising System
cT Current Transformer

Ccu Copper

CUWB Copper Wire Braid

dB Decibel

D Degree or Diode

DAC Digital to Analog Converter

DB Distribution Board

Db Decibel

DC Direct Current




EXPERIMENT-2

AIM-INTRODUCTION OF BASIC ELECTRICAL COMPOMENTS
AND SYMBOLS.

INTRODUCTION OF BASIC ELECTRICAL COMPOMENTS

AN ELECTRICAL COMPONENT IS A BASIC, DISCRETE DEVICE THAT IS OFTEN
CONNECTED WITH OTHERS, TO FULFIL THE REQUIREMENTS OF A CIRCUIT.

IN AN ELECTRICAL SYSTEM, SUCH AS THAT WHICH FORMS THE ELECTRICAL
INSTALLATION OF A BUILDING, ELECTRICAL COMPONENTS COMPRISE ITEMS
PROVIDED IN A MAINS CIRCUIT SUCH AS SWITCHING DEVICES, LIKE SWITCHES
AND ISOLATORS, PROTECTION DEVICES SUCH AS CIRCUIT BREAKERS AND
FUSES, AND WIRING CONNECTIONS.

BS 7671 (IET WIRING REGULATIONS) DOES NOT SPECIFICALLY RECOGNISE
OR MAKE USE OF THE WORD ‘COMPONENT’ IN THIS SENSE, PREFERRING
INSTEAD THE OFFICIAL TERM ELECTRICAL EQUIPMENT.

IT IS IN THE FIELD OF ELECTRONICS, AS OPPOSED TO BUILDINGS, WHERE THE
TERM 'ELECTRICAL COMPONENT’ IS MORE WIDELY USED.

IN AN ELECTRONIC CIRCUIT, VARIOUS COMPONENTS WILL BE ENCOUNTERED,
WHICH GENERALLY FALL UNDER ONE OF TWO CATEGORIES:

ACTIVE COMPONENTS — THESE WOULD COMPRISE TRANSISTORS,
INTEGRATED CIRCUITS (ICS), DIODES AND THERMIONIC VALVES.




PASSIVE COMPONENTS — THESE WOULD COMPRISE CAPACITORS,
RESISTORS AND INDUCTORS.

AS FAR AS BUILDINGS ARE CONCERNED, THESE COMPONENTS WOULD BE
FOUND WITHIN ELECTRICAL AND ELECTRONIC EQUIPMENT THAT ITSELF
WOULD FORM PART OF THE BUILDING’S ELECTRICAL SYSTEM.

BASIC ELECTRICALSYMBOLES:-

Wire Symbols

Electrical wire

_'_

Connected wires

Not Connected wires

Ground Symbols

1

EARTH GROUND

A




CHASSIS GROUND

&

DIGITAL/COMMON GROUND

INDUCTOR/COIL SYMBOLS

INDUCTOR

IRON CORE INDUCTOR

.

VARIABLE INDUCTOR

DEFINITION OF AN INDUCTOR: IT IS A DEVICE THAT TEMPORARILY STORES
ENERGY IN THE FORM OF A MAGNETIC FIELD.

LAMP/LIGHT BULB SYMBOLS

2~



https://www.electronicsforu.com/videos-slideshows/videos/inductor-basics

LAMP / LIGHT BULB

-

LAMP / LIGHT BULB

-

LAMP / LIGHT BULB

SWITCH AND RELAY SYMBOLS

SPST TOGGLE SWITCH

SPDT TOGGLE SWITCH

JUMPER

DIP SwiITcH




PUsHBUTTON SwWiITCH (N.C)

1

"~ PUSHBUTTON SwiTcH (N.O)
5 =
SPST RELAY/SPDT RELAY

DEFINITION OF A RELAY: IT CONTROLS CIRCUITS BY OPENING AND CLOSING
CONTACTS IN ANOTHER CIRCUIT. RELAYS SWITCHES ARE USED TO OPEN AND
CLOSE CIRCUITS ELECTROMECHANICALLY OR ELECTRONICALLY.

RESISTOR SYMBOLS

ResIsTOR (IEEE)/ REesisTOR (IEC)

B

PoTENTIOMETER (IEEE)/(IEC)
e

VARIABLE RESISTOR / RHEOSTAT (IEEE)/(IEC)

i ™

TRIMMER RESISTOR



https://electronicsforu.com/videos-slideshows/beginners-tutorial-resistors-work
https://electronicsforu.com/videos-slideshows/beginners-tutorial-resistors-work

o

THERMISTOR

=

PHOTORESISTOR / LIGHT-DEPENDENT RESISTOR (LDR

DEFINITION OF A RESISTOR: AS THE NAME SUGGESTS, THEY RESIST THE
FLOW OF EXCESSIVE ELECTRICAL POWER OR VOLTAGE PASSING THROUGH
THE CIRCUIT, IN A PRECISE AND CONTROLLED MANNER.

CAPACITOR SYMBOLS

—jf—

CAPACITOR

= —J—

POLARIZED CAPACITOR

—t

VARIABLE CAPACITOR

DEFINITION OF A CAPACITOR: IT IS A DEVICE THAT IS USED TO STORE
ELECTRICAL ENERGY IN AN ELECTRIC FIELD. IT IS A PASSIVE ELECTRONIC
COMPONENT.



https://www.electronicsb2b.com/important-sectors/components-fast-growing-sectors/why-capacitors-are-important-components-in-electronic-circuits/

ANTENNA SYMBOLS

[

ANTENNA / AERIAL

[ ANTENNA / AERIAL

T

DIPOLE ANTENNA

DEFINITION OF AN ANTENNA: IT IS AN ELECTRICAL DEVICE THAT CONVERTS
ELECTRIC POWER INTO RADIO WAVES AND VICE VERSA.

POWER SUPPLY SYMBOLS

—— —Q

VOLTAGE SOURCE/ CURRENT SOURCE
—if— —iliF—

BATTERY CELL/ BATTERY

B talaSe

CONTROLLED VOLTAGE SOURCE/CONTROLLED CURRENT SOURCE

ke O



https://electronicsforu.com/resources/learn-electronics/transmission-basics-beginners-guide-antenna-design/2

AC VOLTAGE SOURCE/GENERATOR
METER SYMBOLS

—- @~

VOLTMETER/AMMETER

~@— @
OHMMETER/WATTMETER
Diope/LED SYmMBOLS

e =

DIODE/ZENER DIODE

— 3 —F

TUNNEL DIODE/LIGHT EMITTING DIODE
—{f= ==

ScHOTTKY DIOoDE/VARICAP DIODE

5

PHOTODIODE



https://www.electronicsforu.com/videos-slideshows/videos/basics-light-emitting-diode-led

DEFINITION OF A LED: IT IS A SEMICONDUCTOR DEVICE THAT EMITS LIGHT
WHEN AN ELECTRIC CURRENT IS PASSED THROUGH IT.

TRANSISTOR SYMBOLS
NPN BiPOLAR TRANSISTOR/ PNP BIPOLAR TRANSISTOR

9 9

NMOS/PMOS TRANSISTOR

9 Y

JFET-N TRANSISTOR/ JFET-P TRANSISTOR

X

DARLINGTON TRANSISTOR

DEFINITION OF A TRANSISTOR: IT IS A SEMICONDUCTOR DEVICE USED TO
AMPLIFY OR SWITCH ELECTRONIC SIGNALS AND ELECTRICAL POWER.

MISCELLANEOUS SYMBOLS

@~ 3k



https://www.electronicsforu.com/videos-slideshows/videos/how-do-transistors-work-2

MoTOR/ TRANSFORMER

—t— =t

FUSE
S =

ELECTRIC BELL/BUZZER

o=

MICROPHONE / LOUDSPEAKER

> >

OP-AMP /SCHMITT TRIGGER

Bus

Bus
F

ANALOG-TO-DIGITAL CONVERTER (ADC)




1>

DIGITAL-TO-ANALOG CONVERTER (DAC)
OPTOCOUPLER

]

CRYSTAL OSCILLATOR

LoGICc GATE SYMBOLS

- =

AND /NAND GATE

Do e
XOR GATE / NOT GATE

o I e B

OR /NOR GATE
1

D FLIP FLOP /MULTIPLEXER(MUX) 2 T0 1




EXPERIMENT-3

AIM:-STUDY OF RESISTANCE MEASURMENT [COLOUR CODING]
AND CABLE IDENTIFICATION

Standard Resistor Values and Color

COMPONENTS AND WIRES ARE CODED WITH COLORS TO IDENTIFY THEIR
VALUE AND FUNCTION.




Color Digit Multiplier Tolerance (%)

Black 0 10:(1)
Brown 1 10: 1
Red 2 10: 2
Orange 3 10:
Yellow 4 10:
Green 5 10: 0.5
Blue 6 10¢ 0.25
Violet 7 10 0.1
Grey 8 10:
White 9 10
Gold 10- 5
Silver 10- 10

(none) 20




RESISTOR COLOR CODING USES COLORED BANDS TO QUICKLY IDENTIFY A
RESISTORS RESISTIVE VALUE AND ITS PERCENTAGE OF TOLERANCE WITH THE
PHYSICAL SIZE OF THE RESISTOR INDICATING ITS WATTAGE RATING.

GENERALLY, THE RESISTANCE VALUE, TOLERANCE, AND WATTAGE RATING
ARE PRINTED ON THE BODY OF A RESISTOR AS NUMBERS OR LETTERS WHEN
THE RESISTORS BODY IS BIG ENOUGH TO READ THE PRINT, SUCH AS LARGE
POWER RESISTORS.

BUT WHEN A RESISTOR IS SMALLER (EXAMPLEZ 1/4 WATT CARBON OR FILM
TYPE), THE PRINT IS TOO SMALL TO READ, SO THE SPECIFICATIONS MUST BE
SHOWN IN ANOTHER WAY.

THE COLORS BROWN, RED, GREEN, BLUE, AND VIOLET ARE USED AS
TOLERANCE CODES ON 5-BAND RESISTORS ONLY. ALL 5-BAND RESISTORS
USE A COLORED TOLERANCE BAND.

THE BLANK (20%) “BAND” IS ONLY USED WITH THE “4-BAND” CODE (3
COLORED BANDS + A BLANK “BAND”).

Digit Digit Multiplier Tolerance

~ | - __—

— I —

a-band code

Digit Digit Digit Multiplier Tolerance

~ \N /J 7 _—

—1IHHE B

S5-band code

Yellow-Violet-Orange-Gold Color Code




— —

A RESISTOR COLORED YELLOW-VIOLET-ORANGE-GOLD WOULD BE 47 KQ)
WITH A TOLERANCE OF +/- 5%.

Green-Red-Gold-Silver Color Code

—I

A RESISTOR COLORED GREEN-RED-GOLD-SILVER WOULD BE 5.2 QQ WITH A
TOLERANCE OF +/- 10%.

White-Violet-Black Color Code

—I —

A RESISTOR COLORED WHITE-VIOLET-BLACK WOULD BE 97 QQ WITH A
TOLERANCE OF +/- 20%. WHEN YOU SEE ONLY THREE COLOR BANDS ON A
RESISTOR, YOU KNOW THAT IT IS ACTUALLY A 4-BAND CODE WITH A BLANK
(20%) TOLERANCE BAND.

Orange-Orange-Black-Brown-Violet Color Code

—{IIII—

A RESISTOR COLORED ORANGE-ORANGE-BLACK-BROWN-VIOLET WOULD BE
3.3 KQ WITH A TOLERANCE OF +/- 0.1%.




Brown-Green-Grey-Silver-Red Color Code

—I I

A RESISTOR COLORED BROWN-GREEN-GREY-SILVER-RED WOULD BE 1.58
Q WITH A TOLERANCE OF +/- 2%.

Blue-Brown-Green-Silver-Blue Color Code

—IILI—

A RESISTOR COLORED BLUE-BROWN-GREEN-SILVER-BLUE WOULD BE 6.15
Q WITH A TOLERANCE OF +/- 0.25%.

Preferred Values or E-series

TO MAKE MASS MANUFACTURING OF RESISTORS EASIER, THE |IEC
(INTERNATIONAL ELECTROTECHNICAL COMMISION) DEFINED TOLERANCE
AND RESISTANCE VALUES FOR RESISTORS IN 1952.

THESE ARE REFERRED TO AS PREFERRED VALUES OR E-SERIES, PUBLISHED IN
STANDARD IEC 60063:1963. CAPACTORS, ZENER DIODES, AND
INDUCTORS ALSO USE THESE STANDARDS.

THE PURPOSE OF THIS WAS SO THAT WHEN COMPANIES PRODUCE
RESISTORS WITH DIFFERENT VALUES OF RESISTANCE, THEY WOULD EQUALLY
SPACE ON A LOGARITHMIC SCALE.




THIS HELPS THE SUPPLIER WITH STOCKING DIFFERENT VALUES. RESISTORS
PRODUCED BY DIFFERENT MANUFACTURERS ARE COMPATIBLE FOR THE SAME
DESIGNS BECAUSE OF THE USE OF STANDARD VALUES.

Standard Resistor Value Series and Tolerances

THE STANDARD E3, E6, E12, E24, E48 AND E96 RESISTOR VALUES ARE
LISTED BELOW.

E Seri es Tolerance | # of Values
(SIG FIGS) in Each Decade
E3 36%* ]
E6 20% 6
E12 10% 12
E24 59 24
E48 29, 48
E96 1% 96

E192 0.5%, 0.25% and higher tolerances

*The calculated tolerance for this series is 36.60%, While the standard only
specifies a
tolerance greater than 20%, other sources indicate 40% or 50%.




