6/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=464869%2C+4...

#420108
Topic: Cells and EMF

The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.4 ), what is the maximum current that can be drawn from the battery?

Solution
Volt 12
The maximum current is given by I = & = =304
Internal resistance 0.4
#420110

Topic: Cells and EMF

A battery of emf 10 V and internal resistance 3 W is connected to a resistor. If the current in the circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltac

of the battery when the circuit is closed?

Solution

E=V +1IR
R=E/I-V=17Q

Again using E =V + Ir, we get
V=E-Ir=10—-05x3
=10—-1.5=8.5V.

#42014
Topic: Equivalent Resistance in Series-Parallel

(a) Three resistors 12, 22 and 3(2 are combined in series. What is the total resistance of the combination?

(b) If the combination is connected to a battery of emf 12 V and negligible internal resistance, obtain the potential drop across each resistor.

Solution
(@)
Equivalent resistance is

qu:R1+R2+R3:(1+2+3)Q:69

(b)

E
Current in the circuit is given by I = E
12

I=— =20
6

Potential drop across 12, Vi = IR; =2 x 1 =2V
Potential drop across 2Q, Vo = TRy =2 x 2 =4V

Potential drop across 3Q, Vs = IR3 =2 x 3 =6V

#420118
Topic: Equivalent Resistance in Series-Parallel

(a) Three resistors 202, 4 and 5) are combined in parallel. What is the total resistance of the combination?
(b) If the combination is connected to a battery of emf 20 V and negligible internal resistance, determine the current through each resistor, and the total current drawn from the

battery.

Solution
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(a) For Parallel connection,
1 1 1 1
R, R R, Rs

1 1 1 1
R 2 4 5
1 - 10+5+4

R, 20
20

R,=—Q
T

(b) Ry = 29, Ry = 49, Ry = 5Q

14

I = — =20/2 =104
R

Izzl :20/4:5A
Ry
14

Iy = — =20/5 =44
R3

Total current=1I; + Iy + Is = 194

#420126
Topic: Resistance and Resistivity

At room temperature (27.0"0) the resistance of a heating element is 1002 . What is the temperature of the element if the resistance is found to be 117€), given that the

temperature coefficient of the material of the resistor is 1.70 x 10~4C L

Solution
atT = 27°C, R = 100Q

Ry =117Q
thermal coefficient, o = ﬂ =1.70 x 10*C!
R(T, - T)

=T =1027C

#420129
Topic: Resistance and Resistivity

A negligibly small current is passed through a wire of length 15 m and uniform cross-section 6.0 x 10~ "m?2 and its resistance is measured to be 5.0Q. What is the resistivi

of the material at the temperature of the experiment?

Solution

Let resistivity coefficient be p

o
R=rg
_ RA
P—T

p=2x10"Qm

#420131
Topic: Resistance and Resistivity

A silver wire has a resistance of 2.1Q at 27.5°C, and a resistance of 2.7} at 100°C. Determine the temperature coefficient of resistivity of silver.

Solution
Ty = 27.5°C, Ry = 2.1Q, T, = 100°C, R; = 2.78)
Temperature coefficient of resistivity is:

Ry — Ry

a=———— =10.0039°C"!
Ry(T, — T2)

#420134
Topic: Resistance and Resistivity

A heating element using nichrome connected to a 230 V supply draws an initial current of 3.2 A which settles after a few seconds to a steady value of 2.8 A. What is the stead
temperature of the heating element if the room temperature is 27.0°C? Temperature coefficient of resistance of nichrome averaged over the temperature range involved is

1.70 x 10*°CL
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Solution
V=230 volts
Initial current, I; = 3.2 A
R=V/L =71.9Q
steady state current,
I,=28A
Ry =230/2.8 = 82.14Q
a=17x10"4 T =27°C
coefficient of resistance

Ry — R

TREG-T)
= T» = 867.5°C

#420139
Topic: Wheatstone Bridge

Determine the current in each branch of the network shown in Fig.
Solution

Current flowing through various branches of the circuit is represented in the given figure.
I, = Current flowing through the outer circuit

