CLASS-X PHYSICS

MAGNETIC EFFECT OF ELECTRIC CURRENT
Magnet, Types and Properties

MAGNETIC EFFECT OF CURRENT:

Hans Oersted, in 1820, first discovered that when an electric current is passed through a conducting wire,
a magnetic field is produced around it. If a compass needle is kept in the vicinity of the current carrying wire, the
needle is found to deflect in a definite direction. If the direction of current in the wire is reversed, Then the
direction of deflection of the needle is reversed.

AB is a wire lying in the north-south direction and connected to a battery through a rheostat and a
tapping key. A compass needle is kept just below the wire. When the key is open i.e. no current is passed through
the wire, the needle shows no deflection and points in the N-S direction (i.e. remains parallel to the wire)as

shown in figure(a). )
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When the key is pressed and current passes in the wire in the direction A to B (i.e. from south to north
and the north pole (N) of the needle deflects towards the west as figure (b). Thus a current (or moving charge)
produces a magnetic field. When the direction of current in the wire is reversed by reversing the terminals of the
batter, the north pole of the needle deflects towards the east as figure(c).
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NOTE: If the compass needle is kept just above the wire, the deflection will be as shown in figure
(d) and (e) for the direction (e) for the direction of current from A to B and from B to A

respectively.
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(a) Magnetic Field due to a Straight Current Carrying Wire:

When a current is passed through a conducting wire, a magnetic field is produced around it. The
direction of magnetic field due to a straight current carrying wire can be mapped by means of a small compass
needle or by iron fillings.

Take a sheet of smooth cardboard with a hole at the centre. Place it horizontally and pass a wire
vertically through the hole, Sprinkle some iron fillings on the cardboard and pass an electric current through the
wire. Gently tap the cardboard. We find that the iron filling arrange themselves in concentric circles around the
wire as shown in figure.

If a small compass needle is kept anywhere on the board near the wire, the direction in which the north
pole of the needle points gives the direction of the magnetic the magnetic field (i.e., magnetic lines of force) at
that point.
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The magnetic lines of force form concentric circles near the wire, with their plane perpendicular to the
straight conductor and with their centers lying on its axis. if the direction of current in the wire is
reversed, the direction of lines of force is also reversed.

On increasing the strength of current in the wire, the lines of force becomes denser and iron fillings are
arranged in circles upto a larger distance from the wire, showing that the magnetic field strength has
increased.

(i) Magnitude of magnetic field produced by a straight current-carrying conductor:

The magnitude of magnetic field (or strength of magnetic field) B produced by an infinitely long
conductor in vacuum at a distance r from it, it given by :-

B= ;01 B = Magnetic field strength 1y = Permeability of vacuum (a constant)
mr

I = Current (flowing in conductor) and
r = Distance from the conductor (where magnetic field is measured).

The unit of magnetic field B is tesla which is denoted by the symbol T (1 tesla is equal to 1 Newton per
ampere per meter). Permeability of vacuum p, is 4nx10~" tesla metre per ampere.

(ii) Direction of magnetic field :

The direction of magnetic field (lines of force) produced due to flow of current can be known by the
following rules :




CLASS-X PHYSICS

(A) Maxwell’s cork screw rule :
Imagine a right-handed cork screw lying with its axis coincides with the current carrying wire. It is now

rotated such that it advances in the direction of the current, the direction in which the screw rotates gives
the direction for the magnetic lines of force.

Direction of current

Direction of

Magnetic field

lines
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Maxwell’s cork screw rule

(B) Right hand thumb rule :

If we hold the current carrying conductor in the right hand such that the thumb points in the direction of
current, the fingers encircle the wire in the direction of magnetic lines of force.

