
Basics of Measurements

1.1 Introduction
Measurement is the process by which one can convert physical parameters to
meaningful number. The measurement of any quantity plays very important role
not only in science but in all branches of engineering, medicine, and in almost all
the human day by day activities. A measurement generally involves using
instruments as a physical means of determining a quantity or variable.
The measurement of a given parameter or quantity is the act of result of
quantitative comparison between a predefined standard and an unknown quantity
to be measured.
The measuring instrument is a device for determining the value or magnitude of a
quantity or variable.

1.2 Functional Elements of an Instrument
Any instrument or a measuring system can be described in general with the help of
a block diagram. While describing the general form of a measuring system, it is not
necessary to go into details of the physical aspects of a specific instrument. The
block diagram indicates the necessary elements and their functions in a general
measuring system. The entire operation of an instrument can be studied in terms of
these functional elements. Fig (1) shows the block diagram showing functional
elements of an instrument.

Data conditioning elernents

Fig (1) Functional elements of an instrument

The various elements can be grouped as:-
1- Primary sensing element.

2- Data conditioning elements.

3- Data presentation element.
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Each element is made up of number of distinct components which perform a
particular function in the measurement procedure. In the block diagram, the
function of each element is important rather than the construction of the element.

1.2.1 Primarv Sensine Element
An element of an instrument which makes first, the contact with the quantrty to be
measured is called primary sensing element. In ammeter, coil carrying current to
be measured is a primary sensing element. In most of the cases, a transducer
follows primary sensing element which converts the measurand into a

corresponding electrical signal.

1.2.2 Variable Conversion Element
The output of the primary sensing element is in electrical form such as voltage,
frequency or any other electrical parameter. Such an output may not be suitable for
the actual measurement system. For example if the measurement system is digital,
then the analog obtained from the primary sensing element is not suitable for the
digital system. Thus analog to digital converter is require4 which is nothing but
variable conversion element.

1.2.3 Variable Maninulation Element
The level of the output from the previous stage may not be enough to drive the
next stage. Thus variable manipulation element manipulates the signal, preserving
the original nature of the signal. So amplifiers and attenuators are used as the
variable manipulation elements.
Note: - sometimes the output of the transducer may get affected due to unwanted
signals like noise. Thus such signals are required to be processed with some
process like modulation, clipprng, clamping etc.., to obtain the signal in pure and
acceptable form from highly distorted form. Such a process is called signal
conditioning. Thus in addition to variable conversion and variable manipulation,
the signal conditioning is also done in the second stage. Hence second stage called
data conditioning or signal conditioning elements.

1.2.4 Data Transmission Element
When the elements of the system are physically separated, it is necessary to
transmit the data from one stage to other. This achieved by data transmission
element. The signal conditioning and data transmission together is called
intermediate stage of an instrument.



1.2,5 Data Presentation Element
The transmitted data may be used by the system, finally for monitoring, controlling
or analyzing purposes. Thus the person handling the instrument must get the
information in the proper form, according to the purpose for which it is intended.
The data presentation stage may be called terminating stage of an instrument.
Examnle: - consider a simple analog meter used to measure current or voltage as

shown in fig (2) the moving coil is the primary sensing element. The magnets and
coil together act as data conditioning stage to convert current in a coil to a force.
This force is transmitted to the pointer through mechanical linkage which acts as

data transmission element. The pointer and scale act as data presentation element.

Data
conditioning

1.3 Performance Characteristics
The performance characteristics of
categories:-
I- Ststic characteristics
Accuracy
Resolution
Sensitivity
Threshold
Reproducibility
Zerc dnft
Stability
Linearity
Precision

1.4 Static Characteristics
The static characteristics are defined
quantities which do not vary with time.

Fig (2) Block schematic of an ammeter

an instrument are mainly divided in two

2- Dvnamic characteristics
Speed ofresponse
Fidelity
Lag
Dynamic Error
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1.4.1. Accuracv
It is the degree of closeness with which the instrument reading approaches the true
value of the quantity to be measured.

L.4.2 Precision
It is the degree of agreement within a group of measurements or instruments.

1.4.3 Range or Span
It is the minimum and maximum values of a quantrty for which instrument are
designed to measure.

1.4.4 Threshold
If the input quantity is slowly varied from zero on words, the output does not
change until some minimum value of the input is exceeded. This minimum value
of the input is called threshold. In other words the threshold is defrned as the
smallest measurable input.

1.4.5 Resolution
It is the smallest increment of quantity being measured, which can be detected with
certainty by an instrument. In other words, the minimum change in the input which
causes a change in the output is called resolution.

1.4.6 Stabilitv
It is defined as the ability of an instrument to retain its performance throughout its
specified operating life and the storage life.

1.4.7 Sensitivitv
Sensitivity denotes the smallest change in the measured variable to which the
instrument responds. It's also defined as the ratio of the change in the value of the
quantity to be measured.

_ ___ _:d__!L_ infinitesimal change in output AqoSenSlnVlW:#:-- -------- --r infinitesimal change in input Aqi

Deflection factor- 
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Thus, if the calibration curve is not linear, as shown in fig (3b), then the sensitivity
varies with the input. But if the calibration curve is linear as shown in fig (3a), the
sensitivity of the instrument is the slope of the calibration curve.

Fig (3) Sensitivity

Exaqple: - A particular ammeter requires a change of 2A in its coil to produce a

change in deflection of the pointer by 5mm. Determine its sensitivity and
deflection factor.

sensitivity = # = = 2.5 mm/A
5mm

deflection factor - Aqi- - --i- - 1 
= O.4AlmmAqo sensitivity 2.5 -- - --' '

1.4.8 Linearitv
The linearity is defined as mal<imum deviation of the actual calibration curve [the
graph of output against the input] from the idealized straight line, expressed as a
percentage of full scale reading or a percentage of the actual reading.

%Lnearity max.deviation of output from idealized straight line x 100
full scale deflection

ldealized straight line

Actual curve

Maximum deviation

input

Fig (a) Linearity
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1.5 Calibration
Calibration is the process of making an adjustment or marking a scale so that the
readings of an instrument agree with the accepted and the certified standard. In
other words, it is the procedure for determining the correct values of measurand by
comparison with measured or standard ones. The particular instrument is compared
with a primary standard, secondary standard with high accuracy or an instrument
with known accuracy.



Measuring Units, I)imensions and Standards

When aparticular instrument indicates a reading, to speciff the reading and use it
in the further calculations, it is necessary to specift type and magnitude for that
reading. The magnitude is nothing but the reading obtained on the instrument. The
type of reading is nothing but the unit of the physical quantity which is measured
by the instrument. Without unit, only magnitude has no physical meaning.

