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Measurements and\ 

Measurement System��� 
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1.1 INTRODUCTION 

Jvlcasurrm<'nl. is essentially the act, or the result, of a 
quantilalive comparison between a given quantity and n 
quantity of the same kind chosen as a standard or a unit. 
The result of measurement is expressed hy a number 
representing the ratio of the unknown quantity to the 
adopted unit of measurement. The physical embodiment 
of the w1it of measurement, as well as that of its sub
multiple or multiple value is called a standard. The device 
used for comparing the unknown quantity with the unit of 
measmoment or a standard quantity is called a measuring 
inslru ment.

One cannot stress too strongly the importance of 
measurements to present-day science and technology. 
Indeed. no physical experiment is conceivable without a 
sufficiently accurate technique of measurement. 

As for importance of measurements to engineering, it 
will be suffice to recall that interchangeability of parts -
the fundamental principle of modern technology- would 
he impossible without sophisticated and perfect measuring 
facilities. It will be no exaggeration to say that the quality 
of measuring tools and instruments is a very accurate index 
of technological pl'ogress in any industry. 

True of any field of science and technology, this is 
especially true of electrical engineering and electrical 
physics wruch have now expanded to include many new 
applicat..ions. 

The trend towards electrification has affected - in a 
strajght forward manner and on a large scale - measuring 
techniques and instruments themselves. Owing to their 
Perfection and convenience, ever wider use has oflate been 
made of electrical methods of measurement in which
unknown quantity is converted into an electrical quantity

functionaJly related to the former, and then the electrical 
quantity is measured directly. Such electrical methods of 
measuring nonelectrical quantities have got general 
recognition. 

What has been said would seem enough to show the 
importance of electrical methods of measurement. Present
day progress in science and technology, however, especially 
the ever greater emphasis placed on process automation, 
underlines this importance still more. 

We apparently lroow that any automatic control system 
depends for its operation on reliable information about the 
state of the controlled plant or process. This information is 
obtained by sensing elements which are, in fact, measuring 
instruments. Therefore, progress in automatic control 
involves the perfection of measuring elements.* In most 
cases, these measuring elements are based on an electrical 
method of measurement. Thus the development and study 
of measuring techniques in general and of electrical 
methods of measurement in particular are obviously of 
paramount importance. 

Measurement provides us with a means of describing 
a natural phenomena in quantitative terms. As a
fundamental principle of science, L-Ord Kelvin stated, "When
you can measure what you are speahing about and express
them as numbers, you know something about it and when
you cannot measure it or where you cannot express in
numbers, your knowledge is of a meagre and unsatisfactory
kind. It may be the beginning of Jmowledge, but you have
scarcely in your thought advanced to the stage of science."
In order to make constructive use of the quantitative
information obtained from the experiment conducted, there
must be a means of measuring and controlling the relevant
properties precisely. The reliability of control is directly
related to the reliability of measurement.

/ 

!t should be noted that the measuring elements used in automatic control syste·ms r • d may per,orm in ependent functions innon-nulomoted processes or plants.
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1 .2 INSTRUMENTS AND MEASUREMENT SYSTEMS 

