Electrical Measurement And Electronic Instruments
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Lecture - 15
Voltmeter
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Welcome. So, in this video, we will talk about Voltmeters ok. Now, we have seen
previously that PMMC, electrodynamic and MI - moving ion, they measure currents; they
measure current directly. In a sense that if we apply a current across the coils of these

meters the pointer is deflected and electrostatic instrument this measures voltage ok.

So, particularly electrostatic instruments cannot be used for a say DC current measurement
directly as it is, because it is made up of ups set of two parallel plate plates. So, it is a
parallel plate capacitor. And if we apply voltage between these two DC voltage between
these two across these two plates, no current flows at all. So, it is sensitive to voltage, but
a no current can flow through this meter. So, we cannot measure current directly, we can

measure it indirectly, but not directly.

But electrostatic instruments are not generally used much this is used only for some high

voltage applications mainly. And PMMC, electrodynamic, MI these are the most common



type of instruments which are used most frequently, but they are current sensitive

instruments. But can we not measure voltage with them? Yes, we can using Ohm’s law.

How? Because say if | have this meter which is so which is say PMMC or electrodynamic
or Ml, if I apply a voltage V across this ok, so what will be the current through this meter,
this current 1 will be V divided by R m. What is R m? R m is the coil resistance or metal

resistance or internal resistance.

Now, if we know the value of R m, the pointer will of course, indicate the value of I,
because this type of instruments in their pointer always indicate the value of the current.
And if I know the value of this resistance R m, then | can always find V is equal to from
this I times R m, if R m is known and | is observed. So, this is indicated by the position of
the pointer, then V can be found ok. If I know the value of R m then | can compute the
value of V. So, | can mark the scale of the instrument in terms of the voltage and instead
of the value of the current ok. So, using Ohm’s law we can measure any voltage using this

type of instrument that is, so that is very easy.

Now, the question is what should be the or how should I mark this scale ok? So, if | have
a PMMC meter say if | have a PMMC meter with full scale deflection current say equal to
10 milliampere and say the coil resistance is say 100 ohm ok, so that means, the pointer
goes to extreme right when the current is 10 milliampere. So, this position indicates 10

milliampere, this is 0 ampere ok.

Now, if | apply a voltage across this meter which is say V equals say this V is equal to 1
volt ok. So, if I apply 1 volt across this meter, then how much current will flow? Then the
current that will flow with 1 volt divided by the meter resistance which is 100 ohm. So,
this will be equal to 10 milliampere, so that means, the pointer will go to the extreme right.
And so this position | can mark as 1 volt instead of 10 milliampere because when | apply
1 volt across this meter then the pointer goes to the extreme right. So, instead of writing it

as in terms of current, | can also write this position as 1 volt.

Now, similarly if I apply say 0.5 volt ok, so if | apply 0.5 volt, then the current that will
flow here is this will be 0.5 volt divided by 100 ohm. So, this will come out to be 5
milliampere. So, the pointer will be here at this center ok. So, the central centre point, |
can therefore, mark it as sub 0.5 volt. Instead of writing it in terms of current like 5

milliampere, I can write it as 0.5 volt. So, this way | can get a voltmeter.



Now, the next question is if | want to change the range of the measurement, how can | do

that? Basically | have to change the resistance of the meter ok.
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So, suppose so now range changing, suppose | want to measure up to 10 volt; up to 10 volt
voltage ok. So, then what can I do, what | will do is this. So, I, either, so this is my meter
it has an resistance of 100 ohm. | will connect some series resistance we call it R s, and |
will apply the voltage the 10 volt voltage which | want to measure across this two
terminals. So, here I will apply 10 volt. Now, what | want, when this voltage is 10 volt, |
want the pointer to go to the extreme right position, that means, full scale deflection current

should flow through the meter.

So, we want when V is equal to 10 volt, FSD current should flow through the meter ok.
So, to achieve this what should be the value of R s ok. So, now, we know voltage is 10
volts. So, this is 10 volt and we want this current to be FSD current full scale deflection
current which is given as. So, FSD for this meter is. So, let us take the previous example

only 10 milliampere ok. So, this current is 10 milliampere ok.

So, the resistance total resistance of this circuit should be so which is

Rm+ Rs (total resistance) = 10 VA: 1k ohm

100m

Rs=1k ohm — Rm=1000 ohm- 100 ohm=900 ohm



So, if we connect a 900 ohm resistance, then this meet this arrangement, then this

arrangement, this meter together with this resistance will become a 10 volt meter ok.

