Students Learming Outcomes (SLOs)
After learning this unit students should be able to

Define electric curment.,

Describe the concept of conventional current

Understand the polential difference across a circuil component
and name its unit

Deseribe Ohm's law and its imilations

Define resistanee and s unit.

Explam the under lying prmemples in the working of volume
controls of radio and TV

Calculate the effective resistance of a number of resistinees
connected in series and also in parallel.

Deseribe the factors affecting the resistances of 2 metallic
canductor

Distinguish between conductors and insylators

Skerch and interpret the V-1 charncteristics graph fora metallic
conductor, & filament lamp and 3 thermistor

Describe how energy is dissipatedin a resistance and explain
Joule's law. Wi

Apply the equation E=1Vi= i Rt= ?h'l solve numerical
problem,

Caleulate the cost of encrzywhen given the cost perkWh
[dentily circuil compenents such as switches, resistors batteries
transducers, LDRs, Thepmistors and capacitors, Reliys and
diodes, LEDs,

Identify the symbaols of circuit components and colour codes on
resISOrs

Constrect simple series (single path) and pamallel circuits
{multiple paths ),

Statethe functions of the live, neutral and carth wiresn the
domestie main supply.

Predict (the behavicr of hght bilbs in series and pacallel circuit
such as for celebration lights.

Beseribe the uwse of electrical measuring  devices  like
galvanometer. ammeter and  voltmeter (construction and
working principles not required).

Explain Aliernating Current AC

Describe hazards of clectricity {damage insulation, ovérheating
of cables, damp conditions)

Explain the use of safety measures m household electricity,
{fuse, circuit breaker, earth ware).

Describe the damapes of an electric shock fromapplisnces on
the human body

wirelesselectrcity
Wireless electricity is the
transferof power from
ongdeviee to another, air
being the medium of
transmission, First
attempt of wircless
POWET tRINSTIISSI0N WS
made by Mikola Tesla
In the year 1899, Nikola
Tesla first made practical
demonstrations of
wireless power
Iransmission. He
powered a field of
Hluorescent lamps which
were located twenty-five
miles away from their
power source and that
Loy withoul using wires,
Explanation of
principles involved
This demonstrates the
idea of a magnelic field
being usad ns a source of
electrieity for o lght
bulb. The tesla cail
serves as the elecic
souree. The magnetic
field that is being
emitted from the tesla
coil caused the electrons
tor pnove irgide the bulb,
eveninally splitting
releasing energy causing
the bulb to be kit




Electricity is one of the most important branch of physics.
Electricity has many uses in our daily life. It 15 used for
llg]mng rooms, working fans and domestic appliances like
using electric stoves, air condition and more. All these
provide comfort to people. In factories, large nm::l_nn;es dre
worked with the help of electricity.
Modern means of transportation and communication have
been revolutionised by it. Eleetric trains and electric cars
are quick means of travel. Electricity plays a-pivotal role in
the fields of medicines and surgery too such as X-ray,
ECG. The use of electricity is increasing day by day.
151 FELECTRIC CURRENT
A current is motion of any charge moving {rom one point
to another point. An electric current is always considered as
flow of negative charges of the conductor. An electric
André-Maric Ampére  CurTent is symbolized by I .The symbol 1 was used by the
(20 January 1775 - 10 French physicist. “Andre-Marie Ampere”. The unit of
June 1836) wasa French  clectric curgent (ampere) is named after him, Current

physicist. mathematician.  51y,ays flow i mcircuit or electrical system.
=k Electr rrent: When current flow from the negative
| - ‘ termi e positive terminal of battery.
S s C "ﬂnnnl current: When current flows from the
@ ssitive terminal to the negative terminal of battery.
FIH:':':"I - ‘Equation: I= o = [q=ne]

There are two types of electric current

1. Direct current (DC)

i.  Alternating current (AC)

i.  Direct Current (DC)
T A current that always flows in one direction only is called
Figure 15.2 direct current, The current we get from a battery is a direct
current,

ii. Alternating Current (AC)

A current that reverses its direction periodically is called

alternating current, Most power stations in our country

Mh\_/ﬂﬂl* produce alternating current. AC changes direction every
1/50 second and its frequency is 50 Hertz (Hz).

