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Recap........

Types of electric current

¢ Direct Current (D.C.): Flow of charges in the circuit is in the same direction
all the time_ from a higher potential to a lower potential
(e.g. current from battery).

» Alternating Current: Flow of charges in the circuit reverses direction at
reqular intervals (e.g. current from household mains).

Electric circuits consist of circuit components (e.g. battenies, resistors, and switches)
connected by conductors (e.qg. copper cables).

For electric current to flow, the circuit components and conductors must form closed
loops. There must also be sources of electrical energy (e.g. batteries) and sinks of
electrical energy among the circuit components (e.g. resistors and lamps).

Note : This chapter includes only
D.C. In AS syllabus A.Cis not
included.
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Electrical Circuit Symbols

Circuit symbols:Electrical circuits use a lot of components and when circuits are drawn their
symbols are used the following are the standered symbols used in cirg{its:-

—0 _0— —0-0 ®

open switch closed switch lamp
cell bati@ry voltmater
resistor fuse ammeter
3 A
2 7+
SalNdcle resistor thermister ight dependent

resistor (LDR)

Some commeon circut symbols
diode

Figure : Symbols of common circuit elements
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Draw and interpret circuit diagrams
containing sources, switches,
resistors, ammeters, voltmeters,
and/or any other type of component

Note that, for a certain electric circuit, there are different ways of drawing its
circuit diagram.
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Actual circuit (-\ Circuit diagram

Two other possible circuit diagr for the above electric circuit are as

follows:
)
Q*Q

_| g
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Example 1: Draw the circuit diagram for the electric circuit shown below.

armmieter acoumdlalor

rhusostal

jockey

Actual circuit

Circuit diagram
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RESISTORS- RESISTANCE
IN
SERIES AND PARALLEL
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Resistors connected in Series

RESISTORS CONNECTED IN SERIES:-The figure below shows 3 resistors connected in series
to an Ideal battery (no internal resistance) Connection in series means the resistors are wired one
after the other and the potential difference V 1s applied across the ends of the whole series.

Rr R.e R-"

— — | I |

r '—l;—l |I- AR I—|'3-|
|:
i

Figure : Resistors in series-Note the current through all the resistors is the same but voltage is not

When a potential difference V 1s applied across the series the current through all the resistors 1s
the same, but the potential difference across each resistor 18 different and the sum of these individual

Continued in next slide...
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Reststors connected-inderies

(continued from previous slide)

potential differences 1s equal to the appled potential difference V

Vi = IR,
Vo =1hR,

Vs — 1R, _ O
Vet O
v _m1+mg+@

—I RI—FHO R
—_Rm_%}eﬂﬁum

Hence the equivalent resistance of a series @\bmatlcm 15 given by

WZR1—|—R~3—|—R3

In general if there are n resistors cobnected 1n series then
.

Hep = Ry + Ry + Ry Ry,
IN SERIES
e The resistors connected in series can be replaced by an equivalent resistor I,
e [, has the same current I as the individual resistors

o Two resistors are said to be mnm’cted series if current mn flow from one resistor to another

without WA YOUt Ube. com negal ect ure Page 9 of 4(
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Resistors connected in Parallel

RESISTORS CONNECTED IN PARALLEL:- The figure below shows 3 resistors connected
in parallel to an Ideal battery (no internal resistance) Connection in parallel means the resistors
are wired directly together on one side and directly together on the other side and a potential V
applied across the connected sides. When resistors are connected in parallel all resistors have the
same potential difference V as that of the source, but the current branches out into Iy.ls.I3.(i.e. the

P.D. is same but current is not).
The total current in the circuit 1s the sum of the individual currents hence

I=L+1L+1
V B V V V
R R R

Canceling V we get
) I N I
In general if there are n resistors connected in parallel then:-
1 ( 1 . 1 N 1 1

Rﬁq B -Rl R‘E REHHRH

WWW. Yout ube. cont negal eertticqedin next slide;
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™ REsisStIrs tontiectEd i Paratiero"

