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0600 BC

From the knowledge of electrostatics, we know
that when two bodies come in contact and get
rubbed with each other, the transfer of charges
happens. The electricity produced by this method
is known as frictional electricity.

But to store this charges we need something by
which we can use this charges in recent future.

1801 AD

The ltalian physicist
“Alessandro Voltas” invented
first electrical battery called
“Voltaic pile” which made up
by stacking several pairs of
alternating copper (or silver)
and zinc discs (electrodes)
separated by cloth or
cardboard soaked in brine
(electrolyte) to increase the
electrolyte conductivity.

This battery could continuously

provide an electric current.
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Alessandro Voltas also observed that when the copper and zinc plates were sink in an
acid solution more electricity got produced.




R Feotie ClPeR

The net amount of charge flowing across the area in the time interval At, is defined to be the
current across the area.

If AQ amount of charge (free electrons) is passing
through a hypothetical cross-sectional area of a
conducting wire in time At, then the current is defined

as follows:

A
=8¢
At

If 1 C charge is flowing through a cross-sectional area of
the wire in 1 s, then that current is called 1 Ampere (4)
current.
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** Electric current (I) is a fundamental quantity.

Length Current

)

» Dimarsional Fomua— | [M0L070/1]

WERS Time

p- Unitofaument— | Ampere (4)




A flow of 107 electrons per second in a conducting wire constitutes a current of

<A/ 1.6 X 10-124 <B/ 1.6 X 10264 <c/ 1.6 X 10264 @ 16 % 10124

Solution | Y&
If n number of electrons flow through the conducting wire per second, then net charge will be given by,
AQ = ne
Therefore, the current is, Hence,
A\ ne
i = ¢ = 107 x 1.6 x 10~1°

The following data are given:

[=16x10"124

At At . :
Thus, option (A) is the correct answer.

{ n=10" t=1se=16 x10-19C J




» Current flows from one end of conductor to other end only because of
potential difference between two ends.

» Under electrostatic conditions, we know that the electric field inside an
isolated conductor is zero and all the free electrons are in random
motion so that there is no velocity gradient exists. But when this
isolated conductor is connected to the battery, positive and negative
charges are induced on that sides of the conductor which are
connected to the positive and negative terminal of the battery,
respectively, as shown in the figure. Since the conductor is no longer in

electrostatic condition, a net electric field E is produced inside the
conductor.

> The electrons feels an attractive force Fn= —eE and hence, the
electrons flow from negative terminal to positive terminal of the
battery whereas the holes (i.e., positive charges) experiences a
repulsive force M = eE and it flows in opposite direction of the flow of
electrons.
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» The direction of electric current is taken from positive (high potential) to the negative (low potential) terminal,
opposite to the flow of electrons to maintain the methodology that any physical quantity flows from high to low.

Example: Gas flows from high pressure region to low pressure region.



R Cirent R

s current a scalar ar a vedtior quarntity ?
Since current has both magnitude and direction, it may seem to us that this >
is a vector quantity. But, if it is a vector quantity is has to obey at least the |=5A

law of vector addition.

: " Magnitude & Direction
In all three following cases it is seen that although the angle between the E

direction of flow of current is different, the current x = 6 A. Therefore, it
obeys simple algebraic addition. Hence, the conclusion is:

} Electric current is a treated as a Scalar Quantity. " A N N
34 34 34
}- It does not follow the law of vector addition. : X . X x
60 180°




s The vector quantity that can be associated with the current is current density.

¢ The amount of electric current traveling per unit cross-section area is known as current density and its
direction is always along the direction of current.

s If current I is flowing through an area A to

the direction current, then mathematically, the current
density is defined as follows:

J =
A

A — 1 to the current flow

I (Amp J— direction same as I
()

** If current [ is flowing through an area A, and the angle
between the direction of flow of the current and the
direction of the area vector is @ , as shown in the figure,
then mathematically, the current density is defined as

follows:

. I
I]|=A(:OSH + -




Therefore, if the current density and the area is known to us, then the current can be found out as follows:

I = hAh

For any three dimensional surface, this current can also be represented as follows:

[ = [ hdd

7 Notes

» Dimensional Formula — [MO9L—2T0]1]

» More the current in a conductor, the higher will be the current density.

»- Current density is a vector quantity having both a direction and a scalar magnitude.

y Current density is important in the designing of electrical and electronic systems.




Consider that the temperature of an isolated iron rod is

increased up to a certain level. As the temperature of ’ , ;S;?
the rod is increased, the thermal agitation of the free I.Fl" A— uu_‘lm 313 K
electrons in the rod will be increasing gradually and

this in turn will increase the thermal energy of the - fae S

293 K
283 K
273 K

electrons. Hence, the electrons will be in random
motions.

Since the electrons are in random motion, it is possible
that the velocity of all electrons due to this thermal
agitation points at different directions and hence, the
average thermal velocity (not speed) becomes zero.

If UOYUORUOY....., U0)are the individual thermal velocities of n number of electrons, then the average
thermal velocity is given by,

UDOp IO OIS+l

n

), = Average thermal velocity =
g




When the electrons are in random motion due to the thermal agitation if we imagine a hypothetical cross-
sectional area as shown in the figure, the net number of electrons crossing this area will be zero during a
certain time interval . This is because during that time internal the number of electrons crossing the area
from right to left is equal to the number of electrons crossing the area from left to right.

Since no net charge is crossed the hypothetical area, it can be said that the net current through this area
will be zero. That’s why an isolated conductor doesn’t give us electric shock.

Net current through this area
is Zero




If the thermally heated iron rod is connected with a

77*ﬁ;:f
. . J/ \ " ] ) -
battery, then along with the random motion due to ‘ s : -‘ b= —eE
thermal agitation the electrons also move from | | | “
A

negative terminal to positive terminal of the battery

because of the created electric field inside the rod. I >
Because of the electric field, the force on one fl_m_

electron is given by,

h=—eF

Due to this force on the electron, let the electron starts drifting with acceleration dhjf the mass of the
electron is m, then the acceleration of the electron will be given by,

K= -eE
M
a8
48



» The average velocity attained by charged particles in a material due to an electric field is called as drift

velocity.

» If vy, vy,v3,....... ,Un, are the individual velocities of n number of electrons due to the electric field, then

the average velocity is given by,

Va = Wyg =

U1+U2+U3+"‘+Un

n

YBOARDS




Let the electric field is acting towards the left. Thus, the force on E— -
the electrons will act towards right.

Assume that an electron starts moving with thermal velocity u4 N\ ‘ 5
from point A and gets collided with an atom of the material at 1:1\

point B. At point B, the velocity of the electron changes to 14
because of the force due to the electric field. In between point A .
and B, the electron doesn’t suffer any collision. r1 \V 2

The path between two successive collisions suffered by an
electron is known as the free path(A). \_ /

If Ay, Ay, Az,....... , A are the individual free path of n number of
electrons, then the mean free path is defined as,

M+Ar+A3++ 4,
Ay =

n

The time between two successive collisions is known as “Relaxation time”. It is denoted by “T”.



We know that the acceleration of the electron due to the

electron electric field is, |a| = ¢£
m
Since this acceleration is constant, the velocity v can be written
as,
Vg, tat,

Now, the average velocity of all electrons is defined as,

Wopy = VitUetVs Ny Adh ——Un) g (1451
) .\Fm A /f( 14

“’3 i
+aLI
&W
=G

Therefore, the drift velocity of the electrons is defined as,

\}_

Vd = W vg = AT qpg

—

— s
4 I
* Drift ‘
D < ;,a
w 7
/11 . /12
r1 \ / 2
V1% Uy
\_ /
ek
Vg = Vavg = _Hravg

The negative sign refers the fact that the
direction of the drift velocity is always
opposite to the electric field



We know that the magnitude of drift velocity is,
ek

Since a small change in potential difference is defined as dl/ =
— E.dx, thus, the magnitude of any potential difference can be
written as,

AV = FE. Ax

Now, in this case, since the potential difference between two \\ /
ends of the rod is ¥V and the length of the rod is [, the electric
field will be,

Y
I

Hence, the expression of the magnitude of drift velocity becomes,

el

v
d = i

—TTavg




Let two cross-sections of area A, as shown in the figure.

We know that due to the electric field the average / dg -

velocity of the electrons is the drift velocity v,. - * 7
y e e

If n be the number of electrons per unit volume of 1 vadt :

the rod and dgq amount of charge travels the distance B

between two cross-sections in time dt, then, m g

dq = [No. of free e~ in the volume contained by two cross-sections] X [charge of one electron]

= dq = [(Number of electrons per unit volume) X (The volume of the portion contained by those two
cross-sections)] X [Charge of one electron]

=>dqg =MnXvqdt XA) Xe

= dq = (nevgzA)dt

, . . d
Now since the current is defined as [ = d—q , therefore,

T T — t
‘ I = neAvy




b ()

The magnitude of the drift velocity per unit electric field :

R
\ ' y “

e B
U4 N
u=_
E eT qug
- H =
m
ek
(% —7T
d m ' avg




Relation between (I) & (V) L

We know that the expression of drift velocity is given by,

eV R w :‘ : .ﬂ. ! B
vd — | \ .““““ a

— T
ml avg

|
j
f
4
/]
/

T vadt i

We also know that the current can be written in terms of Tl
drift velocity as, + -

{I = nedv,

By combining these two relations, we get,
neAeVtgyg

ml

2 l I

Since all the terms in parenthesis are constants in a given physical condition, thus,

et




Ohm's Law O

This law states that the voltage across a conductor is directly proportional to the current
flowing through it, provided all physical conditions and temperature remain constant.

{AVocI } or {AVZIR] QT
S8
R = Resistance of the conductor % :
The above relation is of y = mx type and hence the T>3
plot of AV vs I will be a straight line passing through Hom oo >
origin with slope m =tan @ = ATV = R (Constant) (D ‘
Electrical Resistance: GEORG OHN

Resistance is a property of conductor due to which it resists the flow Resistor Symbol:

of electric current through it.

|4 (Volts

|

>or Q (Ohm)

Amp




o
Huestion YT O .