E3 Standard Resistor Series

THESE ARE THE MOST WIDELY USED RESISTOR SERIES IN THE ELECTRONICS
INDUSTRY AND ARE USEFUL FOR RESISTOR VALUES THAT ARE NOT CRITICAL.

THE NUMBER OF DIFFERENT COMPONENTS IN ANY ELECTRONIC CIRCUIT
DESIGN CAN BE REDUCED BY KEEPING TO THIS SERIES.

1 2.2 4.7

EG6 Standard Resistor Series

THE E6 SERIES OF RESISTORS ARE ALSO WIDELY USED IN THE ELECTRONICS
INDUSTRY BECAUSE OF THEIR WIDER RANGE OF COMMON RESISTOR
VALUES.

3.3 4.7 6.8

E12 Standard Resistor Series

1.8 2.2 2.7

3.3 3.9 4.7




5.6 6.8

E24 Standard Resistor Series

8.2

THOUGH, RESISTORS IN RANGES UP TO E24 ARE AVAILABLE, IT HELPS IN ANY
DESIGN TO FOCUS ON USING AS SMALL A NUMBER OF RESISTOR VALUES AS

POSSIBLE.

THIS WILL REDUCE THE NUMBER OF COMPONENTS IN A DESIGN AND THIS
WILL HELP REDUCE COSTS WHEN CONSIDERING LARGE-SCALE PRODUCTION.

1 1.1
1.3 1.5
1.8 2
2.4 2.7
3.3 3.6
4.3 4.7
5.6 6.2
7.5 8.2

E48 Standard Resistor Series

1.2

1.6

2.2

3

3.9

5.1

6.8

9.1




1.15

1.33

1.54

1.78

2.05

2.37

2.74

3.16

3.65

4.22

4.87

5.62

6.49

7.5

8.66

1.05

1.21

1.4

1.62

1.87

2.15

2.49

2.87

3.32

3.83

4.42

5.11

5.9

6.81

7.87

9.09

1.1

1.27

1.47

1.69

1.96

2.26

2.61

3.01

3.48

4.02

4.64

5.36

6.19

7.15

8.25

9.53




E96 Resistor Series and Beyond

THE E96 AND E192 SERIES OF STANDARD RESISTOR VALUES DO EXIST, BUT
THEY ARE NOT USED AS MUCH AS THE SERIES MENTION PREVIOUSLY.

THEIR TOLERANCE IS EITHER 0.5 OR 0.25% WHICH CAN INCREASE COSTS
ALONG WITH A MUCH HIGHER NUMBER OF RESISTORS IN RANGE.

STUDY OF CABLE IDENTIFICATION :-

CABLE AND WIRE IDENTIFICATION REFERS TO THE MARKERS OR LABELS THAT
ARE TYPICALLY AFFIXED TO A CABLE OR WIRE FOR IDENTIFICATION

PURPOSES. THESE MARKERS PROVIDE A QUICK AND EASY WAY TO IDENTIFY A
CABLE OR WIRE AND CAN BE PLACED IN A LOCATION THAT IS EASY TO READ,
EVEN IN HARD-TO-REACH AREAS

UNDERSTANDING ELECTRICAL CABLE:- AN ELECTRICAL CABLE ALSO HAS
DIFFERENT TYPES, COLOR AND APPLICATION AS ITS DETERMINING FACTORS.
HERE’S A BRIEF ABOUT CABLES THAT YOU NEED TO UNDERSTAND TO
DETERMINE THE CORRECT CABLE FOR YOUR HOME.

. TYPES OF ELECTRICAL CABLES :-

THERE ARE MORE THAN 20 DIFFERENT TYPES OF CABLES AVAILABLE TODAY,
DESIGNED FOR APPLICATIONS RANGING FROM TRANSMISSION TO HEAVY
INDUSTRIAL USE. SOME OF THE MOST COMMONLY-USED ONES INCLUDE:

1. NON-METALLIC SHEATHED CABLE : THESE CABLES ARE ALSO KNOWN
AS NON-METALLIC BUILDING WIRE OR NM CABLES. THEY FEATURE A
FLEXIBLE PLASTIC JACKET WITH TWO TO FOUR WIRES (TECK CABLES ARE




COVERED WITH THERMOPLASTIC INSULATION) AND A BARE WIRE FOR
GROUNDING. SPECIAL VARIETIES OF THIS CABLE ARE USED FOR
UNDERGROUND OR OUTDOOR USE, BUT NM-B AND NM-C NON-METALLIC
SHEATHED CABLES ARE THE MOST COMMON FORM OF INDOOR RESIDENTIAL
CABLING

. UNDERGROUND FEEDER CABLE : THESE CABLES ARE QUITE SIMILAR TO NM
CABLES, BUT INSTEAD OF EACH WIRE BEING INDIVIDUALLY WRAPPED IN
THERMOPLASTIC, WIRES ARE GROUPED TOGETHER AND EMBEDDED IN THE
FLEXIBLE MATERIAL. AVAILABLE IN A VARIETY OF GAUGE SIZES, UF CABLES
ARE OFTEN USED FOR OUTDOOR LIGHTING AND IN-GROUND APPLICATIONS.
THEIR HIGH WATER-RESISTANCE MAKES THEM IDEAL FOR DAMP AREAS LIKE
GARDENS AS WELL AS OPEN-TO-AIR LAMPS, PUMPS, ETC.

. METALLIC SHEATHED CABLE : ALSO KNOWN AS ARMORED OR BX CABLES,
METAL-SHEATHED CABLES ARE OFTEN USED TO SUPPLY MAINS ELECTRICITY
OR FOR LARGE APPLIANCES. THEY FEATURE THREE PLAIN STRANDED COPPER
WIRES (ONE WIRE FOR THE CURRENT, ONE GROUNDING WIRE AND ONE
NEUTRAL WIRE) THAT ARE INSULATED WITH CROSS-LINKED POLYETHYLENE,
PVC BEDDING AND A BLACK PVC SHEATHING. BX CABLES WITH STEEL WIRE
SHEATHING ARE OFTEN USED FOR OUTDOOR APPLICATIONS AND HIGH-
STRESS INSTALLATIONS.

. MULTI-CONDUCTOR CABLE : THIS IS A CABLE TYPE THAT IS COMMONLY USED IN
HOMES, SINCE IT IS SIMPLE TO USE AND WELL-INSULATED. MULTI-
CONDUCTOR OR MULTI-CORE (MC) CABLES FEATURE MORE THAN ONE
CONDUCTOR, EACH OF WHICH IS INSULATED INDIVIDUALLY. IN ADDITION, AN
OUTER INSULATION LAYER IS ADDED FOR EXTRA SECURITY. DIFFERENT
VARIETIES ARE USED IN INDUSTRIES, LIKE THE AUDIO MULTICORE ‘SNAKE
CABLE’ USED IN THE MUSIC INDUSTRY.

. COAXIAL CABLE : A COAXIAL (SOMETIMES HELIAX) CABLE FEATURES A
TUBULAR INSULATING LAYER THAT PROTECTS AN INNER CONDUCTOR WHICH




IS FURTHER SURROUNDED BY A TUBULAR CONDUCTING SHIELD, AND MIGHT
ALSO FEATURE AN OUTER SHEATH FOR EXTRA INSULATION. CALLED
‘COAXIAL" SINCE THE TWO INNER SHIELDS SHARE THE SAME GEOMETRIC
AXIS, THESE CABLES ARE NORMALLY USED FOR CARRYING TELEVISION
SIGNALS AND CONNECTING VIDEO EQUIPMENT

. UNSHIELDED TWISTED PAIR CABLE : LIKE THE NAME SUGGESTS, THIS TYPE
CONSISTS OF TWO WIRES THAT ARE TWISTED TOGETHER. THE INDIVIDUAL
WIRES ARE NOT INSULATED, WHICH MAKES THIS CABLE PERFECT FOR SIGNAL
TRANSMISSION AND VIDEO APPLICATIONS. SINCE THEY ARE MORE
AFFORDABLE THAN COAXIAL OR OPTICAL FIBER CABLES, UTP CABLES ARE
OFTEN USED IN TELEPHONES, SECURITY CAMERAS AND DATA NETWORKS.
FOR INDOOR USE, UTP CABLES WITH COPPER WIRES OR SOLID COPPER
CORES ARE A POPULAR CHOICE, SINCE THEY ARE FLEXIBLE AND CAN BE
EASILY BENT FOR IN-WALL INSTALLATION.

. RIBBON CABLE : RIBBON CABLES ARE OFTEN USED IN COMPUTERS AND
PERIPHERALS, WITH VARIOUS CONDUCTING WIRES THAT RUN PARALLEL TO
EACH OTHER ON A FLAT PLANE, LEADING TO A VISUAL RESEMBLANCE TO
FLAT RIBBONS. THESE CABLES ARE QUITE FLEXIBLE AND CAN ONLY HANDLE
LOW VOLTAGE APPLICATIONS.

. DIRECT-BURIED CABLE : ALSO KNOWN AS DBCS, THESE CABLES ARE
SPECIALLY-DESIGNED COAXIAL OR BUNDLED FIBER-OPTIC CABLES, WHICH DO
NOT REQUIRE ANY ADDED SHEATHING, INSULATION OR PIPING BEFORE BEING
BURIED UNDERGROUND. THEY FEATURE A HEAVY METAL CORE WITH MANY
LAYERS OF BANDED METAL SHEATHING, HEAVY RUBBER COVERINGS, SHOCK-
ABSORBING GEL AND WATERPROOF WRAPPED THREAD-FORTIFIED TAPE.
HIGH TOLERANCE TO TEMPERATURE CHANGES, MOISTURE AND OTHER
ENVIRONMENTAL FACTORS MAKES THEM A POPULAR CHOICE FOR
TRANSMISSION OR COMMUNICATION REQUIREMENTS.




9. TWIN-LEAD CABLE : THESE ARE FLAT TWO-WIRE CABLES THAT ARE USED
FOR TRANSMISSION BETWEEN AN ANTENNA AND RECEIVER, LIKE TV AND
RADIO.

10. TWINAXIAL CABLE : THIS IS A VARIANT OF COAXIAL CABLES, WHICH
FEATURES TWO INNER CONDUCTORS INSTEAD OF ONE AND IS USED FOR
VERY-SHORT-RANGE HIGH-SPEED SIGNALS.

11. PAIRED CABLE : WITH TWO INDIVIDUALLY INSULATED CONDUCTORS,
THIS CABLE IS NORMALLY USED IN DC OR LOW-FREQUENCY AC
APPLICATIONS.

12. TWISTED PAIR : THIS CABLE IS SIMILAR TO PAIRED CABLES, BUT THE
INNER INSULATED WIRES ARE TWISTED OR INTERTWINED.

2. CABLE CoLOR CODE

COLOR CODING OF CABLE INSULATION IS DONE TO DETERMINE ACTIVE,
NEUTRAL AND EARTH CONDUCTORS. THE NEC HAS NOT PRESCRIBED ANY
COLOR FOR PHASE/ACTIVE CONDUCTORS. DIFFERENT COUNTRIES/REGIONS
HAVE DIFFERENT CABLE COLOR CODING, AND IT IS ESSENTIAL TO KNOW
WHAT IS APPLICABLE IN YOUR REGION. HOWEVER, ACTIVE CONDUCTORS
CANNOT BE GREEN/YELLOW, GREEN, YELLOW, LIGHT BLUE OR BLACK..

CABLE SIZE IS THE GAUGE OF INDIVIDUAL WIRES WITHIN THE CABLE, SUCH
AS 14, 12, 10 ETC. — AGAIN, THE BIGGER THE NUMBER, THE SMALLER THE
SIZE. THE NUMBER OF WIRES FOLLOWS THE WIRE-GAUGE ON A CABLE. SO,
10/3 WOULD INDICATE THE PRESENCE OF 3 WIRES OF 10-GAUGE WITHIN
THE CABLE. GROUND WIRE, IF PRESENT, IS NOT INDICATED BY THIS NUMBER,
AND IS REPRESENTED BY THE LETTER ‘G’. SAFETY IS VERY IMPORTANT, AND
IF YOUR INSTALLATION OF WIRES AND CABLES IS NOT PROPER, IT COULD




LEAD TO ACCIDENTS. BEFORE YOU START ANY ELECTRICAL PROJECT THAT
INCLUDES WIRING AND CABLING, YOU NEED TO OBTAIN PERMISSION FROM
YOUR LOCAL BUILDING INSPECTOR. ONCE THE JOB IS DONE, GET THE
INSTALLATION INSPECTED FOR COMPLIANCE WITH LOCAL CODES AND
REGULATIONS.

AN ELECTRICAL CABLE IS AN ASSEMBLY OF ONE OR MORE WIRES RUNNING
SIDE BY SIDE OR BUNDLED, WHICH IS USED TO CARRY ELECTRIC CURRENT.A
CABLE ASSEMBLY IS THE COMPOSITION OF ONE OR MORE ELECTRICAL CABLES
AND THEIR CORRESPONDING CONNECTORS.[1] A CABLE ASSEMBLY IS NOT
NECESSARILY SUITABLE FOR CONNECTING TWO DEVICES BUT CAN BE A
PARTIAL PRODUCT (E.G. TO BE SOLDERED ONTO A PRINTED CIRCUIT BOARD
WITH A CONNECTOR MOUNTED TO THE HOUSING). CABLE ASSEMBLIES CAN
ALSO TAKE THE FORM OF A CABLE TREE OR CABLE HARNESS, USED TO
CONNECT MANY TERMINALS TOGETHER. ELECTRICAL CABLES ARE USED TO
CONNECT TWO OR MORE DEVICES, ENABLING THE TRANSFER OF ELECTRICAL
SIGNALS OR POWER FROM ONE DEVICE TO THE OTHER. CABLES ARE USED
FOR A WIDE RANGE OF PURPOSES, AND EACH MUST BE TAILORED FOR THAT
PURPOSE. CABLES ARE USED EXTENSIVELY IN ELECTRONIC DEVICES FOR
POWER AND SIGNAL CIRCUITS. LONG-DISTANCE COMMUNICATION TAKES
PLACE OVER UNDERSEA CABLES. POWER CABLES ARE USED FOR BULK
TRANSMISSION OF ALTERNATING AND DIRECT CURRENT POWER, ESPECIALLY
USING HIGH-VOLTAGE CABLE. ELECTRICAL CABLES ARE EXTENSIVELY USED IN
BUILDING WIRING FOR LIGHTING, POWER AND CONTROL CIRCUITS
PERMANENTLY INSTALLED IN BUILDINGS. SINCE ALL THE CIRCUIT
CONDUCTORS REQUIRED CAN BE INSTALLED IN A CABLE AT ONE TIME,
INSTALLATION LABOR IS SAVED COMPARED TO CERTAIN OTHER WIRING
METHODS.