I, = Current flowing through branch AB

I3 = Current flowing through branch AD

I, — Iy =Current flowing through branch BC

I3 + Iy =Current flowing through branch CD

I, = Current flowing through branch BD

For the closed circuit ABDA, potential is zero i.e.,
10l +5I4 — 513 =0

2+ 14 — I3 =0

I3 =20+ 1 ..(1)

For the closed circuit BCDB, potential is zero i.e.,
5(I — I;) —10(I3 + I4) —5/4 =0

5l + 514 — 1013 — 1014 — 514 =0

51, —10I3 — 2014, =0

I =213+ 414 .(2)

For the closed circuit ABCFEA, potential is zero i.e.,
—10+10(11) +10(I2) +5(I, — I+) =0

10 =151, +10I; — 514

3L +2L1 -1, =2..3)

From equations (1) and (2), we obtain

Iz =22 +414) + 14

I3 =413+ 81, + Iy
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—3I3 =914
—3I; = +I3 .4

Putting equation (4) in equation (1), we obtain

I3 =20L+14
—41y =21,
I, = —21 ..(5)

It is evident from the given figure that,
L =L+ .6
Putting equation (6) in equation (1), we obtain
3Lh4+2I3+1)— I =2
5, +2(Is + L) — Iy = 2..(7)
Putting equations (4) and (5) in equation (7), we obtain
5(—2I4) +2(-3y) — I, =2
—10I4 — 614 — Iy =2
171, = -2
-2

j—_
1Ty

Equation (4) reduces to

Is = —3(1y)
-2 6
—3(=)=—=4
3 < 17 ) 17
I, = —2(Iy)
_ -2 N 4
- 1) 17
4 -2
L-Ij=——-|— —iA
17 17 17
-2 4
Len-S 4 (_) Ay
17 1 17
L=5L+1
6 4 10
— 4 - A
17 o 17 17
Therefore, Current in branch AB = 14_7A
6
InbranchBC = — 4
17
—4
InbranchCD = — A4
17
6
Inbranch AD = — A
17

In branch BD = ;2 A
17

Total current —— — + 6 n —4 + 6 + —2_10
A T AT AT AT AT

Ustdha=h)
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#420146
Topic: Cells and EMF

A storage battery of emf 8.0 V and internal resistance (.52 is being charged by a 120 V dc supply using a series resistor of 15.5Q2. What is the terminal voltage of the battery

during charging? What is the purpose of having a series resistor in the charging circuit?

Solution
E = 8V, internal resistance Ry = 0.5
V =120V, resistance Ry = 15.5Q
Effective voltage V =V-E=112V
— V’ —
Ri+ Ry
Voltage across Ry = IR} =35V

TA

Terminal voltage =8+ 3.5 =115V

Series resistor in the charging circuit limits the current drawn from the external source.

#420147
Topic: Potentiometer

In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of the wire. If the cell is replaced by another cell and the balance point shifts to 63

cm, what is the emf of the second cell?

Solution
) i W
This can be solved by the formula — = ——
A Iy
125 W
" 35 63
o V2 =225V
#420167

Topic: Electric current

The earths surface has a negative surface charge density of 10~?Cm 2. The potential difference of 400 kV between the top of the atmosphere and the surface results (due tc
the low conductivity of the lower atmosphere) in a current of only 1800 A over the entire globe. If there were no mechanism of sustaining atmospheric electric field, how much
time (roughly) would be required to neutralise the earths surface? (This never happens in practice because there is a mechanism to replenish electric charges, namely the

continual thunderstorms and lightning in different parts of the globe). (Radius of earth = 6.37 x 10%m.)

Solution

Surface charge density of the earth, ¢ = 10~ Cm 2

Current over the entire globe, I = 1800 A
Radius of the earth, r = 6.37 x 105 m

Surface area of the earth,

A = 47r? = 5.09 x 104 m?

Charge on earth surface, ¢ = ¢ A = 5.09 x 10° C'
Time taken to neutralize the earth’s surface =t.

Current I = %

= t=5.09 x 10°/1800 = 283 s

#420175
Topic: Cells and EMF

(a) Six lead-acid type of secondary cells each of emf 2.0 V and internal resistance 0.015$2 are joined in series to provide a supply to a resistance of 8.5{2 . What are the curren
drawn from the supply and its terminal voltage?
(b) A secondary cell after long use has an emf of 1.9 V and a large internal resistance of 3802 . What maximum current can be drawn from the cell? Could the cell drive the

starting motor of a car?

