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eat and Temperature 11

The length of mercury column at 30°C is [;. Suppose the
length of the mercury column, if it were at 0°C, is I,
Then,

L= [1 +%y(30°c>]. ()
By (i) and (ii),

L1+ %y (30°C)] = 75 cm(1 + a(30°C)]

[1 + a(30°C)]

l,=75cm 1
(1+3v@0°C)

or,

~75cm [l + (o - %) (30°C)]

= 7489 cm .

QUESTIONS FOR SHORT ANSWER

If two bodies are in thermal equilibrium in one frame,
will they be in thermal equilibrium in all frames ?
Does the temperature of a body depend on the frame
from which it is observed ?

. It is heard sometimes that mercury is used in defining

the temperature scale because it expands uniformly with
the temperature. If the temperature scale is not yet
defined, is it logical to say that a substance expands
uniformly with the temperature ?

. In defining the ideal gas temperature scale, it is

assumed that the pressure of the gas at constant volume
is proportional to the temperature T. How can we verify
whether this is true or not ? Are we using the kinetic
theory of gases ? Are we using the experimental result
that the pressure is proportional to temperature ?

. Can the bulb of a thermometer be made of an adiabatic

wall ?

. Why do marine animals live deep inside a lake when

the surface of the lake freezes ?

The length of a brass rod is found to be smaller on a
hot summer day than on a cold winter day as measured

10.

11.

12.

13.

. The density of water at 4°C

by the same aluminium scale. Do we conclude that brass
shrinks on heating ?

. If mercury and glass had equal coefficient of volume

expansion, could we make a mercury thermometer in a
glass tube ?

is supposed to be
1000 kg/m®. Is it same at the sea level and at a high
altitude ?

A tightly closed metal lid of a glass bottle can be opened
more easily if it is put in hot water for some time.
Explain. ,

If an automobile engine is overheated, it is cooled Ly

putting water on it. It is advised that the water should
be put slowly with engine running. Explain the reason.

Is it possible for two bodies to be in thermal equilibrium
if they are not.in contact ?

A spherical shell is heated. The volume changes
according to the equation V= V,(1+y6). Does the
volume refer to the volume enclosed by the shell or the
volume of the material making up the shell ?

OBJECTIVE 1

A system X is neither in thermal equilibrium with ¥ nor
with Z. The systems Y and Z

(a) must be in thermal equilibrium

(b) cannot be in thermal equilibrium

(c) may be in thermal equilibrium.

Which of the curves in figure (23-Q1) represents the

relation between Celsius and Fahrenheit temperatures ?

~ .
a
d™>

Figure 23-Q1

3.

Which of the following pairs may give equal numerical
values of the temperature of a body ?

(a) Fahrenheit and kelvin (b) Celsius and kelvin

(c) kelvin and platinum.

. For a constant volume gas thermometer, one should fill

the gas at

(a) low temperature and low pressure
(b) low temperature and high pressure
(c) high temperature and low pressure
(d) high temperature and high pressure.

. Consider the following statements.

{A) The coefficient of linear expansion has dimension
K—l

(B) The coefficient of volume expansion has dimension
K—l

(a) A and B are both correct.

(b) A is correct but B is wrong.
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(¢) B is correct but A is wrong.
(d) A and B are both wrong.

A metal sheet with a circular hole is heated. The hole

(a) gets larger (b) gets smaller
(c) remains of the same size (d) gets deformed.

. Two identical rectangular strips, one of copper and the

other of steel, are rivetted together to form a bimetallic
Strip (Qeapper > Cgieat)- On heating, this strip will

(a) remain straight

(b) bend with copper on convex side

(c) bend with steel on convex side

(d) get twisted.

. If the temperature of a uniform rod is slightly increased

by At, its moment of inertia I about a perpendicular

9.

10.

11.

bisector increases by

(a) zero (b) oJAt (c) 20JAt (d) 3adAt.

If the temperature of a uniform rod is slightly increased
by At, its moment of inertia I about a line parallel to
itself will increase by

(a) zero (b) alAt (c) 2adAt (d) 3adAt.

The temperature of water at the surface of a deep lake
is 2°C. The temperature expected at the bottom is

(a) 0°C (b) 2°C (c) 4°C (d) 6°C.

An aluminium sphere is dipped into water at 10°C. If
the temperature is increased, the force of buoyancy

(a) will increase (b) will decrease

(¢) will remain ccnstant

(d) may increase or decrease depending on the radius
of the sphere.

OBJECTIVE 1I

A spinning wheel is brought in contact with an identical
wheel spinning at identical speed. The wheels slow down
under the- action of friction. Which of the following
energies of the first wheel decrease ?

(a) kinetic (b) total (c) mechanical (d) internal.

. A spinning wheel A is brought in contact with another

wheel B initially at rest. Because of the friction at
contact, the second wheel also starts spinning. Which of
the following energies of the wheel B increase ?

(a) kinetic (b) total (c) mechanical (d) internal.

A body A is placed on a railway platform and an
identical body B in a moving train. Which of the
following energies of B are greater than those of A as
seen from the ground ?

(a) kinetic (b) total (c) mechanical
In which of the following pairs of temperature scales,
the size of a degree is identical ?

(d) internal.

(a) mercury scale and ideal gas scale
(b) Celsius scale and mercury scale
(c) Celsius scale and ideal gas scale
(d) ideal gas scale and absolute scale.

A solid object is placed in water contained in an
adiabatic container for some time. The temperature of
water falls during the period and there is no appreciable
change in the shape of the object. The temperature of
the solid object

(a) must have increased
(¢) may have increased
(d) may have remained constant.

(b) must have decreased

As the temperature is increased, the time period of a
pendulum

(a) increases proportionately with temperature

(b) increases (c) decreases

(d) remains constant.

EXERCISES

The steam point and the ice point of a mercury
thermometer are marked as 80° and 20°. What will be
the temperature in centigrade mercury scale when this
thermometer reads 32° 7

A constant volume thermometer registers a pressure of
1500 x 10 * Pa at the triple point of water and a pressure
of 2'050 x 10~ Pa at the normal boiling point. What is
the temperature at the normal boiling point ?

A gas thermometer measures the temperature from the
variation of pressure of a sample of gas. If the pressure
measured at the melting point of lead is 2:20 times the
pressure measured at the triple point of water, find the
melting point of lead.

The pressure measured by a constant volume gas
thermometer is 40 kPa at the triple point of water. What
will be the pressure measured at the boiling point of
water (100°C) ?

5.

The pressure of the gas in a constant volume gas
thermometer is 70 kPa at the ice point. Find the
pressure at the steam point.

The pressures of the gas in a constant volume gas
thermometer are 80 cm, 90 cm and 100 ecm of mercury
at the ice point, the steam point and in a heated wax
bath respectively. Find the temperature of the wax bath.

In a Callender’s compensated constant pressure air
thermometer, the volume of the bulb is 1800 cc. When
the bulb is kept immersec: in a vessel, 200 cc of mercury
has to be poured out. Calculate the temperature of the
vessel.

A platinum resistance thermometer reads 0° when its
resistance is 80 Q and 100° when its resistance is 90 Q.
Find the temperature at the platinum scale at which the
resistance is 86 Q.
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A resistance thermometer reads R = 2000 Q, 275 Q, and
500 Q at the ice point (0°C), the steam point (100°C)

-and the zinc point (420°C) respectively. Assuming that

the resistance varies with temperature as
Ry=R,(1+cb +p0 %, find the values of R,, o and B.
Here 6 represents the temperature on Celsius scale.

A concrete slab has a length of 10 m on a winter night
when the temperature is 0°C. Find the length of the slab
on a summer day when the temperature is 35°C. The
coefficient of linear expansion of concrete is
1:0 x 10™°/°C.

A metre scale made of steel is calibrated at 20°C to give
correct reading. Find the distance between 50 em mark
and 51 cm mark if the scale is used at 10°C. Coefficient
of linear expansion of steel is 1'1 x 10™% °C.

A railway track (made of iron) is laid in winter when
the average temperature is 18°C. The track consists of
sections of 12°0 m placed one after the other. How much
gap should be left between two such sections so that
there is no compression during summer when the
maximum temperature goes to 48°C? Coefficient of

linear expansion of iron = 11 x 10 ~%/°C.

A circular hole of diameter 2:00 cm is rhade in an
aluminium plate at 0°C. What will be the diameter at
100°C ? « for aluminium = 2'3 x 10 ~°/°C.

Two metre scales, one of steel and the other of

aluminium, agree at 20°C. Calculate the ratio
aluminium-centimetre/steel-centimetre at (a) 0°C,

() 40°C and (¢) 100°C. a for steel = 1'1 x 10 “%°C and
for aluminium = 2:3 x 10 ~3~C.

. A metre scale is made up of steel and measures correct

length at 16°C. What will be the percentage error if this
scale is used (a) on a summer day when the temperature
is 46°C and (b) on a winter day when the temperature
is 6°C? Coefficient of linear expansion of steel
=11x107°/°C.

A metre scale made of steel reads accurately at 20°C.
In a sensitive experiment, distances accurate upto
0055 mm in 1 m are required. Find the range of
temperature in which the experiment can be performed
with this metre scale. Coefficient of linear expansion of
steel = 11 x 10 "*/°C.

The density of water at 0°C is 0'998 g/em * and at 4°C is
1'000 g/cm °. Calculate the average coefficient of volume
expansion of water in the temperature range 0 to 4°C.
Find the ratio of the lengths of an iron rod and an
aluminium rod for which the difference in the lengths
is independent of temperature. Coefficients of linear
expansion of iron and aluminium are 12 x 10 ~%/°C and
23 x 10 “°/°C respectively.

A pendulum clock gives correct time at 20°C at a place
where g = 9'800 nvs °. The pendulum consists of a light
steel rod connected to a heavy ball. It is taken to a
different place where g=9788m/s”. At what
temperature will it give correct time ? Coefficient of
linear expansion of steel =12 x 10 _ﬂ/"C.

20.

21.

22,

23.

24.

26.

27.

28.

29.

An aluminium plate fixed in a horizontal position has a
hole of diameter 2:000 cm. A steel sphere of diameter
2:005 cm rests on this hole. All the lengths refer to a
temperature of 10°C. The temperature of the entire
system is slowly increased. At what temperature will the
ball fall down ? Coefficient of linear expansion of
aluminium is 23x107°°C and that of steel is
11 x 10 “°/°C.

A glass window is to be fit in an aluminium frame. The
temperature on the working day is 40°C and the glass
window measures exactly 20 cm x 30 cm. What should
be the size of the aluminium frame so that there is no
stress on the glass in winter even if the temperature
drops to 0°C ? Coefficients of linear expansion for glass
and aluminium are 90x 10 °/°C and 24 x 10 °/°C
respectively.

The volume of a glass vessel is 1000 cc at 20°C. What
volume of mercury should be poured into it at this
temperature so that the volume of the remaining space
does not change with temperature? Coefficients of
cubical expansion of mercury and glass are
1'8x10 "*/°C and 90 x 10 "°/°C respectively.

An aluminium can of cylindrical shape contains
500 cm ° of water. The area of the inner cross-section of
the can is 125 cm % All measurements refer to 10°C.
Find the rise in the water level if the temperature
increases to 80°C. The coefficient of linear expansion of
aluminium =23 x 10 '°/°C and the average coefficient of
volume expansion of water = 3'2 x 10 ~*/°C respectively.
A glass vessel measures exactly 10 cm x 10 em x 10 cm
at 0°C. It is filled completely with mercury at this
temperature. When the temperature is raised to 10°C,
1'6 cm ® of mercury overflows. Calculate the coefficient
of volume expansion of mercury. Coefficient of linear
expansion of glass = 6'5x 10 "°/°C.

. The densities of wood and benzene at 0°C are

880 kg/m°® and 900 kg/m ® respectively. The coefficients
of volume expansion are 1°2x 10 °/°C for wood' and

1'5 x 10 “*/°C for benzene. At what temperature will a
piece of wood just sink in benzene ?

A steel rod of length 1 m rests on a smooth horizontal
base. If it is heated from 0°C to 100°C, what is the
longitudinal strain developed ?

A steel rod is clamped at its two ends and rests on a
fixed horizontal base. The rod is unstrained at 20°C.
Find the longitudinal strain developed in the rod if the
temperature rises to 50°C. Coefficient of linear
expansion of steel = 1'2x 10 ~°/°C.

A steel wire of cross-sectional area 0'5mm’ is held
between two fixed supports. If the wire is just taut at
20°C, determine the tension when the temperature falls
to 0°C. Coefficient of linear expansion of steel is
12x10 °/°C  and its
20x10" N/m .

A steel rod is rigidly clamped at its two ends. The rod
is under zero tension at 20°C. If the temperature rises
to 100°C, what force will the rod exert on one of the

Young’s modulus s
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clamps. Area of cross-section of the rod =2:00 mm .
Coefficient of linear expansion of steel = 12:0x 10 °/°C
and Young's modulus of steel = 2:00 x 10 "' N/m °.

Two steel rods and an aluminium rod of equal length
{, and equal cross-section are joined rigidly at their ends
as shown in the figure below. All the rods are in a state
of zero tension at 0°C. Find the length of the system
when the temperature is raised to 6. Coefficient of linear
expansion of aluminium and steel are a, and a,
respectively. Young's modulus of aluminijum is Y, and of
steel is Y.. - —

Steel
Aluminium
Steel

Figure 23-E1
A steel ball initially at a pressure of 1'0x10°Pa is
heated from 20°C to 120°C keeping its volume constant.

32.

33.

34.

Find the pressure inside the ball. Coefficient of linear
expansion of steel = 12 x 10 "°/°C and bulk modulus of
steel =16 x 10 "' N/m °.

Show that moment of inertia of a solid body of any shape
changes with temperature as I = [, (1 + 2a6), where [, is
the moment of inertia at 0°C and a is the coefficient of
linear expansion of the solid.

A torsional pendulum consists of a solid disc connected
to a thin wire (a =24 x 10 "%/°C) at its centre. Find the
percentage change in the time period between peak
winter (5°C) and peak summer (45°C).

A circular disc made of iron is rotated about its axis at
a constant velocity w. Calculate the percentage change
in the linear speed of a particle of the rim as the disc
is slowly heated from 20°C to 50°C keeping the angular
velocity constant. Coefficient of linear expansion of iron

=12x10 "°/°C.

ANSWERS
OBJECTIVE 1 14. (a) 099977 (b) 1-00025 (c) 1:00096
© 2@ 3.() 4@ 5 () 6 (a 15. (a) 0:033% (b) - 0'011%
.® 8 () 9 () 10.(c) 11. (b) 16. 15°C to 25°C
e /]
OBJECTIVE II s -
ol 5 - 3 18. 23:12
(@), e wa . @, ®), (© 19. —82°C
. (e, @ 5. (a) 6. (b) 20. 219°C
EXERCISES 21. 20°012 cm x 30018 cm
20°C 22. 50 cc
3733 K 23. 0:089 cm
601 K 24. 18x107'/°C
55 kPa 25. 83°C
96 kPa 26. zero
200°C 27. -36x10"*
307K 28. 24 N
60° 29. 384 N
. 2000Q,38x10 7% /°C, - 56 x 10 " */°C* a, Y, + 2a. Y.
30. Lj1 s+ =<
. 100035 m Y, v 2Y
P 1.00011 cm 31. 5‘8 x 106Pa
10 dectn 33. 96x10""
. 2:0046 cm 34. 36x1077
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T,=099 T,
and hence,

p, =099 p,
=0'99 x 800 mm of mercury = 792 mm of mercury.
The ‘vapour is still saturated and hence, its pressure is
25 mm of mercury. The total pressure at the reduced
temperature 1s

p = (792 + 25) mm of mercury
= 817 mm of mercury.

Calculate the mass of 1 litre of moist air at 27°C when
the barometer reads 753'6 mm of mercury and the dew
point is 16°1°C. Saiuration vapour pressure of water at
16:1°C = 13'6 mm of mercury, density of air at STP
=0'001293 g/cc, density of saturated water vapour at
STP = 0-000808 g/cc.

Solution : We have pV-—-—r]&RT

m_Mp .
or, vV RT . Q@)
The dew point is 16:1°C and the saturation vapour
pressure is 13'6 mm of mercury at the dew point. This
means that the present vapour pressure is 13'6 mm of

mercury.

At this pressure and temperature, the density of vapour
will be

- Mp
RT

_ (18 g/mol) (13'6 x 10 " m) (13600 kg/m *) (3-8 mys *)
(83 J/mol-K) (300 K)

=131 g/m°
Thus, 1 litre of moist air at 27°C contains 00131 g of
vapour.

The pressure of dry air at 27°C is 7536 mm — 13'6 mm
=740 mm of mercury. The density of air at STP is

0001293 g/cc. The density at 27°C is given by
equation (i),
P _DP /T,
E p, /T,
or, P2 = e P
T, p,
740 x 273
~ 300 x 760 x 0001293 g/cc.

=-001457 g/cc.

Thus, 1 litre of moist air contains 1145 g of dry air. The
mass of 1 litre of moist air is 1:1457 g+ 00131 ¢
=1'159 g. ’

QUESTIONS FOR SHORT ANSWER

. When we place a gas cylinder on a van and the van

moves, does the kinetic energy of the molecules
increase ? Does the temperature increase ?

. While gas from a cooking gas cylinder is used, the

pressure does not fall appreciably till the last few
minutes. Why ?

Do you expect the gas in a cooking gas cylinder to obey
the ideal gas equation ?

Can we define the temperature of vacuum? The
temperature of a single molecule ?

Comment on the following statement. The temperature
of all the molecules in a sample of a gas is the same.
Consider a gas of neutrons. Do you expect it to behave
much better as an ideal gas as compared to hydrogen
gas at the same pressure and temperature ?

. A gas is kept in a rigid cubical container. If a load of

10 kg is put on the top of the container, does the
pressure increase ?

If it were possible for a gas in a container to reach the
temperature 0 K, its pressure would be zero. Would the

10.

11.
12.

14.

molecules not collide with the walls ? Would they not
transfer momentum to the walls ?

It is said that the assumptions of kinetic thecry are good
for gases having low densities. Suppose a container is
so evacuated that only one molecule is left in it. Which
of the assumptions of kinetic theory will not be valid for
such a situation ? Can we assign a temperature to this
gas?

A gas is kept in an enclosure. The pressure of the gas
is reduced by pumping out some gas. Will the
temperature of the gas decrease by Charles’ law ?

Explain why cooking is faster in a pressure cooker.

[f the molecules were not allowed to collide among
themselves, would you expect more evaporation or less
evaporation ?

3. Is it possible to boil water at rocin temperature, say

30°C ? If we touch a flask containing water boiling at
this temperature, will it be hot ?

When you come out of a river after a dip, you feel cold.
Explain.



http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

. The rms speed of oxygen at room temperature is about

500 my/s. The rms speed of hydrogen at the same
temperature is about
(a) 126 mys  (b) 2000 m/s

(c) 8000 mys  (d) 31 m/s.

Kinetic Theory of Gases 33
OBJECTIVE 1
Which of the following parameters is the same for 10. The pressure of a gas kept in an isothermal container
molecules of all gases at a given temperature ? is 200 kPa. If half the gas is removed from it, the
(a) mass (b) speed pressure will be
(c) momentum (d) kinetic energy. (a) 100 kPa (b) 200 kPa (c) 400 kPa  (d) 800 kPa.
A gas behaves more closely as an ideal gas at 11. The rms speed of oxygen molecules in a gas is v. If the
(a) low pressure and low temperature temerature is doubled and the oxygen molecules
(b) low pressure and high temperature dissociate into oxygen atoms, the rms speed will become
(c) high pressure and low temperature (a) v ®) v Jo (c) 2v d) 4v.
(d) high pressure and high temperature. v
: - . oF 12. The quantity LY represents
. The pressure of an ideal gas is written as p = A Here kT
(a) mass of the gas
E refers to . s (b) kinetic energy of the gas
(a) trans'latlona.l ku'1etlc energy (¢) number of moles of the gas
(b) r9tat_19nal k“f‘et‘“f energy (d) number of molecules in the gas.
E:;)) :lk;r?il:nal.klnenc SHEES 13. The process on an ideal gas, shown in figure (24-Q2), is
Sl halag o (a) isothermal (b) isobaric (c) isochoric (d) none of these.
. The energy of a given sample of an ideal gas depends
only on its
(a) volume (b) pressure (c) density (d) temperature. P
. Which of the following gases has maximum rms speed /
at a given temperature ? e
(a) hydrogen (b) nitrogen //’
(c) oxygen (d) carbon dioxide. -
7 Figl.u'e 24-Q1 shows graphs of pressure vs. density for Figure 24-Q2
an ideal gas at two temperatures T, and T, :
(@) T,>T, ®) T, =T, 14. There is some liquid in a closed bottle. The amount of
(© T.<T, (d) any of the three is possible. liquid is continuously decreasing. The vapour in the
remaining part
P T, (a) must be saturated (b) must be unsaturated
(c) may be saturated (d) there will be no vapour.
/T2 15. There is some liquid in a closed bottle. The amount of
liquid remains constant as time passes. The vapour in
- the remaining part .
Figure 24-Q1 (a) must be sgturated (b) must be.‘ unsaturated
(c) may be unsaturated (d) there will be no vapour.
The mean square speed of the molecules of a gas at S G :
Aba61 e femmperature T i’ préportidnal 'to 16. Vapour is injected at a uniform rate in a closed vessel
1 = Q which was initially evacuated. The pressure in the vessel
(a) T (®) /T T (@ T (a) increases continuously
. Suppose a container is evacuated to leave just one ©) c.lecre.ases coptinuously
g (c) first increases and then decreases
molecule of a gas in it. Let v, and v,,, represent the :
(d) first increases and then becomes constant.
average speed and the rms speed of the gas.
(a) U, > e ®) v, < U, 17. A vessel A has volume V and a vessel B has volume 2V.
(C) Ug = Uy (d) v,.s 1s undefined. Both contain some water which has a constant volume.

The pressure in.the space above water is p, for vessel
A and p, for vessel B.
(@) p. =P
(©) p,=2p,

(b) p, = 2p,
(d) p,=4p..

OBJECTIVE II

. Consider a collision between an oxygen molecule and a

hydrogen molecule in a mixture of oxygen and hydrogen
kept at room temperature. Which of the following are

possible ?
(a) The kinetic energies of both the molecules increase.
(b) The kinetic energies of both the molecules decrease.
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34 Concepts of Physics
(c) The kinetic energy of the oxygen molecule increases (a) rms speed of a molecule (b) density
and that of the hydrogen molecule decreases. (c) pressure
(d) The kinetic energy of the hydrogen molecule (d) average magnitude of momentum.
increases and that of the oxygen molecule decreases. 5. The average momentum of a molecule in a sample of an
2. Consider a mixture of oxygen and hydrogen kept at room ideal gas depends on
temperature. As compared to .a hydrogen molecule an (a) temperature (b) number of moles
oxygen molecule hits the wall (c) volume (d) none of these.
(a) with greater average speed 6. Which of the following quantities is the same for all ideal
(®) w}th smaller average s.peec.i gases at the same temperature ?
(c) with greater average kl}'letlf: erergy (a) the kinetic energy of 1 mole
(d) with smaller average kinetic energy. (b) the kinetic energy of 1 g
3. Which of the following quantities is zero on an average (¢) the numbe> of molecules in 1 mole
for the molecules of an ideal gas in equilibrium ? (d) the number of molecules in 1 g
(a) kinetic energy (b) momentum . . )
(c) density (d) speed. 7. Consider the quantity %}::I—‘ of an ideal gas where M is
4. Keeping the number of moles, volume and temperature the mass of the gas. It depends on the
the same, which of the following are the same for all (a) temperature of the gas (b) volume of the gas
ideal gases ? (c) pressure of the gas (d) nature of the gas.
EXERCISES
Use R =83 J/mol-K wherever required. equal pressures and equal temperatures. The separator
1. Calculate the volume of 1 mole of an ideal gas at STP. remains in equilibrium at the middle. It is now slid to
; ; y a position where it divides the tube in the ratio of 1:3.
2. Find the _nursnber of molecules of an ideal gas in a volume Find the raticvof, (| pressuresainythestwospartsiof the
of 1'000 cm ~ at STP.
vessel. ;
3. Find the number of molecules in 1 cm® of an ideal gas
at 0°C and at a pressure of 10 ° mm of mercury.
4. Calculate the mass of 1 cm ® of oxygen kept at STP.
5. Equal masses of air are sealed in two vessels, one of
volume V; and the other of volume 2V} If the first vessel Figure 24-E1
goglzén?ige& 4L at.ten;pt;rature 300 K a;:l t;he other lat 12. Find the rms speed of hydrogen molecules in a sample
’ uf e T P ToSS WIS ON T vesse‘z S of hydrogen gas at 300 K. Find the temperature at
6. An electric bulb of volume 250 aigly sealed during which the rms speed is double the speed calculated in
?a%ufécturing at a pressure <}f 10 " mm of mercury at the previous part.
7°C. te th i lecul i
: PRl eynumberyof gir mozsecu £ contaln'ed 13. A sample of 0°177 g of an ideal gas occupies 1000 em®at
in the bulb. Avogadroconstant=6 x 10 ™ per mol, density
a ° STP. Calculate the rms speed of the gas molecules.
of mercury = 13600 kg/m ~ and g = 10 m/s .
4 - 14. The average translational kinetic energy of air molecules
7. A gas cylinder has walls that can bear a maximum . . -19
s B is 0040eV (1eV=16x10""J). Calculate the
pressure of 1'0x10 Pa. It contains a gas at . .
: : . : temperature of the air. Boltzmann constant
80 x 10 ° Pa and 300 K. The cylinder is steadily heated. ] -2
: . k=1-38x10 "~ J/K.
Neglecting any change in the volume, calculate the . ;
temperature at which the cylinder will break. 15. Consider a sample of oxygen at 300 K. Find the average
. y . 3 time taken by a molecule to travel a distance equal to
8. 2 g of hydrogen is sealed in a vessel of volume 002 m ;
and is maintained at 300 K. Calculate the pressure in the dmrr'xeter of the earth.
the vessel. 16. Find the average magnitude of linear momentum of a
. - : o
9. The density of an ideal gas is 125 x 10 *° g/em *at STP. helium n:xolecule in a sample of he_l;}llm gas at 0°C. Mass
Calculate the molecular weight of the zas of a helium molecule = 6'64 x 10 "*" kg and Boltzmann
g ) Bas: constant = 138 x 10 " J/K.
10. The temperature and pressure at Simla are 15°0°C and
720 em of mercury and at Kalka these are 350°C and 17. The mean speed of the molecules of a hydrogen sample
76°0 cm of mercury. Find the ratio of air density at Kalka equals the mean speed of the molecules of a helium
to the air density at Siml]a. sample. Calculate the ratio of the temperature of the
11. Figure (24-E1) shows a cylindrical tube with adiabatic hydrogen sample to the temperature of the helium
walls and fitted with a diathermic separator. The SHERIS!
separator can be slid in the tube by an external 18. At what temperature the mean speed of the molecules

mechanism. An ideal gas is injected in the two sides at

of hydrogen gas equals the escape speed from the earth ?
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Find the ratio of the mean speed of hydrogen molecules
to the mean speed of nitrogen molecules in a sample
containing a mixture of the two gases.

Figure (24-E2) shows a vessel partitioned by a fixed
diathermic separator. Different ideal gases are filled in
the two parts. The rms speed of the molecules in the
left part equals the mean speed of the molecules in the
right part. Calculate the ratio of the mass of a molecule
in the left part to the mass of a molecule in the right

|

Figure 24-E2

Estimate the number of collisions per second suffered
by a molecule in a sample of hydrogen at STP. The mean
free path (average distance covered by a molecule
between successive collisions) = 1°38 x 10 % em.

Hydrogen gas is contained in a closed vessel at 1 atm
(100 kPa) and 300 K. (a) Calculate the mean speed of
the molecules. (b) Suppose the molecules strike the wall
with this speed making an average angle of 45° with it.
How many molecules strike each square metre of the
wall per second ?

. Air is pumped intc an automobile tyre's tube upto a

pressure of 200 kPa in the morning when the air
temperature is 20°C. During the day the temperature
rises to 40°C and the tube expands by 2%. Calculate the
pressure of the air in the tube at this temperature.

Oxygen is filled in a closed metal jar of volume
10 x 10 °m?® at a pressure of 15 x 10°Pa and
temperature 400 K. The jar has a small leak in it. The
atomospheric pressure is 1'0x10°Pa and the
atmospheric temperature is 300 K. Find the mass of the
gas that leaks out by the time the pressure and the
temperature inside the jar equalise with the
surrounding.

. An air bubble of radius 2'0 mm is formed at the bottom

of a 3'3 m deep river. Calculate the radius of the bubble
as it comes to the surface. Atmospheric pressure
=1'0%x 10 ° Pa and density of water = 1000 kg/m".

. Air is pumped into the tubes of a cycle rickshaw at a

pressure of 2 atm. The volume of each tube at this
pressure is 0°002 m °. One of the tubes gets punctured
and the volume of the tube reduces to 0-0005 m *. How
many moles of air have leaked out? Assume that the
temperature remains constant at 300 K and that the air
behaves as an ideal gas.

0040 g of He is kept in a closed container initially at
1000°C. The container is now heated. Neglecting the
expansion of the container, calculate the temperature at
which the internal energy is increased by 12 J.

. During an experiment, an ideal gas is found to obey an

additional law pV.2 = constant. The gas is initially at a
temperature T and volume V. Find the temperature
when it expands to a volume 2V.

29,

31

32.

33.

A vessel contains 1'60 g of oxygen and 2:80 g of nitrogen.
The temperature is maintained at 300 K and the volume
of the vessel is 0166 m°. Find the pressure of the
mixture.
A vertical cylinder of height 100 cm contains air at a
constant temperature. The top is closed by a frictionless
light piston. The atmospheric pressure is equal to 75 ecm
of mercury. Mercury is slowly -poured over the piston.
Find the maximum height of the mercury column that
can be put on'the piston.
Figure (24-E3) shows two vessels A and B with rigid
walls containing ideal gases. The pressure, temperature
and the volume are p, T,, V in the vessel A and
DPp T Vin the vessel B. The vessels are now connected
through a small tube. Show that the pressure p and the
temperature T satisty :

: p.1 [P_A A &]

T 2|T, " T.

when equilibrium is achieved.

Figure 24-E3

A container of volume 50 cc contains air (mean
molecular weight = 28:8 g) and is open to atmosphere
where the pressure is 100 ‘kPa. The container is kept in
a bath containing melting ice (0°C). (a) Find the mass
of the air-in the container when thermal equilibrium is
reached. (b) The container is now placed in another bath
containing boiling water (100°C). Find the mass of air
in the container. (¢) The container is now closed and
placed in the melting-ice bath. Find the pressure of the
air when thermal equilibrium is reached. -

A uniform tube closed at one end, contains a pallet of
mercury 10 em long. When the tube is kept vertically
with the closed end upward, the length of the air column
trapped is 20 cm. Find the length of the air column
trapped when the tube is inverted so that the closed
end goes down. Atmospheric pressure =75cm of
mercury.

34. .A glass tube, sealed at both ends, is 100 c¢cm long. It lies

35.

horizontally with the middle 10 cm containing mercury.
The two ends of the tube contain air at 27°C and at'a
pressure 76 cm of mercury. The air column on one side
is maintained at 0°C and the other side is maintained
at 127°C. Calculate the length of the air column on the
cooler side. Neglect the changes in the volume of
mercury and of the glass.

An ideal gas is trapped between a mercury column and
the closed end of a narrow vertical tube of uniform base
containing the column. The upper end of the tube is open
to the atmosphere. The atmospheric pressure equals 76
cm of mercury. The lengths of the mercury column and
the trapped air column are 20 em and 43 cm
respectively. What will be the length of the air column
when the tube is tilted slowly in a vertical plane through
an angle of 60°? Assume the temperature to remain
constant.
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36. Figure (24-E4) shows a cylindrical tube of length 30 cm

37.

39.

40.

41.

which is partitioned by a tight-fitting separator. The
separator is very weakly conducting and can freely slide
along the tube. Ideal gases are filled in the two parts of
the vessel. In the beginning, the temperatures in the
parts A and B are 400 K and 100 K respectively. The
separator slides to a momentary equilibrium position
shown in the figure. Find the final equilibrium position
of the separator, reached after a long time.

t 20°cm +—10 em-—
400 K 100 K
A B
Figure 24-E4

A vessel of volume V, contains an ideal gas at pressure
p, and temperature T. Gas is continuously pumped out
of this vessel at a constant volume-rate dV/dt=r
keeping the temperature constant. The pressure of the
gas being taken out equals the pressure inside the
vessel. Find (a) the pressure of the gas as a function of
time, (b) the time taken before half the original gas is
pumped out.

. One mole of an ideal gas undergoes a process

i

1+(V/V)*
where p, and V, are constants. Find the temperature of
the gas when V.= V.

Show that the internal energy of the air (treated as an
ideal gas) contained in a room remains constant as the
temperature changes between day and night. Assume
that the atmospheric pressure around remains constant
and the air in the room maintains this pressure by
communicating with the surrounding through the
windows ete.

p

]
Figure (24-E5) shows a cylindrical tube of radius 5 cm
and length 20 cm. It is civsed by a tight-fitting cork.
The friction coefficient between the cork and the tube is
0-20. The tube contains an ideal gas at a pressure of
1 atm and a temperature of 300 K. The tube is slowly
heated and it is found that the cork pops out when the
temperature reaches 600 K. Let dN denote the
magnitude of the normal contact force exerted by a small
length d! of the cork along the periphery (see the figure).
Assuming that the temperature of the gas is uniform at

any instant, calculate %r
I T S -
Heat
Figure 24-E5

Figure (24-E6) shows a cylindrical tube of cross-sectional
area A fitted with two frictionless pistons. The pistons
are connected to each other by a metallic wire. Initially,

42,

43.

44.

45.

the temperature of the gas is T, and its pressure is p,
which equals the atmospheric pressure. (a) What is the
tension in the wire ? (b) What will be the tension if the
temperature is increased to 2T, ?

Figure 24-E6

Figure (24-E7) shows a large closed cylindrical tank
containing water. Initially the air trapped above the
water surface has a height A, and pressure 2p, where
Do is the atmospheric pressure. There is a hole in the
wall of the tank at a depth A, below the top from which
water comes out. A long vertical tube is connected as
shown. (a) Find the height A, of the water in the long
tube above'the top initially. (b) Find the speed with
which water comes out of the hole.(c) Find the height
of the water in the long tube sbove the top when the
water stops coming out of the hole.

IMJ:'
i O \

=

Figure 24-E7

An ideal gas is kept in a long cylindrical vessel fitted
with a frictionless piston of cross-sectional area 10 cm *
and weight 1 kg (figure 24-E8). The vessel itself is kept
in a big chamber containing air at atmospheric pressure
100 kPa. The length of the gas column is-20 cm. If the
chamber is now completely evacuated by an exhaust
pump, what will be the length of the gas column?
Assume the temperature to remain constant throughout
the process.

Figure 24-E8

An ideal gas is kept in a long cylindrical vessel fitted
with a frictionless piston of cross-sectional area 10 cm’
and weight 1kg. The length of the gas column in the
vessel is 20 em. The atmospheric pressure is 100 kPa.
The vessel is now taken into a spaceship revolving round
the earth as a satellite. The air pressure in the spaceship
is maintained at 100 kPa. Find the length of the gas
column in the cylinder.

Two glass bulbs of equal volume are connected by a
narrow tube and are filled with a gas at 0°C at a
pressure of 76 cm of mercury. One of the bulbs is then
placed in melting ice and the other is placed in a water
bath maintained at 62°C. What is the new value of the
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pressure inside the bulbs ? The volume of the connecting
tube is negligible.

The weather report reads, “Temperature 20°C : Relative
humidity 100%”. What is the dew point ?

The condition of air in a closed room is described as
follows. Temperature = 25°C, relative humidity = 60%,
pressure = 104 kPa. If all the water vapour is removed
from the room without changing the temperature, what
will be the new pressure? The saturation vapour
pressure at 25°C = 32 kPa.

The temperature and the dew point in an open room are
20°C and 10°C. If the room temperature drops to 15°C,
what will be the new dew point ?

Pure water vapour is trapped in a vessel of volume
10 ecm® The relative humidity is 40%. The vapour is
compressed slowly and isothermally. Find the volume of
the vapour at which it will start condensing.

A barometer tube is 80 cm long (above the mercury
reservoir). It reads 76 cmm on a particular day. A small
amount of water is introduced in the tube and the
reading drops to 754 ¢m. Find the relative humidity in
the space above the mercury column if the saturation
vapour pressure at the room temperature is 1'0 cm.

Using figure (24.6) of the text, find the boiling point of
methyl alcohol at 1 atm (760 mm of mercury) and at
0'5 atm.

The human body has an average temperature of 98 °F.
Assume that the vapour pressure of the blood in the
veins behaves like that of pure water. Find the minimum
atmospheric pressure which is necessary to prevent the
blood from boiling. Use figure (24.6) of the text for the
vapour pressures.

A glass contains some water at room temperature
20°C. Refrigerated water is added to it slowly. When the
temperature of the glass reaches 10°C, small droplets
condense on the outer surface. Calculate the relative
humidity in the room. The boiling point of water at a
pressure of 17°5 mm of mercury is 20°C and at 89 mm
of mercury it is 10°C.

. 50 m °® of saturated vapour is cooled down from 30°C to
20°C. Find the mass of the water condensed. The
absolute humidity of saturated water wvapour is
30 g/m® at 30°C and 16 g/m ° at 20°C.

. A barometer correctly reads the atmospheric pressure
as 76 cm of mercury. Water droplets are slowly
introduced into the barometer tube by a dropper. The
height of the mercury column first decreases and then

ANSWERS

OBJECTIVE 1

(d) 2. (b) 3. (a) 4. () 5. (a) 6. (a)
(c) 8. (¢) 9. (b) 10.(a) 11.(c) 12. (d)
13. (o) 14. (b)y 15.(a) 16.(d) 17.(a)

56.

57.

58.

59.

60.

61.

62.

O

1. (), (d)
4. (¢)

37

becomes constant. If the saturation vapour pressure at
the atmospheric temperature is 0'80 cm of mercury, find
the height of the mercury column when it reaches its
minimum value. '

50 cc of oxygen is collected in an inverted gas jar over
water. The atmospheric pressure is 994 kPa and the
room temperature is 27°C. The water level in the jar is
same as the level outside. The saturation vapour
pressure at 27°C is 3'4 kPa. Calculate the number of
moles of oxygen collected in the jar.

A faulty barometer contains certain amount of air and
saturated water vapour. It reads 74'0 cm when the
atmospheric pressure is 76'0 cm of mercury and reads
72'10 cm when the atmospheric pressure is 74°0 cm of
mercury. Saturation vapour pressure at the air
temperature = 1'0 cm of mercury. Find the length of the
barometer tube above the mercury level in the reservoir.

On a winter day, the outside temperature is 0°C and
relative humidity 40%. The air from outside comes into
a room and is heated to 20°C. What is the relative
humidity in the room ? The saturation vapour pressure
at 0°C is 4'6 mm of mercury and at 20°C it is 18 mm
of mercury.

The temperature and humidity of air are 27°C and 50%
on a partiéular day. Calculate the amount of vapour that
should be added to 1 cubic metre of air to saturate it.
The saturation vapour pressure at 27°C = 3600 Pa.

The temperature and relative humidity in a room are
300 K and 20% respectively. The volume of the room is
50m’. The saturation vapour pressure at 300K is
3:3 kPa. Calculate the mass of the water vapour present
in the room.

The temperature and the relative humidity are 300 K
and 20% in a room of volume 50 m . The floor is washed
with water, 500 g of water sticking on the floor.
Assuming no communication with the surrounding, find
the relative humidity when the floor dries. The changes
in temperature and pressure may be neglected.
Saturation vapour pressure at 300 K = 3-3 kPa.

A bucket full of water is placed in a room at 15°C with
initial relative humidity 40%. The volume of the room
is 50 m®. (a) How much water will evaporate ? (b) If the
room temperature is increased by 5°C how much more
water will evaporate ? The saturation vapour pressure of
water at 15°C and 20°C are 16kPa and 24 kPa
respectively.

OBJECTICE 11

3. (b)
6. (a), (c)

7. (d)
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EXERCISES 32. (a) 0058g  (b) 0:0468 ¢ (c) 73:0 kPa :
33. 15 |
1.224x10°m* om ;
34. 36'5cm
- 19
2. 2685 x 1(31 35. 48 cm
3. 3:53x 10 36. 10 cm from the left end
4. 1'43 mg e V,In 2
37. (@) p - " b) 2—=
b (@) p=p,e () y
6.80x10 3. Po Yo, o1
7.375 K “8
A 4
8. 124 x 10 ° Pa 40. 125 x 10 ° N/m
41. (a) zero (b) p, A
9. 283 g/mol B 9 172
- 42. = - = h, -
10. 0-987 (a) 5 hg ®) [ 3 [po+ pg (h, ho)]]
11.3: ¢ © - A,
12. 1930 mys, 1200 K 1. 900
18. 1300 nys
14. 310K 44. 22 ecm
g 45. 84 cm of mercury
15. 80 hour 46. 20°C
16. 8:0 x 10~ * kg-m/s 47. 102 kPa
17.1:2 48. 10°C
18. 11800 K 49. 40cm®
19. 374 0%
51. 65°C, 48°C
20. 118 52. 50 mm of mercury
21.123x10" 4 53. 51%
22. (@) 1780 m/s () 12x 107 54.700 ¢
23. 209 kPa 55. 752 em
24.0'16 ¢ 56. 193 x 10 °
25. 2'2 mm 57. 91'1 em
26. 0-14 58. 9-5%
27. 196°C 59. 13 g
28. T2 60. 238 g
29. 2250 N/m * 61. 62%
30. 25 cm 62. (a) 361 g (b) 296 g
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QUESTIONS FOR SHORT ANSWER

. Is heat a conserved quantity ?