So, this is how you can alter the range or choose the range of a volt meter that you want to
make. Now, this resistance is sometimes called the multiplier resistance, the series
resistance is called multiplier resistance ok. So, let me just write the name, this is multiplier

resistance ok.
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Now, let us ask ok, let us now let us make say multi range let us make multi range
voltmeters ok. So, we have PMMC meter with FSD equals 10 milliampere, this is my
favorite number 10 milliampere and say 100 ohm R m equals 100 ohm ok. And we want
to make a multi range voltmeter with ranges say 1 volt, that means, 0 to 1 volt, then 0 to

10 volt and then say 0 to 100 volt. So, this is what you want to make.

How can we do that? So, basically we need three different values of the multiplier or series
resistance. So, this is my meter and | will connect say a multiplier resistance. So, this is
the meter with FSD, 10 milli ampere meter resistance 100 ohm and we will connect some

resistance to get the desired range ok.

But now to get three different ranges, we need the provision to connect different multiplier

resistances like this, so 1, 2 and 3, because we have three resistances. And then let me take



a switch the switch can connect to either these or this or this. And this is the final two input

terminals where we apply the voltage ok.

So, this is this entire thing is inside the multi range meter ok. Now, let us find out what
should be the values of these three resistances ok. Say, we want the ranges to the say this
is one this 1 volt range, this is 10 volt range and this is 100 volt range ok. So, let us compute
the values of these resistances call this R 1, R 2, R 3. So, what say what will be the value

of R 3 ok? So, let us calculate.

So, now, R 3 and R 3 plus R m this is the so let me first write for so, let me call this as
position P 1, P 2 and P 3 ok. So, let me write for position say 3 or P 3 ok. So, we when we
have 100 volt applied across these two terminals we want the pointer to go to the extreme

right; that means, FSD current should flow through this centimeter ok.

So, for position 3, voltage will be V will be equal to. So, the voltage that we will apply
across these two terminals will be equal to 100 volt and the current | will of course, be at

that instant 10 milliampere . So, therefore, the total resistance R m plus R 3, this should be
this % 100 volt by 10 milliampere and this will come out to be 10 kilo ohm ok. And

therefore, now R m is 100 ohm ok. So, therefore, R 3 will be 10 kilo ohm minus 100 ohm.
So, this will be this is like 0.1, so, this will be 9.9 kilo ohm ok.

Now, similarly for position P 2, we want when this voltage applied is 10 volt full scale
current full scale deflection current should flow. So, here V will be 10 volt and at that
moment the current that should flow, so this current is I. And let me call this voltage, so |
am calling this voltage as V this is V ok. So, then now V 10 volt | should be 10 milliampere,
so that means, R m plus R 3 this should be 10 volt divided by 10 milliampere which means
1 kilo ohm. This will imply R 3 equals 1 kilo ohm minus R m which is 100 ohm. So, this
will be 0.1 kilo ohm.

And similarly for position P 1 V applied voltage should be 1 volt current is once again 10
milliampere. So, R m plus R 3, this will be 1 volt divided by 10 milli ampere. So, this is a
0.1 k or 100 ohm ok. So, now, this will imply R 3 is equal to 100 ohm minus 100 ohm R
m; R m its will be 100 ohm. So, R 3 should be 0 see if R 3 sorry thisis not R 3, this is R
1, thisis R 1. Here also it is r ok, here it is 2. So, this is 2, this is 2, this is 1, this is 1 right
yes ok. So, then R 1 should be 0.



So, let us put the value R 3 should be point 9.9 kilo ohm, R 2 is 0.9 kilo ohm, R 1 is equal
to 0 ohm, 0 ohm means we actually need a short circuit like this. So, no extra resistance is
required meter resistant itself is enough ok. So, this how we can change the range of
voltmeter and we can also make multi range volt meters. Now, the important thing that we

should talk about volt meters is this ok.
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So, volt meters firstly, this is a trivial fact voltmeters are connected in parallel to the
unknown voltage ok. So, if | have a unknown voltage source and | want to measure the
voltage of this, | have to connect the voltmeter V across this like this. So, this is the symbol
of a voltmeter a V inside a circle. If | have a complicated network maybe like this, and say
| want to measure the voltage across this resistance ok, | want to measure the voltage
between these two terminals then | have to connect the voltmeter V in parallel to this
resistance ok. This is always connected in parallel ok.

So, then ok, so here this V if this I if | call this E, then this voltmeter VV measures E in this
circuit. If 1 call this potential drop as call this as V 1 between here between these two
terminals, then this voltmeter is measuring voltage V 1 ok. So, voltmeters are always

connected in parallel to the unknown voltage that we want to measure.