In the past the system of units most commonly used where the English and
metric .The metric is sub divided into two interrelated standards .The MKS and
CGS .fundamental quantities of these systems are compared in the table (1) below
along with their abbreviations .The MKS system uses ,meters nkilograms and
second,while the CGS system uses centimeters ,Grams and second .

Table I
Comparison of the English and Metric systems of units

English Metric SI

MKS cGs

Leneth
Yard(yd)=(O.914m) Meter(m)

(39.37 in)
(100 cm)

Centimeter(cm)
2.54 cm:l in

Mete(m)

Mass
Slug(14.6 Kg) Kilogram(kg)

(1000e)
Gram(gram) Kilogram(kg)

Force
Pound(b):4.45 N Newton(N)=l 00.000 dyne Dyne Newton
Temoerature
Fatnenheit(F):
9/5 c-+32

Celsius or
Centigrade(c'):
ste(F-32)

Centigrade(c") Kelvin(k)
K=273.13+c"

Enerw
Foot-Pound(ft-lb)=
(1.356 ioules)

Newton-meter(N-m)
Or ioule(D:0.7378 ft-lb

Dyne-centimeter or Erg
(l ioule:107 ers)

Joule(J)

Time
Second(s) Second(s) Second(s) Second(s)

1



The use of more than one system of unit the world would introduce unnecessary
complications to the basic understanding of any technical data. The need for a
standard set of units to be adopted by all nations has become increasingly obvious
.In 1960 a general conference adopted the International system of unit (SI).

The Three Classes of SI Units and the SI Prefixes

, SI units are currently divided into three classes:
. Base units (fundamental)
. Derived units
. Supplementary units

SI Base units

The following table gives the seven base quantities, assumed to be mutually
independent, on which the SI is founded, and the names and symbols of their
respective unitsn called "SI base units." or fundamental units.

Table (2)
Basic SI quantities, units and symbols

.'_1

I

ll'.,

r
{ v. iv<

i'i r.1' lt

6,,J .

L

sl Base Units

Base Ouantity Name Symbol

length meter m

mass kilogram ks

time second s

electric current arnpere A

thermodyna mic temperature kelvin K

amount of substance mole mol

luminous intensity candela cd



The derived units are expressed in terms of these seven basic units by defining
equation.
Table (3) lists together with fundamentals quantities, the supplementary and
derived units in the SI svstem.

Table (3)

FIIIHFiIr{ENTAI* SUPFI-nff, El*tTinY, AH D DERIVED L'HITS

{ls$titt' SyrilSol Dhnccion Unir Symbol

.E
J
ti

t

Fun&amsl
I.urFb
Hrr*
fitrle
Ebqri,c Cnar.*flr
Tbuao*-Ytumlc

|Emltcfirn|lE
Lunirrurc intcruiry

$upplmcn*er;r
Plrne rngh
Solid trgh

DcdYGd
A!il
l/oluae
Frcrym4;t
Dcruirl
Vctocity
.tnguhr vclocity
Aocderrrion
Aa3tt|rr

rcclrrtioa
FtrE
hgmg rtnClr
Sork, rrrcrgy
Fo*c*
Qurffirt of

:kukdt;
Foerid dlfcrenoc'

dcqrortrodrc forac
Ekmic ftldratrr5h
EEecric lcrirrrnc:
Elsric crprritrne;
Ittr,gn*ic flu*
l{ryraic fic}fotr:qgth
ffrfnctic f,ur drnriryt
lnftmmc
lermmotiw forcc
Lsminqs filr*
Lumiamc
Ithstinnion

m
kg
*
Jf

tlc
d
ild
|r

L
M
T
I

ff

I
sl
t
I

T

tt!39
hllsgarm
lcfficd
ilnFlC

&grr* KdYin
ddtd!h

ndiro
rundhn

rgurfE lfFtcr
cgbic num
hse
Lilotrun pcr ortric nrcrrr
nntcr pcl mmnd
redhn n*r r€crd
,tt*a iet rffid {urrd
r.dbngcr*ood r+rrr*d
a*lrExl
tl{sffi P+f rqurlc matrr
iffdc
T|tt

co$gotub

rglt
rolt pct ruacr
ohur
frrrd
Tcb*l
Itt|Ptt€ pcr ||tcr!r
tcrh
b.fff
.nry.rt
luutar
crndsll pcr lqrrtt rncel
lrrr

rrr !, ?
$

tLr
[Lrl'

Lr
Lr
ILl
L*IM
LT.l
ILI"T
LT.!

lLl'ff
Lt{T-*
L-lMT*r
Lt$lT'r
I.tllfr
T1

Lti[T-rl-r
LUT*rl-t
Ltltr-r$
L-tlt-rTrlr
LrMT-rI-t
L-1I
lfr-n-f
LIM.I*ry
I

A
v
f
F
r|
3
I

g
F
P
w
r
q

v
Er
*
e
+
H
a
L
u

r!t
Gd
l{'{rh}
t*f-t
mIr
ndlr
E|l|l

nd&f
$ (rs m|rt)
HF$r
lNml
tr{Jlr}

CtA r)

v (qA)
vfm
a{vtAJ
F {A {v}
TS! (v r!
AJn
rflFbJmt)
r{ (v #A}
A
Inr {cd rc}
c{grrr
lx {tdrnl

The first column in table 3 shows the quantities (fundamental, supplementary and
derived).The second column gives the equation symbol for each quantlty .The third
colunm lists the dimension of each derived unit in terms of the six fundamental
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dimensions. The fourth column gives the name of each unit, the fifth, and the unit
symbol.
The multiples and sub multiples of the above units are described by the use of

prefixes listed in table (4).

Table (4)

Sl Prefixes

Factor Prafix Symbol Faetor Prefix $ymbol

1024 = {1d}8 yotta Y 10-1 deci d

1021 = (103)7 zetta z 10'2 centi c

1018 = (103)6 exa E 10-3 = t1O3)-1 milli m

1015 = {103}5 peta P 10-6 = {103}-2 mrcro u

1012 = (103)4 tera T 10-g = {103}-3 nano n

199 = 119313 giga G 10-12 = {103}-4 prco p

'1gs = 119312 mega M 10-15 = {1O3}-5 femto f

193 = 119311 kilo k 10-18 = {103)-6 atto a

102 hecto h 10-21 = {103}-7 zepto z

101 deka da 10-24 - (103!-8 yocto v

+



ELECTRICAL MEAST,REMENTS
t

' Errors in Measurement and Their Analysis

Definitions:-
True value (Ac): it is the value of the unknown quantity obtained on making
measurements with primary standard instruments
Absolute error (e): it is the difference between the measured value (A-)
and the true value (A) of the unknown quantity.

e:Ar-At

Relative error(er): it is the ratio of the absolute enor of measurement to the
true value of the unknown quantity expressed a fraction.

er: e / A, or ( Ar-An,)/ A,

Also could be expressed as a percentage:

Q1o/o: e/At x LOAon

Accuracv (Aeg): it is the degree of closeness with which the instrument
reading an approaches the true value of the quantity to be measured.

