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UNIT14: CURRENT ELECTRICITY' RUCHICHEIEREEREES when charges flow, they can be positive, negative, or both. For
current in metals is due to flow of negatively charged electrons, The c?;ampie the
. rent in the

14.1 Electri concerned with static charges, ; _

14.2 Pote t: ::::rf:m d emf rrent electricity deals with beam of a particle accelerator is due to positively charged protns h
g bbbl ocl il o cases such as gases and electrolytes, the current is due to the flow;;f:oil: in some
positive

14.3 Ohm's law charges in motion. Making and negative charges. Moving charges, whether positive or e i
to as charge carriers. The total currentis /=1, + /. Bative, are referred

14.4 Resistance, series and parallel charges move has many

nh4zmAZ0O0

combinations ‘ advantages for example it helps The SI unit of current is ampere and is represented by capital lettera e
14.5 The |-V characteristics for ohmicand i (jgnt our homes, ~entertain coulomb charge flows through any cross-sectional area in one s e
non ohmic conductars oce . ane ampere econd, the current
% . o ourselves with the television is one ampere.
.6 Electrical power and Joule's law
: and even inside the human body 1A= 1C/s.
14.7 Use of circuit components i y .
it carries signals to and from our since coulomb is large amount of charge, therefore ampere is also a large unit of
o

current. In real life situations, we deal with small values of current like milli
amperes (mA =107 A) and micro-amperes (A =10° A) -

14.8 Electric measuring instruments

14.9 Direct and Alternating current brain as nerve impulses. We f

have harnessed electricity to

14,10 House Circuits
; ; Conventional flow of current: The directi
14,11 Electrical safety improve our quality of living direction in which positive charges ﬂ:wd*rfftwn il 00
14.12 Dangers of electricity and understand the life within :
. S ; i In conductors (e.g metals), the FIG '
Key Points and Projects us. This unit introduces the actual flow of current is d‘ . I S L2 Direction 2Licen:
| s ue to
Exercise basic - concepts of electricity : electrons which flow from o s il

ne - - L)
R [ galfwe terminal to the positive l Loy
_-_ﬁ . erminal of battery, However, |

household electricity and safety before the discovery of electron
the current was assumeq to ﬂam; Conventional current flow

ow

considerations.
14.1 ELECTRIC CURRENT | :;:;n Positive to negative . ‘o —
: i - R—
“Time rate of flow of charge is called o duf:;uf the battery even for ' .
rs
current’. g v
: J : This assumed di :
A charge “AQ’ flowing through any . med direction of ¢ :

. : f Practical of current flow is now called conventional :
sogenediisal sieh 6 AC 0 . Negative CTGSES’ Positive charge moving in one direcﬁon' is e:;r::l:zt'::;
corresponds to a current | that is | =S | electron rge moving in opposite direction. Both ional
defined mathematically as Ow are used by indust . conventional current and

The time rate at which charge T ¥
flows through the area is defined ! X'MI"'PLE";‘:. _1:_' AMG‘UHT .
as the current I. Anew bttgr. 5 -l OF CHARGE TO BATTERY
5 cha
e 6.7 Afor 5.0h.H rged at the battery shop charging station using a current of

Much charge passes through to the battery?

NO_TFORSALE
| Se—




m Curvent Elecricily 136
GIVEN

REQUIRED
Current'l' =6.7A Charge 'AQ =7
Time ‘At =5hrs=5x60 x 60 =18000s

SOLUTION: By definition of electric current | = = or AQ=IxAt

- puttingvalues  AQ =6.7Ax18000s or AQ-—-&.?%MBDU‘.’J,S

AQ =120600C =1.2x10°C
Thus, in charging battery 0.12 MC of charge was p

rovided.

ASSIGNMENT 14.1: TRUCK STARTER CURRENT )
hile starting an engine of a truck, its battery sets 720 C of charge in
otion for 4,00 s. How much current is flowing?

CONDUCTORS AND.INSULATORS!

Materials are broadly divided into two categories based on their electrical

properties. They are either conductors, in which charge flows freely, or
insulators that do not allow easy flow of charges.

The electronic structure of a material refers to the way in which electrons
are bound to nuclei, conductors have an electronic structure that allows
the free movement of some electrons. The positive charges of the atoms of
a conducting material do not move, since they reside in a heavy nuclei.
Metals are a typical example of solid conductors. Copper, for example, isa
very good conductor used in electrical wiring.

Forinsulatars, no free movement of electrons occurs because the material
has no loosely bound electrons that can escape from its atoms and thereby
move freely throughout the material, Typical insulators are glass, plastic,
and cloth.

14.2 POTENTIAL DIFFERENCE AND EMF

The electric potential at one point can be higher, lower or equal to the potential
difference at other point. ‘The difference of electric potential between t¥0
pointsis cal led patential difference’.

Situation

Current (A)

Advanced technology computer chips

10" to 10°

Electron beam of a TV set

10°

Minimum current that is dangerous when it passes through the body | 107 to 10"

1

2
st
[t

4 | Flash light bulb
i

5
L= =

]

&

cross-section

0.3

House hold light bulb -
Automobile starter o
Maximum current in lightning strike o
8 Maximum current carried by a superconducting niobium of 1 cm’ &

For example in an electric circuit
which has an electric device
{electric bulb) connected across a
battery through conducting wires
as shown in figure 14.3. The charge
leaving the positive terminal of the
battery has potential energy in
device; part of this energy is lost
(converted to other forms of
energy). Thus, there is a difference |
of potential energy per coutomb of |
Chat’ﬂe- (q) from once side of the
:sl:ctnc device to the other, which
£rmed as potential difference.

MFIGURE 14.3 - Potential difference

isca
lled electromotive force (emfor £).

The potentia( gj
' lal difference developed and maintained by source of electrical energy

NOT FOR SALE




m Corrent Electricidy 5

To sustain steady current in a circuit, BE[EIECIEEEN

emf source (A device which converts a
non-electrical energy into electrical
energy) is required which maintains a
constant potential difference across its
ends. Figure 14.4 shows battery as an
emf source with positive and negative
terminals.

