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Q.2 a What is meant by hysteresis? Explain its phenomenon in measurement

systems with neat diagrams. (7

Answer:

"2.19. Hysteresis. Hysteresis cffects show up in any physical, chemical or electrical phenomenon. Hysteresis
is a phenomenon which depicts different outpuat effects when loading and unloading whether it is a mechanical
system or an electrical system and for that matler any system. Hysteresis is non-coincidence of loading and
unloading curves. Hyslercsis, ina system, arises doe to the fact that 21l the 2nergy put into the stressed parts
when loading is not recoverable upon unlogding. This is because the second law of thermodynamics rules
out any perfectly reversible process in the world.

Congider an instrument which has no friction due to shiding parts. When the input of this instrument
is slowly varied from zero to full scale and then back 1o zero, its output varies as shown in Fig. 2.8 (z).
The non-ceincidence of outpul when the mput is increased and then decrensed is on account of internal [riction
or hysteretic damping. Why we do not obtain the same output for both ncreasing and decreasing values
of the input is explained by the Faxct that the energy pul into the stressed parts when loading cannat be recovered
back when unloading. Thus we obtain (wo different values of output [or the same input under increasing
and decreasing conditions. In case of instruments which are used on both sides of zero ie input applied
on boih positive and pegative side, the variation of output 15 as shown in Fig 2.8 (b)),

In case of instruments, which do not have internal friction, but have external sliding friction i.e. constant
coulomb friction the input-output relationships are like the ones shown in Fig. 2.8 () and (). Similar input-
sutput relaticnships are exhibited if there is any free play or any looseness in any mechanism of the instrument.

Hysteresis effects are there in electrical phenomena. One of the examples is the relationship between
output voliage and field currentin a d.z. generator. This is due to magnetic hysteresis. The relationship between
ficld current and output voltage is similar 1o the one shown in Fig, 2.8 (&)

In a given instrument a number of causes, such g5 listed above, combine (o give an overall effect which
myay result in outpat-input relationship soth as shown in Fig, 2.8 (¢). The numerieal value of hysteresis can
be specified in terms of either outpu! or input and usually is given as a percenisge of Mnll <eale,
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b. A voltmeter having a sensitivity of 1000 )/ V reads 100V on its 150 V scale
when connected across an unknown resistor in series with a milli-ammeter.
When the milli-ammeter reads 5SmA. Calculate:

(i) apparent resistance of the unknown resistor,
(it) actual resistance of the unknown resistor and

(iii) error due to the loading effect of voltmeter. (6)
Answer:

E
(i) Total circuit resistance R, = —- 100

I, 5X10°
Neglecting the resistance of milli-ammeter, the value of unknown
Resistor R, = 20KQ

(iResistance of voltmeter R, =1000Q2X150€2 =150KQ
As the voltmeter is in parallel with the unknown resistance, we have:
Ry Ry : :
. =————— , from this equation the
R, + Ry
unknown resistance R, can be written and found out as:

=20KQ

R, = RiRy _20X150 _ o5 577k
R, —R, 150-20

(i)Percentage Error is calculated as:

MeasuredValue — TrueValue X100 — 20-23.077
TrueValue

X100 = -13.33%

c. Write the basic difference between steady state response and transient
response. (3)
Answer:
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1. Dynamic Response. The response is the evaluation of the system’s ability to faithfully transmit and
present all the pertinent information included in the input signal and to exclude all else.

Invariably measurement systems, especially in industrial, aerospace and biological applications are
subjected to inputs which are not siatic but are dynamic in namre (¢, the inputs that vary with time. The
input varies from instant to instant, and therefore, so does the output. The behaviour of the system under
such conditions is described by its dynamic response.

The dynamic (varying with ime) inputs are of two types : () transient and () steady state periodic.

The steady state periodic quantity is one whose magnitude has a definite repeating time cycle, whereas
the time variation of a transient magnitude does nol repeat.

" All measurement systems include one or more energy storage elements. The examples of energy storage
elements are electrical inductance and capatitance, mass and inertia. amd thermal and fluid capacitance.

When an input is applied to a sysiem, the energy storage elemenis do not allow an mmediate flow
of energy and therefore the measurement system does not sespond to the inpul immediately, The measurement
system goes through a transient state before it finally settles to its steady state position.

The response of a measurement system subjected to a lime varying inpwt like a sudden change in
temperature can be divided into two parts, the transient response, and the steady state response. 1F ofn is
the total time response of a system, then in general,

e(y=cff +c(n 4.1
where () and c_(r) denote respectively the transient and steady state portions of the response. In
measurement systems, the steady state résponse is simply the response when time reaches infinity.

Transient response i defined az the pan of response which goes to zere as time becomes large.
Therefore, ¢ (<) has the property,

Lim ¢(0)=0 M42)
f— o
Therefore, afier a time f = =, the system response is,
clf) = (1) A3

iz, the system response is the steady state response.

Some measurements are made under conditions that sufficien! time is available for the measurement
system 1o settle to its final steady state conditions. Under such conditions, the study of behaviour of the
system under transient state is not of much importance ; only steady siate response of the sysiem is considered.
However, in many areas of measurement system applications, it becomes necessary 1o study the response
of the system under both transient as well as steady state conditions. In many applications, the transient
response of the system {.e., the way system settles down 1o its final Steady state conditions is more important
than the steady state response. As an example, suppose a body is subjected to a sudden severe mechanical
impact lasting for a few milliseconds. The body is acceleraled and the transient response which &5 an
acceleration-time relationship lasting for a few milliseconds during which the body is subjected to severe
strains is of utmost importance. .~

Q.3 a. Draw the circuit of Wheatstone Bridge used for measurement of medium
resistance. Explain its operation and derive the condition for its balance.
®)

