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71 Commonly used Electrical Components

COMPONENT

o Rt

e

CIRCUIT SYMBOL FUNCTION OF COMPONENT

To conduct or pass current from one part of a circuit to another.

' A'blob’ should be drawn where wires are connected (joined),

but it is sometimes omitted. Wires connected to another wire
should be staggered slightly to form two T-junctions, as shown.
Such help to transmitted current to other paths.

In diagrams, it is often necessary to draw wires crossing even

though they are not connected. It is preferred to have the ‘hump’
- symbol as shown because the simple crossing of the wire may

be misread as a joint where you have forgotten to add a ‘blob'.

Supplies electrical energy.

The larger terminal is marked as ‘+' to represent the anode and

smaller terminal is marked as ‘-’ to represent the cathode.

| Asingle cell is often interpreted and called a battery, buta
. battery is two or more cell joined together.

| Supplies electrical energy.
| Abattery is more than cell.

A safety device, which will melt if the current flowing through it
exceeds a specified value.

A voltmeter is used to measure voltage (potential difference).

An ammeter is used to measure electric current.

. Adevice, which converts electrical energy to light.

A fixed resistor limits the current in the circuit.

A variable resistor allows the current in a circuit to be varied.

' A switch enables current in a circuit to be switched on or off.

' When the switch is open, the circuit in incomplete and no

~ current flows.

When the switch in closed, the circuit is complete and current
flows.

] Electrical resistivity: p (rho) is a constant of proportionality. The SI unit of resistivity is Q m. It is
a characteristic property of the material. The conductors have very low resistivity in the range of
107 Q) m to 107¢ © m. Insulators have resistivity of the order of 10'* to 10" Q m.

potential difference of 1 V.
(] The electrical energy dissipated in a resistor is given by W=V x I x t

1 The unit of power is watt (W). One watt of power is consumed when 1 A of current flows at? 4

*

NCERT Intext Questions

Q. 1. What does an electric circuit mean?
Ans. A closed conducting p ough whi i
. g path through which electric current may flow is called an electric circuit.
Q. 2. Define the unit of current.
Ans. The ST unit of electri rent is e
iy oo ! Of ic culd1 ent ls-anllpuc (A[). When 1 coulomb of electric charge flows through
F - a conductor in 1 second, the electric curr i C it is sai
e he electric current flowing through it is said to be
I coulomb (C
lampere(A) = e s
1 second (s)
. 3. Calculate the ituti
Q : number of electrons constituting one coulomb of charge.
Ans.  Charge on an electron = 1.6 x 107" ¢,
If the value of charge is 1.6 x 1071 C, then number of electron = |
If the value of charge is 1 C, then number of electrons
I 1 ¢
LTSNS N YN [
1.6x107"7 1.6
=0.625 x 10" = 6.25 x 10'®
Q.4. Name a device that helps to maintain a potential difference across a conductor:
Ans. A cell or a battery, '
.5. What is meant b i ial di
i . et I)‘;saymg that the potential difference between two points is 1 V?
. 1¢ potential difference betw ints i T i i
] e between two points in a current carrying conductor is said to be 1 V

o 7.
L Ans.

when 1§ ork i
en I joule of work is done to move a charge of 1 coulomb from one point to the other.

Therefore, 1 volt = —lfik—
1 coulomb
1V =1jc!
infsi E-I‘l::' ;el,uch energy is given to ezgh: c;ngomb of charge passing through a 6 V battery?
Potential difference, V=6V
Work done, W=l =6 VR1C=8]
The work done on each coulomb = 6].
Therefore, the energy given to each coulomb of charge is also 6 J.
On what factors does the resistance of a conductor depend? ‘
The resistance of a conductor depends:
(1) on its length,
(¢2) on its area of cross-section,
(it} on the nature of its material and
() on temperature of the conductor.
Q.8. Will current flow more easily through a thick wire or a thin wire of the same material, when
connected to the same source? Why? :
Ans.  Resistance, R o —

A

The resistance IS i i i '
l ance of a conductor is mmversely proportional to its area of cross-section. A thick wire
1as a greater ar "0ss-secti ‘her in wi

' ‘ E ftel area of cross-section whereas a thin wire has a smaller area of cross section. Thus
ath 1T el o - 1 1 i i :
a thic ‘;\1.] e has less resistance and a thin wire has more resistance. Therefore, current will flow
more casily through a thick wire,




Ans.

Q. 10.
Ans.

Q. 11.

Ans.

. 12,

Ans.

Q. 13.

Ans.

Let the resistance of an electrical component remain constant while the potential difference
across the two ends of the component decreases to half of its former value. What change will
occur in the current through it?

v

R

Since the resistance remains constant, so the current is directly proportional to potential
difference. If the potential difference is halved, the current also gets halved.

Why are coils of electric toasters and electric irons made of an alloy rather than a pure metal?

We know that,

Coils of electric toasters and electric irons are made of an alloy rather than a pure metal because
(i) the resistivity of an alloy is much higher than that of pure metal and

(i) an alloy does not undergo oxidation easily even at high temperature.

(i) Which among iron and mercury is a better conductor?

(i1) Which material is the best conductor?

(i) Among iron and mercury, iron is better conductor of electricity because resistivity of iron
(10.0 x 107 Q m) is less than that of mercury (94.0 x 10 Q m).

(t1) We know that a good conductor of electricity should have a low resistivity and a poor
conductor of electricity will have a high resistivity. Silver has the lowest resistivity of
1.60 x 10® Q m, which means that silver offers the least resistance to the flow of current
through it. So, silver is the best conductor of electricity.

o o . 50 80 120
Draw a schematic diagram of a circuit consisting of

|—->—*’V\/V\1——‘—‘—’\/W\I—’VVV\'—'—
a battery of three cells of 2 V each, a 5 Q resistor, an

8 Q resistor, and a 12 Q resistor and a plug key, all A

connected in series.
_4__+| H H (o)

6V

The potential difference of each cell = 2 V
The total potential difference (or voltage) of 3 cells
=3x2V=6V.

Redraw the circuit of Q. 12, putting in an ammeter to measure the current through the resistors

and a voltmeter to measure the potential difference across the 12 Q resistor. What would be the 3

readings in the ammeter and the voltmeter?

It is noted that the ammeter has been put in series with

(i7) Calculation ol potential difference reading across 12 € resistor:
(‘urrc-nt, [ =024 A, Resistance, g = 12 Q, Potential difference, | = 7

Applying Ohm’s law
V =

- IR =024 x12=288V
I'herefore, the voltmeter reading is 2.88 v,

Q. 14. Judge the equivalent resistance when the f . .
(i) 1 Q and 10° O and 10° O, e following are connected in parallel (i) 1 Q and 10% O

Ans. (/) When a number of resistance are

e e o . Conne(;teclm parallel, then their combined resistance is less
smallest individual resistance. ' herefore, equivalent resistance will be less than 1 Q

it is case, als T p .
(i) In this case, also the equivalent resistance will be less than 1 Q

An electric.lamp of 100 Q, a toaster of resistance 50 O, and a water filter of resistance 500 Q ar

tcgttll:l:z::;lensloll)irallel to a 220 V source. What is the resistance of an electric iron connectej
: ce that takes as much current as all three appli i

thronsh i pliances, and what is the current

Here, Ry = 100 Q, R, = 50 Q, Ry = 5000

Equivalent resistance = R

Q. 15,

Ans,

Resistors are connected in parallel.

-: : I 1 1 1
f e —_—=—d =
1 R R Ry, R,
1 1 |
T Tt tee » S =ot10+1
i R 100 ° 50 ° 500 R 500
: 1L 16 4 195
g R 500 125 = R=—
Current through all the three applia = L. E@ﬁ ”
pphances, [/ - 198 =704 A

Since the electric iron connected to the
appliances. So

same source that takes as much current as all the three

125
4
Current through the electric iron = 7.04 A

Resistance of the electric iron =

Q=31.25Q

Q. 16.

the circuit and the voltmeter has been put in parallel
with the 12 Q resistor.
(¢) Calculation of current reading in the ammeter:
Here, R, =5 Q, Ry, =8Qand R3 = 12 Q
These three resistors are connected in series.
Total resistance, R = R + Ry + Ry
=5+8+12=25Q

Potential difference, ¥ =6 V
Current, I = 7

Applying Ohm’s law,

V=IR
V5 oun
I=g = per=0.4

Therefore, ammeter will show a reading of 0.24 A.

Wh ; ; 3
at are the advantages of connecting electrical devices in parallel with the battery instead of

connecting them in series?

Ans, () In parallel circuit, if one electrical appliance
appliances keep working normally.
due to some defect, then all other

ce stops working due to some defect, then all other
In series circuit, if one electrical appliance stops working
) AL appliances also stop working.
(i) In parallel 'c11'cL.|1ts,.ea(:h electrical appliance gets the same voltage as that of the power suppl
line. In series circuit, appliances do not get the same voltage as that of the powc}:' supply }iiley
(#i1) I.n rh.e Pzil';illcl connection of electrical appliances, the overall resistance of the housel lll
arcuit is reduced due to which the current from the power suﬁ)ly is high. In the selgecs

connecti o rall resistanc ircuit i
o on, the overall {cslst:mce of the circuit increases too much due to which the current
rom the power supply is low.