The calorie is defined as 1 cal = 4'186 joule. Why not as
1 cal = 4J to miake the conversions easy ?

A calorimeter is kept in a wooden box to insulate it
thermally from the surroundings. Why is it necessary ?

. In a calorimeter, the heat given by the hot object is

assumed to be equal to the heat taken by the cold object.
Does it mean that heat of the two objects taken tozether
remains constant ?

. Which of the following pairs represent units of the same

physical quantity ?
(a) kelvin and joule
(c) newton and calorie

(b) kelvin and calorie
(d) joule and calorie.

choice where the inlet is near the bottom and the outlet
is near the top ?

. When a solid melts or a liquid boils, the temperature

does not increase even when heat is supplied. Where
does the energy go ?

What is the specific heat capacity of (a) melting ice
(b) boiling water ?

. A person’s skin is more severely burnt when put in

contact with 1 g of steam at 100°C than when put in
contact with 1 g of water at 100°C. Explain.

. In Regnault’s apparatus for measuring specific heat 9. The atmospheric temperature in the cities on sea-coast

capacity of a solid, there is an inlet and an outlet in the change very little. Explain.

steam chamber. The inlet is near the top and the outlet 10. Should a thermometer bulb have large heat capacity or

is near the bottom. Why is it better than the opposite small heat capacity ?

OBJECTIVE 1

The specific heat capacity of a body depends on 5. Which of the following pairs of physical quantities may

(a) the heat given (b) the temperature raised be represented in the same unit ?

(c) the mass of the body (d) the material of the body. (a) heat and temperature (b) temperature and mole
. Water equivalent of a body is measured in (c) heat and work (d) specific heat and heat.

(a) ke (b) calorie (c) kelvin d) m°. 6. Two bodies at different temperatures are mixed in a
. When a hot liquid is mixed with a cold liquid, the calorimeter. Which of the following quantities remains

temperature of the mixture conserved ? )

(a) first decreases then becomes constant (a) sum of the temperatures of the two bodies

(b) first increases then becomes constant (b) total heat of the two bodies

(c) continuously increases : (c) total internal energy of the two bodies

(d) is undefined for some time and then becomes nearly (d) internal energy of each body.

constant. 7. The mechanical equivalent of heat

(a) has the same dimension as heat
(b) has the same dimension as work
(¢) has the same dimension as energy
(d) is dimensionless.

OBJECTIVE I

. The heat capacity of a body depends on

(b) the temperature raised
(d) the material of the body.

(a) the heat given
(c) the mass of the body

. The ratio of specific heat capacity to molar heat capacity

of a body

(a) is a universal constant

(b) depends on the mass of the body

(¢) depends on the molecular weight of the body
(d) is dimensionless.

If heat is supplied to a solid, its temperature
(a) must increase (b) may increase
(¢c) may remain constant (d) may decrease.

The temperature of a solid object is observed to be
constant during a period. In this period

(a) heat may have been supplied to the body

(b) heat may have been extracted from the body

(¢) no heat is supplied to the body
(d) no heat is extracted from the body.

The temperature of an object is observed to rise in a
period. In this period

(a) heat is certainly supplied to it

(b) heat is certainly not supplied to it

(c) heat may have been supplied to it

(d) work may have been done on it.

. Heat aqd work are equivalent. This means,

(a) when we supply heat to a body we do work on it
(b) when we do work on a body we supply heat to it
(¢) the temperature of a body can be increased by doing
work on it

(d) a body kept at rest may be set into motion along a
line by supplying heat to it.

|
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EXERCISES

. An aluminium vessel of mass 0'5 kg contains 02 kg of

water at 20°C. A block of iron of mass 02 kg at 100°C
is gently put into the water. Find the equilibrium
temperature of the mixture. Specific heat capacities of
aluminium, iron and water are 910 J/kg-K, 470 J/kg-K
and 4200 J/kg-K respectively.

. A piece of iron of mass 100 g is kept inside a furnace

for a long time and then put in a calorimeter of water
equivalent 10 g containing 240 g of water at 20°C. The
mixture attains an equilibrium temperature of 60°C.
Find the temperature of the furnace. Specific heat
capacity of iron = 470 J/kg-°C.

The temperatures of equal masses of three different
liquids A, B and C are 12°C, 19°C and 28°C respectively.
The temperature when A and B are mixed is 16°C, and
when B and C are mixed, it is 23°C. What will be the
temperature when A and C are mixed ?

. Four 2cm x 2 cm x 2 cm cubes of ice are taken out from

a refrigerator and are put in 200 ml of a drink at 10°C.
(a) Find the temperature of the drink when thermal
equilibrium is attained in it. (b) If the ice cubes do not
melt completely, find the amount melted. Assume that
no heat is lost to the outside of the drink and that the
container has negligible heat capacity. Density of ice
=900 kg/m °, density of the drink = 1000 kg/m °, specific
heat capacity of the drink = 4200 J/kg-K, latent heat of
fusion of ice = 34 x 10 ° J/kg.

Indian style of cooling drinking water is to keep it in a
pitcher having porous walls. Water comes to the outer
surface very slowly and evaporates. Most of the energy
needed for evaporation is taken from the water: itself
and the water is cooled down. Assume that a pitcher
contains 10 kg of water and 02 g of water comes out
per second. Assuming no backward heat transfer from
the atmosphere to the water, calculate the time in which
the temperature decreases by 5°C. Specific heat capacity
of water = 4200 J/kg-°C and latent heat of vaporization
of water = 227 x 10 ° J/kg.

A cube of iron (density = 8000 kg/m®, specific heat
capacity = 470 J/kg-K) is heated to a high temperature
and is placed on a large block of ice at 0°C. The cube
melts the ice below it, displaces the water and sinks. In
the final equilibrium position, its upper surface just goes
inside the ice. Calculate the initial temperature of the
cube. Neglect any loss of heat outside the ice and the
cube. The density of ice = 900 kg/m * and the latent heat
of fusion of ice = 3:36 x 10 °J/kg.

1 kg of ice at 0°C is mixed with 1 kg of steam at 100°C.
What will be the composition of the system when
thermal equilibrium is reached ? Latent heat of
of ice = 336 x 10 ” J/kg and latent heat of \apon?atlon of

water = 226 x 10 * J/kg.

Calculate the time required to heat 20 kg of water from
10°C to 35°C using an immersion heater rated 1000 W.
Assume that 80% of the power input is used to heat the
water. Specific heat capacity of water = 4200 J/kg-K.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

On a winter day the temperature of the tap water is
20°C whereas the room temperature is 5°C. Water is
stored in a tank of capacity 0'5 m * for household use. If
it were possible to use the heat liberated by the water
to lift a 10 kg mass vertically, how high can it be lifted
as the water comes to the room temperature ? Take

g=-10mys >
A bullet of mass 20 g enters into a fixed wooden block

with a speed of 40 m/s and stops in it. Find the change
in internal energy during the process.

A 50 kg man is running at a speed of 18 kayh. If all the
kinetic energy of the man can be used to increase the
temperature of water from 20°C to 30°C, how much
water can be heated with this energy ?

A brick weighing 4'0 kg is dropped into a 1'0m deep
river from a height of 2:0 m. Assuming that 80% of the
gravitational potential energy is finally converted into
thermal energy, find this thermal energy in calorie.

A van of mass 1500 kg travelling at a speed of 54 km/h
is stopped in 10s. Assuming that all the mechanical
energy lost appears as thermal energy in the brake
mechanism, find the average rate of production of
ithermal energy in cal/s.

A block of mass. 100 g slides on a rough horizontal
surface. If the speed of the block decreases from 10 m/s

to 5m/s, find the thermal energy developed in the
process.
Two blocks of masses 10 kg and 20 kg moving at speeds

of 10 m/s and 20 m/s respectively in opposite directions,
approach each other and collide. If the collision is
completely inelastic, find the thermal energy developed
in the process.

A ball is dropped on a floor from a height of 2:0 m. After
the collision it rises up to a height of 1'5 m. Assume that
40% of the mechanical energy lost goes as thermal
energy into the ball. Calculate the rise in the
temperature of the ball in the collision. Heat capacity of
the ball is 800 J/K.

A copper cube of mass 200 g slides down on a rough
inclined plane of inclination 37° at a constant speed.
Assume that any loss in mechanical energy goes into the
copper block as thermal energy. Find the increase in the
temperature of the block as it slides down through
60 cm. Specific heat capacity of copper = 420 J/kg-K.

A metal block of density 6000 kg/m ® and mass 1'2 kg is
suspended. through a spring of spring constant
200 N/m. The spring-block system is dipped in water
kept in a vessel. The water has a mass of 260 g and the
block is at a height 40 cm above the bottom of the vessel.
If the support to the spring is broken, what will be the
rise in the temperature of the water. Specific heat
capacity of the block is 250 .J/kg-K and that of water is
4200 J/kg-K. Heat capacities of the vessel and the spring
are negligible.
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OBJECTIVE 1
1. d) 2. (a) 3. (d) 4. (d) 5. (¢)
7. (d)
OBJECTIVE II
1. (), (d) 2. () 3. (), (¢)
4. (a), (®) 5. (), (@) 6. (0
EXERCISES
1. 25°C
2. 950°C
3. 20-3°C
4. (a) 0°C (b) 25 g
5. 7'7 min

Concepts of Physics

6. (c)

ANSWERS

© ® 9 o

80°C

. 665 g steam and 1:335 kg water
. 44 min

. 315 km

10.
11.
12.
13.

14.
15.

16.
17.
18.

16 J

15 ¢

23 cal
4000 cal/s

375J
3000 J

25x107%C
86 x 10 "*C
0:003°C

oSl e g B, | AR L b
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10. A sample of 100 g water is slowly heated from 27°C to

87°C. Calculate the change in the entropy of the water.
Specific heat capacity of water = 4200 J/kg-K.

Solution : The heat supplied to increase the temperature

~

of the sample from T to T+ AT is
AQ = ms AT,
where m = 100 g = 0'1 kg and C = 4200 J/kg-K.

The change in entropy during this process is
AT,
T

The total change in entropy as the temperature rises
from T, to T, is,

AQ _
AS T ms

T

2
daT
S,-S, -f ms -
n
2z,
ms In T,
Putting T,=27°C=300K and T, = 87°C = 360 K,

360

S, - S, = (01 ke) (4200 J/kg-K) In 5

=766 J/K.

11. A heat engine operates between a cold reservoir ‘at

temperature T,=300K and a hot reservoir at
temperature T,. It takes 200J of heat from the hot
reservoir and delivers 120 J of heat to the cold reservoir
in a cycle. What could be the minimum temperature of
the hot reservoir ?

Solution : The work done by the engine in a cycle is

W.=200dJ-120J =80 J.
The efficiency of the engine is

W 80J
n‘5=2OOJ 0 40.

From Carnot’'s theorem, no engine can have an efficiency
greater than that of a Carnot engine.

T, 300K
Thus, 040<1 - Ti 1 T
or, S00 K <1-040 =060
T,
, » 20K
or, T, > 500 K.

The minimum temperature of the hot reservoir may be

500 K.

QUESTIONS FOR SHORT ANSWER

. Should the internal energy of a system necessarily

increase if heat is added to it ?

. Should the internal energy of a system necessarily

increase if its temperature is increased ?

. A cylinder containing a gas is lifted from the first floor

to the second floor. What is the amount of work done
on the gas ? What is the amount of work done by the
gas ? Is the internal energy of the gas increased ? Is the
temperature of the gas increased ?

. A force I is applied on a block of mass M. The block is

displaced through a distance d in the direction of the
force. What is the work done by the force on the block ?
Does the internal energy change because of -this work ?

The outer surface of a cylinder containing a gas is
rubbed vigorously by a polishing machine. The cylinder
and its gas become warm. Is the energy transferred to
the gas heat or work ?

When we rub our hands they become warm. Have we
supplied heat to the hands ?

A closed bottle contains some liquid. The bottle is shaken
vigorously for 5 minutes. It is found that the
temperature of the liquid 1is increased. Is heat
transferred to the liquid ? Is work don~ on the liquid ?
Neglect expansion on heating.

10.

11.

12.

13.

14.

15.

. The final volume of a system is equal to the initial
volume in a certain process. Is the work done by the -

system necessarily zero ? Is it necessarily nonzero ?

. Can work be done by a system without changing its

volume ?

An ideal gas is pumped into a rigid container having
diathermic walls so that the temperature remains
constant. In a certain time interval, the pressure in the
container is doubled. Is the internal energy of the
contents of the container also doubled in the interval ?

When a tyre bursts, the air coming out is cooler than
the surrounding air. Explain.

When we heat an object, it expands. Is work done by
the object in this process ? Is heat given to the object
equal to the increase in its internal energy ?

When we stir a liquid vigorously, it becomes warm. Is
it a reversible process ?

What should be the condition for the efficiency of a
Carnot engine to be equal to 1?

When an object cools down, heat is withdrawn from it.
Does the entropy of the object decrease in this process ?
If yes, is it a violation of the second law of
thermodynamics stated in terms of increase in entropy ?

|
|
i
|
E

= ..;-.g,é‘ et

PR Nt

"

PR AR

o

Pt + L4

I
I
.|
—

Downloaded From : www.EasyEngineering.net


http://Easyengineering.net
http://Easyengineering.net

1.

6.

Downloaded From : www.EasyEngineering.net

Laws of Thermodynamics 61

OBJECTIVE 1

The first law of thermodynamics is a statement of
(a) conservation of heat

(b) conservation of work

(¢) conservation of momentum

(d) conservation of energy.

If heat is supplied to an ideal gas in an isothermal
process,

(a) the internal energy of the gas will increase

(b) the gas will do positive work

(c) the gas will do negative work

(d) the said process is not possible.

. Figure (26-Ql) shows two processes A and B on a

system. Let AQ, and AQ@, be the heat given to the system
in processes A and B respectively. Then

(a) AQ, > AQ, (b) AQ, = AQ, () AQ, < AR, (d) AQ, S AQ,.

P A

2>

B

\‘J'
Figure 26-Q1

o Befer to figure (26-Q1). Let AU, and AU, be the changes

in internal energy of the system in the processes A and
B. Then

(a) AU, > AU,
(c) AU, < AT,

(b) AU, = AU,
() AU, # AU,

. Consider the process on a system shown in figure

(26-Q2). During the process, the work done by the
system

(a) continuously increases
(b) continuously decreases
(c) first increases then decreases
{d) first decreases then increases.

Ny

Figure 26-Q2

Consider the following two statements.
(A) If heat is added to a system, its temperature must
increase.

(B) If positive work is done by a system in a thermo-
dynamic process, its volume must increase.

(a) Both A and B are correct.

(b) A is correct but B is wrong.

(c) B is correct but A is wrong.

(d) Both A and B are wrong.

. An ideal gas goes from the state i‘to the state f as shown

in figure (26-Q3). The work done by the gas during the
process .
(a) is positive (b) is negative (c) is zero
(d) cannot be obtained from this information.

.

Figure 26-Q3
. Consider two processes on a system as shown in figure
(26-Q4).
D
—
A B
—_—
T

Figure 26-Q4

The volumes in the initial states are the same in the
two processes and the volumes in the final states are
also the same. Let AW, and AW, be the work done by the
system in the processes A and B respectively.
(a) AW, > AW,. (b) AW, = AW, (c) AW, < AW,
(d) Nothing can be said about the relation between

AW, and AW,.

. A gas 1s contained in a metallic cylinder fitted with a

piston. The piston is suddenly moved in to compress the
gas and is maintained at this position. As time passes
the pressure of the ges in the cylinder

(a) increases (b) decreases

(¢) remains constant

(d) increases or decreases depending on the nature of

the gas.

OBJECTIVE 11

. The pressure p and volume V of an ideal gas both

increase in a process.

(1) Such a process is not possible.

(b) The work done by the system is positive.

(¢) The temperature of the system must increase.

(d) Heat supplied to the gas is equal to the change in
internal energy.

. In a process on a system, the initial pressure and volume

are equal to the final pressure and volume.
(a) The initial temperature must be equal to the final
temperature.
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(b) The initial internal energy must be equal to the final
internal energy.

(c) The net heat given to the system in the process must
be zero.

(d) The net work done by the system in the process must

be zero.

. A system can be taken from the initial state p,, V| to

the final state p,, V, by two different methods. Let
AQ and AW represent the heat given to the system and
the work done by the system. Which of the following
must be the same in both the methods ?

(a) AQ () AW () AQ+ AW  (d) AQ - AW.

. Refer to figure (26-Q5). Let AU, and AU, be the change

in internal energy in processes A and B respectively,
AQ be the net heat given to the system in process
A + B and AW be the net work done by the system in
the process A + B.

1A

Figure 26-Q5
(b) AU, - AU, =0.
(d) AQ + AW =0.

(a) AU, + AU, =0.
(©) AQ - AW = 0.

5. The internal energy of an ideal gas decreases by the
same amount as the work done by the system.
(a) The process must be adiabatic.
(b) The process must be isothermal.
(c) The process must be isobaric.
(d) The temperature must decrease.

EXERCISES

closed copper vessel contains
water at 15°C. When the vessel is shaken vigorously for
15 minutes, the temperature rises to 17°C. The mass of
the vessel is 100 g and that of the water is 200 g. The
specific heat capacities of copper and water are
420 J/kg-K and 4200 J/kg-K respectively. Neglect any
thermal expansion. (a) How much heat is transferred to
the liquid—vessel system ? (b) How much work has been
done on this system ? (¢) How much is the increase in
internal energy of the system ?

. Figure (26-E1) shows a paddle wheel coupled to a mass

of 12 kg through fixed frictionless pulleys. The paddle is
immersed in a liquid of heat capacity 4200 J/K kept in
an adiabatic container. Consider a time interval in which
the 12 kg block falls slowly through 70 cm. (a) How
much heat is given to the liquid ? (b) How much work
is done on the liquid ? (c) Calculate the rise in the
temperature of the liquid neglecting the heat capacity
of the container and the paddle.

Figure 26-E1

. A 100 kg block is started with a speed of 20 m/s on a

long, rough belt kept fixed in a horizontal position. The
coefficient of kinetic friction between the block and the
belt is 0'20. (a) Calculate the change in the internal
energy of the block—belt system as the block comes to a
stop on the belt. (b) Consider the situation from a frame
of reference moving at 2'0 m/s along the initial velocity
of the block. As seen from this frame, the block is gently
put on a moving belt and in due time the block starts

moving with the belt at 2:0 m/s. Calculate the increase
in the kinetic energy of the block as it stops slipping
past the belt. (c¢) Find the work done in this frame by
the external force holding the belt.

4. Calculate the change in internal energy of a gas kept in
a rigid containar when 100 J of heat is supplied to it.

5. The pressure of a gas changes linearly with volume from
10 kPa, 200 cc to 50 kPa, 50 cc. (a) Calculate the work
done by the gas. (b) If no heat is supplied or extracted
from the gas, what is the change in the internal energy
of the gas ?

6. An ideal gas is taken from an initial state i to a final
state f in such a way that the ratio of the pressure to
the absolute temperature remains constant. What will
be the work done by the gas ?

7. Figure (26-E2) shows three paths through which a gas
can be taken from the state A to the state B. Calculate
the work done by the gas in each of the three paths.

v
10 cc A C

10 kPa

30 kPa
Figure 26-E2

8. When a system is taken through the process abc shown
in figure (26-E3), 80 J of heat is absorbed by the system
and 30 J of work is done by it. If the system does 10 J

Figure 26-E3
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of work during the process ade, how much heat flows
into it during the process ?

9. 50 cal of heat should be supplied to take a system from
the state A to the state B through the path ACB as
shown in figure (26-E4). Find the quantity of heat to be
supplied to take it from A to B via ADB.

p
50 kPa r %
200 ce 400 cc Vv

Figure 26-E4

10. Calculate the heat absorbed by a system in going
through the cyclic process shown in figure (26-E5).

Vin cc
300 = =~
! 1

100 __4.‘_4"| Circie
| |
| 1
100 300

p in kPa

Figure 26-E5

11. A gas is taken through a cyclic process ABCA as shown
in figure (26-E6). If 2°4 cal of heat is given in the process,
what is the value of J?

700 cc o
500 cc AD;

200 kPa

B

100 kPa

Figure 26-E6

12. A substance is taken through the process abe as shown
in figure (26-E7). If the internal energy of the substance
increases by 5000 J and a heat of 2625 cal is given to
the system, calculate the value of J.

0.02 m?

Figure 26-E7
13. A gas is taken along the path AB as shown in figure
(26-E8). If 70 cal of heat is extracted from the gas in the

250 2 A

109 <2

500 =P

Figure 26-E8

14.

16.

17.

18.

19.

20.

process, calculate the change in the internal energy of
the system.

The internal energy of a gas is given by U=15pV. It
expands from 100 cm® to 200 cm® against a constant
pressure of 1-0 x 10 ® Pa. Calculate the heat absorbed by
the gas in the process.

A gas is enclosed in a cylindrical vessel fitted with a
frictionless piston. The gas is slowly heated for some
time. During the process, 10J of heat is supplied and
the piston is found to move out 10 cm. Find the increase
in the internal energy of the gas. The area of
cross-section of the cylinder = 4 cm * and the atmospheric
pressure = 100 kPa.

A gas is initially at a pressure of 100 kPa and its volume
is 20m°, Its pressure is kept constant and the volume
is changed from 2:0m *to 2:5m?® Its volume is now
kept constant and the pressure is increased from
100 kPa to 200 kPa. The gas is brought back to its initial
state, the pressure varying linearly with its volume. (a)
Whether the heat is supplied to or extracted from the
gas in the complete cycle? (b) How much heat was
supplied or extracted ?

Consider the cyclic process ABCA, shown in figure
(26-E9), performed on a sample of 2°0 mole of an ideal
gas. A total of 1200J of heat is withdrawn from the
sample in the process. Find the work done by the gas
during the part BC.

T C
500K - 8
300K -
&7 ol
-~
P
ol k
Figure 26-E9

Figure (26-E10) shows the variation in the internal
energy U with the volume V of 2:0 mole of an ideal gas
in a cyclic process abeda. The temperatures of the gas
at b and c are 500 K and 300 K respectively. Calculate
the heat absorbed by the gas during the process.

a > b
4+ b
i
d b e
4 '
Vo V¢ ¥

Figure 26-E10
Find the change in the internal energy of 2 kg of water
as it is heated from 0°C to 4°C. The specific heat capacity
of water is 4200 J/kg-K and its densities at 0°C and 4°C
are 9999 kg/m* 1000 ke/m *

Atmospheric pressure = 10" Pa.

and respectively.

Calculate the increase in the internal energy of 10 g of
water when it is heated from 0°C to 100°C and converted
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into steam at 100 kPa. The density of steam = 06 kg/m°. much work has been done by the gas on the left part ?
Specific heat capacity of water = 4200 J/kg-°C and the (b) Find the final pressures on the two sides. (c¢) Find
latent heat of vaporization of water =225 x 10 ° Jikg. the final equilibrium temperature. (d) How much heat
21. Figure (26-E11) shows a cylindrical tube of volume V ?a}s r’flown from the gas on the right to the gas on the
with adiabatic walls containing an ideal gas. The et
internal energy f)f this ideal gas is given by 1'5 nRT. 22. An adiabatic vessel of total volume V is divided into two
The tube is divided into two equal parts by a fixed equal parts by a conducting separator. The separator is
diathermic wall. Initially, the pressure and the fixed in this position. The part on the left contains one
temperature are p,, T, on the left and p,, T, on the right. mole of an ideal gas (U =1'5nRT) and the part on the
The system is left for sufficient time so that the- right contains two moles of the same gas. Initially, the
temperature becomes equal on the two sides. (a) How pressure on each side is p. The system is left for
Diathermic sufficient time so that a steady state is reacned. Find
7 (a) the work done by the gas in the left part during the
P Ty 2 P, To Adiabatic process, (b) the temperature on the two sides in the
beginning, (c) the final common temperature reached by
. the gases, (d) the heat given to the gas in the right part
Figure 26'?'11 and (e) the increase in the internal energy of the gas in
the left part.
ANSWERS
OBJECTIVE I 11. 4:17 J/cal
L 2 3@ 40 5() 6 () 12. 4°19 J/cal
7. (c) 8. (¢) 9. (b) 13. -241J
14. 25J
OBJECTIVE II 15.6J
16. (a) extracted (b) 25000J
1. (b), (©) 2. (a). (b) 3.(d 4. (a), (¢) 17. -4520J
5. (a), (d) 18. 2300 J
19. (33600 - 0-02) J
EXERCIS
- 20. 25%x10“J
1. (a) zero (b) 1764 J (c) 1764 J A5e) e ,
1] +p,) 2 2.+ P,y
2. (a) zero (b) 84 J (¢) 0:02°C (b) lﬁ'—‘?‘— on the left and ’—’—%
3. (a) 200J (b) 200 J (c) 400J on the right
= 0GR ) © T'\T, (p, +py)
5.(a) -45J (b) 45J A
6. zero 3 T,-T)V
) (d) PPy Cam 1) ¥ where A=p T, + p,T,
7. 030 Jin AB, 0450 J in ACB and 0-150 J in ADB 4k
8.60J 22. (a) zero (b) pV . pV
9. 55 cal @2mo)R (4 moh R
10. 314 J _pV Vv -pV
© Gmonr YT @
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QUESTIONS FOR SHORT ANSWER

. Does a gas have just two specific heat capacities or more

than two ? Is the number of specific heat capacities of a

Figure 27-Q1

derivation of C,-C, = R, find whether C, - C, will be
more than R, less than R or equal to R for a real gas.

gas countable ? 6. Can a process on an ideal gas be both adiabatic and
Can we define specific heat capacity at constant isothermal ?

temperature ? 7. Show that the slope of p—V diagram is greater for an
Can we define specific heat capacity for an adiabatic adiabatic process as compared to an isothermal process.
process ? 8. Is a slow process always isothermal ? Is a quick process
Does a solid also have two kinds of molar heat capacities always adiabatic ?

C,and C,? If yes, do we have C,>C,?C,-C,=R? 9. Can two states of an ideal gas be connected by an

i 1 1 i i ?

.\ In a real gaspthe dntetnsl renergy- deperids -on isothermal process as well as an adiabatic process
temperature and also on volume. The energy increases  10. The ratio C,/C, for a gas is 1'29. What is the degree of
when the gas expands isothermally. Looking into the freedom of the molecules of this gas ?

OBJECTIVE 1

. Work done by a sample of an ideal gas in a process A 6. Figure (27-Ql) shows a process on a gas in which
is double the work done in another process B. The pressure and volume both change. The molar heat
temperature rises through the same amount in the two capacity for this process is C.
processes. If C, and C, be the molar heat capacities for (a)C=0 ®Cc=C, (@@C>C, @C<cC,
the two processes, 7. The molar heat capacity for the process shown in figure
(a) C,=Cp () C,<Cp (27-Q2) is
©©C,>C, (d) C, and C, cannot be defined. (a) C=C, Cc=C, @C>C, @cC=o.

. For a solid with a small expansion coefficient,

(8) C,-C,=R (b) C,-C, P
(o) C, is slightly greater than C,
(d) C, is slightly less than C,.

. The value of C, - C, is 1'00 R for a gas sample in state pe K
A and is 1'08 R in state B. Let p,,p, denote the =W
pressures and T, and T, denote the temperatures of the ) '

F 27-Q2
states A and B respectively. Most likely igure 27-Q
(a) p,<psand T, > T, (b) p,>pg and T, < T, 8. In an isothermal process on an ideal gas, the pressure
(c) py=ps and T, < Ty (d) p,>ps and T, = Ts. increases by 0'5%. The volume decreases by about

. Let C, and C, denote the molar heat capacities of an (a) 0-25% (b) 0'5% () 7% (d) 1%.
ideal gas at constant volume and constant pressure 9. In an adiabatic process on a gas with y=1'4, the
respectively. Which of the following is a universal pressure is increased by 0°5%. The volume decreases by
constant ? about

C 0-36% 0-5% 0 7% d) 1%.
@) Ep_ ® C,C, ©C,-C, @ C, + C, (a) (b) b © o (d) 1%
v 10. Two samples A and B are initially kept in the same

. 70 calories of heat is required to raise the temperature state. The sample A is expanded through an adiabatic
of 2 mole of an ideal gas at constant pressure from 30°C process and the sample B through an isothermal process.
to 35°C. The amount of heat required to raise the The final volumes of the samples are the same. The final
temperature of the same gas through the same range at pressures in A and B are p, and p, respectively.
constant volume is (a) p.> pp. (®) p, = Pg- (c) p, < pg-

(a) 30 calories (b) 50 calories (d) The relation between p, and p, cannot be deduced.
(c) 70 calories (d) 90 calories.
. 11. Let T, and T, be the final temperatures of the sampies
A and B respectively in the previous question.
/ (a) T,< T, ®) T, = T, © T,>T,
(d) The relation between T, and T}, cannot be deduced.
12. Let AW, and AW, be the work done by the systems A

and B respectively in the previous question.
() AW, > AW,  (b) AW, =AW,  (c) AW, <AW,
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(d) The relation between AW, and AW, cannot be
deduced.

The molar heat capacity of oxygen gas at STP is nearly
2'5 R. As the temperature is increased, it gradually
increases and approaches 35 R. The most appropriate
reason for this behaviour is that at high temperatures

(a) oxygen does not behave as an ideal gas

(b) oxygen molecules dissociate in atoms

(c) the molecules collide more frequently

(d) molecular vibrations gradually become effective.

OBJECTIVE 1I

. A gas kept in a container of finite conductivity is

suddenly compressed. The process
(a) must be very nearly adiabatic
(b) must be very nearly isothermal
(c) may be very nearly adiabatic
(d) may be very nearly isothermal.

. Let @ and W denote the amount of heat given te an

ideal gas and the work done by it in an isothermal
process.

(a) @=0. (b) W=0. () Q=*W. d Q@=Ww.

. Let @ and W denote the amount of heat given to an

ideal gas and the work done by it in an adiabatic process.
(a) @=0. (b)W=0. () @=W. d) Q=W

. Consider the processes A and B shown in figure (27-Q3).

It is possible that
P

Figure 27-Q3

(a) both the processes are isothermal
(b) both the processes are adiabatic

(¢) A is isothermal and B is adiabatic
(d) A is adiabatic and B is isothermal.

. Three identical adiabatic containers A, B and C contain

helium, neon and oxygen respectively at equal pressure.
The gases are pushed to half their original volumes.
(a) The final temperatures in the three containers will
be the same.

(b) The final pressures in the three containers will be
the same.

(¢) The pressures of helium and neon will be the same
but that of oxygen will be different.

(d) The temperatures of helium and neon will be the
same but that of oxygen will be different.

. A rigid container of negligible heat capacity contains one

mole of an ideal gas. The temperature of the gas
increases by 1°C if 3:0 cal of heat is added to it. The
gas may be

(a) helium (b) argon (c) oxygen (d) carbon dioxide.

. Four cylinders contain equal number of moles of argon,

hydrogen, nitrogen and carbon dioxide at the same
temperature. The energy is minimum in
(a) argon (b) hydrogen (c) nitrogen (d) carbon dioxide.

EXERCISES

. A vessel containing one mole of a monatomic ideal gas

(molecular weight = 20 g/mol) is moving on a floor at a
speed of 50 m/s. The vessel is stopped suddenly.
Assuming that the mechanical energy lost has gone into
the internal energy of the gas, find the rise in its
temperature.

. 5g of a gas is contained in a rigid container and is

heated from 15°C to 25°C. Specific heat capacity of the
gas at constant volume is 0'172cal/g—°C and the
mechanical equivalent of heat is 42 J/cal. Calculate the
change in the internal energy of the gas.

. Figure (27-E1) shows a cylindrical container containing

oxygen (y = 1'4) and closed by a 50 kg frictionless piston.
The area of cross-section is 100cm .
pressure is 100 kPa and g is 10 m/s *. The cylinder is
slowly heated for some time. Find the amount of heat
supplied to the gas if the piston moves out through a
distance of 20 cm.

atmospheric

_UI

Fhafay

IR

Heat

Figure 27-E1

. The specific heat capacities of hydrogen at constant

volume and at constant pressure are 2'4 cal/g—°C and
3'4 cal/g—°C respectively. The molecular weight of
hydrogen is 2 g/mol and the gas constant R = 83 x 10 :

erg/mol-°C. Calculate the value of -J.

The ratio of the molar heat capacities of an ideal gas is
C,/C, =1/6. Calculate the change in internal energy of

1'‘0 mole of the gas when its temperature is raised by
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50 K (a) keeping the pressure constant, (b) keeping the
volume constant and (c) adiabatically.

6. A sample of air weighing 1'18 g occupies 10 x 10 ‘em*
when kept at 300 K and 1'0 x 10 ° Pa. When 20 cal of
heat is added to it at constant volume, its temperature
increases by 1°C. Calculate the amount of heat needed
to increase the temperature of air by 1°C at constant
pressure if the mechanical equivalent of heat is
42 x 10 Terg/cal. Assume that air behaves as an ideal
gas. i

7. An ideal gas expands from 100 cm ” to 200 em” at a
constant pressure of 2°0 x 10 *Pa when 50 J of heat is
supplied to it. Calculate (a) the change in internal energy
of the gas, (b) the number of moles in the gas if the
initial temperature is 300 K, (c) the molar heat capacity
C, at constant pressure and (d) the molar heat capacity
C, at constant volume.

8. An amount @ of heat is added to a monatomic ideal gas
in a process in which the gas performs a work @/2 on
its surrounding. Find the molar heat capacity for the
process.

9. An ideal gas is taken through a process in which the
pressure and the volume are changed according to the
equation p = kV. Show that the molar heat capacity of

R
the gas for the process is given by C=C, + 5

10. An ideal gas (C,/C, =) is taken through a process in
which the pressure and the volume vary as p =aV’.
Find the value of b for which the specific heat capacity
in the process is zero.

11. Two ideal gases have the same value of C,/C, = y. What
will be the value of this ratio for a mixture of the two
gases in the ratio 1:2 ?

12. A mixture contains 1mole of helium (C,=25R,
C,=15R) and 1 mole of hydrogen (C,=35R,
C, = 2'5 R). Calculate the values of C,, C, and vy for the
mixture.

13. Half mole of an ideal gas (y = 5/3) is taken through the
cycle abcda as shown in figure (27-E2). Take
R= 2—35J/mol—K (a) Find the temperature of the gas in

the states @, b, ¢ and d. (b) Find the amount of heat
supplied in the processes ab and be. (c) Find the amount
of heat liberated in the processes cd and da.

200 kPa

100 kPa o
a

—+

5650 cm? 10600 ¢m?
Figure 27-E2

14. An ideal gas (y = 1'67) is taken through the process abc
shown in figure (27-E3). The temperature at the point
a is 300 K. Calculate (a) the temperatures at b and c,
{b) the work done in the process, (c) the amount of heat

15.

16.

17.

18.

19.

20.

21.

22,

supplied in the path ab and in the path bc and (d) the
change in the internal energy of the gas in the process.

150 cm? €

100 cm? —————b——{

a b

100 kPa 200 kPa
Figure 27-E3

In Joly’s cifferential steam calorimeter, 3 g of an ideal
gas is contained in a rigid closed sphere at 20°C. The
sphere is heated by steam at 100°C and it is found that
an extra 0095 g of steam has condensed into water as
the temperature of the gas becomes constant. Calculate
the specific heat capacity of the gas in J/g-K. The latent
heat of vaporization of water = 540 cal/g.

The volume of an ideal gas (y=15) is changed
adiabatically from 4°00 litres to 3-00 litres. Find the ratio
of (a) the final pressure to.-the initial pressure and
(b) the final temperature to the initial temperature.
An ideal gas at pressure 2'5 x 10 ° Fa and temperature
300 K occupies 100 cc. It is adiabatically compressed to
half its original volume. Calculate (a) the final pressure,
(b) the final temperature and (c), the work done by the
gas in the process. Take y = 1'5.

Air (y = 1'4) is pumped at 2 atm pressure in a motor tyre
at 20°C. If the tyre suddenly bursts, what would be the
temperature of the air coming out of the tyre. Neglect
any mixing with the atmospheric air.

A gas is enclosed in a cylindrical can fitted with a piston.
The walls of the can and the piston are adiabatic. The
initial pressure, volume and temperature of the gas are
100 kPa, 400 cm ® and 300 K respectively. The ratio of
the specific heat capacities of the gas is C,/C,=1%5.
Find the pressure and the temperature of the gas if it
is (a) suddenly compressed (b) slowly compressed to
100 cm °.

The initial pressure and volume of a given mass of a
gas (C,/C, =y) are p, and V,. The gas can exchange heat
with the surrounding. (a) It is slowly compressed to a
volume V,/2 and then suddenly compressed to V,/4.
Find the final pressure. (b) If the gas is suddenly
compressed from the volume V, to V,/2 and then slowly
compressed to V, /4, what will be the final pressure ?

Consider a given sample of an ideal gas (Cp/Cy=Y)
having initial pressure p, and volume V,. (a) The gas is
isothermally taken to a pressure p,/2 and from there
adiabatically to a pressure p,/4. Find the final volume.
(b) The gas is brought back to its initial state. It is
adiabatically taken to a pressure p,/2 and from there
isothermally to a pressure p,/4. Find the final volume.

A sample of an ideal gas (y=15) is compressed
adiabatically from a volume of 150 cm *to 50 em °. The
initial pressure and the initial temperature are 150 kPa
and 300 K. Find (a) the number of moles of the gas in
the sample, (b) the molar heat capacity at constant
volume, (c) the final pressure and temperature, (d) the
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work done by the gas in the process and (e) the change
in internal energy of the gas.

. Three samples A, B and C of the same gas (y = 1'5) have

equal volumes and temperatures. The volume of each
sample is doubled, the process being isothermal for A,
adiabatic for B and isobaric for C. If the final pressures
are equal for the three samples, find the ratio of the
initial pressures.

Two samples A and B of the same gas have equal
volumes and pressures. The gas in sample A is expanded
isothermally to double its volume and the gas in B is
expanded adiabatically to double its volume. If the work
done by the gas is the same for the two cases, show that

y satisfies the equation 1 -2 "'V =(y-1)In2.

5. 1litre of an ideal gas (y=15) at 300 K is suddenly

compressed to half its original volume. (a) Find the ratio
of the final pressure to the initial pressure. (b) If the
original pressure is 100 kPa, find the work done by the
gas in the process. (c) What is the change in internal
energy ? (d) What is the final temperature ? (e) The gas
is now cooled to 300 K keeping its pressure constant.
Calculate the work done during the process. (f) The gas
is now expanded isothermally to achieve its original
volume of 1 litre. Calculate the work done by the gas.
(g) Calculate the total work done in the cycle.

Figure (27-E4) shows a cylindrical tube with adiabatic
walls and fitted with an adiabatic separator. The
separator can be slid into the tube by an external
mechanism. An ideal gas (y = 1'5) is injected in the two
sides at equal pressures and temperatures. The
separator remains in equilibrium at the middle. It is
now slid to a position where it divides the tube in the
ratio 1 : 3. Find the ratio of the temperatures in the two

parts of the vessel.

Figure 27-E4

Figure (27-E5) shows two rigid vessels A and B, each of
volume 200 c¢cm® containing an ideal gas (C, =125
J/mol-K). The vessels are connected to a manometer tube
containing mercury. The pressure in both the vessels is
75 cm of mercury and the temperature is 300 K. (a) Find
the number of moles of the gas in each vessel. (b) 5:0J
of heat is supplied to the gas in the vessel 4 and 10J to
the gas in the vessel B. Assuming no appreciable transfer
of heat from A to B calculate the difference in the heights
of mercury in the two sides of the manometer. Gas
constant R = 83 J/mol-K.

Figure 27-E5

28.

29.

30.

31.

Figure (27-E6) shows two vessels with adiabatic walls,
one containing 0'1 g of helium (y = 1'67, Af = 4 g/mol) and
the other containing some amount of hydrogen (y = 14,
M = 2 g/mol). Initially, the temperatures of the two
gases are equal. The gases are electrically heated for
some time during which equal amounts of heat are given
to the two gases. It is found that the temperatures rise
through the same amount in the two vessels. Calculate
the mass of hydrogen.

1
I

He H,

Figure 27-E6

Two vessels A and B of equal volume V, are connected
by a narrow tube which can be closed by a valve. The
vessels are fitted with pistons which can be moved to
change the volumes. Initially, the valve is open and the
vessels contain an ideal gas (C,/C, =y) at atmospheric
pressure p, and atmospheric temperature T, . The walls
of the vessel A are diathermic and those of B are
adiabatic. The valve is now closed and the pistens are
slowly pulled out to increase the volumes of the vessels
to double the original value. (a) Find the temperatures
and pressures in the two vessels. (b) The valve is now
opened for sufficient time so that the gases acquire a
common temperature and pressure. Find the new values
of the temperature and the pressure.