Positive terminal Negative
terminal

When battery is connected through conducting wires with a device. The positive
charges enter the negative terminal of the battery. Therefore, work has to be done
inside the battery to bring the positive charge from lower potential to higher
potential. The influence that makes current flow fram lower to higher potential
(inside the battery) is called electromotive force (emf or E). If W is the work done
by battery in taking a charge q from negative terminal to positive terminal, then
electromotive force (emf or E) of the battery is:

_TIPTATE traryReferenc d
14.3 Recall that the reference point for
' determining the electric potential

Equation 14.3 is the equation for emf, thys [ 3t @ location is arbitrary. For

: example, consider a typical 9 V
electromotive force (emf) is also defined as alkaline battery, It means that the

the energy spent per unit positive charge by | pesitive terminal has an electric
the source to move it from negative terminal | potential that is 9 ¥ higher than the

to the positive terminal within source. electric potential of the negative
. ) terminal. If we designate that the
The units of electromotive force is the same as negative terminal of the battery is

units for electric potential or potential |at zero potential, the positive

differenceas J/C=V, terminal would have a potential of
9 V. We could just as correctly
v =1:". choose the potential of the
ic negative terminal to be -4.5 V ahd
14.3 OHM'S LAW Lthepositivetenniﬂaltobeﬂ.w.

Statement: The current in a conductor is directl y proportional to the appl jed

voltage across the conductor as long as temperature and the physical state of
the conductor is kept constant,

Those devices which obey Ohm’s law are called Ohmic devices and are commonly

NOT FOR SALE

reffered to as “resistors”.

In this system, the person raising
' the water from a low toa !'II_P.:h level
’J ic analogous to the battery, the
paddle wheel is analogous to the
lightbulb and the water is analogous
to the electric charge. Notice that
the person does work in raising the /i
water; later, as the water falls to its ' -
original level, it does work on the
external world by turning the
paddle wheel,

This means if we connect an ohmic device first to 1.5 V battery, and then we
double the battery voltage to 3V, the current will also double. The current | flows

through ohmic device when voltage Vis applied across its ends, then according to
Ohm's Law, we have

lcV  or I=kV FIGURE 14.5 - Ohm’s law
Where k is the constant of proportionality -

and is equal to 1/R, where R is the

Opposition to the flow of current
therefore

v

==

:-::::, e:dls called resistance and fis
pasas ent of the value of V and / and
s Upon the nature of the con
mnductﬂr (such as length and cr
: or. All devices does not ob

ecalled Ohmic devicesand are

ductor (its material), the dimensions of the
oss-sectional area) and temperature of the
ey Ohm's Law. The devices that follow Ohm's law
commonly referred to as ‘resistors’.

Limi tations of Ohm’s layw:
cha ;
2o :ge. Hnwever, only me

5) show this behavior a

For Ohm’s law to hold good, the resistance ‘R’ must not
tallic conductors (for example copper, silver and gold
nd that too only over limited range of voltages.

NOT FOR SALE
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Many important devices do not cbey Ohm'’s law. Even a lightbulb has resistance
that depends on its temperature and does not obey Ohm’s law.
EXAMPLE 14.2: CURRENT THROUGH RESISTORSIS

A 30.0-V battery is connected to a 10.0 Q resistor. What is the current in the
circuit?

GIVEN - REQUIRED
Potential difference 'V’ = 30.0V

Resistance ‘R'=10.00

Current ')’ =7

SOLUTION: By Ohm'slaw | = :
Putting val P ; <
HENER RS T 10.00 How Y/} gives amperes? .
- 3.00 Ais a large current, is
1=3.004 ATSWEDS this current realistic?

ASSIGNMENT: 14.2: CURRENT THROUGHIELEGTRICIRA}
A heating element on an electric range operating on 240 V has a

resistance of 30.0 Q). What current does it draw?

14.4 ELECTRICAL RESISTANCE (R)
The opposition offered to the flow of charges is called electrical resistance.

In metallic conductors, the charge is transported by free electrons. Resistance is
due to collisions between these free electrons and fixed atoms inside the
conductor. By Ohm’s law, the resistance is the ratio of the voltage V across the
conductor to the current | it carries, mathematically

R= % 14.4

The Slunit of resistance ischm andis represented by Greek letter (omega) 0. The
resistance of wire is one ohm if potential difference of one volt applied across it
endsand causes acurrent of one ampere to flow through it.

L — e

For example, 2 wire or an electrical device that offers resistance to the flow of
charges is called a resistor. The resis,ltance can have a wide range of values, The
copper wires in a television set.- for instance, have a very small resistance. on
the other hand, commercial resistors can have resistence up to many kilo-chms
(1 kQ =10"0) or mega-chms (1 MQ = 10° Q).

The circuit symbol for a resistance in circuit diagrams is a —W_
zigzag line. Resistance symbol
Factors on which Resistance depend: Since the resistance is provided by
collisions of the free electrons with the lattice atoms, thus, any factor that affects
the number of collisions will also affect a material’s resistance. These factors

‘include
A. Length B. Cross sectional Area C. Temperature D. Material

The effect of these factors is shown in table 14.2,

\Table {42 FACTORSIAREEGTINGIRESISTANCE OF METALLIC CONDUCTORS

Factor How resistance changes Example
Resistance increases with CC ——— =
Length increase in length [ —
L L
i Ru>Ry

Resistance increases by

Cross AJ
skl decreasing cross sectional area A', ’
Area 1
R = Ru>Ra
T.1/T,l/
R n > R n

Temperature Resistance increase as
temperature increases

Platinum
Keeping length, cross-sectional # | fron
Materia| area and temperature g | Aluminum
constant, resistance also varies 5 | coud B
by using different materials. :_j- Copper -

—— | sitver :

NOT FOR SALE
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NOTE: The increases in resistance with temperature is not directly proportional,

Wire Resistance: Although copper wire
conducts electricity extremely well, it still
has some resistance, as do all conductors.
The resistance of a particular wire depends
on all the three physical characteristics
mentioned above such as (a) type of
material, (b) length of wire, and {c) cross-
sectional area. In addition, temperature can
also affect the resistance,

|-

Resistors: Devices intended to have a specific value of resistance are called
resistors and are made either from wires of special alloys or from carbon, a type of
carbon resistor is shown in the figure 14.6 (a). Those used in radio and television
sets have values from a few ohms up to millions of ohms. Variable resistors are
used -in electronics as volume and other controls. Variable resistors that take
larger currents, like the one shown in Figure 14.6 (b) are useful in laboratory
experiments. These consist of a coil of constantan wire (an alloy of 60% copper,
40% nickel) wound on a tube with a sliding contact on a metal bar above the tube,

) FIGURE 14.6 - Resistor Types B e D
Sliding contact

Metal bar

Coil of constantan
o wire

Terminals

{a) Fixed resistors

{b) Variable resistors

Verify Ohm’s law {using ﬁ;é;:-onducl_:o_rlf

—— e R

" NOTFORSALE

EXAM :
" small flashlight bulb draws 300 mA from its 1.5V battery. What s the
resistance of the bulb?

e ———

GIVEN
potential difference Wr=1.5V
current ‘I' =300 mA=0.3A

REQUIRED
Resistance ‘R’ = ?

