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ELECTRICITY PROBLEMS

Points to Be Remember

¢ Current: The rate of flow of charge (Q) through a conductor is called current.

Current (I) is given by,
Current = Che.lrge or I= Q
me t

The SI unit of current is ampere (A) : 1A =1C/s

The current flowing through a circuit is measured by a device called ammeter. Ammeter
is connected in series with the conductor. The direction of the current is taken as the
direction of the flow of positive charge.

¢ Ohm'’s law : At any constant temperature, the current (I) flowing through a conductor is
directly proportional to the potential (V) applied across it.

Mathematically,
I=V/R or V=IR

¢ Resistance : Resistance is the property of a conductor by virtue of which it opposes the
flow of electricity through it. Resistance is measured in ohms. Resistance is a scalar
quantity.

¢ Resistivity : The resistance offered by a cube of a substance having side of 1 meter, when
current flows perpendicular to the opposite faces, is called its resistivity (p). The SI unit
of resistivity is ohm.m.

¢ Equivalent resistance : A single resistance which can replace a combination of
resistances so that current through the circuit remains the same is called equivalent
resistance.
¢ Law of combination of resistances in series: When a number of resistance are connected
in series, their equivalent resistance is equal to the sum of the individual resistances.

IfR,, R,, R,, etc. are combined in series, then the equivalent resistance (R) is given by,

The equivalent resistance of a number of resistances connected in series is higher than
each individual resistance.
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¢ Law of combination of resistances in parallel : When a number of resistances are
connected in parallel, the reciprocal of the equivalent resistance is equal to the sum of
the reciprocals of the individual resistances.
IfR,, R,, R,, etc. are combined in parallel, then the equivalent resistance (R) is given by.
1 1 1 1
—_—= — 4 — 4+ —
R R, R, R,
The equivalent resistance of a number of resistances connected in parallel is less than
each of all the individual resistances.

S.N Components Symbols
1. Electric cell S
. Battery A=
3. Plug key ( )
(switch open)
4. Plug key ( ¢ )
(switch closed)
5. A wire joint
6. Wires crossing without joining
a Electric bulb (M) o @
8. A resistor of resistance R NN
9. ANNor
Variable resistance or rheostat 4/\/3\/—
+ _
10. Ammeter O
e Voltmeter —V)y—
12. Fuse —o~ 00—

Drraw a schematic dingram of & circult consisting of a battery of three cells of 2 V each, a 58] resistor,
a 81} resistor, and a 121] resistor. and a plug kev, all connected in series.

e A il
TRt Bi 1:0

Answer 1
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An electric lamp of 100 {2, a toaster of 50 {1, and a water filter of resistance 500 11 are connected in
parallel to &’ 220 % somirce. What is the resistance of an electric iron connected to the same source that
takes aa much current as all the three appliances, and what iz the current through it?

Answer : Let resistance of lamp, By = 100§
Resistance of toaster. By = 50 1)
Resistance of filter, Rz = 500 £}

MNet resistance,
] 1

i=mtmtm

I'." Rz, E7 and By are connected in parallel]

== 55+ 3+ = o or R= T =31.250

So, resistance of iron to take same current as much Current drawn by all the appliances should be
31.25 N} . Current through cireuit,

I=%¥=23 —7044

Thus, current through iron is 7.04 A

What 15 [a) the highest, (b} the lowest iotal resistence. Which can be secured by combinations of four
coile of resistance 412, 811, 1261, 240} 7

Answer : |4] Eesistance 15 masmuom when resisiors are conneciad in seriss.
Ryax=4+8+ 12+24 =341}
i) Besistance is minitnam when resistors are connected in parallel.
P B | 1 | T o IR | B R
B =1 [$+ 5+ 3+ 5 =50=20
Compute the heat generated while transferring 96000 coulomb of charge in one hour through a
potential difference of 50 V.

Answer | Giver, Charge, g = 96000 C, Time, 1= 1 h= 3600 s
Potential difference, ¥V = S0V

We know that,

Heat generatad. H =‘|.?'II:=FTm |_ I = %_l

=Vq = 50 X 95000 = 4300000 J = 4800 kJ

4800 1T is generated while transferring 96000 C of charpe.
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An electric iron of resistance 20 §1 takes a current of 5A. Calculate the heat developed in the 20 s,

Answer : (Given, Resistance, R = 20 ),

Current, I = 5 A, Time, t = 30 s

We know that.

