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Voltmeters and Chepter

Multimeters

INTRODUCTION 4.1

The most commonly used dc meter is based on the fundamental principle of the
motor. The motor action is produced by the flow of a small amount of current
through a moving coil which is positioned in a permanent magnetic field. This
basic moving system, often called the D’ Arsonval movement, is also referred to
as the basic meter.
Different instrument forms may be obtained by starting with the basic meter
movement and adding various elements, as follows.
I. The basic meter movement becomes a dc instrument, measuring
(1) dc current, by adding a shunt resistance, forming a microammeter, a
milliammeter or an ammeter.
(i1) dc voltage, by adding a multiplier resistance, forming a milli
voltmeter, voltmeter or kilovoltmeter.
(111) resistance, by adding a battery and resistive network, forming an
ohmmeter.
2. The basic meter movement becomes an ac instrument, measuring
(i) ac voltage or current, by adding a rectifier, forming a rectifier type
meter for power and audio frequencies.
(11) RF wvoltage or current, by adding a thermocouple-type meter for RF.
(111) Expanded scale for power line voltage, by adding a thermistor in a
resistive bridge network, forming an expanded scale (100 - 140 V)
ac meter for power line monitoring.

BASIC METER AS A DC VOLTMETER 4.2

To use the basic meter as a dc voltmeter, it is necessary to know the amount of
current required to deflect the basic meter to full scale. This current is known
as full scale deflection current (/). For example, suppose a 50 LA current is
required for full scale deflection.
Thus full scale value will produce a voltmeter with a sensitivity of 20,000 Q per V.
The sensitivity is based on the fact that the full scale current of 50 LA results
whenever 20,000 € of resistance is present in the meter circuit for each voltage

applied.
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80 Electronic Instrumentation

Sensitivity = 1/, = 1/50 pA =20 kQ/V
Hence, a 0 — 1 mA would have a sensitivity of 1 V/1 mA = 1 kQ/V or 1000 Q.

Elﬂmlﬂﬂ 4. Calculate the sensitivity of a 200 uA meter movement which
is to be used as a dc voltmeter.

Solution The sensitivity

S= —
({pq) 200 HA

Therefore S=5k}V

DC VOLTMETER 4.3

A basic D’Arsonval movement can be converted into a dc voltmeter by adding

a series resistor known as multiplier, as shown in Fig. 4.1. The function of the
multiplier is to limit the current through the

movement so that the current does not exceed . Multiplier

the full scale deflection value. A dc voltmeter ?—w

measures the potential difference between two = Im
points in a de circuit or a circuit component. v R,

To measure the potential difference be-
tween two points in a dc circuit or a circuit
component, a de voltmeter 1s always connect-
ed across them with the proper polarity.

The wvalue of the multiplier required is
calculated as follows. Referring to Fig. 4.1,

I, = full scale deflection current of the movement (/)
R, = internal resistance of movement
R. = multiplier resistance

V"= full range voltage of the instrument

e

|

Fig. 4.1 Basic dc voltmeter

From the circuit of Fig. 4.1
V=1, (R;+R,)

G ety
: JrH]' lf.li'i' "
V
Thf.‘:l'[:ﬁ]l'ﬂ R.-.' = T i Rm

fIr
The multiplier limits the current through the movement, so as to not exceed
the value of the full scale deflection /.
The above equation is also used to further extend the range in DC voltmeter.
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Voltmeters and Multimeters 81

EIHITIF'E 4.2 (a) A basic D 'Arsonval movement with a full scale deflection
of 50 uA and internal resistance of 500 £2 is used as a voltmeter. Determine the
value of the multiplier resistance needed to measure a voltage range of 0— 10 V.

Solution Given

v 10
R=— —R,=—— —500
A 50 pA

0.2 x 10° = 500 = 200 k — 500
199.5 kQ

Il

EIH!'“[]IE 4.2 (b) Calculate the value of multiplier resistance on the 50V
range of a dc voltmeter that uses a 500 uA meter movement with an internal
resistance of 1 k€.