Answer:
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1423, Wheatstone Bridge. A very important device used in the b
measurement of medium sesistances is the Wheatstone bridge. A sl A 4
Wheatstone bridge has.been in use longer than alimost any electrical P s
measuring instrument. It is still an accurate and relinble instrument and }:‘*.-1" ;‘?:9\
is extensively used in industry. The Wheatstone bridge is an instrument 7 © Hli] 00
{or making comparison megsurements and operates upon a aull indication 9 |‘\ (G, 2c

principle. This means the indication is independent of the calibration ™ 1 & 8 o
of the null indicating instrument or any of its characteristics. For this ﬂ"%

reason, very high degrees of accumey ean be scheived usiing Wheatstone ] :
bridge. Accuracy of 0.1% is quite common with a Wheatstone bridge "l/
as opposed to accuracies of 3% to 3% with ordinary, chmmeter [ ‘

measurement of medivm resistances, Fig 14.3 shows the basic circuit of, }

a Wheaistone bridge. 1t has four resistive anms, consisting of resistances . .| __| e
P, Q. R and § together with a source of emf (a batiery) and a null detector,

usually a galvanometer G or other sensitive cument meter. The current _m;, 14.3. mumm beidge.
through the galvanometer depends on the potential difference between points ¢ and d. The bridge is said
to be balanced when thers is no current through the galvanometer or when the potential dilference across
the galvanometer is zerp. This occurs when the voltage from point b (o poink *a’ eguals the voltage ltom
pnlnt ‘d" 1o point ‘b"; or, by referring to the other battery terminal, when the voltage from point *d" io point
‘¢’ equals the voltage from point ‘5’ to point “c’.

For bridge balance, we ean wrile':

1P =5LR - w(H411)
For the galvanomcter carrent 1o be wero, the following conditions also exist ;
- E {
P |£] Fesi -If'_|— F-{-U n.{l‘i.lz}
and
L=L= a3 wA14.13)
where ‘ ; i E = emf of the battery.
Combining Eqns. 14.11, 14.12 and 14.13 and simplifying, we obtain :
; 10 35 Pl
P+0~R+35 . w1414y
from which ' QR = PS w(14.15)

Eqgn. 14.15's the well known expression for the balance of whealstone bridge. IF three of the resistances
are known, the fourth may be detenmined from Fgn. 14 15 dnd we obiain

P
i S e ' 1416
0 3 ( j
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where R is the omknown resistance S is called the ‘srandord arm’ of the bridge and P and ) are called the
‘ralio arms’.

In the industrial and Iaboratony form of the bridge, e resistors which make up P, O and 8 are mounted
tegether in a box, the appropriate values being selected by dial switches. Battery and galvanometer swilches
are also incloded wpether with a galvanometer and a dry baltery in the portable sets. P and 0 normally
consist of four resistors each, the values being 10, 100, 1000 and 10,000 £ respectively S consists of a 4
dial or 5 dial decade aringement of resistors, Fig. 14.4 shows the commercial form of Wheatsione bridge.

Fig. 144. Conumercial [orm of Wheatstone bradyg

b. A Wheatstone bridge has ratio arms of 1000 Q and 100 Q and is being used to
measure an unknown resistance of 25 (). Two galvanometers are available.
Galvanometer ‘A’ has a resistance of 50 () and a sensitivity of 200 mm/pA and
galvanometer ‘B’ has values of 600  and sensitivity of 500 mm/uA. The
galvanometer is connected from the junction of the ratio arms to the opposite
concerns. Find out: (5)

(i) The value of standard resistance under balance condition.
(if) Which of the two galvanometers is more sensitive to a small unbalance on
the above bride and the ratio of sensitivities.

Answer:
(i) In Wheatstone bridge, value of standard resistance under balance conditions:
S = R.Q ZSX@_ 250Q.
P 100

(i Internal resistance of bridge from Wheatstone bridge can be written as:

R, = RS N PQ  25X250 1OOX1000 _113.60
R+S P+Q 25+250 100+1000

Therefore, the Ratio of deflection for two galvanometers is given by:

0 (S,),ESAR / (Si);ESAR  (S;), R, +G; 200 (113.6+600)

Y _ = . = =1.75
0; (R,+G,JR+S) (R, +G,)R+S) (Si); Ry+G, 500 (113+50)
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Hence the galvanometer A has a sensitivity of 1.75 times that of galvanometer B as far as
this bridge is concerned, even though on its own galvanometer A is less sensitive than

galvanometer B.

c. Write the applications of high voltage Schering bridge. 3)

Answer:
16.63. High Voltage Schering Bridge. { S-:.hr:nug bridge is
wiithely used for o ll:!.'lcuan-:_-r arnd olisx iparion fac tﬂr M ASurements.
In fact Schering bridge is one of the most importam of the a.c.
bridges. It is extengively used in the measurement of capacitance
in peneral, and in particolar in the measorement of the properties
of insulators, capacitor bushings, insulating oil and other insulating
malernials. This bridge is particularly sutable for small capacitances,
and iz then wvsually supplied from a high equency or a hagh votl age
source. The measurements done on small capacitances suffer from
many disadvantages if comed oul at low vollages. High voltage
Schering bridge is certainly preferable for such measurements

Q.4 a. What is a DC Voltmeter? Draw the circuit of basic DC Voltmeter. Explain
its operation and derive an expression for its series resistance(RS) (6)

Agswer:
A basic 1Y Arsonval movement can be converted into a de voltmeter by adding
a series resistor known as multiplier, as shown in Fig. 4.1. The function of the
multiplier 18 to limit the corrent through the movement 50 that the current doés
not exceed the full scale deflection
Multiplier

value. A dc voltmeter measures the S AAAA
potential  difference between two R,
points in a de circuit or a circuit 1
component, W (7) R,

T measure the potential difference '
between two points in a de circuit or a
circuit component, a de voltmerer is ': =
always connected across them with Fig. 4.1 s Basic de Yoltmetar
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 (/)
b. A basic D’Arsonval movement with a Full Scale Deflection of 50 pA and
internal resistance of 500 Q is used as a voltmeter. Determine the value of
the multiplier resistance needed to measure a voltage range of 0 — 10 V. (3)
Answer:

Given data: Voltage Range (V) =0—-10 V.
Full Scale Deflection Current: | =50zA

and Internal Resistance: R, = 500Q2

Therefore, the value of the multiplier resistance needed to measure the above

range of voltage of 0 to 10V is:
R =~ _r =29 _500-1995k0
| S50LA

m
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c. With the help of a neat block diagram, explain the working of a basic
Digital Multimeter. @)
Answer:
» Analog meters require no power supply, they give a better visual indication of
schanges and suffer less from electric noise and isolation problems. These meters
are simple and inexpensive.

