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Preface to the
Second Edition

The tremendoes respoase (o the first edition of this book has inspired me (o
bring out this second edition, which has been revised and opdated, based on
the suggestions received from the students and teachers using the book,

As in the first edition, ihe book is written in a simple and lucid manner with
the chapters arranged systematically to enable the reader to get thorough
knowledge of all types of messuring instruments and measurement echaiguees,
With the advancement of technelogy in integrated circuits, instruments are
becoming incressingly compact and accurate. In view of this, sophisticaed
types of mdtraments covering digital and microprocessor-based instrumenis
are dealt i detail, in a simpie and systematic manner for easy onderstanding.
The basic concepis, working operation, capabilities and limitations of the
instrunsents discussed in the book will also goide the users in selecting the right
instrument for certain appheation,

Chapter | covers the basic characteristics and the errors associated with an
instrument. Different types of indicating and display devices are dealt in
Chapter 2, This chapter discusses different types of printers and printer heads
used with the computers.

The basic analog-type ammeters for both DC and BF frequencies and
different types of volimeters, ohmmeters to multimeters are discussed in
Chapters 3 and 4.

Digital instruments reoging from a sample digital volimeéter w a
microprocessor-based instrument and their measurement technigues are
presented in a comprehensible style for easy understanding, Chapter 7 on
oscilloscopes has been dealt in depth to familiarize the stwdents with the
working of all rypes of Cabode Ray Oscilloscopes {(CROs) and their
measurement lechnigues, Chapter 8 pertains te signal generation, Chapler 9
analvees the frequency component of a generated wave, and is distortion.

Every instrument consisiz of an inpul senzing element or transducer, a
signal conditioner, and a recording or display unit. Chapters 12, 13 and 14
cover the essental components of industnal instroments used for
measarements and their nsage.

Differsnt types of analog and digital filters are piven in Chapter 15, A
mathematical approach to explaining digital filters has been adopted to provide
the students o clear insight into their working. Chapter 16 i on the
measurement of microwave frequencies. A detailed discussion on the data
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acquisition system along with the latest data logger is covered in Chapter 17,
Instruments from remofe places transmit signals over long distances 1o a
master control room where they are displayed. This trapsmassion of signals
has been explained in detail in Chapier 18,

Frequency standards and measurement of Power at BF and Microwave
frequencies are dealt with in Chapters 19 and 20 respectivety.

The last chapter, newly added 1o this edition, deals with Control Systems,
electronic control systems, in particular. This chapter covers the hasic control
systems, electronic controllers, PLC and advanced control systéms such as
DCS, nsed in process control plants.

I hope that this edition of the book will prove useful tw all readers, students
as well as teachers. All suggestions for further improvement of the book are
welcome and will be gratefully acknowiedged.

HS Kus



Preface to the
First Edition

Thiz book is written to cater specifically to the needs of the swudents of
electronics engineering. It will also be of use to the electronics students at
polytechnics and other fechnical institutes,

It i written in & simple and lucid manner with the chapters arranped syste-
matically to enable the reader to get & thorough knowledge of all types of
measuring instruoments and their measurement technigques. With the advance-
ment of technology in integrated circoits, instruments are becoming more and
more compact and accurate, In view of this, sophisticated types of instraments
covering digital and microprocessor-based instruments are dealt in detail, in a
simple, step-by-step manner for essy onderstanding. The bhasic concepts,
working operation, capabilities and limitations of instruments are discussed in
the book which will guide the users in zelecting instruments fer various
applications.

Chapter 1 covers the basic chasacteristics and the errors associated with an
instrument. Different types of indicating and display devices are dealt in
Chapter 2, Computer technology is a rapidly advancing field; and the hardcopy
ix of prime impontance, for which prnters are used. This chapter also dis-
cusses different types of printers and printer heads.

The basic analog type ammeters both for de and RF frequency and different
types of volimeters, ochmmeters to multimeters are discussed in Chapter 3
and 4,

Digital instruments ranging from a simple digital volimeter tw a
microprocessor-based instrument and their measuremeént technigues are
prezented in 4 comprebensible style for easy understanding. Chapter 7 on
oscilloscopes has been dealt in depth to familianse the students with the
working of all types of Cathode-Ray Oscilloscopes (CROY and their
measurement techniques, Chapter 8 pertains to signal generation. Chapter 9
analyses the frequency component of a wave generated, and itz distortion.

Any instrument basically consists of an input sensing element or transducer,
signal conditioner, and recording or display unit, Chagters 12, 13 and 14 cover
the eszeatial components of indusirial instruments and their measurement
technigues.

Different types of analog and digitad filters are given in the next chapter. A
mathematical approach to explain digital filters has been adopled to provide the
students a cleor insight into its working, Chapter 16 is on the measurement of
microwave frequencies. A detailed discussion on data acguisition sysiem along
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with the latest data logger is covered in Chapter 17, Instruments from remote
places transmit signals over long distances 1o a master control room where
they are displayed. This transmission of signals has been explained in detadl in
Chapter 18, The last two chapiers pertain to frequency standards and
measurement of power, respectively.

I hope this book will prove to be asefiel o all readers. 1 will apprecime any
suggestions which will help in the improvement of the bogk.

H S Karst
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1 Qualities
' of Measurements

¥ inTRODUCTION

Instrumentation is a technology of measurement which serves not only science
but all branches of enginesnng, medicing, and almost every human endeavour.
The knowledge of any parameter largely depends on the measurement. The
indepth knowledge of any parameter can be easily understood by the use of
measurement, and further modifications can also be obtained,

Measuring is basically used to monitor a process or operation, or as well as
the controlling process. For example, thermometers, barometers, anemometers
are used to indicate the environmental conditions. Similarly, water, gas and
electric meters are used to keep track of the quantity of the commodity used,
and also special monitoring equipment are used in hospitals.

Whatever may be the nature of application, intelligent selection and use of
measuring equipment depends on a broad knowledge of what is available and
how the performance of the equipment renders itself for the job to be performed.

But there are some basic measurement techniques and devices that are useful
and will continue o be widely used also, There is always a need for improve-
ment and development of new equipment to solve measurement problems.

The major problem encountered with any measuring instrument is the error.
Therefore, it is obviously necessary to select the appropriale measuring
instrument and measurement method which minimises ermor. To avoid ermors in
any experimental work, careful planning, execution and evaluation of the
experiment are essenfial,

The basic concern of any measurement is that the measuring instrument
should not effect the quantity being measured; in practice, this non-interference
principle is never strictly obeyed, Null measurements with the use of feedback
in an instrument minimise these interference effects.
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@ PERFORMANCE CHARACTERISTICS

A knowledge of the performance characteristics of an instroment is essential
for selecting the most suitable instrument for specific measuring jobhs. It
consists of two basic characteristics—static and dynamic.

[ STATIC CHARACTERISTICS

The static characteristics of an instrument are, in general, considered for
instruments which are psed to measure an unvarying progess condifion. All the
static performance characteristics are obtained by one form or another of a
process cilled calibration. There are a pumber of related definitions {or
characteristicsy, which are described below, such as sccuracy, precision,
repeatability, resplution, errors, sensitivity, ete.

L. Instrument A device or mechanism used to determine the present value
of the quantity under measurement.

2. Measurement The process of determining the amount, degree, or
capacity by comparison {direct or indirect) with the accepted standards
of the system units being wsed.

3. Acenwracy The degree of exactness (closeness] of a measurement
compared o the expected (desired) value.

4. Resolution The smallest change in & measured vanable to which an
instrument will respond.

3. Precision A measure of the consistency of repeatability of measure-
ments, i.e, successive reading do not &iffer. (Precision is the consistency
of the instrument output for & given value of inpat).

o, Expected value The design value, ic. the most probable valoe thas
calculanons indicate one should expect to measure.

7. Error The deviation of the troe valoe from the desired valoe,

8, Kensitivity The ratio of the change in output (response) of the
instrument 1o @ change of inpat o méasured variakle,

@ £rROR IN MEASUREMENT

Measurement is the process of comparing an unknown quentity with an
sccepted standard guantity. It involves connecting a measuring instrumsent into
the system under consideration and observing the resulting response on the
instrument. The measurement thus obtained is & guantitative measure of the so-
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calied “wue value™ (since i i very difficult o define the tree value, the term
“expected value” is uzed). Any messurement is affected by many variables,
therefore the results rarely reflect the expected value. For example, connecting
a measuring instrument into the circuit under consideration always disturbs
{changes) the circnit, cansing the measurement to differ from the expected
value,

Some factors that affect the measurements are relaied o the measuring
instruments (hemselves, Other factors are related o the person using the
instrument. The degree to which & measurement nears the expected value is
expressed in terms of the error of measurement.

Error may be expressed either as absolute or as percentage of error.

Absolute error may be defined as the difference between the expected value
of the variable and the measured value of the variable, or

e=Y =X
where ¢ = absolute error
¥, = expected value
X, = measured value
Absolute value

Therefore 9% Hmor = s— ]
Expected value

Therefore % Erroe = [L;ﬁi] « 100

It 15 more Freguently expressed as o acouracy rother than error.

Therefiore A=1~-

whiere A 5 the relative accuracy.
Accuracy is expressed as % accuracy
a = LM% — % error
a=4A = 1K %
whiere o 15 the % accuracy.

The expected valie of the voltage across & resistor is B0 V.
However, the measurement gives 3 value of 79 ¥V, Calculate (i) absolute error,
(ii) % error, {iii) relative accuracy, and (iv) % of accuracy.
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{i} Absoluteerrore=F, =X, =80-T9=1V

i) % Error = 2—X2 1005 20=79

w100 = 1.25%

(2} Relative Accuracy

As1-rs =t_|5“‘“|
Y. a0

A=1-=1/80=THE0 = L9875
(v % of Accuracy o= 10 xA = [ = 09875 = 98.75%
or a= ¥ — % of emror = 10 - 1.25% = 0E.75%

If & measurement is accurate, it must also be precise, L.e. Accuracy means
precision. However, a precision measurement may not be accuraie, (The
precision of 4 messurement 15 & quantitative or numencal indication of
the closeness with which a repeated set of measurement of the sune
vartahle agres with the average set of mensuremenis_ ) Precision can also

be expressed mathematically as
po1-|faz ks
X

where X, = value of the sth measurement

X, = average set of measurement

m Table 1.1 gives the set of 10 measurement that were recorded
in the laboratory. Caleulate the precision of the 6th measurement.

Tabl=1.1
Mpariremen! number Meaxuremen? verlie .h!.
1 ]
p il
3 2
4 a7
5 ]|
i} I
7 I3
E 03
0 16
| 10 oo
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The average value for the set of measurements is given by

¥ = Sum of the 10 measurement values
= I

= 1005 1005

FII:EiEI'D]]=i—x L

| X

{For the fith reading

= ——— = [.595
£1 A

) 100 - 100.5 05 100
Frec =] —l—(m | ————
o ‘ ‘ 1005~ 100.5

The accuracy and precision of measurements depend not only on the quality
of the measuring instrument but élse on the person using it. However, whatever
the quality of the insorument and the case exercised by the user, there is always
some error present in the measurement of physical quantities.

e i

5 TYPES OF STATIC ERROR

The static error of & megsuring instrument is the numerical difference between
the true value of a quantity and its value as obtained by measurement, i.e.
repeated measurement of the same quantity gives different indications, Static
errors are caleporised a8 gross errors or human errors, systematic errors, and
random errors,

1.5.1 Gross Errors

These errors are mainly dee to human mistakes m reading or in using
instruments of errors in recording observations. Errors may also occur due 1o
incorrect adjustment of instruments and computational mistakes, These errors
cannot be treated mathematically.

The complete elimination of gross efrors is not possible, but one can
minimise them. Some errors are easily detected while others may be elusive.

Dine of the basic gross errors tht occurs freguently is the improper use of an
instrument. The error can be minimized by taking proper care in reading and
recording the measurement parameter.

In general, indicating instruments change ambient conditions to some extent
when coanected inte a complete circuit. {Refer Examples 1.3(a) and (b)),
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{(Ome should therefore not be completely dependent on one reading only; at
least three separate readings should be taken, preferably under conditions in
which instruments are switched off and on_)

1.5.2 Systematic Error

These emors occur due to shoricomings of the instrument, such as defective or
WOED parts, or ageing of effects of the environment on the instrument.

These errors are somelimes referred 1o as bas, and they influence all
measurements of a guantity alike. A constant uniform deviation of the operation
of an instrument is known as a systematic error. There are basically three types
of systematic ersors-——{i) Instrumental, (i) Environmental, and {6ii) Observa-
tional.

{1) instrumenial Errors

Instrumeotel ¢rrors are inherent in measuring instruments, because of their
mechanical strectuze. For example, in the D7 Arsonval movement, friction in
the bearings of varicus moving compobents, irregular spring tensions,
streiching of the spring, or reduction in fension due o improper handling or
overloading of the instrumsent.
Instrumental errors can be avoided by
{a} selecting a suitable instrument for the pamicular measurement
applications. (Refer Examples 1.3 (a) and {b)}.
(b applying comection factoss after determining the amoant of instrumenial
ETTL.
(¢} calibrating the instrument against 4 standard,

{{f) Environmental Emmors

Environmental errors are due to conditions external to the measoring deviee,
including condations in the aren surrounding the instroment, such as the effects
of change in temperature, humidity, berometric pressure or of magnetic or
electrostatic fields.

These errors can also be avoided by (1) air conditioning, (ii) hermetically
sealing certuin components mn the instruments, and (1) using magnetic shiekds.

(i} Obsarvational Errors

Observational errors are errors introduced by the observer. The mest common
efror is the parallax emor introduced in reading a meter scale, and the error of
extimation when obinining a reading from a meter scale.

These errors are caused by the habits of individeal sbservers. For example,
an chserver may always introduce an errer by consgistently holding his bead oo
far to the left while reading a needle and scale reading,



Cualities of Maasuremenis s 7

In general, systematic errors can also be subdivided into static and dynamic
ermors. Static errors are caused by limitations of the measuring device or the
physical laws governing its bebhaviour. Dynamic errors are caused by the
instrument not responding fast enough to follow the changes in a measured
variable.

— A voltmeter having a sensitivity of 1 kLYW 1s connected

across an unknown resistance in series with a millisammeter reading 80 V on

150 ¥ scale, When the millinmmeter resds 10 mA, calculate the (1) Apparent
resistance of the unknown resistance, (1) Actual resistance of the unknown

resistance, and [iii) Error due to the loading effect of the volimerer,
: i 1 a0
(i) The total circuit resisiance Ry = LS =——=§ki
) UL 10mA

(Meglecting the resistance of the millismmeter.)
{ii) The voltmeter resistance equals B, = 1000 L0V x 150 = 150 k£

R: xR, _Bkx150k
R —-R; 150k-8k

- actual value of unknown resistance R, =

e
1200k” 24540

Actual value — Apparent value _ B.43k —Bk il
Actual value 245k

=005 = 100 =53%

L

(iii) % error =

Refernng o Ex. 1.3 (a), if the milliammeter reads
600 mA and the voltmeter reads 30 V on a 150 V scale, calculate the following:
(i} Apparent, resistance of the unknown resistance. (i1} Actual resistance of the
unknown resistance. (iii) Error due to loading effect of the voltmeter,
Comment on the loading effect due to the voltmeter for both Examples 1.3
{n) and {b). (Voltmeter sensitivity given 1000 (V)

1. The total circuit resistance is given by

0
iy =5-=—-=j-ﬂﬂ
Tk 06
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2, The volumeter resistance &, equals

R, = DO C17Y = 150 = 150 k2
Meglecting the resistunce of the millmmmeter, the value of unknown resist-
ance = 30 L3

Roa it AIXLOL IROE o er0
R -R, 150k-50 1495k

S0.167 = 50 100 = L1ET

50,167 T S i

% Ermar =

In Example 1.3 (a), a well calibrated voltmeter may give o misleading resist-
ance when connected across two points in a kigh resistance circuit. The same
volimeter, when connected in a low resistance circuil (Example 1.3 (b)) may
give a more dependable reading. This show thal veltmeters have a loading
effect in the circuit during measurement.

1.5.2 Random Errors

These are errors that remain after gross and sysiematic ermors have been
substantially reduced or &t least accounted for. Randem errors are generally an
accumulation of a large number of small «ffects and may be of real concem
only in measurements requiring a high degree of accuracy, Such errors can be
analyzed statistically.

These emors are due 10 unkeown causes, nol determinable in the ordinary
process of making measurements. Such errors are normally soall and follow
the laws of probability. Random errors can thus be treated mathematically,

For example, suppose a veltage is being monitored by a volimeter which is
read atf 15 minutes intervals., Although the instrument operates under ideal
eavironmental conditions and is accurately calibrated before measurement, bt
still gives readings that vary slightly over the peried of observation, This
variation cannot be corrected by any method of calibrution or uny cther known
method of contmol.

¥3 SOURCES OF ERROR

The sources of error, other than the inability of & piece of hardware (o provide a
frue measursment, are as follows:

Insulficient knowledge of process parameters and design conditions
Poor design

Change in process parameters, irregularities, upsels, e,

Poor maipienance

Errors caused by person operaling the instroment or egquipmeént

Cemain design limitations

S K A=
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B¥ DYNAMIC CHARACTERISTICS

Instruments rarely respond instantaneously to changes in the measured vari-
ables, Instead, they exhibit slowness or sluggishness due to such things as mass,
thermal capacitance, fluid capacitance or electric capacitance. In addition to
this, pure delay in time is often encountered where the instaoment seaits for
w00 reaction to take place. Such industnal insrruments are nearly always used
for mepsuring guantities that Auctuate with tme. Therefore, the dynamic and
transient behaviour of the instrument i3 a5 important as the static behaviowr,

The dynamic behavious of an instrument is determined by subjecting its pri-

mary element {sensing element) to some unknown and predetermined varia-
tions in the measured quantity, The three most common variations in the meas-
ured quantity are as follows:

. Svepchange, in which the primary element is subjected to an instantane-
oais sl fimite change in measured varable.

2. Linear change, in which the primary element is following a measured
variable, changing linearly with time.

3. Sinuseidal change, in which the primary clement follows a measured
variable, the magnitede of which changes in accordance with & sinusoi-
dal function of constant ampliteds,

The dynamic characteristics of an instrument are (i) speed of response, (ii)

Fedelity, (iif lag, and {iv) dynamic ervor,

i) Speed of Respanse [t is the rapidity with which an instrument re-
sponds 0 changes in the measured guantity.

(i) Figedlity Itis the degree to which an instrument indicates the changes in
the measured variable without dypamic érror {Taithful reproduction).

(i} Lag It is the retardation or delay in the response of an instrument to
changes in the measured varieble.

{iv} Dynamic Eror It is the difference between the true value of a quantity
changing with time and the value indicated by the instrument, if oo statc
2Imor Is assumed.

When measurement problems are concerned with rapidly varving guantities,
the dvnamic relations. between the instruments input and outpul are generally
defined by the use of differential equations.

1.7.1 Dynamic Response of Zero-order Instruments

We would like an equation that describes the performance of the zero order
instrument exactly. The relations between any input and output can, by using
suitable simplifying assumplions, be written as

d” x d* ' x

2 Aol T

—® e ashgT dj+ ¥
e PTEAR
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ﬂ""_[. .d"'"'kr dx;
=h Dopconaefy o T g, — L 1.1
S g Pt O

where  x = output quantity

X; = Input quanticy
{ = lime

a's and B's are combinations of systems physical parameters, assumed con-
stant

When all the a’s and b's, other than ay, and &, are assumed to be zero, the
differential equation degeneraies into the simple equation given as

Aypip = bﬂ‘tl (1.2)

Any mstrument that closely obeys Eqg. (1.2) over its intended renge of oper-
aning conditions 15 defined 4z a zero-order instrument. The tanc sensibvity {or
steady state pain} of & zero-order instrument may be defined s follows

B,
wo= gk
(1

where K = b/, = stalic sensitivity

Since the equation x, = K 1, 15 an algebraic equation, it is clear that no matter
how =, might vary with time, the instroment outps (reading) follows 1t per-
fectly with no distortion or time lag of any sort. Thas, a zero-order instrument
represents ideal or perfect dynamic performance. A practical example of a rero
order instrument is the displacement measuring potenfiometer.

1.7.2 Dynamic Response of a First Order Instrument
Ifin Eq. (1.1} all a’s and &’s other than a, a,, b, are taken a5 zero, we get

dx,
et

ity + dpk, = by,

Any instrument that follows this equatzon is called a first order instrument,
By dividing by g, the equaticn can be written as

G a5 =By
e, dr
or (r-D+1)-x, =K

where = gpfay = time constant
K = bylay = static sensitivity
The time constant Talways has the dimensions of time while the siatic sensi-
tivity K has the dimensions of outputfiinput. The operational transfer function of
any [irst order instrument is
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x, K

r Ttir+l

A very common example of a first-onder instrument i3 & Mercury-in-glass
thermomeier.

1.7.3 Dynamic Response of Second Order Instrument
A second order instrument @5 defined as one that follows the equation

a*x dx
fy—=" + a3, —

dr’ dr

+'E1.I'Id=btl‘:l

The above equations can be reduced as

2
[B—=+ 1-.fﬂ+1] X, =K x
mﬂ mﬂ

where @, = JE = undamped natural frequency in radiansftime
L

2= a /o, a8, =damping ratio
K = byla, = static sensitivity

Any instrament following this equation is & second order instrument. A prac-
tical example of this type is the spring balance. Linear devices range from mass-
spring arrangements, transducers, amplifiers and filters o indicators and re-
conders.

Most devices have first or second order responses, Le. the equations of mo-
tion describing the devices are either first or second order lingar differentials.
For example, a 2earch ¢oil and mercury-in-glass thermometer have a first order
response. Filters used at the output of a phase sensitive detector and amplifiers
used ip feedback measuring systems essenfially have response due o a single
time constant. First order systems involve only one kind of energy, ¢.g. thermal
energy in the case of a thermometer, while a characteristic feature of second
order system is an exchange between two types of energy, .. electrostatic and
clectromugnenc energy in electrical LC circaits, moving coil indicators and
electromechanical recorders,

#A STATISTICAL ANALYSIS

The statistical analysis of measurement data is important because it allows an
analytical determinstion of the uncertainty of the final test result. To make sta-
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tstical analysis meaningful, a large number of measurements is vsually re-
guired. Systematic errors should be small compared v random errors, because
statistical analysis of data cannot remove & fixed bias contained in all measure-
menls.

1.8.1  Arithmetic Mean

The most probable value of o measured varable is the anthmetc mean of the
number of readings taken. The best approximation is possible when the aumber
of readings of the same quantity is very large. The arithmetic mean of n meas-
irements ol a specific count of the variable x 15 given by the expression

2.5
o ,1'J+,J.'1+,|'!+"'+.IH El |
X = =

n T

where i = Anihmetic mean
x, = nth reading taken
tofal pumber of readings

n

1.8.2 Deviation from the Mean

This is the departure of & given reading from the arithmetic mean of the group
of readings, If the deviation of the first reading, x,, is called o, and that of the
second reading x; is called gy, and so on,

The deviations from the mean can be expressed as

dy=xy =1, dy=20;= 1 ..., similarly d, =x, - ¥
The deviation may be positive or negative. The algebmic sum of all the de-
viations must be zero,

For the following given data, calculate

(i) Arithmetic mean
{it} Deviation of each value
(iii) Algebraic sum of the deviations

Given  x =497
xy = 50,1
Xy =51
Xy m 496
¥ =497
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fi) The arthmetic mean 15 caleulmed as follows

_=IL+I=+I]+I4+.[5
5

4974501+ ﬂ;l +990+49.7 _ 1086

{ii} The deviations frem cach value are given by
r dy=x-% =497 - 4986 = - {116
o=k, = T =501 =986 =+ 0.24
= §0.2 - 4086 = + (1.34
dy=x - T =406 - 4986 = - 0126
dy=xg= ¥ =497 - 4986 = - 0.i6
{iii} The aigebraic sum of the deviation 15
Ay ™ = 016+ .24 + 0.34 = 0.26- 0.16
=+058-058=0

|

-d_|| =I] —

1.8.3 Average Deviations

The average deviation is an indication of the precision of the instrument used in
measurement. Average devistion is defined as the sum of the absalate values of
the deviation divided by the number of readings. The absolute value of the
deviation is the value without respect to the sign.

Average deviation may be expressed as

AR AR At

ﬂl!’ A
fed |
ar Dn' - Eﬂ -
whire 0D, = average deviation
I, Iyl ..., W | = Absolute value of deviations
and r = todal numnber of readings

Highly precize instruments yield a low average deviation between readings.
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Calculate the average deviation fior the data given in
Example 1.4,

- The average deviation is calculated as follows

- by | + Lyl + byl oo + 1

T

Dy

=L M2 4 B3 D260+ =006

o rp———

5

=8 00w
5

Therefore, the averape deviation = (0,232,

1.8.4 Standard Devlatlon

The standard deviation of an infinite number of data is the Square root of the
sum of all the individual deviations squared, divided by the number of readings.
It may be expressed as

H_de +d 4 dd poea gl

M
dl]:
o= -
"
where = siandard deviation

The standard deviation is also known as roof mean square deviasion, and is the
most important factor in the statistical analysis of measurement data, Reduction
ifl this quaniity effectively means improvement in measurement,

For small readings (n < 30}, the denominator is frequently expressed as
{n— 1} to obtain a more accurate value for the standard deviation.

_ Calculate the standard deviation for the data given in

Example 1.4,

Standard deviation = J

di +di +di 4o+ d,
n=|

= J{—ﬂ.mf +1(0,24) +(0.34)° +(-026) = (—016)*
5=1
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Jﬂ.ﬂ]ﬁﬁ + (L0576 + 0.1 156 + 0.0676 + 0.0256
“

o= [PF - 0T =027

Therefone, the standard deviation is 0,27,
1.8.5 Limiting Errors

Most manufacturers of measuring mstruments specify accuracy within a certain
e of a full scaie reading. For example, the manufacturer of 4 certain voltmeter
may specify ihe instrument to be accurate within + 24 with full scaie deflection.
This zpecification is called the hmiting error. This means that & full scale
deflection reading is goaranieed 1o be within the limits of 2% of a perfectly
accurate reading: however, with a reading less than full scale, the limiting error

IMCreases.

A 60D Y volimeter is specified w be pecurate within £ 2% at
tull scale, Calculate the limiting error when the instrument is used o measure &
valtage of 2301V,

The mugniude of the limiting error is 002 = 60 = 12 V,
Therefore, the limiting error s 250 V is 127250 « 100 = 4 8%

A valtmeter reading 70V on s 100 Y range and an ammeter

reading B0 mA on its 150 mA range are used to determine the power dissipated
in a resistor, Both these instruments are guaranteed to be accurate within
% 1.5% at full scale deflection. Determine the limiting error of the power.

“ Thee magnitude of the limiting error for the voltmeter is
il5= 1=15%
The limiting ervor st TH Y is

E ®» 1i=2143 %

0
The magnitude of limiting error of the ammeter is
0015 = 150 mA = 2.25 mA
The himiting error &t 80 mA 1=

225 mA
RO maA

= | = 2R3 %
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Therefore, the limiting error for the power calculation is the sum of the indi-
widial Hmiting emmors involved.,
Therefore, limiting ermor =2 143 % + 2813 % =4956 %

4.8 STANDARD

A standard is phystcal representation of a unit of measurement. A known accu-
rate measure of physical quantity is termed as a standard, These standards are
used to determine the values of other physical quantities by the comparison
miethod.

I Fact, & unit §s readized by reference to a material standard or to nataral
phenomena, ncluding physical and atomic constants. For example, the
fundamental unit of leagth in the International svstem (50 1s the metre, defined
as the distance berween two fine lines engraved on gold plugs near the ends of
o platinam-indiom alloy at 0°C and mechanically supported in a prescribed
MEnner.

Similarly, different standards have been developed for other units of
measurement {including fundamental units as well as derived mechanical and
elecirical units). All these standards are preserved at the Internafionzl Burean of
Weight and Measures at Sévres, Paris.

Alse, depending on the functions and applications, different (ypes of
“standands of measurement™ are classified in categories (1) infernational, (i1}
primary. {ii1) secondary, and (iv) working standards.

1.8.1 International Standards

International standards ere defined by International agreement. They are
periodicilly evaluated and checked by absolute measurements in terms of
fundamental units of Physics. They represent certain units of measurement to
the closest possible accuracy attmimable by the science and technology of
measurement. These International standards are not available t ordinary users
for measurements and calibeations.

International ofens 1t s defined as the resistance offered by 2 column of
mercury having a mass of 14,4521 gms, uniform cross-sectional ares and length
of 106300 cm, 1o the fow of constant current at the melding peint of ice.

International amperes [t 15 an unvarving current, which when passed through
a solution of silver nitrate in water (prepared in accordance with stipulated
spocifications) deposits silver at the rate of (L T30 gm's.

Abrofute prits  International wnits were replaced n 1948 by absolule umts,
These units are more sccurate than International units, and differ slightly from
them. For example,



Gualies of Maasuremants we 17

1 Intermanional ohm = 1.0O004% Absolute ohm
! International ampere = {99985 Absolue ampere

1.9.2 Primary Standards

The principie function of primary stapdards 1s the calibration and verification

of secondary standards, Primary standards are maintzined at the National
Standards Laboratories in different countries.

The primary standards are not available for use outside the National
Laborziory, These primary standards are absolute standards of high accuracy
that can be used as gltimare reference standards,

1.8.3 Secondary Standards

Secondary standards are basic reference standards used by measurement and
calibrution luboratories in industries, These secondary standards are mzintained
by the particular industry to which they belong. Each industry has its own
secondary standard. Each laboratory peniodically sends its secondary standard
tor the National standards Llaborwtory Tor calibration and comparison against the
primary standard, After comparizon and calibration, the Natienal Standards
Laboratory returns the Secondary standards to the particulsr industrial
laboratory with a cerification of megsuring accuracy intemms of a primary stan-
dard,

1.9.4 Working Standards

Working standards are the principal tools of a measurement [aboratory. These
standards are used w check and calibrate laborstory instrument for accuracy
and performance, For example, manufacturers of electronic components such
as capacitors, resistors, etc. use & standard called a working standard for
checking the component values being manufaciured, .. a standard resistor fog
checking of resistance value manufactured.

@Al ATOMIC FREQUENCY AND TIME STANDARDS

The measurement of time has two different aspects. civil and scientific. In most
acientific work, it is desired to know how long an event lzsts, or if dealing with
an oscillater, it is desired (o know s frequency of oscillation. Thus any time
standard must be able to answer both the question “what time is it and the two
related questions “how long does it [nst”™ or “what is its frequency™.

Any phenomena that repeats itsell can be used as a measure of time, the
measurement consisting of counting the repetitions. OF the many repetitive
phenomena occurring in nature, the rotation of the carth on its axis which deter-
mines e length of the day, has been long used as a time standard. Time de-
fined in terms of rotation of the canth is called Universal fime (UT).
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Time defined in terms of the earth’s orbital metion is called Epfiemersis time
(ET). Both UT and ET are determined by astronomical observatan. Since these
astronomica] ohservations extend over several wecks for UT and several vears
for ET, a pood secondary terrestrinl clock calibrated by astronomical
obzervation is needed. A quanz crysial clock based on electrically sustained
patural periedic vibrations of a quanz wafer serves 25 a secomdary Gme
standard. These clocks have a maximum emor of .02 sec per vear. One of the
most common of fime standards is the determination of freguency,

In the RF range, frequency comparisons to & quartz clock can be made
electronically to a precision of atleast 1 part in 10",

To meet & better time standard, atomic clocks have been developed using
periodic atomic vibrations as a standard. The ransition hbetween two energy
levels, £, and E, of an abom is accompamed by the emission {or absorption) of
radiation given by the following equation

E - E
= e ——al
fa

where v = frequency of emission and depends on the internal structure of an
alomt
h = Planck’s constant = 6,636 = 107 J-sec.

Provided that the energy fevels are nod affected by the external conditions
such as magnetic field e,

Since frequency is the inverse of the time interval, Gime can be calibrated in
terms of freqeency.

The atomic clock is constructed on the abowve principle, The first atomic
clock was based on the Cesivm atom.

The Intematienal Committee of Weighes and Measures defines the second in
terms of the frequency of Cesium transitions. assigning a value of
9,192, 631,77 Hz to the hyperfine transitions of the Cesium atom unperturbed
by external fields, If two Cesium clocks are operated al one precizion and if
there are ne other sources of crror, the clocks will differ by only 1s in 5K}

YEArs.

M1 ELECTRICAL STANDARDS

All electrical measurements sre based on the fundamental guangivies, [, & and V.
A systematic measurement depends wpon the defimition of these guantities.
These guantities are related 1w each oter through Ohm's law, ¥V = IR T0 s
sufficient 1o define two parameters to obtain the definition of the third. Hence,
in electrical messurerments, it 15 possible to assign values o the remaining
standard, by defining units of the otfher two standards. Stundards of emf and
resistance are therefore usually maintained ai the National laboratory. The hase
values of the other standards are defined from these two standards,
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W GRAPHICAL REPRESENTATION OF
MEASUREMENTS AS A DISTRIBUTION

Suppose that a certaip voltage is measured 31 times, The result which meght be
obtained are shown in Table 1.2,

Table 1.2

x  Numberof oz, dy=x- ¥ nldl  (df  id,
Voltage Ocowrrevices (v}

(V) fr)
.01 1 1.01 — 04 04 ek jew 0f
1.02 i 106 —- 003 .07 gx 10 27x% 107
.03 & 618 -2 0.1z 4= 10 24x%x10™
1.04 # E.32 -0 {1005 I=0* Bxi10
1.05 10 10,50 LT 0,01 0= 10t oo= 1
1.0 7 7.42 + 001 0.7 Pw 10t 7wt
1.07 8 856 +0.02 0,16 dx 107 32107
1.08 4 432 + 003 0.12 910t 36w 107
1.09 1 1.27 & (LD 012 1exirt 48x 107
110 0 0.00 + 003 000 25= 10t 00w o
111 1 L1} + .06 006 36«10 36 107
51 53.75 .86 234 % 1

Iﬂ
Average ¥ = " = 2id i 1.054 W
n 51
51
pA
Averige devistion D, = 2=l — o % =0.0168 V
"

=4588 = IOV* W

|
|E‘M"} Jﬁw TG

Standard deviation o= u a= &

The first column showws the various measured values and the second column,
the nember of times each reading has ocpurred. For example, in the foarth row,
the measured valoe 1= 104 V and the next column indicates that this reading is
obtained & times,

n
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The data given in Table 1.2 may be represented graphically as shown in
Fg. 1.1.

We imagine the range of values of rto be divided into equal intervals dv, and
plot the number of values of x Iving in the interval versus the average value of x
within that interval. Hence the eight measurements of 1.04 ¥ might be thought
of Iving in an .01 V interval centred upon 104V, ie, between 1,035 WV io
1.0435 % on the horizontal scale. Since with a small number (such as 51), these
poinis do ot e on a smooth curve, i s conventional to repreésent such a plot
by a histogram consisting of series of horizontal lines of length dr contred wpon
the individual points. The ends of adjacent horizontal lines being connected by
vertical lines of appropriate length.

If another 51 measurements are taken and plotied we would, in general get a
graph which does not coincide with the previous one. The graph plotted is called
a Gauss error or Gaussian graph, shown in Fig. 1.1,

. |

| ] i 41} i | |
100 101 1.0F 1.03 104 ‘I,ﬂﬁi 08 107 10d 109 10 1M
FE106Y . V)

Mumisar af Joourence Values
B
| |

Flg. 1.1 mm Gaussian graph

1. Define the weems accurscy. cfror, precision, reaolution, expecied valoe, and
s sl vy,
State the three major categories of emor,
A person using an chmmeter reads the measured valoe a5 3700, when the actual
vakse is 47 0, What kil of ervor does this represzat?
State the theee rypes of systemaiic errors, giving examples of cach.
State the difference between accuracy msd precision of & measurement
Define whe following terma:
(i} Average valus (i) Arithmelic mean
i} Dreviation (i) Stmndsrd deviation
7. What are the differepces between Internativnal and Absolute standards?
. Siate the classifications of standards.
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What are primary standards? Where are they used?

. What is the difference between secondary stnndards and working standards?

The current through o resistor is 2.5 A, but the measurement yields o value of
2.45 A_Calculate the absolute error and the perceniage error of the measurement,
The value of o resistance is 4.7 ki), while measurements vield a valoe of 4.63 k3
calculote

(1) the relatve accursey of meaqapement, and

(ii} % pocuracy.

. The outpul valtage of an amplifier was measured ar eight different inlervals

using the same digital voltmeter with the following resualts:

200000, 19,80, 19,85, 20,05, 20,10, 19,940, 20.25, 1995 ¥

Which is the most precise measurement?

A 270 L + 0% resistance is connected o & power supply source operating at
300°Y de, What range of current would flow if the resistor varied over the range
of £ 10% of its expected value? What is the range of error in the current?

. A volumeter ks accurale o 9B% of s full scale reading.

(i} Ifa voltmeter read 200 Y on 500 % range, what is the absolwie ermor?
(i} What is the percentage error reading of part ()7

[k Further Reading

Barry Jones, Instriomentasion Measurements and Feedback.

