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Q.2

a. What are main types of errors in instrumentation system? What are their

source, effect and ways to reduce or eliminate these error? Explain in brief.

Answer:

(8)

Chapter 3 of “A Course in Electrical and Electronic Measurements and Instrumentation”, A K

Sawhney.

b. What is difference between accuracy and precision?

Answer:

[EXE] ACCURACY AND PRECISION

In ordinary usage, the distinction belween words
“Accuracy” and “"Precision” is usually very vague. In
fact even the dictionaries invariably link the definition
of one with the other. But as far as feld of measure-
mints is concerned, there is a difference between the
twio terms as they have sharp differences in meanings.
As far as measurements are concerned, the two terms
may be defined as :

2.13.1  Accurocy

It is the coseness with which
reading approaches the true value of the gquantity
being measured. Thus accuracy of a measurement
means conformity to truth

The accuracy may be specified in terms of
iraccuracy or timits of errors and can be expressed in the
following ways

an instroment

1. Point nccwracy. This is the accuracy of the
instrumenl only at one point on its scale. The
specification of this accuracy does not give any
information about the accuracy at other points on the
scale or in other words, does not give any information
about the general of the instrument.
Howewver, the general accuracy may be given by
drawing up a table that specifies the accuracy at a
number of points throughout the range of instrument.

ACCUracy’

2, Accuracy as “Percentage of Seale Range™.
When an instrument has uniform scale. its accuracy
may be expressed in terms of scale range. For
example, the accuracy of a thermometer having a
range of 500°C may be expressed as + 0.5 percent of
scale range. This means that the accuracy of the
thermometer when the reading is 500°C is = 0.5%
which is negligible, but when the reading is 25°C (ie.,
20 peroent of saale range), the eoor is as high as
(500 /25)» (+0.5) = 10 percent and therefore specifica-
tion of accuracy in this manner 15 highly misleading.

3. Accuracy as “Percentage of True Value, The
best way to conceive the jdea of accuracy is to specify
it in terms of the true value of the quantity being
measured Le.; within £ 0.5 per cent of true value. This
statement means thus as the readings get smaller sodo
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the errors. Thus at 5 percent of full scale the accuracy
of the instrument wiould be 20 percent better than that
of an mstrument which is acocurate to £ 0.5 % of scalé
range

2.13.2 Precision
It is a measure of the reproducibility of the

measurements, .o, given a fixed value of a quantity,

precision is a measure of the degree of agreement
within a group of measurements. The term *Precise’
means clearly or sharply defined. As an example of
the difference in meaning of the two térms accuracy
and precision, suppese that we have an ammeter
which possesses high degree of precision by virtue of

its clearly legible, finely divided, distinct scale and a @

knife edge pointer with mirror arrangements to

remove parallax. Let us say that its readings can be ¢

taken to 1/100 of an ampere. At the same Hme, its zeno,
adjustment is wrong. Now every time we take a
reading. the ammeter is as precise as ever, we can take
readings down to /100 of an ampere. and the
readings are consistent and “clearly defined”. Howewver,
the readings taken with this ammeter are not accurate,
since they do not confirm te ruth on account of jis
faulty zero adustment

Let us cite another example. Consider the
measurement of a known voltage of 100 V with a
meter. Five readings are taken, and the indicated
values are 104, 103, 105, 103 and 105 V. From these
values 3t that the
depended on for an accuracy better than 5% (5 V in
this case), while a precision of £ 1% is indicated since
the maximum deviation from the mean reading ol
104V is only 1.0 V. Thus we find that the imnstrument
can be calibrated so that it could be used to read £1 W
dependably. This example illustrates thal accuracy
can be improved upon but not the precision of the
instrument by calibration. Another point which is
evident from above is that although the readings are

15 seen mstrument! cannol be

close together they have a small scatter {or dispersion)
and thus have a high degree of precision but the
results are far from accurate. The precision of an
instrument is usually dependent upon many factors
and requires many sophisticated technigues of
analysis.

Thus, when it is stated thal o set of readings
shows precision it means that the results agree among
themselves. Agreement, however, is no guarantee of
accuracy, as there may be some systematic disturbing
effect that causes all the measured values 10 be in
EITOT,
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c. A 500 V voltmeter is specified to be accurate within +/-1.5% of full scale.
Calculate the limiting error when the instrument’s used to measure a 150 V
source. 4)
Answer:
The magnitude of the limiting error

€ =0.015 x500
=75V
The limiting error at 150V =7.5/150x 100 =+/-5% 4 marks

Q.3 a. What is Megger? Explain the method for measurement of earth resistors
using Megger. (8)

Answer:

2 Earth tester. The resistance of earth can be
“measured by an earth tester shown in Fig. 14.35. The
*Earth Tester” is a special type of Meggar (See Art, 9.5
pape 256) and it has some additional constructional
fetures additional constructional features and they

e

li} a rotating current reverser, and the other as the commutator rotates, The second pair
{ti) a rectifier of each of set of brushes is positioned on the commu-
fator so that continuous contact is made with one

“ segment whatever the position of the commutator.
i D The earth tester has four terminals I’L, P:. Twa
priaiios erminals F; and C, are shorted to form a common
_~ Current aoint to be connected to the earth electrode. The other

Feverser wo terminals P, and C, are connected to auxiliary
Rectifier . |  ogf-----4 ammm- slectrodes Pand C ru.qperlim-'ly,'.