From the graph between current (/) and voltage (V) shown below, identify the portion

corresponding to negative resistance

COA I
‘A CD |
‘B DE g
Qi
C> AB 3
>
\_ A Voltage (V) )

1




o
Discussion B!

Negative resistance corresponds to decreasing current with increase in voltage and in the given
graph only CD portion represents this. Thus, option (A) is the correct answer.

7oA )

Current (1)

Slope is
Negative

\A Voltage (V) -




V4
Vector form of Ohm's [aw U
We know that the expression of drift velocity is . /RESiStiVitV (p)
given by, e A
V m \X I

- = — — = IX —

el I \ne’ty,/, A

Vg = ﬁfavg \\\\_—///

- - Since the magnitude of electric field and the current

We also know that the current can be written in

v I
. ) density are defined as E = —and | = —, respectively,
terms of drift velocity as, Y l J A P Y

m

‘ \Where p = 2y = Resistivity
avg

{I = neAv,

By combining these two relations, we get, This relation can also be rearranged as follows:

E we get, | E =pi

> - 1
el/ J=FE x-—
I = TleAﬁTavg ] p
Since — = o (Conductivit
K _ ml : ( y)
[ 2\ = > : :
e Havg [ ] =oE ] S.l unit = Siemens/metre = S/m




Flectrical Resistance O

We know that,

V = ml I
-~ \neztA

V ml
> — =
I ne?tA

Now, we also know that,

4
R=-—
I

()

By assuming temperature to be constant, all the quantities at
the R.H.S. of this expression except [ and A are constants.

Therefore, R «« [ and R « %.

m = mass of e”

[ = length of the conductor

n = No. of free e~ per unit volume

e = chargeone™

T = Avg. Relaxation Time

A = Area of cross-section




L
Electrical Resistivity O

Electrical resistivity is defined as the resistance offered by the material per unit length for unit
cross-section.

We have seen that the resistance can be expressed as,

m [
ne?t/ A

The term in the parenthesis is mathematically defined as the resistivity. Thus,

[ = n; = Resistivity = ohm.m }
ne-tT

Therefore, the expression of resistance becomes,

[
RZIOZ

Note: Resistivity depends on temperature and the material itself



L
Fffect of temperature on Resistance & Resistivity O

|) Conductaors

When the temperature of a conductor increases, more electrons ‘
become free and hence, the number density of the free electrons ____ﬁ, |"
(i.e., n) increases. Now, due to thermal agitation, the collision of the . -
free electrons with other electrons and with the atoms of the
material of the conductor also increases. Therefore, the relaxation
time (i.e., T) decreases.

The resistance is defined as,

ml m
R = ( ) [where, =p (resistivity)]

ne?tA ne3t

As n increases, R will decrease which in turn decreases the resistivity and as T decreases, R will increase which
in turn increases the resistivity.

n1 —> R, P l (Since the conductor has plenty of free e~ per unit volume, so

m_< the increase in n doesn’t have much effect on R & p)
rl— > RLp1




L
Fffect of temperature on Resistance & Resistivity O

The graphical representation of the resistivity with temperature for conductors and alloys are shown below.

S

Conductors \l) For alloys

Resistivity (p)\
>

/

)

>

/

_____________________

\\ Temperature (K) \ Temperature (K) /

For copper (Manganin, Nichrome, Constantan)




e
Huestion YT L

The resistance of a wire is ‘R’ ohm. If it is melted and stretched to ‘n’ times of its original

length, its new resistance will be :

O




Discussion O
Assume that initially the rod has length [ and cross-sectional area
A, Therefore, The resistance of the rod is, |
pl [
R=—..
=)
® A,

If it is melted and stretched to ‘n’ times of its original length, let its
cross-sectional area becomes A,. Since the volume of the rod remains
same, we get the following:

V=AXIl=A, Xnl

nl

[
$R2=%Xn2

A A
o0 2 — n
Hence, the new resistance of the rod becomes,
nl
RZ = p— : —r R2 — R X le
A, :
= pnl !
- I
= f2 A/n | [RZZnZR ]
|
|

Thus, option (B) is the correct answer.



o
Huestion YT 5]

A wire of a certain material is stretched slowly by ten percent. Its new resistance and

specific resistance become respectively

/A\ both remain the same

‘B

1.1 times, 1.1 times

<

1.2 times, 1.1 times

D

1.21 times, same




Discussion B!

increases n times, the cross-sectional area of the rod decreases n times

In the previous problem, we have seen that when the length of the wire ——
and hence, the resistance increases n® times.
e ———

Therefore, If old resistance is R, then the new resistance will be,

R’ =n’R Ik
In this problem, the length of the rod is increased by 10 %. Therefore, if

the old length of the rod is [, then the new length of the rod will be,

'=1'"=14+10%1
S =l+—1=1+0.1l
100
S =kl
Therefore, in this case, the length of the rod increases by n = 1.1 times.

Hence, the new resistance will be,

R’ = (1.1)2R = 1.21R

Since the resistivity (or specific resistance) only depends on the material and the temperature, and in this
problem both remains same, the specific resistance remains same.

Thus, option (D) is the correct answetr.



. _______________________________________________
Huestion YT L

The masses of the wires of copper are in the ratio 1: 3: 5 and their lengths are in the

ratio 5: 3: 1. The ratio of their electrical resistance is:

A 1:3:5

‘B> 1:25:125

C 5:3:1

‘D> 125:15:1




Discussion O
It is given that the masses of the wires of copper are in the ratio 1: 3: 5 and their AR 4,
lengths are in the ratio 5: 3: 1. b, My

M:M,:M; =1:3:5

[i:1,: 13 =5:3:1

If the length and the cross-section of a rod are [ and A, then the resistance of
the rod is given by,

I, Ms
pl Therefore, the ratio of resistance of the of the
R= n rods is given by,
If the density a rod is d, the mass of the rod is given by, Ry:Ry: Ry 7 : 5 : 3
M = Volume X Density = Al X d My My M
M 52 32 12
135

Therefore, the expression of resistance is given by,

plzd L
R = => R X —
M M

1
:>R1:R2:R3:25:3:§

o« R{:Ry:R3 =125:15:1

|
|
|
|
|
|
|
|
|
|
|
|
ld !
|
|
|
|
|
|
|
|
|

Thus, option (D) is the correct answer.



o
Huestion O

The current density in a wire is 10 A/cm? and the electric field in the wireis 5 V /cm. If
o = conductivity of the material, then find g (in S /m).

A 200 S/m
‘B> 400 S/m

“C> 100 S/m

‘D> 80S/m




-
D .

Discussion

From Ohm’s law, we get,
] = oF

=0 ==
I

The current density of the wire is,

] =10A/cm?=10A/(10"* m?) = 10> A/m?
The electric field in the wire is,
E=5V/em=5V/(10"%m) = 500 V/m

Therefore, the conductivity will be,

_10°
° =500
S
[a=200—
1442




Temperature coefficient of Resistance O

Consider a conducting wire with initial temperature Tj and initial resistance To, Ro

Ry. Let the temperature of the rod is increased by dT and hence, the —
resistance of the rod is increased by dR.

This increase in resistance is directly proportional to the increase in
temperature and the initial resistance of the rod. Thus, we can write the

following:

dR «< dT
dR «< R,
By combining these two proportionality relations, we get,

Conducting Wire

R, = Resistance at any reference temperature T

a = The proportionality constant known as “Co-efficient of thermal resistance”




L
Temperature coefficient of Resistance O

dR = aR,dT

If the resistance of the rod becomes R at any final temperature Tr, then by doing integration of the above
equation, we get

Ry Ty

Ro To
— Rf — RO = C(Ro(Tf i To)
= Rf — RO i aRO(Tf - TO)

Therefore, if the temperature difference is defined as AT = Tr — T, then,

[Rf = Ry(1 + aAT) }

l
Since R = pZ , and if the initial and final resistivity are p, and py, then,

[ pr = po(1 + aAT) }




Temperature coefficient of Resistance O

Therefore, the resistance of a material changes with temperature as,

Rr = Ro(1 + aAT)

Hence, the “Co-efficient of thermal resistance” is given by,

Rr — R,
I
[ R AT

4 )

) For Conductors: @ = +ve

\I) For alloys like (Nichrome): ¢ = 0
\_ W




Recap D
Relation between I and V : W 3
{1 = ”eAVd] vy =, L -M— A
i ml B vydt 6
. neAeVtg,, < HiE—
ml

v=(— ),
-~ \ne?ty, A

e




L
Recap D

Ohm's Law:

This law states that the voltage across a conductor is directly proportional to the current
flowing through it, provided all physical conditions and temperature remain constant.

[AVOCI ] or [AVZIR]

Electrical resistance(/4):

Resistance is a property of conductor due to which it resists the flow of electric current

through it. R o L
i V Volts ) Rot 1
R =— or Q (Ohm) A
I Amp
. — R




L
Recap D

Vector form of ohm's Law:

i | 1ot

lectrical resistivity:

It is defined as the resistance offered by the material per unit length for unit cross-section.

[p = —5 = Resistivity = ohm. m}




s
Recap D

Etfect of temperature on resistance:
i) Conductors i) For alloys

A
A :
~ \ E : \
& : —/ i
2 | i
Q ! (e
m e T
\\ Temperature (K) / K Temperature (K) /
For copper (Manganin, Nichrome, Constantan)

[

Rf = Ro(1 + aAT)J [pf = po(1+ aAT)}

R, = Resistance at reference temperature T,
a = Co-efficient of thermal resistance



Lolour coding of carbon resistors ¢ ¥

Carbon resistors] 4 co-axial colour bands (rings)

_ 4" pand - It stands for tolerance or possible variation in
percentage about the indicated values.

> 3@ pand — Indicates the decimal multiplier

15t and 2" band — Indicate the first two significant
" figures of the resistance in ohms.




Lolour coding of carbon resistors

RESISTOR COLOUR CODES

Colour Number Multiplier, | Tolerance

Black 0 1(10%) a

Brown 1 10! !

