UNIT 1 Electronic Measurements and Instrumentation

UNIT -1
Performance characteristics of instruments, Static characteristics; Accuracy, Resolution,
Precision, Expected value, Error, Sensitivity. Dynamic Characteristic: speed of response,
Fidelity, Lag and Dynamic error. Types of errors in measurement and their analysis, Design of
multi-range AC, DC meters (voltmeter & Ammeter) and Ohm meter (series, shunt type ) using
D’ Arsonval movement, True RMS meter.

INTRODUCTION:

Instrumentation is a technology of measurement which serves not only science but all
branches of engineering, medicine, and almost every human Endeavour. The knowledge of any
parameter largely depends on the measurement. The in-depth knowledge of any parameter can be
easily understood by the use of measurement, and further modify captions can also be obtained.

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

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

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

The major problem encountered with any measuring instrument is the error. Therefore, it
is obviously necessary to select the appropriate measuring instrument and measurement method
which minimizes error. To avoid errors in any experimental work, careful planning, execution
and evaluation of the experiment are essential.

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

PERFORMANCE CHARACTERISTICS OF INSTRUMENTS:

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

STATIC CHARACTERISTICS:

The static characteristics of an instrument are, in general, considered for instruments
which are used to measure an unvarying process condition. All the static performance
characteristics are obtained by one form or another of a process called calibration. There are a
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number of related definitions (or characteristics), which are described below, such as accuracy,
precision, repeatability, resolution, errors, sensitivity, etc.

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

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

3. Accuracy: The degree of exactness (closeness) of a measurement compared to the expected
(desired) value.

4. Resolution: The smallest change in a measured variable to which an instrument will respond.
5. Precision: A measure of the consistency or repeatability of measurements, i.e. successive
reading do not differ. (Precision is the consistency of the instrument output for a given value of
input).

6. Expected value: The design value, i.e. the most probable value that calculations indicate one
should expect to measure.

7. Error: The deviation of the true value from the desired value.

8. Sensitivity: The ratio of the change in output (response) of the instrument to a change of input
or measured variable.

DYNAMIC CHARACTERISTICS:

Instruments rarely respond instantaneously to changes in the measured variables. Instead,
they exhibit slowness or sluggishness due to such things as mass, thermal capacitance, fl uid
capacitance or electric capacitance. In addition to this, pure delay in time is often encountered
where the instrument waits for some reaction to take place. Such industrial instruments are
nearly always used for measuring quantities that fl uctuate with time. Therefore, the dynamic and
transient behavior of the instrument is as important as the static behavior. The dynamic
behaviour of an instrument is determined by subjecting its primary element (sensing element) to
some unknown and predetermined variations in the measured quantity. The three most common
variations in the measured quantity are as follows:

1. Step change, in which the primary element is subjected to an instantaneous and finite change
in measured variable.

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

3. Sinusoidal change, in which the primary element follows a measured variable, the magnitude
of which changes in accordance with a sinusoidal function of constant amplitude.

The dynamic characteristics of an instrument are

(1) Speed of Response: 1t is the rapidity with which an instrument responds to changes in the
measured quantity.
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(1) Fidelity :1t is the degree to which an instrument indicates the changes in the measured
variable without dynamic error (faithful reproduction).

(iii) Lag: It is the retardation or delay in the response of an instrument to changes in the
measured variable.

(iv) Dynamic Error :1t is the difference between the true value of a quantity changing with time
and the value indicated by the instrument, if no static error is assumed.

When measurement problems are concerned with rapidly varying quantities, the dynamic
relations between the instruments input and output are generally def ned by the use of differential

equations.

ERROR IN MEASUREMENT:

Measurement is the process of comparing an unknown quantity with an accepted standard
quantity. It involves connecting a measuring instrument into the system under consideration and
observing the resulting response on the instrument. The measurement thus obtained is a
quantitative measure of the so-called “true value” (since it is very difficult to define the true
value, the term “expected value” is used). Any measurement is affected by many variables,
therefore the results rarely reflect the expected value. For example, connecting a measuring
instrument into the circuit under consideration always disturbs (changes) the circuit, causing the
measurement to differ from the expected value.

Some factors that affect the measurements are related to the measuring instruments
themselves. Other factors are related to the person using the instrument. The degree to which a
measurement nears the expected value is expressed in terms of the error of measurement.

Error may be expressed either as absolute or as percentage of error. Absolute error may
be defined as the difference between the expected value of the variable and the measured value
of the variable, or

e=Yn—-Xn

where
e = absolute error
Yn = expected value
Xn = measured value
Therefore % Error = (Absolute value/ Expected value) * 100
=(e/ Yn) * 100
=({(Yn—Xn)/ Yn)) * 100
It is more frequently expressed as a accuracy rather than error.

Therefore A=1-[((Yn—Xn)/ Yn)]
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where A is the relative accuracy.
Accuracy is expressed as % accuracy
a=100% — % error
a=A*100%
where a is the % accuracy

TYPES OF STATIC ERROR

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

i) Gross Errors: These errors are mainly due to human mistakes in reading or in using
instruments or errors in recording observations. Errors may also occur due to incorrect
adjustment of instruments and computational mistakes. These errors cannot be treated
mathematically.

