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UNIT-3 MAGNETIC EFFECTS
OF CURRENT AND
MAGNETISM

VERY SHORT ANSWERS QUESTIONS () Mark)

Must every magnetic field configuration have a north pole and a south
pole? What abeut the field due to a toroid?

How are the figure of merit and current sensitivity of galvanometer related
with each other?

Show graphically the variation of magnetic field due to a straight conductor
of uniferm cross-section of radius ‘a' and carrying steady currently as a
function of distance r{a > 7} from the axis of the conductor.

The fo rce per unitl ength b etween two parallel | ong current carrying
conductor is F. If the current in each conductor is tripled, what would be
the value of the force per unit length between them?

How does the angle of dip vary from equator to poles?

What is the effect on the current measuring range of a galvanometer when
it is shunted?

An electric currant flows in a horizontal wire from East to West. What will
be the direction of magnetic ficld due to current at a point {i) North of wire;
{ii) above the wire.

Suggest a method to shield a certain region of space from magnetic fields.
Why the core of moving coil galvanometer is made of soft iron?

Where on the earth's surface, is the vertical component of earth’s magnetic
field zero?

If the current is increased hy 1% in a moving coil galvanometer. What will
be percentage increase in deflection?

Write S.1. unit of {i) Pole strength and (ii) Magnetic dipole moment.

If the magnetic field is parallel to the positive y-axis and the charged
particle is moving along the positive x-axis, which way would the Lorentz
force be for (a) an electron (negative charge), (b} a proton (positive charge}

Sel : When velocity (y} of positively charged particle is along x-axis and

the magnetic field (g) 15 along y-axis, so vx 8 is along the z-axis (Flemings
left hand rule).
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Therefore,
(a) for electron Lorentz force will be along -2z axis;
{h) for a positive charge (proton) the force is along +z axis.

If a toroid uses Bismuth as its core, will the field in the core be lesser or
areater than when it is empty?

Ans : Bismuth is diamagnetic, hence, the overall magnetic field will be
slightly less.

An electron beam projected alony + x-axis, experiences a force due to a
magnetic field along the + y-axis. What is the direction of the magnetic
field?

Ans : +Z axis.
What is the principle of a moving coil galvanometer?

Ans : When a current carrying coll is placed in uniform magnetic field, it
experiences a tormue.

What is the direction of magnetic dipole moment?
Ans : Sto N

What is the angle of dip at a place where vertical and horizontal component
of earth’s field are equal?

Ans : 45°

Is any work done on a maving charge by a magnetic field?

Ans : No, as magnetic field is in perpeudicular direction,

Skstch the magnetic field lines for a current carrying circular loop.

Ans :




SHORT ANSWERS QUESTIONS (2 MARKS)

Write the four measuras that can be taken to increase the sensitivity of a
galvanometer.

A galvanometer of resistance 1200 gives full scale deflection for a current
of SmA. How can it be converted into an ammeter of range 0 to 5A? Also
determine the net resistance of the ammeter.

A current loop is placed in a uniform magnetic field in the f ollowing
orientations (1} and {2). Calculate the magnetic moment in each case.

& il

A current of 10A flows through a semicircular wire of radius 2em as shown
in figure {a). What is direction and magnitude of the magnetic field at the
centre of semicircle? Would your answer change if the wire were bent as
shown in figure (b)?

2cm
10A

e
Fig. (a) Fig. (b)

A proton and an alpha particle of the same enter, in turn, a region of
uniform magnatic field acting perpendicular to their direction of motion.
Deduce the ratio of the radii of the circular paths described by the proton
and alpha particle.

Which one of the two an ammeter or milliammeter, has a higher resistance
and why?

Mention two properties of soft iron due to which it is preferred for making
glectromagnet.

A magnetic dipole of magnetic moment M is kept in a magnetic field B.
What is the minimum and maximum potential energy? Also give the most
stable position and meost unstable position of magnetic dipole.
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What will be (i} Pole strength {ii} Magnetic mement of each of new piece
of bar magnet if the magnet is cut into two equal pieces :

(a) normal to its length?
(h) alony its length?

A steady current | flows along an infinitely long straight wire with ¢ircular
cross-section of radius R. What will be the magnetic field cutside and
inside the wire at a point r distance far from the axis of wire?

A circular coil of n turns and radius R carries a current I. It is unwound and
rewound to make another square cail of side ‘a’ keeping number of turns
and current same. Calculate the ratic of magnetic moment of the new cail
and the original coil.

A coil of N turns and radius R carries a current I. It is unwound and
rewound to make another coil of radius R/2, current remaining the same.
Calculate the ratie of the magnetic moment of the new coil and original
coil.

At a place horizontal component of the earths magnetic field is B and
angle of dip at the place is 60°. What is the value of horizental compoenant
of the earths magnetic field.

(i) at Equator; ({ii} at a place where dip angle is 30°

A galvanometer coil has a resistance G. 1% of the total current goes
through the coil and rest through the shunt. What is the resistance of the
shunt?