Solution

Step 1: The sensitivity of 500 pA meter movement is given by
S=1/1,=1/500 pA=2kQ/V.
Step 2: The value of the multiplier resistance can be calculated by
R. =S Xrange-R,
R.=2KkQVX50V-1kQ

= 100 k€2 — 1 k2 = 99 k€2

MULTIRANGE VOLTMETER 4.4

As in the case of an ammeter, to obtain a multirange ammeter, a number of shunts
are connected across the movement with a multi-position switch. Similarly,
a dec voltmeter can be converted into a multirange voltmeter by connecting a
number of resistors (multipliers) along
with a range switch to provide a greater

Vi Ry
num!}cr of workable ranges. | e o AN
Figure 4.2 shows a multirange Vo o Ro JJ.

voltmeter using a three position switch ¥ R o | T
and three multipliers R, R,, and R, for ’ ’ C” Rm
voltage values V, V5, and V5. =
Figure 4.2 can be further modified
to Fig. 4.3, which i1s a more practical
arrangement of the multiplier resistors Fig. 42 Multirange voltmeter
of a multirange voltmeter.
In this arrangement, the multipliers are connected in a series string, and the
range selector selects the appropriate amount of resistance required in series with
the movement.
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Fig. 43 Multipliers connected in series string

This arrangement is advantageous compared to the previous one, because all
multiplier resistances except the first have the standard resistance value and are
also easily available in precision tolerances.

The first resistor or low range multiplier, R, 1s the only special resistor which
has to be specially manufactured to meet the circuit requirements.

Example 4.3 A D’ Arsonval movement with a full scale deflection current
of 50 uA and internal resistance of 500 82 is to be converted into a multirange

voltmeter. Determine the value of multiplier required for 0-20 V, 0-50 V and
0-100 V.

Solution Given [/, =50 pAand R, = 500 Q
Case 1: For range 0 — 20V

Rwi—ﬂ— 20
E " 50x107°

M

Case 2: Forrange 0 -50V

~500= 0.4 % 10° - 500 = 400 K — 500 = 399.5 kQ

R = ——R,=———500=1x 10° 500 = 1000 K — 500 = 999.5 kQ2
i 50 %10
Case 3: Forrange 0 - 100V
R,=L—R = L =500 =2 x 10°- 500 = 2000 K - 500 = 1999.5 kQ
ol " s50%x107

EIHITIP‘E 44 A D’ Arsonval movement with a full scale deflection current
of 10 mA and internal resistance of 500 £2 is to be converted into a multirange
voltmeter. Determine the value of multiplier required for 0-20 V, 0-50 V and
(0-100 V.

Solution Given/, =10mA and R,, = 500 Q
Case 1: For range 0 — 20V

& 20

R = _H“RH‘J o
A 10x107°

Ll

- 500 =2x 10" - 500 = 2000 - 500 = 1.5 kQ
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Case 2: For range 0 — 50V

V 50
R=—-R, = ——500 =5 x 10°~ 500 = 5000 — 500 = 4.5 kQ
R 10x10™
Case 3: For range 0 — 100V
V 100 )
R=—-R,= ——300 =10 x 10" - 500 = 10K - 500 = 9.5 kQ
A 10x 10~

EIHmpIE 4a Convert a basic D Arsonval movement with an internal
resistance of 100 £ and a full scale deflection of 10 mA into a multirange dc

voltmeter with ranges from (0 =5 ¥V, 0 — 50 Vand 00— 100 V.

Solution Givenl/, = 10mA, R, =100 Q R, R, R,
Step 1: For a 5 V (F;) the total circuit resistance v v, VW L
- 1 o m
1S oV B
V 5 ) GD
= — — {]5 Rﬂ =T Rm
[0 10mA A
Therefore Ri=R,—- R, =500£-100% Fig. 4.3(a)
= 400 Q
Step 2: For a 50 V (V) position
) ¥ _ 50 —5Kk0
Therefore R,=R,—(Ry+R,)=5kQ— (400 + 100 Q)

T =5KkQ-500Q=45KQ
Step 3: For a 100 V range (V) position

A
"Iz 10mA
Therefore R, =R, (R,+Ry+R,)=10kQ - (4.5 kQ + 400 Q + 100 Q)

=10kQ-5Q=5kQ
Hence it can be seen that R has a non-standard value.