One advantage of AC over DC is that it can be transmitted

over long distances without much loss of energy.

& [Hrcct evrmont
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Figure 15.3



SELF ASSESSMENT QUESTIONS

Q1: Calculate the current if 20C charges passing through a
conductor in 5 Sec?

Q2: What 15 Analogue of flow of current?

Q3: What is the frequency of DC?

152 POTENTIAL DIFFERENCE

When a charge moves through a potential difference,

electrical work 1s done and energy transferred. The

Potential difference is the difference in the amount of

energy that charge carmiers have between two points in a

field, The potential difference can be calculated by using

the equation:

Equation of electric potential difference;

Pl

Qs
AV=Vy=V,

W
T T Sl
PR,

It can also be calculated by the equation
Potential difference is measured in volt. Volts is denoted by
V.
Joule (1) I
Volt=————=—=

Columb (C) C
152 EL E[TRDWUTI\ E FORCE
The amountOf eficrzy required to move the charge from
lower po higher potential of the battery is called
EMF.
Equmm EMF(z)=

energy supplies (W)
unit charge (q)

S urlit of EMF is volt.
In centimeter-gram-second system the unit of EMF is the
Statvolt or one erg per electrostatic unit of charge.

153 OHM'S LAW.

In 1826, George Simon Ohm made an investigation
of the relation between potential difference across a
conductor and the current flowing through it.

Thﬁmﬂgnm of AC
and l?fle‘Eﬁine 50, Dﬁ

. A,
P q 1P
* ':4—¢
L]
- w
4
- aﬂ i
W
AV=—
"I.
*
Fig: 154

Potential difference

Pmdumuu of DC is more
expensive then AC

) o vou koo

The (K} in the ohm's law
indicated th:wndmme
and its unit is mho
Symbol: ol




In graph a independent
term always on x — axis
-and dependent tenn on y.
- axis.
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Fig: 15.5
Vel Grapivol Ohmi¢
unil non-ohmie
conductors

Noltage (V) —
Fig: 15.6
IV characteristics

“The current flowing through the conductor is directly
proportional to the potential difference (V) across the two
ends of a conductor, provided the physical state
(Dimension, Temperature, etc) of the conductor m@
same, '(
Mathematically can be written as 1ec Y

1=KV where K is constant of proportienality” called
conductance or physical state of conductor, Conductance is
opposite to resistance. Thus (K=1/R). :

1=V/R rearranging the equation

V=IR

Ohm’s Law is valid only for ohmic substance at a
given temperature and for steady eurrents.

V = IR where R is a constant called resistance R
depends on the dimensions of the conductor and also on the
material of the conductor, Its SI unit is Ohm (Q).

Ohm’'s law was found out by various experiments,
somewhat sﬂmlar to the Ih&rmadynamm laws, As far as its
significance 1s concerned, this law s used within all
branches of electronic studies or science. The law s uselul
in carrying out calculations such as in determining the
value of resistors or the current in a circuit and in
measuring the voltage.

“Ohm’s law Limitations
“There are some limitations to Ohm’s law, They are as

follows:
» Ohm’s law is an empirical law which is found true for
maximum experiments but not for all,

» Some materials are non-ohmic under a weak clectric
field.

» Ohm's law holds true only for a conductor at a
constant temperature because resistivity changes with
temperature.

~ As long as the current flows, greater will be the
temperature of the conductor,

# Heat produced in a conductor can be calculated by
Joule’s heat law I1 = IRt where | is current, R is
resistance and tis time.

~ Ohm’s law is not applicable to in-network circuits.




» Ohm’s does not apply directly to capacitor circuits
and Inductor circuits.

» V-l graph of ohmic conductors is not really a straight
graph. It does show some variation.

# The V-1 characteristics of diodes are much different
from ohmic -:nnduulors "u’-] 0 ah

How much valtagc w;]l bf: dmppedacmas a 50 kﬂ
resistance whose current is 300 pA?