EXPERIMENT-4

AIM:-VOLTAGE CURRENT MEASUREMENT USING [l]
VOLTMETER AND AMMETER [lI] MULTIMETER

MULTIMETER

A MULTIMETER IS A MEASURING INSTRUMENT THAT WE WILL USE
FREQUENTLY THROUGHOUT ELECTRICAL EXPERIMENTS. SO IT IS BETTER TO
LEARN HOW TO USE A MULTIMETER. A MULTIMETER IS AN ELECTRONIC
INSTRUMENT, EVERY ELECTRONIC TECHNICIAN AND ENGINEERS WIDELY USED
PIECE OF TEST EQUIPMENT. A MULTIMETER IS MAINLY USED TO MEASURE
THE THREE BASIC ELECTRICAL CHARACTERISTICS OF VOLTAGE, CURRENT, AND
RESISTANCE. |IT CAN ALSO BE USED TO TEST CONTINUITY BETWEEN TWO
POINTS IN AN ELECTRICAL CIRCUIT. THIS POST MAINLY INTRODUCES THE
BASIC INFORMATION OF MULTIMETERS, APPLICATIONS, AND TYPES OF
MULTIMETERS ARE IN. LET’S SEE ALL OF THESE.THE MULTIMETER HAS MULTI
FUNCTIONALITIES LIKE, IT ACTS LIKE AMMETER, VOLTMETER, AND
OHMMETER. IT IS A HANDHELD DEVICE WITH POSITIVE AND NEGATIVE
INDICATOR NEEDLE OVER A NUMERIC LCD DIGITAL DISPLAY. MULTIMETERS
CAN BE USED FOR TESTING BATTERIES, HOUSEHOLD WIRING, ELECTRIC
MOTORS, AND POWER SUPPLIES.




APPLICATIONS:

THE APPLICATIONS OF AMMETER MAINLY INVOLVE IN VARIOUS ELECTRICAL
AND ELECTRONIC PROJECTS FOR COMPONENTS TESTING AND ALSO USED IN
DIFFERENT MEASUREMENT APPLICATIONS IN THE MULTIMETER.

1 TEMPERATURE AND ENVIRONMENTAL APPLICATIONS:- ® LOW-COST
WEATHER STATION ® DMM INTERNAL TEMPERATURE

2 VOLTAGE MEASUREMENTS:- ® HIGH AND LOW-VALUE DC
MEASUREMENT ® PEAK TO PEAK AND DC AVERAGE MEASUREMENT

3 CURRENT MEASUREMENTS ® DC MEASUREMENT® TRUE RMS AC

4 RESISTANCE MEASUREMENT® MICRO OHMMETER® MEASURING
RESISTANCE WITH CONSTANT VOLTAGE® MEASURING RESISTANCE WITH
CONSTANT CURRENT

5 TIME AND FREQUENCY MEASUREMENT® FAST FREQUENCY® TIME
MEASUREMENT

TYPES OF MULTIMETERS:
THERE ARE DIFFERENT TYPES OF MULTIMETERS LIKE ANALOG, DIGITAL, AND
FLUKE MULTIMETERS.

DIGITAL MULTIMETER:




WE MOSTLY USED MULTIMETER IS A DIGITAL MULTIMETER (DMM). THE
DMM PERFORMS ALL FUNCTIONSFROM AC TO DC OTHER THAN ANALOG.
IT HAS TWO PROBES POSITIVE AND NEGATIVE INDICATED WITHBLACK AND
RED COLOR IS SHOWN IN THE FIGURE. THE BLACK PROBE CONNECTED TO
COM JACK AND RED PROBE CONNECTED BY USER REQUIREMENT TO
MEASURE OHM, VOLT, OR AMPERES. THE JACK MARKED V() AND THE COM
JACK ON THE RIGHT OF THE PICTURE ARE USED FOR MEASURING
VOLTAGES,RESISTANCE, AND FOR TESTING A DIODE. THE TWO JACKS ARE
UTILIZED WHEN AN LCD THAT SHOWS WHAT IS BEING MEASURED (VOLTS,
OHMS, AMPS, ETC.). OVERLOAD PROTECTION PREVENTS DAMAGE TOTHE
METER AND THE CIRCUIT AND PROTECTS THE USER.

Display

Buttons

Dial (or rotary switch)

Input jacks

THE DIGITAL MULTIMETER CONSISTS OF AN LCD, A KNOB TO SELECT
VARIOUS RANGES OF THE THREE ELECTRICAL CHARACTERISTICS, AN INTERNAL
CIRCUITRY CONSISTING OF A SIGNAL CONDITIONING CIRCUITRY, AN ANALOG
TO DIGITAL CONVERTER. THE PCB CONSISTS OF CONCENTRIC RINGS WHICH
ARE CONNECTED OR DISCONNECTED BASED ON THE POSITION OF THE KNOB.
THUS AS THE REQUIRED PARAMETER AND THE RANGE ARE SELECTED, THE
SECTION OF THE PCB IS ACTIVATED TO PERFORM THE CORRESPONDING
MEASUREMENT. TO MEASURE THE RESISTANCE, CURRENT FLOWS FROM A
CONSTANT CURRENT SOURCE THROUGH THE UNKNOWN RESISTOR AND THE




VOLTAGE ACROSS THE RESISTOR ARE AMPLIFIED AND FED TO AN ANALOG TO
DIGITAL CONVERTER AND THE RESULTANT OUTPUT IN FORM OF RESISTANCE
IS DISPLAYED ON THE DIGITAL DISPLAY. TO MEASURE AN UNKNOWN AC
VOLTAGE, THE VOLTAGE IS FIRST ATTENUATED TO GET THE SUITABLE RANGE
AND THEN RECTIFIED TO DC SIGNAL AND THE ANALOG DC SIGNAL IS FED TO
A/D CONVERTER TO GET THE DISPLAY, WHICH INDICATES THE RMS VALUE
OF THE AC SIGNAL. SIMILARLY TO MEASURE AN AC OR DC, THE UNKNOWN
INPUT IS FIRST CONVERTED TO A VOLTAGE SIGNAL AND THEN FED TO AN
ANALOG TO DIGITAL CONVERTER TO GET THE DESIRED OUTPUT(WITH
RECTIFICATION IN CASE OF AC SIGNAL).

ADVANTAGES OF A DIGITAL MULTIMETER ARE ITS OUTPUT
DISPLAY WHICH DIRECTLY SHOWS THE MEASURED VALUE, HIGH
ACCURACY, ABILITY TO READ BOTH POSITIVE AND NEGATIVE
VALUES.

ANALOG MULTIMETER: THE ANALOG MULTIMETER OR VOM (VoOLT-
OHM-MILLIAMMETER) IS CONSTRUCTED USING A MOVING COIL METER AND
A POINTER TO INDICATE THE READING ON THE SCALE. THE MOVING COIL
METER CONSISTS OF A COIL WOUND AROUND A DRUM PLACED BETWEEN
TWO PERMANENT MAGNETS. AS CURRENT PASSES THROUGH THE COIL, THE
MAGNETIC FIELD IS INDUCED IN THE COIL WHICH REACTS WITH THE
MAGNETIC FIELD OF THE PERMANENT MAGNETS AND THE RESULTANT FORCE
CAUSES THE POINTER ATTACHED TO THE DRUM TO DEFLECT ON THE SCALE,
INDICATING THE CURRENT READING. IT ALSO CONSISTS OF SPRINGS
ATTACHED TO THE DRUM WHICH PROVIDES AN OPPOSING FORCE TO THE
MOTION OF THE DRUM TO CONTROL THE DEFLECTION OF THE POINTER. FOR
THE MEASUREMENT OF DC, THE D ARSONVAL MOVEMENT DESCRIBED
ABOVE CAN BE DIRECTLY USED. HOWEVER, THE CURRENT TO BE MEASURED




SHOULD BE LESSER THAN THE FULL-SCALE DEFLECTION CURRENT OF THE
METER. FOR HIGHER CURRENTS, THE CURRENT DIVIDER RULE IS APPLIED.
USING DIFFERENT VALUES OF SHUNT RESISTORS, THE METER CAN ALSO BE
USED FOR MULTI-RANGE CURRENT MEASUREMENTS. FOR CURRENT
MEASUREMENT, THE INSTRUMENT IS TO BE CONNECTED IN SERIES WITH THE
UNKNOWN CURRENT SOURCE. FOR MEASUREMENT OF DC VOLTAGE, A
RESISTOR IS CONNECTED IN SERIES WITH THE METER, AND THE METER
RESISTANCE IS TAKEN INTO ACCOUNT SUCH THAT THE CURRENT PASSING
THROUGH THE RESISTOR IS THE SAME AS THE CURRENT PASSING THROUGH
THE METER AND THE WHOLE READING INDICATES THE VOLTAGE READING.
FOR VOLTAGE MEASUREMENT, THE INSTRUMENT IS TO BE CONNECTED IN
PARALLEL WITH THE UNKNOWN VOLTAGE SOURCE. FOR MULTIRANGE
MEASUREMENT, DIFFERENT RESISTORS OF DIFFERENT VALUES CAN BE USED,
WHICH ARE CONNECTED IN SERIES WITH THE METER.

FOR MEASUREMENT OF DC VOLTAGE, A RESISTOR IS CONNECTED IN SERIES
WITH THE METER, AND THE METER RESISTANCE IS TAKEN INTO ACCOUNT
SUCH THAT THE CURRENT PASSING THROUGH THE RESISTOR IS THE SAME AS
THE CURRENT PASSING THROUGH THE METER AND THE WHOLE READING
INDICATES THE VOLTAGE READING. FOR VOLTAGE MEASUREMENT, THE
INSTRUMENT IS TO BE CONNECTED IN PARALLEL WITH THE UNKNOWN
VOLTAGE SOURCE. FOR MULTIRANGE MEASUREMENT, DIFFERENT RESISTORS
OF DIFFERENT VALUES CAN BE USED, WHICH ARE CONNECTED IN SERIES




WITH THE METER. FOR MEASUREMENT OF RESISTANCE, THE UNKNOWN
RESISTANCE IS CONNECTED IN SERIES WITH THE METER AND ACROSS A
BATTERY, SUCH THAT THE CURRENT PASSING THROUGH THE METER IS
DIRECTLY PROPORTIONAL TO THE UNKNOWN RESISTANCE. FOR AC VOLTAGE
OR CURRENT MEASUREMENT, THE SAME PRINCIPLE IS APPLIED, EXCEPT FOR
THE FACT THAT THE AC PARAMETER TO BE MEASURED IS FIRST RECTIFIED
AND FILTERED TO GET THE DC PARAMETER AND THE METER INDICATES THE
RMS VALUE OF THE AC SIGNAL.

ANALOG MULTIMETER ADVANTAGES OF AN ANALOG
MULTIMETER ARE THAT IT IS INEXPENSIVE, DOESN’T REQUIRE A
BATTERY, CAN MEASURE FLUCTUATIONS IN THE READINGS. THE
TWO MAIN FACTORS AFFECTING THE MEASUREMENT ARE
SENSITIVITY AND ACCURACY. SENSITIVITY REFERS TO THE
RECIPROCAL OF THE FULL-SCALE DEFLECTION CURRENT AND IS
MEASURED IN OHMS PER VOLT

VOLTMETER AND AMMETER :-

VOLTMETERS AND AMMETERS MEASURE THE VOLTAGE AND
CURRENT, RESPECTIVELY, OF A CIRCUIT. SOME METERS IN
AUTOMOBILE DASHBOARDS, DIGITAL CAMERAS, CELL PHONES, AND
TUNER-AMPLIFIERS ARE VOLTMETERS OR AMMETERS.

VOLTMETERS:- A VOLTMETER IS AN INSTRUMENT THAT MEASURES THE
DIFFERENCE IN ELECTRICAL POTENTIAL BETWEEN TWO POINTS IN AN
ELECTRIC CIRCUIT. AN ANALOG VOLTMETER MOVES A POINTER ACROSS A
SCALE IN PROPORTION TO THE CIRCUIT’S VOLTAGE; A DIGITAL VOLTMETER
PROVIDES A NUMERICAL DISPLAY. ANY MEASUREMENT THAT CAN BE




CONVERTED TO VOLTAGE CAN BE DISPLAYED ON A METER THAT IS PROPERLY
CALIBRATED, SUCH MEASUREMENTS INCLUDE PRESSURE, TEMPERATURE,
AND FLOW.