Larry b, Jones and A. Foster Chin, Elecrronfe Tnstrumeres and Measirement,
John Wiley and Sons, 1987,

Yardiey Beers, Theory of Errors, 1967,

Resnick and Halliday. Physics, Wiley Eastern. 1987,



. CHAPTER

2 Indicators and
Display Devices

3| INTRODUCTION

Analogue ammeters and voltmeters are classified together, since there 15 no
basic difference in their operating principles. The action of all ammeters and
voltmeters, except those of the electrostatic variety, depends upon a deflecting
torgue produced by an electric current. In an ammeter this orque is produced
by the current to be measured, or by a definite fraction of it. In & voltmeter it is
produced by a current that is proportional to the voltage to be measured. Hence
both voltmeters and ammeters are esseotially current measuring devices.,

The essential requirements of @ measuring instrament are (a) that its intro-
duction into the circult where measurements are to be made, should not alter the
circuit conditions, and (b) the power consumed by it be small.

2.1.1 Types of Instrument

The following types of instrament are mainly used as ammeters and voltmeters.
PMMC
Moving Iron
Electrodynamometer
Hot wire
Thermocouple
Induction type
Electrostatic
8. Rectifier
Of these. the PMMC type can be used for dc measurements only, and the
induction type for ac measurements only. The other types can be used for both.
The moving coil and moving iron types depend upon the magnitude effect of
current. The latter is the most commonly used form of indicating instrument, as

ok N R e
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well as the cheapest. It can be used for both ac and de measurements and is very
accurate, if properly desigmed.

The PMMC instrument is the most accurate type for dc measurement, [nstru-
ment of thiz ype are frequently constrected 1o bave substandard accuracy.

The calibration of the electrodynamometer (ype of instrumens is the same for
ac and de. The same sitwation prevails for thermal instruments. These are
particularly suitable for ac measurements, since their deflection depends di-
rectly upon the heating effect of the ac, i.e. upon the rms value of the coment.
Their readings are therefore independent of the frequency.

Elegirostudic instruments wsed as voltmeters have the advantage that their
povaer consumption 15 exceedingly small, They can be made o cover a large
range of voltage and can be constructed to have sub-standard accuracy.

The induction principle is most generally used for Watt-hour meters. This
principle is not preferred for use in ammeters and voltmeters becaose of the
comparatively high cost and inaccuracy of the instrument.

B casic mETER MOVEMENT

The action of the most commoniy de meter is based on the fundamental princi-

ple of the motor, The modor action is produced by the flow of a small current

throwgh a moving coil, which is positionad in the field of a permanent magnet,

This basic moving coil system is often called the D" Arsonval galvanometer,
The D'Arsonval movement shown

in Fig. 2.1 employs a spring-loaded

coil through which the measured

carrent flows, The coil (rotor) 15 in a

N
nearly  homogeneous feld of a

permanent magnel and moves in & - 5

rotary fashion. The amount of rotatiod

15 proportional o the amount of 2

current flowing through the coil. A i

pointer attached to the coil indicates  Flg. 2.1 s D' Arsonval Principhe

the position of the coil onm a scale

calibrated in terms of current or voltage, It responds 1o de current only, and has
an almost linear calibration. The magnetic shunt that varies the field strength 15
used for calibration.

2.2.1 Permanent Magnetic Moving Coll Movemant

In this instrument, we have a coil suspendsd n the magnetc feld of &
pertanent magnet in the shape of a horse-shoe. The coil 1s suspended so that it
can rofate Freely in the magnetic field. When corrent flows in the coil, the de-
viloped (electromagnetic) torgue causes the codl to rotate. The electromagnetic
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(EM} torque is counterbalanced by a mechanical torgue of control springs at-
tached o the movable codl. The balance of wrques, and therefore the angular
posifion of the movable coil is indicated by a pointer against & fixed reference
called a scale. The equation for the developed tworgue, derived from the basic
law for electromagnetic torgque is

T=fBxAxi=N

where T= torque, Newion-meler
B = flux density in the ir gap, Whim®
A = effective coil area (m™)
N o= number of tums of wire of the coil
{ = current in the movable ool (amperes)

The equation shows that the developed torgue is proportional to the flux
density of the field in which the coil rotates, the corrent eoil constants {area and
rumber of turns). Since both flux density and coil constants are fized for a
given instrument, the developed torque is a direct indication of the current in
the coil. The peinter deflection can therefore be used to measure current.

A moving coil instrument has the following data.
Mumber of twms = 100
Width of the coil = 20 mm
Depth of the coil = 30 mm
Flux density in the gap = 0.1 Whim®
Cileulate the deflecting torgue when corrying a current of 10 mA. Alzo cal-
culate the deflection, if the control spring constant s 2 x 10 Mmdegroe,

_ The deflecting torgue is given by
=B AXNx]
= 01 2 30 0 1078 3 200 107" = 10K ¢ 10 2 307
= GO0 1000 = 0.1 = 1077
w 600 3 1000 107"
= 60 % 107" Nm

The spring control provides a restoring torgue, i.e. T, = K8
where K is the spring constant
As deflecting torque = restoring torgus
& x 107"

r=6x 10 Nm=K@, 0= -—"p =3 10=2"
. 107"

Therefore, the deflection is 307,
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2.2.2 Practical PMMC Movement

The basic PMMC movement {algo called a D® Arsonval movement) offers the
largest magnet in a given space, in the form of a horse-shoe, and is used when a
large Aux is required in the air gap. The D" Arsonval movement 15 based on the
principle of a moving eleciromagnetic coil pivoted in a uniform air gap between
the poles of a large fixed permanent magnet. This principle is illustrated tn
Fig. 2.1 With the polarities as shown, there is o repelling force between like
poles, which exerts a targue on the pivoted coil. The torgue iz proportional (o
the magnitude of current being measured. This IV Arsonval movement provides
an instrument with very low power consumption end low current required for
full scale deflection (fsd).

Figure 2.2 shows a permanent horse-shos magnet with soft iron pole pleces
atiached o it. Between ihe pole pieces is a cylinder of sofi iron which serves o
provide & uniform magnetic field in the air gap between the pole pieces and the
exlindrical core.

The coil is wound on a light metal frame and is moanted so that it can rotate
freely an the air gap, The pointer attached to the coil moves over o graduated
scale and indicates the angular deflection of the coil, which is proportional o
the current flowing through it

VAl A Support

Flg. 2.2 wm Modam ['&rsonval Movement

The ¥-shaped member shown in Fig. 2.3 15 the zéro adjust confrol, and is
connected to the fixed end of the front control spring. An eccentric pin through
the instrument case engages the Y-shaped member so that the zero position of
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the pointer can be adjusted from outside. The calibrated force opposing the
moving ergque is provided by two phosphor-boonze conduchve springs, for-
meally equal in streagih. (This also provides the neceszary torgue to bring the
pointer back to its original position after the measurement 15 over.)

The accuracy of the instrument can be maintained by keeping spring per-
formance constant. The entire moving system 15 statically balanced at all posi-
lians by three (counterweights) balance weights. The pointer, springs, and piv-
ots are fixed to the coil assembly by means of pivot bases and the entire mov-
able coil element is supported by jewel bearings.

PMMC instruments are construcied o produce as livle visgious dumping as
possible and the required degree of damping is added.

In Fig. 24, Curve 2 is the underdamped case; the pointer antached to the
movable coil oscillates back and forth several times before coming fo rest. As
in curve 1, the overdamped case, the pointer tends to approach the steady state
position in a sluggish manner, In Carve 3, the critically damped case, the pointer
moves up to its steady state position without oscillations, Critical damping is
the ideal behaviour for a PMMC movement.

In practice, however, the instrument is usually slightly underdamped, caus-
ing the pointer o overshoot & lotde before coming 10 rest.

Fig. 2.0 mm Simplifiad DIE:Ime of a PMME Movemaent
Showing th Y-mamber

The vanous methods of damping are as follows,

Cmne of the simplest methods is 1o artgch an alaminium vane to the shaft of
the moving coil. As the coil rotates, the vane moves in an air chamber, the
amount of clearance between the chamber walls and the air vane effectively
controlling the degree of damping.
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Curen
3 [Crilical Dampad)
Curve 1 [Overdamped]
P
[Underdarmpei]

Fig. 2.4 =ss Dagres af Damging

Some instruments use the principle of electromagnetic damping (Lenx's
law}, where the movable coil s wound on a light aluminium Fame, The roda-
tion of the coil in the magnetic Geld sets up a circulating current in the conduc-
tive frame, causing a retarding torgue that opposes the motion of the coil.

A PMMC movement may also be damped by a resistor across the coil, When
the coil retates in the magnetic field, a voltage is generated in the coil, which
cireulates a cumrent through it and the external resistance. This produces an
opposing of retarding torque tat damps the motion, In any galvanometer, the
valoe of the external resistance that produces cntical damping can be found.
Thas resistance is called cotically damping external resistance (CDREX). Maost
voltmeter colls are wound on metal frames o provide Electro-Magnetic damgp-
ing. The metal frames constitute a short-circuit tum in a magoetic field.

Ammeters coils, are however wound in a non-conductive frame, becanse the
coil furns ane effectively shorted by the ammeter shunt. The coil itself provides
the EM damping.

IF low frequency aliernating current is applied to the movable coil, the de-
flection of the pointer would be upscale for half the cycle of the input wave-
form and downscale (in the opposite direction) for the next half. At power line
frequency (50 Hz) and above, the pointer cannot follow the rapid varations in
direction and quivers alightly around the zero mark, seeking the average valoe
of the ac {which equals zero}. The PMMC instrument is therefore unsuitable for
ac measurements, unless the current is rectified before reaching the coil.

Practical coil areas generally range from 0.5 - 2.5 cm’.

The flux density for modern instroments useally ranges from 1500 — 50K
Winlem”,

The power requirements of [’ Arsonval movements are quite small, typi-
cally from 25 = 200 W,

The accoracy of the instrument is generally of the order of 2 - 5% of full
scale deflection,

The permanent magnet is made up of Alnico material.

Scale markings of basic de PMMC instruments are usually linearly spaced,
becausze the worgue (and hence the pointer deflection) is directly propottional to
the coil current. The basic PMMC instrument is therefore a linear-reading
device.

The advantages and dizadvantages of PMMC are as follows,
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Advantages

1. They can be midified with the belp of shunts and resistance to cover a
wide range of currents and voltages.

2. They display no hystersis.

3, Bince operating fields of such instruments are very sirong, they are nol
significantly affected by stray magnetic ficlds.

Disadvantages

I. Some errors may set in due to ageing of control springs and the
PErMAnent magnet.
2. Friction due o jewel-pivol suspension.

4 TAUT BAND INSTRUMENT

The taut band movement utilises the same principle as the D" Arsonval movable
coil and fixed magnet. The primary difference between the two is the method of
moanting the movable coil.

The taut band movement has the advantage of eliminating the friction caused
by a jewel-pivol suspension. The meter has a cotl mounted in & cradle and sur-
reunded by a ring-bar magnet, as shown in Fig. 2.3, The cradle is secured to a
supporl bracket, which in turn is suspended betweesn two steel taut bands (rib-
bom), 1e. the movable coil 15 suspended by means of two tant worsion nbbons.
The ribbons are pinced under safficient tension (o ehminate any sag. This ten-
siom &5 provided by the fension spring, so that the instrument can be used in any

position.

Lol Band

g

S Cradie
Flg. 2.5 wma {a] Taui Band Instrument {Side View)

The current to be mesured is passed throegh the coll, thereby energising it
The interaction of the magnetic fields deflects the cradie to one side and moves
the pointer along the scale.

The mavement of the cradle exerts a twisting force on the steel bands. These
twisted hands supply the torgue to return the pointer o 2ere, when no curment
flows. There are no bearings, and there i3 a constant level of sensitvity
throughout the range of movement.
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Scale
i s
N Cradle
———= Hirig Bar Masgrat
3 Coil Assambily

o

Flg. 2.5 mm (b} Tauwt Band Instrument (Tog View)

Taui band instrumenis have a higher sensitivity than those using pivols and
jewels. In addition tawt band instruments are relatively insensitive to shock and
temperature and are capable of withstanding greater overloads than PMMC or
other fypes,

B ELECTRODYNAMOMETER

The I Arsonval movement responds 1o the average or de value of the current
flowing through the coil.

If ac curment a5 sought 1o be measured, the current would fiow through the
coil with positive and negative half cycles, and hence the driving torgue would
be positive in one direction and negative in the other, If the frequency of the ac
is very low, the pointer would swing back and forth around the zero point on the
meter scale,

At higher frequencies, the inertia of the coil is so great that the poister does
not foliow the rapid variations of the dnving torque and vibrates around the
zero mark.

Therelore, o measure ac on a D' Arsonval movement, a rectifier has o be
used o produce & onidirectional wrgue. This rectifier converts ac info Jde and
ihe rectified current deflects the coil, Another method is o use the heating
effect of ac current to produce an indication of its magritude. This is done using
an electrodynamometsr (EDM).

An electrodynamonseter s often used in accurate voltmeter and ammeters
not only at power line frequency but also at low AF range. The electro-

dynumometer can be used by slightly modifying the PMMC movement. It may
also serve as a transfer instrument, because it can be calibrzted on dc and then
used directly on ac thereby equating ac and de measurements of voltage and
current directly.

A movable coil is wsed te provide the magnetic field in an elec-
trodynamometer, instead of a permanent magnet, as in the ' Arsonval move-
ment. This movable coil rotates within the magnetic field. The EDM uses the
current under measurement to produce the required field flux. A fixed coil, split
inte o sgqual halves provides the magnetic field in which the movable coil
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rotates, as shown in Fig. 2.6 (a). The coil halves are connected in series with the
moving ¢oil and are Ted by the current being measured. The fixed coils are
spaced far apart to ailow passage for the shaft of the movable coil, The movable
ool carries a pointer, which is balanced by counterweights, Its rotation is con-
trolled by springs, similar to those in a D" Arsonval movement,

The complete assembly is surounded by a laminzted shield to protect the
instrunent from stray magnetic feld which may affect its operation.

Damping 15 provided by aluminium air vanes moving in a sector shiped
chamber, {The entire movement is very solid and rigidly constructed in order
keep its mechanical dimensions stable, and calibration intact. )

The operation of the instrimment may be understood fTom the expression for
the torgue developed by a coil suspended in @ magnetic field, i.c.

T=RxAXN=]

indicating that the wrque which deflects the movable coil is directly propor-
tional 1 the coil constants (4 and &), the strength of the magnetic Reld in which
the coil moves (K), and the current (7} flowing through the eoil.

In gn EDM the flux density {F) depeads on the current through the fixed coil
and is therefore proportional to the deflection current (f). Since the coil coa-
stants are fixed quantities for any given meter, the developed torque becomes a
function of the current squared ().

If the EDM is used for de measurement. the square law can be nodiced by the
crowding of the scale murkings at low current values, progressively spreading
at higher current values.

For ac measurement, the :lt‘:wlug-cd tosgue at any instant is tonl 1o
the instantaneous current squared (i°). The instantaneous values of i are always
positive and torgque pulsations are therefors produced.

The meter movement, however, cannot follow rapid variations of the torque
and take ap a position in which the avernge torgue 15 balanced by the torque of
the control springs. The meter deflection is therefore a Tunction of the mean of
the sguared current. The scale of the EDM is usually calibrated in terms of the
square roed of the average current squared, and therefore reads the effective or
rims value of the ac,

The transfer properities of the EDM become apparent when we compare the
effective value of the alternating current and the direct current in terms of their
heating effect, or transfer of power.

(If the EDM is calibrated with a direct current of 300 mA and o mack is placed
on the scale to indicate this value, then that ac current which couses the pointer to
deflect to the sanve mark o the scale must have an rins valoe of 500 mA.)

The EDDM has the disadvantage of high power consumplion, due o its con-
struction. The current under measurement must nol only pass through the mov-
able coil, but also provide the necessary field flux o get a sufficiently strong
magnetic field. Hence high mmf 15 required and the source must have a high
current and power.
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In spite of this high power consumption the magnetic feld & sull weaker
than that of the D" Arsonval movement because there is no iron in the path, the
entire flux path consisting of air.

The EDM ¢an be used 1o messure ac or de voliage or current, a2 shown in
Figs. 2.6 (a) and (b}.

Typical valees of EDM flux density are in the range of approximately 60
gauss as compared (o the high Mlux densities (1 — 4000 poass) of a good
D' Arsonval mevement. The low flux density of the EDM affects the developed
worgue and therefore (he sensitivity of the instrument.

The addinon of a senes molupizer convents the basic EDM into a volimeter
[Feg, 2.6 (b} which can be used for ac and dc measurements. The sensitivity of
the EDM voltmeter is low, approximately 10 — 30 L0V, compared to 20 kLY
of the D" Arsonval movement. It is however very accurale at power line fre-
quency and can be considered as a sscondary standard,

The basic EDM shown in Fig. 2.6 (a) can be converted into an ammeter
{even without a shont), becawse it is difficull to design & moving coil which can
carry more than appreximately {0 mA.

o To Load
e Circut

Fig. 2.6 we {3) Basic EDM as an Ammater

i
5 N g 3
Ay
T ac To Lead
Bource Lircuft

Flg, 2.5 = {b) Basic EDM as a Vollmeter

The EDM movement is extensively used to measizre power, bath de and ac,
for any waveferm of veltage and current.

An EDM used as a voltmeter or ammeter has the fixed coils and movable
coil connected in series, thereby reacting to 1,
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When an EDM is used as a single phase wattmeter, the coil arrangement is
different, as shown in Fig. 2.7.

The fxed cotls, shown in Fig. 2.7 as separate elements, are connected in
series and carries the total line current. The movable coil located i the mag-
netic field of the Mxed coils is connected in séries with o current-limiling resis-
tor across the power line, and coarries & small cornent.

The deflection of the movable coil is proportional to the product of the in-
stantaneons value of current in the movable coil and the total ling current. The
EDM watimeter consumes some power for the maintenance of iis magnetic
field, but thiz iz usually small compared to the load power,

044 = Surront Col
Poderlial Cod
T %
b 22400 ‘ gn z
~
Currang Coil |

Fig. 2.7 mm EDM &8 a Watirmeier

25 MOVING IRON TYPES INSTRUMENT

Moving iron instruments can be classified into attraction and repulsion fypes.
Repulsion type instruments are the most commonly used,

Iron vane ammeters and veltmeters depend for their operations on the repul-
sion that exists between two like magnetic poles,

The movement consisis of a stationary coil of many tarns wihich curries the
current to be measured. Two iron vanes are ploced inside the coil. One vane is
rigidly attzched 1o the coil frame, while the other is connected to the instrument
shaft which rotates freely. The current through the ool magnetises both the
vames with the same polarity, regardless of the instantaneous direction of cur-
rent. The two magnetised vanes experience a repelling force, and since only one
vane can move, its displacement 15 an indicator of the magnitude of the coil
cirrent, The repelling force is proportional to the current squared, but the
effects of frequency and hysteresis tend to produce o pointer deflection that is
not linear &nd that does not have a perfect square law relationship.

Figure 2.8 shows a radial vane repulsion instrument which is the most sénsi-
tive of the moving iron mechanisms and has the most lincar scale. One of these
like poles is created by the instrument coil and appears a3 an iron vane fixed in
its position within the coil, as shown in Fig. 2.8. The other like pole 15 induced
on the movable iron piece or vane, which is suspended in the induction field of
the coil and to which the needie of the instrement is atached. Since the
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instrament is used on ac, the magnetic polarity of the coii changes with every
haif cycle and induces & corresponding amount of repulsion of the movable
vane against the spring tension. The deflection of the instrument pointer is
therefore always in the same direction, since there is always repulsion between
the like poles of the fixed and the movable vane, even though the current in the
inducing coil alternates.

E:"I_..T @%M'
g

et
Cail

Fixed

Fig. 2.4 mm Rapulsion Typa AL Meter (Radial Vane Typa)

The deflection of the pointer thus produced 15 effectively proportional to the
actual current throngh the instrument. It can therefore be calibrated directly in
amperes and volis,

The calibrations of a given instrument will however only be accurate for the
ac frequency for which it is designed, because the impedance will be different
ar & new fregquency.

The moving coil or repulsion type of instrument is asually calibrived to read
the effective value of amperes and volte, and is vsed primarily for rugged and
inexpensive melers,

The iron vane or radial type is forced to turm within the lixed current carrying
coil by the repulsion between like poles. The aluminiom vanes, attached to the
lower end of the pointer, cts a5 a damping vape, in its clos=e fitting chamber, to
bring the pointer quickly to rest.



34 mm Elgcironic inatrumeniation

B8 CONCENTRIC VANE REPULSION TYPE
(MOVING IRON TYPE) INSTRUMENT

A varintion of the radial vane instrument is the conceniric vane repulsion move-
ment. The instrument has two conceniric vanes.

One vame is rigidly attached 1o the coil frame while the other can rotate
coaxially inside the stationary vane, as shown in Fig. 2.9, Both vanes zre mag-
petised by the current in the codl o the same polarity, cansing the vanes o slip
laterally under repulsion. Because the moving vane is abizched (o o pivoted
shaft, this repulsion results in a rotational foree that is a function of the current
in the coil. As in other mechanisms the final pointer position is a measure of the
col current, Since this movement, like all iron vane instruments, does not dis-
tingush polarity, the concentric vane may be used on de and ac, but 2t 15 most
commoaly used for the Taer,

Controd Spang ———e @f‘\, Poire

Fixed Wama

Mowvable Vane
Flg. 2.9 mm Concentric Iren Viene (Rapulsion Type)

Dramping is obtained by a light aluminium damping vane, rotating with small
clearance in a closed air chamber. When used on ac, the sctual operabing torgue
is pulsating and this may cause vibration of the pointer. Rigid (tnussed) pointer
construction effectively eliminates sach vibration &nd prevents bending of the
pointer on heavy overloads, The concentric vang moving tron nstrument is
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oitly moderately sensitive and has square law scale characteristics, The accu-
racy of the instrument is limited by several factors: (i) the magnetisation curve
of the iron vane is non-linear. (325 at low current values, the peak o peak of the
¢ produces a greater displacement per umit current than the average valee, re-
sulting in &n ac reading that may be appreciably higher than the equivalent de¢
reading at the lower end of the scale, Similarly, at the higher end of the scale,
the knee of the magnetisation curve is approached and the peak value of the ac
produces iess deflection per unit current than the aveérage value, so that the ac
reading is lower than the equivalent de value,

(Hysteresis in iron and eddy currents in the vanes and other metal parts of the
instrument further affect the accuracy of the reading.) The fux density is very
smadl even at full scale values of current, o that the imstroment has a fow cur-
reat sensitivity. Thepe are no current carrying parts in the moving system, hence
the iron vane meter is extremesly rugped and reliable. It is not exsily diomaged
even under severs overload conditions.

Adding a suitable multiplier converts the iron vane movement into a voltme-
ter; adding a shunt produces different current ranges, When an iron vane move-
ment is used as an ac voltmeter, the frequency increases the impedance of the
instrumient and therefore a lower resding (s obtamed for a given applied volt-
wge. An iron vane volimeter showld therefore always be calibrated at the fre-
quency at which it is to be used. The usual commerrial instrument may be used
within its accuracy tolerance from 25-125 He.

27 DIGITAL DISPLAY SYSTEM AND INDICATORS

The rapid growth of elecironic handling of pumerical daia has bought with it a
greal demand for simple systems to display the data in a readily understandable
form. Display devices provide a visual display of numbers, letters, and symbols
if responae to electrical inpul, and serve s constiii=ns of an eleciromic display
SYELETI

8 CLASSIFICATION OF DISPLAYS

Commonky uaed displays in the digital electronic feld are as follows.
Cathode ray tube (CRT)

Light emitting dinde (LED)

Liguid erystal display {LCD)

Gas discharge plasma displays (Cold cathode displays or Mixies)
Electro-lominescent (EL) displays

Incandescent display

Electrophoretic image displays (EPIDY)

Liquid vapour display (LVIN

PO e e b
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In generul, displays are classified in a number of ways, as follows,
1. Om methods of conversion of electnical data into visible Light
{a) Active displays
iLight emitters — Incandescent, i due to wmperature, lumines-
cence, Le due o non-thermal means or physio-thermal, and gas
dizcharge-glow of light around the cathode, )
— CRTs, Gas discharge plasma, LEDs, ete.
ib) Passive displays
Light comrollers, LCDs, EPIDs, eic.
2. Om the applications
(2 Analog displays — Bur graph displays (CRT)
b1 Digital displays — Mixies, Alphanumeric, LEDs, e,
3. According to the display size and physical dimensions
() Svmbalic displays — Alphanumernic, Misie tubes, LEDs, elc.
(k] Consele displays — CRETs, LEDs, efe,
{c) Large screen display — Enlarged projection system
4. According o the display format
faj Direct view type (Flat panel planar) — Segmental, dotmatrix —
CRTs
{b) Siacked elecirode non-planar (vpe — Nixie
5. Interms of resolution and legibiliny of characters
(i) Simple single element indicator
(b Multi-slement displays

8 DISPLAY DEVICES

When displaying large gquantities of alphonomenc data, the read oul sysiem
emploved most commonly is g familior CRT, Conventionally, CRTs form ihe
basis of CROs and TV sysiems. To generate characters on the CRT, the genera-
ten system of characiers on CRT: requires relatively simple electronic cir-
Cuitry,

A typical CRT display has easy facilities for the control of digit size by con-
trofling the deflection sensitivity of the system {either electromagnetic or elec-
trostntic deflecton). The number of chamcters displaved can be changed with
the help of tme shared deflection and modulator circwits.

Importantly, the itensity and brightness can be realized, with different gray
scales, and the display can have different colour depending on the phosphor
wsed in the screen. Generally the phosphor 15 chosen to be white or green.

Storage type CRTs facilitare storing a siationary pattern on the screen with-
out flickenng display and it is possible o retain the pattern for a long time,
independent of the phosphor persistence,
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10 LiGHT EMITTING DIODES (LED)

The LED, Fig, 2.10 (a} is basically a semiconductor PN junction diode capable
of emimting electromagnetc radiation under forward conductions, The radiation
emitted by LEDs can be either i the visible spectrzm or in the infrared region,
depending on the type of the semiconducter material used. Generally, infira-red
emitting LEDs are coated with Phosphor so that, by the excitation of phosphor
visible light can be prodeced. LEDs are useful for electronics display and in-
strumentation, Figure 2,10 (b} shows the symbol of an LED,

The advaniage of using LEDS in clectronic disploys wre as follows.

I. LEDs are very small devices, and can be considered as poiat sources of
light. They can therefore be stacked in a high-density matrix to serve s a
numeric and alphanumeric display. (They can bave a character density of
several thousand per square metre).

. The light output from an LED is function of the current flowing through
it, An LED can therefore, be smoothly controlled by varying the current.
This is particularly useful for operating LED displays under differen
ambient highting conditions,

3, LEDs are highly efficient emitters of EM radiation, LEDs with light
ouftput of different colours, e red, amber, green and vellow are
commaonly available.

LEDs sre very fust devices, having g turn OMN-0FF tirse of less than | ns,
The low supply voltage and current requirements of LEDs make them
compatble with DTL and TTL, ICs.

i

Flg. 2,10 s (2} Strctune o a Visdke Emitar using Gahs PY Junchon
Symbed of LED

In germanium and silicon semiconductors, maost of the energy is refeased in
the form of heat. In Gallivm Phosphide (GaP) and Gollivm Arsenide Phosphide
{GaAsP) most of the emilled photons have their wavelengths in the visible re-
gions, and therefore these semiconductors are used for the construction of
LEDs. The colour of light emitted depends apon the semiconductor muterial
and doping level,

Different materials used for doping give out different colours,

I, Gallium Arsenide (GaAs) — red
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2. Gallivm Arsenide Phosphide (GaAsP) — red or vellow

3. Gallium Phosphide (GaP) — red or green

Alphanumeric displays using LED= employ a number of square and oblong
emitting areas, arranged either as dotmairix or segmented bar matsix.

Alphanumeric LEDs are normally laid oot on a single slice of semicondector
material, all the chips being enclosed in 2 package, similar to an IC, except that
the packaging compound is transparent rather than opague. Figurs 2,10 (¢} and
id) gives typical LED packages for single element LEDs,

(i id]
Flg. 2.10 wem {} Matal Can To-5 Typae (4} Epaxy Typa

211 LIQUID CRYSTAL DISPLAY (LCD)

LCDs are passive displuys charseterised by very low power consumpiion and
good contrast ratio. They have the following characteristics in commi.
. They are light scaitering,

2. They can operate in a reflective or transmissive configuration.

3, They do aot actively generate light and depend for their operation on

ambient or back lighting.

A transmissive LCD has a better visoal characteristic than a reflective LCD.
The power required by an LCD to scatter or absorb light is extremely small, of
the order of a few pWiom. LCDs operate at low wvoltages, ranging from
=15V,

The operation of liquid crystals iz based on the viilisation of a class of or-
ganic materials which remain a regular crystal-like strocture even when they
have melted, Two liquid ervstal materials which are important in display tech-
nology are nematic and cholestenic, as shown in Fig. 2.11.
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The most popular liquid crystal structure is the nematic liquid erystal (NLC).
The liquid is normally transparent, but if it is subjected to a strong electric field,
ions move through it and disrupt the well ordered erystal structure, causing the
liquid to polarise and hence furn opaque. The removal of the applied fizld al-
lows the crystals structure to reform and the material regains its transparency.

Basically, the LCD comprises of a thin layer of NLC fluid, aboot 10 ji thick,
sandwiched between two glass plates having electrodes, at least one of which is
transparent,

(If both are transparent, the LCD is of the transmissive type, whereas a re-
flective LCD has only one electrode transparent. )

The structure of a typical reflective LCD is shown in Fig. 2.12.

The NLC material in Fig. 2.12 has a homogeneous alignment of molecules.
While the glass substrate supports the LCD and provides the required transpar-
ency, the electrode facilitates electrical connections for the display. The insu-
lating spacers are the hermetic seal.

ﬁ#mm Rofacted
Uk ., Light Light = viewar
Backjround ‘-.‘ ’ } -'I.‘
o '|I IIr T
_| o % *hﬁ & t-i*"" Electroda
T 3 q";‘q‘;ﬁ &% [ Movomor
Refecling
Flat — Elecirode {Metal)

Gloms

Fig. 2.12 s Reflactive Display Using NLG

The LCD material is held in the centre cell of a glass sandwich, the inner
surface of which is coated with a very thin conducting layer of tin-oxide, which
can be either transparent or reflective. The oxide coating on the front sheet of
the indicator is etched to produce a single or multisegment pattern of characters
and each segment of character is properly insulated from each other.
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LCD= can be read easily in any situation, even when the ambient hght is
strong. [f the read electrode is made trransparent instead of reflective, back 1ilu-
mination is possible by a standard indicator lamp. Extending hack illuminagion
a step Further by adding a lens armangement. LCDs can be used as the slide in a
projection system, 1o oblain an enlarged image.

important Features of LCDs

. The electric field required w activate LCDs 15 typically of the order of
10" Wicm. This is equivalent o an LOD terminal voltage of 10V when
the MLC laver 1s 10 i thick,

NLEC materials possess high resistivity > 10" €2, Therefore the current
required for seattering light in an MLC is very marginal {typically 0.1
pAdem’).

3. Bince the light source for a reflective LCDY is the ambieat light iself, the
only power reguired s that needed to cawse erbulence in the cell, which
is very small, typically I uWiem.

4, LCDs are very slow devices, They bave a wirn-on time of a few milli-
seconds, and & turn-off time of tens of milliseconds,

To sum up, LCDs are characterised by low power dissipation, low cost, large

ares amd low operating speed,

LD are usually of the seven segment fype for numeric use and have one
common back electrode and seven transparent fromt electrodes characters, as
shown in Fig. 2.13.

The back electrode may be reflective or ransmissive, depending on the mode
of operation of the display device.

Creperally arrays of such characters are simultanecusiy Fabricated using thin-
film: or hybrid IC technology for segments and conductors on giass plates, and
then filled in with NLC material, followed by hermetic sealing.

LCDy arrays wtilising a dot-matrix are also possible, buat they are not popaliar
because of their slow operation.

[

- 4

T-n[:;'h'ﬂr
Flg. 2.13 wme Sovan Segment LD Character
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212 OTHER DISPLAYS

Other impomant displays for use in electronic instrumentation are gas discharge
plasma, elecirolumingscent, incandescent, electrophoretic, and liguid vapour
display.

2.12.1 Gas Discharge Plasma Displays

These are the most well-known type of alphanumeric displays. Their operation
i% based on the emiszion of Bght in a cold cathode gos filled tube under break-
down condition.

These cold cathode numerical indicators are called Nixies { Mumicators and
Muwmisertrons ).

This Nixie tube is a numeric indi- e
cator based on glow discharge incold 5
cathode gas flled twibes, It is essen-

tially o multicathode tube !i]l:-;l “:'irha. A '

gas such as neon and having a single g, 214 mm hixie T g .
: in Fi . — ubir — Symibiodic

anode, &s shown in Fig, 2,14 7 Al

Each of the cathodes is made of a
thin wire and is shaped iy the form of
characters o be displayed, for example, numesals 0 o 2, The anode is also in
the form of a thin frame.

In its normal operation, the anode is returned 1o positive supply through a
suifable corrent limiting resistor, the valoe of the supply being greater than the
worst-case breakdown voltage of the gas within the tube. The gas in the vicinity
of the appropriate cothode glows when the catiode 15 switched fo ground peten-
tual.

(The charactenstc orange-red glow i the case of neon covers the selected
cathode completely, thereby illuminating the characrer brightly. )

Since 10 cathodes have to be associated with a single anode inside the glass
bulb, they have necessarily to be stacked in different planes. This requires dif-
ferent voltages for different cathodes e enable the glow discharge.

Many Nixie tubes also possess dot-cathodes either on the left or right of the
character to serve as decimal poinis.

The standard Mixie is not the only format used with cold cathode technol-
cgv—nhoth bar and dof matrix versions are available, The bar types have a coth-
ode which forms the segment and operates in a fashion similar to the standard
neon tube, [dentcal sopply voltage and drivers are required. In the dot tvpe
display, each dot is in matrix fashion and operates as an individuzl glow dis-
charge light source. The required dots are selected by an X-F addressing armay
of thin film metal Bnes, as shown in Fig, 2,15 (a).

Mixie tubes have the following important charscteristics.

1. The numerals are usually large, typically 15-30 mm high, and appear in

the same base line for in-line read-out.
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2. Nixie tubes are single digit devices with or without a decimal poimt.
3. They are either side viewing or top viewing (as shown in Figs 2.15 (b}

and (e)).
x | ¥y
Xz
Xy é
iak
it (Gas Fibed _/\
Envelopas
I

% Nismeral Shapad I H

Electrodes

we ] 7%,* | % o

ikl {e}

. .15 e {2} Matzix ration of Di Panel Using Gas Filled
5 bitas by ot (0] Noce To oo

4. Most Mixie tubes require de supply of 150-220 W, and the selected
cathode carries current in the range of 1-3 mA.

& The Nixie tube can bhe pulte operated and hence can be used in
multiplexed displays.

6. Alphabetical symbols can also be introduced in the Nixie mbe.

2.12.2 Segmented Gas Discharge Displays

Segmented gas dischiarge displayvs work on the principle of gas discharge glow,
similar to the case of Nixie tubes. They are mostly available in 7 segment or 14
segment form, o display numeric and alphanumertc characters.

Since these devices require high veltages, special ICs ure developed o dnve
them. The construction of a 7 segment Dispiay is shown in Fig. 2.16. Each
segment {decimal pointy of the 7 sepment display formed on @ base has a
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separate cathode. The anode is commaon to sach member of the 7 segment group
which 15 deposited on the covering face plare. The space berween the anodes
amnd cathodes contains the gas, For each group of segments, o ‘keep alive’
cathode 15 also provided, For improving the swilching speeds of the display a
small constant current (a2 few micro amps) is passed throogh this keep alive
cathode, which acis a5 a source of ions. Pins are connected (o the electrodes al
the rear of the base plate, with the belp of which exiernal connections can be
i,

The major disadvantage of this gas discharge tube is that high veltuge is
required for operating it. Therefore, high voltage transistors, in the range of
P50 = 200 %, are reguired as switches for the cathodes. A major advaniage is
that the power consumed is extremely small, becanse a bright display can be
obtained even for currents as low ag 200 A,

This display follows a simple construction. Figure 2,17 gives the structure
of a typicul 7 sepment display making vse of a gas discharge plasma,

Imprinted Anode Patiorm
Flg. .16 mm Seven Sagmsnt Display Using Gaseous Discharge

The device uses a glass substrate, shown in Fig, 2.17. Back electrodes of the
thick film type serve as cathode segments, and front electrodes of the thin film
fype serve os fransparent anodes, A gas, typically neon, is filled in the discharge
space hetween the cathode and anode segment. The gas is struck between the
cathode and anode of a chosen =egment so that the cathode glow provides the
illumination. All numeric characters can be displayed by activating the appro-
priate segment.