SOLUTION: By 'ciefinition of resistance R=

Putting values R= -;—g% therefore R=50Q —m

Thus, the resistance of the bulbis 5 2.
\SSIGNMENT: 4:3- RESISTANCE OF WIRE

Calculate the resistance of wire when the current through it is 2.0 A and the
voltage across fts ends is 3.0V,

14.4 COMBINATION OF RESISTANCES

Electric CfrCl'Il'ts often contain a number of resistors connected in various ways.

I:ﬁ;::;:m::“ and arrangement of resistors i a circuit affects the current and

Inft. You afza{:ei; ;T“;Uit. Fhere'- fore, Ifhey are used to control current and vnlj*.ages

foiralien b v ilimillar with series and parallel circuits from general science

These light‘ i) Circuit? and electric current”, in which light bulbs were used.

ereare two bagi ave resutance: therefore, they can be treated as resistors.
Carrangements in which resistors can be connected.

A. Series Combinati :
in such ombination of resfstors: When the résistors are connected end to end

a . % % X
mnnette;:ay th.at there is a single path for the flow of current are said to be
Ryare show n“fSEnes_. Three resistors (e.g, light bulbs) having resistances R,, R, and
e N the figure 14.7 as seriés combination.

5o ; : N
e in:nectmn, the same amount of charge passes through all resistorsina
€rvaland therefore currents is the same in all resistors, such that

—®
NOT FOR SALE
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REA4.22 Series combination of resistars s,

Where | is the current leaving the battery, /, is the current in resistor R,, I, is the
current in resistor R, and [, is the current in resistor R,. The potential difference
applied across the series combination of resistors divides between the resistors:

AV = AV, + AV, + AV, ——(2)

Since by Ohm's Law, the potential difference across the battery is also applied to
the equivalent resistance R, in Figure 14.5

i AV =IR,,
Where R, is the equivalent resistance; a single resistor that has the same effect on
the circuit as the series combination of all resistors when it is connected to the
battery. Therefore, the voltage across each resistor by Ohm'’s Law can be written as

IR, = R, + LR, + 1Ry —0
TIP; EGUivaleRuCi et
Aresistor R, is ‘equivalent’
to a certain arrangement
of several resistors mean
that if that arrangement of
resistors is replaced by Rui
the current through the
rest of the circuit is
unchanged. This notion
equivalence applies to
many types of circuit

Hence equation 2 can be written as

Putting equation 1 in equation 3, we get
IR, =IR, + IR, + IR,
or  JR.=J(R,+R;,+Ry)

Therefore [ R =R +R, +R,

Generally for ‘n" number of resistors connected in

series j
elements, including

[ R. =R +R, +Ry++» l--+Rn capacitors.
; [ ey
NOT FOR SALE
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From equation 14.5 and equation 14.6, it is clear that in series combination the
equivalent resistance is always greater than any individual resistance in

BP0 CONNEGTED N SERjes

Fur esistors R, = 50, R;= 120, R, = 13 Qand R, = 96 0 are connected in series
acrossa 90V battery. What is the current in the circuit?

combination.

GIVEN
Resistance R, =50,

REQUIRED
Circuit Current /"= ?

Resistance R, = 1202,

Resistance R, =130
Resistance R, =960
Potential difference 'V' =90V i
50 120 13
SOLUTION: For series combination as shown | ; 8 B,
infigure 14.8, the equivalent resistance is 0V
R =R 1R, 1 Ry 1R, : f
Putting values R.,=50Q+12Q+13Q+96Q therefore R, =1260
. 4
By Ohm's law /= — Putting values |= 0¥
R, 12602

Therefore [=0.714 —m

The current through the circuit is 0.71 A.

rour resj e O :
cms’f!-;s;urg all having similar resistance of 15 O are connected in series

30 Vbattery. What is the current in the circuit?

B. Parallel Com
djfferem branch
he flow of curr
light bulbs as r
as paralle| cq

bination of resistors: When the resistors are connected in
es of the circuit in such a way that there is more than one path for

ent, resistors are said to be connected in parallel. Consider three

esistors having resistance R,, R, and R, are shown in the figure 14.9
mbination.

NOT FOR SALE
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=
== B

Av
+ ﬁv + av_
== |

L

In a parallel combination of resistors the potential difference across each resistar
is the same (since their ends are connected) while the current is split between
them since it has multiple available paths.

AV, = AV, = AV, =AV —(1)
Where AV is the terminal voltage of the battery, AV, is the voltage across resistor
R,, AV, is the voltage across resistor R, and AV, is the voltage across resistor R‘,._

The total current I in parallel combination of resistors divides between the -

resistors:

Since by Ohm's Law, the current in the equivalent resistance R,, in Figure 14.9
is
v

=

R
: w

Where R, is the equivalent resistance; a single resistor that has the same effecto"
the circuit as the parallel combination of all resistors when it is connected to the

battery. Therefore, the current through each resistor by Ohm's Law is

NOT FOR SALE
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v,
.",=-"Ef:- and l;=-§i

Hence equation 7 can be written as

putting equation 1 in equation 3 we'get

4
o —=¥|—
R. L’ﬁ
Therefor: -1—=—I+l+l
erefore R. R R, R 14.7

Generally for ‘n’ number of resistors connected in parallel

1 P | 1 1
—_—m e S 8O — 14.8
LR, R R R, R,

From equation 14.7 and equation 14.8 it is clear that in parallel combination the

equivalent resistance is always smaller than any individual resistance in
combination,

EXAMPLE (145: RES|STORS IN/PARALLEL

Three resistors R, = 5.0 0, R, = 10.0 0 and R, = 20.0 0 are connected in parallel

across a90.0'V battery. What is the total current in the circuit? .
GIVEN
ResistanceR, =5.0 Q, REQUIRED

Resistance R, = 10,0 0, Circuit Current “/'= ?

