Voltmeters and multimeters:

Basic meter:

A basic d.c. meter uses a motoring principle for its operation. It stntes that any current carrying
coil placed in a magnetic field experiences a force, which is proportional to the magnitude of
current passing through the coil. This movement of coil is called D'Arsonval movement and basic

meter is called D'Arsonval galvanometer.

D.Cinstruments:

a) Using shunt resistance, d.c. current can be measured. The instrument is d.c. microammeter,

milliammeter or ammeter.

b) Using series resistance called multiplier, d.c. voltage can be measured. The instrument is d.c.
millivoltmeter, voltmeter or kilovoltmeter.

¢) Using a battery and resistive network, resistance can be measured. The instrument is
ohmmeter.

A.C instruments:

a) Using a rectifier, a.c. voltages can be measured, at power and audio frequencies. The

instrument is a.c. voltmeter.

b) Using a thermocouple type meter radio frequency (RF) voltage or current can be measured.

¢) Using a thermistor in a resistive bridge network, expanded scale for power line voltage can be

obtained.

Basic DC voltmeter:

The basic d.c. voltmeter is nothing but a permanent magnet moving coil (PMMC) 0' Arsonval
galvanometer. The resistance is required to be connected in series with the basic meter to use it
as a voltmeter. This series resistance is called a multiplier. The main function of the multiplier is
to limit the current through the basic meter so that the meter current does not exceed the full
scale deflection value. The voltmeter measures the voltage across the two points of a circuit or a

voltage across a circuit component. The basic d.c. voltmeter is shown in the Fig.
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The multiplier resistance can be calculated as:

Let R,, = internal resistance of coil i.e. meter
Ry = series multiplier resistance
I, = full scale deflection current
V = full range voltage to be measured

From Fig. 2.1, -. V = Ih(Rn+Ry)

=
I

II].'I I{Hl e IF]'I l{s

IaRy = V- o Ry

R~ = __RI'H
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Sensitivity of voltmeters:

In a multirange voltmeter, the ratio of the total resistance Rt to the voltage range remains same.

This ratio is nothing but the reciprocal of the full scale deflection current of the meter i.e. 1/101.

This value is called sensitivity of the voltmeter. Thus the sensitivity of the voltmeter is defined,

S = .

Full scale deflection current
" 1 .
S = —QOQ/V or KYV

m

Loading effect:

While selecting a meter for a particular measurement, the sensitivity rating IS very important. A
low sensitive meter may give the accurate reading in low resistance circuit but will produce

totally inaccurate reading in high resistance circuit.

The voltmeter is always connected across the two points between which the potential difference
is to be measured. If it is connected across a low resistance then as voltmeter resistance is high,
most of the current will pass through a low resistance and will produce the voltage drop which
will be nothing but the true reading. But if the voltmeter is connected across the high resistance
then due to two high resistances in parallel, the current will divide almost equally through the
two paths. Thus the meter will record the voltage drop across the high resistance which will be
much lower than the true reading. Thus the low sensitivity instrument when used in high
resistance circuit 'gives a lower than the true reading. This Is called loading effect of the

voltmeters. It is mainly caused due to low sensitivity instruments.
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OHMMETER (SERIES TYPE OHMMETER)

A D’Arsonval movement is connected in series with a resistance R, and a battery
which is connected to a pair ol terminals A and B, across which the unknown
resistance is connected. This forms the basic type of series ohmmeter, as shown
in Fig. 4.30 (a).

The current flowing through the movement then depends on the magnitude of
the unknown resistance. Thereflore, the meter deflection is directly proportional
to the value of the unknown resistance.

Referring to Fig. 4.30 (a)

R, = current limiting resistance
R, = zero adjust resistance
"= battery
R, = meler resistance
R, = unknown resistance

e

R, A

Rz : 3 R,
Rm C/) F :; Unknown
1 Resistance
\'4 | B
1
(@) (b)

Fig. 430 (a) Series type ochmmerter (b) Dial of series chmmeter

Calibration of the Series Type Ohmmeter
To mark the *0™ reading on the scale, the terminals A4 and £ are shorted, i.e. the
unknown resistance R, = (), maximum current flows in the circuit and the shunt
resistance R, is adjusted until the movement indicates full scale current (/,,,). The
position of the pointer on the scale is then marked 0" ohms.

Similarly. to mark the “eo™ recading on the scale. terminals A and B are open.
i.c. the unknown resi nce R, = o=, no current {low in the circuit and there is no
deflection of the pointer. The position of the pointer on the scale, is then marked
as o= ohms.

By connccting diflerent known valuces of the unknown resistance to terminals
A and B, imtermediate markings can be done on the scale. The accuracy of the
instrument can be checked by measuring different values of standard resistance,
i.e. the toleranee of the calibrated resistanee, and noting the readings.