Solution: ik, ol oot
Step 1: Write down the known gquantitics and quantities to_ a . ul
R =50 k€2 = 50 ~ 1030 b b T E
I=300 pA =300 = 10-6 A LY . s
V=7
Step 2: Write down the formula and rearrange if qﬁ@g Dinde
V=IxR ":j'
Step 3: Put the values and calculate, gy . '“'}
v- 1R 'O N
= (300 x 10-6) (50 103) ¢
"-.f' =15V L -:__==,
Result: V=15V % Fi it
SELF ASSESSMENT ONS _
Q1: The Product of resi d capacitance equal to?

154 RESISTANCE
The electrical resistance of a circuit is the ratio
between the voltage applied to the current flowing through
it. According to Ohm’s law, there is a relation between the Viccum tibe
current ﬂcwmg thmugh a conductor and the potential
difference across it. It is given by,

Rms
I
Where V 15 the potential difference measured across the
conductor (in volt), 1 is the current (ampere), R is the Y{
constant of proportionality, is called resistance (ohms) {._4"‘
The unit of electrical resistance is ohms. b
R.:E: ohm= woit Fig: 18.7
I Iampere Hesistor

Electric charge flows easily through some materials



Fig: 15.8

than others. The electrical resistance measures how much
the flow of this electric charge is restricted within the
circuit.

Factor affecting the resistance

Electrical resistance is directly proportional o
length (L) of the conductor and inversely prﬂpummal o
the cross-sectional area (A). It is given I:r},nr ﬂlc following
relation,

R=pL/A

where p is the resistivity of the material measured in
Qm, (ohm-meter)

Resistivity is a quahtahw: measurement of a
material’s ability to resist flowing electric current,
Obviously, insulators will have a higher value of resistivity
than that of conductors.

Electrical resistance 48 inversely proportional to the
tf:mpf:rature of mﬂialhc conductor because the random
motion of free elﬁctmn increased and offers more resistance
in a metallic conductor.

Uses of Resistance

Resistance is also useful in things like transistor
mdma and TV sets. Suppose vou want to lower the volume
on your TV, You turn the volume knob and the sound gets
quieter but how does that happen? The volume knob is
actually part of an electronic component called a variable
resistor, IF you turn the volume down, you're actually
turning up the resistance in an clectrical circuit that drives
the TV's loudspeaker. When you turn up the resistance, the
¢lectric current flowing through the circuit is reduced. With
less current, there's less energy to power the loudspeaker—
s0 it sounds much quieter.

15,5 SERIES AND PARALLEL COMBINATIONS

OF RESISTORS IN A CIRCUIT
The method of connect the electric components is called
There are two types of circuits
(1) Series Combination c¢ircuit
(2) Parallel Combinations circuit




Series combination cireuits:
When resistors are connected end to end such that there is
only one path for the current to flow then the combination
is called serics combination.

Let suppose three resistors Ry, Ro and R3 are connected n
Series. when this combination is connected to a battery of
V volts, it draws current [ from the battery. Re is a single
resistor. This resistor is such that when it is connected to
the same battery of V volts, it also draws current I from the
battery, This resistor is therefore called equivalent resistor
and its resistance is called cquwalcnt resistance.
V=Vi+Va+V;3

By applying Ohm’s Law to each resistor. We have:
Vi=IRi, V2=1R;, Vi=IR3, V=IR..

Using them in equation we get:

IR« =1IR; +TR; +1Rs.

IR:=1(Ri+Rz+Rs).

Re=Ri+Ra+Rs

Thus equivalent resistance is cqua['tq.ﬁm sum of individual
resistance,

Advantages:

1. Tt's employed when a large number of bulbs or lights

need to be used at the Same time.

2. Because the circwit receives less current, it is safer,
Because all the bulbs, lights, and appliances are
connected together, it's easier to turn them on or off,
lmadvulnges'

Bemuse all electrical appliances have only one
‘switch, no single appliance may be turned off
separately.
The second component of the circuit will not function
it one component is fused or quits operating.
3. Because the voltage is distributed in series or
combinations, not all of the components receive the
same voltage.

