Moving Coil Galvanometer

Objectives
After going through this lesson, the learners will be able to
e State the principle of Moving Coil Galvanometer
e Justify the need for radial magnetic field
e Explain the working of Moving Coil Galvanometer
e Establish a relationship between deflection in the galvanometer and the current
e Understand the meaning of current sensitivity and voltage sensitivity
e Apply the knowledge of resistances in parallel to convert galvanometer into ammeter

e Apply the knowledge of resistances in series to convert galvanometer into voltmeter

Content Outline
e Unit Syllabus
e Module wise distribution of unit syllabus
e Words you must know
e Introduction
e Design and principle of moving coil galvanometer.
e Need for curved pole pieces
e Sensitivity of galvanometer.
e Conversion of galvanometer into ammeter
e Conversion of galvanometer into voltmeter
e Problems for practise

e Summary

Unit Syllabus

Unit —I1I: Magnetic Effects of Current and Magnetism -10 Modules

Chapter-4: Moving Charges and Magnetism

Concept of magnetic field, Oersted’s experiment.

Biot-Savart law and its application to the current carrying circular loop.

Ampere’s law and its applications to infinitely long straight wire. Straight and toroidal

solenoids, Force on a moving charge in uniform magnetic and electric fields. Cyclotron.




Force on a current-carrying conductor in a uniform magnetic field. Force between two
parallel current-carrying conductors-definition of ampere. Torque experienced by a current
loop in uniform magnetic field; moving coil galvanometer-its current sensitivity and

conversion to ammeter and voltmeter.

Chapter-5: Magnetism and Matter

Current loop as a magnetic dipole and its magnetic dipole moment. Magnetic dipole moment
of a revolving electron. Magnetic field intensity due to a magnetic dipole (bar magnet) along
its axis and perpendicular to its axis. Torque on a magnetic dipole (bar magnet) in a uniform
magnetic field; bar magnet as an equivalent solenoid, magnetic field lines; Earth’s magnetic
field and magnetic elements.

Para-, dia- and ferro - magnetic substances, with examples. Electromagnets and factors

affecting their strengths. Permanent magnets.

Module Wise distribution of Unit Syllabus

Module 1 e Introducing moving charges and magnetism

e Direction of magnetic field produced by a moving charge

e Concept of Magnetic field

e Oersted’s Experiment

e Strength of the magnetic field at a point due to current
carrying conductor

e Biot-Savart Law

e Comparison of coulomb’s law and Biot Savart's law

Module 2 e Applications of Biot- Savart Law to current carrying circular
loop, straight wire
e Magnetic field due to a straight conductor of finite size

e Examples

Module 3 e Ampere’s Law and its proof

e Application of ampere's circuital law: straight wire,straight
and toroidal solenoids.

e Force on a moving charge in a magnetic field

e Unit of magnetic field

e Examples




Module 4

Force on moving charges in uniform magnetic field and
uniform electric field.
Lorentz force

Cyclotron

Module 5

Force on a current carrying conductor in uniform magnetic
field
Force between two parallel current carrying conductors

Definition of ampere

Module 6

Torque experienced by a current rectangular loop in uniform
magnetic field

Direction of torque acting on current carrying rectangular
loop in uniform magnetic field

Orientation of a rectangular current carrying loop in a uniform

magnetic field for maximum and minimum potential energy

Module 7

Moving coil Galvanometer-

Need for radial pole pieces to create a uniform magnetic field
Establish a relation between deflection in the galvanometer
and the current

Its current sensitivity

Voltage sensitivity

Conversion to ammeter and voltmeter

Examples

Module 8

Magnetic field intensity due to a magnetic dipole (bar magnet)
along its axis and perpendicular to its axis.
Torque on a magnetic dipole in a uniform magnetic field.

Explanation of magnetic property of materials

Module 9

Dia, Para and ferro-magnetic substances with examples.
Electromagnets and factors affecting their strengths,

permanent magnets.

Module 10

Earth’s magnetic field and magnetic elements.




Module 7
Words You Must Know

Let us remember the words we have been using in our study of this physics course:

Magnetic field: The magnetic field at a point may be defined as the force acting on a
unit charge moving with a unit velocity at right angle to the direction of the field.

S I unit of Magnetic field: SI unit of magnetic field is tesla (T). The magnetic field is
said to be one tesla if a charge of one coulomb moving with a speed of 1 m/s at right
angles to the field experiences a force of one newton.