@& | @ | t

Orange 3 103

Yellow 4 10*

Green 5 10—

@Blue) O, 10°

Violet 7 107

Grey 8 Q/(ng

White 9 C10° |

(?Old 10_1 (259, ] BB ROY of Great Britain has a Very
Silver 10~2 ) + T0% , :
No colour ] +20% ) Good Wite

: t j




Lolour coding of carbon resistors

B |

Colour Number Multiplier | Tolerance
Black 0 /1?“
Brown 1 QOQ
Red 2 107
Orange 3 103
Yellow 4 10*
Green 5 B
Blue % 10°
Violet 7 107
Grey 8 108
White 9 10°
Gold 1071 + 5%
Silver 1072 + 10%
No colour (i/—Z—O\%j

Brown
Green— No ring

(65 x10 & %/)—'P-




o
Kirchhoff's Lurrent Law (KCL) 4T YT O

- Node or Junction : It is a point in a circuit at which more than two conductors meet.

- At a node or junction net current
coming in is equal to net current Node/Junctm
going out. There’s no accumulation of
current at the junction.

- The law states that the amount of current (1A

flowing into a node is equal to the sum of
currents flowing out of it.




L
Kirchhoff's Current Law (K1)

-» Incoming current= Outgoing current

—_—

I=11+Iz
|1—11—12=07
I = 0 =

Junction

Sum of charges — Sum of charges
entering the node leaving the node

Law of conservation
of Charge




Huestion

In given circuit, find the value of |

LAY
A —2A %
‘B> 8A
----- —>—e/\/\/'e AN\o—>—
> 5A 2 A 8 A

‘D 2A 1+




Discussion

4A* - Method-1:
% Incoming current = Outgoing current
4A+2A=8A+1
= i o =>]=-2A4
2 A 8 A
- Method-2:
I + Assuming the incoming current towards the junction to

be positive and outgoing current from the junction to be
negative, we can write,

+24+Y —¢-1 =0 v -
I =~ =2A

—

- —ve sign implies actual direction of current is opposite to the assumed direction of
current. That means the current [ will be towards the junction.

Thus, option (A) is the correct answer.




n Potential Energy §




Kirchhoff's Valtage Law (KVL) O

IV Change In Potential (AV)
Suppose charge of +1C is flowing through the circuit l
at any particular instant. As the charge pass through v, v, Wy,
the resistances, its potential energy decreases. 4. M oA AN AAN ,VB
Work done in carrying a +1C charge once around the =+t n AT A R - |
circuit= 1C(V) + 1C(=V,) + 1C(=V,) + 1C(=Vs) l 0 = +1C ?
Since the starting point and ending point of the |
charge is same, the total work done will be zero. D ¢ =0

Hence, energy will be conserved.

Therefore, KVL is based upon |:Law of conservation of Energy:|




Kirchhoff's Valtage Law (KVL)

O

-In a closed loop/mesh, the algebraic sum of all the A»—IIII:F—J\/\/V—“\/\/\/-—»’\/\/\/F»

potential differences is zero

—_—

2

!

Sign Convention
—>—— AN\ ¥ —

o b

C

. =V ++ h —+ V2 — 4+ V3
|~ —%
RN SW“”O 3

oy

D * °C
AV -+ +V";\ L = Lower Potential
H = Higher Potential
—> e\ N\ N\e—>—
1 H, = - If the direction in which sum is taken
AV —W iIs same as the direction of current
L o then take potential difference as
i negative.
— G— - If they are in opposite direction then
- y+ take potential difference as positive.




Kirchhoff's Valtage Law (KVL)

-In a closed loop/mesh, the algebraic sum of all the 4, g B AN S £
potential differences is zero _,,%, BN Y, — Vy
A ECDA 9) i Y
v
—> Ser )
-\ -»5——,'\/\/\/\/\f-.——“'"§ D . C
| -V, In loop ABCDA,
- O V-V, =V, — Vs =0
XV =0
>N =0
B




o
Huestion O

In given circuit, find i; and i, respectively

[quQJ [QJOQJ
B C ! i D
A AA N AN o=
‘A 14,24 e BA A '
1 2
B 2424
3 3 1 10 Q N
1 1 20V = — 20V
C ZA4-4 o
5 g -
‘D 54,24




@ Draw current from source

L}/EC@A

‘ Distribute current using KCL =

Q Choose loops with direction

Clockwise / Anticlockwise

‘ Apply KVL over selected loop




Discussion 0
Inloop A (2 CFA I

+ 20 = ,(0) - UI”O (o) =10 =0

Inloop C P F C

— W ————
= s T

+(,(10)-20+ 10
& < ' ’ > , “I"Lil'f‘i?_)\o = 0

2 TZ ‘Y il = ﬂ_ —-@
By solving equation (1) and (2), we get,

=
L\:ll:,!._A
2 =

Thus, option (C) is the correct answetr.




Huestion O

The potential difference (I/;, — V3) between the points A and B in the given figure is

A 49V
A 20 10 Vg
B =3V 0—>—*’\/\/\/*4>—1Jr F—>—"\\\s——0
4 I=24 - B
A 43V

D +6V




Discussion 3¢ O
Using KVL,
Vy—2XI—-3—-1XI=Vp — > 5
4 2 () - 10Q 4
>V, —Veg=2I[+3+4+1 A : _- B
g & > \/\/\,* > AN >—@
=V, = Vg =9V 4 =24 K -~ B

Thus, option (A) is the correct answer.




Question O
In the circuit shown in the figure, if the potential at point A is taken to be zero, the potential
at point B is R

'J\/l\/\/' 5 ‘ |—= g

A =2V

14 2V
B -1V

R, § § 2 Q) AZ 4
© +1V
‘D +2V 4>_|i AN +—>—

A C

1V




Discussion Y

-Applying KCL at node D, we get,
ipc=2A—1A=1A

Therefore, the potential difference between point

D and C is given by,

VDC:iDCXZQZZV
:VD_VCZZV
=>Vy, =3V [sinceV,=1V]

__________________

o || i
AT | 1. e Ao o - Vpp =2V
. ﬁVD_VBZZV
Vac =1V = V; =1V [since Vp =3 V]
VA—VC=—1V

Thus, option (C) is the correct answer.
VC =1V [Since VA = V]




Recap

Colour coding of carbon resistors:

—BBROYGBVGW BB ROY of Great Britain has a Very Good Wife
012 3456 7 8 9
Colour Number Multiplier Tolerance
Black 0 1 th
| __ - . 4" band — stands for
ST . LU tolerance or possible
Rl : 10° _— variation in pr nt
Orange 3 102 l l l RO . pe. centage
3 about the indicated values.
Yellow 4 10 2 ?r e
Green 5 10> tYJ > 3"dhand—Indicates the
Blue 6 10° decimal multiplier
Violet 7 107
Lz 8 102 1,2 band — Indicate the
White __| 9 __ 10_1 : first two significant figures
G.Uld Ll + 5% of the resistance in ohmes.
Silver | | 107 | +10%
No colour + 20%




Recap D
Sign convention:
AV — —ve AV — +ve
4 —
H L
>\, —>—e N\ o—
| - _ I 4 _ -If the direction in which sum is taken is same
as the direction of current then take the
potential difference as negative.
AV - +ve AV - —ve -If they are in opposite direction then take
_____ N g potential difference as positive.
o) ]
il ; il @




L
Recap D

Kirchhott's current law:
- Node or Junction : It is a point in a circuit at which more than two conductors meet.

At junction,
- lncoming current = Outgoing current

D :
f ’.'
ry

I V/4

— // I 21 =0
A0 4@ 46, _
At At At

Junction

Law of conservation
of Charge




Kirchhoft's voltage law:

In a closed loop/mesh, the
algebraic sum of all the
potential differences is zero

AoCDA

V_Vl_VZ_V3=O

[Law of conservation of En%;

7~

XV =0




Question O
In the circuit shown in the figure, if the potential at point A is taken to be zero, the potential
at point B is

- & D B
lVAVAVS ‘ |—<—

Q@ =2V

14 2V

B —
b> =1V R, § § 50 124

&> +1V

|
> AAVAY
d 42V 4 | :




Discussion

\ :
— g Y 0 : . —D —b 2
R4 =V | A—_D
AN @l ot K*'\,,""\i =y
\ e iy | Y 4 e = Vs
14 L A% : (A P 2R V¢
4“\ i I'\’ -‘—’BV
/5 : (A b
R2§ f )ZQ AZA
.l\\-h}! o
0 y ) | Y,
-] A D —P 6 -2 = Vg
A ’ C AV
1 Uy =2 = VB Vg =2V




____________________________________________
Summary 4§ O

-Applying KCL,

ipc=24A—-14=14A

VDC:iDCxZ.Q.ZZV

VD_VCZZV;
Ve=1V
come- I __________ . VD:3V |
> i > -
A I_ _________ C .J\/\/\/-. VDBZZV
1V
v . 1V VD_VBZZV
AC — —
VB:1V
VA—VC=—1V

V, =0V Thus, option (c) is the correct answer.




o
%% Lombination of Resistors O

Series combination: Voltage




o
Lombination of Resistors O

Series combination: Equivalent resistance




Lombination of Resistors O

Series combination: Many resistors “Req =Ry + R, +R3

AN AN o AN A
| CE——— e Y
.
d |
< e
R,y =R, +R, + Ry + oo + Ry |

Reg
Req

= nR (Equal resistance)

=
o




o
Lombination of Resistors O

Parallel combination: Votage and current

| 11,R1,V‘]|

\/“_‘, 1|{‘7\] (1|:!é
l )
N lzﬂvl - (]
S
= 13‘?\3 g “
122 =
£ \II____O
‘ S— |-
1,1, 13 = L Ty T
@\ ‘2’-’*’ @_'b




Lombination of Resistors O

Parallel combination: Equivalent resistance R, R,

. I=11+12+13

=

I
-
<

‘)

‘ZQ‘.)