Direction of magnetic
field lines

TDirection of current

Right hand thumb rule

(C) Ampere’s swimming rule :

Imagine a man swimming along the wire in the direction of current (such that the current enters at his
feet and leaves him at his head) facing towards a magnetic needle kept underneath the wire, then the
magnetic field produced in such that the north pole of the needle will be deflected towards his lef
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Ampere’s Swimming Rule

Left hand

(b) Magnetic Field due to Circular Coil Carrying Current:

A piece of wire bent in the form of a ring (or coil) is passed through a horizontal cardboard C at two
points P and Q at the opposite ends of a diameter of the ring and then some iron fillings are scattered on the
cardboard. The ends of the coil are connected to a battery through a rheostat and a key.

When a strong electric current is passed through the coil by closing the key and the cardboard is gently tapped
we find that the iron filing arrange themselves in a definite pattern representing the magnetic lines of force due to

the current carrying coil.
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Direction of magnetic field is found by applying the right hand thumb rule to each section of the coil and
we find that the concentric lines of force pass through the coil in the same direction. Further more that :

(i) The magnetic lines of force are nearly circular near the wire.
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(if) Within the space enclosed by the wire, the lines of force are in the same direction.

(iii) Near the center of the coil, the lines of force are nearly parallel and the magnetic field may be assumed
to be practically uniform for a small space around the centre.
(iv) At the centre, the lines of force are along its axis and at right angle to the plane of the coil.

(v) The magnetic field strength is increased if the number of turns in the coil is increased or the strength of
current in the coil is increased.

Since the magnetic lines of force through the coil point in the same direction, hence one face of the coil
acts as a large area of north polarity because it is sending out magnetic lines of force and the other face acts as a
large area of south polarity as magnetic lines of force are entering it. thus, the coil has a magnetic field similar to
a magnetised iron disc of same radius as that of the coil.

The polarity of the faces of the coil depends on the direction of current and is determined by the clock
rule. Looking at the face of the coil, if the current around the face is in an anticlockwise direction, the face has
north polarity, while if the current at that face is in the clockwise direction, the face has south polarity. This can e
tested by using a compass needle.
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Anticlockwise Current Clockwise Current
@) (b)
The magnitude of magnetic field B produced by a current-carrying circular wire at its center is :
M directly proportional to the current | passing through the circular wire and
(i) inversely proportional to the radius r of the circular wire.
. 1
i.e. B ol and B oc =
r
C g _ Mol
Magnetic field, = o
;

Formula which we have given above is applicable when there is only one turn of a circular wire. If we
have circular coil having N turns of wire, then the magnetic field will become N times. Thus, the
magnetic field at the centre of a circular coil of N turns having radius r and carrying current | is given by

B= Nxpg x1
2r

Magnetic field produced by a circular coil carrying current is directly proportional to both, number of turn (N)
and current (1), but inversely proportional to its radius (r). Thus, the strength of magnetic field produced by a
current carrying circular coil can be increased by (i) increasing the number of turns of wire in the coil, (ii)
increasing the current following through the coil and (iii) decreasing the radius of the coil.
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(c) Magnetic Field due to a Solenoid Carrying Current:

If a conducting wire is wounded in the form of a cylindrical coil whose diameter is less in comparison to
the length, then this coil is called a solenoid (it looks like a helical spring).
The magnetic field lines in a solenoid, through which current is passed, are as shown in figure.

Magnetic lines of force

Solenoid :
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The magnetic field, thus produced, is very much similar to that of a bar magnet and one end of the coil acts like a
magnetic north pole while the other acts like a south pole.

The lines of force inside the solenoid are nearly straight and parallel to the axis of the solenoid.

A strong magnetic field can be obtained by increasing the current strength.

The magnetic field is increased if the number of turns in the solenoid of given length is increased.

The magnetic field is also increased if soft iron core is kept along the axis of the solenoid.

Thus a current carrying solenoid behaves like a bar magnet with fixed polarities at its ends.

The strength of magnetic field produced by a current carrying solenoid depends upon:

(i) The number of turns in the solenoid : Larger the number of turns in the solenoid, greater will be the
magnetic field produced.