>

2 The indication of the earth tester depends upon
! A i ‘he ratio of the voltage across the pressure coil and the
surrent through the coil, The deflection of its pointer
ndicates the resistance of earth directly. Although the
*Barth Tester”, which is a permanent magnet moving
qoil instrument and can operate on d.c. only, yet by
nciuding the reverser and the rectifying device it is
aossible to make measurements with a.c. flowing in

. : ; the soil

. 1 Current - J )
: coil - The sending of a.c. current through the il has
3 ﬁ‘\ i ' E E. i nany advantages and therefore this system is used.
gy P, ! Fy Cy e use of ac. passing through the soil eliminates
e ' -t inwanted effects due to production of a back emf in
E p c he soil on account of electrolytic achon. Also the
e LA ; ; nstrument is free from effects of alternating or direct

mrrents presents in the soil, —
E— _——

Fig. 14.35 Earth tester,

Bath these additional features consist of simple
commutators made up of ‘L shaped segments, They
are mounted on the shaft of the hand driven generator.
Each commutater has four fixed brushes. One pair of
each set of brushes is so positioned that they make
contact alternately with one segment and then with
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b. Explain the working of Kelvin Double Bridge used for the measurement of

low resistance. (8)
Answer:
14.3.2 Kelvin Double Bridge Method of
- Measurement of Low Resistances

The Kelvin bridge is a modification o
Wheatstone bridge and provides greatly in
accuracy in measurerment of low value resist
understanding of the Kelvin bridge arrang il
PV be cabtained by a study of the difficulties th

imn a Wheatstone bridge on account of the res
the leads and the contact resistances while m
lowy valued resistors.

Consider the bridge circuit shown in Fij

where r represents the resistance of the
oconnects  the unknown resistance R o sk
resistance 5. Two galvanometer connections ind
by dotted lines, are possible. The connection may
either to point ‘i or to point ‘»". When the galy
meter is connected to point m the resistance,
connecting leads s added to the standard resi
resulting in indication of too low an ind
unknown resistance R, When the connection
o Pﬂll.'ll i, the rﬁlsta:n:e. r,.. is add-ed by 'H'.IE i

gives a low result, or i, which makes the res
we, make the galvanometer connection
intermediate point ‘d’ as shown by full
Fig. 14.16. If at point "d" the resistance ris d
bwo parts, i, and . such that

" [

= —

52

— 1 —eFal—
—r ——f

o]

Fig. 1L4.16 lllustrating principle of Kehsin's b

Then the presence of » the resistance of conn
timg leads, causes no error in the result. We hav

P n P
R+rp=—-(5+r) but ==
e x Q

>
© IETE 3
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e 4t P+ {3
F
or q:“ﬁa'r
35 Rin=T E’edﬁ-TF?df

5 We can write Eqn. 14.37 as
%
fR+——P- rJ=- f[5+ u-q--rJ

\ P+Q Q P+0Q
o Reih .{14.38)
Q
Therefore we conclude that making the

galvanometer connection as at ¢ the resistance of leads
does not affect the result.

The process described above is obviously pot a
practical way of achieving the desired result, as there
would certainly be a trouble in determining the correct
| point for galvanometer connections. It does, however,
suggest the simple modification, that bwo actual
resistance units of correct ratio be connected between
points mand », the galvanometer be connected to the
junction of the resistors. This is the actual Kelvin
bridge arrangement, which is shown in Fig. 14.17,

The Kelvin double bridge incorparates the idea of
a second set of ratio arms - hence the name double
bridge ~ and the use of four terminal resistors for low
resistance arms. Figure 1417 shows the schematic
diagram of the Kelvin bridge. The first of ratio arms is
Pand Q The second set of ratioarms, pand §is used to
connect the galvanometer to a poinl @ at the appro-
priate potential between points mand n to eliminate
the effect of connecting lead of resistance r between
the known resistance, K, and the standard resistance, S.

Fig. 14.17 Kelvin double bridge

© IETE

The ratio p/q is made equal to P/Q Under
balance conditions there is no durrent through the
galvanometer, which means that the voltage drop
between @ and b, £, is equal to the voltage drop E,,,
between a and ¢

P
N gt sl
™ P hig=
and E =1 R+5+“’—*ﬂ] (1439)
L prg+r
o, P [(pra)r
d Ay g s A LA
= o +F+4{P“I”H
£ o P . ‘( ..(14.40)
L p+q+r
For zero galvanometer deflection,
L
—P—:[n+5+{—""—"}-']-r[ﬂ+i-]
P+ pHg+7 peg+r
P o g (P p
o R=— 84 —t— {14.41)
, T
Now, if P/Q =p/q Eqn 1441 becomes,
F-
R==-8 (14.42)
)

Equation 14.42 is the usual working equation for
the Kelvin bridge. It indicates that the resistance of
connecting lead, r, has no effect on the measurement,
provided that the two sets of ratio arms have equal
ratios. Equation 14.41 is useful, however, as it shows
the error that is introduced in case the ratios are not
exactly £ egual. It indicates that it is desirable to keep r
as small as possible in order to minimize the errors in
case there is 2 difference between ratios P/ Qand p/ g

The effect of thermo-elecltic emfs can be
eliminated by making another measurerment with the
battery connections reversed. The true value of R
being the mean of the two readings.