4+

AN

¢

v,y v
Ry Ry R

| | |

+—+
Ry Ry Rj




Huestion O

When a wire of uniform cross-section A, length [ and resistance R is bent into a

e —————

complete circle, resistance between any two of diametrically opposite points will be

D —

[

‘a> R/4
‘b> 4R
A — B
‘¢c> R/8
N
“d> R/2
4N




Discussion YT

>

m —

Here, the wire can be considered as
parallel combination as shown in the
adjacent figure.

Thus, option (a) is the correct answer.




Huestion O

The current (1) in the given circuit is

‘a> 494 2
_I_
‘b 684 5 R, =30 _
48V B A § zRB—6Q
‘c> 8.3A4 ]
R.-=6Q
. AN

‘d> 2.04




Discussion YT

The given circuit can be replaced in form of single equivalent resistor as shown below.

L\'Q\[‘.\L Keay

Thus, option (d) is the correct answer.




Huestion O

A wire of resistance R is divided in 10 equal parts. Two pieces each are connected in
parallel and then such five such combinations are connected in series. The total
resistance of the system will be

@ R
N R/10 R/10 R/10 R/10 R/10
N\ AN —AMA— | A AW A
o—‘ —— —— —O— —— —o
© R0 ]l e Lo Lo I Lo Lame—
R/10 R/10 R/10 R/10 R/10




Discussion

R/10 R/10 R/10 R/10 R/10
— W\ AMAe— MNe— AN AW
0—‘ S { —0— —— —0
—A\\/\e ANN\o— AN\ ANNo—— —ANN\—
R/10 R/10 R/10 R/10 R/10

Here, equivalent resistance
of each parallel loop is:

R R\KZ.
62 \J{'(LZ,

Léi/ -

_ (R/10)X(R/10)

- Go)ox()

R

20

R > S
20 20 0 2
s - LN
2

Thus, option (b) is the correct answer.




Huestion

Equivalent resistance between A and B will be

‘a> 20 3?@*/\-74429

b 180 (—<i: :>HW
Ve

> 6Q %39 3™ 730 39%

/d\ bl A */\/\/'e */\/\/\e B

30 3 ()




Discussion YT

The given circuit can be replaced in form of a simple loop as shown below.

y ,  ~
Ap—oN\\Ve " \We——1pD
30 30 6 <

A I ﬂ_@v'/ -~ =360
(S

| Thus, option (d) is the correct answer.




Huestion O

A ring is made of a wire having a resistance Ry = 12 (). Find the points A and B , as
shown in the figure, at which a current carrying conductor should be connected so that
the resistance R of the sub circuit between these points is equal to 8/3 ().

AN
L8 L
L1 B
J === S
L3 A
o3
L8




Discussion




Discussion

QL(:—C@

\ —
Fitle =122 — O igy Ri_b 1
L A = 7=
- : R [ 2
— 2R, - 16 Y S——
ﬂ;'—* € S . Thus, option (d) is the correct answer.




Huestion

The potential drop across the 3 () resistor is

Ga> 1V 39
4 Q

‘b 15V — A\

Q> 2V 6Q

‘4 3V

d |
—cl L

3V




Discussion

The potential drop across the 3 () resistor is - T
Tt Y

f;\/—giogn

Potential drop,V, =05Xx2 =1V
Thus, option (a) is the correct answer.




Series combination:

oo g— ” V — Vl ~+ V2 + .-
i I > o
li é Ry + IReq:IR1+IR2+IR3

Req — R1 +R2 +R3

T
|




L
Recap D

Parallel combination:

LR,V > o - I=L+5L+1
N L . v Vv v Vv
i } B .
g AN\ > [ == = — 4+ — +
I A 13,R3,VI Iy Req i Req R1 RZ R3
> AN \>— /4 —-—
I A + 1 1 1 1
=—+—+
o
— If only two resistances Ry and R, are in parallel combination, then equivalent resistance will be R E RI F‘z_
e x 2
R +&,
— If there are n number of resistances of resistance R are in parallel combination, then equivalent resistance
will be Q S
VR



Lombination of Resistors

Infinite network:

g

/

A A VAVAVL “\/\/\/'T
T |

Req R2§ \ R2§

— First identify the repeating pattern.
Then, by keeping one such pattern,
replace the rest of the network by an
equivalent resistance R,, as shown.
After that, by solving a quadratic
equation of R,,, we can find the
equivalent resistance.




Lombination of Resistors

Intinite network: R, + RegRe Boery
1L
A AN\ — WA (g 0) tegle o (78

VS Yoo
R ERF»§ R é €q_2 > 00 2
eq T - 2---.\ Req + Ry T QQGV ma P\-ﬂ-tvﬁ‘ =il @\ KL = U

S S
e
R, (1 y 2
1 A
A °—‘/\/\/\/°T L
| R R Reqa | ! Ry(1— 1+ 4R,/R;)
Req 12 “ Reg T R) | Ri(1+ 1+ 4R,/R)) 1 AR /R
___________________________ >
B £ j ‘ L i (Not possible as resistance can’t

(2 be negative)
N




Huestion O

An infinite ladder network is arranged with resistances R and 2R as shown. The effective
resistance between terminals A and B is

A oo R R R R

A N AWV Ao Ao
AN R
i 2R§ zzé 2R§ = 00
© 2R | \ \

B @ —— e
> 3R




Discussion




Discussion

R - K
VW e AVAVAVL |
2RS x§
5. \ b
+ = R4 2R% ( ) @Jr\)K?» SR
_ /)L - A
) 2Ry L \ >
L TR ((u4L) 4 28
— _R+VR?2+8R? 4R [ ZR)
(2 pr1) N 2 =72 O’”(_‘_/

|
Thus, option (c) is the correct answer.




Lombination of Resistors

Potential method

\ -\) N
N R R 0 O
A \/ @ @ V B
0
\f
. Vllll!i’ 0 Req = R/3

- Potential across the connecting wires does not change as we assume the wires are of
negligible resistance.




Huestion

The total current supplied to the circuit by the battery is

‘a> 14
20
A
b 2 4 / %%\/}ﬁﬂ §3Q
/C\ 4 A 6V == Vd




Discussion

Using potential method

= =% 44
T Reg 15

Thus, option (c) is the correct answer.




Galvanometer

A device used to detect the presence of current, the direction of flow and compare the
magnitudes of two currents.

iy,

Wl Wy,
\\\\\\\\ ///////// ) /////////

\\
N

7/ N
O % S G 2, D
S Z S Z S
RS = = = NN

2
%
Z

Angle of deflection () o« Amount of current (i) flowing through it




Wheatstone Bridge

The Wheatstone bridge and its balance condition provide a practical method for
determination of an unknown resistance




Wheatstone Bridge 3¢

B ) ] 4
o v i el . s L= (3+\5

L;ll""lb

C-

g 4 1

In the case of balanced Wheatstone bridge current through the galvanometer will be zero. Consider two loops
ABDA and BCDB to apply Kirchhoff’s laws.




Wheatstone Bridge

llﬁ“/\ lg g e
y . _ \:
in, @\ e marrsie (3 o FC g 4 —(@)
R T Y
. _ 11'4
D D
YD
AR DA
0 ’ .
-4 lQ\l - Lg &+ '7—‘?\2 = @ (G = Resistance of the galvanometer)
bepe

- 1385 Tiyky + 19 O -0 —®




Wheatstone Bridge O

Applying KCL at B : G = Resistance of the galvanometer

aﬁ\p %3 11 =g + 13 ... gy

[
; Applying KCL at D
A G i C
Iy iz + ig — i4_ (2)

Jh };?i' ‘Q\ih - Applying KVL to ABDA
i i4 l " " "
D _llRl — lgG ~+ lsz — O Soo T (3)
Applying KVL to BCDB
g 4 i ’
+ — _i3R3 + i4R4 + lgG — U .o v e (4‘)

L

When the Wheatstone bridge is balanced, | -0

—




Wheatstone Bridge

. ( \
Balanced Bridge: " Applying Kirchhoff’s Rule
B NG
Rl ‘ ’/0 ¢ O R
l3 ' ‘, v 3
Rl R3 l11 N % \‘Ca ! %L
iy JAA\’ A D G G D C
A | i iz
C< G )iy ¢ 0, o
S, A ) A
R, R !
* 2 i + ¥ For loop ABDA = = For loop BCDB
- B —i1R; — 0+ iR, =0 (i; = 0) —I3R3 + 4R, —0 =0
iy Ry i3 iy Ry |




Wheatstone Bridge




Wheatstone Bridge




.
Huestion YT 5]

In a Wheatstone’s bridge all the four arms have equal resistance R. If the resistance of
the galvanometer arm is also R, the equivalent resistance of the combination as seen by
the battery is

‘a> R/4
‘b> R/2
‘c> R

‘d> 2R




Discussion U

R R
R R
Balanced

Wheatstone
bridge

Equivalent resistance:

1 _t, 1 2 1 _ . .
R, 2R 2R 2R R o

Thus, option (c) is the correct answer.




Huestion /N L

In the network shown in the figure, each of the resistance is equal to 2 (). The resistance
between the points A and B is

‘a> 10

B N\,

‘¢ 30 /\
d 20 N 4 B




Summary

1111
Req 4 4 2
Reg =20

Thus, option (d) is the correct answer.




Huestion O

Three resistance P, Q, R each of 2 () and an unknown resistance S form the four arms of
a Wheatstone bridge circuit. When a resistance of 6 () is connected in parallel to S the
bridge gets balanced. What is the value of S?

‘a> 30 /O\
A e RP=2£§\9 %Rzza

&> 10 —(]

R
A 20 RQ=2§;%- ;\v’

6 ()




Discussion

D |

Thus, option (a) is the correct answer.