A major drawback in the series olunmeter is the decrease in voltage of the
internal battery with time and age. Due to this, the full scale deflection current
drops and the meter does not read 0™ when A and B are shorted. The variable
shunt resistor R, across the movement is adjusted to counteract the drop in battery
voltage. thereby bringing the pointer back to “0™ ohms on the scale.

Itis also possible to adjust the full scale deflection current without the shunt R,
in the circuit, by varying the value of R, to compensate for the voltage drop. Since
this affects the calibration of the scale, varyving by &, is much better solution. The
internal resistance of the coil &, is very low compared to . When R, is varied,
the current through the movement is increased and the current through R, is
reduced, thereby bringing the pointer to the full scale deflection position.

The series ohmmeter is a simple and popular design, and is used extensively
for general service work.

Therefore, in a series ohmmeter the scale marking on the dial, has *0” on the
right side, corresponding to full scale deflection current, and *e="" on the left side
corresponding 1o no current flow, as given in Fig. 4.30 (b).

Values of R, and R, can be determined from the value of R, which gives half
the full scale deflection.

R'.' Rm

R,=R +Ry|IR, =R +
" I -” m 1 R2+R,,

where R;, = half of full scale deflection resistance.
The total resistance presented to the battery then equals 2R, and the battery
current needed to supply half scale deflection is /, = V/2 R,

To produce full scale current, the battery current must be doubled.
Therefore, the total current of the ckt, [, = F/R,,

The shunt current through R, is given by I, = 1, - I,

The voltage across shunt, V,,, is equal to the voltage across the meter.

Therefore P
LRy= IgyR,
!t R
Therefore R, = —
But L= 1 —-1i.
1aa R
Ry= LI
Il - "fvd
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ljul Rm Rh xR
V- 'IJ'\:J' ‘Rh "

Hence R, = R, -
I " ’ful Rm RJ!
-+ R,
V=1 Ry
.4 R, R,
Therefore Ry= R, —%

Hence, R, and R, can be determined.

Multirange Ohmmeter The ohmmeter circuit shown in Fig. ~_isonly fora
single range of resistance measurement. To measure resistance over a wide range
of values, we need to extend the ohmmeter ranges. This type of ohmmeter is
called a multirange ohmmeter, shown in Fig. 4.31.

Rp=2kQ R, R,
- MW
Itog = 50 pA fo 2201
Rx1 R
»—ANN——

/" Rx10 R,
——AWW—

R x 100 Ry

|I| e
Xy
V=15V
SHUNT TYPE OHMMETER
The shunt type ohmmeter given in Fig consists of'a battery in series with an
adjustable resistor R, and a D" Arsonval o
movement TR, A
The unknown resistance is connected l Im
in parallel with the meter, across the =V Rm ‘) Ry
terminals 4 and B, hence the name shunt Batlery Unknown
Resistance
typc ohmmeter.
In this circuit it is necessary to Switch B
have an ON/OFF switch to disconnect * *-
the battery from the circuit when the Fp. Shunt type chmmeter

instrument is not used.

Calibration of the Shunt Type Ohmmeter

To mark the 0" ohms reading on the scale. terminals A and B are shorted. i.c.
the unknown resistance R, = 0, and the current through the meter movement is

zero, since it is bypassed by the short-circuit. This pointer position is marked as
0™ ohms.

Similarly. to mark =" on the scale. the terminals .4 and B arc opened, i.c.
R, = o=, and full current flows through the meter movement; by appropriate
sclection of the value of R, the pointer can be made to read full scale deflection
current. This position of the pointer is marked *e" ohms. Intermediate marking
can be done by connecting known values of standard resistors to the terminals
Aand B,

This ohmmeter thercfore has a zero _.,I—I'J" ! ‘*f\\j
mark at the left side of the scale and an v v
== mark at the right side of the scale, o =
corresponding to full scale deflection current g, Dial of shunt type chmmeter

as shown in Fig.

The shunt type ohmmeter is particularly suited to the measurement of low
values of resistance. Hence it is used as a test instrument in the laboratory for
special low resistance applications.

CALIBRATION OF DCINSTRUMENT

The process of calibration involves the comparison of a given instrument with a
standard instrument, to determine its accuracy. A dc voltmeter may be calibrated
with a standard, or by comparison with a potentiometer. The circuit in Fig.

is used to calibrate a dc volumeter; Rheostat

where a test voltmeter reading 1 is 3 J}‘pv'
compared to the voltage drop across Standard
R. The voltage drop across R is ac- Regulated Meter
curately measured with the help of a SO‘:}:CE " (") ("D
standard meter. A rheosiat, shown in Valtmeter
Fig. is used to limit the current. Under Tos!
A voltmetertested with this method
can be calibrated with an accuracy of Fig.« Calibration of voltmeter

+0.01%.
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Electronic multimeter:

For the measurement of d.c. as well as a.c. voltage and current, resistance, an electronic
multimeter is commonly used. It is also known as Voltage-Ohm Meter (VOM) or multimeter The
important salient features of YOM are as listed below.