%o Acc: 100-e, x

Precision (p): it is the degree of agreement within a group of measurement
or instrument. The precision can be expressed mathematically as

lv 
-Y 

I

p = 1-l*' *nl

lxnl

Where xn:value of nft measurement
xn:average of set of n measured values.

Tvpe of error: effor may come from different sources and are usually
classified under three main heading:

l-Gfgss Errog the gross error mainly occurs due to carelessness or lack of
experience of a human being. These cover human mistakes in readings,
recordings and calculating results and these errors cannot be treated

mathematically and also called personal errors.
2-svstematic error : there are three types of systematic errors as :

A-Instrumental erors: the errors can be mainly due to three reasons:
1 -Shortcoming of instruments.
2-Misuse of instrument.

3- Loading effects.



B-Environmental error: this error due to condition external to device such as

Temperafure, humidity, barometric pressure.
C-Observational erors: there are many sources of observational error such
as paralla:< while reading a meter, wrong scale selection .to eliminates these
error, one should use the instruments with mirrors, knife edge pointers.
3-Random errors :these error are due to unknown causes and occur even
when all systematic errors have been accounted for .They are of a variable
magnitude and sign that do not obey any known law.

STATISTICAL ANALYSIS

1- Arithmetic Mean (i) :
Where: xo:n* reading taken
n:total number of readings

5-percentage error : 9t100
X

6-probable error 4.6745 x o

7-Variance (V) = o2

xl=x2+x3+x4......xn. =r"
n

2-Deviation (d): it is the departure of a given reading from the arithmetic
mean of group of reading, ,

du: xo:X

n=|,2,3,4.. ......numberofreadings

3-Average Deviation @):

4-Standerd Deviation (o):

F;For 6 - ^lLt- ..... Forn < 20
Y n-l

z



Probability of Errors

Norrnal Distribution of Errors
A practical point to note is that, whether the calculation is done on the whole "population" of data or

on a sample drawn from it, the population itself should at least approximately fall into a so called

"normal (or Gaussian)" distribution.

For example, 50 readings of voltage were taken at small time intervals and recorded to the

nearest 0.1 V. The nominal value of the measured graphically in the form of a block diagram or

histogram in which the number of observations is plotted against each observed voltage reading. The

histogram and the table data are given in Figure 3.7. The figure shows that the largest number of

readings (19) occurs at the central value of 100.0 V while the other readings are placed more or less

symmetrically on either side of the central value. lf more readings were taken at smaller increments,

say 200 readings at 0.05-V intervals, the distribution of observations would remain approximately

symmetrical about the central value and the shape of the histogram would be about the same as

before. With more and more data taken at smaller and smaller increments, the contour of the

histogram would finally become a smooth curve as indicated by the dashed line in the figure. This

bell shaped curve is known as a Gaussian curve. The sharper and narrower the curve, the more

definitely an observer may state that the most probable value of the true reading is the central value

9.!t.5 91t3

figute 3.7 Dirttibutiorr of 50 voltage readings
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Tabulalion of Volrage Readings

Voltage rcadrug
(r'olts) # ofreading

99.7
99.8
99.9
100.0
100. I
100.?
100.3

I
4
ll
r9
l0
3

I



or mean reading.

For unbiased experiments all observations include small disturbing effects, called random errors.

Random errors undergo a Normal (Gaussian) law of distribution shown in Figure 3.8. They can be

positive or negative and there is equal probability of positive and negative random errors. The error

distribution curve indicates that:

1- Small errors are more probable than large errors.

2- Large errors are very improbable.

3- There is an equal probability of plus and minus errors so that the probability of a given error, Will be

symmetrical about the zero value.

P r obabi I i nw"f en'o,' = $ u*p
iZdo

1x'
--)2o

Figure 3.8 The errsr distributian curve

4J2-1 012
Enor (sfiartderd devidim - s(;ma)

for a normal {Gaussien} d istributicn

Tahle 1.2 Deviations it'l readings The error distribution curve in Figure 3.8 is based on the

Normal (Gaussian) law and shows a symmetrical distribution of

errors. This normal curve may be regarded as the limiting form of

the histogram in which the most probable value of the true

voltage is the mean value of 100.0V. Table 3.2 lists the readings,

deviations and deviation squares of readings from the mean

value. The reason why the standard deviation is such a useful

measure of the scatter of the observations is illustrated in the

figure. lf the observations follow a "normal" distribution, a range

covered by one standard deviation above the mean and one

A'ea Under the Probabilitv Crur e

Deviation *o Fraction of total area

0.6?4_5 0.5000
1.0 0.6828
:.0 0.9546
3.0 il.9973

Reading, x
Deviation
d d'

101. -0.1 0.01

LOl.7 0.4 0.15
101.3 0.0 0.00

101.0 -0.3 0.09

101.5 4.2 0.04
101.3 0.0 0.00

101.2 -0.1 0.01

101.4 0.1 0.01

101.3 0.0 0.00

101.1 -0.2 0.04

Xx=1013.0 Xldl=1.4 Id2=O 16



standard deviation below it (i.e. x I 1 SD) includes about 68% of the observations. A range of 2

standard deviations above and below ( x t 2 SD) covers about 95% ofthe observations. A range of 3

standard deviations above and below ( x t 3 SD) covers about99.72% of the observations.

Range of a Variable

lf we know the mean and standard deviation of a set of observations, we can obtain some useful

information by simple arithmetic, By putting t,2, or 3 standard deviations above and below the

mean we can estimate the ranges that would be expected to include about 68Yo,95o/o and 99.7% of

observations. Ranges for + SD and + 2 SD are indicated by vertical lines. The table in the inset {next to

the figure) indicates the fraction of the total area included within a given standard deviation range.

Acceptable range of possible values is called the confidence interval. Suppose we measure the

resistance of a resistor as (2.55 t 0.04) kQ. The value indicated by the color code is 2.7 k{>. Do the

two values agree? Rule of thumb: if the measurements are within 2 SD, they agree with each other.

Hence, + 2 SD around the mean value is called the range of the variable.