Display panels of rows or columns of such characters can be easily con-
structed by extendiog a single character. The power requirements of such de-
vices are more of less in the same range 28 those for Nixie tubes.
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Fig. 2.17 mm Saven Segment Gas Filled Charactar

2.12.3 Segmental Displays using LEDs

In segmental displays, it is usual to —een
employ a single LED for cach seg- flr[ IIIU
ment, L
For conventiona! 7 segment LED ajl[ .'lIE
digplays {including the decimal point, -
Le. the Bth segment), the wiring pat-
tern is simplified by making one ter- TN - E;.-Hi? St

mingl common to all LEDs and other

terminals corresponding to different segments. The terminals can be gither of
the common anode (CAY form of common cathode (CC) form., shown in
Figs 2.18 (b} and (c}.

a 3 Common b 2
Anscle
O [ e i
DL W—— i c
a = 'i—l'ﬂ—" d
- e H ....... -
f - . = !
s i goren |4 ;

ik} e
Flg. 2.18 wm {b) Comman Angda Conneclions (¢} Common Cathode Connadclions

A typical static single digit 7 segment LED display system and multi-digit
age shown in Figs. 2,18 (&) and (d).
Multi-digit display system may be static or dynamic.
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Common ancde type displays require an active low (or current sinking ) cosn-
figuration for code converter circuilry, whereas an active high (or current
sourcing) output circull is necessary for common-cathode LED type display.

Both multi-digit and segmental displays require a code converier; one code
converter per character for static display systems and a single code converter
for time shared and multiplexed dyvoamic display systems, which are illuminated
one at & time.

The typical circuit schemes described in the figures are only of the decimal
numeric character. An B digit display system, operating on this principle and
suitable for digital instromentation is given in Fig, 2,18 {d).

6 o6 R~ -
HIE -
% - R Gy
[ Ta Commen
Ancdes
u||[ I||I.; uJ|I Jlll: 'III_._._III:'-
a a a

0 1 il

r—

BCD irput from Counters
Thira' Latches and Transfer Gabes [Wied or Gates)

Flg. 2.18 s (d) buti-Digit Display System (8 Diglt) Using LED 7 Segmeant Charactars

Tt is alzo possible to generate bexadecimal pumeric characters and conven-
tional alphanumenc characters using 7 segment and 14 or 16 segment LED
display wnitz respectively, with o proper code converter, Both static and dy-
namic displays can be realised wsing LCDs, either in a common format
(7 segment) or in single or molu character,
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A chopped de supply may be used, for simplicity, bat conventionally an ac
voliage is applied cither to the common electrode or to the segment, Varioaes
segmental LOD driver circuits are displayed in Fig, 2,19,

Referring 1o Figs 2.19 (o) and (b), it is seen that an ac veltage (V) is applied
o gither the common electrode or o the segment. High value resistances
(K = 1M} are intluded in the cireuit, as shown, The code converer controls the
switches {§). ¥, is present across the selected segment and the common elec-
trisde when 5 is ON, and the voltage between any other segment (5-0FF) and
the common electrode is zeto. Hence the desired segments are energised, pro-
vided V,, has a magnitude greater than or egual te the operating voltage of the
LCD.

Son : f llln' | on | f ,llr ||I
oS | __;I.f | o l / /
] f
T
= — Coammon
=BT = e =
fa) k)

Flg. 215 = EI, Segraents Driving Cirousts los LCD, Bwilching Maethod Cemmon
ectrode (b Segmants Driving Circusts for LCO, Switching Maothod

The basic operation of the phase shift method for driving the segment is
shown in Fig. 2,19 (¢). In this circu, ac voltages of the sune amglitude and
frequency (nof necessarily sume phase) are supplied to the common glecirade
as well as the segments,

Theore will be & finite voltage drop between a segment and the common glec
trole only when the ac voltages applied are out of phase, and thus the selected
segment is energised. On the other hand, when in-phase voliages are present,
the voltage drop between a segment and the common electrede is zero. leading
to the off state.

Flg. .18 wm (¢} Segments Driving Circuits for LOD,
Lsing Phase Shift Mathod

2.12.4 Dot Matrix Displays
Excellent alphanumeric charncters can be displayed by using dot matrix LEDs

with an LED at each dot location. Commonly used dot matrices for the display
of prominent characters are 5« 7, 5 » B, and 7 = 9, of which 5 = 7 shown in
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Fig. 2.20 {a), is very popular due to economic considerations, The two wiring
patterns of dotmatrix displavs are as follows,
. Common anode or commaon cathode connection (uneconomacal ).
2, X - Y armray connection (economical and can be extendad vertically or
honzontally using a minimum number of wires, Fig. 2.20(b]).
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Fig. 2.20 mms (a) 5 x T Dol Matrix Character Using LED
b} Wiring Pattam for 5 « T LED Character
A wypical 3 digit alphanumeric character display system using 5 = 7 dot
matris LEDs is shown in Fig. 2.21,
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2.12.5 Bar Graph Displays

Bar graph displays are analogue displavs which are an altermative (o conveni=
tional I¥ Arsonval moving coil meters. They vse a closely packed linear array
of column of display elements, ie.

“DOT-LED'S”, which are independ- 1 »—Chwar Range

a -
ently driven so that the length of the 9 :
array {or the height of the column) g E'.r
cerresponds 0 the voltage or current & 10
being measured. These displays are E 2 _EII‘
generally used in the panel meters to 3 5
accept analog inpot signals and pro- 21 :
duce an equivalent display of the in- f . LR
put zignal level by illsminating the
corresponding LEDs, as shown in i i it e Lty

Fig. 2.22.

2126 Electro Luminascent (EL) Displays

Electro luminescent displays are an important means of light generation, They
can be fabricoted wsing polycrystalline semiconduwetors, and in view of their
simnple techiology, brightness of display and possibility of different colours,
are rapidly gaining in popularity.

The semeconductors used for EL displays are essentially phosphor powider
or film type strectures,

The powder type consist of powder phosphor with some binding material
c.g. organic liguids deposited on a sheet of glass. The glass has transparent
conductive segments (e.g. 7 segment displays) or dots {dot matrix dizplay)
along with the required conductive leads on the side on which phosphor is
coated for electnical connections.

A metallic electrode, usually aluminium, is placed over the phosphor in 2
pressure cell by vacuum evaporation, so as to form an electrical connection on
the other side of the phosphor. The resulting device is capacitive, becanse of
posar conduction paths in phosphor. An sc feld apphied across the chosen seg-
ment (or doth and aleminivm elecirode excites the phosphor, resulting in emis-
sion of light. In film type strectures the EL powder structurs 15 replaced by a
polyerysialling phosphor film which is deposited on & glass substrate using a
vacuum of pressure cell. These devices can be operated by ac & well as de.

2127 Incandescent Display

Incandescence has heen 2 bazic process of light generation for several decades.
This process is now down in fully integrated electronic displays.

Incandescent displays using 16 sepment as well a5 5 % 7 dot matnix formats
fabricated wsing thin film micro elecironics are now available for alphapumeric
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characters. Such displays are characiensed by simple technolopy, bright ouipot
and compatibility with ICs, bat at very low operating speeds,

A than film of tungsten can be made vo emat light if its temperature is raised
o about 12H°C by electrical excitation. A 5= 7 characier array is formed on a

cerpmiic  substrate  emploving  such
hilms in a matnx form aad is used as _
an infegrated electromic display unit, :
Figure 2.23 gives a typical tungsten
falm or filament suitable for a dot lo- I
cation in the display. ¥
An array of such filaments can be

formed on ceramic substriles using Fig. 2.23 s Tungsten Filamant

conventional thin film technology Syitabla for Incandas-
cormmoniy used in semicondector fab- ciend Display
ricution,

Conzidering the flament dimensions and the dimensions of commonly avail-
able substrates, &n array of three characters can be located on a 2.5 om ceramic
substrate.

16 segment incandescent displavs are also available, but their display is slow,
because of the jarge thermal tme constant associated with the filaments,

2.12.8 Electrophoretic Image Display (EPID)

Electrophoresis is the movement of charged pigment particles suspended in a
liquid under the influence of an electric field. This pheonomenon has been uti-

lised in electrophoretic image displays, as shown in Fig. 2.24.

K BB & ki i PR PR ‘: '?"""P'“E Ilm I:
T Coloured Uiguid (Biack) T
Eiecirode A e P AP A o :
Segments “wbl T asassssssasnly i
— Base Platg = vallage

Fig. 2.24 mem Structure of an EFID

The hasic principle; fabricanon and operating characteristics of a reflective
type Electrophoretic Image Display (EPID} panel are as follows. These dis-
plays are charucterised by large character size, low power dissipation and imter-
nal memory.

The reiatively slow speed of these displays is a major imitation, particularly
for use as a dynamic display. The life span of an EPID iz & few thousand hours
only.

The EPID panel makes use of the electrophoretic migration of charged pig-
ment particles in a supension. The suspension, 15 = 1My thick, which lnrgely
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contains the pigment particles and a suspending lguid, 15 sandwiched between
a pair of electrodes, one of which is ransparent,

The application of a de electric field, across the electrodes, as shown in
Fig. 2.24 moves the particles electrophoretically towards either electrode, the
movement depending mainly on the polarity of the charge on the particles. The
reflective colour of the suspension layer changes on account of this migration.
EPID papels generally follow a segmented characier format = pypleally 7 sep-
ment fior numeric characiers.

It is usval to have the transparent electrode as a commeoen electrode. The back
electrodes are generally segmented. Two such segments are shown mn Fig, 2.24.

During the normal operation of the display, the iransparent electrode is main-
fained af ground potentizl and the segmented electzodes at the back are given
different potentials,

H the pigment particles are white and positively charged in the block sos-
pending liquid, the application of a positive voltage to the chosen segment
mowves the pigment particles away from il and towards the fransparent elec-
trode, This is shown on the left side of Fig. 2.24. Pigment particles appear white
in reflective colour as viewsd through the transparent electrodes.

(i the other hand, when a segment has a negative voltage with reference o
the transparent clectrode, the white pigment particles go fowards it and get 1m-
mersed in the black suspension. In this case, the viewer sees the reflection from
the Mack liguid fiself.

Colour combinations of both the pigment particles and the suspending liguid
can be wsed w achieve a desired colour display.

Moreover, the colours between the displayed pattern and its background can
be reversed, by changing the polarities of segment voltages,

In addition, the EFIT panel has a memory, because the pigment pariicles
deposited on an electrode surface remain there even after the applied volusge is
rermeved.

2129 Liquid Vapour Dispiay {(LVD)

LVD= are the Luest in econmmcal
display technology, They employ a
mew  reflective  passive  display
principle  and  depend on - the
presence of ambient lghts for their
operstion, Figure 225 gives the
structure of & ypical LV cell.

It copsists of a transparent .
vedatile liguid encased between fwo Roughened  Tin Tranapanent

| far nd =id Th
glass plates and side spacers. The
rear glass plate has a black Fig. 2.25 s Siructure of an LVD Call

background and the front glass surface in contact with the ligoid 1= rovghened,
so that the liquid wets i, e in its simplest form, an LYD consists of a
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roughened glass surface wetted with a transparent volatile liquid of the same
refractive index as that of the glass. The rear surface is Mackened.

The transparent electirode is heated by using a voltage drive, which is the
basis for the display function.

In the OFF condition of display with no voliage applied across the transpar-
ent electrode. the viewer sees the hlack background through the front transpar-
ent glass electrode and the Liguid.

To achieve an ON condition of the display, a voltage is applied to the rans-
parent electrode. This causes sufficient heat in the electrode, which evaporates
the liguid in contact with it, and a combination of vapour film and vapour bub-
bles s formed around the roughened glass surface. As the refractive index of
vapour s approximately 1, there is a discontinuity established a0 the
interface berween the front glass plate and the liquid, which gives rise to light
scattering. This makes it a simple display deviee,

The organic liquid selected for LVD should have the following features.

1. Refractive index close to that of the glass plate.

2, Minimum energy for vapounsing the liquid in contact with the roughened

surface.

The electrical beating of a thin film of liguid adjacent to the roaghened sur-
face using transparent electrodes and the applied voltage, makes it an unusually
good display with a better contrust ratio than an LCD, The speed of operation of
LVDs is low, A summary of some imporant display devices is given in
Tables 2.1 and 2.2,

Table 21 Some Popdar Display Devices

Drisplay Applications Advaniages Disadvaniages
devices =
1. CRTs  Large display, small  Bright, efficient, Buiky, high voliage,
and large group uniform, planar nog-digital address,
viewing, consoke display—all colours,  high initial cost.
display. high reliability

2 LEDs  Indicotors and small  Bright, efficient, red, High cost per element,
displays, individual  yellow, amber, green  limited reliability, low
viewing, flat-panel.  colours, compatible  switching speed

with s, small shee

3 LCDs  do Good contrass in Limited temperaiure
bright ambient range (0 - 60°C)
light, low power, Limited reliability, ac
compatible with 1Cs, operation necessary,
Loy cnst element low switching speed.

4. NIX1Es Indicators, small, Bright, range of Hugh drive power
miedizm and large colours, low onst
displays, small group  element, compatible
VIEWIng. with [C's

5. Els Inadicator and <mall Low cost element, Mol compatible with
display, flat panel migny columns ICs
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Tebis 2.2 Typical Applications of Digital Dispiay

Field of applications Displays

L. fmefusirial Elecironics
Meters, positioner and instrumentation, lest  Incandescent, LED, LCD,

equipment, guages and counkers CRT, Mixke
2. Medical

Digital thermometer, Pulse rate meter,

manometer, palient monitoring CRT, LEL¥=

3, Compuaters, Commeree and Business
Peripheral and ALL stadus, calenlators and  LED, CRT,
cush regisier EL, Mixie, LCD

4. Pomesiic
Electronic Oven, telephene, dial indicator,  LED, CRT,
TV channel indicatars, clock and calendars, LCD, Wixig
video games

5. Milirary and Space Research
Situation indicators Traditiomal

99 PRINTERS

Character printers and graphic plotters are the two devices used to prepare a
permanent (or hard copy) record of computer output.

The basic difference between printers and pletters is that the former are de-
vices whose purpose is to print letters, numbers and similar characters in text-
readable form, while the latter print diagrams with continuous lines.

‘214 CLASSIFICATION OF PRINTERS

Printers used incomputers are classified in the foliowing three broad categories.

1. impact and Non-impact Printers

Impact printers form characters on 2 paper by siriking the paper with a print
head and squeezing an inked abbon between the print head and the paper.

Mon-impact printers form chasacters without engaging the print mechanism
with the prinl surface, &.g. by heating sensitised paper or by spraving ink from a
Jet.

2. Fully Formed Character and Dot Matrix Printer

Fully formed characters are like those made by a standard typewriter—all pants
of characters are embossed in the reverse on the type bars of the typewriter.
When printed, all type elements appear connected or fully formed,
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Drat mdrix charscters are shaped by combinations of dots that form a group
representing a letier or number when viewed together.

3. Character ai 8 Time and Lina at 3 Time Printer

Character af a fime printers {character prinfers of serial printers), print esch
character serially, and virtually instantaneously,

Lime st u fime printers (ling printers), pnint each line wvirtually insianta-
neausly,

(Some advanced printers, e.g. those using lasers and xerographic methods,
print lines sorapidiy that they virwally print a page ot a tme, and are therefore
called page printers, They are rarely used in mini computers and microcompi-
ters, for specinl purposes like phototype setting. )

218 PRINTER CHARACTER SET

Most primters used with mam or micro computers use ASCI codes, Printers are
specified as using the 48 character set, the 63 character set, the 96 character set
or the 128 character set.

The 48 and 64 character sets include commonly used special symbols, num-
bers, a space. and upper case {capital} English alphabets.

The 96 ASCI character set includes the lower case English alphabet and
several additional special symbols, Of the 96 chamcters, ‘space” and “delete” do
not print, leaving oaly 94 printable characters.

The eatire |28 characier ASCII set contains 32 charsciers normally wsed for
communication and control. These characters usually do not print. but corme-
spond 10 expandable fanctions, sech &s communication and control,

B8 CHARACTER AT A TIME IMPACT PRINTERS FOR
FULLY FORMED CHARACTERS [DHUH WHEEL)

The iypewriter 15 the classic example of this printer, with characters fully
formed because they are embossed on each type bar.

Ordinary type bar typewriters cannot be used with compuiers, because they
lack a computer coding interface for easy communications.

(The classic printer used with mini and micro computers in the past was the
Teletype Model 33 printer. The ready availability and low cost of these print-
ers, plus their relanvely easy interfacing, made them natural for use in small
computers. The model 33 prints at a rate of 10 characters per second which is
slow compared 1o today”s printer of 55 characters per second for similar print-
ers.) The prnt mechanism is a vertical cylinder, Characters are embossed in
seversl rows and columns around the eylinder, as shown in Fig. 2.26 (a).
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in Rings Arpund Cylinger  Of Mechanism
Flg. 2.26 wem (a) Drem Wheal Prirlar

The ASCI character code sent o the printer, 15 translated into motion that
rotates the cylinder, so that the column containing the desired characier faces
the paper. The cylinder 15 then raised or lowered (depending on the ASCII code)
to present the column containing the desired character 1o be printed direcily to
the paper. A hammer mechapism propels (hits) the eylinder towards the paper,
where only the positioned character strikes the ribbon, creating the printed im-
pression of the character on the paper,

These printers are interfaced with small computers by a 20 = &0 mA currem
used to transmit ASCI coded bits serially.

Another type of fully formed character printer, designed for computer use,
has characters mounted on the periphery of a spinning print head, known as a
daisy wheel printer, and is shown in Fig. 2.26 (h).

Ribon -y s~
Characters e
Embossad on —a _“‘:',n,__"“'-.___
Tip of A e | P I||I .-:_:?"'\-\.\_\__-"_'\-\.._\_ &
o o ‘Jr'_.' T, k- o
1 .'\1. . /-\.> -\-\"'\-\.\__\_-\-\-\""\._\_
4 A o
R, i
.: --:'.I:':-:':.I .-
{ i
¥ %
i "
.I-.
_.-'
_.-'
-
Total of 96 Chamaciers

Flg. 2.26 wm {b) Dalsy Wheal Printar
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A daisy wheel print head is mounted on a rotating disk with flexible flower
like petals similar toa daisy flower. Each petal contains the embossed character
in reverse, As the daisy wheel spins, a hammer strikes the desired flexible petal
containing the character, in turn impacting the paper with the embossed charac-
ter through an inked obbon,

T prant a lener, the whee| is rotated until the desired letter is in position over
the paper. A solenoid driven hammer then hits the petal against the ribbon (o
paion e lemer,

Draisy wheel printers are slow, with & speed of about 30 charscters per sec-
ond (cps). The advantage of the daisy wheel mechanism is high print quality,
and imerchangeable fons,

Character at & time printing follows the following sequence of steps; lefl 1o
right printing to the end of the ling, stop, return carriage and start & second line,
and again print lefl o right. It is unidirectional,

Spinning wheel printers are capable of bidirectional pninting. The second
line 15 stored in a buffer memory within the printer control circuitry and can be
printed in either direction, depending on which takes the least printer tinne.

27 LINE AT A TIME IMPACT PRINTERS FOR FULLY
FORMED CHARACTERS (LINE PRINTERS)

In line printers, characters or spaces constituting printable lines (typically 132
character positions wide) are printed simaltaneously scross the entire line.
Paper is spaced up and the pext line is printed. Speeds for line printers range
from several hundreds to thousands of lines per minute.

Line printers are used for high volumes of printed output and less frequently
in micro computers, because of their high eguipment cost relative o character
al @ Wme printers.

An embossed type font is positioned across a line for printing by using em-
hossed type, either on 4 carder consisting of 2 chain, train or band moving
homizontally acooss the paper and print line, or a druom rotating o oot of the
paper with characters embaossed, Typically, there are 132 columns on ihe drum.,
As the drum rofates, the column of characters pan vertically across the paper
andt the print line (shown in Fig. 2.27). In both methods, hammers {one for each
of 132 print positions) strikes when the carrect character 18 positioned, Emprint-
ing the characier on the paper with an inked ribbon,



Sraloged
Magnet Hamme: Print Band

Fig. 2.27 mm Band Printers (Line Printer)

Print characters are embossed on the band. The band revolves between two
capsians, passing o froot of the paper. An inked ribbon is posttioned betwesn
the meving band and the paper. As the print characiers on the band move by
132 honzontal pring positions, the 132 corresponding print hammers behind the
paper strike the band at the appropriate time, causing the loe of charscters to
print each desired cheracter in 132 print positions.

In band printers, a metallic or plastic band has a fuily formed efched charac-
ter on it The band rofates ot high speed. There is one hammer for one priot
position, because several hammers can strike simultanecusly for many print
positions, These printers are faster than dot matrix printers. These line printers
have speeds varying from 75 to 4000 hines per minute (1 pim). These printers are
toth notsier and costlier than dot-mairix ponters.,

A band always conteing maore than one character set. This reduces access
time needed to match the characters, thereby reducing the printing time. Below
the characters are the timing marks which are sensed by the printers electronic
circuitry. It compares the character fo be printed with the character correspond-
ing to the tming mark, senses it and if a match occurs, fires the corresponding
hammer.

A chain printer 15 similar to 8 band printer, except that in the former the
characters sets &re held in a metal or rebber chain &nd retated across the paper
along & pring line.

A chain revolves in front of the rbboa and paper. Each link in the chain is
dezigned fo boid a pallet on wiich type characters are embossed. Hammers are
Incated behind the paper and each of 132 hammers sirikes the moving type
pallet when the desired character passes the position in which it is timed to

print.
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B8 DRUM PRINTER

Figure 2.28 illustrates a drum printer. Each of the 64 or 96 characters used is
embossed in 132 columns around the drom, commesponding (o the print posi-
tions. The drum rotates in front of the paper and ribbon. Print hammers strike
the paper, imprinting characters from the drum through the nbbon and forming
an impression on the paper.

The drum printer uses 3 cylindrical drum which contains characters em-
bossed around it. There is one complete character se1 for each print position. To
print characters, magnetically driven hammers in each character position strike
the paper and ribbon sgainst the spinning drum. An entire line of characters can
be printed during each rotation of the drum. Printing speeds of drum printers
vary from 200 — 300 lpm. The drawbacks of drum printers are that the fonts ane
not easily changeable, and the print lines may be wavy.

o 64 Charactars Arpiand
Characters -;u.f Fﬂ‘nﬂﬂmdm

[]mm

Fig. 2.28 mm Drum Printers

1218 DOT-MATRIX PRINTERS

Dot matrix characters are formed by printing a group of dots to form a leger,
number or other symbol. This method is widely used with mini and micro com-
putzrs.

Dots are formed both by impact and non impact print methods and are both
charwcter al a time and line at o Wme printers.

Figure 2.29 shows the letter A’ formed by a dot-mairix, sz dods wide and
seven dots high (5% 7) and in a 9 % 7 matrix. A 5 x 7 dot-matrix is frequently
used when all letters are acceptable, in upper case.
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Full Fazn Hal Pilch

Fig. 225 mm Dat Matnx Sires

Dot-matrix printers can print any combination of dots with all available print
positions in the matrix. The character 15 printed when one of 128 ASCI codes
is signalled and controlled by the ROM (read only memory) chip, which in furn
controls the patterns of the dots. By changing the ROM chip a character set for
any language or graphic character set can be used by the printer,
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220 CHARACTER AT A TIME DOT-MATRIX IMPACT PRINTER

The print head for an impact dot matrix character is usually composed for an
array of wires (or pins) arranged in a tabelar form, that impact the charicter
through zn inked ribbon, as shown in Fig. 2.30. For this reason, these printers

are somelimes also called wire printers.
Meile

Batrin
Actuaiors
HNaedies
i-+' . Paper
i [ | It = 3o ow LI T |
2' 4 - -m w
(| L & &
| 1 Locara-s= & & & & &
R o S ;
- B g .
ﬁ' 1 he=" LW B o ®* % W = m
l d 1 23465 B 7 &899
| I. - —
Sequence of Dot
Mg Melna Hagl — Ganarahion

Fig. 2.30 wem Impact Dot Mairiz Print Head

The print head often contains & single column seven wires high, though it

may be two or more columns wide (Fig, 2.31 (a}).
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Far purpose of illnstration, assume that the print head contains a single col-
umn seven wines high. The seven wires are thrust from the print head (esually
electromagnetically) in whatever combination the print controller requires
create a character. The wire strikes the ribbon and in turn impacts the paper,
printing one vertical column of a single character.

The dot-matrix print head contains wires (or pins) arranged in whular form.
Characters are printed as a matrix of dots. The thin wire, driven by solenoids at
the rear of the print head, strikes the ibbon against the paper to produce daots.
The print wires are arranged in a vertical column, 2o that characiers are printed
out ene dot column at & time as the print head moves on a line.

Fora 5 = 7 full step dot-matax charscter, the print head spaces one step,
prints the second column of dots and repeats the pricess until all five columns
are printed,

If the printer is designed o print dots in kalf steps, the same process is used,
except that five horizontal print steps are used to form the characters (the five
normal steps, pius four intervening half steps), thereby forming a 9 7 half step
dat matriz character,

The dot-matrix character printer, strictly speaking, does not actually print a
character a1 2 nime, but one column of & dot-matrix character at a time. How-
ever, the print speeds of & dot-matrix printer are very high, up to 180 characters
peer seconsd,

Early dot-matrix print heads had only seven print wires, and consequently
poor print quality, Currently available dot-maamx printers use 9, 14, 18 or even
24 print wires in the print head, Using a large number of print wires andior
printing a line twice with the dots for the second printing offset slighily from
those of the first, ensures a better quality of print (Fig. 2.31 b},

Comion speeds of dot-matrix printers range from 50 — 200 cps, but printers
with speed as high as 300 cps are also available.
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The dot-matrix codes of the characters are stored in EFROM. The fonts or
print graphics can be changed under program control. This is the main advan-
tage of dot-matrix printers.

The font of dot-matrix printers can be changed during printing by including
the desired formats in EAM or ROM. Hence, it is possible to include standard
ASCII characters, italics, subscripts, eic. on the same line, Special graphics can
also be programmed into the printer.

A S

221 NON-IMPACT DOT-MATRIX (NIDM) PRINTERS

Non-impact dot-matrix printers cause a mark without directly touching the
paper. They are therefore quiet compared o 1mipact printers.

They cannot make carbon copies, however, as there is no force o impress
the character through multiple carbon copies. NIDM printers are useful for
printing single copies of computer output, for recording the output of printing
calculators and video displays, and for logging industnial data.

There are four types of NIDM printers thermal, electrosensitive, electro-

static, and ink jet.

Giive the basic principle of a D Arsenval movement.

Explain the operation of a PMMC movement.

What are the functions of counter weights in a PMMC movement,

Explain the basic construction of a taut band movement,

Compare a PMMC movement with a taut band movement.

State the operating principle of an electrodynamometer.

Why is the electrody namometer called a square law device?

What is a transfer instrument? Why is an electrodynamometer a transfer

nElrument’?

%, Dafferentiate between moving iron and moving coil mensurement.

10, Siale the difference between radial and concentiic HOR-vane MOVERENL

L1, State the difference between an anolog and o digital indicator.

12, Explain a 7 sapment LED display.

13, Dwaw the structure of an LED and explan its operation. What ase the condition
ko be satisfied by the device for emission of visible Light™

b4, DHscuss with o neat diagram, a methisd of realising a 7 segmemt numeric display
using LEDs,

15 Brnag oul the imporant differences between the common andde and commion
cathode type circuit prangements for a 7 segment numeric display using LEDs,

16, What are the operating principles of LCD display?

I7. What are the advantages of LCD display over Mixie mabe and LED display?

18, Give rensons for the following,

(1) [hod matrix preseniaton (s more popular than the bar matrix in alphanu-
meric character generation in CRT.

=

e Bl
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{ii} Refective LCDs have many advoniages over trunsmissive LCDs,
{'pi:ij Bar pﬂph d:xpl::,'.\. have a urlil;.|u|: rade i an eleciromic riispl:j' AVSLE.
19, Compare the relative performance of the following display devices in numeric
display applications.
(ip Elecurophoretic image display
iy Liguid vapour dasplay
{iil"r Mizie ubes
(ivy Flot panel alphanumeric CRLT
20, What are printers, and where ore they used?
21, Stae different types of printers.
12 How is characier at & time printing done?
23, How ks line at a time pristing done?
24, What are impacl and nan-impact prinlers?
25, What are the differen methods of character an a time printing?
26, What is a daisy wheel?
27, What are dot-matrix printers”? How is printing done?
28, How is the quality of printing improved?
249, Wheat are the moin advaniages of dot-matrix over other printers?
M), What are half geps in o dot-matris? Why are they wsed?

I. B.5. Sonde, Tronsducers ard Display Sysrems, Tata MoGraw-Hill, 1979,

2. Philen Technological Centre, Electronic Precision Measurement Techrigues
evicd Expertment,

1. C. Lowis Hohenstein, "Computer Peripherals for Mini Compuwter®, Micre-
provessor and P.C, MoGraw-Hill, 1980

4. AK. Sawhmey, Elecrronic and Efecirical Measurements, Khanna Publishers,




3 Ammeters

B oc aMmETER

The PMMC galvanometer constitutes the basic movement of a do ammeter.
Since the coil winding of a basic movement is small and light, it can carry only
very small currents, When large currents are o be measured, it is necessary to
bypass a major part of the current through a resistance called a shunt, as shown
in Fig. 3.1. The resistance of shunt can be calculated using conventional circuit
analysis.
Referring to Fig. 3.1

R, = internal resistance of the movement.

{4 = shunt current

I, = full scale deflection current of the movement

I = full scale current of the ammeter + shunt (i.e. total current)

———

B (PO T

L
L

Flg. 3.1 mem Basic dc Ammeaber

Since the shunt resistance is in paralle] with the meter movement, the voltage
drop across the shuni and movement must be the same.

Therefore V=V,
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T Rop = L R R, ===

'F.:l
But lasf=1_
IR
hence =-A_n
* =1

For each reqguired walue of full scale meter current, we can determine the
valug of shunt resistance.

AL mA meter movement with an internal resistance of 1000
is to e converted into a 0 = PH) mA, Calcalace the value of shumt rezistance
ltqujrn:l:l_

Given £, = 100 4L [, = | mA, {= 100 maA

_ R, ImAXI00Q _ 100mAL _ 1000
0 o 99 mA 90 09

The shunt resistance used willy 2 basic movement may consist of a length of
constant temperature resistance wire within the case of the instrument.
Alternatively, there may b2 an extemnal (manganin of constantan} shunt having
very low resistance.

The general requirements of a shunt are as follows,

I. The temperaure coefficients of the shunt and instrament should be low

and nearly identical.

2. The resistance of the shunt should not vary with time,

3. It shounld carry the current without excessive temperature rise.

4. [t should have a low thermal emf,

Manganin is vzually used as a shunt for de instroments, since it gives a low
value of thermal emf with copper.

Constantan is a useful matenal for ac circoiis, since it's comparatively high
thermal emf, being unidirectional, is ineffective on the these circuits,

Shunt for low current are enclosed in the meter casing, while for currents
ahove 200 A, they are mounted separately.

R - 101 Q

B MULTIRANGE AMMETERS

+
The current range of the dc ammeter iR R
may be further extended by a number *
of shunts, selected by a range switch, (Dﬂ'
Such a meter 15 called a multirange ' Arsonval
ammeter, shown in Fig. 3.2. 4 S
The circuit has four shunts K, &;. s

R, and R, which can be placed in Fig. 3.2 mem Mulbirangs Ammater
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paralle] with the movement e give four different curment ranges, Switch 8 s 4
multipozition switch, (having low contact resistance and high current carrying
CApACIlY, SIncE s Contacts are in senes with low resistance shunts). Make
befiore break type switch is used for range changing, This switch protects the
mieter movement from being damaged without o shunt during range changing.

If we use an ordinary switch for range changing, the meler does not have any
shunt in parallel while the range is being changed, and hence full current
passes through the meter movement, damaging the movement. Hence a make
before break type switch is used. The switch is so designed that when the switch
pesition is changed, it makes contact with the next terminal frange) before
breaking eontact with the previcous terminal, Therefore the meler movement is
never left unprosected. Multirange ammeters are used for ranges up o 34,
When using a multirange ammeter, first use the highest current range, then de-
crease the range wntil good upscale reading is obained, The resistance used for
the vanous ranges are of very high precision values, hence the cost of the meter
InCTEases,

THE ARYTON SHUNT OR UNIVERSAL SHUNT

The Arylon shunt eliminates the pos- (__ _l_ il
sibility of having the meter in the cir- R |
cubl without a shunt, This advan-tage |
is gained at ibe price of slighily higher A
overull resistance. Figure 3.3 shows a i
circuit of an Arvton shunt ammeter, In

2 /0 F‘-nﬂ.

this circuit, when the swilch s in posi- E;:':ml
tiom “17, resistance R, is in parallel R

with the series combi-nation of &, K

and the meter movement. Heace the g

current through the shunt is more than Fig. 3.3 wem Aryton S

the current through the meer move-
ment, thereby protecting the meter movement and redocing iis sensstivity. [Fihe
switch is connected 1o position ™27, resistance K, and B, arc together in parallel
with the series combination of &, and the meter movement. Now the corrent
through the meter is more than the current through the shuat resistance.

If the swirch is connected to position *3" R, R, and £, are together in paraliel
with the meter. Hence maximum current flovws through the meter movement
and very iiftle through the shunt. This increases the sensitivity.

Design an Arvion shont (Fig. 3.8) v provide an ammeter
with m current range of 0 = | mA, 10 mA, 500mA and 100 mA. A IV Arsonval
movement with an internal resistance of 100 £2 and full seale current of 3004 A
is wsed,
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j EArsanval
— Mowemand

Flg. 3.4 s For Examphe 3.2

Bolifight) Given &, = 100 12, I, = 50 pa.

For 0 — 1 mA range
!InkH.dl=janr

S BSD A (R + My + By o+ Ro) = 50 pA = TOG.

S pA 100 _ 5000

B+ Ry v B+ Ry = 950 jiA 50 =52610) (3.1}
For @ — Jima
GOS0 i (K & By o+ R0 = 50 WA - D100+ Ry) (3.2}
For 0 = 50 mA
40950 pA (R + B0 = S0 A - (100 + By + B, (1.3}
For 0 = 100 mA
QOGS0 A (K3 = 50 pA 100+ B, + R + Ry (3.4
But &, + &, + K, = 5.26 - &,. Substituting in Eq. 3.2, we have
GOS0 pA (5.26 = Ry = 50 pA (100 + Ry)
QA0 WA x 526 - 500 pA = Ky = 5000 pA + 50 pA R,
(9950 A~ 5.26 < 5000 pA) = 9950 pA Ry + S0 gA Ry
Therefore R, = LV Loh — AN S137 A =4.717

10 mA 10 mA
R,=4.740
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In BEg. 3.1, substituting for R we get
B 4+ Ryt By=526-474=052

B+ Ry =052 - R,
Substituting in Eg. 3.2, we have
40950 A (.52 - Ry) = 50 pA (R, + 4.74 + 100)
49950 A % 0,52 - 49950 A = By
= S0 A xR+ 50 pA K 4T+ S0 A = 100
40050 A = 052 = M pA = 4,74
= 4950 LA % Ry + 50 WA x Ry + S000 pA
(25974 = 23T) pA = 50 mA = Ry + 5000 pA
25737 pA = 50 mA X By + 5000 pA
_ 25737pA - S000pA _ 20737 pa

K 50 mA 50 A

Ry = 04147 = 042 0
But By 4 Ry =10L52 < R,

B+ By=0.52 - 0.4147 = 0.10526
Therefore Ry = L1526 - R, (3.5]
From Eg. 3.4
QUOS0 A (R = S0 A = (100 + B, By + Ry

But By+ By+ Ry =526-R, (from Eq. 3.1}

Substitwting in Eg. 3.4

GOOS0 pA = B, = 50 pA = (100 + 526 - R))

GO050 pA = B, = 5000 wA + (50 pA = 5.26) - (R, = S0 uA)
G950 WA = &) + 50w x Ky ow S000 A + 50 A x 5,26
(99950 A + S0 pA) R, = 5000 pA + 263 pA

100 mA = B, = 5263 pA
_ 5263pA
Y100 mA
Thesefore R, =0.05263 02

= (L0526
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From Eg. 3.5, we have
Ry =0.10526 - R,
= (L10526 - 005263 = 005263 £
Hence the value of shunis ace
By = 00526342, R, = 005263 L)
Ry =0414700; R, =47410

98 REQUIREMENTS OF A SHUNT

The type of matenal that should be used o join the shunts should have two
MAIN properties.

1. Minimum Therme Dielectric Vollage Drop

Soldering of joint should nod cause & voltage drop.

2. Solderability

Resistance of different sizex and values must be soldered with minimum change
in value,

The following precautions should be observed when wsing an ammieter for

medsirement.

1. Mever connect an ammeter across 4 source of emf. Because of its low
resistance 1f would draw & high current and destroy the movement.
Alwiys connedt an ammeler in series with a load capable of limiting the
curreit.

2. Observe the cormect polarity, Beverse polarity causes ihe meter to deflect
aganst the mechanical stopper, which may damage the pointer,

3. When vsing a multirange meter, firss use the highest current range, then
decrense the current range until substantial deflection is obtained. To
increase the accuracy use the range that will give a reading as near full
gcale as possible.