The complete elimination of gross errors is not possible, but one can minimize them.
Some errors are easily detected while others may be elusive. One of the basic gross errors that
occurs frequently is the improper use of an instrument. The error can be minimized by taking
proper care in reading and recording the measurement parameter.

In general, indicating instruments change ambient conditions to some extent when
connected into a complete circuit

ii) Systematic Errors: These errors occur due to shortcomings of the instrument, such as
defective or worn parts, or ageing or effects of the environment on the instrument.

These errors are sometimes referred to as bias, and they influence all measurements of a
quantity alike. A constant uniform deviation of the operation of an instrument is known as a
systematic error. There are basically three types of systematic errors—(i) Instrumental, (ii)
Environmental, and (ii1) Observational.

a. Instrumental Errors: Instrumental errors are inherent in measuring instruments,
because of their mechanical structure. For example, in the D’ Arsonval movement, friction in the
bearings of various moving components, irregular spring tensions, stretching of the spring, or
reduction in tension due to improper handling or overloading of the instrument.

Instrumental errors can be avoided by

1. selecting a suitable instrument for the particular measurement applications
2. applying correction factors after determining the amount of instrumental error.
3. calibrating the instrument against a standard.

b. Environmental Errors: Environmental errors are due to conditions external to the
measuring device, including conditions in the area surrounding the instrument, such as the
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effects of change in temperature, humidity, barometric pressure or of magnetic or electrostatic
fields.

These errors can also be avoided by (i) air conditioning, (ii) hermetically sealing certain
components in the instruments, and (iii) using magnetic shields.

¢) Observational Errors: Observational errors are errors introduced by the observer. The
most common error is the parallax error introduced in reading a meter scale, and the error of
estimation when obtaining a reading from a meter scale.

These errors are caused by the habits of individual observers. For example, an observer
may always introduce an error by consistently holding his head too far to the left while reading a
needle and scale reading.

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

DC VOLTMETERS

A basic D’Arsonval movement can be converted into a dc voltmeter by adding a series
resistor known as multiplier, as shown in Fig. 4.1. The function of the multiplier is to limit the
current through the movement so that the current does not exceed the full scale deflection value.

A dc voltmeter measures the potential difference between two points in a dc circuit or a
circuit component. To measure the potential difference between two points in a dc circuit or a
circuit component, a dc voltmeter is always connected across them with the proper polarity. The
value of the multiplier required is calculated as follows. Referring to Fig. below

- Multiplier
AW
L
Falry
V (/) Rm

I, = full scale deflection current of the movement (Iq)
R,, = internal resistance of movement

Ry = multiplier resistance

V = full range voltage of the instrument
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From the circuit of Fig. 4.1

V=I_(R,+R.)
V-1 R |
R = " W= R
'Ifm 'Ilr.l'?‘i'
"
Therefore k= / o

The multiplier limits the current through the movement, so as to not exceed the value of the full
scale deflection Igq. The above equation is also used to further extend the range in DC voltmeter

MULTI-RANGE DC VOLTMETER

As in the case of an ammeter, to obtain a multi range ammeter, a number of shunts are connected
across the movement with a multi-position switch. Similarly, a dc voltmeter can be converted
into a multi range voltmeter by connecting a number of resistors (multipliers) along with a range
switch to provide a greater number of workable ranges.

Figure 4.2 shows a multi range voltmeter using a three position switch and three
multipliers R;, Ry, and R; for voltage values V1, v», and V3. Figure 4.2 can be further modified to
Fig. 4.3, which is a more practical arrangement of the multiplier resistors of a multi range
voltmeter. In this arrangement, the multipliers are connected in a series string, and the range
selector selects the appropriate amount of resistance required in series with the movement.

—AMA—— .
V1 Hy
He—@ @ |
Va hi L A m
1] +"'-\ \I‘ ]
V:‘ ha i;’i} H‘m l\fj} hm
= ,' -8

Fig.42 Multirange voltmeter fig4d  Mulipliers connected in series string

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

The first resistor or low range multiplier, Ry, is the only special resistor which has to be
specially manufactured to meet the circuit requirements.
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Voltmeter Range Extension:

The range of a voltmeter can be extended to measure high voltages, by using a high
voltage probe or by using an external multiplier resistor, as shown in Fig. 4.4.

In most meters the basic movement is used on the lowest current range. Values for
multipliers can be determined using the procedure of Section 4.4. The basic meter movement can
be used to measure very low voltages. However, great care must be used not to exceed the
voltage drop required for full scale deflection of the basic movement.

Meter Set

Extemal
to A Test
Multiplier
Lowest s Leads
Current
Range =

Fig. 44 Extending voltage range

Sensitivity: The sensitivity or Ohms per Volt rating of a voltmeter is the ratio of the total
circuit resistance R; to the voltage range. Sensitivity is essentially the reciprocal of the full scale
deflection current of the basic movement.