0.17. g . :
4 Q ow can three resistors of resistance 2 €, 30 and 6 Q2 be connected to give a total resistance

of (i) 4 Q, (ii) 1 Qp

i) Ast i i i
(i) As the tom.l resistance (_cquw.alcnt resistance) is 4 €, the 6 Q resistor cannot be in series, So
It must be in parallel with some other resistors. J

Ans,

In parallel connection, the equivalent resistance (4 Q) has to be less than all the resistances

311N
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5 ; 5 . 3Q
So, the resistors of 2 Q and 3 Q cannot be in parallel AAAA-
z : . 2 2Q
at one time with 6 Q. 4 t
So, the resistors have to be in a mixed combination. A o D
Let us consider the combination shown in the figure. 80
The equivalent resistance between B and C (which are
in parallel)

3Qx60 180

= T o)

N+60Q 90

The resistance between Aand D=2 Q + 2Q = 4 Q.
2Q

So, the combination shown in the figure is true.
(1) Here, R| = 2Q, Ry = 3Q, Ry = 6Qand R = 1Q

3Q
Since the equivalent resistance of the combination A \ 60 / B
is of lesser value than any of the resistors of the

combination, it is clear that the resistors should be connected in parallel. It can be further

confirmed by using the formula

1 1 1 1 1 1 1 3+2+1 6

—=—t— = ="~ =]

R R R, Ry 2 3 6 6 6
R =1 ohm.

ie.,
Therefore, resistors should be connected in parallel.

What is (i) the highest, (ii) the lowest total resistance that can be secured by combinations of

. 18
% four coils of resistance 4 2, 8 ), 12 Q, 24 Q7
Ans.  (7) The highest can be secured by series combination and is equal to
R=4Q+8Q+ 120+ 240 =48Q
(1) The lowest total resistance can be secured by parallel combination, which is given by
1 I 1 1 l 1 6+3+2+1
R-a'8 ' ntuw °» RS
I 12 1
= E = hQX = § R=2Q
Q. 19. Why does the cord of an electric heater not glow while the heating element does?
Ans. The cord of the electric heater is made of copper. It does not glow because negligible heat is
produced in it by the passing current due to its extremely low resistance.
The heating element of an electric heater is made of nichrome. It glows because large amount of
heat is produced in it by the passing electric current due to its high resistance.
Q. 20. Compute the heat generated while transferring 96,000 coulombs of charge in one hour through
a potential difference of 50 V.
Ans. Here, Q = 96,000 C,¢ =1 hour = 60 x 60sand V=50V

Q 96,000 80

S T
Vv _50x3 15

Resistance, R = T om —g-g
Heat produced, =1 Ri
:ﬂx-@xgxmxﬁ(}
3 3 8
= 4800000
= 4800 kJ

312
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Q. 21. An electric iron of resistance 20 Q takes a current of 5 A, Calculate the heat developed in 30
Ans. Here, R=200,1=5 At =30s ’ ;
Heat developed =PFRt
=5X5 %20 %30
= 15,000 ] =15 kJ
Q. 22. What determines the rate at which energy is delivered by a current?
Ans.  Electric power. '
Q. 23. An electric motor takes 5 A from a 220 V i
ine. D
enery consume kes €. Determine the power of the motor and the
Ans. Power, P = |7/

=220x5=1100W = 1.1 kw
Energy consumed, £ = p x {
=1.1kW x 2h = 2.2 kWh

NCERT Exercises

Q. 1.

Ans,

Q.2

Angs,

A ; . . ;
piece of wire of resistance R is cut into five equal parts. These parts are then connected in

parallel. If the equivalent resistance of this combination is R’, then the ratio — is:

R
1
@ L 2
5 (b) z (c) 15 (d) 25
Resistance of this wire, R = p;l-
Resistance of a piece of length L =per= i1 ]
5543 “R=o0y) |

The equiv esist ) ires i i
Juivalent resistance of the 5 wires in parallel is R' Then

L: 1 +__1_+L+ 1 1
R R/5 R/5 R/5 [{/5+H/5
Il 5 5 5 5 5

R R R """ %

1 25

RR

R

F:25

Hence, the correct answer is (d).
Which of the following terms does not represent electrical power in a circuit?

2 2
(a) I ‘R 2 Jif
() IR B

Af;le]iectl-ic bulb is rated 220 V and 100 W. When it is operated on 110 V, the power consumed
Wi e:

(a) 100 W

(b) IR* () VI

() 75 W (c) 50 W (d) 25 W

212 — e LI
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|
2 Resistance, R = istivi = iR -8
Ans. We have, p= % nce 10 Q, Resistivity, p = 1.6 x 10 O m, Length, [ = »
(220)” — We know that R = o
or 100=T“ (1) A
RA 10X0.1964 X105  [¢
Let power consumed be P when operated on 110 V. Then r l=—= —)%% = ﬁgi -
2 ; P 1.6 %107 16 122.75m
(110) '
[J’ = ...(2) - 9 9
R ar R ’ d Tt
From (1) and (2), we have @) The_ area of cross-section, A, =m’ = K(?) ==
- _(110)2 P= %100
100 1220 il T4 Its resistance, s B‘I_ — 4ol
A 2
or P=25W - . 1 d (1)
Hence, thecorredtansweris (@), 1en the diameter is doubled, area ol cross-section,
Q. 4. Two conducting wires of the same material and of equal lengths and equal diameters are first 94 \2 \
connected in series and then in parallel in a circuit across the same potential difference. The Ay = Tf(?) =7
ratio of heat produced in series and parallel combination would be: /
. . _p Its resistance, Ry = 2 __p[
(@)1:2 by2:1 (c)1:4 (d) 4: 2T T (2)
Ans. Suppose the resistance of each one of the two wires is R.
The equivalent resistance of the series combination, From (1) and (2), we have
R,=R+R=2R By _ pl nd® 1
The heat produced in time ¢, R nd® 4pl T4
2 & ; 1
H =— v H=— ol y = —
1 5p ( R ] (1 Ry T
Thus, on doubling the diameter. are; 1OSS : :
The equivalent resistance of the parallel combination is . One-fouﬁh, meter, the area of cross-section becomes 4 times and the resistance
RxR R? R Q. 7. The values of current I flowine ; : :
T i | A B . wing m a given resistor for the corre i q
PR R _9R 2 difference/V actosy e vsistormre giver belays sponding values of potential
Heat produced in time £, I (amperes) 0.5 1.0 [ 2.0 = , 7
2 72 ; - . 4.0
o= RV_/gt _ _gIR_; Q) V (volts) 1.6 3.4 ] 6.7 10.2 | 13.2 j
From (1) and (2), we have A PIOF a graph between V and I and calculate the resistance of that resistor.
H, Ve ) R N H 1 ns. Resistance of resistor - f\
H, °R ov% H, 4 =¥ _ :
Hy 2R 2V 9 R= i slope of V- I graph L
H Hy=1:4 A 12
Thus, the correct answer is (c¢). S % 11
Q. 5. How is a voltmeter connected in the circuit to measure the potential difference between two 10.9-3.4 10
points? = WI—O_ 9
Ans. A voltmeter is always connected in parallel in the circuit to measure the potential difference Gé o = 8]
between two points. = ﬁ & 7:! :
; s ¥
Q. 6. A copper wire has diameter 0.5 mm and resistivity of 1.6 X 10°® Q m. What will be the length ~3.40 61
of this wire to make its resistance 10 Q. How much does the resistance change if the diameter ' 5] '
is doubled? 4]
Ans. (i) Diameter,d = 0.5 mm P . i P [ S A
. 0.5 0.25 " 2 |
Radius,r =——mm=025mm=--——m=0.25X10""m J--- !
2 100 11 ‘
0Oc o b . O T
Area of cross-section, A= = % (0.25x107)% = 0.1964 x 10 m* é—* l
7 I{ampere)—— |

315_3H511Eﬂ'_\h
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Q. 8. When a 12 V battery is connected across an unknown resistor, there is a current of 2.5 mA in
the circuit. Find the value of the resistance of the resistor.

Ans. Potential difference, V' = 12 V
Current, / = 2.5 mA = 2.5 x 107 A

V' = IR

or, R = K = —:i;’-

I 25x10™

A battery of 9 V is connected in series with resistors of 0.2 Q, 0.3 Q, 0.4 ©Q, 0.5 Q and 12 Q

respectively. How much current would flow through the 12 Q, resistor?

We know that
=48x10°Q = 4.8 kQ

0.9.

Ans. Resistors are connected in series.
So, equivalent resistance
R=02Q+03Q+04Q+05Q0+12Q=1340Q
Potential difference, IV =9 V
Current, through the circuit,

=Y. 2 74
R 134
Q. 10. How many 176 Q resistors (in parallel) are required to carry 5 A on a 220 V line?
Ans. Current, I=5bA
Potential difference, V=220V
; _— V220

Resistance of parallel circuit, R = T aar olke 14 O

a

Let no. of resistors = n

1 | 1
In parallel, 7 = E +}g + .... + n times
1 1 1 3
—=——+— 4+ ....n times
44 176 176
1_n
44 176

n = 17—6 orn =4
44

Number of required resistors = 4.
Show how you would connect three resistors, each of resistance 6 Q, so that the combination
has a resistance of (i) 9 Q (ii) 4 Q.
(1) In order to get a resistance of 9 Q, We connect the given resistors (each of resistance of 6 Q)
in the following way.

0. 11,

Ans,

Resistance between B and C 6Q
6C2
ey L A B c ?
R 6 6 60
1.2
R 6
R=3Q
i o inati =] =9
Resistance of the combination =6 Q +3Q =90 60 5 60
ANN—= —TT

(i) In order to get a resistance of 4 Q, we connect two resistors in
series and third in parallel as shown in figure.