Prove that the magnetic moment of a hydrogen atom in its ground state
is ehfdmm. Symbols have their usual meaning.

Each of eight conductors in figure carrnies 2A of current into or out of page.

Two path are indicated for the line integral § 8. d1 What is the value
of the integral for the path (a) and {b).

® ® ® ®

(a) (b)
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What is the radius of the path of an electron (mass 9 x 10 kg and
charge 1.6 x 107'? C) moving at a speed of 3 x 107 m/s in a magnetic field
of 6 x 10~ T perpendicular to it? What is its fremuency? Calculate its
energy inkeV. {1 eV = 1.6 x 10719 J),

Sol : Radius, r = mv/ {qB)

=91 x10%kg x3x 10" ms—1/ (16 x 10°¥ Cx 10¢T) =26 cm
v =vA2ar) = 2 x 108 57! = 2 x 10% Hz = 200 MHz.
E = {¥%Imv? = (%) 9 x 103" kg x 9 x 10'% m?/s?

=405 x 107 J=4x101%J=25ksV.

A particle of mass m and charge g moves at right angles to a uniform
magnetic field. Plot a graph showing the v ariation of the radius of the
circular path described by it with the increase in its kinetic energy, where,
other factors remain constant.

Ans : ruKE

.
L

Radius r —

Kinetic Energy E—

Magnetic field arises due to charges in motion. Can a system have magnatic
moments even though its net charges is zero? Justify.

Ans ; Yes; for example the atoms of a paramagnetic substance passess
a net magnetic moment though its net charge is zero.

Define the term magnetic dipole moment of a current loop. Write the
expression for the magnetic moment when an electron revolves at a speed
'V, around an orbit of radius r' in hydrogen atom.

Ans : The product of the current in the loop to the area of the loop is
the magnetic dipole moment of a current loop.
The magnetic moment of electron

—

=Sl

e (= e -
m (rxp)= om,

C ]



*4,

*8

10.

11,

SHORT ANSWERS QUESTIONS (3 MARKS)

Derive the expression for force between two infinitely long parallel straight
wires carrying current in the same direction. Hence define ‘ampere' on the
basis of ahove derivation,

Define (i) Hysteresis (ii}) Retentivity (iii) Coercivity

Distinguish bet ween diamagnetic, paramagnetic and ferromagneti c
substances in terms of susceptibilily and relative permeability.

Name all the three elements of earth magnetic field and define them with
the help of relevant diagram.

Describe the path of a charged particle moving in a uniform magnetic field
with initial velocity

{i) parallel to (or along) the field.
{i) perpendicular to the field.
(i) atan arbitrary angle @ (0° < 6 < 90°).

Obtain an expression for the magnetic moment of an electron moving with
a speecd V' in a circular orbit of radius *r’. How doegs this magnetic mement
change when

{i) the frequency of revolution is doubled?
(i) the orbital radius is halved?

State Ampere, circuital law. Use this law to obtain an expression for the
masnetic field due to a toroid.

Obtain an expression for magnetic field due to a long solenoid at a paint
inside the salenoid and on the axis of solenoid.

Derive an expression for the torque on a magnetic dipole placed in a
magnetic field and hence define magnetic maoment.

Derive an e xpression fo r mag netic field intensity due toahb ar magnet
{magnetic dipole} at any point {i} Along its axis (ii} Perpendicular to the axis.

Derive an expression for the torque acting on a loop of N turns of area A
of each turn carrying current |, when held in a uniform magnetic field B.
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How can a moving coil galvanometer be converted into a voltmeter of a
given range. Write the necessary mathematical steps to obtain the value
of resistance required for this purpose.

A long wire is first bent into a circular coil of one turn and then into a
circular coil of smaller radius having n turns, If the same current passes
in both the cases, find the ratio of the masnetic fields produced at the
centres in the two cases.

Ans : When there is only one turn, the magnetic field at the centre,

IJLI
2a
2ra'lxn = 2r1a = a' = a/n

B

2

o _ Y] BV |

The magnetic field at its centre, Bj= -0~ ="2— = n’B
2a/n  2a

The ratio is, B,/B = n?

LONG ANSWER QUESTIONS (5 Marks)

How will a diamagnetic, paramasnetic and a ferromagnetic material behave
when kept in a non-uniferm external magnetic field? Give two examples of
each of these materials. Name two main characteristics of a ferromagnetic
material which help us to decide suitability for making

{i} Permanent magnet (ii) Electromagnet.

State Biot-Savart law. Use it tc obtain the magnetic field at an axial point,
distance d from the centre of a circular coil of radius ‘a’ and carrying
current | Also compare the magnitudes of the magnetic field of this coil
at its centre and at an axial point for which the value of d is /35

Write an expression for the force experienced by a charged particle moving
in a uniform magnetic field B. With the help of diagram, explain the principle
and working of a cyclotron. Show that cyciotron frequency does not depend
on the speed of the particle,

Write the principle, working of moving coil salvanometer with the help of
neat labelled diagram. What is the importance of radial field and phosphaor
bronze used in the construction of moving coil galvanometer?