=10 k2

EIHII'IFIE ﬁE Convert a basic D 'Arsonval movement with an internal

resistance of 50 £2 and a full scale deflection current of 2 mA into a multirange
de voltmeter with voltage ranges of 0 =10V, 0 =50V, 0= 100 V and 0 — 250
V. Refer to Fig. 4.3.

Solution For a 10 V range (V, position of switch), the total circuit resistance is

V
R = = 19 =5kQ
l.y 2mA

Therefore Ry=R—-R,=5k-50=49500Q.
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For 50 V range (; position of switch), the total circuit resistance is

V 0
R, = = > = 25 kL2
lig 2mA
Therefore Ry=R,— (Ry+R,) =25k — (4950 +50) =25k - 5 k
R, =20k
For 100 V range (V, position of switch), the total circuit resistance is
¥ 100
R = = =50 kQ
Therefore, R,=R,—(R;+R,+R,)

-=5ﬂk—(2ﬂk+495{1+5{]]
R,=50k-25k=25kQ
For 250 V range, (V, position of switch), the total circuit resistance 1s

R = e =125kQ
Iy 2mA

Therefore Ri=R,—(R,+R;+R,+R,)
=125k - (25 k + 20 k + 4950 + 50)
=125k-50k
=75 kQ
Only the resistance R, (low range multiplier) has a non-standard value.

EXTENDING VOLTMETER RANGES 4.5

The range of a voltmeter can be extended to measure high voltages, by using
a high voltage probe or by using an external multiplier resistor, as shown in
Fig. 4.4. In most meters the basic movement is used on the lowest current range.

Values for multipliers can be determined

using the procedure of Section 4.4, Meter Set _;rmmr:al—"
The basic meter movement can be used to to Multiplier et

measure very low voltages. However, great Eﬂﬁzii s

care must be used not to exceed the voltage Range 4

drop required for full scale deflection of the

basic movement. Fig. 4 Extending voltage range

Sensitivity The sensitivity or Ohms per Volt rating of a voltmeter is the ratio of
the total circuit resistance R, to the voltage range. Sensitivity is essentially the
reciprocal of the full scale deflection current of the basic movement. Therefore,
§= I, QY.

The sensitivity °S” of the voltmeter has the advantage that it can be used to
calculate the value of multiplier resistors in a dc voltmeter. As,
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R, = total circuit resistance [R,= R, + R, ]
§ = sensitivity of voltmeter in ohms per volt
V' = voltage range as set by range switch
.. = internal resistance of the movement

Since R.=R,—R,andR,=8xV
R=(8xV-R,

EIHI‘I‘IplE 4.7 Calculate the value of the multiplier resistance on the 50 V
range of a dc voltmeter, that uses a 200 uA meter movement with an internal
resistance of 100 £2.

Solution As R = § x Range — internal resistance, and §= 1/1
The sensitivity of the meter movement 1s
S= Ulg,=1/200 pA =5 kQ/V.
The value of multiplier R, is calculated as
R, = § x Range — internal resistance=Sx V- R,

=5kx50-100

=250k - 100

= 249.9 kQ

EIHH’IP'E 4.8 Calculate the value of multiplier resistance for the multiple
range dc voltmeter circuit shown in Fig. 4.5 (a).

Solution The sensitivity of the meter @
movement is given as follows. lfsq = 50 pA
R =1 kQ
S == 1/50 pA = 20 kQ/V
The value of the multiplier resistance can be

calculated as follows. ic
For 5 V range

R =SxV-R Fig. 4.5 (a)

87| Frr

=20kx5-1k
=100k -1 k=99 kQ
For 10 V range
R.‘t1=SH I""."R.r.r:
=20kx10-1k
=200k —1k=199k)
For 50 V range
R.=5xV-R,
=20kx50-1k
= 1000 k — 1 k =999 k2
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EIHHI[]'E 4.3 Calculate the value of multiplier resistance for the
multirange dc voltmeter as shown in Fig 4.5(b).

