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MRI is also capable of
imaging sµch as the movement
of the wall of the heart and the
injection of fluid into a blood
vessel in order to reach an
organ or tissues. MRI is able to
create detailed images to assist
in the diagnosis of cancer, heart
disease.

I

13.8 Galvanometer

I

Figure 13.13(c}. Example of an MRI image of the
brain, showing gray matter (blue), white matter
(yellow), and cerebral spi nal fluid (red).

A moving coil galvanometer is an instrument used for detection and measurement
of small electric currents.

Its principle is that a current carrying loop placed in a magnetic field
experiences a torque. A simplified version of a galvanometer is shown
schematically in figure 13.14. Most modem galvanometers are of the moving-coil
type and ~re called ct'Arsonval galvanometers. It mainly consists of a rectangular
coil ABCD of fine wire wrapped around an aluminum frame is suspended by
conducting ribbons. A soft iron core F is fixed between cylindrically concave
poles N and S of a permanent magnet. The suspension wire TI is used as one
current lead to the coil and the ulher terminal of the cojl is connected to a loosely
wound spiral T 2 which serves as the second current lead. A cylinder of soft iron is
placed at the centre of the coil which intensifies the magne~c field and makes it
radial by concentrating the magnetic field lines due to its high permeability (and
gives more inertia to the coil). When a current / flows through the coil, a
magnetic field B is set up which interacts with that of the permanent magnet
producing a torque ,.
=NIABcosa
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In this expression,
N = number of turns in the coil, A ~ area per tum of the coil,
B = magnetic induction of the radial magnetic field,
a= angle b~tween the plane of coil and-the direction of

B.

Torison head

T2

Spri~g
Figure 13.14: (a) galvanometer-

13.14 (b) radial field

Since the magnetic field is radial the plane of the coil is parallel to the magnetic
field B, so
:r=NBIA

... (13.14)

The torque rotates the coil and twists the suspension ribbon, until it is fully
resisted by the .suspension. As a result a restoring torque comes into play trying to
restore the coil back to original position.
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If fl be the twist produced in the strip and C be the restoring torque per unjt twist
then:
Reo;toring torque = r =

Ce_

... (13.15)

When the coil is in equilibrium then the deflecting torque is equal to the restoring
torque. Then from Eq: (13.14) & (13.15)
NB/A=
Or /

=

ce

C(}

... (13.16)

NAB

From Eq: 13.16 ii is clear that galvanometer may be made more sen<;itive
by making deflecting angle 0 large for a certain small value of current /. It may be
achieved by making CINAB small. A sensitive galvanometer is one which
produces large deflection for small value of current. Where. CINAB is a constant.
The angular displacement 0 produced being proportional to the <.:urrenl /.
/ oc (}

The result is read from a
scale onto which a· light
beam (s reflected from a
mirror M carried on the
suspension ribbons. There
are
two
methods
of
observing the angle of
deflection of the coil.

M

C
L-Lamp
S-Sca1e
M-Mlrror

Figure 13.15 : Lamp and scale arrangement for
measuring the angle of deflection.

'-;JJ
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I

IJ Lamp Scale method:

I

In sensitive galvanometer the large angle is observed by means of small mirror
attached with coil along with lamp and scale ~rrangement. A beam of light from
the lamp b directed towards the mirror of the galvanometer. After reflection from
the mirror it produces a spot on a translucent scale placed at a distance of one
meter from the galvanometer. As the coil along with the mirror rotates the spot of
light moves along the scale.
The displacement of the spol of light on the scale is proportional to the angle of
deflection (provided the angle of deflection is small).

I

2)

Pivoted coil galvanometer:

I
In second type of obherving angle O is used

i~ the pivoted coil galvanometer.
In less sensitive
galvanometer the coil 1s
pivoted between two
jeweled bearings. The
restoring torque is
provided by two hair
~prings which al<;o sen cs
as current lead.