Lorentz magnetic force: The force acting on moving charge in a magnetic field is
called Lorentz magnetic force. This force is maximum when the direction of motion of
a charged particle is perpendicular to the direction of the magnetic field.

Direction of force on current carrying conductor: Direction of force acting on a
current carrying conductor in magnetic field is given by the right hand thumb rule. The
force is perpendicular to both the direction of magnetic field and the direction of
current.

Maximum Force: The force acting on the current carrying conductor in a magnetic
field is maximum when the conductor is placed perpendicular to the direction of
magnetic field.

Torque: It is defined as the moment of force. It is given by the cross product of
distance of force from axis of rotation and the force.

Magnetic Moment: M = NIA.

Torque on coil: The torque acting on the coil in the magnetic field is maximum when
the plane of coil is parallel to the magnetic field. The coil does not experience torque

when the plane of the coil becomes perpendicular to the magnetic field.

Introduction

In the previous module we have discussed that when a current carrying coil is placed in a

magnetic field, it experiences a torque.

The magnitude of torque acting on the coil becomes maximum when its plane is parallel to

the magnetic field whereas the coil does not experience any torque when the magnetic field is

perpendicular to the plane of the coil.

We can now extend the analysis for the torque acting on the coil in the magnetic field. use the

idea to make a current detecting and measuring device.




Currents and voltages in circuits have been discussed extensively, but how do we measure
them? How do we claim that the current in a circuit is 1.5 A or the voltage drop across a
resistor is 1.2 V?

We can now understand the application of torque produced in a current carrying loop to be a
device for this. such a device is called a galvanometer and when a galvanometer is suitably
calibrated to measure current it is called an ammeter, for voltages the device is called a
voltmeter.

In this module we will describe the principle and working of a moving coil
galvanometer.

We will also discuss in detail the working and the factors affecting the sensitivity of the
galvanometer. We will use our knowledge to convert a galvanometer into an ammeter and a

voltmeter.

Moving Coil Galvanometer

Moving coil is a very sensitive instrument used for detection of very small currents. It also
gives the direction of flow of the current. It can also predict the relative magnitude of currents
in DC circuits.

Principle: It is based on the principle that when current is passed through a rectangular coil
placed in a uniform magnetic field it experiences a torque which deflects the coil from its
mean position. The magnitude of the torque is proportional to the current in the coil.

Theory and Working: _Scale

The galvanometer consists of a coil
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the magnetic field.
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When a current flows through the coil, it experiences torque.
Let B = Intensity of magnetic field

I = current flowing through the coil

A = Area of coil

N= no of turns in the coil

Since the magnetic field is radial i.e. whatever the position of the coil be, the plane of coil is
always parallel to the field lines. The magnitude of the torque is given by

T = NIAB
This torque tends to rotate the coil in the magnetic field and produce a twist in the suspension
wire and hair spring. As a result of it a restoring torque develops which tends to bring the coil
back to its original position.
Let @ be the deflection indicated on the scale by a pointer attached to the spring and k be the
restoring torque per unit twist of spring (torsional constant of the spring). Then the restoring
torque is given by
Restoring torque= K@

In equilibrium, the restoring torque = deflecting torque

K® = NIAB
_ (N4B
o =(5)
NAB . :
Where —— is a constant for a given galvanometer. Thus

QD I
Hence the deflection produced is directly proportional to the current flowing in the coil. That
is why a galvanometer has a linear scale to detect the current.
Uses
The galvanometer can be used in a number of ways. It can be used:
i.  As a detector to check the presence of current flowing in the circuit.
In experiments using Wheatstone’s bridge arrangement and Potentiometer,
galvanometer can be used to the position of null point (when no current flows through
the galvanometer)
ii. To give the direction of current flow. In many circuits in the laboratory experiments
with Wheatstone bridge and Meter Bridge or potentiometer you must have seen

deflection in both directions about the central zero on the galvanometer scale.




iii. To indicate relative strength of current in a circuit, as the deflection of the moving
coil is proportional to the current passed through it a linear scale can show relative

magnitude of current.

Need for curved pole pieces

Radial magnetic field

We need to ensure that as the rectangular coil of the moving coil galvanometer moves in the
uniform magnetic field of the magnet, for a rectangular coil, two sides remain parallel to the
field lines while its other two sides remain normal to these lines.

This cannot hold for a magnet with flat pole pieces (its field lines will be parallel to one
another and perpendicular to the pole pieces).

However, it can hold if the pole pieces are given a correct curved shape.