Heat developed, H = I“Rt

=(5)2 ®x 20 x30=5 X5 %X 20 x 30=15000J =15 kJ
15 kJ heat is developed in 30 =.

A electric motor takes 5 A from a 220 Viine. Determdne the powsr of the motor and energy’ consuimed
im 2 h

Answer ! Given, I=3A, V=220V, t=2h

.". Power of motar,

P=V1=220 x5=1100"W=1.1EkW

oo Energy consumed =Pt = 1.1 X3 =22 kWh

Thus, the power of the motor is 1.1 EW and energy consamed is 2.2 KWh.

How many 1760 resistors {in parallel) are required to carry 5 A on a 220 ¥ line?

Answer i Given, V=220V, 1=35A

.. Resistance of the wire, B = % = % = 4403

The net resistance 44 §2 is legs than the individual resistance 176 {3}, so0 individual resistances are
o be connected in parallel order.

In parallel connection, equuvalsnt resistance

i 1 1 _ R
R = P P o "
R°E'R # "
CLo448) = -’-Tf'rﬁl—" or n= lﬁﬁ =4 resistors
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(a) State Oh'e Law.
(2} Draw a schemahc diagram of the circwt for studying Obm's Law.

Angwed | (@) Ohmis Loe stotes that at constant temperaiure, current flgwing through a conductor is directly proportional to the

{Ep Yoltzirter conmried
4 paradled will e rewasc
A ety 0 Tl L) -
il Bhr i I""'i
Vi o
potentied difference scross its ends. Zeslstor

Connecing II i_I" "'jril;ll
If a 12 ¥ battery is connected to the arrangement of resistances given below, calculate
(1) the tatal effective resistance of the arrangement and

(i) the total current flowing in the circuit

5 ohm 5 ohm
10 ohm 10 ohm
Answer : .
| v
I[—) -
12V

(i) Tha & {1 resistors are connected n senes. Therefore, their effective resistance = (5+ 5) = 100

The 10 1 resistors are connected in senes. Themefore, thelr effective resistance = (10+ 10 =200

Howw these 10 0 equivalent and 30 0 equivalert are connecied in pamfe. Therefore, the equivalent resistance i R will
big:

1 1 4 1

e R TR

3 A AP |

R, T T ]

12

Ry~ 20

1 _ X _

=% — B. TG0

(i) Tatal Curment = Total woltage ¢ Total equivalent resiator

=12} 667
=184
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How much current will an electric bulb draw from 220 cource if the resistance of the bulb is 1200 127 If in place of bulb, a heatar
of resistanca 100 51 is connectad to the sources, calculate the current drawn by it

Answer: Given: V = 220 VR; 1200 12, Iy = 7, Ry = 10011 , I, =7
Using Ohm's law, V = |;R;

L=V = 20 =018A
H 1200

Iy = l = & =2.2A
Hs 100

an alectric bulb s retad at §0%, 240 Y. Calculate its resistance, If the volisge drops to 192 W calzulate the power corsumed and the
current drawn by the bulb. {Assume that the resistance of the bulb remain unchanged )

Answer | Giver: Py = 60W, V=240V R=TPy =7, Vo =192 Yy =7
Using P = '%’

Weget B =¥ = @0 — 0500
py [T

AGEIN B = W = mm = R
" Ml
Current drawn by bulb at 192V i

=¥ = 190 - g2a
R 81

() What is the meaning of electric power of an electrical device? Write its 51 unit.
(i} An electric kettle of 2 kW is used for 2 h . Calculate the energy consumed in
{a) kilowatt hour and

(b} joules

Answer : (i) Electric power of an electrical device is defined as its rate of consumption of electrical energy.
Le., P=Eft

The S| unit of electrical power is watt (W)

(i) Given, electric power P= 2 kW Time, £ = 2h

We know that,

(a) Electric energy, W = Pt =2 « 2 =4kWh

B But IkWh =36 = 10° ]

s W=4=36x100]