Figure (27-E7) shows an adiabatic cylindrical tube of
volume V, divided in two parts by a frictionless adiabatic
separator. Initially, the separator is kept in the middle,
an ideal gas at pressure p, and temperature T, is
injected into the left part and another ideal gas at
pressure p, and temperature T, is injected into the right
part. C,/C, =y is the same for both the gases. The
separator is slid slowly and is released at a position
where it can stay in equilibrium. Find (a) the volumes
of the two parts, (b) the heat given to the gas in the left
part and (c) the final common pressure of the gases.

P, I p.T,

Figure 27-E7

An adiabatic cylindrical tube of cross-sectional area

lem? is closed at one end and fitted with a piston at
the other end. The tube contains 0°03 g of an ideal gas.
At 1 atm pressure and at the temperature of the
surrounding, the length of the gas column is 40 em. The
piston is suddenly pulled out to double the length of the
column. The pressure of the gas falls to 0-355 atm. Find
the of sound in the gas at atmospheric

speed
temperature.
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The speed of sound in hydrogen at 0°C is 1280 my/s. The
density of hydrogen at STP is 0089 kg/m °. Calculate the
molar heat capacities C, and C, of hydrogen.

4'0 g of helium occupies 22400 cm ° at STP. The specific
heat capacity of helium at constant pressure is
50 caymol-K. Calculate the speed of sound in helium
at STP.

An ideal gas having density 1'7x10 °g/em® at a
pressure 1'5 x 10 ° Pa is filled in a Kundt’s tube. When

35.

ANSWERS
OBJECTIVE I 16.
© 2@ 3@ 4@ 5@ 6@ 17
@ 80 9@ 10.( 11.() 12 (o) -
(d) .
10.
OBJECTIVE II g0
21
L@, @ 2. (d) 3. (a, (d)
. (© 5. (¢), (d) 6. (a), (b) 22
. (a)
23.
EXERCISES 25.
. 20K
. 36J
. 1050 J 26.
. 415 x 107 erg/cal 27.
2490 J in all cases
28.
. 2:08 cal
(a) 30J (b) 0-008 -
(¢) 20-8 J/mol-K (@) 125 J/mol-K
. 3R
5 30.
;
3R 2R, 15 31.
(a) 120K, 240 K, 480 K, 240 K
(b) 1250J. 1500 (c) 2500 J, 750 J o
(a) 600 K, 900 K ®) 10J 33.
(©) 149, 249 (d) 298 J 34.
. 090 J/g-K 35.

y+1 .
. 29" ™V in each case

the gas is resonated at a frequency of 3'0 kHz, nodes are
formed at a separation of 6'0 cm. Calculate the molar
heat capacities C,, and C, of the gas.

Standing waves of frequency 5'0 kHz are produced in a
tube filled with oxygen at 300 K. The separation
between the consecutive nodes is 3-3 em. Calculate the
specific heat capacities C, and C, of the gas.

@ 154  (b) 1'15

E3

. (@ 71%x10°Pa (b) 424K () -21J e
240 K ]
800 kPa, 600 K in‘both cases 4

. 2Y"! p, in boih cases b
g

. (a) 0:009 () 2 R = 16'6 J/mol-K
(c) 780kPa, 520K (d) -33J (e) 33J {
2:2/2:1 3
(a) 2/2 (b) —82J
(c) 82J (d) 424 K
(e) -414J () 103J ;-
(g) -234J ;3
V31 -

£

(a) 0:008 (b) 125 cm %
S

003¢g 4
&

(a) T, % in vessel A and ’.1'0/21_1, pl,/27 in vessel B
®) Ty, po/2

e

ny vy :
(a) &A_O 1 pZ_A_ﬂ (b) zero ’
(©)(A/2)" where A=p,' "+ D3l f
447 m/s %
18:0 J/mol-K, 26-3 J/mol-K ' ¥
960 m/s

26 J/mol-K, 17-7 J/mol-K
290 J/mol-K, 20-7 J/mol-K

i
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Solution : Suppose, the temperature of the water in the
smaller vessel is 6 at time {. In the next time interval
dt, a heat AQ is transferred to it where

sQ- %4
Ls
This heat increases the temperature of the water of mass

m to 6 + d6 where
AQ = ms db.

(8, - 0) dt. )

... (i)
From (i) and (ii),

kTA(eo—e)dz = ms do
Lms d6
= =Y B-o
T 8y
Lms ~ d6
or, -rdt-KA,B,.—G
b

where T is the time required for the temperature of the
water to become 6,.

Lms in eo = el X
KA Te,-6,

Thus, =

13. One mole of an ideal monatomic gas is kept in a rigid
vessel. The vessel is kept inside a steam chamber whose
tempeature is 97°C. Initially, the temperature of the gas
is 5°0°C. The walls of the vessel have an inner surface of
area 800 cm * and thickness 1'0 cm. If the temperature of
the gas increases to 9°0°C in 5'0 seconds, find the thermal
conductivity of the material of the walls.

Solution : The initial temperature difference is
97°C -56°C =92°C and at 50s the temperature
difference becomes 97°C - 9°C = 88°C. As the change in
the temperature difference is small, we work with the
average temperature difference

92°C + 88°C
2
The rise in the temperature of the gas is
9:0°C - 50°C =4°C =4 K.
The heat supplied to the gas in 50s is
AQ@ =nC,AT

=90°C =90 K.

8 an_9d
SHECLE= [2 e mol-K

]x(u{)

=498J.
If the thermal conductivity is K,
K(800x10 ‘m*x(90K) 50

498J = —
10x10 “m
498 J s o
or, K= 3600 m-s-K 0014 J/m-s-K.

14. A monatomic ideal gas is contained in a rigid container
of volume V with walls of total inner surface area A,
thickness x and thermal conductivity K. The gas is at an

Solution

Solution :

. Consider a cubical vessel of edge a having a small hole

initial temperature T, and pressure p,. Find the pressure
of the gas as a function of time if the temperature of the
surrounding air is T,. All temperatures are in absolute

o

scale.
: As the volume of the gas is constant, a heat
AQ given to the gas increases its temperature by

AT = AQ/C,. Also, for a monatomic gas, C, = g R. If the

temperature of the gas at time ¢ is T, the heat current
into the gas is

AQ KAT-T)
At x
AT 2KA
o a3z D
T 13
or r_dT' 2KA dt
' JT,-T"]3xR
0
oF InT:_To_ZKA‘
’ T,-T 8=xR°
2 KA
or, T,-T=(T,-Ty)e ur'
2KA
or, T=T,-(T,-Ty)e =",
As the volume remains constant,
P _Po
T T,
_Po
or, p= T, T
B

2K,
TD[T,—(T,—Tu)e Tk ]

in one of its walls. The total thermal resistance of the ,!
walls is r. At time t=0, it contains air at atmospheric
pressure p, and temperature T,. The temperature of the
surrounding air is Ty (> T,). Find the amount of the gas
(in moles) in the vessel at time t. Take C, of air to be
5 R/2.

As the gas can leak out of the hole, the pressure
inside the vessel will be equal to the atmospheric
pressure pa. Let n be the amount of the gas (moles) in
the vessel at time f. Suppose an amount AQ of heat is

given to the gas in time dt. Its temperature increases
by dT where

AQ = nC,dT.
If the temperature of the gas is T at time ¢, we have
4Q T-T §
dt r %
or, (CorndT =(T, - Tdt. o (1)
We have, p.a Y- nRT
or, ndT+Tdn=0
or, ndT =- Tdn. .. {iD)
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i P’
s0; St ... (i)
Using (ii) and (iii) in (i),
2Corpa’ (g Pagl)
nR 4 “ nR
dn dt
or, Ty = 3
nR{T, _pa ] C,rp.a
* nR
n i
dn dt
or, = 7
{nRTa—paaa -[Cprp,,aI
P’ . g .
where n, = RT. S the initial amount of the gas in the
0

vessel. Thus,

1 nnRTa-paaa _ t
RT, " n,RT,-pa’ C,rpa’
S
or, nRT, - p,a’ =757, - pa’)e %Pac®.
Writing Ny = £ : and C,=-C,+R~= I8 '
RT, 4 2

pa’l T, 2Ta
n= IgT,_. ll‘r[ﬁ-l]e ’fﬂa°“:|.

16 A blackbody of surface area 1cem® is placed inside an
enclosure. The enclosure has a constant temperature
27°C and the blackbody is maintained at 327°C by
heating it electrically. What electric power is needed to

maintain the temperature? ¢ = 6:0 x 10 ° W/m K
Solution : The area of the blackbody is A =10 ‘m?, its
temperature is T) = 327°C = 600 K and the temperature
of the enclosure is T, = 27°C = 300 K. The blackbody
emits radiation at the rate of AaT,. The radiation falls
on it (and gets absorbed) at the rate of AOT;. The net
rate of loss of energy is Ao(T; - T,). The heater must
supply this much of power. Thus, the power needed is
Ao(T, - T,)
=(10 *m®(6:0x10 *W/m *-K ‘) [(500 K) * - (300 K) ‘]
=073 W.

17. An electric heater emits 1000 W of thermal radiation. The
coil has a surface area of 0020 m”. Assuming that the
cotl radiates like a blackbody, find its temperature.
0 =600x10 " Wm*-K*

Let the temperature of the coil be T. The coil

will emit radiation at a rate AocT . Thus,

1000 W = (0020 m ) x (6:0x 10 *W/m*-K "y x T*

T 1000 K*

Solution :

ar, = 3
0020 x 600 x 10
=833x10" K"
or, T=-955K.

18. The earth receives solar radiation at a rate of
82 J/em *_minute. Assuming that the sun radiates like
a blackbody, calculate the surface temperature of the sun.
The angle subtended by the sun on the earth is 0'563° and

the Stefan constant o = 567 x 10 “* W/m %K *.

Solution :

\
\
= /

su

Figure 28-W11

Let the diameter of the sun be D and its distance from
the earth be R. From the question,

D _ o53x_"
r" %3155
-925x 10 "%, )
The radiation emitted by the surface of the sun per unit

time is

2
4r [-12—)] oT*=nD%T"
At distance R, this radiation falls on an area 4nR* in
unit time. The radiation received at the earth's surface
per unit time per unit area is, therefose,

D %oT oT‘[D]"’

4nR* 4 |R

2
oT* (D . 'y
Thus, T[RJ = 82 J/em ‘~minute
or, Lx[567x107" )T x(925x10%?
4 m -K
82 W
10 “x60m?*
or, T =5794 K ~ 5800 K.

19. The temperature of a body falls from 40°C to 36°C in
5 minutes when placed in a surrounding of constant
temperature 16°C. Find the time taken for the
temperature of the body to become 32°C.

Solution : As the temperature differences are small, we

can use Newton’s law of cooling.

do
e -8,)
do .
or, e_en——kdt o (D)

where k is a constant, 8 is the temperature of the body
at time t and 6,=16°C is the temperature of the
surrounding. We have,
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X de 3
J:m 6-0, = - k(5 min)
36°C - 16°C !
or, In 20°C - 16°C - k(5 min)
In(5/6)
or, k= -
5 min

If ¢ be the time required for the temperature to fall from
36°C to 32°C then by (i),

7 de
Pz = -kt
| 32°C - 16°C . In(5/6)t
o "36°C-16°C 5 min
In (4/5) .
or, t 1n (5/6) /6) x 5 min
= 6'1 min.

Alternative method

The mean temperature of the body as it cools from

40°C to 36°C is w = 38°C. The rate of decrease

of temperature is M = (0'80°C/min.
5 min
Newton’s law of cooling is
de
=~ k(® - 8)
or, - 0'8°C/min = - k( 38°C - 16°C ) = - ( 22°C)
08 PG el
or, k o5 min .

Let the time taken for the temperature to become

32°C be t.
During this period,

a8 __36°C-32°C __4°C
dt t t
The mean temperature is E(_S“C;ig = 34°C.
Now,
de
dr k(8 - 6,)
oR % & = % x (34°C - 16°C Ymin
or t= 2224, min = 6'1 min.
’ 08x18

a

Concepts of Physics

20. A hot body placed in air is cooled down according to
Newton’s law of cooling, the rate of decrease of
temperature being k times the temperature difference
from the surrounding. Starting from t =0, find the time
in which the body will lose half the maximum heat it
can lose.

Solution : We have,

de

dt

where 6, is the temperature of the surrounding and 8 is
the temperature of the body at time t. Suppose 6 =6,

k(O - 8,)

at t =0,
Then,
de ;
: =-k(dt
30-8 {
6 -6,

or, In 8, -6, = - kt
or, 8-6,=(6,-6)e . @)

The body continues to lose heat till its temperature
becomes equal to that of the surrounding. The loss of
heat in this entire period is

AQ,, = ms(6, - 6,).
This is the maximum heat the body can lose. If the body -

loses half this heat, the decrease in its temperature will
be,

AQm 4 6, - 0, 3
2 ms 2
If the body loses this heat in time ¢, the temperature
at t, will be
6,-6, 6,+86,
By TTE BT
Putting these values of time and temperature in (i),
B B 6, b, a8 ™
2 0 t 1 n)
by 1
or, e 2
of b = In2
’ 1 k

QUESTIONS FOR SHORT ANSWER

1. The heat current is written as %_. Why don’t we write

49,
dt

2. Does a body at 20°C radiate in a room, where the room
temperature is 30°C ? If yes, why does its temperature
not fall further ?

Downloaded From : www.EasyEngineering.net A
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®) 1:2
(d) 1:16.

(a) 1:1'15
(c) 1:4

. One end of a metal rod is kept in a furnace. In steady

state, the temperature of the rod
(a) increases (b) decreases
(c) remains constant (d) is nonuniform.

97

Why does blowing over a spoonful of hot tea cools it ? 7. An ordinary electric fan does not cool the air, still it
Does evaporation play a role? Does radiation play a gives comfort in summer. Explain.
le ?

§o ¢ 8. The temperature of the atmosphere at a high altitude
On a hot summer day we want to cool our room by is around 500°C. Yet an animal there would freeze to
opening the refrigerator door and closing all the windows death and not boil. Explain.
and doors. Will the process work ?
On a cold winter night you are asked to sit on a chair. 9. Standing in thf{ sun is more pleasant on a cold winter
Would you like to choose a metal chair or a wooden day than standing in shade. Is the temperature of air
chair ? Both are kept in the same lawn and are at the in the sun considerably higher than that of the air in
same temperature. shade ?

elwiten ticalmetabbellswote {it o OPASEI R T, 10. Cloudy nights are warmer than the nights with clean
at T, =600 K are kept at a distance of 1 m in vacuum. sky. Explain.
Will the temperatures equalise by radiation ? Will the
rate of heat gained by the colder sphere be proportional 11. Why is a white dress more comfortable than a dark dress
to T - T as may be expected from the Stefan’s law ? in summer ?

OBJECTIVE 1

The thermal conductivity of a rod depends on 7. Newton’s law of cooling is a special case of
(a) length (b) mass (a) Wien's displacement law (b) Kirchoff's law
(c) area of cross-section (d) material of the rod. (c) Stefan's law (d) Planck’s law.
In a room containing air, heat can go from one place to 8. A hot liquid is kept in a big room. Its temperature is
another plotted as a function of time. Which of the following
(a) by conduction only (b) by convection only curves may represent the plot ?
(c) by radiation only (d) by all the three modes.

. A solid at temperature T, is kept in an evacuated i
chamber at temperature T, > T|. The rate of increase of =
temperature of the body is proportional to NS
@ T,- T, ®). Bi=T; I
© T7-TF @ T!- T 0 :

. The thermal radiation emitted by a body is proportional Figure 28-Q1
to T." where T is its absolute temperature. The value of 9. A hot liquid is kept in a big room. The logarithm of the
?)is e’l‘)‘]“:t::’b‘ldf“ DR s numerical value of the temperature difference between
a) a blackbody all bodies ‘quid th is olott. inst ti
(c) bodies painted black only (d) polished bodies only. th.(lel l:)qul et el room iglOtiediigainst ime e inlag
Two bodies A and B haviug equal surface areas are Rt vef'y nez'ary .
maintained at temperatures 10°C and 20°C. The thermal (a) a straight line &) a circular arc
radiation emitted in a given time by A and B are in the (c) a parabola (d) an ellipse.
£2HIo 10. A body cools down from 65°C to 60°C in 5 minutes. It

will cool down from 60°C to 55°C in
(a) 5 minutes (b) less than 5 minutes
(c) more than 5 minutes

(d) less than or more than 5 minutes depending on

whether its mass is more than or less than 1 kg.

OBJECTIVE 11

. One end of a metal rod is dipped in boiling water and

the other is dipped in melting ice.

(a) All parts of the rod are in thermal equilibrium with
each other.

(b) We can assign a temperature to the rod.

(c) We can assign a temperature to the rod after steady

state is reached.
(d) The state of the rod does not change after steady
state is reached.

A blackbody does not
(a) emit radiation
(¢) reflect radiation

(b) absorb radiation
(d) refract radiation.
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Concepts of Physics

. In summer, a mild wind is often found on the shore of

a calm river. This is caused due to

(a) difference in thermal conductivity of water and soil
(b) convection currents

(c) conduction between air and the soil

(d) radiation from the soil.

. A piece of charcoal and a piece of shining steel of the

same area are kept for a long time in an open lawn in

bright sun.
(a) The steel will absorb more heat than the charcoal.

the slab per minute.

. A liquid-nitrogen container is made of a 1cm thick

thermocoal sheet having thermal conductivity
0'025 J/m—-s-°C. Liquid nitrogen at 80 K is kept in it. A
total area of 0080 m’ is in contact with the liquid
nitrogen. The stmospheric temperature is 300 K.
Calculate the rate of heat flow from the atmosphere to
the liquid nizrogen.

. The normsa! body-temperature of a person is 97°F.

Calculate the rate at which heat is flowing out of his
body through the clothes assuming the following values.
Room temperature = 47°F, surface of the body under
clothes = 16 = %, conductivity of the cloth
= 0°04 J/m—s-°C. :hickness of the cloth = 0’5 cm.

. Water is boilzd in a container having a bottom of surface

area 25 cm °. chickness 10 mm and thermal conductivity
50 W/m-°C. 100 g of water is converted into steam per
minute in :ze steady state after the boiling starts.
Assuming that no hesat is lost to the atmosphere,
calculate ths temperature of the lower surface of the
bottom. Lsisn: heat of vaporization of water
= 226~ 10 "Ik

L md (& =46 J'm-s-°C) of length 1'0 m
is kep: in ic " and the other end is kept in boiling
water at 10.°C. The srea of cross-section of the rod is
0'04 ¢m °. Assuming no heat loss to the atmosphere, find
the masss of she ire melll

fusion of ice = 3T+ 1

dipped ‘nte =’

10.

. A steel frame (K = 45 W/m-°C) of total length 60 cm and

. Water at 50°C is filled in a closed cylindrical vessel of

is doubled,

(a) the maximum intensity of radiation will be near the
frequency 2v,

(b) the maximum intensity of radiation will be near the
frequency v,/2 )

(c) the total energy emitted will increase by a factor
of 16 '

(d) the total energy emitted will increase by a factor

of 8.

(b) The temperature of the steel will be higher than that 6. A solid sphere and a hollow sphere of the same material
of the charcoal. and of equal radii are heated to the same temperature.
(¢) If both are picked up by bare hands, the steel will (a) Both will emit equal amount of radiation per unit
be felt hotter than the charcoal. time in the biginning.
(d) If the two are picked up from the lawn and kept in (b) Both will absorb equal amount of radiation from the
a cold chamber, the charcoal will lose heat at a faster surrounding in the biginning.
rate than the steel. (c) The initial rate of cooling (dT/dt) will be the same
. A heated body emits radiation which has maximum for the two spheres.
intensity near the frequency v,. The emissivity of the (d) The two spheres will have equal temperatures at any
material is 0-5. If the absolute temperature of the body instant.
EXERCISES
. A uniform slab of dimension 10ecm x 10 cm x 1 cm is has walls of surface area 2400 cm ’, thickness 20 mm
kept between two heat reservoirs at temperatures and thermal conductivity 0:06 W/m—-°C. Calculate the
10°C and 90°C. The larger surface areas touch .the rate at which the ice melts in the box. Latent heat of
reservoirs. The thermal conductivity of the material is fusion of ice = 3'4 x 10 * J/kg. )
0'80 W/n=C. Find the.amotint olhealilokin thteugh 7. A pitcher with 1 mm thick porous walls contains 10 kg

of water. Water comes to its outer surface and
evaporates at the rate of 0’1 g/s. The surface area of the
pitcher (one side) =200 cm® The room temperature
= 42°C, latent heat of vaporization = 2:27 x 10 ° J/kg, and
the thermal conductivity of the porous walls = 0-80
J/m-s—°C. Calculate the temperature of water in the
pitcher when it attains a constant value. P

cross-sectional area 0-20 cm ’, forms three sides of a
square. The free ends are maintained at’ 20°C and
40°C. Find the rate of heat flow through a cross-section
of the frame.

height 10 cm and cross-sectional area 10 cm . The walls
of the vessel are adiabatic but the flat parts are made
of 1 mm thick aluminium (K = 200 J/m-s-°C). Assume =
that the outside temperature is 20°C. The density of
water is 1000 kg/m . and the specific heat capacity of
water = 4200 J/kg-°C. Estimate the time taken for the
temperature to fall by 1:0°C. Make any simplifying
assumptions you need but specify them.

The left end of a copper rod (length = 20 cm, area of

cross-section = 0°20 cm”) is maintained at 20°C and the

right end is maintained at 80°C. Neglecting any loss of

heat through radiation, find (a) the temperature at a

point 11 em from the left end and (b) the heat current’
through the rod. Thermal conductivity of copper -
= 385 W/m-°C.
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The ends of a metre stick are maintained at 100°C and
0°C. One end of a rod is maintained at 25°C. Where
should its other end be touched on the metre stick so
that there is no heat current in the rod in steady state ?

A cubical box of volume 216 ¢cm ® is made up of 0'1 em
thick wood. The inside is heated electrically by a 100 W
heater. It is found that the temperature difference
between the inside and the outside surface is 5°C in
steady state. Assuming that the entire electrical energy
spent appears as heat, find the thermal conductivity of
the material of the box.

Figure (28-El1) shows water in a container having
2'0 mm thick walls made of a material of thermal
conductivity 0°'50 W/m—°C. The container is kept in a
melting-ice bath at 0°C. The total surface area in contact
with water is 0°05m % A wheel is clamped inside the
water and is coupled to a block of mass M as shown in
the figure. As the block goes down, the wheel rotates. It
is found that after some time a steady state is reached
in which the block goes down with a constant speed of
10 em/s and the temperature of the water remains
constant at 1'0°C. Find the mass M of the block. Assume
that the heat flows out of the water only through the

walls in contact. Take g = 10 m/s &

Figure 28-E1

On a winter day when the atmospheric temperature
drops to -10°C, ice forms on the surface of a lake.
(a) Calculate the rate of increase of thickness of the ice
when 10 ecm of ice is already formed. (b) Calculate the
total time taken in forming 10 cm of ice. Assume that
the temperature of the entire water reaches 0°C before
the ice starts forming. Density of water = 1000 kg/m °,
latent heat of fusion of ice = 3:36 x 10 ;J/kg and thermal
conductivity of ice = 1'7 W/m—C. Neglect the expansion
of water on freezing.

5. Consider the situation of the previous problem. Assume

that the temperature of the water at the bottom of the
lake remains constant at 4°C as the ice forms on the
surface (the heat required to maintain the temperature
of the bottom layer may come from the bed of the lake).
The depth of the lake is 1'0 m. Show that the thickness
of the ice formed attains a steady state maximum value.
Find this value. The thermal conductivity of water
= 050 W/m-°C. Take other relevant data from the
previous problem.

Three rods of lengths 20cm each and area of
cross-section 1 cm ~ are joined to form a triangle ABC.
The conductivities of the rods are K, =50J/m-s-°C,

Ky =200 J/m-s-°C  and  K,.=400J/m-s-°C. The
junctions A, B and C are maintained at 40°C, 80°C and

17.

18.
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20.
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80°C respectively. Find the rate of heat flowing through
the rods AB, AC and BC.

A semicircular rod is joined at its end to a straight rod
of the same material and the same cross-sectional area.
The straight rod forms a diameter of the other rod. The
junctions are maintained at different temperatures. Find
the ratio of the heat transferred through a cross-section
of the semicircular rod to the heat transferred through
a cross-section of the straight rod in a given time.

A metal rod of cross-sectional area 1'0cm?’ is being
heated at one end. At one time, the temperature
gradient is 5:0°C/em at cross-section A and is 2-5°C/cm
at cross-section B. Calculate the rate at which the
temperature is increasing in the part AB of the rod. The
heat capacity of the part AB=0'40J/C, thermal
conductivity of the material of the rod =200 W/m-°C.
Neglect any loss of heat to the atmosphere.

Steam at 120°C is continuously passed through a 50 cm
long rubber tube of inner and outer radii 1'C cm and
1'2 cm. The room temperature is 30°C. Calculate the
rate of heat flow through the walls of the tube. Thermal
conductivity of rubber = 0'15 J/m-s—°C.

A hole of radius r, is made centrally in a uniform circular
disc of thickness d and radius r,. The inner surface (a
cylinder of length d and radius r)) is maintained at a
temperature 6, and the outer surface (a cylinder of
length d and radius r,) is maintained at a temperature
8,(6, > 8,). The thermal conductivity of the material of
the disc is K. Calculate the heat flowing per unit time
through the disc.

A hollow tube has a length /, inner radius £, and outer
radius R,. The material has a thermal conductivity K.
Find the heat flowing through the walls of the tube if
(a) the flat ends are maintained at temperatures T, and
TAT,>T,) (b) the inside of the tube is maintained at
temperature T, and the outside is maintained at T,

A composite slab is prepared by pasting two plates of
thicknesses L, and L, and thermal conductivities K, and
K,. The slabs have equal cross-sectional area. Find the
equivalent conductivity of the slab.

Figure (28-E2) shows a copper rod joined to a steel rod.
The rods have equal length and equal cross-sectional
area. The free end of the copper rod is kept at 0°C and
that of the steel rod is kept at 100°C. Find the
temperature at the junction of the rods. Conductivity of
copper = 390 W/m-°C and that of steel = 46 W/m-°C.

0°c L

Copper l Steel 100°C

Figure 28-E2

An aluminium rod and a copper rod of equal length
1'0 m and cross-sectional area lem® are welded
together as shown in figure (28-E3). One end is kept at
a temperature of 20°C and the other at 60°C. Calculate
the amount of heat taken out per second from the hot
end. Thermal conductivity of aluminium = 200 W/m-°C
and of copper = 390 W/m-°C.
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Aluminium

20°C 60°C

Copper

Figure 28-E3

. Figure (28-E4) shows an aluminium rod joined to a

copper rod. Each of the rods has a length of 20 cm and
area of cross-section 020cm?’ The junction is
maintained at a constant temperature 40°C and the two
ends are maintained at 80°C. Calculate the amount of
keat taken out from the cold junction in one minute after
the steady state is reached. The conductivities are
K, =200 W/m-°C and K, = 400 W/m-°C.

40°C
80°C r Aluminium , Copper I 80°C
Figure 28-E4

Consider the situation shown in figure (28-E5). The
frame is made of the same material and has a uniform
cross-sectional area everywhere. Calculate the amount
of heat flowing per second through a cross-section of the
bent part if the total heat taken out per second from the
end at 100°C is 130 J.

60 cm
5
i 20 c:\m‘ . L 20 ¢ 711008
€< m
Figure 28-E5

. Suppose the bent part of the frame of the previous

croblem has a thermal conductivity of 780 J/m-s-°C
whereas it is 390 J/m-s-°C for the straight part.
Calculate the ratio of the rate of heat flow through the
tent part to the rate of heat flow through the straight
rart.

. A room has a window fitted with a single 1'0 m x 2:0 m

class of thickness 2 mm. (a) Calculate the rate of heat
flow through the closed window when the temperature
inside the room is 32°C and that outside is 40°C. (b) The
class is now replaced by two glasspanes, each having a
<nickness of 1 mm and separated by a distance of 1 mm.
Calculate the rate of heat flow under the same
conditions of temperature. Thermal conductivity of
window glass =1'0J/m—s—°C and that of air
= 0-025 J/m-s—"C.

The two rods shown in figure (28-E6) have ideatical
eometrical dimensions. They are in contact with two
neat baths at temperatures 100°C and 0°C. The
semperature of the junction is 70°C. Find the
semperature of the junction if the rods are interchanged.

— oo

i

—
100C |
U

Figure 28-E6
The three rods shown in figure (28-E7) have identical
ssemetrical dimensions. Heat flows from the hot end at
s =uze of 40 W in the arrangement (a). Find the rates of

heat flow when the rods are joined as in arrangement
(b) and in (c). Thermal conductivities of aluminium and
copper are 200 W/m-°C and 400 W/m-°C respectively.

o°c | Al | Cu | Al | 1002
(a)
Al
- = Cu 1o0oc 0% Cu 100°C
Al Al
(b) (c)
Figure 28-E7

31. Four identical rods AB, CD, CF and DE are joined as
shown in figure (28-EB). The length, cross-sectional area
and thermal conductivity of each rod are I, A and K
respectively. The ends A, E and F are maintained at
temperatures T,, T, and T; respectively. Assuming no

loss of heat to the atmosphere, find the temperature
at B.

T, Ts
F E
c 8 D

T ] A
Figure 28-E8

32. Seven rods A, B, C, D, E, F and G are joined as shown
in figure (28-E9). All the rods have equal cross-sectional
area A and length . The thermal conductivities of the
rods are K,=K.=K, K;=K,=2K, K.=3K, K,=4K,
and K;=5K, The rod E is kept at a constant
temperature T, and the rod G is kept at a constant
temperature T,(T,> T;). (a) Show that the rod F has a
uniform temperature T = (T, + 2T,)/3. (b) Find the rate
of heat flow from the source which maintains the
temperature T,,.

C . D
Figure 28-E9

33. Find the rate of heat flow through a cross-section of the
rod shown in figure (28-E10) (6,>6,). Thermal
conductivity of the materiai of the rod is K.

Figure 28-E10
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A rod of negligible heat capacity has length 20 cm, area
of cross-section 10cm® and thermal conductivity
200 W/m-°C. The temperature of one end is maintained
at 0°C and that of the other end is slowly and linearly
varied from 0°C to 60°C in 10 minutes. Assuming no
loss of heat through the sides, find the total heat
transmitted through the rod in these 10 minutes.

. A hollow metallic sphere of radius 20 cm surrounds a

concentric metallic sphere of radius 5 cm. The space
between the two spheres is filled with a nonmetallic
material. The inner and outer spheres are maintained

i, 42.

at 50°C and 10°C respectively and it is found that 100 J '

of heat passes from the inner sphere to the outer sphere
per second. Find the thermal conductivity of the material
between the spheres.

Figure (28-E11) shows two adiabatic vessels, each
containing a mass m of water at different temperatures.
The ends of a metal rod of length L, area of cross-section
A and therinal conductivity K, are inserted in the water
as shown in the figure. Find the time taken for the
difference between the temperatures in the vessels to
become half of the original value. The specific heat
capacity of water is s. Neglect the heat capacity of the
rod and the container and any loss of heat to the
atmosphere.

Figure 28-E11

Two bodies of masses m, and m, and specific heat
capacities s, and s, are connected by a rod of length /,
cross-sectional area A, thermal conductivity K and
negligible heat capacity. The whole system is thermally
insulated. At time ¢ = 0, the temperature of the first body
is T, and the temperature of the second body is
T, (T, > T)). Find the temperature difference between the

.two bodies at time ¢.

An amount n (in moles) of a monatomic gas at an initial

‘ temperature T, is enclosed in a cylindrical vessel fitted

39.

10,

with a light piston. The surrounding air has a
temperature Ty(> T,) and the atmospheric pressure is
P, Heat may be conducted between the surrounding and
the gas through the bottom of the cylinder. The bottom
has a surface area 4, thickness x and thermal
conductivity K. Assuming all changes to be slow, find
the distance moved by the piston in time t.

Assume that the total surface area of a human body is
1'6m’ and that it radiates like an ideal radiator.
Calculate the amount of energy radiated per second by
the body if the body temperature is 37°C. Stefan
constant ¢ iz 6'0 x 10 ¥ W/m K*.

Calculate the amount of heat radiated per second by a
body of surface area 12 cm * kept in thermal equilibrium

in a room at temperature 20°C. The emissivity of the
surface = 0-80 and o =60x 10 * W/m K

. A solid aluminium sphere and a solid copper sphere of

twice the radius are heated to the same temperature

———

43.
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and are allowed to cool under identical surrounding
temperatures. Assume that the emissivity of both the
spheres is the same. Find the ratio of (a) the rate of
heat loss from the aluminium sphere to the rate of heat
loss from the copper sphere and (b) the rate of fall of
temperature of the aluminium sphere to the rate of fall
of temperature of the copper sphere. The specific heat
capacity of aluminium = 900 J/kg-°C and that of copper
= 390 J/kg-°C. The density of copper = 34 times the

~density of aluminium.

:A 100 W bulb has tungsten filament of total length 1'0 m

!and radius 4 x 10 "° m. The emissivity of the filament is
08 and o0=60x10""W/m?>K* Calculate the
temperature of the filament when the bulb is operating
at correct wattage.

tA spherical ball of surface area 20 cm’ absorbs any

-~ =~ radiation that falls on it. It is suspended in a closed box

44.

46.

x 47.

48.

maintained at 57°C. (a) Find the amount of radiation
falling on the ball per second. (b) Find the net rate of
heat flow to or from the ball at an instant when its
temperature is 200°C. Stefan constant = 6:0 > 10°°
W/m K *.

A spherical tungsten piece of radius 1'0 cm is suspended
in an evacuated chamber maintained at 300 K. The
piece is maintained at 1000 K by heating it electrically.
Find the rate at which the electrical energy must be
supplied. The emissivity of tungsten is 0°30 and the
Stefan constant o is 6:0 x 10 ™® W/m =K °.

. A cubical block of mass 1'0 kg and edge 50 cm is heated

to 227°C. 1t is kept in an evacuated chamber maintainea
at 27°C. Assuming that the block emits radiation like a
blackbody, find the rate at which the temperature of the
block will decrease. Specific heat capacity of the material
of the block is 400 J/kg-K.

A copper sphere is suspended in an evacuated chamber
maintained at 300 K. The sphere is maintained at a
constant temperature of 500 K by heating it electrically.
A total of 210 W of electric power is needed to do it.
When the surface of the copper sphere is completely
blackened, 700 W is needed to maintain the same
temperature of the sphere. Calculate the emissivity of
copper.

A spherical ball A of surface area 20 ecm ? is kept at the
centre of a hollow spherical shell B of area 80 cm 2 The
surface of A and the inner surface of B emit as
blackbodies. Assume that the thermal conductivity of the
material of B is very poor and that of A is very high
and that the air between A and B has been pumped out.
The heat capacities of A and B are 42J/°C and
82 J/°C respectively. Initially, the temperature of A is
100°C and that of B is 20°C. Find the rate of change of
temperature of A and that of B at this instant. Explain
the effects of the assumptions listed in the problem.

A cylindrical rod of length 50 ¢cm and cross-sectional area
lem® is fitted between a large ice chamber at 0°C and
an evacuated chamber maintained at 27°C as shown in
figure (28-E12). Only small portions of the rod are inside
the chambers and the rest is thermally insulated from
the surrounding. The cross-section going into the
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evacuated chamber is blackened so that it completely
absorbs any radiation falling on it. The temperature of
the blackened end is 17°C when steady state is reached.
Stefan constant ¢ = 6 x 10 ~> W/m "—K *. Find the thermal
conductivity of the material of the rod.

0°C
Figure 28-E12

One end of a rod of length 20 cm is inserted in a fur..ace
at 800 K. The sides of the rod are covered with an
insulating material and the other end emits radiation
like a blackbody. The temperature of this end is 750 K
in the steady state. The temperature of the surrounding
air is 300 K. Assuming radiation to be the only
important mode of energy transfer between the
surrounding and the open end of the rod, find the
thermal conductivity of the rod. Stefan constant
6=60x10 "°*W/m?>-K* ,
A calorimeter of negligible heat capacity contains 100 cc
of water at 40°C. The water cools to 35°C in 5 minutes.
The water is now replaced by K-oil of egual volume at
40°C. Find the time taken for the temperature to become
35°C under similar conditions. Specific heat capacities
of water and K-oil are 4200 J/kg-K and 2100 J/kg-K
respectively. Density of K-oil = 800 kg/m °.

A body cools down from 50°C to 45°C in 5 minutes and
to 40°C in another 8 minutes. Find the temperature of
the surrounding.

A calorimeter contains 50 g of water at 50°C. The
temperature falls to 45°C in 10 minutes. When the

53.

54.

55.
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calorimeter contains 100 g of water at 50°C, it takes 18
minutes for the temperature to become 45°C. Find the
water equivalent of the calorimeter.

A metal ball of mass 1 kg is heated by means of a 20 W
heater in a room at 20°C. The temperature of the ball
becomes steady at 50°C. (a) Find the rate of loss of heat
to the surrounding when the ball is at 50°C.
(b) Assuming Newton's law of cooling, calculate the rate

of loss of heat to the surrounding when the ball is at

30°C. (c) Assume that the temperature of the ball rises
uniformly from 20°C to 30°C in 5 minutes. Find the total
loss of heat to the surrounding during this period.
(d) Calculate the specific heat capacity of the metal.

A metal block of heat capacity 80 J/°C placed in a room
at 20°C is heated electrically. The heater is switched off
when the temperature reaches 30°C. The temperature
of the block rises at the rate of 2°C/s just after the
heater is switched on and falls at the rate of 0-2 °C/s
just after the heater is switched off. Assume Newton’s

law of cooling to hold. ¢a) Find the power of the heater.

(b) Find the power radiated by the block just after the
heater is switched off. (¢) Find the power radiated by
the block when the temperature of the block is 25°C. (d)
Assuming that the power radiated at 25°C respresents
the average value in the heating process, find the time
for which the heater was kept on.

A hot body placed in a surrounding of temperature 6,

obeys Newton's law of cooling %=—k(6—80). Its

temperature at ¢t =0 is 8,. The specific heat capacity of
the body is s and its mass is m. Find (a) the maximum
heat that the body can lose and (b) the time starting
from t = 0 in which it will lose 90% of this maximum
heat.

ANSWERS
OBJECTIVE 1 5. 565x10 g
. (@ 2. (d) 3. (d) 4. (b) 5. (a) 6. (d) 6. 1'5 kg/h
. () 8. (a) 9. (a) 10.(0) 7. 28°C
8. 003 W
OBJECTIVE 1II 9. 0:035 s
. (d) 2. (¢), (d) 3. (b) 10. (a) 53°C (b) 2:31J/s
. (0), (d) 5. (a), (o) 6. (a), ®) 11. 25 em from the cold end
12. 092 W/m-°C
EXERCISES 13. 125 kg
. 3840 J 14. (a) 50 x 10 " m/s (b) 27°5 hours
. 440 W 15. 89 ecm
. 356 J/s 16. 1 W, 8W, zero
. 130°C 17. 2 :n

T
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12'5°C/s
233 J/s
2xKd(8, - 8,)
In(r /1))
Kn(R} - RH(T,-T))
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2xKU(T, - T))

@ , ®)

KK (L, + L)
L|K2 + L?Kl
10°6°C
2364J
144 J
60J
12:7
(a) 8000 J/s
30°C
75 W, 400 W
3T, + 2T, + Ty)
7

4K, A(T,-T)
(o)) T
Knr,ry(6, - 6,)

L

1800 5

(b) 381 J/s

Lms

2KA1n2

In(R,/R,)

37.

38.

39.
40.

41.
42.
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45.
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49.
50.
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(T,- T,)e ™ where A =

nR
P A(TI_TO)(]'_e

887J
042J

(a)1:4
1700 K

(b) 29

KA(ms, + m,s,)

Im,m,s,s,

TSRS "‘.‘:)

i1

(a) 1'4J (b) 458 W from the ball

22 W

0-12°C/s

03

0-05°C/s and 0:01°C/s
1:8 W/m-°C

74 W/m-K

2 min

34°C

125¢

(a) 20W (b) -23—0 W (c) 1000J (d) 500 J/kg-K

(a) 160 W (b) 16 W
In 10
k

(a) ms(8, - 6,) (b)
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(c) 8W (d) 52s
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CHAPTER 29

ELECTRIC FIELD AND POTENTIAL

29.1 WHAT IS ELECTRIC CHARGE ?

Matter is made of certain elementary particles.
With the advancement in technology, we have
discovered hundreds of elementary particles. Many of
them are rare and of no concern to us in the present
course. The three most common elementary particles
are electrons, protons and neutrons having masses
m, = 910940 x 10 "> kg, m, = 167262 x 10 " kg and
m,=167493 x 10 = kg. Because of their mass these
particles attract each other by gravitational forces.

Thus, an electron attracts another electron, placed
1 ecm away, with a gravitational force

- Gm,m,
2
-
_(6:67x10 " N-m kg ) x (91 x 10 * kg)®
(10 *m)°?
=55x10 “N.