Resistors AB and BC are in series, therefore, 60

R =6Q+6Q=12Q

7316

Q. 12.

Ans,

Q. 13.

Ans.

‘*

Now, R is parallel with the third (6€2).

. Equival ‘esistance of inatior is gi
quivalent resistance ol combination (R,) is given by

1 1 I 2+1
R 6719~ 19
1_3_1

R‘,, 12 4
R,=40

Several electric bulbs designed to be used on a 220 V electric supply line, are rated 10 W, How
many la{nps can be connected in parallel with each other across the two wires of 220 V line if
the maximum allowable current is 5 A?

Potential difference, V' = 990 v
Power of each bulb, P = 10 W
V2 220220

Resistance of each bulb, R = =4840 Q
i w ' 1084 P 10
Total resistance in the circuit,
oV
R'=—= 2? =440
I 5
Letn be the number of bulbs to be connected in parallel to obtain resistance R’
1
—=—+— + ... nt
o rth n times
I |
R R
R 4840
=—=—— =110
R 44

Required number of bulbs = 110

A hot plate of an electric oven connected to a 220 V line has two resistance coils A and B
’

each of 2.4 Q) resistance, which may be used separately, in series or in parallel. What are the
currents in the three cases?

Potential difference, 1V = 990 v

Resistance of each coill, R =24 ()

Case I: When coils A and B are used separately, current through each coil,

Vo220

R 24
W . . )

Case II: When coils A and B are connected in series, the equivalent resistance in the circuit.
R =24 +94 =480

. Vo220
Curr L = — =22 = /
urren RS 48 4.6 A

Case I1I: When coils A and B are connected in parallel, the equivalent resistance (R,) is given by
11 1 2

= — =
R, 24 24 94

=92A

Rp=120Q
. I 220
Curr = s B
urrent, / T 12 = 18.3 A

4
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Q. 14. Compare the power used in the 2 Q resistor in each of the following circuits:

s : ith 120) j
(i) a 6 V battery in series with 1 Q and 2 Q resistors, and (ii) a 4 V battery in parallel with 12 E

and 2 Q) resistors.

F 201 es, R = 2Q0=30Q
Ans. (i) Equivalent resistance of 1 Q and 2 Q in series, R =1 Q +2Q 5

Potential difference, I =6V

o
Current, I = e % =24

Current in series circuit is same.
Current in 2 Q resistor = 2 A
Power in 2 Q resistor, P = I° R = 22x2=8W
(i) Potential difference across 2 Q resistor = 4 'V

p? 42
Power, P'= = 5 =8W

P:P=8W:8W=1:1 ‘ el
Two lamps, one rated 100 W at 220 V, and the other 60 W at 220 V, are connected En pa(l]'avf 0
electric rit)la,ins supply. What current is drawn from the line if the supply voltage is 220 V:

Q. 15.

e
We know that P = =
e

7

Ans.

R:

Resistance of 1st lamp, (
Ve 220%220
SRR TiT

= 484 O

Resistance of 2nd lamp,
_ 220x220 _ 2420 Q

]fQ 60 3 . . .
Since, two lamps are connected in parallel, so its equivalent resistance is given by
L. ;o -t
R R Ry
_ 1 N 3 _ 8
T484 2420 2420
R = 2420
Current drawn from the line ;
= L BB gis i
R 2420

i i ?
Q. 16. Which uses more energy, a 250 W TV set in 1 h or a 1200 W toaster in 10 minutes:

Ans. Energy used by TV set
=P Xt
=250 W x 1h = 250 Wh

Energy used by toaster,
E2 =P Xt
= 200 Wh

el
i i i g . haster uses in 10 minutes.
Thus, TV set in one hour uses more energy than the toa

L VERY SHORT ANSWER QUESTIONS

4—

\

Q. 17.

An electric heater of resistance 8 Q) draws 15 A from the service mains in 2 hours. Calculate
the rate at which heat is developed in the heater.

R=8Q
I=150A

The rate at which heat is developed is power, P = °R

Ans.

Here,

Powey — Heat developed (I*Rt)
Time taken (¢)
=15X15x8 = 1800 J/s.

Explain the following:

Q. 18.

(#) Why is the tungsten used almost exclusively for filament of electric lamp?

(1) Why are the conductors of electric heating devices, such as bread-toasters and electric
irons, made of an alloy rather than a pure metal?

(iii) Why is the series arrangement not used for domestic circuits?
(iv) How does the resistance of a wire vary with its area of cross-section?
(v) Why are copper and aluminium wires usually employed for electricity transmission?
(1) Pure tungsten has a high resistivity and a high melting point (nearly 3000°C). When an
electric current is passed through the filament, the electric energy is converted to heat and

light energy due to the heating of the filament to a very high temperature. Due to the high
melting point of tungsten, the filament does not melt.

Ans.

(1) The resistivity of an alloy is generally higher than that of its constituent metals. Alloys do
not oxidise (burn) readily at higher temperatures. Therefore, conductors of electric heating
devices, such as toasters and electric irons, are made of an alloy rather than pure metal.

(i) The series arrangement is not used for domestic circuits because:

(@) if connected in series total resistances will increase. Therefore, current flowing through
the circuit will be low.

(b) if one appliance is switched off or gets damaged than all other appliances will also stop
working because their electricity supply will be cut off,
(tv) The resistance of a wire is inversely proportional to its cross-sectional area. Thus, a thick
wire has less resistance, and a thin wire has more resistance. |

(v) Copper and aluminium wires are usually employed for electricity transmission because
copper and aluminium have very low resistivities,

[1 mark]

Q.1.

The voltage-current (1-I) graph of a metallic conductor at two different temperatures

T, and T, is shown in figure. At which temperature is the resistance higher? |
Ans, At T,. ‘ <
3 . . 3 . L3 2
Q.2. Why is resistance less when resistors are joined in parallel? y
1 f T
Ans.  We know that R e L
A
In parallel combination of resistors, the effective area of cross-section of the
conductor increases, so the resistance decreases. e
Q.3. Why is resistance more in series combination?
Ans.  We know R o /. In series combination of resistors, the effective length of the conductor increases,

so the resistance increases,

319 N - i 1 i



Q. 4. What are the special features of a heating wire?

Ans. 1t must have high specific resistance and high melting point.
Q. 5. What is the resistance of an ideal ammeter?

Ans. Zero.

Q. 6. What is the resistance of an ideal voltmeter?

Ans. Infinite.
Q. 7. Which one has more resistance 100 watt bulb or 60 watt bulb both operating at 220 V?

Ans. The resistance of 60 watt bulb is greater than the resistance of 100 watt bulb.
Q. 8. Write the expression for the heat energy produced in a wire of resistance R and carrying
current /.
Ans. Heat produced, H = I° Rt, where ‘" stands for time, for which current / is passed through the
conductor.
Q. 9. Name the physical quantity whose unit is J/C.
Ans. Electric potential.
Q. 10. What is the resistance of an air gap?
Ans. [t is very large, almost infinite.
Q. 11. What is the commercial unit of electric energy?
Ans. The commercial unit of electric energy is kilowatt hour (kWh).
Q. 12. What happens to the resistance of a wire if it is made thinner?
Ans. The resistance of wire increases.
Q. 13. In series combination which remains constant—current or voltage?

Ans. Current.
Q. 14. Which substance is used for making resistance coil of electric heater and why?

Ans. Nichrome, due to its high resistivity.
Q. 15. Which physical quantity remains constant when resistances are connected in parallel?
Ans. Potential difference (voltage) remains constant.
Q. 16. How is the ammeter connected in the circuit?
Ans. An ammeter is connected in series in the circuit.
Q. 17. Why is an ammeter connected in series in an electric circuit?
Ans. It is connected in series so that whole of the electric current, which it has to measure, passes through it.
Q. 18. Name two devices in which electricity is converted into heat.
Ans. Electric heater and electric iron.
Q. 19. Name the alloy which is used for making the filament of bulbs.
Ans. Tungsten.
Q. 20. Name the instrument used for measuring potential difference between two points in an electric
circuit.
Ans. Voltmeter is used for measuring potential difference.
Q. 21. Name the instrument used for measuring electric current flowing in an electric circuit.

Ans. An ammeter.
Q. 22. The following table gives the value of electrical resistivity of some materials:

Constantan

49 x 10°

|

! Material Copper ' Silver

| Electrical resistivity (in  m) 1.62 x 107 1.6 x 107
Which one of these materials is the best conductor of electricity?
Ans. Out of these three, silver has the lowest resistivity. Hence, silver is the best conductor of electricity:

SHORT ANSWER QUESTIONS-I

[2 marks]

. 1. Why does resi 5 i
Q y esistance of a metallic conductor increase with increase in temperature?

Ans.  When a metallic cor i
5 atlic ¢ - 2 A - & H
: conductor is heated, the atoms in the metal vibrate with greater amplitude and

frequency. Due to increase i
’]'h(}l-ef‘o].)e e 11](.1 casg in Lf.n.npu ature, the thermal velocities of free electrons also increases
, the nu g S s between [t 1 g
— nber of collisions between free electrons and atoms increases. This Increases
> opposition to the movement ol electrons and hence the resistance of the conductor
.2. Whyisi i i | o
Q Y 1s it not advisable to handle high voltage electrical circuit with wet hands?