Solution N

e R ),
Step 1: The sensitivity of 50 pA meter . 5, oo = 50 PA
movement is given by | As, ,grif. 1k
S= la’.fm=1f5i}|.1ﬁ=2i]kﬂﬁ{ 10V

3V 30 V

The value of the multiplier resistance can be \?
calculated by &0
Step 2: The value of the multiplier for 3 V range Fig. 4.5 (b)

R, =8 xXrange - R,

1

R. =20kQ/V x 3V - 1kQ

=60 kQ — 1 kQ = 59 kQ.
Step 3: The value of the multiplier resistance For 10 V range can be calculated by
R, =S8xrange-R,,
R, =20kQ./Vx10V-1kQ
= 200 k£ - 1 kQ = 199 k€2,
Step 4: The value of the multiplier resistance For 30V range can be calculated by
R.=§xrange - R
R, =20kQ/Vx30V-1kQ
= 600 kQ — 1 kQ =599 kQ

EIHI‘I‘IFIE 4.10 A moving coil instrument gives a full scale deflection of 20
mA when the potential difference across its terminals is 100 mV. Calculate

(a) Shunt resistance for a full scale deflection corresponding of 50 A.

(b) The series resistance for a full scale reading with 500 V. Alse calculate the
power dissipation in each case.

Solution Given meter current [, = 20 mA and voltage = 100 mV

L

100 mV 3
20mA

Step 1: Meter resistance R, =

Step 2: Shunt resistance is given by
IR,  20mAx5Q 100mA  _ 4000

T I

=1 50000 mA - 20mA 49980 mA
Step 3: Voltage Multiplier

R, = i_ Rm _ 500V
' { 20 mA

= 24995 Q = 25 kQ
Power =V, - I, =500 x20 mA =10 W

i

-5Q =25%10°-5Q
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LOADING 4.6

When selecting a meter for a certain voltage measurement, it 1s important to
consider the sensitivity of a dc voltmeter. A low sensitivity meter may give a
correct reading when measuring voltages in a low resistance circuit, but it is
certain to produce unreliable readings in a high resistance circuit. A Voltmeter
when connected across two points in a highly resistive circuits, acts as a shunt for
that portion of the circuit, reducing the total equivalent resistance of that portion
as shown in Fig. 4.6. The meter then indicates a lower reading than what existed
before the meter was connected. This is called the loading effect of an instrument
and 1s caused mainly by low sensitivity instruments.

EmmFIE &l Figure 4.6 shows a sim- s
ple series circuit of R, and R, connected to
a 100 V de source. If the voltage across R,
is to be measured by voltmeters having 100 V
E}} a sens:f.!?m.'y of 1000 L'V, and | 10k SR, -CD

a sensitivity of 20,000 L2V, find which A

voltmeter will read the accurate value of - Voltmeter
voltage across R, Both the meters are used
on the 50 V range.

Fig. 48 Example on loading effect

Solution Inspection of the circuit indicates that the voltage across the R,
resistance 1s
10k
10k +10k

This is the true voltage across R,.
Case |

Using a voltmeter having a sensitivity of 1000 Q/V.

[t has a resistance of 1000 x 50 = 50 kQ on its 50 V range.

Connecting the meter across R, causes an equivalent parallel resistance given
by

x 100 V=50V

10k x50k 500 M
“"10k+50k 60k

Now the voltage across the total combination is given by

R
H:L:{F’
Rn"'Rﬂ,

=8.33 k)

833k
10k +833k

1 X100V =4543V

Hence this voltmeter indicates 45.43 V.
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Case 2

Using a voltmeter having a sensitivity of 20,000 £2/V, Therefore it has a resistance
of

20,000 x 50 = 1000 k = 1 MQ
This voltmeter when connected across R, produces an equivalent parallel
resistance given by
_10kxIM 10" 10k

= - =——=99kQ
10k+1M 1.01M 1.0l

Now the voltage across the total combination is given by
9.9k

e x 100V =4974V
- 10k+99k

Hence this voltmeter will read 49.74 V.
This example shows that a high sensitivity voltmeter should be used to get
accurate readings.

EIHITIIJIE 412 70 different voltmeters are used
to measure the voltage across Ry in the circuit of Fig.