Probable Errar

The table also shows that half of the cases are included in the deviation limits of 10.6745o. The

quantity r is called the proboble error and is defined as

probable etror r : t0.6745o

This value is probable in the sense that there is an even chance that any one observation will have a

random error no greater than *r. Probable error has been used in experimental work to some extent

in the past, but standard deviation is more convenient in statistical work and is given preference.
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rr!|} Exomple t. : Tlrc set of independent messurement of uoltnges are yecorded as

101.2, 10L.4, 1.0L.7, 1.01..3, 70L.3, 701.2, LAL.0, 10L.3, 101..5 snd 1.07.L

Cttlctrlote : i) Arithtttctic mean ii) Daiation from nteon iii) Standnrd deaintion and
id Probnble enor.

Solutfon : The result is tabulated as shown where di is the deviation from mean.

No.
{n}

x dr =x-i di

1 141.2 -0.1 0,01

2 101.4 0.1 0:01

3 101.7 0.4 0.16

4 101.3 0 0

5 101.3 0 0

6 101.2 -0.1 0.01

7 101.0 -{.3 0.09

8 101.3 0 0

I 101.5 0.2 0.04

10 101.1 4.2 0.04

n=10 lx=totl I1orl =7.4 Io''= o.go

i) Arithrnetic nrean, x = '} - 1013 
= 101.3 Vnlu

ii) Deviation from mean = Average deviation

= Eld'l 
=11 =0.14 vnlu

iv) Probable error oftht reading* 0,6745 o

= 0.5745x02= 0.7A9 Y
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Methods of measurements
The methods of measurement are classified as:

l-Direct method :in the direct method, the quantity to be measured is used

to produce certain effect which directly gives the indication on the meter
.For example ,measurement of current by an ammeter , the current to be

measured is passed through the coil which deflects due to current effect .

This directly produces deflection of the pointer which is attached to the coil.
This gives the required measurement; some of the examples are the
voltmeterso wattmeter's. . . etc.
2-Indirect method of Measurement:
in the indirect method of measurement, the quantity to be measured is not
directly measured but other parameters related to the quantity are measured
.for example, if power consumed by a resistance is to obtained then instead
of measuring it directly, the voltage across the resistance (V) and current
through the resistance (I) are measured and then the power is calculated by
the product of (V) and (I) i.e. p:V I .Thus by measuring related quantities,
the actual quantity can be measured.

Limitine error:
the manufacturers speciff the accuracy of the instruments within a certain
percentage of full scale reading .the components like the resistor, inductor
,capacitor are guarantee to be within a certain percentage of rated value .this
percentage indicates the deviations from the nominal or specified value of
the particular quantity .these deviations from the specified value are called
limiting error .these are also called guarantee erors .for example , the
manulbcturer of a certain instrument may speciff that the instrument is
accurate within +lYoof full scale deflection . This means that the full scale
reading is guaranteed to be within *1 of perfectly accurate reading .but for a
reading less than full scale, the limiting error increases. Another example is
say a resistor is specified by the manufacturer as 4.7 k ohm with tolerance of
+syo. Then the actual value of the resistance is guaranteed to be within the

limits:
R:4.7k + (SYoof 4.7 k) 4.7 k *0.235k(t
:4.935k and 4.465 Kf)
Thus, the actual value with the limiting error can be expressed
Mathematically as:

A":Ar+6A
Where:
Ao=Actual value
Ar= Specified or rated value
6A=limiting error

ir.r--:' ^! " i'-1' ltst

.,f /,t, c.t,-!-, ,' ',' '-,7

|,i_- f o - y I t)o

rllg'\
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Relotlvo Llmhlng Error

This is also called fractional erron

maBgritude of a quantitY.

rhus l"=+lI A'. I

It is the ratio of the error to the specified

where e = relative timing error

Flom the above equationr we can write,
tlt 6A = e.A"

and A" 

= l::1.
[" = A"[1*eJ

TL" p"t."t t"g" t"l"ti* li*itqg error is expressed as

The relative

ruf Exomplc I z A 0-50 V wltmeter is specified tobe acnratewithintT% of fulL

scale. Calculate the limiting error when the instrument reailing is 15 V'

lolullon : The limiting error at full scale is,

6A = rl'%of 50

1

= *fr x 50

= *0..5V

For a readi4g of 15 V, it is
h<. = i? x 100 = 3.33 o/o

?hus as reading is less than full scale, the timiting error is more.

Gomblncrtlon of Quonllflcr wlth Uml$ng Erroru

When the two quantities are combine4 each having limiting error' then it is

necessary !o calculate the overall limiting error' I€t us consider the various

combinations of two quantities and methods to obbin the corresponding limiting

ertor.

8
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L Srmr of ttre two qnanti$ec : [.et a, and a1 be the two quamtities whidr are to be

add€d to obbin Sle result I Ar-

Consider the relative increment of the function wNch ttre ratio of change in

runction tro the value of the function.

d.l, = d(1!,* ot) 
as At = ar + a!Ar Ar

. dAr = dur * du,
Ar At A1

. dAr = ?, .dar + ?r-. d", .,. (1)" Ar Ar' at A1 a3

Let 6 ar be the limiting error of ar

anrl 6 az be the limiting error of ar

Hence, the cnrresponding relative limiting errort are

er = 6at
O1

:nd *, = 6"t 
"*=6roa2 As

nus, tr€ relative eror in the result Ar can be expressed as r

o=s,&Ar

81 6ar 82 6azer - ;' . 
-:-'F ;- ... from {1)A1 81 A1 42

ffuy Folnf : Thus, thc tandtant ftotnl) Iimitkg qror is srnn af the prod;ucls obtaind by

mxltiptying the indiaidual limiting e.rrcr hy the rntio of awh ttrm lo the resultant.ftutctiut.

3, Differmce of the two quantities

let Ar = ai -az
dAr = d(ar - az) 

= {", -g3iAr Aa Ar Ar

dAf = Tr . dar _ jf. gg
Ar Ar a1 A1 12

I

er = ri* ",*fr- . ""]



Nolr', if f 6 ar and t 6 az are the errots in ar and a2 respectively, then maximum
possible error wlll result r,r'hen the signs of 6 ar and 6 a2 are opposit€ to each other.
For same signs of s ar and 6 az the eror will be very small Hence, considering wtxrt
possible disctepancy i.e- when 6 ar is positive, S a, is negative and.vice-versa.

. SAr o1 6ar a2 6az
Ar Ar ar A1' t2

Rrrt, as S ar and E az are of opposite sign, the resultant sign mn b€ taken €mmon
to express the result as,

", = *[+ a7 I
er +I; . e2J

If ar and a2 are almost same, then as Ar is ar - az Ar << al and Ar << ar also,
then the relative error er in Ar rvould be very large.

ii there is difference of more than two quantities,then

Ar - tartaztart...

lrrhere e, = 6c,, e2=Eat, 
".=d"r...tl1 A2 ' A!