It is for this reason that we have ‘concave curved pole pieces’. This ensures that the relation
between the current and the deflection of the coil remains a linear relation.

As seen earlier, when a current flows through the coil, a torque acts on it. This torque is
given by

T=NIAB sin 0

where the symbols have their usual meaning.

Since the field is radial by design, we have taken sin 6 = 1 as the normal to the plane of the
coil or the area vector remains perpendicular to the field B in all positions, in the above
expression for the torque.

The magnetic torque NIAB tends to rotate the coil.

Always through the same angle for a certain increase in current. See the diagram carefully

\  Soft-iron
\ core

Uniform radial
magnetic field




The coil is mounted on a soft iron cylinder making up the core, this helps in
a) Increasing the field B
b) Keeping the field B constant

Think About This
The deflection produced in the galvanometer coil is proportional to the current flowing
through it.
e Would the galvanometer scale be linear if B is not constant?
e Can flat pole ends produce a uniform field? Would the field be uniform for coil
wound on a cylindrical core?
e What factors will influence the deflection per scale division of the galvanometer?
This is defined as figure of merit as the current which produces a deflection of one

scale division in the galvanometer and is given by

I k
G_?_ NBA

K we recognise as the torsion constant of the spring or the torque required producing
unit angular twist in equilibrium position. This is the property of the spring attached
to produce the restoring torque against the deflection produced by the current in the
coil.
So, G will depend upon:

o K due to the spring

©  N-Number of turns of the coil

o B-Uniform magnetic field in which the coil is placed

o A-Area of the coil

o The current I will depend upon the resistance of the coil

Sensitivity of Galvanometer
A galvanometer is said to be more sensitive if it shows large deflection even when a small

current is passed through it.

NAB

Since deflection produced in galvanometer is given by @ = (T)I

Thus for a given value of current I, deflection @ will be large, if
i. Nis large
ii. Bislarge

1. Area A is large




iv.  Torsion constant K is small
However N and A cannot be increased beyond limit. Otherwise size becomes large and
also increases the resistance of the galvanometer.
Thus for large sensitivity B is made as large as possible and k is made as small as possible.
The value of B can be increased by using a strong horseshoe magnet and using a soft iron
core.
The value of K depends upon the nature of the material used as a spring and suspension wire.
The value of K is very small for quartz or phosphor bronze.
That is why, in sensitive galvanometer quartz or phosphor bronze strip is used as a suspension
wire and spring.
(i) Current Sensitivity
The current sensitivity of a galvanometer is defined as the deflection produced in
the galvanometer per unit current flowing through it. It is given by

I

s= 2
1

NAB
K

I=

Unit of current sensitivity is rad/A or div/A

(ii) Voltage Sensitivity
Voltage sensitivity of a galvanometer is defined as the deflection produced in the

galvanometer per unit voltage applied to it. It is given by

Where R is resistance of galvanometer

V&= %R

The increase of current sensitivity may not necessarily increase the voltage sensitivity. If we
increase current sensitivity by increasing the number of turns N, voltage sensitivity will not
change. This is because the resistance of the galvanometer coil will change in the same ratio

as length of wire changes by changing the number of turns N.

Example
A galvanometer needs 50 mV for a full scale deflection of 50 divisions. Find its voltage
sensitivity. What must be its resistance if its current sensitivity is 1 division /micro amperes?

Solution




Resistance of the galvanometer

_ current sensitivity __ _1div uA_l _ 10°diva”" _ 103 h
" wvoltage sensitivity  1034iv v 103div v~ onhms
10°divV 10°divV

Example
To increase the current sensitivity of a moving coil galvanometer by 50%, its resistance is
increased so that the new resistance becomes twice its initial resistance. By what factor does

its voltage sensitivity change?

Solution
Current sensitivity I, = %
Voltage sensitivity Vs = — = — = L
8 VIDVS =5 =7k =&

New current sensitivity, L'= [ + ———] =-]

ew current sSenstuvity, L= 4" To0 fs ~ 2

e . ' L. IS' 315 3

New voltage sensitivity, V= New current sensitivity S==e= TVS ~075V,

Voltage sensitivity decreases by 25 %.

Conversion of Galvanometer into Ammeter
The galvanometer cannot as such be used as an ammeter to measure the value of current in a
given circuit.
This is for two reasons:
a. Galvanometer is a very sensitive instrument; it gives a full scale deflection for very
small current.
b. For measuring currents the galvanometer has to be connected in series, and as it has
large resistance, this will change the value of the current in the circuit.
The galvanometer can be converted into an ammeter by connecting a small resistance called
shunt in parallel with it. For this we must know the resistance of the galvanometer coil.
The experiment ‘To determine the resistance of a galvanometer by half deflection method’.is

included in the list of experiments that you perform in the laboratory.