85| EXTENDING OF AMMETER RANGES

The range of an ammeter can be ex-

tended to measure high current values Bl St Iml
by using extemal shunts connected to o it

. L] = Exiemal
the hasic meter movement (usually the Curmend FERuM
Iowrest currend renge), as given in Fig. Rangs -
35

Note that the range of the basic Fig. 3.5 mm Extending of Ammetars
meter movement cannot be lowened,
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{(For example, if a 100 pA movement with 100 scale division is used 1o measore
1 A, the meter will deflect by only one division. Hence ranges lower than the
basic range are not practically possible. )

@8 RF AMMETER (THERMOCOUPLE)

3.6.1 Thermocouple Instruments

Thermoceuples consists of & junction of two dissimilar wires, so chosen that s
voltage is pencrated by heating the junction. The output of a thermocouple is
delivered w a sensitive do micropmmeter,

(Calibration is made with de or with & low frequency, such as 50 cycles, and
applies for all frequencies for which the skin effect in the heaier s ot
appreciable, Thermocouple instruments are the standard means for measuring
current at radio frequencies. )

The generation of do voltage by heating the junction is called thermoeleciric
action and the device is called a thermocouple,

3.6.2 Different Types of Tharmocouples

In a thermocouple instrument, the cwrent to be measured is used 1o beat the
junction of teo metals, These vwo metals form & thermogouple and they have
the property that when the junction s heated it produces & voltage proportional
to the beating effect, Thiz owtput voltage drives a sensitive d¢ micropmmeter,
giving a reading proportional o the magnitude of the ac input.

The alternating current heats the junction; the heating effect is the same for
both kalf eycles of the ac, because the direction of potential drop {or polarityj s
always be the same. The varions types of thermocouples are as follows.

Mutual Type (Fig. 3.6 (a))

In this type, the alternating current passes through the thermocouple itself and
not through a heater wire, It has the disadvantages that ihe meter shunts the
thermocouple.

Contact Type (Fig. 3.6 (b))

This is less sensitive than the mutual type, In the contact {ype there are separate
thermocougle lepds which condoet away the heat from the heater wire,

Separate Heater Type (Flg. 3.6 {c))

In this arrangement, the thermocouple is beld near the heater, but insulated from
it by a glass bead. This makes the instrament shuggish and also less sensitive
because of temperature drop in the glass bead. The separate tpe 15 eseful for
certain applications, like RF cumrent measurements. To avoid loss of heat by
radiation, the thermocouple arrangement 5 placed in a vacuum in order o
ICredse s sensivity,
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Bridge Type (Fig. 3.6 (d))

Thiz has the high sensitivity of the muteal type and yel avoids the shonting
effect of the microammeter.

f l 9,
) “ﬂ“‘”J
g
Tharmocoupa
Elemanit b Healar
Thearmoco )
i (al
-
Pl A
W
Armeter
i y
bt +
(Gass Bead g
2
ic} (d}

Flg. 3.5 s (i1} Mutual Type (b} Contact Type (¢} Saparale Heater Type (d) Bridge Type
Thirmasouphe

The sensitivity of a thermocouple is incressed by placing it in & vacuum
since loss of heat by conduction is avoided, and the absence of oxygen permits
operation at 8 moch higher temperature, A vacuum thermocouple can be
designed to give o full scale deflection of approximately | mA. A simalar bridge
arrangement in air would require about 1000 mA for full scale deflection,

Material commonly used to form a thermocouple are constanton against
capper, manganin of & platingm slloy. Such a junction gives a thermal emf of
approximately 45 uV/oC,

The heating element of open air beaters is typically a non-corroding platinum
alloy, Carbon filament heaters are used in vacoum (ype

Thermocouple heaters operate so closz o the burnout poinl under nofmal
conditions, that they can withstand only small overioads without damage,
commonly up to 50%. This 1 one of the limitations of the thermocouple
instrument.

(Commeonly uwsed metal combinations are copper-constantan,  iron-
constantan, chromel-constantan, chromel-alomel, and  platinum-chodiom.
Tables are available that show the voltages produced by each of ihe various
metal combination af specific emperatures. )
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87 LIMITATIONS OF THERMOCOUPLES

Following are the limitations of thermocouples
1. Heaters can stand only small overload,
2. Avrise in temperature (higher cperating temperarures) causes a change in
the rezistance of the heater,
3. Presence of harmenics changes meter reading, because the heating effect
is proportional fo the square of current,
This can be understond by the following example.
The effective value of inpat wave is

=B BB+

where [, is the fundamensal
Iy is second harmonic
{y is third harmonic
4
3
Therefore, the ervor in the current reading if 200% harmonics is present, is
calculated as follows, Therefore effective value of input wave

= JIE+E = \|'r,= (2]

I: 26 . Pt
=1||f‘ —'=1||—: = J1L.4 P
'+B 25 ﬂr 1

=l02h=1+0021
But 0,02 = 2%, Hence 20% harmonics increase the emor by 2%.

If 20¥% harmonics are present, then [y

88 EFFECT OF FREQUENCY ON CALIBRATION

The frequency effect arises because of various factors sach as:
1. Skin effect
& Non uniform distribution of current along the hester wines
3. Sporious capacitive curmenis

1. Skin Effect
The skin effect causes a higher reading at higher frequencics, especially if ihe

heater wire is smalil. A low current instrument with a circular cross-section,
used in vacuum, may have a skin effect error of less than 1% at frequencies up
tor 30,000 MHz. Ribbon heaters ane often used for large currents, but they have
larger skin effects, Solid wire, and better still hollow conductors are ideal with
a view 1o minimising from the skin effect.
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Calibeation done with d¢ or low frequency as such as 50 Hz for which the
skin effect of the heater 1s not appréciable. Accoracy con be as high as 1% for
freguencies up to 50 MMz For this reason, thermocouple instruments are
classified as RF instramenss,

Above 50 MHz the skin effect forces the curment to the outer surface of the
conductor, increasing the effective resistance of the heating wire and redocing
the instrument’ s accuracy. For small cumreniz of up o0 3 A, the heating wire
should be solid and very thin, Above 3 A the heating element should be hollow
and wbular i destgn o reduce the skin effect.

2. Non-uniform Distribution of Current

This occurs at fréguencies where the heater length iz of the order of a fraction of
a wivelength (magnitwde of one wavelength). The current distribution along
the heater is not uniform and the meter indicetion 1s uncertain, Hence to avoid
this the heater length and its associated leads should be less than 171(th of a
wavelengih

3. Spurious Capacitive Currents

These occur when the thermocouple instrament is connected in such a manner
that bothy terminals are at a potentiazl above groond. As the frequency is
increased, a large current flows through the capacitance formed by the
thermocouple leads, with the meter acting as one electrode and the ground as
thie ather, To avoid this, proper shielding of the instrunent stould be provided.,
The calibration of a thermocouple is reasonably permanent. When calibrating
Contact and Mutual with de, it is always necessary to reverse the polarity to
take the average reading. This s because of the resistance drop in the beater at
the contact may cause a small amount of de-corment to flow; reversing the cali-
brating current averages oui this effect.

'MEASUREMENTS OF VERY LARGE
CURRENTS BY THERMOCOUPLES

Thermoeouples instrument: with heaters large enough 1o carry very large
currents may have an excessive skin effect. Ordinary shunts connot be used
beczuse the shunting ratic will be affected by the relative inductance and
resistance, resuliing in a fregquency effect,

One solubion te this problem consists of mimmising the skin effect by
ernploving a heater, which s o tube of large dinmeter, but with very thin walls,

Another consists of employing an array of shunts of identical resistance
arranged svmmetrically a2 shown in Fig, 3.7 (a).
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In Fig. 3.7 {a) each filament of wire has the same inductance, so that the
inductance causes the current 1o divide &t high frequencies, in the same way as
does the resistance at low frequencies. In Fig. 3.7 (b} the condensor shunt is
wsed such that the corrent divides between the two parallel capacitors
proportional to their capacitance, and maintains this ratie independent of
Frequency, as long as the capacitor that is in seres with the thermocouple has a
higher impedance than the thermocoupie heater and the lead inductance is
imversely proportional to the capacttances.

In Fig. 3.7 (c) the current transformer 15 wsed 1o measure very lurge RF
currents at low and mederate frequencies using a thermocouple instrument of
ordinary range. Such transformers generally use a magneiic dust core. The

Primary Curmend
Secondary Current

where L, = secopdary inductance
L, = pnmary inductance

current rabio is given by

K = coefficient of coupling between L, and £,
r, = resistance of secondary, including meter resistance

o= wljr, = @ of the secondary circuit taking into account meter
résistance

{a) Series Condenses i
P—— by -
A
b aaird )
The e s
Iaips
|
L+

Flg. 3.7 s (a) Array of Shunts {b) Condensar Shant (o) Currend Tramsbo s
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If @ of the secondary winding is appreciable {i.e, greater than 3}, the trans-
formation ratio is independent of frequency.

A current ratio of 1000 or more can be obtained at low and moderate RF by
using a many wrn secondary wound on @ toroidal ring.

b =

i ettt o - o

—

What type of movement is used for on ammeter?

What are the advantages of an Aryton shont ammeter over a multirange
ammeter?

What are the requirements of a shunt?

What precautions are 1o be observed when using an Ammeter?

What is a thermocouple? Stabe its range of measurement,

Explain the construction and working of a thermocouple measuring instrument.
Why is a thermocouple measuring instrument classified as an RF instrument?
State the different rypes of thermocouple.

How is & large cwrmemt measured using o thermocouples?

What are the limitations of a thermocouple?

What are the effects of frequency on the calibration of a thermocouple?

ek Bl

. What value of shum resistance fs required for using a 50 A meter movement,

with an internal resistance of 250 £2 for measuring 0 — 500 maA?

Design & multirange ammeter with ranges of 0= 1 A, 5 A, 25 A and 125 A,
employing individual shunts in each, A D' Arsonval movement with an internal
resistance of 730 12 and a full scale current of 5 mA is available,
Design an Aryten shunt o provide an ammeter with current ranges of 0 — 1 mA,,
10 mA, 50 mA, and 100 mA, using a D' Arsonval movement baving an indecnal
resistance of 100 £} and full scale deflections of 30 A,

Design an Aryten shund to provide an ammeter with current ranges (0 - 10 mA,
100 A, and 500 mA wsing 4 D'Aronval movement having an lntermal
resistance of 50 {2 and full scalle deflections of 1 mA.

ii Further Reading '

. Terman and Pent, Electronic Measurements, MeGraw-Hill Book Co, Mew Yaork,

1952,

Sol. D, Prensky, Electronic Instrumentation, Prentice-Hall of India, 1963,
John. H. Fusal, Simplified Electronic Measurements, Hayden Book Co. Inc.,
Mumbai, 1971.

Larry. [ Jones and A. Foster Chin, Electronic fartruments and Megreremens,
John Wiley and Sons, Mew York, 1987

wW.D. 'I:'nppn and A_D. Helfnck, Electronic Inarumeniction and Measuremenis
Technigues, 3rd Edition, Prentice-Hall of India, 1985.
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4 Voitmeters and
Multimeters

83| INTRODUCTION

The most commonly used dec 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 4 permanent magnetic
field. This basic moving system, often called the D' Arsonval movement, is also
referred 1o as the basic meter.

Different instrument forms may be obtained by starting with the basic meter
movement and adding variows elements, as follows.
1. The basic meter movement becomes a do instrument, measunng
(i) de current, by adding a shunt resistance, forming & microammeter,
a milliammeter or &n ammeter.
(i) de volage, by adding a multiplier resistance, forming a milli
voltmeter, voltmeter or kilovolimeter,
(iii) resistance, by adding a battery and resistive network, forming an
chmmeter.
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 awdio frequencies,
(i) RF voltage or current, by adding a thermocouple-type meter for BF,
(iii) Expanded scale for power line voltage, by adding o thermistor in a
resisiive bridge network, forming an expanded scale (100 = 140 V)
ac meter for power ling monitoring.
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B8 sAsic METER AS A DC VOLTMETER

To use the basic meter as a de voltmeter, it is necessary to koow the amount of
current required to deflect the basic meter to full scale. This current is known as
full scale deflection current [{M}. For example, suppose a 50 JA current is
required for full scale deflection.

This full scale value will produce o voltmeter with a sensitivity of 20,000 £2
per V.

The sensitivity is based on the fact that the full scale current of 50 pA results
whenever 20,000 £ of resistance is present in the meter circoit for each voltage
applied.

Sensitivity = 1= 150 pA =20 kLVV

Hence, a 0 - | mA would have a sensitivity of | VW1 mA = 1 YV or

LR £

Calculate the sensitivity of o 200 pA meter movement which

¥ oc VOLTMETER

A basic I Arsonval movement can be converied into a de volimeter by adding
a series resistor known as multiplier, as shown in Fig. 4.1. The function of the
multiplier is to limut the current through the movement so that the current does
not exceed the full scale deflection

value. A de voltmeter measures the 4 el

potential  difference between wo T "Ry I Jm

points in a de circoit or a circuit

component, ¥ E R
To meéasure the potential difference

between two points ina de circuil or a l

circuit component, a dc voltmeter is

always connected across them with Fig. 4.1 mm Basic dc Volumler
the proper polarity,

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

I, = full scale deflection current of the movement {IM}
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R_ = witernal resistance of movement
E, = multiplier registance
¥ = full range voltage of the instrument
From the circuit of Fig. 4.1
V=I_(R +R,)

V-I_ R, ¥V
lEJ:—.I‘:__HH-
{ i

Therefore Res—=R

The multiphier lirmats the current through the movement, 50 45 (0 nol exceed
the vaiue of the full scale deflection [,
The above equation s also used o furthes exiend the mnge in DC voltmeer,

A hasic [ Arsprval movement with a full scale deflection of
S0 pA and internal resistance of 500 L2 is used as a voltmeter. Determine the
value of the multiplier resistance needed to measure & voltage range of
0-10%.

A Given

Vv 10
Ry= o Ry= e~ 5000
L R 1T
=0, % 10% = 500 = 200 k - 500

= |99.5 kL)

B MULTIRANGE VOLTMETER

Az in the case of an ammeter, to obtain & multirange ammeter, 4 number of
shunts are connmected aeross the movement with a mulii-position switch.
Similarly, & de voltmeter can be coaverted into a muitirange voltmeter by
connecting a number of resistors (multipliers) along with & range switch o
provide g greaster number of workable ranges,

Figure 4.2 shows a multirange voltmeter using a three position switch and
three multipliers &), &y, and & for voltage values V), Vi, and V.

Figure 4.2 can be further modified to Fig. 4.3, which is a more practical
arrangement of the multiplier resistors of a multirange voltmeter,

In this arrangement, the multipliers are connected in a series string, and the
range selector selects the appropriste amount of resistance required in series
with the movement.
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; Vi Ry
Ve Rﬁ J-!-

-
Fig. 4.3 s Mullipliers Connacted in Series String

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

The first resistor or low range multiplier, Ry, is the enly special resistor
which has to be specially manufactured to meet the circuit requirements.

Coavert a basic D"Arsonval movement with an internal
resistanice of 54 £ and a full scale deflection current of 2 mA Into o multizanges
de volimeter with veliage ranges of 0 - 10V, 0 = 30 V, 0 - 100 ¥ and
- 250V, Refer 1o Fig. 4.3

Fora 10 V range [ V; position of switch), the toial circuil resiztance

ui—icﬁm

"Ly 2mA
Therefore R, = R,— R, =5k—S0=4950Q,
For 50V range (V, position of switch), the total cincoit resistance is

v s
Re—=—_ =25k}
Yl 2mA

Therefore Ry = B, - (R, + R =25k - (4950 + 50) =25k -5k
R,=20k0

For 100 V range (V, position of switch}, the total circuis resistance is
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Tog 2 mA
Therefore, Ky =R, - (Ry+ R, + &)
=50k = (20 k + 4950 + 50)
FB=3k-Bk=23kQ
For 250 ¥ range, (¥, position of switch), the total circuit resistance is
v 250
Toi 2
Therelore R, =8 <R, + By + B+ R}
=125 k < (25 k + 20 k + 4950 + 50}
=125k-50k
= 715 kil

Only the resistance 8, {(low range moltiplier) has o nom-standard vilwee,

RJ= = 125 kil

W3 EXTENDING VOLTMETER RANGES

The range of a voltmeter can be extended to measure high voltuges, by using a
high voltage probe or by using an external multiplier resistor, as shown in
Fig. 4.4, In most melers the basic movement 15 used on the lowest current range.
Walues for multipliers can be determined using the procedure of Section 4.4,
The basic meter movement can be

used o measure very low voltages. A—— —-m'*

Howewver, greaf care musi be used o Muttigher 1080

not o excesd the voltage drop Lawest Leads
. 2 Curran

required for full scale deflection of Ranga

the basic movement.

Sensitivity Flg. 4.4 wm Extending Voltage Range

The sensinvity or Olms per Yot rating of a voltmeter is the ratio of the togal
circuit resistance &, to the voltage range. Sensitivity is essentiolly the reciprocal
of the full scale deflection current of the basic movement. Therefore, § = 1,
oy,

The sensitivity "3" of the voltmeter has the advantage that it can be used to
talculate the value of multiplier resistors in a dc voltmeter. As,

K, = total circuif resistance [R, = &, + K]
& = gensitivity of voltmeter in ohms per volt

V m voltage range as sel by range switch
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R, = internal resistance of the movement
Since R=R-R and R =5xV
R =5 Vi-k,

Calculate the value of the multiplier resistance on the 30 ¥

range of o de volumeter, that uses o 2080 pA meler movement with an internal
resistance of 100 £

\BORAIBAN A< R, = § % Range — internal resistance, and § = g,
= The sensitivity of the meter movement is
5= U= 1200 pA = 5 kQV.
The value of muitiplier B, is calculated as
R, = 5 % Range — internal resistance = 5= V- R_

=5k x50 - 100

= 250 k ~ 100

= 2400 kL)

Calculzie the value of multplier ressstance for the multiple
range de voltmeter circuit shown in Fig, 4.5,

The sensitivity of the meter movement is given as follows,

d= W= 150 A = 20 kL0
The valve of the multplier resistance con be caloulated as follows.
For 5V range
R, =8xV-R,
=Wk=3-ik
= - o
0Gk-1k = Rt} ‘Mh%:}m
=09kl Fim = © b
For 100V range
E ¥
R,=8xV=-R, oy
=20kx10-1k o
=200k -1k i
= 190 ki)
For 50 V range
R, =5xV-R,
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=Wkxi0=-1k
= 0 k-1 k
= GO0 k)

W8 LOADING

When selecting a meter for a certain voliage measurement, i0 is important (o
consider the sensitivity of a de voltmeter. A low sensitivity meter may give a
correct reading when measuring voltages i o low resistance circuit, but it 15
ceriain to produce unreliable eadings in a high resistance circuit. A Voltmeter
when connected across (wo points in a highly resistive circuits, &cts as a shuent
for that portion of the circuit, reducing the total eguivalent resistance of that
partion as shown in Fig, 4.6, The meter then indicates a lower reading than
what exizted befare the meter was connected, This is called the loading effect
of an instrument and i5 cansed mainky by low sensitivily instroments.,

_ Figure 4.6 shows o sim-

ple series circuit of B, and B, connected
twooa 100 W de source. I the voltage
across M, is 0 be measured by voltme-
ters having
{a} asensibivity of 1000 L0V, and
(b} & sensitivity of 20,000 £V, find
which voltmeter will read the

accurate value of voltzge actoss Ry, Fig, 4.6 mes Exampia an Loading EFect
Bath the meters are used on the

50V range.

u Inspection of the cirevit indicates that the voltage across the &,
resislance is

Ik
Wk+10k

This s the true vollage across K.
Case d
Using o voltmeter having a sensitivity of 1000 {27,
It has a resistance of 1K) = 50 = 50 kL2 on it 50 % range.
Connecting the meter across K, causes an equivalent paralle] resistance given

by

= MY =507

CWkx30k  S00M

e T ey T B
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Mow the voltage across the total combination is given by

= .—R".-.— w ¥
| R] + RN
; v BE v e as Ay
| 0k + 833K
| Hence this volimeter indicates 45.43 V.

fl‘_"a.!.t 2
iUsing a voltmeter having & sensitivity of 20,000 L0, Therefors it has a
resistance of

2000000 ¢ 50 = 1000 k = | ML

This voltmeter when connected acrose R, produces an equivalent parallel
resfstance given by

CI0kxIM W' 10k
CTTWk+IM LM L0

Mow the voltage scross the total combination 15 given by

_ Bk
T 0k +99k

Hence this voltmeter will read 49,74 Y,
This example shows that a high sensitivity voltmeter should be used to get
accurate readings.

— Two different volimeters are used 1o measore the voltage
across /), in the circuit of Fig. 4.7.

The meters are as follows,

Meter 1: 5= 1 KLV, B_ =02k, range 10V
Meter 2: § = 20 KXV, B_ = 1.5 k, range 10V Fa F25 k0
Calcalate (i) voltape scross £, withoot any meter v = aov

agross if, (i) voltage across By, when the meter | is
used (iii} voltage across B, when the meter 2 is used, Ro < 5 ki
and {iv} error in the volimeters,

= 0.9 kil

w100 W = 4074 V

|

(1) The voliage across the resistance Fig.4.7
Ry, without either meter copnected, is calculated
using the voltage divider formula.
L > 3“ - ﬂ = 5 '|'||I'
Wk+5k ink
{it] Starting with meder 1, having sensitivity § = | k{yV
Therefore the wial resistance it presents to the circait
B, =8 xmoge = | kiJVx 10=10 ki)

Therefore, VR, =
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The total resistance across R, 15, 8y, in parallel with meter ressstance R,

_RoxR,  Skx10K

,, 333 k2
“" R +R, Sk+10k

Therefore, the voltage repding obtained with meter | using the voltege di-
vider equation is

i3k
¥ _.f.“I_— Ve —/—/————— x W =333V
BERAR D T IBE+ Bk

{131) The total resistance that meter 2 presents to the circoit is
K, = 5% range = 20 kiYW = 10V = 200 ki
The paratie]l combination of K, and meter 2 gives

_RxBy Skx200k _1000kxVk _, o000
" RyxR, 5k+200k 205 k :

Therefore the voltage reading obfained with meter 2, using the voliage di-
vider equation is
4588 k 3 488 k

VRes——— >~ wim
B ISk + 4BB K 2088 k

o A w20 Y

(iv} The error in the reading of the voltimeter is given as:

Actual voltage — Voliage reading cbserved in meter %

% Brror = 100°%
Actual voltage
voltmeter 1 ervor = w;% % 1009 = 33.4%
Similarly voltmeter 2 error = ﬂ-;—-g—?l # 100% = 2%

Find the voltage reading and %
error of each reading obtained with a voltmeter on
{1) 5 W range, (i) 10V range and (iii) 30 V range,
if the instrument haz a 20 KLYV zensifivity and iz
connected across B, of Fig. 4.8.

_ The veltage drop across K, without the
voltmeter connected is calculated wsing the
viltage eguation

i, .V Sk % 50 = Mxik <

VR, = b

R T k5K 50 k

Flg. 4.8

AV
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On the 5 V range
R,=8xrange m 0 kil x5 V = 100 k2

g oo BaxB _100kxS5k S0k
R R, M0k+5k 105k

The voltmeter reading is

= 4,76 kil

L3
Ly 476k

=—— WSl =4TE2V
R, + R, 45k +476k

Pﬂb =

The % error on the 5 V range is

% eror = Actual voltage - Voltage reading in meler
Actual voltage

SV -4V 0217 v
- 5y

s 100 = x® 100 = 4,34%

O 10V range
R, =5 range = 20 kWY x 10V = 200 k2

o o Bux R _ 200k x5k

= = =487 ki2
B, + R, 20k+5k

The voltmeter reading is

R 487 k
Vom— _ yy=_ BTk sp_sggv
WE R, v R asTkeask

The % error on the 10V range = % x 100 = 2 34%

On 30 V mange
K_=5xrange =20k =30V =600k
_ R, xE 600kx5k 300kx1k

Ro= R +R 60K+5k 605k K
The voltmeter reading on the 30 V range
Fﬂ,=ﬁ!¥’=mﬁ%:$—kxﬁﬂ=i.95v
The 5 error on the 30V range
_ sV -495¥ (.05

¥ 1= —= x 100= 1%
Y 3V
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In the above example, the 30V rmnge introduces the least error due 1o load-
ing. Howewer, the viltage being measured causes only a 100 fell scale deflac-

tign, whereas on the 10V range the applied voltage causes approximately a one
third of the full scale deflection with less than 3% error.

W7 TRANSISTOR VOLTMETER (TVM)

Dvirect coupled amplifiers are economical and hence used widely in general
purpose fow priced VTVM s, Figure 4.9 gives a simplified schematic diagram
of & de coupled amplifier with an indicating meter. The de input is applied to a
range attenuator to pm\ridf,: input voltage levels which can be accommedated
by the de amplifier. The input stage of the amplifier consists of a FET which
provides high input impedance o effectively isolate the meter circuin from the
circuit under measurement. The input impedance of a FET is greater than
10 ML The bridge is balanced, 50 that for sero input the dial isdicates zero.

F
# Y

Flig. 4.9 wm Transistor Volmatas

The two transistors, 2, and @y forms a de coupled amplifier driving the
meter movement, Within the dynamic range of the amplifier, the meter
deflection is proportional 1o the magnitude of the applied input voltage. The
input overioad does not burn the meter because the amplifier saturates, limiting
the maximum current through the meter. The gain of the de amplifier allows
the instrument to be used for meassurement of voltages in the mV range.
Instruments in the B range of measurement require a high gain de amplifier o
supply sufficient current for driving the meter movement. In order to avoid the
drift problems of dc amplifiers, chopper type de amplifiers are commonly nsed
in high sensitivily volimerers,
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8 CHOPPER TYPE DC AMPLIFIER VOLTMETER
(MICROVOLTMETER)

In a chopper type ampiifier the de input voltage is converted into an ac voilage,
amplified by an ac amplifier and then converted beck info a dc voliage
proportional to the onginal input signal.

The balanced bridge voltmeter has imitations caused by drift problems in de
amplifier, Any fluceations of voltage supply or variation in the ¢
characteristics due o ageing or rise in lemperature causes a change in the zero
sefting or balance. This drift in the steady swate condinons of a de amplifier
causes the output indications to change as if the signal input had changed. This
drift problem limits the minimum voltage that can be mepsured. To measure
small vpltages, a chopper type de amplifier is used.

A chopper amplifier is normally used for the first stage of amplification in
very sensitive instrumenis of a few pV range. In such an amplifier the dc
voltage is chopped to a low frequency of 100 - 300 Hz. It is passed through a
blocking capacitor, amplified and then passed through another blocking
capacitor, in order (o remove the de drift or offses of the amplified signal.

The principle of operation is as given in Fig. 4.10. An ac amplifier which has
a very small drift compared to a de amplifier is used. The chopper may be
mechameal or electronic. Photo diodes are used as nonmechamical choppers for
modulation {conversion of de toac) and demodulation (conversion of ac to dej,
Photo conductons have a low resistance, ranging feom a few hundreds 1o a few
thousand ohms, when they are illuminated by a neon or incandescent lamp. The
phote conductor resistance increases sharply, usvally 1o several Mega ohms
when not illuminated,

Laow
- ot ||
Lervl

—a
L]
|w Amplified

[

Cuacillaiar

e

Fig. 4.10 mm Prinziple of Operation (Choppar Type Voitmber

Figure 4.11 (a) shows a simple circuit for an bagic panciple of an electronic
modulator,

A flashing light source, whose intensity vares from maximum (o minimam
almost instantaneowsly, couses the photo diode resistance to change from R,
o B, quickly, Therefore the output voltage is an ac, because the photo diode
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potentiometer is called zero set and is used for adjusting zero output for zem
inpat conditions.

The two dindes used are for IC protection. Under normal conditions, they
are non-conducting, as the maximum voltage across them is 10 mV. If an
excessive voltage, say more than 100 mY appears across them, then depending
upon the polarity of the voltage, one of the diodet conducts and protects the
IC. A pA scale of 50 - 1000 pA full scale deflection can be used as an indica-
tor. B, is adjusted to get maximum full scale deflection.

0.1 uF
it
100 k
1k 1k +5y
- 8 ﬂh;
2 M
! Ry
-5V
1h* - *“ *Fh
Fa A%
=
o PR o = OpAmg i

Fig. 4.13 s Solid State mV Volimater Using OpAmg

W10 DIFFERENTIAL VOLTMETER

Basic differential measuremerntt

The differential voltmeter tochnigee, is one of the most common and accurates
methods of measuring unknown voltages, In this technique, the volimeter is
used fo indicate the difference between known and asnknown voliages, Le., an
unknown voltage is compared to a known voltage.

Figure 4.14 (a) shows a basic circuil of a differential velimeter based on the
potentiometric method; henee it is sometimes also called a potentiometric valt-
mieter.



In this method, the potentiometer Muill Indizater Polentometer
is varied until the voltage across it — ()
equals the uoknown voltage, which
is indicated by the null indicator Eﬁ

reading zero, Under null conditipns, | Voltage T
the meter draws current from neither feforence
the reference source nor the un-
known voltage source, and hence
the differential voltmeter presents an
infinite impedance o fhe unknown
sowrce. {The null meter serves as an
indicator only.)

To detect small differences the meter movement must be sensitive, bot it
need not be calibrated, since only zero has to be indicated.

The reference source used is usually & 1 V de standard source or a zener
controlled precision supply. A high voltage reference supply is wsed for
measuring high voltages.

The usual practice, however, is (o employ voltipe dividers or attenoatons
across an unknown source 1o reduce the voltage, The input voltage divider has
a relatively low input impedance, especially for unknewn veltages much higher
than the reference standard. The attensation will have a Ioading effect and the
input resistance of volimeter is pot infinity when an aftenuator is used,

In order to measure ac voltages, the ac voltape must be converted into de by
incorporating a précision rectifier circuit. A bleck d:u.,gm.m of an ac differential
volimeter is shown in Fig. 4014 {b).

Fig. 4.14 mm (&) Basic Differential Voltmeter

+ .-"?-. -
| 1y
= = 35 e OTF o
Irput i Amplifigr Corprarter P, T

Flg. 4.14 s () Block Diagram of an ac Dferantial Volimates

@41 OC STANDARD/DIFFERENCE VOLTMETER

Mutltifunction laboratory instrument

A basic de standard differential voltmeter can be operated in different modes,
The three basic modes of operation are (i) as a de voltage standard, (ii) as a de
differential voltmeter, and (ii) as a de voltmeter (conventional).

1. DC Voitage Standard

A+ 1 W de stable supply is oblained from a temperature controlled reference
supply, which iz applied to & decimal divider netwark. With the help of switches
on the front panel of the voltmeter, the divider ratios can be controlled {vasied},
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3. DC Voltmeter

In this mode of operation the instrument is connected as a de voltmeter. High
input impedance 1o the unknown voltage source is provided by the de amplifier,
which act az a buifer stage,

The input voltage is amplified and the de output voltage is applied directly o
the meter circuit The meter circuit invelves a feedback controlled amplifier
amd allows o selection of the sensitivity.

2 AC VOLTMETER USING RECTIFIERS

Rectifier type instruments generally use a PMMC movement siong with a
rectifier arrangement, Silicon diosdes are preferred because of (heir low reverse
current and high forward corrent ratings. Figore 4,16 (a) gives an ac volimeter
eircuit consisting of a mubiplier, a bridge rectifier and a PMMC movement,

Flg. .76 mm (&} ac Voltmabes (b) Average and AMS Valus of Current

The bridge rectifier provides a full wave pulssting de, Thue o the inertia of
the movabie coil, the meter indicates a steady deflection proportional toe the
average value of the current (Fig. 4.16 {h)). The meter scale is usually
calibrated to give the EMS value of an alternating sine wave inpul.

Practical rectifiers are non-linear r
devices particularly at low values of
forward cument (Fig. 416 {ch.
Hence the meter scale is non-linear
and is penerally crowded art the lower
end of a low range voltmeter. [n s
part the mefer has low sensitivity
becouse  of the high forward
resistance of the diode. Also, the
diode resistance depends on the Fig. 4,76 mm (o) Diode Charscienstos
temperalurs, (Forward)

The rectifier exhibiis capacitance propesties wiren reverse biased, and tends
to bypass higher frequencies. The meter reading may be in ermor by as much as
.5% decrease for every | kHz rise in frequency.,

A peneral rectifier (ype ae voltmeter arrangement is given in Fig, 4.17,
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As Eg=045x E _
o The value of the multiplier resistor can be calculated as
lefi_ﬂﬁ D45 = E _R
| Iy

Calculate the value of the muluplier resistor for a 100 rms
rangeé on the voltmeter shown m Fig. 4.19.

Flg. 4.19

Method | Sensiivity of the meter movement is
i Sae = Ulgy= V1 mA = | kid
Ro=5, =rmange — HB_= | kI x045 E_ - R
= | kW =045V = 10V - 200 0}
= 4500 - 200
=43k0
Method 2

R ﬂ.45>:£,,!_,‘ L (045 = 10 _ 300

T 1mA 1 mA
—45k-02k

= 4.3 ki}

r e _J

1434 AC VOLTMETER USING FULL WAVE RECTIFIER
Consider the eircuit shown in Fig, 4,20, The peak value of & 10V rms signal is
E,= 1414 % E,,
= 1404 x 10 = 1414 V peak
Average value is

E,=0636xE,
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= 1. 14 = (636 = 590 W
=9y

Therefore, we can see that a 10V rms voltage is equal to a 9V de for full
seale deflection, Le. the ponter will deflect o 0% of full scale, or

Sensitivity [ac) = L9 X Sensitivity (de)

Ly =1 PR

@

B =100 2

Flg. 4.20 mes o VoRmiber Liging Full Wive Rectificr

m Calculate the vaiue of the multiplier resistor for a 10 'Y rms

ac range on the voltmeter in Fig. 4.21

Flg. 4.21

- The dc sensitivily is given by
5, = IHN= I/l mA = | kLY
Therefore  AC sensitivity = (LY = do sensinivity
S, =009 % 1 ki
= 0.9 kXY
The multiplier resistor is given by
R =5 _xrange - K_=09kiV x 10V - 25]
= Q00w 10— 250
= MG ~ 250
= 875
= §.75 ki
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[§18 MULTIRANGE AC VOLTMETER

Figure 4.22 15 circuit for measuring ac voltuges for different ranges.
Resistances Ky, R, Ky and K, form a chain of multipliers for voltage ranpes of
[0 W, 2500 %, 500 W, and 10 Y respectively.

"y Az Ry iy Ry
—AAMA—
TEIE 200 & &0k 7.5k
V0: 2R
250w | BOY
K ! 0oy Qjﬂ'"
10600 Y |
25V
ac
I|I'|1'I-I‘|L

Fig. 4.22 wem Mullirange ac Voltmeter

O the 2.5 W range, resistance By acts as a multiplier and comesponds 1o the
multiplier B, shown in Fig. 4.17.

R ;. 15 the meter shunt and acts to improve the rectifier operation.

{418 AVERAGE RESPONDING VOLTMETER

A simplified version of a cirouit wsed inoa typical average responding volmeters
ia given in Fig. 4.23.

Biocking Cagmacsor
e
W bt
mpat § gy 3 Asghier
‘T ws
I - A
= R
Wy
Ry v
Ay
by
g
[

Fig. 4.23 s Block Ciagram of Average Raspandng Volmilar
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circuit under test keeps ihe capacitor charged to the peak ac voltage. The dc
amplifier is used in the peak responding meter o develop the necessary meter
curreni,

The primary advantage of a peak responding voltmeter is that the rectifying
diode and the storage capacitor may be taken out of the instrument and placed
iy the probe when po ac pre-amplification is required, The measured a¢ signal
then travels no farther than the dinde. The peak responding voltmeter is then
able to measure frequencies of up o 100s of MHz with a mimimum of cireait
Ioading. The disadvantage of peak responding voltmeters is the ermor caused
due to harmonic distortion in the input waveforms and linited sensitivicy of the
insirument because of imperfect diode characteristics.

&1’ TRUE RMS VOLTMETER

Complex waveform are mest accurately measured with an rms voltmeter. This
instrument produces a meter indication by sensing woveform heating power,
which iz proportional 1o the sguare of the rms vilve of 1the voltage. This heating
power can be measured by amplifying and feeding it to a thermocouple, whose
ouiput voltages is then proportional to the £ .

However, thermocouples are non-linear devices, This difficulty can be
overcome n some insttuments by placing two themmocouples in the same
thermeal environment.

Figure 4.25 shows a block diagram of a true rms responding voltmister.

Fig. 4.25 s Trua AMS Volimater (Block Diagram)

The cffect of non-linear behaviour of the thermocouple in the input circuit
(measunng thermocoupie) iz cancelled by simnlar mon-linear effects of the
thermocouple in the feedback circult (balancing thermocoapleh. The two
couples form part of & bodge i the input circwit of a de ampliler.

The unknown ac voltage is amplified and applied to the heating element of
the measuring thermocouple. The application of heat produces an output
voliage that up=ets ihe balance of the bridge.

The de amplifier amplifies the unbalanced voltage; thiz voliage is fed back
te the beating element of the balincing thermocouple, which beats the
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thermocouple, so that the bridge is balanced again, i.e. the outputs of both the
thermocowples are the same. At this mstant, the ac curment in the input thenmo-
couple is equal (o the de current in the beating element of the feedback thermo-
couple, This de current is therefore directly proponional to the effective or
rms valee of the input voltzge. and is indicated by the meter in the output
circuit of the dc amphifier. If the peak amplitude of the ac signal does not
exceed the dynamic range ef the ac amplifier, the true rms valoe of the ac
signal can be measured independently.

A8 TRUE RMS METER

There exisis a fundamental difference between the readings on a nommal ac
meter and on a true rms meter, The first uses a IV Arsoaval movement with a
full or half wave rectifier, and averages the valies of the instantaneous rectified
current,

The rms meter, however, averages the squares of the instantaneous curment
values (proportional, for example, to the instantaneous beating «ffect). The
scale of the true rms meter is calibrated in terms of the square roots of the
indicated current values, The resulting reading is therefore the square root of
the average of the squared instantaneous input valees, which is the rms value
of the measured alternating curment.