Resistance R,=20.00

Potential difference ‘' =90V
SOLUT[DN: For
resistance jg

parallel combination as shown in figure 14.10 the equivalent
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Putting values i A, Metallic Conductors: For metallic conductors and
_1_ _ _L + __1__4. ﬁﬁ ! sc;ri'!e alloys the graph of ‘I" verses 'V’ is a straight line
Rm 5.0Q 10.042 . \ as shown in graph 14.1 (a). For example, when the
1 Ax4rix2+ixd potential difference doubled, the current through

Therefore o~ =7 20,00 metallic conductorsalso doubles.
. g. Filament Bulb: The graph of filament bulb shows

that current saturates as it is increased and at large
value even a large change in voltage V will show small
change in current | as shown in graph 14.1 (b). This is

B
or ﬁ; ~20.00Q

Hence Req =290 =l because the tungsten wire in the filament of the bulb
v 9oV heats up with the increase in applied potential
By Ohm's law |= R, Putting values 1= '_'2_99' difference and free electrons collide more with lattice
atoms causing the resistance to increase and
Therefore |=31.03A consequently the rate and the rate of change in

current decreases.
The total c through th mrclt 1 31. _ C. Thermistor: Thermistor is a device whose resistance
'ASS'.GNMENT 1451 RESIS;TGB?l_IP_g_ﬁﬁﬁ i changes sign-ificamtl:,r (highly) with temperature.
: : ' Usually thermistor’s resistance decreases with increase

e connected in parallel acrossa

Three resistors of 600, 30 Q and 20 Q ar I tem
) 2y perature. The IV Graph of the thermistor sh

wina through the circuit? _ P rmistor shows

90V battery. Calculate the current flowing g that resistance decreases sharply. Thus, at a large I

. S Wi i i
IR — T corios circu == \ JL“"W“""*" fora small change in applied voltage AV, it
43 1o study resistors in series circuit. : show a large change in current | as shown in graph
, = o 4,
To study resistors in parallel circuit. = 16

1N OHMIC 14.6 ELECTRICAL POWER AND JOULE'SLAW | O

14.5 THE 1-V CHARACTERISTICS FOR OHMIC AND N

CONDUCTORS > :fz:"v’j':“‘“cf is rated for its power output (P) — the av
The conductors for which Ohm’s law hold are called Ohmic conductors: T desired fg;;h[;[ EAN rarsform electricat energy to'a m
these conductors obey be rated st SOG;'::“"‘P[E light, sound, or heat). An electric clothes dryer might
It thati i ial dilffereni:e o A, Electrical et e
N . S end potant®  aope /D thrown - Eneray: The electrical energy lost or work done by a charge Q, going
ph), we get a straight line; as for constant resistance e e cal Bha potential difference V, can be written as

a straight lne. However, not all the materials have straight tine &72P" asﬁlameﬂ'
see ffom the graph 4.1, ony metals show Ohmic behavior. The graphs ©
b and thermistor are curved, therefore, they are termed a5 no

NOT FOR SALE | NOT FOR SALE
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(ST Cosrren Electricly
o
v W E or E=QxV _—® N
We can use the definition of current

,=f_1_ or Q=it —
t

Putting equation 2 in equation 1, we get

(e}

tion 14.9 gives the equation for electrical energy consumed in a device, o
E:I:;m’s la\:.'v =IR, therefore, the electrical energy E from equation 14.9 can at,

be written as
E = PRt

Also by Ohm's law | = V/R, therefore, electrical energy from equation 14.9 can also
be written as

_V or =—Ff
E-Etx\" E R

5

All the three equations 14.9, 14.10 and 14.11 are equally valid for calculation of
electric energy.

EXAMPLE 14.6% ELECTRIC KETTLE /)

oo 4
If a current of 10.0 A takes 5 minutes to boil a kettle of water requmnak?;-:;le?
10° J of energy, what is the potential difference (in voltage) across the

GIVEN

UIRED
Energy 'E'=3.6x10" J REQ)
A Voltage ‘V' =7
Time ‘t’=5.0min=300s=3 0% 10's
Current ‘I'=10.04
. E
SOLUTION: The electric energy is E=ltxV or = E
X 105 J I
Putting values y___ 3-6x10°) 3.6

__36x10°)
10.0Ax3.0x107s

NOT FOR SALE

V=7 %3.0%10'
10.0%%3-

il V=1.2x10"J2 =1.2x107y
There is a potential difference of 1.2

» - n % 1' V across the kettle.
ASBIGNMENT4i6: CLOTHES DRYER |

For how long a clothes dryer is Operated, if it yses 37 kJ
cloths at 220V, running 16 A of current through it?

of energy to dry

B. Joule’s Law: The electrical energy lost in a dey
across it can be represented as equation called Joul
Statement: The amount of heat generated §
product of square of current /", resistance
current passes through the resistor.

ice due to potential difference '
e's law of heating,

n resistor is Proportional to the
‘R" and duration of time for which the

He< PRt or

Where Jis called Joule’s Mechanical Equivalent of heat. Its value depends upon

n be utilized for ¢ ifferent useful

c?.'{ed electric power. The electric power is the work done W in electric circuit
divided by time t; mathematically

=¥ — @
By definition of electric potential v v=¥ o W=v¥xQq —3

Q
By definition of current 1= Q

= o Q =It—@
Putting €quation 3 in equation 2, weget W=Vxit @

Putting ®quation 4 in Bquation 1, weget p- Yot

or P=Iv
NOT FOR SALE
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Equation 14.13 gives the relation for electric power. As by Ohm's law V =R,
therefore, the electrical power P from equation 14. 13 canalso be writtenas

P=IxIR or

P=I'R

Also by Ohm's law | = V/R, therefore, electrical power from equation 14.13 can

also be written as

v
pP-—xV¥ or
R

All the three equations 14.13, 14.14 and 14.15 are equally valid for calculation of

electric power.

Units of Power: The 5.1 units for electrical power is watt (W). Apower of 1W s said
to be consumed in an electrical circuit if potential difference of 1V, causes a

current of 1 Ato flow through a circuit.