Therefore, S = 1/Isg Q /V. The sensitivity ‘S’ of the voltmeter has the advantage that it
can be used to calculate the value of multiplier resistors in a dc voltmeter. As,

R = total circuit resistance [R¢ = Rg + Rpy]

S = sensitivity of voltmeter in ohms per volt
V = voltage range as set by range switch
R., = internal resistance of the movement
Since Ri=Ri—Rpand R, =S xV
Therefore Ry = (S X V) — Ry,

MULTI RANGE AC VOLTMETERS:

Figure 4.24 is circuit for measuring ac voltages for different ranges. Resistances R1, R2,
R3 and R4 form a chain of multipliers for voltage ranges of 1000 V, 250 V, 50 V, and 10 V
respectively. On the 2.5 V range, resistance R5 acts as a multiplier and corresponds to the
multiplier Ry shown in Fig. 4.17. Ry, is the meter shunt and acts to improve the rectifier

operation.
o0 kK 200 kK TS kLR
Han
250 W - 50 W (/“‘:\'
- } Hm
1000 W | 1 i T
q

./:5\."

Input

Fig. .24 Multirange ac voltmeter
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MULTIRANGE AMMETERS:

The current range of the dc ammeter maybe further extended by a number of shunts,
selected by a range switch. Such a meter is called a multi-range ammeter, shown in Fig. 3.2.

The circuit has four shunts R1, R2, R3and R4, which can be placed in parallel with the
movement to give four different current ranges. Switch S is a multi position switch,(having low
contact resistance and high current carrying capacity, since its contacts are in series with low
resistance shunts). Make before break type switch is used for range changing. This switch
protects the meter movement from being damaged without a shunt during range changing.

+

Ry Ra| Rs| Ry

Do
D'Arsonval
s Movement

Fig. 3.2 Multirange Ammeter

If we use an ordinary switch for range changing, the meter does not have any shunt in
parallel while the range is being changed, and hence full current passes through the meter
movement, damaging the movement. Hence a make before break type switch is used. The switch
is so designed that when the switch position is changed, it makes contact with the next terminal
(range) before breaking contact with the previous terminal. Therefore the meter movement is
never left unprotected. Multi range ammeters are used for ranges up to SOA. When using a multi
range ammeter, first use the highest current range, then decrease the range until good upscale
reading is obtained. The resistance used for the various ranges are of very high precision values,
hence the cost of the meter increases.

Range extension AC Voltmeters (Aryton shunt):

The Aryton shunt eliminates the possibility of having the meter in the circuit without a shunt.
This advantage is gained at the price of slightly higher overall resistance. Figure 3.3 shows a
circuit of an Aryton shunt ammeter. In this circuit, when the switch is in position “1”, resistance
Ra is in parallel with the series combination of Rb, Rc and the meter movement.

|

M—
b
B

|
(W
]

|+
— —

11 i =

b DArsonwal
,L MNMowermeerit
= Rs

Fig. 3.3 Aryron s huant
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Hence the current through the shunt is more than the current through the meter movement,
thereby protecting the meter movement and reducing its sensitivity. If the switch is connected to
position “2”, resistance R, and Ry are together in parallel with the series combination of Rc and
the meter movement. Now the current through the meter is more than the current through the
shunt resistance. If the switch is connected to position “3” R,, Ry and R, are together in parallel
with the meter. Hence maximum current flows through the meter movement and very little
through the shunt. This increases the sensitivity

Series type Ohmmeter

A D’Arsonval movement is connected in series with a resistance R1 and a battery which
is connected to a pair of terminals A and B, across which the unknown resistance is connected.
This forms the basic type of series ohmmeter, as shown in Fig. 4.30 (a). The current flowing
through the movement then depends on the magnitude of the unknown resistance. Therefore, the
meter deflection is directly proportional to the value of the unknown resistance. Referring to Fig.
4.30 (a)

R1 = current limiting resistance

R2 = zero adjust resistance

V = battery

Rm = meter resistance

Rx = unknown resistance

ARAA
LL i

R2

B /';;'\. § Rr ! -*"___|___'.|l--.
m ) Unknown : > —

SN T Resistance t//){ i T

(a) (b)

Fig. 430 (a) Series type ohmmeter (b} Dial of series chmmeter

Calibration of the Series Type Ohmmeter

To mark the “0” reading on the scale, the terminals A and B are shorted, i.e. the
unknown resistance Rx = 0, maximum current flows in the circuit and the shunt resistance R2 is
adjusted until the movement indicates full scale current (Igq). The position of the pointer on the
scale is then marked “0” ohms.

Similarly, to mark the reading on the scale, terminals A and B are open, i.e. the
unknown resistance Rx = «, no current flow in the circuit and there is no deflection of the
pointer. The position of the pointer on the scale, is then marked as “«” ohms. By connecting
different known values of the unknown resistance to terminals A and B, intermediate markings
can be done on the scale. The accuracy of the instrument can be checked by measuring different
values of standard resistance, i.e. the tolerance of the calibrated resistance, and noting the
readings.

(13 2
[ce)
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A major drawback in the series ohmmeter is the decrease in voltage of the internal battery
with time and age. Due to this, the full scale deflection current drops and the meter does not read
“0” when A and B are shorted. The variable shunt resistor R2 across the movement is adjusted to
counteract the drop in battery voltage, thereby bringing the pointer back to “0” ohms on the
scale.

It is also possible to adjust the full scale deflection current without the shunt R2 in the
circuit, by varying the value of R1 to compensate for the voltage drop. Since this affects the
calibration of the scale, varying by R2 is much better solution. The internal resistance of the coil
R 1s very low compared to R1. When R2 is varied, the current through the movement is
increased and the current through R2 is reduced, thereby bringing the pointer to the full scale
deflection position.