In a typical Kelvin bridge, the range of resistance
covered is 0.1 pfd to 1041

The accuracies are as under :

From 1000 pQ to 100 ; 0.05%,

Erom 100 u2 to 1000 ufl : 0.2% to 0.05%.

From 10 p0)  to 100 ptt : 0.5%. 1o 0.2,
limited by thermoelectrit emfs.

In this bridge there are four intermnal resistance
standards of 1 €}, 0.1 £2, 0.01 € and 0.001 £} respec-
tively.

—

DEC 2015
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Q.4 a. Explain the operating Principal of Digital PH meter. 4)
Answer:

Ihe measurement of hydrogen ion acuvity (pH) in a solution can be

accomplished with the help of a pH meter, For those unfamiliar with (e

terminoloey, o very brief review is included

vH is a guantative measure of acidity. IT the pH is less th the solution i
acydic (the lower the pH. the greater the acidity ), A neutral solution has a pH of
I and alkaline (basic) solutions have a pH greater than 7

The pH unit is defined as
pH log (concentration of H

where H' 15 the hydrogen or hydronium ion. (Analog pH meters are discussed
nLhap

A digital pH o meter differs from an ordinary pH meter, in this the mete

an anslog i Ll COnyerc & Do il a 2itil dispiay A
feguently used ADC Fog ':'I..'||"|" ation e the doal sl pe conver & ha
K din i " pH meter h in L
Al
- mLire |
=} LY - 1 [Fr
(A0
Smplifier I"I-I"'.:: I s ! |
A e - —
dtt
LT |
e |
BB
il NE

Fig. 6.20 ssw Digital pH Mater

The dual slope circnit produces o pulse which has a duration proportional 1o
npit signal voliage, that is, a T pulse width signal. The pulse width is

converted to o digital sienal using the pulse 1o turn an oscillator On or OFff

a count digital signal. The coumt signal 15 10 turn counted o

i
RPN e

| sienal fou Iixl,".. ¥y

converied to a parillel digita

b. A coil with resistance of 10Q is connected in the “direct measurement’ mode.
Resonance occurs when oscillator frequency is 1.0 MHz and the resonating
capacitor is set at 65 pF. Calculate the percentage error introduced in the

calculated value of Q by the 0.02Q insertion resistance. 4)

Answer:
The effective Q of the coil = 1/wCR = 1/ 21 x( 10°)(65 x10%(10)) =244.9

The indicated Q of the coil = 1/ wWC(R+0.02) =244.4
The percentage error = 244.9-244.4/ 244.9 x100% =0.2 % 4 marks

c. With the help of neat diagram, explain the working of Dual Slope Type
DVM. (8)
Answer:

© IETE 5
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7 Principle of Dual Slope Type DVM

As illustrated in Fig, 5.3, the input voliage ‘e;” is integrated, with the slope of
the integrator output proportional to the test input voltage, After a fixed time,
AV

' \ Constan! Slope
rnporlmnnlmm /\ riicnal o —er

| %
| N\
— - —-|;Eij' T
el

Flig. 5.3 mm Basic Principle of Dual Skope Type DVM

equil to 1y, the input veltage is disconnected and the integrator input is con-
necied to a negative voltage - . The integrator output will have a negative
slope which is consiant and proportional to the magnitude of the input voliage.
The block diagram is given in Fig. 5.4,

i LC

! S Comgparator
| delecion
s, & e I - -[Ef'? " )
co—e 0 ~w»—‘—i/> ~.
' ]
o E: ‘—'—. d 3
'S5 % | A -
; I\ N |
H fy & S|
' oft+t
| Gate Gata
: Opan Closs|
Counter = |
b & hsplays -
switch |- g {0000 | gae
| Orive | |—1 . 1

| AL
“{Gsolliator]

Fig. 5.4 s Block Diagram of a Dual Slope Type DVM

Al the siart o pulse rescis the counter and the F/F output to logic level "07, §,
i closed and 8, 15 open. The capacitor begins o charge, As soon as the
mlegrator output exceeds zero, the comparator ourpat voltage changes state,
which opens the gate so that the oscillator clock pulses are fed to the counter.
(When the ramp voltage siarts, the comparator goes to state |, the gete opens
and clock pulse drives the counter.) When the counter reaches maximum count,

© IETE 6
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1.e, the counter is made to run for a time ‘1," in this case 9999, on the next cloc|
-[[1'1.'; l.'w uII_ digits go to 0000 and the counter activates the E/F 1o logic level *1*

15 activates tl_m swilch drive, ¢ is disconnected and —¢, is connected to th
:nrelgmlnr. The integrator output will have a negative slope which is constant
L&, Integrator output now decreases linearly to 0 volts. Comparator output stae
t*hu:}gcﬁ again and Jucks the gate. The discharge time #, is now proportional i
the input veltage. The counter indicates the count during time #. When the
negative slope of the integrator reaches zero, the comparator switches to state 0
and the gate closes. i.e. the capacitor C is now discharged with a constant slope
‘ s.mnn:n the comparator input (zero detector) finds that £, 1s zeto, the counter
15 stopped. The pulses counted by the counter thus have a direct relation with
the input volinge.

