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Sources of Error :
The major sources of error that may contaminate the result are :

i The measurer, and

ii. = The instrument itself.
Sometimes, the measurer may suffer from temporary factors like fatigue,
boredom, anxiety or other distractions. Such factors limit the ability of

the measurer to take the measurements fully. Hr.fnger,
impatience, or general variation in mood can also altect the readings.

Any condition that creates strain on the user during the measurement
‘session can have serious effeét on data collection, _
A defective instrument can also cause error in measurement.

The error also occurs due to noise, response time, design 1_1m1tat1ﬂﬂ5,
effect of friction in the instrument movement, resolving power,

transmission, errors of observation and interpretation.
4l i 1
- -—— ad AV AT an
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The generalized classification of the measurement errors is given below :

A. Gross Errors :
v1 (ross errors are caused by mistake in using instruments

calculating measurement and recording data results.

2. The best example of these errors is a person or operator reading pressure
gage 1.01 N/m*® as 1.10 N/m?.

B. Measurement Errors :
1. The measurement error istheresult of the variation of a measurement

2. Usually, measurement error consists of a systematic error and random S

ey

Ty

",

error. "

Types of Error in

Measurements
| * |
¥ % .
Gross Errors Measurement Errors Blunders

Y
Y Y

Systematic Errors Random Errors
Instrumental | |Environmental| | Observational Theoretical .
Errors Errors Errors Errors i
_ Fig. 1.17.1.
a. Systematic Errors : : \

1. The errors that occur due to fault in the measuring device are known as

_systematic errors. Usually they are catted as zero error a positiveor |

negative error.

2.  These errors can be detached by correcting the measurement device.
Instrumental Errors :

1. Instrumental errors occur due to wrong construction of the ]
measuring instruments. :

2. These errors may occur due tg hysteseg; s o

r-
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ii. Environmental Errors :

1. Theenvironmental errors occur due to some external conditions of,
the instrument. External conditions mainly include pressure,
Temperature, Aumidity etce.

9. In order to reduce the environmental errors, try to maintain the

humidity and temperature constant in the laboratory by making
some arrangements,

iii. Observational Errors :

1. These types of errors occur observations or readi
in the instruments which may be due to parallase-

9. In order to reduce the parallax error highly accurate meters are
needed e.g., meters provided with mirror scales.

iv. Theoretical Errors :

1. Theoretical errors are caused by simplification of ﬁl}_e model system.

2. For ex.':':.mple, a theory states that the temperature of the system
surrounding will not change the readings taken when 1t actually )
does, then this factor wiu_]_m gin a source of error in measprgment. <%

b. Random Errors :

1 Random errors are caused by the sudden change in experimental .,
conditions and noise and tiredness in the working persons, These
_ errors ] : . .
2. Examples : Changes in humidity, unexpected change in temperature
and fluctuation in voltage. -

3. These errors may be reduced by MME

e
ber

4 Some of the prominent random errors are :

o

L Fﬁntiﬂnalue_n‘nﬁ. ;

ii. Mechanical vibrations.

iii. Backlash in the ement.

iv, Hysteresis of jﬁg_ej_astit___n"l_ﬂlbers.

v. Finite scale divisions,

C. Blunders :

1. Blunders are final source of errors and these errors are eaused by faulty

recording or due to a wrong value while recording a measuref ent, OT
misreading a scale or forgetting a digit while reading a scale.

2. These blunders should stick out like sore thumbs if one person checks

the work of another person. It should not be comprised in the analysis of
data,

!
o Sl
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This canmno i i
t be more than unity, because the pickup cannot generste information but can

enly receive and process it. Obviou
bl ; sly, as high a transfer efficiency as i
Sensitivity may be expressed as Ty s ponsble b densbie

_ dlou
= "-”Eln (k)

Very often sensitivi : : , ) . ‘
e S ivity approximates a constant; that is, the output is the linear function of

2 LOADING OF THE SIGNAL SOURCE

Energy ‘fﬂ" ﬂlwa:_.fs be taken from the signal source by the measuring system, which means
Ihal.l the information source will always be changed by the act of measurement. This is an
axiom n_f measurement. This effect is referred to as loading. The smaller the load placed
on the signal source by the measuring system, the belter,