Ll
h

i

Fig: 15.9
Diagram showing
three resistors

comnected in series




Find the current | passing through mr-:}t and the voltage
across each of the resistors in the circuit below, Resistors in

Series. : C)

1L} 4000 00 .
A\

Solution:
Step 1: Write down th:: quantities and quantities to
The three resistors i ve a resistance Re given by
the sum of the %um:es Hence

Re= + 200 =700 £
Step 2: Wr@ ¢ formula and rearrange if necessary.

vV
I
o &7
Step ut the values and calculate.
§
T Y
Jo0c

The voltage across each resistance 15 calculated using
Ohm's law as follows:

V=IR1= 1002001 =1 V

V=IR; = 400x0.01 =4 V

V=IR: =200x0,01 =2V
Result: I=001 V=1V, 4V, 2V
Parallel combination circuits:
When there are multiple paths for current flow in a circuit
{as indicated in the diagram), the combination of
resistances 1s referred to as parallel combimation. Each
resistance's potential is the same and equal to the applied
potential.
Each resistor has a steady current flowing through it. In



homes, the parallel combination is used for various
domestic appliances. each of which has its own switch that
may be turned on or off as needed.

Let suppose three resistors Ry, Rz and Rz are connected in

Parallel. When the combination is connected to a battery of

V volts, 1t draws a current I from the battery.
Re s a single resistor. This resistor is such that when it is
connected to the same battery of V volts, it also draws
current | from the battery, This resistor is therefore called
equivalent resistor and its resistance is called equivalent
resistance.
I=|+I+13
By applying Ohm’s Law to each resistor, We have:

V=IR,V=LR;;V=LR;, V=IR,

Vv V. V. ¥

[t _E*IE_E1I3_.£*I_E
Using them in equation, we get:

R S L ST

R, R, R, R,

Thus the reciprocal of cquivalent resistance is cqual
to the sums of reeiprocals of individual resistances,
If one component of the circuit or a resistor is destroyed in
parallgl -~ combinations of resistors, the remaining
components of the circuit will continue to function
normally, It's due to the fact that there are multiple paths
for electric current to go through

Find current I in the circuit below and the current passing
through each of the resistors in the circuit. Resistors in
parallel in example 2.

Solution:

The three resistors are in parallel and behave like a resistor
with resistance Req given by

Fig: 15,10
Three resiilors
connected in parallel




I /Re=1/100+1/400+1/200
Multiply all terms by 400 and simplify to obtain

400 /Re=4+1+2 7
Solve for Re to obtain 25\
Re = 400/7 € N
The main current | is given by AN
[=7/Re=7/(400/7)=49 /400 A NS

We now use Ohm's law to find the currgni @amg through
each resistor.

The current through the resistor ummﬁ 11 =7/100 A
The current through the resistor.o f400€: 1, =7/400 A
The current through the resismr -::-'ﬁ Q: 1, =T7/200A
As an exercise; check that.the sum of the three currents
above is equal to the current.] =49 / 400 A.

Advantages:

1. Each applianee can be turned on or off independently.

1. The voltage of each electrical appliance is the same as
the power supply line.

3. If one electrical appliance stops working due o a
problem, the other appliances will continue to
function.

Disadvantages:

1. Beecause the circuit can carry higher current, it is less
safe,

2. If hundreds of appliances or lamps need to be tuned
on or off at the same time, this method is difficult to
apply.

15.7 ELECTRICAL POWER AND JOULE'S LAW
Electric Power

The rate at which the work is being done in an electrical
mmnit is called an electric power.

'ﬂle:rat: of the transfer of energy.

When a current flows through a resistor, electrical energy is
converied into HEAT energy. The heat generated in the
components of a circuit, all of which possess at least some
resistance. is dissipated into the air around the components,
The rate at which the heat is dissipated is called power
dissipation

18



It is denoted by P and measured in units of Watts (W)
Mathematically equation of power dissipation and resistors.
3
P=1V=1R =
R
Energy in Resistors
ENERGY is dissipated when a particular amount of power
is dissipated over a period of time. Energy (power ¥ time)
1s measured in Joules, and the energy dissipated by a
component or circuit can be estimated by including time (1)
in the power formulas.
Energy dissipated = Pt or VIt or VA/R or even IRt Joules
Joule’s law
When an electric current flows through a circuit, it
increases the internal energy of the conductor, which gives
rise to the collision of electrons with atoms of the
conductor, and which results in heat gmf:mnun To
measure the amount of heat generated due to these
collisions, Joule, an English physicist, gave the Joule's law.
when an electric current passes le:rugh a conductor, heat H
is produced. which is directly proportional to the resistance
R of the conductor, the time t for which the current flows,
and to the square of the magnitude of current .
Mathematically it is represented as H o< P Rt.
The joule’s first law shows the relationship between heat
produced by flowing electric current through a conductor.
" H=PRt