IN ORDER FOR A VOLTMETER TO MEASURE A DEVICE’S VOLTAGE, IT MUST BE
CONNECTED IN PARALLEL TO THAT DEVICE. THIS IS NECESSARY BECAUSE
OBJECTS IN PARALLEL EXPERIENCE THE SAME POTENTIAL DIFFERENCE.

bII A
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AMMETERS:- AN AMMETER MEASURES THE ELECTRIC CURRENT IN A
CIRCUIT. THE NAME IS DERIVED FROM THE NAME FOR THE S| UNIT FOR
ELECTRIC CURRENT, AMPERES (A). IN ORDER FOR AN AMMETER TO
MEASURE A DEVICE’S CURRENT, IT MUST BE CONNECTED IN SERIES TO THAT
DEVICE. THIS IS NECESSARY BECAUSE OBJECTS IN SERIES EXPERIENCE THE
SAME CURRENT. THEY MUST NOT BE CONNECTED TO A VOLTAGE SOURCE —
AMMETERS ARE DESIGNED TO WORK UNDER A MINIMAL BURDEN, (WHICH
REFERS TO THE VOLTAGE DROP ACROSS THE AMMETER, TYPICALLY A SMALL
FRACTION OF A VOLT)




GALVANOMETERS (ANALOG METERS) :-

ANALOG METERS HAVE NEEDLES THAT SWIVEL TO POINT AT NUMBERS ON A
SCALE, AS OPPOSED TO DIGITAL METERS, WHICH HAVE NUMERICAL
READOUTS.THE HEART OF MOST ANALOG METERS IS A DEVICE CALLED A
GALVANOMETER, DENOTED BY G. CURRENT FLOW THROUGH A
GALVANOMETER, |G, PRODUCES A PROPORTIONAL MOVEMENT, OR
DEFLECTION, OF THE NEEDLE. THE TWO CRUCIAL CHARACTERISTICS OF ANY
GALVANOMETER ARE ITS RESISTANCE AND ITS CURRENT SENSITIVITY.
CURRENT SENSITIVITY IS THE CURRENT THAT GIVES A FULL-SCALE
DEFLECTION OF THE GALVANOMETER’S NEEDLE — IN OTHER WORDS, THE
MAXIMUM CURRENT THAT THE INSTRUMENT CAN MEASURE. BY
CONNECTING RESISTORS TO THIS GALVANOMETER IN DIFFERENT WAYS, YOU
CAN USE IT AS EITHER A VOLTMETER OR AMMETER TO MEASURE A BROAD
RANGE OF VOLTAGES OR CURRENTS

GALVANOMETERS AS VOLTMETERS A GALVANOMETER CAN FUNCTION AS A
VOLTMETER WHEN IT IS CONNECTED IN SERIES WITH A LARGE RESISTANCE R.
THE VALUE OF R IS DETERMINED BY THE MAXIMUM VOLTAGE THAT WILL BE
MEASURED. SUPPOSE YOU WANT 10 V TO PRODUCE A FULL-SCALE
DEFLECTION OF A VOLTMETER CONTAINING A 25-0Q) GALVANOMETER WITH A
50-MA SENSITIVITY. THEN 10 V APPLIED TO THE METER MUST PRODUCE A
CURRENT OF 50 MA. THE TOTAL RESISTANCE MUST BE:




RTO0T=R+R=VI=10V50MA=200kQ,RTOT=R+R=VI=10V50MA=200kK(),
OR: R=RTOT-R=200Kk0-250=200KQ2.

(R IS SO LARGE THAT THE GALVANOMETER RESISTANCE, R, IS NEARLY
NEGLIGIBLE. ) NOTE THAT 5 V APPLIED TO THIS VOLTMETER PRODUCES A
HALF-SCALE DEFLECTION BY SENDING A 25-MA CURRENT THROUGH THE
METER, AND SO THE VOLTMETER’S READING IS PROPORTIONAL TO VOLTAGE,
AS DESIRED. THIS VOLTMETER WOULD NOT BE USEFUL FOR VOLTAGES LESS
THAN ABOUT HALF A VOLT, BECAUSE THE METER DEFLECTION WOULD BE
TOO SMALL TO READ ACCURATELY. FOR OTHER VOLTAGE RANGES, OTHER
RESISTANCES ARE PLACED IN SERIES WITH THE GALVANOMETER. MANY
METERS ALLOW A CHOICE OF SCALES, WHICH INVOLVES SWITCHING AN
APPROPRIATE RESISTANCE INTO SERIES WITH THE GALVANOMETER.

GALVANOMETERS AS AMMETERS:-

THE SAME GALVANOMETER CAN ALSO FUNCTION AS AN AMMETER WHEN IT
IS PLACED IN PARALLEL WITH A SMALL RESISTANCE R, OFTEN CALLED THE
SHUNT RESISTANCE. SINCE THE SHUNT RESISTANCE IS SMALL, MOST OF THE
CURRENT PASSES THROUGH IT, ALLOWING AN AMMETER TO MEASURE
CURRENTS MUCH GREATER THAN THOSE THAT WOULD PRODUCE A FULL-
SCALE DEFLECTION OF THE GALVANOMETER.

NULL MEASUREMENTS:-

NULL MEASUREMENTS BALANCE VOLTAGES SO THERE IS NO CURRENT
FLOWING THROUGH THE MEASURING DEVICES THAT WOULD INTERFERE
WITH THE MEASUREMENT. STANDARD MEASUREMENTS OF VOLTAGE AND
CURRENT ALTER CIRCUITS, INTRODUCING NUMERICAL UNCERTAINTIES.
VOLTMETERS DRAW SOME EXTRA CURRENT, WHEREAS AMMETERS REDUCE




CURRENT FLOW. NULL MEASUREMENTS BALANCE VOLTAGES, SO THERE IS
NO CURRENT FLOWING THROUGH THE MEASURING DEVICE AND THE CIRCUIT
IS UNALTERED.

THE POTENTIOMETER:-

WHEN MEASURING THE EMF OF A BATTERY AND CONNECTING THE
BATTERY DIRECTLY TO A STANDARD VOLTMETER, AS SHOWN IN, THE ACTUAL
QUANTITY MEASURED IS THE TERMINAL VOLTAGE V. VOLTAGE IS RELATED
TO THE EMF OF THE BATTERY BY V=EMF-IR, WHERE | IS THE CURRENT
THAT FLOWS AND R IS THE INTERNAL RESISTANCE OF THE BATTERY.
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THE EMF COULD BE ACCURATELY CALCULATED IF R WERE KNOWN, WHICH
IS RARE. |[F THE CURRENT | COULD BE MADE ZERO, THEN V=EMF, AND EMF
COULD BE DIRECTLY MEASURED. HOWEVER, STANDARD VOLTMETERS NEED A
CURRENT TO OPERATE. A POTENTIOMETER IS A NULL MEASUREMENT DEVICE
FOR MEASURING POTENTIALS (VOLTAGES). A VOLTAGE SOURCE IS
CONNECTED TO RESISTOR R, PASSING A CONSTANT CURRENT THROUGH IT.
THERE IS A STEADY DROP IN POTENTIAL (IR DROP) ALONG THE WIRE, SO A
VARIABLE POTENTIAL IS OBTAINED THROUGH CONTACT ALONG THE WIRE.
CONTACT POINT. SINCE NO CURRENT FLOWS THROUGH THE
GALVANOMETER, NONE FLOWS THROUGH THE UNKNOWN EMF, AND EMFX
IS SENSED.




STANDARD EMF IS SUBSTITUTED FOR EMFX, AND THE CONTACT POINT IS
ADJUSTED UNTIL THE GALVANOMETER READS ZERO, SO THAT EMFS=IRS. IN
BOTH CASES, NO CURRENT PASSES THROUGH THE GALVANOMETER. THE
CURRENT | THROUGH THE LONG WIRE IS IDENTICAL.

EXPERIMENT-5

AlIM:-TO STUDY THE CURCUITOF A CEILLING FAN.

INTRODUCTION

AS AN ELECTRICAL ENGINEER, | RECOMMEND EVERY PERSON TO KNOW
ABOUT THE WORKING PRINCIPLE OF A CEILING FAN, WHICH WILL PIQUE
YOUR INTEREST IN LEARNING ABOUT THE ELECTRICAL MOTOR.

THE WORKING PRINCIPLE OUTLINED HERE APPLIES TO ALL CEILING FAN
BRANDS, INCLUDING BAJAJ, ORIENT, AND KHAITAN MAKES.

THIS ARTICLE DISCUSSES
1. CONSTRUCTION AND WORKING PRINCIPLE OF THE CEILING FANS,

2. WHAT ARE THE MAJOR PARTS OF CEILING FANS? AND
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3. THE CIRCUIT DIAGRAM OF A CEILING FAN.

4. WHy CAPACITOR IS REQUIRED FOR CEILING FAN.

WHAT IS A CEILING FAN?

THE TERM "CEILING FAN" REFERS TO A ROTATORY ELECTRICAL
DEVICE MOUNTED VERTICALLY ON THE CEILING THAT PROVIDES
CONTINUOUS AIR THAT OUR SKIN CAN FEEL.

THIS CEILING FAN ROTATES AND DISTRIBUTES AIR THROUGHOUT THE
ROOM IN ALL DIRECTIONS.

IN GENERAL, AN ENERGY-EFFICIENT CEILING FAN USES LESS POWER,
BUT THEY ARE MORE EXPENSIVE.

A TYPICAL LOCAL CEILING FAN CONSUMES A LOT OF POWER,
RANGING FROM 45 10 70 WATTS.

DID YOU KNOW? (CEILING FAN DIRECTION)

CEILING FANS MADE IN INDIA ROTATE ANTICLOCKWISE, WHILE
CEILING FANS MADE IN AUSTRALIA ROTATE CLOCKWISE. THIS
DIFFERENCE IS DUE TO THE WEATHER AND THE COUNTRY'S
CONDITION. TRADITIONAL CEILING FANS HAVE BEEN GIVEN NEW
DESIGNS AND STRUCTURES THANKS TO MODERN TECHNOLOGY.

CEILING FAN MOTOR

THE CEILING FAN'S MOTOR IS A SINGLE-PHASE INDUCTION MOTOR,
BUT DUE TO THE FOLLOWING FACTOR, IT HAS A VARIETY OF NAMES.
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WE HAVE ALL HEARD OF SINGLE-PHASE INDUCTION MOTORS AND
THEIR VARIOUS TYPES. THE CEILING FAN IS ALSO ROTATED BY A
SINGLE-PHASE INDUCTION MOTOR.THE CEILING FAN REQUIRES A
CAPACITOR BECAUSE THE MOTOR IS NOT SELF-STARTING. AS A
RESULT, THE MOTOR IS REFERRED TO AS A CAPACITOR SPLIT-PHASE

STARTING MOTOR.
CONSTRUCTION OF SINGLE-PHASE INDUCTION MOTOR

A SINGLE-PHASE INDUCTION MOTOR TYPICALLY HAS TWO WINDINGS:
ONE FOR STARTING AND THE OTHER FOR RUNNING.

OTHER NAMES

BECAUSE OF THE CAPACITOR IN THE SINGLE-PHASE INDUCTION
MOTOR OF A CEILING FAN, IT IS ALSO KNOWN AS A "CAPACITOR
SPLIT-PHASE MOTOR' OR CAPACITOR MOTOR.

CAPACITOR SPLIT-PHASE MOTOR IS ALSO ONE TYPE OF INDUCTION
MOTOR CONSISTS OF MAIN AND AUXILIARY WINDING.

THE CAPACITOR SPLIT MOTOR IS ALSO CALLED A SPLIT-PHASE
STARTING MOTOR.

CEILING FAN CIRCUIT DIAGRAM

BECAUSE THE CIRCUIT OF THE CAPACITOR SPLIT-PHASE HAS ONLY
FOUR BASIC ELEMENTS, A CEILING FAN CIRCUIT DIAGRAM IS SIMPLE
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TO UNDERSTAND. AS A RESULT, THE ASSEMBLY OF A CEILING FAN IS
SIMPLE. THE CEILING FAN CIRCUIT DIAGRAM IS SHOWN BELOW.

Running winding

Pe VL
¢ g
240V =
::.
-
-
N® T Capacitor

THE CIRCUIT DIAGRAM OF THE CEILING FAN HAS THESE THREE
IMPORTANT COMPONENTS

1. MAIN WINDING
2. AUXILIARY WINDING
3. CAPACITOR OR CONDENSER
4. ROTOR
WORKING PRINCIPLE OF CEILING FAN

THE CEILING FAN'S OPERATION IS BASED ON THE LAW OF
ELECTROMAGNETIC INDUCTION. THE CEILING FAN'S INDUCTION
MOTOR CONVERTS ELECTRICAL ENERGY INTO MECHANICAL ENERGY.
THE MOTOR REQUIRES A 250V SINGLE-PHASE ALTERNATING

CURRENT SUPPLY.

THE CEILING FAN REQUIRES A ROTATING MAGNETIC FIELD FOR THE
OPERATION WHICH CAN BE OBTAINED BY ENERGIZING THE COILS OF



https://en.wikipedia.org/wiki/Electromagnetic_induction#:~:text=Electromagnetic%20or%20magnetic%20induction%20is,as%20Faraday's%20law%20of%20induction.
https://en.wikipedia.org/wiki/Electromagnetic_induction#:~:text=Electromagnetic%20or%20magnetic%20induction%20is,as%20Faraday's%20law%20of%20induction.

THE INDUCTION MOTOR. THE MAIN ISSUE IS THAT A SINGLE-PHASE
INDUCTION MOTOR CAN ONLY GENERATE A PULSATING MAGNETIC
FIELD IN THE WINDING, NOT A ROTATING MAGNETIC FIELD.

PULSATING MAGNETIC FIELD - MAGNETIC FIELD BUILDS IN ONE

DIRECTION AND BECOMES ZERO.