Ans. The resistance of dr i 1
. Ste dry-skin human 1 /1S : ini
e i y an body is about 50,000 Q. When the skin is wet, the resistance
gets lowered to about 10,000 Q. If a person with wet hands touches the clccuigjil o hig}
: lectrical circuit, high

current will flow through the body causing risk to life
.3 i ( .
Q Should the resistance of an ammeter be low or high? Give reason [INCERT Exemplar]
Ans. It sho ~ as clos 261 A8 3 : . ‘ e
( ul(.{ b.L as do‘s_e to zero as possible. Ideally it should be zero ohm. If it is non-zero and
substantial it will affect the true current. ‘ o

Q@
t~

Though the same current flows th h 1i i
S Wi rough line wires or the filament of a bulb, yet only the latter

AnS. l l]f Fll 1M L J ]ff (ric I( 1[ Il(l) 11 ’l 1 lht(“l(,e W hL L wire 11¢€ )Il l lf 1'c te 1C¢
S « entorelec 1mp [ 6 1res reas ]16 Iu]e vires are Of é gl ) Sista
mce an unt c hf dal generate (l 18 P] lU()llrl[ ( t[ (& = o cn cnerd 4(..‘! 11 Il
10 .)[ L) 1 OI)U & o] 1 lt,SISlInCC, tl]C ﬁlﬂnl °nt g 1t uc

more heat and it starts glowing.

5. Heat i . A .
Q ‘eat 1s generated continuously in an electric heater but the temperature of its element
becomes constant after some time. Why? .

Ans. When the te rature ;
YRemile L}Hl])el.&tlll e of the heater becomes greater than the temperature of the surrounding
o obthe heatis lost to the surroundings in the form of thermal radiations v
After some time, rate i at is beir \
- t m.c, rate at which heat is being produced becomes equal to the rate at which heat is
ost. Hence, the temperature of the element becomes constant

Q. 6. In the given circuit diagram, two resistance wires A and B are

. Ay
of same area of cross—section and same material, but A is longer e

than B. i ill indi i
Which ammeter A, or A, will indicate higher reading for B 1y
current? Give reason. e

Ans., Am ¥ shows hi - readi 31 i
meter A.Q shows higher reading. Since wire A, is longer, it has

greater resistance and so draws lesser currer ' T b -
1t. So more current — !

flows through B and A, shows higher reading.

Q.7. Two wires of equal length, one of copper and the other of manganin (an alloy) have the same

tlllcklless- Wllicll one can l)e used f() ] g
( ) EIGCtrlcal tranSll‘llS n ll ii ele( tric a
r(2? S10 nes i
( ) 1 l heat[ll

Ans, (i) COPI)CI‘ wire can be used for electrical transmission lines because copper h: 50l
resistivity and hence it is very good conductor of electricity. ¥ il
(i) Manganin can be used for electrical heating devices because the resistivity of manganin i
about 25 times more than that of copper and hence it . i
produces a lot of heat on passage of current through it. , ” “ J ey
Q.8. A student has drawn the electric circuit to study Ohm’s law : ':
as shown in figure, His teacher told that the circuit diagram ' |
needs correction. Study the circuit diagram and redraw it
after making all corrections. [NCERT Exemplar]

A




Ans. -
:

Y

~
-]

T
R —
2 A,
AN A)
_$+ ‘

What is electrical resistivity? In a series electrical circuit comprising of a resistor having a
metallic wire, the ammeter reads 5 A. The reading of the ammeter decreases to half when the
length of the wire is doubled. Why? [NCERT Exemplar]

The resistivity of a material is defined as the resistance of a conductor made of that material of

Ans,
unit length and unit cross-sectional area.

Using, R= ,Oi

A
Also, V=RI
R is doubled while I/ remains unchanged. Hence, current becomes half,
How does use of a fuse wire protect electrical appliances? [INCERT Exemplar)
If a current larger than a specified value flows in a circuit, temperature of fuse wire increases to

Q. 10.
Ans.
its melting point. The fuse wire melts and the circuit breaks.

SHORT ANSWER QUESTIONS-II [3 marks]

Q. 1. Why does an electric bulb become dim when an electric heater in parallel circuit is switched
on? Why does dimness decrease after sometime?

The resistance of a heater coil is less than that of electric bulb filament. When heater is switched
on in parallel, more current start flowing through the heater coil and current through the bulb

Ans.

filament decreases making it dim.

After some time, when heater coil becomes hot its resistance increases. As a result, current
through the heater coil decreases and the current through the bulb filament increases and thus
dimness of the bulb decreases,

A metallic wire of resistance R is cut into ten parts of equal length. Two pieces each are joined
in series and then five such combinations are joined in parallel. What will be the effective
resistance of the combination?

The resistance of a conductor is directly proportional to the length of the conductor. The
resistance of the metallic wire, when it is cut into ten parts of equal length is

R

10
Tivo such pieces when joined in series, the equivalent resistance of these two parts
2R

=r+r=2r= .
10

Ans.

g ; . R
Series resistance of two parts = 2 X 0

5 such elements are connected in parallel.

ot | &

Therefore the total resistance R will be

1 _1 . 1-ipawipite] g5
i = S Ol i Pt
R R R'EYRIR &
5 5 5 5 F
Hence [{’:ﬁ
25

Q. 3. A wire of length / and resistance R is stretched so th

. at its length is d '
cross-section is halved. How will its: e BR RS gt
(a) resistance change?
(b) resistivity change?

Justify your answer in each case.

Ans, g j is dc !
(@) Here, length is doubled and area of cross-section is halved. Thus, a wire oflength / and area
of cross-section A becomes a wire of length 2/ and area of cross-section 1
— .
i Using R = pi 2
.
: New resistance, R, = p——Ql—
| A/ 2
4pl
Ri=—"— =4xR
A
L.e., resistance becomes four times
T- (b) Resistivity of a substance does not depend on its length or area of cross-section. It depends
3 on the nature of the material and temperature. Hence there is no change |
.4, ic circui .
[0) (@) The components of an electric circuit are 0.5 m long nichrome wire XY, an ammeter
v ; ;
]:)ltmete'r, four cells of 1.5 V each, rheostat and a plug key. Draw a circuit diagram to stu::]y
the relation between potential difference across the terminals X and Y of the wire d
current flowing through it. -
(b) State the law that relates ial di
potential difference across a conductor with ¢ i
s he current flowing
Ans. (1)

(b) Ohm’s law states that the current through a conductor between two points is directly
- proportional to the potential difference across the two points. | o
.5. Dr S S, ey
22 srics vith s combintion of o o o e L 8 it o
aco - parallel and a voltmeter across
the parallel combination. Will the potential difference across the 2 Q resistor he the sam
that across the parallel combination of 4 Q resistors? Give reason, [NCERT F\’fm/)(;(jjs

QQQ L e S —l




Ans.

Ans.

Q.7.

The circuit is shown in figure. Effective resistance of gh
combination of two resistors (4 € each) in parallel is - 20
4x4 —® e
aberialls 40
+4

Since the resistor of 2 €2 and parallel combination V)
of two 4 Q resistors are in series, same current will NS
flow through these. Hence, the potential difference it (o)—
across 2 Q resistor is same as that across combination Cell Key

of two resistors.

Three incandescent bulbs of 100 W each are connected in series in an electrical circuit. In
another circuit another set of three bulbs of the same wattage are connected in parallel to the
same source.

(@) Will the bulb in the two circuits glow with the same brightness? Justify your answer.

(b) Now let one bulb in both the circuits get fused. Will the rest of the bulbs continue to glow
in each circuit? Give reason. [NCERT Exemplar)

() No.

Reasons: Let R be the resistance of each bulb, then total resistance in series = 3R

In series, current in each bulb is same.

So current drawn by each bulb connected in series is one-third as compared to the current
in each bulb in parallel arrangement, so the bulbs connected in parallel combination glow
more brightly.

(b) Inseries arrangement, if one bulb is fused; then current in the bulbs connected in series will
become zero, so bulbs will stop glowing. In parallel arrangement, if one bulb is fused, the
other two bulbs will continue to glow with same brightness.

What would be the reading of ammeter and voltmeter in the given circuit?

AN
),
10Q
AN AL
2Q
3y
Iy (o)

Ans. R=R +Ry=1+2=30Q

_r.s_..
TR BT

Ammeter reading = 1 A
Voltmeter reading = /R =1x2=2V
Voltmeter reading = 2 V

Read the following information:
(i) Resistivity of copper is lower than that of aluminium which in turn is lower than that of

constantan.
(if) Six wires labelled as A, B, C, D, E, F have been designed as per the following parameters:
Wire Length Diameter Material Resistance
A [ 2d Aluminium R,
B 21 d/2 Constantan Ry
C 3 dr2 Constantan Ry

Ans,

| LONG ANSWER QUESTIONS

3d Copper R,
, 2d Aluminium R,
’ 4d Copper R '

Answer the following questions using the above data:
(@) Which of the wires has maximum resistance and why?
(6) Which of the wires has minimum resistance and why?
c) Arrange R i i i '
(( ; o (gl 1s B3 and Ry in ascending order of thejy values. Justify your answer.
@) Wire G has maximum resistance because it he i i i
cecisiity as maximum length, least thickness and highest
(b) Wire F has the minimum resistance since it has least length, maximum thickness and least
resisuvity. (Using R = p—)
A
‘ _ . l
(€) Ry > R5 > R, (Using relation R = p; and comparing)

[5 marks]

Q. 1.
Le Ans,

B, 9,

(i) The ppo;;antlal diffe'rence between two points in an electric circuit is 1 volt. What does it
) mean: Name a device that helps to measure the potential difference across a conductor.
(ii) Why does the connecting cord of an electric heater not glow while the heating element does?

i) E . o d ks
(iii) Electrical resistivities of some substances at 20°C are given below:

Silver 1.60 X 10 QOm
Copper 1.62 X 10 Qm
Tungsten 52 x 10°%Qm
Iron 10.0 X 10°Q'm
Mercury 94.0 x 10%Qm
Nichrome 100 X 10°Qm

Answer the following questions using above data:
(a) Among silver and copper, which one is a better conductor? Why?