3. Prcduct of the trro quantities
\fg11:, let At - ar az

log Ar - log (ar az) = log ar + log a2

Differrenti.-.iing ra'ith respect to Ar,

... I _ l_ . l"' -, l. dar
Ar ar-dAr az'dAr

h,{ultiplying both sides by dAn
dAt_ = dar * dar
Ar d1 o2

Thus, if iar.and 6ar are the limiting elroftt of ar and a2, then,

. SAr Ear t\a2-._:_=_
AT il1 42

€'r = *(e1 +e)
Key Polnt : Thus, the relatiue lhniting eruor of tln prrfruct is eEut to the sum $ tlu
relstioe liniting errors.

aI8r 8r 6rgr = t l:f er + ;=ez + .:aer *...
L^r .tT 41

lo



4- Division of the two qrrantitirs

Let Ar=g
tt

Dfferenfiating with respect to Ar.

. I I d.ar I dar
At -;;'af;-^' aAt

4Ar _ dar -darAr- al a3

. 6Ar = 6"!-_6ar
E- i1 a2

But, again consider the worst case i.e. 6ar and 6az are oi opposite'signs. Hence,

?king the common sign oubide, the result can be exprcssd as

er = *(er+er)
The result is same as that obtained for the prodrrct.

U therc is product or division of more than two quantities, then,

Ar = {rr ae a: ...

or Ar - I't
82 ol.-.

or Ar=
8142 83...

men 9r = t[er+e2+ert.-.1

los Ar = log [*]= los 
", - log aa

5, Powet of a fector

Let fy7 = (arF

loli At - log [arJn = n log ar

I I dar
a; = n'-'alr

dAr n

--j- = 
-,daIAr 81

6A1 6ar
E- - "';;-

er = tner

1t



Then as it is a product of tvvo quantities,

limiting error can be exPressed as,

wlrere er is relative limiting error in rezult Ar while er is relative limiting error in

Ir

tf the result is the product of different powers of two quantities i.e.

Ar.= (ar)".(as).

each having some Power, the resultant

nD E:romple g t The r.m.s. currmt p*ssing throug\ a resistor of 120 t 0.5 olttns k 2
t 0.02 A. Cilculate tIrc thniting error in the value of power ilissipatiott.

Solutlon : P=IzR
6 ar = hmiting error in carrent = 0'[2

6 ae = limiting error in resistor = 0'5

qu.L=o'02=0.01er =;o; _ 
2 

_v!vr

and o = X?=ffi =4.167 xloa

The current term io po*u, appears as P so it is second power of L
Hence, the contribution by Ir to the resultant error is neI

+vhere n = POWer=z

er = limiting eror

while the limiting error due to resistanct i8 er.

As porver is tte product of Iz and IL the regultant error is the sum of ttle
contributions by 12 and R.

gr = n€r*€r wheren=2

Hence, the limiting error in the power calculation is

er = t(2xer+er)
- t[2x0.01 +4.767 x1&3]

1 *.0'0--2417 i,e- t.2.417 la

I2
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Electromechanical Indicating Instruments

various electrical insffument may in a very broad sense be divided into (i)
absolute instruments and (ii) secondary instruments .Absolute instruments
are those which give the value of the quantity to be measured in term of the

constant of the instrument and their deflection only .no previous calibration
or comparison in necessary in their case. For example tangent
galvanometer. Secondary instruments are those in which the value of
electrical quantity to be measured can be determined from the deflection of
the instrumentsn only when they have been pre-calibrated by comparison
with an absolute instrument .without calibration, the deflection of such

instruments is meaningless. Atl electrical measuring instruments depend for
their action on one of the many physical effects of an electric current or
potential and are generally classified according to which of these effects is
utilized in their operation. The effects generally utilized are:

f t'. v^,^.-l-'rJ t '-l ': llr-(l€r J r l-l '' t-' I

The

. Magnet effect

. Electrodynamicseffect.
o Sfectremagnetk effect.

-1-'\'r,(' t4rr !u 
"{t--'

/\ ,,^ w^ *l< n t. r/ o I t L' 214rJ
<,, t: ,4,1.\

^ /-),^/'*:"cl 'tt t , dJ) V.{.{., r r,

1' ^ qL'--c h---
. Thermal effect. At.-w^c-.1a" \ t {o ( F,,*t I{"(

' ChemiCal effeCt. 1 ' A t'^ f < v,' l''4"" w^ 14'' 
"

o Electrostatic effect. vl o 1r r"^ a 1 't r ! '

0 +lr.rr €tlrt.l "^i..,. j.,r,.-. ,( /. '.ir ,"fJn, ,

Another way to classifr secondary instrument is to divide them in into:

l-Indicating instruments: are those which indicate the instantaneous value of
electrical quantity being measured at the time at which it is being measured

their indications are given by pointers moving over calibrated dials.
A' tttrt'! r''''' " ' '" t '"'l ti -r 

' :

''lc a\-:.-: ( -i' ,"r'.'-.,

2-Recording instruments: are those ,which ,instead of indicating by means of a
pointer and a scale, the instantaneous value of an electrical quantity, give a
continuous record or the variations of such a quantity over a selected
period of time. The moving system of the instrument caries an inked pen

which rests lightly on a chart or graph.

3-Integrating Instruments: are those, which measure and register by a set of dials
and pointers either the total quantity of electricrty (in ampere-hours) or the



total amount of electrical energy (in watt-hours or kVfh) supplied to
circuit in a given time).

Essentials of indicatins instrupents
af

For satisfactory operation of uy-analog instrument the following systems must be

present in the instrument:

r..i- DVi n 1 1. Deflecting System: this system provides the deflecting or operating torque
s-jst<-Y ) proportional to the quantity to be measured and movep the pointer from its

zero position.
a; "'J r '' i i r ir

2. Controlting System: The controlling force is equal and opposite to the
deflecting torque in order to make the deflection of the pointerproportional
to the magnitude of the quantity to be measured .the controlling force also
brings the pointer back to zero position when the force which causes the
movement of the pointer is removed.

alt u'"l ('o i, -.-:"' 'r'{ :}

Damping System: Before coming to the rest, the pointer oscillates about
the equilibrium position. The damping system provides the damping torque
so that the pointer quickly comes to the final steady state position without
any swing or oscillations. If the system oscillates with decreasing
amplitude before coming to it final position, it is called under damped
system. If the system takes some time and slowly comes to reset without
oscillation, it is called over damped system .if the system reaches to its
final position rapidly but without oscillations, it is called critically damped
system.