However, an electron is found to repel another
electron at 1 ecm with a force of 2'3x 10 ™ N. This
extra force is called the electric force. The electric force
is very large as compared to the gravitational force.
The electrons must have some additional property,
apart from their mass, which is responsible for the
electric force. We call this property charge. Just as
masses are responsible for the gravitational force,
charges are responsible for the electric force. Two
protons placed at a distance of 1cm also repel each
other with a force of 2'3 x 10 ™ N. Thus, protons also
have charge. Two neutrons placed at a distance of 1 em
attract each other with a force of 19 x 10 ~® N which

X Gm.,m,
is equal to ——*: Thus, neutrons exert only

R
gravitational force on each other and experience no
electric force. The neutrons have mass but no charge.

Two Kinds of Charges

As mentioned above, the electric force between two
electrons is the same as the electric force between two

protons placed at the same separation. We may gues.s..

that the amount of charge on an electron is the same, :

as that on a proton. However, if a proton and an
electron are placed 1 cm apart, they attract each other
with a force of 2:3x 10 * N. Certainly this force is
electric, but it is attractive and not repulsive. The
charge on an electron repels the charge on another

electron but attracts the charge on a proton. Thus}

although the charge on an electron and that on a

proton have the same strength, they are of two

different nature. Also, if we pack a proton and an
electron together in a small volume, the combination

does not attract or repel another electron or proton:

placed at a distance. The net charge on the

proton—electron system seems to be zero. It is; [

therefore, convenient to define one charge as positive
and the other as negative. We arbitrarily call the
charge on a proton as positive and that on an electron
as negative. This assignment of positive and negative
signs to the proton charge and the electron charge is
purely a convention. It does not mean that the charge
on an electron is “less” than the charge on a proton.

Unit of Charge

The above discussion suggests that charge is a
basic property associated with the elementary particles
and its definition is as difficult as the definition of
mass or time or length. We can measure the charge
on a system by comparing it with the charge on a
standard body but we do not know what exactly it is
that we intend to measure. The SI unit of charge is
coulomb abbreviated as C. 1 coulomb is the charge
flowing through a wire in 1 s if the electric current in
it is 1 A. The charge on a proton is

e=160218x10 "C.

The charge on an electron is the negative of this value.

Charge is Quantized

If protons and electrons are the only charge
carriers in the universe, all observable charges must
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Itl=1pxE|
= qlE sin6.
This torque will tend to rotate the dipole back towards

the electric field. Also, for small angular displacement
sinB ~ 6 so that

T = - qlES.

The moment of inertia of the system about the axis of
rotation is

2 2

tezenf3) -2

Thus, the angular acceleration is

_1__2qF
1

1 m

a -8

Thus, the motion is angular simple harmonic and the

_ml

time period is T'=2n 2E

QUESTIONS FOR SHORT ANSWER

. The charge on a proton is + 16 x 10 " C and that on
an electron is -~ 16 x 10 " C. Does it mean that the
electron has a charge 32 x 10 "' C less than the charge
of a proton ?

. Is there any lower limit to the electric force between two
particles placed at a separation of 1 cm ?

. Consider two particles A and B having equal charges
and placed at some distance. The particle A is slightly
displaced towards B. Does the force on B increase as
soon as the particle A is displaced ? Does the force on
the particle A increase as soon as it is displaced ?

. Can a gravitational field be added vectorially to an
electric field to get a total field ?

. Why does a phonograph-record attract dust particles just
after it is cleaned ?

. Does the force on a charge due to another charge depend
on the charges present nearby ?

. In some old texts it is mentioned that 4n lines of force
originate from each unit positive charge. Comment on
the statement in view of the fact that 4n is not an
integer.

8. Can two equipotential surfaces cut each other ?

9. If a charge is placed at rest in an electric field, will its

path be along a line of force ? Discuss the situation when
the lines of force are straight and when they are curved.

10.

11.

12.

13.

14.

Consider the situation shown in figure (29-Ql). What
are the signs of q, and q,? If the lines are drawn in

proportion to the charge, what is the ratio q,/q,?

Q)

Figure 29-Q1
A point charge is taken from a point A to a point B in
an electric field. Does the work done by the electric field
depend on the path of the charge ?

It is said that the separation between the two charges
forming an electric dipole should be small. Small
compared to what ?

The number of electrons in an insulator is of the same
order as the number of electrons in a conductor. What
is then the basic difference between a conductor and an
insulator ?

When a charged comb is brought near a small piece of

paper, it attracts the piece. Does the paper become
charged when the comb is brought near it ?

OBJECTIVE 1

. Figure (29-Q2) shows some of the electric field lines
corresponding to an electric field. The figure suggests
that

Figure 29-Q2

(a) E,>E,> E,
() E,=E.>E,

b)E,-E,= E.
(d) E,=E.<E,

When the separation between two charges is increased.
the electric potential energy of the charges
(a) increases (b) decreases

(c) remains the same (d) may increase or decrease.

If a positive charge is shifted from a low-potential region
to a high-potential region, the electric potential energy
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(b) decreases
(d) may increase or decrease.

(a) increases
(c) remains the same

. Two equal positive charges are kept at points A and B.

The electric potential at the points between A and B
(excluding these points) is studied while moving from A
to B. The potential

(a) continuously increases

(b) continuously decreases

(¢) increases then decreases

(d) decreases then increases.

. The electric field at the origin is along the positive

X-axis. A small circle is drawn with the centre at the
origin cutting the axes at points 4, B, C and D having
coordinates (a, 0), (0, @), (-a,0), (0, -a) respectively.
Out of the points on the periphery of the circle, the
potential is minimum at
(a) A (b) B

(@ C (d) D.

. If a body is charged by rubbing it, its weight

(a) remains precisely constant

(b) increases slightly

(c) decreases slightly

(d) may increase slightly or may decrease slightly.

. An electric dipole is placed in a uniform electric field.

The net electric force on the dipole
(a) is always zero
(b) depends on the orientation of the dipole

(c) can never be zero
(d) depends on the strength of the dipole.

. Consider the situation of figure (29-Q3). The work done

in taking a point charge from P to A is W,, from P to B
is Wy and from P to C is W,.

(a) W, < W< W,.. (b) W, > w_> W,

(0 W, =W,=W,. (d) None of these.

1 ° IA o p
\ 9 /
ke /
N v
REUE_ -
B
Figure 29-Q3

. A point charge q is rotated along a circle in the electric

field genérated by another point charge @. The work
done by the electric field on the rotating charge in one
complete revolution is

(a) zero (b) positive
(d) zero if the charge @ is at the centre and nonzero

(c)_ negative

otherwise.

OBJECTIVE 1II

. Mark out the correct options.

(a) The total charge of the universe is constant.

(b) The total positive charge of the universe is constant.
(c) The total negative charge of the universe is constant.
(d) The total number of charged particles in the universe
is constant.

. A point charge is brought in an electric field. The electric

field at a nearby point

(a) will increase if the charge is positive
(b) will decrease if the charge is negative
(c) may increase if the charge is positive
(d) may decrease if the charge is negative.
The electric field and the electric potential at a point
are E and V respectively.

(a) If E=0, V must be zero.

(b) If V=0, E must be zero.

(¢c) If E=0, V cannot be zero.

(d) If V=0, E cannot be zero.

. The electric potential decreases uniformly from 120 V to

80V as one moves on the X-axis from x=-1cm to
x = +1 cm. The electric field at the origin

(a) must be equal to 20 V/em

(b) may be equal to 20 V/cm

(c) may be greater than 20 V/cm

(d) may be less than 20 V/cm.

Which of the following quantities do not depend on the
choice of zero potential or zero potential energy ?

(a) potential at a point

(b) potential difference between two points

(c) potential energy of a two-charge system

(d) change in potential energy of a two-charge system.

. An electric dipole is placed in an electric field generated

by a point charge.

(a) The net electric.force on the dipole must be zero.
(b) The net etectric force on the dipole may be zero.

(c) The torque on the dipole due to the field must be
zero.

(d) The torque on the dipole due to the field may be
zero.

. A proton and an electron are placed in a uniform electric

field.

(a) The electric forces acting on them will be equal.

(b) The magnitudes of the forces will be equal.

(c) Their accelerations will be equal.

(d) The magnitudes of their accelerations will be equal.

. The electric field in a region is directed outward and is

proportional to the distance r from the origin. Taking
the electric potential at the origin to be zero,

(a) it is uniform in the region

(b) it is proportional to r

(¢) it is proportional to r®

(d) it increases as one goes away from the origin.
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EXERCISES

. Find the dimensional formula of &,

. A charge of 1'0 C is placed at the top of the your college

building and another equal charge at the top of your
house. Take the separation between the two charges to
be 2:0 km. Find the force exerted by the charges on each
other. How many times of your weight is this force ?

. At what separation should two equal charges, 1:0 C each,

be placed so that the force between them equals the
weight of a 50 kg person ?

. Two equal charges are placed at a separation of 1-0 m.

What should be the magnitude of the charges so that
the force between them equals the weight of a 50 kg
person ?

. Find the electric force between two protons separated

by a distance of 1 fermi (1 fermi = 10 “" m). The protons
in a nucleus remain at a separation of this order.

. Two charges 2:0x 10 "*C and 1:0 x 10 “* C are placed at

a separation of 10 cm. Where should a third charge be
placed such that it experiences no net force due to these
charges ?

. Suppose the second charge in the previous problem is

-1:0x 10 "° C. Locate the position where a third charge
will not experience a net force.

. Two charged particles are placed at a distance 1-0 ecm

apart. What is the minimum possible magnitude of the
electric force acting on each charge ?

. Estimate the number of electrons in 100 g of water. How

much is the total negative charge on these electrons ?
Suppose all the electrons of 100 g water are lumped
together to form a negatively charged particle and all
the nuclei are lumped together to form a positively
charged particle. If these two particles are placed
10:0 cm away from each other, find the force of attraction
between them. Compare it with your weight.

Consider a gold nucleus to be a sphere of radius
69 fermi in which protons and neutrons are distributed.
Find the force of repulsion between two protons situated
at largest separation. Why do these protons not fly apart
ander this repulsion ?

Two insulating small spheres are rubbed against each
other and placed 1 cm apart. If they attract each other
with a force of 0-1 N, how many electrons were
transferred from one sphere to the other during
rubbing ?

NaCl molecule is bound due to the electric force between
the sodium and the chlorine ions when one electron of
sodium is transferred to chlorine. Taking the separation
between the ions to be 2:75 x 10 ~® cm, find the force of
attraction between them. State the assumptions (if any)
that you have made.

. Find the ratio of the electric and gravitational forces

between two protons.

- Suppose an attractive nuclear force acts between two

protons which may be written as F = Ce ™ kr/r S (a) Write
down the dimensional formulae and appropriate SI units

16.

17.

18.

19.

20.

21.

22.

23.

24.

of C and k. (b) Suppose that k= 1fermi ' and that the
repulsive electric force between the protons is just
balanced by the attractive nuclear force when the
separation is 5 fermi. Find the value of C.

Three equal charges, 2:0 x 10 "° C each, are held fixed
at the three corners of an equilateral triangle of side
5 cm. Find the Coulomb force experienced by one of the
charges due to the rest two.

Four equal charges 2:0 x 10 “°C each are fixed at the
four corners of a square of side 5 cm. Find the Coulomb
force experienced by one of the charges due to the rest
three.

A hydrogen atom contains one proton and one electron.
It may be assumed that the electron revolves in a circle
of radius 0-53 angstrom (1 angstrom =10 ““m and is
abbreviated as A) with the proton at the centre. The
hydrogen atom is said to be in the ground state in this
case. Find the magnitude of the electric force between
the proton and the electron of a hydrogen atom in its
ground state.

Find the speed of the electron in the ground state of a
hydrogen atom. The description of ground state is given
in the previous problem.

Ten positively charged particles are kept fixed on the
X-axis at points x=10cm, 20 cm, 30 cm, ..., 100 cm.

The first particle-has a charge 1-0 x 10 "8 C, the second
8 x 10 "°C, the third 27 x 10 "®C and so on. The tenth
particle has a charge 1000 x 10 “® C. Find the magnitude
of the electric force acting on a 1 C charge placed at the
origin.

Two charged particles having charge 2:0 x 10 "®C each
are joined by an insulating string of length 1 m end the
system is kept on a smooth horizontal table. Find the
tension in the string.

Two balls, each having a
2:00x 10 "' C and a mass of 100 g, are suspended from
a common point by two insulating strings each 50 cm
long. The balls are held at a separation 50 cm apart and
then released. Find (a) the electric force on one of the
charged balls (b) the components of the resultant force
on it along and perpendicular to the string (c) the
tension in the string (d) the acceleration of one of the
balls. Answers are to be obtained only for the instant
just after the release.

identical charge of

Two identical pith balls are charged by rubbing against
each other. They are suspended from a horizontal rod
through two strings of length 20 cm each, the separation
between the suspension points being 5S5cm. In
equilibrium, the separation between the balls is 3 cm.
Find the mass of each ball and the tension in the strings.

The charge on each ball has a magnitude 2-0 x 10 e

Two small spheres, each having a mass of 20 g, are
suspended from a common point by two insulating
strings of length 40 cm each. The spheres are identically
charged and the separation between the balls at
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equilibrium is found to be 4 cm. Find the charge on each
sphere.

. Two identical pith balls, each carrying a charge q, are

suspended from a common point by two strings of equal
length I. Find the mass of each ball if the angle between
the strings is 20 in equilibrium.

A particle having a charge of 20x107*C is placed
directly below and at a separation of 10 cm from the boo
of a simple pendulum at rest. The mass of the bob is
100 g. What charge should the bob be given so that the
string becomes loose.

Two particles A and B having charges ¢ and 2q
respectively are placed on a smooth table with a
separation d. A third particle C is to be clamped on the
table in such a way that the particles A and B remain
at rest on the table under electrical forces. What should
be the charge on C and where should it be clamped ?

Two identically charged particles are fastened to the two
ends of a spring of spring constant 100 N/m and natural
length 10 cm. The system rests on a smooth horizontal
table. If the charge on cach particle is 2:0 x 10 "° C, find
the extension in the length of the spring. Assume that
the extension is small as compared to the natural length.
Justify this assmuption after you solve the problem.

A particle A having a charge of 2-0 x 10 ~° C is held fixed
on a horizontal table. A second charged particle of mass
80 g stays in equilibrium.on the table at a distance of
10 cm from the first charge. The coefficient of friction
between the table and this second particle is p =0-2.
Find the range within which the charge of this second
particlec may lie.

A particle A having a charge of 2-0 x 10 “°C and a mass
of 100 g is placed 4t the bottom of a smooth inclined
plane of inclination 30°. Where should another particle
B, having same charge and mass, be placed on the
incline so that it may remain 1n equilibrium ?

Two particles A and B, each having a charge @, are
placed a distance d apart. Where should a particle of
charge g be placed on the perpendicular bisector of AB
so that it experiences maximum force? What is the
magnitude of this maximum force ?

Two particles A and B, each carrying a charge @, are
held fixed with a separation d between them. A particle
C having mass m and charge q is kept at the middle
point of the line AB. (a) If it is displaced through a
distance x perpendicular to AB, what would be the
electric force experienced by it. (b) Assuming x <<d,
show that this force is proportional to x. (¢) Under what
conditions will the particle C execute simple harmonic
motion if it is released after such a small displacement ?
Find the time period of the oscillations if these
conditions are satisfied.

Repeat the previous problem if the particle C is
displaced through a distance x along the line AB.

The electric force experienced by a charge of
10x 10" C is 15 x 10 ° N. Find the magnitude of the
electric field at the position of the charge.

35.

36.

317.

38.

39.

40.

41.

42,

43.

44.

46.

47.

48.

Two particles A and B having charges of
+200x 107" C and of -4-00x 10" C respectively are
held fixed at a separation of 20-0 cm. Locate the point(s)
on the line AB where (a) the electric field is zero (b) the
electric potential is zero.

A point charge produces an electric field of magnitude
50 N/C at a distance of 40 cm from it. What is the
magnitude of the charge ?

A water particle of mass 10'0 mg and having a charge
of 1-50 x 10 ~° C stays suspended in a room. What is the
magnitude of electric field in the room ? What is its
direction ?

Three identical charges, each having a value
1-0 x 10 "® C, are placed at the corners of an equilateral
triangle of side 20 cm. Find the electric field and
potential at the centre of the triangle.

Positive charge @ is distributed uniformly over a circular
ring of radius R. A particle having a mass m and a
negative charge g, is placed on its axis at a distance x
from the centre. Find the force on the particle. Assuming
x << R, find the time period of oscillation of the particle
if it is released from there.

A rod of length L has a total charge @ distributed
uniformly along its length. It is bent in the shape of'a
semicircle. Find the magnitude of the electric field at
the centre of curvature of the semicircle.

A 10 cm long rod carries a charge of + 50 pC distributed
uniformly along its length. Find the magnitude of the
electric field at a point 10 cm from both the ends of the rod.
Consider a uniformly charged ring of radius R. Find the
point on the axis where the electric field is maximum.

A wire is bent in the form of a regular hexagon and a
total charge q is distributed uniformly on it. What is the
electric field at the centre ? You may answer this part
without making any numerical calculations.

A cireular wire-loop of radius a carries a total charge @
distributed uniformly over its length. A small length dL
of the wire is cut off. Find the electric field at the centre
due to the remaining wire.

. A positive charge q is placed in front of a conducting

solid cube at a distance d from its centre. Find the
electric field at the centre of the cube due to the charges
appearing on its surface.

A pendulum bob of mass 80 mg and carrying a charge

of 2x 10 7°C is at rest in a uniform, horizontal electric
field of 20 kV/m. Find the tension in the thread.

A particle of mass m and charge q is thrown at a speed
u against a uniform electric field E. How much distance
will it travel before coming to momentary rest ?

A particle of mass 1 g and charge 25 x 10 ~* C is released
from rest in an electric field of 1-2 x 10 * N/C. (a) Find the
electric force and the force of gravity acting on this particle.
Can one of these forces be neglected in comparison with
the other for approximate analysis ? (b) How long will it
take for the particle to travel a distance of 40 cm ? (c) What
will be the speed of the particle after travelling this
distance ? (d) How much is the work done by the electric
force on the particle during this period ?
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A ball
49 x 10 °C is released from rest in a region where a
horizontal electric field of 2:0 x 10 * N/C exists. (a) Find
the resultant force acting on the ball. (b) What will be
the path of the ball ? (¢) Where will the ball be at the
end of 25 ?

The bob of a simple pendulum has a mass of 40 g and
a positive charge of 4:0 x 10 ~° C. It makes 20 oscillations
in 45s. A vertical electric field pointing upward and of
magnitude 25 x 10 *N/C is switched on. How much time
will it now take to complete 20 oscillations ?

A block of mass m and having a charge q is placed on
a smooth horizontal table and is connected to a wall
through an unstressed spring of spring constant k as
shown in figure (29-El). A horizontal electric field E
parallel to the spring is switched on. Find the amplitude
of the resulting SHM of the block.

of mass 100g and having a charge of

Figure 29-E1

. A block of mass m containing a net positive charge q is

placed on a smooth horizontal table which terminates in
a vertical wall as shown in figure (29-E2). The distance
of the block from the wall is d. A horizontal electric field
E towards right is switched on. Assuming elastic
collisions (if any) find the time period of the resulting
oscillatory motion. Is it a simple harmonic motion ?

l!._.d_—._*
—E

[a 7

Figure 29-E2

. A uniform electric field of 10 N/C exists in the vertically

downward direction. Find the increase in the electric
potential as one goes up through a height of 50 cm.

. 12 J of work has to be done against an existing electric

field to take a charge of 0°01 C from A to B. How much
is the potential difference V,-V,?

. Two equal charges, 2:0 x 10 “"C each, are held fixed at

a separation of 20 cm. A third charge of equal magnitude
is placed midway between the two charges. It is now
moved to a point 20 cm from both the charges. How
much work is done by the electric field during the
process ?

. An electric field of 20 N/C exists along the X-axis in

space. Calculate the potential difference V, - V, where
the points A and B are given by,

(a)A=(0,0)% B=(4m, 2m)

MB)YA=(4m, 2m ), B=(6m, 5m)

(¢)A=(0,0) B=(6m, 5m).

Do you find any relation between the answers of parts
(a), (b) and (c)?

57.

59.

8

61.

62.
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Consider the situation of the previous problem. A charge
of - 20 x 10 "* C is moved from the point A to the point
B. Find the change in electrical potential energy
U, - U, for the cases (a), (b) and (c).

An electric field E - @ 20 +j 30) N/C exists in the space.
If the potential at the origin is taken to be zero, find
the potential at (2 m, 2 m).

An electric field E =i Ax exists in the space, where
A =10 V/m?> Take the potential at (10m, 20 m) to be
zero. Find the potential at the origin.

The electric potential existing in space is
W(x, y, 2) = A(xy + yz + zx). (a) Write the dimensional
formula of A. (b) Find the expression for the electric field.
(c) If A is 10 SI units, find the magnitude of the electric
field at (1m, 1 m, 1 m).

charged particles, charges of
2-0 x 10 “° C each, are brought from infinity to within a
separation of 10 cm. Find the increase in the electric
potential energy during the process.

Some equipotential surfaces are shown in figure (29-E3).
What can you say about the magnitude and the direction
of the electric field ?

Two having equal

y(em)
10V, 20V, 30V, 40V
| e A Ao Ao
/20 30 40  x(cm)
(a) (0}
Figure 29-E3
63. Consider a circular ring of radius r, uniformly charged

with linear charge density A. Find the electric potential
at a point on the axis at a distance x from the centre of
the ring. Using this expression for the potential, find the
electric field at this point.

An electric field of magnitude 1000 N/C is produced
between two parallel plates having a separation of 2:0 cm
as shown in figure (29-E4). (a) What is the potential
difference between the plates ? (b) With what minimum
speed should an electron be projected from the lower plate
in the direction of the field so that it may reach the upper
plate ? (c) Suppose the electron is projected from the lower
plate with the speed calculated in part (b). The direction
of projection makes an angle of 60° with the field. Find
the maximum height reached by the electron.

r

2.cm

I

™
—_—

Figure 29-E4
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65-A uniform field of 2:0 N/C exists in space in x-direction.
«(g) Taking the potential at the origin to be zero, write
an expresslon for the potential at a general point
(x, y, 2). ,Eb) At which points, the potential is 25 V 24y If
the potentml at the origin is taken to be 100 V, what
will be the expression for the potential at a general
point ? (a) What will be the potential at the origin if the
potential at infinity is taken to be zero ? Is it practical
to choose the potential at infinity to be zero ?
B6. How much work has to be done in assembling three
charged particles at the vertices of an equilateral
triangle as shown in figure (29-E5) ?

2.0x107°¢C

4.0x107°c 3.0x10 “C

Figure 29-E5

67. The kinetic energy of a charged particle decreases by
10 J as it moves from a point at potential 100 V to a
point at potential 200 V. Find the charge on the particle.

68. Two identical particles,

2:0x 10 ™ C and mass of 10 g, are kept at a separation
of 10 em and then released. What would be the speeds
of the particles when the separation becomes large ?

each having a charge of

69. Two particles have equal masses of 50g each and
opposite charges of +40x10 °C and -40x10 °C.
They are released from rest with a separation of 1-0 m
beiween them. Find the speeds of the particles when the
separation is reduced to 50 cm.

70. A sample of HCI gas is placed in an electric field of
2:5 x 10 * N/C. The dipole moment of each HCI molecule
is 34 x 10 "* C-m. Find the maximum torque that can
act on a molecule.

71. Two particles A
20x10°°C and

and B, having opposite charges
-20x10°°C,

are placed at a

separation of 1-0 cm. (a) Write down the electric dipole weight of copper to be 64 g/mol). -
moment of this pair. (b) Calculate the electric field at a
point on the axis of the dipole 1-0 cm away from the i
di:
ANSWERS
OBJECTIVE [ OBJECTIVE 11
1. (C) 2. (d) 3. (a) 4. (d) 5. (a) 6. (d) 1. (ﬂ) 2. (C), (d) 3. none
7. (a) 8.(c) 9 (a)
4. (), (©) 5. (b), (d) 6. (d)
7. (b) 8. (¢)

centre. (c) Calculate the electric field at a point on the '
perpendicular bisector of the dipole and 1-0 m away from W
the centre. i
72. Three charges are arranged on the vertices of an’ a:.
equilateral triangle as shown in figure (29-E6). Find the §
dipole moment of the combination. i

i

|
0
e

dtnn s e dals

2q -q
Figure 29-E6

73. Find the magnitude of the electric field at the point P.
in the configuration shown in figure (29-E7) for d >> a.
Take 2qa = p.

i P P
i T
| \
d | d | d | A
| | | 4%,
lalis olbe 8
q —a——a— —a—t—a—i ;

e
{6} L

Figure 29-E7

.-\
o
"

74. Two particles, carrying charges - ¢ and + ¢ and having#
equal masses m each, are fixed at the ends of a light#
rod of length a to form a dipole. The rod is clamped at
an end and is placed in a uniform electric field E with =
the axis of the dipole along the electric field. The rod i
slightly tilted and then released. Neglecting gravity find
the time period of small oscillations. w

75. Assume that each atom in a copper wire contributes one *
free electron. Estimate the number of free electrons in
a copper wire having a mass of 6-4 g (take the atomic.
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Electric Field and Potential

EXERCISES
BT Mys' Iy T2 !
.225x10° N
.43x10°m
.23x107‘C
.230 N

. 5'9 cm from the larger charge in between the two charges

.34'1 cm from the larger charge on the line joining the
charge in the side of the smaller charge

823x10 *N
9.335x10%, 535x10°C

10.

11.
12.

13.
14.
15.
16.

17.

18.
19.

21.
22.

256x10® N

12N

2x10"

305x10 " °N

1:23x10%

(@ ML'T %, L', Nm? m™'

249 N at 30° with the extended sides from the charge
under consideration

27-5 N at 45° with the extended sides of the square
from the charge under consideration

82x10"°N

2:18 x 10 * m/s

.4'95x10° N

36x10"°N

(a) 0-'144 N

(b) zero, 0095 N away from the other charge

(c) 0986 N and (d) 0°95 mys * perpendicular to the string
and going away from the other charge

.82¢, 82x10"*N
417x10°°C

q * cot@
" 16n¢e, gl *sin 78

5.54x10°C

. - (6 -4/2) q, between q and 2q at a distance of
(V2-1)d from q

.36x10 °m

29. between + 871 x 10 °C

.27 em from the bottom

Ld/2/2, 308 —29

4ne,

-(a) ‘Qar— (c)
ore [x72 8]
Zm,,[.l 4 J

mn'e.d ']’
Qq

®) 34x10 “N-m*

33.

34.
35.

36.
. 65°3 N/C, upward
38.

39.
40.
41.

42.
43.

44

16.

47.

48,

49.

52.

53.
54,
55.
56.

57.
58.
59.

60.

63.

125

1
ns%mdu 2
2Qq

time period -[

15 x 10" N/C
(a) 48'3 cm from A along BA

(b) 20 cm from A along BA and % cm from A along AB

89x107"C

zero, 23x10°V

q 172
16n e, mR*
Qq
2, L*
52x 10" N/C
R/V2
zero
QdL
8n’ea’
—q—z towards the charge ¢
4ne, d
88x 10 *N
mu g
2qE
(a) 30N, 98x10 °N, (b) 1'63x10 s
(c) 490 m/s (d) 1'204J

(a) 1'4 N making an angle of 45° with § and E
(b) straight line along the resultant force
(c) 28 m from the starting point on the line of motion

.52s
51.

qE/k
/ 8 md
qFE
5V
1200 volts
36x107°J
(a) -80V (b) -40V
0016 dJ, 0008 J, 0024 J
-100V
500 V

(a) MT °1°°
(¢) 35 N/C

(c) -120V

®) ~A{iy+2)+j(z+x)*+k(x+))

.36 )
2. (a) 200 V/m making an angle 120° with the X-axis

(b) radially outward, decreasing with distance as
. 6V-m
E="—=—"
r

A rix

e, (v xHE e

2. 3/2
+x’)
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126 Concepts of Physics
64. (a) 20V () 265x10°m/s () 050 em 70.85x 10 “N-m
65. (a) - (20 V/m) x 71.(a) 20x 10 "*C-m (b) 360 N/C (c) 180 N/C

(b) points on the plane x =-12'5m 72. qd/3, along the bisector of the angle at 2q, away

(¢) 100 V - (2:0 V/m ) x from the triangle g .

(d) infinity 8.0 —1  ©—L=  © Va'd v p’
66.234 J 4ne,d 4ne, d dne,d” g
67.011C 74. 9 % ’ b
68. 600 /s q F
69. 54 m/s for each particle 75.6x 10 ™

Od )
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Gauss’'s Law

Q,+q

oA, (upward).

and due to the charge @, +q =

The net electric field at P due to all the four charged
surfaces is (in the downward direction)

@-a gq L9 Gra.

24e, 24e, 2A4e, 2Ae,
As the point P is inside the conductor, this field should
be zero. Hence,

Q-q-Q-q=-0
or, q=-Q—I—;—9—2-- N ¢))
Thus, Q, —q=¥ ... (i)
and Q2+q=%<

139

Using these equations, the distribution shown in the
figure (30-W6) can be redrawn as in figure (30-W7).

@+ Q)/2

Q,- 9,)/2
~(Q,- /2
@+ Q)/2

Figure 30:W7
This result is a special case of the following result. When
charged conducting plates are placed parallel to each
other, the two outermost surfaces get equal charges and
the facing surfaces get equal and opposite charges.

QUESTIONS FOR SHORT ANSWER

A small plane area is rotated in an electric field. In
which orientation of the area is the flux of electric field
through the area maximum ? In which orientation is it
zero ?

. A circular ring of radius r made of a nonconducting

material is placed with its .axis parallel to a uniform
electric field. The ring is rotated about a diameter
through 180°. Does the flux of electric field change ? If
yes, does it decrease or increase ?

. A charge @ is uniformly distributed on a thin spherical

shell. What is the field at the centre of the shell ? If a
point charge is brought close to the shell, will the field
at the centre change ? Does your answer depend on
whether the shell is conducting or nonconducting ?

. A spherical shell made of plastic, contains a charge @

distributed uniformly over its surface. What is the

electric field inside the shell ? If the shell is hammered
to deshape it without altering the charge, will the field
inside be changed ? What happens if the shell is made
of a metal ?

. A point charge g is placed in a cavity in a metal block.

If a charge @ is brought outside the metal, will the
charge q feel an electric force ?

. A rubber balloon is given a charge @ distributed

uniformly over its surface. Is the field inside the balloon
zero everywhere if the balloon does not have a spherical
surface ?

. It is said that any charge given to a conductor comes to

its surface. Should all the protons come to the surface ?
Should all the electrons come to the surface ? Should all
the free electrons come to the surface ?

OBJECTIVE 1

. A charge @ is uniformly distributed over a large plastic

plate. The electric field at a point P close to the centre
of the plate is 10 V/m. If the plastic plate is replaced by
a copper plate of the same geometrical dimensions and
carrying the same charge @,.the electric field at the point
P will become

(b) 5 V/m (d) 20 V/m.

A metallic particle having no net charge is placed near
a finite metal plate carrying a positive charge. The
electric force on the particle will be

(b) away from the plate
(d) zero.

(a) zero (c) 10 V/m

(a) towards the plate
(c) parallel to the plate

3. A thin, metallic spherical shell contains a charge @ on

it. A point charge ¢ is placed at the centre of the shell
and another charge g, is placed outside it as shown in
figure (30-Ql). All the three charges are positive. The

Figure 30-Q1
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Concepts of Physics

force on the charge at the centre is
(a) towards left (b) towards right
(¢) upward (d) zero.

. Consider the situation of the previous problem. The

force on the central charge due to the shell is
(a) towards left (b) towards right
(c) upward (d) zero.

. Electric charges are distributed in a small volume. The

flux of the electric field through a spherical surface of
radius 10 cm surrounding the total charge is 25 V-m.
The flux over a concentric sphere of radius 20 cm will
be

(a) 256V-m (b) 50 V-m (c¢) 100 V-m (d) 200 V-m.

. Figure (30-Q2a) shows an imaginary cube of edge L/2.

A uniformly charged rod of length L moves towards left
at a small but constant speed v. At ¢t =0, the left end
just touches the centre of the face of the cube opposite
it. Which of the graphs shown in figure (30-Q2b)
represents the flux of the electric field through the cube
as the rod goes through it ?

{tux

L/2

(a)
Figure 30-Q2

. A charge q is placed at the centre of the open end of a

cylindrical vessel (figure 30-Q3). The flux of the electric
field through the surface of the vessel is

(a) zero ®) q/¢, (c) q/2¢, (d) 2q/¢,.

Figure 30-Q3

OBJECTIVE II I

. Mark the correct options:

(a) Gauss’s law is valid only for symmetrical charge
distributions.

(b) Gauss’s law is valid only for charges placed in
vacuum.

(¢) The electric field calculated by Gauss’s law is the
field due to the charges inside the Gaussian surface.
(d) The flux of the electric field through a closed surface
due to all the charges is equal to the flux due to the
charges enclosed by the surface.

A positive point charge @ is brought near an isolated
metal cube.

(a) The cube becomes negatively charged.

(b) The cube becomes positively charged.

(¢) The interior becomes positively charged and the
surface becomes negatively charged.

(d) The interior remains charge free and the surface gets
nonuniform charge distribution.

. A large nonconducting sheet M is given a uniform charge

density. Two uncharged small metal rods 4 and B are
placed near the sheet as shown in figure (30-Q4).

(a) M attracts A. (b) M attracts B.

(c) A attracts B. (d) B attracts A.

Figure 30-Q4

If the flux of the electric field through a closed surface

15 Zaro,

(a) the electric field must be zero everywhere on the
surface »
(b) the electric field may be zero everywhere on the
surface

(c¢) the charge inside the surface must be zero 4
(d) the charge in the vicinity of the surface must be zero.

. An electric dipole is placed at the centre of a sphere.

Mark the correct options:

(a) The flux of the electric field through the sphere i§
zero.

(b) The electric field is zero at every point of the sphem
(c) The electric field is not zero anywhere on the sphera!
(d) The electric field is zero on a circle on the sphere.

. Figure (30-Q5) shows a charge g placed at the centre of

a hemisphere. A second charge @ is placed at one of the_
positions A, B, C and D. In which position(s) of t}us
second charge, the flux of the electric field through the
hemisphere remains unchanged ?

(a) A (b) B (©C (d) D.

9 A

Figure 30-Q5

. A closed surface S is constructed around a conducting

wire connected to a battery and a switch (figure 30-Q6)-
As the switch is closed, the free electrons in the wire
start moving along the wire. In any time interval, the
number of electrons entering the closed surface S is
equal to the number of electrons leaving it. On closing
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Gauss's Law

the switch, the flux of the electric field through the
closed surface

(a) is increased

(c) remains unchanged

(b) is decreased

(d) remains zero.

w
—

i
battery ‘(

Figure 30-Q6

. Figure (30-Q7) shows a closed surface which intersects

a conducting sphere. If a positive charged is placed at

141

the point P, the flux of the electric field through the
closed surface

(a) will remain zero

(c) will become negative

(b) will become positive
(d) will become undefined.

77 N
!
{
l -
\
closed -)‘\ B condueting
surface  Se_ - sphere

Figure 30-Q7

EXERCISES

electric field in a region 1is given by

E-2E,{+2E,j with E,-20x10°NC. Find the flux
of this field through a rectangular surface of area

0-2 m’ parallel to the Y-Z plane.

. A charge @ is uniformly distributed over a rod of length

l. Consider a hypothetical cube of edge | with the centre
of the cube at one end of the rod. Find the minimum
possible flux of the electric field through the entire
surface of the cube.

. Show that there can be no net-charge in a region in

which the electric field is uniform at all points.

=8y
. The electric field in a region is given by E = —‘;5 t. Find

the charge contained inside a cubical volume bounded
by the surfaces x=0, x=a, y=0, y=a, z=0 and z=a.
Take E,=5x 10°N/C, /=2 cm and a = 1 em.

. A charge @ is placed at the centre of a cube. Find the

flux of the electric field through the six surfaces of the
cube.

. A charge @ is placed at a distance a/2 above the centre

of a horizontal, square surface of edge a as shown in
figure (30-E1). Find the flux of the electric field through
the square surface.

a

Figure 30-El

- Find the flux of the electric field through a spherical

surface of radius R due to a charge of 10 ' C at the
centre and another equal charge at a point 2R away

{rom the centre (figure 30-E2).

8.

10.

11.

2R —

Figure 30-E2
A charge @ is placed at the centre of an imaginary
hemispherical surface. Using symmetry arguments and
the Gauss's law, find the flux of the electric field due to
this charge through the surface of the hemisphere (figure
30-E3).

Figure 30-E3

. A spherical volume contains a uniformly distributed

charge of density 2:0 x 10 "* C/m ". Find the electric field
at a point inside the volume at a distance 4-0 cm from
the centre.

The radius of a gold nucleus (Z=79) is
70x 10 " m. Assume that the positive charge is
distributed uniformly throughout the nuclear volume.
Find the strength of the electric field at (a) the surface
of the nucleus and (b) at the middle point of a radius.
Remembering that gold is a conductor, is it justified to
assume that the positive charge is uniformly distributed
over the entire volume of the nucleus and does not come
to the outer surface ?

about

A charge @ is distributed uniformly within the material
of a hollow sphere of inner and outer radii r, and r.
(figure 30-E4). Find the electric field at a point P a
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distance x away from the centre for r, <x <r,. Draw a
rough graph showing the electric field as a function of
x for 0 < x < 2r, (figure 30-E4).

Figure 30-E4

A charge @ is placed at the centre of an uncharged, hollow
metallic sphere of radius a. (a) Find the surface charge
density on the inner surface and on the outer surface. (b) If
a charge g is put on the sphere, what would be the surface
charge densities on the inner and the outer surfaces?
(c) Find the electric field inside the sphere at a distance x
from the centre in the situations (a) and (b).

Consider the following very rough model of a beryllium
atom. The nucleus has four protons and four neutrons
confined to a small volume of radius 10 ""° m. The two
1s electrons make a spherical charge cloud at an average
distance of 1-3x 10 "' m from the nucleus, whereas the
two 2s electrons make another spherical cloud at an
average distance of 52 x 10 "' m from the nucleus. Find
the electric field at (a) a point just inside the 1s cloud
and (b) a point just inside the 2s cloud.

Find the magnitude of the electric field at a point 4 em
away from a line charge of density 2 x 10 "° C/m.

. A long cylindrical wire carries a positive charge of linear

density 2:0 x 10 “® C/m. An electron revolves around it in
a circular path under the influence of the attractive
electrostatic force. Find the kinetic energy of the
electron. Note that it is independent of the radius.

A long cylindrical volume contains a uniformly
distributed charge of density p. Find the electric field at
a point P inside the cylindrical volume at a distance x
from its axis (figure 30-E5)

Figure 30-E5

A nonconducting sheet of large surface area and
thickness d contains uniform charge distribution of
density p. Find the electric field at a point P inside the
plate, at a distance x from the central plane. Draw a
qualitative graph of E against x for 0 <x<d.

A charged particle having a charge of =2:0x10°"C is
placed close to a nonconducting plate having a surface
charge density 4'0x10 "C/m*°. Find the force of
attraction between the particle and the plate.

19.

20.

21.

22,

23.

21.

One end of a 10 cm long silk thread is fixed to a large
vertical surface of a charged nonconducting plate and
the other end is fastened to a small ball having a mass
of 10 g and a charge of 4'0 x 10 ™” C. In equilibrium, the
thread makes an angle of 60° with the vertical. Find the
surface charge density on the plate. 3
Consider the situation of the previous problem. (a) Find
the tension in the string in equilibrium. (b) Suppose the ==
ball is slightly pushed aside and released. Find the tune
period of the small oscillations.

Two large conducting plates are placed parallel to each’
other with a separation of 200 cm between them. An
electron starting from rest near one of the plates reaches
the other plate in 200 microseconds. Find the surface
charge density on the inner surfaces. 3 i
Two large conducting plates are placed parallel to each::
other and they carry equal and opposite charges with
surface density ¢ as shown in figure (30-E6). Find the
electric field (a) at the left of the plates, (b) in between
the plates and (c) at the right of the plates. ;

|
+ + + + +

-+

Figure 30-E6
Two conducting plates X and Y, each having large
surface area A (on one side), are placed parallel to each
other as shown in figure (30-E7). The plate X is given -
a charge @ whereas the other is neutral. Find (a) the :
surface charge density at the inner surface of the plate’
X, (b) the electric field at a point to the left of the plates, *
(c) the electric field at a point in between the plates and
(d) the electric field at a point to the right of the plates.

Q

X Y

Figure 30-E7
Three identical metal plates with large surface areas are
kept parallel to each other as shown in figure (30-E8). The
leftmost plate is given a charge @, the rightmost a charge
- 2@ and the middle one remains neutral. Find the charge
appearing on the outer surface of the rightmost plate.

q -2

Figure 30-ES8

e
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OBJECTIVE 1
1. © 2.(a 3. 4.®) 5 (a)
7. (0
OBJECTIVE 11
1. () 2. d) 3. all
4. (), (¢) 5. (a), (c)
7. (), (d) 8. (b)
EXERCISES
N-m
1. 240 ——6'—
2. Q/(2¢,)
4.22x10°"%C
5. Q/¢,
6. Q/(6¢y)
1 x +« N-m*
7,11 x10 ===
8. Q/(2¢,)
9. 30x 10~ N/C
10. (a) 232 x 10 ¥ N/C (b) 116 x 10 ¥ N/C

6. (a), (c)

Gauss's Law

11

12.