(6) Which material would you advise to be used in electrical heating devices and why?

(@) ”I.he potential (llfferf:ncc between two points is 1 volt means that if a charge of 1 coulomb is
moved from one point to the other, | Jjoule of work is required. ‘

l hff l)() *nual d lff(.](.] bod( S [§ I y 1eans
potenti l (1 1C¢ ¢ 0SS a (.0]]([“(_[()1 IS measured b T
? ()[ an s rument 1 (l
3 Cd le

(i) The electric power P is given by

P=IR

€ resistance of thC.ht.dlll‘lg element is very high. Large amount of heat generates in the
heating element and it glows hot.

I'he resistance of connecting cord is very low. Thus,

negligible heat generates in (I
% s O 2 k '
connecting cord and it does not glow. ; ( )

(@) (a) Silver is a better conductor due to its lower resistivity.

(b) Nichrome should be used in electrical heating devices due to very high resistivity.

(@) Name an instrument that measures electric current in a circuit. Define the unit of electric current
(b) What do the following symbols .

represent in a circuit diagram?

1), ey je

(i) %




(¢) An electric circuit consisting of a 0.5 m long nichrome wire XY, an ammeter, a voltmeter,
four cells of 1.5 V each and a plug key was set up.

(i) Draw the electric circuit diagram to study the relation between the potential difference

maintained between the points ‘X’ and ‘Y’ and the electric current flowing through XY,

(ii) Following graph was plotted between V and I values using above circuit:

1.6

¥ (volt) —
o B

&
[S)]
1

02 | 04 06
I (ampere) —=

0 T

What would be the values of ? ratios when the potential difference is 0.8 V, 1.2 V and

1.6 V respectively? What conclusion do you draw from these values?

Ans. () An instrument that measures electric current in a circuit is called “ammeter”.
The unit of electric current is ampere (A). 1 ampere is constituted by the flow of 1 coulomb
of charge through any point in an electric circuit in 1 second.

Q) % @) —r—

Variable resistance or rheostat
15V 15V 1.5V 1.5V

B e

1
I
L

Plug key or switch (closed)

() (@)

1

Iy

R
X AN

Yj@‘_,,_(,
K

o
ni
<«—0.5m—>

(i) Following graph was plotted between 7 and I values.
A

N

1

V (volt) ~—>

O G
hn moih e o
1

I
I
I
1
1
1
1
I
|
|
T

\

0 T T T T
01 02 03 940405 06

I(ampere) —
At potential difference 0.8V,

B

Ans.

The batteries in circuit 1 and circuit 2 are identical.

At potential difference 1.2 V,

v_12 8

I 045 3 (2)
At potential difference 1.6V, L o

I 06 3 w(3)

5
. D es I' al 1
(:()"Clllsl"]l If ! l [§ [hf current [lllouqh XY 1 1sto d V b( t] c P()t( l]“d] dl“f Trence across

174
— = constant.
I

=
y . Ve L and Ohm’s law is obeyed.
ind out the following in the electric circuit given in ] . \
figure alongside: ¢

it, then the ratio

(a) Effective resistance of two 8 Q) resistors in the 8v
combination

(b) Current flowing through 4 Q resistor s
(¢) Potential difference across 4 Q resistance
(d) Power dissipated in 4 Q resistor

(e) Difference in ammeter readings, if any
@ R = R Ry =(8x8 s iy
Ri+Ry, (8+8

(b)]zzz 8

1{ 4+(8X§J
8+8

©V=IR=1x4=4V

dP="rR=1>x4=4W

¢) No difference urre ;
(e) fference, same current flows through each ammeter in the given circuit

[NCERT Exemplar]

=5 -1a
3 £

Q.4. Figure shows two electrical circuits.

O, T

1 Ammeter
1
I
) i l H L
I4 4.0 Q
J-D—<.
[2 y P
400 6.0 Q 2
Ammeter 6.0
P Q - ¥ W
Circuit 1 Circuit 2

(a) Put ticks in the table below to describe the connections of the two resistors P and Q

[ Series

Circuit 1

: _Par."_illel ‘

Circuit 2

(b) The resistors P and Q are used as small electrical heaters.
State two advantages of connecting them as shown in circuit 2.
(¢) In circuit 1, the ammeter reads 1.2A when the switch is closed.
Calculate the reading of the voltmeter in this circuit.

327




(d) The two switches in circuit 2 are closed. Calculate the combined resistance of the two
resistors in this circuit.
(e) When the switches are closed in circuit 2, ammeter 1 reads 5 A and ammeter 2 reads 2A.
Calculate
(i) the current in resistor P,
(i) the power supplied to resistor Q,
(iii) the energy transformed in resistor Q in 300s.

Ans, (a)

Series Parallel

Circuit 1 v

Circuit 2 v

(b) (i) Ifone electrical heater stops working due to some defect then other keeps working normally.
(it) Each electrical appliance (heater) gets the same voltage as that of the power supply line.
(¢) Effective resistance, R =4 + 6 = 10 Q
Current, I = 1.2 A
V=IR=12x10=12V
Voltmeter reading = 12 'V
(d) Combined resistance,

RRy, 4x6 24

R"’:R —=—=240Q
+ Ry 446 10
(¢) Current [ =5HA
I, =2A
(1) The current in resistor P = [ = [ -1y
= HA-2A
= 3A
(it} The power supplied to resistor Q = V1
=12x 2
= 24W

(@) The energy transformed in resistor @ in 300s = [£ = > X {
=24 x 300s = 7200 |

Numericals

CURRENT AND POTENTIAL DIFFERENCE

Q. 1. 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 flows through any point of the circuit.
Ans. Itis given,/ = 0.5 A;¢ = 10 min = 600 s.

We know that, Q=1It
=0.0AX600s=2300C
Q.2. A current of 5 A is flowing through a resistor of 15 Q). Calculate the potential difference
between the ends of the resistor.
Ans. Given, Resistance (R) = 15 ohms,

e N

Current (/) = 5 amperes,
< Lot et ;
Potential difference (1) according to Ohm's law

V =IR
= =5 X 15 =75 volt
=75 volt

' RESISTANCE AND RESISTIVITY

Q. 3. Figure (a), (b) and (c) show three cylindrical co
; PPer conductors alongwith thei
length. Which of the conductors will have highest resistance and whgy‘;’1 S fenronsigd

L/2
(@) (b) (c)

- [
Ans. ()R, = p—
4

) 2L ) (4L
(i) R, = p[A/QJ—p(7J =4R,

L I (L ]
() R, = e iT=pl— ==
) p[?(QA)J 4”(,4} e
Hence, R, > R, > R _. Thus, the conductor (b) will have the highest resistance.

Q.4. A piece of wire of resistance 20 Q is drawn out so that its length is increased to twice its
original length. Calculate the resistance of the wire in the new situation
Ans.  Suppose the length of R, = 20 ) resi ireis/, i :
= resistance wir tion | i
Ml g 1 stance wire is /, its area of cross-section is A and its resistivity
[
R:= 2 <950
' A

i’\“ hell le”g[}l bLCOI]qu t,“i(.e (21) II!Q 1 i S darea « ] CTIOSS-5¢ ti n w lll bCC me lld“ e i I e ¥
)y I s - a0 ] Cl10
‘ (0} . 1€ new
p - 2]

A/2

Q. 5. Resistance of a metal wire of length 1 m is 26 Q at 20°C. If the diameter of the wire is 0.3 mm

what will be the resistivity of the metal at that temperature?