Solution
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@)

Total resistance in circuit= R = 6 x 0.015 + 8.5 = 8.59Q
Total EMF, E =12V

So current in the circuit ] = E/R =144

Terminal voltage, V = 1.4 x 8.5 =119V

(b)

The current will be 1.9/380 = 0.005A. It is impossible to start a motor because a starter motor requires large current (~100 A) for a few seconds

#420193
Topic: Resistance and Resistivity

Two wires of equal length, one of aluminium and the other of copper have the same resistance. Which of the two wires is lighter? Hence explain why aluminium wires are

preferred for overhead power cables. (p4; = 2.63 x 1078Qm, pc, = 1.72 x 10-8QmRelative density of Al =27, of Cu=8.9)

Solution

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=18&qid=464869%2C+464849%2C+420114%2C+



6/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=464869%2C+4...
Resistivity of aluminium, p4; = 2.63 x 10~ 8Qmnp
Relative density of aluminium, d; = 2.7
Let [; be the length of aluminium wire and m 1 be its mass.
Resistance of the aluminium wire = R;
Area of cross-section of the aluminium wire = A;
Resistivity of copper, pc, = 1.72 x 1078Qm
Relative density of copper, ds = 8.9
Let [ be the length of copper wire and m 2 be its mass.
Resistance of the copper wire = Ry
Area of cross-section of the copper wire = A,

The two relations can be written as

A
— == .
Ri=p 1 M
Ro—p2 )
b = P2 5

It is given that,

R =R,

oL b
PE T,

And,

li=1

pP1 P2

AT A
A1 ﬂ

A_z - P2
~ 2.63x108  2.63
1.72x 108 172

Mass of the aluminium wire,
my = Volume x Density
= A1l x dy = Aild; ()
Mass of the copper wire,
mgy = Volume x Density
= Ajly x dy = Aslady ...(4)

Dividing equation (3) by equation (4), we obtain

ﬂ o A1l1d1

mo ailads

Foely = Iy,

m_ A

mo Asdy

For ﬁ _ 2.63,
4, 172

ﬂ = & x 0.46

ma 1.72

It can be inferred from this ratio that my is less than ms. Hence, aluminium is lighter than copper.

Since aluminium is lighter, it is preferred for overhead power cables over copper.

#420197
Topic: Ohm's Law
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What conclusion can you draw from the following observations on a resistor made of alloy manganin?

Current A VoltageV  CurrentA  Voltage V

0.2 394 3.0 59.2

0.4 7.87 4.0 78.8

0.6 1.8 5.0 98.6

0.8 157 6.0 118.5

1.0 197 7.0 138.2

2.0 394 8.0 158.0
Solution

Since the resistance is constant even when current and Voltage are very high, Ohms law is valid to a high accuracy. This shows that resistivity of the alloy manganin is nearly

independent of temperature.

#420207
Topic: Ohm's Law

Answer the following question:

(a) A steady current flows in a metallic conductor of non-uniform cross-section. Which of these quantities is constant along the conductor: current, current density, electric field,
drift speed?

(b) Is Ohms law universally applicable for all conducting elements?If not, give examples of elements which do not obey Ohms law.

(c) A low voltage supply from which one needs high currents must have very low internal resistance. Why?

(d) A high tension (HT) supply of, say, 6 kV must have a very large internal resistance. Why?

Solution

(a) Since current is given to be steady, it is constant. The current density, electric field and drift speed are inversely proportional to area of cross section.

(b) No, examples of non-ohmic elements are vacuum diode,semiconductor diode, etc.

(c) By Ohms Law, I = V/R Now, if current required is high, the voltage should be high and the resistance should be low. Hence, a low voltage supply from which one needs
high currents must have very low internal resistance.

(d) Any high tension supply must have a large internal resistance, because, if the circuit is shorted (accidentally), the current drawn will exceed safety limits. This can be

dangerous for human life and can cause fatal accidents.