13.
14,

15.
16.
17.
18.

19.
20.
21.
22,

23.

24.

ANSWERS

d b

Ax -
3 3
Ltrze:,,.'cz(r2 -r)

Q @ b -9 R4

' o S
2 2

(a) -

4na  4na 4na” 4na’

(c) 4—0_‘ in both situations
nEy X

(a) 34 x 10 " N/C
9x10°N/C
288x10°"J

p x/(2¢e,)

p /¢,

045N

75%x 10 C/m*
(a) 020N (b) 045 s

0505 x 10 *C/m?
(b) 0/60

®) 1'1 x 10 " N/C

(a) zero (c) zero

143

Q Q Q .
(a) 24 (b) 2A¢, towards left (c) towards right

2A¢,

towards right

Q
@ 2Ae
-Q/2

L
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Concepts of Physics

OBJECTIVE 1

A capacitor of capacitance C is charged to a potential V.
The flux of the electric field through a closed surface
enclosing the capacitor is

cv 2CV n CV
(a) —"Eg— (b) ""'E;""’ A2 28: (d) zero.
. Two capacitors each having capacitance C and
breakdown voltage V are joined in series. The
capacitance and the breakdown voltage of the

combination will be
(a)2C and 2V
(c) 2C and V2

(b) C/2 and V2
(d) C2and 2 V.

. If the capacitors in the previous question are joined in

parallel, the capacitance and the breakdown voltage of
the combination will be
(a)2C and 2V

(c)2C and V

(b) Cand 2V
(d) C and V.

. The equivalent capacitance of the combination shown in

figure (31-Q1) is

(a) C b)2C (c) CR2 (d) none of these.
U
11
|
— C pro———
C
]
11
Figure 31-Q1

. A dielectric slab is inserted between the plates of an

isolated capacitor. The force between the plates will
(a) increase (b) decrease
(c) remain unchanged (d) become zero.

. The energy density in the electric field created by a point

charge falls off with the distance from the point charge
as

) + .

mL oL ek

r r r
A parallel-plate capacitor has plates of unequal area.
The larger plate is connected to the positive terminal of
the battery and the smaller plate to its negative
terminal. Let @, and @_be the charges appearing on the
positive and negative plates respectively.
(a) @.>Q. (b) @ -Q.. (c) Q. < Q..
(d) The information is not sufficient to decide the
relation between @, and Q.

. A thin metal plate P is inserted between the plates of

a parallel-plate capacitor of capacitance C in such a way

10.

11.

12.

. Figure (31-Q3) shows two capacitors connected in series

that its edges touch the two plates (figure 31-Q2). The
capacitance now becomes
(a) C2 b)2C

(©0 (d) oo,

Figure 31-Q2

and joined to a battery. The graph shows the variation
in potential as one moves from left to right on the branch
containing the capacitors.

(a) C,>C,. M) C, =0C, (c) C, <C,

(d) The information is not sufficient to decide the

I

!
T

relation between C, and C,.

G Cy E
(b)
Figure 31-Q3

Two metal plates having charges @, - @ face each other
at some separation and are dipped into an oil tank. If
the oil is pumped out, the electric field between the
plates will

(a) increase

(c) remain the same

(b) decrease
(d) become zero.
Two metal spheres of capacitances C, and C, carry some
charges. They are put in contact and then separated.
The final charges @, and @, on them will satisfy

Q  C G @  C Q. _GC
(o) ~- ¢ - i O e Py | % —_—————
"%, C (®) 5.° T, (0 9, C (d) 0, C
Three capacitors of capacitances 6 uF each are available.
The minimum and maximum capacitances, which may
be obtained are
(a) 6 uF, 18 yF
(c) 2 pF, 12 uF

(b) 3uF, 12 uF
(d) 2 uF, 18 pF.

OBJECTIVE 11

. The capacitance of a capacitor does not depend on

(a) the shape of the plates

(b) the size of the plates

(c) the chaiges on the plates

(d) the separation between the plates.

2.

A dielectric slab is inserted between the plates of an
isolated charged capacitor. Which of the following
quantities will remain the same ?

(a) the electric field in the capacitor

(b) the charge on the capacitor

ik

g b Ayl (v ;'-_.-_-i_wﬁ

PSUEE TR T B

e ¥ h:ﬁ:
LR

4

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

). The

Bries
\tion
inch

the

r

6.

Downloaded From : www.EasyEngineering.net

Capacitors

(c) the potential difference between the plates
(d) the stored energy in the capacitor.

A dielectric slab is inserted between the plates of a
capacitor. The charge on the capacitor is @ and the
magnitude of the induced charge on each surface of the
dielectric is .

(a) @ may be larger than Q.

(b) @ must be larger than Q.

(¢) @ must be equal to Q.

(d) @ must be smaller than Q.

. Each plate of a parallel plate capacitor has a charge g

on it. The capacitor is now connected to a battery. Now,
(a) the facing surfaces of the capacitor have equal and
opposite charges.

(b) the two plates of the capacitor have equal and
opposite charges.

(c) the battery supplies equal and opposite charges to
the two plates.

(d) the outer surfaces of the plates have equal charges.

. The separation between the plates of a charged parallel-

plate capacitor is increased. Which of the following
quantities will change ?

(a) charge on the capacitor

(b) potential difference across the capacitor

(c) energy of the capacitor

(d) energy density between the plates.

165

. A parallel-plate capacitor is connected to a batterv. A

metal sheet of negligible thickness is placed between the
plates. The sheet remains parallel to the plates of the
capacitor.

(a) The battery will supply more charge.

(b) The capacitance will increase.

(¢) The potential difference between the plates will
increase.

(d) Equal and opposite charges will appear on the two
faces of the metal plate.

. Following operations can be performed on a capacitor:

X — connect the capacitor to a battery of emf £.

'Y - disconnect the battery.

Z - reconnect the battery with polarity reversed.

W — insert a dielectric slab in the capacitor.

(a) In XYZ (perform X, then Y, then Z) the stored
electric energy remains unchanged and no thermal
energy is developed.

(b) The charge appearing on the capacitor is greater
after the action XWY than after the action XYW.

(¢) The electric energy stored in the capacitor is greater
after the action WXY than after the action XYW.

(d) The electric field in the capacitor after the action
XW is the same as that after WX.

EXERCISES

When 10 x10"™ electrons are transferred from one
conductor to another, a potential difference of 10 V
appears between the conductors. Calculate the
capacitance of the two-conductor system.

. The plates of a parallel-plate capacitor are made of

circular discs of radii 5°0 ecm each. If the separation
between™ the plates is 1'0 mm, what is the
capacitance ?

Suppose, one wishes to construct a 1'0 farad capacitor
using circular discs. If the separation between the discs be
kept at 1'0 mm, what would be the radius of the discs ?

A parallel-plate capacitor having plate area 25 em” and
separation 1'00 mm is connected to a battery of 60 V.
Calculate the charge flown through the battery. How much
work has been done by the battery during the process ?

. A parallel-plate capacitor has plate area 250 em * and

a separation of 200 mm between the plates. The
capacitor is connected to a battery of 120 V. (a) Find
the charge on the capacitor. (b) The plate separation is
decreased to 100 mm. Find the extra charge given by
the battery to the positive plate.

Find the charges on the three capacitors connected to a
battery as shown in figure (31-El). Take C, =20 pF,
C, = 40uF, C,=60uF and V=12 volt.

| s )
o S e

Figure 31-E1

. Take C,=40uF and C,=60uF

7. Three capacitors having capacitances 20 uF, 30 uF and

40 pF are connected. in series with a 12 V battery. Find
the charge on each of the capacitors. How much work
has been done by the battery in charging the capacitors ?

. Find the charge appearing on each of the three

capacitors shown in figure (31-E2).

Figure 31-E2

in figure (31-E3).
Calculate the equivalent capacitance of the combination
between the points indicated.

_EI——)
b

C, (¢ 1
(a (b

o dsndadia

Figure 31-E3
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10. Find the charge supplied by the battery in the
arrangement shown in figure (31-E4).

5.0 uF

Figure 31-E4

11. The outer cylinders of two cylindrical capacitors of
capacitance 2'2 pF each, are kept in contact and the inner
cylinders are connected through a wire. A battery of emf
10 V is connected as shown in figure (31-E5). Find the total
charge supplied by the battery to the inner cylinders.

Figure 31-E5

12. Two conducting spheres of radii K. and R, are kept widely

separated from each other. What are their individual

capacitances ? If the spheres are connected by a metal wire,
what will be the capacitance of the combination ? Think in
terms of series—parallel connections.

13. Each of the capacitors shown in figure (31-E6) has a
capacitance of 2 pF. Find the equivalent capacitance of
the assembly between the points A and B. Suppose, a
battery of emf 60 volts is connected between A and B.
Find the potential difference appearing on the individual
capacitors.

st
i L L
)

Figure 31-E6

14. It is required to construct a 10 4F capacitor which can

be connected across a 200V battery. Capacitors of

capacitance 10 uF are available but they can withstand

only 50 V. Design a combination which can yield the

desired result.

15. Take the potential of the point B in figure (31-E7) to be
zero. (a) Find the potentials at the points C and D. (b)
If a capacitor is connected between C and D, what charge
will appear on this capacitor ?

T . 8uF

Figure 31-E7

Concepts of Physics

16. Find the equivalent capacitance of the system shown in
figure (31-E8) between the points a and b.

i
(‘,—]— C -I: C,

—-'[\ 3 ’I
Figure 31-E8

17. A capacitor is made of a flat plate of area A and a second

plate having a stair-like structure as shown in figure
(31-E9). The width of each stair is a and the height is
b. Find the capacitance of the assembly.

q 2

; 3a {

Figure 31-E9

18. A cylindrical capacitor is constructed using two coaxial
cylinders of the same length 10 cm and of radii 2 mm
and 4 mm. (a) Calculate the capacitance. (b) Another
capacitor of the same length is constructed with
cylinders of radii 4 mm and 8 mm. Calculate the
capacitance.

A 100 .pF capacitor is charged to a potential difference
of 24 V. It is-connected to an uncharged capacitor of
capacitance 20 pF. What will be the new potential
difference across the 100 pF capacitor ?

Each capacitor shown in figure (31-E10) has a
capacitance of 50 uF. The emf of the battery is 50 V.
How much charge will flow through AB if the switch S

is closed ?
A3
l :: ' 7/
—
I
B

alf

19.

20.

Figure 31-E10

21. The particle P shown in figure (31-E11) has a mass of
10 mg and a charge of ~0'01 uC. Each plate has a
surface area 100 cm’ on one side. What potential
difference V should be applied to the combination to hold

the particle P in equilibrium ?

0.04 yF ZZP
0.04 yF T

Figure 31-E11

v

22. Both the capacitors shown in figure (31-E12) are made
of square plates of edge a. The separations between the
plates of the capacitors are d, and d, as shown in the

i
s

2
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Figure 31-E12

figure. A potential difference V is applied between the
points ¢ and b. An electron is projected between the
plates of the upper capacitor along the central line. With
what minimum speed should the electror. be projected
so that it does not collide with any plate ? Consider only
the electric forces.

23. The plates of a capacitor are 2:00 cm apart. An electron—
proton pair is released somewhere in the gap between
the plates and it is found that the proton reaches the
negative plate at the same time as the electron reaches
the positive plate. At what distance from the negative
plate was the pair released ?

24. Convince yourself that parts (a), (b) and (c) of figure
(31-E19) are identical. Find the capacitance between the
points A and B of the assembly.

"F 3uF
=5 pF >—'B =:5yF
2 uF 3yF
(a) (b)
1 uF
i
11
S5uF 3uF
11 il
A it it i i
2 yF
AL
11
6uF

(c)
Figure 31-E13

25. Find the potential difference V, - V, between the points
a and b shown in each part of the figure (31-E14).

12V

2yF 24F

e
P atas 40

12 Vi p—_—l
_—K__Jb

(a) (b)

2V 2V
N
2 uF * 2.9F

(c) (d)

Figure 31-E14

26. Find the equivalent capacitances of the combinations
shown in figure (31-E15) between the indicated points.

1 §F 3 4P 1\{:F‘ :!l?r
i _[_ I
4pF 24F
MFI e VT M
Fors Il FJ_ I
4y
— i
3uF 1uF 9 4F Wiy
(a) (b)
2 4 oF
20 4 e
: Guf
— I wry P o
5 aF Al : F'L ]

o -l
‘—_)I'—’[——N——‘ W T e i
4yF 8 sF 44F!T gL L

Al AL T \l
1 1 1l
4 oF 2,4F 4 4F

(e) (d)

Figure 31-E15

27. Find the capacitance of the combination shown in figure
(31-E16) between A and B.

wF 2P

2
i

Z=1F ‘J|:IJIF = Tk
- B

Figure 31-E16

28. Find the equivalent capacitance of the infinite ladder
shown in figure (31-E17) between the points A and B.

24F

KTTTF“"
b e

Figure 31-E17

29. A finite ladder is constructed by connecting several
sections of 2 uF, 4 uF capacitor combinations as shown
in figure (81-E18). It is terminated by a capacitor of
capacitance C. What value should be chosen for C, such
that the equivalent capacitance of the ladder between
the points A and B becomes independent of the number
of sections in between ?

4 wF 4 uF 4 uF
A A
" Al

Figure 31-E18

30. A charge of + 20 x 10 " C is placed on the positive plate
and a charge of — 1'0 x 10 "° C on the negative plate of
a parallel-plate capacitor of capacitance 1'2 x 107" uF.
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32,

33.

34.

35.

36.

37.

39.
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Calculate the potential difference developed between the
plates.

A charge of 20 uC is placed on the positive plate of an
isolated parallel-plate capacitor of capacitance 10 uF.
Calculate the potential difference developed between the
plates.

A charge of 1 pC is given to one plate of a parallel-plate
capacitor of capacitance 01 pF and a charge of 2 pC is
given to the other plate. Find the potential difference
developed between the plates.

Each of the plates shown in figure (31-E19) has surface
area (96/gy) x 10~ 2 F_m on one side and the separation
between the consecutive plates is 4'0 mm. The emf of
the battery connected is 10 volts. Find the magnitude of
the charge supplied by the battery to each of the plates
connected to it.

Figure 31-E19
The capacitance between the adjacent plates shown in
figure (31-E20) is 50 nF. A charge of 1'0 pC is placed on the
middle plate. (a) What will be the charge on the outer
surface of the upper plate ? (b) Find the potentiz] difference
developed between the upper and the middle plates.

L ]
L ]
| === ]

Figure 31-E20

Consider the situation of the previous problem. If 1:0 uC
is placed on the upper plate instead of the middle, what
will be the potential difference between (a) the upper
and the middle plates and (b) the middle and the lower
plates ?

Two capacitors of capacitances 200 pF and 500 pF are
connected in series with a 6:00 V battery. Find (a) the
potential difference across each capacitor and (b) the
energy stored in each capacitor.

Two capacitors of capacitances 4'0 pF and 6'0 uF are
connected in series with a battery of 20 V. Find the
energy supplied by the battery.

Each capacitor in figure (31-E21) has a capacitance of
10 pF. The emf of the battery is 100 V. Find the energy
stored in each of the four capacitors.

3 vk
vl

!—Jr—"i_} f—]
— ]

Figure 31-E21

A capacitor with stored energy 40 J is connected with
an identical capacitor with no electric field in between.
Find the total energy stored in the two capacitors.

40. A capacitor of capacitance 20 uF is charged to a

41.

42,

43.

44.

45.

46.

potential difference of 12 V. It is then connected to an
uncharged capacitor of capacitance 40 pF as shown in
figure (31-E22). Find (a) the charge on each of the two
capacitors after the connection, (b) the electrostatic
energy stored in each of the two capacitors and (c) the
heat produced during the charge transfer from one
capacitor to the other.

Figure 31-E22

A point charge @ is placed at the origin. Find the
electrostatic energy stored outside the sphere of radius |

R centred at the origin.

A metal sphere of radius R is charged to a potential V.
(a) Find the electrostatic energy stored in the electric

field within a concentric sphere of radius 2 R. (b) Show
that the electrostatic field energy stored outside the
sphere of radius 2 R equals that stored within it.

A large conducting plane has a surface charge density -

10 x 10 ™* C/m ®. Find the electrostatic energy stored in
a cubical volume of edge 1'0 cm in front of the plane.
A parallel-plate capacitor having plate area 20 cm® and
separation between the plates 1'00 mm is connected to
a battery of 120 V. The plates are pulled apart to
increase the separation to 20 mm. (a) Calculate the
charge flown through the circuit during the process. (b)
How much energy is absorbed by the battery during the
process ? (c) Calculate the stored energy in the electric
field before and after the process. (d) Using the
expression for the force between the plates, find the work
done by the person pulling the plates apart. (¢) Show
and justify that no heat is produced during this transfer
of charge as the separation is increased.

A capacitor having a capacitance of 100 pF is charged
to a potential difference of 24 V. The charging battery
is disconnected and the capacitor is connected to another
battery of emf 12V with the positive plate of the
capacitor joined with the positive terminal of the battery.
(a) Find the charges on the capacitor before and after

i'g'!l_;-u; Lo .

S

e h

W

PRl g s, S A

i

i

the reconnection. (b) Find the charge flown through the

12 V battery. (c) Is work done by the battery or is it
done on the battery ? Find its magnitude. (d) Find the
decrease in electrostatic field energy. (e) Find the heat
developed during the flow of charge after reconnection.
Consider the situation shown in figure (31-E23). The
switch S is open for a long time and then closed. (a) Find
the charge flown through the battery when the switch
S is closed. (b) Find the work done by the battery.

|

Figure 31-E23

it
—If_

e

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

47.

48.

49,

50.

506.

Downloaded From : www.EasyEngineering.net

Capacitors

(¢) Find the change in energy stored in the capacitors.
(d) Find the heat developed in the system.

A capacitor of capacitance 500 pF is charged to 240V
and anofher capacitor of capacitance 60 uF is charged
to 12:0 V. (a) Find the energy stored in each capacitor.
(b) The positive plate of the first capacitor is now
connected to the negative plate of the second and vice
versa. Find the.new charges on the capacitors. (c¢) Find
the loss of electrostatic energy during the process.
(d) Where does this energy go?

A 50 pF capacitor is charged to 12 V. The positive plate
of this capacitor is now connected to the negative
terminal of a 12 V battery and vice versa. Calculate the
heat developed in the connecting wires. "

The two square faces of a rectangular dielectric slab
(dielectric constant 40) of dimensions 20 cm x 20 em
x 1'0mm are metal-coated. Find the capacitance
between the coated surfaces.

If the above capacitor is connected across a 6°0 V battery,
find (a) the charge supplied by the battery, (b) the
induced charge on the dielectric and (c) the net charge
appearing on one of the coated surfaces.

. The separation between the plates of a parallel-plate

capacitor is 0:500 cm and its plate area is 100 em . A
0400 cm thick metal plate is inserted into the gap with
its faces parallel to the plates. Show that the capacitance
of the assembly is independent of the position of the
metal plate within the gap and find its value.

. A capacitor stores 50 pC charge when connected across

a battery. When the gap between the plates is filled with
a dielectric, a charge of 100 uC flows through the
battery. Find the dielectric constant of the material
inserted.

A parallel-plate capacitor of capacitance 5pF is
connected to a battery of emf 6 V. The separation
between the plates is 2 mm. (a) Find the charge on the
positive plate. (b) Find the electric field between the
plates. (c) A dielectric slab of thickness 1 mm and
dielectric constant 5 is inserted into the gap to occupy
the lower half of it. Find the capacitance of the new
combination. (d) How much charge has flown through
the battery after the slab is inserted ?

. A parallel-plate capacitor has plate area 100 em® and

plate separation 1'0 cm. A glass plate (dielectric constant
6'0) of thickness 6'0 mm and an ebonite plate (dielectric
constant 4'0) are inserted one over the other to fill the
space between the plates of the capacitor. Find the new
capacitance.

. A parallel-plate capacitor having plate area 400 cm * and

separation between the plates 1'0 mm is connected to a
power supply of 100 V. A dielectric slab of thickness 05
mm and dielectric constant 50 is inserted into the gap.
(a) Find the increase in electrostatic energy. (b) If the
power supply is now disconnected and the dielectric slab
is taken out, find the further increase in energy. (¢) Why
does the energy increase in inserting the slab as well as
in taking it out ?

Find the capacitances of the capacitors shown in figure
(31-E24). The plate area is A and the separation between

).
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57.

58.

59.

60.

61.

(a) (k)
Figure 31-E24

the plates is J. Different dielectric.slabs in a particular
part of the figure are of the same thickness and the
entire gap between the plates is filled with the dielectric
slabs.

A capacitor is formed by two square metal-plates of edge
a, separated by a distance d. Dielectrics of dielectric
constants K, and K, are filled in the gap as shown in
figure (31-E25). Find the capacitance.

Figure 31-E25

Figure (31-E26) shows two identical parallel plate
capacitors connected to a battery through a switch S.
Initially, the switch is closed so that the capacitors are
completely charged. The switch is now opened and the
free space between the plates of the capacitors is filled
with a dielectric of dielectric constant 3. Find the ratio
of the initial total energy stored in the capacitors to the
final total energy stored.

Figure 31-E26

A parallel-plate capacitor of plate area A and plate
separation d is charged to a potential difference V and
then the battery is disconnected. A slab of dielectric
constant K is then inserted between the plates of the
capacitor so as to fill the space between the plates. Find
the work done on the system in the process of inserting
the slab.

A capacitor having a capacitance of 100 uF is charged
to a potential difference of 50 V. (a) What is the
magnitude of the charge on each plate ? (b) The charging
battery is disconnected and a dielectric of dielectric
constant 2'5 is inserted. Calculate the new potential
difference between the plates. (¢) What charge would
have produced this potential difference in absence of the
dielectric slab. (d) Find the charge induced at a surface
of the dielectric slab.

A sphercial capacitor is made of two conducting spherical
shells of radii a and b. The space between the shells is
filled with a dielectric of dielectric constant K upto a

L
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Figure 31-E27

Figure 31-E29

radius ¢ as shown in figure (31-E27). Calculate the 67. Figure (31-E30) shows two parallel plate capacitors with"
capacitance. fixed plates and connected to two batteries. The
Consider an assembly of three conducting concentric separation between the plates is the same for the two
spherical shells of radii a, b and ¢ as shown in figure capacitors. The plates are rectangular in shape with
(31-E28). Find the capacitance of the assembly between width b and lengths !, and [, The left half of the
the points A and B. dielectric slab has a dielectric constant K, and the right
half K,. Neglecting any friction, find the ratio of the emf"
of the left battery to that of the right battery for which’
the dielectric slab may remain in equilibrium. al
e
[ 1 i ! I i
- K K
T i T A
Figure 31-E28 ,
Suppose the space between the two inner shells of the g
previous problem is filled with a dielectric of dielectric 68. Consider the situation shown in figure (31-E31). The
constant K. Find the capacitance of the system between plates of the capacitor have plate area A and are
A and B. clamped in the laboratory. The dielectric slab is released
An air-filled parallel-plate capacitor is to be constructed from rest with a length a inside the capacitor. Neglecting
which can store 12uC of charge when operated at any effect of friction or gravity, show that the slab will
1200 V. What can be the minimum plate area of the execute periodic motion and find its time period.
capacitor ? The dielectric strength of air is 3 x 10 ® V/m.
. A parallel-plate capacitor with the plate area 100 cm’ :
and the separation between the plates 1'0 cm is I SR
connected across a battery of emf 24 volts. Find the force _
of attraction between the plates. _[_ T
Consider the situation shown in figure (31-E29). The &= K d
width of each plate is b. The capacitor plates are rigidly L
clamped in the laboratory and connected to a battery of =
emf £. All surfaces are frictionless. Calculate the value Figure 31-E31
of M for which the dielectric slab will stay in
equilibrium,
a
ANSWERS
OBJECTIVE 1 EXERCISES
. (d) 2. (d) 3. (c) 4. (b) 5. (¢) 6. (d) 1. 16 x 10 -8 F
. (b) 8. (d) 9. (¢) 10. (a) 11l. (b) 12. (d) .
2. 695 x 10 "° uF
3. 6 km
OBJECTIVE I o 2
4. 1'33x10 " C,80x10 "J
' Ef‘l’) ?j EE; (C)‘?a)(d) 4. (@), (0), @) 5 ) Ae) 5 ) 1483107 C (b) 183 % 10 7 C

-
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. 48 pC on the 8 pF capacitor and 24 pC on each of the

4 pF capacitors

. (a) 5pF (b) 10 pF

. 110 uC

.44 uC

. dney Ry, 4ney R, 4ney (R, + Ry)
.2uF, 20V

. (a) 50/3 pV at each point (b) zero

2CC,
+
=37 0+ C,
£, ABd*+6bd+2b%
3dd+b)(d+20b)

. (a) 8 pF (b) same as in (a)
.20V

.33x107'C

.43 mV

172

[ Vea ® ]

"I mdJ(d, +d,)

.1:08 x 10 " em

. 225 uF

. (a) '};—'V (b) -8 V (¢) zero (d) =103V

2. (a) - BF (&) 5 bF (0) 8 uF (@) 8 uF

. 1uF
. 2uF
29. 4 yF
125V
.1V
.5V

. 016 uC

.(a) 050 uC (b) 10V

.(a)10V®m 10V

.(a) 1'71V,429V (b) 184 pd, 735 pd

. 960 pd

.8 mdJ in (a) and (d), 2 mJ in (b) and (¢)

.20J
.(a) 84C, 16 uC (b) 16 pd, 32 pd, (c) 96 pud

}

1y, &

" 8ne, R

Capacitors
3. 24 pC, 48 uC, 72 uC 49.
. 110 uC on each, 1'33x 10 °J 43.

44.

45.

46.
417.
48.
49.

50.
51.
52.

53.
54.

55.
B56.

57.
58.

59.
60.
61.

62.

63.

66.

68.
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(a) ne, RV*

56x10 " *J

(a) 106 x 10 °C (b) 127 x 10 " °J

(0) 127x107"J, 6:35x 10 "*J (d) 6:35x 10 ' J
(a) 2400 pC, 1200 uC (b) 1200 uC (c) 14'4 mJ

(d) 216 mJ (e) 72 md

(@) CE£/2, (b) CEY/2 (c) CEY/4 () Ce/4

(a) 144 mJ, 0432 mJ (b) 21'8 uC, 262 pC, (¢) 177 mJ
144 mJ

1'42 nF

(a) 85 nC (b) 64 nC (c) 2'1 nC

88 pF

3

(a) 30 uC (b) 3x 10 ° V/m (c) 8'3 pF (d) 20 uC
44 pF
(a) 71 uJ (b) 354 pJ

2K K, A
a
@ TK LK)

A
© 5 (K, Ky)

3eA K, K,K,
33 d(K.K, + K,K, + K.K))

Kl
e K Kaln=—

(K, - K,)d
3:5
.
2d | K
(a) 5 mC (b) 20 V (¢) 2 mC (d) 3 mC
4re, Kabe
Ka(b - ¢) + b(c - a)

4ne, ac

c-a
4ne, Kabe
Ka(c-b)+c(b-a)

.045m?’
65.

25x 10 "N
g, bEK-1)
2dg
K,- 1
K -1

8 / (l-a)lmd
L ASYK - 1)

€,
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QUESTIONS FOR SHORT ANSWER

. Suppose you have three resistors each of value 30 Q.

List all the different resistances you can obtain using
them.

. A proton beam is going from east to west. Is there an

electric current ? If yes, in what direction ?

. In an electrolyte, the positive ions move from left to right

and the negative ions from right to left. Is there a net
current ? If yes, in what direction ?

In a TV tube, the electrons are accelerated from the rear
to the front. What is the direction of the current ?

The drift speed is defined as v, = Al/At where Al is the
distance drifted in a long time At. Why don't we define
the drift speed as the limit of AL/At as At - 07?

One of your friends argues that he has read in previous
chapters that there can be no electric field inside a
conductor. And hence there can be no current through
it. What is the fallacy in this argument ?

When a current is established in a wire, the free
electrons drift in the direction opposite to the current.
Does the number of free electrons in the wire
continuously decrease ?

. A fan with copper winding in its motor consumes less

power as compared to an otherwise similar fan having
aluminium winding. Explain.

The thermal energy developed in a current-carrying
resistor is given by U = i “Rt and also by U = Vit. Should
we say that U is proportional to i” or to i ?

10.

11.

12.

14.

15.

16.

17.

Consider a circuit containing an ideal battery connected
to a resistor. Do “work done by the battery” and “the
thermal energy developed” represent two names of the
same physical quantity ?

Is work done by a battery always equal to the thermal
energy developed in electrical circuits ? What happens if
a capacitor is connected in the circuit ?

A nonideal battery is connected to a resistor. Is work
done by the battery equal to the thermal energy
developed in the resistor ? Does your answer change if
the battery is ideal ?

. Sometimes it is said that “heat is developed” in a

resistance when there is an electric current in it. Recall .

that heat is defined as the energy being transferred due
to the temperature difference. Is the statement under
quotes technically correct ? 48
We often say “a current is going through the wire". What
goes through the wire, the charge or the current?
Would you prefer a voltmeter or a potentiometer to
measure the emf of a battery ?

Does a conductor become charged when a current is
passed through it ?

Can the potential difference across a battery be greater
than its emf?

OBJECTIVE 1

. A metallic resistor is connected across a battery. If the

number of collisions of the free electrons with the lattice
is somehow decreased in the resistor (for example, by
cooling it), the current will
(a) increase

(c) remain constant

(b) decrease

{d) become zero.

Two resistors A and B have resistances R, and R,
respectively with R, < R,. The resistivities of their
materials are p, and p,.

(a) p,>py (b) p. =Py (@ pa<pp

(d) The information is not sufficient to find the relation
between p, and p,.

The product of resistivity and conductivity of a
cylindrical conductor depends on
(a) temperature

(¢) area of cross-section

(b) material

(d) none of these.

As the temperature of a metallic resistor is increased,
the product of its resistivity and conductivity

(a) increases (b) decreases

(¢) remains constant (d) may increase or decrease.

. In an electric circuit containing a battery, the charge

(assumed positive) inside the battery
(a) always goes from the positive terminal to the

negative terminal

10.

(b) may go from the positive terminal to the negative
terminal

(c) always goes from the negative terminal to the
positive terminal

(d) does not move.

A resistor of resistance R is connected to an ideal
battery. If the value of R is decreased, the power
dissipated in the resistor will
(a) increase (b) decrease

A current passes through a resistor. Let K, and K,
represent the average kinetic energy of the conduction
electrons and the metal ions respectively.

(a) K, <K, (b) K, =K,

(c) K,>K,. (d) Any of these three may occur.

(¢) remain unchanged.

. Two resistors R and 2R are connected in series in an

electric circuit. The thermal energy developed in R and
2R are in the ratio
(a) 1:2 (b) 2:1

()1:4 (d)4:1.

. Two resistances R and 2R are connected in parallel in

an electric circuit. The thermal energy developed in R
and 2R are in the ratio

(a) 1:2 b)2:1 (c)l:4 (d)4:1.

A uniform wire of resistance 50 Q is cut into 5 equal
parts. These parts are now connected in parallel. The
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equivalent resistance of the combination is

(a)2 Q@ (b) 16 Q (c) 250 Q (d) 6250 Q.
Consider the following two statements:

(A) Kirchhoff’s junction law follows from conservation of
charge.

(B) Kirchhoff's loop
nature of electric field.
(a) Both A and B are correct.

{b) A is correct but B is wrong.

(c) B is correct but A is wrong.

(d) Both A and B are wrong.

Two nonideal batteries are connected in series. Consider
the following statements:

(A) The equivalent emf is larger than either of the two
emfs.

(B) The equivalent internal resistance is smaller than
either of the two internal resistances.

(a) Each of A and B is correct.

(b) A is correct but B is wrong.

(c) B is correct but A is wrong.

(d) Each of A and B is wrong.

Two nonideal batteries are connected
Consider the following statements:

(A) The equivalent emf is smaller than either of the two
emfs.

(B) The equivalent internal resistance is smaller than
either of the two internal resistances.

law follows from conservative

in parallel.

14.

15.

16.
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(a) Both A and B are correct.

(b) A is correct but B is wrong.

(c) B is correct but A is wrong.

(d) Both A and B are wrong.

The net resistance of an ammeter should be small to
ensure that

(a) it does not get overheated

(b) it does not draw excessive current

(c) it can measure large currents

(d) it does not appreciably change the current to be
measured.

The net resistance of a voltmeter should be large to
ensure that

(a) it does not get overheated

(b) it does not draw excessive current

(c¢) it can measure large potential differences

(d) it does not appreciably change the potential
difference to be measured.

Consider a capacitor-charging circuit. Let @, be the
charge given to the capacitor in a time interval of 10 ms
and @, be the charge given in the next time interval of
10 ms. Let 10 uC charge be deposited in a time interval
t, and the next 10 uC charge is deposited in the next
time interval t,.
(a) Q: > Q‘z- t >t
(© Ql < sz L, >t

(b) Q>Q,t, <1,
(d) Q) < Q'Z’ tl < tT

OBJECTIVE 11

. Electrons are emitted by a hot filament and are

accelerated by an electric field as shown in figure
(32-Q1). The two stops at the left ensure that the
electron beam has a uniform cross-section.

(a) The speed of the electron is more at B than at A.
(b) The electric current is from left to right.

(¢) The magnitude of the current is larger at B than
at A.

(d) The current density is more at B than at A.

Figure 32-Ql

A capacitor with no dielectric is connected to a battery
at t = 0. Consider a point A in the connecting wires and
a point B in between the plates.

(a) There is no current through A.

(b) There is no current through B.

(c) There is a current through A as long as the charging
is not complete.

(d) There is a current through B as long as the charging
is not complete.

When no current is passed through a conductor,

(a) the free electrons do not move

(b) the average speed of a free electron over a large
period of time is zero

(c) the average velocity of a free electron over a large
period of time is zero

(d) the average of the velocities of all the free electrons
at an instant is zero.

Which of the following quantities do not change when a
resistor connected to a battery is heated due to the
current ?

(a) drift speed
(¢) resistance

(b) resistivity

(d) number of free electrons.
As the temperature of a conductor increases, its
resistivity and conductivity change. The ratio of
resistivity to conductivity

(a) increases (b) decreases (c) remains constant
(d) may indrease or decrease depending on the actual
temperature.

A current passes through a wire of nonuniform
cross-section. Which of the following quantities are
independent of the cross-section ?

(a) the charge crossing in a given time interval

(b) drift speed

(c) current density

(d) free-electron density.

Mark out the correct options.

(a) An ammeter should have small resistance.

(b) An ammeter should have large resistance.
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(¢) A voltmeter should have small resistance.

(d) A voltmeter should have large resistance.

A capacitor of capacitance 500 uF is connected to a
battery through a 10 kQ resistor. The charge stored on
the capacitor in the first 5s is larger than the charge
stored in the next
(a) 5s (b) 50 s

(¢) 500 s (d) 500.

. A capacitor C, of capacitance 1 uF and a capacitor C, of

capacitance 2 uF are separately charged by a common
battery for a long time. The two capacitors are then
separately discharged through equal resistors. Both the

discharge circuits are connected at ¢t = 0.

(a) The current in each of the two discharging circuits
is zero at t = 0.

(b) The currents in the two discharging circuits at ¢t = 0
are equal but not zero.

(c) The currents in the two discharging circuits at ¢t = 0
are unequal.

(d) C, loses 50% of its initial charge sooner than C, loses
50% of its initial charge.

EXERCISES

. The amount of charge passed in time ¢ through a

cross-section of a wire is

Q)=At’+Bt+C.
(a) Write the dimensional formulae for A, B and C.
(b) If the numerical values of A, B and C are 5, 3 and
1 respectively in SI units, find the value of the current
att =5 s.

An electron gun emits 2:0 x 10 " electrons per second.
What electric current does this correspond to?

The electric current existing in a discharge tube is
20 pA. How much charge is transferred across a
cross-section of the tube in 5 minutes ?

. The current through a wire depends on time as

i=1,+at,
where i;= 10 A and a =4 A/s. Find the charge crossed
through a section of the wire in 10 seconds.
A current of 1'0 A exists in a copper wire of cross-section
10 mm > Assuming one free electron per atom calculate
the drift speed of the free electrons in the wire. The
density of copper is 9000 kg/m °.
A wire of length 1 m and radius 0'1 mm has a resistance
of 100 Q. Find the resistivity of the material.

. A uniform wire of resistance 100  is melted and recast

in a wire of length double that of the original. What
would be the resistance of the wire ?

Consider a wire of length 4 m and cross-sectional area 1
mm carrying a current of 2 A. If each cubic metre of the
material contains 10 ® free electrons, find the average time
taken by an electron to cross the length of the wire.
What length of a copper wire of cross-sectional area
001 mm "~ will be needed to prepare a resistance of
1 kQ ? Resistivity of copper = 17 x 10 ~ Q-m.

Figure (32-E1) shows a conductor of length [ having a
circular cross-section. The radius of cross-section varies
linearly from a to b. The resistivity of the material is p.
Assuming that b-a <</, find the resistance of the
conductor.

Figure 32-El

11.

12,

13.

14.

15.

16.

17.

A copper wire of radius 0'1 mm and resistance 1 kQ is
connected across a power supply of 20 V. (a) How many
electrons are transferred per second between the supply
and the wire at one end ? (b) Write down the current
density in the wire.

Calculate the electric field in a copper wire of
cross-sectional area 2:0 mm” carrying a current of 1 A,

The resistivity of copper = 1'7 x 10 ~* Q-m.

LM v

A wire has a length of 2'0 m and a resistance of 50 Q. °

Find the elecric field existing inside the wire if it carries
a current of 10 A.

The resistances of an iron wire and a copper wire at 20°C
are 3'9 Q and 4'1 Q respectively. At what temperature will
the resistances be equal? Temperature coefficient of

resistivity for iron is 50x 10 “K * and for copper it is
40x 10 °K . Neglect any thermal expansion.

The current in a conductor and the potential difference
across its ends are measured by an ammeter and a

voltmeter. The meters draw negligible currents. The

ammeter is accurate but the voltmeter has a zero error .

(that is, it does not read zero when no potential
difference is applied). Calculate the zero error if the
readings for two different conditions are 1°75 A, 144V
and 275 A, 224 V.

Figure (32-E2) shows an arrangement to measure the emf
£ and internal resistance r of a battery. The voltmeter has
a very high resistance and the ammeter also has some
resistance. The voltmeter reads 1'52 V when the switch S
is open. When the switch is closed the voltmeter reading
drops to 145 V and the ammeter reads 1'0 A. Find the
emf and the internal resistance of the battery.

Figure 32-E2

The potential difference between the terminals of a
battery of emf 6°0 V and internal resistance 1 Q drops
to 5°8 V when connected across an external resistor. Find
the resistance of the external resistor.
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The potential difference between the terminals of a 6:0 V
battery is 7°2 V when it is being charged by a current
of 20 A. What is the internal resistance of the battery ?
The internal resistance of an accumulator battery of emf
6 V is 10 Q when it is fully discharged. As the battery
gets charged up, its internal resistance decreases to 1 Q.
The battery in its completely discharged state is
connected to a charger which maintains a constant
potential difference of 9 V. Find the current through the
battery (a) just after the connections are made and (b)
after a long time when it is completely charged.

Find the value of i, /i, in figure (32-E3) if (a) R=0'1 Q,
BYR=1Q (c) R=10 Q. Note from your answers that in
order to get more current from a combination of two
batteries they should be joined in parallel if the external
resistance is small and in series if the external resistance
is large as compared to the internal resistances.

21.

22.

23.

Y
:Ug

Figure 32-E3
Consider N =n,n, identical cells, each of emf & and
internal resistance r. Suppose n, cells are joined in series
to form a line and n, such lines are connected in parallel.
The combination drives a current in an external
resistance R. (a) Find the current in the external
resistance. (b) Assuming that n, and n, can be
continuously varied, find the relation between n,, n,, R
and r for which the current in R is maximum.
A battery of emf 100 V and a resistor of resistance 10 kQ
are joined in series. This system is used as a source to
supply current to an external resistance R. If R is not
greater than 100 Q, the current through it is constant
upto two significant digits. Find its value. This is the
basic principle of a constant-current source.
If the reading of ammeter 4, in figure (32-E4) is 2'4 A,
what will the ammeters A, and A; read ? Neglect the
resistances of the ammeters.

200
i O
®)
‘B' 30 a
Figure 32-E4

. The resistance of the rheostat shown in figure (32-E5)

is 30 Q. Neglecting the meter resistance, find the

E

30 a

55 V1
IR
I

|

100
[ — AN —

20@
Figure 32-E5

26.

27.

29.

30.

31.

minimum and maximum currents through the ammeter
as the rheostat is varied.

. Three bulbs, each having a resistance of 180 Q, are

connected in parallel to an ideal battery of emf 60 V.
Find the current delivered by the battery when (a) all
the bulbs are switched on, (b) two of the bulbs are
switched on and (c¢) only one bulb is switched on.
Suppose you have three resistors of 20 Q, 50 Q and
100 ©. What minimum and maximum resistances can
you obtain from these resistors ?