W =1Ax1V

he power rating (sometimes called the
“wattage") of a light bulb 12 W and tube light 40
tells us how fast it will convert electric energy
into heat and light. For an incandescent bulb,
only about 2 percent of the transformed energy
is actually emitted as light; the rest is emitted

s heat. A fluorescent bulb, on the other hand,

onverts about 9.5 percent of its energy into

ight, making it more than four times as efficient
5 an incandescent bulb.

.rate at which energy is transformed,

It is energy, not power, that we pay for
in our electricity bill. Since poweris the

the total energy used by any device is
Sil‘l‘lpl-!' its power cansumption
multiplied by the time for which it 1
operated. If the power is in watts 24
the time is in seconds, the energy Wil

=

bein joules.

J—

NOT FOR SALE

———— e e '\m: 1
F: a-lF-l__.. [ i 8 N
e current is 0.40 A, and the volt

cell. Find the power delivered to the bulh. e

0V is delivereq by

REQUIRED
ElECtnE Power ey

Current ‘I'=0.40A
yoltage ‘V'=3.0V

SOLUTION: The electric power is P=Ixy

_ putting values P=0.404x3.0V or o
} P—o.amﬁ’/s x3.047
P=1.2 /S =1.2W !

The ‘wattage’ rating of this bu

Hence

ASSTGNMERIE 144 e AUTOM
Calculate the resistance of a
12V

D. Eiectri
mea;::?ﬁal energy and Kilowatt-hour (kWh): The electric metre in our hom
. &
i Cc;: much gnergy (in kWh) we use, not the electrical power, Electrica:
sumed in large quantities for which joule is a very small unit
¢

therefore Kj
e deviiel{ﬂfowatt-hour (kWh) is preferred. It is the amount of energy consumed
OF power 1 kW running continuously for one hour.

E =1kW-hr
= 1000 W x 1hr
= 1000 J/s x 3600s
=3.6x10°y

kWh is th,
€ unit for which th i
(cost of el e tariff

of ty) is decided
ke ided by
ECtricity SUpply company,




EXAMPLE 14.8: COST OF ELECTRICITY.FOR CRICKET TOURNAMENT .

You are arranging night cricket tournament, you have arranged five 1000 W light
bulbs. These bulbs will remain lit for 6 hours for 29 days. Estimate the cost of
electricity consumption if the cost of electricity is 8.11 Rs/kWh.

GIVEN

Power ‘P" =5 =x1000 W = 5000 W = 5 kW
Time't'=29x6h=174h

Tariff rate =8.11 Rs/kWh

SOLUTION: The electric power is defined as P= =
E=Pxt Puttingvalues E=5kWx174h

E = 870kWh —m

The total consumed energy is 870 kWh, the cost can be calculated as
Cost = E x Tariff Rate
Cost = 87T0kWx 8.11 RS, o

Cost =7055.7Rs _m

The total cost of electricity for whole
tournament is Rs. 7056,

ASSIGNMENT 14.8: WINTER COST:
A 100-W bulb is left on, in an outdoor storage room to keep paint from
freezing. The 100-W rating refers to the power dissipated in the bulbs
filament, which is a resistor. If electricity costs 8.11 Rs/kWh, about how
much does it cost to burn the lightbulb for three months during winter?

14.7 USE OF CIRCUIT COMPONENTS |
a. Wires and Connectors: Wires and connectors are used to direct current from
one part of the circuit to another. A blob should be drawn where wires are
connected. In complex diagrams, it is sometimes necessary to draw crossed Wires

REQUIRED
Energy consumed ‘E ,,."=7
Cost of electricity ‘'C" = ?

E

'EXTENSION|EXERCISE 14.2 |
It is found that if eight 35
watt LED Lights are used, it| . |
will serve the same
purpose. Will this reduce

the cost of electricity?

even when they are not connected. In such cases a bridge; joined and not joined
wires are shown in figure 14.13 a.

YRR, :
b. Power Supply: Source of electrical ener,

: t i
patteries whose symbols are shown in figure 1§ 3; 3°b e cire
¢. Fuse: Safety device which blows (melts) j .

. ' if the ¢

ipecified value, its circuit symbo s gven i A :l;rent through it exceeds 3
L z - $ c.

d. Earth (Ground): This is the zerp yolt conn

electricity mains and the radio circuits j¢ reall

circuit symbol is given in figure 14, 134,

e. Lamp: The device which converts electrical ene

isshowninfigure 14.13 e, i

= e

such as cells and

it,

:cr:on of a power supp!f. But for
ans the earth or ground, The

rgy into light, jts circuit symbol

FIGURE 14 1 3.Clrcu;'t components symbols

—

Wire —l[ nnnnnnn = Fuse

a. Wires and Battery

connectors b. Power supplies c. Safety fuses

i ® e

= Switch Open

Ground 3 Lamp Switch Closed
d. Earth/sround e. Lamp

? f. Switches

Heating
element Fixed resistor Variable resistor Capacitor
oy 8. Heater h. Resistor i. Capacitor
" SWiteh: A devi
vice that allows or blocks the flow of current. The circuit symbol

_g' Heate
15 shm\rn

in figure 14,13 1.

r: ;
. A device that converts electrical energy into heat. The circuit symbal
n figure 14,13 g.




mwﬁmmm ;

h. Resistor: The materials that provide resistance 10

called resistors. The yariable resistors can be used to
and TV or regulate fan speed. Thecircuit symbol is shown in figure 14.110.

i, Capacitor: Acapacitorisa device that storé electric charge. Acapacitor is used
with resistor ina riming circuit. Capacitors can be used as block and pass filtersas

well, The circuit symbol is shawn in figure 14.1 11
STRUMENTS

14.8 E.LECTRICAL MEASU RING IN
used far measuring vari

strumentsare devices

the current in a circuit.are
control the yolume in radio

ous electrical

Electrical measuringin

aspects such as the presence
of current, voltage, resistance
of e'lec.tricaldev‘.ces.

and amount
and power

A. Galvanometer: Galvanometer is an |
the presence of |

instrument used to detect

current or indicate potential difference |
petween two points. 1t is a very sensitive !
device capable of detecting very emall |

currents and voltages. Ly =
g. hmmeter: A device used t0 measure current is calle
the current, an ammeter must be connected ina circuit in seri
shows an ammeter connected in a circuit, Since
make measurements by disturbing the current in
Ammeters are designed 1o have as low resistance as P
connected in series), usually of the order of. 1
appreciable effectonthe currents they measure-

