CURRENT ELECTRICITY

2.CELLS
POINTSTO REMBER

1. Electromotiveforce:
a) The work done in moving a unit positive charge completely round the closed
circuit including the battery is called emf.
b) emf isnot aforce. It isascalar quantity.
2. Potential difference:
a) The work done in moving a unit positive charge between any two points in a
circuit is called potential difference
b) Potential differenceisascalar quantity. It isthe energy (or) work.
3. Internal resistance(r) :
a) The resistance offered by electrolyte and the electrodes of the cell to the flow of
ionsis called internal resistance of the cell (r).
b) The unit of internal resistance is ohm.
¢) Theinternal resistance depends on the

|. Surface area of the @ ectrodes( ra%}

Il. The separation between the electrodes(rad)

1. Nature and concentration of the electrolyte (rac)

V. Temperature of the electrolyte (ra%]

d) Theinterna resistance of anideal cell iszero
4. Terminal voltage and loss voltage

a) V=E-irWhere V is cdled the terminal voltage (or) termina potential
differenceand V* =ir iscalled loss volts (or) internal voltage of the cell.

b) When the cell is in the charging condition, emf is less than the terminal
voltageV =E +Ir .

c) When the cdl is in the discharging condition emf is more than potential
difference

V=E-ir

5. Groupingof cells: Cellsin series:
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Current through the circuit = | = | E
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6. Cellsin paralld : —E||-r—'
E
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Current through the circuit (1) = |
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LONG ANSWER QUESTIONS

1.

A.

Derive expressionsfor currentsthrough aload resistancein seriesand parallel
combinations of cells.

Grouping of cells: Cedllsin series:

Consider n cells each of emf E internal E E ncells
resistance r connected in series through a Irmi; I F=----- —
load resistance R. Let | be the current It L |
through the net work. R
Net emf in the circuit = nE WY
Net resistancein the circuit = nr + R

nE

R+nr
This combination is useful when
1. r <<Rand 2. when large emf is required. (interna resistance is
negligible compared to external resistance.

Current through the circuit = | =

Célsin paralld :
Consider m identical cells each of emf E and internal resistance r connected in
parallel to aload resistance R as shown in the figure. Let | be the current through
the load resistance.

—+
Net emf in the circuit = E —E
. . o + E
Net resistance in the circuit = - + R =" MR —l -
m m _E||
Current through the circuiit (1) = — o mrows
urrent through the circuit (1) = ———
J (r+mR) VWV

This condition is useful when
a) Internal resistanceis very large when compared to the external resistance.
b) Largecurrentisrequired.

Derive expression for the equivalent emf of (a) series combination and (b)
parallel combination of electric cells.

The expression for the equivalent em.f of series combination of cells:

I.II. .ii.I

The above circuit consists of series combination of nidentical cells each of em.f E
and internal resistance r. This combination is connected across an external
resistance R

The current ‘I’ will have single path.
Apply K.V.L to the circuit

-iR—ir+E—ir+ E (uptontermsof irand ntermsof E) =0



i.e i(R+nr)=nE

If > isequivalent em.f . of series combination, and r_ isequivalent internal
resistance of series combination,

N -
I_[R+r&j ...... 2

From (1) and (2), we have

£, =n(&) andaso, r, =nr

Equivalent em.f for parallel combination of cells.

Consider the parallel combination of nidentical cells each of em.f E and internal
resistance r as shown above

The current at Q branches out into n parts. All the cells are identical, the current
[

through each will be (
n

j . We consider the total current at Pto bei

Apply K.V.L to thecircuit,

For first cell, ,—iR—('—Jr +E =0
n

For second cell, —iR—(I—]r +E =0 - E

n —r_||E_
. i E
For nth cdll, —|R—(—Jr+E:O H m rows
n \AYAYAY

Adding these n equations, we get

-n(iR) —n(i—jr +nE =0

n

i (nR+r) =nE (or)

(nE) | _E

’ r
nR+r R+
n

If 0, isequivalent em.f of the parallel combination, and r, is equivalent internal
resistance, we have

r
Eep = Eand M =(Ej

SHORT ANSWER QUESTIONS




1.