A true mms meter is always o combination of & normal mean valoe indicanng
meter and a squaring device whaose output at any instant is proportional to the
instantimeons squared input.

It can he shown that the ac component of the voltage developed across the
common collector resistors of two trangistors that are connected in parallel,
iod between the bases of which a small ac voltapge is applied, is proportional to
the square of the applied input voliage.

Flg. 4.26 s Sopuaring Device

The basic circuit of Fig, 4.26 empioying two transistors is completed by a
bridge arrangement in which the dec component iz cancelled oot. This bridge
arrangement 1s given in Fig. 4.27.
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Sensitivity Adjustment
Ay \ w -
- 300 ; a
R € | Fis Fg L
= 100 Ry | Ry £ 22k% | 22K 20K 22k
B T k| 225 F i
i 1 1]
& 0 m}r P q, Fa
1k 1k
—— a0 3 4
A = Py 'g i 2 Fn flny B
&z.zu e a3k 13k 35k
148 -

fnput
Flg. 4.27 wem Tiue AMS Metar

Oae side of the bridge consists of two parallel connected ansistors O, and
{2y, and a comman collector resistor B, The side of the bridge, employing £
for bias seffing, is the basic squanng circuit. The other side of the bridge is
mede of transistor 1 (whose base is blased by means of potentiometer P, and
collector resistance Ry )

Poteatiometer P base bias balance of the squaring circuit, must be adjusted
for symmetrical operation of transisters (1, and (. To do this, the polarity of a
srtad] de input voltage applied to terminals A and B (bases of & and {#;) has to
be reversed, and the reading of the output meter must be the same for both ingu
polarities.

Potentiometer P, must be set so that for zero input signal (lerminals A and 8
shogt-ciscuited), the bridge is balanced and the meter reads zero. The balance
condition is reached if the voltage drop across the collector resistance R, of
{5 — &, and collector resistance K, of (4, are equal.

Transistor (0, is used to improve the temperature stability of the whole
circult, which is basically obtained by the emitter resistance R, Optmum
temperature compensation is obtained if the voltage drop across the emitter
resistance for no signal 1% 0.7 V for silicon ransistor,

The low current through 5, 0s. (1, requires a large emitter resistance value
to fulfil the condition for compensation. Therefore, another transisior, {4 has
been added to compensate for the temperature changes of (1, and (2.

The bias on this transistor kas (o be adjusted by selecting appropriate valuss
of £ and Ry so that the voltage drop across R, in the balanced condition is
0.7 ¥ for silicon transistor.
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The input of the squaning devices (AR) 15 connected o 3 voltage divider that
iz calibrated in zeven ranges, namely 0.3, 1, 3, 10, 30, 104, and 308 volts,

CONSIDERATIONS IN CHOOSING
AN ANALOG VOLTMETER

In choosing an analeg voltmeter the following factors are to be considered.

1. input Impedance

The input impedance or resistance of the voltmeter shouid be as high s
possible. 1L should aiways be higher than the impedance of the circuit under
meazurement o avoid the loading effect, discussed in Scction 4.6,

The shunt capacitance across the input terminals alse determines the input
impedance of the volimeter. At higher frequencies the loading effect of the
meter is noticesble, since the shunt cepacitance reactance Falls and the moput
shunt reduces the input impedance.

2. Voltage Ranges

The veltage ranges on the meter scale may be in a 1-3-10 sequence with 10 db -
separanon of a 1.5=5=15 sequence or in a single scale calibrated in decibels. In
any . case, the scale division should be compatible with the acouracy of the
instrumment.

3. Decibels

For measurements covering a wide range of woliages, the use of the decibel
scale can be very effective, e.g., in the frequency response curve of an amplifier,
where the ouiput voltage i3 measured a5 & Tunction of the frequency of the
applied input voltage.

4. Sensitivily vw's Bandwldth

Moise consists of onwanted fregquencies, Since noise 15 a function of the
bandwidth, & voltmeter with a narrow bandwidth picks vp less noise than a
large bandwidth voltmeter.

In general, an instrument with & bandwidth of 10 He-10 MHz has a
sengitivity of 1 mV. Soeme voltmeters whose bandwidih extends up o 5 MHz
may have & sensitivity of [0 pV.

5. Battery Operation
A voltmeter (WVTYM) powered by ap internal battery is essentisl for field work.
8. AC Current Measuramenis

Current measurements can be made by a sensitive o¢ volimeter and o series
resishor.
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To summarise, the general guidelines are as follows.
(i} Forde measurement, select the meter with the widest capability meeting
the requirements of the circuit,

{1} Forae measurements involving sing waves with less than 1% distortion,
the average responding voltmeter is most sensitive and provides the best
ACCUTECY.

{i1i) For high frequency measurement (> 10 MHz), the peak responding
valtmeter with a diode probe mmput is besi, Pegk responding circuits are
acceptable if inaccuracies caused by distormion in the input waveform ane
allowed (tolerated).

(iv} For messurements where it is imporant o find the effective power of
waveforms that depan from the troe siausoidal form, the rms responding
voltmeter is the appropriate choibe,

%21 OHMMETER (SERIES TYPE OHMMETER)

A I¥ Arsonval movement is connected in series with a resistance 8 and o
battery which is connected to a pair of terminals A and B, across which the
unknown resistance is connected. This forms the basic type of series ochmmeter,
as shown in Fig. 4.28 (a).

The current flowing throagh the movement then depends on the magnitede
of the unknmown resistance. Therefore, the meter deflection 15 directly
propartional to te valee of the unknown resistance.

Referring to Fig, 4,28 (a)

R = current limiting resistance
Ry = zero adjust résistance

V' = battery
R = meter resistance

R, = unknown resistance

e =i -
A A
fa R,
Bl
Q‘) Unknawn m
v & oa 1 i
|+
LLH b}

Fig. 4.78 mmm (2) Series Type Ohrmmeder (3] Dial of Badas Ohmmeier
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I
Therefore R, = “'}H‘
F]
But AT
L R,
Y
v
But .FrIE
!
Therefore R, = pat R
VIR ~ 1
Therefore 1=M {4.1)
F_'FMRI
g k4 RiRa
R, + &,
Therefore R, = Ry~ — i
Ry + R,
’_I!H R.i-l H.FI :.:R“
F-INR*
Hence .ﬂ'[‘—-.ﬂ"—: ]
Velg R
Loy By Ry

Therefore Ry=Ry- (4.2)

Hence, K and B, can be determined,

A 100 £} basic movement is (o be used as an ofymmeter
requiring & full scale deflection of 1 mA and internal battery voltage of 3 V. A
haif scale deflection marking of 2 k is desired. Calculate (3 value of B, and 8.,
and {if} The maximum value of /; o compensate for a 5% drop in battery
voltage.

(1} Using the equations for &; and &; we have,

Fog ® By Ry

! K, =R
R|=Rﬁ——'—ﬂﬂdﬁalu
T 4

V= Iy % Ry)
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-
250 pa Comenon

Flg. 4,34 mem Micro Ammeder Saction of a Multimetar

A
2

.
260 A 16 ma, &50ma  Comemon
Flg. 4.35 mm do Ammeter Saction of & Multimaeier

OC Velimeter
Figure 4,36 shows the do volimeder secton of a muliimeter.
1000 v T
p—
am %:ﬂan
FEYE]
Yy
g E:mnn
5 T s3no 220
AW
160k
A0 k
i Caommen
Flg. 4.25 wam O Voltmetar Section of a Multimoier
AC Voltmoter

Figure 4.37 shows the ac voltmeter section of a multimeter. To measure ac
voltage, the cutput ac voltage is rectified by a half wave rectifier before the
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walue of 100 £ Dicdes I¥) and
Dy kave an average forwasd
resistance of 400 (2 and are as-
swmed o have infitite reverse
redietanee in the reverse disec-
tion, For U0 Y ac mange, calca-
Late (1) the value of tee malti-
plier, {ii) the voltmeter sensi-
tivity on ac range, (K, = 1800, Fig.4.41

F=225 %), Refer toFig 441,

4. The circuwit dingram of Fig. 4.42 shows a full wave reclifier ac volimeter, The
meler movemenl has an iaternal resistance of 250 £ and requiced | mA o ull
scale deflection. The dicdes zach hawe a forward resistance of 50 £} and
infindle reverse resistance.

Calculate:

(f) the sories resistance required for full scale meter deflection when 25 V
rms is applied to the meter erminads.

im) the ohme per volt fating of thiz ac voltmees.

EE:
Lv

i 200

R
Pl
L ]
L=

R,

1 @
1

Flg. 4.42

3. A series ohmmeter ases 2 50 £ bavic movement requiring a full scale deflec-
ton of 1 mA. The iaternal batbery voltage is 3 V. The desired scale marking for
half scale deflection is 2044 L2,

Cabeulale
) valves of By and R,
Gi) maximum value of B, to compensate for o 0% drop in battery.

B A series type ohmmeter s designed o operate with a 6 'V baitery. The meter
movement has an intermal resistance of 2 kS and requites o current of 100 A
for full scale deflection. The value of B is 49 k.

i) Assuming the battery volzge has fallen 10 5.9 ¥V, calculate the value of 8,
required to “0" the meter,

(i} Under the condition mentioned in (i) an uoknown resislance s con-
nected to the meter, causing a 60% deflection. Caleulate the value of the
anknows resiulEnce.
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ramp has reached zero value. The ground comparator compares the rump with
ground. When the ramp voliage equals zero or resches ground potential, the
groand comparator generates o stop pulse. The output pulse from this compar-
tor closes the gote, The time duration of the gate opening is proportional to the
input voltage value.

In the time interval between the star and stop pulses, the gate opens and the
oscillator circuit drives the counter, The magnitede of the count indicates the
magnitude of the input voltage, which 12 displayed by the readout. Therefore,
the voltage is converted into me and the time count represents the magnitude
of the voitage. The sample rate multivibrator determines the rate of cycle of
measurement. A typical value is 5 measuring cycles per second, with an
mecaracy of & 0L005% of the seading. The sample rale circuit provides an
initiating pulse for the ramp generator to start its next ramp voltage. At the same
time o resel pulse is generated, which resets the counter to the zero state,

Any DVM has a fundamental cycle sequence which involves sampling,
displaying and resel sequences,

st o | Ranging o

e ko Comparaios
ip -I Mmuh:rj>— Start
RS EETT Pulse

Stop Haac
Rarmp E— Pulse out
et
Sampid Comparalor
Rain ==
o
Fig- 5.2 wm Biock Diagram of Ramp Typa DV
Advantages and Dizadvaniages

The ramp technique cirewit is easy to design and its cost is low, Also, the output
pulse can be transmitted over long feeder lines. However, the single ramp
requires excellent characteristics regarding lUnearigy of the ramp and time
measurement. Large errors are possible when noise is superimpesed on the
inprat signal. Enpon filters are asually sequired with this type of converter.

B DUAL SLOPE INTEGRATING TYPE DVM
(VOLTAGE TO TIME CONVERSION)

In ramp techniques, supertmposed noise can cause large errors. In the dual ramp
technique, noise 1% averaged out by the positive and negative ramps using the
process of integration.
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|

Fheaer,

oaare | [T
Fig. 5.7

The voltage-frequency conversion can be considered to be a dual slope
method, as shown in Fig. 5.7.
Referring to Eg. 5.3 we have

et
gm L
rI

But in this caze ¢ and & are constants,
Let Ki=e1

]
#=K; [I_J =Ky )
I
The output frequency is proportional to the input voltage &, This DVM has
the dissdvantage that it requires excellent characierisfics in linearity of the
ramp. The ac noise and supply noise are averaged out.

An integrator contains a 100 kil and 1 pF capacitor, £f the
voliage applied to the integrator input is 1 ¥, what voltage will be present at
the output of the integrator after 1 &,

- Using the equation

o= EXN Ixts 1 _
7 RC  100kx1pF 0

F Mow if & reference voltage is applied 1o the integrator of the
i example at time ¢ is 5 V in amplitude, what is the time interval of 7

- Using the equaticon

Lo If! » frx;_z

RC ~ RC
Therefore, r]=fx;,

h=£-ﬂ.25
= 5

10V
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L

[ il

Flg. 5.0 wem Successive Approximation DVM

At the beginning of the measurement cycle, a stari pulse is applied o the
start-stop multivibrater, This sets a 1 in the M5B of the control register and a 0
in all btz {assuming an §-hit control) its reading would be 1OKNAXN). This
initial setting of the register causes the output of the DfA converter to be half
the reference voltage, 1.2, 172 V. This converter output is compared to the
unknown input by the comparator. If the inpol voliage iz greater than the
converter reference voltage, the comparator output produces an owtput that
cauges the control register to retain the | setting 1o its MSB and the converter
continues to supply its reference output voltage of 172 V.

The ring counter then advances one count, shifting a 1 in the second MSB of
the contro! register and it reading becomes 1 L0000, This causes the INA
converter (o increase its reference cutpat by | increment 10 13 Ve 172V +
14V, and again it is compared with the unknown input. If in this case the total
reference vollage exceeds the unknown voltage, the comparator prodeces an
output that causes the control register 1o reset its second M5B o 0. The
converter output then retums to its previoos value of 1/2 V and awaits another
impat Trom the SAR. When the ring counter advances by 1, the thard M5B is st
1o | and the converter outpat rises by the next increment of L2V + /B V. The
measurement  cyele thes procesds through o series of successive
approximations. Finally, when the ring counter reaches its final count, the
measurement cycle siops and the digital outpat of the control register represents
the final spproximation of the unknown input voltage.
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Sensitivity of Digital Melers
Sensitivity is the smallest change in input which a digital meter is able to detect,
Henace, it is the full scale valee of the lowest veltage range multiphied by the
meler’s resolution.
Sensitivity § = (&), <&
where { )., = lowest full scate of the meter

R = resolution expressed as decinnal

What is the resolution of a 3% diga display on 1 Y and 10V
ranges?
MNumber of full digits is 3. Therefore, resolution is 1/10% wherne
n=1 Rasplution B = /Vm-‘ = Woog = 0.001

Hence the meter cannot distingoish between values that differ from each
tother by less than 0001 of full scale.

For full scale range reading of 1 W, the resolution is 1 = 0.008 = 0.001 V.
For full scale reading of 10V range, the resolution is 10 % <0001 =(L0O1 Y.
Hence on 1) Y scale, the meter cannot distinguish between readings that
differ by less than .01 ¥,

A 4% dhgit voltmeter is used for voltage measurements.
(17 Find its resolntion
(i) How would 1298 V be displayed on o 10 ¥ range?
(iii} How would 0.6973 be displayed on 1 ¥ and 10 V ranges.

i} Resplution = /I’fn" = }{ﬂ. = 00,000

where the mumber of full digits is n=4

(ii} There are 3 digit places in 4% digits, therefore [2.98 would be
displayed as | 2980,
Besolution on 1 Vorange 15 1V < 0.0001 = 00001
Any reading up to the 4th decimal can be displaved.
Hence L6973 will be displayed as (L6973,

(iii} Resolution on 10 % range = 100Y < 000001 = 0001 ¥
Hence decimals ap 1o the 3nd decimai place can be displaved.
Therefore on a 10 ¥V range, the reading will be 0.697 instead of
0.6573.
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3,

There is a good repeatability in switching instanis in the presence of noise
and interference. This is because the ramp approaches the point at which
the comparator operates always the same side and always the same rate.

Disadvantages
Moise and interference cannot be suppressed,

N

10
1.
13,

14.

State the advantages of a DVM over an analog meier.

What are the operating and performance characteristics of a DVM?

How are DWMs classified?

Explain the operating principle of a Ramp typs DVM.

Explain the basic principle of a digital voltmeter,

Explain, with the help of a neat circuit diagram, the working of a duoal slope
DVM.

. What are the advantages of dual slope ower Ramp type DVMs?
. Explain the principle of a successive approximations type DM,

What is the advantage of o SAR type DVM over other types of DVM?
What are the two basie DM cireuits used for measurng voltages?
Define sensitivity of a digital meter,

Describe the term overrange and hall digit.

. What is a sample-hold circuit?

What is the sdvantage of using a sample hold circuii?

ol o

. The lowest range on & 4% digit DVM is 10 mV full scale. What is the sensitivity

of this meter?
A 14 digit volimeter is used for mensuning voltage.
(i} Find the resolution of the instrumenl.
(i} How would a voltage of 14.42 be displayed on 10V range?
(iii) How would be a reading 14.42 be displayed on 100 ¥ range?

. A Ma digit DVM has an accuracy of £0.5% of reading £1 digit,

(1) What is the possible error, in volis, when the instrament i3 reading 3V on
the 10 ¥ range?
{ii} Wheat is the possible error, in volis, while reading 0,10V on the 10V mnge?

I'_'-Mm

A, Bouwens, DNgital Instrumentation, MoGrow. Hill, %56,

. KL Dean, Bigieal Instrpmenrs, Chapman and Hall, 1965,

E.0. Dochelin, Measurements Svstems: Applications and Design, 4th Edition,
MeGiraw-Hill, 1990,
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applied to the AT converter. thereby producing an indication of the valwe of
the unknown resistance.

6.2.1 Digital Panel Meters (DPM)

Digital panel meters are available in a very wide variety of special purpose
funciions. They have o resdout ropge from the basic 3 digit (999 coonrs,
accuracy of £ 0.1% of reading, = | count) to high precision 4% digit ones
(£ 39,999 counts, accuracy £ 0005% of reading £ 1 count). Unifs are available
o accepl inputs such as do voltage {from microvolis range to = 20 volis) ac
voltage (for true rms measurement), line voltage, strain gauge bridges (meter
provides bridge excitation), RTDs (meter provides sensor excitation),
thermocouples of many types (meter provides cold junction compensation and
limearizationy and frequency inpuis, such as pulse tachometers.

Figure 6.3 shows some detals of a high precizion unit with an inga
resistance of 107 £2, & 0.00250% resolution {10 uV), and + 0.005% of reading
= | gount accuracy, which wses 2 dual slope AD conversion with autamaric
zero. The sampling rute is 2.5 per second when it is free ranning and a maximum
of 10 per second when it is externally riggencd.

Flg. 5.3 me High Precizion Oigital Pane| Metar
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the gating signal, is applied o inpet B of the main gate thereby enabling the
gate.

Now the pulses from the unknown frequency source pass through the main
gate to the counter and the counter starts counting. This same pulse from the
START gate is applied to the set input of FiFE=1, changing its state from (1o b
This disables the START gate and enebles the STOP gate. However, till the
main gate is enabled, pulses from the unknown frequency continue o pass
through the main gate to the counter,

The next pulse from the time base selector passes through the enabled STOP
gate to the set input terminal of F/F-2, changing its output hack to 1 and ¥ =0,
Therefore the main gate is disabled, disconnecting the unknown frequency
signal from the counter, The counter counts the number of pulses cecurming
between two successive pulses from the ime base selector. IF the time interval
between this two successive pulses from the time base selector 15 1 second, then
the number of pulses counted within this interval o5 the freguency of the
unknown frequency source, in Hery.

The assembly consisting of two F/Fs and two gates s called a pate control
F/F. The block dizgram of a digital fregquency meter is shown in Fig. 6.7,

Trigger Pulse

L -
= Schimin
Sional Trigger | +{olalelolo]o]
Dicarmish Courvlar
‘ and Cisplay Ui
Fit
Time Basa

1us Saleciar 1 smc
108k ms.
10
1
Crystal ﬂ 440 Hoef 410 B w20 el 410 He 210 He 10

Fig. B.7 mm Block Diagram of a Digital Frequency Metar

The mnput signal iz amplified and converted o o square wave by a Schman
trigger circnit, In this diagram, the square wave is differentiated and clipped o
produce a train of pulses, each pulse separated by the period of the input signal.
The mime base selector outpol is obtained from an oscillator and is similarly
converted into positive pulses,

The first pulse aetivates the gate control F/F, This gate control FIF provides
an enable signal to the AND gate. The trigger pulses of the input signal are
allowed 1o pass through the gate for a selected time period and counted. The
second pulse from the decade frequency divider changes the state of the control
FIF and removes the eoable signal from the AND gate, thereby closing it The
descimnl counter and display vaitl outpul cormesponds fo the nember of inpuf
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6.4.3 Ratio and Multiple Ratio Measurement

The ratio measyrement involves the medsurement of the rabio of two frequen-
cies. The measurement in effect is a period measurement. A low frequency is
uzed as gating signal while the high frequency is the counted signal. Hence the
low frequency takes the place of the time base. The block diagriem for the ratio
mensurements are multiple ratio 15 shown in Fig. 611,

Sate Sgral
Main Gate _.-"'" 1o the Cournter

L.Eifiy  pAttenuator
e APro- el T

Ampisar

Ti
Basn | Altanuaiord
e s Peabog Gae
H.F.n:F;bI Armpifier T | Contro
r Dinecl Compensaton for +
EX " Ratic Measuremant Mustie | Multipe Perio Sigral
! Pripd
o Rl Trigger
Tima g.q!:,u r . J
Base Meassment = $10 —= 10 = +10 = H10

Fig. 8.11 mm Block Duagrarm for Rabo and Multiphe Rabio Maasorement

The number of cycies of high frequency signal §f which occur during the
perind of lower frequency signal £, are counted and displayed by the decimal
counter and display unit. In maliple ratio measurements the period of low fre-
quency signal 1= extended by a Factor of 10,10, erc. by using DDAS,

65 UNIVERSAL COUNTER

All mensurements of tme period and frequency by varous circuits can be as-
sembled together te form one complete block, called a Universal Counter
Timer.

The universal counfer uses logic gates which are selected and centrolled by a
single front panel switch, known as the fuection switch. A simplified block
diagram is shown in Fig. 6.12.

With the function switch in the frequency mode, a control voltage is applied
to the specific logic gate circuitry, Hence, the input signal iz connected 1o the
counted signal channel of the main gate.

T selecizd outpot from the time base dividers s simullancously gated to
the control F/F, which enables or disables the main gate, Both control paths are
latched imternally to sllow them to operate only in proper sequence,

When the funchion switch 15 on the period mode, the control voltage s
connecied o proper gates of the logic circuitry, which conpects the nme base
signals to the counted signal channel of the main gate. Al the same time the
logic circuitry connects the input 1o the gate confrol for enabling or disabling
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The outputs of the FF B and [ are high {equal to binary 1) after 10 pulses
have been applied to the counter. Therefore, the output signal of the decade
counter is 1010, This output has io be reset on the very nest pulse which is done
by the use of an AND gate that resets all F/F's o0, when the outputs of B and
[ are 1. The waveform shown in Fig. 6.13 {b) shows the pulse train applied o
the trigger input {clock) of the decade counter (shown in Fig, 6.13(a)) and ihe
output waveform of each FF.

e | L LT LT LT UL L LTI

¢ i |
] | |

Flg. 6.13 mam (b) Wavetorms of a Decace Coamier

At the beginning all the FFs are reset 1o 00, The clock pulse iz applied io
the trigger input T of the F/F. Since this is a negative edged mggered FF, ai the
negative edge or folling edge of the wigger input the FF A will toggle, and
hence the putput of FIF A changes to level 1] all other FFs undergo no change.
The outputs from the F/Fs will be 0001, A the next clock pulse the FIF A will
togele back w0, and the ouiput of BF A falls from | to 0 and is applied o the
T input of the next F'F B, toggling it. The output of the F'F B changes to | and
the outpudl of the decade counter goes o B0,

Similarily, as the clock progresses, the F/F toggles in o stroight sequence up
e 10 (Bary 1003, On the very next pulse the AND gate is enabled, which
makes the reset inpat of F/F B high. As soon s the clock pulse arnives, all FFs
are reset to 0 and the cutput of the decade counter goes back o O0CR), Therefore,
iy using the AND gate the counter is reset at the tenth pulse.

If some mdicator device, such as a lamp or LED has to be driven, the sigaal
must be encoded in the decimal system. This can be done by the use of AND
gates. The output of the ¥/Fs is applied to the AND gates. The AND gates
inputs are sel o s unigue set of conditions that occur only onee during the fen
trigger pulses, Therefore, cach of the 10 lights s N for only one particular
pulze, which allows us o defermine of 3 glapce how many pulses have been
counted, An FF divides M=z inpm frequency by twe, It can be seen from the
waveform of Fig, & 13(b) that the F/F acts as a frequency divider.
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Large scale integration {L5I) has mmie it possible to incorporale the entire
decade counter divider circuit with binary to decimal encoding in one or more
I,

&% ELECTRONIC COUNTER

The decade counter can be susily incorporated in a commercizl test instrument
called an electronic counter. A decade counter, by itzelf, behaves as o totaliser
by totalling the pulses applied to it during the time interval that o gate pulse is
present, Typical modes of operation are totalising, frequency, period, ratie, time
interval and averaging.

6.7.1 Totalislng

In the totalising mode, as shown in  Irout Signat
Fig. 6.14, the input pulses are counted Counter || indheator
(totalised) by the decade counter as E
long as the switch is closed. If the

count pulse exceeds the capacity of  Fig. 6.14 mm Biock Diagram of the
the decade counter, the overflow Tatalising Mote of &n
indicator is activated and the counter Electronic Counter
starts counting agam.

6.7.2 Frequency Mode

If thi time inferval in which the pulses are being totalised is aecurately contred-
led, the counter operates in the frequency mode, Accurate control of ihe tGme
inicrval is achieved by applying a rectangular pulse of known duration o the
AMND gate, us shown in Fig, 6,15, in place of the de voliage source. This tech-
nigue is refermed to as gating the counter. A block disgram of an electronic
counter aperating in the frequency mode is shown in Fig, 6,15, The frequency
of the input signal is compueted as

where  F= frequency of the input sigmal
N= pulse connted

r= duration of the gate pulse
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Ingist Shgnat |
Gate Cointar | Readaut
Fulnu

i
L

E'”‘W +0 Huf;n 0 0 'D

Flg. B.15 mes Block Disgram of Electronie Countar Fraquency Mada

6.7.3 Ratio Mode

: ; G TR I
The ratio mode of operaticn simply . - -
displays the numerical valone of the -l-l Dacade | l:Hngal'|
rabio of the frequencies of the two Courter|  |Reasout

signalz, =1 MHz
The low freguency signal is used Clock LTI

in place of the clock to provide a ik <D o El a
Flﬂ. . amn Bioc agram acton
gate pulse, The number of cycles of Countar in Pariod Mods

the high frequency signal, which are

stored in the decade counter during the presence of an externally generaled gate
pulze, is read directly as a vatie of the freguency. A basic circut for the ratio
mode of operation is shown n Fig. 6.16.

6.7.4 Period Mode

In some applications, it is desirable 1o measure the period of the signal rather
thian its (requency. Since the period is the reciprocal of the frequency, it can
carily bz measured by using the inpot signal as a gating pulse and counting the
clock pulses, as shown in Fig, 6,16,

The period of the input sipnal is defermined from the nomber of pulses of
known frequency or known time duration which are counted by the counter
during one cycle of the inpot signal. The penod is computed as

PR E
4 s [racade Cig
= el
where N'= pulse counted EﬁD— e i Pl
F= frequency of the clock Decade
Dirvidar

B.7.5 Time Interval Mode

S0
o : =1 MHz
The time interval mode of operation meas- | mocy |

ures the time elapsed between two events,
The measusement can be done using the cir-  ©'0- 517w Blck Dagram of
cult of Fig. 6.17. Tirma Interval Mode
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85 DIGITAL TACHOMETER

The technigque employed in measurng the speed of a rotatimg shafd s similar (o
the technigue uvzed in & conventional frequency counter, except that the
selection of the gate period 15 in accordance with the rpm calibration.

Let us assuine, that the rpm of 4 rotating shaft is K. Let P be the number of
pulses produced by the pick up for one revolution of the shaft. Therefore, in one
minute the namber of pulses from the pick up is R = P. Then, the frequency of
the signal from the pick up is (8 = FUe0, Now, if ihe gate period iz (& 2 the
pulses counted are (K= P x G0, In order 1o get the divect reading in mpin, the
nember of pulzes 1o be counted by the counter i3 B, So we select the gate period
as 6(VP, and the counter counts

[ R = Px6l)
o= P

and we can read the rpm of the rotating shaft directly. 5o, the relation between
the gate period and the number of pulses produced by the pickup is i =600F, If
we fix the gate period as one second (7 = | 5], then the revolution pickup must
be capable of producing &) pulses per revolution,

Figure &.19 shows a schematic diaggram of 2 digital tachometer,

= R pulscs

4 Digit

Flg. 5.1 mas Basic Block Diagram of a Digital Tachamater

810' DIGITAL pH METER

The measvrement of hydrogen ion activity (pH) in a solution can be
accomplished with the help of a pH meter, For those unfamifiar with the
terminclogy, a very briel review is included,

pH is a quantative measure of acidity, If the pH is less than 7, the solubion is
pcidic (the lower the pH, the greater the acadity s, A newtral selution has & pH of
T and alkaline {basic) solutions have & pH greater than 7.
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Flap. 6.24 = Simplifled Cincult iagram of Automatic Ea_n:llng
Chrouit thal can be Used With Dual Slope ADC

Before the real measurement is made, switches 5. 5, and 5, are closed, say
for 50 ms, thus grounding the input, giving the integrator a short RC Gme, and
connectng the output of the comparator to capacitor C. This capacitor is now
charged by the offser voitages to the amplifier, the imegrator amd the comparas
tor. When swirches 5, 5, and 5. are opened again to start the real measurement,
the todal offset voliage of the circuit (equal to zere ermor) is stored in this
capacitod, and the real inpat voltage is measured cormectly,

6.11.1 Fully Automatic Digital Instrument

A multimeter with automatic polarity mdication, agtomatic zero commection and
autamatic ranging (of course conpled with automatc decimal point indicaton)
ouly needs a signal appiied to its input, and a command 25 to what quantity (V.
V... ! or B} to mensure; it does all the rest itseif.

The digitz! part of & rvpical instrument is organised 0 & o produce a display

or a digital output signal, as shown in Fig. 6.25. Before 8 measurement can

FMIJ | Rt

Fanel Condmol
Coritred Irsrl

|Rferpnoe, S Clock
Yuliage | | Oscilistor | | Oscilator
Injil Rainge Dugd 52
Pmgramming
= Dwiiches & Siepe | == Counter Mamony Display
Ampifinr m:!:}é?’_ i t.l L1 ]
% |
e (e =) —
| F':uhT' | Prokarity Ao R Oighal |
i + ————— Pasnge Contnol ¢ ] Dt

Fig. 6.25 mem Biock Diagram ol an fdomatic Instrumeand
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turned on and rooted 1o the counter, When the discharge pemion of the cyele is
compieted. the display is updated snd the value of the capacitor 15 readout. By
selecting the proper reference frequency and charging curments, ooe can obliin
a direet digital display of the valug of the capacitance.

Be sure to properly shield the leads and keep them shon for low capacity
measurenents, since the 50 He hum can cause some slight instability.

894 MICROPROCESSOR-BASED INSTRUMENTS

Drigital instroments are designed around digital logic circaits without memory.
The vse of microprocessers a8 an miegral purt of measuring instruments has
given rise 10 a whole new class of instraments, called intelligent instruments,

Figure 6.28 shows a block diagram of a microprocessor based impedance
measuring instrument, The operation makes interface with the instrumemn via
the IEEE 4588 bus to allow contrel by, or to make the measurement availahle to,
a large external computer system. The tming clock signal and the ue test signal
are provided by frequency division of the oscillator signal,

e s
osawer | | oty | | oy | |k, |
| .'
|
i s

blicro- | A0

-

Procassor Cormasstar

Cibvichar P ‘ s \
S Ditncior

__]:M Lhkr

‘mnx\ mandire

Fig. 5.28 wem Block Ciagram of & pg (Micraprocessarn Based Inglrumant

The front end circoit applics the test signal to the unknown impedance and
an standsrd impedance provides an output signul, proportional tw the voltage
weross each, 1o the phase sensitive detector. Signal ransfer 1= conrolled by the
microprocessor. The phase sensitive detector, which 15 alse controlled by the
microprocessor, converts ibe ac inputs of the impedance in vector form to & de
output. The A/ converter provides the digital data.which is used by the micro-
processor to compute the value of the unknown impedance. This 1s then dis-
plaved on the CRT or sent as output te the IEEE 488 bus.
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$5 BAsIC PRINCIPLE

7.2.1 Electron Beam

To understand the principle of an oscilloscope, let us consider a torch which 15
focussed on a piece of cardboard {held perpendicular o the torch), The light
beam will make a bright spot whens it strikes the cardboard or screen. Hold the
torch still; the spot remains s6ll, move the torch, the spot also moves, If the
movement s slow, the eve can follow the movement, buf if it 15 too fast for the
eve (o follow, persistepce of vision causes Lhe eye (o see the paitern raced by
the spod, Hence when we wave the torch from side to side, a horizoptal line is
traced; we can similarly bave a vertical line or a circle. Hence, if the torch is
moved in any manner at a very rapid rate, hght would be traced, just like
drawing or writing.

A similar action tekes place in the CRT of an oscilloscope. The torch is
rephzced by an electron gun, the light beam by a narrow electron beam, and the
cardboard by the external flat end of a glass tube, which is chemically coated o
form a fluorescent screen. Here the electron gun generates the benm which
meoves down the tobe and sirikes the screen. The screen glows at the point of
collision, producing a bright spot.

When the beam s deflected by means of an electric or magnetic feld, the
spot moves aceordingly and (races oul a patierm.

The clectron gun assembly consists of the indirectly heated cathode with its
heater, the control grid, and the first and second anodes.

The control grd in the CRT 1= cylindrical, with o small aperture in line with
the cathode, The electrons emitted from the cathode emerge from this @perture
as a slightly divergent beam. The negative bias voltage applied to the pnd,
controls the beam current, The intensity {or brightness) of the phosphorescent
spot depends on the beam current. Hence this control grid bias knob is called or
labelled as intensity.

The diverging beam of electrons 15 converged and focussed on the screen by
two accelersting anodes, which form an electronic lens, Further ahead of the
grid cylinder is another narrow cylinder, the first anode. It is kept highly
positive with respect 10 the cathode, The second anode is a wider cylinder
following the first. Bodh the cylinders have narmow apertures in line with the
electron beam. The second anode is operated at a still higher positive potential
and does most of the aceleration of the heam. The combination of the first anede
cylinder and the wider second anode cylinder produces an electric feld that
focuzes the electron beam on the screen, as a leps converges a diverging beam
of light.

The electronic lens action is controlled by the focus control. IF this confrol is
tumned to cither side of its comect focussing position, the spol on the screen
becomes larger apd blucred, Branging it back 1o ifs correct position brightens
and concentrates the spot. With this proper focus, the small spot can be
deflected to produce sharp narrow lines that trace the pattern on the CET screen.,
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E% CRT FEATURES

Electrostatic CRTs are available in a number of types and sizes to sent mdividual
recuirements. The important features of these tibes are as follows,

1. Size

Size refers to the screen diameter, CRT's for sscilloscopes are available in sizes
of 1, 2, 3, 5, and 7 inches, 3 inches is most common for portable instraments,

For example o CRT having o number 5GP 1, The first oumber 5 indicates that
itis a5 mch tube,

Both round and rectangular CRTS are found in scopes today, The vertical
viewing size is 8 cm and horizontal is 10 cm.

2. Phosphor

The screen is coated with & fluorescent material called phosphor. This material
determines the colour and persistence of the trace, both of which are indicmted
by the phosphor.

The trace colours in electrostatic CRTS for cacilloscopes are bloe, green and
blue green, White is used in TV, and blue-white, orange, and yellow are uzed
for radar,

Persistence s expressed as short, mediem and long. This refers 1o the length
of time the race remains on the sereen after the signal bas ended.

The phosphor of the oscilloscope is designated as follows,

Pl — Ciresn mediom

P2 — Blue green mediom
F5 — Blue very short
P11 — Blue short

These designations are combined in the fube type number. Hence 5GP iz a
3 inch tube with a medium persistence green trace.

Medivm persistence traces are mostly used for general purpose applications.

Long persistence traces are used for transients, since they keep the Fast
transient on the screen for observation after the ransient has disappeared.

Short persistence is needed for extremely high speed phenomena, to prevent
smearing and interference caused when one imape persists and overlaps with
the next pne.

P11 prosphor 1s considered the best for photographing from the CRT screen,

3. DOpergling Voltages
The CRT requires a heater voltage of 6.3 volts ac or de at 600 mA.

Several de veltages are listed below. The voltages vary with the type of mbe
nsed.
(i) Megative grid {control} voltage — 14 ¥V 1o = 200V,

(ii} Positive angde no. | (focusing ancde) — 100 ¥ to - 1100 Y
(111} Positive anode no, 2 (accelerating anode) 600 Y 1o GHK) ¥
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imgpered soopes 18 that the recurrent sweep locks at the frequency of the inpe
signal, while the triggered scope displays a trace for a specifié perod of time.
Hence, the triggered scope i3 ON during a specific tirme imtarval and will dis-
play a waveform or & segment of waveform (e.g. a one shol waveform)
regardless of the signal frequency, Hence tramsients or single clamped
oscillations can be observed on the screen.)

Most triggered scopes use a convenient feature of calibrating the sweep
speed. in time per cm of division. Sweep freguency is the reciprocal of the time
period.