A
light aluminum
pointer i!-. attached to
the coil which moves
over the scale thus
giving the angle of
deflection of the coil.
Jewelled Bearino
Figure 13.16 : pivoted type moving coil
galvanometer.
·
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1 13.9 Conversion of Galvanometer into Ammeter
Galvanometer very sensitive instrument, a large current cannot be passed
through it, as it may damage the coil. The conversion of a galvanometer into an
ammeter is done by connecting a low resistance in parallel with it. As a result,
when large current flows in a circuit, only a small fraction of the current passes
.through the galvanometer and the remaining larger portion of the current passes
through the low resistance. The low resistance connected in parallel with the
galvanometer is called shunt resistance. The scale is marked in ampere.
An ammeter is a measuring instrument used to measure the electric current in a
circuit.
Ammeter

ir··.......................--;·................

The value of shunt resistance
·-11
depends on the fraction of the
total · current required to be
passes
through
the
galvanometer. Let Rs represent
/-lg
R,
.:
the shunt resistance, R11 the
I
G t--+--+-----~
..
....
..::.....................................................
lg
resistance of the galvanometer,
:;
111 the current which produces
full scale deflection in the
Figure 13.17 : ammeter circuit
galvanometer. Since the shunt
is connected in parallel to the galvanometer, the potential difference across
galvanometer= potential difference across shunt.

i

And

V=R:,(1- lg)

Therefore,

R. (/- I,i) = RK-4
R 1

11 8
. R = _..;.:__-=--•

J

(1 - 11:)

An ideal ammeter has a zero resistance.
Jchapter 13
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1 13.10 Conversion of Galvanometer to Voltmeter

I

A Galvanometer can be converted into a voltmeter by connecting a high
resistance in series with a galvanometer as shown in fig: 13.18.
The value of this resistance depends upon the range of the voltmeter. In
series connection the current through the galvanometer is same as that due to
the resistance.
Voltmeter

...················-····························
......
..
...
...
l

Suppose a galvanometer has
resistance "Rg'' and current
''.lg" is passing through it of
potential "Vg'' across it. And
the high resistance also draws
same current "lg", and
potential "Vh" across resistor
"Rh"•

~

Rg

lg

.
.
...............................................
V

Figure 13.18: voltmeter circuit

The desired potential ..V'' is to be determined.
V = V11 + Vh
Hence,

V

Rh =--R
I
g

... (13.19)

K

This works as a voltmeter of range O to V volt. Since the value of R11 is high,
the effective resistance also has a higher v~ue. Voltmeters have a high
resistance. The reason is that the voltmeter must not draw current from tl)e

ICha;ter 13 I IElectromagnetism !
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circuit otherwise; the P.O. which the voltmeter is required lo measure will
~hange. An ideal voltmeter has an infinilc re:-.i:-.tance.

I

Example 13.7

A galvanometer has a resistance of 100 ohms and gives full scale deflection on
1 mA current. How it can be converted into a) an ammeter of range 10 A ,
b) voltmeter of range 10 V

I

lsolution:

R"= IOOfl
3

' ·~ = ) X I0- A
a) it can be converted into an ammeter of range / = l 0A by
connecting a shunt resistance in parallel

R =

R I
i:

-~

l' .- '//)

Rs=0.0IOU
b) it can be converted into a voltmeter of range V = l 0 V by
connecting a high ,resistance R in series

V
R - - - R
" I
•
~

R= 9900Q

1

13.11 AVOMETER-MULTIMETER

I

It is an instrument to measure current, voltage and resistance. So it is
Ampt!remeter, Voltmeter and Ohmmeter (AVO). It can measure direct as
well
as alternating current and voltage. It is a galvanometer having a series of
combination of resistors, all enclosed in a box. It has different scale~ graduated in
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such a manner that all the three quantities can be measured. It has its own battery
for its function and for operating the electrical circuits.

x,

Voltage measuring.
clrcut

Current measuring
circuit

/ X,

; , , , , , ; - - - - -•

Resistance measuring
circuit

v---------trt---•
Figure 13.19 : AVO meter circuit

The quantity to be measured and its range can be selected by a selector switch
which connects the particular electrical circuit to the galvanometer.