Ko _be - 1| 2 -1

_\
\ |
\

B <
¢ N /
(?, (é,/ [

thus,




Huestion /Nig

For the network shown in figure, the value of the current i is

2 Q)
AA\e o
o> ¥ l
4Q§ s %39
® 2
18 = am AVAVAV
6 ()
o y
9
. - -
O g

5




Discussion

4 2 b b
— — 6 ()
6 3 >\ \\e—9 ’
Balanced \—-\:,\V}
Wheatstone
bridge C\ Sl
: ———— o —H>0o¢\\\o——o
9 ()
A o 6K 9
—=4 = . Kmlf i
- 69
V
1!
] \/ - /’\/ - s

Thus, option (b) is the correct answer.




L
Recap D

- Assume the entire network as R,,.

|ﬂfIﬂItE ﬂEtWEII"kZ - Find a pattern with the resistors.

Rl Rl R\ - KQ{V KL

Ry R, . L
A %—WTWWW— -------------- f’\%t@l, - ey
Req R2§ R2§ R2§ = ©O K, Lﬁ%+22> fﬂ%{iz, ) F\ut/(/ﬂeﬁ/*%)

| 2
B e | I | ------------ Qj_q/— ‘Lﬂj/ﬁ\ ’"@\f?_, =0
2
R G SR, = R, + \/Rlz + 4R,R,
i B m— S
i ReqRZ
Req ER2§ §Req R + R 5 | —
| L I _______________ T _________ eq ~ "2 R(1+/1+4R,/R,) Ry(1 \/12+ 4Ry/R,)
B o 2 . .
_ . (Not possible as resistance

can’t be negative)



Recap

Galvanometer: Wheatstone bridge:

7
I

A device used to detect the presence of current, | Condition for balanced Wheatstone bridge |

the direction of flow and compare the | A B
] m 1 = i3 lg — 2 = Uy ;
magnitudes of two currents. ! o 3
I 1 R3
e | N
l : AQ] (G)i, D
g, g, : i a4 \D/ _
) I RZ 9 R4
: A . _1’_ v
' ¢y
| D
| e |
i : Rl = R3 : ’ +é§ Ill!_ P
: - : | R R |
Angle of deflection () o< Amount of current (i) ! . 2 4
s a |
flowing through it |




Symmetric Circuit 3¢

Mirror Symmetry/ (Perpendicular axis of symmetry/line symmetry)

P it R
-

4ﬁ§/ﬁ 4R : fif'/g\ i
Aﬁ\i B i : .

- Assume that point A and point B are connected to a battery.

- Draw a line perpendicular to the line joining A and B such that the resistances are same in both the sides.

- Since the resistances are same in both the sides of the perpendicular axis, current flowing through it will
also be same.




Symmetric Lircuit

Mirraor SymmEth/(Perpendicular axis of symmetry/line symmetry)

8R><4R K
8R+4R>_§R
g Ve,

~

p
R _Rs ! 4R 4R Balanced
R, R, 2R 2R Wheatstone Bridge




Symmetric Lircuit

Folding Symmetry/ (Parallel axis of symmetry/line symmetry)

ﬁ’ ’%.

‘V% ‘\@‘ | Equipotential points | -
) \l/ ooz s

- In this case, the figure is symmetric about the horizontal axis or, parallel axis.

- The points above and below the parallel axis i.e., point P and Q have same potential as the symmetry of the
configuration is about the parallel axis. Hence, no current will flow through the resistance connected
between the point Pand Q.




Symmetric Lircuit

Fulding SymmEth/(Parallel axis of symmetry/line symmetry)
Vx Ve

.'

- ~
2R R 3R Ry Ry 4R 2R Balanced

p— - — = —
B| R, R, 4R 2R \Wheatstone Bridge




Question YT

Find the equivalent resistance between points A and B in the given circuit.

‘a> 3R/4 //ﬂgg\\\

‘b> R/4

R R
A ﬁ% > B
> R/2 R R
R
“d R \\ffi///




Discussion

: - IR
o A 3R B
>, 2R

R o1 U
R e
A B
Req

The equivalent resistance between points A and
B in the given circuit is,

1 _1. 1 1
R.q 2R 3R 2R
= R, = 3R/4

- In this case we can see that the circuit is symmetrical about
the perpendicular axis. So, there will not be any current
flowing through the resistors that lie over this axis and we can
remove that.

- This circuit is also symmetrical about the parallel axis so if we
took the points of common potential and fold the circuit, we

will get the same resistance. Thus, option (a) is the correct answer.




Huestion ¥ O

Find the equivalent resistance between points A and B in the given circuit. Consider all

resistances to be R.

B

‘a> R/4

B 7\
& wis Ll

“d> 3R/5

o/\\\V'®




Discussion

resistances between the equipotential
points.

B
- B
A
R R B
3RS SR33R — 2SR
— R R — q
M/ \w \P A
R R A
- In this case the circuit is only symmetric E 1 1 1 i
about the parallel axis i.e., the folding axis. | =Ss-to-t5o
! . R SR R 3R
- |dentify the equipotential points and fold ; = ¢4
the circuit accordingly by removing the i R.q; = 3R/5

Thus, option (d) is the correct answer.




o
Question YT O

Find the equivalent resistance between points A and B in the given circuit. Consider all

resistances to be R.

‘a> R/4 /<JVW;\

b 2R/S < Ae Ao

‘c> 4R/5 Y N N

“d> 3R/5




Discussion U

~ In this case the circuit is symmetric about both parallel axis and perpendicular axis. First, choose the case
of perpendicular axis.

- The central junction will be of no use as there will not be any current flowing through it from the other
two arms.




Discussion

2R/3]
[
R¢ T9R . WF
= 0—)-0/\/\/\/0—0
A-—-( We—e— } dW\n%—vB = = 4 R B
] : q
R 2R S
BWEAVZ
R
1 3 1 3
Req_8R+2R+8R

Req = 4R/5

Thus, option (c) is the correct answer.




Discussion

- To solve this circuit using parallel axis, first fold the circuit w.r.t the horizontal axis passing through AB and
overlap those equipotential points, and then find equivalent resistance of each parallel combination.

-~ Then proceed further by using the mirror symmetry.




Symmetric Circuit O

Pc o\/\l{?\/\o q/\R!\/\o OQ

‘V% R

R R
\V

-
|74

HOME ASSIGNMENT

(This circuit is symmetric about both the perpendicular and parallel axis.)




Lell

- Any device which can continuously maintain the flow of charges (electrons) in a
closed circuit is called cell.

- Cells use electrolytic reactions to convert chemical energy into electrical energy.

- A group of cells is called as a battery.




Lell

Dilute H,S0,

- EMF (electromotive force) is the potential difference between the two terminals of a
battery or cell in an open circuit.




Warking of a Lell

Whenever two dissimilar metals are immersed inside an

, the more reactive metal will tend to dissolve in the electrolyte as
positive metal ions, leaving electrons behind on the metal plate. This
phenomenon makes the more reactive metal plate negatively charged. In
this case Zn is the most reactive metal. It reacts with negative SO; ~ ion of

the sulfuric acid solution (H,S0,) and forms zinc sulfate (ZnS0,). As the U 2308
copper is less reactive metal, the positive hydrogen ions of the sulfuric acid

solution tend to get deposited on the copper plate. More zinc ions coming ., J

out in the solution means more number of electrons leave in the zinc plate. ——

These electrons then pass through the external conductor connected hmrection of Anode
between zinc and copper plates. Cathode [ current & ———

/n + H,S0, » ZnS0, + H, ™
[z
On reaching on the copper plate, these electrons then combine with the )
hydrogen atoms deposited on the plate and form neutral hydrogen atoms. ’
These atoms then combine in pairs to form molecules of hydrogen gas and ;

the gas lastly comes up along the copper plate in form of hydrogen
bubbles.




Lell

At anode : _ Direction of current__f
Cathode )v ’_ Anode
n(s) =» Zn?* + 2e” b

Zn** + H,S0, - ZnS0, + 2H™

At cathode : @ '

2H' + 2e~ - H,(9)




Lell

Internal resistance: ; .

, —
!__ Direction of current

4.

3

:,. |\

- The electrolyte through which a current flows has a finite resistance 7, called internal
resistance. This resistance appears due to the hinderance between H,50, atoms.




. _______________________________
Lelf 0

. Terminals

: —
L_ Direction of current

** EMF is the potential difference between the two terminals of a
battery or cell in an open circuit.

*** Voltage is the potential difference between the two terminals of a
battery or cell in an closed circuit.

In open circuit, emf of the battery is equal to the
potential difference between the terminals.




Recap

Mirraor SymmEth/(Perpendicular axis of symmetry/line symmetry)

[ —

Perpendicular axis

=\ ...................................... _

¥ T .

_ 8R X 4R —8R
N1 <8R+4R>_§

2 AR




Recap

Fulding SymmEth/(Parallel axis of symmetry/line symmetry)
Ve SR Ve




Recap O .

-- e Internal resistance:
| _ IDirection'Efcurrent__ f s _-.. =

b
L_Directiun of current *

Cathode ) /; gm 2 __T_.__.
&
At anode o § .
Zn(s) » Zn?*t + 2e~ § 4 X
Zn*t + H,S0, » ZnS0, + 2HT \g’, -
At cathode The electrolyte through which a current flows has a finite

2H* + 2e~ - H,(9) resistance 1, called internal resistance.




Lell

!__ Direction-;fcurrent__ : Terminals
p - -

EMF of a cell is defined as work done by cell in moving unit positive
charge in the whole circuit including the cell once.

B
i F = K S.I Unit = C(fiz)l;b or Volt
4 q

EMEF is independent of quantity of electrolyte, size of electrodes
and distance between the electrodes.




Lell

- il
: R
Relation b/w Emtf and Voltage ey e AAAe
[V:E—Ir} ;) Ve IR : _<I_g| F.«Mpl*]—
e w - - -
r

V. Voltage across terminals of a cell

E: Emf of a cell

I: Current flowing in the circuit

r: Internal resistance of a cell

EMF is the potential difference between the two terminals of a battery or cell in an open
circuit.

Voltage is the potential difference between the two terminals of a battery or cell in an
closed circuit.