Digital meters, on the other hand, offer high accuracy, have a high input
impedance and are smaller in size. They gives an unambigious reading at
greater viewing distances. The output available is electrical ( for interfacing with
external equipment), in addition to a visual readout.

The three major classes of digital meters are panel meters, bench type meters
and system meters,

All digital meters employ some Kind of analog to digital [A/D) converters
(often dual slope integrating type) and have a visible readout display ar the
converter guiput.

Panel meters are usually placed at one location (and perhaps even a fixed
range), while bench meters and system meters are often multimeters, 1.e. they
can read ac and de voltage currents and resistances over several ranges.

The basic circuit shown in Fig. 6.2 (a) 1s always a dc voltmeter. Current is
converted to voltage by passing it through a precision low shunt resistance
while alternating current is converted into dc by employing rectifiers and filters.
For resistance measurement, the meter includes a precision low current source
that 15 applied across the unknown resistance; again this gives a de voltage
which is digitised and readout as ohms. “-‘h

Ebaﬁic digital multimeter (DMM) 15 made up of several A converters,
cicwitry for counting and an atienuation circuit. A basic block diagram of a
DMM s shown in Fig. 6.2 (b). The current to voltage converier shown in the
block diagram of Fig. 6.2 (b} can be implemented with the circuit shown in

Fig. 6.21c).
e .y deV
I: - __Is g __,_“_'l{_'_ dc,'w'-_a;".f
i e T 1| S | de
—— | Attenusabor [—J » .
"_ Ter ! [onme gema Bma? 1 | A D
= = Converter
:?--:arnmrm--«---ha-«11 s ’Hecﬂﬁer |— | T
| Attenuator _ el [ Decade
i 2 |_Counlat
C.urmn[ | =
¥ — N e —"—”‘ Digibel
o mA Readout
Conrm‘jtﬁr
Constant|
Current

L Source

Fig. 6.2 we= () Block Diagram of a Basic Digital Multimater r o

Q.5 a. Explain the working of Dual Slope Integrating type DVM with neat block
diagram. Give its advantages. (8)

Answer:
lu ramp techmques, superimposed noise can cause large errors, In the dual ramp
technigue, noise 15 averaged out by the positive and negative ramps using the
process of integration.
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b Principle of Dual Slope Type DVM
As illustrated in Fig. 5.3, the input voliage ‘¢;" is integrated, with the slope of
the integrator output proportional to the test input voltage. After a flixed time,

v
l Slops ’l Censtant Slope
s/ /N

Fig. 5.3 == Basic Principle of Dual Slopa Type DVM

equal to ¢, the input voltage is disconnected and the integrator input is con-
nected 10 2 negative voltage — ¢,. The integrator output will have a negative
slope which is constant and proportional to the magnitude of the mput voltage.
The block diagram is given in Fig. 5.4.

: ofheizlo
: Gae Gate
H Opan Close
; Counler

] & Displays _

Swilch EiF nooo Gale

[hri v

Fig. 5.4 === Block Diagram of a Dual Slope Typo OVM

At the start a pulse resets the counter and the F/F output to logic level '0°. §;
i5 closed and S, is open. The capacitor begins to charge. As soon as the
imeprator outpul exceeds zero, the compartor output voliage changes state,
which opens the gate so that the oscillator clock pulses are fed 1o the counter.
{(When the ramp voliage sians, the comparator goes 1o state 1, the gate opens
and clock pulse drives the counter.) When the counter reaches maximum count,
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1.e. the counter is made to run for a time *1," in this case 9999, on the next clock
pulse all digits go to 0000 and the counter activates the F/F 1o logic leve] ‘|’

"This activates the switch drive, e, is disconnected and ~¢, is connected to tht:
integrator. The integrator output will have a negative slope which is constant,
1.€. integrator output now decreases linearly to O volts, Comparator output siate
chul:_tgcs again and locks the gate. The discharge time i; is now proportional to
the input voltage. The counter indicates the count during time ¢,. When the
negative slope of the integrator reaches zero, the comparator 51-.-1'1:.“!;..‘5 lo state )
and the gate closes, i.¢. the capacitor € is now discharged with a constant slope.
:ﬂm soon as the comparator input (zero detector) finds that €, 15 Zzro, the counter
18 stopped. The pulses counted by the counter thus have a direct relation with
the input voltage.

During charging

L
- __Lf e h
e,= chﬂ',di‘ “Ho (5.1}
During discharging
LA X Ledi==-50 52
RCY RC et
Subtracting Eqs 5.2 from 5.1 we have
e, -e,= :f*_lri—[__ilr.ﬂ.
R | we
0= == I__E‘..{!.
RC RC
s 5 T
EC RC
=g :
™ Ty rl ‘51-3_'

If the oscillator period equals T and the digital counter indicates n, and
counts respectively, ; a

=41, ie %

=—<—pg je e=-2

b iy Er
# 5

Now, m) and ¢, are constants, Let &, = 22 Then =K, n, (5.4)
n Y

From E::|. 2.3 it is evident that the accuracy of the measured voltage is inde-
pendent of the integrator time constant. The times 1 | and t, are measured by the

| count of the clock given by the numbers i and ni; respectively. The clock oscil-
| lator perind equals Tand if n, and e, are constants, then Eq. 54 indicates that
| the aceuracy of the method is also independent of the vscillator frequency.

Tre dual slope technique has excellent noise rejection becausc noise nnd
[ speimposed ac are averaged out in the process of integration. The speed and
| #oumcy are readily varied according to specific requirements; also an accuracy

0% 0.05% in 100 ms is available. _~~
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b. Draw the circuit diagram of Output Power Meter and explain its
operation. Write its applications. (8)

Answer:
The output power Wattmeter is designed wo directly measnre the output powes
in an arbitrary load. The instrument provides 1 set of resistive loads o
selected for power measurements. In addition to power, the outpul meter canbe
used to measure impedance and frequency response charactenstics. A simpls
circuil is illostrated in Fig. 10.1.

The input impedance network consist of two tapped resistances and a coil
The input impedance can be varied in steps from 2.5 3 o 40 kil. An |ow
impedance values, the coil shunts 2 portion of &) — an increase in resistance
results in fewer turns of the coil. This arrangement keeps the meter reading
proportional to the energy dissipated by the resistor. Athigh impedance values,
the coil is replaced by another tapped resistance R,.