The series ohmmeter is a simple and popular design, and is used extensively for general
service work. Therefore, in a series ohmmeter the scale marking on the dial, has “0” on the right
side, corresponding to full scale deflection current, and “*” on the left side corresponding to no
current flow, as given in Fig. 4.30 (b).

Values of R1 and R2 can be determined from the value of Rx which gives half the full
scale deflection

R.R
R, =R +R| R =R +—2m
- ) - - ) R; +Rm

where R, = half of full scale deflection resistance.

The total resistance presented to the battery then equals 2R, and the battery
current needed to supply half scale deflection is I, = F2 Ry,
To produce full scale current, the battery current must be doubled.
Therefore, the total current of the ckt, I, = FIR,
The shunt current through R is given by [ = [ Is ;
The wvoltage across shunt, ¥, is equal to the voltage across the meter.

Therefore Fa= ¥,
LRy = Ipq Ry
R'\ﬁ
Therefore Ry ’b; -
But L= i1,
IR
R: ol e
£ = "r_,l.-.J
.
But I, —
: Ry
I R
9 Kad e
Theret Ry
erefore 2 VIR, — 1oz
'r'J.-J R.w RJ.
Therefore Ry I‘-'J— Ty {(4.1)
Mg .R;I R+ Ri R'w
' - R+ R,
: R R
Therefore R, Ry ———"=
R, + R
'r_,l.-.J 'R.-n RJ.- w R
V=TI 8B B
Hence R R, — st
¥ i ‘r_,'J.J R.'rr JrzJ.- +R
TR
. lr'.l-J R'\. R.'.' -
Therefore Ry= R, -~ (4.2)

v
Hence, B; and R, can be determined.
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Shunt type Ohm-meter

The shunt type ohmmeter given in Fig. 4.32 consists of a battery in series with an
adjustable resistor R1, and a D’ Arsonval movement

The unknown resistance is connected in parallel with the meter, across the terminals A
and B, hence the name shunt type ohmmeter. In this circuit it is necessary to have an ON/OFF
switch to disconnect the battery from the circuit when the instrument is not used.

Calibration of the Shunt Type Ohmmeter

To mark the “0” ohms reading on the scale, terminals A and B are shorted, i.e. the
unknown resistance Rx = 0, and the current through the meter movement is zero, since it is
bypassed by the short-circuit. This pointer position is marked as “0” ohms. Similarly, to mark
“«” on the scale, the terminals A and B are opened, i.e. Rx = «, and full current flows through
the meter movement; by appropriate selection of the value of R1, the pointer can be made to read
full scale deflection current. This position of the pointer is marked “~” ohms. Intermediate
marking can be done by connecting known values of standard resistors to the terminals A and B.
This ohmmeter therefore has a zero mark at the left side of the scale and an « mark at the right
side of the scale, corresponding to full scale deflection current as shown in Fig. 4.33. The shunt
type ohmmeter is particularly suited to the measurement of low values of resistance. Hence it is
used as a test instrument in the laboratory for special low resistance applications.

’ !I
At
— L F;’”,, I Rx ..}.-' 1 hh
T Battery Lo o Y
Resistance b1 e b
L
Switch 0
.

RS Shawit S chmumeies Fig.4.33 Dial of shunt type ohmmeter

TRUE RMS METER

There exists a fundamental difference between the readings on a normal ac meter and on
a true rms meter. The first uses a D’ Arsonval movement with a full or half wave rectifier, and
averages the values of the instantaneous rectified current .The rms meter, however, averages the
squares of the instantaneous current values (proportional, for example, to the instantaneous
heating effect). The scale of the true rms meter is calibrated in terms of the square roots of the
indicated current values. The resulting reading is therefore the square root of the average of the
squared instantaneous input values, which is the rms value of the measured alternating current .

A true rms meter is always a combination of a normal mean value indicating meter and a
squaring device whose output at any instant is proportional to the instantaneous squared input.
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It can be shown that the ac component of the voltage developed across the common
collector resistors of two transistors that are connected in parallel, and between the bases of
which a small ac voltage is applied, is proportional to the square of the applied input voltage

b
1 R, [r=r1+x;_ le
'D—— F‘il"l L HEI. —
bogla b
e
|
N
s Fa
; ReZ Vg=0TV
&

Fig. 428 Squaring device

The basic circuit of Fig. 4.28 employing two transistors is completed by abridge
arrangement in which the dc component is cancelled out. This bridge arrangement is given in
Fig. 4.29.

One side of the bridge consists of two parallel connected transistors Q, andQ;, and a
common collector resistor R;3. The side of the bridge, employing P; for bias setting, is the basic
squaring circuit. The other side of the bridge is made of transistor Q4 (Whose base is biased by
means of potentiometer P, and collector resistance R.)

Potentiometer P;, base bias balance of the squaring circuit, must be adjusted for
symmetrical operation of transistors Q, and Qs. To do this, the polarity of a small dc input
voltage applied to terminals A and B (bases of Q; and Q3) has to be reversed, and the reading of
the output meter must be the same for both input polarities.

Potentiometer P, must be set so that for zero input signal (terminals A and B short-
circuited), the bridge is balanced and the meter reads zero. The balance condition is reached if
the voltage drop across the collector resistance R;3 of Q,— Q3, and collector resistance R of Q4,
are equal.

