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B ~ Abstract -
Using a center-zero pointer gﬂh!ﬂmmrﬂ‘rr and a milli-volt power s.uppfy, coil
resistance (Rc) and sensitivity (S) of the galvanometer are determined. The
galvanometer is shunted with a low resistance to comvert it in to a current
meter and added a resistance in series to convert it in to a voltmeter and their
| figures of merits are also determined.

Introduction

Galvanometers (moving coil meters) were one of the first instruments  used for
measuring DC currents. The flow of a current through the galvanometer coil produces
the corresponding deflection in a coil placed around permanent magnets. The most
sensitive galvanometer gives 0-100pA full scale deflection. However, galvanometers
with 500uA and 600uA full scale deflection are also available. Galvanometers were
once considered novel and valuable instruments in Physics laboratories. A
galvanometer can be converted into an ammeter (uA-A range) by 5hunting a small
resistance, smaller than its coil resistance, across its terminals and converted into a
voltmeter by connecting a large resistance in series with the coil.

Both the ammeter and voltmeter were the backbone of current and voltage
measurement till 1980. Thereafter these have been replaced by digital ammeters and
voltmeters. At present ammeters and voltmeters based on galvanometer are only for the
purpose of exhibition in physics labs. In their present day digital version, one gets
200mV full scale display (FSD) digital panel meters (DPMs) which can be converted into
an ammeter by shunting a low resistance across the input terminals and a voltage
divider network work that is used to convert it into  a voltmeter. The most important
advantage in the DPMs is better accuracy in addition to the availability of calibration
facility in the circuit, a feature which was not present In analog moving coil

galvanometers.
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In olden days three different types of galvanometers were used in physics labs, such as
pointer galvanometer (or simply galvanometer), ballistic galvanometer (BG) and the
spot reflecting galvanometers. All these galvanometers are now replaced by their
respective digital versions which measure current over a wide range - from nano-
ampere to ampere, and voltage from microvolt to thousands of volts [1].

Figures of merit of a pointer galvanometer

The coil resistance (Rc) and sensitivity (s) of a pointer galvanometer are called figures of
merit of the galvanometer which can be determined experimentally. With the
knowledge of these bwo parameters, one can convert a galvanometer into an ammeter
as well as a voltmeter. The resistance R of the galvanometer can be determined by
connecting a milli-volt power supply and load resistance (Ri) of the order of the coil
resistance in series with the galvanometer, as shown in Figure-1.

RG
a'ars @
—_— |
| L
= RL3
Milli volt power supply

Figure-1: Galvanometer connected in series with a milli-volt power supply and a
resistance box

If | is the current flowing through the circuit, then
V=(Re+Ry)1 . |

If ‘d’ is the number of divisions of deflection of the needle and’s” is the sensitivity of the
galvanometer, then

I=sd 2
where

s is the sensitivity of the pointer galvanometer, and
d is the number of divisions of deflection

[

= (R +Ry) sd
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R.== R wd

s

Equation-} represents a straight line between Ry and % with
=¥

Slope =—, and

Y-intercept=-Rg

Hence by varying Ri, and noting down the number of divisions of deflection, the
figures of merit of the galvanometer can be determined experimentally. This is a
straight forward, graphical method.

Y,

y-microepl / 1d

Figure-2: Variation of load resistance with 1/d

The half deflection method for determination of Rg

The coil resistance can be determined using the so called half deflection method. In this
method keeping Ri= 0, the power supply voltage is increased so that the meter shows
full scale deflection (30 divisions). The voltage corresponding to the full scale deflection,
Viun, is noted.

Now the resistance Ry in the box is slowly increased so that the deflection becomes half

(i.e., 15 divisions). The resistance in the box corresponding to half deflection is noted,

which equals Rc. At this point the voltage drop and current flowing through Rc and Ro
are equal, hence

Resistance in box at the half deflection point = Rg
Conversion of a galvanometer into an ammeter

In the first part of the experiment, with the knowledge of the coil resistance and
sensitivity of the galvanometer, one can convert a galvanometer into an ammeter by
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shunting a low resistance (smaller than the coil resistance) across its terminals as shown
in Figure-3.

P

Deflectoa l

Figure-3: Conversion of a galvanometer into an ammeter using a shunt resistance

Taking R =100Q and sensitivity, s, as 20pA/div, the full scale current (FSC) =
20p Ax30= 600pA.

This current can be converted to higher scale by the shunting resistance as shown in
Figure-3, as given in Table-1.

Hence depending on the desired range of the ammeter, one can choose the shunt
resistance value from this table and convert the galvanometer into an ammeter, The

panel carrying the graduation marks can be suitably calibrated in terms of amperes or
milli-amperes.