5. intensity Modulation

In some applications an ac signal is applied to the control elecirade of the CRT.
This cases the intensity of the beam to vary in step with signal alternations. Ay
& result, the trace s bnghtened during the +ve half cyelez and diminished or
darkened during —ve half cycles. This process, is called intensity modulation or
Z-axis modulation {in contrast to X-axis for horizontal and F-axis for vertical)
It produces bright segments or dois on the frace in response to pesitive peak or
dim sejments or holes in response (o negative peaks.

B sL0CK DIAGRAM OF OSCILLOSCOPE

The major block circuit shown in Fig, 7.4, of a general purpose CRO, is as
follows:

I. CRT
2. Vertical amplifier
3. Delay line
4, Time base
5. Horizontal amplifier
6. Trigger circuit
7. Power supply
oot [

Flg. 7.4 ssm Basic CAO Block Diagram

The function of the various blocks are as follows.
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This FET input stage is followed by a BJIT emitter follower, to match the
medinm impedince of FET cutput with the: low impedance inpul of the phase
inverter.

This phase inverter provides two antiphase outpul signals which are reguired
o pperaie the push-pull cutput amplifier. The push-pull ouiput stage delivers
equal signal voltages of opposite polarity to the vertical plates of the CRT.

The advantages of push-pull operation in CRO are similar to those obtained
from push-pull operation in other applications; better hum voltage cancellation
from the source or power supply (i.e. de). even harmonic suppression,
especially the large 2nd harmonic is cancelled out, and greater power output per
tube 82 a result of even harmoenic cancellation. In addition. & number of
defocusing and non-linear effects are reduced, because neither plate is ai ground

poteatial.

¥ HORIZONTAL DEFLECTING SYSTEM

The horizontal deflecting system consist of 2 Time Base Generator and an
ouiput amplifier,

7.7.1 Sweep or Time Base + Vs
Generator _

A continuous sweep CRO using a UJT Eyng R Bt

as a time base generator is shown in m

Fig. 7.5, The UJT is used to produce *

the sweep. When the power 15 [irst v,

applied, the UJT is off and the O a, ::cr mﬂﬂ

changes exponentially through Ry T

The UIT emiter voliage Ve rises tow- e ___i

ards Vigp and when Vp reaches the —]

peak vollage Vi, as shown in Fig. 7.9, Continuous Sweep

the emitter to base "17 (B} diode

Bsioian Tiand bl ko the LT £ 218 o Lot pmin: Smop

triggers OM. This provides a low "

resistance  discharge path and the ol B R TR

capacitor  discharges  rapidly. The
emmiter  voltage Ve reaches the
minimuam valve rapidly and the UJT
goes OFF. The capaciior recharges
and the cycle repeats.

To improve sweep lnsanty, wo
separate voltage supplies are used, a ;_}__mm
low voltage supply for UJT and a high 2
voltage supply for the By Cy eircuir. Flg. 7.9 mm Sawiooth Cutput Wavakorm

Vi

-

——lp
Ty Tr L
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Fig. 7.16 s Typical CRT Connecbons

2, Focus The focusing anode potential is adjusted with respect o the first
and final pccelerating anodes. This 1s done by the 2 ML} potentiometer, [t
adjusts the negative voltage on the focus ring between =300 ¥V and
=0V,

3. Asngrmavism It adjusts the voltage on the acceleration anode with
respect to the YDP of the CRT. This arrangement forms a cylindrical lens
that corrects anv defocusing that maght be present. This adjustment is
made to obtain the roundest spot on the screen,

4. X-shift or Horizontal Pogition Conrrol  The X-positton of the spo is
adjusied by varying the volmge between the horrontal plates, When the
spod is in the centre position, the two horizonfal plates have the same
poiential. .

5. ¥eshift or Vertical Poxirion Contrel The ¥F-position of the spot is adjusted
by warying the voltage between the vertical plates. When the spot is in the
cenire position, the two vertical plates have the same potential.
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When the switch is in the CHOFP mode position, the electronic switch is free
running at the rate of 100=5K kHz, emirely indepsndent of the frequency of
the sweep penerator. The switch snccessively connects small segments of A and
A waveforms to the main vertical amplifier a1 a relatively fase chopping rate of
500 kHz e.g. 1 us segments of each waveform are fed to the CRT display (Fig.
T A% {c).

=

Cchannial B

1l = A
Bright

P

Chop Transicnts
Elarking

[r—

Fig. 7.18 mw (c) Tima Ralgtion of & Cual-Channal Vertical Amplifier
in Chop Mode

I the chopping rate 15 slow, the contimity of the display 15 lost and it 15
better to use the alternate mode of operation, In the added mode of operanon a
single image can be displayed by the addition of signal from channels A and B,
iL.&. (A + B), ete. In the X — ¥ mode of operation, the sweep generator is discon-
nected and channel B is connected to the horizontal amplifier. Since both pre-
amplifiers are identical and have the same delay time, accurate X - ¥ measure-
ments can be made.

7.15.1 Dual Trace Oscilloscope (0-15 MHz) Block Description
Y-Channels

A and B vertical chanpels are identical for producing the dual trace facility.
Each comprises an input coupling swiich, an input step atfenuator, & source
Follower inpot stage with protection circuit, a pre-amplifier from which a trnig-
ger signal i5 derived and a combined final amplifier. The input stage protection
circeil consists of a diode, which prevenis damage to the FET wransistors that
could oteur with excessive pegative input potentials, and a resistor network
which protects the input stage from large positive voltage swings.

As the transistors are the balanced pre-amplifier stage, they share the same
I block. The resulting stabilisation provides a measure of comrechon to redice
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HA6 ELECTRONIC SWITCH

The electronic switch is a device that enables two signals 1o be displaved sirmul-
taneously on the screen by a single gun CRT. The basic block dagram of an
electronic switch s shown in Fig, 7.22.

Each signal is applied (¢ a separate gain control and gate siage. The gates
stage are altemnately biased (o cut off by square wave signals from the square
wave generator. Therefore only one gate stage is in a condition to pass its signal
at any given time.

The outputs of both stages are applied directly fo the oscilloscope input.

Fig. 7.22 wm Basic Block Diagram of an Electronic Swiich

R, and &, are gain controls used to adjust the amplitudes of Channels A and 8.
In the circuit diagram of Fig. 7.23, @, and 5 are the amplifiers aed €4 and
{0y the switches. Input signal | is applied to & through gain control &, and
input sigmal 2 is applied to (4 through gain contmol K. The square wave gencoi-

i o
gt B J
K1 = M
— i I
Ry it
¢ Ml Wave '
J_ L & "h =
= Ay
Qs
R
[
rﬂﬂ - q’
| -

Flg. 7.23 mm Elactronic Swilch
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Since the storage mesh makes use of secondary emission, between the first
and second crossover more electrons are emifed than are absorbed by the
mumterial, and hence a net positive charge resulis.

Balow the first crossover a net negative charpe results, since the impinging
electrons do nod have sufficient energy to force an egual number to be emitted.
In order to store a trace, assume that the storage surface is uniformly charged
and write gun {beam emission gun) will hat the storage target. Those arcas of
the siorage surface hit by the defleciing beam lose electrons, which are collected
by the collector mesh. Hence, the write beam deflection pattern is truced oa the
storage surface as a positive charge pattern. Since the insulation of the dislectric
miaterial is high enough to prevent any loss of charge for a considerable length
of time, the: pattern is stored. To view, the stored trace, & fload gen is used when
the write gun is turned off. The flood gun, biased very near the storage mesh
polential, emits a floed of electrons which move towards the collector mesh,
since it is biased slightly more positive than the deflection region. The
collimator, & conductive coating on the CRT envelope with an applied poten-
tinl, helps 1o align the food electrons so that they approach the storage target
perpendicularly, When the electrons penetrate beyond the collector mesh, they
engounter either a positively charged region on the storage surface or a
negatively charged region where no trace has been stored. The positively
charged areas allow the electrons o pass through to the post accelerator regron
and the display targer phosphor, The negatively charged region repels the flond
electrons back to the collector mesh, Thus the charge pattern on the siorage
surface appeuars reprodoced on the CRT digplay phosphor just as though it were
being traced with a deflected beam.

Figure 7.28 shows a display of the stored charge pattern on a mesh storage.

; Sk PFosl Accalaralod Arnids
Collimated Fiood
Eloctrons Q2 + Faoe Plale of
= thwx CRT
a & Emvelopn
e
Fhasphar

)
&
ABAMAOLE
NARAE

Shorage Mesh Elecirode
{Croda-wamnen Wire Mash)

Flg. T.20 wes Display of Siored Changed Pattesn on a Mesh-slarage

Colaclor Mash (Slased al +va)
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There is no signal attenuation between the FET Amplifier and the probe ugp.
The range of the signals that can be handled by the FET probe is limited 1o the
dynamic range of the FET amplifier and is typically less than a few volis. To
handie a larger dynamic range, external attenmators are slded at the probe tp,
Active probes have limited use because the FET probe effectively becomes an
FET attenuator. Therefore, oscilloscopes are typically used with a 10 1o 1

aftemuator prohe.

o H10K
T ——— [
100 k |
|
. H B -
- |
108 =
100 k P 5
Input t R
Tk -
g 100 k é $
b
| i

- = =10
Fig. 7.06 mm FET Frofms

F28 ATTENUATORS

Attennators are designed to change the magnitiede of the input signal seen at the
input stage, while présenting o constant impedance on all ranges at the
attenuatns input,

A compensated BC attenwator s required w attenuate all frequencies equally.
Without this compensation, HF signal measurements would always bave (o take
the input circuit EC fime constant into aceount.

The inpul attenuator must provide the correct [-2-3 sequence while
mainiaining a constant input impedance, &s well a5 maintain both the inpur
impedince and attenuation over the frequency range for which the oscilloscope
is designed.

7.28.1 Uncompensated Attenuators

The cirguit dingram shown in Fig. 7.47 gives a resistive divider attenuator con-
nected to an amplifier with a 10 pf inpot capacitance, If the input impedance of
the amplifier is high, the input impedance of the attenuator is relatively con-
stani, immaterizl of the switch setting of the amenuator.
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#3 DELAYED SWEEP

Many oscilloscopes of [aboratory gquality include a delayed sweep feature, This
feature increases the versalility of the instrument by making it possible w
magnify a selectsd portien of an undelayed sweep, measure wavelorm jitter or
rise time, and check pulse time modulation, as well as many other applications.

Delayed sweep is o technigue that adds o precise amount of dme betwesn the

trigger point and the beginning of the scope sweep. When the scope 15 being
used in the sweep mode, the start of the horizontal sweep can be deloved,
fypically from a few ps to perhaps 10 seconds or more, Delaved sweep
operaton allows the user to view a small segment of the waveform, ¢.g. an
oscillation or ringing that occurs during a small portion of & low frequency
wavelorm.

The most common approaches used by oscilloscpe manefacturers for de-

layed sweep operations are, the following.

1. Mormmal triggerng sweep after the desired dme delay, which is set from
the panel controls.

2. A Delay Plus Trgeer mode, where a visual indication, such as light,
indicates that the delay time has elapsed and the sweep is ready to be
friggered.

3 Intensified sweep, where the delayed sweep sels as a positional
magnifier.

#32 DIGITAL STORAGE OSCILLOSCOPE (DSO)

Dagival storage oscilloscope are available in processing acd nom-processing
types. Processing tyvpes include bmll in computing power, which tikes
advanmage of the fact that all data s already in digival form,

The inclusion of inierfacing and a microprocessor provides a complate
systemn for information acquisition, anaiysis and outpul. Processing capatbility
ranges from simple functions (such as average, area, rms, etc. ) to complete Fast
Fourier Transform {FFT} spectrum analysis capability.

(Units with built in hard copy plotters are particularly useful, since they can
serve as digital scope high speed recorders, tabular pninters and X-V plotters, all
in one unif, with computing power and an 8%7 = 11" paperfink printout

Mon-processing digital scopes are designed as replacements for analog
instruments for both storage and non-storage types. Their many desirzble
features may lead to replace analog scopes entirely {within the Bandwidth range
where digitization in feasible).

The basic principle of o digital scope 5 given in Fig, 7.51, The scope
operating controls are designed soch that all confusing details are placed on the
back side and one appears to be vsing a conventional scope. However, some
digital scope panels are simpler alse, most digital seopes provide the Facility of
switching selectable o analog operation as one of the operating maodes

The hasic advantage of digital operation is the storage capability, the stoered
waveforny can be repetifively read out, thus making Tansients appear
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Fig. 7.50 mm B in 1 Lab[IE-548] | Courtesy: Intemational
El.l?ﬂ'ﬂ' L1 rated: Signelics Elactronics Lid.)

Test semiconductors like Transistors, FET s, Diodes, etc. You can check for
selected parameters and obtain matched pairs of devices for production and
RETVICE.

Bl osciLLOSCOPE OPERATING PRECAUTIONS

In addition o the general safety precautions, the following specific precavtions
should be observed when operating any type of oscilloscope. Most of the pre-
cautions also apply to recorders.

il o

Always study the instruction manual of any oscilloscope with which you
are nod famiiiar even if you have had considerable experience with oscil-
loscopes.,

Use the procedure of Section 7.35 to place the oscilloscope in operation.
It is a good practice to go through the procedures each nme the oscillo-
scope is used. This is especially true when the oscilloscope is used by
other persons. The operator cannot be certain that position, focus and
(especially} intensity control are a1 safe positions and the oscilloscope
CRT could be damaged by switching on immediately.

As for any cathode ray wbe device (such as a TV receiver), the CRT spot
should be kept moving on the screen. If the spot must remain in one
position, keep the intensity control as low as possible.

Always keep the minimum intensity necessary for good viewing.

If possible, avoid using the oscilloscope in direct sunlight or in o brightly
lighted room. This will permit a low intensity setting, If the oscilloscope
must be used in hrlght light, use the viewing hood.

Make all measurements in the centré area of the screen; even if the CRT
is flat, there is a chance of reading errors caused by distortion at the
edges.
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CHAPTER

8 Signal Generators

B4 INTRODUCTION

A signal generstor 15 o vital component in a test setup, and in electronic
troubleshooting and development,whether on a service bench or in a research
laboratory. Signal generators have a variety of applications, such as checking
the stage gain, frequency response, and alignment in receivers and in a wide
range of other electronic equipment.

They provide a varety of waveforms for testing electronic circuits, usoally
at low powers. The term oscillator is wsed to describe an instrument that
provides only a sinusoidal optput signal, and the term generator to describe an
instrument that provides several output waveforms, including sine wave, square
wave, mangular wave and pulse trains, as well as an amplitude modolated
waveform. Hence, when we say that the oscillator generates a signal, it is
imporiant io note that no energy is created; if is simply converted from a dc
goUrce into ¢ energy al some specific frequency.

There are various types of signal generator but several requirements are
common to all types.

1. The frequency of the signal should be known and stable,

2. The amplitude should be controllable from very small to relatively large

© walues,

3. Finally, the signal should be distortion-fres

The above mentioned requirements vary for special generators, such as
function generators, pulse, and sweep penerators.

Various kinds of signals, at both audio and radio frequencies, are required at
VArious times in an instrumentation system. In most cases a particular signal
required by the instrument is internally gencrated by a self-contained oscillator.
The oscillator circuit commonly appears in a fixed frequency form (e.g. when it
provides a 1000 ¢fs excitation source for an ac bridge). In other cases, such as in
i (-meter, oscillators in the form of a variable frequency arrangement for
covering (-measurements over a wide range of frequencies, from a few
100) kHz to the MHz range, are used.
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The voltage comparator multivibrator changes states at a pre-determined
maximum level of the integrator outpot voltage. This change cuts off the upper
current supply and switches on the lower current supply.

The lower current source supplies a reverse current to the integrator, so that
it output decreases lincarly with time. When the cutput reaches a pre-
determined minimum level, the voltage comparstor again changes state and
switches on the upper current source.

The owtput of the integrator is a triangular waveform whose frequency is
determined by the magnitude of the current supplied by the constant current
BOUFCEs,

The comparator output delivers a square wave voltage of the same freqoency.
The resistance diode network aliers the slope of the tHangular wave as fis
amplitude changes and produces a sine wave with less than 1% distomion.

I SQUARE AND PULSE GENERATOR
(LABORATORY TYPE)

These generators are used as measuring devices in combination with a CRO.
They provide both quantitative and qualitative information of the system under
test. They are made vae of in transient response festing of amplifiers. The
fondamental difference between a pulse generator and a SqEare wave generator
is in the doty cycle.

pulse width
pulse perrod
A square wave generaior has a 50% duty cyele,

B.8.1 Requirements of a Pulse

1. The pulse should have minimum distortion, so that any distortion, in the
display is solely due to the circuit ender test.

2. The basic characteristics of the pulse are rise time, overshoot, ringing,
sag, and undershoot,

3. The pulse should have sufficient maximum amplitude, il appreciable
puiput power is required by the test circuit, e.g. for magnetic core
memory. Al the same time, the attenuation range should be adequate to
produce small amplioode pulses o prevent over driving of some test
circuit,

4. The range of frequency control of the pulse repetition rute (PER) should
meet the needs of the experiment. For example, a repetition frequency of
100 MHz 15 required for testing fast circuits, Other generators have a
pulse-burst feature which allows & train of pulses rather thar a continuous
ot

Daty cycle =
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The frequency sweeper provides a vanable modulating voltage which causes
the cepacitance of the master oscillator (o vary, A representative sweep rane
covld be of the order of 20 sweepafecond. A manual comtrol allows
independent adjostment of the oscillator resonant freguency.

The frequency sweeper provides a varving sweep voltage for syachrenisation
to drive the horizontal deflection plates of the CRO. Thus the amplinede of the
response of a test device will be locked and displayed on the screen.

To wdentify a frequency interval, a marker generator provides half sinusoidal
waveforms af any frequency within the sweep range. The marker voliage can be
added 1o the sweep voltage of the CRO during alternate cycles of the sweep
voltage, and appears soperimposed on the response curve,

The astomatic level control circuit is a closed loop feedback system which
moaitors the RF level at some poind in the measurement system. This circait
hiodds the power delivered vo the loed or test circutt constant and independent of
frequency and impedance changes. A constant power level prevents any source
mismatch and also provides a constant readout calibration with frequency,

I8 TV SWEEP GENERATOR

An RF generator, when used for alignment and testing of the RF and IF stages
of a T% recetver, permits recording of circuit perfommance at one fmequeney ata
fime, Therefore, plotting the otal response curve point by point over the entire
channe]l bandwidth becomes o laborious process and takes a long ime. To
overcome this difficulty, a special BF penerptor, known as o sweep genemstos, is
used, It delivers BF cutput voltage 3t 2 constant ampliiude which sweeps across
a range of frequencies and continuously repeats af a predetermined rate.

The sweep generator is designed 10 cover the entire VHF and UHF range.
Any frequency can be selected as the centre frequency by a dial on the from
panet of the instrument.

Frequency sweep is obtained by connecting a varactor diode across the HF
oscillator circuits. A modified tranguiar voltage at 50 Hz s used o drive the
varactor diode, Thus the frequency sweeps on either side of the oscillator centre
frequency, at the rate of driving voltage frequency. The amplitude of the driving
voltage applied across the varacior diodes can be varied to control maxinuem
frequency deviation on either zide of the carrier frequency. This is known as the
sweep width and can be adjusted to the desired value, up 1o 8 maximoem of
ghout 2 15 MHz. A width control is provided for this procedure.

Alignment Procedure

The output of the sweep generator is connected to the input terminals of the
fured cirouit under test,

The frequency and sweep width dials are adjusted o a sweep range which
liex in the pass-band of the circoit. With an input signal of constant amplinede,
the outpul voltage vares in accordance with the frequency gain characteristics
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pictire tube screen of o normally operated colour recerver, these bars appear is
shown in Fig. 8.15.

Dnly L coloor bars are shown in the screen, because one of the bursts ooours
&t the saime time as the H-sync poise and is thus elumioated. The sdder, while
pating the crystal oscillator output, also combines H-sync, ¥V-sync and blanking
pulses w the ozeillator output. The composite colour video signal available at
the output of the adder can be fed directly o the chrominance band-pass
amplifier in the TV receiver. This signal is usually AM modulated with the
carrier of either channel 3 or 4.

The main technical specifications of a colour bar pattern generator are as
follows,

Test signals

1. & bars, hnearised, grey scale

2, Cross-haich pattemn

3, 100% white pattern {with burst)

4, R pattern {30% samraned)

5. Standard colowr bar with white reference. 75% contrast {internally
chumgeable to full bars),

Video correr

. VHF B-IIT (170 MHz - 230 MHz}
2. UHF B-I'V {470 MHz - 600 MHz)

RF Chrpur

== 100 mV peak o peak (75 0 impedance)
Video Modulation

Amplitude modulation (negative)

Sound carrier

Frequency = 55 MHz {or 6 MHz by internal adjustmeni)
Modulation —  Freguency modulation
Internal signal = 1 kHz sine wave,

FM Sweep 40 EHz on 5.5 MHz
Chroma-PAL-G and [ standards

Power

I5-230V;50-60 He. 0 W
Dimension
Bxli=x2cm—{wxhxd)
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advantage of this type of oscillator is thar a stable continuous oatpul covering
the entire AF range can be realised by simple variation of the wning capacitor
in one of ihe oscillators.,

In the circuil given in Fig. 8.21, Fizad
the valiages obtdned from two BF e,

oscillators  operating  at  slightl 3 —

: o L RF Misgr s 4 00 Eey o
different frequencies are combined  Oscikaios Amplifier |__g
and applied o a mixer cireuit. The il S s

difference frequency current that is Frisg.
thus produeced represents the desired ;
u:irll]l:uthms. Tltpprurtlu.l value of 2 Fi B30 TR ETOqueroy Oyt
BFO arises from the Fact thata small
or moderate percentage variation in the frequency of one of the individual os-
cillators (such as can be obtained by the rotation of the sheft contrelling a
varizble tuning capacitor) varies the beat or difference ontput continuously from
a few ofs to throughout the entire AF or video frequency range. At the same
time, the amplitede of the difference freguency outpet is largely constant as
frequency is varied. The principal fectors involved in the performance of o BED
are the frequency stability of individual oscillators, the tendency of the
oscillators o synchronise at very low difference Mrequencies, the wave shape of
the difference frequency ouwiputf, and the tendency for spurious beat notes to be
produced,

Frequency stability of the individual oscillators is imporand, becagse a slight
change in their relative frequency would casse a relatively large change in the
differance frequency. To minimise the drft of the difference frequency with
time, the individuzl oscillators should have high inherent frequency siability
with respect to changes in temperature and to supply voltage variations, and
they should be as alike elecirically, mechamcally and thermally, as possiblbe.

In this way, frequency changes are minimised and the frequency changes
that do ke place tend to be the same in each of the individoal oscillators and 2o
have little effect on the difference in their frequencies,

The two RF oscillators must be completely isolated from each other. If
coupling of any type exists between them, they will synchronise when the
difference is small. Hence, low values of difference frequency are impossible to
abtain, and in additicn cause interaction between the cscillators that results in a
highly distorted wave shape.

(To ensure low distortion, one of the voltages applied o the mixer,
preferably the one derived from the fixed frequency oscillator, should be
considerably smaller than the voltage derved from the other oscillator, and
preferably free of harmonics. )

BFOs are commonly affected with spunous beat notes, sometimes called
whisties. These effects are usvally the result of cross-modulation in the AF
amplifier between high ordér BRF harmonics generated by the mixer. These
spuripus whistles often appear when the output frequency is high.
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Flg. 9.4 e AF Heterodyne Wave Analyzer

This wave anatyzer is operated in the RF range of 10 kHz - 18 MHz, with 18
overlapping bands selected by the frequency range control of the local oscilla-
tor. The bandwidth, which is controlled by the active filter, can be selected at
200 Hz, | kHz and 3 KHz.

8 HARMONIC DISTORTION ANALYZER
9.5.1 Fundamental Suppression Type

A distortion anaiyzer measures the fotal harmonic power present in the fest
wave ruther than ihe distorion coused by cach component. The simplest method
is to suppress the fundamental frequency by means of a high gass flter whose
cut off frequency is a little above the fundamentai frequency. This high pass
allows only the hirmonics (o pass and the twtal harmonic distortion can then be
measured, Other tvpes of harmonic distomion analvzers based on fundamenial
suppression ane as follows,

1. Employing & Resonance Bridge

The bridge shown in Fig. 9.5 is balanced for the fundamental frequency, ie. L
and ' are uned to the fundamental frequency. The bridge is unbalanced for the
harmooics, Le. only barmoaic power will be available st the owpud terminal
and can be measured, If the fundamental frequency is changed, the bridge must
be balanced again, If L and C are fixed components, then this method is suitable
only when the test wave has a fixed frequency. Indicators can be thermocoupies
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Flgg. 8.9 e {b) Spactrum Analyzer

The spectrum produced if the input wave iz 3 single toned AM. is given in

Figs 9.10, 911, and %.12.
Arplitsde

Fig. 8,10 wm Test Wave Seen on Ordinary CRO

Amplitude

..........................

Ampitude Ve 3= 2f
¥ Harmonic
,[\/\/\/\ h=f
- Fundamental
Thires

Flg. 8.12 s Test Waveform a5 Sean on X-Axiz {Tima)
and =fois (Frequency)
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|E 822 Dighal Siorage CRO

MR 1--.1...’
" EW

M *
'ﬂ' l-ll I ] ,ﬂ
Cwrmer | & O 3 i =3 1 D000 WHy a0 Hp
000 He 1750040 Gk [1 =2k - 33 dBe Ll 2N iy
= AEHY 3Em = GF.{d diim BN fraafew S 5000 Hs

Cursar 1 and Curser 2 Ampliudes | Frequancies | Freq Diferance | AmplSude DHf /
Hermenic Contsnt Flatk sl are cispiarynd and wil be compuied dynamically as the
cursars are monsed. The "ETART and “STOP" fequancy dancts the mén and max
frequency rangs of tha display. The STOP fequency can mangs from * He 1o 10
MHz, Thus the minimum STEP or Irequency resciution possibie is 0.002 Kz Display
cain be in Linfleg. Harieomal Zoom leved is S00.

Fig. 8.18 Set-up of FFT Specvum Analysis

i,

ik.

What i the difference between a wove analyzer and s harmonic distortion
analyrer?

Explain with the belp of a Mock diagram, the working of a karmonic distortion
amalyzes,

Explain with the help of a black diagram the working of a spectrum analyzer.
Where ane spectrim anilyzers commonly wsed?

Dhraw the circuit diagram and explain the working of a heterodyvne tvpe wave
analyzer,

What is meant by the distortben facios? How can this lackor be measored?
Explain with the help of a block diagram.

Explain any one application of a distortien (factor meter.

Explmn the front panel control and applications of a distortion factor mater in
iroable shanting,

With the help of a block diagram, explain an AF wave analyrer.

Compare a Wien bridge harmonic distortion analyzer 10 & bradged-T type
harmonic dissortion analyzer.

St the applications of a spectrom analyeer,
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Arienna o,

oty
EL Feoo

Fig. 10.2 wa {a) Fiald Strengih Meter

o B o Bdaiber
=T @tm“-:ruh]

The field strength measurement should be made at a distance of several
wavelengths from the transmitting antenna, to avoid misleading readings when
the pickup is oained from a combination of radiation field with the induction
field close to the ransmitter. To enable the wevemeter combination 1o act as a
field sirength meler, greater sensilivity can be easily obtained with the addition
of a transistor de amplifier, a8 shown in Fig. 10.2(b), (The coil L is held near an
oscillating circuit to provide loose coupling, and the capacitor C is mned o
resonance. When the dial of the variable capacitor 1= calibrated in terms of
frequency, the unit becomes very useful as a rough frequency meter, Since the
wavemeter is tuned to resonance, it will absorb the greatest amount of energy,
and cause a detectable change in an indicating meter of the transmitter,)

3
Anienna ARAA

o
b e

[:I.hi-'

EL = L. EE mA
o k)
R A

w.l AN
Ll ey

1.; W 5‘-_|

Flg. 10.2 mem (b} Fiald Strength Meter (Tramsistor)

The transistor provides ample current gain, so thet satisfactory sensitivity is
obtained. The transistor is connected in a common emitter configuration. With
no signal being received, the quicscent current is balanced out by the back up
current, through the variable rezistor B,, This zero balance should be checked at
intervals, since the quiescent current is sensitive to temperature changes.

The collector current throtgh the meter provides an indication of the strength
of the RF wave being picked up. This current is not strictly proportional to the
field strength, because of the combined non-linsarities of the semiconductor
dinde and trapsistor. However, the response is satisfactory for the relative
comparison of field strength,
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(4} ]
Flg. 10.5 mm {2} Vecior impedance Mathod (b Vectsr Diagram

The phase angle & of the impedance 2, can be obtained from the reading of
the voltage at points B and D, that is, Epg. The deflection of the meter will be
found te vary with the 0 of the unknown impedasce 2. The VTVM ac voltage
reading will vary from 0 ¥, when the phase angle of 07 (3 = 0} to the maximum
vioitage, with an angle of 907 ((? = infinfte). The angle between the voltages E, o
and E,;, is half the phase angle #, since E, is made equal 10 Eg,..

2 Epn
Since Eyp is known to be half the known input voltage E, the volimeter reading
of Epy can be interpreted in terms of @2, and hence the phase angle & of the
unknown £, can be determined.

While thts method for obtaining both Z and # is approximate because of the
crowding caused by the pon-linear relation, it is vseful for obfaining a first
approximation. A commercial vector impedance meter is used for greater
HCCUrLY,

10.6.1 Commercial Vector Impadance Meter

A commercial instrument that measures impedance directly in the polar form,
giving the magnitude of Z in ohms, at 8 phase angle 8, requires onfy one
balancing control for both values.

It measures any combination of &, L and ©, and includes not only pure
resistive, capacitve or inductive elements bt also complex impedances, Since
the determination of magnitude and anile requires only one balance control, the
awkward condition of shiding balance, frequently encountered when measuring
lovw 2 reactors with conventional bridge circusis, which necessitates so much
successive adjustments, is avodded.

Measurements of impedances ranging from (L5 - 100,000 L2 can be made
over the frequency range from 30 Hz to 40 kHz, when supplied by an exiemal
pacillator, Internally generated frequencies of 60 He, 400 He or 1 kHz are
available. At these internel frequencies and external frequencies up o 20 kHz,
the readings have an accuracy of £ 1'% for the magnitude of £ and £ 2% for &
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10.7.1 Factors that May Cause Error

I. At high frequencies the elec-
ironic  voltmeter may  suffer
from losses due to the transit L
time effect. The effect of R, is o=
to  introduce an  additional A
resistance in the tank circuit, as
shown in Fig. 10.5. "

. ol
and =
Oons= gy R,

7
Qo _ ReRy R

(e R R

K
= 1_-*:]
Ouc = 1472

B
fhhy

Fig. 10.8 mm Effect of B, an Q

L

where (R, = actual @
e = 0hserved O

To make the (), value as close as possible to (. R, should be made as
small as possibie. An K, valee of 02 = 0.02 0 introduces negligible
ETror.

L. Another source of error, and probably the most important one, 15 the
disiributed capacimanes or self capaciiance of the messuring circuit. The
presence of distributed or stray capacitances modifies the actual (2 and
the inductance of the coil. At the resonant frequency, at which the self
capacifance and inductance of the ¢oil are equal, the cireuit impedance iz
purely resistive—this characteristic can be used to measure the dis-
tributed capacitance.

One of the simplest methods of determining the distributed copacitance (C,)

of & coil involves the plotting of a graph of L against C in picofarads.

The frequency of the oscillator in the () meter is varied and the correspond-
ing value of € for resonance is noted. 17 is plotted against ¢ in picofarads, as
shown in Fig. 10.9(a), The straight line produced 1o intercept the X-axis gives
the value of C. from the formula given on the next page. The value of the
unknown inductance can also be determined from the eguation.

L= “ZEI:.,E . therefore slope = 4 L
i

1

and Je=
EI;EL{C +C,)

Therefore fl w A L+ )
2
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Referring to Fig. 10.10{a). the unknown impedance is shorted or otherwise
ol connected and the tned circuit is adjusted for resonance at the ogcillator
frequency. The valoe of {2 &nd C are noted. The unknown impedance s then
connected, the capacitor is varied for resonance, and new values 0 and O are
niodedl.

From part 1, we have ol = 1wl (10.3)

From part 2, we have ol + X, = (10.4)

o B
m
Subtracting Eq. (10.4) from Eqg. (10.3), we have

x,L-L-L[E;?.]-l c-C
e o wcl O _E(c‘c’]

Since R"=R+ R, R, =R - R, where R is the resistance of the suxillary coil.

Rxn.ﬂ’—ﬂnm—['-ﬁlﬂl.[ﬂ]
[ ¥ Qe

The unknown impedance Z, can be calculated from the equation
Z=R+jX,

A positive value of X, indicates indvuctive reactance and a nregative value
indicates capacitive reactance.

If Z, is considerably greaver than X;, the unknown impedance is shunted
across the coil and the capacitor, as shown in Fig. 10.10{h).

¥, represents the shunt admittance of the unknown impedance. It consists of
oo shunt elements, conductance €, and susceptance K. In this method, ¥, is
disconnected and the capacitor C is tned to the resonant value. At the oscilla-
tor frequency, the values of O and C are noted. With ¥, connected, the capacitor
is tuned again for resonance at the oscillator frequency and the new values @

and O are noted,

Hence ¥,=0, +JB,

and B, = oC - al’
1 [@-0

al I T

" ; m[ e@*]
g-¢ .

Therefore F_EMLEE 4 e (O =)

The accuracy with which the reactance can be determined by the method of
substitution 1s quite high, Error may mainly be because
(i) " cannot be accorately determined since the resopance curve may be flat
due to additional resistance, and
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Fig. 10. 12w (b} Complita Circuit of the Skefedon Bridge and Accessoring

By proper arrangement of the bridge arms, the Wheatsione's bridge shown
in Fig. 10,14(a) may be set up for resistance measurement {gc and dc), a
comparison circuit shown in Fig. 10.14k) for measurement of ©, and a
Maxwell’'s circuit shown in Fig. 1L 140c) for the measurement of inductance L.

The skeleton bridge permits resistance measvrements from 0001 £ w
11.11 MLL, capacitance measurements from | pf (if stray capacitance permits)
to 1111 pF and indoctance measurements from | pH (if stray inductance and
capacitance permuty o 111.1 H.
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The complete circuit of an LCR bridge s shown in Fig. 1013 (kit tvpe
bridge).

A wide range of resistance (ac and del, inductance and cupacitance measure-
ments can be done using a Kit type impedance bridge.

This bridge measures inductance (L) from 1T pH - 100 H, capacitance ()
from 10 upF - 100 uF, resistance (8 from 001 £35 — 10 ML, dizsipation factor
() from 0000 - | and @ from 1 - [DD0. Resistance, capacitance and
inductance units are read directly on the same dial scale, graduated 00— 1, and
are multiplied by settings of a multiplier switch,

Referring to Fig. 10,15, six inductance ranges are provided

(i) 10 = 100 pH (i) 50 uH - 10 mH
i G5~ 100 mH {ivi SmH=1H
{vi 5S0mH-10H vl 0.5~ 100G H

These ranges include all common imductances of coils of all types emploved
in electronics.
Al=o eight resistance ranges ane provided.

(i) O] =16} () 05 — 1Ll
(Eie) L5 — 100 L2 fiviy 5— [y L2

fv) S50 - L0002 vy SO — O £
fvin) 5060 — 1 ML) (vaa ) BOLEENG — 100 ML)

There are gix capacitance ranges provided:

(0 T = 100D uuF (1) 50 pufF - 001 pF
(iin) L0005 = 0,1 pF (v (RONES - § uF

(vi 0.05 - 1 pF (vi) 0.5 - 100 pF

The twa pole, eight position Multiplier Switch sets the bridge to the desired
K, Cor L rapge, This switch cuts the various precision resistors, &, w &, in or
out of the circuit. The dial settings of the multiplier switch show the various &,
C and L factors by which the seitings of the main control dial must be multiplied
o obtain the correct value of the component under fest.

The lunetion of the Delector Swiich is to connect an appropriate null detector
acrpss the bridge cutput terminals. When this switch is thrown (o its external
position, the two terminals lobelbed extemal detector are connested across the
bridge output, and ar external mull detector may be connected 1o these
terminals, (Satisfactory external detectors are high resistance headphones, ac
YTWMs, oacilloscopes, sensitive centre #ero de galvianometlers, efc.). The
galvanometer is used only in resistance measurements when the infernal 6 W
battery (or a higher voitage external battery) is used o power the bridge.

When the detector switch is thrown to its galvanomeler position, the self
contained centre zero (J00 — O - 1000 do mictoummeeter 15 conpected, as 2 de
null detector across the bridge ouipur, When the detector switch is thrown (o its
shunted galvanometer position, the micronmmeter is connected across the
bridge cutput, but in parallel with the 100 £ resistor B . This resistor decreases
the microammeter sensiiivity and acts (o prevent meter damage when an
unknown resistanee is first checked.
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but can be used with any parallel “2", The basic circuit of a typical BX meter is
shown in Fig. 10,186,

® 0 @&

c
Fy F
Dacilator - E._F,
0.5 - 250 MHz T Mizear
Aa™, Impodancs
P2
Fr
Oscilator f Jo0
B8 - 250.1 Mz

Fig. 10,16 mm Basia Cirouit of R-X Metar

As shown in Fig, 10.16, there are (wo variable frequency oscillators that
track each other at frequencies 100 kHz apari. The output of a 0.5 - 250 MHz
osciliator, F, is fed into a bridpe. When the impedance network to be measured
i% connecied soross one urm of the bridge, the squivalent paralle] resistance and
reactance (capacitive or inductive) unbalances the bridge and the resulting
voltage is fed to the mixer. The output of the 0.6 — 25001 MHz oscillator F,,
tracking 108 kHz above Fy, is also fed 1o the mixer,

This resulis in a 100 kHz difference frequency proportional in level to the
bridge wnbalance, The difference frequency signal is amplified by = filter
amplifier combination and 15 applicd to a null meter. When the bridge resistive
and reactive contrals are nulled, therr respective dials accurately indicute the
parallel impedance components of the network under fest. For example, if
balance is schieved with 50 £2 of resistance and 300 £3 of reactance, the network
under test has the same values.