A.

A.

4.

Write short notes on back em.f and internal resistance of a cell.

Back emf : Dueto the flow of current, the electrolyte decomposesinto ions. This
is called polarization. These ions travel in opposite direction of emf called back
emf.

A voltaic cell consists of Zinc plate and copper plate dipped in dilute
sulphuric acid. When the cell isin use as aresult of chemical reaction H, gasis

liberated at cathode and form a layer. Hence the effective area of the cathode in
contact with the acid decreases. As a result the interna resistance of the cell
increases. This action is called polarization. The strength of the current decreases.
Therefore there exists an opposing emf called back emf is developed.

In electrolytic cells polarization can be eliminated by using oxidizing
agent. The oxidizing agent is called are polarizer. In Leclanch cell MnO, isused

as oxidizing agent.

Writethe expressionsfor electrical energy and electrical power. Define
kilowatt hour unit of energy and show that 1 km h isequal to 36x10°J .

Electrical enerqy : If acurrent ‘I’ passesthrough aconductor for atime when its

W =Vit =i’Rt :V—t
R

two ends maintained a potential difference 'v' then the electrical energy

2

Electrical power : Therate at which electrical work isdoneis called the electrical

power.
H 2
VM povizitr=Y

t t

Kilowatt hour : It is defined as the electrical energy consumed at the rate of one

kilowatt per one hour
1KWh = = (1000w )(3600sec) = 36x10°J .

Explain series combination of cells.

Celsin series:

|E |E IE E ncdls
Lnon Lin aw ol I
|A AI
R
VWWV

Consider n cells each of emf E internal resistance r connected in series through a
load resistance R. Let | be the current through the net work.

Net emf in the circuit = nE

Net resistancein the circuit = nr + R

Current through the circuit = | = nE
R+nr
This combination is useful when
1. r<<R and 2. When large emf is required. (Internal resistance is

negligible compared to external resistance.

Explain parallel combination of cells.



A. m identical cells each of emf E and internal resistance r

connected in parallel to aload resistance R as shown in the |, E
figure. Let | be the current through the load resistance. E
|

Net emf inthe circuit = E =
. . _ + —r—|l—-
Net resistance in the circuit = T iRr=! MR E
m m l r m rows

Current through the circuit (1) = _MmE VWWV

(r +mR)

This condition is useful when
a) Internal resistanceis very large when compared to the external resistance.
b) Large current isrequired.

5. Derivean expression for the equivalent emf in the case of series combination of
cells.

A. Cdlsinseries:

|A AI

Consider n cells each of emf E internal resistance r connected in series through a
load resistance R. Let | be the current through the net work.
Net emf in the circuit = nE
Net resistancein the circuit = nr + R
nE

R+nr

Current through the circuit = | =

This combination is useful when
1 r<<R and 2. When large emf is required. (Internal resistance is
negligible compared to external resistance.

6. Derivean expression for the equivalent emf in the case of parallel combination
of cells.

A. Equivalent em.f for parallel combination of cells.

Consider the parallel combination of nidentical cells each of em.f ¢ andinternal
resistance r as shown above.

The current at Q branches out into n parts. All the cells are identical, the current
[

through each will be(
n

] . We consider the total current at Pto bei.

Apply K.V.L. to ckt

For first cell, —iR—[i—jr +E =0
" —F
For second cell, —iR—(i—jr +E =0 —E||‘F_'
n —r—|IE—
: l r m rows




For nth cell, —iR—(I—jr +E =0
n

Adding these n equation, we get

-n(iR) —n(i—jr +nE =0

n

i(NR+r)=nE (or) i:( ne j,i: E

NR+r r

R+
n

If E,, isequivaent em.f of the parallel combination, and r, is equivaent internal
resistance, we have

B (r
Eep =Eand M —(E)

VERY SHORT ANSWER QUESTIONS
1. Writethreedifferences between em.f and p.d. (March2010)
A.

em.f p.d

1. the difference of potential 1. The difference of potential between the
between the terminals of a terminals of acell inaclosed circuit is
cell in an open circuit ise.m.f P.D.