The RC frequency compensator is in parallel with the coil. At low frequency,
the capacitive reactance X is high: it decreases &s frequency increases. This
compensates for the losses of the coil at low frequencies, The frequency range

Input Varable
| — Impeadance J — Attenuator

g S b
aln Ly
; R
_H;-_gh. gy | —AANA A Ry
F —ore® | O % =

g = E'L H\‘ Rr- | Rﬂ
L Frequency 3| R
Fy

‘ | Compensalion
cringgd |

i bl .|.__|-_. He PRY B i L fan

Fig. 10.1 msw Oulput-Mater Cirguit

& generally between 20 Hz and 20 kHz. R, is the control in a variable 7-
L network. This amounts to a variable meter shunt, which is used to extend the
Lmnge of the meter. The lowesl meter range is normally 5 mW, but it can be
aended in decade steps of SO mW, 500 mW, elc.

The remaining circuit is a combination of a calibration and frequency
mpensation network, A meter of this type may have a midscale accuracy of
F£2% at | KHz. Over the frequency range of 20 Hz - 15 KHz, the accuracy may
{be within + 2% of the | kHz value.

The input meter is subjected to an waveform error when the input is other
fthan sinusoidal. (Practical instruments for measuring the power output of
foscillators, amplifiers, transformers, transducers and low frequency lines use
aninput impedance of a mpped cansformer with 48 impedance setting). It can
be psed to measure output impedance by adjusting the maximum power. Tt can
ilso be used to check the frequency response characteristics of andio frequency

evices, _~-

Q.6 a. Draw the block diagram of a Function Generator and explain the method of
producing: (8)
(i) Square waves and
(i1) Sine waves
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Answer:
A function generator produces different waveforms of adjustable frequency,
The common output waveiorms are the sine, square. triangular and sawtooth
waves. The frequency may be adjusted, from a fraction of a Hertz to several
hundred kHz. |
The various outputs of the gegerator can be made available at the same time. |
For example, the generator can provide & square wave to test the linearity ofan

ifier and simultaneously provide a sawtooth to drive the horizontal
tion amplifier of the CRO w provide a visual display.
ity of Phase Lock
:-."_I glion generator can be phase locked 10 an external source, One function
frilor can be used to lock a second function generator, and the two output

§ can be displaced in phase by adjustable amount.
dition, the fundamental frequency of one generator can be phase locked

onic of another generator, by adjusting the amplitude and phase of the
Ilmuil. any wavcform can be gencrated by addition.
B generator can also be phase locked 1o a frequency standard and
it outout waveforms will then have the same accuracy and stability as the
source.

ency is controlled by varying the capacitor in the LC or RC circuit. In
rument the frequency is controlled by varying the magnitude of current

[Kherives the integrator. The instwrument produces sine, tnangular and square
ves with a frequency range of 0.01 Hz 1o 100 kiz.

Upper '
| Cusrent G it’{
Sourca SERUL P I

Consglant IlII.H
Current Liput
Saurco sn Arspier

The frequency controlled voltage regulates two current sources, The upper
furent source supplies constant current to the integrator whose output voltage
imncreases linearly with time, according to the equation of the cutput signal

! em=—-l—jid.'
5 C
| 0

" An increase or decrease in the cumrent increases or decreases the slope of the
joutput voltage and hence controls the frequency.
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The voltage comparator muliivibrator changes states at a pre-determine
maximum level of the integrator output voliage. This change cuts off the uppe
current supply and switches on the lower current supply.

The lower current source supplies a reverse current to the integrator, o tha
its output decreases linearly with time. When the output reaches a pre
determined minimum level, the voltage comparator again changes state and
switches on the vpper current source.

The output of the integrator is a triangular waveform whose frequency s
determined by the magnitude of the current supplied by the constant cumenl
sources.

The comparator output delivers a square wave voltage of the same frequency.
The resistance diode network alters the slope of the triangular wave as ity
amplitude changes and produces a sine wave with less than 1% distortion.

- 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 und|
test. They are made use of in transient response testing of amplifiers. The
fundamental difference between a pulse generator and a square wave generii
is in the duty cycle. '

pulse width

Duty cycle =
A pulse period

A square wave generator has a 50% duty cycle.

8.9.1 Requirements of a Pulse

1. The pulse should have minimuwm distortion, so that any distortion, in e
display is solely due to the circuit under test.
2. The basic characteristics of the pulse are rise time, overshoot, ringing®
sag, and undershoot,

output power is required by the test circuil, e.g. for magnetic ol
memory. At the same time, the attenuation range should be adequaltél
produce small amplitude pulses to prevent over driving of some (3
circuit. : ;
4. The range of frequency control of the pulse repetition rate (PRR) shood
meet the needs of the experiment. For example, a repetition frequencyl
100 MHz is required for testing fast circuits. Other generators havéd
pulse-burst feature which allows a train of pulses rather than a continuod
output,

© IETE
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Some pulse generators can be triggered by an externally applied trigger

signal; conversely, pulse generators can be used to produce trigger

signals, when this outpat is passed through a differentiator circuit.

f. The output impedance of the pulse generator is another important
comsideration. In a fast pulse system, the generator should be matched to
the cable and the cable to the test circuit. A mismatch would cause energy
to be reflecied back to the zenerator by the test circuit, and this may be
re-reflected by the generator, causing distortion of the pulses.

3 DC coupling of the output circuit is needed, when de bias level is to be

maintainéd.

' The basic circuit for pulse generation is the asymmetrical multi-vibrator, A

uboratory type square wave and pulse generator is shown in Fig. 8.6,

'_ frequency range of the instrument is covered in seven decade steps from

fiz 10 10 MHz, with & linearily calibrated dial for continuous adjustment on

o Amplitude
: Ouput | . s000
| Curront Amplifier Outpul
Sl o
: Vermier ilucte
} .1 & Schmitt] | & o
: | switching L. S0a 1p sep]
Circlt T == Output ”'ﬁnmm ;
|_ | Ampiifier S0 0
Multiplier Ramp | Oulgad
Capacitor | Trigger
et es it ] ® [Potarity
Lower | [Cﬂ'“:'-‘"
; Clreu Trigger
Source Syne. ey mnrgm

| Fig. 8.6 s Block Diagram of a Pulse Generator

The duty cycle can be varied from 25 — 75%. Two independent outputs ire
ivuilable, a 50 €2 source that supplies pulses with a rise and fall time of 5 ns at
'3V peak amplitude and a 600 & source which supplies pulses with a rise and
Hall time of 70 ns at 30 V peak amplitude. The instrument can be operated as a
dree-running generator, of it can be synchronised with external signals,
~ The basic generating loop consists of the current sources, the ramp capacitor,
the Schmitt trigger and the current switching circuit, as shown in Fig. 8.7.