E 415 Armmetergnd

the ammeter must be @
the circuit as it

Q, so they do no

VOlHEET

4 an ammeter. To measure
s, Figure 14,15 (@)
ble to
tle as possible:

ossible (because they are
t have an

C-l»‘-frw,f' Leedvied ==
- =

-

¢. Voltmeter: A device u
5e
voltmeter. To measure the d%0- menny potential di
b alel with the cDmponE{::::nl;erlt'iall difference vﬂl difference is cal
P casured. Figure 4.15 (b) mowacross which the 'po‘:ltmEter must be Mf:;f &
Sotential drop across o s a voltmeter placed j ential difference js in
B et Wil stor R. Since the volt in the circuit to mea e
designed to have as highal;;b_’ng the circuit as lil:t“{::-.wr MUst be able :: i
), so they have a HEg“S:::anceasf’ﬂ“ible, '-'ﬂ-lal?s possible, mtmeterf:ake
measuring. gible effect on the pute:t?f:he‘”demf 10M D;:;
- 1al differen
ces they are

gf. Multimeter: In practice, measureme
i ;:r:::; :n:‘i io:ential difference :::
switch between ?una _mu-lUl'l'IEtEr Wk |
and functionin N S
the results wittg; vl iaa
digital displa o e
s ly, \.which includes the sign of |
_digital muljte‘I S PEBS e MR ek I
sistaida O;";EL‘?“‘ can also measure thse |
they can functi i o
an as an ohmmeter, " ‘

“meter

CURRENT ND ALTERNATING Mlci R
| 14 steadyOC

Iﬁ adirect
‘ current |
| ; {DC),
i ), the charge flows in one e
B st .G Fhs for steady DC and varying |
W in Figure 14.17 (a). The currenf &
5 nt |

from ¢
ery is direct
current because o
£ | . {a) bc

po‘s] i

Circuit Symbol of AC*

ulf\u/{ N

~ Y

Inan al
ternati
ch ng curren L ;
arge flow, revers t (AC), the directionof | 1}
es regularly and therefore |

the cu

rrent al

aph in E: irecti :
Yol ph in Figure on, as shown in

tage is b 14.17 (b). When alternating
irection ang ; ‘the current first flows in one
enin the opposite direction. |

(VAL

ib) AC

NOT FOR SALE




The direction of current in the circuit depends upon the changing polarity of
- alternating voltage source. The circuit symbol for AC is also givenin figure 14.17(b),
Electric generators can produce either DC or AC. ;

Most of the electric power in the world is AC, since it is easier to transmit it from
one place to another. Therefore the electricians work with AC about 99% of the
. time. Digital multi-meter shown above can measure both DC and AC.
| ACTIVITY: LIGHT AN'[ED'WITHPOTATOEST

Take two potatoes, cut one potato in half, o

insert one Zink and Copper electrode
deep to each piece of halved potato and
single potato. Take a sensitive voltmeter
you will notice some reading across each
arrangement. Now connect these three
arrangement (batteries) in series as
shown in fieure (Zink to Copper and

Copper to Zink) to produce a higher

voltage. An  LED (Light Emitting Dicde)

which is a low power light bulb and uses
little energy, can be lit using this
arrangement. Using this energy, you can -
run a small clock or any other low power
electronic equipment. Try to answer the
following questions.

« Why LED cannot be lit by using single -
potato? A minimum of how many
potatoes are required tolit an LED? :

.|*What happens to the Copper and Zink electrode over time?

« s potato a good alternate energy source? If we use large number of potatoes, can we
power heavy load devices?

LAB WORK

To find the resistance of galvanometer by half deflection.method.

toglow,

The brightness of light from each lamp in a series cirey
decreases when more lamps are added to the f"ﬂﬂt
Because adding more lamps in series Produces a b
circuit resistance. This decreases the cunventi":at::
circuit. All voltages have to add up to the same ¢

voltage, so the voltage drop across each lam |JItal
decreases. Since power is the Product of volta . :90
current, bath these changes act to dim the lamps e

Celebration lights

are shown in the figures. " 5eries and paralle| combination

Series Circuit: If one lamp in a Series circuit
the circuit is broken and all lamps cease urms out,

sefies circuit

Parallel Circuit: If one lamp burns out, the other |

are un._affected. This is because current in each br;:nzl;”
acco(dang to Ohm's law, is equal to voltage/resistane '
and since neither voltage nor resistance is affected in th:

other branches the i
meflected, A current in those branches is

;F:Ir:u::rfghtness of light from each lamp in a parallel
s not affected when more lamps are added to the

Circyi
tbecause the current in the battery increases byan

amount that feeds :
the added
cire ¢, adde : 4 branch(es). In the averall

Celebration lights

parallel circuit

ns decreased resistance,
A series cq

batter; :

(alis k:::"l it keeps the same amperage rating

three 4.5 " s Amp Hours). For example, these
~2Volt batteries joined in series now

NNection adds the voltage of the two w— 135y —

uce 135 :
cﬂDacity i Vot but they still have a total

10 ks FIn + - * -
Series, yse 5 amps. To connect batteries in a ~—]F—te

terming| of Jt”"‘Pef wire to connect the negative 45y

he fi i
term: rst battery to the positive 5
Minal of the second battery.w Serf:: mﬂ'mﬁﬁm

4.3V

45V

NOT FOR SALE
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14.10 HOUSE CIRCUITS -

Electricity usually comes to our homes by supply cable containing two wires, the
live (L) and the neutral (N). The neutral is earthed at the local sub-station and so
there is no p.d. between it and earth. The supply is AC and the live (L) wire is
alternately positive and negative. Typical house circuits are shown in figure 14.18.
A. Parallel Circuitry: Every circuit is connected in parallel with the supply, i.e.
across the live and neutral, and receives the p.d. of 220 V from supply mains. The
advantages of having appliances connected in parallel rather than in series, can
be seen by studying the lighting circuit in figure 14.18.
(i) The p.d. across both lamps is fixed (same as the supply potential difference) so
the lamp shines with the same brightness irrespective of how many other lamps
are switched on. .
(i) Each lamp can be turned on and off independently; if one lamp fails, the others
can still be operated.