1) The basic circuit of YOM includes balanced bridge d.c. amplifier.

2) To limit the magnitude of the input signal, RANGE switch is provided. By properly adjusting

input attenuator input signal can be limited.
3) It also includes rectifier section which converts a.c. input signal to the d.c. voltage.

4) It facilitates resistance measurement with the help of internal battery and additional circuitry.

5) The various parameters measurement is possible by selecting required function using

FUNCTION switch.

6) The measurement of various parameters is indicated with the help of indicating Meter.

Use of multimeter for D.C measurement:

For getting different ranges of voltages, different series resistances are connected in series which
can be put in the circuit with the range selector switch. We can get different ranges to measure

the d.c. voltages by selecting the proper resistance in series with the basic meter.

Use of multimeter as ammeter:

To get different current ranges, different shunts are connected across the meter with the help of

range selector switch. The warking is same as that of PMMC ammeter

. —~
()

SO0 rmds

50 ma = Range
selactor

switch
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Use of multimeter for resistance measurement:

The Fig shows ohmmeter section of multimeter for a scale multiplication of 1. Before any

measurement is made, the instrument is short circuited and "zero adjust” control is varied until

the meter reads zero resistance i.e. it shows full scale current. Now the circuit takes the form of a

variation of the shunt type chmmeter. Scale multiplications of 100 and 10,000 can also be used

for measuring high resistances. Voltages are applied the circuit with the help of battery.

+ Zero adjust
Battery ~

Resistance
to be
measured

Digital multimeters:

The digital multimeter is an instrument which is capable of measuring a.c. voltages, d.c. voltages,

a.c. and d.c. currents and resistances over several ranges. The basic circuit of a digital multimeter
is always a d.c. voltmeter as shown in the Fig

Digital
ac. | [actode. display
altenuator converter
ac. , -
. .C. ’
HIgh —s——=<——1 Jtenuator <
ohms
Input
ohms Precision
Low converter reference

BCD

The current is converted to voltage by passing it through low shunt resistance. The a.c. quantities

are converted to d.c. by employing various rectifier and filtering circuits. While far the resistance

measurements the meter consists of a precision low current source that is applied across the

unknown resistance while gives d.c. valtage. All the quantities are digitized using analog to digital
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converter and displayed in the digital form on the display.The basic building blacks of digital
multimeter are several AID converters, counting circuitry and an attenuation circuit. Generally
dual slope integration type ADC is prefprred in the multimeters. The single attenuator circuit is

used for both a.c. and d.c. measurements in many commercial multimeters.

True RMS Reading Voltmeter
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True RMS Responding Voltmeters

RMS value of the sinusoidal waveform is measured by theaverage reading voltmeter of which
scale is calibrated in terms of rms value. This methad is quite simple and less expensive. But
sometimes rms value of the non-sinusoidal waveform is required to be measured. For such a
measurement a true rms reading voltmeter is required. True rms reading voltmeter gives a meter
indication by sensing heating power of waveform which Is proportional to the square of the rms

value of the voltage.

Thermo-couple is used to measure the heating power of the input waveform of which heater is
supplied by the amplified version of the input waveform. Output voltage of the thermocouple is
propartional to the square of the rms value of the input waveform. One more thermo-couple,
called the balancing thermo-couple, is used in the same thermal environment In order to
overcome the difficulty arising out of non-linear behaviour of the thermo-couple. Non-linearity of
the input circuit thermo-couple is cancelled by the similar non-linear effects of the balancing
thermo-couple. These thermo-couples form part of a bridge in the input circuit of a dc amplifier, as

shown in block diagram.

AC waveform to be measured is applied to the heating element of the main thermocouple through
an ac amplifier. Under absence of any input waveform, output of both thermo-couples are equal
so error signal, which is input to dc amplifier, is zero and therefore indicating meter connected to
the output of dc amplifier reads zero. But on the application of input waveform, output of main
thermo-couple upsets the balance and an error signal is produced, which gets amplified by the dc
amplifier and fedback to the heating element of the balancing thermo-couple. This feedback
current reduces the value of error signal and ultimately makes it zero to obtain the balanced bridge
condition. In this balanced condition, feedback current supplied by the dc amplifier to the heating
element of the balance thermo-couple is equal to the ac current flowing in the heating element of
main thermo-couple. Hence this direct current is directly proportional to the rms value of the input
ac voltage and is indicated by the meter connected in the output of the dc amplifier. The PMMC

meter may be calibrated to read the rms voltage directly.

By this method, rms value of any voltage waveform can be measured provided that the peak

excursions of the waveform do not exceed the dynamic range of the ac amplifier.
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