Where, H indicates the amount of heat. T show electric
current, R is the amount of electric resistance in the
EDIIdllF'EU‘I’, t denotes time
The amount of generated heat is proportional to the wire’s
electrical resistance when the current in the circuit and the
flow of current is not changed.
“The amount of generated heat in a conductor carrying
current is proportional to the square of the current flow
through the circuit when the electrical resistance and
curtent supply is constant.
The amount of heat produced because of the current flow is
proportional to the time of flow when the resistance and
current flow is kept constant.

&

(PRI

Applications of Joule™s

u}rﬂfnmk:l and
omium] is employed
as a heating element. This
i due to the following
factors:
Nichrome possesses a
high level of specific
Tesistance.
The melting point of
nichrome is extremely
high. '
Nichrome is resistant to
oxidation,




100J of heat is pmduned each mﬂnd m a 4 Q resistance.
Find the potential difference across the resistor.

Solution: {h
Step 1: Write down the known quantities and qua@* 1o

be found
-:f,

= 100]
R=40 "'”"-'.

V=t
Step 2: Write down the funnulﬁw{&amnge if necessary.
H=1Rt

f}(\

Vet
R

I=§3‘3

I-I=E,xt
R

vz

100 —Txl
100% 4 = V*
400=V*
V2 =400

V =+/200

V=20V
Result: Potential difference is 20V,



15.8 USE OF CIRCUIT COMPONENTS
Electrical components and their uses
The devices that make up an electronic circuit are known as

Symbal

¢lectronic components, They're made to be joined together, Fig: 15.11
usually by welding, to form a circuit on a circuit system. Srikis or oy
Semiconductors, active, passive, optoelectronic,

electromagnetic, and other types of components can be

classified. l e AA e
Switches or key: It is one of the most fundamental Symbol
electrical components, it is used to turn electric circuits ON Fig: 15,12

and OFF. This simply implies that when you press or flick Resistor

a switch, current is allowed to pass ﬂ:mughmﬂm:mtnf
the circuil.
Hﬂ‘ﬂ!tnt'-

:mplcnmnts ﬂ[ﬂr;tncaﬂ rﬁststawa as a circuit &Imp&

Fig: 15.13
1' mmﬂ Battery

Batl‘ﬂ‘}’ It is electrmal source that s

energy < : ! s
Transducer: Tt is an electrical comfmouent that converts one & =

e, of enery 1o “ of energy like I]) _—f‘mr
microphone converts 5 _

Einmlml

signal as shown in ﬁg@ Eil Fig: 15.14
LDRs (Light l}i:p { Resistors): Fransducer
A photoresis dependent resistor is an electronic @
component sitive to light. 3L
For example. in aulnmah-: security lights. Their resistance ' L
decreases as the light intensity increases | A
» T Jow light levels, the resistance of an LDR is high ‘l
and little current can flow through it. Fig: 16,48
% In bright light, the resistance of an LDR is low and ughfél‘bl";“d o
more current can flow through it. resistor (LDR)
Thermistors
It is thermally sensitive resistors whose resistance is 9
strongly dependent on temperature. It is used to measure » 7
the temperature very accurately. Symbol

Relay: Ii switches which aim at OFF and ON the circuits

' Fig: 13.16 Thermistor
ﬂlmﬁﬂﬂimﬂ}&aﬂ-'weﬂasgimmmﬂy_ L O Thermistor

@




Current Spring
carmrymg eoil s

Fig: 15.1

Galvanometer

T

) v v koen |

A resistor having & very
Tow value of

resistance such type of

b

:

Moving coil galvanometer:
It is an electromechanical instrument used to detect

and measures small amount of current which is in the range

between milli amperes or micro amperes,

Luigi Galvano invented this device so it belongs to"his

name. this is a current detecting meter based on magnetic

dipole torque.
L : = or
Ammeter: .