Lelf 0

Discharging of a cell ;

AN
R

A ) F r = B
On applying KVL from A to B,
V)Q -E+I1I7T = \”B

\fpr_,\fg: E-1%

{\/ - - I
)

[ = >V <E
R+1r

I B 1|
N - kow\p!«—*

» L3 !
= N
tc i
| ghe= I
g < !! Fevwre !—(—'
A F r B

The cell is getting discharged as it is driving the
current.




Lelf 0

Discharging of a cell ; g
\/‘/G'O
'=&+r) , V= T KA W
E &

\/ _ <!. ko'vvw.—e—'
—_— \ A E r B
&“\’T ‘v:[:/

_ — V= ER B E
V < /,[: B I;Q " R+r 1+71r/R
. N _
Q’f@ 120 V=E
9, ‘
r=20 I=0 R=o

(ideal cell)  (opencircuit) (ideal case)




. _______________________________
Lelf 0

Lharging of a cell : On applying KVL from A to B,

+ )i \/ E \/Jé

The cell is getting charged as the current is driven through the cell




o
Huestion O

A set of ‘n’ equal resistors, of value ‘R’ each, are connected in series to a battery of e.m.f.

—_—

‘E’ and internal resistance ‘R’. The current drawn is I. Now the ‘n’ resistors are connected

— —_—

on parallel to the same battery. Then the current drawn from battery becomes 10/. The

D —

value of ‘N’ is

‘a 10 k] (&R ] [& ] R )
e AN > AW e
o 11 3 nl
I A
¢ 20
< E! |—dvvvo! <
d> 9 I I




Discussion 4§

|. R |1
e A
LAVAVAV S
LR J2 | =~ @ e
Y @; Y101
' & n 101 <« Areve] <
i . . i 101 101
Current drawn when 10IA  —AMAei— E,R
resistors are in series, ! .
Current drawn when resistors
e b are in parallel,
T = <MLl <) el :
NR & S E R L = o1 = &
- | R R
I- .6 N-{) e )
ay RS o,
&) L)




Discussion O
(M= E__ . > ANV
(n+ DR ™I 1014 Y101
IA
E ! :
= I I - " -
(n+1)R E,R 101 E R 10 1
From equation (1) and equation (2),
le — - >n°—9n —10=0
QH,,)/L Q+l>ﬂ< >m+1)(n—-10)=0
4 >n=-1 |n=10
> Nt) = 0 & |+ 1 . |
n Thus, option (a) is the correct answer.




Huestion q

The internal resistance of a 2.1V cell which gives a current of 0.2 A through a

resistance of 10 Q is: | e
0.2 A + 02 A

@ 020 21V,r

I - 02A
A
b> 0.50Q K - IOSL oy . [

N R ATAA

/c\ 0.8 Q) / \/ 100

im = -

1.0 Q

<d> \}*@




Discussion

0.2A4 - il 0.2 A
< E! |—o'vv\n~! <
21V, r
0y 21
10+
0.2A4 0.2 A
2+ 0.2r =2.1 e s AAA% b
100
- 21-2
" T 02
r = 0.5
7

Thus, option (b) is the correct answer.



o
Huestion O

For a cell, terminal potential difference is 2.2 IV when circuit is open and reduce to 1.8V

when cell is connected to a resistance of R = 5 (). Determine internal resistance of cell (7).

o 99 o I

9 . < E. Fovwe ! <
o 2 e 2 -

10Q _____________ 2__2_]_/_ ______________ .\-
© g ! !

9 —— \V\VV\e >

50

20 20




Discussion ¢ O
i RS- i I I
| Br ¢ 2.2 el <
22V —— o % SRR LA |
B ; U 1.8V 9
e A I I
b AN
50Q
For Closed circuit, v
V = 12 — V= 1K V= e-1
v o = S g
¢ =222 S B 7.1 “)L?‘\{
5
= C 5% - = 10
N 18=T S - r=20
I = )% . .
__A Thus, option (a) is the correct answer.




No _ & 53
battery . Loy
Single cell voltage (1.2 V) 7

current (0.1 A) b

(perational

Needs TR ot ERE AN _ -
12 V ' ."_' e : ; .'-r.;'.“.'”' v : ... - : £ .+ ';‘a’_,.!'q:.:_"‘f‘:

o«
i v’ b
LA . :“.:,xa o
| A il S
B,
. -
. e Ll 3 p
_ - - -
- r
v

- '.‘ & -
fm [ . K
o e WY
7 1 A
a o’ ’ [e 'y "
=" - e
- . - e W
” ’ ol A
o - - rm "
oy - e
“ v ) o % ™ -~
4 . i T v b -,
p ey . St . "y - DN

| In many daily use cases we use combination of cells to cater our voltage = &
© and current requirements. LA

Y v
. % . 4 . 1 . 5 ' RS . -
of) “l B T L A AR
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o
Lombination of Lells O .

Series combination:

One terminal of a cell joined with only one terminal of other cell.

—

- +
Foe B

&, €2, 12

S -

A&

Parallel combination:

One terminal of all cells should join together, Similarly other
terminals too should join together.

- 4




o
Series Lombination of Lells O .

Same polarity

Polarity 5
A
T + i .
R B B L e I j
€1, 17 Eg, 1o s
5 ol e -Same polarity
' 5 - t flow
polarity i o ame curren
R ii through all cells
: ].-'-I-
+ o - ‘ %—I €y
4 !l I FW‘!—._‘ Fw‘ﬁi ’7.- (&)
€L E2, 172 T :
. —

Opposite

polarity
o



i Series Lambination of Lells

Apply KVL from Ato B




Series Combination of Cells O .

- . non-identical cells are connected in series with same polarity

- - - - — - S—
P (I B [ X =S IR e By a— APl 5
L €Ty E3,13 Enrn €eq Teq




Series Combination of Lells O .

- 1 non-identical cells are connected in series with same polarity

o

i _ L T . | .
- w I PR [ W W B e B
_ _ E1, 1 £ T Ea, T E T
€eq = z € Teq = zrl ’ 21~ S0 wn
i=1 =
o ] L I
>— >—
L - = aAVAVAYAYS
g R
K+ | | 5 |
. K External resistance and cell resistances are in series connection

E?eq:R+r1+r2 +r3+---rn]

81+€2+€3+"'8n

| =
R+7‘1+7‘2 +7‘3+°°°Tn




Series Combination of Lells U
6V.1Q 4V,2Q  2V,10
A 45! evine ! B
12V.4Q
~ —

~




Recap

Emf of a cell
e = W+
®

~__Terminals

. . ’
_ Direction of current

EMF of a cell is defined as work done by cell in moving
unit positive charge in the whole circuit including the
cell once.

Joule

S.I Unit = or Volt

; 7 Coulomb

\\/: c -1%

m—

Emf is independent of quantity of electrolyte, size of
electrodes and distance between the electrodes.




Relation b/w Emf and voltage

V=E-Ir |
E T
Discharging of a cell
E

R+r -—Hé] [F-w_[ . | =
. a

< e

Charging of a cell
V>E ., .

V- E4Ix] T .

I =




Recap O .

Series combination of cells

Same polarity:

Same current flow through all cells

|:€eq:€1+€2:| [Teq=7‘1+7”2 :|

If n non-identical cells are connected in series
with same polarity,

u Eeq:€1+€2+€3+'“€n

o

|Fﬂ .ji: Wj‘? —

T'eq :T1 +T'2 +T3 +"'T'n

““:5 *\\\e—

!
™
®y] z '
M
aQ
Na)
|l
M
=
)
||
M:
=




Series Lombination of Lells O
- n identical cells are connected in series with same polarity,V Y - +

|\

\

A — Al del dieel [l Se
(&)1 (&71)2 (g7)3 (&) %
EML - NE
~ i [eeq = ne ]
Yo, o M A— Al s




Series Lambination of Lells

- n identical cells are connected in series with same polarity

i :I__— :I__— :I__— ] -‘l_—i J
- - A «—e!lkm!ﬂmm!ﬂ!nm{«l— ----------------- A!IFm!i B
(8, r)l (81 7")2 (E, T)B (8, T)n
@@ﬁ/ = K + ﬂ ’\( o - .
l l

\o 8% ﬂg’js = st YAVAYAYS =




Series Lambination of Lells

- n identical cells are connected in series with same polarity

P = € No change in current than current
r in single cell ¢ T
4.2 V) Y
Example: S 1 A
-
nr > R
NE = IZ
=12V
n =10 Mn-L-2) =12

Eeq = 10X 1.2 =127V

Y =10
—




Series Lambination of Lells

A
i \
- Opposite polarity i o
L Eeq .
- Same current flow through all cells Teq %
0

VA"Q/*W,-f@ZﬂYz‘«\/E %i
\/Pr‘\/@ :q(“EL'C({“\'Tv) B

’[Efq ) 8,2}

Z, = =
7

—%—.
. Ti »/[req =7 +r2} |
B 7 N :@"\w




Series Lambination of Lells

AN -
U g G

@ 4v.20 2710
TQI/ - st = -7 = -

Q%:-fé\ﬂ—éfwzy




Series Lambination of Lells

- 1 identical cells with same polarity and m same cells with opposite polarity

—_—

= - - - - _+
4 —AdFewel dFEel A ARl leves ey oo
/_8,7” E,T E,T ET &, T E,T ET
e A J /
\{\7/ @dentical cells m identical cells
6% = NE —mg jl I
=

l
-ovne !«—B

. @, m) & 4ol




Series Combination of Cells O .

- 1 identical cells with same polarity and m same cells with opposite

polarity
i :l__ +_ +_ l = l_—+—| l——+7| l .—‘-I_i l
A —<HFeme b dFeme b d{Fomed <« d|Fome <« Filemei—ilomep—<—  —pifemep< b
& r E,T E,T E,T & r E,T E,T
N L Y,
e N
n identical cells _ -m identical cells ¢
I

|
§

[eeqzne—me} [qu(n+m)r} KU\/ = K,\— Tq‘/ [Req=R+(n+‘m)rJ




o
Huestion O

Two cells, having the same e.m.f. are connected in series through an external resistance R.
Cells having internal resistances r; and 1, (r; > 1,) respectively. When the circuit is
closed, the potential difference across the first cell is zero. The value of R is:

—_——

.4 .t

/a\ r T 2 _(_’_!ll ! FO'W\,O !a—e—g l ! dev\,o !—(—l
en €Ty

/b\ T'l — 7"2 V1 — 0 ‘\
T '

© ntn AW

2
R
A T

2




Discussion <

External resistance and cell resistances are in L
series connection .