(continued from previous slide)

Figure . Resistance in Parellel-Note tiidty tlie current branches out but voltage is the same for all 3

resistors

IN PARALLEL:-

e The resistors connected in Parallel can be replaced by an equivalent resistor R,

b

® Ry has the same current V as the individual resistors

o For resistors connected Parallel current in each of them is different but the voltage is the same

Page 11 of 40
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Solve problems using the formula
for the combined resistance of two
or more resistors in series.
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Example 4

Calculate the effective resistance ofa 4 () and two 3 (E;@istnrs connected in series.
Solution: <

\
R, =4+(2)(3)=100 \0

A
>
530)

&
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Solve problems using the formula
for the combined resistance of two
or more resistors in parallel.
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Example 5

Calculate the effective resistance ofa 2 (O, a 3 (O and a 4 () resistor connected in

parallel.

Solution:

1
Ry, 2 3 4 12 12
R, =0.90

o
®)

wWwWw, yout ube. coni negal ecture
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Why the current is the same in all series resistances?
And why the voltage is the same in all parallel resistors?

1) In a series circuit of resistors, the same current flows
through all the resistors, however potential gets divided

according to individual resistance values. Because according
to Ohm's law V = | R, and here since | is same, and V is directly
proportional to R. Hence the potential will be different across

different resistors.

(Note : Theoretically, for resistors that have equal resistance, they have same V).

2) In the case of parallel combination of resistors, the same
potential will exist across every resistor, but now current gets
divided in the inverse ratio of resistance values. (1 =V / R) this

is also in accordance with Ohm's law.

wWwWw, yout ube. coni negal ecture
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Recap........

Conservation of charge:The net charge of an i1solated system remains constant.Charge cannot be
created and destroyed, but only in positive-negative pairs. )

G

e It 18 not possible to destroy or create charge. <

e You can cancel out the effect of a charge(or neutr@'z{- the charge on the body) on a body by
adding an equal and opposite charge to it, but}‘ou can’t destroy the charge itself.

<

.fb'\rir:ti{m the glass gets charged positively and the silk
e transfer of negative charge(electrons) from the glass

The following example makes this clear

If a glass rod 1s rubbed with a silk cloth, d
negatively. The charging 1s basically due
to the silk.This experiment suggests t

e Charge 15 transfered but Peated or destroyed.

e The total charge on th
after rubbing.

lass silk cloth system remains the same 1.e zero before rubbing and
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Gustav Kirchhoff's
Junction Rule T Loop Rule

The Junction rule
And
The Loop rule
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Klrchhoff's First Law

* Kirchhoff's First Law: At any junction in a
circuit, the sum of the currents,arriving at the
junction is equal to the sum<f the currents
leaving the junction.

e This is also known as~jtinction rule’.

wWwWw, yout ube. coni negal ecture page 19 of 40
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Conservation of Charge and the Kirchhoff's First Law

Kirchhoff’s first rule is a statement of
conservation of electric charge.

» All charges that enter a given point in a circuit
must leave that point because charge cannot
build up (accumulate) at a point.

» |f this does not happen then charges are
getting accumulated at a point or charges are
created from nowhere! both of which don't
happen, In other words - charge is conserved.
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The sum of currents meeting at a Junction

AN

Figure : Cu&%’h splits into f» and Iy

&

If we apply this rule to the jwhown in Figure below |, we obtain
L=0L+14

The law can also be stated as:-The algebraic sum of currents meeting at a junction is
ZEeTOo.

wWwWw, yout ube. coni negal ecture page 21 of 40




SIGN CONVENTIOR:USEPR3 T eftdenffBhy aMIAYEH" SRTRKef UL positive and currents
leaving a junction is taken as negative.
Example:- Consider a junction O 1n an electrical circuit as show below:- Here the currents [;; and;

I1 IE

|5 I.q

Figure : Currents entering a Junction are taken as positive and currents leaving a junction is taken
as negative.