A“S- CIIV i [he resistanc = g
C.C v 3 { 26 Q the dlametel d
cn (& 1¢( )i the v re l an 3 U\g mm 3 X l() m ar (I 1 l[
" . tl (& l{,ll 1

The resistivity of the given metallic wire is

I 2
p:jﬁ:Rn’d

[T,
_ 26x22x3x107 x3x107
= X A0 w3107 _ 15,087 x 10
Tx4x]

=1.84 x 10°Qm
The resistivity of the metal at 20°C is 1.84 x 107 Q m.

i 0.6. A40 resistance wire is doubled on it. Calculate the new resistance of the wire.
- Ans. Weare given, R =40

When a wire is doubled on it, its length would become half and area of cross-section would be

320 N < i —



B I

? doubled. That is, a wire of length [ becomes 5 and area of cross-section 24. 3 (i) maximum current
We know that - . .
Ve know tha . ; .' (z) How will you connect the resistances in each case?
P T (('; falca:latf: fhe strength of the total current in the circuit in the two cases.
i = 7 O b o L _ el %
R, = li% where R, is the new resistance (i) I ] Ol): l-“l.mg mimimum current, the two resistors should be connected in series.
= ; there Ry is woresistance. i ‘or obt: axi urrent. t i
=P 9.1 | b ob lmmg: maximum current, the two resistors should be connected in parallel.
1/9 g (0) (@) Given, Ry =5Q, Ry =10Qand V=6V
. R, P9y 1 : For series arrangement, the equivalent resistance
2 q ;
I'herefore, —_— ==
R pi 4 R =R +R,
. =50Q+10Q=150
R 4Q , y
or Ri===—=1Q = E_B _sida
4 4 o R O15Q
The new resistance of the wire is 1 Q. (i) For parallel arrangement, the equivalent resistance is given by
SERIES AND PARALLEL COMBINATION OF RESISTORS L
R R, R
Q. 7. A current of 1 ampere flows in a series circuit having an electric lamp and a conductor of 5 Q
when connected to a 10 V battery. Calculate the resistance of the electric lamp. = 2.1 1 _2+41_ 3
. . 5
Now if a resistance of 10 Q is connected in parallel with this series combination, what change R-510 10 10
(if any) in current flowing through 5 Q conductor and potential difference across the lamp will = B 10 o
take place? Give reason. [NCERT Exemplar) 3
Ans. (i) Let the resistance of the lamp = R, I V _6x3 S i
Resistance of conductor = 1y = 5 Q m m Q. 9. For the circuit sh - .
; . ; st circuit shown i i i .
Total resistance in series, Ry = R} + Ry M in the given diagram:
Ry +5 A hat is the value of J (4V
=M ({) current through 6 Q resi . I
: resistor?
Current{ = 1 A, Voltage, I’ = 10V 4 _ (ii) potential diffg o : I 6
e o CVbEER T V= IR 6| ,_I; erence across 12 Q) resistor? bz A28 30
USlﬂg Ohm's AW, = B l AnS, lL.et [‘he current thl‘()ll 1 t] g oS £ [ . . il B
10 = 1(R, + 5) 10V ] i gh the circuit be 7 which is divided into /,
{ +H and /, in the arms AB and CD respectively, then we have e g 312
= R =50 I=J+1 o R %
1 2

In the arm AB, the total resistance is

(i) Now, a resistance of 10 Qis connected in parallel with the series combination. Therefore, the
[{[ =6Q+3Q:9Q

total resistance of the circuit is given by

| _ | N L 0a and the total resistance in the arm CD is
R R +5 10 ANNAN—
; Y - Ry=12Q+3Q=15Q
l 1 1 (2) Then current in the 6 Q resistor i.e.,
Ry 10 10 Sasi? d
Iy = - 0.44 A
) ) I
o R,=5Q A (22) Now the current through CD is
Hence, current flowing in the circuit,
Aol = o e
voo10 | b= gy T R4
] = E = -T = 2A B . 2 l 2
5 I'he potential difference across 12 Q resistor is
Thus, 1 A current will flow through 10 Q resistor and 1 A will flow through the lamp and = Vi=1, x 120
conductor of 5 Q resistance. Hence, there will be no change in current flowing through 5 Q - e 0227 X 19
conductor. Also, there will be no change in potential difference across the lamp. [ 3.24 ‘
=324V

Q. 8. Two resistors, with resistances 5 Q and 10 Q respectively are to be connected to a battery of

B0 10. Two resi . y
Gl BV seisisctisdisaiia 3 stances when connected in parallel give resultant value of 2 ohm, when connected in

series the value becomes 9 ohm. Calculate the value of each resistance.

/. 7 ceQich- i
We know that two resistances are in parallel and hence

s,

(7) minimum current

330 B




i 1l

Ans,

Q. 12.

Ans.

R Ry Similarly

[ . Rp= —1—2— 4 O U

R =E+E - "R Ry }{_'F:F+F+F

P 2 3 4 5

. -9
Given, Rp=2l . 1__]+L+L=£
g - iRy R" 30 20 60 60
R, + R, )
R'" =100
(1 =
9 (R, + Ry) = R, Ry (0

Thus, the total resistance
Now, same resistances are in series

Ry=R,+R,

Il

R=R + R =80+100=180Q
(1) According to Ohm's law

Given, Ry = 9 ohm . () ek 13 0.67 A
9=R,+R, 2180
Q. 13. In the given circuit diagram, the cell and the ammeter, both have =
From (1) and (2), we get negligible resistance. The resistances are identical. With the switch K B
R Ry=18 open, the ammeter reads 0.6 A. What will be the ammeter reading when VWA
Again using (2), we have the switch is closed? p—
Ry =9-1, Ans. Let the value of each resistanice e ‘1.
s Ry (9-R)) =18 (1) When key ‘K’ is open the only two resistance are in circuit so resultant —W/\’*f’
- R} -9R, +18=0 resistance in this case is parallel combination of two resistances.
=, R} -6R,-3R, + 18 =10 ] 1.8 @
2 (R, - 6) (R, —3) = 0 R’ R R R v
Either R, =6 o =3 -®s
Ry, =3Q or Ry=6Q = leg
Thus two ;'es-lstan;::;;::ai ?e ;;lds iliiinto five equal parts. These parts are then connected in Let potential difference of cell = 7 volt “
A piece of wire o . R urr =), yiy
parallel. If the equivalent resistance of this combination is R’ then find the ratio ik Current/ = 0.6 A (given) R

V=IR =06 x i 0.3R

= 1 = V.b — = ().

- 2

Resistance of a piece of length 5 B (ii) Now, when key ‘K’ is closed, all three resistances are parallel in the circuit, Therefore,
. ! S B

i [ esi “the 5 wires in parallel is &' . Then

I'he equivalent resistance of the 5 w

4 r 1.1 3 v

S S SO B BN R, R R R R —®—] 1—1

R R/5 R/5 RIS RI5 R/S . R

1 5+5+5+5+5 = HQ:E 5

—_—— — — = TV . F—AANA——

B AR AR A Using Ohm’s law V=1IR, R

I 25 AN |

L. R

R 038R =13 J

i ;
Ifintheﬂgmegl=109,32=4OQ,123=3OQ,R4=2OQ,R5=§01?, = I=03R x z 094
and a 12 V battery is connected to the arrangement, calculate (i) the

| Therefore, the ammeter reads 0.9 A.
: Q. 14. A wire of resistance 5 ohms is bent in the form of a closed circle. What is the effective resistance
b between the two points at ends of any diameter of the circle? -

The length of the wire between two points at the ends of a ,‘
diameter of a circle is half of the whole wire. The resistance

total resistance in the circuit and (ii) the total current flowing in the
circuit -y
. . . = e LT S E]deZI{r T
(i) Let the equivalent resistance of parallel resistors R a1 9 = )
The equivalent resistance of parallel resistors Ry, Ry and Ry = :ll(
L]

Then, we have

i i 1 of'a conductor is directly proportional to its length.,

.. 3 _ e A B

' o R Thus, the two resistances 2 € will be in parallel.
R R 9 9 I
1 1 1 441 5 L . o .
=== P .et R is the effective resistance

= R 10 40 40 1 2 L2
= R =8Q R 5 5 52 Q




—_
S

=1250Q

R =

| o

o
Bo—

(1)8

Q. 15. By, By, By are three identical bulbs connected as shown in figure.
Ammeters A,, A,, A, are connected as shown. When all the bulbs

glow, the current of 3A is recorded by ammeter A.
(i) What happens to the glow of the other two bulbs when bulb

B, gets fused? i
(ii) What happens to the reading of A}, Ay, A; and A when the @
bulb B, gets fused?
(iii) How much power is dissipated in the circuit when all the
three bulbs glow together? [NCERT Exemplar]
Resistance of combination of three bulbs in parallel
4.5

[ 3

Ans.

Ans.

1.5 Q

R

If R is the resistance of each wire, then

[{l'{'l =

Q. 18.
Ans.

I{(’lj

or, R = q

or

=1A

R 450

(/) When bulb B, gets fused, the currents in B, and By remain same Iy = I3 = 14, so their glow

Current in each bulb, L=

remains unaffected.
(/) When bulb B, gets fused, the current in By becomes zero and currents in 5, and B, remains |

1 A
Total curvent I =1, + [, + 1
=14+0+1=2A
Current in ammeter A; = 1 A
Current in ammeter Ay, = 0
Current in ammeter A3 = 1 A
Current in ammeter A = 2A
(ifi) When all the three bulbs are connected.

Power dissipitated, P =

ELECTRIC POWER AND ENERGY

Q. 16. An electric iron has a rating of 750 W, 220 V. Calculate
(i) the current passing through it, and

(ii) its resistance, when in use.

Power, P = 750 W

Ans.,

Q. 17.

(iii)

Potennal, I’ = 220 V

(= P_T0w
Vo220V P
N r _— g
ow V=IR (Ohm’s law)
Vo220V
Ri= L 200 o
T* 5 ax 64.7 Q

Three 2 resistors 4, B and € are connected as
and can withstand a maximum power of 18W
can flow through the three resistors.

