CLASS -12 JEE - PHYSICS

ELECTRIC CELL AND COMBINATIONS OF CELLS
Electric Cell ¥

A device that sustains a potential difference across its terminals.
Transforms chemical energy into electrical energy.

A battery serves as an energy source that provides power to the T
charge. "—I

resistance/load.

EMF and potential across battery
Electromotive Force

Ex.

Sol.

When we move a charge of 1 C from a low potential to a high potential, the internal force within

the battery must perform work on it.
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The work performed when moving a unit positive charge from a lower potential to a higher
potential is referred to as electromotive force (EMF).
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The energy expended to transport a unit positive charge from a lower potential to a higher
potential is termed as EMF (Electromotive Force).
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Work done = q X AV
qx(V-0)
q=1C
Workdone =1V R g
SI unit of EMF is volt (V) A\
Assume that a 1C charge battery has to do 12 ] work to carry the lower il«

potential to the higher potential. But the energy of 1 C increases only by

10 J, meaning 2 ] Energy goes into internal loss.

We saw that 12 | will be called the EMF of the battery, 10 ] will be called E
the potential drop in the battery. And we will represent 2 ] as an internal \\
resistance. ~—Banesy

In following circuit, calculate:
(a) Potential difference across the terminals of the battery. (b) Current in the circuit.
Current in the circuit:
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E 10
=-—=--=
Potential difference across terminals of the battery: 80
Vy—10+2 =V | Vv
Vy—Vg=10-2 LA
= 8Volt
Vg =V, =8V A oy 29 B
Potential difference across the battery depends on the external
resistance. V=ir
Here,
V = Depends on external circuit and battery both
E = Depends on battery i = Depends on external circuit
i=1A

Potential Across the battery

Vg—E+ir=V,
PD. =Vg =V, =Vgy =E—ir R
r = Internal resistance of a cell Ny
i = Current flowing through the circuit : i i
Where i represents the circuit's current, contingent upon the external Be— -—| |— AN A
resistance. E s '
The output voltage drawn from the battery is also influenced by the %
external resistance. = Battery
The potential difference is contingent upon the external resistance, whereas EMF remains
unaffected by external resistance.

Charging and discharging of battery
Charging of the battery
A bigger battery will recharge the smaller one as illustrated.
The larger battery compels positive charges to move within the smaller battery, from a higher
potential to a lower potential.
This positive charge will charge the battery

I S + £ s
i

—Source

I ._L|_*,_W_r——B Load

Potential across the battery is given by.
VA - VB = E + iI‘

S
I I ||— — Source

T
————+—1— Load
- II A~ o
A r B
E

+—Source

- Load

Vag =E —ir Vag = E+ir
Vig < E Vag > E
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Ifr = 0then Vg = E

Series and parallel combination of cells

Series combination
i i
E, Iy E, rz

R R
N\~
The total EMF of batteries arranged in series is the combined sum of the individual EMFs of all
batteries. The EMFs of the batteries should be taken into account with their respective signs.
The total internal resistance of batteries arranged in series is the cumulative sum of the individual
internal resistances, regardless of their orientation.
Eeq = E1 + E;
Feq =T1 + 1
<] e - - <
E; 51 E, Iz E I'n

E
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R
AN e

Eeq = YE;

Feq = Xr
Ex. Out of 100 identical batteries (E, r) connected in series, 2 are reversed. Find out new E¢g, req
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Sol. We know that Eeq = XE;

Eeq = (98 — 2)E = 96E
(Because 98 batteries are arranged in same direction and 2 are opposite to them.)
Eeq = 100r
Eeq = 96E,req = 100r

Ex. Out of n identical batteries (E,r) connected in series, m are reversed. Find out new E¢q, I'eq
i
e /i e e | FAf—e—si | Ran | o | |—~¥\n— B
By: ™ By T Fiicwi EE Y BT Em
Sol. We know that Eeq = XE;

Eeq = (n—m)E—mE = (n — 2m)E
(Because (n — m) batteries are arranged in same direction and m are opposite to them.)
Egq = nr
Eeq = (0 — 2Zm)E, req = nr

Parallel Combination

1’,{ h g N \'Ts A—H ] B
| A E eq
> eq
iz E, ra =
R R
AN
Eeq
1=
R+req
For n cells arranged in parallel combination, we can write following n equations for different loop
E1 - i11‘1 - lR = 0 e (1)
Ez _izrz _1R= 0 ...(2)
Ez _i3r3 _1R= 0 ...(3)
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Dividing Equation by r1 and rzand ... ra respectively

Eq .
— =1 +i=
ry 1 1
E .
Z=i,+i—
ry 2
Ej . .
Y—==i+iRY—
. 1 E
As stated earlier, 1= :rq
eq
Ej
= Zrl
1+RY -

WAk
. Zl"i/zl‘i
1= T
R+—1
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] — 1
1= T
Rt—F i Teq
I

If several batteries are connected in parallel combination, they can be replaced by one battery
having EMF (Eeq) and internal resistance (req)

Equivalent voltage, Eoq = Z /Z =

| [

Equivalent resistance, req =

+, - Ty
[ | | ANAN~< A
Kirchhoff’s Voltage Law (KVL) Yi E, _
+
Within a closed loop, the total algebraic sum of all potential rp C I3 §
differences equals zero. — 1 +
Kirchhoff's Voltage Law (KVL) operates on the principle of " +| !_ i
energy conservation. ik

Ex.

Sol.

Ex.

Applying KVL in the loop,
VA—ir1+E1 —irz—EZ—irg =VA
E, —iry —E; —ir, —ir3 =0

If n identical batteries each of emf E and internal resistance r are connected in parallel combination

as shown, then find Eeq Teq
I—*J\/\'*
l—"‘V\r"

Li

.—C E - p— -
A B — A II L B
. Eoq "
Equivalent EMF of the combmatlon Equivalent internal resistance of the
of cells, combination of cells,
ZE 1 1 _r
Eeq:i:nE/r:E req_z_%_n—/r—;
1

1
— n/r
%
Consider N = nm identical cells, each of emf E and internal resistance r. Suppose n cells are joined
in series and m such lines are connected in parallel. The combination drives a current in an external
resistanceR. Find E.q and req.
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Sol. Here, n cells are connected in series. Equivalent EMF of n such cells in series is

En, series — nE
Equivalent internal resistance of n cells in series is,

I.n, series — nr

We know that when same cells are connected in parallel combination, EMF of the equivalent
combination remains same as EMF of individual EMF.
Here, we can assume m cells having EMF nE are connected in parallel. Thus, equivalent EMF of the

circuit is,
E¢q = nE

When same cells are connected in parallel combination, internal resistance of the equivalent

combination is,

Here, we can assume m cells having internal resistance nr are connected in parallel. Thus,

equivalent internal resistance of the circuit is,
1 1

I'eq =
i

Z_% - m/nr

nr

Eeq = nE, req = o~
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