To determine the resistance of a galvanometer by half-deflection method and to find its

figure of merit.

10



Apparatus and Material required
e A moving coil galvanometer,
e a battery or a battery eliminator (0 - 6 V),
e one resistance box (R BOX 1) of range 0 - 10 kW, one resistance box(R BOX 2) of
range 0 - 200 W,
e two one way keys,
e voltmeter,

e connecting wires and a piece of sandpaper

Principle

A Galvanometer is a sensitive device used to detect very low current. Its working is based on
the principle that a coil placed in a uniform magnetic field experiences a torque when an
electric current is set up in it. The deflection of the coil is determined by a pointer attached to
it, moving on the scale. When a coil carrying current / is placed in a radial magnetic field, the
coil experiences a deflection q which is related to /as I = k q

where £ is a constant of proportionality and is termed as a figure of merit of the galvanometer.

The circuit arrangement required for finding the resistance G of the

E High Resistance Box

-j/?’ |R+u>x 1|

R

K,
°)

o

G
AN
W,
Low Resistance Box
R

o -
1'_1 BOX 2
4 s I

/-.‘-H
U

Circuit for determination of resistance of galvanometer by half deflection method.

11



Galvanometer by half deflection method is shown in Fig

When a resistance R is introduced in the circuit, the current /g flowing through it is given by

E
Ig_ R+G

In this case, the key K, is kept open. Here E is the emf of the battery, G is the resistance of
the galvanometer whose resistance is to be determined.

If the current /g produces a deflection q in the galvanometer, then from equation

I = k6
g
Combining the two we get
E —
R+G k0

On keeping both the keys K, and K, closed and by adjusting the value of shunt resistance S,
the deflection of the galvanometer needle becomes 2 As G and S are in parallel combination

and r in series with it, the total resistance of the circuit becomes

GS

R=R+G+S

The total current, I due to the emf E in the circuit is given by

E
I = GS

R+ G+S

If1 g is the current through the galvanometer of resistance G then

Gl = 5(1 _ 1')
g g

' IS
Or Ig T G+S

We can get

RS
G = R-S
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By knowing the values of R and S, the galvanometer resistance G can be determined.
Normally R is chosen very high (~ 10 kW) in comparison to S (~ 100 W) for which

G=S
The figure of merit (k) of the galvanometer is defined as the current required for

deflecting the pointer by one division. That is
=L
k= 0

For determining the figure of merit of the galvanometer the key K, is opened in the circuit
arrangement.

Using Equations the figure of merit of the galvanometer

1 _E
8 R+G

K =

By knowing the values of £, R, G and q the figure of merit of the galvanometer can be

calculated.

Procedure:

1. Clean the connecting wires with sand paper and make neat and tight connections as
per the circuit diagram (Fig).

2. From the high resistance box (RBOX 1) (1-10 kW), remove the 5 kW key and then
close the key K1. Adjust the resistance R from this resistance box to get full scale
deflection on the galvanometer dial. Record the values of resistance, R and deflection
q.

3. Insert the key K, and keep R fixed. Adjust the value of shunt resistance S to get the
deflection in the galvanometer which is exactly half of q. Note down S. Remove plug
K, after noting down the value of shunt resistance S.

4. Take five sets of observations by repeating steps 2 and 3 so that q is even number of
divisions and record the observations for R S, q and % in tabular form.

5. Calculate the galvanometer resistance G and figure of merit k of galvanometer

Observations:
Emf of the battery E=... V

Number of divisions on full scale of galvanometer = ...

13



Deflection in Shunt | Half deflection
No.| Resistance the resistance in the
galvanometer galvanometer

7
6 (divisions) = (divisions)

2

Calculations:
Mean value of G (resistance of galvanometer) =... W
Mean value of k (figure of merit of galvanometer) = ... ampere/division
Result:
1. Resistance of galvanometer by half deflection method, G=... W
2. Figure of merit of galvanometer, k = ...ampere/division

This experiment gives an accurate value of the resistance of the galvanometer coil.

