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Force Between Two Parallel Current Carrying Conductors

Two parallel conductors carrying currents in the same
direction attract each other while those carrying
currents in the opposite direction repel each other.

When two parallel conductors separated by a distance
r carry currents /, and /,, the magnetic field of one will
exert a force on the other. The force per unit length on

either conductor is
b2y

4n
The force of attraction or repulsion acting on each
conductor of length / due to currents in two parallel
conductor is

Mo 201,
F= in r .
If two linear current carrying conductors of unequal
length are held parallel to each other, then the force on
a long conductor is due to magnetic #&eld interaction
due to currents of short conductor and long conductor.
it/, L be the lengths of short and long conductor and 7,
I, are the currents through short and long conductors
respectively and s is the separation between these two
parallel conductors, then the force on long conductor

Ho 24,1,

4n i

is equal to the force on short conductor = -—

Two parallel, long wires carry currents /; and J, with
I, > I,, When the currents. are in the same direction, the
mmagnetic field at a point midway between the wires is
10 uT. If the direction of 7, is reversed, the field becomes

I
30 uT. Find the value of 71
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Using Componendo and Dividendo rule,
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Torque on a Current Carrying Coil Placed in a Uniform
Magnetlc Field

When a current carrving coil is placed in a uniform
magnetic field, the net force on it is always zero but
different parts of the coil experience forces in different
directions. Due to it, the coil may experience a torque or
couple.
When a coil of area 4 having N tumns, carrying current
I is placed in a uniform magnetic field B, it will
experience torque which is given by
T = NIA Bsin8 = MBsin6
where magnetic dipole moment M = NIA4 and O is the
angle between the direction of magnetic field and normal
to the plane of the coil
If the plane of the coil is perpendicular to the direction
of magnetic field i.e. 6 = 0°, then
7 =0 (minimum)
If the plane of the coil is parallel to the direction of
magnetic field i.e. 8 = 90°, then
T = NI4 B (maximum)
If o is the angle between plane of the coil and the
magnetic field, then torque on the coil is
T = NIAB cosc. = MB cose.
Potential energy of the coil is

U=_M.B

Workdone in rotating the coil through an angle 8 from
the field direction is
W= MB (1 —cos 6)

MOVING COIL GALVANOMETER

It is an instrument used for the detection and
measurement of small currents.

‘ Principle of a Moving Coil Galvanometer

When a current carrying coil is placed in a magnetic
field, it experiences a torque.

In moving coil galvanometer the current / passing
through the galvanometer is directly proportional to its
deflection (8).

I8 or, I=GH.
k )
where G = NAE galvanometer constant

A = area of a coil, N = number of turns in the coil,

B = swength of magnetic field, & = torsional constant of
the spring ie. restoring torque per unit twist.

Current sensitivity : It is defined as the deflection
produced in the galvanometer, when unit current flows
through it.

6 NAB
I ko
The unit of current sensitivity is rad A~ or div A"
Voltage semsitivity : It is defined as the deflection
produced in the galvanometer when a unit voltage is
applied across the two terminals of the galvanometer.
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Magnedic Effects of Current and Magnetism

The unit of voltage sensitivity is rad ¥+ or div ¥L !

Y =

AMMETER
%

A galvanometer can be converted into an ammeter of |
given range by connecting a suitable low resistance £
called shunt in parallel to the given galvanesneter, whose

3

value is given by ]
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where 7 is the current for full scale deflection of |

& ;
galvanometer, / is the curreni to be measured by the
galvanometer and G is th% resistaiice of galvanometer.
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Ammeter is a low resistance instrument and it is always
copnected 1 series to the cireuit, An ideal ammeter has
7250 resistance.

A cireular coit of 20 turns and radius 1$ cm is placed in a
uniiferm magnetic fiejd of ¢.10 T normal 1o the plane of the

coil. If the current in the coil is 5.8 A, what is the

fay totzl torque on the coil,

{b} total force on the coil,

{¢) average force on each electron in the ewil due to the

magnetic Seid?
"The coil is made of copper wire of cross-sectioral area
107> m?, the free electron density in copper is given to be
at 1977 mE)
Soln.: The magnetic field is normal to the plane of the

coil, so condition of minimum torgque. /3
{a) Tereue on the coil i } g
N - 7
= NrB4 sin 8 o ﬁlé.,._ﬂ" >
Here §=0° §‘ i
: Te=@ \
(b} Force on every element of the coil is cancelled by
force on corresponding element.
Net ferce on the unit is zero.
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{c) To calculate ferce on each eieciron, let us find drift
velocity.
i = dney,
5 =107 5029><16\ 0y,
v, =3.125 %10 m g
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\k}:\; force
F=evw,B
,Fm10x10“*9><3§05x10‘><0
SF =57 18PN

It is an instrument used to measure current in an 2 VOi‘FS‘J&E‘EER
electrical circuit. i

Conversion of Galvanomeier into an Ammeier ﬁ!

ftis ‘ar 3 instrament used t0 measure potential difference
acros§ any e}ement in an elecwical circuit.
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i‘.cwersucn\ﬁf Galvanometer into Voltmeter

A galvanometer can be converted into veltmeter of

given rangey connecting a suitable resistance X in

series with the galvanometer, whose value is given by
7
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where ¥ is the voltage to be measured, z is the cusrent

for full scale deflection of gaivanometer and G is tbe

resistance of galvanometer.
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Voltmeter is a high resistance instrument andit is always
connected in parallel with the circuit element across
which peteniial diffierence is to be measured. An ideal
velimeter has infinite resistance,

In order to increase the range of an amimeter 7 tirmes,
the value of shunt resistance to be connected in parallel
is &= GAr- 1),

in oxder tc increase the range of volaneter »# times the
value of resistance to be connected in series with

| galvanometer is 2 = - 13G.

In the circuit given below the current is s be measured,
What is the value of the current if the amimeter shown
{a) Is a galvanometer with a resistance Ry = &0.00 {J; (b is
a. gaivanometer described in (a) but converted to an ammeter
by a shunt resistance r, = .02 €3; {c} is an ideal ammeter

with zeve resistamce? Fe=60.03 2
Seln.: {2} The ammeter shown is a &
galvar}ometgr wiih resistance §3% o [
&, = 66.00 & z ;
Current in the circuit . X '
~ | [3.00% I
2B Goasa i)
&

(b} Mow the galvanometer is converted into anumeier by
using shunt resistance. So the equivalent resistance ¢f
ammeter

P L 0.02 x 60
= - - - o _’}{':
«7 Ktk 5§0.02 0024
Now, fotal resistance in circuit £ = 3,02 0
1
Henee current [ = m—— =899 A
3.020
{c} For an-ideal ammeter the. wswtance is zero, and the

reading of currtent is aecurate.

5 i=3/3=1004A