2. Theem.f of acell isgreater 2. The P.D. between any two pointsin a
than P.D. closed circuit.

3. The emf does not depend upon | 3. P.D. depends on external resistance.
external resistance.

2.  What isan ideal cell? (M ay2009)

A. A cdl whoseinterna resistanceis zerois called an ideal cell. It cannot be realized
in practice.

3. What istheterminal voltage of a cell? When it will be equal to the emf of the
cell?

A. thepotential difference across the terminals of the cell, when no current flows
through acell in acircuit, is called asterminal voltage. In an open circuit, terminal
voltage of acell isequal to the emf of the cell.

4.  When acell ischarged by sending current into the cell, what will bethe
terminal potential difference of the cell.



When acell is charging, itsterminal potential differenceis greater than its emf by a
factor ‘ir’ whichis called lost volts.

O\ B ir whererisinternal resistance of the cell.
Define kilowatt hour unit of energy.

Kilowatt —hour (KWHh) : It is defined as the electrical energy consumed at the rate
of one kilowatt for one hour.

1KWh =36 x10° Joule

Giveexpressionsfor electrical energy and electrical power
. e V7

Electrical energy W =Vit =I"Rt :?

Wherel iscurrent, V is potential difference, R isresistance and t istime.

Electrical power isthe rate at which electrical work is done

2

:\ﬂ =Vi =i’R :V_
t R

Where V is potential difference, | is current, R isresistance and t istime
Show that 1 kWh isequal to 36x10°J

1 kilowatt hour = (1000W) (3600s) = 36 x10°Ws =36 x10°J

When isthe series combination of cells advantageous and why ?

This combination is useful when
1. r <<Rand 2. when large emf is required. (interna resistance is
negligible compared to external resistance.

When isthe parallel combination of cells advantageous and why? (June2010)

This condition is useful when
a. Internal resistanceis very large when compared to the external resistance.
b. Large current is required.

SOLVED PROBLEMS

1.

Sol.

Sol.

A battery when connected by a resistance of 16Q gives a terminal voltage of
12V and when connected by a resistance of 10Q gives a terminal voltage of
11V. Calculate the emf of the battery and itsinternal resistance.

V=E-Ir

12=E - E r and 11=E - E r
16+r 10+r
Solving we get, r=2857Q and E=14.14V

A cdl of emf 2V and internal resistance 0.5Q is connected across a resistance
of 2.5Q . Calculatethe p.d. and current. Also calculate maximum current that
can be obtained with the cell.

E=2V,and r=05Q ; R=25Q



Sol.

Sol.

. E 2
= = =VU. A
¥ 1= (Rer) (25+05) 00

Terminal voltage or p.d.

V =E~ir =2-(0.5) "% =1.666V

b) i -_E will be maximumwhenR=0
R+r

This occurs when the cell is short circuited. The cell gets damaged.
There are 5 tube lights each of 40W in ahouse. These are used on an average
for 5 hours per day. In addition, thereisan immersion heater of 1500W used
on an averagefor 1 hour per day. How many units of electricity are consumed
in amonth?
Energy consumed by tube lightsin aday

= No.of tube lights x wattage x hours of used per day

= 5% 40x 5 = 1000 watt — hours = 1 KWh.
Energy consumed by the heater in aday = 1x1500x1=1500 Wh = 1.5 kWh.
Total energy consumed in aday = 1kWh +1.5kWh = 2.5 kWh.
Total energy consumption in KWh per month = 2.5%30 = 75 kWh = 75 units.
A house is fitted with ten lamps of each 60W. Each lamp burnsfor 5 hoursa
day on an average. Find the cost of consumption in a month of 30 days at 2
rupees 80 paise per unit.
Electric energy consumed by 10 bulbs at the rate of 5 hours per day for 30 days =
Total Wattage x hours of use x 30

= (10x60) x5 x30watt hours =W kWh =90kWh or 90 units

Cost of 1 unit = 2 rupees 80 paise
[0 Cost of 90 units = 90%2.80 = Rs 252.00

UNSOLVED PROBLEMS

1.