l11:-t1·11 111 c11 totic111 ii,; n l el' l t 1 1o lo1,:�· nf 11 1cas11n• 1 1 1Pnl whid1 
sun•rn; not only R<: it ' IH't• hut nll hram:lwi:; of 1 :ngi nt·l·ri n g, 
mcdic inl'. nnd n lmosl ! 'Vt ·ry ht 1m1 1 1 1  1 • 1 1 c l 1 • 11,·01 1r .  The 
knowlc•tli,::P of nny pnrn nwt 1•1· l n rgcd�· dl· Jwncli- on the 
mcnst11·cnwnt .  Tlw in -dt•pl h k111 1w!Prl l,!t' uf any pnrnmetcr 
cnn h1• 1• 11si ly 1'1 1 l l 1 1w1 •d hy th e· l l t-l' of 11wns1in•nwn1 . nrnl
fu rt l H'r mml i l'i cn t i 1 1 1 1 s  C' : t n  a l so  he h a d .  MPnsuring 
inslm111t·1 1 te- mny ht! 11i.c•d to monitor n pro<'r.ss or opl'rnlion. 
or us wcl l  ns t lw cont roll inµ prnccsR. For exam pl,!. t lwnno
mct ttrs. hnrunll't c·rs. n 1wmo11wlers nn• f.'mployL·d to indicate 
lhl: l'nvironnwntn l  n1ndi t ions. Si mi larly. wntN, gns. nnd 
electric· ml'tcrs nrc c :mplowd t. 11 kl'ep trnck ofl lw 41inntity 
of t lw com 111od i ty  used. Specia l  pn t i 1 • n t  moni toring 
1•quipnll'nt. is u:sed in hospi tn ls, and of course almost every 
moving vc:hicll� haR n number of indicator din ls .  Another 
cxL rPml!!y import.ant t ype of appl ication for measuring 
i nstruments is that in  wh ich i nstru ment serves ns 11 
component ofan nut.omntic control syslcm. l n  fact to control 
a quantity one mui:.t. be able to measure it .  A central 
heating system depends on n temperature measuring 
instrument, control of an i ndust rial process needs many 
measuremcnts oflt:mp1•rnture, 11ow, lewl ct.c., while conlrol 
of aircraft and  m iss i les  usei- i nslru men l s  such as 
accelerometers. altimeters and gyroscopes. More specializ.ed 
instruments are employed in  experimental scientific and 
engineering work. 

A measuring inslrument exists to provide information
about the physical value of some variable being measured. 
In simple cases, an instrument consists of a single unit 
which provides an output reading or signal according to 
the magnitude of the unknown variable applied to it. 
However, in more complex measurement situations, a 
measuring instrument may consist of several separate 
elements as shown in Fig. 1 . 1 .  These elements may consist 
of transducing elements for conversion of measurand to 
an analogous form. The analogous signal is then processed 
by some intermediate means and then fed to the end devices 
which present the results of the measurement for the 
purpose of display and or control. These components might 
be contained with i n  one or more boxes, and the boxes 
holding individual measurement elements might be either 
close together or physically separate. Because of the moduJar 
nature of the elements within it, a measuring instrument 
is commonly referred to as a measurement system. 

MEASURANO PRIMARY 
TRANSDUCER 

INTERMEDIATE 
MEANS 

END 
DEVICE 

Fig. 1 . 1  A Simple Measurement System

'·{3 : METHODS OF MEASUREMENT 

Basically, there are two methods of measurements. They are: 
(i) Direct comparison methods and (ii) I ndirect

comparison methods. 
In  dire'Cl comparison methods, the unknown quantity 

is determined by direct comparison with a standard oftbe 

entotao,i ".:I 
given qunnt ily. Tho result is cxpros!wct ·, t · r l · · n ermsoh h 1 1ml ,or l H! Ht 11nd11rd nnd n nunw i 1 1

· . ' . c 0.scn
I I .r en mu tiplicr p t•xnmp c. n 1 - :ngth can "·" nwnHurcd i ll l •· . 1. . · ·or ' l. I . . 

e.rrns o mi.:t re d 
\ n nu mcntn const ant .  Thus n :;  m lcn.,th , · an 

1 f r. . f \ I 
,., mcnns a lt,n•:th0 ,l I llllCH O metre. I 111 11111 ti b,•inl,{ ("Ill m·1k(' I' I " · . I . . · ·• · • < 1rcct cn1,,'lh Icnmpansnn wit  1 pn•c:1s1011 of about 0.l."1 mm Th . .  , 

I f. . . . . . ·  
. l1S ullf: to it lllnlllll ,IClOI 8 I I  I S  not poss1hll: lo mnk1 • V1•rv n. • • ; ,,r:curat<:mcnsurrmcnts.  The length cnn �w measured hu d' 

t , ltCtt comparison method wi th n i,:nod d1:grcc of accuracy hut in
J case of measurement ,,f mni,;:; hy thiH mNhod, the prribl ,  

I . . 1 . . . em 
)ecomcs mor1 ! mtncnte. t I S  J l1Sl not poss1b l l: f or huma 

bei11g to dist inguish hc?twecn wide mnrgins of mass. 
11 

. Direct c�1�1p:1risnn met hods_ of mens�rement. :lrt! th,iul(h
simple. hut 11 1s not nlways poss1hle, feas1hlc and prac:tir:i,hl1.: 
to use• them. Thr involvt•rncnt of a person in lhese methr,ds 
make thl'lll inaccurate and less sensitive. Hence: dir1.:ct
comparison methodR are not preferred and are ran:ly usi:d. 
l n engineering applications use of measurement system.�,

which nre indirect methods of mwsurement, is madf.:. 
In inclirectcomparison method, the transducing element 

convert:- t he measurand to an ana logous form which is 
processed hy some in termediate means and then supplied 
to the output device which presents the results of the 
measurement for the purpose of display and/or control. 