The controlling torque is provided by either spring or gravity while the damping
torque is provided by air friction, luid frictio! or eddy current in the analog
instruments. The main types of analog instruments used as ammeter, voltmeter and
power meter.

tf

3.

r ;-.'

f'' i' v.i
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Seventh Lecture

I
,; 1

)

Moving Coil Instruments

There are two tvpes of moving coil instruments namery , pernranent mognet moving co, typewhich can only be used for dirlci"u,,"nt, voltage -"urul*.nts and the dynomometer typewhich can be used on either amct or iiiinating cunent, voltage measurements.

In PMMC meter otlD6;;;tleter orlatuurroEi?e, a1 arethe same instrument, acoil of fine wire is suspended in a -ugn"ti" fi"|d p;;u;;J;;'p""rruient magnet. According tothe fundamental law oielectromugtt.ii"'ior.e, the coil wiil rltate in the magnetic field when itc*'ies an electric current uy 
"te"iomalnetic (EM) io.qu.^rir..t. A pointer which attached themovable coil will deflect accorcling,oih? urount of current to be measured which appried to thecoil' The (EM) torque is counterbirun."ly flte mechanicai-,orqu, of contror springi attached tothe movable coil also'. when the torques are balanced ,il;;;G coil will stopped uno it, angulardeflection represent the amount 

"i"rl"t ii"r-;;;;';;;;;;:rrr"d againsi-a fixed reference,
;:1[:ril::tiirt;t,l*"rrmanent -ug,,"i-fi"rd is uniform and the spring linear, then the pointer

Assume there are CN
ng nemen,icrlar rn hnrh +r.^ Ai-^^r:^,- ^.e 

coil is (,)_in long by (W) in wide. The force(F) acting perpendicular to both the diirection of the current florv arid irrJ ji...ii"n orrnugnJ"field is given by:
F = N.B.I .L

Electromagnetic torque is
suspension

. :.) {.

t) r. a
"1 f '\ )

It.kr rl

'ct
a

irt
c. t: h!o^d

L.nrJ

where N: fums of rvire on the coir I: current in the movabre coilB: flux density in the air gap L: vertical length of tf,.'.oilequal to the rnurtiprication of foice *iin ai.tun"" il;;"'p;i,,t or

71, = 1g311L in one side of cylinder 71,, = 1gg17L in the other side of cylinder2
The total torque for the two cylinder sides

l' tlt'
r, =ZlnAn+)= NBILW = NBIA where A: effective coit area

;i,Tr[ffi',""]:|,|1LT,ff;:l;:fiff until an equilibrium position is reached at an angre 0,vith
Electromagnetic torque = control spring torque

Sincc Ts=Kg 
Tl:Ts 

(:'--,..^,,., *rrr:!1.:.,,j

:: . tary, where c=!!4 rhus 
*-r="ri, -r n)r,,,r,,J*,,

The angdlar deflection proportionar rinearry with appried current 'J *.,,,'*l 
< 

1. .

v

/. ar
t

\'1 ?

-. rf t, t '1

.t i" I
''t

f-."' ,"- J '"1 ( r'"r
I
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An Ammeter is always connected in series with a circuit branch and measures the currentflowing in it. Most 
-d. 

:--.dr-;;;by a d,Arsonvur ,olul,n"nt, an idear ammeterwould be capable of. performing the ,ti.uru*r"nt without changing or distrib'ting thecurrent in the branch but rear amireters wourd possess *-" rri"_al resistance

Extengion of Ammeter Ranse:
since the coit winding-n FirMc meter is smau and right,they can carry onry srna'currents (pA-lmA)' Measurement of large..ur."trt ffii.", a shunt externar resistor to
;.onffjrfljtflJj:: 

meter movement, so onlv a fraction of the t.,.i ""rl"lwlr passes

l) r--" < -t-
Cn:.'9u'.-*l

4
tf a:{+r,'*t "KJ

. al\[\

KSv, It n
Il l€)a.

Vm =Vsh
ImRm = IshRsh
Ish = Ir -lm
Rsh =

ImRm
17 -Im

7
) {-h1

2rL 
'

&^'

T-i* -r :
*! lr

1
*'-t-

;
I

LJ = l^"1 z
Tr-.

\) Yr'r i I +

f." i*';, 
": l*

4
r--:\

a( t".{!
..-) 14
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Seventh Lecture

Examnle:
Coil Instruments

If PMMC meter have intemar resistance of lOe and fuil scare range of lmA.Assume we wish to increase tfre meGi.ange to lA.
Sol.
So we must connect shunt resistance with the PMMC meter of

Rsh= rmRm
17 -Im Rsh =l 

x lo-r' l-o 
= o.oloorcrl-lxl0-r

\
-r i
(-\.
tt.s\

4A

5

^)D The current range of d'c ut,n"t"irun bffiGtended by a number of shunts serectedby a range switch; such ammeter iscated u.urtirung;l-,ir","..

Rsh* =
ImRm

Ir* -Im

l*o>q< f.rr*=*\
U

' ? o*J . gl..-. L

b)I lnyrLora S1..^. t]
( , t tJc rg J .S ,,,...,* { )

Where R=Ra* Rb+ ps
And r = parallel resistors +

branch with the meter

lZa* i?,u+ ii., -' t?.r

.4'\a'Lu 
rL. r i( L _I *..-,t /-l

;

.4 tlf',r r -- :1. - l-* ("'
l' | | Fr....,%

'Lf'r ( r

". 1L *... i(t: .p-:**
r.r.r i - /

^[ 1'''i,fr.,'' I &r - k't-t ,r o'.
i ^ 

i *,'' 
"*

f,, I'1r''1r"-
' ;' 

-'*## i".' j

Ish3 Ish2 {*lrt
Rsh2 Jnsnt

;*u

-T
.Rb I

L
nc{

1'

V

(!

A

1,-1

-t
I

i('i

dt\ lio)rf



6 Seventh Lecture

Examole (11:
Coil fnstruments

Design a multirang" 
1TT:t"t-qy using direct method togive the following ranges lgmA,l00mA' lA' l0A, and 100A. If d'Ars6nval meter have in"ternal resistance of lOe and fullscale current of lmA.