I3 are entering the junction O whereas Iy, [yjand [y leave the junction hence [,[q are positive and [y,
Iy and [; are negative as the are leaving the junction.
Applying the sign convention we get

L+Ih—L -1 —I:=10

ar
h+Iz=0L+ 11+ 1

(current in = current out)

WWW. yout ube. coni negal ecture page 22 of 40
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Conservation of charge (must know in order to solve circuit problems)

Given that we are dealing with steady currents (i.e. no accumulation of charge at
circuit junctions), the sum of currents entering a circuit junctioring equal to the sum of
currents leaving it.

I1+Ij =I3 +I4 +IS
Taking currents\entering circuit junction as positive and

currents leawing’ circuit jJunction as negative, we have:

Takitvg~zurrents leaving circuit junction as positive and
curhents entering circuit junction as negative, we have:

‘I—S +I4+Ij _II_I: ={}

wWwWw, yout ube. coni negal ecture page 23 of 40
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Sample problem 1

The given diagrams show wires carrying currents /4, I, 5, and l;, meeting at a junction.
Which of the following diagrams represents the equation iy + L = 5 + [47?

A =
I A
A L
I L
1y I
1+ la+ s+ =1 1+ o+ fa=ls Iy + b= |3+ [y Impossible, all

(correct answer) currents are entering
and no current
leaving.
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Conservationef erf@r

The algebraic sum of e.m.f. (iL.e. sources of electrical energy) is equal to the algebraic
sum of p.d. (i.e. sinks of energy) for any closed loop within the circuit.

Sample problem 2

T
E— R 1,
Ilf R,
E,— R,
|

Solution:

Conservation of energy for the loogd]

E— R
l 1
E,—— R
Ly
Conservation Qliehergy for the loop:
El_l_ “IE
I I
Ez
|

Find /; and &5 in terms of £, E-NHy, R; and R,
Given that

E1=30V

E-=15V

Ri=H:=R;z100)

find the valwes of [y and /.

E1 +E2 = |’1R1 +f1Rz =.Ir1{R1 +R2]

_ E1 +E2

h==
1+ R

E,+E,=LR,

_E1+E2

/
2 R,

Substituting E1 =30V, E2=15Vand R = R:=R3=10Q,

WWW, yout ube’tonfitgal ecture

RYast?khodminl ordthepter soR@@ircytproblems
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Kirchhoff's Second Law

Kirchhoff's Second Law: The algebraic sum of
e.m.f is equal to the algebraic sum p.d for any
closed loop within the circuit.

This is also known as ‘Loop rule’.
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Conservation of Energy and the Kirchhoff's Second Law

Kirchhoff’s second rule follows from the law of conservation of
energy.

» Let us imagine moving a charge around a closga*loop of a circuit.
When the charge returns to the starting poifqt, the charge circuit
system must have the same total energyas it had before the charge
was moved.

» The sum of the increases in energy-as the charge passes through
some circuit elements must egual the sum of the decreases in
energy as it passes through-9thier elements.

» The potential energy decreases whenever the charge moves through
a potential drop -IR.&Eross a resistor or whenever it moves in the
reverse direction.ifirough a source of emf.

» The potential energy increases whenever the charge passes through
a battery from the negative terminal to the positive terminal.

WWY-yout ube. com negal ecture — rae2rora
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Rules for applying Kirchoft’s Laws for solving problems
e Currents are labeled with the assumed sense of direction.

e The solution is carried out with the assumed sense of direction and 1if the actual direction of a
particular current is opposite to the assumed direction the value of current will emerge with a
negative sign.

o Choose any closed loop in the given network and designate a direction (clockwise or anticlock-
wise) to traverse the loop for applying the Kirchhoff’s IT law.

e (Go around the loop in the designated direction algebraically adding the potential differences
across the resistors (IR Terms) and the source (cells) emf’s.