4.7. R, =25 kQ
The meters are as follows. -

vV =30V
Meter 1: S=1k§VV. R, = 0.2 k, range 10V
Meter 2: S = 20kSYV, R, = 1.5 k, range 10 V REE I
Calculate (i) voltage across R, without any meter ®
across it, (ii) voltage across R, when the meter 1 is Fig. 4.7

used (iii) voltage across R, when the meter 2 is used,
and (iv) error in the voltmeters.

Solution (1) The voltage across the resistance R, without either meter connected,
is calculated using the voltage divider formula.

_ 5k H3ﬂ2150k25v
25k+5k 30k

(11) Starting with meter 1, having sensitivity § = 1 kQ/V
Therefore the total resistance 1t presents to the circuit

R, =S xrange =1 kQ/V x 10=10 kQ

The total resistance across R, 1s, R, in parallel with meter resistance R,

R _RfrHle_Sk}‘:]:ﬂk
“ " R,+R, S5k+l10k

Therefore, VR,

=3.33kQ

Therefore, the voltage reading obtained with meter | using the voltage divider
equation 1s
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&

R 333k
=t  w=
R, +R, 333k +25k

XA=353V

VR,

(111) The total resistance that meter 2 presents to the circuit is
R, =58 xrange =20 kQ/Vx 10V =200 kQ
The parallel combination of R, and meter 2 gives

p Ry xR _5kx200k 1000k x1k
“ R,+R, 5k+200k 205k

s

=4.88 kQ

Therefore the voltage reading obtained with meter 2, using the voltage divider
equation 1s
488k 488k
30 =

p = X AU = H3ﬂ=49'f
25k +4.88k 20 88k

(iv) The error in the reading of the voltmeter is given as:
Actual voltage — Voltage reading observed in meter
5 E = x 100%
Actual voltage

% Error =

SV-333V
voltmeter | error = 5V x 100% =33.4%

SV-49YV
Similarly voltmeter 2 error = 5V X 100% = 2%

EHHI’IIFIE 4.13 Find the voltage reading and
% error of each reading obtained with a voltmeter
on (i) 5 Vrange, (ii) 10 V range and (iii) 30 V range, v = 50V
if the instrument has a 20 kLXV sensitivity and is
connected across R, of Fig. 4.8 (a).

R, 245kQ

Rp2 5 kQ

Solution The voltage drop across R, without the Fia. 4.8 (a)
voltmeter connected is calculated using the voltage B

equation

=g, I8 oy SOy
R +R, 45k + 5k 50 k

i

On the 5 V range
R, = Sxrange=20kQ x5V =100 kQ

_R,%R, 100kx5k 500k

= = - =4.76 kQ
' R, +R, 100k+5k 105k
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The voltmeter reading is

R,
- . 4.76 k

=X} = Xx50=4.782V
K,# K, 45k +4.76 k

The % error on the 5 V range is

Actual voltage — Voltage reading in meter

% Error =
: Actual voltage

N 5?—4.?32\*’}{
JV

0217V

100 % 100=4.34%

On 10 V range
R, =8 xrange =20 kE¥/V x 10 V =200 kQ
R, xR, 200kx5k

y = = =4.87 kQ
“ R,+R, 200k+5k
The voltmeter reading 1s
R
VR, = ———xV = L x50=488V
B+ R, 487k+45k
5V-488V
The % error on the 10 V range = 5V x 100 = 2.34%
On 30 V range

R, =8 xrange =20 kQ/V x30 V=600 k
R, xR, 600kx5k 3000kx1k

R, = . = =495k
“ R,+R, 600k+5k 605 k
The voltmeter reading on the 30 V range
R,
VR, = — _xV 495k s0=495V

R_+R = A kGO &

e i

The % error on the 30 V range

_ 2V =3A5Y xmﬂ=%xmﬂ=1%

In the above example, the 30 V range introduces the least error due to loading.
However, the voltage being measured causes only a 10% full scale deflection,
whereas on the 10 V range the applied voltage causes approximately a one third
of the full scale deflection with less than 3% error.

Example 414 4 current meter that has an internal resistance of 100
is used to measure the current thro resistor R; in Fig 4.8(b) given below.

Determine the % of the reading due to ammeter loading.
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