W.
Rm:l0Q Im:lmA

Rshr = - 
I x lo-r' lo- 

= r.r rc)
(ro - r)x ro-3

D-,. lxl0-3.10
IISnJ = ------?,---- 

^ = 0.0101e
l-lflx10-r

Rsh;= lxl0-3'lo
too-l"to-r=o'ooollc)

Rsh* =
ImRm

Ir* -Im

Rsh2= - lxlo-'lo 
-=o.lolc)

(100 - l0)x l0-r

Rsh4 = 
I x lo-''10- 

= o.ool lc)
l0-lxlO-J

lmA
Rm
r0(-)

Example (2t:
Design an Ayrton shunt by indirect ntethod to provide an ammeter with currenr rangeslA' 5A' and 10A' if PMMC meteihave intemal resistance of 50cl and full scale current of lmA.

1-

Sol.:
Rm:50Q Ip5p:Im:lmA

Where R=Ra* Rb+ pe
And r=parallel resistors

branch with the meter

For IA Ranee:

_Il _ Rm+ R
ImR

6

Rsh2 SRshl



Seventh Lecture
CoiI Instruments

lA 
=50+RlmA R

2- For SA Ronee:

R:0.05005C)

Rm+ R
=

Rb+Rc
r =Rb*Rc

5A 
=50+0.05005lmA Rb + Rc

Ra:R-(Rb+Rc)

For 10A Ranee:

13 _Rm+R
Im Rc r =Rc

l0A _50+0.05005
lmA Rc

Rc=5.u05x10-3 C)

Rb:0.0 I 00 I -5.005x1 0-3: 5.005x1 0-3 O

Rs = Rr -Rm

ps _Vrong, _
Im

lm:Ipsp

(^ _Rm+Rs I OrKange = =-- l/ Range I Rong, V
so the internal resistance of voltmeter or the input resistance of vortmeter is

Vrsu x sensitivi

A voltmeter is always connect in parallel with the element being measured, and measuresthe voltage between the points across *rri"rr its' connect"a. laort d.c voltmeter employ pMMcmeter with series resistor as shown. The series resistance should be much larger than theimpedance of the circuit being measured, and they are usualry much rarger than Rm.

I2
Im

Rb+Rc:0.01001,,

Ra:0.05-0.0 I 00 I :0.04004 C)3-

Q 
't'-tt 

u
t-

6t5uts+'

, t Vr"'-t-)
lv

-[***

Example:.
we have a lnicro-ammeter and we wish to adapted it so as to measure lvolt full scale, the meterhas intemal resistance of l00C! and Ip5p oi f OOpa.

The ohm/volt sensitivity of a voltmeter
Is siven bv:



8

V
Rs =:-- Ilm Rs = _l_
so we connect with pMMC ,.,";;,?":0,*-ll;lt"r* 

":::". it to vortmeter

l- ,,

? r^,
Rsr

\)r
In this method one or more serieiiesistances of multirange vortmeter is connected withPMMC meter to give the desired ,""g".

m=!-n,
Iln

Rs2 =v2-l/l
Im

Rs3 = 
v3-I/2

Im

Axonplel[

of l00Q and half scale current
a multirange d.c voltmeter with

*r= #-loo = ssKo

j

ExtenQi.on oc Voltmeter Ronse :
voltage range of d--oliilil"r can be further extended by a number of series resistanceselected by a range switch; such a uottrnete, is cuteJmuil;iii voltmeter.

a) Diregt D.c Voltmeter Method:
In this method 

"u"h 
t*ffiun* of multirange volhneter is connected in direct withPMMC meterto give the desired *g".-'-

R^t, =&-4
Im

f .\ 1:[ M r - /) rrw.,

=(^^, -t) A"-.

,(xn1-t)Rw.'

A basic d'Arsonval movement with intemal resistancedeflection of 0'5 mA is to be converted by indirect method into
loJta8es ranges of l0V, 50V,250V, 

"na 
lbOV.&t

Irso: Irrscx 2
Ipso=0.5mAx2=lmA

r/l
Rsl = !!- Rm

Im
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Seventh Lecture Mo Coil Instruments

meter of l00e and
100v.

o/p of voltmeter

Rs2 =V2-Vl
Im

Rs2= 50-lq=40Ko
lx l0-J

Rs3 = 
250-5;o 

=2ooKt)
I x 10-r

Rs4 = 
5oo-250 

=25oKe
I x l0-r

Examnle (21:

Design d.c voltmeter by using direct method with d,Arsonval
scale deflection of l00pA to give the iolowing ranges: l';v,- iv, urrdSol:

Rs. =4-4
Im

nn=lf - nn
Im

*r=ffi-loo=ocl

Rs2= I

100x l0-d 
- l0o = 99Ko

Rs3= loo 
-tnn-ooop,rrlooxlo-d-lo0 = 99'9KQ

3-

T.,."Hfl,i?H:il'".:ifrhichhasanimpressedvoltageof1volt,the
( n=LI

There are several methods used to measure unknown resistance:
a) hpr{irect Wethqd 4v ammeter qg!igllmete.A

This method is inac"utaGffit ffii--rt6, t u, a small resistance and voltmeter have ahigh resistance. R. o

Rm

tuil

Rsl

Im

"^Q

R

7

Rs2 IV

Rs3



,.!

lo" The d'Arsonval meter can also be transfonired as an ohmmeter for anycircuit's resistance measurement. The basic ohmmeter circuit employingd'Arsonval meter is shown in Fig"r.

Figure 2: Basic DC ohmmeter R*

Before Rx is measured, the ohmmeter must first be calibrated. ,The ,,zero,,
calibration is performed by shorting the terminal *-y ana adjusting Rz so thatfull-scale deflection on the meter movement is obtained. with6ut Rx, thecurrent equation for full-scale deflection becomes:,ET :-

J$ - ft- +ft_

with Rx, the current equation will now becomes:

J'= .g
n" +Jt" +-R*

Notice that, by introducing Rx, the current I will always less than the full_scalecurrent I<Ifs

,r:f;lTionship 
between the tull-scale deflection with the value of Rx can

.R -r-.R*

Practically, this :1yutl:" is,being used to develop the marking scare on themeter face to indicate the value oithe measured i.iirtor.

7I

ffi .R, +.R* +4
7 :.j : (7.n ,( r.. 1-, t-. I r

' -iS i rt'il r{ r I

'-i'^. *(v

LO
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Review on Alternotini
A.c Meas uring fnsfi umentnewew on Alternoting Signnl.