ROTOR

CAPACITOR

AUIXIT ARY

WVIINIDING

RUONNING

WVIINIDING

RUNNING WINDING REQUIRES A LEADING CURRENT (CURRENT LEADS
VOLTAGE) TO CREATE TORQUE (ROTATING FORCE) ON THE

ROTOR. THIS IS ACCOMPLISHED BY PERMANENTLY CONNECTING THE
START AND RUN TYPE CAPACITOR TO THE AUXILIARY WINDING
DURING START AND RUN CONDITIONS.

Pg

Running winding

P

240V

N®

Auxilary winding

[ Capacitor

THE SERIES CAPACITOR PROVIDES A 90 ° PHASE SHIFT TO THE
CURRENT AND VOLTAGE. DUE TO VARIATION IN THE PHASE ANGLE



https://1.bp.blogspot.com/-IOmYNSG2K4w/X1iwx99h3PI/AAAAAAAAA7w/xBGbCWqv5xkGn0iJDWkLTeeyammLb9ErwCLcBGAsYHQ/s1600/IMG_20200909_153913.jpg

OF CURRENT AND VOLTAGE THE CHANGING MAGNETIC FIELD
CREATES TORQUE IN THE ROTOR. THE TORQUE IN THE WIND MOVES
THE ROTOR FROM ONE POLE TO THE NEXT POLE.

THE MECHANICAL FORCE OF THE MOTOR EFFICIENTLY UTILIZES THE
LAW OF AERODYNAMIC WITH THE HELP OF BLADES ON A CEILING
FAN WHICH IS ATTACHED TO THE HOUSING OF THE ROTOR.

A CONCEPT RELATED TO THE WORKING PRINCIPLE OF THE CEILING
FAN ARE:

AERODYNAMIC BEHIND THE AIRFLOW

THE AIR MOVES DOWNWARD AS THE BLADES ROTATE
ANTICLOCKWISE. WHEN THE FAN BLADE ROTATES, THE CURVATURE
OF THE BLADE COLLIDES WITH THE AIR PARTICLES AND PUSHES THEM
DOWNWARD.

SPEED AND POWER CONSUMPTION

THE MOTOR'S SPEED DETERMINES THE REQUIREMENT OF POWER.
THE SPEED OF THE CEILING FAN CAN BE CONTROLLED BY A
REGULATOR.

THE VOLTAGE CAN BE ADJUSTED WITH THE HELP OF A REGULATOR.

FINAL STEADY-STATE SPEED




WHEN FULL CURRENT FLOWS INTO THE WINDING OF THE CEILING
FAN, THE STEADY-STATE SPEED OF THE CEILING FAN MOTOR CAN BE
ATTAINED.

THE FORMULA FOR CALCULATING THE FINAL STEADY SPEED OF THE
FAN

N=120* /P

P= NO OF POLES OF THE STATOR WINDING
F=FREQUENCY OF THE SUPPLY

N=STEADY SPEED

COMPONENTS OF CEILING FAN

HERE | AM GOING TO CLASSIFY THE CEILING FAN PARTS INTO TWO
GROUPS, FOR BETTER UNDERSTANDING.

1. EXTERIOR COMPONENT
2. INTERIOR COMPONENT
EXTERIOR COMPONENTS

THE MAJOR COMPONENTS OF A CEILING FAN ARE ITS EXTERIOR
COMPONENTS. THE MECHANICAL STRENGTH OF A CEILING FAN IS
PROVIDED BY ITS EXTERNAL COMPONENTS. WE CAN SEE THE
COMPONENT WITH OUR OWN EYES. ITS EXTERIOR ELEMENTS ARE.

1. MOUNTING BRACKET.




2. TOP CANOPY AND DOWN CANOPY

3. A SHAFT OR CONNECTING ROD

4. BLADES AND BRACKET FITTING

5. THE TOP COVER AND BOTTOM COVER HOUSING OF THE MOTOR

MOUNTING BRACKET

THE MOUNTING BRACKET FUNCTIONS AS A HOLDING ARM,
HOLDING THE CEILING FAN VERTICALLY DOWNWARD.

"

CEILING FAN BLADES

THE CEILING FAN SHOULD HAVE 3-4 BLADES AND AN ANGLE BETWEEN EACH
BLADE SHOULD BE CORRECTLY MAINTAINED ACCORDING TO THE STANDARDS
(IEC OR ANY OTHER NATIONAL STANDARDS).THE CEILING FAN BLADES ARE
DESIGNED IN ACCORDANCE WITH AERODYNAMIC LAW BECAUSE THEY CREATE
AIRFLOW WHEN THE CEILING FAN IS IN MOTION. A SLIGHT DOWNWARD

CURVATURE SHOULD BE DESIGNED INTO THE BLADE.



https://en.wikipedia.org/wiki/Aerodynamics
https://1.bp.blogspot.com/-vpi8xO6Roqo/YI5NjQQGECI/AAAAAAAABa0/uenSXpKkCtA6NEQp8Oxbqd0i73oolDeXwCLcBGAsYHQ/s218/Mountingbracket.png

EXPERIMENT-6

AlM:-TO STUDY AND IMPLEMANT STAIRCASE WIRING
USING TWO WAY SWITCHES.

INTRODUCTION
IN TODAY BASIC ELECTRICAL WIRING INSTALLATION TUTORIAL, WE

WILL DISCUSS STEP BY STEP METHOD OF STAIRCASE WIRING
INSTALLATION BY USING 2-WAY SWITCHES (SPDT = SINGLE POLE
DOUBLE THROUGH SWITC). ALSO, THE SAME WIRING CIRCUIT
DIAGRAM CAN BE USED FOR 2-WAY LIGHTING OR CONTROLLING
ELECTRICAL APPLIANCES FROM TWO DIFFERENT PLACES BY USING
TWO-WAY SWITCHES. THE MAIN PURPOSE OF TWO WAY SWITCHING
CIRCUIT IS THAT THE APPLIANCES CAN BE ON / OFF INDEPENDENTLY
FROM ANY SWITCH, NO MATTER WHATEVER IS THE CURRENT
POSITION OF THE SWITCH.

TABLE OF CONTENTS

STAIRCASE WIRING CIRCUIT DIAGRAM CONNECTION

WORKING & OPERATION OF STAIRCASE WIRING — 2-WAY LIGHT

SWITCHING

Two WAY SWITCHING CONTROL USING THREE WIRES

STAIRCASE WIRING USING INTERMEDIATE SWITCH

2-WAY SWITCHING APPLICATIONS AND USES



https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html
https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html#staircase-wiring-using-intermediate-switch
https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html#two-way-switching-control-using-three-wires
https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html#working-operation-of-staircase-wiring-2-way-light-switching
https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html#working-operation-of-staircase-wiring-2-way-light-switching
https://www.electricaltechnology.org/2012/11/stair-case-wiring-circuit-diagram-or.html
https://www.electricaltechnology.org/2014/11/types-of-switches-electrical.html

STAIRCASE WIRING CIRCUIT DIAGRAM CONNECTION

BELOW IS OLD-SCHOOL STAIRCASE WIRING CIRCUIT DIAGRAM. HERE WE CAN
CONTROL A BULB FROM TWO DIFFERENT PLACES BY USING TWO 2-WAY
SWITCHES.

Staircase Wiring Circuit Diagram

How to Control a Lamp from Two Different Places by Two 2-Way Switches

WORKING & OPERATION OF STAIRCASE WIRING — 2-WAY LIGHT
SWITCHING

CONSIDER THE ABOVE 2-WAY SWITCH WIRING DIAGRAM WHICH HAS BEEN
USED TO CONTROL A BULB IN STAIRCASE. THE SCHEMATIC SHOWS THAT
CIRCUIT IS COMPLETED AND BULB IS ON. SUPPOSE YOU WANT TO OFF THE
BULB FROM THE UPPER SWITCH AT TOP OF STAIR ( (UPPER PORTION OF
STAIRCASE) ) SIMPLY SWITCH OFF THE SWITCH THEN CIRCUIT WILL BREAK
AND THE BULB WILL BE OFF. To swWITCH ON THE BULB AGAIN, JUST
SWITCH ON THE SAME SWITCH AT UPPER PORTION OF STAIRCASE. IN OTHER
WORDS YOU CAN OFF AND ON BULB FROM UPPER SWITCH AT THE TOP OF
STAIR. OBVIOUSLY; YOU CAN PERFORM THE SAME OPERATION FROM THE
BOTTOM SWITCHES INSTALLED IN STAIRCASE.

NOW, LET’S SEE HOW WE CAN DO THAT FROM THE OTHER SWITCH
INSTALLED AT THE BOTTOM OF STAIR.




=1 SPDT 2-\Way

p—fF—2

S22 SPDT 2-Way
]
1
L

Staircase Wiring Circuit Diagram
How to contol a lamp from twodifferent
places by two 2-way switches?

FOR THIS PURPOSE, CONSIDER THE FIGURE GIVEN ABOVE. IN THIS CASE, YOU
CAN SEE THAT CIRCUIT IS COMPLETE AND BULB IS ON. SUPPOSE YOU WANT
TO OFF THE BULB FROM THE LOWER SWITCH AT BOTTOM OF STAIR. SIMPLY
OFF THE SWITCH, THEN AGAIN CIRCUIT WILL BREAK AND THE BULB WILL BE
OFF. You cAN swiITCH ON THE BULB AGAIN TO SWITCH ON THE SAME

SWITCH INSTALLED AT THE BOTTOM OR DOWNSTAIRS AS SHOWN IN THE FIG.

TO GET THE SWITCHING POSITION IN ON CONDITION FOR LIGHT BULB, THE
ABOVE OPERATION IS SAME AS THE ExcLUSIVE-NOR (EX-NOR) LOGIC

GATE TRUTH TABLE WHICH IS GIVEN BELOW.

Switch ,
0 = OFF
0 = OFF
1=0ON
1=0ON

Switch ,
0 =OFF
1=0N
0 =OFF
1=0N

Lamp Position

1=0N
0 = OFF
0 = OFF
1=0N

Two WAY SWITCHING CONTROL USING THREE WIRES

IT IS THE NEW 2-WAY SWITCHING CONNECTION METHOD WHICH CAN BE
USED FOR STAIRCASE WIRING AS WELL AS IT IS EFFICIENT AS COMPARED TO
THE OLD-SCHOOL METHOD WHERE 2 WIRES ARE USED INSTEAD OF THREE

WIRES.



https://www.electricaltechnology.org/2018/04/exclusive-nor-xnor-gate.html

THE CURRENT POSITION OF TWO WAY SWITCHING CONNECTION USING

THREE WIRES CIRCUIT IS ON AND THE BULB IS GLOWING. THE CIRCUIT

OPERATION IS SAME AS MENTIONED IN THE ABOVE FIGURES BUT THE

CONNECTION METHOD IS DIFFERENT AS THE FIRST TERMINALS OF BOTH
SWITCHES ARE CONNECTED TO THE LIVE (PHASE) WIRE. THE SECOND
TERMINALS OF BOTH SWITCHES ARE CONNECTED TO THE BULB TO PROVIDE

LIVE LINE SUPPLY WHILE THE NEUTRAL IS DIRECTLY CONNECTED TO THE BULB

AS COMMON WIRING METHOD.

THIS BASIC CIRCUIT IS LITTLE CONFUSING AS BY LOOKING IN IT, IT MAKES

A SHORT CIRCUIT (TO THE SAME WIRE WHICH IS NOT HARM IN THIS CASE)

WHEN BOTH SWITCHES ARE ON OR OFF WHICH IS MAKING A LOOP TO
DISCONNECT THE LIVE SUPPLY TO THE BULB, HENCE, BULB WILL NOT GLOW

IN THAT CASE

/ 2-Way Switchos\‘

2 A

E

Bulb

2-Way Light Switching

TO GET THE SWITCHING POSITION IN ON CONDITION FOR LIGHT BULB, THE

ABOVE OPERATION IS SAME AS THE EXCLUSIVE-OR (EX-OR) LOGIC GATE

TRUTH TABLE WHICH IS GIVEN BELOW.

Switch , Switch , Lamp Position
0 =OFF 0 =OFF 0 =OFF

0 =OFF 1=0N 1=0N

1=0N 0 =OFF 1=0ON

1=0N 1=0N 0 =OFF



https://www.electricaltechnology.org/2018/02/short-circuit-currents-and-symmetrical-components.html

STAIRCASE WIRING USING INTERMEDIATE SWITCH

THIS IS NOT ALWAYS THE CASE, BUT IN SOME CASES LIKE SHARED FLATS AND
LONG STAIRS, WE MAY CONTROL THE LIGHT POINT IN STAIRCASE WIRING
FROM THREE DIFFERENT PLACES BY USING TWO 2-WAY SWITCHES AND
AN_INTERMEDIATE SWITCH AS SHOWN IN FIG BELOW.

STAIRCASE WIRING CONNECTION USING 2 TWO WAY SWITCHES AND
INTERMEDIATE SWITCH TO CONTROL A LIGHT POINT FROM THREE DIFFERENT
PLACES.

2-WAY SWITCHING APPLICATIONS AND USES

(=1 L1

Cop oM
L=z
Swwitch 1 L= Swritch =2
SPDT SPDT
Supply
MNeutral ®

Lamp

Stair case viring circuit diagram, OoOR
Howw to control a lamp from two places by two Zaway swwitches?