#464844
Topic: Equivalent Resistance in Series-Parallel

R
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 = i<

A L
25
B 1
5
C 5
o] =
Solution

Let the length of resistance R be L
Let the resistance of each part after cutting be R,

Since resistance is proportional to the length of the resistor,

For resistors in parallel,
1 1 1 1 1 1

F R R R R R
— R =Ry/5cccuunucnnee (i4)

From (i) and (i),

R =R/25

R/R =25

#464845
Topic: Energy and Power
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Which of the following terms does not represent electrical power in a circuit?

A I’R
IR?
c VI
D V%R
Solution
P=VI ............. (4)

V=IR ............. (i)

From (i) and (ii),

P=I’R

P=V?*R

Hence, option (a) and (d )represents power too.

Option (b) does not represent power.

#464847
Topic: Energy and Power

Two conducting wires of the same material and of equal lengths and equal diameters are first connected in series and then in parallel in a circuit across the same potential

difference. The ratio of heat produced in series and parallel combinations would be :

Solution

Since the two wires have same material, length and diameter, they have the same resistance. Let the resistance of each wire be R.

Let applied potential difference be V.

Rseries = Rl + R2

=R+R=2R
Pscrics = V2/Rscrics
=V2/(2R) .......... ()
1 1 1

—_— t —
Rparullel Rl R2
Rparallel = R/2

Pparallel = V2/Rparallel
=2VZ/R ... ......... (44)

Dividing (i) from (i),
Pseries _ 1/4
Ppara,llel

#464849
Topic: Resistance and Resistivity

A copper wire has diameter 0.5mm and resistivity of 1.6 x 10~3Qm What will be the length of this wire to make its resistance 10§2? How much does the resistance change if

the diameter is doubled?

Solution
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Given, diameter, d = 0.5 mm
resistivity, p = 1.6 x 1078 Qm
Resistance, R = 10 Q

Let the length of wire be [.

A=nd?/4
R=pl/A
__
T nd?/4
Rrd?
— [ =
4p
- 10 x 3.14 x (0.5 x 10’3)2
B 4%1.6x1078
=122m
R 1/d?

If diameter is doubled, resistance is one-fourth.

Hence, new resistance = 2.5}

#464852
Topic: Ohm's Law

When a 12V 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.

Solution
Given:V =12V
I=25mA

Let the resistance be R

By Ohm's Law,
V=IR
12=25x10°R
R=48x10°Q

#464853
Topic: Ohm's Law

A battery of 9 V is connected in series with resistors of 0.2 2, 0.3 §2, 0.4 2, 0.5Qand 12 Q respectively. How much current will flow through the 12 (2 resistor?

Solution

For resistors in series,

Ryy=Ri+Ry+R3+ Ry + Rs
=02+03+04+05+12
=1340Q

By ohm's Law:

V =IR,,
9=134I
I1=067A4

When resistors are connected in series, current is same in all the resistors. Hence, current in 12 2 resistor = 0.67 A.

#464854
Topic: Equivalent Resistance in Series-Parallel

How many 176 (2 resistors (in parallel) are required to carry 5A on a 220V line?

Solution
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Given: Individual resistance, R = 176 Q2
I=5A
V=220V

Let number of resistors be n.

Then, Ry = Ry =...... =R, =R=176Q ............ (%)
For resistors in parallel,
1 1 1 1
= =t — (i)
Rey Ry Ry R,
From (i) and (i),
Reg=176/n ........... (44)

By ohm's Law,
V =1IR
220 =5Recq oo vuiiinnn (iv)

Substituting (iii) in (iv),
220 =5x176/n
n=4

Hence, four resistors are required.

#464855
Topic: Equivalent Resistance in Series-Parallel

Show how you would connect 3 resistors , each of resistance 6 ohm, so that the combination has a resistance of (i) 9 ohm (ii) 4 ohm

Solution

We are given 3 resistors each of resistance 6 ). Equivalent resistance of resistors in series is more than the individual resistance of each resistor while equivalent resistance o
resistance in parallel is less than the individual resistance of each resistor.

@i

To get an equivalent resistance of 9 (), atleast one six ohm resistor should be connected in series with the other resistors.

Since, Reg = R1 + R»

9=6+ Ry
Ry, =3Q
=— Ry <6

Connecting the remaining two resistors in parallel will yield an equivalent resistance of 3 ).