The signal processing means either one or combination 
of the folfowing: 

(i) Amplification of the weak signal before being fed to 
the instrument.

(ii) Telemetering the data for remote reading/recording
such as recording of the temperature of the surface 
of the moon on ground.

(iii) Extraction of the desired information from
extraneous input by means of filtering.

1 . 4
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HISTORY OF DEVELOPMENT OF INSTRUMENTS

The science and the art of measurement of physical 
quantities has a long history. Initially, measw·ements were 
mainly concerned with the basic and common quantities 
such as length, mass, force and time, and meters were 
developed for their measurement and direct i ndication 
under steady-state conditions. Indicating systems so 
developed were considered as instruments. With the passage
of time, instruments came to be understood as tools in the
hands of man, which were useful in accomplishing _the
objectives of sensing, detecting, measuring, record.in�,
controlling, computing or communicating. Extensive modi·

fications in the design of instruments were incorporat_e� to

achieve these objectives, while at the same time givtng

higher accuracy and precision where measurement was
. . f · l for theinvolved. Development of a vanety o rnatena s 

'd · t d sol ! ·electrical and mechanical elements and assoc1a e 
state e lectronic circu its resulted in the design °: 8

, . · · h Jt1'funct10n
fascmatmg array of mstruments wit mu · . . . th haractcns·capability. Considerable improvements m e c 

d f . b' l ' t spee o tics of instruments with regard to reha 1 t Y, • - · t tc are
t'esponse, visual display of the measured quantt ·� e . . , d
noticeable in the present-day instruments. Sophisticate 
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MiY1s11rcments and /ttlec:i.mrem1ml Systems 

ins tru ml'nts hn ve consiclt•rn hi�• en ha11c·Pcl nncl l'cfi ncd the 
srnsor.,· pcrrepl ion nf' t hti nwnimred dntn anrl its usc,fulrwRs. 
Al thPllt:h II nwt1·r is nlsn t r1•i 1 t , •cl 11;; 11 sirnpl<• inst ntmPnL. n 
sc,phii; t ica t 1•d inst rnnwnt is rPa l l .,· 11 n>mplex syst 1 •m. i n  
which t lw pr imary sig1 1 1 1 I  C1h t 11 i 1wd n ft t•r sensing or  
mcnsur1.•11wnL u 1ult•ri.:01·s l'X l 1insiv11 p1·occ:<sing before i l  is 
pn•:,;1•111t•d for d ispln.r or n•rording. 

Till' first i nst n1 1111• 11ts used hy mnnkind wt•rt• mechar1i
cnl in nut un· 1 1 1 1d  t lw princ:iplt•s on which they worked arc 
l'Vl'll us1·d nnwadn_vs. Tlw 1•nrlil'sl scicnt i lic instruments 
u:;t•<I lh l' snmL' t hn•e t•ss< 'nl in l  elenwnts (i.e. n detect.or. an 
intl'rmcdintP I rnnslcr device. and an indicator. recorder. or 
11 slornge devicl') as our modern inst rumen ts do. 

The history of development ofinstn1ments encompasses 
thl'ee plrnscs of in:.;tru mcnts  as described below. 