(ii) The strength of current in the solenoid : Larger the current passed through solenoid, stronger will
be the magnetic field produced.
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(iii) The nature of “core material” used in making solenoid : The use of soft iron rod as core in a solenoid
produced the strongest magnet.

Magnetic field inside the solenoid is :

B=ypyninl [Here in is number of turns per unit length]

At the ends of the solenoid the magnetic field :
1
Bena = E Honl

Types of Magnet
PERMANENT AND TEMPORARY MAGNETS:

The degree to which magnetism is retained by a given piece of iron depends entirely upon its constitution.
Steel retains the largest amount while soft iron retains the least. Therefore, pieces of steel are employed to prepare
permanent magnets, whereas soft iron is used for preparing temporary magnets, i.e., magnets that retain their
magnetism only as long as the current flows in the magnetising coil. They lose their magnetism as soon as the
current is switched off. Such magnets are known as electromagnets.

Electromagnet:

An electric current can be used for making temporary magnets known as electromagnets. As electromagnet
works on the magnetic effect of current. When current is passed through a long coil called solenoid, a magnetic field
is produced. It has been found that if a soft iron rod called core, is placed inside a solenoid then the strength of
magnetic field becomes very large because the iron core gets magnetised by induction. This combination of a
solenoid and a soft iron core is called an electromagnet.

Electromagnets can be made in different shapes and sizes depending on the purpose for which they are to be used.
Factors affecting the strength of an electromagnet are :

0] The number of turns in the coil:
If we increase the number of turns in the coil, the strength of electromagnet increases.

(iii)  The current flowing in the coil:
If the current in the coil is increased, the strength of electromagnet increases.

(iv)  The length of air between its poles:
if we reduce the length of air gap between the poles of an electromagnet, then its strength
increases.

For example, the air gap between the poles of straight bar type electromagnet is quite large, so a bar type
electromagnet is not very strong. One the motherland the air gap between the poles of a U-shaped electromagnet is
small, so it is a very strong electromagnet.

Electromagnets are used in electric bells, telegraphs, telephones and several other instruments. Since the
magnetization depends on the current flowing through the coil, it is possible to obtain very powerful electromagnets
by increasing the current. Soft iron can be easily magnetised every by a weak magnetic field, whereas steel can be
magnetised only by strong magnetic field. Less energy is required for magnetising soft iron. Soft iron loses its
magnetism immediately, whereas steel retains it magnetism.
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(b) Difference between a Bar Magnet (or Permanent Magnet) and an Electromagnet:

S.No. | Bar magnet (or permanent magnet) Electromagnet

1) The bar magnet is a permanent magnet. An electromagnet is a temporary magnet. Its
magnetism is only for the duration for which
current passes through it, so the magnetism of an
electromagnet can be switched on or switched off

as desired.
2 A permanent magnet produces a An electromagnet can produce very strong
comparatively weak force of attraction. magnetic force.

The strength of an electromagnet can be changed
3 The strength of a permanent magnet cannot be | by changing the number of turns in its coil or by

changed. changing the current passing through it.
4) The (north-south) polarity of permanent of The polatiry of an electromagnet can be changed
manget is fixes and cannot be changed. by changing the direction of current in its coil.

Permanent magnets are usually made of alloys such as carbon-steel, chromium-steel, cobalt-steel, tungsten-
steel, nipermag and alonico. Nipermag is an alloy of iron, nickel, aluminum and titanium whereas ALNICO is an alloy
of aluminum, nickel and cobalt. Permanent magnets of these alloyws are much more stronger than those made off
ordinary steel, such strong permanent magnets are used in microphones, loudspeakers, electric clocks, ammeters,
voltmeters, speedometers and many other devices.

(c) Methods of Demagnetizing a Permanent Magnet:

(i) Magnet can be demagnetized by :

(A) Self - demagnetization, if the magnet is strode without using magnetic keepers.

(B) Dropping it from a height or by rough handling.

(C) Heating or hammering the magnet.

(ii) Magnet can be demagnetized by placing it within a solenoid and passing high frequency AC through it.
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