I

Current Measurement

I

For the measurement of current the selector switch ii turned to X2. The
proper scale is selected. This
circuit is a series combination of
shunt resistances R,, R2, and R3 is
R,
Rz
cal1ed Universal shunt as shown
in Fig:( 13.20). Any one of the
shunt~ can be used for
measurement of current in
different ranges. This circuit
provides a safe method of
switching between current ranges
+
Figure 13.20 : AVO meter switch turned
without any danger of excessive
to current measurement

current through the mete.r.
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i

Voltage Measurement

I

For measuring voltage the voltage selector switch of the AVO meter changes the
circuit to the type shown in Fig:(13.21). This circuit allows selecting any range
and the corresponding high resistance to be connected in series with the
galvanometer. The added high resistance converts the galvanometer to a voltmeter
of specific range. For example, connections at A and C, selected by the multiple
switch arrangement gives a range of 10-V. Similarly, connections at A and at B,
D, E or F give the ranges 2.SV, 50V, 250V and lO00V respectively, Fig.(13.21).

switch

A

•

+

Figure 13.21: AVO meter switch turned to voltage measurement

I

Resistance Measurement:

I

For resistance measurement the selector switch uses the circuit as shown
in fig: 13.22. The leads are connected across the resistance to be measured. The
battery of the meter supplies current to the meter for deflection which in tum
varies with the external resistance and can be calibrated. In this case the
ohmmeter battery, supplies current to the galvanometer for deflecting its coil.
Since the amount of current through the galvanometer depends upon the external
resistance, we can calibrate the scale in ohms. The amount of deflection on the
ohms scale indicates directly the magnitude of the resistance.

lChapter 13 I,
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The ohmmeter reads up-scale regardless of the polarity of the leads because the
polari.ty of the internal battery
Vo
determines the direction of the current
through the galva,nometer. Commercial
A VO meters provide resistance
R
measurements from less than one ohm
y
.
up to many megaohms.

I

Digital Multimeters

I

Modem multimeters are often digital
due to their accuracy, durability and
extra features. In a digital multimeter
the signal under test is converted to a
voltage and an amplifier with
electronically
controlled
gain
preconditions the signal. A digital
muitimeter displays the quantity
measured as a number, which
eliminates parallax errors.

Figure 13.22 : AVO meter switch
turned to resistance measurement
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Modem digital multimeters may have
an embedded
computer,
which
provides a variety of conv~nience
features.
Figure 13,23 : digital Multlmeters
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A Current carrying wire has a magnetic field around it.
The force on Lhe current carrying wire in a unifo~ magnetic field is
given by F = IL x B
The magnetic flux is defined as <I> = B · M
Ampere's law relates the integrated magnetic field in a loop around a
current carrying wire to the current passing through the wire.
B ··M.., = µo /
The magnetic field of a solenoid is given by B= n µJ
The force on a charged particle shot at right angles to the magnetic
field is F = qvB
Torque on a current carrying coil is r =NIAB cos 9
The shunt resistance for an ammeter is

R =

•

•

R11 I,

(1 - 1, )

The high resistance for a voltmeter is

R =~ - R
~
I
I
g
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Exerctse~ ?~

Multiple choice questions:

1

2
I

Each of the following questions is followed by four answers. Select the
correct answer in each case. ·
A moving charge is surrounded by
a) 2 fields
b) 3 fields
c) 4 fields
d) None of these
A photon while passing through a magnetic field are deflected
towards
a) North pole
b) South pole
c) Aie ionized
d) None of these

3

Magnetism is related to
a) Stationary charges
b) Moving charges
c) Stationary and moving charge
d) Law of motion
4 when charge particle enter perpendicular to magnetic field, the
path followed by it is
a) A helix
b) A circle
c) Straight line
d) Ellipse
S The torque in the coil can be increased by increasing
a) No, of turns
b) Current and magnetic field
c) Area of coil
d) All of above
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6

The magnetic flux will be max, for an angle of
a) 0°
·
b) 60°
c) 90°
d) 180°

7

The Weber is unit of measure of
a) Conductance
b) Electric current
c) Magnetic flux
d) Electric flux