The upper current source supplies a constant corrent to the capacitor and the
capacitor voltage increases linearly. When the positive slope of the ramp
soltage reaches the upper limit set by the internal circuit components, the
Schmitt trigger changes state. The trigger circuit catput becomes negative and
reverses the condition of the current switch, The capacitor discharges linearly,
controlled by the lower current source. When the negative ramp reaches a
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Constant i T (!
Current f= f .
L Source | =t g i 2y
L] i
! Schmitt| i
® Trigger ll_,— _
Constan IC I o '
Current = 4 |
Source | f i : ]
o if :
p=—— Period —=| :
r !

L

Flg. 8.7 mes Basic Generating Loop

predetermined lower level, the Schmitt trigger switches back to its origin
state. The entire process is then repeated. The ratio ifi, determines the du
cycle, and is controlled by symmetry control. The sum of 7, and i, detenni 3
the frequency. The size of the capacitor is selected by the multiplier switch. '
The unit is powered by an internal supply that provides regulated voltags
for all stages of the instrument. |

b. What is the need of Sampling Oscilloscope? Draw its block diagram and
explain its working with the help of waveforms at each block. (8)

Answer:
An mﬁnir‘; oscilloscope has o BW. of 10 MHz. The HF performance can be
mproved by means of sampling the input waveform and reconstructing its
:ﬁpcfm.-n the sample, i.e. the signal to be observed is sampled and after a few
Geles the sampling point is advanced and another sample is taken. The shape
Al the waveform is reconstructed by joining the sample levels together. The
smpling frequency may be as low as 1/10th of the input signal frequency (if
e input signal frequency is 100 MHz, the bandwidth of the CRO vertical
amplifier can be us low as 10 MHz). As many as 1000 samples are used o
meonsinict the original waveform.
[ Figure 7.24 shows a block diagram of a sampling oscilloscope. The input
| wavefonn is applied tw the sampling gate. The input waveform is sampled
whenever 4 sampling pulse opens the sampling gate. The sampling must be

Tes

input .___..ls?nﬁhgl f Verical |
Sigral _Gale | H."""'”.E"f"e' ‘g:rlf:
-,r" (VOP)
Sarnping
Pulse
voltago | Sawcase Ta
Comparglor] | _I'"‘ Horzontal
'II'_ i g Signal
Rar||||_| J_ it H - __Il
Gengrooe| [“_""'. o P‘._
Time Magnitude

Fig. 7.24 mem Sampling Oscillosoope
snchronised with the input signal frequency. The signal is delayed in the verti-
el amplifier, allowing the horizontal sweep 0 be initiated by the input signal.
The waveforms are shown in Fig. 7.25.

© IETE 14



AEG60/AE111 INSTRUMENTATION AND MEASUREMENTS | DEC 2015

Input
Wave

Trigger_
Pulse

Sampling_|
Pulse ‘

Staircase
Generalor Voltage

Fig. 7.25 === Various Wavelorms al Each Block of a
Sampling Oscllloscope

Al the beginning of each sampling cycle, the trigger pulse activates an
lator and a linear mmp voltage is generated, This ramp voltage s applied ]
voltage comparator which compares the ramp voltage (o a staircase g:nm[qil
When the two voltages are equal in ampliude. the staircase advances one sig
and a sampling pulse is generated. which opens the sampling gate for a sampl
of input voltage.

The resolution of the final image depends upon the size of the steps of
staircase generator. The smaller the size of the steps the larger the number
samples and higher the resolution of the image. -~ - —

Q.7 a. Explain the working of Frequency Selective Wave Analyzer. Give its
applications. (8)
Answer:
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ve analyzer consists of a very narrow pass-band filter section which can
®fmed to a particular frequency within the audible frequency range (20 Hz
AkHz). The block diagram of a wave analyzer is as shown in Fig. 9.1(b).

o R - is Varod for frequency Control
o———< i g C - Is vared for frequency multiplication

Flg. 8.1 == (b) Frequency Salective Wave Analyzer

I 2 complex wave to be analyzed is passed through an adjustable attennator
Wich serves as a range multiplier and permits a large range of signal
mplitudes to be analyzed without logading the amplifier.
e outpul of the attenuator is then fed to a selective amplifier, which
fpitfics the selected frequency. The driver amplifier applies the anenuated
{fpat signal to a high-Q active filter. This high-© filter is a low pass filter which
algws the frequency which is selected to pass and reject all others, The
mpnituce of this selected frequency is indicated by the meter and the filter
identifies the frequency of the component. The (ilter eircuit consists of
aded RC resonant circuit and amplifiers. For selecting the frequency
fitse, the capacitors gencrally used are of the closed tolerance polystyrene type
ind the resistances used are precision potentiometers, The capacitors are used
fitrange changing and the potentiometer is used to change the frequency within
fie selected pass-band, Hence this wave analyzer is also called a Freguency
#lictive volumeter.
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The entire AF range is covered in decade steps by switching capacitors is)
RC section.

The selected signal output from the final amplifier stage is applied o
meter circuit and to an untuned buffer amplifier. The main function of the b
amplifier is to drive output devices, such as recorders or electronics co

The meter has several voltage ranges as well as decibel scales marked
It is driven by an average reading rectifier type detector.

The wave analyzer must have extremely low input distortion, unds
by the analyzer itself. The bandwidth of the instrument is very narrow, typ
about 1% of the selective band given by the following response characteris
(Fig. 9.2),

0205 1 2 3
pti—i ¢

Fig. 9.2 mm Relalive Rosponsa in dBs
e —
b. What is a Bolometer? Explain the working of Bolometer Mount with the
help of a neat diagram. (8)
Answer:

Holometric measurements are based on the dissipation of the RF power in 4
small temperature sensitive resistive element, called a Bolometer. This

bolometer may be a short ultra thin wire having a positive ternpa’ﬂiﬂti?
eoetficient (PTC) of resistance, called Baretter, or a bead of saml-cnndllﬂﬂ
having a negative temperature coefficient (NTC) called Thermistor.

