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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 11 and 12, the magnetic field of one will exert a force on the other. The force per unit length on either conductor is 

I = .&.. 21/2 
4n r • The force of attraction or repulsion acting on each conductor of length l due to currents in two parallel conductor is 

F = .&_ 21/2 I. · 4n 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 field interaction due to currents of short conductor and long conductor. If l, L be the lengths of short and long conductor and JP 12 are the currents through short and long conductors respectively and r is the separation between these two parallel conductors , then the force on long conductor 
is equal to the force on short conductor = 4µ" 21,11 l. 11 r 

Two parallel, long wires cany currents 11 
and 12 with 1

1 
> 12. When the currents - are in the same direction, the magnetic field at a point midway between the wires is 10 �tT. If the direction of 12 

is reversed, the field becomes 11 30 µT. Find the value of 12 · 
Soln.: Case 1 

µ011 µol2 At P, B2 = 2nd + 2nd . 
J:L (I, + 12 ) = 30 �LT 2nd 

Bi = 11 - 12 l O µT B2 11 + 12 30 µT 
=> I1 - 12 

= 
1 

11 + I2 
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Using Componendo and Dividendo rule, 

I, 

U1 - 12) + U1 + 12 ) 1 + 3 I1 4 Ii ���--��� = -- => -- = - or - = 2  U1 - I2) - U1 + 12) 1 - 3 -12 -2 I2 

Torque on a Current Carrying Coil Placed in a Uniform 
Magnetic Field • When a current canying 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 A having N turns, carrying current 

I is placed in a uniform magnetic field B, it will experience torque which is  given by 
'! = NIABsin0 = MBsin0 where magnetic dipole moment M = NIA and 0 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. e = 0°, then 

'! = 0 (minimum) � If the plane of the coil is parallel to the direction of magnetic field i.e. e = 90°, then 't = NIAB (maximum) • If a is the angle between plane of the coil and the magnetic field, then torque on the coil is 
-i: = NIAB cosa = MB cosa. Potential energy of the coil is U = - Af - B  ' • Workdone in rotating the coil through an angle 0 from the field direction is 

W = MB (l - cos 0) 
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 1 passing through the galvanometer is directly proportional to its deflection (0). 
I oc 0 or, I= G0. 

. k . where G "'  NAB "' galvanometer constant 
A = area of a coil, N = number of turns in the coil, B = strength of magnetic field, k = torsional constant of the spring i.e. restoring torque per unit twist. 
Current sensitivity : It is defined as the deflection produced in the galvanometer, when unit current flows through it. 

I =
�

= 
NAB _ ' I k The unit of current s;nsitivity is rad A-1 or di:v A-1 • 

Voltage sensitivity : l t  is defined as the deflection produced in the galvanometer when a unit voltage is applied across the two terminals of the galvanometer. 0 0 NAB V, = v = IR = kR . 



Mag11etic Effects of Curre11t am:! Magnetism 

The unit of voltage sensitivity is rad v -1 or div v-1
• 

V �_!_I :: R s· 
AMMETER 

.Lt is an instrument used to measure current in an 
electrical circuit. 

No)N force 
/ F = e vd B 

F L6 " 10-" x 3. 125 x 1 0 -5 x 0. t 
·r � s x 10·25 N r' "1 ,  
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VOU-1\llEtE R  . 
e It fa lrinJnstrument used to measure potential difr"erence 

acros( any element in an electrical chcuit 
' ,;-"" 

A galvanometer can be  converted into an ammeter of I Ccmversion<.of Galvanometer · into Voltmeter 
given range by ..::onnecting a suitable low resist.ance S \ * ca11ed shunt in parallel to the given galvanometer, whose 
value is given by 

A galvanometer can be converted into voltmeter ::rf 
given range--b'y connecting a suitable resistance R i12 
series with the gal".;1nometer, \vhose value is given by 

( I� ') S • -·-·- J G  
\J Jg/ 

p· V 
II = - G 

where Ir is the current for full scale deflection of 1 

galvanometer, 1 is the current to be measured by the 
galvanometer and G is th 1: resisUillce -of galvanometer. 

/ Jg 

where V is the volt.age· to be measured1 I,, ls rhe current 
for full scale defle{..1ion of galvanomete; and G is tbe 
resistance of galvanometer. 
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Arr.u"'Tleter is a lo'.v resistance instrument and it is alvvays 
cor:nected 1!l series to the circi..:it. An ideal ammete1 ha.<.; 
ze::o resistacsce. 

iiiffi®'i.f:iW 
A circular coH of 20 turns and radius l O cm is placed U.1 a 
Uliiform magnetic field of0.10 T nonnal to the plane of the 
coil. !f the current in the coil is 5 .C A, what is the 

total torqne on the coil, 
(b) total force on the coil, 
(c) avernge force cm er:ch ,electron in tbe cni1 due to the 

:nagnedc :field? 
(111e coil is made of copper wire of cross-sectior.a1 area 
10-5 m2

, free electron density h'1 copper is given to be 
at 1029 .] 
Soln.: The magnetic field is normal to the plane of the 
coil, so condition of minimum toraue, /\ 
(a) Torque on '.he cm! 
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(b) Force on every element of the coil is canceHed by 
force on corresponding element. 
Net force on the unjt is zero. 
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(c) To calculate force on each electror.., let us find drift 

velocity. 
I = Anevd 
5 = 1 0 - )  X 1029 

X 1 .6 X 

va = 3. 125 x 10-5 m 
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Voltmeter is a high resistance instrument and it is always 
connected in para!Iel with the circuit element across 
which p0tentia1 difference is to be measured. An ideal 
voltmeter has infinite resistance, 

® In order to increase the range of an ammeter n 
the value of shunt resistance to be connected in paralJe� 
is S =  
In order to increase the rnn.ge of voltmeter n times the 
value of resistance to be connected in series. with 
ga.ivanomete:: is R = (n - 1 )G. 

I mti®IH,ifi 
I In the circuit gjven below the current :is to be measured, 

\Vhat is the value of the current if the am.i:J.eter show11 
{a) is a galvanometer with a resistance :::: 60.00 (b) is 
a galvanometer described in (a) but converted to an ammeter 
by a shunt resistance rs 0.02 n; is an ideal ammeter 
v;rith zern resistance? (7;\R0 = 60,0C n 
Soin�: rne ammeter shown is a �--, galvanometer vvith resistance 

Rr 60.00 fl 
C�rrent in the circuit 

3.00 
I - - -· = 0 048 A 
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} 300  n I 
I 3.00V i 
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(b) Now the galvanometer is converted into an:.rncter 
using shunt resistance. So  the equivalent resistance cf 
ammeter 

1,Ra 0 . 0 2  x 6 0  
6 0 . 0 2  "' 0.020 

Now, total resistance in circuit R = 3,02 n 

Hence curn.,"fit I = -. -· 
3,02' 

0,99 A 

Fer an, ideal amrr.1eter the, resistance' is zero, and. the 
reading of c11rrent is accurate.· 

I �  3/3 = 1 .00 A 