Discussion

Ve Terminal p.d. across first cell ; L5 ol l
[ = IS: <1 ! -ev\e !a—(—!! —evine !—e—
R+r+1n 0 i i
// / ’ ,-{ . 87"1 __________ I E
- — v =0
| 8 BN | e i \ey 4
L l

Thus, option (b) is the correct answer.




o
Huestion Q

'n’ cells each of e.m.f '’ and internal resistance 'r’' are connected in series in same
polarity. An external resistance R is connected to the combmatlon If the polarity of 'm’
cells are reversed, find current in the external resistor.

—

A (n —m)e
R+ (n+m)r |
- A <t Iﬂl'“m lﬂl s |H|*7| o | i F,m| _________ ¥
b [Fee .
R + nr (5' )1 (e,7)2 (g )3 (,7)4 (e,7)s (g,17),
AN (n—m)e i i
R + nr > AVAVAYAYa .
N (n—2m)e R
R + nr



Discussion

m cells
/
A

Q ol Ii_I4l>_|i—<.— .......... X ajos Fm% B
(5,7); (5 s (1) (&,7)s (e,7).,

. C - Q\ _2wm)E Thus, option (d) is the

- @ e m> 6 \ R+ Y correct answer.




Huestion

D |

A battery consists of a variable 'n’ number of identical cells (having internal resistance '’
each) which are connected in series. The terminals of battery are short circuited and the
current [ is measured. Which of the graphs shows the correct relationship between I and

~—

n.

A

—_—

+ o . +
—ii!lkm!—EHFm!—EHij_—i— ------------------ 4!|Fm!1 2
(7)1 (g,1), (g1)3 (g,17),
I I {
> >
b1 @, a,
n n n




Discussion

b =~ NE 4 < dEE dEm e L dEE s
% } (7)1 (g,71), (g1)3 (e,7),, l
Y - NY ; I
Cﬁ/ O o \ >
— JEY .
Reg = K 7T L= & N v
;Q%/ % 7 \e _ %

% /ﬂ N 1 Thus, option (a) is the correct
H answer.

~. Current I is constant and independent of n ' N




4 #
-.I. # 'il._ s jj
| i .
; : » "y ”.. * L gl VS v
: > ! L B 8 - A |
. 1 "
“. .:l. . . . .
oAt v In this case, voltage requirement is catered using
SRR the series combination of the cells. However
R 25 Lty current requirement is not yet met. To understand
) . R | " . 0 o
LA e 5 Wik this further we need to study parallel combination
R MR
T e AN X of cells.
N : % 5 A 1
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Parallel Cambination of Lells U
Polarity
L g
A 981; rl B o | 581, T'l 5
LI L
SIS Conellp
//g; ) €2, 7";

Same polarity Opposite polarity




Parallel Cambination of Lells

l=l1+lz ......... (1) Fll !“ @! 11 .\{l-”
Apply KVL in path /ﬂ( A \f & : e, T "“T l.L A
Vy, —¢€, +{ N, Sl L
A BT LT = Vg —
Ery Ty
_ - - LY
Vp-Vg = G hT AW
\/ = ﬁ [ — ( g T' Same polarity cells

P




o
Parallel Combination of Lells O .




Parallel Combination of Cells O
Il=1; +1 1 I + I
= y SR () < !! ! < \/ — e _ 1"\6
ilzgl_v ......... (2) A%i—. =4 _ L
7/"]. lz +_ lz
=270 3 £,
W)
° “\/\/W*
L = & -V ¢, -\
— B ,i . | ¢ ¢
\(I Y) > ,{7’ x VL'Y 7,/> = _: 'l
L - _@H@ﬁ-—\/(_l._u_)
Yl ’fz Y‘ 7& i




Parallel Cambination of Lells




o
Parallel Combination of [ells O .

A
A - Same polarity L ‘
| -t
+ [ .. : “eq | T R
| . - L=+ Teq %
iz ll
+ = = - I
R €2 1 SH &1 n &y B
2 % 51 % o
|[fee TT 1
T i nn
A L = =
* 1 1 1
B | — == 4 —
Teq & g




Parallel Cambination of Lells

- 1. non-identical cells are connected in parallel with same polarity

i -

—%P'V Ceq ‘%F |-

Ty - i, = n o Teq

\ B | =

B B ‘
&1 &g &3 En
+ + S5 000 ——

c T 13 n 1 1 1 1 1

Ry e

P eq 1 2 3 n




Parallel Cambination of Lells

v/\ _L | L e
| @ 9V§ @% 31’/‘7‘+ %)
__SL —




o
Parallel Combination of [ells O .

A - Opposite polarity

e c,
fg‘ﬂ/ X\ Wz
- Suppose@ 82 =

rg

'B"t ~ \l
T\Nute: — Direction of current depends on £; and &,.2

Y

R - -
— = 81 82
1 B 1 1 T
e | [frT 11
Teq 11 T2 1.1
- : rn 1y




Parallel Cambination of Lells




Recap O .

Series combination

™
E—

- Opposite polarity

- Same current flow through

it A
ol c1 L ‘ all cells
% r o
o= eq 1O
R
R | Teq % T
_ﬁ g
Iy e ;l ) ”{feq:%—gz}
% | T2 '

{Teq=7”1+7‘2}

Ti »
B




L
Recap O .

Series combination

j _ - S N | 4+

&Er E.T E,T &
n identical cells ‘ _rnidenﬂbalceﬂs !
> MM .
R
[eeq = ne —me } [req = (n+m)r} [Req :R+(n+m)rJ
o (n-—m)e
| —
R+(n+m)r




- _______________________________
Recap O .

Parallel combination

- Same polarity

A
$ i Sl — il -+ iz
T‘ iz + il
- - - -
%'l' - & &
P il &bl L=
% % rn n
&) 1 ~ || €egq 1 1
& e | 1.2
, T
iz Fl - ! 2
A 101 1
B | .. " 7 T r
eq 1 2




L
Recap O .

Parallel combination

- 1 non-identical cells are connected in parallel with same polarity

A P e
|‘+ I“r “F e '%‘I“r
T1 .‘_ 7"2 .‘_ 7"3 ‘ Tn e —
—_—
4 &n - )
H+Q+3+ = 1 1 1 1 1
fea =1 1 1, 1 iy
— =4 =4 ... = req 1 Y, 3 Tn
rn T 713 [£% - _




Recap

Parallel combination
[
Opposite polarity ii.

A
N

!

A m——"
Eeq
N : ’——\ W,_,.\Hm«—\\—- r Z R
- l=11 =1 eq
\ : L
- 9 B
R 1) (&2 \
r ) \r
- geq —_ 1
T +E If the value of &,, comes out positive,
then the equivalent cell will have same
1 1 1 polarity as that of £;.If it comes out to
|| — ==+ be negative, then the polarity will be
req 4] Y, .
: il opposite.




Parallel Coambination of Lells

- 1 identical cells are connected in parallel with same polarity g




Parallel Cambination of Lells

: AN 00 0
% _ . > ié i} li i’
=g =2 | T ) 7 i -8 -8 0
- r - \ " r i— r .%_ r .%_ r .%_
i 0 i i’ i’}
» B > N NN, oo T y
identical cells
o — _ T ni
(= B Ry = Ry

_ ﬂ + 2 8 External resistance is in series connection
% - — with net internal resistance of all cells
A

K




Parallel Cambination of Lells

- 1 identical cells are connected i |n paraIIeI with same polarity

&

R

\ l
IREEEE




o
Parallel Combination of Lells O .

- 1 identical cells are connected in parallel with same polarity

[ = — | Currentincreases n times than current in single cell @ @

Ceq T ¢ ] No change in e.m.f. than single cell r




.
D |

Parallel/ Lombination of Lells ¢

- n identical cells with same polarity and m same cells with opposite polarity

1 ............... —

E £, € £ _(E E € € a B ‘8a-BB B
A (r+r+r'"r)n (r+r+r'"r)m rf_ r@ r__,%_ ?"_Ej TLTJ rLi.;
a1 1 1 1 1. 1, 1 1\ -- - |

(F T ? T F F)Tl T (? T F T F ?)m : n identiéal cells m identical cells

p— T. —
¥ €eq (n-|-m)g ‘' n+m




Lombination of Cells

- n identical cells are connected with same polarity

For increase in e.m.f




Lombination of Cells

Example:

Consider Operational voltage for caris 12 V

. 10 cells of eem.f 1.2 V are connected in series

~—— Eeq =NeE=10X12=12V

0 2V To get the desired voltage value, we need 10 cells of
1.2 AL 1.2 Vin series whereas to get the desired current,

— we need such 10 combinations with each cell giving
out 0.1 A in parallel. So in total we require, 10 x 10 =
O-1 X0 =1 A 100 1.2 veells.
| [——




o
Lombination of Lells O

~ For increase in current we use paraIIeI ~ For increase in potential we use series
| combination | combination '

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________




Mixed Combination of Lells

@Zntical cells(&, 1)
(0 )

[ )

R ove R —d — el

:

&

_
- Batteries used in vehicles are mixed combination of cells ~

—

¥ )
]
L
]
i
|

m rows each with n identical cells with same polarity are

/"-/__'.
connected in parallel
v




o
Mixed Combination of Lells O .

n identical cells (&, 1)

n identical cells (&,7) are in series A
| / ne, nr \
o—dliowel —JTEFSRE —direvel
@ - N e AGS = 2 o _ I
o—&iTevel SR _dfenel o B
’ . —iag+m1_44_1| Fevel —dffevel —
m identical cells (ne, nr) are in parallel = g f
A I L Ly e e
Cp = ME g = DE
(
( Y — Y\{
At _ Y\Y Q\/ — _ nr
P | m |:€eq—n€] T'eq:—
YY) m




o
Mixed Combination of Lells O .