S?IOWII in figure. Each of them dissipates energy
without melting. Find the maximum current that
can Towt — N | [NCERT Exemplar]
lilhl(t,;l::;:”; of resistor A is equally divided in resistors B and €; so maximum current can flow
Power = (current)® x resistance
18W = (72)x20Q
=(I2)=90rl,=3A

Current in resistance A, I, = 3A
So current in each of resistor B and ¢

3
A = 1.5A

I =
2

=1 =

What is the commercial unit of electrical energy? Represent it in terms of joul
The commercial unit of electrical encrgy is kilowatt hour. e
Energy used = Power Xtime
1 kWh =1kW x1h

= 1000W x60x60s

= 1000 Js™"' x 60 x60s

= 3600000 |

= 3.6 x 10%]
A geyser is rated 1500 W, 250 V. It is connected to 250 V
drawn, (ii) the energy consumed in 50 hours
¥ 2.20 per kWh. ’

Given, V=250V, P =

mains. Calculate (i) the current
and (iii) the cost of energy consumed at

I500 W, t =50 h = 50 x 60 x 60 s
P 1500
Vo250
= VIt joule

=250 x 6 X 50 x 60 x 60
27 % 107 |

2X10° 4y
3.6x10°
75 kWh

I kWh costs = T2.20

75 kWh cost= 2.20 x 75 = 2165

=6A

(i) I =

Energy consumed

Il

| Q20 i i

| Ry Two resistors of 4 () a.n(li 6 Q are connected in parallel. The combination is connected across a
6 volt battery of negligible resistance. Calculate
power dissipated in each resistor,

(i) the power supplied by the battery, (ii) the




Ans.

Q. 21.

Ans.

Q. 22.

Ans.

Here, R, = 4 Qand Ry = 6 Q

Both are in parallel. Hence
1 1 R+ R

R R, Ry RRy

(1)

_ RR,
R +R,
_ 4x6
446
=240
7= 36%10
' l= = =15W
(i) Power dissipated,  f 7 94
(ii) For R,, Power dissipated
2 gn
P, = e _ 36 _ 9w
R4
~ po V656 gy
For 1{2, 9 = 1{2 6
An electric bulb is rated 220 V and 100 W. Calculate the power consumed when it is operated
on 110 V.
L
We have, P = E
220)°
: 100 e
or =

Let power consumed will be P when operated on 110 V. Then

pro (110)°
R
From (1) and (2), we have
i _[MT
100 220
P = = x 100
or — p
or P'=25W

Two conducting wires of the same material and of equal 1
connected in series and then in parallel in a circuit across t
the ratio of heat produced in series and parallel combination.

Suppose the resistance of each one of the two wires is R.
The equivalent resistance of the series combination,
R=R+R=2R
The heat produced in time ¢,
72 172
=" {-:Hzng
2R R
The equivalent resistance of the parallel combination is
RxR _R® R
R+R 2R 2

Rp =

336

engths and equal diameters are first
he same potential difference. Find

Wi

Heat produced in time ¢,

2 2
_{'—If2 = ——f = g_[/__t_
R/2 R
From (1) and (2), we have
H V% R
—_— e —
HQ 2R ?V2t
s A 1
Hy, 4
H:Hy=1:4

(2)

Q. 23. Which has a higher resistance: a 50 W - 220 V lamp or a 25 W - 220 V lamp ? Calculate the

ratio of their resistances.

Ans.  Under a constant (fixed) applied voltage (),

SR
Resistance = M
Power
)
or R= V—
])
Resistance of the first bulb,
2
R=
50
Resistance of the second bulb
2
Ro= —
27 95
R,

R =2 o1, Ry = 2R,

Ry > Ry, 25 W bulb has higher resistance. Resistance of 25 W lamp bulb is twice the resistance of

50 W lamp bulb.

Q.24. An electric iron consumes energy at a rate of 840 W when heating it at the maximum rate and
360 W when the heating it at the minimum. The applied voltage is 220 V. What is the value of

current and the resistance in each case?
Ans.  We know that the power input is

Thus the current, I = '
4
When heating is at the maximum rate,
840 W
I = =382A
220V
and the resistance of the electric iron is
Vo220V
R=—= = 57.59Q
1 382A 7
When heating is at the minimum rate,
= 2OW ey
220 v

and the resistance of the electric iron is

rR=V_220V _ 134150
1164 A




Q. 2;. Ilgure Sll()ws a 240 i ac mains circ W l Illa]l €es are connec e(]
uit t

240ac Fan l
1.2|kwW 200 W

Q. 25. A heater coil is rated 100 W, 200 V. It is cut into two identical parts. Both parts are connected
together in parallel to the same source of 200 V. Calculate the energy liberated per second in

the new combination.
Ans. Resistance of heater coil,

2 C 2

R —
P 100 100 ‘
400 60 W 60 W
After cutting, resistance of each part = 5 200 Q

(a) Calculate the power supplied to the circuit.
(b) Calculate

(i) the current in the refrigerator,

When connected in parallel, the net resistance is given by

11, 1
R, 200 200

(ii) the energy used by the fan in 3 hours,

- 1 __ 2
R, 200 (iii) the resistance of the filament of one lamp.
Rp = 100 Ans.  (a) Power supplied to the circuit

= 1.2 x 1000 W + 200 W + 60 W + 60w
= 1200 W + 200 W + 60 W + 60 W
= 1520 W
1.52 kw
(b) (i) Current in the refrigerator
_ Power 200w 0
Voliage 240y O34
(t2) Energy used = Power X Time
= 1.2 kW x 3h

Energy liberated = P x ¢

2 2
= L= Bt = 400 joule
R 100

Q. 26. Two lamps, one rated at 40 W - 220 V and the other at 60 W - 220 V, are connected in parallel

Il

to the electric supply at 220 V.
(i) Draw a circuit diagram to show the connections.

(ii) Calculate the current drawn from the electric supply source.
(iii) Calculate the total energy consumed by the two lamps together when they operate for one

hour.
Ans. (?) 40 W, 220V

Iy

1
2 60W, 220V

= 1.2 x 1000 4 x 3 x 60x 60s
S

= 1200 x 3 X 3600 |

= 12960000 |

=13 x10"]

P 60
(27) Current, [= —=_2" — 5
v = %40 0.25 A

. Vo240
Resistance = — = 222 —
I 095 960

: i{I&OTS (Higher Order Thinking Skills)

+ g
H— O
220V

(it) Current drawn by 40 W bulb,

BT a o & ke nIEk

V220 1 | Q1. Aba i
- ttery E ; .
Guprent dvawiyby 8 Wulb, 1 ry k 1s connected to three identical lamps P, Q and R as shown in figure:
P60 3 :
fy= 7= o= g7 A <0274

Total current drawn from circuit,

(iif) Energy consumed by 40 W bulb in 1 hour = P X ¢
=40 W x 1 h =40 Wh

Energy consumed by 60 W bulb in I hour = 60 W X 1h = 60 Wh
Total energy consumed = 40 Wh + 60 Wh = 100 Wh= 0.1 kWh

Initially the switch S is kept
brightness. ptopen and the lamp P and Q are observed to glow with some

Then switch § is closed.

00N W —
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How will the brightness of glow of bulbs P and Q will change? Justify your answer. (iti) All'in parallel: 1 Q
Ans. The brightness of glow of bulb P will increase and brightness of glow of bulb Q will decrease. (tv) Three different possible mixed grouping of resistors: 4 0 9 0 36 0
This is because on closing S, bulbs Q and R will be in parallel and the combination will be in | @Y g e
series w‘ith pu]b P..Hence the total resistance of the circuit \.Nilll decrease and the current flowing Q. 6. Out of two electric bulbs of 50 W - 220 V and 100 W — 220 V, which one will glow brigh
in the circuit will increase. Therefore, the glow of bulb P will increase. ! when they are connected (i) in series, and (ii) in parallel? . e
Also since bulbs Q and R will be in parallel in this case, the current gets divided and lesser | Ans. The resistance of th . o
current flows through Q and hence the glow of bulb Q will decrease. i ce of the bulb is defined as R = k So the resistance of 50 W bulb is double than
Q. 2. V-Igraph for the metallic wires X and Y at constant temperature are th ;
. X e resistance of 100 W bulb. When they are i i
. g : . connected i
as show.vn in figure: . ‘ ; is same. Hence 50 watt bulb will be brig]s'(tter s In2 };‘efles the current through POth bulbs
Assuming that the two wires have same length and same diameter, Y i - In parallel, the voltage will be same
. . . . i i . ) ' . )
explain as to which of the two wires has higher resistivity and why in both bulbs. So, the 100 watt bulb will be brighter because P = v .
I R
Ans. The slope = of the graph represents — . Since the graph marked Y has ST Q.7. Givennresistors each of resistance R, how will you combine them to get the (@) i
. _ and (if) minimu : : : " maximum,;
T T ——— | resisgail - m effective resistance? What is the ratio of the maximum to minimum
Since the length and diameter of the two wires is same, using the relation R = p— the resistivit . .
gt . Fa 4 Ans. For maximum effective resistance, the resistors must be connected in series combination
. : . If i : .
of wire Y will be higher. . therle .are nresistors each of resistance R, then the maximum effective resistance = nR
Q.3. Why is an ammeter likely to be burnt out if it is connected in parallel in a circuit? or minimum effective resistance, the resistors must be connected in parallel combination. So
Ans. The resistance of an ammeter is very low. If an ammeter is connected in parallel, the resultant the minimum effective resistance = X
e
resistance of the circuit decreases and excessive current passes through the instrument. Hence, n
the ammeter is likely to be burnt out. Ratio of the maximum to minimum resistance is "R 2 -
Q.4. Current I flowing through a resistor results in dissipation of power P. By what percentage | (R/n) .
will the power dissipated in the resistor increase if the current through the resistor is L 0.8. What is the resistanc i
e from A to B in ;
increased by 50%? Justify your answer with the help of mathematical calculations. B the network shown in the figure?
Ans. The power dissipated in the resistor will increase by 125%. & 5
- 72 A R
P=TFRt p AN ¢ AAAA D i
When [ is increased by 50%, I becomes = L [ B
Ans. The point C is connected to B

=~ PRt

Hence, 1

2

9

P’ :[EIJ Rt=

)

. o 9 4 2
Increase in power dissipation = 1 I“Rt-I* Rt
2 Rt

4

Increase
Original

Percentage increase = x 100
sim
4 I’Rt
125%
Q.5. What are the possible values of resistances which one can obtain by using resistors of
values 2 Q, 3 Q and 6 Q? Justify your answer. } 0.9,
The following combinations can be obtained: 1

({) The individual resistances: 2Q,3 0,6 Q
(72) All in series: 11 Q

=100

I

Ans.

and the point D is connected to A. Th i

: . . - Therefore, three identical
re i : ;
. sistors, .each having resistance R, are connected in parallel and the equivalent circuit di

is shown in the figure. SR

11,113

R R R R R
or R':B
3

E‘Wf:) students perform the experiment on series and parallel combinations of two given
esistors R, and R; and plot the following V-I graphs (a) and (b).