During charging
1 1
eg=——— | e,dr= =571
RC E[ RC G4
During discharging
1 L.
e, =— - di = — i!;
L RC . Fl R(_‘ tj--?-}
Subtracting Egs 5.2 from 5.1 we have
£ —e,= —_{ﬂ_‘ﬂ‘l
TR L)
0= %4 [—at)
RC | RC
— L _&l
RC RC
e=e 2
-y I fﬁ‘”

If the oscillator period equals T and the digital counter indicates my and n,
counts respectively, .

- I ’ s
rf ==, L. =iy
i ﬂ.]'l r i -"| r
Now, n, and e, are constants, Let &, = & - :
| f unts. Let &) = ~ Thene; = K| n, (5.4)
I

From Eq. .‘-.:1 it js evident that the nceuracy of the meansured voltage is inde-
pendent of the integrator time constant. The times ¢ and 1, are measured by the

count of the clock given by the numbers #; and n, respectively, The clock ascil-
lior period equals T and if n; and e, are constants, then Eq. 5.4 indicates that
the sccuracy of the method is also independent of the oscillator frequency.

The dual slope technique has excellent noise rejection because noise and
@perimposed ac are averaged out in the process ol integration. The speed and
wruracy are readily varied according to specific requirements; also an accuracy
oF£0.05% in 100 ms is available. =~

© IETE
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Q.5 a. Explain the working of CRO with the help of neat block diagram. (8)
Answer:
Ihe mujor block circuit shown in Fig, 7.4,
fol o s:
. CRT

Vertical amplifier

of a general purpose CRO), 1824

3. Delay hine
Fime base
5. Horizontal amplifier
6. Tngger circunt
Power supply

Anut Verocal ~| Delay
P Amplifies | ~| Line -
| | ¥ H
. 1 S
! | H
| Blectro | -i |
J Gun ] 1.
e | gl ! I e
THooer, | pae ‘_Jfl.-_.... la ! ve |
Circuil e by JI'Tullqlr | High
. Generator elene
Liony

Mollage

{

=

Fig. 7.4 s Basic CRO Block Diagram

The function of the varions hlocks are as follows,

© IETE 8
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1.CRT

This is the cathode ray tube which emits electrons that strikes the phosphor
wreen internilly to provide o visual display of signal.

2 Vertical Amplifier

This is a wide band amplifier used to amphfy signals in the vertical section.
| 1 Delay Line

It is used 1o delay the signal for some time in the vertical sections.

4. Time Base

Itis used o generate the sawtooth voltage required o deflect the beam in the
borizontal section.

5. Horizontal Amplifier

This is used to amplify the sawtooth voltage before it is applied to horizontal
feflection plates.

| B Trigger Circuit

———wTrw T Fww T

This is used to convert the incoming signal into migger pulses so that the input
signal and the sweep frequency cun be synchronised

7. Power Supply

There are two power supplics, a =ve High Yoltage (HY) supply and a +ve Low
| Voltage (LV) supply. Two voltages are gencrated in the CRO. The +ve voll
[ supply is from + 300 to 400 V. The ~ve high voltage supply is from — 1000 1o

= [300 V. This voltage is passed through a bleeder resistor at a few mA. The
| inlermediate voltages are obtained from the bleeder resistor for intensity, focus
and positioning controls,

. Advantages of using —ve HV Supply

[ (i) The accelerating anodes and the deflection plates are close to ground
potential. The ground potential protects the operator from HV shocks
when making connections Lo the plates,

(i) The deflection voltages are measured wrt ground, therefore HV blocking
or coupling capacitor are not needed, but low voltage rating capacitors
cun be used for connecting the HV supply (o the vertical and horizongal
amplifiers.

tili) Less insulation is needed between positioning controls and chasis, ‘,-/

Ty ——

' 78 SIMPLECRO

w
F The basic block diagram of a simple CRO is shown in Fig. 7.5. The ac filament
(wsupplies power to the CRT heaters. This also provides an accurate ac calibrating

© IETE
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voltage, CRT de voltage is obtained from the HV de supply through voltage
dividers &, — K. Included along with this voltage divider is a potentiometer
(®y) which variesx the potentinl at the focusing electrode, known as focus
control, and one which varies the control grid voltage, called the intensiiy
control (Ks)

& Calbmation B v A
L= 'L"“D:;agu;:-lg AERiatst, Rl ] o .
iac Heater | L T
| Supply ——
()
Ry
|
|
Figh =
voRage
= Ay -
SUpeYe |1 |Horizontal|
| Amplifier | 7" Input
: Sweep (32
R Inlensity | | Bawiooth Seleclor
¥ 5 —T1 Sweep [— Extermal
l To Amplifier & Sweep Paichau 2 e
== l i
|;.uw dc '-J;magg! [ Sync | S;_'L Interrial
|! 5"-.'-;?13'}'. [ Eﬁumphlnr! »~o——a Exl. Bync

Sync TLine T Input
2

Fig. 7.5 mm Simple CRO

Capacitor C; is used to ground the deflection plates and the second anode for
the signal voltage, but de isolates these electrodes from the ground.