Transistor Q; is used to improve the temperature stability of the whole circuit, which is
basically obtained by the emitter resistance R;o. Optimum temperature compensation is obtained
if the voltage drop across the emitter resistance for no signal is 0.7 V for silicon transistor.
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Pa  Sensitivity Adjustment
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Fig. 429 True RMS meter

The low current through Q,, Qs, Q4 requires a large emitter resistance value to fulfil the
condition for compensation. Therefore, another transistor, Q; has been added to compensate for
the temperature changes of Q, and Qs.

The bias on this transistor has to be adjusted by selecting appropriate values of Rg and Ry
so that the voltage drop across R in the balanced condition is 0.7 V for silicon transistor.

The input of the squaring devices (AB) is connected to a voltage divider that is calibrated
in seven ranges, namely 0.3, 1, 3, 10, 30, 100, and 300 volts.
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UNIT II

Specifications and designing aspects of Signal Generator- AF sine and square wave signal
generators, Function Generators, Random noise Generators, Arbitrary waveform Generators.
Wave Analyzers, Harmonic Distortion Analyzers, Spectrum Analyzers, Digital Fourier
Analyzers.

INTRODUCTION

A signal generator is a vital component in a test setup, and in electronic troubleshooting
and development, whether on a service bench or in a research laboratory. Signal generators have
a variety of applications, such as checking the stage gain, frequency response, and alignment in
receivers and in a wide range of other electronic equipment. They provide a variety of
waveforms for testing electronic circuits, usually at low powers. The term oscillator is used to
describe an instrument that provides only a sinusoidal output signal, and the term generator to
describe an instrument that provides several output waveforms, including sine wave, square
wave, triangular wave and pulse trains, as well as an amplitude modulated waveform. Hence,
when we say that the oscillator generates a signal, it is important to note that no energy is
created; it is simply converted from a dc source into ac energy at some specific frequency.

AF SINE AND SQUARE WAVE GENERATOR

The block diagram of an AF Sine-Square wave audio oscillator is illustrated in Fig. 8.4
The signal generator is called an oscillator. A Wien bridge oscillator is used in this generator.
The Wien bridge oscillator is the best for the audio frequency range. The frequency of
oscillations can be changed by varying the capacitance in the oscillator. The frequency can also

be changed in steps by switching in resistors of different values.

The output of the Wien bridge oscillator goes to the function switch. The function switch
directs the oscillator output either to the sine wave amplifier or to the square wave shaper. At the

output, we get either a square or sine wave. The output is varied by means of an attenuator.

The instrument generates a frequency ranging from 10 Hz to 1 MHz, continuously
variable in 5 decades with overlapping ranges. The output sine wave amplitude can be varied
from 5 mV to 5 V (rms).The output is taken through a push-pull amplifier. For low output, the
impedance is 600W. The square wave amplitudes can be varied from 0 — 20 V (peak). It is
possible to adjust the symmetry of the square wave from 30 — 70%. The instrument requires only

7 W of power at 220 V — 50 Hz. The front panel of a signal generator consists of the following.
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Wien
Bridge
Oscillator
Function
Switch
Square
Square Amplifier Output
Wave Square [ Attenuator
bhe Wave nn

Flg. 8.4 AF Sine and Square Wave Generator
1. Frequency selector: 1t selects the frequency in different ranges and varies it continuously in a
ratio of 1 : 11. The scale is non-linear.
2. Frequency multiplier: It selects the frequency range over 5 decades, from 10 Hz to 1 MHz.
3. Amplitude multiplier: It attenuates the sine wave in 3 decades,x 1, x 0.1 andx 0.01.
4. Variable amplitude: 1t attenuates the sine wave amplitude continuously.
5. Symmetry control: 1t varies the symmetry of the square wave from 30% to 70%.
6. Amplitude: It attenuates the square wave output continuously.
7. Function switch: 1t selects either sine wave or square wave output.
8. Output available: This provides sine wave or square wave output.

9. Sync: This terminal is used to provide synchronisation of the internal signal with an external
signal.

10. On-Off Switch

FUNCTION GENERATOR

A function generator produces different waveforms of adjustable frequency. The
common output waveforms 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 generator can be made available at the same time. For
example, the generator can provide a square wave to test the linearity of an amplifi er and
simultaneously provide a sawtooth to drive the horizontal defl ection amplifi er of the CRO to
provide a visual display.
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Capability of Phase Lock The function generator can be phase locked to an external
source. One function generator can be used to lock a second function generator, and the two
output signals can be displaced in phase by adjustable amount.

In addition, the fundamental frequency of one generator can be phase locked to a
harmonic of another generator, by adjusting the amplitude and phase of the harmonic, almost any
waveform can be generated by addition. The function generator can also be phase locked to a
frequency standard and all its output waveforms will then have the same accuracy and stability
as the standard source.

The block diagram of a function generator is illustrated in Fig. 8.5. Usually the frequency
is controlled by varying the capacitor in the LC or RC circuit. In this instrument the frequency is
controlled by varying the magnitude of current which drives the integrator. The instrument
produces sine, triangular and square waves with a frequency range of 0.01 Hz to 100 kHz.