8

One weber is equal to
a) N.A2/m
b) N.m2/A

c)N.Nm
d) N.m/A

9

10

An electron moves at 2x 102m/sec perpendicular to magnetic field of 2T what
is the magnitude of magnetic force
a) 1 x 10·6N
b) 6.4 x 10· 11N
c) 3.6 X lff24N
d)4x t06N
The force on a charge particle moving parallel to magnetic field is
a) Maximum
b) Minimum
c) Zero
d) None of these
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11

Ampere's law is applicable to
a) Circular path
b) Rectangular path
c) To any closed path
d) None of these

12

The unit of permiability of free space is
a)T.m/A
b) T.m2/A
c) T.m/A2
d) None of these

CONCEPTUAL QUESTIONS
1. What is the force that a conductor of length L carrying a current /,
experiences when placed in a magnetic field B? What is the direction of
this force?
2. What is ·the nature of force between two parallel current carrying wires (in ·
same direction)?
3. What is the magnitude of the force on a charge q moving with a velocity v
in a magnetic field B?
4. In a uniform magnetic field B, an electron beam enters with velocity v.
Write the expression for the force experienced by the electrons.
5. What will be the path of a charged particle moving in a uniform magnetic
field ·at any arbitrary angle with the field?
6, An electron does not suffer any deflection while passing through a region.
Are you sure that there is no magnetic field?
7. An electron beam passes through a region of crossed electric and magnetic
fields of intensity E and B respectively. For what value of the electron
speed the beam will remain un-deflected?
8, Uniform electric and magnetic fields are produced pointing in the same
direction. An electron is projected in the direction of the fields. What will
be the effect on the kinetic energy of the electron due to the two fields?
9, What is the cyclotron frequency of a charged particle of mass m, charge q
moving in a magnetic field B?
10. Can neutrons be accelerated iJ! a cyclotron? Give reason.
Chupter 13
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11. A current canying loop. free to tum. is placed in a unifonn magnetic field
B.'What will be its orientation relative to B, in the equilibrium state?
a current canying coil behave like a bar magnet?
12. How

does

I

Comprehensive Questions

I. Derive an expression for the force acting on a current carrying conductor in
a uniform magnetic field.
2. A current canying loop is placed in a unifonn magnetic field. Derive an
equation for the torque acting on it?
3. Does a moving charge experiences a force in magnetic field? Explain.
4. How elm ratio for electron is determined using magnetic field?
5. Define and explain magnetic flux?
6. State Ampere's Jaw and use it to derive an expression for the magnetic field
of a solenoid?
7. What is galvanometer? How it is converted into an ammeter and a
voltmeter?

Numerical Problems
1 At what distance from a long straight wire carrying a current of 10 A is the
magnetic field is equal to the earth's magnetic field of 5 x 10·5 T?

[0.04 m]
' A long solenoid having 1000 turns uniformly distributed over a length of
0.5 m produces a magnetic field of 2.5 x I0-3 T at the center. Find tht!
current in the solenoid?
[I A]
3. A proton moving at right angles to a magnetic field of 0.1 T experiences. a
force of 2 x 10·12 N. What is the speed of the proton?
[1.3 X 108 m/s]
4. An 8 MeV proton enters perpendicularly into a uniform magnetic field of
2.5 T. Find (a) the force on the electron (b) what will be the radius of the
padi of proton?
( (a) 1.6 x 10· 11 N (b) 0.17 m)
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5 A wire carrying current 10 mA experiences a force of 2 N in a uniform
magnetic field. What is the force on it when current rises to 30 mA?

[6N]
6

7

What is the time period of an electron projected into a uniform magnetic
field of 10 mT and moves in a circle of radius 6 cm?
[3.6 ns]
A 0.2 m wire is bent into a circular shape and is placed in uniform
magnetic field of 2 T, .If the current in the wire is 20 mA then find the
maximum torque acting on the loop?
[1.27 X 10·5 Nm]

8. The full scale deflection for a galvanometer is 10 mA. Its resistance is 100
ohms. How can it be converted into an ammeter of range l 00 A?
[Rs= 0.01 n]
9 How a 5 mA, 100 ohms galvanometer is converted into 20 V voltmeter?
[R=3900 n]
IO Two parallel wire 10 cm apart carry currents in opposite directions of 8 A.
What is the magnetic field halfway between them?

•

11.

I

,I
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