Both Baretters and Thermistors can measure small powers, of the order ofg
fraction of micro-watts. They can also indicate or monitor large 1mnnnm1ﬂ'
power by inserting a directional coupler. |

The RF power to be measured heats the bolometer and causes a change inils.
electrical resistance, which serves as an indication of the magnitude Gfpﬂ-ﬂﬂ;sﬁf

The bolometer is generally used in a bridge network so that small changﬁm
resistance can be easily detected and hence power can be measured. |

="

The hﬂ]lmeter support consists of a thin mica disc on one side of which silver
lectrodes are sprayed. Silver painted holes through the mica connect the
(lower) outer electrode o a circular elecirode on the opposite side. Between
the centre and guter electrodes are mounted two short (1 mm) lengihs of
deplated Wollaston wires of | micron diameter, each measuring 100£2 at de
with normal bias power. The mica disc is clamped in the holder, as shown in
Fig. 20.1, so that the upper electrode makes contact with the metal case, while
the other two electrodes are insulated from a co-axial line by a thin mica sheet
which provides the bypass capacitor necessary to complete the RF circuit, and
lo place two wires in BT parallel across the line,

© IETE 17



AEG60/AE111 INSTRUMENTATION AND MEASUREMENTS | DEC 2015

Q.8 a. What is meant by Strip Chart Recorder? Explain basic Strip Chart
Recorder with neat block diagram and write its applications. 9
Answer:
i chart recorders are those in which data is recorded on a continnous rafl of
thirt paper moving at a constant speed. The recorder records the variation of
':“ﬂl'mnrc variables with respect to time, The basic element of a st riP chart
terder consists of a pen (stylus) used for making marks on a movable paper, a
e (stylus) driving system, a vertically moving long roll of chart paper and
dir paper drive mechanism and a chart speed selector switch, (as shown in

I 12.101)).

Signal . Sarvo

It Range
Conditioning

Bignal Selector |
Event Eﬁ’
nput  * Mamer
Paper
%ﬁ—mw 3
. Drive - i

Fig. 12.1{a} == Basic Strip Charl Recorder

"'- et recorders use a pointer attached to the stylus, o that the instantaneous
e of the qu.miil} being rec corded can be mr.‘ﬂ‘illr-?d Llirl:n.tl:, on a ualibmlud

er nses a gingle pen -‘mil i3 3ervo dmen

- Mos: strip chart recorders usc a servo feedback system, to ensure that the
iplacement of the pen (stylus) across the paper tracks the input voliage in the
! _',red frequency range.

_.'lpmeu[mme{cl system js generally used to measure the pusition of the
: ling head (stylus),
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The chart paper drive system generally consists of a stepping motor wh
controls the movement of the chart paper at a uniform rate.
The data on the strip chart paper can be recorded by various methods. ©

1. Pen and Ink Stylus

The ink is supplied to the stylus from a refillable reservoir by capillary sctien:
Modem technology has replaced these pens by disposable fibre tip pens. I
addition, multichannel operation can be performed, ie. al any lmrant, i
maximum of six pens can be vsed to record data. When using multiple -*'.
staggering of the pens are necessary to avoid mechanical interference,

Calibrated Cord and Sheave Recording Pen
Instrument Scale Operating Mech. and Carriage
% o i e
- \ L 2T By
\ ( il

Chart and Char Seno-Actuated Hinged Panel 1
Drive Mechanism Measuring Elament

Fig. 12.1(b) msm Asszoembly of a Single Pen Servo
Oparated Strip Chart Recorder

2. Impact Printing '

The original impact system consisted of a carbon ribbon placed between the
pointer mechanism and paper, which provided the ink for recording data. 'HIE
mark was made on the paper by pressing the pointer mechanism on it Thg .
advantage of impact printing over the pen and ink method is that, it can recoﬁ"
data on up to 20 variables simultaneously. This is achieved with the help of 1 i j
wheel with an associated ink pad which provides the ink for the symbol on the |
wheel, The wheel is moved across the paper in response to the variable being |
recorded. |

In some mechanisms, pressure sensitive paper is used. The markings on I:]ié'l'
paper are done with chepper bar, which applies the pressure on the paper. The
frequency of the chopper bar is once per second.
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In hi system, a special movable pen which is thermally heated by pussing an
thctiic current through it is used. This system requires a thermally sensitive
uper which changes its colour on application of heat. ! -

4 Electric Writing

'}... iechnigque is based on the principle of electrostatics.

" In this method, a special chart paper is used. This paper consists of a paper
Shise coated with a layer of coloured dye (black, blue or red), which in turn is
‘goated with o thin surface of aluminium,

" The stylus (pen) consists of o tungsten wire moving over the aluminium
Cilrface. Markings on the paper are achieved by applying a potential of 35 V 1o
e stylus. This eavses an electric discharge which remowves the aluminium,
(kealing the coloured dye.

4. Optical Writing

" Inthis technique of writing, a special photo sensitive chart paper, sensitjive Lo
liira violet light is used. This technique is mostly used in galvanometer system.
- Ultra violet light is used to reduce unwanted effects from ambient light. The
paper can be developed in daylight or under artificial light without the need for
Cspecial chemicals, which is not pessible if ordinary light is used.

- Most recorders use a pointer attached to the stylus. This pointer moves over
icalibrated scale giving the instantaneous value of the quantity being recorded,

(a) Paper drive gystems The paper drive system should move the paper at a

i uniform speed. A spring wound mechanism may be used in most

k recorders. A synchronous motor is used for driving the paper.

| [b) Chart speed  Chart speed is a term used to express the rate at which the

| recording paper in a strip chart recorder moves. It is expressed in in/s or
mmy/s and is determined by mechanical gear trains. If the chart speed is
known, the period of the recorded signal can be calculated as

time time base
Period = —— = —— =

cycle  chant speed

and frequency can be determined as f= | /period. fﬁ

b. Discuss the objectives and requirements of recording data. (7)
Answer:
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10 OBJECTIVES AND REQUIREMENTS .
" OF RECORDING DATA

1. Recording is often carried out in order to preserve the detals if
measurement at a particulur time.

2. The sccuracy of the recording must be the same as the accuracy of il
measurement, for best resnlts.

3. A record should be legible and capable of being maintained properdy,

4. Most of the critical parameters which influence the performance of
process or equipment has to be recorded for taking necessary action fron
Lime o time.