Now, there is a problem what is that problem? The problem is that ok, so the voltage the
unknown voltage that we want to measure may get changed when we connect a voltmeter

across it. So, if be why that is so, because the voltmeter has some internal resistance.



Therefore, in this circuit some current will flow. Now, through the voltmeter as well which
was not flowing previously through these previously when the voltmeter was not there.
Now, some extra current is flowing through this. So, the circuit is changed because of this
voltmeter and therefore, this voltage may change when you connect a voltmeter.

So, let us take some small example ok, so example ok. So, let us take a simple battery just
like this with some internal resistance r i ok. So, this is a battery with emf E and r i is the
internal resistance of this battery. So, this is a battery or cell a voltage source ok. So, now,
what is the EMF between these two these two terminals? This should also be equal to E.

So, the potential difference between these two terminals is E. But now if we want to
measure the value of this potential difference using a voltmeter, so we have to connect a
voltmeter between these two terminals like this. So, this is a voltmeter and say the internal

resistance of this voltmeter is R m; R m for meter resistance.

Now, the question is what will be the reading of the meter? So, what will be the reading
of this meter. So, we know in the absence of this voltmeter, this potential difference was
E, but will this voltmeter indicate that value E or will it indicate some other value? So let
us compute that. So, the answer is very simple ok. So, if I connect this voltmeter, then the

current that flows in this circuit |, this is given by this is E,

E

Ti+Rm

E
I X Rn=

XRm#E

Ti+Rm



(Refer Slide Time: 28:34)

T R -
15 (m o p jon e o
BLE&80 ARARD

[arrawmas ol oMunuunanunc® me ol

> The nerown Vstrege T 7

PIDLIF‘"\ :
a \oltmeder oCvos

VJL;» we torh»&[

.E_Z(AMP}S E’
% d R (A L= ——
= N W guhd will le  [= Y: HRim
{ [ Sipe =l Yf“Lrj ‘Iv._ Volkuse dvop acress te meker
= £ | ET ‘{JE'“ of He nder‘ﬂ « I XR =7 R
?Y; }lvv‘ " \’ 57 " v r‘_;,”'- }\
= | = R
[ Y +Rm
e o By AR e e —
S Ewer o ST EER - Rm
— R 7 = Rt T —y
E = Rm
ry (<k)h4

) / . L or
To hote a (ow % ermor we 7“’"{ L Ko

m TR
R or}gm>>‘_(i)

' . , \ ;
“Thererere, |Jrcﬂ/ o Voltmeler should Aave  WRwte (v«-»; Very layge) Y"”/ﬁmJ

l

L i
Ko T » LSS TN

So, the volt meter reading will not be same as the voltage that was they are before the
connection of the voltmeter ok. So, we can have some error. Now, the now will ok, so
now, how much is the error? So, the error we can write say the percentage error or relative

error, so this we can write as say the true value which is

__ERm
Rm+r; R T

Now, to have low error, low percentage error ok, we need r i by R m close to 0 or r i much
much less than R m ok or R m much much greater than r i . So, this is the requirement.
What is the requirement? The voltmeter resistance the meter resistance R m should be very
large compared to the resistance of the internal resistance of the source, then only our

reading will be correct ok.

So, therefore, ideally a voltmeter should have infinite theoretical infinite practically very
very large resistance ok. So, this is one important fact about the volt meters that you should
know. And now in this example, we have taken a very simple circuit ok, just a battery with
an internal resistance. What will be the case if we use a complicated circuit, where we

want to measure a voltage.
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So, if even if take a complicated circuit, even if we have a complicated circuit complex

circuit say like this let us take a complex circuit and say we want to measure the voltage
across this terminal. So, we have to then connect the voltmeter here ok. Now, what should
be the value of the R m, it should be high, but how high?

Once again even if we have a come so complicated circuit like this by virtue of Thevenin’s
theorem, we can always simplify this circuit into us into a Thevenin’s equivalent. So, we
can always find the Thevenin equivalent as long as the circuit is linear. So, Thevenin
equivalent circuit from the view of the voltmeter; so, this is important from the view of the

voltmeter that means.

From the view of the terminals, where this is this voltmeter is connected, that means if we
look into this circuit from this two terminals from the perspective of these two terminals,
so we can always get equivalent voltage source call it V th Thevenin voltage in series with
R th Thevenin resistance this is same as the Norton’s resistance the and the voltmeter is
here with internal resistance R m now we can say R m should be much much higher than
R th Thevenin resistance that is the resistance of the circuit as seen by the voltmeter . So,

this is what we want.

Thank you.