A bulb is made using two filaments. A switch selects
whether the filaments are used individually or in
parallel. When used with a 15 V battery, the bulb can
be operated at 5 W, 10 W or 15 W. What should be the
resistances of the filaments ?

Figure (32-E6) shows a part of a circuit. If a current of
12 mA exists in the 5 kQ resistor, find the currents in
the other three resistors. What is the potential difference
between the points A and B ?

20 kn
100 ka g

10 ko
Figure 32-E6

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

Find the equivalent resistance of the network shown in
figure (32-E7) between the points a and b.

Figure 32-E7

A wire of resistance 150 Q is bent to form a regular
hexagon ABCDEFA. Find the equivalent resistance of
the loop between the points (a) A and B, (b) A and C
and (c) A and D.

. Consider the circuit shown in figure (32-E8). Find the

current through the 10 Q resistor when the switch S is
(a) open (b) closed.

10 20 p

[1
Xk

Figure 32-E8
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33. Find the currents through the three resistors shown in
figure (32-E9).

L g

Figure 32-E9

34. Figure (32-E10) shows a part of an electric circuit. The
potentials at the points @, band care 30 V,12Vand 2V
respectively. Find the currents through the three resistors.

10 o 200 b

300

Figure 32-E10

35. Each of the resistors shown in figure (32-El11) has a
resistance of 10 Q and each of the batteries has an emf
of 10 V. Find the currents through the resistors a and
b in the two circuits.

L
s T T

Figure 32-E11
36. Find the potential difference V, -V, in the circuits
shown in figure (32-E12).

q

(a)
Figure 32-E12
37. In the circuit shown in figure (32-E13), £ =3V,
£5=2V,£=1Vand r,=r,=r,=1Q. Find the potential
difference between the points A and B and the current
through each branch.
1.,

= 1=

Figure 32-E13

38. Find the current through the 10 Q resistor shown in

figure (32-E14).
10 0 I

3o 6 a

[1_
[Tasv

Figure 32-E14

39. Find the current in the three resistors shown in flgure
(32-E15). )

.'.“r'
|

2y 2V
I
I
) ,__é_};él n
L*—%—‘“ —
Figure 32-E15

40. What should be the value of R in figure (32-E16) for
which the current in it is zero ? }

10 a 5a
AN AN

e

Figure 32-E16

41. Find the equivalent resistance of the circuits shown:in
figure (32-E17) between the points a and b. Each resistor
has a resistance r.

Figure 32-E17

42. Find the current measured by the ammeter in the circuit
shown in figure (32-E18). .

10 2 i0a 10 2
[ AN ——T— AN
& <
B < s0n 7500 —
LW } (‘ﬁfw
LA
i 10 o 10 @ i
’ [ )
6V || \_J’

Figure 32-E18
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Consider the circuit shown in figure (32-E19a). Find (a)
the current in the circuit, (b) the potential drop across
the 5 Q resistor, (c) the potential drop across the 10 Q
resistor. (d) Answer the parts (a), (b) and (c) with
reference to figure (32-E19b).

100 50
| 12y B t]
(

44.

45.

46.

17.

a) (b)
Figure 32-E19
Twelve wires, each having equal resistance r, are joined
to form a cube as shown in figure (32-E20). Find the
equivalent resistance between the diagonally opposite
points a and f.

L 4

I

Figure 32-E20

Find the equivalent resistances of the networks shown
in figure (32-E21) between the points a and b.

(d) (e)

Figure 32-E21
An infinite ladder is constructed with 1 Q and 2 Q
resistors as shown in figure (32-E22). (a) Find the
etfective resistance between the points A and B. (b) Find
the current that passes through the 2 Q resistor nearest
to the battery.
1a 1a 10 10

Figure 32-E22

The emf £ and the internal resistance r of the battery
shown in figure (32-E23) are 43 V and 10 Q
respectively. The external resistance R is 50 Q. The
resistances of the ammeter and voltmeter are 2°0 Q and
200 Q respectively. (a) Find the readings of the two

48.

49.

50.

51.

52,

53.

meters. (b) The switch is thrown to the other side. What
will be the readings of the two meters now ?

Elpr
| v

13
—AAN

'
U

Figure 32-E23

A voltmeter of resistance 400 Q is used to measure the
potential difference across the 100 Q resistor in the circuit
shown in figure (32-E24). (a) What will be the reading of
the voltmeter ? (b) What was the potential difference across
100 Q before the voltmeter was connected ?

|.Bev
I

200Q

100 2
A AA

—
o/

Figure 32-E24

The voltmeter shown in figure (32-E25) reads 18 V
across the 50 Q resistor. Find the resistance of the
voltmeter.

0V,

I[

24 0
A

Figure 32-E25

A voltmeter consists of a 25 Q coil connected in series
with a 575 Q resistor. The coil takes 10 mA for full scale
deflection. What maximum potential difference can be
measured on this voltmeter ?

An ammeter is to be constructed which can read currents
upto 20 A. If the coil has a resistance of 25 Q and takes
1 mA for full-scale deflection, what should be the
resistance of the shunt used ?

A voltmeter coil has resistance 500 Q and a resistor of
1'15 kQ is connected in series. It can read potential
differences upto 12 volts. If this same coil is used to
construct an ammeter -which can measure currents upto
20 A, what should be the resistance of the shunt used ?
The potentiometer wire AB shown in figure (32-E26) is
40 cm long. Where should the free end of the
galvanometer be connected on AB so that the
galvanometer may show zero deflection ?

8a 120
A A2

Figure 32-E26
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54. The potentiometer wire AB shown in figure (32-E27) is
50 ¢cm long. When AD =30 cm, no deflection occurs in 10 o

A J
the galvanometer. Find R. L __E—VW h2 B J_

¥

i 1 dind ¢

AN NN, B

Figure 32-E31

D
o
1<)

. Bl 59. Find the charges on the four capacitors of capacitances
1uF, 2 uF, 3uF and 4 uF shown in figure (32-E32).

Figure 32-E27

55. A 6 voit battery of negligible internal resistance is 1 uF 2uF
connected across a uniform wire AB of length 100 cm. — | ”__
The positive terminal of another battery of emf 4 V and
internal resistance 1 Q is joined to the point A as shown L Iy Za
in figure (32-E28). Take the potential at B to be zero. |T6v
(a) What are the potentials at the points A and C ? (b) At 3o 3o
which point D of the wire AB, the potential is equal to R
the potenial at C? (c¢) If the points C and D are —]—F—) e
connected by a wire, what will be the current through ek g
it ? (d) If the 4 V battery is replaced by 7'5 V battery, Figure 32-E32

what would be the answers of parts (a) and (b) ?
60. Find the potential difference between the points A and

6V ‘I B and between the points B and C of figure (32-E33) in
steady state.

b
C : J=. 3
A= AL Wi
Figure 32-E28 T J— T

56. Consider the potentiometer circuit arranged as in figure
(32-E29). The potentiometer wire is 600 cm long. (a) At |
what distance from the point A should the jockey touch A 200 Y0y 104
the wire to get zero deflection in the galvanometer ? (b) If
the jockey touches the wire at a distance of 560 cm from

Figure 32-E33

A, what will be the current in the galvanometer ? 61. A capacitance C, a resistance R and an emf £ are
connected in series at t = 0. What is the maximum value

£ r of (a) the potential difference across the resistor, (b) the

|| current in the circuit, (¢) the potential difference across

A 5 the capacitor, (d) the energy stored in the capacitor,

= lor (e) the power delivered by the battery and (f) the power

—'I—-’\N\.’——-(G)—T converted into heat.
Ere f =

62. A parallel-plate capacitor with plate area 20 cm -~ and
plate separation 1'0 mm is connected to a battery. The

; E2
Figure 32-E29 resistance of the circuit is 10 kQ. Find the time constant

57. Find the charge on the capacitor shown in figure of the circuit.
(32-E30). 63. A capacitor of capacitance 10 pF is connected to a battery
of emf 2 V. It is found that it takes 50 ms for the charge
B on the capacitor to become 12:6 uC. Find the resistance
] of the circuit.
M 64. A 20 uF capacitor is joined to a battery of emf 60 V
iy AV l through a resistance of 100 Q. Find the charge on the
2‘»—“ capacitor 2°0 ms after the connections arec made.

65. The plates of a capacitor of capacitance 10 uF, charged

Figure 32-E30 to 60 uC, are joined together by a wire of resistance 10 Q
at t = 0. Find the charge on the capacitor in the circuit
at(a)t=0,(b)t=30pus, (¢)t = 120 usand (d) ¢t = 1'0 ms.

66. A capacitor of capacitance 80 uF is connected to a
battery of emf 6:0 V through a resistance of 24 Q. Find

Downloaded From : WWW.EasyEngineeringﬂ‘rélL

58. (a) Find the current in the 20 Q resistor shown in figure
(32-E31). (b) If a capacitor of capacitance 4 uF is joined
between the points A and B, what would be the
electrostatic energy stored in it in steady state ?
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the current in the circuit (a) just after the connections
are made and (b) one time constant after the connections
are made.

A parallel-plate capacitor of plate area 40 cm® and
separation between the plates 0'10 mm is connected to
a battery of emf 2:0 V through a 16 Q resistor. Find the
electric field in the capacitor 10 ns after the connections
are made.

. A parallel-plate capacitor has plate area 20 cm ? plate

separation 1'0 mm and a dielectric slab of dielectric
constant 50 filling up the space between the plates. This
capacitor is joined to a battery of emf 6:0 V through a
100 kQ resistor. Find the energy of the capacitor 89 ps
after the connections are made.

A 100 pF capacitor is joined to a 24 V battery through
a 1'0 MQ resistor. Plot qualitative graphs (a) between
current and time for the first 10 minutes and (b) between
charge and time for the same period.

How many time constants will elapse before the current
in a charging RC circuit drops to half of its initial value ?
Answer the same question for a discharging RC circuit.

. How many time constants will elapse before the charge

on a capacitor falls to 0°1% of its maximurm value in a
discharging RC circuit ?

. How many time constants will elapse before the energy

stored in the capacitor reaches half of its equilibrium
value in a charging RC circuit ?

How many time constants will elapse before the power
delivered by the battery drops to half of its maximum
value in an RC circuit ?

. A capacitor of capacitance C is connected to a battery of

emf £at ¢t = 0 through a resistance R. Find the maximum
rate at which energy is stored in the capacitor. When
does the rate has this maximum value ?

A capacitor of capacitance 12:0 uF is connected to a
battery of emf 6:00 V and internal resistance 100 Q
through resistanceless leads. 12:0us after the
connections are made, what will be (a) the current in
the circuit, (b) the power delivered by the battery, (c)
the power dissipated in heat and (d) the rate at which
the energy stored in the capacitor is increasing.

. A capacitance C charged to a potential difference V is

discharged by connecting its plates through a resistance
R. Find the heat dissipated in one time constant after
the connections are made. Do this by calculating

f i ‘R dt and also by finding the decrease in the energy
stored in the capacitor.

iszt, show that when a capacitor is

charged by connecting it to a battery through a resistor,
the energy dissipated as heat equals the energy stored
in the capacitor.

. A parallel-plate capacitor is filled with a dielectric

material having resistivity p and dielectric constant K.

79.

The capacitor is charged and disconnected from the
charging source. The capacitor is slowly discharged
through the dielectric. Show that the time constant of
the discharge is independent of all geometrical
parameters like the plate area or separation between
the plates. Find this time constant.

Find the charge on each of the capacitors 020 ms after
the switch S is closed in figure (32-E34).

2.04F
| ]

Figure 32-E34

80. The switch 8 shown in figure (32-E35) is kept closed

81.

82.

83.

for a long time and is then opened at t - 0. Find the
current in the middle 10 Q resistor at t = 1'0 ms.

[I l
12vl’ 10 @

Figure 32-E35

A capacitor of capacitance 100 pF is connected across a
battery of emf 60 V through a resistance of 20 kQ for
40 s. The battery is then replaced by a thick wire. What
will be the charge on the capacitor 40 s after the battery
is disconnected ?

Consider the situation shown in figure (32-E36). The
switch is closed at t = 0 when the capacitors are
uncharged. Find the charge on the capacitor C, as a
function of time t.

1
2l PV}’V
Figure 32-E36

A capacitor of capacitance C is given a charge Q. At
t =0, it is connected to an uncharged capacitor of equal
capacitance through a resistance R. Find the charge on
the second capacitor as a function of time.

A capacitor of capacitance C is given a charge Q. At
t = 0, it is connected to an ideal battery of emf #through
as resistance R. Find the charge on the capacitor at
time ¢.
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Concepts of Physics
ANSWERS
OBJECTIVE 1 33. zero in the upper 4 Q resistor and 0-2 A in the rest two*
. (a) 2. (d) 3. (d) 4. (¢) 5. (b) 6. (a) 34. 1 A through 10 Q, 04 Q through 20 Q and 06 A = -
© 8 9.® 10.(a 1l.(a 12 () through 30 Q 5%
. (0) 14.(d) 15.(d) 16. (b) 35. 1 A in a and zero in b in both the circuits
£, & -
R, R; B 1
OBJECTIVE II 36. (a) T 71 (b) same as (a) -
——— F —t —
. (a) 2 ®), (¢) 3. (¢), (@) R, R, R, !
(D) 5. (a) 6. (a), (d) 37.2V,i,=1A,1,0,i;=— 1A ‘
. (a), (d) 8. all 9. (b), (d) 38. zero
39. zero e 1
EXERCISES 40. any value of R will do
L@ IT ' LIT &) 53 A i;' 81)1 ::2 () 41/5 T
; -3 ’ - i ONEe
- 32x10 " A 43. (a) 1'2 A (b) 6 V (c) 12 V (d) same as the parts (a), (b)*
.60x107"'C and (c) :
300 C 1? ‘ﬂl:
2 R A
. 0074 mm/s U“.zr .
-6 f b
:(;olfz S 45, (a) 2 2 (b) rE@r@xEr &vfé
32x 10" s ~ 89 hours 46. (2) 2 Q (b) 1 5A E‘_f
i | o o o s
06 km 47.(a)0'1 A40V (b) 008 A, 42V ol
B 48.(a) 24 V (b) 28 V
= 49. 130 Q .
- s 50. 6 V b
(a) 125 x 10 (b) 6:37 x 10° A/m 51. 125 x 10 2 Q SUSE
2'5\'/""/’" 52. 0251 Q
85' o/én 53. 16 ¢cm from A _:';:.:
0%45\, 54. 4 Q X4
159 V. 007 O 55.(a) 6V, 2V (b) AD = 66'7 ecm (c) zero (d) 6 V, -15 V *‘_-_
! no such point D exists. . LA
29 Q
06 Q 56. (a) 320 cm (b) %
(@ 03A®m3A 57. 4 uC
@) 0'57;") 1) 175 58. () 02 A (b) 32 uJ g
e (b) rn, = Rn, 59. 2 uC, 8 uC, 9 uC and 12 uC i
R+ 60.25V, 75V
n, 2
10 mA LwemE@e@ics L 0
16 A, 40 A 62. 0'18 ps o
015 A, 083 A 63. 5 kQ )
(a) 1'0 A (b) 067 A (c) 033 A 64. 76 uC
125 Q, 170 Q 65. (a) 60 pC (b) 44 pC (c) 18 uC (d) 0°003 uC
450,225 Q 66. (a) 0:25 A (b) 0:09 A
4 mA in 20 kQ resistor, 8 mA in 10 kQ resistor and L o
mA in 100 kQ resistor, 1340 V O SR 0N/
20 68. 6:3x107"J
/3 70. 069 in both cases
(a) 208 Q (b) 333 Q (¢c) 375 Q 71. 69
72. 123
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73.
74.
75.
76.

78.
79.
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Electric Current in Conductors 205
069 80. 11 mA
.2 81. 70 uC
£_,CRIn2 .
- 82. q=£C(1 - e ™), where C = ¢e, |
(a) 221 A (b) 132 W (c) 487 W (d) 83T W 3 ( 1 ! 5 .56, _
Ti‘(l-l/ez)CVz 83‘8(1_9-2”“) |
fopK 84. C£(1-e ™+ Qe ™" |
92 uC
O
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Thermal and Chemical Effects of Electric Current

=(12V) (04 A) (30 x 60 s) = 864 kJ.

8. A current of 1 A is passed through a dilute solution of
sulphuric acid for some time to liberate 1 g of oxygen.
How much hydrogen is liberated during this period ?
How long was the current passed? Faraday constant
= Y6500 C/mole.

Solution : The relative atomic mass of oxygen = 16 and its
valency = 2 so that the chemical equivalent E = % = 8.

Chemical equivalent of hydrogen = 1.

Mosygen _ Boggen 8
Mpyrogen  Enydrogen 1

217

. m oxygen

or, 1 hydrogen 8

LiE o
) 0125 ¢g.

We have, 1 g of oxygen = 3 gram-equivalent.
o

The charge needed to liberate % gram-equivalent

1
a faraday

-96%;)00=1-12x10‘c.

As the current is 1 A, the time taken is
@ _12x10 =10

i 1A
=12x10"s

= 3 hours 20 minutes.

t=

QUESTIONS FOR SHORT ANSWER

1. If a constant potential difference is applied across a bulb,
the current slightly decreases as time passes and then
becomes constant. Explain.

2. Two unequal resistances R, and R, are connected across
two identical batteries of emf £ and internal resistance
r (figure 33-Ql). Can the thermal energies developed in
R, and R, be equal in a given time. If yes, what will be

the condition ?
£ r
|—|'\/
R,

3. When a current passes through a resistor, its
temperature increases. Is it an adiabatic process ?

E I r
I

I-’\/Vv—

Figure 33-Q1

4. Apply the first law of thermodynamics to a resistor
carrying a current i. Identify which of the quantities AQ,
AU and AW are zero, wich are positive and which are
negative.

5. Do all the thermocouples have a neutral temperature ?

6. Is inversion temperature always double of the neutral
temperature ? Does the unit of temperature have an
effect in deciding this question ?

7. Is neutral temperature always the arithmetic mean of
the inversion temperature and the temperature of the
cold junction ? Does the unit of temperature have an
effect in deciding this question ?

8. Do the electrodes in an electrolytic cell have fixed
polarity like a battery ?

®

As temperature increases, the viscosity of liquids
decreases considerably. Will this decrease the resistance
of an electrolyte as the iemperature increases ?

OBJECTIVE 1

1. Which of the following plots may represent the thermal
energy produced In a resistor in a given time as a
function of the electric current ?

Figure 33-Q2

2. A constant current i is passed through a resistor. Taking
the temperature coefficient of resistance into account,
indicate which of the plots shown in figure (33-Q3) best

du

dt d_
= st

B "“./ :
=
/‘/
1t
Figure 33-Q3
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. Consider

. An electric current of 20 A passes
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Concepts of Physics

represents the rate of production of thermal energy in
the resistor.

the
thermocouple.
(A) The neutral temperature does not depend on the
temperature of the cold junction.

(B) The inversion temperature does not depend on the
temperature of the cold junction.

(a) Both A and B are correct.

(b) A is correct but B is wrong.

(¢) B is correct but A is wrong.

(d) Both A and B are wrong.

following statements regarding a

. The heat developed in a system is proportional to the

current through it.

(a) It cannot be Thomson heat.

(b) It cannot be Peltier heat.

(¢) It cannot be Joule heat.

(d) It can be any of the three heats mentioned above.

. Consider the following two statements.

(A) Free-electron density is different in different metals.
(B) Free-electron density in a metal depends on
temperature.

Seebeck effect is caused

8. Faraday constant

(o418 ;b\_m

(a) due to both A and B

(b) due to A but not due to B

(c) due to B but not due to A

(d) neither due to A nor due to B.

Consider the statements A and B in the previoug
question. Peltier effect is caused .
(a) due to both A and B

(b) due to A but not due to B

(¢) due to B but not due to A

(d) neither due to A nor due to B.

Consider the statements A and B in question 5. Thomson
effect is caused

(a) due to both A and B

(b) due to A but not due to B

(¢) due to B but not due to A

(d) neither due to A nor due to B.

;;‘u‘;— li e

(a) depends on the amount of the electrolyte

(b) depends on the current in the electrolyte

(c) is a universal constant

(d) depends on the amount of charge passed through the
electrolyte.

OBJECTIVE II

. Two resistors having equal resistances are joined in

series and a current is passed through the combination.
Neglect any variation in resistance as the temperature
changes. In a given time interval,

(a) equal amounts of thermal energy must be produced
in the resistors

(b) unequal amounts of thermal energy may be produced
(c) the temperature must rise equally in the resistors
(d) the temperature may rise equally in the resistors.

A copper strip AB and an iron strip AC are joined at A.
The junction A is maintained at 0°C and the free ends
B and C are maintained at 100°C. There is a potential
difference between

(a) the two ends of the copper strip

(b) the copper end and the iron end at the junction

(c) the two ends of the iron strip

(d) the free ends B and C.

The constants a and b for the pair silver-lead are
2:50 uV/°C and 0012 uVA°C)’ respectively. For a
silver—lead thermocouple with colder junction at 0°C,

(a) there will be no neutral temperature

(b) there will be no inversion temperature ;

(c) there will not be any thermo-emf even if the
junctions are kept at different temperatures

(d) there will be no current in the thermocouple even if
the junctions are kept at different temperatures.

. An electrolysis experiment is stopped and the battery

terminals are reversed.

(a) The electrolysis will stop. :

(b) The rate of liberation of material at the electrodes
will increase.

(c) The rate of liberation of material will remain the
same.

(d) Heat will be produced at a greater rate.

The electrochemical equivalent of a material depends on

(a) the nature of the material

(b) the current through the electrolyte containing the
material

{c) the amount of charge passed through the electrolyte

(d) the amount of this material present in the electrolyte-

EXERCISES

through a wire of
resistance 25 Q. How much heat will be developed in 1
minute ?

A coil of resistance 100 Q is connected across a battery
of emf 60 V. Assume that the heat developed in the coil
is used to raise its temperature. If the heat capacity of

the coil is 4'0 J/K, how long will it take to raise the
temperature of the cotil Ly 15°C?

The specification on a heater coil is 250 V, 500 W.
Calculate the resistance of the coil. What will be the
resistance of a coil of 1000 W to operate at the same
voltage ?
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Thermal and Chemical Effects of Electric Current

4. A heater coil is to be constructed with a nichrome wire

@

1

9.

10.

11.

12.

(p = 10 x 10 "° Q-m) which can operate at 500 W when
connected to a 250 V supply. (a) What would be the
resistance of the coil ? (b) If the cross-sectional area of
the wire is 05 mm ’, what length of the wire will be
needed ? (¢) If the radius of each turn is 40 mm, how
many turns will be there in the coil ?

A bulb with rating 250 V, 100 W is connected to a power

supply of 220 V situated 10 m away using a copper wire

of area of cross-section 5 mm °. How much power will be
consumed by the connecting wires ? Resistivity of copper
=17%x 10 °Q-m.__

. An electric bulb, when connected across a power supply
of 220 V, consumes a power of 60 W. If the supply drops
to 180 V, what will be the power consumed ? If the
supply is suddenly increased to 240 V, what will be the
power consumed ?

. A servo voltage stabiliser restricts the voltage output to
220 V £ 1%. If an electric bulb rated at 220 V, 100 W is
connected to it, what will be the minimum and
maximum power consumed by it ?

. An electric bulb marked 220 V, 100 W will get fused if

it is made to consume 150 W or more. What voltage
fluctuation will the bulb withstand ? ]

‘An immersion heater rated 1000 W, 220 V is used to
heat 0'01 m® of water. Assuming that the power is
supplied at 220 V and 60% of the power supplied is used
to heat the water, how long will it take to increase the
temperature of the water from 15°C to 40°C?

An electric kettle used to prepare tea, takes 2 minutes
to boil 4 cups of water (1cup contains 200 cc of water)
if the room temperature is 25°C. (a) If the cost of power
consumption_ is Rs. 100 per unit (1 unit= 1000
watt—hour), calculate the cost of boiling 4 cups of water.
{b) What will be the corresponding cost if the room
temperature drops to 5°C ?

The coil of an electric) bulb takes 40 watts to start
glowing. If more than 4q W is supplied, 60% of the extra
power is-converted]into light and the remaining into
heat. Th ‘ alb 'co_n% es 100 W at 220 V. Find. the
percentage dr light intensity at a point if the
supply Vj tap from 220 V to 200 V. -__

The 2'0 Q resistor shown in figure (33-E1) is dipped into
a calorimeter containing water. The heat capacity of the
calorimeter together with water is 2000 J/K. (a) If the
circuit is active for 15 minutes, what would be the rise
in the temperature of the water ? (b) Suppose the 60 Q

13.

14.
15.
16.
17.

18.

19,

20.

219

The temperatures of the junctions fof a bismmuth-silver
thermocouple are maintained at 0°€¢ and 0°001°C. Find
the thermo-emf (Seebeck emf) developed. For bismmuttth-
silver, a=-46x10"" V/deg ard b=-048x10
V/deg *.

Find the thermo-emf developed
thermocouple when the junctions
40°C. Use the data in table (33.1).
Find the neutral temperature and inversion temperature
of copper—iron thermocouple if the reference junction is
kept at 0°C. Use the data in table (83.1).

Find the charge required to flow through an electrolyte
to liberate one atom of (a) a monavalent material and
(b) a divalent material.
Find the amount of silver liberatedjat cathode if 0'5600 A
of current is passed through AgNOj; electrolyte for 1
hour. Atomic weight of silver is 10§*9 gfmole,

An electroplating unit plates 3'0 g of silver on a brass
plate in 3'0 minutes. Find the currgnt used by the unit.
The electrochemical equivalegt of silver s
112 x 10 ~° kg/C.
Find the time required to liberate |10 litre of hydrogen
at STP in an electrolytic cell by ajcurrent of §'0 A.
Two voltameters, one having a solution of silver salt and
the other of a trivalent-metal sdlt, are connected in
series and a current of 2 A is mainfained for 1'50 hours.
It is found that 1'00 g of the trivaleht-metal is deposited.
(a) What is the atomic weight of ghe trivalent metal ?
(b) How much silver is deposited] during this period ?
Atomic weight of silver is 1079 ole.

in a copper-silver
T'e kept at 0°C and

. A brass|plate having surface area200 cm ? on one side

is[electroplated with 0 10 mm thicl silver layers on both
sides [using a 15 A current. Find the time taken to do
the_j¢b. The specific gravity of dilver is 106 and its
ic weight is 1079 g/mol.

. Figure (33-E2) shows an electrolyte of AgCl through

which a current is passed. It is observed that 2'68 g of
silver is deposited in 10 minutesjon the cathode. Find
the heat developed in the 20 resistor during this
period. Atomic weight of silver is[107'9 g/mole.

-200 l—(
T A

[

resistor gets burnt. What would be the riseim—the
temperature of the water in the next 15 minutes ?
sv] 1o

——5H ——A10 J

IR

Figure 33-E1

23.

Figure 33-E2

The potential difference across the terminals of a battery
of emf 12 V and internal resistance 2 € drops to 10 V
when it is connected to a silver voltameter. Find the
silver deposited at the cathode in half an hour. Atomic
weight of silver is 107'9 g/mole.

. A plate of area 10 cm* is to be electroplated with copper

{density 9000 k¢/m?) to a thicknesgfof 10 micrometres on
both sides, using a cell of 12 V. Calculate the energy
spent by the cell in the process of deposition. If this
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energy is used to heat 100 g of water, calculate the rise
in the temperature of the water. ECE of copper

=3x1077 kg/C and specific heat capacity of watep
= 4200 J/kg-K.

ANSWERS
OBJECTIVE 1 8. up to 270 V &
@ 2% 3 ® 4@ 5() 6 () 929 S ,
. @ 8. ((‘;) 10. (a) 7 paisa (b) 9 paisa
J 11. 29% :
12. (a) 2:9°C (b) 3'6°C g
OBJECTIVE II ol N
13. -46x10°°V ;
S T BES S wagny
15. 330°C, 659°C
16. (a) 16x 10 "*C (b) 32x10°°C
EXERCISES 17, 201 g
.60x10°%J 18. 15 A
2'8 min 19. 29 minutes
. 125 Q, 625 Q 20. (a) 26'8 z/mole (b) 12'1 g
. (@125 Q (b)625m (c) ~ 2500 turns 21. 42 minutes
8'4 mW 22. 190 kJ
.40 W, 71 W 23. 2¢
.98 W, 102 W 24. 72 kJ, 17 K

il
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CHAPTER 34

MAGNETIC FIELD

34.1 INTRODUCTION

If a charge g is placed at rest at a point P near a
metallic wire carrying a current i, it experiences
almost no force. We conclude that there is no
appreciable electric field at the point P. This is
expected because in any volume of wire (which
contains several thousand atoms) there are equal
amounts of positive and negative charges. The wire is
electrically neutral and does not produce an electric
field.*

=~

v
\
P
q

Figure 34.1

However, if the charge ¢ is projected from the point
P in the direction of the current (figure 34.1), it is
deflected towards the wire (q is assumed positive).
There must be a field at P which exerts a force on the
charge when it is projected, but not when it is kept at
rest. This field is different from the electric field which
always exerts a force on a charged particle whether it
is at rest or in motion. This new field is called magnetic

field and is denoted by the symbol B. The force exerted
by a magnetic field is called magnetic force.

34.2 DEFINITION OF MAGNETIC FIELD l_é

If a charged particle is projected in a magnetic
field, in general, it experiences a magnetic force. By
projecting the particle in different directions from the
same point P with different speeds, we can observe the
ollowing facts about the magnetic force:

(a) There is one line through the point P, such
that, if the velocity of the particle is along this line,
there is no magnetic force. We define the direction of
the magnetic field to be along this line (the direction

—_—

is not uniquely defined yet, because there are two
opposite directions along any line).

(b) If the speed of the particle is v and it makes
an angle 8 with the line identified in (a), i.e., with the
direction of the magnetic field, the magnitude of the
magnetic force is proportional to | v sin8 |.

(c) The direction of the magnetic force is
perpendicular to the direction of the magnetic field as
well as to the direction of the velocity.

(d) The force is proportional to the magnitude of
the charge g and its direction is opposite for positive
and negative charges.

All the above facts may be explained if we define
the magnetic field by the equation

F=quxB. . (34.1)

By measuring the magnetic force F' acting on a
charge ¢ moving at velocity v, we can obtain B. If

v || B, the force is zero. By taking magnitudes in
equation (34.1), we see that the force is proportional
to | vsin8 |. By the rules of vector product, the force

is perpendicular to both B and . Also, the
observation (d) follows from equation (34.1).

Equation (34.1) uniquely determines the direction
of B from the rules of vector product. The SI unit of
magnetic field is newtorn/ampere-metre. This is
written as tesla and abbreviated as T. Another unit in
common use is gauss. The relation between gauss and
tesla is 1T =10"° gauss.

The unit weber/m * is also used for magnetic field
and is the same as tesla. Tesla is quite a large unit
for many practical applications. We have a magnetic
field of the order of 10 T near the earth’s surface.
Large superconducting magnets are needed to produce
a field of the order of 10 T in laboratories.

In fact, there is a small charge density on the surface of the wire which does produce an electric field near the wire. This field

s very small and we shall neglect it.

DOWMIOaU

TSVERSInEEN L]


http://Easyengineering.net
http://Easyengineering.net

Downloaded From : www.EasyEngineering.net

228 Concepts of Physics

in a direction perpendicular to the loop.
(c) The angular momentum of the electron is [ = mur.

Its direction is opposite to that of the magnetic moment.
Thus,

11. An electron is released from the origin at a place where
a uniform electric field E and a uniform magnetic field
B exist along the negative Y-axis and the negative Z-axis
respectively. Find the displacement of the electron along
the Y-axis when its velocity becomes perpendicular to the
electric field for the first time.

Figure 34-W8
Solution : Let us take axes as shown in figure (34-W8).
According to the right-handed system, the Z-axis is
upward in the figure and hence the magnetic field is
shown downwards. At any time, the velocity of the
electron may be written as

U=U i+ u,].
The electric and magnetic fields may be written as
1:_7:‘ =-KE j—
and B--Bk
respectively. The force on the electron is
F=--«E+uxB)
=ekE j~+ eB(u, i- u.xj_)‘.

Thus, F,~eu,B
and F.=eE-u,B)
The components of the acceleration are
g - _eB e G)
T odt m Y
and a, -%'i(E—ux B). . (i)

d’u, eBdu,

dt’ m dt
._¢B B

z U,

m m
w 1 'y

eB

where _ G . (iif)

This equation is similar to that for a simple harmoniec
motion. Thus,

u, = A sin(wt + ) .o (V)
and hence,
_dty = A o cos{wl + B). e @)
du, F, M
At t=0,u,=0 and-—u—=——=£- ¢
Y dt m m . v
Putting in (iv) and (v), :
5-0 and A=2E._E.
mw B
Thus, Uy, = B sin wt.

The path of the electron will be perpendicular to the
Y-axis when u, =0. This will be the case for the first
time at { where

sinwt =0
or, ol=71
or pl O,
/ w eB
Also, Uy = % = % sin wt
y E t
or, dy = = | sin ot dt
o5
£
or, y= E; (1 - cos wi).
At ==,
™

e T ey O
* Buw Buw
Thus, the displacement along the Y-axis is

2E 2Em _2Em
Bo BeB eB g

QUESTIONS FOR SHORT ANSWER

i. Suppose a charged particle moves with a velocity v near
a wire carrying an electric current. A magnetic force,
therefore, acts on it. If the same particle is seen from a
frame moving with velocity v in the same direction, the

charge will be found at rest. Will the magnetic force
become zero in this frame? Will the magnetic field
become zero in this frame ?
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. Can a charged particle be accelerated by a magnetic

field ? Can its speed be increased ?

. Will a current loop placed in a magnetic field always

experience a zero force ?

. The free electrons in a conducting wire are in constant

thermal motion. If such a wire, carrying no current, is
placed in a magnetic field, is there a magnetic force on
each free electron ? On the wire ?

. Assume that the magnetic field is uniform in a cubical

region and is zero outside. Can you project a charged
particle from outside into the field so that the particle
describes a complete circle in the field ?

. An electron beam projected along the positive X-axis

deflects along the positive Y-axis. If this deflection is

10.

caused by a magnetic field, what is the direction of the
field ? Can we conclude that.the field is parallel to the
Z-axis ? .-'/

Is it possible for a current! loop to stay without rotating
in a uniform magnetic field*2-If yes, what should be the
orientation of the loop ?

The net charge in a current-carrying wire is zero. Then,
why does a magnetic field exert a force on it ?

The torque on a current loop is zero if the angle between
the positive normal and the magnetic field is either
0 =0 or 0 = 180° In which of the two orientations, the
equilibrium is stable ?

Verify that the units weber and volt-second are the
same, :

OBJECTIVE 1

. A positively charged particle projected towards east is

deflected towards north by a magnetic field. The field

may be
(a) towards west (b) towards south
(c) upward (d) downward.

. A charged particle is whirled in a horizontal circle on a

frictionless table by attaching it to a string fixed at one
point. If a magnetic field is switched on in the vertical
direction, the tension in the string

(a) will increase (b) will decrease

(c¢) will remain the same (d) may increase or decrease.

experience
maximum magnetic force (magnitude) when projected
with the same velocity perpendicular to a magnetic
field ?

(a) electron (c) He "

(b) proton @Li™

. Which of the following particles will describe the

smallest circle when projected with the same velocity
perpendicular to a magnetic field ?

(a) electron (b) proton (©) He"’ (d) Li .

. Which of the following particles will have minimum

frequency of revolution when projected with the same
velocity perpendicular to a magnetic field ?

(a) electron (b) proton (c) He'’ (d) Li.

. A circular loop of area 1 cm %, carrying a current of 10 A,

is placed in a magnetic field of 0'1 T perpendicular to
the plane of the loop. The torque on the loop due to the
magnetic field is

(@) zero  (b) 10 * N-m

(©10>N-m (d) 1 N-m.

. A beam consisting of protons and electrons moving at

the same speed goes through a thin region in which
there is a magnetic field perpendicular to the beam. The

10.

protons and the electrons

(a) will go undeviated

(b) will be deviated by the same angle and will not
separate .

() will be deviated by different angles and hence
separate

(d) will be deviated by the same angle but will
separate.

A charged particle moves in a uniform magnetic field.
The velocity of the particle at some instant makes an
acute angle with the magnetic field. The path of the
particle will be

(a) a straight line

(c) a helix with uniform pitch
(d) a helix with nonuniform pitch.

() a circle

A particle moves in a region having a uniform magnetic
field and a parallel, uniform electric field. At some
instant, the velocity of the particle is perpendicular to
the field direction. The path of the particle will be

(a) a straight line (b) a circle

(c) a helix with uniform pitch

(d) a helix with nonuniform pitch.

An electric current i enters and leaves a uniform circular
wire of radius a through diametrically opposite points.
A charged particle ¢ moving along the axis of the circular
wire passes through its centre at speed v. The magnetic
force acting on the particle when it passes through the
centre has a magnitude

Holt

1] [ Ho b
@ehs e ©aet @ zeo

OBJECTIVE 11

charged particle at rest experiences no
electromagnetic force,

(a) the electric field must be zero

(b) the magnetic field must be zero
(c) the electric field may or may not be zero
(d) the magnetic field may or may not be zero.
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. If a charged particle kept at rest experiences an

electromagnetic force,

(a) the electric field must not be zero

(b) the magnetic field must not be zero

(c) the electric field may or may not be zero

(a) E must be perpendicular to B
(b) v must be perpendicular to E

(c) v must be perpendicular to B
(d) E must be equal to vB.

(d) the magnetic field may or may not be zero. 8. Two ions have equal masses but one is singly-ionized
3. If a charged particle projected in a gravity-free room and the other is doubly-ionized. They are projected from
deflects, A 8 the same place in a uniform magnetic field with the
(a) there must Ee cin eled’m? f;_elﬁi same velocity perpendicular to the field.
(blpthere,mustbolg magnetisic (a) Both ions will go along circles of equal radii.
(c) both fields cannot be zero ; 2 ; = !
- (b) The circle described by the singly-ionized charge will
D e bayrionzera. have adius double that of the other circle
4. A charged particle moves in a gravity-free space without © Tl;aertwo i lea dd i niE thdelieativother: ’
chan.ge in velocity. Which of the following is/are () "THE b8 birbled" thtich EachY6Ehar
possible ?
(a) E=0,B=0 ) E=0,B+0 9. An electron is moving along the positive X-axis. You
(c) E#0,B-0 (d E#0,B#0. want to apply a magnetic field for a short time so that
5. A charged particle moves along a circle under the action the electron may reverse its direction and move parallel
of possible constant electric and magnetic fields. Which to the negative X-axis. This can be done by applying the
of the following are possible ? magnetic field along
(a) E-0,B=0 (b) E = (())' B+0 (a) Y-axis (b) Z-axis (c) Y-axis only (d) Z-axis only.
(c)E+0,B=0 (@ E=+0,B#0. = =
6. A charged particle goes undeflected in a region 1C. Let E and Bqdenote_. electric and magnetic fields in a
contammg electrlc and magnetlc field. It is possxble that frame S and E’' and B’ in another frame &' moving with
(a) E 1B, oli E () E is not parallel to B respect to S at a velocity v. Two of the following
(c) U i B but E is not parallel to B equations are wrong. Identify them.
(d) E 1 B but v is not parallel to E. vE, ® vB,
7. If a charged particle goes unaccelerated in a region ¢’ c?
containing electric and magnetic fields, (c) By =B, + vE, (d) E; =E,+uvB,.
EXERCISES

An alpha particle is projected vertically upward with a
speed of 3:0 x 10* km/s in a region where a magnetic
field of magnitude 1'0 T exists in the direction south to
north. Find the magnetic force that acts on the
a-particle.

An electron is projected horizontally with a kinetic
energy of 10 keV. A magnetic field of strength
10 x 10 " T exists in the vertically upward direction.
(a) Will the electron deflect towards right or towards left
of its motion ? (b) Calculate the sideways deflection of
the electron in travelling through 1 m. Make appropriate
approximations.

A magnetic field of (40x10°" E)T exerts a force of
(40i+3 0]'_)'>< 10" N on a particle having a charge of

1'0x10°°C and going in the X-Y plane. Find the
velocity of the particle.

“a charged
particle field of

(70 i-30 j_)' x 10 “°T. The acceleration of the particle is
found to be (@ i +70 j-j x 10 " my/s *". The number to the

left of i in the last expression was not readable. What

An experimenter’'s diary reads as follows:

is projected in a magnetic

can this number be ?

3

1

5. A 10 g bullet having a charge of 4:00 pC is fired at a speed

6.

-

of 270 m/s in a horizontal direction. A vertical magnetic
field of 500 uT exists in the space. Find the deflection of
the bullet due to the magnetic field as it travels through
100 m. Make appropriate approximations.

When a proton is released from rest in a room, it starts
with an initial acceleration a, towards west. When it is
projected towards north with a speed v,, it moves with
an initial acceleration 3a, towards west. Find the electric

fleld and the max1mum pOSSlble magnetlc field in the room. 3

h—

'¥
. Consider a 10 cm long portlon Fof a straxght wire carrying

a current of 10 A placed in a magnetic field of 01 T
making an angle of 53° with the wire. What magnetic
force does the wire experience ?