1
Upper +j
Freq. . |Constant —i
Control Current G
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Fig. 8.5 Function Generator

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

1t
eoutz—Ef idt
0

An increase or decrease in the current increases or decreases the slope of the output
voltage and hence controls the frequency. The voltage comparator multivibrator changes states at
a pre-determined maximum level of the integrator output voltage. This change cuts off the upper
current supply and switches on the lower current supply.

The lower current source supplies a reverse current to the integrator, so that 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 upper current source.
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The output of the integrator is a triangular waveform whose frequency is determined by
the magnitude of the current supplied by the constant current 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 its amplitude changes and produces a sine wave with less than 1%
distortion.

RANDOM NOISE GENERATOR

A simplified block diagram used in the audio frequency range is shown in Fig. 8.8.

White
Noise Pink
Spurce : Modulator J g
80-220 kHz USASH _
Filter g&:ﬁt
Oscillator

Fig.8.8  Random Noise Generator

The instrument offers the possibility of using a single measurement to indicate
performance over a wide frequency band, instead of many measurements at one frequency at a
time. The spectrum of random noise covers all frequencies and is referred to as White noise, i.e.
noise having equal power density at all frequencies (an analogy is white light). The power
density spectrum tells us how the energy of a signal is distributed in frequency, but it does not
specify the signal uniquely, nor does it tell us very much about how the amplitude of the signal
varies with time. The spectrum does not specify the signal uniquely because it contains no phase

information.

The method of generating noise is usually to use a semi conductor noise diode, which
delivers frequencies in a band roughly extending from 80 — 220 kHz. The output from the noise
diode is amplified and heterodyned down to the audio frequency band by means of a balanced
symmetrical modulator. The filter arrangement controls the bandwidth and supplies an output
signal in three spectrum choices, white noise, pink noise and Usasi noise. From Fig. 8.9, it is
seen that white noise is fl at from 20 Hz to 25 kHz and has an upper cutoff frequency of 50 kHz
with a cutoff slope of —12 dbs/ octave.
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Fig. 8.9 Frequency Response

Pink noise is so called because the lower frequencies have a larger amplitude, similar to
red light. Pink noise has a voltage spectrum which is inversely proportional to the square root of
frequency and is used in bandwidth analysis. Usasi noise ranging simulates the energy
distribution of speech and music frequencies and is used for testing audio amplifiers and loud
speakers.

ARBITRARY WAVEFORM GENERATOR

An arbitrary waveform generator allows the instrument user to design and generate

virtually and desired waveforms.

PM5139 signal generator is shown in figure described as a function generator with
arbitrary waveform capability. This instrument is able to produce virtually all sinusoidal, pulse,
ramp and triangular wave shapes. Amplitude, frequency and phase modulation of the various
waveforms is possible and DC offset voltages can be superimposed. There are 10 standard wave
forms, selectable through menu buttons and precisely set for frequency, amplitude, etc. by means

of control knob. A backlit liquid crystal display reads out the status of the generated waveform.
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Arbitrary waveform may be created by combining and modeling various standard
waveforms. The waveform generating functions includes linear and logarithmic amplitude and
frequency sweeps. Up to six arbitrary waveforms may be stored and recalled from memory as
required. The output range of the voltage is 1mV to 20 V peak-to-peak, and the frequency range
is 0.1mHz to 20MHz

BASIC WAVE ANALYZER

A basic wave analyzer is shown in Fig. 9.1(a). It consists of a primary detector, which is
a simple LC circuit. This LC circuit is adjusted for resonance at the frequency of the particular
harmonic component to be measured.

Input
Signal

[T YT RepyStysys—

y Indicating
Device

Primary
Detector

Flg. 9.1 (a} Basic Wave Analyzer

The intermediate stage is a full wave rectifier, to obtain the average value of the input
signal. The indicating device is a simple dc voltmeter that is calibrated to read the peak value of
the sinusoidal input voltage.

Since the LC circuit is tuned to a single frequency, it passes only the frequency to which

it is tuned and rejects all other frequencies. A number of tuned filters, connected to the indicating
device through a selector switch, would be required for a useful Wave analyzer.

HARMONIC DISTORTION ANALYZER

Fundamental Suppression Type A distortion analyzer measures the total harmonic power
present in the test wave rather than the distortion caused by each component. The simplest
method is to suppress the fundamental frequency by means of a high pass filter whose cut off
frequency is a little above the fundamental frequency. This high pass allows only the harmonics
to pass and the total harmonic distortion can then be measured. Other types of harmonic
distortion analyzers based on fundamental suppression are as follows.

1. Employing a Resonance Bridge: The bridge shown in Fig. 9.5 is balanced for the
fundamental frequency, i.e. L and C are tuned to the fundamental frequency. The bridge is
unbalanced for the harmonics, i.e. only harmonic power will be available at the output terminal
and can be measured. If the fundamental frequency is changed, the bridge must be balanced
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again. If L and C are fixed components, then this method is suitable only when the test wave has
a fixed frequency. Indicators can be thermocouples or square law VTVMs. This indicates the rms
value of all harmonics. When a continuous adjustment of the fundamental frequency is desired, a
Wien bridge arrangement is used as shown in Fig. 9.6.