L = Line or Phase or Live vvire
SPDT = Single pole double through or Twvwo-WWay svvitch
ComM = Switch Contect

« THE MAIN PURPOSE OF TWO-WAY SWITCHING CONNECTION IS TO CONNECT
AND CONTROL AC APPLIANCES AND EQUIPMENTS FROM TWO SEPARATE
LOCATIONS. IT IS ALSO USED IN ROOMS HAVING LARGE AREA WHICH HAS
TWO ENTRY AND EXIT GATES. IT IS USED TO CONTROL ANY ELECTRICAL (AC

OR DC) APPLIANCE OR EQUIPMENT LIKE FAN, LIGHT BULBS ETC FROM TWO
DIFFERENT PLACES.



https://www.electricaltechnology.org/2012/11/what-is-intermediate-switch-its.html

EXPERIMENT-7

AlM:- MEASURNMENT OF RESISTANCE TO EARTH OF AN
ELECTRICAL EQUIPMENT

THERE IS MANY WAY TO MEASURE THE EARTH RESISTANCE BUT WE
WILL SEE THE THREE POINT (FALL-OF-POTENTIAL) METHOD.

THREE POINT (FALL-OF-POTENTIAL) METHOD.

THE FALL-OF-POTENTIAL METHOD OR THREE-TERMINAL METHOD IS THE
MOST COMMON WAY TO MEASURE EARTH ELECTRODE SYSTEM RESISTANCE,
BUT IT REQUIRES SPECIAL PROCEDURES WHEN USED TO MEASURE LARGE
ELECTRODE SYSTEMS

THERE ARE THREE BASIC FALL-OF-POTENTIAL TEST METHOD.

» FULL FALL-OF-POTENTIAL: A NUMBER OF TESTS ARE MADE AT DIFFERENT
SPACES OF POTENTIAL PROBE “P” AND THE RESISTANCE CURVE IS PLOTTED.

SIMPLIFIED FALL-OF-POTENTIAL: THREE MEASUREMENTS ARE MADE AT
DEFINED DISTANCE OF POTENTIAL PROBE ”P” AND MATHEMATICAL
CALCULATIONS ARE USED TO DETERMINE THE RESISTANCE.

8% RULE: A SINGLE MEASUREMENT IS MADE WITH POTENTIAL PROBE “P”
AT A DISTANCE 61.8% (62%) OF THE DISTANCE BETWEEN THE ELECTRODE
UNDER TEST AND “C”.

REQUIRED EQUIPMENT:

EARTH TESTER (4 TERMINAL OR 3 TERMINAL)




4 NO’s OF ELECTRODES (SPIKE)
4 NO’s OF INSULATED WIRES
HAMMER

MEASURING TAP
CONNECTIONS:

FIRST, ISOLATE THE GROUNDING ELECTRODE UNDER MEASUREMENT BY
DISCONNECTING IT FROM THE REST OF THE SYSTEM.

FOR SMALL SYSTEM:

FOR 4 TERMINAL EARTH TESTER SHORT CURRENT TERMINAL (C1) AND
POTENTIAL TERMINAL (P1) TOGETHER WITH A SHORT JUMPER ON THE
EARTH TESTER AND CONNECT IT TO EARTHING ELECTRODE UNDER TEST.

FOR 3 TERMINAL EARTH TESTER CONNECT CURRENT TERMINAL (C1) TO
THE EARTH ELECTRODE UNDER MEASUREMENT.

DRIVE ANOTHER CURRENT ELECTRODE (C2) INTO THE EARTH 100 TO 200
FEET AT DEPTH OF 6 TO 12 INCHES FROM THE CENTER OF THE ELECTRODE
AND CONNECT TO C2 TERMINAL OF EARTH TESTER.

DRIVE ANOTHER POTENTIAL TERMINAL (P2) AT DEPTH OF 6 TO 12 INCHES
INTO THE EARTH MIDWAY BETWEEN THE CURRENT ELECTRODE (C1) AND
CURRENT ELECTRODE (C2) AND CONNECT TO EARTH TESTER ON P2

FOR LARGE SYSTEM

PLACE THE CURRENT ELECTRODE (C2) 400 1O 600 FEET FROM THE
MEASURING EARTH CURRENT ELECTRODE (C1)




PLACE THE POTENTIAL ELECTRODE (P1)8% OF THE DISTANCE FROM THE
EARTH CURRENT ELECTRODE (C1)

MEASURE THE RESISTANCE

MOVE THE CURRENT ELECTRODE (C2) FARTHER 50 TO 100 FEET AWAY
FROM ITS PRESENT POSITION.

PLACE THE POTENTIAL ELECTRODE (P2) 61.8% OF THE DISTANCE FROM THE
EARTH CURRENT ELECTRODE (C1).

SPIKE LENGTH IN THE EARTH SHOULD NOT BE MORE THAN 1/20TH
DISTANCE BETWEEN TWO SPIKES.

Three Point Method By Four Terminal Earth Tester

c2

D=5 To 10 Meter D=5 To 10 Meter

i

Three Point Method By Thee Terminal Earth Tester

[

P
D=5 To 10 Meter |

D=5 To 10 Meter

i

TESTING PROCEDURE:




PRESS START AND READ OUT THE RESISTANCE VALUE. THIS IS THE ACTUAL
VALUE OF THE GROUND ELECTRODE UNDER TEST.

MOVE THE POTENTIAL ELECTRODE 10 FEET FARTHER AWAY FROM THE
ELECTRODE AND MAKE A SECOND MEASUREMENT.

MOVE THE POTENTIAL PROBE 10 FEET CLOSER TO THE ELECTRODE AND
MAKE A THIRD MEASUREMENT.

IF THE THREE MEASUREMENTS AGREE WITH EACH OTHER WITHIN A FEW
PERCENT OF THEIR AVERAGE, THEN THE AVERAGE OF THE THREE
MEASUREMENTS MAY BE USED AS THE ELECTRODE RESISTANCE.

|[F THE THREE MEASUREMENTS DISAGREE BY MORE THAN A FEW PERCENT
FROM THEIR AVERAGE, THEN ADDITIONAL MEASUREMENT PROCEDURES ARE
REQUIRED.

THE ELECTRODE CENTER LOCATION SELDOM IS KNOWN. IN THIS CASE, AT
LEAST THREE SETS OF MEASUREMENTS ARE MADE, EACH WITH THE CURRENT
PROBE A DIFFERENT DISTANCE FROM THE ELECTRODE, PREFERABLY IN
DIFFERENT DIRECTIONS.

WHEN SPACE IS NOT AVAILABLE AND IT PREVENT MEASUREMENTS IN
DIFFERENT DIRECTIONS, SUITABLE MEASUREMENTS CAN BE MADE BY
MOVING THE CURRENT PROBE IN A LINE AWAY FROM OR CLOSER TO THE
ELECTRODE.

FOR EXAMPLE, THE MEASUREMENT MAY BE MADE WITH THE CURRENT
PROBE LOCATED 200, 300 AND 400 FEET ALONG A LINE FROM THE
ELECTRODE.




EACH SET OF MEASUREMENTS INVOLVES PLACING THE CURRENT PROBE AND
THEN MOVING THE POTENTIAL PROBE IN 10 FEET INCREMENTS TOWARD OR
AWAY FROM THE ELECTRODE.

THE STARTING POINT IS NOT CRITICAL BUT SHOULD BE 20 TO 30 FEET FROM
THE ELECTRODE CONNECTION POINT, IN WHICH CASE THE POTENTIAL PROBE
IS MOVED IN 10 FEET INCREMENTS TOWARD THE CURRENT PROBE, OR 20
TO 30 FEET FROM THE CURRENT PROBE, IN WHICH CASE THE POTENTIAL
PROBE IS MOVED IN 10 FEET INCREMENTS BACK TOWARD THE ELECTRODE.

THE SPACING BETWEEN SUCCESSIVE POTENTIAL PROBE LOCATIONS IS NOT
PARTICULARLY CRITICAL, AND DOES NOT HAVE TO BE 10 FEET, AS LONG AS
THE MEASUREMENTS ARE TAKEN AT EQUAL INTERVALS ALONG A LINE
BETWEEN THE ELECTRODE CONNECTION AND THE CURRENT PROBE.

LARGER SPACING MEANS QUICKER MEASUREMENTS WITH FEWER DATA
POINTS. SMALLER SPACING MEANS MORE DATA POINTS WITH SLOWER
MEASUREMENTS.

ONCE ALL MEASUREMENTS HAVE BEEN MADE, THE DATA IS PLOTTED WITH
THE DISTANCE FROM THE ELECTRODE ON THE HORIZONTAL SCALE AND THE
MEASURED RESISTANCE ON THE VERTICAL SCALE.

IMPORTANCE OF POSITION OF CURRENT ELECTRODE (C2):

FALL-OF-POTENTIAL MEASUREMENTS ARE BASED ON THE DISTANCE OF THE
CURRENT AND POTENTIAL PROBES FROM THE CENTER OF THE ELECTRODE
UNDER TEST.




FOR HIGHEST DEGREE OF ACCURACY, IT IS NECESSARY THAT THE PROBE IS
PLACED OUTSIDE THE SPHERE OF INFLUENCE OF THE GROUND ELECTRODE
UNDER TEST AND THE AUXILIARY EARTH.

IF WE PLACE CURRENT ELECTRODE (C2) TOO NEAR TO EARTH ELECTRODE
(C1) THEN THE SPHERE OF INFLUENCE, THE EFFECTIVE AREAS OF RESISTANCE
WILL OVERLAP AND INVALIDATE MEASUREMENTS TAKEN.

FOR THE ACCURATE RESULTS AND TO ENSURE THAT THE GROUND STAKES
ARE OUTSIDE THE SPHERES OF INFLUENCE.

REPOSITION THE INNER POTATION ELECTRODE (P1) 1METER IN EITHER
DIRECTION AND TAKE A FRESH MEASUREMENT. IF THERE IS A SIGNIFICANT
CHANGE IN THE READING (30 %), WE NEED TO INCREASE THE DISTANCE
BETWEEN THE GROUND ROD UNDER TEST, THE INNER STAKE (PROBE) AND
THE OUTER STAKE (AUXILIARY GROUND) UNTIL THE MEASURED VALUES
REMAIN FAIRLY CONSTANT WHEN REPOSITIONING THE INNER STAKE
(PROBE).

THE BEST DISTANCE FOR THE CURRENT PROBE IS AT LEAST 10 TO 20 TIMES
THE LARGEST DIMENSION OF THE ELECTRODE.

THE TABLE IS A GUIDE FOR APPROPRIATELY SETTING THE PROBE (INNER
STAKE) AND

Distance of Probe

Depth of the ground electrode Distance to the Distance to the
inner stake outer stake

2M 15 24Mm

3M 20 30m

6M 25 40m

10m 30 50m




- AUXILIARY GROUND (OUTER STAKE).

Owver Lapping Shells of Earth

c1.P1 B
Ground P2 c2
EEEEEEEE :
\ . //
T > e P
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Non Over Lapping Shells of Earth

Grouna <1,P1 P2 cz2

eeeeeeee

Ground Electode

APPLICATION:
- |T IS ADVISABLE FOR HIGH ELECTRICAL LOAD.

- IT IS SUITABLE FOR SMALL AND MEDIUM ELECTRODES SYSTEM (1 OR 2
RODS/PLATES). .

- IT IS USEFUL FOR HOMOGENEOUS SOIL
ADVANTAGE:
- THE THREE-POINT METHOD IS THE MOST RELIABLE TEST METHOD;
- THIS TEST IS THE MOST SUITABLE TEST FOR LARGE GROUNDING SYSTEMS.

- THREE-TERMINAL IS THE QUICKER AND SIMPLER, WITH ONE LESS LEAD TO
STRING SPACING FOR CURRENT PROBE

DISADVANTAGE:

- INDIVIDUAL GROUND ELECTRODES MUST BE DISCONNECTED FROM THE
SYSTEM TO BE MEASURED.




IT IS EXTREMELY TIME CONSUMING AND LABOR INTENSIVE.

THERE ARE SITUATIONS WHERE DISCONNECTION IS NOT POSSIBLE.

KNOWLEDGE OF LOCATION OF CENTER PROBE IS NECESSARY

61.8% RULE:

IT IS PROVEN THAT THE ACTUAL ELECTRODE RESISTANCE IS MEASURED WHEN
THE POTENTIAL PROBE IS LOCATED 61.8% OF THE DISTANCE BETWEEN THE
CENTER OF THE ELECTRODE AND THE CURRENT PROBE. FOR EXAMPLE, IF THE
CURRENT PROBE IS LOCATED 400 FEET FROM THE ELECTRODE CENTER, THEN
THE RESISTANCE CAN BE MEASURED WITH THE POTENTIAL PROBE LOCATED
61.8% X 400 = 247 FEET FROM THE ELECTRODE CENTER.

- THE 61.8% MEASUREMENT POINT ASSUMES THE CURRENT AND POTENTIAL
PROBES ARE LOCATED IN A STRAIGHT LINE AND THE SOIL IS HOMOGENEOUS
(SAME TYPE OF SOIL SURROUNDING THE ELECTRODE AREA AND TO A DEPTH
EQUAL TO 10 TIMES THE LARGEST ELECTRODE DIMENSION).

« THE 61.8% MEASUREMENT POINT STILL PROVIDES SUITABLE ACCURACY FOR
MOST MEASUREMENTS.

61.8% Method

d=61.89%D

= D




APPLICATION:

IT IS SUITABLE FOR SMALL AND MEDIUM ELECTRODES SYSTEM.
IT 1S USEFUL FOR HOMOGENEOUS SOIL

ADVANTAGE:

SIMPLEST TO CARRY OUT.

REQUIRED MINIMUM CALCULATION;

FEWEST NUMBER OF TEST PROBE MOVES.

DISADVANTAGE:

SOIL MUST BE HOMOGENEOQUS.

LESS ACCURATE

SUSCEPTIBLE FOR NON-HOMOGENEOUS SOIL




EXPERIMENT-8

AIM:-MEASUREMENT OF ENERGY USING SINGLE PHASE
ENERGY METER.