. A current of 2 A enters at the corner d of a square frame

abed of side 20 em and leaves at the opposite corner b. A
magnetic fleld B =01 T exists in the space in a direction
perpendicular to the plane of the frame as shown in figure

.2 o b.
Figure 34-E1
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(34-E1). Find the magnitude and direction of the
magnetic forces on the four sides of the frame.

A magnetic field of strength 1'0 T is produced by a
strong electromagnet in a cylindrical region of radius
4'0 cm as shown in figure (34-E2). A wire, carrying a
current of 20 A, is placed perpendicular to and
intersecting the axis of the cylindrical region. Find the
magnitude of the force acting on the wire.

Figure 34-E2

A wire of length [ carries a current i along the X-axis.
A magnetic field exists which is given as
B= B,,(i_.+ j_.+ I_z-) T. Find the magnitude of the magnetic
force acting on the wire.

A current of 50 A exists in the circuit shown in figure
(84-E8). The wire PQ has a length of 50 cm and the
magnetic field in which it is immersed has a magnitude
of 0:20 T. Find the magnetic force acting on the wire PQ.

[

% x X X X
x * x X x
P Q
x x x * x

Figure 34-E3

A circular loop of radius a, carrying a current i, is placed
in a two-dimensional magnetic field. The centre of the
loop coiricides with the centre of the field (figure 34-E4).
The strength of the magnetic field at the periphery of
the loop is B. Find the magnetic force on the wire.

Figure 34-E4
A hypothetical magnetic field existing in a region is
given by B =B, e_;,where e; denotes the unit vector
along the radial direction. A circular loop of radius a,
carrying a current i, is placed with its plane parallel to
the X-Y plane and the centre at (0, O, d). Find the
magnituae of the magnetic force acting on the loop.
A rectangular wire-loop of width ¢ is suspended from
the insulated pan of a spring balance as shown in figure
(34-ED). A current i exists in the anticlockwise direction
in the loop. A magnetic field B exists in the lower region.
Find the change in the tension of the spring if the
current in the loop is reversed.

15.

16.

17.

18.

19.

20

21.
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LA S IT777
—
x X x x x
® x x » x B
X X |—a—q % %

figure 34-E5

A current loop of arbitrary shupe lies in a uniform
magnetic field B. Show that the net magnetic force
acting on the loop is zero.

Prove that the force acting on a current-carrying wire,
joining two fixed points a and b in a uniform magnetic
field, is independent of the shape of the wire.

A semicircular wire of radius 50 cm carries a current
of 5°0 A. A magnetic field B of magnitude 0'50 T exists
along the perpendicular to the plane of the wire. Find
the magnitude of the magnetic force acting on the wire.
A wire, carrying a current i, is kept in the X-Y plane

along the curvey - A sin[2T7t .r]| . A magnetic field B exists

in the z-direction. Find the magnitude of the magnetic
force on the portion of the wire between x = 0 and x = A.
A rigid wire consists of a semicircular portion of radius
R and two straight sections (figure 34-E6). The wire is
partially immersed in a perpendicular magnetic field B
as shown in the figure. Find the magnetic force on the
wire if it carries a current i.

* > x x x x
x b o
x = x
* x x

Figure 34-E6

A straight, horizontal wire of mass 10 mg and length
1'0 m carries a current of 20 A. What minimum
magnetic field B should be applied in the region so that
the magnetic force on the wire may balance its weight ?
Figure (34-E7) shows a rod PQ@ of length 20'0 ¢cm and
mass 200 g suspended through a fixed point O by two
threads of lengths 20'0 cm each. A magnetic field of
strength 0-500 T exists in the vicinity of the wire P@ as
shown in the figure. The wires connecting PQ with the
battery are loose and exert no force on PQ. (a) Find the
tension in the threads when the switch S is open. (b) A
current of 2°0 A is established when the switch S is
closed. Find the tension in the threads now.

J%—

Figure 34-E7

ownloa
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Two metal strips, each of length [, are clamped parallel
to each other on a horizontal floor with a separation b
between them. A wire of mass m lies on them
perpendicularly as shown in figure (34-E8). A vertically
upward magnetic field of strength B exists in the space.
The metal strips are smooth but the coefficient of friction
between the wire and the floor is u. A current i is
established when the switch S is closed at the instant
t = 0. Discuss the motion of the wire after the switch is
closed. How far away from the strips will the wire
reach ?

-

n

q
—o—i

‘—’\A/\;

Figure 34-E8
A metal wire PQ of mass 10 g lies at rest on two
horizontal metal rails separated by 490 em (figure
34-E9). A vertically downward magnetic field of
magnitude 0800 T exists in the space. The resistance
of the circuit is slowly decreased and it is found that
when the resistance goes below 20-0 Q, the wire PQ
starts sliding on the rails. Find the coefficient of friction.

X P X x x b

Figure 34-E9

A straight wire of length [ can slide on two parallel
plastic rails kept in a horizontal plane with a separation
d. The coefficient of friction between the wire and the
rails is p. If the wire carries a current i, what minimum
magnetic field should exist in the space in order to slide
the wire on the rails.

Figure (34-E10) shows a circular wire-loop of radius g,
carrying a current i, placed in a perpendicular magnetic
field B. (a) Consider a small part d! of the wire. Find
the force on this part of the wire exerted by the magnetic
field. (b) Find the force of compression in the wire.

x X X
x x
I
X x
B X > % X v

At
Fa

Figure 34-E10

Suppose that the radius of cross-section of the wire used
in the previous problem is r. Find the increase in the
radius of the loop if the magnetic field is switched off.
The Young’s modulus of the material of the wire is Y.

The magnetic field existing in a region is given by

B=B, i

‘ x
1=
L

29.

30.

. 31.

32.

A square loop of edge [ and carrying a current i, is placed
with its edges parallel to the X-Y axes. Find the
magnitude of the net magnetic force experienced by the
loop.

. A conducting wire of length [, lying normal to a magnetic

field B, moves with a velocity v as shown in figure
(34-E11). (a) Find the average magnetic force on a free
electron of the wire. (b) Due to this magnetic force,
electrons concentrate at one end resulting in an electric
field inside the wire. The redistribution stops when the
electric force on the free electrons balances the magnetic
force. Find the electric field developed inside the wire
when the redistribution stops. (¢) What potential
difference is developed between the ends of the wire ?

&L

= x x x
s 5

X x 1 *

x x 1l x x B

Figure 34-El1

A current i is passed through a silver strip of width.d |
and area ot cross-section A. The number of free electrons
per unit volume is n. (a) Find the drift velocity v of the
electrons. (b) If a magnetic field B exists in the region
as shown in figure (34-E12), what is the average
magnetic force on the free electrons? (¢) Due to the
magnetic furce, the free electrons get accumulated on
one side of the conductor along its length. This produces
a transverce electric field in the conductor which opposes
the magnetic force on the electrons. Find the magnitude
of the electric field which will stop further accumulation
of electrons. (d) What will be the potential difference
developed across the width of the conductor due to the
electron-accumulation ? The appearance of a transverse
emf, when a current-carrying wire is placed in a
magnetic field, is called Hall effect.

% x x x %
X X X X 4
—— L
x ' ox % % x
x x x x x
Figure 34-E12

A particle having a charge of 20 x 10™° C and a mass of
2:0 x 10" g is projected with a speed of 20 x 10> m/s
in a region having a uniform magnetic field of 010 T.
The velocity is perpendicular to the field. Find the radius
of the circle formed by the particle and also the time period.
A proton describes a circle of radius 1 cm in a magnetic
field of strength 0-10 T. What would be the radius of
the circle described by an a-particle moving with the
same speed in the same magnetic field ?

An electron having a kinetic energy of 100 eV circulates
in a path of radius 10 em in a magnetic field. Find the
magnetic field and the number of revolutions per second
made by the electron.

. Protons having kinetic energy K emerge from an

accelerator as a narrow beam. The beam is bent by a
perpendicular magnetic field so that it just misses a

Downloaded From : WWW.EasyEngineering.neL
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plane target kept at a distance [ in front of the
accelerator. Find the magnetic field.

A charged particle is accelerated through a potential
difference of 12 kV and acquires a speed of
1'0 x 10 " m/s. It is then injected perpendicularly into a
magnetic field of strength 02 T. Find the radius of the
circle described by it.

. Doubly-ionized helium ions are projected with a speed

of 10 km/s in a direction perpendicular to a uniform
magnetic field of magnitude 1'0 T. Find (a) the force
acting on an ion, (b) the radius of the circle in which it
circulates and (c) the time taken by an ion to complete
the circle.

A proton is projected with a velocity of 3x 10° m/s
perpendicular to a uniform magnetic field of 0°6 T. Find
the acceleration of the proton.

(a) An electron moves along a circle of radius 1 m in a
perpendicular magnetic field of strength 0°50 T. What
would be its speed ? Is it reasonable ? (b) If a proton
moves zlong a circle of the same radius in the same
magnetic field, what would be its speed ?

A particle of mass m and positive charge g, moving with
a uniform velocity v, enters a magnetic field B as shown

.in figure (34-E13). (a) Find the radius of the circular arc

it describes in the magnetic field. (b) Find the angle
subtended by the arc at the centre. (¢) How long does
the particle stay inside the magnetic field ? (d) Solve the
three parts of the above problem if the charge g on the
particle is negative.

X

R amabets CELSE o

x x X B b3

X x x x

Figure 34-E13

39. A particle of mass m and charge q is projected into a

10.

region having a perpendicular magnetic field B. Find the
angle of deviation (figure 34-El14) of the particle as it
comes out of the magnetic field if the width d of the
region is very slightly smaller than

.. mu mu 2muv
gy == b) — s
HJQB ()2qB () 4B
x ™ ik * y'./'L/n'
....-——-—-\-.:.‘.:'._"..__i—_‘_‘—_:;(___
B x X X X

Figure 34-E14

A narrow beam of singly-charged carbon ions, moving at
a constant 60x10 " m/s, is
perpendicularly in a rectangular region having uniform
magnetic field B = 05 T (figure 34-E15). It is found that
two beams emerge from the field in the backward
direction, the separations from the incident beam being
30 em and 3'5 cm. Identify the isotopes present in the

velocity  of sent

ion beam. Take the mass of an ion = A(1'6 x 10 ) kg,
where A Is the mass number.

41.

42,

43.

YY)
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x % N
x x
x x x

Figure 34-E15

Fe ' ions are accelerated through a potential difference
of 500 V and are injected normally into a homogeneous
magnetic field B of strength 200 mT. Find the radius
of the circular paths followed by the isotopes with mass
numbers 57 and 58. Take the mass of an ion
= A (1'6 x 10 “*) kg where A is the mass number.

A narrow beam of singly-charged potassium ions of
kinetic energy 32 keV is injected into a region of width
100 cm having a magnetic field of strength 0-500 T as
shown in figure (34-E16). The ions are collected at a
screen 95'5 cm away from the field region. If the beam
contains isotopes of atomic weights 39 and 41, find the
separation between the points where these isotopes
strike the screen. Take the mass of a potassium ion
= A (1'6 x 10 “) kg where A is the mass number.

—
1.00 em
b 95.5 em

Figure 34-E16
Figure (84-E17) shows a convex lens of focal length

12 em lying in a uniform magnetic field B of magnitude
~- 1'2T parallel to its principal axis. A particle having a

charge 2:0 x 10 > C and mass 2:0 x 10 "” kg is projected
perpendicular to the plane of the diagram with a speed
of 48 m/s. The particle moves along a circle with its
centre on the principal axis at a distance of 18 cm from
the lens. Show that the image of the particle goes along

. a circle and find the radius of that circle.

Figure 34-E17

Electrons emitted with negligible speed from an electron
gun are accelerated through a potential difference V

Figure 34-E18
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along the X-axis. These electrons emerge from a narrow
hole into a uniform magnetic field B directed along this
axis. However, some of the electrons emerging from the
hole make slightly divergent angles as shown in figure
(34-E18). Show that these paraxial electrons are
refocused on the X-axis at a distance
[ 8 'mV
eB*

Two particles, each having a mass m are placed at a
separation d in a uniform magnetic field B as shown in
figure (34-E19). They have opposite charges of equal
magnitude q. At time ¢ = 0, the particles are projected
towards each other, each with a speed v. Suppose the
Coulomb force between the charges is switched off. (a)
Find the maximum value v,, of the projection speed so
that the two particles do not collide. (b) What would be
the minimum and maximum separation between the
particles if v = v,,/2 ? (c) At what instant will a collision
occur between the particles if v=2v,, ? (d) Suppose
v=2vu, and the collision between the particles is
completely inelastic. Describe the motion after the
collision.

*x b4 b 4 * x b
X X v X X . x X
qe——> «— q
x X x X X X
d
X X pd X xXB X

Figure 34-E19
A uniform magnetic field of magnitude 020 T exists in
space from east to west. With what speed should a
of mass 0010 g and having a charge
10 x 10 °* C be projected from south to north so that
it moves with a uniform velocity ?
A particle moves in a circle of diameter 1'0 cm under
the action of a magnetic field of 0°'40 T. An electric field
of 200 V/m makes the path straight. Find the
charge/mass ratio of the particle.

. A proton goes undeflected in a crossed electric and

magnetic field (the fields are perpendicular to each
other) at a speed of 2'0x 10 " m/s. The velocity Is
perpendicular to both the fields. When the electric field
is switched off, the proton moves along a circle of radius
4'0 em. Find the magnitudes of the electric and the
magnetic fields. Take the of the proton
=16 x10 7 kg

A particle having a charge of 50uC and a mass of
50 x 10 " kg is projected with a speed of 10 km/s in
a magnetic field of magnitude 50 mT. The angle
between the magnetic field the
sin ' (0°90). Show that the path of the particle will be
a helix. Find the diameter of the helix and its piich.

mass

and velocity is

. A proton projected in a magnetic field of 0-020 T travels

along a helical path of radius 50 em and pitch 20 cm.
I"ind the components of the velocity of the proton along
and perpendicular to the magnetic field. Take the mass
of the proton = 1'6 x 10 ™ kg.

53.

54.

ot
'Ul

56.

57.

. A particle having mass m and charge g is released frc;m

the origin in a region in which electric field and magnetic
field are given by
B=-B,j and E=E, k.

. Find the speed of the particle as a function of its 2.

coordinate.

. An electron is emitted with negligible speed from the

negative plate of a parallel plate capacitor charged to'a
potential difference V. The separation between the plates
is d and a magnetic field B exists in the space as shown
in figure (34-E20). Show that the electron will fail tg
strike the upper plate if

2m,V 2
O =i I
[ eB; J

t

% .B .
Figure 34-E20
A rectangular coil of 100 turns has length 5 cm and
width 4 cm. It is placed with its plane parallel to'a
uniform magnetic field and a current of 2 A is sent
through the coil. Find the magnitude of the magnetic
field B, if the torque acting on the coil is 0°2 N-m.

L

A 50-turn circular coil of radius 2'0 c¢m carrying a
current of 5°0 A is rotated in a magnetic field of strength
020 T. (a) What is the maximum torque that acts on
the coil ? (b) In a particular position of the coil, the
torque acting on it is half of this maximum. What is the
angle between the magnetic field and the plane of the
coil ?

A rectangular loop of sides 20 cm and 10 ¢cm carries a
current of 5°0 A. A uniform magnetic field of magnitude
020 T exists parallel to the longer side of the loop.
(a) What is the force acting on the loop ? (b) What is the
torque acting on the loop ?

A circular coil of radius 2'0 ecm has 500 turns in it and
carries a current of 1'0 A. Its axis makes an angle of
30° with the uniform magnetic field of magnitude 040 T
that exists in the space. Find the torque acting on the
coil.

A circular loop carrying a current i has wire of total
length L. A uniform magnetic field B exists parallel to
the plane of the loop. (a) Find the torque on the loop.
(b) If the same length of the wire is used to form a square
loop, what would be the torque ? Which is larger ?

A square coil of edge [ having n turns carries a current
i. It is kept on a smooth horizontal plate. A uniform
magnetic field B exists in a direction parallel to an edge-
The total mass of the coil is M. What should be the
minimum value of B for which the coil will start tipping
over?

Consider a nonconducting ring of radius r and mass 2
which has a total charge ¢ distributed uniformly on it
The ring is rotated about its axis with an angular speed
w. (a) Find the equivalent electric current in the ring-
(b) Find the magnetic moment u of the ring. (c) Sho#®
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that p = ﬁ ! where [ is the angular momentum of the

ring about its axis of rotation.

. Consider a nonconducting plate of radius r and mass m

which has a charge g distributed uniformly over it. The

. 0-08 N perpendicular to both the wire and the field
. 0'02 N on each wire, on da and cb towards left and on

dec and ab downward

. 016 N

. /2 B, il

. 050 N towards the inside of the circuit

. 2raiB, perpendicular to the plane of the figure going

into it
2na *iB,

V)a2+d2

. 2iBa

. 025 N

. iAB

. 2iRB, upward in the figure
. 49x107°T

() 1'13 N () I'25 N
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Consider a solid sphere of radius r and mass m which
has a charge ¢ distributed uniformly over its volume.
The sphere is rotated about a diameter with an angular
speed w. Show that the magnetic moment p and the
angular momentum [ of the sphere are related as

plate is rotated about its axis with an angular speed w. -
Show that the magnetic moment p and the angular L T
momentum [ of the plate are related as p - —2% L
ANSWERS
OBJECTIVE 1 929 ilbB
" umg
. (d) 2. (d) 3. (d) 4. (a) 5.d) 6. (a) 923, 012
. (©) 8. (¢) 9.(d) 10.(d) .
24. Ll”l‘g
OBJECTIVE II 25. (a) idIB towards the centre (b) iaB
2
B
- (a), (d) 2. (a), (d) 3. (@), @ 26. “11
- (a), (&), (d) 5. (b) 6. (a), (b) &
. (a), (b) 8. (b), (d) 9. (a), (b) 25 B, L
. (b), (c) 28. (a) evB (b) vB {c) IBv
i iB . :
\ EXERCISES 29. (a) T (b) An upwards in the figure
iB iBd
— d Sty
.96 x 10 '“N towards west © Ane @ Ane
. (a) left (b) =~ 1'5 cm 30. 20 cm, 6:3%x10 ‘s
(- 751 +100j) mys 31. 2 cm
30 32.34x10 T, 94x10"
. -8 Om K
B8 7 < 10 33. 22827 where m, = mass of a proton
ma, 2ma, F . el
B towards west, T ownwar 34. 12 em

(@) 32x10 ° N ®) 21x10 ‘m () 131x10"s
1'72 x 10 M mys 2
(a) 88 x 10 “m/s (b) 48 x 10 " m/s

mu
(a) 4B (b) = - 20
m mu m
(C)E(R—QG) [djq—B--n+28,q—B(rrf29)
. (a) n/2 (b) n/6 (c)n
. "C and "“C
. 119 ¢cm and 120 cm
. 075 mm
. 8 cm
. (a) ng—nii (b) % ) 32—d (e) b'n(,;nB (d) the particles stick together

and the combined mass moves with constant speed v,, along
the straight line drawn upward in the plane of figure through

the point of collision
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QUESTIONS FOR SHORT ANSWER

An electric current flows in a wire from north to south.
What will be the direction of the magnetic field due to
this wire at a point east of the wire ? West of the wire ?
Vertically above the wire ? Vertically below the wire ?

point on this axis to the west of it. The magnetic field
due to the loop

7.

A straight wire carrying an electric current is place
along the axis of a uniformly charged ring. Will ther
be a magnetic force on the wire if the ring starts rotatin
about the wire ? If yes, in which direction ?

The magnetic field due to a long straight wire has been 8. Two wires carrying equai currents i each, are place
derived in terms of p,, i and d. Express this in terms of perpendicular to each other, just avoiding a contaet
€, C, I and d. If one wire is held fixed and the other is free to mow
. You are facing a circular wire cerrying an electric under magnetic forces, what kind of motion will result'
current. The current is clockwise as seen by you. Is the 9. Two proton beams going in the same direction repel eacl
field at the centre coming towards you or going away other whereas two wires carrying currents in the same
from you? direction attract each other. Explain.
- 10. In order to have a current in a long wire, it should be
. In Ampere’s law§ B-dl= p, i, the current outside the connected to a battery or some such device. Can we
curve is not included on the right hand side. Does it obtain the magnetic field due to a straight, long wire by
mean that the magnetic field B calculated by using using Ampere’s law without mentioning this other part
Ampere's law, gives the contribution of only the currents of the circuit ?
crossing the area bounded by the curve ? 11. Quite often, connecting wires carrying currents in
. The magnetic field inside a tightly wound, long solencid opposite directions are twisted together in using
is B =y, ni. It suggests that the field does not depend electrical appliances. Explain how it avoids unwanted
on the tetal length of the solenoid, and hence if we add magnetic fields. 3
more loops at the ends of a solenoid the field should not 12. Two current-carrying wires may attract each other. In
increase. Explain qualitatively why the extra-added absence of other forces, the wires will move towards each
loops do not have a considerable effect on the field inside other increasing the kinetic energy. Does it contradict
the solenoid. the fact that the magnetic force cannot do any work and
A long, straight wire carries a current. Is Ampere's law hence cannot increase the kinetic energy ?
valid for a loop that does not enclose the wire ? That
encloses the wire but is not circular ?
OBJECTIVE 1
. A vertical wire carries a current in upward direction. An (aj is towards east at A and towards west at B
electron beam sent horizontally towards the wire will be (b) is towards west at A and towards east at B
deflected (c) is towards east at both A and B y
(a) towards right (b) towards left (d) is towards west at both A and B.
(¢) upwards (d) downwards. 5. Consider the situation shown in figure (35-Ql). The
. A current-carrying, straight wire is kept along the axis straight wire is fixed but the loop can move under
of a circular loop carrying a current. The straight wire magnetic force. The loop will
(a) will exert an inward force on the circular loop (a) remain stationary
(b) will exert an outward force on the circular loop (b) move towards the wire ;
(c) will not exert any force on the circular loop (c) move away from the wire
(d) will exert a force on the circular loop parallel to (d) rotate about the wire.
itself.
A proton beam is going from north to south and an
electron beam is going from south to north. Neglecting EI
the earth’s magnetic field, the electron beam will be .
deflected ' fa
(a) towards the proton beam ;
(b) away from the proton beam Figarl s QL
(c) upwards (d) downwards. 6. A charged particle is moved along a magnetic field line.
A circular loop is kept in that vertical plane which The magnetic force on the particle is
contains the north-south direction. It carries a current (a) along its velocity (b) opposite to its velocity
that is towards north at the topmost point. Let A be a (c) perpendicular to its velocity (d) zero.
point on the axis of the circle to the east of it and B a 7. A moving charge produces

(a) electric field only
(¢) both of them

(b) magnetic field only
(d) none of them.
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A particle is projected in a plane perpendicular to a
uniform magnetic field. The area bounded by the path
described by the particle is proportional to

(a) the velocity (b) the momentum
(c) the kinetic energy (d) none of these.
Two particles X and Y having equal charge, after being
accelerated through the same potential difference enter
a region of uniform magnetic field and describe circular
paths of radii R, and R, respectively. The ratio of the
mass of X to that of Y is

(8) (R/R)'" ® R/R, (@© (R/R)® (d)RR,.
Two parallel wires carry currents of 20 A and 40 A in
opposite directions. Another wire carrying a current
antiparallel to 20 A is placed midway between the two
wires. The magnetic force on it will be

(a) towards 20 A (b) towards 40 A

(d) perpendicular to the plane of the currents.

(c) zero

11.

12

249

Two parallel, long wires carry currents i, and i, with
i, > i,. When the currents are in the same direction, the
magnetic field at a point midway between the wires is
10 uT. If the direction of i, is reversed, the field becomes
30 uT. The ratio i,/i, is

(a) 4 ®) 3 () 2 () 1.
Consider a long, straight wire of cross-sectional area A
carrying a current i. Let there be n free electrons per
unit volume. An observer places himself on a trolley
moving in the direction opposite to the ctirrent with a

speed v = n—;; and separated from the wire by a distance
r. The magnetic field seen by the observer is very nearly

Hol Bl 21t
(a) ot (b) zero (c) = d) =

OBJECTIVE 11

The magnetic field at the origin due to a current element

idl_.placed at a position ris

il et rate 7
(clif’——:f—f (d}-:—‘iﬂ:’;—f-
Consider three quantities x=E/B,y=?{1/ueg, and
z= E;E - Here, ! is the length of a wire, C is a capacitance
and R is a resistance. All other symbols have standard
meanings.

(a) x, y have the same dimensions.
(b) y, z have the same dimensions.
(¢) 2, x have the same dimensions.
(d) None of the three pairs have the same dimensions.

. A long, straight wire carries a current along the Z-axis.

One can find two points in the X-Y plane such that
(a) the magnetic fields are equal

(b) the directions of the magnetic fields are the same
(¢) the magnitudes of the magnetic fields are equal

(d) the field at one point is opposite to that at the other
point.

A long, straight wire of radius R carries a current

(b) minimum at the axis of the wire
(¢) maximum at the surface of the wire
(d) minimum at the surface of the wire.

. A hollow tube is carrying an electric current along its

length distributed unifurmly over its surface. The
magnetic field

(a) increases linearly from the axis to the surface

(b) is constant inside the tube

(c) is zero at the axis

(d) is zero just outside the tube.

In a coaxial, straight cable, the central conductor and
the outer conductor carry equal currents in opposite
directions. The magnetic field is zero

(a) outside the cable

(b) inside the inner conductor

(¢) inside the outer conductor

(d) in between the two conductors.

A steady electric current is flowing through a cylindrical
conductor.

(a) The electric field at the axis of the conductor is zero.
(b) The magnetic field at the axis of the conductor is
zero.

(c) The electric field in the vicinity of the conductor is
zero.

distributed uniformly over its cross-section. The (d) The magnetic field in the vicinity of the conductor
magnitude of the magnetic field is is zero.
(a) maximum at the axis of the wire
EXERCISES
Ysing the formulag E, = q;x B and B - %, how that 2. A current of 10 A is established in a long wire along the

the SI units of the magnetic field B and the permeability
constant u. may be written as N/A-m and N/A ¥
respectively.

positive Z-axis. Find the magnetic field B at the point
(Im,0,0).
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=
( 3. )A copper wire of diameter 1'6 mm carries a current of
— 20 A. Flnd the maximum magmtude of the magnetic

field B due to this current.
4. A transmission wire carries a current of 100 A. What
would be the magnetic field B at a point on the road if
the wire is 8 m above the road?
A long, straight wire carrying a current of 10 A is placed
horizontally in a uniform magnetic field B=1'0x 10" T
pointing vertically upward (figure 35-El). Find the
magnitude of the resultant magnetic field at the points
P and @, both situated at a distance of 2°0 cm from the
wire in the same horizontal plane.

Qs

ot

P.
..]
Q- BO
Figure 35-E1

/A long, straight wire of radius r carries a current i and
is placed horizontally in a uniform magnetic field B
pointing vertically upward. The current is uniformly
distributed over its cross-section. (a) At what points will
the resultant magnetic field have maximum magnitude ?
What will be the maximum magnitude ? (b) What will
be the minimum magnitude of the resultant magnetic
field ?

7. A long, straight wire carrying a current of 30 A is placed
in an external, uniform magnetic field of 40x 10™*T
parallel to the current. Find the magnitude of the
resultant magnetic field at a point 2'0 cm away from the
wire.

B. A long, vertical wire carrying a current of 10 A in the
upward direction is placed in a region where a horizontal
magnetic field of magnitude 2°0x 10 °T exists from
south to north. Find the point where the resultant
magnetic field is zero.

9. Figure (35-E2) shows two parallel wires separated by a
distance of 4'0 cm and carrying equal currents of 10 A
along opposite directions. Find the magnitude of the
magnetic field B at the points A, A, A, and A,.

2 cm
i o
Ay As Ay =
Iam
—2cm ——2 cm—4
Figure 35-E2
10. Two parallel wires carry equal currents of 10 A along

the same direction and are separated by a distance of

2'0 cm. Find the magnetic field at a point which is

2:0 cm away from each of these wires.
11. Two long. straight wires, each carrving ¢ current of 5 A,
are placed along the X- and Y-axes respectively. The
currents point along the positive directions of the axes.
Find the magnetic fields at the points (a) (1 m, 1 m),
®(-1Im1Im) @ (-1m-1m)and (d)(1m,-1m).
Four long, straight wires, each carrying a current of
50 A, are placed in a plane as shown in figure (35-E3).

12.

|16

Concepts of Physics

The points of intersection form a square of side 50 cm,
(a) Find the magnetic field at the centre P of the square,
(b) Q,, Q,, @, and @, are points situated on the diagonalg
of the square and at a distance from P that is equal to
the length of the diagonal of the square. Find the
magnetic fields at these points.

Figure 35-E3

13. Figure (35-E4) shows a long wire bent at the middle to

form a right angle. Show that the magnitudes of the

magnetic fields at the points P, @, R and S are equal
and find this magnitude.

Figure 35-E4
Consider a straight piece of length x of a wire carrying

14.
a current i. Let P be a point on the perpendicular
bisector of the piece, situated at a distance d from its
middle point. Show that for d >> x, the magnetic field
at P varies as 1/d % whereas for d << x, it varies as 1/d.

15.

equilateral triangle with the ends of the piece.

=,

magnetic field at a point P at a distance d from the wire.

Consider a section of length ! of this wire such that the
point P lies on a perpendicular bisector of the section:l
Let B, be the magnetic field at this point due to this:
section only. Find the value of d/! so that B, differs from;

B, by 1%.

Figure (35-E5) shows a square loop ABCD with edge—
length a. The resistance of the wire ABC is r and that”
of ADC is 2r. Find the magnetic field B at the centre of
the loop assuming uniform wires.

17.

DV

Figure 35-E5
18. Figure (35-E6) shows a square loop of edge a made of a

uniform wire. A current i enters the loop at the point A
and leaves it at the point C. Find the magnetic field at

Consider a 10 c¢cm long piece of a wire which carries a.
current of 10 A. Find the magnitude of the magnetic.
field due to the piece at a point which makes an|

A long, straight wire carries a current i. Let B, be thej

o
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the point P which is on the perpendicular bisector of AB
at a distance a/4 from it.
D C 1

«P

N Ia,-"'l

i A B

Figure 35-E6
19. Consider the situation described in the previous
problem. Suppose the current i enters the loop at the
point A and leaves it at the point B. Find the magnetic

5 field at the centre of the loop.

20, The wire ABC shown in figure (35-E7) forms an
equilateral triangle. Find the magnetic field B at the
centre O of the triangle assuming the wire to be uniform.

A

B [

Figure 35-E7

21. A wire of length [ is bent in the form of an equilateral
triangle and carries an electric currrent i. (a) Find the
magnetic field B at the centre. (b) If the wire is bent in
the form of a square, what would be the value of B at
the centre ?

22. A long wire carrying a current { is bent to form a plane
angle a. Find the magnetic field B at a point on the
bisector of this angle situated at a distance x from the
vertex.

23. Find the magnetic field B at the centre of a rectangular
loop of length [ and width b, carrying a current i.

24. A regular polygon of n sides is formed by bending a wire
of total length 2znr which carries a current i. (a) Find
the magnetic field B at the centre of the polygon. (b) By
letting n — «. deduce the expression for the magnetic
field at the centre of a circular current.

25. Each of the batteries shown in figure (35-E8) has an emf
equal to 5 V. Show that the magnetic field B at the point
P is zero for any set of values of the resistances.

I, ¢ S T
I I

3]
i
Figure 35-E8

26. A straight, long wire carries a current of 20 A. Another
wire carrying equal current is placed parallel to it. If
the force acting on a length of 10 em of the second wire
is 220 x 10 ~° N, what is the separation between them ?

27: Three coplanar parallel wires, each carrying a current
. of 10 A along the same direction, are placed with a
separation 5°0 cm between the consecutive ones. Find

29,

30.

31.

32.

33.

34.

35.

the magnitude of the magnetic force per unit length
acting on the wires.

Two parallel wires separated by a distance of 10 em
carry currents of 10 A and 40 A along the same direction.
Where should a third current be placed so that it
experiences no magnetic force ?

Figure (35-E9) shows a part of an electric circuit. The
wires AB, CD and EF are long and have identical
resistances. The separation between the neighbouring
wires is 1'0 ecm. The wires AE and BF have negligible
resistance and the ammeter reads 30 A. Calculate the
magnetic ferce per unit length of AB and CD.

Figure 35-E9

A long, straight wire is fixed horizontally and carries a
current of 500 A. A second wire having linear mass
density 1'0 x 10 ~* kg/m is placed parallel to and directly
above this wire at a separation of 5°0 mm. What current
should this second wire carry such that the magnetic
repulsion can balance its weight ?

A square loop PQRS carrying a current of 6°0 A is placed
near a long wire carrying 10 A as shown in figure
(35-E10). (a) Show that the magnetic force acting on the
part PQ is equal and opposite to that on the part RS.
(b) Find the magnetic force on the square loop.
—2cm.—] 2

P gl A

{ lem . i o
Figure 35-E10

A circular loop of one turn carries a-current of 500 A.

If the magnetic field B at the centre is 0:200 mT, find

the radius of the loop.

A current-carrying circular coil of 100 turns and radius

5:0 cm produces a magnetic field of 6:0x 107" T at its

centre. Find the value of the current.

An electron makes 3 x 10 ° revolutions per second in a

circle of radius 0’5 angstrom. Find the magnetic field B

at the centre of the circle.

A conducting circular loop of radius a is connected to

two long, straight wires. The straight wires carry a

current [ as shown in figure (35-E11). Find the magnetic

field B at the centre of the loop.

-4

Figure 35-E11
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36.

37.

39.

7S

40.

41.

42,

43.

44.

45.

46.
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Two circular coils of radii 50 cm and 10 cm carry equal
currents of 20 A. The coils have 50 and 100 turns
respectively and are placed in such a way that their
planes as well as the centres coincide. Find the
magnitude of the magnetic field B at the common centre
of the coils if the currents in the coils are (a) in the same
sense (b) in the opposite sense.

If the outer coil of the previous problem is rotated
through 90° about a diameter, what would be the
magnitude of the magnetic field B at the centre ?

. A circular loop of radius 20 cm carries a current of 10 A.

An electron crosses the plane of the loop with a speed
of 2:0 x 10 ® m/s. The direction of motion makes an angle
of 30° with the axis of the circle and passes through its
centre. Find the magnitude of the magnetic force on the
electron at the instant it crosses the plane.

A circular loop of radius R carries a current I. Another
circular loop of radius r (<< R) carries a current i and is
placed at the centre of the larger loop. The planes of the
two circles are at right angle to each othec. Find the
torque acting on the smaller loop.

A circular loop of radius r carrying a current i is held
at the centre of another circular loop of radius R(>> r)
carrying a current I. The plane of the smaller loop makes
an angle of 30° with that of the larger loop. If the smaller
loop is held fixed in this position by applying a single
force at a point on its periphery, what would be the
minimum magnitude of this force ?

Find the magnetic field B due to a semicircular wire of
radius 10'0 cm carrying a current of 50 A at its centre
of curvature.

A piece of wire carrying a current of 6:00 A is bent in
the form of a circular arc of radius 100 cm, and it
subtends an angle of 120° at the centre. Find the
magnetic field B due to this piece of wire at the centre.
A circular loop of radius r carries a current i. How should
a long, straight wire carrying a current 4i be placed in
the plane of the circle so that the magnetic field at the
centre becomes zero ?

A circular coil of 200 turns has a radius of 10 cm and
carries a current of 2:0 A. (a) Find the magnitude of the

magnetic field B at the centre of the coil. (b) At what
distance from the centre along the axis of the coil will
the field B drop to half its value at the centre?
(/4 - 15874 ...)

A circular loop of radius 40 cm is placed in a horizontal
plane and carries an electric current of 50 A in the
clockwise direction as seen from above. Find the
magnetic field (a) at a point 3'0 cm above the centre of
the loop (b) at a point 30 cm below the centre of the
loop.

A charge of 3'14 x 10 “°C is distributed uniformly over
a circular ring of radius 20°0 ¢m. The ring rotates about
its axis with an angular velocity of 60'0 rad/s. Find the
ratio of the electric field to the magnetic field at a point
on the axis at a distance of 500 cm from the centre.

. A thin but long, hollow, cylindrical tube of radius r

carries a current { along its length. Find the magnitude

49.

50.

52.

53.

54.

55.

of the magnetic field at a distance /2 from the surface
(a) inside the tube (b) outside the tube.

A long, cylindrical tube of inner and outer radii @ and
b carries a current i distributed uniformly over itg
cross-section. Find the magnitude of the magnetic field
at a point (a) just inside the tube (b) just outside the
tube.

A long, cylindrical wire of radius b carries a current i
distributed uniformly over its cross-section. Find the
magnitude of the magnetic field at a point inside the
wire at a distance a from the axis.

A solid wire of radius 10 cm carries a current of 50 A
distributed uniformly over its cross-section. Find the
magnetic field B at a point at a distance (a) 2 em
(b) 10 cm and (¢) 20 cm away from the axis. Sketch a
graph of B versus x for 0 < x <20 cm.

. Sometimes we show an idealised magnetic field which

is uniform in a given region and falls to zero abruptly.
One such field is represented in figure (35-E12). Using
Ampere's law over the path PQRS, show that such a
field is not possible.

Figure 35-E12

Two large metal sheets carry surface currents as shown
in figure (35-E13). The current through a strip of width"
dl is Kd!l where K is a constant. Find the magnetic field
at the points P, @ and R.

oP

HOMOEKOMONIONOMONON |

«Q
(0 & &0 X & B & 7]
R
Figure 35-E13

Consider the situation of the previous problem. A
particle having charge ¢ and mass m is projected from
the point @ in a direction going into the plane of the
diagram. It is found to describe a circle of radius-r
between the two plates. Find the speed of the charged
particle.

The magnetic field B inside a long solenoid, carrying a
current of 500 A, is 3'14 x 10 *T. Find the number of
turns per unit length of the solenoid.

A long solenoid is fabricated by closely winding a wire
of radius 0'5 mm over a cylindrical nonmagnetic frame
so that the successive turns nearly touch each other.
What would be the magnetic field B at the centre of the
solenoid if it carries a current of 5 A ?

. A copper wire having resistance 0°0] ohm in each metre

is used to wind a 400-turn solenoid of radius 1'0 ¢cm and
length 20 em. Find the emf of a battery which when
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connected across the solenoid will cause a magnetic field
of 1'0 x 10 "> T near the centre of the solenoid.

A tightly-wound solenoid of radius a and length [ has n
turns per unit length. It carries an electric current_i.
Consider a length dx of the solenoid at a distance x from
one end. This contains ndx turns and may be
approximated as a circular current i n dx. (a) Write the
magnetic field at the centre of the solenoid due to this
circular current. Integrate this expression under proper
limits to find the magnetic field at the centre of the
solenoid. (b) Verify that if [>>a, the field tends to
B=u,ni and if a>>1, the field tends to B =&2£1—1-
Interpret these results.

A tightly-wound, long solenoid carries a current of 2:00 A.
An electron is found to execute a uniform circular motion
inside the solenoid with a frequency of 1:00 x 10 ° rev/s.
Find the number of turns per metre in the solenoid.

A tightly-wound, long solenoid has n turns per unit
length, a radius r and carries a current i. A particle
having charge ¢ and mass m is projected from a point

60.

61.
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on the axis in a directicn perpendicular to the axis. What
can be the maximum speed for which the particle does
not strike the solenoid ?

A tightly-wound, long solenoid is kept with its axis
parallel to a large metal sheet carrying a surface
current. The surface current through a width dl of the
sheet is Kdl and the number of turns per unit length of
the solenoid is n. The magnetic field near the centre of
the solenoid is found to be zero. (a) Find the current in
the solenoid. (b) If the solenoid is rotated to make its
axis perpendicular to the metal sheet, what would be
the magnitude of the magnetic field near its centre ?
A capacitor of capacitance 100 pF is connected to a
battery of 20 volts for a long time and then disconnected
from it. It is now connected across a long solenoid having
4000 turns per metre. It is found that the potential
difference across the capacitor drops to 90% of its
maximum value in 2'0 seconds. Estimate the average
magnetic field produced at the centre of the solenoid
during this period.

ANSWERS
s S o 10. 1'7x 10 ‘T in a direction parallel to the plane of the -
. (©) 2. (c) 3. (a) 4. (d) 5. (b) 6. (d) wires and perpendicular to the wires
. (©) 8. () 9. (¢) 10. (b) 11. (o) 12. (a) 11. (a) zero (b) 2 uT along the Z-axis
(c) zero and (d) 2 pT along the negative Z-axis
OBJECTIVE 11 12. (a) zero (b) Q,: 1'1 x 10T, ® , Q,: zero,
i -4
(@, @ 2. (a), (b), (© 3. (b), () (@ Qe SO ey ard 200
- (b), (0 5. (b), () 6. (a) 13 Hgl
. (b), (©) " 4nd
15. 11-5 uT
EXERCISES 16. 3’;)7 ‘
Hol
. 2 uT along the positive Y-axis 17. 3,“; <
50 mT - 2pif1 1
. 25T 7 [JS BJTS_]’
. 20 uT, zero 19. zero
. (a) looking along the current, at the leftmost points on 20. zero
- LMol 2Tuoi . 8/2u, i
the wire's surface, B onr 21. (a) —é%- ) __n;'_"_
o v sl _l{o_i o sl i_ Ho b a
(b) zero if r< e » B ony B 2o p 29. 2;’“ COtZ
. 5%x107'T Quid 12+ b
. 1'0 mm west to the wire 23. =lb
s -4 - -4
(@ 067x10"T ) 27=x10"" T u(,.inQSinEtanE
©20x10°*T (d) 1'0x10 T 24. (a) L n
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26. 40 cm
27. zero on the middle wire and 60 x 10 "' N towards the
middle wire on each of the rest two :
28. 2 em from the 10 A current and 8 cm from the other
29. 3 x 10 "° N/m, downward
30. 049 A in opposite directiom
31. (b) 1'6 x 10 ' N towards right
32. 1'57 cm
33. 48 mA
34.6x10°"T
35. zero
36. (a) 8n x 10 " T (b) zero
37. 1'8 mT
38.16nx 10 "N
o milr?
2R
Ho milr
4R
41.1'6x10 T
42.126x10°°T
43. at a distance of 47/r from the centre in such a way that

the direction of the current in it is opposite to that in the
nearest part of the circular wire

44. (a) 251 mT  (b) 7°66 cm

zero

39.