Test
Wave

Fig. 8.5 Resonance Bridge

2. Wien’s Bridge Method: The bridge is balanced for the fundamental frequency. The
fundamental energy is dissipated in the bridge circuit elements. Only the harmonic components
reach the output terminals. The harmonic distortion output can then be measured with a meter.
For balance at the fundamental frequency, C1 = C2 = C, Rl =R2 =R, R3 =2R4.

l-ll,."x
é Ry Ay Cy
T ~ =
Test S il
Wa
1"';: é T
; ;

Fig. 9.6  Wien's Bridge Method

3. Bridged T-Network Method: Referring to Fig. 9.7 the, L and C’s are tuned to the fundamental
frequency, and R is adjusted to bypass fundamental frequency. The tank circuit being tuned to
the fundamental frequency, the fundamental energy will circulate in the tank and is bypassed by
the resistance. Only harmonic components will reach the output terminals and the distorted
output can be measured by the meter. The Q of the resonant circuit must be at least 3—5.

One way of using a bridge T-network is given in Fig. 9.8. The switch S is first connected
to point A so that the attenuator is excluded and the bridge T-network is adjusted for full
suppression of the fundamental frequency, i.e. minimum output. Minimum output indicates that
the bridged T-network is tuned to the fundamental frequency and that the fundamental frequency
is fully suppressed
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Fig. 9.7  Bridged T-Network Method Flg.9.8  Harmanic Distortion Analyzer Using Bridged T-Network

The switch is next connected to terminal B, i.e. the bridged T-network is excluded.
Attenuation is adjusted until the same reading is obtained on the meter. The attenuator reading
indicates the total rms distortion. Distortion measurement can also be obtained by means of a
wave analyzer, knowing the amplitude and the frequency of each component, the harmonic
distortion can be calculated. However, distortion meters based on fundamental suppression are
simpler to design and less expensive than wave analyzers. The disadvantage is that they give
only the total distortion and not the amplitude of individual distortion components.

SPECTRUM ANALYZER

The most common way of observing signals is to display them on an oscilloscope, with
time as the X-axis (i.e. amplitude of the signal versus time). This is the time domain. It is also
useful to display signals in the frequency domain. The instrument providing this frequency
domain view is the spectrum analyzer. A spectrum analyzer provides a calibrated graphical
display on its CRT, with frequency on the horizontal axis and amplitude (voltage) on the vertical
axis. Displayed as vertical lines against these coordinates are sinusoidal components of which the
input signal is composed. The height represents the absolute magnitude, and the horizontal

location represents the frequency.

These instruments provide a display of the frequency spectrum over a given frequency

band. Spectrum analyzers use either a parallel filter bank or a swept frequency technique.

Parallel filter bank analyzer:

In a parallel filter bank analyzer, the frequency range is covered by a series of filters
whose central frequencies and bandwidth are so selected that they overlap each other, as shown
in Fig. 9.9(a). Typically, an audio analyzer will have 32 of these filters, each covering one third
of an octave.
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For wide band narrow resolution analysis, particularly at RF or microwave signals, the
swept technique is preferred.

Basic Spectrum Analyzer Using Swept Receiver Design:

Referring to the block diagram of Fig. 9.9(b), the saw-tooth generator provides the saw-
tooth voltage which drives the horizontal axis element of the scope and this saw-tooth voltage is
the frequency controlled element of the voltage tuned oscillator. As the oscillator sweeps from
fimin t0 fimax Of its frequency band at a linear recurring rate, it beats with the frequency component
of the input signal and produce an IF, whenever a frequency component is met during its sweep.
The frequency component and voltage tuned oscillator frequency beats together to produce a
difference frequencys, i.e. IF. The IF corresponding to the component is amplified and detected if
necessary, and then applied to the vertical plates of the CRO, producing a display of amplitude
versus frequency.

- oS F O
Input m Amplifier|

Voltage Saw
Tuned Tooth
fmin  fome [Oscillabos|  |Generator

Fig. 5.8 (b} Spectrum Analyzer

One of the principal applications of spectrum analyzers has been in the study of the RF
spectrum produced in microwave instruments. In a microwave instrument, the horizontal axis
can display as a wide a range as 2 — 3 GHz for a broad survey and as narrow as 30 kHz, for a
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highly magnified view of any small portion of the spectrum. Signals at microwave frequency
separated by only a few kHz can be seen individually.

The frequency range covered by this instrument is from 1 MHz to 40 GHz. The basic
block diagram (Fig. 9.13) is of a spectrum analyzer covering the range 500 kHz to 1 GHz, which
is representative of a super heterodyne type.

0 1GHz
Low IF

Ir;PgH | Pass @—»Ampliﬁar Detector
0- Z Filter ] 2 GHz

A

ks AN
Tuned |, Sweep @
Local Generator
Oscillator

2-3GHz

Fig. 9.13 RF Spectrum Analyzer

The input signal is fed into a mixer which is driven by a local oscillator. This oscillator is
linearly tunable electrically over the range 2 — 3 GHz. The mixer provides two signals at its
output that are proportional in amplitude to the input signal but of frequencies which are the sum
and difference of the input signal and local oscillator frequency. The IF amplifier is tuned to a
narrow band around 2 GHz, since the local oscillator is tuned over the range of 2 — 3 GHz, only
inputs that are separated from the local oscillator frequency by 2 GHz will be converted to IF
frequency band, pass through the IF frequency amplifier, get rectified and produce a vertical
deflection on the CRT.