=144 % 10° J= 144 x 107 ]
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An electric lamp is marked 100 W, 220 ¥ Ui used for 3 hours daily. Calcoulate.
(i} itz reistance while glowing

{i) energy consumed in kWh per day

Answer ; (i) Resistance of a glowing lamp is related to its power and voltage as

[odtage)”

Powers ———————

" :!Hraaatuﬂr-:
v

EIF,F'=F

Therefare, H=VTI=%=
Therafore, the resistance of the bulb when glowing is 48481
(i) Power=100 W=0_1 kw

Energy= Powerx time

=0.1 kW ¥ 5h

=0.5kWh

4841}

0.5 kWh is the amount of energy is consumed by the bull per day.

[0 Draw a disgram 1 shaw how o resstal B, &nd By are comectsd nsanes
{5} In & crouit, if = two essbors of 5 chm and 10 ofim are connected in senes, how does the current passing fwough the teo resiioes compeses?

i R ¥,
. hAs AbAR
Anewer | Uil Earrenl through boith the sesstors
Will be t# same

A bulh is rated at 5.0 vol, 100 ma. Calculate Bs
(i) power and

(i} resistance

Answer : Voltage (V) =5.0V

Curent (I} = 100 mA = Q.1 A

(i) Power =¥l = 5% 0,1= 0.5W
v

(i} Resistance = & = ;T = KL}
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& wirng of resistanca 10 ghm |5 bent In 1ha toem of a clesed crcla. What s the effedtive resistance between the two peats at the ends of any
dameter of the circla?

As the wing s bant in tha form of & clesed eircks, it will bs have like two rasistors of 558 aach, connected in paralled. Therefors, the

egubalent resistance can be caloulated as:
1 1 1
=% t%
4 et ISR |
T [ [ il
32— 250
The affectivo resictance betwean the two poinds ot tha ends of an diameter of e cirole is 25 01

Find the current drawn from the battery by the network of four resistors shown in the figure

Answer . Equivalent resistance of the given network is
1 — ¥V 4 TR R

B R RytiatRy 100 10410410
1 41=3l=4d

B ® W 3

R=Y¥ = 3 = Thi}

I
l:lllh.'l

{1) Howe welll wor infer wiith the help of an experimernt thed the same cument flows through evary part of the cireult contasning three
sesigtos Ry, Ry and Ry In senes connectad to a batiery of W volts?

{ii} Study the following cireum and fird out the (a) curfent in 120 resistorn

(b} difference in the readng of &, and & if amy

]

4 =

|- 20
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Arswer | (i) The expenmentad st up compnse three resistors By R and Rz of three different values suchas 10,2 Oand 20
‘which ara connected in sarns,

Connect them with a bamery of 6%, an emmeter and plug key, as shown in fiqure
NS S T

| I

BT PR
The key K is ciosed and the ammeter reading is recorded. Mow, the position of ammeter is changed to armwhaers in between
the tesistors again, the ammeter reading is recorded each timea. 's observed that there was identical reading each time which
show's that same cument flows through every pant of the circwt containing thiee resistances in sefes connected (0 a battery,
(i) (a) Fquivalent resistance of given clrouit s R, then
i 2=2d

R=(24[|24) + 12 = 55 + 12=12412=240
Theretore Gurment thiawgh $12 0 resistor,

[ G
{b) Difference Inreading of A&y and A, = (025 = L253A =0 A

Draw a schematic diagram of & cicuil conslisting of & battery of four dry calls of 1.5 each, a 202 resistor, a G5 resistor,

L6852 resigtor and a plug key all connected in seres, Put an ammeter to measure the current in the circuit and a woltmeter scross
tha 1682 resistor 1o measure poiential difference across its two ends, Lise Oh's law to daterming,

{a] ammeter resding, and

(b} valtmeter raading when key is clozed

AnEwer - Circul diagram consistng of battery, resistors and key i

=]
e
*::11, o}
P ot o |

I A B :_hli‘
Bariaay o Wi ey o | 5

Total voltege of battery, V = 1.5 = 4 =6.0¥

Ecuivalent registance, B = 200 4 652 | 160t = 2410}

{&) Current in the sircuit [ammete reading)

= uging ohlms law, V=1R

I=%X =2 =0254

{b} Voltage across the LEET resistor [voltmeter reading when key is closed) in series, current s same In all resistors
Potential across 160 resistor will be, V' = TR =026 = 16 =4V
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Calculate the total resistance and the total current in the circuit.