I. Mcdiattica.l lnstl'umcnts. Such instruments are very
reliable for slntic and stable conditions but they suffer from
the major draw hack of inabil ity of respo1 1ding rapidly to
Lhe mensurements of dynamic a.1d tro nsienl conditions.
Thi,; is hecausc such instruments hnve moving rrnrts thal
:i re rigid. henvy and bu]ky nnd consequen t ly have n large
mass. Mass results in inertia problems and. therefore. such
instruments ci:tnnot faithfully follow the rapid changes
which are i nvolved in dynamic measurements. Thus, i t
would be almost. impossible to measure a 50 Hz voltage by
a mechanical instrument. However. i t  is comparatively
easy to measure a slowly varying pressure with mechanical
instruments .  Another drawback of mechanical
instruments is that most of them are a potential source of
noise and hence cause noise pollution.
2. Electrical Instruments. Such instruments are more
rapid in indicating the output of detectors as compared to
mechanical instruments but unfortunately electrical
instruments are also dependent upon mechanical meter
movement as indicating device. Since the mechanical
movements have some inertia, they have limited time and
hence frequency response. For example. some electrical
recorders can provide full-scale response in 0.2 second, the
majority of industrial recorders have responses of 0.5-24
seconds. Some galvanometers can follow 50 Hz variations,
but even these are too slow for today requirements of fast
measurements.
3. Electronic Instruments. The mechanical and electrical
instruments and systems cannot cope up with the very
fast response requirements of the scientific and i ndustrial
measurements carried out nowadays. The necessity to step
up response time and also the detection of dynamic changes
in certain parameters, which needs the monitoring time
of the order of milliseconds and quite often microseconds,
have led to the development of electronic instruments and
their associated circu:itry. Such i nstruments make use of
semiconductor devices. The response time of such instru
ments is extremely small as the movement involved in
electronic devices is only that of electl'Ons and electrons
have very smoll i nertia . For example, a cathode-ray
oscilloscope (CRO) can fo1low dynamic and transient
changes of the order of a few nanoseconds.

3 

Electronic instruments nre gradually becoming m?re
rdinhle d11 1 •  lo improvements in design and manufacturing
processes of semimncluclnr devices. Another advantnge of
dcct rcmic dcvi,:cs is L lml. very wcok signals cnn he detected 
by cmplnyi 11� pn.!11mplifien1 nnd amplifiers. ln fact hydrau
l ic nnd pneumnl ic  syslcms coul c l  he employed for power 
ampl i licnt ion of siJ.(nnls hut their use is l imited to slow 
Acting control oppl icotions l ike servo systems, chemical 
processC's and power systems. 

Ell'ctronic instruments are l ight, compact and have a 
high degrce ofn•linhilit.y. Their power consumption is very 
small .  The mosl impurtnnt use of electronic instruments 
is in mt>nsurement of nonelectrical quantit ies. where the 
nonclt'Ct.rical quantity is converted into electrical form with 
the use of transducers. Electronic instruments are widely 
emploved in detection of electromagnetically produced 
signal� such as radio. video and microwave. The electronic 
instru ments have higher sensi tivity (due to power 
ampl i fication provided by electronic amplifier) and, 
therefore, find wide up plication in the area of bioinstru
mentation where hioelectric potentials are very weak 
(sma Iler than J m V). Electronic instruments also have the 
advantage of obtaining indication at a remote location that 
helps in monitoring inaccessible or hazardous locations. 
Communication is a field that is entirely dependent upon 
the electronic i nstruments and the associated circuitry. 
Such instruments enable us to build analog and digital 
computers which require very fast time response. 

In brief it can be stated that, in general, electronic 
instruments have a higher sensitivity, a faster response, 
lower weight, a greater flexibility, a higher degree of relia
bility, and low power consumption as compared to those in 
case of their mechanical and purely electrical counterparts. 

The new developments in electronic i nstruments are 
by virtue of digital technology, by which any precision 
quantity can be measured in the digital display form and 
can also be possibly stored in the memory for storage 
purpose required i n  future. There is a dramatic revolution 
in the field of medical science because of electronic 
instruments. 

1 ;5 CLASSIFICATION . OF INSTRUMENTS:. ' . 

Instruments can be subdivided into separate classes
according to different criteria. Such subcla.ssifications are
useful in broadly establishing several attributes of
particular instruments such as accuracy, cost and general
applicability to different applications. 
1.5.1. Absolute and Secondary Instruments. The
various instruments, in very broad sense are classified
. 

. 

�nto two classes n amely (i) absolute and secondary
instruments. 
1. A�solute Insn:uments. The instruments of this type
proV1de the magnitude of the quantity to be measured in
terms of instrument constant and its deflection. Such
instrument� do not require any comparison ,,..,jth any other 
�tanctard 1�s t.rument. The example of this type ofmstrument 1s tangent galvanometer, which provides thevalue of current to be measured in terms of tangent of the
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