40.

45.
46.

47.

48.

49.

50.
52.

53.

54.

55.
56.

57.

58.
59.

60.

61.
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40 x 10 "° T, downwards in both the cases
188 x 10 " m/s #

(8) zero (b) 2=
3xr

(a) zero (b) 5;;

Ho la
onb "
(a) 2°0 uT (b) 10 uT (c) 50 pT
0, p, K towards right in the figure, 0
uo Kqr
m
5000 turns/m
2nx 107" T
1V

=

| ad

l
1420 turns/m

Ho grnii
2m

(a)

K Hy K
() 2n ®) /2

16rx 10 °T
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CHAPTER 36

PERMANENT MAGNETS

36.1 MAGNETIC POLES AND BAR MAGNETS

We have seen that a small current-loop carrying a
current i, produces a magnetic field

Bactio 20 e )
4n d
al an axial point. Here ;,_1.= iA is the magnetic dipole

moment of the current loop. The vector A represents
the area-vector of the current loop. Also, a current loop

placed in a magnetic field B experiences a torque

[=0xB. e (i)
We also know that an electric dipole produces an
electric field

= 1 2 b
E-= _47t50 g ... (iii)

at an axial point and it experiences a torque
T=pxE . (V)
when placed in an electric field. Equations (i) and (ii)

for -a current loop are similar in structure to the
equations (iii) and (iv) for an electric dipole with p
0

taking the role of ;_). and -;— taking the role of L . The

n 4ne,

similarity suggests that the behaviour of a current loop
can be described by the following hypothetical model:

(a) There are two types of magnetic charges,
positive magnetic charge and negative magnetic
charge. A magnetic charge m placed in a magnetic field
B experiences a force

F=mB. (36.1)

The force on a positive magnetic charge is along the
field and the force on a negative magnetic charge is
opposite to the field.

(b) A magnetic charge m produces a magnetic field

Ho m

B=4n B

(36.2)

at a distance r from it. The field-is radially outward
if the magnetic charge is positive and is inward if it
is negative.

(¢) A magnetic dipole is formed when a negative
magnetic charge — m and a positive magnetic charge
+ m are placed at a small separation d. The magnetic
dipole moment is y = md and its direction is from —m
to + m. The line joining — m and + m is called the axis
of the dipole.

(d) A current loop of area A carrying a current !
may be replaced by a magnetic dipole of dipole moment
p=md=1iA placed along the axis of the loop. The

area-vector A points in the direction - m to + m.

—m +m equivalent
B magnetic
8 N dipole

current loop

Figure 36.1

The model is very useful in studying magnetic
effects and is widely used. It is customary to call a
positive magnetic charge a north pole and a negative
magnetic charge a south pole. They are represented by
the letters N and S respectively. The quantity m is
called pole strength. From the equation md=iA or
F = mB, we can easily see that the unit of pole strength
is A-m. We can find the magnetic field due to a
magnetic dipole at any point P using equation (36.2)
for both the poles.

A solenoid very closely resembles a combination of
circular loops placed side by side. If i be the current
through it and A be the area of cross-section, the dipole
moment of each turn is p = iA. In our model, each turn
may be replaced by a small dipole placed at the centre

| A

4 i

t | { + |
SOOO0000  FHERES
: ; fd!:I'S;\:Nba\Sa\.\_?:

(a) {b)
|

B ]
{c)
Figure 36.2

Downloaded From : www.EasyEngineering.net



http://Easyengineering.net
http://Easyengineering.net

b

19.

Solution :

Downloaded From : www.EasyEngineering.net

Permanent Magnets ]

, 1 /I M®B,+B)
Vi v I
v By+B
or, 7 B,
or, 60 ) -]+ 2
- 40 By
or, _BB_,-.- 1-25
or, B=125x24 yT=30x 10 "T.

The oscillating magnet is in end-on position of the short
magnet. Thus, the field B can be written as
B. Lo 2M
4rn d°
2n

or, M=22Bq°
Ho

=05x107 x(30x 10 °T)x(20x 10 *m)*

A
T-m
=1'2A-m ",

A bar magnet of mass 100 g, length 7°0 cm, width 1-0 cm
and height 050 cm takes n/2 seconds to complete an
oscillation in an oscillation magnetometer placed in a
horizontal magnetic field of 25 uT. (a) Find the magnetic
moment of the magnet. (b) If the magnet is put in the
magnetometer with its 050 cm edge horizontal, what
would be the time period ?

(a) The moment of inertia of the magnet about

the axis of rotation is

I=%(L2+b2)

_100x10"°
= T

=-26§7< 10 *kg-m >

[(7x10 %*+(1 %10 %* kg-m *

We have,

T=2n-\/ M—IE e (@)

4n’l  4x’x25x10 "kg/m’
BTZ 2

or, M=

6 x (25 x IO_GT)X%SZ
“~27A-m>

(b) In this case the moment of inertia becomes

Iy
I 12 A

The time period would be

Tisy ﬁ‘ e (i)

Dividing by equation (i),
T [T
T YT

Zep 2) where b’ =05 cm.

BLtenh o Tom)’s+ ©@5cm)’

m .2 2 7 B z .
W/lz(L +b™Y \/( em) “ + (1°0 cm)

- 0992

_0992 x =

2 s =0496n s.

or, T’

QUESTIONS FOR SHORT ANSWER

1. Can we have a single north pole ? A single south pole ?

. Do two distinct poles actually exist at two nearby points

in a magnetic dipole ?

. An iron needle is attracted to the ends of a bar magnet

but not to the middle region of the magnet. Is the
material making up the ends of a bar magnet different
from that of the middle region ?

Compare the direction of the magnetic field inside a
solenoid with that of the field there if the solenoid is
replaced by its equivalent combination of north pole and
south pole.

Sketch the magnetic field lines for a current-carrying
circular loop near its centre. Replace the loop by an
equivalent magnetic dipole and sketch the magnetic field
lines near the centre of the dipole. Identify the
difference.

6. The force on a north pole, I_.'1 = mé, is parallel to the field

B. Does it contradict our earlier knowledge that a
magnetic field can exert forces only perpendicular to
itself ?

. Two bar magnets are placed close to each other with

their opposite poles facing each other. In absence of
other forces, the magnets are pulled towards each other
and their kinetic energy increases. Does it contradict our
earlier knowledge that magnetic forces cannot do any
work and hence cannot increase kinetic energy of a
system ?

. Magnetic scalar potential is defined as

Uy - UGr) = - | Bdl.

Apply this equation to a closed curve enclosing a long

Bowntoatded-Fron=www-EasyEngineering.net
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straight wire. The RHS of the above equation is then
—~ uy I by Ampere’s law. We see that U(;;) - U(;:) even
when r, = r.. Can we have a magnetic scalar potential in
this case ?

. Can the earth’s magnetic field be vertical at a place ?

What will happen to a freely suspended magnet at such
a place ? What is the value of dip here ?

Can the dip at a place be zero ? 90° ?

11.

The reduction factor K of a tangent galvanometer ig
written on the instrument. The manual says that the
current is obtained by multiplying this factor to tang,
The procedure works well at Bhuwaneshwar. Will the.
procedure work if the instrument is taken to Nepal ? If
there is some error. can it be corrected by correcting the
manual or the instrument will have to be taken back to
the factory ?

OBJECTIVE 1

. A circular loop carrying a current is replaced by an

equivalent magnetic dipole. A point on the axis of the

loop is in
(a) end-on position (b) broadside-on position
(c) both (d) none.

. A circular loop carrying a current is replaced by an

equivalent magnetic dipole. A point on the loop is in
(a) end-on position (b) broadside-on position
(c) both (d) none.

. When a current in a circular loop is equivalently

replaced by a magnetic dipole,

(a) the pole strength m of each pole is fixed
(b) the distance d between the poles is fixed
(c) the product md is fixed

(d) none of the above.

. Let r be the distance of a point on the axis of a bar

magnet from its centre. The magnetic field at such a
point is proportional to

(a) & (b) L,, (c) i_., (d) none of these.
r r o

Let r be the distance of a point on the axis of a magnetic

dipole from its centre. The magnetic field at such a point

is proportional to
1 1

WL ®

(c) ‘—15 (d) none of these.
r

. Two short magnets of equal dipole moments M are

fastened perpendicuarly at their centres (figure 36-Q1).
The magnitude of the magnetic field at a distance d from
the centre on the bisector of the right angle is

Lo M Mo V2M Mo 2V2M Mo 2M
LHAS () e Lo ava to .
(a)41t',d:l ()4n d? .__(C) 4n d° @ 4n d°
N 23S
P
#p U
de’ N
Figure 36-Ql

Magnetic meridian is
(a) a point
(c) a horizontal plane

(b) a line along north-south
(d) a vertical plane.

10.

11.

12.

13.

A compass needle which is allowed to move in. a
horizontal plane is taken to a geomagnetic pole. It

(a) will stay in north-south direction only

(b) will stay in east-west direction only

(c) will become rigid showing no movement

(d) will stay in any position.

A dip circle is taken to geomagnetic equator. The needle
is allowed to move in a vertical plane perpendicular to
the magnetic meridian. The neadle will stay

(a) in horizontal direction only

(b) in vertical direction only

(¢) in any direction except vertical and horizontal B
(d) in any direction it is released. "
Which of the following four graphs may best represent the
current-deflection relation in a tangent galvanometer ?

28

Figure 36-Q2

A tangent galvanometer is connected directly to an ideal
battery. If the number of turns in the coil is doubled,
the deflection will

(a) increase (b) decrease

(c) remain unchanged (d) either increase or decrease.

If the current is doubled, the deflection is also doubled

in R 4
(a) a tangent galvanometer £
(b) a moving-coil galvanometer

(c) both (d) none. -

A very long bsr magnet is placed with its north pole
coinciding with the centre of a circular loop carrying an
electric current i. The magnetic field due to the magnet
at a point on the periphery of the wire is B. The radius
of the loop is a. The force on the wire is
(a) very nearly 2naiB perpendicular to the plane of the
wire

(b) 2naiB in the plane of the wire

(c) naiB along the magnet (d) zero.
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OBJECTIVE 11

1. Pick the correct options.

(a) Magnetic field is produced by electric charges only.
(b) Magnetic poles are only mathematical assumptions
having no real existence.

(c) A north pole is equivalent to a clockwise current and
a south pole is equivalent to an anticlockwise current.

the line joining the point with the centre of the dipole
makes an angle of tan~ '(/2) with the magnetic axis.

. A bar magnet has a length of 8 cm. The magnetic field

at a point at a distance 3 cm from the centre in the

distance from the dipole towards north, south, east and
west of the dipole respectively. The directions of the
magnetic field due to the dipole are the same at

(a) P, and P, (b) @ and @,

(¢) P, and @, (d) P, and @,.

4. Consider the situation of the previous problem. The
(d) A bar magnet is equivalent to a long, straight directions of the magnetic field due to the dipole are
current. opposite at

. A horizontal circular loop carries a current that looks (a) P, and P, (b) @, and @,
clockwise when viewed from above. It is replaced by an (¢) P, and @, (d) P, and Q,
equivalent magnetic dipole consisting of a south pole S 5. To measure the magnetic moment of a bar magnet, one
and a north pole N. may use
(a) The l}ne SN should be along a 'diameter of the loop. () a tangent galvanometer
(b) The line SN should be perpendicular to the plane of (b) a deflection galvanometer if the earth’s horizontal
the loop. field is known
(c) The south pole should be below the loop. (c) .an oscillation magnetometer if the earth’s horizontal
(d) The north pole should be below the loop. field is known

. Consider a magnetic dipole kept in the north-south (d) both deflection and oscillation magnetometer if the
direction. Let P,, P, Q,,- @, be four points at the same earth’s horizontal field is not known.

EXERCISES

. A long bar magnet has a pole strength of 10 A-m. Find broadside-on position is found to be 4 x 10 "° T. Find the
the magnetic field at a point on the axis of the magnet pole strength of the magnet.
at a distance of 5 em from the north pole of the magnet. 8. A magnetic dipole of magnetic moment 144 A-m " is

. Two long bar magnets are placed with their axes placed horizontally with the north pole pointing towards
coinciding in such a way that the north pole of the first north. Find the position of the neutral point if the
magnet is 2'0 em from the south pole of the second. If horizontal component of the earth’'s magnetic field is
both the magnets have a pole strength of 10 A-m, find 18 uT.
the force exerted by one magnet on the other. 9. A magnetic dipole of magnetic moment 0'72 A-m ® is

. A uniform magnetic field of 0-20 x 10 ~* T exists in the placed horizontally with the north pole pointing towards
space. Find the change in the magnetic scalar potential south. Find the position of the neutral point if the
as one moves through 50 cm along the field. horizontal component of the earth’'s magnetic field is

. Figure (36-E1) shows some of the equipotential surfaces 18 uT.
of the magnetic scalar potential. Find the magnetic field 10. A magnetic dipole of magnetic moment 0°72/2 A-m " is
B at a point in the region. placed horizontally with the north pole pointing towards

. s 2 L east. Find the position of the neutral point if the
o g et horizontal component of the earth’'s magnetic field is
%//ay 2 18 uT.
o o E
; . /6 __/ 11. The magnetic moment of the assumed dipole at the
v 0/ ; 3/’/ 2 il earth’s centre is 8:0 x 10 ® A-m % Calculate the magnetic
g ? field B at the geomagnetic poles of the earth. Radius of
Figure 36-E1 the earth is 6400 km.

. The magnetic field at a point, 10 cm away from a 12. If the earth's magnetic field has a magnitude
magnetic dipole, is found to be 2:0 x 10" T. Find the 34 x 10 "° T at the magnetic equator of the earth,
magnetic moment of the dipole if the point is (a) in what would be its value at the earth’s geomagnetic
end-on position of the dipole and (b) in broadside-on poles ?
position of the dipole. 13. The magnetic field due to the earth has a horizontal

. Show that the magnetic field at a point due toy a componelnt el DA @ iy W tbe el 560 .Find

£ : : ; .. the vertical component and the magnitude of the field.
magnetic dipole is perpendicular to the magnetic axis if .
14. A magnetic needle is free to rotate in a vertical plane

which makes an angle of. 60° with the magnetic
meridian. It the needle stays in a direction making an
angle of tan ~ (v 31 with the horizontal, what would be
the dip at that place ?
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. The needle of a dip circle shows an apparent dip of 45°
in a particular position and 53° when the circle is rotated
through 90°. Find the true dip.
A tangent galvanometer shows a deflection of 45° when
10 mA of current is passed through it. If the horizontal
component of the earth’s magnetic field is
By =36 x 10 ~° T and radius of the coil is 10 cm, find
the number of turns in the coil.
A moving-coil galvanometer has a 50-turn coil of size
2 cm x 2 cm. It is suspended between the magnetic poles
producing a magnetic field of 0'5 T. Find the torque on
the coil due to the magnetic field when a current of
20 mA passes through it.
A short magnet produces a deflection of 37° in a
deflection magnetometer in Tan-A position when placed
at a separation of 10 cm from the needle. Find the ratio
of the magnetic moment of the magnet to the earth’s
horizontal magnetic field.
The magnetometer of the previous problem is used with
the same magnet in Tan-B position. Where should the
magnet be placed to produce a 37° deflection of the
needle ?
A deflection magnetometer is placed with its arms in
north-south direction. How and where should a short
magnet having M/B, = 40 A—m T be placed so that the
needle can stay in any position ?
. A bar magnet takes n/10 second to complete one
oscillation in an oscillation magnetometer. The moment

22.

23.

24.

25.

Concepts of Physics

of inertia of the magnet about the axis of rotation jg
1'2 x 10 ™" kg-m - and the earth’s horizontal magnetje
field is 30 uT. Find the magnetic moment of the magnet,

The combination of two bar magnets makes 1g
oscillations per second in an oscillation magnetometer
when like poles are tied together and 2 oscillations per
second when unlike poles are tied together. Find the
ratio of the magnetic moments of the magnets. Neglect
any induced magnetism.

A short magnet oscillates in an oscillation magnetometer'i
with a time period of 010 s where the earth’s horizonta]
magnetic ficld is 24 uT. A downward current of 18 A jg
established in a vertical wire placed 20 cm east of the

magnet. Find the new time period. ¥

A bar magnet makes 40 oscillations per minute in an
oscillation magnetometer. An identical magnet igt
demagnetized completely and is placed over the magnet
in the magnetometer. Find the time taken for 40"
oscillations by this combination. Neglect any induced
magnetism. i

A short magnet makes 40 oscillations per minute when
used in an oscillation magnetometer at a place where
the earth’s horizontal magnetic field is 25 uT. Another
short magnet of magnetic moment 1'6 A~m” is placed
20 cm east of the oscillating magnet. Find the new
frequency of oscillation if the magnet has its north pole
(a) towards north and (b) towards south.

O
ANSWERS
OBJECTIVE I 9. 20 cm south of the dipole
. -1_1
(a) 2. (b) 3. (c) 4. (d) 5. () 6. (c) 10. 20 em from the dipole, tan ™ v2 south of east
A 8.(d  9.(d)  10.(c) 1l.(c) 12. (b) 11. 60 uT
(a) 12. 68x10°T
13. 45 uT, 52 uT
OBJECTIVE II 14. 30°
15. 39°
. (a), (b) 2. (b), (d) 3. (a), (b) 16. 570
. (0), (@ 5. (b), (c), (d ' §
rel o e, 17. 2% 10 "¢ N-m
3 Az=pn 2
EXERCISES BP0 S
4x10°°T 19. 79 cm from the centre
25x10°°N 20. 2°0 cm from the needle, north pole pointing towards
south
. decreases by 010 x 10 ** T-m 21. 1600 A-m >
.20x107'T 22, 13:12
.(2) 1'0A-m* and (b) 20 A-m* 23. 0076 s
.6x107° Am 24. Y2 minutes
. at a distance of 20 cm in the plane bisecting the dipole 25. (a) 18 oscillations/minute (b) 54 oscillations/minute
O
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magnetic intensity is
H=-H,+H,

= 1592 A/m towards the south pole.
(c) The magnetic field B at the centre is

B=PutH+fi
or, B-lanx10 7T} 4 x 10" - 159.2) &
[ A fus
=50x10“T

The field is towards the north pole.

5. The maximum value of the permeability of y-metal (77%
Ni, 16% Fe, 5% Cu, 2% Cr) is 0126 T-nyA. Find the
maximum relative permeability and susceptibility.

Solution : Relative permeability is

_p__0126T-nvA
B i 4nx 10 T-m/A

-1:00x10°
Susceptibility x ==, - 1 ~ 100 x 10 °,

6. A toroid has a mean radius R equal to 20/n cm, and a
total of 400 turns of wire carrying a current of 220 A. An
aluminium ring at temperature 280 K inside the toroid
provides the core. (a) If the magnetization I s
48 x 10 "* A/m, find the susceptibility of aluminium at

280 K. (b) If the temperature of the aluminium ring is
raised to 320 K, what will be the magnetization ?

Solution : (a) The number of turns per unit length of the
toroid is
o - 400
2nR
The magnetic intensity H in the core is
H-=ni
- _4,0_206% = 2000 A/m.
2 x==x10""m
n
The susceptibility is
x=I/H
 48x10 *A/m
= ~"3000 A/m =24 x<10"".

(b) The susceptibility x of a paramagnetic substance
varies with absolute temperature as y = ¢/7T.

Thus, Yo /Xy =T, /T,

The susceptibility of aluminium at temperature 320 K
is, therefore,

x= ggg x2:4x10°=21x10".
Thus, the magnetization at 320 K is
I=-yH
=21 x 10 " x 2000 A/m.
=4'2x 10 * A/m.

QUESTIONS FOR SHORT ANSWER

1. When a dielectric is placed in an electric field, it gets
polarized. The electric field in a polarized material is
less than the applied field. When a paramagnetic
substance is kept in a magnetic field, the field in the
substance is more than the applied field. Explain the
reason of this opposite behaviour.

2. The property of diamagnetism is said to be present in
all materials. Then, why are some materials
paramagnetic or ferromagnetic ?

3. Do permeability and relative permeability have the same
dimensions ?

4. A rod when suspended in a magnetic field stays in
east-west direction. Can we be sure that the field is in

_C)l

the east-west direction ? Can it be in the north-south
direction ?

Why cannot we make permanent magnets from
paramagnetic materials ?

Can we have magnetic hysteresis in paramagnetic or
diamagnetic substances ?

When a ferromagnetic material goes through a
hysteresis loop, its thermal energy is increased. Where
does this energy come from ?

What are the advantages of using soft iron as a core,
instead of steel, in the coils of galvanometers ?

To keep valuable instruments away from the earth's
magnetic field, they are enclosed in iron boxes. Explain.

OBJECTIVE 1

1. A paramagnetic material is placed in a magnetic field.
Consider the following statements:

(A} If the magnetic field is increased, the magnetization
1s Increased.
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(B) If the temperature is increased, the magnetization
is increased.

(a) Both A and B are true.

(b) A is true but B is false.

(c) B is true but A is false.

(d) Both A and B are false.
A paramagnetic material is kept in a magnetic field. The
field is increased till the magnetization becomes
constant. If the temperature is now decreased, the
magnetization
(a) will increase
(c) remain constant

(b) decrease

(d) may increase or decrease.
A ferromagnetic material is placed in an external
magnetic field. The magnetic domains

(a) increase in size (b) decrease in size

(c) may increase or decrease in size

(d) have no relation with the field.

A long, straight wire carries a current i. The
magnetizing field intensity H is measured at a point P
close to the wire. A long, cylindrical iron rod is brought
close to the wire so that the point P is at the centre of

the rod. The value of H at P will

(a) increase many times (b) decrease many times
(c) remain almost constant (d) become zero.

The magnetic susceptibility is negative for

(a) paramagnetic materials only

(b) diamagnetic materials only

(c) ferromagnetic materials only

(d) paramagnetic and ferromagnetic materials.

The desirable properties for making permanent magnets
are

(a) high retentivity and high coercive force

(b) high retentivity and low coercive force

(c) low retentivity and high coercive force

(d) low retentivity and low coercive force.
Electromagnets are made of soft iron because soft iron
has

(a) high retentivity and high coercive force
(b) high retentivity and low coercive force
(c) low retentivity and high coercive force
(d) low retentivity and low coercive force.

2

OBJECTIVE 1II 1

. Pick the correct options.

(a) All electrons have magnetic moment.

(b) All protons have magnetic moment.

(c) All nuclei have magnetic moment.

(d) All atoms have magnetic moment.

The permanent magnetic moment of the atoms of a
material is not zero. The material

(a) must be paramagnetic (b) must be diamagnetic
(¢) must be ferromagnetic (d) may be paramagnetic.
The permanent magnetic moment of the atoms of a
material is zero. The material

(a) must be paramagnetic (b) must be diamagnetic
(c) must be ferromagnetic (d) may be paramagnetic.

. Which of the following pairs has quantities of the same

dimensions ?
(a) magnetic field B and magnetizing field intensity H

EXERCISES 3

'The magnetic intensity H at the centre of a long solenoid

carrying a current of 2°0 A, is found to be 1500 A/m.
Find the number of turns per centimetre of the solenoid.
A rod is inserted as the core in the current-carrying
solenoid of the previous problem. (a) What is the
magnetic intensity H at the centre? (b) If the
magnetization [ of the core 4s found to be 0°12 A/m, find
the susceptibility of the material of the rod. (c) Is the
material paramagnetic, diamagnetic or ferromagnetic ?

. The magnetic field inside a long solencid having

50 turns/cm is increased from 25 x 10 'J_T to 25 T when
an iron core of cross-sectional area 4 cm ~ is inserted into
it. Find (a) the current in the solenoid, (b) the

4.

SJI

(b) magnetic field B and intensity of magnetization [
(¢) magnetizing field intensity H and intensity of
magnetization ./

(d) longitudinal strain and magnetic susceptibility.
When a ferromagnetic material goes through a
hysteresis loop, the magnetic susceptibility

(a) has a fixed value (b) may be zero

(c) may be infinity (d) may be negative.
Mark out the correct options.

(a) Diamagnetism occurs in all materials.

(b) Diamagnetism results from the partial alignment of
permanent magnetic moment.

(¢) The magnetizing field intensity H is always zero in
free space. o ok
(d) The magnetic field of induced magnetic moment is
opposite to-the applied field.

magnetization I of the core and (c) the pole strength

developed in the core. T e

A bar magnet of length 1 cm and cross-sectional area
1'0 em - produces a magnetic field of 1'5 x 10 ™' T at a
point in end-on position at a distance 15 cm away from
the centre. (a) Find the magnetic moment M of the
magnet. (b) Find the magnetization I of the magnet.
(c) Find the magnetic field B at the centre of the magnet.
The susceptibility of annealed iron at saturation is 5500.
Find the permeability of annealed iron at saturation.
The magnetic field B and the magnetic intensity H in a
material are found to be 1'6 T and 1000 A/m
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respectively. Calculate the relative permeability u, and
the susceptibility x of the material.

. The susceptibility of magnesium at 300 K is 1'2x 10 " ".

At what temperature will the susceptibility increase to

is 852x 10* atoms/m’. (a) Find the maximum
magnetization I in a long cylinder of iron. {b) Find the
maximum magnetic field B on the axis inside the
cylinder.

18 x 1072 9. The coercive force for a certain permanent magnet is
. Assume that each iron atom has a permanent magnetic 4'0 x 10" A/m. This magnet is placed inside a long
moment equal to 2 Bohr magnetons (1 Bohr magneton solenoid of 40 turns/em and a current is passed in the
equals 927 x 10 "* A—m ?). The density of atoms in iron solenoid to demagnetise it completely. Find the current.
ANSWERS
OBJECTIVE I 2. (a) 1500 A/m (b) 8:0 x 10 (e paramagnetic
B 2@ 3@ 4@ 5®bB 6@ 3.(a) 04 A (b) 20 x 10 ®* A/m (c) 800 A-m
G))
4. () 25 A-m* (b) 25x10° A/m (c) 12T
OBJECTIVE 11 5 69x10°
. (a), (b) 2. (d) 3. (b) 4. (c), (d) 6. 1-3x 10 ° each
. (b), (c), (d) 6. (a), (d) 7. 200 K
. l’ !
EXERCISES 8.(a) 1'68x 10 " A/m (b) 20T
9.10 A
.75
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CHAPTER 38

ELECTROMAGNETIC INDUCTION

38.1 FARADAY’S LAW OF ELECTROMAGNETIC

INDUCTION
3 e i ;
I 5
N
)
a) U’ )
Ty 5
N
Figure 38.1

Figure (38.1a) shows a bar magnet placed along
the axis of a conducting loop containing a
galvanometer. There is no current in the loop and
correspondingly no deflection in-the galvanometer. If
we move the magnet towards the loop (figure 38.1b),
there is a deflection in the galvanometer showing that
there is an electric current in the loop. If the magnet
is moved away from the loop (figure 38.1¢), again there
is a current but the current is in the opposite direction.
The current exists as long as the magnet is moving.
Faraday studied this behaviour in detail by performing
a number of experiments and discovered the following
law of nature:

Whenever the flux of magnetic field through the
area bounded by a closed conducting loop changes, an
emf is produced in the loop. The emnf is given by

& do

& = —E (381)

where ¢ =f BdS is the flux of the magnetic field
through the area.

We shall call the quantity ¢ magnetic flux.. The SI
unit of magnetic flux 1s called weber which is
equivalent to tesla—metre ". ‘: o

The law described by equation (38.1) is called
Faraday’s law of electromagnetic induction. The flux
may be changed in a number of ways. One can change

the magnitude of the magnetic field B at the 51te of
the loop, the area of the loop or the angle between the

area-vector dS and the magnetic field B. In any case,
as long as the flux keeps changing, the emf is present.
The emf so produced drives an electric current through
the loop. If the resistance of the loop is R, the current
is

(38.2)

The emf developed by a changing flux is called
induced emf and the current produced by this emf is
called induced current.

Direction of Induced Current

The direction of the induced current in a loop may
be obtained using equation (38.1) or (38.2). The
procedure to decide the direction is as follows:

Put an arrow on the.loop to choose the positive
sense of current. This choice is arbitrary. Using right-
hand thumb rule find the positive direction of the
normal to the area bounded by the loop. If the fingers
curl along the loop in the positive sense, the thumb
represents the positive direction of the normal.
Calculate the flux ¢ =f BdS through the area
bounded by the loop. If the flux increases with time,
% is positive and £ is negative from equation (38.1).
Correspondingly, the current is negative. It is,
therefore, in the direction opposite to the arrow put on

= y z
the loop. If ¢ decreases with time, r—T is negative, €

is positive and the current is along the arrow.
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Putting the numerical values in (i), the energy at
t=10ms is

L x@OH)x (012 A0 - 1/6)]?
=28 md.

An inductance L and a resistance R are connected in
series with a battery of emf & . Find the maximum rate
at which the energy is stored in the magnetic field.

Solution :

. The coil

The energy stored in the magnetic field at time ¢ is

1 B
u 2 Li )

The rate at which the energy is stored is
AU i ey (e ""‘;[—l]

Lij(1-e """

dt T
Liz i T = T
=--r-"-(e Vi_e W}. (1)
: b { dP
This rate will be maximum when i 0
Liy -t/r —atye
or, —°—le V+—2-e W]=0
T T T
or e
’ 2

29.

Putting in (i),

Lij(1_1
P =15~ Z]
LEE

4R*L/R) . 4R

Two conducting circular loops of radii R, and R, are
placed in the same plane with their centres coinciding.
Find the mutual inductance between them assuming
R,<<R,.

Solution : Suppose a current i is established in the outer

loop. The magnetic field at the centre will be

Bl
B 2R,
As the radius R, of the inner coil is small compared to
R,, the flux of magnetic field through it will be

approximately
a - Hol o2
o
so that the mutual inductance is
2
Wi 2B Tol2
i 2R,

QUESTIONS FOR SHORT ANSWER

. A metallic loop is placed in a nonuniform magnetic field.

Will an emf be induced in the loop ?

An inductor is connected to a battery through a switch.
Explain why the emf induced in the inductor is much
larger when the switch is opened as compared to the
emf induced when the switch is closed.

of a moving-coil galvanometer keeps on
oscillating for a long time if it is deflected and released.
I[f the ends of the coil are connected together, the
oscillation stops at once. Explain.

. A short magnet is moved along the axis of a conducting

loop. Show that the loop repels the magnet if the magnet
is approaching the loop and attracts the magnet if it is
going away from the loop.

. Two circular loops are placed coaxially but separated by

a distance. A battery is suddenly connected to one of the
loops establishing a current in it. Will there be a current
induced in the other loop ? If yes, when does the current
start and when does it end ? Do the loops attract each
other or do they repel ?

The battery discussed in the previous question is
suddenly disconnected. Is a current induced in the other
loop ? If yes, when does it start and when does it end ?
Do the loops attract each other or repel ?

If the magnetic field outside a copper box is suddenly
changed, what happens to the magnetic field inside the

10.

box ? Such low-resistivity metals are used to form
enclosures which shield objects inside them against
varying magnetic fields.

Metallic (nonferromagnetic) and nonmetallic particles in
a solid waste may be separated as follows. The waste is
allowed to slide down an incline over permanent
magnets. The metallic particles slow down as compared
to the nonmetallic ones and hence are separated. Discuss
the role of eddy currents in the process.

. A pivoted aluminium bar falls much more slowly

through a small region containing a magnetic field than
a similar bar of an insulating material. Explain.

A metallic bob A oscillates through the space between
the poles of an electromagnet (figure 38-Ql). The
oscillations are more quickly damped when the circuit

N
S
v -

Figure 38-Q1
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is on, as compared to the case when the circuit is off.
Explain.

Two circular loops are placed with their centres
separated by a fixed distance. How would you orient the
loops to have (a) the largest mutual inductance (b) the
smallest mutual inductance ?

12.

13.

Consider the self-inductance per unit length of a solenoig
at its centre and that near its ends. Which of the twq
is greater ?

Consider the energy density in a solenoid at its centre
and that near its ends. Which of the two is greater ?

82

OBJECTIVE I

A rod of length [ rotates with a small but uniform
angular velocity » about its perpendicular bisector. A
uniform magnetic field B exists parallel to the axis of
rotation. The potential difference between the centre of
the rod and an end is

(@) vzsrolh ¥®) %mBl” @) Bol’.

© %mBl‘

. A rod of length [ rotates with a uniform angular velocity

® about its perpendicular bisector. A uniform magnetic
field B exists parallel to the axis of rotation. The
potential difference between the two ends of the rod is

®) 5 L g D (d) 2Bl ‘.

Consider the 51tuation shown in figure (38-Q2): If the
switch is closed and after some tlme it is opened again,
the closed loop will show

(a) an anticlockwise current-pulse

(b) a clockwise current-pulse

(c) an anticlockwise current-pulse and then a clockwise
current-pulse

(d) a clockwise current-pulse and then an anticlockwise
current-pulse.

(a) zero

O

=

Figure 38-Q2
Solve the previous question if the -closed loop is
completely enclosed in the circuit containing the switch.
A bar magnet is released from rest along the axis of a
very long, vertical copper tube. After some time the
magnet
(a) will stop in the tube
(b) will move with almost contant speed
(¢) will move with an acceleration g
(d) will oscillate.
Figure (38-Q3) shows a horizontal solenoid connected to
a battery and a switch. A copper ring is placed on a
frictionless track, the axis of the ring being along the
axis of the solenoid. As the switch is closed, the ring will
(a) remain stationary
(b) move towards the solenoid

[ R

Figure 38-Q3

10.

(c) move away from the solenoid '
(d) move towards the solenoid or away from it
depending on which terminal (positive or negative) of
the battery is connected to the left end of the solenold

Consider the following statements:

(A) An emf can be induced by moving a conductor in a
magnetic field.

(B) An emf can be induced by changing the magnetic
field.

(a) Both A and B are true. (b) A is true but B is false.
(¢) Bis true but A is false. (d) Both A and B are false.

Consider the situation shown in figure (38-Q4). The wire
AB is slid on the fixed rails with a constant velocity. If
the wire AB is replaced by a semicircular wire, the
magnitude of the induced current will

(a) increase (b) remain the same (c) decrease
(d) increase or decrease depending on whether the.
semicircle bulges towards the resistance or away from it.

x X X x
A
x x
L —
% % X x
% x x 8
Figure 38-Q4

. Figure (38-Q5a) shows a ‘conducting loop being pulled

out of a magnetic field with a speed v. Which of the four
plots shown in figure (38-Q5b) may represent the power
delivered by the pulling agent as a function of the speed
vt

x = x
x x x
x b3 x —k
x o x
v
x x *

(2)

Figure 38-Q5
Two circular loops of equal radii are placed coaxially at
some separation. The first is cut and a battery is
inserted in between to drive a current in it. The current
changes slightly because of the variation in resistance
with temperature. During this period, the two loops
(a) attract each other (b) repel each other
(c) do not exert any force on each other
(d) attract or repel each other depending on the sense
of the current.
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A small, conducting circular loop is placed inside a long
solenoid carrying a current. The plane of the loop
contains the axis of the solenoid. If the current in the
solenoid is varied, the current induced in the loop is
(a) clockwise (b) anticlockwise (c) zero

(d) clockwise or anticlockwise depending on whether the
resistance is increased or decreased.

A conducting square loop of side ! and resistance R
moves in its plane with a uniform velocity v
perpendicular to one of its sides. A uniform and constant
magnetic field B exists along the perpendicular to the

plane of the loop as shown in figure (38-Q6). The current
induced in the loop is

(a) Bly/R clockwise (b) Blu/R anticlockwise

(c) 2Bly/R anticlockwise (d) zero.
x x x x X x
% x x X X X
v —
= b4 * x b4 X
X x X x X %
Figure 38-Q6

OBJECTIVE 11

. A bar magnet is moved along the axis of a copper ring

placed far away from the magnet. Looking from the side
of the magnet, an anticlockwise current is found to be
induced in the ring. Which of the following may be true ?

{a) The south pole faces the ring and the magnet moves
towards it.

(b) The north pole faces the ring and the magnet moves
towards it.

(¢) The south pole faces the ring and the magnet moves
away from it.

(d) The north pole faces the ring and the magnet moves
away from it.

A conducting rod is moved with a constant velocity v in

a magnetic field. A potential difference appears across

the two ends

(@ifuv|] I

(d) none of these.

®)if v || B ©if || B

. A conducting loop is placed in a uniform magnetic field

with its plane perpendicular to the field. An emf is
induced in the loop if

(a) it is translated

(b) it is rotated about its axis

(c) it is rotated about a diameter

(d) it is deformed.

A metal sheet is placed in front of a strong magnetic
pole. A force is needed to

(a) hold the sheet there if the metal is magnetic

(b) hold the sheet there if the metal is nonmagnetic
(¢) move the sheet away from the pole with uniform
velocity if the metal is magnetic

(d) move the sheet away from the pole with uniform
velocity if the metal is nonmagnetic.

Neglect any effect of paramagnetism, diamagnetism and
gravity.

A constant current [ is maintained in a solenoid. Which
of the following quantities will increase if an iron rod is
inserted in the solenocid along its axis ?

(a) magnetic field at the centre

(b) magnetic flux linked with the solenoid

(c) self-inductance of the solenoid

(d) rate of Joule heating.

Two solenoids have identical geometrical construction
but one is made of thick wire and the other of thin wire.

10.

Which of the following quantities are different for the
two solenoids ?

(a) self-inductance

(b) rate of Joule heating if the same current goes
through them ;

(c) magnetic field energy if the same current goes
through them

(d) time constant if one solenoid is connected to one
battery and the other is connected to another battery.

. An LR circuit with a battery is connected at ¢t = 0. Which

of the following quantities is not zero just after the
connection ?

(a) current in the circuit

(b) magnetic field energy in the inductor

(c) power delivered by the battery

(d) emf induced in the inductor.

A rod AB moves with a uniform velocity v in a uniform
magnetic field as shown in figure (38-Q7).

(a) The rod becomes electrically charged.

(b) The end A becomes positively charged.

(¢) The end B becomes positively charged.

(d) The rod becomes hot because of Joule heating.

X b x ® X x
4
X x ® % X x
v —
% X % x x x
"8
x x x x x x
Figure 38-Q7

L, C and R represent the physical quantities inductance,
capacitance and resistance respectively. Which of the
following combinations have dimensions of frequency ?

) & © 77 () C/L.

The switches in figure (38-Q8a) and (38-8b) are closed

at t = 0 and reopened after a long time at ¢t = ¢,

1
® Re

L R
VY‘;W\I—

|._/_ ¥
£ [te
(a) (b)

Figure 38-Q8
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(a) The charge on C just after t =0 is £C.
(b) The charge on C long after t =0 is £C.

(¢) The current in L just before t=1t¢, is £/R.
(d) The current in L long after t =t¢, is £/R.

EXERCISES

Calculate the dimensions of (a) J-E'dl_. (b) vBl and
(c) —f The symbols have their usual meanings.

The flux of magnetic field through a closed conducting
loop changes with time according to the equation,
$ =at’+ bt +c. (a) Write the SI units of a, b and c. (b) If
the magnitudes of @, b and ¢ are 020, 040 and 0°60
respectively, find the induced emf at ¢ =2 s.

(a) The magnetic field in a region varies as shown in
figure (38-E1l). Calculate the average induced emf in a

conducting loop of area 20x10 °m?* placed

perpendicular to the field in each of the 10 ms intervals

shown. (b) In which intervals is the emf not constant ?

Neglect the behaviour near the ends of 10 ms intervals.
B(T)

0.03 +

0.014-

s

— <
10 20 30
Figure 38-E1
A conducting circular loop having a radius of 50 cm, is
placed perpendicular to a magnetic field of 050 T. It is
removed from the field in 0'50 s. Find the average emf
produced in the loop during this time.

. A conducting circular loop of area 1 mm?° is placed

coplanarly with a long, straight wire at a distance of
20 ecm from it. The straight wire carries an electric
current which changes from 10 A to zero in 0°1 s. Find
the average emf induced in the loop in 01 s.

A square-shaped copper coil has edges of length 50 cm
and contains 50 turns. It is placed perpendicular to a
1'0 T magnetic field. It is removed from the magnetic
field in 0'25 s and restored in its original place in the
next 025 s. Find the magnitude of the average emf
induced in the loop during (a) its removal, (b) its
restoration and (c) its motion. |

Suppose the resistance of the coil in the preivous
problem is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>