e SIGNS: If a resistor 1s traversed positive first (the end at which the current enters a resistor
is positive) then the IR term is taken as negative, similarly for an emf source (say battery) if
the positive 1s encountered first then the emf is taken as negative.

e in order to solve a particular circuit problem, the number of independent equations you need
to obtain from the two rules equals the number of unknown currents.
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SamEIe problem 3

Find the currents Iy, I5, and I3 in the circuit shown in Figure 4 below .

ae
‘b)..o Q

e Arbitrarily choose the di ons of the currents as labeled in Figure 4

e Applying Kirchhoffs junction rule to junction ¢ gives

[1+12:I3

(1)

wWwWw, yout ube. coni negal ecture
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We now have one gguatiep wd dagreunsnogpiie regdibdeur e@mai | . con

There are three loops in the cireuit abeda, befeb, and aefda.

Applying Kirchhoffs loop rule to loops abeda and befch and traversing these loops clockwise
(shown by curved arrows), we obtain the expressions for the closed loop abeda

10.0V — (6.00)1; — (2.002)I3 =0 (2)
for the closed loop befch
—14.0V + (6.0); — 10.0V — (4.02) [ =0 (3)
which gives
(6.00)1; — (4.0Q)1, = 24.0V (4)
Substituting into Equation Iy + Is = I3 in the equation (2) we get
140V
10.0V — (6.0)[; — (2.0Q)([y + L) =0 | - o L 7
which gives =40Q m 1,2
10.0V = (8.00) 1 + (2.002) 15 NEEAE: —T (5)
: : 00y 908 113
solving equations (3) and (4) we get
I, =204 /\
I = —3.04 S T

Iy =—-1.0A4

To finalize the problem, note that [» and I3 are both negative. This indicates only that the

currents are ONMARNLE Y Gartiow lrechoe ombare gatve et uimeical valugg g, ¢

correct.

f40
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Potentlal Divider

The potential divider circuit (fig. ) 1s one of the most useful circuits. The potential divider arrange-
ment can be used to divide the mput voltage(V;) in the ratio that we ymnt. The circuit diagram for
a potential divider arrangement 1s shown below:- &!

For a potential divider the current through each resistor is the %amq, y?they are in series, hence). The

O— *KO
\

vs Q{?

—O
. R Vi
O l ~—O0

Figure " A potential Divider circuit

WWW. Yout ube. cont negal eerttipqedin next glide.,.
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Potential Divi

(continued from previous inde)

current in the circuit can be found by using the Ohms law and remembering that the total resistance
in the circuit 18 By + Ry we get

V. o 0
Ry + R R, v, . :]
the voltage across the resistor [y 1s given by:- Ve 5
Vi=1H R v,
using (9) we get 0 0
ViR
Vi=IR = —"— 10
= IR = (10)
Similarly ,the voltage across the resistor [s 1s given by:-
Vo=1HR,
using (9) we get
ViR,
Vo=1IRy = ——— 11
: : Ry + Hs ( )
The ratio Vj to V5 can be found as: ]
Vi R
Vo Ry
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Temperature Sensor

A common example of a sensing system 1s a temperature sensor in a thermostat, which uses a ther-
mistor(A thermistor 1s a kind of resistor whose resistance decrease he temperature increases-it
1s generally made of semiconductors). The thermistor is then use a potential divider, as in the
diagram in fig.8. In this diagram, the potential difference 1s divided between the resistor and the
thermistor. As the temperature rises, the resistance of tHethermistor decreases, so the potential

difference across it decreases. This means that potentraNdifference across the resistor increases as
temperature increases. This 1s why the voltage 1s meastired across the resistor, not the thermistor.
As the source voltage and R are known using t ph below fig.9 the temperature can be found.

oke
skl
Resistance akd
(ohms)
3kd
2kt

1k4

v

10 20 30 40 50 60

Temperature (celsius)

)