Which of the graphs is (are) correctly 1 i ‘
; abelledin t of th d . ‘ :
Justify your answer. ¥ in terms e words ‘series’ and ‘parallel’?

341§
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5. Three resistances of 5, 10 and 15 ohms are connected in series and a potential difference of 15

: Parallel : ; . ; : : :
T Series T volts is applied across the combination. Calculate the current flowing through the circuit.
¥ Parallel : Series [Ans. 0.5 A]
6. A voltmeter reads 24 V across a resistor and an ammeter reads a current of 3 A through it.
Calculate R. What will be the current through the resistor if the voltage changes to 12 V?
[Ans. 8 Q, 1.5 A]
= 7. Three resistances are connected in electrical circuit as shown in the circuit diagram. Determine
(a) = (b) the potential difference across resistance R,. [Ans. 4 V]
i R, R, R,
Ans. (@) Slope F = Resistance R . 10 20 30
As larger resistance represents series combination and sm'flller resistance the p'«u‘alk':l
combination. Therefore, graph of greater slope represents series combination and hence jt + ] = (o
12v

is correctly labelled.

(0) Slope, é:%
As larger resistance represents series combination, so graph of smaller slope represents
series combination and hence it is also correctly labelled. .
0.10. Two students perform experiments on two given resistors R, and R, and plot the following

V-I graphs. If R; > R, which of the two diagrams correctly represent the situation on the

plotted curves? Justify your answer.
1% Rq 4 Ry

8. Five resistances are connected in the shape of letter A as shown in
figure alongside. Determine the total resistance of the circuit.
[Ans. 15 Q]
9. A wire of uniform cross-section and length [ has a resistance of 4 (.
The wire is cut into four equal pieces. Each piece is then stretched to 59
length °I’. Thereafter, the four wires are joined in parallel. Calculate
the net resistance.
[Ans. Net resistance of combination = 4 Q]
10. A cable of resistance 12 Q carries electric power from a generator producing 250 kW at 10,000V.
Calculate (i) the current in the cable, (ii) the power lost in the cable during transmission, and
(i) the p.d. across the ends of the cable., [Ans. (i) 25 A (if) 7.5 kKW (iii) 300 V]
11. Calculate the electrical energy produced in 5 minutes when a current of 2 A is sent through a
conductor by a potential difference of 500 volts. [Ans. 3 x 10° joules]
12. Two bulbs have the following ratings: (i) 40 W at 220 V, and (i) 40 W at 110 V. The filament of
which bulb has a higher resistance? What is the ratio of their resistances?
[Ans. (i) First bulb (i) 4: 1]
13. A potential difference of 40V is applied across a resistance of 8 Q for a period of 2 minutes.
(i) What current is drawn?
(if) Calculate the charge which passes through the resistor. [Ans. (i) 5A (i) 600 C]

14. For the given circuit diagram calculate:

5Q

HF—

1.5V

1 ¥

Ans. AsR, >R, . ) A
Therefore, figure (a) is correct. This is because R, is greater so the slope of V-I grap 7

greater in figure (a) and is correctly represented as R;.

Some Important Numericals (For Practice) 3

sans . -
1. A wire carries a current of 0.1 A and has a resistance of 120 milliohm per metre. What is :l;e p\.;]l-
' i .12m
across 1 m of this wire? [AI‘IS 3
2. Anelectricirondraws a current of 4 A from 220 V supply line. When voltage of suppl? ;s Ch??(ﬁ‘ ],
. ns.

then iron draws a current of 2 A, what is the new voltage applied?
3. A copper wire has a diameter 0.5 mm and resistivity 1.6 x 1078 Q m.

(i) What will be the length of this wire to make the resistance of 12 3?

(if) How much will be the resistance of another copper wire of same lgngth but 1_1.a1f tg; E
diameter? [Ans. (i) 147.3 m (ii) 48

How can three resistances of 2, 3 and 6 ohms be connected so as to give a total resmtance.of] ‘ ]
ohm? Justify your answer. [Ans. Parallel grouping ] i

o~ —
Os

HH F—o>—@-*
6V

(i) the current through each resistor.
(i) the total current in the circuit.

(iff) the total effective resistance of the circuit. [Ans. (i) 6A, 3A, 1.2A (i) 10.2 A (iii) 0.588 Q)]

343 A T T ——




15.

16.

17.
18.

19.

An electric iron has a rating of 750 W, 220 V. Calculate

(i) the current passing through it.

(ii) its resistance, when in use. [Ans. (i) 3.4 A (ii) 64.5]
An electric heater draws a current of 10 A from a 220 V supply. What is the cost of using the
heater 5 hours per day for 30 days if the cost of 1 unit is ¥ 2.50? [Ans. T 825]

A torch bulb is rated 3V and 600 mA. Calculate its resistance if it is lighted for 4 hours. [Ans. 5 Q]
In a household circuit, an electric bulb of 100 W is used for 10 hours and an electric heater of
1000 W for 2 hours everyday. Calculate the cost of using the bulb and the heater of 30 days if the
cost of one unit of electrical energy is two rupees. [Ans. ¥ 180]

An electric bulb draws a current of 0.2 A when it operates at 220 V. Calculate the amount of
electric charge flowing through it in 1 h. [Ans. 720 C]

Proficiency Exercise }

Very Short Answer Questions

[1 mark]

1.
2.

3.

4.

5.

Short Answer Questions-I

Define the unit of electric current.
What is the minimum resistance which can be made using five resistors each of % Q?

Draw a circuit diagram of a circuit consisting of a cell of 1.5V, 10 Q resistor and a plug key all

connected in series.
Write a mathematical expression for Joule’s law of heating effect of current. Name one device

which works on this principle.
Should the resistance of an ammeter be low or high? Give reason.

[2 marks]

6.

10.

In an experiment to study the relationship between the potential difference across a resistor and
the current through it, a student recorded the following observations:

() §

Potential difference (V) 2 3 4. 5 6
Current (A) 0.08 0.12 0.1f 0.20 0.24 J

Find in which one of the above sets of readings the trend is different from others and must be rejected.
Calculate the mean value of resistance of the resistor based on the remaining sets of readings.

Two electric bulbs A and B are marked 40 W — 220 V and 60 W - 220 V respectively. Which one of
the two has a greater resistance?

(a)Table gives the resistivity of three materials in (in Q m) A, B, C.

Gt

Samples

A

B C

Resistivity

1.6 x1078

7.5 x10"7

44 x107°

=

Which one of them is the best conductor? And which is an insulator and why?

(b)A wire of resistivity p is stretched to twice its length. What will be its new resistivity?

How can three resistance of 2, 3 and 6 ohms be connected so as to give a total resistance of 1 ohm?
Show the working of your solution.

The resistance of a metal wire of length 1 m is 25 Q at 20°C. If the diameter of the wire is 0.3 mm,
what must be the resistivity of metal at that temperature?

Short Answer Questions—I|

‘

[3 marks]

11. How is an ammeter and a voltmeter connected in a circuit and why?
12. Why does the cord of an electric heater not glow while the heating element does?
13.  Study the following circuit and answer the following questions

+ =

. 15 Q
(1) State the type of combination of the two resistors in the circuit

() How much current is flowing through () 10 O and (D) 15 Q resistor?
(iif) What is the ammeter reading?

20.

21.

22,

19.

14. Name two safety measures commonl i i ic circui
y used in domestic electric circuits and applian
_ ‘ ces. W
precautions should be taken to avoid the overloading of domestic electric circuit?pp e
15. How does use of a fuse wire protect electrical appliances?
16. Why is parallel arrangement used in domestic wiring?
Long Answer Questions [5 marks]
17. (S:tz;f}e Ohlgl’s law? How can it be verified experimentally? Does it hold good under all conditions?
omment. ]
. . NCERT Exemplar
18. What is electrical resistivity of a material? What [ .

. is its unit? Describe an ex eriment to stu
factors on which the resistance of conducting wire depends. b s

How will you conclude that the same potential difference (voltage) exists across three resistors
connected in a parallel arrangement to a battery? i

Three bulbs each having power P are connected in series in an electric circuit. In another circuit
another set of three bulbs of same power are connected in parallel to the same source.

(1) Will the bulbs in both the circuits glow with the same brightness? Justify your answer.

(iii) Representing each bulb by a resistor, draw circuit diagram for each case.

How w1¥l you infer ‘.Ni.th the help of an experiment that the same current flows through every part
of the circuit containing three resistances in series connected to a battery?

) AL A —— e