When a battery is connected to aresistance of 10Q the current in the circuit is 0.12
A. the same battery gives 0.07 A current with20Q . Calculate em.f and internal
resistance of the battery

If R=10Q,1 =0.12A v=1IR
E=v+Ir = E=10(0.12) +0.12r

Or (E)=1.2+0.12r (or) E-012r=12... (1)
Agan R=20Q,1 =0.07A

E=20(0.07)+0.07A = E-0.17r =1.4.....(2)

From (1) and (2), 0.05r=0.2 =r= % =4Q

From (1)
E=12+0.12(4)
=1.2+40.48 =1.68V



A cell inan open circuit has emf of 2.0V and in aclosed circuit having a current of
0.05A. The p.dis 1.5V. Calculate the internal resistance of the cell.

E=2v : V=15V ; i=006
FromE-V =ir
r_E—V_2—1.5_O.5

i 0.05 0.05

A battery of emf 6V and internal resistance 1Q givesap.d of 5.8 V, when
connected to aresistance. Find the external resistance.

E=6V;r =1Q;V =5.8V;R =?

_E _vV_, 6 58
R+r R R+1 R

6R=5.8R+5.8

OR 20

A cell of em.f 2V and internal resistance 1Q is connected to a potentiometer wire
of length 1m and resistance4Q . Calculate the potential drop per cm.

L =1meter; R=1Q, Emf =2V

P.D. across the total wire = IR = E R:( 2 j4:§
R+r 5

P.D. across 1m = §Volt

P.D. acrosscm = 8 xi:l.GXlO‘ZV/cm
5) 100

An ideal battery passes a current of 5 A through aresistor. When it is connected to
another resistance 10Q in parallel, the current is 6 A. Find the resistance of the first
resistor.

i, =5A'R =2, =6A'R, =10Q in paralel

_ .o _. [ 10R
v=same = |1R1—|2(1O+R2j

:saza(ﬂJ = R=20
10+R

In hydrogen atom, an electron moves in an orbit of radius 5x10™"'m with a speed
of 2.2x10°ms™. Calculate the equivalent current.

r=5x10"myv =2.2x10°m/si =7?;

ev . 1.6x107° x2.2x10° x7
— =i=
27 2x5x1071 x22

~|o



I =1.12mA

Two cellsemf E, and E, are connected in seriesin acircuit. Let r, and r, bethe
internal resistances of the cells. Find the current through the circuit.

Net EMF = E, +E,

Total resistance =r, +r, L

NetEMF _E +E, —|
Total resistance  r,+r,

Current=1=

Let two cellsof emf’'s E, and E, are connected in parallel in acircuit. Let randr,
be the internal resistance of the cells. Find the value of the current.

Net EMF = E, - E,

Total resistance =r, +r,

I
NetEMF _E -E, E
Total resistance r,+1, I &,

Current=1 =

Let two cellsof emfs E;, and E, and internal
resistances r, and r, be connected in parallel to acircuit with
an external resistance R. Find the value of the current

through the given resistor. B,
Letl1 andl , bethecurrentsin the cells. 5
Termina voltage across E, = Termina voltage across '
E, =P.D acrossR=V .

leE-lln=V=E-V :Ilrl(or)ll = :Ei_v

E,-V
rl2

Similarly, 1, ==

V=IR And | =1, +1,

_|-E-IR.E-IR_E IR.E IR _  _ En+En

r, r PR A A r1r2+R(rl+r2)

Two electric bulbs have their resistance in theratio 2 : 3. They are connected a) first
in series and then b) in parallel across the same voltage. Find the ratio of powers
consumed by each of the two bulbs in the two combinations.

R_2

R,
(a) Series



12.