Table-1: Current meter range and sensitivity

Shunt resistance R=(Rc//Rs) Q Current meter Sensitivity (S)
(R0 range
infinity 100 0-600 A 20pA/ Div
10 0.09 0-6maA 200uA/Div
1 0.99 0-60mA 2mA/ Div
0.1 0.099 0-600mA 20mA /Div
0.01 0.00% 0-6A 02A/Div

Figures of merit of the ammeter

When a resistance is shunted across the terminals of the galvanomeler, its effective coil
resistance changes as shown in Table-1. Hence the sensitivity (Sa) and effective coil
resistance (R4) also change.

If R4 is the effective resistance of the current meter coil then
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Ra=Rs//Rc w3
If V is voltage and [ is current flowing in the circuit, then by the Ohm's law
Ve (Ra+R) | i}

If S5 is the sensitivity of the current meter and Dy is the number of divisions of
deflection in current meter (in terms of number of divisions), then

[=DaSa ced
Substituting for I from the above in Equation-6, we get

V= (Ra*+R1) SaDs .8

v
Sabr Ra+Ry vied
Rearranging the terms in (9) gives

.
Re= SaD, Ra ...10
This equation represents a straight line between Re and 1/Da, with

Slope = %: Y intercept = -R

Hence figures of merit of the ammeter can be determined.
By varying Ry, the number divisions of deflection in current meter are noted, from

which the figures of merit of the current meter, Rx and Sa can be determined from

which the coil resistance Rc and sensitivity s of the galvanometer also can be
determined.

Conversion of a galvanometer into a voltmeter

A 0-600pA galvanometer can be converted into a voltmeter with different ranges. A 0-
3V voltmeler is obtained by adding a resistance Ry in series, as shown in Figure-.
Table-2 shows different series resistances, voltmeter range and their sensitivity.
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RG =10 RX=
Ohnes 49K

A

% I=filhs

— Voltmeter input —
) WESD
Figure-4: A 0-600pA galvanometer converted into a 0-3V voltmeter

Table-2: Voltmeter range and sensitivity

Series Rv= (Rc+Rs) KQ Volt meter Sensitivity (Sv)
resistance range
(Rs)KQ
19 5 0-3V 0.1V/Div
499 50 0-30V 1V/Div
499.9 500 0-300V 10V/Div

The circuit shown in Figure- is a linear circuit with passive components; hence one can
apply Ohm's law to it, viz.

V=RI

To design a 0-3V voltmeter, we have
3V= (Re+Ry) 600pA

R+ Ry = 50004, since Ra =1000

Rx =4900Q =4.9KQ

By using a 47KQ, MFR resistor, and 200 Q trim-pots, one can achieve this. The trim-pot
acts like a full scale calibrator.

Instruments used

Milli-volt power supply, 30-0-30 pointer galvanometer, shunt resistance 1Q/2W, DMM
and 0-30V power supply. The apparatus used is shown in Figure-3.
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Figure-5: A 0-600pA galvanometer converted into a 0-3V voltmeter

Experimental procedure

The experiment consists of three parts:

Part-I: Determination of figures of merit of a galvanometer (R, s)

Part-11: Determination of K¢ by the half deflection method

Part-1ll: Comversion of a galvanometer info an ammeter and determination of its figures of merit
(R S4)

Part-1V: Conversion of a galvanometer into a voltmeter and determination of its figures of merit
(Ry, 5v)

Part-1: Determination of figures of merit of a galvanometer (Rg, s)

1.

1

The milli-volt power supply, galvanometer and resistance boxes are connected in
series as shown in Figures-1 and 5. The resistance in the box is set to 0.

The voltage in the milli-volt power supply is slowly increased till the
galvanometer shows full scale deflection (ie. 30 div iisions). The voltage that
produces full scale deflection is noted using DMM.

Vi =57 mV

The resistance (R,) in the box is now set to 2002 and the deflection in the
galvanometer is noted,

Ri.=2000;
d =10 divisions

The experiment is repeated by decreasing the resistance Ry in the box and
corresponding value of the galvanometer deflection is noted and recorded in
Table-3.
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5. A graph is drawn with 1/d along X-axis and R along the Y-axis, as shown in
Figure-6. From the graph the slope and Y-intercepts of the straight line are noted.

Y-intercept = -Re =-100Q

Slope = £ =3025.12
—_ _ _ nosT .
Sensitivity of the galvanometer s = Tore = Tomiz = 18.8pA/div

Table-3: Load variation and the deflection observed in the galvanowmeter

Figure-6: Variation of Ry with 1/d for Rs= =
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Load resistance Ry ( Q) Deflection (No. of 1/d
divisions) d

200 10 A
100 15 06
o0 16 On2
S0 17 058
70 18 055
60 19 052
50 20 A5
40 215 D46
30 23 N3
20 25 A4
10 27 037
&} 251 n3s
0 30 L33
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Part-II: Determination of Rg by the half deflection method

6. The resistance in the box is set to ‘0" and the value of the full scale deflection is

observed.
RL '—'ﬂ;
Full scale Deflection =30 divisions

7. The resistance in the box is increased so that deflection in the galvanometer
becomes 15 divisions (i.e. half of the original value of deflection)

R =100Q, d =15divisions
Hence resistance of the coil R =100 Q

Part-111: Conversion of a galvanometer into an ammeter and

determination of its figures of merit (Ra, Sa)

8. A 10Q resistance now shunted across the galvanometer terminal as shown in
Figure-7 and keeping Ry=0, the milli-volt power supply is adjusted to the full
scale.