Normally 5, is set toils lingar position, This connects the sweep gencrator
putput o the horsgontal input. The sweep voltage is amplified before being
applied to the horizontal deflecting plates,

When an externally geperated sweep is desired, §, is connected to its external
position and the extemal generator is connected to the input. The sweep
synchronising voltage is applied to the intermal sweep generator through switch
5;. which selects the type of synchrenisation. //

b. What are major blocks of diagram of Standard Signal Generator? What does
each block do? Explain. (8)
Answer:

© IETE 10
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" A standard signal generator produces known and controllable voltages, Ty
used as power sonrce for the measurement of gain, signal to noise ratio (S/N)
bandwicdth, standing wave ratio and other properties. It is extensiviely used b
the testing of radio receivers and transmitters.

The instrument is provided with a means of modulating the carer
frequency, which is indicated by the dial setting on the front panel. The®
modulation is indicated by a meter. The output signal can be Amplitude
Maodulated { AM ) or Frequency Modulated (FM). Modulation may be done h:u'%
sine wave, square wave, triangular wave or a pulse. The elements of o
conventional signal generator are shown in Fig, 8.2 (a),

Range Froguancy

. 9

e Wide l | Output Level
‘ Oscillator Band 1—+] Mm| {:.-v'
Ampiller} | !
e . .l
— i =
Extermal .
Modulation |
LD&@IHW Oscillator
Modulation '. .i
Frequency % Modulation
Fig. 8.2 s (a) Conventional Standard Signal Generator .

The earrier frequency is generated by a very stable RF oscillator using an LC
tank circuit, having a constant output over any frequency range. The frequency
pacillations is indicated by the frequency range control and the vernier dial
ing. AM is provided by an internal sine wave generator or from an external

AModulation is done in the output amplifier circuit. This amplifier delivers
putput, that is, modulation carrier, 10 an attenvator. The oulput voltage is
by an output meter and the attenuator output setting.)

Frequency stability is limited by the LC tank circuit design of the master
gicillalor. Since range switching is usvally sccomplished by selecting
u riate capacitors, any change in frequency range upsets the circuit design
tosome extent and the instrument must be given time to stahilise at the new
sesonant frequency.

In high frequency oscillators, it is essential to isolate the oscillator circuit
fiom the output circuit. This isolation is necessary, so that changes occurning in
the output circuit do not affect the oscillator frequency, amplitude and distortion
:i:hlrdr:lerislicx Huffer ampliliers are used for this purpose.

I Figure 8.2(b) illustrates a commercial AM/FM signal generator (IE900A)
{having a frequency range from 100 kHz - 110 MHz, along with a frequency
{eounter and TTL ovtputr. =

Q.6 a. Explain the method of measurement of very large current using
thermocouple. List the limitation thermocouple. (8)
Answer:

© IETE 11
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Thermocouples instruments with heaters large enough to carty very large
currents may have an excessive skin effect. Ordinary shunts cannot be used
because the shunting ratio will be affected by the relative inductance and
resislance, resulting in a frequency effect.

One solution to this problem consists of minimising the skin effect by
employing a heater, which is a tube of large diameter, but with very thin walls.

Another consists of employing an array of shunts of identical resistance
arranged symmetrically as shown in Fig. 3.7 (a).

In Fig. 3.7 (a) each filament of wire has the same inductance, so that the
inductance causes the current to divide at high frequencies, in the same way as
does the resistance at low frequencies. In Fig. 3.7 (b) the condensor shunt is
used such that the current divides between the two parallel capacitors
proportional to their capacitance, and maintains this ratio independent of
frequency, ax long as the capacitor that is in series with the thermocouple has a
higher mmpedance than the thermocoople heater and the lead inductance is
inversely proportional to the capacitances.

In Fig. 3.7 {c) the current transformer 15 used to measure very large RF
currents at low and moderate frequencies using a thermocouple instrument of
ordinary range. Such transformers geperally use a magnetic dust core. The

Primary Current
Secondary Current

b LT g |
= e [l ]
H\(L?J o,

where [ = secondary inductance

current ratio s given by

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

@, = wlL/r, = @ of the secondary circuit taking into account meter

resistance

) I .
e 1
:N\‘i:i_?;ﬁ [ Shunl Condensar
e = —— | Tharmocoupie
'l\_ __.l.'-:--ﬁn—_.;"l Malor
. s e
ta) Serles Condensor i)

S_—— ' Iy =—

i i e
i D
Thermocouphe
Matar

ic}
Fig. 3.7 = (2] Array of Shunts (b) Condenser Shunt (¢} CGurrent Translormear
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\ Current ratin ol (XX) or more can be obtained al low and moderate B by

usi ¢ manv 1 secondary wounr n a toroddal i

b. A 150 V voltmeter has an inductance of 0.75 H and a total resistance of
20000hm. It is calibrated to read correctly on a 50 Hz circuit. What series
resistance would be necessary to increase its range to 600V? (8)
Answer:
Impedance of the voltmeter,
Z=V(2000x2000 +( 21t x50 x 0.75)?
= 2010 ohm
Current through voltmeter for full scale deflection
I=150/2010 = 0.0746 A
The impedance required when used for 600 V
Z' = 600/0.0746 = 8040 ohm
Hence the total resistance of Voltmeter
R’ = V(8040 X 8040 -( 2 x50 x 0.75)*
= 8036 ohm

And additional series resistance required = 8036-2000 = 6036 Q Ans 8 marks

Q.7 a. Whatis self balancing? How it is achieved in a bolometer bridge? (8)
Answer:

© IETE 13
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The term self balancing is used to describe bridpes which are automati
rebalanced when unknown RF power is applied to the bolometer, A
circuit is illustrated in Fig. 20.4

Bolomalar
Element

Tured Audio
Amplifies

Fig. 20.4 mm Self Balancing Bolometer Bridge

t-‘\ //ﬁ':a F W - ,

i . ie— . i

The bolometer bridge is used as the coupling network between the outpul
and input of a high gain frequency selective audio amplifier. The feedback isin
proper phase to produce sustained AF oscillations of such amplitude as well
maintain the resistance of the bolometer at the fixed value which neardy
balances the bridge.