{690 AUTOMATIC BRIDGES

The bridpes discussed so far require that the controls be adjusted for balance
after each capacitor {or other devices being tested) is connected to the bndge. In
effect, they are manual. In recent years a number of automatic bridges have
been developed. These brdges provide an automatc readoot without
sdjustment of balance contrals.

In some cases, the automatic bridges also provide a Binary Coded Digital
(BCDY readour o external eguipment. Automatic bridges are similar in
operation to digital metérs. To understand (heir operation, it 5 necessary o
understand logic and digital circuit methods.
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There is a definite relationship beiween alpha and beta. so that sither may be
calculated when the other is known.
g ¥
a=—— ad f=z——
1+ 0 . =X
The test circoit for measuring beta is similar to that for measuring de gain
(see Fig. 10020}, The primary difference 1s that the beta meéasurament reguines
an ac signal at the transiztor base. The proper values of either beta or alpha are
given on the manofacturer’s data sheet. The measured values should match
these fairly closely, if the ransistor is good.

10.11.5 Four Terminal Parameter Test (Hybrid Parameters)

A transistor may be considered as a four lerminal network in order to detenmine
the relafionships between input and cutputs. These relationships are referred to
as hybrid (k) parameters, which are referred to in dats sheets and on test
instrument,

Hybrid parameiers are very useful in determining the quality of a transistor.
The four terminal network is shown in Fig. 10.21(a).

With thiz arrangement, there are two currents and two voltages to consider.
If the two currents are considered as dependent wvariables, the resulting
parameters are shon-circuited parameters, and they are measured in mhos.
When the 1wo voltages are considered as dependent variables, the resuling
parameters are open-cireuil parameters, and they are measured in ohms, Hybrid
{h) parameters are obtained by using one current and one vollage as dependent
variables. The designations for the four & parameters are a5 follows.

h;— input impedance with output shorted

R, = reverse voltage ratio with imput open

fy— forward current gain with cutput shorted

R, = outpol admittance with input open

The unit of measure for i; is ohms, and for b, is mhos, There are no units for
hyand b, since they ase ratios.

The & paramefers can be applied o any of ﬂ:e three basic amplifier
configurations. An additional subscript letter is generally used to designate the
type of configuration. Subscript b indicates common-base, e designates
commaon-emitter and ¢ denotes a common-collector,

The h parameter designations for a comimon emitter ase fy,, A, b and b,
Alpha for a commaon base circuil is eguat o fiy, and beta in a commen emitier is
egual to .

The tester circuit for obtaining b parameters is illustrated in Fig. 10.21{b). G,
is a calibrated current generator and G, is a calibrated voltage generator. The ac
meter is used to indirectly messure camrent. The switches are four ganged
sectionz of a five position rotary switch,
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The lower the pH valoe, the more acidic the solution. Incréasing pH valies
above 7.0, indicate increasing alkalinity.

Uszually the pH 15 measured by immersing a special glass elecirede and
reference electrode into the selution. There are two types of medhods used to
measure the pH, the coloimetsic method and the electrical method,

The colorimetric method is based on the assumption that if an indicator has
the same colour in two solutions, then the pH of bath solutions is the same.
However, in practice this assumpdion does not hold good always, since the
colour developed depends not oaly on the pH but also on other factors.

The electncal method 12 the most popalar and 18 bazed upon a measurement
of the electrode potential, The principle of this metfod is that when an elecirode
is immersed in the solution, a potential arises at the electrode solution boundary
known as the electrode potential. This electrods potential, at a given
temperature, depends upen the concentrations of ions of the elecirolyte which
exist in the solution. The electrode potential (in volts) of a metal immersed in a
solution with jons of the same meetal can be expressed by the following relation.

GO SR2 {273+ 1)
+ = Iogy, a

where E, = potential of the electrode, when its active-ion conceniration in
the solufion 5 equal to wnity,
= wwmperature in degree centigrade
n = valency of the ion
a = active concenfration of the ions of the metal in gram-eguivalents
per likrs
In practice, only the potential dilference can be measured and so the pH
always has two elements; a measuring element, the potential of which depends
on the concentration of the hydrogen ions, and a comparison element, the
potential of which must remain constant. Two soch elements connected
electncally form a galvamic svstem, and by meeasering the emf of this system we
can drive the active concenttration of the hydrogen tons in the solution under
InVestgation.
The various electrodes used for pH measurements are as follows.
1. Hydrogen slectrode
2. Calomel electrode
3, Quinhydrone and antimoeny elecirodes
4. Glas= electrodes
We now give some of the electrical methods used for measuring pH.

E=E

bl

10.13.1  pH Measurement Using Hydrogen Electrode

The hydrogen electrode comparizes a platinum plate coversd with platinom
black kept im & hydrogen element, where gaseous hydrogen at atmospherte
pressure acts directly on this plate.
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9. What are the fentures of a Kit type LCR bridge?
10 Om what principle does the BX meter opemie? Explain,
11. Explain the operation of an automatic bridge.
1Z. How can a transistor tester be used for the measurement of the following?
{i) Faulty transistor
(£} L,
TV .
{iv) Beta gain
{¥) Hybrid parameters
13. Explain in details the working of a Megger, State its applications.
14, What do you siderstand by pH?
15. How can pH be messured? Seate the different methods of pH measwrement,
16, What is the necessity of using o thermocompensator for pH measurements?

1. Detcrmine the distributed stray capacitances for the following data
First measurement f; = 4 MHz and C, = 3.3 kpf
Second measurement f; = 3f, = 12 MHz and C; = 1000 pf
Aleo calculate the value of inductance.

2. The distributed capacitance was found to be 20 pf by use of o (F meter, The first
resonance occurred &t O = 300 pf and f; was half the second resonance
frequency. Determdne the value of Cy and f; al the second resonance (given L=
40 pH).

ii Further Reading i

. Handbook of Electronic Meéasurements, Vola. [ & IL Polytechnie Instinte of
Brooklyn, 1956, (Microwave Research Institule)

2, John D. Leok, Handbook of Electronic Meters, Theory and Applications,
Prentice-Hall, 1980,

3. Rugus, I, Tumner, Basic Electronics Test insirments, Rinehan Books, 1953,

4. Westor Robinson, Handbook of Electrowic Tmstresmentanion, Testing and
Troubleshooting, D.B, Taraporevala Sons & Co, 1979,

5. Miles, Remer Sander (jr}, Elecrronie Merers Technlgues and Troubleshoorting,
Reston Publishing Co. 1977,

6. John D Lenk, Handbook of Electronic Tesr Equigsnent, Prentice-Hall, 1971,
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Therefore, the voltage between o and & is the difference between £, and E,
which represents Thévenin's equivalent voliage.

E,uE, =k _E=Exf% EXR

B+R, B+
# K
Theref E,=E 3 ]
refore b (R,+R} B+ R

Thévenin's equivalest resistance can be determined by replacing the voltage
source £ with its internal impedance or otherwise shom-circoited ard calculat-
g the resistance looking into terminals @ and b, Since the internal resistance is
assumed to be very low, we freat it as 0 L1, Thévenin's eguivalent resistance
circuit is shown in Fig. 11.3.

iy Rz

Ry Ry
Fig- 11,3 mm Thévanin's Resistance

The equivalent resistance of the circuit is B)/VR, in series with RVR, iLe.
R/IRy + RyIIR,.

_RER BB
R+R, R,+R,
Therefore, Thévenin's equivalent N A A & S—
cireuit 18 given in Fig. 114, i

Thévenin's eguivalent circuit for the e
bridge, @5 seen looking back at
terminals @ and b in Fig. 11.2, is
shown in Fig, 114,

If & galvancmeter is connected Fig- 11.4 mma Thirvenin's Equivalent
across the terminals a and b of Fig.

I 1.2, or its Thévenin equivalent Fig. 114 it will experience the same deflection
at the output of the bridge. The magnitude of cumrent is hmited by both
Thévenin's equivalent resistance and any resistance connected between o and
b, The resistance hetween g and § consists only of the galvenometer resistance
R_. The deflection current in the galvanometer is therefore given by

7o ot
Ld .R“_'P'R‘

{11.5)
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galvanometer, In the case of high resistance measurements in mega ohms, the
Wheatstones bridge cannot be used.

Ancther difficulty in Wheatstone's bridge is the change in resistance of the
bridge arms due 1 the heating effect of current through the resistance, The rise
in iemperature causes 4 change in the value of the resistance, and excessive
current may cause a permanent change in value.

M58 KELVIN'S BRIDGE

When the resistance to be measured iz of the erder of magninude of bridge

contact and lead resistance, a modified form of Wheatstone's bridge, the Kelvin
bridge is employed.

Kelvin's bridge is a modification of ll'l

E

Wheatstone's bndge and is used to measure
values of resistance below 1 £ In jow
resistance measurement, the resistance of the
leads connecting the unknown resistance to s By
the terminal of the bridge circuit may affect
the measurement.

Consider the circuit in Fig., 11.10, where
R, represents the resistance of the connecting
leads from B, to B, (unknown resistance),
The galvanometer can be connected either to
peint ¢ of (o point & When it is conpected o
point a, the resistance &, of the connecting
lead is added to the unknown resistance &,
resultng in too high indication for ®,. When Fig. 11.10 s Kalvin's Bridge
the connection is made 1o point ¢, £, is added
to the bridge arm &, and resulting mezsurement of £, is lower than the actual
value, because now the actual vales of B, is higher thon its nomisal value by the
resistance R, If the galvanometer is connected (o point b, in between points ¢
and a, in such a way that the ratio of the resistance from ¢ to & and that from o
to b equals the ratio of resistances K, and K. then

K . B (11,6
By %
and the usual balance equations for the bridge give the relationship
(R, +* R‘.ﬁ}l% (R + Ko (11.7)
= _K
bt R¢+R;,,-R,,amll—:f-:—g
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Illl. i -"rT'l e
| S fohey -
Ry
.L s
Hly
Stancand
Rasistics
8 Siepn
ol [, 00 £F mmcfi

Flg. 11.13 mm Praciical Kelvin's Bridge

@S| BRIDGE CONTROLLED CIRCUITS

Whenever a bridge is unbalanced, a polential difference exists at its oaiput
terminal. The potential differénce causes curreént to flow through the detector
(say, a galvanometer) when the bridge is used as part of & measuring instrument,
When the bridge 15 used as an error detector in a control circuit, the polential
difference at the output of the bridge is called an error signal, as in Fig. 11,14,

Ry

i
T

Flg- 11.14 s ‘Wheatstone's Bridga Error Datector with Rasistancn
R, Sensiive ko Some Physical Parameiars
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easiest method of measurement and sequires only one measurement circuit to
obfain various results. Specifically, one guantity can be measured in terms of
another, or several others with completely different dimensions, and the desired
results calculated with the micToprocessor,

{One such microprocessor-based instrument is the General Radio model
1658RLC digibridge. )

Such intelligent instruments represent a new era in impedance measuning
instruments. The following are some features of these instruments,

1. Automatically measures R, inductance L, capacitance C, dissipation
facior D and storage Factors for inductors (F.

0.1% basic accuracy

Series or parallel measurement mode

Autoranging

Mo calibration required

Ten bins for component sertingioning (equivalent, binary number)
Thres test speeds

Three types of display-programmed bin limits, measured vaiues or bin
number.

Mozt of these features are available because of the vse of a microproceszor,
e.g. the component sorting/hinning feature is achieved by programming the
MHCTOPROCEES0L,

Whes using the instruneent in this mode, bins are assigned o tolerance range.
When o component is measured, a digital readout (hin number) indicating the
proper bin for that component is displayed on the kevboard control panel,

PO B LA b

M8 AC BRIDGES

Impedances at AF or RF are
commonly determined by means of an
ac Wheatstone bridge. The dizgram of
an ac bridge is given m Fig. 11,17,
This bridge is similar to a do brudge,
encept that the bridge arms are
impedances, The bridge is excited by
an ac source rather than de and he
galvanometer 15 replaced by o
detector, such as a pair of headphones,
for detecting ac. When the bridge is
balanced,

2-4 1147 whaatslona'

3_; Z, Flg. 11.17 = ;id“ ]
where Z,, Z,. Z, end £, are the impedances of the arms. and are vector complex
quantities that possess phase angles. Tt s thus necessary to adjust both the
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Equating real terms and imaginary terms we have
R,:Eiflmdt.ﬁc, Ry Ry (1115}

wl, O R R xK
K, k. Ry

Munwell's bridae is hmited to the measurement of low () values {8 — 100
The messurement is independent of the excitation frequency. The scale of the
resistance can be calibrated to read inductance directly.

The Maxwell bridge using a fixed capacitor has the disadvantage that there
is an interaction between the resistance and reactance balances. This can be
avoided by varving the capacitances, instead of R, and &y, to obtain a reactance
balance, However, the bridge can be made to read directly in .

The bridge is particularly suited for indectances measurements, since
comparisen with a capacitor is more ideal than with another indoctance.
Commercial bridges measure from 1 = 1030 H, with £ 2% error. (I the 2 is
very large, R; becomes excessively large and it is impractical to obtain &
satisfactory variable standard resistance in the range of values reguired).

Also Q=

m i Ry

A Maxwell bridge 13 used 1o measure an indvctive imped-
ance. The bridge constants ai balance are

Cym 007 uF, B =470 kL, Ry = 5.1 kil and By = 100 ki2.
Find the series equivalent of the unknown impedance,
We need w find 8, and L,
B= R, Ry - Ik =51k
R 470k
L. =R,R,C,
=51k 1080 k= 0.0 pf
=51H

= 1.09 kL2

The eguivalent series circuif is shown in Fig, 11.22

a=1pgx  Le=81H
,._Mh

Fig. 11.22

§ifiZ HAY'S BRIDGE

The Hay bridge, shown in Fig, 11.23, differs from Maxwell’s bridge by having
a resistance K in series with a standard capacitor C, instead of a parallel. For
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E_q = —_ﬂlm L_].
Fl. = ]lllR] +j -til.l'l:'|
] Ly=d 2 ¥,

k) Gt

[R _;—] -2l  BO
c mc;

RilwC,) &
Equating the real and imaginary terms, we get
R,= "o [11.204a)]
Cy
and C.= % ad [11.20(b]]

The dhal of capacitor ) can be calibrated directly o give the dissipation
factor at a particular fregquency,

The dissipation factor IYof a series RC circuit is defined as the contangent of
the phase angle.

ﬂ=f¢=mc,ﬁr:

T

Algo, D is the reciprocal of the
quality factor @, i.e. I = /@, [ indi-
cates the quality of the copacitar.

Commercial units measure from
100 pf — 1 pf, with £ 2% accuracy.
The dial of ', is graduated in terms of
ihirect readings for O, if the resistance
ratio is maintained ag & fixed valee.

Thiz bridge 15 widely used for
testing small capacitors at  low
voltages with very high precision.

The lower junction of the bridge is
grounded. Al the frequency normally Fig. 11. 26
used on this bridge, the reactances of
capacitor O, and ©, are moch higher than the resistances of &, amd &,. Hence,
most of the voltage drops across Oy and C,, and wvery Little across B, and K.
Hence if the junction of K, and K, s grounded, the detector is effectively ar
ground potential, This reduces any stray-capacitance effect, und makes the
bridge more stabie,
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themselves, become significant, This introdueces an error in the measurement,
when small values of capacitince and larpe values of inductance are measured,

An effective method of controlling these capacitances, is to enclose the ele-
ments by a shield and to ground the shield. This does not eliminate the capaci-
tance, but makes it constant in value,

Another effective &nd popular method of climinating these stray
capacilances and the capacitances between the bridge arms is to use a Wagner's
ground connection. Figure 11.28 shows a circoit of & capacitance bridge. C,
and C, are the siray capacitances, In Wagner's ground connection, another anm,
consisting of B, and C_ forming 2 potential divider, is used. The junction of &,
and €, is grounded and is called Wagner's ground connection. The procedure
for adjustment iz as follows.

Fig. 11.28 = Wagner's Earlh Connesiaon

The detector is connected to point | and R is adjosted for nuoll or minimuom
sound in the headphones, The swilch 5 i3 then connected to point 2, which
connects the detector to the Wagner ground peint. Resistor K, is now adjuzted
for minimam sound. When the switch *5° is connected to point 1, again there
will be some imbalance, Resistors &) and 85 are then adjusted For minimuom
sound and this procedure 15 repeated until & null is obtained on both switch
positions [ and 2, Thas 18 the ground potential. Stray capacitances O and O are
then effectively short-circuited and have no offect on the normal bridge
balamce,

The capacitances from point © to D to ground are also eliminated by the
addition of Wagner's ground connection, since the current through these
capacitors enters Wagner's ground connection.

The addition of the Wagner ground connection does not affect the balance
conditions, since the procedurs for measurement remains unaltered.
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I. Calculaie the valwe of B in 8 Wheatstone bridge i

i1} R =4000, R=5k Ry=1k
i) B =10k B, =40k B, =155k
(i) B =5k R, =40k R,= 100

L. What resistance range must resistor 8, have in order to measare unknown
resiglor un the range 1 < 10 kL) usang & Whentstone bridge™ Given 8| = 1 k and

E= 10k

3. Calcalate the value of K, in Fig. Ex. 11,12, §, = 1600 8, R, = 800 &, and R, =

1.25 R,

4. Cafculate the currend through the galvanometer in the circait diagram of

Fig. 11.340.

5. IF the sepsitivity of the galvanometer o the cirenit of Fig, (1.30 is 10 mmfra,

deiermine its deflecuon,

1k 1k
=Y o)
10k 103k
Flg. 11.30

00 &

1k

Flg. 11.31

6, A balanced ac bridge has the following constants,
Arm AB = R = | K in paralle] with © = 0,047 uF

Arm BC - 8 =2 k in series with O = (0047 pF

Arm DC = unksown
Arm DA — C =25 uF.

1010 L2

The frequency of the oscilbator is 1 EHz. Determine the constanis of s CIL
T. Abridpe is balanced at a frequeney of 1 kHe and has the following constanms,

Arm AR - 0.2 uF pare capacitor
Arm BC - Em.ﬂ]:n.ut resisliance
Arm CD - unknown

Arm DA - B = 600 (2 in paralie] with C = 0.1 pF,
Derrve the balanes condition amd find the constants of arm C0, considered az a

SETICS Circuil.

g, A 1000 Hz bridge kas the following conslanis
Arm AR - Rw= | kin parallel with © = 025 pF
Arm BC =8 =1k in seres with & = 0035 pF
A O — £, = 50 mH in senies with K = 2000 L2

Aurm DA < unkngwn
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CHAPTER

1 2 Recorders

H&1 INTRODUCTION

A recorder 15 4 measunng instrument that displays a time-varying signal in a
form easy o examine, even after the original signal has ceased (o exist.

Recorders generally provide a graphic recod of vanations in the guantity
being measured, as well as an easily visible scale on which the indication is
displayed.

The variety of recording instruments in the central monitoring and control
stations of many industrial and utility plants is proof of their importance in
industrial work, They provide a continuous, written record of the changes
taking place in the quanfity being measured, This chart record may be scaled
aff in electrical values (mYimA) or in terms of some non-electrical quantity,
such as temperature or pressure,

Many recording instruments include an additional provision for some sort of
controlling action. If the control function 15 the pnmary one, the measunng
instrument is called a controller.

The recorder usually provides an instantaneous indication for monitoring at
the same fime as it makes a graphic record.

Electronic recording instruments may be divided into three groups.

The easiest type is simply a meter having an indicating needle and a wniting
pen attached to the needle. If a strip of paper is pulled at a constant velocity
under the writing pen {at a %0” angle to the direction of pen motion), the moving
pen plots the time function of the signal applied to the meter. A highly special
designed D" Arsonval movement is used to drive the writing pen. This type is
called a galvanometer recorder.

Anciher recorder is the null or paefentiomeiric recorder, operating on a self-
balancing companson basis by servomotor action, This recorder is basically a
voltage responsive positional servo system using 8 motor (o move a writing
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If the frequency of a signal (o be recorded with a strip-chart
recorder is 20 Hz, what must be the chan speed wsed to record one complete
¢ycle on 5 mm of recording paper?

- Given fregquency = 20 He and time base = 5 mm
Period = 1/ffrequency = 1720 =005 5

hﬁm:w. tharefore U_M=M
chart spoed chart speed
5 iy 1
Chart speed =
e evcie | S Al
=5}“m mfs = 100 mmyd's

There are basically two types of strip chart recorders, the (i) galvanometer
type, and the (i) null type (potentiomesnic).

) GALVANOMETER TYPE RECORDER

The [V Arsonval movement used in moving coil indicating instrumenis can also
provide the movement in a galvanometer recorder,

The D' Arsonval movement consists of a moving codl placed in a strong
magnetic field, as shown in Fig, 12.2(a).

In a palvanometer type recorder, the pointer of the D' Arsonval movement is
fitted with a pen-ink {sfylus) mechanism.

The pointer deflects when comrent flows through the moving coil. The
deflection of the pointer is directly proportional to the magnitude of the current
flowing through the codl.

As the signal current flows through the codl, the magnetic field of the coil
varies in intensity in accordance with the signal, The reaction of this field with
the field of the permanent magnet causes the coil to change its angular position.
As the position of the coil follows the variation of the signal current being
recorded, the pen is accordingly deflected across the paper chart,

The paper is pulled from a supply roll by & motor driven transport
mechanism. Thus, as the paper moves past the pen and as the pen 15 deflected,
the signal waveform is traced on the paper,

The recording pen is connected to an ink reservoir through a namow bore
ube, Gravity and capillary action establish a flow of ink from the reservoir
through the mubing and into the hollow of the pen.

Calvanometer type recorders are well suited for low frequency ac inputs
obtained from guantities varving slowly at frequencies of upto 100 ¢fs, o in
special cases up to 1000 ¢fs,

Because of the compact pature of the galvanometer unit {or pen maotor) this
type of recorder 15 particularly suitable for multiple channel operation. Hence it
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Modulation of the curment in the recording head by the signal to be recorded
linearly modulates the magnetic flux in the recording gap. As the tape moves
under the recording head, the magnetic particles retain a state of permanent
magnetisation propertional to the flux in the gap. The input signal is thus
converted to a spatial variation of the magnetisation of the particles on the tape,
The reproduce head detects these changes as changes in the reluctance of its
magnetic circuit which induce a voltage in s winding. This voltage is
proporiional to the rate of change of flux, The reproduce head amplifier
integrates the signal (o provide a flat frequency characteristics.,

Since the reproduce head generates a signal which is proportional to the rae
of change of fux, the direct recording method cannot be used down o de. The
lower limit is around 100 Hz and the upper limit for direct recording, around
2 MHz. The upper frequency limit occurs when the indeced vanation in
magnﬂ:iﬂliuu varies over @ distance smaller than the gap in the reproduce head.,

The signal on an exposed 1ape can be retrieved and plaved oul ot any me by
palling the tape across the magnetic head, in which a voltage is induced.

It is possible 1 magnetise the tape longitudinally or along either of the other
two main axis, but longitedingl magnetisation is ihe best cholce,

Figure 12.10¢b) shows simply how the tape is magnetised. If a magnetic
field is applied o any one of the iron oxide particles in a tape and removed, a
residual flux remains. The relationship betaeen the residual fiux and the
recording field 15 determined by (he previous state of magnetisation and by the
magnetisation curves of the particular magnetic recording medium.

R Head
Sack ap

PRI

Magnatic
Conling  Mylar Base
Fig. 12.10(b} s Magnetisation of Tape

A simple magoetic particle on the tape might have the B - H curve shown in
Fig. 12.10(c) where H is the magnetising force and & the flux density in the
particle,

Consider the material with no flux at all, 1.e. the condition at point 0.

Mow if the current in the coil of the recording bead [Fig. 12.10(h}] s
increaged from O in & direction that gives positive values of H, the flox densicy
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Dissdvantages

1. FM recording is extremely sensitive to tape speed fluctuations,
2. FM recording circuitry is more complicated than that of direct recording
sysiams,
3. FM system has a limited frequency response,
4, It requires a high tape speed.
3. It requires a high quality of tape transport and speed conirol,
Pulse Duration Modulation

Pulze width modulation is also called pulse duration modulation (PDML In this
system, the amplitude and the starting time of each pulse is kept fixed, but the
width of the pulse is made proportional to the amplitude of the signal at thar
instant. This type of system is mostly used for Digital recording.

SBF DIGITAL DATA RECORDING

Digital magnetic tapes are often wsed as storage devices in digital data
processing applications, Dgital tape units are of 1wo types, incremental and
synchroaous,

Incremental digital recorders are commanded to step abesd (increment) for
each digital character to be recorded. Input data may be at a relatively slow, or
even discontinvous rate. In this way, each character 15 equally and precisely
spaced along the tape.

In a synchronous digital recorder, the tape mowves at a constant speed (about
T5 cmifs) whille a large number of data characters are recorded. The data inputs
are at precise rates, up o tens of thousands of charscters per second, The tape is
rapidly brought up to speed, recording takes place, and the tape is brought o &
fast stop. In this way a block of characters (2 record) iz written with sach char-
agcter spaced equally slong the tape. Blocks of data are uspally separated from
each other by an erased area on the tape called the record gap, The synehronous
tape umit starts and stops the tape for cach block of data to be recorded.

Characters are represenied on magnetic tape by a coded combinastion of 1-bit
in appropriate tracks across the fape width, The recording technique ased in
most instrumentation tape recordess is the industry accepted M format of
MNon-Return Zero (MRE) recording.

In this system the tape is magoetically satrated ar all times in either the
positive or the negative direction.

The NEZ method uses the change in Mux direction on the tape 1o indicate |
bit, and no change in flux direction o indicate O bit. This method 15 ilustrated
in Fig. 12.12, where the binary numbe 1113101 1 i3 represented by a flux patiern
in the NRZ system.

The simpiest method of coding the reconding head freld is 1w reverse s
dirsction.
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B. Charts speed expressed in inches or centimerers per second, per min. or
per hour.

BET™® POTENTIOMETRIC RECORDER (MULTIPOINT)

12.13.1 Principle of Operation

The thermocouple or millivalt signal is amplified by a non-inverting MOSFET,
chopper stabilised, feedback amplifier. This configuration has a very high input
impedance and the current passing through the signal source is a maximum of
0.5 oA {withowt broken sensor protection). With the use of span control, the
output signal 1s adjusted to 5V (aominal), for an inpui signal change, e.g. to full
scale deflection of the pen.

The pre-amplifier ourput signal is then compared with a reference voltage
picked off the measuning slide wire, which is energised by a stabilised power
supply, and the difference amplified by a servo amplifier, whose output drives a
lingar motor, The motor carriage carries the iﬂ:iitﬂﬁng pointer pen and the
aliding contact on the slide wire,

The motor tself consists of a coil aszembly, travelling in 8 magnetic fizld
{Fig. 12.14). The servo amplifier drives the carriage in the appropriate direction,
o redoce the difference signal to zero.

An input filter circuit reduces any spurious signals picked up by the inpu
leads, The B-E junctions of the transistor are used for overload protection.

Cuamant Through Coll

Parmarsiicular to th
o (77T 71— Plang of Magnelic Fisid

+

{
\\ D

o,

I
Sedl Cail Paralial Linns IFhuis
hon Agsembly of Magrnetc Flus

Flg- 12.14 wes Linear Mobor Operating Principie

In multipoint versions of the recorder, a signal selector switch is driven by a
synchronous motor. The pen changeover and domting action are actuxted by a
second syachronous moter (Fig. 12.15). The pen operation is electrically
synchronised to the rotation of the signal selector switch—should they get aut
of step, the pen motor stops at 4 predetermined point and restarts only when the
signal selector switch has rotated to its correct alignment. The linear mofor is
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driven from a synchronous motor having a speed of 1 rppm via an intermittent
mokor. Each signal is sampled for & peciod of 3 or 6 seconds, depending on the
switch motor fitted.

A second synchronous motor (L0 rpm = 24 V ac) is mounted and fited wilh
cams and microswitches (Fig, 12.15).

The cam at the extreme end actuates the pen lifting {and dotting ) bar and
initiates the pen dodting. As the stylus §ifts off the paper, a pawl and raicher
system in the pen head rotates the stylus and ink well to the pext point,

A synchronizing microswitch, mounted under the pen head, is operated by a
pip on the stylus shaft. The contacts ase open while the pen stylus is af inital
point 1.

Finted 1o the ahaft of ibe dotting motor is a second cam, which operales a
second microswitch in the synchronising circoit. The contact switches are open
for a perod of 0.3 = .45, once 10 ench revolution of the dotting motor, which
rotates once during the sampling period of each pring, i.e, 63,

The third synchronising microswitch is operated by the projection on the
side of the plastic inermittent sdvance gesr on the same shafi of the zignal
switch, The contact of this microswitch closes for a period of 0,5 - [L6s once in
each revolution of the signal switch, Le. once every 725 for a bs samphing,

When the recorder goes out of synchronisation, if the cams and pen stylus
are sel commectly, the dotting motor will continue operating antl the sivius
comes arotind (o the intial point. At this podnt the pen microswitch opens, as
does the doiting macroswitch, The dotting motor then stops.

The signal selector switch motor operates continuously, and when the
microswilch operated by this motor closes, the doting starts aguin.

{Mote: The closing fime of the signal selector microswineh is slightly more
than the open time of the dotting motor microswitch, ensuring that the doiting
motor mecroswitch be closed again before the signal selector switch motor
mitroswiich opens, )

12.13.5 Multiple Recorders (6 Point Recorders)

The controller consisis of a high gain opamp in comparator configuration, with
one inpul from the pre-amplifier and another from the se1 point pofentiometer,
The cutpat of the comparator is connected to the Schmin trigger via both high
and low control microswitches, operated by control cams, as shown in
Fig. 12.17.

The Schmitt trigger circult maintains the relay state afier the nput s
disconnected, e while the signal selector switches scun the other signal input.
The control microswitch ensures that the relay does not change stote during
sipnal changeover, while the pre-amplifier input is open-cireuit, Onee the relay
el energized, i1 remains in that state via its own (pormally open) coniacts and
through the Reset buiton.
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H'l.“ B § :xi,...........
.Nm:g: |m : TCy ;

Corslanian—{  Irn

{a) ibj

Fig. 12,18 mm (4] Baséc Circuit usad o Record Thermocoupla Yoliage
(o) Basic Circuit with Artificial Relerence Junction Vollege
uged 1o Measure Thirmoceuple Valtige

A thermoecouple (discussed in Sec. 3.6} is made by joining two dissimilar
metals, A potential difference, which is proportional @ the temperature, exists
across the junctions. This potential difference has an almost linear relationship
with the wmperature and 15 very repeatable.

Elaborate tables of temperature versus poteniial differsnce have been
developed for certain pairs of metals that are used for commercial thermecou-
phes, These tables allow one to determine the hot junction temperpture when the
cold function or reference junction temperature is 0°C. IF the reference tem-
perature s pod (FC, correction factors may be used.

However, it is usually convenient to maintain the reference junction ar 0°C
or o develop an artificial reference junction emf by using o carcunt as shown in
Fig. 12.1%k).

Thermocouple TC, is maintamed at 70°C by the oven. The emf deveioped
by T, is balanced out by the voltage drop across K, due o current flowing
from the regulated de power supply, until the total emf s equl to the emf of TC,
ap 07 C,

{The twa metals connected to the recorder terminal are of the same meal.)

2. Sound Level Recording

It s frequently destrable w obtan o record of the sound level over a peniod of
fime, near highways, airports, hospitals, schools or residence.

Thiz can be done with an ordinury microphone and o strip-char recarder,
provided the output signal from the microphone s of sufficient amplitude to
drive the recorder.

A better setup for oblaining sound [ Sound Sxrin
level data is 0o use a sound level meter MH—' m - |
and a strip chart recorder, as shown in | i

Fig. 1220, Fig. 12.20 ws Satup for Measuring
Sound Laval ag o
4. Recording Amplifier Drift Fusnctian of Tima

Transisior amplifiers are sensitive o emperature changes. Temperaiure
changes causes the bias voltage of the transistor to chanpe, thereby changing
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3. Dymnamic Range The operating range of the transducer should be wide,
to permit fts use under a wide range of measurement conditions.

4, Repeatability The inputfoutput relationship for a transducer should be
predictable over & loag period of tme. This ensures reliability of

operation,
+. Physical 5ize The vansducer must have minimal weight and volume,
s0 that its presence in the measurement system does not disturh the
existing conditions.
Adwvantages of Electrical Transducers

The muin advantages of electnical transdoucers (conversion of physical guantivy
into electrical guantities) are as follows:

I. Electrical amplification and attenuation can be easily done.

2. Mass-inertia effects are minumised.

3. Effects of friction are minimised.

4, The cutput can be indicated and recorded remotely a1 3 distance from the
sensing medium,

5. The cutput can be modified to meet the requirements of the indicating or
contrelling wnits. The signal magnitede can be related in terms of the
voltage current. {The analog signal information can be converted in @
pulse or frequency information. Since gutpul can be modified, modulaned
or amplified at will, the ouiput signal can be easily used for recording on
any suitable multichannel recording device. )

6. The signal can be conditioned or mixed to obtain any combination with
outputs of sinilar ransducers or control signals,

7. The electrical or electronic system can be controlled with a very small
power level.

B. The electrical oufput can be easily used, transmitted and processed for
the purpose of measurement.

Electrical transducers can be broadly classified into two major categories,

{1} Active, (ii] Passive,

An active transdocer generates an electrical signal directly in response to
the physical parameter and dogs not reqoire an external power source for its
operation, Active transducers are self geperating devices, which operate under
enetgy conversion principle and generate sn equivalent outpul signal (fos
example from pressure lo chirge or temperaiure bo electrical polentiai},

Typical example of active transducers are piezo eleciric zensors {for
peneration of charge corresponding (o pressure) and photo voltaic cells (for
pgeneration of voltage in response to illumination ),

Passive transducer operate under epergy controlling principles, which
makes it necessary (o use an external electrical source with them. They depend
upon the change in an electrical parameter (8, L and C).

Typical example are stroin govges (for resistance change in responze (o
pressure), and thermistors {for resistance change corresponding to femperansye
VaTiAtions ).
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In each of these cazes, the element moved by the pressure change is made to
cause @ change in resistance, This resistance change can be made par of a
bridge circuit and then taken as either ac or de output sipnal 1o determine the
pressure indication.
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Fig. 13.3 mm Unbonded Sirain Gauge

2, Bonded Resistance Wire Strain Gauges

A metaltic bonded strain gauge is shown in Fig, 13.4.

A fine wire element gbout 25 pm (0,025 in.) or less in dinmeter is looped
back znd forth on a carrier (base) of mounting plate, wiich is vsually cemented
to the member undergoing stress. The grid of fine wire is cemented on a carrier



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



N

Therefore, AR = K R Al
AR =2x 1300 [ = 10°° = 260 i}

The insnal resistance value K of a strain gauge 1s tvpacally around 120 £ and
the gauge factor may be from (for Nickel) - 12 w0 + 6. A gange factor of 2 is
reaspnable for most strain gauges, Semiconductor gauge have higher
SEnSIVILLES,

The strain gauge is normally used in a bridge arrangement in which the gauge
forms one arm of the bridge. The bridge may be ac or do actuated. A simple de
arrangement 15 shows in Fig, 135, Only one of the gauges 15 an active element,
producing an putput propeticnal i the strain, The other (dummy) gauge is not
strained, but simply balances the bridge (compensation). Since the resistance of
the fine wire element is sensitive (o emperature as well as stress visriabon, any
change in temperature will cause a change in the brndge balance conditipns,
This effect can cavse error in the sirain messurement {thereby affecting the
accuracy s, Hence, when iemperature variations are significant, or when unuisual
accuracy is required, some compensation must be used, The dummy gage
aceomplishes this, becanse it is placed in the same temperature envirenment as
the active gauges, bui not subjected 1o strain, Consequently, the wemperafure
causes the same change of resistance in the two strain gauges and the bridge
halance is not affected by the emperndure,

Ry Ry
| _-1-
T.¥ Culput
Active Cummy
Gaugn Gaugn

Flg. 10,5 mem Stradn Sauge Used in Bridge Arranpedment

If the two rezistors B, and B, have negligible temperature coefficients, the
bridge retains its balance wnder condiions of no-strain, at any temperature
within its opersling range,

{However, one of the twe gauges in mounted so that its sensitivity direction
i% af right angles to the direction of sirsin. )

The resistance of this dummy gauge is not affected by the deformation of the
maiterial and 1t therefore acts like a passive resistapce, with regand to strain
IHEASUTENELH.
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transducer. The large gauge factor is accompanied by 2 thermal rate of change
of resistunce approximately 50 times higher than that for resistive gaupes.
Hence, a semiconductor strain gauge is as stable as the metallic type, but has a
much higher owtpast.

Simple femperature compensation methods can be applied 1o semiconduector
sirain gauges, so that small valwes of strain, that is micro strains, can also be
measured.