Ri=0;
Full scale deflection =30 divisions

The full scale display voltage is measured using a DMM.

Viutt = 60mV

.- -'Jf;-'é\

L=, moveey (U8 &

Figure-7: Rs=1Q shunted across the input terminal of the galvanometer
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Figure-8: Conversion of a galvanometer in to a milli ammeter

9. By varying the resistance Ry in box, the corresponding

deflection is noted in
Table-1.

Ry =10002; DA =25divisions

Tuble<d: Load variation and the observed deflection in a galvanometer

Load resistance Ry (£2) | Deflection (No. of divisions) | 1/D,
D

1) 25 0.4
/U A5 028
40 52 0.192
20 9 0.111
10 14.5 (.074
4 20 0.05
3 22 0.045
2 225 0.044
1 26 0.038
0 3 0.033

10. A graph is now drawn taking R. along Y-axis and 1/Da along X-axis as shown in
Figure-9
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RL (0Yhms)

Figure-9: Variation of Ry with 1/D, for Rs=109
The slope of the straight line and the Y-intercept are noted from Figure-9.

Y-intercept =-R,=-9.1Q=R://R¢

=L _L -l__l= -3
Ry u,n-u 10 9.89x10

==

G

Ro=101Q

which a grees with the value obtained in Part-] .

Slope = = =27575
A

Sensitivity of the milli-ammeter S, = Y = 2%¢ _ 17 55,14 /djy

slope Z75.75

FSD of the meter 217 538x30= 6.5mA

Hence by using the shunt resistance R.=10 Q, we have changed it into a milli-ammeter
of 0-6.5mA range, and the

Sensitivity = 0.217mA /div. This value corresponds to R<=10  in Table-1.

Part-IV: Conversion of galvanometer into a voltmeter and determination
of its figures of merit (Rv, Sy)

11. The galvanometer is connected to a resistance box (DRB-206, 12-1.11MQ range)
and resistance in the box is set to 4.9KQ, as shown in Figure-5.
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Hence the total resistance Ry = Re#Rx = 100Q +4 9KQ =5K0Q

12. The input of the voltmeter is now connected a 0-30V DC regulated power supply
for measuring the supply voltage. ’

13. The power supply voltage is set to 0.0V and the galvanometer shows ‘0’ reading.

Table-5: Number division of deflection of the voltage for different input voltage

Observed deflection | Input voltage Corresponding
(No. of divisions) (V) vollmeter reading
(=5000sD.)
0 0 0.0
5 05 05
10 1.0 1.0
15 15 15
20 20 20
25 25 25
30 30 30

Fora -3V FsD polfmeter, Rx=4 951). Ro=1iK1L}

Table-6: Number division of deflection of the volta ge for different input voltage

Deflection( No. of Input voltage Calibrated voltmeter
divisions) (V) reading
0 0 0
3 5 5
10 10 10
15 15 15
20 20 20
25 25 25
30 30 30

Fora 0-30V FSD cotmcter meter, Ry=49. 950 Ro=]iNg}

14.Now the power supply voltage is varied so that the deflection in the
galvanometer shows 5 divisions.

Deflection = 5 divisions;
Input voltage = 0.5V

15. The experiment is repeated by increasing the deflection in steps of 10, 15, 20, 25,

30 divisions and the corresponding input voltage in the power supply is noted
and recorded in Table-5.
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16. By setting the resistance to 49.9K Q in DRB, the experiment is repeated to convert
itinto a 0-30V range voltmeter. Table-6 shows the observed readings.

Results

The results obtained are tabulated in Table-7

Table-7: Experimental results

Parameler Graphical method Half deflection
method
Sensitivity (s) pA/division 217 20,00
Galvanometer resistance 1000 101
(Re)
Conclusions

L. In the process of converting a galvanometer in to a milli-immeter or ammeter,
one essentially changes effective resistance of the ammeter. Hence its sensitivity
(see Table-1) also change so that FSD =D,S4 and effective coil resistance Ra=

(Ra/ /Rs).

2. In the process of converting a galvanometer in to a voltmeler, one essentia Ily
adds a series resistance with coil resistance. Hence its sensitivity (see Table-2)
also change so that FSD =D\Sy also change. The effective coil resistance then
becomes Ry = (Ra+Rx).
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