When the supply is switched ON, the bridge is unhalanced. The gain of the
amplifier 15 large, so that oscillations are allowed 1o build up until the bridge is
almost balanced. The higher the gain of the amplifier. the more closely the
bridge balances.

The test RF is now dissipated into the bolometer element, which causes an
imbalance in the bridge circuit, The AF output voltage automatically adjusts
itself to restore the bolometer resistance to its original value. The amount by
which the AF power level in the bolometer is reduced equals the applied BF

r. The volimeter reads the AF voliage and can be calibrated to read the
itude of RF power directly.

A typical bridge circuit offers seven power ranges. from (0.1 — 100 mW full
. for use with bolometers having a resistance within + 10% of five selected
Values from S0 - 250 2. Ly

b. Draw the circuit diagram and explain the working of a heterodyne type wave
analyser. ©))
Answer:
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Wave analyzers are useful for measurement in the audio frequency range
For measurements in the RF range and above {MHz range), an ordinary os
analyzer cannot be used. Hence, special types of wave analyzers working on
principle of heterodyning (mixing) are used. These wave analyzers ane T
as Heterodyne wave analyzers.

In this wave analvrer, the input signal to be analyzed is heterodyned with
signal from the internal tunable local oscillator in the mixer stage to prodoce
higher IF frequency.

By tuning the local oscillator frequency, various signal frequency ¢ »
nents can be shifted within the pass-band of the IF amplifier. The output of tx
IF amplifier is rectified and applied o the meter circuit.

An instroment that involves the principle of heterodymning is the Hete
ning tunced volimeter, shown in Fig, 9.3,

The input signal is heterodyned to the known IF by means of a tunable
oscillator, The amplitude of the unknown component is indicated by the

Indicator
Meater
Cput . |Adjustabie Balanced o T
Aenuaion Mised ""q“':;ﬁ'i
or WTWA
Tumabla
Lol
Orecillator

Flg: 9.3 mm Heterodyne Wave Analyzer
feutput mcter. The VTWM is calibrated by means of signals of known ampli-

‘tin be identified. The local oscillator can also be calibrated using input signals

‘known frequency. The fixed frequency amplifier is a multistage amplifier
fhich can be designed conveniently because of its frequency characteristics.
fhis analyzer has good frequency resolution and can measure the entire AF
gency range. With the use of a suitable attenuator, a wide range of voltage
studes can be covered, Their disadvantapge (s the ocourrence of spurious
s-modulation products, sefting a lower limit 1o the amplitude that can be

Two twypes of selective amplifiers find use in Heterodyvne wave analveers.
The first type emplovs a crystal filter, typically having a cenre frequency of
1‘4 kHz. By employing two crystals in a band-pass arrangement, it is possible 1o
obtain a relatively [at pass-bapd over a 4 cycle mnge. Another type uses a
msonant circuil in which the effective & has been made high and is controlied
bj'l:gﬂ.l:l"ﬂ: feedback. The resultant signal is passed through a highly selective
: n quartz crystal Alter and its amplitude measured on a (-meter.

- Whena knowledge of the individual amplitndes of the componem frequency
s desired, a heterodyne wave analyzer is used,

- A modified heterodyne wave analyzer is shown in Fig. 9.4, In this analyzer,
the antenuator provides the required input signal for heterodyning in the firss
mixer stage, with the signal from a local oscillator having a freguency of 30 —
48 MHz.

The first mixer stage produces an output which is the difference of the local
“wscillator frequency and the input signal, o produce an IF signal of 30 MHz.
This IF frequency is uniformby amplified by the IF amplifier. This amplified IF
signal is fed to the second mixer stage, wherc it is again heterodyned to produce
adifference frequency or IF of rero (requency.

The selected component is then passed o the meter amplifier and detector
circuit through an active filter having a controlied band-width., The meter
detector output can then be read off on a db-calibrated scale, or may be applied
oasecondary device such as a recorder.

Ty
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L 18 MHz 1 MHz
[~
Input —_—— 1 L 'I‘.I.J'-:,-r‘i. i, [ Firat | F. Second
Sl LowEN =1 Ampitier.- Mizer |~ | Amplifier |y
Sognn o | |
} i
L |
W - 48 ] .

| Crysta
Cract|iato
oL | 30 MHz | |I
O=scifator |

e
Fraquency sl recuancy
Range Tuning
| Mater 0 - 1500 Hz
Oulpul Mater ' Amplifier Active
Calibrated %\ / 1 and ™ | Elller | B
InVs8dbhs T Dt e -
; hister i
B.WW
® Range

Fig. 8.4 =m AF Hetarodyne Wave Analyzer

This wave analyzer is operated in the RF range of 10 kHz — 18 MHz, with |§
overlapping bands selected by the frequency range control of the local oscille
tor. The bandwideh, which is controlled by the active filter, can be selected af