=71 Hy=8 00
R

V=RV o= M= 00D

LAkl

Answar | Here, resiztances Ry and Fy arein series, 2o thelr agqulvalent reslstance &
R=RH |Rq=ﬁ ‘I 4=1'|:|'ﬂ
The circuit is mduced 1o
A7 i
UV = ET?I"”‘g--mII

faw, resigtances B2 and B’ are [n parallel, so their equasalent resistance,

S
i .
|

2 g gnl'.l:.ﬂ
_ R bl 00 _
T oR+R T D T2 = Bl

The circutt no bacomeas

I 1
:«:-.-T ¥-.:-r.|

The resistances Ry and R are in sedes, sotheir equivalent or total resistance of circuit, e = Hy + ' =T 4 5= 121]
The final circut is as shown

By Ohm's law, [ = EE = ]1;1 =2 A

Several electric bulbs designed to be used on a 220 V electric supply line are rated at 10 W, How many
lamps can be connected in parallel with sach other across the two wires of 2208 line, iF the masimom
allowakble current 15 5 AP

Answer 1 (iven, Potential difference, V = 220V
Power, P= 10W: Current, [=5 A
.. Resistance of bulhb,

_ VE _ ameEm
= = = 484000
Since, bulbs are connected in parall=l,

Equivalent resistance (E)
Tndivddmel  resdabonee] )

T Number of bulha  (n)
= R=10g v _ IR
i 22[’ = fi w840

L]

=n=500 _ 110 bulbs
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Twia lamps, one rated at 100 W at 220V, and the other 60 W at 220V, are connected in parallel to
electric mains supply. What current is drawn from the line if the supply voltage is 220 V9

Answer : Given, potential, V=220V
Poweer, Py =100 W

Power, P =60 W

S Churrent, [ = %
= M —0.454
Current, [y = % = & = 0.274

. Total current drawn,
[=1;+1;

= 45+ 02T

=T2A

Which uses more energy, a 250 W TV =et in 1 h or a 1200 W toaster in 10 min?

Answer : Given, Py = 250 W, P, = 1200 W,

t; = 1Th = 3600 s, t; = 10 min = 600 s

.. Energy

Q= Pty = 250 X 3600 = 900000 J = 900 kI

and Q; = Pyty, = 1200 x 600 = 720000 J = 720 kJ
Thus, TV set uses more energy.

A current of 0.5 A is drawn by a filament of an electric bulb for 10 minutes. Find the amount of electric
charge that Hows through the cirouit,

Ansgwer : We are giverr, [ = 0.5 A; t = 10 min = 600 s,
From Eg we have

Q=i
=03 A= 60y
= Z00
Ex.3 A current of 5.0 A flows through a circuit for
15 min. Calculate the amount of electric charge that flows through the circuit during
this time.
Sol. Given: Current,I=5.0 A

Time, t = 15 min. = 15x 60 s = 900 s
Then, Charge that flows through the circuit,
Q = Current x Time
= 5.0A x 900 S
= 4500 A.s = 4500 C
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Ex.4 A piece of wire is redrawn by pulling it until its length is doubled. Compare the new
resistance with the original value.

Sol. Volume of the material of wire remains same. So, when length is doubled, its area of
cross-section will get halved. So, if [ and a are the original length and area of cross-
section of wire,

Original value of the resistance, R = p x X
a

and,
New value of the resistance,
R’ =px 2 p&X4=4R
a/2 a
Ex.5 Calculate the resistance of 100 m long copper wire. The diameter of the wire is 1
mm.

Sol. Using the relationship,

A A
l{:pxgsz_2
r

We have, r= % mm = 0.5 x 1073 m
R - 1.6 10 ohm.cmx 100m
3.141x(0.5x10 > m)?
R = 2.04 ohm
Ex.6 If four resistances each of values 1 ohm are connected in series. Calculate

equivalent resistance.