- . - Figure 9: Temperature,Vs resistance for a thermistor
Figure 8 Thermigggn i3F FEUTUHE, cont megal ect ure Page-33 0140
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Light Dependent Resistors:Light-dependent resistors (LDRs) have a resistance which changes
in response to changes in light levels, as detected by a photo-sensitive plate on the resistor. Most
LDRs have a negative light coefficient - meaning that their resistance falls as the amount of light
falling on them increases. LDRs are used in hight-detection circuits as shown in the figure below
using the same technique as in the measurement of temperature the intensity of light can be measured

with the circuit shown below .

| Fixed resistor and LDR in series

Fined
resistor 1

(R1)

N

LOR
(R2)

WWV. yeut uher conl pegalect ur e

Y

Required
output
voltage
(Vout)

A

Input
uvoltage
(Vin)

A\ §
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Potentiometer

A wvariable voltage-divider(potentiometer):A variable voltage divider 1s another form of the
potential divider arrangement it 1s also called the potentiometer.Consider a long piece of high
resistance wire AB connected to a battery as shown below:-

Between A and J a voltmeter 1s connected. The point J 1s a movabletontact as the point ) 18 moved

I | E

P | N\
s

"rl.'}

! 'r

A o B
— - 2
i—- 7 %

&)

Figure 11: A vanable voltage potential divider
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Potentiometer

(continued from previous slide)

the potential drop increases,hence by varying the length of AJ the potential can be varied.Let p be
the resistivity of the wire AB and let E be Emf of the batterylet [, be the length of wire Al and
let [ be the length A8 then

pl
E=IR=1—
A
The drop V' across the length AJ whose resistance 15 R, 1s given by
) ol
V=R =12

Dividing the above two equations we get

WWW. Yout ube. cont negal eerttipqedin next glide..
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Potentiometer and its application
Principle of Potentiometer

POTENTIOMETER:

Construction: The potentiometer consists of a long uniform wirg“usually made of manganin or
constantan (high Resistivity low temp coeff of resistance).The ends of the wire are connected to
binding screws A and B. A meter scale i1s fixed on the boardl/The potentiometer has jockey J with
the help of which contact can be made with the potentipwgdter wire,

Principle: The fall of potential across any portion oftheé wire 1s directly proportional to the length
of that portion, if the area of cross section 1s unmiforssand the current constant. If T 1s the constant
current through the potentiometer wire and 1f Il 1%the resistance between the wire between A and

Then

-

Note : This egtrétion is going to
be used for next application.

WWW. Yout ube. cont negal eerttipqedin next glide.
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Potentiometer andits application

(continued from previous slide)

Tisivrer el

V = al

where ¢ = I 5§ and ¢ is called the potential gradient.
Hence the potential drop across the length of the potentiometer wire 1s directly pro-
portional to the length. This 13 the principle of the potentiometer.

Note : The above equation is used
for next application.
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Potentiometér andits application

Comparison of EMF

Comparison of EMF': The potentiometer can used to compare the emf of two cells wath the help of
the circmt diagram shown below. Let the emf’s of the cells to be compared be €; and €3 let the driver
cell potential be V. The cells are connected to the potentiometer through a fwo way key. First the key

Hi—

Diriwver cell
. ! l ~ Note :
i Galvanometer is
_l i . connected along
' with Jockey
H

put in the two way key such that the cell withhemf €; is connected to the circuit. The jockey(movable
contact) is moved along the wire till at & @Mint there is no deflection in the galvanometer . at a
distance [y from A.

The EMF of the cell 1s proportigh®to the balancing length

€1 = ¢l;
similarly when the second%all"1s connected

€2 = ¢la
dividing the equations

£1 ET1

€9
Note:(1)The Driver cell pote ] a ote . cells whose
{?11?[‘125 ;‘:ﬂ EIIEIIM:} ! t[ﬂt' dﬁlé Ac c&bm ﬁbdérllmé(bfnui‘ 1)1: cicttvn%;;d{ 3f of 40
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