2MiHz. 1 kHz and 2 kH:=

Q.8 a. What are the advantages and disadvantages of semiconductor strain gauge?
(4)
Answer:
Fldvantages of Semiconductor Strain Gauge

Semiconductor strain gauges have a high gavge factor of about + 1310)
This allows measurement of very small strains, of the opder of 0.01 micro
slrain.
4. Hysteresis characteristics of semiconductor striin gauges are excellent,
16 less than (LO5%.
3. Life in excess of 10 = 10" operations and # frequency response of
10'* Hz.
4. Semiconductor strain ganges can be very small in size, ranging in length
trom (L7 to 7.0 mm.
Disadvantages
. They are very sensitive to changes in temperature
Limeanty of semiconductor strain 2augcs I8 poor
1, They are more expensive. gy
b. The output of an LVDT is connected to a 5V voltmeter through an amplifier
with a gain of 250. An output of 2mV appears at the terminals of the LVDT,
when the core moves through a distance of 0.5mm. Calculate the sensitivity of
of LVDT and also that of whole setup. 4)

© IETE 16



DES9 ELECTRONIC INSTRUMENTATION AND MEASURMENT | DEC 2015

Answer:
Sensitivity of LVDT = output voltage/Displacement = 2x10°3/0.5 = 4mV/mm

Sentivity of instrument = gain X sensitivity of LVDT = 1000mV /mm

c. List three types of Temperature transducers and describe the applications of
each type of transducer. (8)
Answer:
13.20.1 Introduction to Temperature Transducers

Hemperature is one of the most widely measured and controlled variable in
Midustry, #s a lot of products during manufacturing requires controlled
Bmperdlune al variows stages of processing.

A wide variety of temperature ttansducers and tempersture measurement
gwiems have been developed tor different applications requirements.

Most of the temperature transducers are ol Resistance Temperature
Detectors (RTD), Thermistors and Thermocouples. Of these RTD's and
Thermistor dare passive devices whose resistance changes with temperature
fence need an electrical supply to give a voltage ootput. On the other hand
Eermocouples are active transducers and are based on the principle of
generntion of thermoeleciricity, when two dissimilar metals are connected
ngether 1o form a junction called the semsing juncifon, an emf 15 genered
mopartional to the temperature of the junction. Thenmocouple operate on the
panciple of seeback effect. Thermocouple introduces ermrors and can be
vercomed by using a reference junction compensation called as a cald funcrion
(mpensaiion,

Thermocouples are available thai span cryogenic to 2000°C temperaiure
tmge. They have the highest speed of response. Theérmocouples can be
sonnected in series/parallel to obtain greater sensitivity culled a The nnapile.

RTD} commonly wse platinum, Mickel or any resistance wire whose
msistance varies with temperature and has a high intrinsic accuracy. Platinum
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is the most widely used RTD because of its high stability and large op —'
runge. RTD s are usually connected in a Wheatstones bridge circuit, The lei
wire used for connecting the RTD’s introduces error, hence compensation
required. This is obtained by using three-wire or four wire compensation, b
3-wire compensation is mostly used in the industry.

Another form of temperature measurement is by the use of thermis
thermistor is a thermally sensitive resistor that exhibits change in elecing
resistance with change in temperature. Thermistors made up of oxides exhibd}
negative temperature coefficient (NTC), that is, their resistance decreases wil
increase in temperature. Thermistor are also available with positive temperatun
coefficient (PTC), but PTC thermistor are seldom used for measurement singe
they have poor sensitivity,

Thermistors are available in various sizes and shapes such as beads, rds
discs. washers and in the form of probes.

Radiation pyrometer are used where non-contact temperature is required &
be measured. It measures the radiant (energy) heat emitted or reflected by aba
object. Radiation pyrometers are of two types tolal radiation pyrometer s
infrared pyrameter.

Total radiation pyrometer virtually receives all the radiation from a he
body and measures temperature in the range around 1200°C-3500°C, Infr
pyrometers are partial or selective radiation pyrometers and are used in the
range of [000°C-1200°C. |

Optical pyrometers are used in the visible wavelength. The most comnx
type of optical pyrometer is the disappearing filament type and is used i
temperature range of 1400°C and can be extended up o 3000°C. Opiicl
pyrometers are widely used for accurate measurement of temperatures o
furnaces, molten metals etc. o

Q.9 Write short note on the following: (16)
(i) XY Recorder
(ii) Potentiometric recorder
Answer:

“In most research fields, it is often convenient to plot the instantaneo
relationship between two variables [¥ = f(x)], rather than to plot each variable
separately as a function of tume.
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wh cases, the X—Y recorder is used, in which one variable is plotted against
e variable.

In&n analog X-Y recorder, the writing head is deflected in either the
fection or the y-direction on a fixed graph chart paper, The graph paper
generally squared shaped, and is held fixed by electrostatic attraction or

Th - writing head is controlled by a servo feedback system or by a self
'Fmg potentiometer, The writing head consist of one or two pens,
nding on the ﬂpphli.-ﬂ.l.iDIL

J‘pm:ui::, one emf is plotted as a function of another emf in an X-Y

some cases, the X—Y recorder is also used 1o plot une physical guantity

:'- lacement, force, strain, pressure, erc.] as a function of another physical
t}' by using an appropriate transducer, which produces an output (EMF)

meortional to the physical quantity.