Sol. In series,
R, =R, =R; =R, =10hm
putting values, we get,

R=1+1+1+1=4

Ex.7 Suppose a 6-volt battery is connected across a lamp whose resistance is 20 ohm the
current in the circuit is 0.25 A, calculate the value of the resistance from the resistor
which must be used.
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Lamp resistance, R = 20 ohm
Extra resistance from resistor, R =7?
(to be calculated)

For R and R’ in series,

Total circuit resistance, R,=R+R
. , \%
From relation, (Ohm'’s law) R, = T
. 6
Putting values, we get, ¢ = ——
0.25
= 24 ohm
But R,=R+R
Hence R’'=Rj-R

=24 -20 = 4 0hm
Extra resistance from resistor,

R’ = 4 ohm.

A resistance of 6 ohms is connected in series with another resistance of 4 ohms. A
potential difference of 20 volts is applied across the combination. Calculate the current
through the circuit and potential difference across the 6 ohm resistance.

For better understanding we must drawn a proper circuit diagram. It is shown in fig.
6Q 40

+| =
L

We use proper symbols for electrical components.Resistances are shown connected in
series, with 20 V battery across its positive and negative terminals. Direction of current
flow is also shows from positive terminal of the battery towards its negative terminal.

Potential difference, V=20V
Potential difference across 6 Q,
V, = ? (to be calculated)

Total circuit resistance =10 Q

From Ohm's law, R = v
Rg
Circuit current, I = 2 ampere or (2A)

Putting values, we get, V,=2x6 =12 volts

Potential difference across 6 Q resistance = 12V
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Ex.9 Two resistances are connected in series as shown in the diagram.

Sol.

10V 6V

—>

—>
50 R
| 1
V volt
+Ii_

(i) What is the current through the 5 ohm resistance ?
(ii) What is the current through R ?

(iii) What is the value of R ?

(iv) What is the value of V ?

First resistance, R,=5Q

(i) Current through 5 ohm resistance, I1=7?

(ii) Current through R, I=2?

(iii) Value of second resistance, R=?

(iv) Potential difference applied by the battery,
v="2?

(1) From Ohm’s law, R = %

We have, I= Y.y
R R,
10
I =? = 2 ampere

Current through 5 Q resistance = 2 ampere (2A).
(i) Since Ris in series with 5 Q, same current will flow through it,
Current through R = 2 A.

(iii) From Ohm’s law, R = %

R2=g=3ohms

Resistance R has value = 3 ohms.
(iv) From relation, V=V, + Vo
V=10 + 6 = 16 volts
V =16 volts

Ex.10 Resistors Ry, Ry and R3 having values 5Q, 10Q, and 30Q respectively are connected in

parallel across a battery of 12 volt. Calculate (a) the current through each resistor (b)
the total current in the circuit and (c¢) the total circuit resistance.
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Sol. Here,
Ri=50,R=10Q,R3=30Q,V=12V
@I1=>? 2=? I;="?
MI=L+L+I;="?

@WRy,="?
A%

(a) From relation, (Ohm’s law), =T

(b) Total current, I=L+L+]1;

I=24+12+04=4A

(¢) From relation

L, 1, 1 63+l 10
R, 5 10 30 30 30
Rp=3 ohm
Ex.11 Resistors R, = 10 ohms, R, = 40 ohms,

R, = 30 ohms, R, = 20 ohms, R, = 60 ohms and a 12 volt battery is connected as shown.

Calculate :
(a) the total resistance and (b) the total current flowing in the circuit.
Sol. The situation is shown in (figure).
R, R,

N

R, J Rs

12V
+, |z
{t]1

For R, and R. in parallel

1 1 1 1 1 4+1 5 1

Ry, R, R, 10 40 40 40 8
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For Rj, R, and R; is parallel

1 1 1 1 1 1 1
+ + =

Rp, Ry R, R; 30 20 60

_243+1_ 6

1
60 60 10
or Rp =10 ohm.
(a) For R, and R, in series.

Total resistance, R=Rp + Rp

Putting values, weget, R=8+10=18
Total resistance, R = 18 ohms. Ans.