5. The recorded chart at a glance provides an overall picture of (#
performance of the unit. (All parameters automatically regulaied an
invariably recorded to depict the performance of automatic regulatin
loop.)

0. The recorded chart also reflects imumediately what actions the operair
had taken during his shift,

7. The necessary data for determining the efficiency, cte. is casily anl
readily provided.

& Charis are also used as permanemt records 1o provide answers to queries
which may come up at a later time with respect to product guality.
& Itis also very valuable from the point of preventive maintenance,
Ui Manufacturers of equipment often ask for the use of a recorder for
I recording certain paramelers which are very critical for the performance
of the equipment. The recorded chart indicates whether the eguipment
has been used as per their instructions gr not.
Q.9 a. Write the applications of the following: (8)
(i) Differential Output Transducer
(ii) Capacitive Transducer
(iii) Strain Gauge
(iv) Resistive Transducer
Answer:

113.10 DIFFERENTIAL OUTPUT TRANSDUCERS

The differential output transducer consists of a coil which is divided oo e
parts. as shown in Figs. 13.17(a) and (b).

{Inductive transducers using self inductance as a variable use one coil, while
those using mutual inductance as a variable use multiple coils.)
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- Normally the change in self inductance, AL, for inductive transducers.
[working on the principle of change of self inductance) is not sufficient for
ection of subsequent stages of the instrumentation system.

However, if successive stages of the instrument respond to AL or AM, rather
i L + AL, or M + AM, the sensitivity and accuracy will be much higher.

The transducers can be designed to provide two outputs, one of which
epresents inductance (self or mutual) and the other the decrease in inductance
Lielf or mutnal). The succeeding stages of the instrumentation system measure
the difference between these outputs. This is known as differential output.

Advantages of Differential Output

1. Sensitivity and accuracy are increased,

L Output is less affected by external magnetic fields.

1. Effective vanations due to temperature changes are reduced.

4 Effects of change in supply voltages and frequency are reduced.

In response to a physical signal (which is normally displacement), the
inductance of onc part increases from L to L + AL, while that of the other part
i.'dti:l‘ta.weﬁ from L to L — AL. The change is measured as the difference of the
{ o, resulting in an output of 2 AL instead of AL when one winding is used.
| This increases the sensitivity and also eliminates error.

Inductive transducers using the change in the number of turas 1o cause a
| change in the self inductance are shown in Fig. 13.17.

Figure 13.17(a) is vsed for measarement of linear displacement using an air
cored coil.

Figure 13.17(b) is used for the measurement of angular displacement using
an iron cored coil.

T T ——

(@) (b)

Fig. 13.17 === {(a) Linear Differential Output Transducer
(k) Angular Ditterential Oulpul Transducer

Figure 13.18 shows an inductive transducer giving a differential output, The
ouiput represents a change of self inductance due to change of reluctance. (This
inductive transducer also works on the principle of change of self inductance of
the two coils with change in reluctance of the path of the magnetic circuit. The
target as well as cores on which the coil is wound are made up of iron.)

© IETE 22



AEG60/AE111 INSTRUMENTATION AND MEASUREMENTS | DEC 2015

lj.tld.-.i-.ll..-i-tiijttl

-::ml — Codl
e s sl e
O i R T

Gap \H__*_
i \:E[mlmﬁmq;’ iy
Fig.13.18 men Inductive Transducer Differantial Output
(Reluctance Principle) .
A.l:iﬂVE TRANSDUCER (PRESSURE)

-

ar change in capacitance with ¢hanges in the physical position of the

acitance is given by C=KAld (13.14)

K = the dielectric constant

A = the total area of the capacitor surfaces

d = distance between two capacitive surfaces
(' = the resultant capacitance.

From this equation, it is seen that capacitance increases (i) if the effective
i of the plate is increased, and (ii) if the material has a high dielectric con-
i,
TI'.h: capacitance is reduced if the spacing between the plates is increased.

' Transducers which make use of these three methods of varying capacitance
e been developed.

With proper calibration, each type yields a high degree of accuracy. Stray
menetic and capacitive effects may cause errors in the measurement produced,
hich can be avoided by proper shielding. Some capacitive dielectrics are tem-
Emiure sensitive, so femperature variations should be minimised for accurate
pasurementa.

- A variable plate area transducer is made up of a fixed plate called Stator and
imovable plate called the Rotor,

| The rotor is mechanically coupled to the member under test. As the member
oves. the rotor changes its position relative to the stator, thereby changing the
iective area between the plates. A transducer of this type is shown in

fip. 13.28,
Stator
Displaced ﬁ/ j-\y
Rotor

Displaced
Weight

Fig. 13.28 === Capacitive Transducer
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Such a device is used to detect the amount of roll in an aircrafl. A8
the aircraft rolls to the left, the plates moves to the relative position showi by
dashed lines in Fig. 13.28 and the capacitance decreases by an amount propit
tional to the degree of roll. Similarly to the right In this case the stator, sseurgit

attached to the aircraft. is the moving element. The weight on the rotor

capacitance of the unit,
Flgurc 1? 29 5I1-:rws a uuusdm.r.r I.ildl makes use of the mnaunn in capick

Insulated
Defiected Matenal
Diiaphragm
Diaphragm __—Salic Plate
Static Position | i
Pressure _ﬁ_'* Rear Cavity
Terminaticns

Dislectric
Flg. 13.29 wsa Capacitive Prossure Tranaducer

Enclosed in an airtight container is a metallic dinphragm which muveﬂ!;'
lett when pressure is applied to the chamber and to the right when vacuimi
applied. This diaphragm is used as one plate of a variable capacitor. Its distinc
from the stationary plate to its left, as determined by the pressure applied Wik
unit, determines the capacitance between the two plates, The monitor indicatss
the pressure equivalent of the unit's capacitance by measuring the capaciors
reactance to the ac source voltage. 2

(The pumun of the chamber to the left of the moving plate is isolated fos
the side into which the pressurised gas or vapour is introduced. Hence. the
diclectric constant of the unit docs not change for different types of pressu -;'.'-'
gas or vapour. The capacity is purely a function of the diaphragm positin)
This device is not lingar. 1

Changes in pressure may be easily detected by the variation of capaily
between u fixed plate and another plate free to move as the pressure changes
The resulting variation follows the basic capacity formula. '

C=0885 “" % pf (1335}
where A = area of one side of one plate in cm”
n = number of plates
1 = thickness of dielectric in cm
K = dielectric constant
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The capacitive transducer, as in the capacitive microphone, is simple to
astruct and inexpensive to produce. It is particularly effective for HF
irlations.