The gavge Factor of this type of semiconductor struin gauge 15 130 £ ¥ for
& unit of 350 £}, 17 long, 1727 wide and .0057 thick, The gauge factor is
defermined at room femperature at a tensile strain level of 1000 micro strain
(1000 micro infin. of length). The maximum operating tensile strain 15 = 3000
micro strain, with a power dissipation of (L1 W, The semiconductor strain gauge
alse has low hysteresis and is susceptible to regular methods of temperature
compensation. The semiconductor struin gauge has proved itsell (o be a stable
and practical device for operation with conventional indicating and reconding
systems, o measure small strminz from 0,1 =30 micrs strain,

Advantages of Samiconductor Strain Gauge

1. Semiconductor strain gauges have a high gauge factor of about + 130,
This allows measurement of very small straing, of the order of 0L.01 micro
shrain.

2, Hysiergsis characteristics of semiconductor sirain gauges are excellent,
1e. less than 00055,

3, Life in excess of 10 x 10" operations and & frequency response of
10" Hz.

4, Semiconductor sirain gauges can be very simall in sire, ranging in length
from 0.7 to 7.0 mum,

Disadvantages

1. They are very sensitive (o changes in temperatures,
2. Lineasity of semiconductor strain ganges is poor,
3, They are more expensive.

W57 RESISTANCE THERMOMETER®

The resistance of a conductor changes when its temperature is changed. This
property b5 utilized for the measerement of temperafure. The resistance
thermameter is an instrument used fo measure electrical resistance in 1erms of
temperature, .. it uses the change in the electrical resistance of the conductor
to determine the lemperature,

The main part of 4 resistance thermometer s 1= sensing element, The
characteristics of the sensing element determinegs (he sensitvity and operanng
temperature mngs of the instoment.

* Also refer Sec. 13,2002 (RTD's)
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Flg. 13.16 mm Inductive Transducer Differantial Oulpus
[Reluctance Principle)

LINEAR VARIABLE DIFFERENTIAL
TRANSDUCER (LVDT)

The differential transformer 15 a passive inductive transformer. It is also known
a5 a Linear Yanable Differential Transformer (LYDT). The basic construction

is as shown in Fig, 13,19,
K_. Secondary Wiy \
Pricary

A 5 Wirkding (P} / Bz /
/’/,%/// 0, 777
Q&h\kﬁ&\&\ Qx\;

Fig. 13.10 mm Sonstruction of a Linear Varable Diferential Transducar (LT

The trunsformer consisis of a single prmary winding 7, and two secondary
windings 5, and 5, wound on a hollow cylindrical former, The secondary
windings have an equal oumber of turns and are identically placed on entder
side of the primary windings. The primary winding is connected to an ac
SOirce,

An movable soft iron core slides within the hollow former and therefone
affects the magnetic coupling between the primary and the two secondanes,
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1. Low hysteresis  This  transducer has a low  hysteresis, hence
repeatability 15 excelient under all conditions,

8. Low power consumpiion  Most LVDT: consume less than 1 W of
POwer.

Digsgdvaniages

1. Large displacements are required for appreciable differental output.

2, They are sensitive to siray magnetic fields (but shielding is possible).

3, The receiving instrument nust be selected (o operate on ac signals, or a
demodulator nétwork must be wsed if a de output is required.

4, The dynamic response is Bmited mechanically by the mass of the core
and electrically by the applied voltage.

5. Temperature also affects the wansducer.

An ac LVDT has the following data
Input =63 V, Output = 5.2 ¥V, range = 0.5 in. Defermine
(1) Calculare the outpul voltage vs core position for a core movement going
fromm 4+ 045 in. o — 030 in,
(i) The output voltage when the core is — (.25 in. from the centre.

(i) 0.5 in. core displacement produces 5.2 ¥, therefore a (.45 in. core
movement produces (0,45 = 5.2/0.5 =468 V.

Similarly 2 — [L.30) in, core movement produces
(—0.30x% - 52)(-0.5)=-3.12 ¥V
(ii) = .23 in, core movement produces
(—025=-52W-05)=-26YV

{848 PRESSURE INDUCTIVE TRANSDUCER

A simnple, arrangement, wherein a change in ihe inductance of a sensing clement
is produced by & pressure change, is given in Fig. 13.22.

Here the pressure acting on a movable magnetic corg causes an increase in
the coil indvctance corresponding to the acting pressure. The change n
inductance can again be made on the basis of an electrical signal, using an ac
bridge.

An advantage of the inductive type over the resistive type 15 that no moving
contagts are present, thereby providing continuous pesolution of the change,
with ne extra friction load imposed on the measuring system.

I a slightly modified form, this principle 15 used to obiain g change in mnzal
inductance between magnetically coupled coils, rather than in the self
inductance of a single coil. When a change in an induced voltage is invelved,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



Transducnr s 413

Voo i
Selzyn T, ar Selsyn
Ganariar T, Bodar g Rotos Ragier or
Erabor AL inpus Ibalcer stabar
z et
Fal W oeas (8« 1207}

r <
Voos {9 - 1207)

Flig. 13.25 s Torgue Salsyn

The motor of both wnits &re excited through slip rings by an ac source at a
convenent frequency.

If the receiver rotor is in the same relative position with reference to stator
windings as the transmitter, the indective coupling 15 identical and no stator
current flows between the two units,

If transmitter rotor 1= shifted from this null position, voltages induced in the
two stator will be the difference and a currenr starts 1o fow, This curreat Mow
produces & torque in the recejver which causes the recelvier poftor o move inta
alignment with the new runsmister rotor position and the previous null position
is obtained. Hence the receiver always follow the angular motion in accondance
with that of the rarsmitter. Its accuracy is limited by the friction of the receiver
bearings and calibration of its dial face, .

13.123 Control Synchro

When larger amouants of power oF orgqee and greater sccuracy are requined con-
trol svnchros are used.

These devices are used for providing and handling conatrol signals to a serve
amplifier when more power and accurate angular displacement of a large load
are required. The control synchros are oot designed 1o handle any mechanical
Lomd.

The Control Transformer (CT) develops an ac roter ogipul voltage that is
proportional to the relative shafi angles between synehre transmitter and control
transformer. The devices are normally connected as shown in Fig. 13.26,

The two mest commen control synchro are Contrel Transmisier (CX) and
Cogtrol Transformer (CT).

The owiput of the CX (rransmitter) is fed (o the sator of CT (transformer).
The T is & high impedance version of the torgue receiver with its rotor aligned
at W 1o that of transmitter (TR,

In o control system, when the shaft angle of the CX equals that of CT shaft
angle, a minimum asd null voltege will appesr on the rotor terminals 8, and &,
of the CT. Any variation from this null will produce a signal in CT rotor whose
phase will depend in which direction i€ is moved off the nuil.
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obtained, This makes the load cell sensitive to very small values of applied
stress, as well ax to extremely beavy londs.

935 PIEZO ELECTRICAL TRANSDUCER

A symmetrical crystalline matenals such as Quarz, Rochelle szt and Bariam
ttanate produce an emf when they are placed under stress, This propery 15 used
in piezo eleciric ransducers, where a crysial is placed between a zolid base and
the force-summing memier, a5 shown in Fig. 1331,

Force-semming
| I I J' 4
£, =

By

[

&
et |

Ly
s |
e | coma " Equiveent Ot
{Barium Titanate of Crystsi

Raochelie Salt CQuartz)
Flg- 13.31 wem Piazo Elecing Transducas

An externally applied force, entering the transducer through its pressune
port, applies pressure to the top of a crvstal. This produces an eml across the
crystal proportional to the magnide of applied pressure.

Since the transducer has a very good HF response, its principal uwse 15 18 HF
accelerometers, In this application, its output voltage is typically of the order of
| = M m¥ per gm of acceleration. The device needs no external power source
and is therefore self generating, The disadvantage is that it canoot measure
siatic conditions. The ocutpot voltage is also affected by temperahsre variation
of the crystal. The basic expression for output vollage £ is given by

=2
£=c

#
where ) = generated charge
C, = shunt capacitances

This transducer is inherently a dynamic responding sensor and does nol
readily mensure static conditions. (Since it is a high impedance element, it
requires careful shielding and compensation. )

For a piezo éleciric element under pressure, part of the energy is convened to
an electric potential that appears on opposite faces of the element, analogous to
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Flg. 13.24 mes Photo Cail and Retay Condral Circuig

When the photocell bas the appropriate light shining on it, its resistance is
low and the current through the relay is consequently high enough o operate
the reloy, When the light is interropted. the resistance nzes, causing the relay
cuprent to decrease gnough to de-epergise the relay.

The relay of Fig. Ex. 13.7(u) 15 to be controlled by a photo-
conductive cell with the characteristics shown in Fig. Ex. 13,7}, The
potentiometer delivers 10 mA ar g 30 V setting when the cell is ilhuminates
with about 400 Um® and is required o be de-energised when the cell is dark.
Calculate {i) the required series resistunce, and the (0% dark current Tevel,

T -

20

1 10 100 1080 Imim?

Niurnimarlion ——=

Fig. Ex. 13.7

{i1 The cell resistance at 400 1im® is 1 k£,

v
Therefore, = . LA ie. Ry= sl = Meen
R, + R f
v

—1k=3k-T1k=2k}

- 10mA
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Referring to Fig. 13.39, it can be seen that one of the RTD leads L is in the
arm of the bridge with By and a second lead L, is in the adjocent arm with &,.

When the bridge iz balanced. all the bridge arm resistance are equal, bence
same current flows in all the bridge arms. The same current flows through both
these leads L and L, under balance conditions, therefore the voltage drop across
them will b= identical and being in the adjacent arms will effectively cancel out.
Henee the effect of the lead wire is eliminated,

The third lead L., is connected in the output circuit of the bridge and has no
effect on the bridge ratios oF balance. Hence when the bridge is balanced no
current flows through L, and therefore has no effect on the bridge balance. This
method gives very good accurscy if the lead resistances are matched.

Four Laad RTD Connaction

The three lead RTD gives sufficient accuracy for most of the industrial appli-
cations. However, when a higher degree of accuracy and precision 15 reguired,
a four lead RTD connection is used.

The four lead RTD is the most expensive type, especially when long four
wire extension leads are needed to connect to the instrumentation. However the
four lead RTD can offer the greatest accuracy if the instrumentation is properly
designed. Four lead ETDs are widely used in laboratory work. where highest
precision is required.

To select a 100 £2 Platinum RTLY, the information given in Table 13.2 is
helpful.

Table 13.2
1. Temperature range H0CC-R50AC
2. Temperature coefficient in °C =039
at28°C

3. Construction Wire wound or thin film deposited
platinum

4, Self heating 0.02°C-0.75CimV (typical)

5. Lead ware Capper two, three or four depending on
the system

6. Lead resistance compensation Use three or four wire lead systems

7. Accuracy = (L6 an 100°C

2. Resolution 1L.29-0.3%9 LFC

B Dfi Approvimately 001001 °C per year

13.20.3 Platinum Thin Film Sensors

Platimum thin film sensors ane manufactored by a very thin layer of platinum in
suitable pattern (o achieve smaller dimension and gher resiztance, on a
cernmic base, The deposition of layers and introduction of paterns are obtained
using differen: methods,
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Type "E* Thermocouple vunits use Chromel slloy as the positive electrode
and coastantan alloy as the negative electrode.

Type *5' Themmocouple produces the least output voltage but can be nsed
OvEer EI!'E'.B.I.EE[ ttl!'l'.lpl!l'ﬂl'l.ll't IB:I'IE,E-

Type *T* shown in Fig. 13.44, uses copper and constantan.

......

SurElion
Flg. 1344 mm A Type T Themmocouple with Reference Juncticn

Copper wsed, is an clement and constartan vsed is an alloy of mckel and
copper. The copper side 15 positive and constantan side 15 negalive. Assuming
copper wires wsed (o connect the thermocouple to the next stage (circuil), a
second Copper-Constantan junction is (formed) produced, This junclion is
called as the reference junction. It generates & Seebeck voltage that opposes the
voltage generated by the sensing junction. If both junctions are at the same
tempernture, the output voltage Vo, will be zevo, If the sensing junction is at a
higher temperature, V., will be proportional 1o the difference betwesn the two
junction temperature. The temperature cannet be derived directly from the
outpul voltage alene. It 1s subjected to an error caused by the voltage produced
by the reference junction. This can be overcome by placing the reference
junction in an ice bath to keep it at 4 known temperature. This process s called
as cold function compensaiion is shown in Fig, 13.45(a), The reference voliage
is maintzined at 0°C. The reference voliage is now predictable from the
colibration curve of the type T thermocouple,

When copper is not one of thermocouple metal then four junction circuit is
formed. The type 1 thermocouple uses iron and constantan as the two elements
shown in Fig, [3.45(b), When it is connected to copper wires, two iron copper
junctions result. These unctions present ne sddivonal dGfficulties becawse of
the frpdhermal Mock wsed, This block is made of material that is a poor
conductor of clectricity but & good conductor of heat. Both Iron—Copper
junctions will be a7 the same temperatore and generate the same Sechack
voltage and hence these two voltages will cancel. Cold junction compensation
1% also wsed a8 the Reference junction in this case.
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Bouy
(Temparature detector)
Flg. 13.54 ess Biasic Principle of Pyromatar

detector is blackened and it ahsorbs all or almost all radiation falling oo it (if the
temperabure is very small compared with that of hot body, then

g=572 2 10" = T wim”

Therefore, the heat received by the detector is propermional (o the fourth
power of the absolute temperature of the hot body.
Radiation pyrometers ane of two [ypes,

1. Total Eadiation Pyrometers

2. Infrared Pyrometers

Bath of these are discussed in the following seciions.

13.20.10 Total Radlation Pyrometer (TRP)

The total radiation pyrometer receives virtually all ihe radiation feom a hot body
and focuses on a hot body and focuses on a sensitive lemperature transducer
such as thermocouple, bolometer, thermopile, etc. Total radiation inclodes both
visible and infrared radiation,

The total radiztion pyrometer consists of a radiation receiving element and a
measuring device o indicate the temperature directly, Figure 13.55 shows a
mirror fype radiation pyrometer,

Housing
<__ —— e =
| { o
| i | - =
| | I Z
¥ | -
: | I: |
i o= hioie
; | Ig’ g zalibration}
: | ' Fi -'__J,-"-"-:‘
i L j =
L s g_. -
= e .-"PIIF‘"a* f.‘--"_'}_;%‘:_,-f-'; _,eﬂ-;:fé

Tharmacoupie! Blirvir
thiarmepdie
Flg.13.55 mem Totel radialion pyromiter
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The length L is the distance between the electrodes and equals the pipe
diameter. As Boguid passes through the pipe section, it also passes through the
magneric feld set up by the magnet coils, thus inducing & voltage in the liquid,
which is detected by s pair of electrodes mounted on the pipe wall. The
amplitude of ihe induced vollage is propomional to the velocity of the flowing
liguad, The magnetic coils may be excited by either ac or de voltage. Currently,
puisating do in which magnetic coils are periodically energised is used.

Muagnetic flow meters are available in sizes from 2.534-2340 mm in
diameter, with an accaracy range of = 0.5 o £ 2%, The measurement taken by
these meters ane independent of visonsity, densitv, temperaiure and pressure,
(The range of such meters may be 3021, but normally & 20: | range is accepted. )

A modern design of magnetic fliowmeter is one which can be inserted inm
the line through couplings. It consists of electrodes mounted on each side of a
probe and magnetic coils which are also integral to the probe. The probe can be
mounted on pipes of diameters 1524 mm and above can eaxily be mounted for
open channel flow,

Advantages of Magnetic Flowmeter

[f car handle slurnes snd greasy matenals.

It can handle cormosive Muids.

It has very low pressure drop,

It is ttally obstuctionless,

It is available in large pipe sizes and capacity as well as in several

construction materials,

6, It is capable of handling low flows (with minimum size, less than 3,175
mm inside diameter) and very high volume flow rate (with siees as large
as 3,04 m).

7. Ivcan be used as bidirectional meter.

Disadvantage of Magnetic Flowmelar

1. It is relatively expensive,

2, Toworks oaly with fluids which wre adequate glecirical conductors,

3. Itis relatively heavy, especially in larger sizes.

4, Tr must be full ar all times.

5. It must be expliosion proof when installed in hazardous electrical arcas.

i o o

336 TURBINE FLOWMETER

The turbing flowmeter is used for the measurement of Lguid gas and gases of
very low flow rate. It works on the principle of twrbine, It consists of a
multibladed rotor (called turbine wheel) which is mounted 90® to the axis of the
flowing liguid as shown in Fig. 13.60.
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List three types of temperature transducers and describe the applications of
each,

What is the difference between o thermocouple and a thermistor?

Explain how io use a podentiomeiric irnnsducer,

Describe the operation of 3 pigzo-¢lectnic transduces.

Mame diffesent types of photo-cleciric transducers,

What iz the difference betwesn photo-emissive, pholo-condective  and
photo-valiale  iransdecers?

(iive the difference between a =2l gencrating and o passive inductive
transdwces,

Explain the operation of a photo-multiplier.

What is the advantage of using differcntial cutpun rather than a singbe oualput
for measuring displacemen?

List four types of clectrical pressure transducers and descnibe one application
of ench fype.

What is a lond cell? Where i 11 used?

Upder what condition is & dummy sirain gaoge used? Whai is the function of
the pawge?

. What is an LVDT? Where 2 it wsed?

Explain the operating principle of an LVDT.
Describe the principle of operation of & pressure transducer employing each
of the following principles,
(i} Resigtive trunsducer
(i} Inductive iramsducer
{ili) Capacitive tramducer
What is ihe effect of lemperature changes on & $train gauge?
Stmie the most common metkod of tempersune compensation for overcoming
the sbove difficuley,
Distngoish berween bonded and onbonded srain paupes,
Describe the essential difference betwesn o vamable reloctance fype of
transcdocer and an LYDT
Siste the applications of a solar cell,
Deseribe the principle of operation of an acceleromater,
State the main adventages and disadvantapes of semicondocior stran
guuges compared to a metallic wire strain gauge.
What are the adveniapes of sing a foll iyvpe strain gaage,
Compare 8 magnetie flowmesier with a turbine fowmeder.
How can the thickness of a sheet material be measured?

. What is the operating principle of a beta pauge?

What are the various scapning mades of a beta gauge?

. Deline wmperaiuse.

List varioas tvpes of temperaturs transducers and describe the applications
of each

. Differentiste betwesn thesmistor and thermocoiple.
. Explain the working principle of & resistance lemperature detector.
. Siate the dEifferent elements used a2 & sensor in RTD. Explain each in briel

Explain the operation of two wire RTD,

Dieseribe the different wechniques used o eliminare the lead wire effect of
RTD connection in & Bndge circwid.

Explain the operation of thin film RTD.
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Excitation is needed oniy for passive transducers, because they do not geq-
erafe their own vollage or current. It s essential for passive transducers like
sirgin  guage, potentiometers, resistence thermomelers, and inductive or
capactive trapnsducers (o be excited from an extemal source.

Active transducers such as thermocouples, piezo-electric crystal and indoc-
tive pickups e, do sl require an exiernal excitation because they produce
their own voltages only by the application of physical quantities, However these
signals are at a low level, and require amplification.

l’:_ Powiar
SOurce

E:I.E:r;h'-m . =
| UUI'F"":
_'{T'm“&_‘{m"_" Zawviing ArnpTies ;"m:‘:

Fig. 14,2 wem DC Signal Condilioning System

The excitation seurce may be ac or de. A simple de system is shown in
Fig. 14.2.

The strain guage (resistance transdocer) consiitules one of more arin of the
Wheatstone™s bridge, which ts excited by the de source. The bridze can be bal-
anced by using o potentiometér and can also be calibruted o indicate the
unblanced condition. The de amplifier should have the following characteritics.

1. [ts input stage may be a bolanced differential inputs giving & high CMER.

2. It should have extremely good thermal and long term stability.

3. Easy to calibrate at low fraguency,

4. Able to recover from an over load condition, unlike an ac system,

The main disadvantage of a dc amplifier is the problem of drft. Hence low
frequency spurious signals are available as data at the ouwtput and 1o avoid this
low drift of a dc amplifier, special low drift de amplifiers are used.

The de amplifiers is followed by & low-pass {ilter, which i3 used o eliminate
high {requency components or noise fron the data signals.

In order 1o overcome the problem of drft in the do systems, ac systems are
used, Figure [4.3 shows a circuit of an ac system using carrier type ac signal
conditioning system.

Measurand E.-ﬂ;::.:lm| = = Low | Ouiput
ﬁmmHﬁmh_m 1 e Mﬁ— pary {242

| v

R R |
1 Camler Supply
(Cacilaiof.

Fig. 14.3 s AL Signal Congitipning Systam




You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



Input

R = By T \/
= = t

Ot

Flgg. 14,9 mem |ntrater using Opfumips

flows into the opamp, the inpul current is consant and cquals F, = ¥V, /8.
Approximately all the cwrrent goes o the capacitor O, As Cw OV or Ve (N0
and since a constant current is flowing inte the capacitor, the charge
increases linearly. This means that the copscitor voltage increases linearly. Be-
cause of the phase reversal of the opamp, the puiput voltage is a negative ramp.
Al the negative pulse period of the input signal, the direction of the charging
current is opposite, hence the output i an increasing ramp.

An integrator circuit is obtained by using a basic inverting amplifier configu-
raticn and by replacing the feedback resistor Ky by a capacitor Cp. The expres-
sion for the outpat voltage ¥, can be obtained by using Kirchhoff s current
Edquaticmn,

Iy = Il since £y, is negligible, J, = 1 The current through the capacitor is
given by

dl
{ Cp i
Sl et
|
R
As la=l;
Vu-% =Crﬂ - di¥, — ¥}
R et dr
But ViEV,ml
V.
therafore T"I =— d;;‘

The output voltage can be oblained by integrating Both sides with respect to
time, hence

' rdv,
jn_l' Cr )G

L] m
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{i) To design a differentiator, we follow the steps outlined above.
{a) f, = B0 Hz (the highest frequency) and f = V2x C, R )

Let = (LipF,
oin I
rCyf,  2x314x0]pF = 800 Hz

Let Re=22 ki :
(B) f3=20"f,=20 x K00 = 16kHzand f, = 3"

I 1
I C, fi 1% 31400 uF % 16% 1000

then R, = = 1,98 Kk}

HJ=

99.5

Let R, =100Q

Slﬂm R|C| = R".'c,h

L
_ 100 =04 % 107°
2200
= 0.0045 uF

Let  Cp={.0047 uF
R, = Ryfify = 2.2 K/N00
= 9560

{baze L0 ohins can be wsed)

The complete circull is shown in Fag 14.15.
(i) Since V, =2V
and f= ﬁm Hz, the input voltage is V, =V, sin ax

Vi,= 2 Vsin{(2x 80N
dv,, d :
As V= 'RFC|T='RFCII [V, sin ff)
V. =—-R:C, x Vp{es) cos ot
V= =22k iFx2x2x3 142 = 800 « cos ar
V. == 221 cos o

V== {2.21) cos [2x B0
The waveform iz as shown in Fig, 14.16.
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£y =y — £y (14.13)
where ¢+ ¢, 18 the input to amgplifier A,
and e, + &, is the input to amplifier A,
If £ = Ry, the output voltage 15 given by

(14.14)

Fig. 14.2%n) wee Insinementition Amplifiar

The input amplifiers A, and A, act as input buffers with unity gain for com-
mon mode signals ¢, and with a gain of (1 + 28-/8;) for differential signals.

A high input mpedance s ensured by the nog-inverting configuration in
which they operate, The common mode (CM) rejection is achieved by the fol-
lowing stage which is connected as a differential amplifier. The optimum com-
mon mode rejection can be oblained by adjusting B, or B; ensuring thar
RR, = R TR,,

The amplifier A, can also be made 10 have some nominal gain for the whole
amplifier by an appropriate selection or Ry, Ry, B, amd &,

The drift errors of the second stage add 1o the product of the dnft errors of
the first amplifier and first stage gain. Hence, it is necessary that the gain in the
first stage be enough to prevent the overall drift performance from being sig-
nificantly affected by the drift in the secend stage. The drift problem of instru-
mentation amplifiers can be improved il amplifiers A, and A, have offser
voltages which tends to track the temperature,

The gain of an instrumentation amplifier can be varied by changing R, slone,

A high gain accurscy can be obtained by using precision metal film resistors For
all the resistances.
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resistance transducers are thermisistors, photeconductor cells, and sirain
EAuges.

14.4.1 Temperature Iindicators Using Thermistor

The Thermisior is a relative passive type of femperature resistance transducer.,
They are basically semiconductors,

In many respects. a thermisior resembles & conventional resistor. [tis usually
a two-terminal device. It has resistance a5 its fundamental propeny. It is gener-
ally installed and operated in the manner of an ordinary resistor. But its great
difference is that it has a negative temperature coelficient (NTC) or positve
temperature coefficient (FTC) type. Most thermistors exhibit an NTC charsc-
teristic. An WTC type is one in which its resistance decreases with increase in
temperature, The temperature coefficient 15 expressed in ochma/™C,

Since it is o THERMally sensitive resISTOR, it has a high temperature coef-
ficient of sesistance and is therefore well suited for temperature measurement
and control.

If in the bridge circuit of Fig. 14.25 the transdocer used is a thermistor, the
circal ean this be vsed as a tempersture indicator. The output meter is then
calibrated in *C or *F. The bndge is balanced initially &t a desired reference
condition. As the emperaiure varies, the resistance of the thermisior also
changes, unbalancing the bridge, which in turn produces a meter deflection at
the output. By selecting the appropriate gain for the differential instrumentation
amplifier, the meter can be calibrated to remd a desired temperature. In this
circuit, the meter movement {defllection) depends on the amount of unbalance
in the bridge. which is caused by a change in the value of thermistor resistance
AR, The change AR for the thermistor can be detenmined as follows,

AR = temperature coefficient of resistance
[final temperature — reference mmperatiee]

If the meter in this circuit is replaced by a relay, and if the output of the
differential instrumentation amplifier drives the relay that controis the current
in the heat-generating circuit, a temperature controller can be formed. A prop-
erly desipned circuit should energise a relay when the temperature of the ther-
mistor drops below & desired value, causing the heiter unit 1o turm o,

In the circuit of Fig. 1425, 8, =22k Re= 10k, By =Ry =
K= 120k, E=+5 V¥, and Opamp supply voltage = £ 15 V. The rransducer is
& thermistor with the following specifications.

Re= 120 K at a reference temperature of 25°C

temperatiere coefficient of resistance — 1 &°C or 1%FC
Determing the output voltage at 0 *C and 106 *C,

AL25'C, Ry = Rp=Ro= 120k
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14.6.2 Magnetic Modulator

The most reliable substitutes for electromechanical choppers are magnetic
maodulators. These devices reach a null stability as low as 10 gV, bul their
response nime is often less than 2 Hz and the ambient temperature range is
restricted. The 3-leg saturable rezctor, shown in Fig. 14.32 falls within the cat-
egory of magnetic modulator devices. A magnetic modulator s based on the
principle of saturation. If de product is applied to windings L, and L. the core
will be saturated according to the B=H loop characteristics.

As shown in Fig. 14.32, L, is the ac excitation winding and L) - L, are the de
winding.

=§ T i
Carrier
Ferpud
&
i —
Ll L]- Lq::r _{:
k= ac Ta
TR Arnpifies: Rachifies
I >
L~

4 dc =
Irga

Fig. 14.32 s Magretic Modulato

A given degree of magnetic sauration causes a change of inductance in L.,
If no de voltage is applied 1o the reactor, the impedance of L, will set the value
of a given ac current flowing throogh it, Now if de voltage is applied, it causes
an increase in the core satration changing the L. impedance charactenstics
which in tum cansing a changein ac current seen by the follow-up ac amplifier,
The dc excitation windings are conpecied in Buck type configurations. This
configuration prevents the ac current to enter the de windings by ransformer
action.,

14.6.3 Diode Bridge Modulator

Figure 14.33 shows a silicon dicde ring modulster with an asseciated ac
coupled do ampiifier. The amplifier itself has a gain of 65 db and a flar response
within = 1 db, from 8 Hz to 80 kHz. Precautions are taken to safegoard the
amplifier against sudden surpe voliages having an active magnitude above the
supply voltage of @V de by using a 10V zener diode s o guard element.



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



You have either reached a page that is unavailable for wviewing or reached your wiewing limit for this
book,



SED wm Elpcironic instrementation

defined for # = = = to =, that i8, a sampled complex exponential with radian
frequency d. The output of the system having impulse response [A(K)] can be
written us

vimym ¥ Rk e e e N i P (1574)

k== §ow =

Let Hie™y= ¥ hikye™ (15.75)

ke

WE CAn Write
ving) = e B el (15.76)

The function fie ™), which is called the frequency response of the svstem,
describes the chunge in phase and amplitude of the input exponential, provided
the series for Hie'™) converges, Hie "™} is in general a complex number, and
can therefore be represented in werms of its real and imaginary parts,

Hie™) = HR(e™™) + i HI(e'™) (1577
or i terms of its magnitude and phase
H (/™) = | H{e™) ] g 20 Hirk= {1578

In this representation the phase can be substituted by the group delay, de-
fined as the negative of the first derivative of the phase with respect o o,

15.18.1 1-D Linear Systams Described by
the Difference Equation

A& very important class of linear shift invariant systems is the one described by
the following equation

N =1 M-
imy= ¥, atkixin-ki= 3 blk)yin —K) (15.79)
k=0 % 1]
where xin) are the samples of the input sequence, vin) are the samples of the
oulpul sequence, and alk) and L) are coelficients which define the svstem,
In general, of course, a digital filter 15 not uniquely specified by the differ-
e Eg, (15,799, that 15, to any solution of Eg, (15.79) we can add a component
which satisfies the homogeneous difference equation (the difference equation
with the LHS sgual to () so that the overall sum satisfies Eq. (15.7%).
Therefore, as with difference equations in continious time, it is necessary to
specify the imitial conditions of the system. These initial conditions must be
such that the system is linear and recursive,
For recursivity of the system, it 1% necessary thal any output samples be
computable frem a knowledge of previously computed samples or from ingtzzal
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m=01,.., 2% — 1, when N is even, a and & are equal to the | 10 the
Butterwosth case.

Thus when the parnmeters of the design, ¥, & and £ are known in the
Chebvschev case, the coefficients of the fler can be obtained by computing
the pole positions by means of either Egs (15.102) or {15.103).

The probiem is now to investipate the relationship between the order x of the
filter &, the pass band deviation &, and the ransition bandwidth A, defined by
the cutoff frequency f and the frequency f, at which the squared magnitde
frequency response is less than or equal o 1A2,

Let us now consider the three types of design specifications,

In the first case (A and & fixed), the design procedore has to start with the
evaluation of the order of the filler necessary w meet the specifications in
terms of the desired arenuation, ransition bandwidth snd pass band deviation,

The pass band deviation can be controlled in the case of Chebyachey filters
be & In any case, having defined f, and f, {ie. transition bandwidth), the
desired value 1/4% of | (#7)° at £, and £ in the Chebyschev case, it is possible
to determine N iteratively, starting from a fiest order filter and increasing the
order of the filter to the point where the attenuation at f, is greater than the
desired value, Af this peint the design is completely determined,

In the second case (N and A [ fixed), the design is completely determined
for the Bonerworth filter case by obtaining the value of the attenuation at f)
directly.

In the third case (N and & fized), the filter is completely specified and the
transition band width 15 directly obtainable during the design procedure.

A computer program is présenicd which designs Buttersorth and Chebys-
chev filters by means of the above relation. It also computes the coefficients of
their cascade structure. The inputs to the program are the critical frequencies
[ and f, the values of the desired attenuation of the filters at f, and the value of
the maximum pass bapd nipple if a Chebyschev filter is {0 be designed, The
order of the filter is computed iteratively,

Two examples of the filter design with this program are shown in Figs
15.40 {2) and (h).

Magnitude
1.0+ 1.0
0.5 -
o i1 n} ﬂh i} o1 oz (il
Fraquancy ——s Fraquancy ——=
{2} iB}

Fig. 1540 f{a) Example of IIR Chebyachev Filter {N=12, [/f,=0,1)
() Exampla of l|IA Butterwonh Filtar N = 8, £,/f, = 0,08
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Megaurement Sat-up we 573

where g = field strength
P, - load power

r
=  antenna power gain in werms of ihe receiving antenna.

This arrangement requires that the signal generator be calibrated in terms of
thie poswver that it delivers toa terminated co-pxiaf line, instead of in terms of the
voltage that it develops across o resisiance,

386 MEASUREMENT OF SENSITIVITY

The sensitivity of a radio receiver s its ability to amplity weak signals. [t is
often defined in terms of the voltage that must be applied to the receiver input
terminals 1o give o standard outpul power, messured at the output kerminals,
For AM brosdeast receivers, many of the relevant guantities have been
standardised. Hence 30% moduluion by a 400 Hz sine wave is used and the
signal is applicd to the receiver through a standard coupling network, known as
a dummy antenna.

The standard output is 50 mW; for all types of receivers the loud speaker is
reploced by a load resistance of egual valve.

Eensitivity is often expressed in g volts or in decibles below 1V, and
mensured at three points along the tuning range when a production receiver is
lined gp, It can be seen from the sensitivity curve in Fig. 16,4, that sensitivity
varies over the tuning band. At 10K Hz, this particulor receiver has & sensitiv-
ity of 12.7 g W oor = 98 db ¥ (db below | W)

The mast important factors for determining the sensitivity of a superhetzrio-
dyne receiver are the gains of the [F and BF amplifiers.

L 000 He 1800 Hz

Fig. 16.4 s Sensitivity Cunm

167 MEASUREMENT OF SELECTIVITY

The selectivity of a receiver is its ability to reject (adjacent) unwanted signals,
it is expressed as n curve, such as the one in Fig. 16.5, which shows the
attenustion that the receiver offers (o signals at frequencies near the one 1o
which it is wned. Selectivity 15 measured at the end of a sensitivity test under
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SBB s Fiacironic Instrumentation

The important factors that decide the configeration and sub systems of the
data pequigition system are as follows,

1. Accarzcy and resolotion

. Number of channels to be monitored

. Amnalog or digital zignal

. Single channel or multichannel

. Sampling rate per chanpel

. Signal conditioning requirements of each channel
. Cost

The various general configurations include the folicwing.

p
3
4
3
fh
7
v
[. Single channel possibilities
(1) Direct conversion
{ii) Pre-amplification and direct conversion
(1i1) Sample and hold, and conversion
(v} Pre-amplification, signal conditioning and any of the above
Z. Multi channel possibilities
(i} Multiplexing the outputs of single channel converters
(i) Multiplexing the output of sample-hold circuits

(i1} Multiplexing the inputs of sample-kold circuits
{iv) Multiplexing low jevel data

M2 OBJECTIVE OF A DAS

2.

1.

It must acquire the pecessary dota, ot correct speed and at the comrect
fime.

Use of all data efficiently to inform the operator about the state of the
plant.

It must monitor the complete plant operation o maintain on-ling optimonm
and zafe operations,

It must provide an effective homan communication svstem and be able o
identily problem sreas, thereby minimising unit gvailability and maxi-
mising unit through point at minimum cost.

It muse be able o collect, summarise and store data for diagnosis of

operation and second purpose.

It st be able 10 compute unit performance indices asing on-line, real-
fimne data

It must be fexible and capable of being expanded for foture require-
menis.

It must be reliable, and not have g down tme greater than 0.1%.

M7 SIGNAL CONDITIONING OF THE INPUTS

Since all the data that have w be acquired, do not generally originate from
identical sources, signal conditioning becomes necessary in some cases,
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Metal wire bolometers are refermed to as barreters. They have a positive
temperature coefficient of resistance and are generally operated at bias powers
which beat to 100 - 200°C. {They consist of short lengths of Wollaston wire
whose external silver sheath has been removed by etching or deplating, so as to
expose the extremely thin noble metal core, usually consisting of platinam or
platinum alloy., Wire dizmeters range from approsimately 1 = 3 microns and
wire lengths range from as shogt as feasible to about 2,5 mm. The resistance of
the deplated portion is selected 5o that the belometer presents a good match to
the RF line when properly binsed with low power.)

aince the de and RF resistances are nearly the same, the resistance value is
generally close to the characteristic impedance.

Thermistor elements for BF measurements are wsually minute beads of a
ceramic like semiconductor mixture of metallic oxides having a large negative
temperafure coefficient of resistivity,

Two fine platinum or platinum alloy wires are embedded in the bead, which
iz then sintered and ceated with a film of glass, The beads are sometimes
enclosed in 4 glass envelope.

#08 BOLOMETER MOUNT

The bolometer support consists of e thin mica disc on one side of which silver
electrodes are spraved. Silver painted holes through the mica connect the
{lower) outer electrode 1o a circular electrode on the opposite side. Batween
the centre and outer electrodes are mounted two short {1 mm) lengths of
deplated Wollaston wires of 1 micron diamster, each measyring 10062 at ce
with normal bias power. The mica disc is clamped in the holder, as shown in
Fig. 20.1. so that the upper electrodes makes contact with the metal case, while
the other two elecirodes are insulated from a ¢o-axial line by o thin mica sheet
which provides the bypass capacitor necessary to complete the RF circuit, and
to place two wires in BF parallel across the line.

Mo Dhizc

Fifg. 20.1 s Bchamnatic View of Bolomatar Mound and Bolomatar Elemgnd
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