An Ammeter 15 an Electromechanical instrument
used to measure electric current. It is a modified form of
Galvanometer. A Galvanometer can be converted into an
Ammeter by connecting a low shunt resistance in parallel

to the Galvanometer: A’ Ammeter using in a circuit always
in “Series” Its symbol is (A)

e

Fig: 1518 Ammeter
Voltmeter:

Voltmeter is an Electromechanical Instrument sued
to measure potential difference. A Galvanometer can be
converted into a Voltmeter if a high resistance is connected
in Series with Galvanometer. Voltmeter

Fig: 15.19
Vialtmeter

Fig: 12.20 cireuit diagram of voltmeter




Electrical Power transmission to a house
There are three cables that provide electricity into the
building. One is referred to as a ground wire or earth wire
(E). There is no current through this. The house's earth wire
is connected to a buried metal plate. The other cable,
known as a neutral wire, is grounded to the Earth within
the power plant itself to keep its voltage constant (N), The
current flows back through this wire. The third _wire, which
has a high potential and is called the livewire, is connected
to the battery (L). Difference in voltage between the live
and neutral wires is 220V,

The human body is a good conductor of electricity. If &
person holds livewire. current will flow to the ground
through his body, which could be dangerous. The live and
neutral wires are used to connect all of the equipment.in a
home. All have the same potential difference, thus they're
joined in parallel to the power source.

A conneetion has been made between the eables coming
from the mains and the electricity meter that has been
installed in the residence as shown in the figure 15.9 The
electric meter's output goes to the main distribution hoard
and Subsequently the home clegtric gircuit,

The main box has fuses with ra.'tmgs of about 30 A, Each
zpplzance has its own comnection made directly to the live
wire. A fuse and a switch aré used to connect the appliance
terminal to the livewire. In the event that the fuse of one
appliance blows, it will not have any impact on the
functioning of the other appliances.

Fig: 15.21
ustrate the distribution of clectrieal power from main to the
home applisnces




Hazards of electricity
Electrical shock, fire, and arc flashes are the primary
hazards that are present when working with electricity.
When the human body comes into contact with either-or
both of the wires in an electrical circuit or with one wire of
an energized circuit and the ground, or with a metallie part
thai has become energized by contact with an electrical
conductor, the result is an electric shock.

Electrical shock severity depends on the pathway through
the body, the amount of current, the length of exposure, and
whether the skin is wet or dry. Wet'skin and wet conditions

“ are good conductors of electricity,
Damaged Insulation:

Insulation refers to the sheath made of plastic that is

Fig: 15.22 wrapped around wires in a-circuit. If the insulation on a
Damaged Insulation

cable is damaged, the metal conductors inside will be
exposed.
It is possible for a person to receive an electric shock if
they come into contact with the exposed wires, which could
result in_their death, Before replacing any damaged
insulation attempting to cover any damaged insulation with
electrical tape, make sure that all power sources have been
Aurned off and then replace the damaged insulation.
Overheating of cables:
When a very high current is passed through a cable, there is
a possibility that the wire will overheat as a result of the

excessive amount of energy. Because of the overheating,

Fig: 1523 there is a risk of electrical fires.
Uver heating of a cable D ditions:
p conditions

People who are in close proximity to an electrical appliance
that is being used in a damp environment, such as a
bathroom. have an increased risk of being electrocuted by
the electricity that is being conducted through the water
because water 1s a conductor, If a person touches a socket
while their skin is wet in any way, they run the risk of

S being electrocuted.
.. E PR Safety measures in household electricity
Elcetrical extension B . )
placed damped Electricity as a power source has become very erucial to the

covirpnmen functioning of modem society. Despite its usefulness, there



are a number of potential electrical hazards and mishaps
that must not be ignored. If not handled carefully, this
constant stream of clectrons can destroy any living tissue it
comes into contact with. To avoid any unwanted incident
few measures must be taken which are given below:

Fuses and Breakers

Circuit breakers, or fuses, prevent damage to electronics
components caused by overheating. When there 15 a
significant amount of current running through the circuit,
the wires that are contained within the circuit will begin to
overheat. A metal wire fuse with a low melting point will
become molten, breaking the circuit.