Hence, the first figure shows the configuration of resistors to get equivalent resistor of 9 Q.

(i)

To get an equivalent resistance of 9 €2, no six ohm resistor should be connected in series with the other resistors.

Let one of the branches have only one 6 () resistor.

) 1 1

Since, = — 4+ —
Ry R R

1 1 4 1

9 6 Ry

Ry =120

Connecting the remaining two resistors in series will yield an equivalent resistance of 12 Q.
Hence, the second figure shows the configuration of resistors to get equivalent resistor of 4 ).

iy 11

i §d
i
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#464866
Topic: Equivalent Resistance in Series-Parallel

Several electric bulbs designed to be used on a 220 V electric supply line, are rated 10 W. How many lamps can be connected in parallel with each other across the two wires

220V line if the maximum allowable current is 5 A?

Solution

Given, V' =220V
Power rating of each bulb, P = 10 W
Total current, [; =5 A

Let number of lamps in parallel be n.

Let individual resistance of each lamp be R.

From Joule's law of heating,
P=V?R

10 = 220%/R

R=4840 ............. (3)

Ri=Ry=....cc..c..... =R, =R .............. (42)
For resistances in parallel,

1 _ L . 1
Ry R R R,
From (ii) and (iii),
Ry=R/n .......... (v)
Substituting (i) in (iv),

Rey=4840/n............... (v)

From Ohm's Law,

V=LReq ....cc..... (vi)
Substituting (v) in (vi),

220 =5 x 4840/n

n =110

#464867
Topic: Ohm's Law

A hot plate of an electric oven connected to a 220 V line has two resistance coils A and B, each of 24 () resistance, which may be used separately in series or in parallel. What

are the currents in three cases?

Solution
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Case 1: Coils used separately.

V=IR
220 = 241
I1=9.167 A

Case 2: Coils used in series
Ry =R+ Ry
=24+24=48Q
V =IR.,
220 = 481
I=4.583 A

Case 3: Coils used in parallel

1,1

Ry R R

Ry, =120

V =1IR,,

220 = 121

I1=18.334 A
#464868

Topic: Energy and Power

Compare the power used in the 2 () resistor in each of the following circuits:

(i) a 6 V battery in series with 1 2 and 2 () resistors, and (ji) a 4V battery in parallel with 12 2 and 2 () resistors.

Solution
@i
For resistors in series,
Reyg=Ri+ Ry
Ry=1+2=3Q
From Joule's Law of heating,
P=V?/R,,

=62/3

=12W

0)

For resistors in parallel,

1 1 1
= — 4 —
Req Rl RZ
R, =12/7Q
From Joule's Law of heating,
P=V?/R,
42
T 127
=933 W

As calculated, power used in case (i) is more than power used in case (ii).

#464869
Topic: Ohm's Law

Two lamps, one rated 100 W at 220 V, and the other 60 W at 220 V, are connected in parallel to electric mains supply. What current is drawn from the line if the supply voltage

220Vv?

Solution
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From Joule's Law of heating,

P=V?*R

For first lamp,
R; = 220%/100
For second lamp,

Ry = 220%/60

When they are connected in parallel,
1 _ 1 i 1
Ry, R Ry
1 1
=t =
2207%/100 220°%/60

=> R, = 220%/160

From Ohm's Law,

V =1IR,,
2202
160
I=0734A

220 = I

#464870
Topic: Energy and Power

Which uses more energy, a 250 W TV set in 1 hr, or a 1200W toaster in 10 minutes?

Solution

E=Pt

For TV,

E; =250 x 1 =250 Whr

For toaster,
10
E5 = 1200 x w0 200 Whr

Hence, TV uses more energy.

#464875
Topic: Energy and Power

An electric heater of resistance 8 ) draws 154 from the service mains 2 hours. Calculate the rate at which heat is developed in the heater.

Solution
Rate of generating heat is equal to the power used by the heater.
By Joule's Law of heating,
P=I’R
=152 x 8
= 1800 W

Hence, rate of generation of heat is 1800W .

Total amount of heat generated, E = Pt

E=1800x2=3.6 kWh
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