~ Of course, the problem of lpading vecurs not only in the first stage, but throughout the
entire chain of elements. While the first-stage detector-transducer loads the input source,
the second stage loads the first stage, and finally the third stage loads the second stage. In
fact, the loading problem may be carried right down to the basic elements themselves,

In measuring systems made up primarily of electrical elements, the loading of the
signal source is almost exclusively a function of the detector. Intermediate modifying
devices and output indicators or recorders receive most of the energy necessary for their
functioning from sources other than the signal source. A measure of the quality of the first
stage, therefore, is its ability to provide a usable output without draining an updue amount
of energy from the signal.

3  THE SECONDARY TRANSDUCER

As an example of a system of mechanical elements only, consider the Bourdon-tube pressure
gage, shown in Fig. 1. The pnmary detecting-transducing element consists of a circular
tube of approximately elliptical cross section. When pressure is introduced, the section of
the fatiened tube tends toward a more circular form. This in turn canses the free end A to
mave outward and the resulting motion is transmitted by link B to sector gear C and hence
to pinion [, thereby causing the indicator hand to move over the scale.

In this example, the tube serves as the primary detector-transduocer, changing pressure
into pear linear displacement. The finkage-gear amangement acts as secondary transducer
{linear to rotary motion) and as an amplificr, yielding a magnified output.

A madification of this basic arrangement is to replace the linkage-gear arrangement
with either a differential transformer (Section 11)ora voltage-dividing potentiometer (Sec-
tion ). In either case the electrical device serves as a secondary transducer, transforming
displacement to voltage.

As another example, let us analyze a simplified compression-type force-measuring
load cell consisting of a short column or strut, with electrical resistance-type strain gages
(see Section 7) attached (Fig, 2). When an applied force deflects or strains the block, the
force effect is rransduced to deflection (we are interested in the unit deflection in this case).
The load is ransduced to strain. In turn, the strain is transformed into an electrical resistance
change, with the strain gages serving as secondary transducers.
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FIGURE 3: Block diagram of a first-stage device with primary and secondary transducers.

4  CLASSIFICATION OF FIRST-STAGE DEVICES

It appears, therefore, that the stage-one instrumentation may be of varying basic complexity,

depending on the number of operations performed. This leads to a classification of first-
stage devices as follows:

Class I. First-stage element used as detector only
Class I1. First-stage elements used as detector and single transducer
Class II1. First-stage elements used as detector with two transducer stages

A generalized first stage may therefore be shown schematically, as in Fig. 3.

Stage-one instrumentation may be very simple, consisting of no more than a mechan-
ical spindle or contacting member used (o transmit the quantity to be measured o & sec-
ondary transducer. Or it may consist of a much more complex assembly of ﬂ}emf:ms. In
any event the primary detector-transducer is an integral assembly whose Il‘un::tmn is 1’_1_} to
sense selectively the quantity of interest, and (2) to process the sensed qfﬂ?ﬂﬂhn{} into
a form acceptable to stage-two operations. It does not present an output in immediately
usable form. o

More often than not the initial operation performed by the first-stage fu?vme is to
transduce the input quantity into an analogous djslillanemﬂm.. Without atte_mpuug to for-
mulate a completely comprehensive list, let us L‘I:ZJII:SII:'EI Table 1 as representing the general
area of the primary detector-transduces in m:cham-:al,mmu:-:mgnts. o

We make no attempt now to discuss all the many mlmbinahﬂns of alcm:m‘s listed in
Table 1. In most cases we have referred in the tahle to sections where thorough discussions

can be found. The general nature of many of the elements is self-evident. A few are of

minimal importance, included merely to round out the list. However, we can make several

pertinent ohservations at this point.