The Circuit-Breaker

In the majority of applications found in the home, eircuit
breakers are used to restrict the amount of current flowing
through a single circuit. Although circuit breakers are Fig: 15.25
available in a wide range of sizes, the maximum current Different type of fuse
that can flow through a single circuit is typieally 20 amps. oLt 8- Mdptranic
20 amps of current will heat the bimetallie strip, bending it -
downward and releasing the trip-lever. To manage the large
surges that result from a short circuit, a different
mechanism is utilized due to the relatively slow heating. In -'.}
the case of a high-current spﬁm the bimetallic strip will be ' III )
rapidly retracted by a small electromagnet made from wire

loops wrapped amu_nd-fil.p{éce of iron,

The Ground Wire i

The word "gl‘?ll‘l"'jn' means that something is c_:mmffute.d to Fig: 15.26 (a)
the carth, which stores charge. A ground wire gives an Clreuit breaker
electrical appliance a path to the earth that is separate from
the normal path that current takes. As a practical matter, it
is connected to the electrical neutral at the service panel so
that if there is an electrical fault, there is a path with low
enough resistance fo trip the circuit breaker as illustrated in
figure 15.23, Antached to an appliance's case, it keeps the
case's voltage at ground potential (usually taken as the zero
of voltage). In this way. electric shock is prevented.
Standard electric circuits have a ground wire and either a
fuse or a circuit breaker for safety.

Fig: 1527 (h)
Schematic diagram of
circoit breaker



Ciround ags e

Fig: 15.28 Electric circuit having erotndwire

Effects of electric shack on human hody

LL

Electric current of 0.001 A can be felt

Electric current of 0.005 A, can be painful for
human body,

If electric current is of 0.010 A, resulting in the
contraction of museles in an uncontrollable manner
(spasms) !

Electric shock of 0.015 A can leads to a lack of
control pver the muscles.

The electric current of 0.070 A passes through the
heart; creates a significant disturbance; and is
almost certainly fatal if the current continues for
more than one second.

ASSESSMENT QUESTIONS

+ Explain briefly the dangers of electricity in the home.

: Give four safety precautions that should be taken with
the household circuit.

Q3: In a circuit, does the fuse regulate the voltage or the

current?




B SUMMARY

Steady current: The continuous flow of free electrons,
Electric current 15 the net charge flowing through the cross-section area A per
unit time. 1=0Q/t

Direct Current (DC) is current flows in one direction with constant magnitude.
Alternating Current (AC) is an electric current that reverses its dj_;tguﬁﬁh many
times a second at regular intervals. _ )

The difference of electrical potential between two points is known as Potential
Difference.

Electromotive force (Emf) is the energy per unit electric charge that is
imparted by an energy source, such as an electric generator or a battery

Ohm's law states that the magnitude of the current flowing through conductor
is directly proportional to the potential drop across the ends of conductor as
long as the physical state of the conductor is kept constant. (V =IR)
Conductance is the reciprocal of resistanee of a conductor,

In series combination of resistors, the Equivalent resistance is equal to sum of
individual resistors.

In Parallel Combination of resistors, the reciprocal of resistance is equal to the
sum reciprocals of individual resistances.

Electric power is the rate at which work is done in an electric circuit,

Joule’s Law state that The rate at which heat is produced by a steady current
in any part of an elegtrie ¢ircuit is jointly proportional to the resistance and the
square of the current

Thermistor is a heat sensitive device usually made of a semiconductor
material whose resistance changes very rapidly with change of temperature,
Relay is a-device that opens or closes the contacts to cause the operation of the
other electri¢ control.

Light-Emitting Diode (LED) is a semiconductor light source that emits light
when eurrent flows through it.

- Light dependent resistors (LDRs) or photo-resistors are electronic components
“_that are often used in electronic circuit designs where it is necessary to detect
the presence or the level of light.

Galvanometer is an electrical instrument used to measure and detect small
current,

Ammeter is an electrical device used to measure the electric current in
Amperes (A) or mili-ampere (mA).