— G —
| Ry |
+ | @ W"——E—l
1 |
L i
! r. |
Ammeter

Let R =resistance of galvanometer
1, = shunt resistance
I = current flowing through the circuit
Let I, be the current flowing through the galvanometer for the full scale deflection. The
remaining current (I- I,) flows through the shunt.
LRo= (-1,

This gives the expression for shunt resistance required as
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I R
__% ¢
b " u-1g)
The equivalent resistance of ammeter is given by

R=Rgr/ (Rg+r1y)

IfR;>>r,
Then
R=r,
Thus an ammeter is a low resistance instrument capable of measuring current in

circuits with steady current.

Conversion of Galvanometer into Voltmeter

Voltmeter is used for measuring voltage across a given section of the circuit. For this it must

be connected in parallel with that section of the. Further it must draw a very small current.

A galvanometer can be converted into voltmeter by connecting a large resistance R in series

with it as shown in figure.

If I, be the current flowing in the circuit for which voltmeter

gives full scale deflection. Then the voltage measured by the — - Rq

instrument is given by =
V=I(Rs+R)

Here the resistance of the voltmeter is R; + R, which is

very large.

Voltmeter
Problems for Practice
i. A galvanometer having a resistance of 8 Q is shunted by a wire of resistance 2 Q. If
the total current is 1 A. find the part of the current passing through the shunt.
&M%m@—%ﬁ=%6ﬁ%=&%ﬁ£=&%

ii. A galvanometer having a coil of resistance of 60 Q shows full scale deflection when a
current of 1.0 A passes through it. Find the value of shunt required to convert it into
an ammeter to read currents upto 5.0 A.

Answer: Shunt resistance S =15 Q
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1il.

1v.

V1.

Vil.

Viil.

IX.

X1.

The resistance of an ammeter is 13 Q and its scale is graduated for a current up to 100
A. After an additional shunt has connected to this ammeter, it becomes possible to
measure currents up to 750 A by this meter. Find the value of shunt resistance.
Answer: Shunt S =2Q
A galvanometer of 50 ohm resistance has 25 divisions. A current of 4 Xx10™* A gives a
deflection of 1 division. Find the resistance to be connected to convert this
galvanometer into a voltmeter having a range of 25V.
Answer: Resistance, R = 2450 Q
A galvanometer with a coil resistance of 100 Q shows full scale deflection for 3 mA
current. Calculate the value of the resistance required to convert it into an ammeter of
the range 0-6 A.
Answer: 0.05 Q
Calculate the value of the resistance needed to convert a galvanometer of resistance
200 Q, which gives a full scale deflection for a current of SmA to a voltmeter of 250V
range.
Answer: 4800 Q
A galvanometer of resistance 100 Q gives full scale deflection for 20 mV. Find the
resistance to be attached, so that it gives full deflection of 5 V.
Answer: R =24.9 x10° Q in series
State the principle of moving coil galvanometer.
Answer: When a current carrying loop or coil is placed in the uniform magnetic
field, it experiences a deflecting torque.
What is the nature of the magnetic field in a moving coil galvanometer?
Answer: Uniform radial magnetic field.
What is the advantage of the radial magnetic field inside the galvanometer?
Answer: whatever be the position of the coil in the magnetic field, the plane of the
coil is always parallel to the magnetic field. Thus the torque acting on the coil is
always maximum and remains the same.
State two factors on which the sensitivity of a moving coil galvanometer depends?
Answer: torsional constant of the suspension wire

e Area of the coil

e Magnetic field
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xii.  State two properties of the material of the wire used for restoring spring in a moving
coil galvanometer.
Answer: It should be a non-brittle conductor and its restoring torque per unit twist
should be small.

xiii. Why is a voltmeter always connected in parallel with a circuit element across which
voltage is to be measured?
Answer: So that it may not change the resistance of the circuit and hence voltage
across it.

xiv. An ammeter and a milliammeter are converted from the same galvanometer. Out of
the two, which should have higher resistance?
Answer: Milliammeter has higher resistance because it has shunt of higher resistance
as compared to that of an ammeter.

xv. A Galvanometer as such cannot be used to measure current flowing in the circuit.
Why?
Answer: (a) it is a very sensitive instrument and shows very large deflection for small
amounts of current (b) it has very high resistance and can affect the value of current in

the circuit.

Summary
In this module we have learnt the principle and working of the galvanometer.

e We have learnt that the magnetic field inside the galvanometer is radial. As a result of
this we can show that the deflection produced in the galvanometer is directly
proportional to the current flowing in the coil.

e We have also learnt about the factors on which sensitivity of galvanometer can depend.

e We learnt how to convert a galvanometer into an ammeter or a voltmeter.
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