Close scrutiny of Table 1 reveals that, whereas many of the mechanical sensors trans-

i i of the electrical sensors change displacement to an
duce G gt 0 D e for it yields practical combinations in which the

B ‘e is quite forfunate, :
Elﬂmhf;ﬁﬁl ;uqm;mT:]e;::ﬁqas the primary transducer and the electrical sensor as (he sec-
mechanical sen al means are variable resistance and variable

ondarv. The two most commonly used electrical m . :
indd:cwtanne. although others, such as photoelectric and piezoclectric effects, are also i

considerable importance.
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11 THE DIFFERENTIAL TRANSFORMER

Undoubtedly the most broadly used of the variable-inductance transducers is the differentia
transtormer (Fig. 10), which provides an ac voltage output proportional to the displacement

of a core passing through the windings. It is a mutual-inductance device making use of
three coils generally arranged as shown,

The center coil is energized from an ac power source, and the two end coils, connected

in phase opposition, are used as pickup coils. This device i : ariable
differential transformer or LVDT. 15 device is often called a linear

12 VARIABLE-RELUCTANCE TRANSDUCERS

incorporating a Permanent mapne;
application, either periodic or gnet. In most cases these devices are limited to dyné™

ransi
cut h}" the turnis nflhe coil Sﬂ I'lElEl’It. wh&rﬂ the ﬂu][. lil‘lE.‘;S E-upp!IEﬁd h}' the mag"ﬂflﬂt

; + Q0Me o 10
the device, &ans of Providing relative motion is incorporated

In its simplest fq :
permanent magnet mrﬁn::;i:‘: 1 ;r;mahlﬁ'ml”ﬂtﬂﬂte device consists of a coil wound % ;
path causes a change jn the g, ;ﬁ‘“” vAtiation of the reluctance of the magneie ﬂl!:
according to Faraday's aw, the flux figg varies, a voltage is induced in the
Voo ol (3
= =
dt ¥
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Fermanent
magnal

O

s To frequancy meter
or oecilloscope

FIGURE 11: A simple variable-reluctance pickup.

where

V = induced voltage (V)
n = number of tums in coil
& = magnetic flux through coil (Wb)

Since the rate of change of the flux depends directly on the speed at which the teeth move
past the magnet in Fig. 11, the variable-reluctance transducer is sensitive to velocity, rather
than displacement.

Whereas the preceding arrangement depends upon changes of the reluctance of the
magnetic flux path, other devices separate the magnet from the coil and depend upon relative
movement between the coil and the flux field.

13 CAPAOTIVE TRANSDUCERS

When a capacitor is formed from a pair of parallel flat plates, its capacitance is given by the
following equation:

E
Comay (6a)
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where

¢ = capacitance (pF),
£g = permittivity of free Space. 88542 pFim, |
¥ = diclectric constant of medium between plates { = 1 for air),

A = area of one side of one plate (m?),
d = separation of plate surfaces (m)

Greater sensitivity can be obtained by using several capacitors in parallel, Ths

be accomplished with a stack of n equally spaced plates in which alternate plages -
connected to one another. For example, if five plates were stacked, plates 1, 3, and § woyg
be connected 1o one voltage, while plates 2 and 4 would be connected to another. T3,

capacitance of such a stack is
. spkA(n — 1)

d

All the terms represented in Eqs. (6), except possibly the number of plates, have begy
used in transducer applications [7,8]. The following are examples of each,

C (6b)

Changing Dielectric Constant

Figure 12 shows 2 device developed for the measurement of level in & container of
liquid hydrogen [11]. The capacitance between the central rod and the surrounding tube
varies with changing diclectric constant brought about by changing liquid level. The device
readily detects liquid level even though the difference in dielectric constant between the
liquad and vapor states may be as low as 0.05.
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FIGURE 12 Ca
Pacitance pickup for determining level of liquid hydrogen
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valua of capacitance

* Positicn of teeth for maxsmum
valua of capacitance

FIGURE 13: Section showing relative arrangement of teeth in capacitance-type
torgue meter.

Changing Area

C itance chanpe depending on changing effective area has been l.lﬁﬁdl for the
s::md:'f’a'jﬂﬂsducing eimenlﬁ:f a torque meter [12]. The device uses a sleeve with teeth
or serrations cut axially, and a matching internal member or ?.lwﬁ 1.-.'_1I.h similar amiﬁ cut
teeth, Figure 13 illustrates the arangement. A clearance is provided bctmﬂ]l la:iE:
of the teeth, as shown. Torque carried by an 'Elajﬂﬁc member causes a thift l.:anmr:w
positions of the teeth, thereby changing the effective area. Theresulting capact

is calibrated in terms of torque.