n identical cells(&, 1)

nr . A \
{Eeq — ne ] Teq = E —d[fevel—dfierel — - dfFerel —
i o g e |
A= i_!!|w~o!—!!|m~0!——---1!IF_ONOE—_< B

Reﬂ/ — K = X\e_g\/ Mersm e &fe)—

L

= Ry nY e
= R

28
5 External resistance is in series connection
( - n %» 3 ﬂ M E-/ with net internal resistance of all cells.
p\_\_ NY Number of cells in mixed combination = mn
~ N+ N &



Mixed Combination of Lells O
) n identical cells(&,7) I
Londition for maximum current: 1 A :
_ _ (4 — dFevel—dffevel - dfevel
_ nme A - m i |2 e s gy | B
L = ~ Ar<—Smon som  awem <
, (@R +n) I = e

v = R —

mR + nr Should be minimum

‘—_\/

(Va - \/_) —a—Z\/_+b

(\/_ Vb)’ +2\/_b—

A
R

mR + nr = (\/m — \/W) + 2vVmRnr




Mixed Combination of Lells

n identical cells(&,7)

Londition for maximum current: < _ Y ; A :
_ _ Q,e\/ — —d[feral —dievel. . diesel
) nme m ) L A!IFM!H!IFM!——--A!E!— L
l: mR + nr A %‘!J*“!—'!I*m!—-ﬂ!@— « 5
g revel o I—m!———----—!!@J

mR +nr  Should be minimum !

L L
mR+n‘r—(\/7 \/W) + .J\/\é\/\[.

2200 - R e Number of cells in series
\g Mk = | - r  m  Number of rows in parallel
mk = N ( 4 128 {mR =nr ] =




o
Mixed Combination of Cells + O .

n identical cells (&, 1)

Londition for maximum current: , A \
B -
_ _ —d|rovel —¢rovel— - d|Lovel—
_ nme ' R T —
L= mR + nr |:mR = nr | R = E A= i_!!]rm!—!!lkm!——---ﬂ!@— « B
i ] m A |
LT oo Fm!————---—!!E!J
nr , !
— = Tq Forsinglecelln =m =1 i i
& i M
R
Condition for maximum current in single cellis R = r

When the load resistance becomes equal to the net
~internal resistance of the circuit then the voltage source

————

- delivers maximum power and this theorem is known as

~ maximum power transfer theorem. ,
L e et -; s o Sy SO




Mixed Combination of [ells U
) n identical cells (&, 1) I
Londition for maximum current: , A :
) ] o E— .
_ nme |: P ° L l!!lkm!ﬂ!lfm!——--—i!@— A B
— — 3 | 1 i 4 g <
l R @ m nr/ _ [ Y A—=< E_E!_me.—u.um_ Afrevel E
ﬁ/ - // R —
’
l l
° A
m R+ MR 2»7{ A =
Lo _ ntme M e - -
[ = T — . _me  ne
NF ANY > Y ‘max = 50T op




Huestion O

Find equivalent e.m.f and equivalent resistance of the given combination of cells.

@ 31,20
—iﬂN\H ii_
‘b 6V,40 A __dm 10V,2Q | p
6V,1 ) —El ovine P
¢ 37,30 ;VZQ'

‘4> 4V,20




Summary 0
i 2 _
1 7i'W\H iii L A
A4! FW! 1OZ,ZQ B A_!Wimq”iitg
6v,10 | JITFe 6V,10 31,10
4V,2Q

Cells 2 and 3 are in parallel with opposite polarity

f_& 4_10
3 T _2 2 _
fa=1 1T 1 0
r3 Ty 2 2
1_1_|_1_1_|_1_1Q
req_rz s 2 2

Cells 1 and 4 are in series with opposite
polarity
Eoq =€ — &, =6—3=3V

Teg =N +t1n=1+1=20Q

Thus, option (a) is the correct answer.




Cell is required to do work to move - s
_ Work done by cell Here,q = —e
charge. 1 q/v/( X ’
B Weey =qgxV V=7
C"ﬁu cell q chll — ol
\/ - _@ (——b Energy supplied by cell= Work done by cell
’r Power delivered by cell
N Work done by cell XV

Time t




.
Power O .

. . . . —N\A\NO——>—
- Power always gets dissipated in resistor in form of heat and Iﬁ v (1)

light B
- Resistor is a passive device. |
|74
e .
~ J
: : l
- S.l unit of power is S or Watt.
sec //
2



Power O
K
> > A\/N\/\/ ’)
- | V(T )
\__7 nip
VI [dp&; \£
[ Pl= e < !i
& %

Power dissipated by resistor = Power delivered by cell

P=VI
V=IR = -
P=I°R Vs
; P=VI=—=1I°R
& I_V R
P:F _R — —




Energy 9T O
Energy dissipated by resistor in time (t) = (Power dissipated by resistor in time (t)) X t
. HOL
t > [ A ]——> j@" =
E - Pxt LA Y [ ;
6’/&1747 E=Pxt P=VI
E = VIt V =IR
gd s = Siz Rdt I
< II
|74
_ > . : .
2 f dE = | I°R dt (If I is varying with time t)
E - L .t
“2

’ A7 E =I?Rt  (If I is constant)




Fnergy

- E=Pxt
yd
E=VIt
E = I?Rt
E_Vzt
R







- _______________________________
Recap O .

Parallel combination of cells

n identical cells with same polarity and m same cells with opposite polarity || “ea — (n+m) €
A | | | | E ]




Mixed combination of cells

. nr
nr
Req — R +E
B ne
l nr

Recap O
n identical cells(e, 1)
A
[ )
—d]reovel —djrevel — - drevel —

i Loy apee e |
A= i_e! el dfFevel —dffemel — < | B
Ln!!jrm!—!! |n~o!——--——1!‘|rﬁ!J

’
l
%

LA~
R

Number of cells in mixed combination = mn




Recap
3 ™
Power “ 12
> AN\ > AN s> AN\ o9 L
LA V(1]
I q
'S " J

Work done by cell: W .;; = q XV

Work done by cell XV
y _ q .

Power delivered by cell: P = :
Time t



- _______________________________
Recap O .

Power

- Power always gets dissipated in resistor in form of heat and light

p—

JOUL or Watt. \J = T~

- S.1 unit of power is
Sec/

> [ A
(1A R V(1 = =




Recap O
Energy
Energy dissipated by resistor in time (t) = (Power dissipated by resistor in time (t)) X t
> > > - - - V2t - i
T4 R yy ||ETVt=gp =R
3 II
|74

de = fIZR dt (If I is varying with time t)

E =1%Rt  (If [ is constant)




Maximum power transfer theorem

> > @ > p- O,when g - 0
4~ e K - R
gas VI E =
- d {1y
E,r . e .
Power dissipated across R is given by: oy @\\/ EZ
P _ ° 2 P\ P _ £ t - e
= L /W / + ¥ =
L - —
E _ Si= \_L: ez K (4\

R+




Power

O .

Maximum power transfer theorem

Y
4
Y

A
oo
?
:
=4
)
ks

The power dissipated across the external resistance is
“maximum when the value of external resistance is equal
to the effective internal resistance This theorem is known
“as maximum power transfer theorem. '

S

~

o

)

S

For maximum power across R :

dP

y)vd

/7,

R
R|(R +r)2

(R+71)>=2R(R+71)

(R+r)*

= (R+1)2=2R(R +7)
REE T EALE ) 02 + 28N
P — 1)

——




.
Power O

Maximum power transfer theorem

r = R (Condition for maximum power)
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Equivalent power ¢ 0

Consider two resistors R; and R, connected separately across same voltage source V

Rq R,
> g e AVAVAYL > > >T—AN\Ne—>
\ g | | \
N\ &0 <\ -
< II < II
Vip 0 %
2 | l V2
P1:_ P2:_
R1 RZ




Faquivalent power

The two resistors Ry and R, are now connected in series to same voltage source V

‘R R, 7 Rey=Ry+R,
»—(Ww | A _
A \\,\( J vl )\/‘; VZ P VZ
Peq = Req 1~ R_1
II
< |I i Req=R1+R2=R1+R2 p _V_2
@ Po VZ vz Vil 2 =R,
> > vy >
A — -
1 _1. 1
Peq Pl PZ
< L 3 Z




Faquivalent power 0

The two resistors Ry and R, are now connected in parallel to same voltage source V

N O
P%« t v




Bulb

| > 2.0V
Bulb rating [ Uy N —%Iass bTE=—

/_// ~
Inert gas  Tungsten Filament Lircuit diagram symbol




Bulb rating P I2R = V]
At 220 V, bulb will dissipate 100 W/ - Z

energy g
W/ V2
- Resistance of filament is constant (“W E = ) Xt=I°RxXt=VIXt
i
R= VT ). 4ma i
D =
‘ i J0 A :
R - 44 [Brlghtness e Power]
} ,//
- Power dissipated at 55V —<4_[llf

- y* ~y& @«» V
=V (69 . 6. 251 8

K L —




Lombination of Bulbs 4t
\/ \/ \Y/

‘ Series Combination > > >t

>
® Parallel combination / <\«:2 \
> > ¢ >

‘ Mixed combination <\«7




Lombination of Bulbs O

Pl'Vl PZ!VZ P3'V3

W 2% V¥
ey N

> —>
\( R\ 1 \ Ka,\ R} l
@‘é V! v, 16—\/}7’

h 1 PR
= VIRV T O

Series Combination

\\‘@
\ N
~I=
‘\)
\ i
<.
.
=l
W)
<
S
>




Lombination of Bulbs O
Series Combination Py, Vi P,,V, P3, V3
V2 2 2 \E@] \3‘7 \_?
R. = _1 R, = Vz : R V3 > — > —m >
) 2 — ' 3 —
Pl Pz P3 A
VZ
P = F = J?2R = VI T
< < ik
P «< R (I = Const.) /4

More resistance = More brighter bulb