APPARATUS: - ONE SINGLE PHASE ENERGY METER, ONE SINGLE PHASE
LOAD, STOP WATCH AND CONNECTING WIRES.

THEORY: - ENERGY METER IS AN INSTRUMENT WHICH MEASURES
ELECTRICAL ENERGY. IT IS ALSO KNOWN AS WATT-HOUR (WH) METER. IT
IS AN INTEGRATING DEVICE. THERE ARE SEVERAL TYPES OF ENERGY
METERS SINGLE PHASE INDUCTION TYPE ENERGY METER ARE VERY
COMMONLY USED TO MEASURE ELECTRICAL ENERGY CONSUMED IN
DOMESTIC AND COMMERCIAL INSTALLATION. ELECTRICAL ENERGY IS
MEASURED IN KILO WATT-HOURS (KWH) BY THIS ENERGY METER.

CONSTRUCTION: - A SINGLE PHASE INDUCTION TYPE ENERGY METER
CONSISTS OF DRIVING SYSTEM, MOVING SYSTEM, BRAKING SYSTEM AND
REGISTERING SYSTEM. EACH OF THE SYSTEMS IS BRIEFLY EXPLAINED
BELOW.

DRIVING SYSTEM: - THIS SYSTEM OF THE ENERGY METER CONSISTS OF
TWO SILICON STEEL LAMINATED ELECTROMAGNETS. M1 & M2 As
SHOWN IN FIG.1THE ELECTROMAGNET M1 IS CALLED THE SERIES
MAGNET AND THE ELECTROMAGNET M2 IS CALLED THE SHUNT MAGNET.
THE SERIES MAGNET M1 CARRIES A COIL CONSISTING OF A FEW TURNS




OF THICK WIRE. THIS COIL IS CALLED THE CURRENT cOIL (CC) AND IT IS
CONNECTED IN SERIES WITH THE CIRCUIT. THE LOAD CURRENT FLOWS
THROUGH THIS COIL. THE SHUNT MAGNET M2 CARRIES A COIL
CONSISTING MANY TURNS OF THIN WIRE. THIS COIL IS CALLED THE
VOLTAGE cOIL (VC) AND IS CONNECTED ACROSS THE SUPPLY IT CONSIST
OF CURRENT PROPORTIONAL TO THE SUPPLY VOLTAGE. SHORT CIRCUITED
COPPER BANDS ARE PROVIDED ON THE LOWER PART OF THE CENTRAL
LIMB OF THE SHUNT MAGNET. BY ADJUSTING THE POSITION OF THESE
LOOPS THE SHUNT MAGNET FLUX CAN BE MADE TO LAG BEHIND THE
SUPPLY VOLTAGE EXACTLY 90° . THESE COPPER BANDS ARE CALLED
POWER FACTOR COMPENSATOR (PFC). A COPPER SHADING BAND IS
PROVIDED ON EACH OUTER LIMB OF THE SHUNT MAGNET (FC1 &FcC2)
THESE BAND PROVIDES FRICTIONAL COMPENSATION.

MOVING SYSTEM: - THE MOVING SYSTEM CONSISTS OF A THIN
ALUMINUM DISC MOUNTED ON A SPINDLE AND IS PLACED IN THE AIR GAP
BETWEEN THE SERIES AND THE SHUNT MAGNETS. IT CUTS THE FLUX OF
BOTH THE MAGNET FORCES ARE PRODUCED BY THE FLUXES OF EACH OF
THE MAGNETS WITH THE EDDY CURRENT INDUCED IN THE DISC BY THE
FLUX OF THE OTHER MAGNETS. BOTH THESE FORCES ACT ON THE DISC.
THESE TWO FORCES CONSTITUTE A DEFLECTING TORQUE.

BRAKING SYSTEM: - THE BRAKING SYSTEM CONSISTS OF A PERMANENT
MAGNET CALLED BRAKE MAGNET. IT IS PLACED NEAR THE EDGE OF THE
DISC AS THE DISC ROTATES IN THE FIELD OF BRAKE MAGNET EDDY




CURRENT ARE INDUCED IN IT. THESE EDDIES CURRENT REACT WITH THE
FLUX AND EXERT A TORQUE. THIS TORQUE ACTS IN DIRECTION SO THAT IT
OPPOSES THE MOTION OF DISC. THE BRAKING TORQUE IS PROPORTIONAL
TO THE SPEED OF THE DISC.

REGISTERING SYSTEM: - THE DISC SPINDLE IS CONNECTED TO A
COUNTING MECHANISM THIS MECHANISM RECORDS A NUMBER WHICH 1S
PROPORTIONAL TO THE NUMBER OF REVOLUTIONS OF THE DISC THE
COUNTER IS CALIBRATED TO INDICATE THE ENERGY CONSUMED DIRECTLY
IN KILO WATTS-HOUR (KWH)
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PFC = POWER FACTOR COMPENSATOR
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VC = VOLTAGE COIL




WORKING:- LET V=SUPPLY VOLTAGE |=LOAD CURRENT LAGGING
BEHIND V BY @ Cos ® = LoAD POWER FACTOR (LAGGING) ISH=
CURRENT SETUP BY ®DSH IN DISC ISE= CURRENT SETUP BY DSE IN DISC.

Phasaor Diagram of Energy Meter

TD oC (WSHISE-WSEISH) WHERE W & | ARE INSTANTANEQUS
VALUES AVERAGE DEFLECTING TOQUE

TD o [DsHISECOSD — DsEISHCOS(180-D)] WHERE @ & | ARE RMS
VALUES

TD o [DsHISECOSD + DsEISHCOSD]

TD o [DSHISE +DSEISH] cosD

WE KNOW SH < V, ISE o< |, DSE < |, ISH o< V
SO

Tp « [VI+VI] cos®

TD o Vicos®

X POWER




NO OF REVOLUTION MADE IN T SEC
JTNDTO o[ TPDT O o ENERGY CONSUMED IN T SEC

METER CONSTANT

K = No of Revolution made
- KWh

CALCULATIONS:- METER CONSTANT K= ENERGY CALCULATED = K N
KWH = KWH = KWH

RESULTS: - STUDY HAS BEEN DONE ON 1 PHASE ENERGY METER AND
VERIFICATION OF ENERGY IS DONE AS SHOWN IN THE ABOVE
OBSERVATION TABLE

PRECAUTIONS:- (I) CONNECTION SHOULD BE TIGHT. (ll) VOLTAGE
AND CURRENT SHOULD NOT EXCEED THE RATED ONE.




EXPERIMENT-9

AIM:- TO STUDY AND OBSERVE WORKING OF
a)FLUORESCENT TUBE LIGHT WITH AND WITHOUT
STARTER b) COMPACT FLUORESCENT LIGHT (CFL) c)
STUDY OF MERCURY VAPOUR LAMP AND SODIUM
VAPOUR LAMP.

A COMPACT FLUORESCENT LAMP (CFL)

A COMPACT FLUORESCENT LAMP (CFL), ALSO CALLED COMPACT
FLUORESCENT LIGHT, ENERGY-SAVING LIGHT AND COMPACT
FLUORESCENT TUBE, IS A FLUORESCENT LAMP DESIGNED TO REPLACE
AN INCANDESCENT _LIGHT BULB; SOME TYPES FIT INTO LIGHT
FIXTURES DESIGNED FOR INCANDESCENT BULBS. THE LAMPS USE A TUBE
THAT IS CURVED OR FOLDED TO FIT INTO THE SPACE OF AN
INCANDESCENT BULB, AND A COMPACT ELECTRONIC BALLAST IN THE
BASE OF THE LAMP.

COMPARED TO GENERAL-SERVICE INCANDESCENT LAMPS GIVING THE
SAME AMOUNT OF VISIBLE LIGHT, CFLS USE ONE-FIFTH TO ONE-THIRD
THE ELECTRIC POWER, AND LAST EIGHT TO FIFTEEN TIMES LONGER. A
CFL HAS A HIGHER PURCHASE PRICE THAN AN INCANDESCENT LAMP,
BUT CAN SAVE OVER FIVE TIMES ITS PURCHASE PRICE IN ELECTRICITY
COSTS OVER THE LAMP'S LIFETIME.M LIKE ALL FLUORESCENT LAMPS,
CFLS CONTAIN TOXIC MERCURY,[;1 WHICH COMPLICATES THEIR
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DISPOSAL. IN MANY COUNTRIES, GOVERNMENTS HAVE BANNED THE
DISPOSAL OF CFLS TOGETHER WITH REGULAR GARBAGE. THESE
COUNTRIES HAVE ESTABLISHED SPECIAL COLLECTION SYSTEMS FOR CFLS
AND OTHER HAZARDOUS WASTE.

APPLICATIONS

COMPACT FLUORESCENTS ARE BEING USED IN RESIDENTIAL
APPLICATIONS REPLACING INCANDESCENT AND HALOGEN LIGHTS. THEY
PROVIDE RELATIVELY SHADOW-FREE LIGHTING IN RESIDENTIAL
APPLICATIONS AND BECAUSE OF THEIR SMALL SIZE CAN FIT NICELY INTO
SCONCES, CEILING LIGHTS AND TABLE LAMPS.THE LUMEN OUTPUT OF A
COMPACT FLUORESCENT BULB IS QUITE HIGH COMPARED TO
INCANDESCENT LIGHT SOURCES THAT USE A LOT MORE ENERGY. IN
COMMERCIAL APPLICATIONS COMPACT FLUORESCENTS ARE EXTREMELY
POPULAR FOR HALLWAY SCONCES IN HOTELS AND CONDOMINIUM
ASSOCIATIONS AS WELL AS RECESSED LIGHTS IN OFFICES. THEY HAVE AN
AVERAGE 10,000 HOUR LIFE COMPARED TO AN AVERAGE OF 2000
HOURS FOR STANDARD HALOGEN LIGHTS. COMPACT FLUORESCENT
EMIT A CRISP, BRIGHT LIGHT THAT IS WELL-SUITED FOR DETAILED TASK
WORK AS WELL AS AMBIENT LIGHTING.MANY WAREHOUSES AND
OUTDOOR SECURITY LIGHTS ARE BEING RETROFITTED WITH LARGE, HIGH
WATTAGE COMPACT FLUROESCENT BULBS THAT CAN EVEN REPLACE
250w METAL HALIDE BULBS IN WAREHOUSE FIXTURES OR PARKING
GARAGE CEILING LIGHTS. COMPACT FLUORESCENT BULBS ARE NOW




AVAILABLE FROM AS LOW AS 5 WATT MINI CFLS TO AS HIGH AS 105
WATT LARGE (12 INCH) CFLs.

ADVANTAGES / PRO'S

. ENERGY STAR QUALIFIED CFLS USE AT LEAST TWO-THIRDS LESS
ENERGY THAN STANDARD INCANDESCENT BULBS

. CFLS CAN LAST ABOUT 6 TIMES LONGER (AVERAGE LIFESPAN
OF A CFL IS FIVE TO SIX YEARS).

. CFLs SAVE $S30 OR MORE IN ENERGY COSTS OVER EACH BULB'S
LIFETIME.

. CFLs PRODUCE 70 PERCENT LESS HEAT, MAKING THEM SAFER
TO OPERATE.

DISADVANTAGES

. SKIN CANCER RISK, DUE TO LEAKING UV RADIATION, IS A
CONCERN, WHICH ONLY CAME TO LIGHT (SO TO SPEAK) IN JULY
2012.

o LIKE ALL FLUORESCENT LAMPS, CFLS CONTAIN MERCURY,
WHICH COMPLICATES THEIR DISPOSAL AND IF THE BULBS ARE
BROKEN INDOORS, DOES PRESENT A HEALTH RISK, ESPECIALLY
TO SMALL CHILDREN.

STUDY OF MERCURY VAPOUR LAMP AND SODIUM
VAPOUR LAMP




MERCURY VAPOUR LAMP
ON THE BASIS OF PRESSURE INSIDE THE DISCHARGE TUBE, THE

MERCURY VAPOUR LAMPS ARE CLASSIFIED AS HIGH PRESSURE
MERCURY VAPOUR LAMP AND LOW PRESSURE MERCURY VAPOUR
LAMP. HIGH PRESSURE MERCURY VAPOUR LAMPS ARE CLASSIFIED
AS:

1. MA TYPE (MERCURY VAPOUR LAMP WITH AUXILIARY ELECTRODE)
THESE ARE OPERATED AT 220 - 250 voLt, AC SUPPLY AND
MANUFACTURED IN 250 10 400 WATTS.

2. MAT TYPE (MERCURY VAPOUR LAMP WITH TUNGSTEN
FILAMENT) THESE ARE MANUFACTURED BETWEEN 300 71O 500
WATTS AND WORKS AT 200 1O 250V (BoTH AC AND DC)

3. MB TYPE (MERCURY VAPOUR LAMP WITH AUXILIARY ELECTRODE
AND BAYONET CAP) THIS TYPE IS OPERATED AT 200 — 250 voLT,
(AC AND MADE IN 80 WATTS AND 125 WATTS)

A. CONSTRUCTION

ateriall.com

Choke
Capacitor

A.C. Supply




IT CONSISTS OF HARD GLASS TUBE ENCLOSED IN OUTER BULB OF
ORDINARY GLASS. THE SPACE BETWEEN TWO BULB IS COMPLETELY
EVACUATED TO PREVENT HEAT LOSS BY CONVECTION FROM THE
INNER BULB. THE OUTER BULB ABSORBS HARMFUL ULTRAVIOLET
RAYS. THE INNER BULB CONTAINS ARGON GAS WITH A CERTAIN
QUANTITY OF MERCURY. IN ADDITION TO TWO ELECTRODES,
STARTING ELECTRODE HAVING HIGH RESISTANCE, CONNECTED IN
SERIES IS ALSO PROVIDED. THE MAIN ELECTRODES ARE MADE OF
TUNGSTEN WIRE IN A HELICAL SHAPE. THE LAMP HAS A SCREWED
CAP AND IS CONNECTED TO SUPPLY WITH A CHOKE. A CAPACITOR IS
CONNECTED ACROSS SUPPLY TO IMPROVE POWER FACTOR.