Changing Distance

Varying the distance between the plates of a capacitor1s
method for using capacitance in a pickup-

undoubtedly the rvost COMMOon

f - tes 4 capacitive-typ® pEFH : irode foot is used as
g o e e
2 measure of the diaphragm’s relative position 313
Pressure alters the distance between it and the € ectrode
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FIGURE 14: Section through capacitance-type pressure pickup.
PIEZOELECTRIC SENSORS

Certain materials can generate an electrical charge when subjected to mechanical strain ot

conversely, can change dimensions when subjected to voltage [Fig. 15(a)]. This is known

as the piezoelectriceffect. Pierre and Jacques Curie are credited with its discovery in 1880

:ﬁﬁte a':il:::;]inur;?e Trmars dre quartz, Rochelle salt (potassium sodium tartarate), prop-
m nlanate, ammonj i . :

i —— mum dihydrogen phosphate, certain organic polymes:

Of all the materials that exhibig the effect

such as stability, high output, insensitivi
i J 4 vt e
ability to be formed into any desired Shﬂp:’ 1o temperature extremes and humidity, and the ;

: : : Rochelle salt pravi - but i
mqmmf protection from moistyre In the air and ca  amonden s Very highdupis oF).
Quartz is undoubtedly the magy tab . nnot be used above about 45°C (113
is commonly used for regu[aﬁns : le, i:sut_ s output is low. Because of its stability, quar :
rth'm disk with each face silvered %:ur ;:;‘mm': Oscillators, Ofpen the quartz is shaped into &
15 ground to the dimensiog that : mchma"tﬂfefﬂﬂhﬂdes The thickness of the pla°
to the desired electric Provides a mechapijga] : ' ding

al frequency, T Crystal ma. - CSORANCe frequency correspoid

electronic circyj '
it whose frequency j; controls, - oM be incorporated in an 2

none possesses all the desirable propertish

L

The pre T
U piezo is desive from the Gppe k pieze;
in

r caning ‘g -
Press™ gp « " 5
OF "y sueeze, 3
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15 SEMICONDUCTOR SENSO RS

The semiconductor revolution has profoundly influenced measurement technology. In
addition to digital voltmelers, compuier data-acquisition systems, and other readout and
data-processing systems, semmiconductor technology has produced compact and inexpen-
sive sensors. A principal strength of semiconductor sensors is that they take advantage of
microelectronic fabrication techniques. Thus, the sensors can be quite small, mechanical
structures (such as diaphragms and beams) can be etched into the device, and other elec-
tronic components (resistors, transistors, etc.) can be directly implanted with the sensor [0
form a transducer having onboard signal conditioning.

15.1 Electrical Behavior of Semiconductors

Semiconducting materials include elements, such as silicon and germanium, and com-
pounds, such as gallium arsenide and cadmium sulphide. Semiconductors differ from
metals in that rll:lati?ely few free electrons are available to carry current. Instead when 4
bound electron is separated from a particular atom in the material, a pl'.:lsil.i;'tlj,' ch ar:.i_md hole
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16 LGHT-DETECTING TRANSDUCERS

Light-sensitive transducers, or photosensors, are used to detect light of all types: thermal
radiation from warm objects, laser light, light emitted by diodes, or even sunshine. These
transducers may be categorized as either thermal detectors or photon detectors. The thermal
detectors use a temperature-sensitive element which is heated by incident light. The photon
detectors respond directly to absorbed photons, either by emitting an electron from a surface
(the photoelectric effect) or by creating additional electron-hole pairs in a semiconductor
(as discussed in Section 15.3).

Among the issues to be considered in selecting a photodetector are the wavelength
to be sensed, the speed of response needed, and the sensitivity required. In general, ther-
mal detectors are much slower than photon detectors but respond to a broader range of
wavelengths, For any detector, the speed of response will also depend upon the supporting
circuitry. For visible and near-infrared light, semiconductor detectors are commonly used.
Photoemissive detectors can be sensitive well into the ultraviolet range. To detect long-wave
infrared light, which is the heat emitted by objects near room temperamre, gither thermal
detectors or cryogenically cooled semiconductors may be used.

161 Thermal Detectors

t o nn e tha datentine element when light heats
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