The motion of the recording pen in both the axis is driven by servo-system,

threference to a stationary chart paper. The movement in x and y directions is

wined through a sliding pen and moving arm arrangement.

Atypical block diagram of an XY recorder is illustrated in Fig. 12.9.

il
#
s P o (Pan Driva) % X ity
{ﬂm‘ldl“"ﬂ} i Af . _
=l e
fl"l’:i'pl.rt DaEIrerctmor s ‘r‘-[:lmmlﬂnA e

Amplifier
Fig. 12.9 wma Basic X-Y Recorder

- Referring to Fig. 12.9, cach of the input signals is attenuated in the range of
-5mV, so that it can work in the dynamic range of the recorder. The balancing

aruit then compares the attenuated ngna] to a lixed internal reference voltage.
The output of the balancing circuit is a dc error signal produced by the
dfference between the attenuated signal and the reference voltage. This dc error
is then converted into an ac signal with the help of a chopper circuit. This
“asignal is not sufficient to drive the pendarm drive motor, hence, it-is ampli-
Clied by an ac amplifier. This amplified signal (error signal} is then applied to
aie the servo motor so that the pen/arm mechanism moves in an appropriate
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direction in order to reduce the error, thereby bringing the system o balapce
Hence as the input signal being recorded varies, the penfarm tries o ho
sysiem in balance, producing a recond on the paper.
The action described above takes place in both the axes simulta
Hence a record of one physical quantity with respect to another is obtai
Some X-—Y recorders provides o and v inpul ranges which are conti
variable between Q.25 mVéom and 10 Vicm, with an accuracy of = 0. 5
full scale. Zero offset adjustments are also prowvided. -
The dynamic perfermance of X—% recorders is specified by their sl
rate and acceleration. A very high speed X—% recorder, capable of record
signal up 1o 10 Hz at an amplitude of 2 cm peak to peak, would have a she
rate of 97 cm/s and a peak acceleration of T620 cinfs. |
An X—Y recorder may have a sensitivity of 10 pWVi/mm, a slewing spes
1.5 ms and a frequency response of abour & Hz for both the axis. The charsi
is about 250 > 180 pun. The accuracy of K- recorder is about + .39

Applications of X—Y Recorders

These recorders are used to measure the following.
1. Speed-tormgue characteristics of motors.
Regulation curves of power suppiy. :
Plotting characteristics of active ddevices such as vacuum  tubés
transistors, sencr diode, rectifier diodes, etc.
Ploiting siress-strain curves, hystercsis curves., etc.
Electrical characteristics of materials, such as resistance
LS IMPerature., o
{‘.’/ The thermocouple or millivoelt signal is amplified by a non-inverting MOSEET
chopper stabilised, feedback amplifier. This configuration has o very high
impedance and the current passing through the signal source is a maxim
(L5 nA (without broken sensor protection). 'With the use of span contral, i
output signal 15 adjoested to 5V (nominal), for an input signal change, e.g. o f
scale deflection of the pen. !
The pre-amplifier outpnt signal is then compared with a reference vall
picked off the measuring slide wire, which is energised by a stabilised po
supply, and the difference amplified by a servo amplifier, whose output driv
linear motor. The motor carriage carries the indicating pointer pen and
sliding contact on the slide wire. \
The motor itself consists of a coil assembly, travelling in a magnetic
(Fig. 12.14). The servo amplifier drives the carringe in the appropriate direc !
to reduce the difference signal to zero. -3

wb oW

Current Thrnough Coll

Lengituwdi Ferpendicular o the
Eﬂ"mm—l—Plane of Magnetic Field

S—
B TR A
R vy B R
| S R S
NN
oS i
Loakage Magnretic 1
Saf Coill Parallel Lines Fliuix 1
Frearmy Aszembly of Magreebc Flux 1
Fig. 12.14 = Lincar Molor Oparating Principle
In multipoint versions of the recorder, a signal selector switch is driven by &

synchronous motor, The pen changeover and dotting action are actuated by a
second synchronous motor (Fig. 12.15) The pon operation is clectrically
syachromised o the rotation of the signal selector switch—should they get out
of step, the pen motor stops at a predetermined point and restarts only when the
signal selector switch has rotated to its correct alignmeot. The linear motor is
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pred during the signal changeover, butl dotting always takes place with the
m live. The standard dotting interval is 65 (Fig. 12.15). The linear molor
nmists of a cail assembly wavelling in a mapgnetic field. The direction ol the
dis as shown in Fig, 12.14. The current passing through the coil produces o
mignetic ficld which is perpendicnlar to the existing field and causes the
Wimage to move in a direction given by Fleming's left hand rule,

Signal Selector

- Micro Seitch

‘ T b" F'en-M!:.fa Swwitch |
| = _d__,— Do1l.|e'tg Mnm-r_1

Frmt : Symehroniging

= M Signal Microswitch

Salector
LT~ Sawitcn Motor |
: Detting Motor
-"J_H_‘-"

S ———

|
¥ 0.5/0.65

’ I Clgse on Pownt 1 {Indtial)
H ]
b Dipan an Point 1
__.i i [_F_
C
ij\ Oypvan

0.30 .45
Fig. 12.15 s Mulipoint Recording Synochronising CGeroigil _,:;,,.
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