_thc\'er. when Lhe varying capacitance is made pan of an ac bridge o
finduce an ac output signal, the conditions for resistive and reactive balance
gnerally require much care to be taken against unwanted signal pickup in the
impedance cireuit, and also compensation for temperature changes. As a

The load cell is used to weigh extremely beavy loads. A length of bar, usually
#eel, 15 used us the active element. The weight of the load applies a particular
st Lo the bur. The amount of strain which results in the bar for different
lues of applied stress is determined, so that the strain may be used as a direct
measure of the stress causing it

" The load cell shown in Fig. 13.30 is a good example of the use of strain
fuges in weighing operations,

S (Prassiurs)

™ Steel Bar

== il
Strain Cauge E I |

ST s ~Strain Gauge
J-h_g'*k Y L
A
'Ha-...___‘_‘_______,_...f)
Fig. 13.20 s Strain Gauge Load Cell

@l

- ——

As the stress is applied along the direction of S (shown by the arrow in
Fig. 13.30), the steel bar experiences a compression along that axis and an
expansion along the X and ¥axes, As a result. gauge A experiences a decrease
in resistance, while gauge B undergoes an increase in resistance. When these
wo gauges and the gauges on the two remaining sides of the steel are connected
i form 4 bridge circuit, four times the sensitivity of a simple gauge bridge is
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B STRAIN GAUGES ' -

ﬁEram gauge is an example of a passive transducer that uses the variation in
e .HI resistance in wires to sense the strain produced by a force on the wires
;-It i 1.1_.-ell known that stress (forcefunit area) and strain (elongation nrl
Hmipression/unit length) in a member or portion of any object under pres 15
fieztly related to the modulus of elasticity. SR
‘Since strain can be measured more

:f'“ sducers, 1! i & common practice to measure strain instead of stress, to serv
' __m index of pressure, Such transducers are popularly known as "ilr::u:l:l i e:
1 I metal conductor is stretched or compressed, its rcsistancxe chuf e:-:g 5
et ﬂl'th: fact that both the length and diameter of the conductor L'hin ::I
there is a change in the value of the resistivity of the conductor w%]a.;r[
o ecied 1o al'lminf a praperty called the piezo-resisiive effect, Therefore
;_ﬁmance SN gauges are also known as piezo resistive ;;uug.m'. 1
i I’-hn}- detectors and transducers, e.g. load cells, torg
£5, lemperature  sensors,
sducers,

easily by using variable resistance

T

torque. meters, pressure
ete. employ strain gauges as secondary

| When a gauge is subjected 1o a positive stress, its length
of rass-section decreases, Since the regist
ittional to its leng

increases while its
i ance of a conductor is directly
B e [..]u?,ml "-}%T?E].y .]['In.)]fmmnn:fl_m its ared of cross-section,
B ciﬂdi“:;c:l;if: :’ﬂ%h positive stram. The change in
E CF stramn 135 more tha an incresse |
m?_st:mce due to its dimensional changes. This propert 'njufu;rjjnlmdmum?t 5
B ¥ 15 called the piezo-
The following types of strain gauges are
I. Wire strain gauges
2. Foil strain ganges
1 Semiconductor strain gauges

the most important.

s -
13.4 RESISTIVE TRANSDUCER

¢ Resistive transdocers are those in which the resistance changes due to g
in some physical phenomenon. The change in the value of the resistance
change in the length of the conductor can be used (o measure displacemet
Strain gavges work on the principle that the resistance of n condud
semiconducior changes when strained. This can be used for the measur
displacement, Torce and pressure. .
The resistivity of malerials changes with changes in temiperature
property can be used for the measurement of temperature, «5/

b. Explain Multi Channel Data Acquisition System with neat block diagram.
®)
Answer:
MULTI-CHANNEL DAS

Pl

The various sub-systems of the DAS can be time shared by two or more inpel
sources. Depending on the desired properties of the multiplexed system, &
number of techniques are employed for such time shared measurements.
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7.5.1  Multi-Channel Analog Multiplexed System

Mie multi-channel DAS has a single A/D converter preceded by o multiplexer,
shown in Fig. 17,5,

———— [ Scaling, -:I
Analog Ampification,
Sigrml ’——-— Signal e
1 Conditioning || 1
et ]
[ Sy, | |
I| Analog Ampiification. (
blgnal — Signal == e I
ll Conditicning i_.. r
‘—-— 2
Multipieger
IR Scaling, —
Analog | Amplification, L. =
| Signal |- +|. ‘Signal
| 3_ llv['lnmli:-'iicming
i
Sm‘ing._'l
Analog Amplilication, |I {_J
Swanial Signal F—-— 2
4 Conditoning rl S-’H AD ‘J_:_ Buffe: h

To Gomputer
or Data
Transmission

ke

L 3l Lii

Flg. 17.5 == Mulli-channel DAS (AD Preceded by a Multiplexer)

The individual analog signals ave applied directly or after amplification and/or
iignal conditioning, whenever necessary, to the multiplexer. These are further
tonverted to digital signals by the use of A/D} converters, sequentially.

For the most efficjent utilisation of time, the multiplexer is made to seek the
iextchanne! o be converted while the previous data stored in the sample/hold
fionveried to digital form,

When the conversion is complete, the status line from the converter causes
i sample/hold to return to the sample made and acquires the signal of the next
thunnel, On completion of acquisition, either immediately or upon command,
e S/H is switched to the hold mode, a conversion begins again and the
wiltiplexer selects the next channel. This method s relatively slower than
imiems where SMH outputs or even A/D converter outputs are multiplexed. but
it has the obvious advantage of low cost due to sharing of a majority of
ih-systems.

Sufficient accuracy in measurements can be achieved even without the S/H,
0 cages where signal varfations are extremely slow "
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