Consumer =
Unit Earth

Heaters

Supply Cable

@__/ E Ring Main |;II|| ;.l
E Circuit § sl I

B. Switches and fuses: In figyre 4.1
l employed only to the live wire_ they are st Swi
I appliances and power socketg would b edtothe ne

. ; e live' gy,
or fuses blown’. A fatal shock could thep h:ﬂ :he
Obtai

8, it is Seen that us

f Switches are i |

candltlﬂl'l

The devices and appliances that we operate
which is hazardous. For safe use of electrici
earthing should be made jn the household circyi >
A. Fuses and Circuit &
a thin piece of meta
temperature, When
fuse rating, flows t
Inside it get hot and
J Current through the
any damage to ¢t

in our home runs with 220 v of Ac
fuses should pe installed and

breakers: Fuse consist, of
l wire, having low melting
€xcessive current, above
hrough it, the wire piece
melts. This disconnects the
hlive wire, thus preventing
o o € appliances they are
nuw“f:;?r;sflrcmt breakers (figure 14.19) are
i :ad of fuses in consumer units.
Contact gy hr::;s exceetds the rated value of the circuit breaker, it separate a
WVantage that " the circuit. They operate much faster than fuses and have the
B, 5 . €Y can be reset by pressing a button.
Doinge i i;e 1nng main hE.|S a third wire which goes to the top sockets on all power
Il i 4.18) and is earthed by being connected either to a metal wa?er
52 s5af, 8 the house or to an earth connection on the supply cable. This third
€ty precaution to prevent electric shock.
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FIGURE {4.20 « Three-pin plug

——
i

neutral

| cable grip

The earth pin on a three-pin plug (figure 14.20) is connected to the metal case of
the appliance which is thus joined to earth by a path of almost zero resistance. I
for example, an electric device breaks or sags and touches the case, a large
current flows to earth and 'blows’ the fuse. Otherwise, the case would become
'live’ and anyone touching it would receive a shock which might be fatal, especially
if standinginadamp environment, such as on a wet concrete floor.

14.12 DANGERS OF ELECTRICITY

A. Electric shock: Electric shock occurs if current flows from an electric circuit
through a person’s body to earth. This can happen if there is a damaged insulation
or faulty wiring. The typical resistance of dry skin is about 10,000 Q, so if a person
touches a wire carrying electricity at 240 V, an estimate of the current flowing
through them to earth would be | = V/R = 240/10 000 = 0.024 A = 24 mA. For wet
skin, the resistance is lowered to about 1000 (} (since water is a good conductor of
electricity) so the current would increase to around 240 mA.

It is the size of the current (not the voltage) and the length of time for which itacts
which determines the strength of an electric shock.
T & T.r-lii‘ o o i e —

[ENeS RIS

The human body: The human body acts as a variable resistor. When dry, the skin’s
resistance is high enough to keep currents that are produced by small and
moderate voltages low. If the skin becomes wet, however, its resistance is lower,
and the electric current can rise to dangerous levels, Acurrent as low as 1 mAcan
be felt as a mild shock, while currents of 15 mA can cause loss of muscle control
and currents of 100 mAcan cause death.

o If your body resistance is 100,000 0, how much current will you experience if
you touch the terminals of a 12-V battery?

o If your skin is very moist, so that your resistance is only 1000 0 and you again
touch the battery terminals, how much current will you experience? Will it hurt?

NOT FOR SALE

T Cuwrriad Electricid Y
mig_i i__ Bk eniEaScint ik

The path the current takes influences the effect of the shock: some "
hody are more vulnerable than others. A current of 109 i 'l;ll“nugh Fl’:e : :: I::hie
likely to be fatal. Damp conditions increase the severit: :

: y of an electric sh
pecause water lowers the resistance. Wearing rubber-soled doaar Standin; ':1::

dry insulating floor increases the resistance between a person and earth and will
reduce the severity of an electric shock.

1o avoid the risk of getting an electric shock:
o Switch off the electrical supply to an appliance before starting repairs.
o Use plugs that have an earth pin and a cord grip; an insulating casing (a rubber

or plastic case) is preferred.

o Donot allow appliances or cables to come into contact with water. For example

it is dangerous to hold a hair straightener with wet hands in a bathroom. Keep
electrical appliances well away from baths tubs and wash basins.

o Do not have long cables trailing across a room, because the insulation can

become damaged.

Current (mA) Effect
e Threshold of sensation
K Maximum harmless current
Onset of sustained muscular contraction; cannot let go for duration
10-20 of shock; contraction of chest muscles; may stop breathing during
shock
% Onset of pain
W Ventricular fibrillation possible; often fatal
00+ Onset of burns depending on concentration of current -
Onset of sustained ventricular contraction and respiratory paralysts;

to defibrillate the heart
S

EEEECTOP CURRENT ON AUMAN Bob

urn to normal;
2 both cease when shock ends; heartbeat may ret
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B. Fire risks: If the electrical wiring in the walls of a house becomes overheated, a
fire may start. Wires become hot when they carry electrical currents - the larger
the current carried, the hotter a particular wire will become, as we studied in
joules law. To reduce the risk of fire through overheated cables, the maximum
current in a circuit should be limited by taking these precautions:

© Use plugs that have a correct fuse.

© Do not attach too many appliances toa circuit (for example an extension box).

o Don't overload circuits by using too many adapters.

© Thick wires have lower resistance, therefore appliances such as heaters

requiring large amounts of power (and hence current) must not be operated with

thin wires.

o Damaged insulation or faulty wiring which leads to a large current flowing to

earth through flammable materi al can alsostart a fire.

| Current: Time rate of flow of charge, )

Conventional Current: The current conventionally considered due to flow of pasitive
| charges in conductors.

| potential Difference: The difference of electric potential between two points

| EMF: The energy per unit positive charge supplied by the source to the charge to
‘ mave it from negative terminal to tHepasitive terminal within source.

K | Ohm’s Law: The electric current through a conductor is directly proportional to the
applied voltage provided the physical conditions are kept same.

Resistance: The measure of opposition to the flow of current.

Resistor: Device intended to offer resistance is called resistor.

Series combination of resistors: The combination of resistors connected end toend.

Parallel combination of resistors: The combination of resistors connected in

different branches of circuit, providing alternative paths for current to flow.