(b) From relation, (Ohm’s law) R = %

We have, I= %

Putting values, we get, I = % = % = 0.67

Total current, I=0.67A. Ans

Ex.12 In the circuit diagram given below. find

(i) total resistance of the circuit

(ii) total current flowing in the circuit

(iii) potential difference across R,
Sol. (i) For total resistance

8  and 12 Q are connected in parallel.
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Their equivalent resistance comes in series with 7.2 Q resistance as shown in fig.

720 4.8 Q
—VWWVV
R,

With 7.2 Q and 4.8 Q in series
R=7.2+4.8=12Q
Total circuit resistance = 12 ohms.
(ii) For total current
Total circuit resistance, R =12 ohm
Potential difference applied, V=6V
I="?

From Ohm'’s law R=

Total circuit current = 0.5 A Ans.

(iii) For potential difference across R,

R=Y

1

V=IR

V,=1IR,

V,=0.5%x7.2
=3.6V

Potential difference across, V, =3.6 V. Ans

Ex.13 Three resistances are connected as shown in diagram through the resistance 5 ohms, a
current of 1 ampere is flowing :
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A 5Q —B— g
1 amp 150
L w—

(i) What is the current through the other two resistors?

(ii) What is the potential difference (p.d.) across AB and across AC?
(iii) What is the total resistance.

(i) For current in parallel resistors

For same potential difference across two parallel resistors,

L _Ry

V=ILR,=LR, ie =-l=0
2 1

Current divides itself in inverse ration of the resistances.

Also total current, I=1, +1,

L_R D13
I, R, 10 2
Also, I, +1,=1amp.

I,=0.6A,1I,=0.4A. Ans.
Current is 0.6 A through 10 Q

(ii) For p.d. across AB
From Ohm’slaw, R = % ,V=1IR

V=1x5=5V
P.D. across AB =5V. Ans
For parallel combination of 10 Q and 15 Q P.D. across BC,V=I,R, =0.6x10=6V
P.D. across AC = P.D. across AB + P.D. across BC.
=5+6=11V
(iii) For total circuit resistance

For 10 Q and 15 Q in parallel

Total resistance =5+ 6 =11 Q
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Total circuit resistance = 11 Q. Ans

[AlsoR=¥=11—1=IIQ]

Ex.14 In the diagram shown below (Fig.), the cells and the ammeter both have negligible
resistance. The resistors are identical. With the switch K open, the ammeter reads 0.6
A. What will be the ammeter reading when the switch is closed ?

Sol.

Let the cell have potential difference V and each resistor have resistance R
With key open

Potential difference, =V

Circuit resistance of two parallel resistors,

R R
RP1 ==
n, 2
Circuit current, I,=0.6 A

With key closed
Potential difference=V
Circuit resistance of three parallel resistors,
R R

RP == — Q
>, 3
Circuit current, 2=?

For same potential difference V
V=LRp, =I,Rp

IR
I, = 1% p,
RP2
R 3
I,=0.6x —x — =0.
2 2 R 9

Circuit current with closed key = 0.9 A.

Ex.15 In the circuit diagram.
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Find (i) total resistance
(ii) current shown by the ammeter A.

Sol. 3 Qand 2 Q in series become 5 Q. Equivalent circuit is shown in fig.

50
NV
50
VWV
4
4] —
| I
(i) For total resistance
R, =R, = 5Q are in parallel.
Rp = ﬂ = é =2.5Q
545 10
Circuit resistance = 2.5 ohm
(ii) For circuit current
Potential difference, V=4V
Circuit resistance R,=2.50Q
Circuit current, I =7 (to be calculated)
, v

From Ohm'’s law, R= T

1=V

RP
I= 4 1.6 A
2.5

Circuit current =1.6 A

Ammeter reads circuit current 1.6 A

Ex.16 For the circuit shown in the following diagram what is the value of

(i) current through 6 Q resistor
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(ii) potential difference (p.d.) across 12 Q.
Sol. (i) For current through 6 Q

Current from 4 V battery flows through first parallel branch having 6 Qand 3 Qin
series.

Current in this branch

4 4
I=— =2 =0.44A
6+3 9 44

(ii) For p.d. across 12 Q

Current through second parallel branch

4 _ 4.

I= =
12+3 15

P.D. across 12 Q, V= % x12=3.2V.
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