13.

14.

P=I°R (‘I isconstant)
_AR_R_2

R R 3
(b) Parallel

2

Vo ("V’ is constant)

R

R_R_3

R 2

Three equal resistors connected in series across a source of emf together dissipate
10 W power. Find the power dissipated if the same resistors are connected in
parallel.

In series, Total resistance R, = R+R+R =3R

2 2
Fi=v—:>P=V—

R TR0

Inparallel, total resistance = R, :g

\VARA VAR VE
P2:_= =
R (RJ R
3
)
) P

5B =9= P, =9R, =9x10 =90w
R

&
3R
Ten 50W bulbs are operated on an average for 10 hours a day. Find the energy
consumed in KWh in one month of 30 days.

Energy consumed by 10 bulbsin 1 day =50x107° x10 x10 =5KWh

Energy consumed in 30 days =5x10 =150KWh

Two electric lamps of 40 W each are connected in parallel across the mains supply.
Find the total power consumed by the two bulbs together.

In paralel, P.D.iscommoni.e. V, =V, =V

P=VlI =1 -

\Y
[ =1,+1,
:>E=E+E:>P=F;+Pz=40+40=80w

VoV,



15.

16.

17.

18.

A bulb rated 100 w, 220 V is connected across 110 V mainsline. Find the power
consumed.

P=100w ; V =220v

2
ResistanceR:VF :M =484Q

(V)" 110x110 _
484
Two heater coils separately take 10 minutes and 5 minutes to boil a certain amount

of water. Find the time taken by both the coils connected in series to boil the same
amount of water.

Power consumed = 25W

t, =10min and t, =5min

2
From H :\%t =taR inseries

Since R=R +R,=t=t +t, =10 +5 =15min

Two cdlls A and B each of emf 2V are connected in series to an eternal resistance.
R =1 ohm. Theinternal resistance of A is r, =1.9 ohmand of B is r; = 0.90hm

Find the potential difference between the terminals of cell A.
E=2v; R=1Q ; r,=19Q ; r; =0.9Q

| = EMF _ 4 _ 4 _2
Total resistance  R+r,+r;, 1+1.9+09 1.9

2
V,=E-Ir, =2-| — |(1.9) =2 -2 =0V
A rA (l-gj( )

When aresistor of 11Q is connected in series with an electric cell, 0.5A current
flowsthrough it. If the 11Q resistor isreplaced by 5Q resistor, the current flowing
through it will be 0.9 A. Find the internal resistance of the cell .

E=V+Ir=IR+Ir
When R=11Q,1 =0.5A

E=05(11) +0.5r .... (1)
When R=5Q,1 =0.9Q
= E=0.9(5)+0.9r .... (2)

From (1) & (2)
55+0.5r =45+0.9r



19. Two cellsA and B with same emf of 2 V each and with internal resistances
r, =3.5Qandr, =0.5Q are connected in series with an external resistanceR =3Q.

Fin the terminal voltages across the two cells.

A. Totad EMF=E+E=2+2=4v ; R=3Q
r,=35Q ; ry;=05Q
| = E _ 4 _4
R+r,+r, 3+435+05 7
4
V,=E-Ir, =2 —(?j(s.s) =V
4 12
V,=E-Ir, =2 = |(05) ==
=€, =2-{ 4 ](05) =2
V, =1.714v
ASSESSYOURSELF
1. A battery B of emf 1.5V and internal resistance r =5Q is first connected
across a resistor of resistance 25Q as in figure 6.10(a). Next, the same
battery is connected across a resistor of resistance 5Q asin figure 6.10(b).
In which case, the voltmeter reading will be higher ?
-
. b
N Wi
258) }[SN
A. In the first case ~_1> 15 and
5+25 30
15
V=15- e 5=15-0.25 =1.25V ......... (1)
In the second case i _ 15 15 and V _15 and V =15 15 5=0.75V
5+5 10 10 10

and V =1.5—(Ej5 =0.75V
10

The voltmetre reading is higher in the first case.