Electrical Energy dissipation: Energy consumed by appliances such as light bulbs,

fans, heater, cell phone, TVe.t.c.

Joule's Law : The amount of heat generated in resistor is proportional to the product
of square of current 'I', resistance ‘R’ and duration of time for which the current
passes through the resistor.

Commercial Electricity Consumption Units: KWh is the unit used for commercial
electricity consumption.

Direct Current: The current in which the flow of charge is in one direction.
Alternating Current: The current in which the flow of charge reverses its direction

regularly.

4
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| electrons. Citrus fruits also contain a special chemical, citric acid, that

. watermelon, loaf of bread or any other type of food you want to test.

* presented in class

e —— - '

OUP A ‘HOME CIRCUITS': Contact an electrician, bui ﬂmtnl:tuhr ]
:,;f;sk to see a house electrical plan. Study the diam t:ridentify m;
i ircuit breakers, their connections to different appliances in the home, and
] the limitations they impose on the circuit's design. Find out how h
'\ current, on average, is in ‘j’a':h appliance in the house. Draw a big chart

| diagram to be presented in class of the house, showing which circuit
"~ preakers control which appliances. Your diagram should also keep the
= cyrrent in each of these appliances under the performance and safety limits.
GROUP & (WEROVING POTATO BATTERY - 1. The chemical reaction that
takes place inside the potato is responsible for creating electricity. To see if
' you can improve the effectiveness or speed of this reaction, try using

different types of metals in various combinations. First, test what happens
" when you use two pieces of the same metal. Then test a series of metals in
different combinations with each other. In addition to zinc and copper, you
could test a nickel, an iron nail, an aluminum foil, a brass button or a paper
clip.

You can also test different types of potatoes, different sizes of potatoes, you
- can even boil a potato, non-metallic electrodes or different types of
connecting wires. Write a research presentation for your school magazine.

PROING PO ATD EATTERY - 1| - Potatoes are not the only food
- product that produces the necessary chemical reaction to produce a flow of

B e R

. reacts with metal to produce electricity. Compare the voltage and current
produced by a potato battery to that of a lemon, tomato, orange, apple,

Hypothesize which food you think will make the best battery and compare
your results, explaining how each food reacted and why? Write a research
article about your findings for the school magazine.

GROUP D ‘LIFE WITHOUT ELECTRICITY": Prepare a presentation to be
j Praea S room about the dependence of modem life on electricity.
mphasize on how difficult life would be, without electricity?

lectricity (o CTRICITY COST REDUCTION': identlfy ways to reduce |
electrical en sumption in everyday life. Calculate the total cost of
can be reg rgy used in one month (30 day) at home. Suggest ways how it |
electricity, uced without compromising the comforts and benefits of |

- Prepare a presentation to share with your class fellows. i

——
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‘ | Wrw Electricity —"m

Qurat-ul-Ain needs a 100-Q resistor for a circuit, by

__-__‘__-_'—'—-—-____.
ut she only ha
300-Q resistors. What can she do? ¥ has a box of
Choose the best possible answer: : lbs ’ )
i e : A number of light bulbs are connected to a single power outlet. Wil
@ Batteries are rated with unit 'ampere - hour’, it is the unit of @ brovide more illumination when connected in series ar " paralel?why-: they
i A charge B.current  C.power . D. energy ! @ Explain why light bulbs almost always burn out just as they are turned on
18| @ When connected to a battery, a lightbulb glows brightly. If the battery js ' and not after they have been on for some time.
reversed and reconnected to the bulb, the bulb will glow @ Explain why is it passible for birds to perch safely on high tension i
A. brighter B.dimmer C.withthe same brightness D. ang fuse without being electrocuted?
I @ The resistance of wire will decrease by increasing @ An electrician working on “live” circuits wears insulated shoes and keeps
L. N temperature B. length C. diameter D.both A &B one hand behind his or her back. Why?
@ The wire made from which of the following material is a conductar @ Explain why is it dangerous to turn on a lightbulb when you are in a bath tub?
A. glass B. rubber C. silver D. silk @ Why circuit breaker, fuses and switches are installed to ‘live wire”?
4l © The current which reverses direction after regular interval of time i GOMPREFENSIVEQUESTIONS

A.DC B.AC C. conventional current D. bothAandB

@ Electricity main supply meters measures it in units of 'kilowatt - hour: it is .
the unit of

A. charge B. current C. power

Give an extended response to the following questions

@ Define electric current. In what units it is measured? Discuss briefly the
direction of current through the conductor.

D. energy @ Whatis potential difference and emf? Differentiate between them.

@ State and explain Ohm’s Law, What are its limitations?

A.heater  B.fuse C. lamp D. All of these @ '

What is resistance and in what units we measure resistance?
2 © Which of the following represent one ohm

® What is series combination of resistors? How we can determine equivalent
AVA' 8. J5" C.WA' D.JC resistance for different resistors connected in series?
Bl @ Two resistances of 1 ohm are connected in parallel, the equivalent ® Wh_at is parallel combination of resistors? How we can determine equivalent
0 resistance is resistance for different resistors connected in parallel?
A.20 B.1.50 c.10 D.0.50 @ Exptain the factors on which the resistance of metallic conductor depends.
@ 1kwh= | m::c:;ﬁ;:;mk and nn.n—uf.'lmic dEVfFES? Sketch anc‘l interpret the VI
A.3600W B. 1000 C.3.6x10"J D. u.sL thermistor amf;ﬁ_g';rz :P:I::.!irc:;:::?:&mdumr' filament lamp and
CONCEPTUAL QUESTIONS ——— f:ﬂfr::r::’a'-’l concept of electric energy and electric power. What is the
Give abrief response to the following questions @ State the f, unz‘t . th? “OEHMpEion of eiectric energyt -
ﬁ As water is made of atoms having protons (charge +e) and electrons [Cha_"'gE Explatn whunctlans of lnfre, neutral and earth wires in domestic main supply.
-€), does the water flowing through pipe carry an electric current? Explain- Difs ; Y the domestic appliances are connected in parallel?
@ Acar hastwo headlights, when the filament in one headlight burns out, “!: Wh Crentiate between alternating current and direct current.
other headlight stays on. Are the headlights connected in series oF ! 1 “a;t are the hazards of electricity? What safety measures are taken in
parallel? ehold electricity to safeguard for these hazards?
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