;5,:iT#::TJmg:r::f::' :,en?r1^.1n 
begraphed as they vary with time. Such

ffi :1il'1g:yi"T::::::nT-::,!:iffi itr";;ftT',l"i:#X.:H'l,i'll'ffi '#l
l,'il:' j:il;?x'"t;"?i:1:,T::#":^grz jE:i_'.t-;;ffi ;;""#"TIl#i?T3!ill:,#:,;:il:r#1":::,H,,y:.*1Tu'l,t";i#;;;';;,l,ffi J,#:ff#,'Jil:'#i'i:
?!ffiI::{",#l}?:{:y;^,rr*'"uuiii,ionora.csignari,.";il;;Jffi :ilffi l#ff :,h:;is known as periodic waveform. rgna

Thefrequency of a.c signalis defined,as the number of cycles traversed in one second.Thusthe time duration of one 
"y"t, 

pr, ,r"ord for a.c signar i; il;*" as the periott (T). where tbecomplete variation of a.c signar-before -epeatecr itserf is represent one cycle.Averoge values: i- - r -''--' rv'rvDwrl

,,r" 
"rtirlt#.Tli. 

by dividing the area under the curve of the waveform in one period (T) by the
Average value:

Length ofthe curve

n, _ 4x2+(-2)x2+3x2

,nu = -!(core ft")2n.'

Av=-vm1r-l)=o
2n' ' '

Tlie average value for the figure belo* by ubing equation (2) is:T-
l.

A, = ,! [f <t)at we use the tangent equation for (xo,yo):(0,0), and (x1,y1)=(3,6) to find the

function of f(t)

Av= |
2z

2t 
+x3x6 +!rq"(-3)

[vrsinue Av=Q
s9 l0

(,,

(
./ .) 1,1,1 :

]' {

-Ct,{



- )alItrcs_

l-lr _lz-lr
x-xl x2-xl

n =!'ygN,

^=?(tre)

,t1"":,T,::,rl}"..of 
u,^* ility. It is refer to the effectivevarue ora.c sig'ar because the r.m.s 

'"rr" "q""i;,#;;dT#il1;,;J,;fiil"_ffitniil:the same pgyer if it replaced with a.c signal.

ynn_ llarea(V)2 vr.m.s=1: 
a (forsquarewaveformonly) 4

-+ #=H= :=:=2=):+ !=2x

(t
6

n"=l(g)r-(o)r)=i=,

3
l- r.m.s =

In general form the r.m.s value has the following aqta.

r.m.s: {Average (t)2

.*., = ,l!'!f @ro,rd

2- rc4t1= 2t then its r.m.s value is:

r,m,s =

810

r,m.s =

(0,0)

3- trr(t) = vm Sinodo

r.m.s =

trnt.s = 1.
I

t

Vm"

4r

lv^2
J--'
0

'2tr

Iot
0

I

2"

.-z f,'I
_l"L

r'i) ' '.,/

r.m.s=w
2

.,3
lr l- 0' i lr I

tv
:L-x

.,Vh^

l6x2+ 4x2+9xl

(

-2



tct
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r,m.s =

FormFactor - r'm's
cNerqge

actor =
PeakValue

r.m.s

t'^ J(r- r t-

" l'/' w

for Sine wave F.F=l.l l (F.W.R)

F.F:1.57 (H.W.R)

\.,i

tl ')| /- /- ,^,
- ) v ar \

€ atl<n * <
v

(- rv.J

2r? 6r+
tJ

o-,,.
tt

u2

r---
lV*' Vm

tz It

Fixed
coil

Fixed

T;ai*i 7 A ++
,6;A&
-T-o{; Tc

l-U:
.I )\ .1\

'.,'

. ^ ., '.- !." . - '\\^'\'
_______ -.r \

cq\k,ra''r-l ao tri l):.

-*l ,^1--J o"' f< 
qr'o' "*f

n^od,f,'7-6ltrou

I

T; - NR|*A ,

0 a average i2

I.' l( j- l<

'r- d cx'

Eqi.
I

, since

a-'

/\'Jt Y {-q I

thus

r,m.s =

ar.Jtnr
U

a.'J t < ce<
- zl

')ii*',''
\ '- 

j

ffv"-ol=

Dvnqmometer:
This instrument is suitable for the measurement of direct.and alternating current, voltageand power' The deflecting- torque in dynamom"g t: relies by the interaction of magnetic fieldproduced by a pair of fixed air cored coils and a third air coredcoil capable of angular movementand suspended within the fixed coil.

- (o- 
-'''!/'t
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1- Averase &soondine ue Meter:

Ac measurement are made with ac to dc converters which produce a dc current proportional to
the ac input being measured and use this current for, either meter deflection, or application to the
dc circuitry of digital or analogue multi-meter. Average responding ac meters uses half wave or
full wave rectification with the meter scale calibrated in terms of the rms value of a waveform
instead of the average value.

I- AC Vpltme4r Using Half Wave Rectifier:

The ac voltmeter using half wave rectifier is achieved by introducing a diode in a basic dc
voltneter. This is shown in the fig.
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VmaxV.u: Vd.: ir- =o'gr8V'n"*
'lz ',=iYr^s= o.45Vr-s

The value of series resistance R' can be obtained
As:

&:#- ( &"+Ro)

&:#-(R,'+ttD)
Where, 16"is the full scale deflection current. And
Rn is the forward resistance of the diode.

Sensitivity (ac) = 0.45 x sensitivity (dc).....for half wave

II- AC Voltrneter Using Full Wave Rectifier:
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The ac voltmeter using full wave rectifier is achieved by using bridge rectifier consisting of four
diodes, as shown in fig. )
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a Basic
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2VmoxVu": Vd. :T = o.636Vmax

z,l1vrms:E = O.9VrmS
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The multiplier resistance can be obtained

R,=#- ( R, +2Rn)

R, =:# - ( R," +ZRo)

Sensitivity (ac) =9.9 x sensitivity (dc) . . . . For full wave
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O/P (r.m.s): Av x F.R." - FJ.;-= The form factor(true;: (measured)

Examole:
What will be the out put of the following
wave rectifier read (4.71v), and hue form

meters,-if an average responding a.c meter of half_
factor of input waveform is ( t .+ l4).
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Exercise:.

,'.m's measurea = 1.57 x Av for average responding a.c meter of half wave rectifier
4.71=r.57xAv ) Av=!.!_!=Sv

l. D'Arsonval meter read Av :3V l'57

2' HWR+PMMC 
llverase responding of harve wave rectifier)meter : 4.7ry3. FwR+pMMc 
ety,aie reyong,n] igru *or" ,"riyii)merer: l.l l x 3 = 3.33V4. Dynamometer :F.F1tu.; x Av

r.fil.s1true): 1.414 x3 = 4.242y
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To convert such an instrument to a voltmeter only a rather big series resistance is connected withthe moving coil.
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The symmetrical square wave voltage is applied to an average responding a.c voltrneter with a
scale calibrated in term of the r.m.s vaiue oia sine wave. Calculate:

L The form factor of square wave voltage.
2. T'he en'or in the meter indication.
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