Voltmeter is an electrical device used to measure the potential across the two
ends.
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Multiple Cheice Questions (MC(s)

1. In an Electric circuit when Electrons move from low to high potential they

will:
(a) Gain Energy {b) Lose their identity
(c) Lose Energy (d) Gam Potential
2. Inan electric circuit an ammeter is always connected in
(a) Series {b) parallel
{c) mixed (d) none of the above
3. Resistance of @ conductor does not depend on
(a) Length of the conductor (b) Area of crossection
(¢) Density (d) Resistivity.

4. Ohm’s law states that:
{a) Resistance increases as current increases
{b) Resistance decreases as current increases
(c) Resistance increases as vultagc increasecs
(d) Current increases as voltage i Increases
The condition when the resistance of a cmcmt is zero is known as
(a) Closed-circuit {h} Open cireuit
(c) Short circuit (d) Zero circuit
6. The condition for the validity of Ohm’s law is that the
(a) Temperature should remain constant
(b) Current should be proportional to voltage
(c) Resistance must be wire wound type
(d) All of the abave: -
7. Ohm’s law is net applicable to
{a) Scmlcﬁnduc‘tcrrs (b) D.C. circuits () Small resistors  (d) High currents
8. Two resistances of 6  and 12 €0 are connected in parallel, Their net resistance
is x
(@) 7Q (b)6Q ()40 ()5 Q
9, The property of a body to oppose the flow of electric charge through it is
called electric

o

(a) Capacitance (b) potential
(c) resistance (d) conductance
10. Which of the following is the purpose of connecting a battery in an electric
circuit?

(a) To maintain resistance across the conductor.
(b) To vary resistance across the conductors.

(¢) To maintain constant potential difference across the conductor.
(d) To maintain varying potential difference across the conductor.
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€ X)) Structured Questions

10.
11.

12.
13

14.
15.

Is it always the case that a series connection between capacitors will result in
an equal amount of charge being stored in cach capacitor? _

Why should we connect the equipment in parallel rather than in series, and
what are the benefits of this configuration?

Does a circuit need a potential difference in order for current to ﬂﬂw through
it? \

It is impracticable to connect an electric blub and an electric heater in series.
Why?

When a fuse is used in a circuit, does it control the current or the potential
difference?

Explamn what you mean by the term "conventional current”

Describe Ohm’s law and its limitations

Determine the effective resistance ﬂf 4 number of resistances that are
connected in either series or paraﬁnlhy dmng the appropriate calculations,
Explain what influences the resistance of a metal conductor and how you
measured it _

Explain Joule's law and the process of energy dissipation in a resistance.
Explain the roles of the live, neutral and earth wires in a standard home
electrical system.

How Does AC Wark?

Explain the risks associated with electrical current (damage insulation,
wcrhcatmguf cables, damp conditions).

Explain how safety precautions are used in home electricity.

Describe the effects of an appliance-caused electrical shock on the human

lﬁ'.- Why the voltage used for the domestic supply much lower than the voltage at

which the power is transmitted?




e T (M) Numericals

When the current in a pocket calculator is 0.0002 A, how much charge flows.
every minute? (12m(C)

Calculate the amount of current that an electric heater uses to heat a room in 3
minutes if the charge is 2100 C. (7 4) e

A potential difference of 90 V exists between two points. The amount of work
done when an unknown charge is moved between the points is 450]. Determine
the charge amoumt (5 C)

Calculate the potential difference between two points A and B 1f it takes 9x10 J
of external work to move a charge of +9 uC from A to B. (100 V)

The potential difference applied to a portable. radio terminal is 6.0 Volts.
Determine the resistance of the radio when a current of 20 mA flows through it.
(300 £2)

Resistances of 4 £, 6 Q, and 12 Q are connected in parallel and then connected to

a4 6V emf source. Determine the value of -

i.  The circuit's equivalent resistance (2 £1)
il.  The total current flowing ﬂu'ﬁu,g!:l the circuit, (3 A)
ii.  The current that flows. through each resistance. (1.5 A, 1 A, 1.5 A)
A 220 V circuit is used 1o power two 120 watt and 80 watt light bulbs. Which
bulb has the greater resistance and which one has the higher current?
(80 W bull, 120 W bulb)