B. WORKING PRINCIPLE

THE TUBE WHEN THE SUPPLY IS SWITCHED ON, FULL VOLTAGE IS
APPLIED ACROSS MAIN AND STARTING ELECTRODES. THIS VOLTAGE
FILLS THE GAP BETWEEN THE ELECTRODES AND DISCHARGE THROUGH
ARGON GAS. AS THE LAMP WARMS UP, MERCURY IS VAPORIZED,
WHICH INCREASES THE VAPOUR PRESSURE. AFTER 5 MINUTES, THE
LAMP GIVES FULL LIGHT. IT GIVES A GREENISH BLUE COLOUR LIGHT.
THIS LAMP IS ALWAYS KEPT IN VERTICAL. OTHERWISE THE INNER
GLASS TUBE MAY BREAK DUE TO EXCESS HEAT.

C. ADVANTAGES

1. MERCURY VAPOUR LAMPS ARE MORE ENERGY EFFICIENT THAN
INCANDESCENT LAMPS.




2. IT HAS HIGH LUMINOUS EFFICACIES OF 35 TO 65 LUMENS /
WATT.

3. IT IS DURABLE. (IN THE RANGE OF 24,000 HOURS)
4. IT HAS A HIGH INTENSITY.

5. IT GIVES CLEAR WHITE LIGHT OUTPUT WHICH HAS MADE THEM
IDEAL FOR OUTDOOR USE

D. APPLICATIONS
1. MERCURY VAPOUR LAMPS ARE USED IN LIGHTING APPLICATIONS.
2. |T 1S USED IN STREETS AND PARKING PLACES.
3. IT IS USED FOR LANDSCAPE LIGHTING.
4. |T IS USED IN FACTORIES.
5. IT IS USED IN GYMNASIUMS.
SODIUM VAPOUR LAMP
SODIUM VAPOUR LAMPS ARE SOME OF THE MOST EFFICIENT LAMPS
IN THE WORLD. THEY HAVE AN EFFICIENCY OF UP TO 190 LUMENS

PER WATT COMPARED TO AN INCANDESCENT STREET LAMP WHICH
HAS BETWEEN 15 AND 19 LUMENS PER WATT.

THIS SODIUM VAPOUR LAMPS COMES IN TWO MAJOR GROUPS:

1. HIGH PRESSURE SODIUM VAPOUR LAMPS (HPS)




2. LOW PRESSURE SODIUM VAPOUR LAMPS (LPS)

THIS LAMP CONSISTS OF DISCHARGE TUBE MADE FROM SPECIAL
HEAT RESISTANCE GLASS, CONTAINING A SMALL AMOUNT OF
METALLIC SODIUM, NEON GAS AND TWO ELECTRODES. NEON GAS IS
ADDED TO START THE DISCHARGE AND TO DEVELOP ENOUGH HEAT
TO VAPOUR SODIUM. A LONG TUBE IS REQUIRED TO GET MORE
LIGHT FROM THIS LAMP. TO REDUCE OVERALL DIMENSIONS OF THE
LAMP, THE TUBE IS GENERALLY BENT INTO U-SHAPE.

A. WORKING PRINCIPLE

Discharge tube — Studymateriall.com
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THE CONSTRUCTION OF SODIUM VAPOUR LAMP IS ELECTRIC
DISCHARGE LAMPS REQUIRE A HIGH VOLTAGE AT START AND A LOW
VOLTAGE DURING OPERATION. THE TUNGSTEN-COATED ELECTRODES
ARE CONNECTED ACROSS AUTO-TRANSFORMER, HAVING HIGH
LEAKAGE REACTANCE. THE OPEN-CIRCUIT VOLTAGE OF THIS
TRANSFORMER IS ABOUT 450 V WHICH IS SUFFICIENT TO INITIATE A
DISCHARGE THROUGH THE NEON GAS. AFTER 10 TO 15 MINUTES,
THE VOLTAGE FALLS TO 150 V, DUE TO LOW POWER FACTOR. A




CAPACITOR IS CONNECTED ACROSS THE SUPPLY TO IMPROVE THE
POWER FACTOR. THE COLOUR OF LIGHT PRODUCED IS YELLOWISH.

B. APPLICATIONS

1. LPS LAMPS ARE RARELY USED FOR INDOOR LIGHTING AND ARE
BEST SUITED FOR OUTDOOR LIGHTING.

2. LPS LAMPS ARE USED IN SECURITY LIGHTING AS THEIR HIGH
EFFICIENCY.

3. LPS LAMPS ARE ALSO OFTEN USED IN LONG TUNNELS.
ADVANTAGES:

. MOST ENERGY EFFICIENT AMONG ALL ARTIFICIAL LIGHT
SOURCES.

. VERY LONG LIFE SPAN UP TO 50000 HOURS.
. COLOR TEMPERATURE IS ALWAYS WARM

. THEY ARE IDEAL FOR USING AT AIRPORTS, SEAPORTS, STREETS,
RAILWAY MARSHALLING YARD AND CROSSINGS ETC.

DISADVANTAGES:

« ONLY MONOCHROMATIC COLOR.
« BAD COLOR RENDERING INDEX

« UNUSABLE FOR COLOR RECOGNITION PLACES.

« SODIUM IS HAZARDOUS AND CAN CATCH FIRE IN CONTACT OF AIR.




EXPERIMENT-10

AlIM:-TO STUDY RESIDENTIAL HOUSE WIRING USING

FUSE,SWITCH,INDICATOR,LAMP AND ENERGY METER

ELECTRICAL WIRING:

ELECTRICAL WIRING IN GENERAL REFERS TO INSULATED CONDUCTORS USED TO

CARRY ELECTRICITY. MATERIALS FOR WIRING INTERIOR ELECTRICAL SYSTEMS
IN BUILDINGS VARY DEPENDING ON:

INTENDED USE AND AMOUNT OF POWER NEEDED OF THE CIRCUIT

TYPE OF OCCUPANCY AND SIZE OF THE BUILDING

NATIONAL AND LOCAL REGULATIONS

ENVIRONMENT IN WHICH THE WIRING MUST OPERATE.

WIRING SYSTEMS IN A SINGLE FAMILY HOME OR DUPLEX, FOR EXAMPLE, ARE

SIMPLE, WITH RELATIVELY LOW POWER REQUIREMENTS, INFREQUENT
CHANGES TO THE BUILDING STRUCTURE AND LAYOUT, USUALLY WITH DRY,
MODERATE TEMPERATURE, AND NON CORROSIVE ENVIRONMENTAL
CONDITIONS. IN A LIGHT COMMERCIAL ENVIRONMENT, MORE FREQUENT
WIRING CHANGES CAN BE EXPECTED, LARGE APPARATUS MAY BE INSTALLED,
AND SPECIAL CONDITIONS OF HEAT OR MOISTURE MAY APPLY.

TYPES OF WIRING SYSTEMS:

1.
2.

CLEAT WIRING

CASING CAPPING WIRING




3. METAL SHEATHED WIRING
4, CONDUIT WIRING

RULES FOR ELECTRIC WIRING:

AS PER I.S.l. RULES THE FOLLOWING POINT TO BE NOTED:

1. A.C. AND D.C. CIRCUIT SHOULD BE SEPARATED. 3 PHASES SHOULD BE
INDICATED WITH RED, YELLOW AND BLUE COLOUR AND THE NEUTRAL
SHOULD BE INDICATED WITH BLACK COLOUR. IN D.C. WE SHOULD BE
INDICATE +VE WITH RED, -VE WITH BLUE AND NEUTRAL WITH BLACK.

2. IF THE VOLTAGE EXCEEDS 250 VOLT, THE DISTRIBUTION BOARD AND MAIN
SWITCHES SHOULD BE PROVIDED WITH DANGER BOARD SYMBOL.

3. NUMBER OF POINTS SHOULD NOT BE MORE THAN TEN AND TOTAL LOAD IN A
CIRCUIT SHOULD NOT EXCEED MORE THAN 800 WATT.

4. CORRECT SIZE OF THE CONDUCTOR SHOULD BE USED, SUCH THAT THE
VOLTAGE DROP SHOULD NOT INCREASE MORE THAN 3% OF THE CONNECTED
VOLTAGE WHEN FULL LOAD CURRENT IS FOLLOWING.

5. ALL DISTRIBUTION BOARDS SHOULD BE MARKED AS PDB (POWER
DISTRIBUTION BOARD) OR LDB (LIGHT DISTRIBUTION BOARD).

6. ALL THE ACCESSORIES SHOULD BE FIXED ON THE ROUND BLOCKS OR BOARD
WITH SCREWS.

7. IN THE DOMESTIC WIRING 3-PIN PLUG SHOULD BE USED.
8. ALL THE IRON CLAD APPLIANCES, SWITCHES, ETC., SHOULD BE EARTHED

9. ALL THE SWITCHES SHOULD BE CONNECTED THROUGH LIVE WIRE.




10. ALL SWITCHBOARDS SHOULD BE FIXED AT A HEIGHT OF 1.L5 METERS.

11. ALL THE BOARDS AND SWITCHES SHOULD BE FIXED ON LEFT HAND SIDE OF
THE ENTRANCE.

THE THREE CONDUCTORS:

IN MOST COUNTRIES, HOUSEHOLD POWER IS SINGLE-PHASE ELECTRIC
POWER, IN WHICH A SINGLE LIVE CONDUCTOR BRINGS ALTERNATING
CURRENT INTO A HOUSE, AND A NEUTRAL RETURNS IT TO THE POWER SUPPLY.
MANY PLUGS AND SOCKETS INCLUDE A THIRD CONTACT USED FOR A
PROTECTIVE EARTH GROUND, WHICH ONLY CARRIES CURRENT IN CASE OF A
FAULT IN THE CONNECTED EQUIPMENT.

LIVE OR PHASE

THE LIVE CONDUCTOR (ALSO KNOWN AS PHASE, HOT OR ACTIVE) CARRIES
ALTERNATING CURRENT FROM THE POWER SOURCE TO THE EQUIPMENT.

NEUTRAL

THE NEUTRAL CONDUCTOR RETURNS CURRENT FROM THE EQUIPMENT BACK
TO THE POWER SOURCE OR DISTRIBUTION PANEL. IT IS IN MOST (BUT NOT
ALL) CASES REFERENCED TO THE EARTH. EXCEPT UNDER FAULT CONDITIONS IT
DOES NOT POSE A DANGER BECAUSE THE VOLTAGE BETWEEN THE NEUTRAL
CONTACT AND THE EARTH IS CLOSE TO ZERO, BUT IS NEVERTHELESS TREATED
AS LIVE IN MOST INSTALLATION PRACTICES BECAUSE IT CAN DEVELOP A HIGH
VOLTAGE UNDER FAULT CONDITIONS.

THE MAIN DANGER POSED BY THE NEUTRAL IS THE VOLTAGE CAN RISE AS HIGH
AS THE VOLTAGE ON THE LIVE CONDUCTOR IF A BROKEN NEUTRAL CABLE IN




THE WIRING DISCONNECTS THE NEUTRAL BUT LEAVES THE LIVE CONDUCTOR
CONNECTED.

EARTH/GROUND

THE EARTH CONTACT (KNOWN AS GROUND IN AMERICAN ENGLISH) IS ONLY
INTENDED TO CARRY ELECTRIC CURRENT WHEN CONNECTED TO EQUIPMENT
THAT HAS DEVELOPED AN INSULATION FAULT. THE EARTH CONNECTION WAS
ADDED TO MODERN PLUGS BECAUSE, IF A LIVE WIRE OR OTHER COMPONENT
IN A DEVICE TOUCHES THE METAL CASING, ANYBODY TOUCHING THE DEVICE
MAY RECEIVE A DANGEROUS ELECTRIC SHOCK. IN MANY COUNTRIES DEVICES
WITH METAL CASES MUST HAVE THE CASE CONNECTED TO THE EARTH
CONTACT. THIS REDUCES BUT DOES NOT ELIMINATE THE POSSIBILITY OF THE
CASE DEVELOPING A HIGH VOLTAGE RELATIVE TO THE EARTH AND GROUNDED
METALWORK.

IT IS A COMMON MISCONCEPTION THAT THE PURPOSE OF THE EARTH
CONNECTION IS TO TAKE FAULT CURRENTS SAFELY TO EARTH. THE PRIMARY
PURPOSE OF THE EARTHING SYSTEM IS TO CAUSE A FUSE TO BLOW OR A
BREAKER TO TRIP TO AUTOMATICALLY DISCONNECT THE POWER SUPPLY TO
ANY DEVICE OR CABLE WHICH DEVELOPS A WIRING FAULT. THE SECONDARY
PURPOSE IS TO HOLD ALL TOUCHABLE METAL IN A HOUSE TO THE SAME
VOLTAGE TO PREVENT ELECTRICAL SHOCKS WHEN TOUCHING TWO METAL
OBJECTS AT THE SAME TIME. IN ADDITION, SOME EQUIPMENT SUCH AS SURGE
PROTECTORS REQUIRED AN EARTH CONNECTION TO FUNCTION PROPERLY
BECAUSE THEY OPERATE BY SHORTING THE EXCESS CURRENT TO THE EARTH.

%% _
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