From this, it is observed that as the saw-tooth signal sweeps, the local oscillator also
sweeps linearly from 2 — 3 GHz. The tuning of the spectrum analyzer is a swept receiver, which
sweeps linearly from 0 to 1 GHz. The saw-tooth scanning signal is also applied to the horizontal
plates of the CRT to form the frequency axis. (The spectrum analyzer is also sensitive to signals
from 4 — 5 GHz referred to as the image frequency of the super heterodyne. A low pass filter
with a cutoff frequency above 1 GHz at the input suppresses these spurious signals.) Spectrum
analyzers are widely used in radars, oceanography, and bio-medical fields.
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DIGITAL FOURIER ANALYZER

The basic principle of a digital fourier analyzer is shown in Fig. 9.14. The digital fourier
analyzer converts the analogue waveform over time period T into N samples.

The discrete spectral response Sx(k.Af); k = 1, 2, ..., N which is equivalent to
simultaneously obtaining the output from N filters having a bandwidth given by Af = 1/T, is
obtained by applying a Discrete Fourier Transform (DFT) to the sampled version of the signal.
The spectral response is thus given by

j2Ilkn

T
sx(k. AD) = S5y x(n. At) exp [ — =]
oo  Fast | CRT Display
Fourier
Transform J_LL
Processor
CRT Display is
Equivalentto a
Waveforms Parallel Filter Bank
Sampled for Analyzer Having N
Time T, Filters with Band-width
N Samples T

Fig. 9.14 Basic of a Digital Fourier Analyzer

s, (k. Af) is a complex quantity, which is obtained by operating on all the sample x(n.At);n=1,
2, 3, ..., N by the complex factor exp [—] [(2 IT k n)/N]].

The discrete inverse transform is given by

j2Ikn

x(n. A0 = T 2Ny sy (k. Af) exp | ]

where k = 1, 2, 3, ..., N. sample (n.At)); n=1, 2, 3, ..., N by the complex factor exp [-j [(2 P
kn)/N]]. The discrete inverse transform is givenby 12 () ()exp NxnNjknxntSkfT=NE
-P"0D=0DA~E~ Awheren=1,2,..,N.Since Sx (k0D f); k=1, 2, .., Nis a complex
quantity, the DFT provides both amplitude and phase information at a particular point in the
spectrum. The discrete transforms are usually implemented by means of the Fast Fourier
Transform (FFT), which is particularly suitable for implementation in a digital computer, since N
is constrained to the power of 2, i.e. 210 = 1024.

A digital signal analyzer block diagram is shown in Fig. 9.15. This digital signal analyzer
employs an FFT algorithm.
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The block diagram is divided into three sections, namely the input section, the control
section and the display section.

The input section consists of two identical channels. The input signal is applied to the
input amplifier, where it is conditioned and passed through two or more anti-aliasing filters. The
cut-off frequencies of these filters are selected with respect to the sampling frequency being
used. The 30 kHz filter is used with a sampling rate of 102.4 kHz and the 300 kHz filter with a
sampling rate of 1.024 MHz.

To convert the signal into digital form, a 12 bit ADC is used. The output from the ADC is
connected to a multiplier and a digital filter.

Control Section

FFT 48k
Processor, Memory

@ayboard f Controller

Input Section
CH1
Input 30 kHz Display Section
& o R J L9
e s
} -
Stroke
N Generator CRT
CH2 -
12 Bit
,_} ——T ADc| Cos (Cg)
Character
Input Generator|
External ¥
Trigger
ag _,_) External
| e CRT
. Ext 5 | Analog
Noise F & Plotter

Generator

L . Noise
Generator

Fig. 9.15 Block Diagram of a Digital Signal Analyzer

Depending on the mode of analyzer to be used, either in base band mode (in which the
spectrum is displayed from a dc to an upper frequency within the bandwidth of the analyzer) or
in the band selectable mode (which allows the full resolution of the analyzer to be focused in a
narrow frequency band), the signal is multiplied either by a sine or cosine function.

The processing section of the analyzer provides FFT processing on the input signal
(linear or logarithm).

For one channel this can provide the real (magnitude) and imaginary (phase) of the linear
spectrum Sx ( f') of a time domain signal
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Sx (f) =F(x(1)

where F(x (t)) is the Fourier transform of x(t). The auto spectrum Gyx (f ) which contains no
phase information is obtained from Si( ') as

Gu( 1) =8x (f) Sx (£)*
where Sy ( f)* indicates the complex conjugate of Sx ( ).

The Power Spectral Density (PSD) is obtained by normalizing the function G4 ( f) to a
bandwidth of 1 Hz, which represents the power in a bandwidth of 1 Hz centered around the
frequency f.

The Inverse Fourier Transform of Gy (f) is given by
Rux (1) = F ' (G (1))
Rux () = F ' (Sx (1) Sx (£))*
writing the above equation in terms of the time domain characteristics of the signal x(t), its
autocorrelation function is defined as

Ryx (7) =limy_, o %fOT x(x(t+1) dt

By the use of two channels, the combined properties of the two signals can be obtained.
The cross-power spectrum of the two signals x(t) and y(t) can be computed as

Gy (£) =Sy (1) Sy (O*

where Sy (t) is the linear spectrum of y(t) and S (t)* is the complex conjugate spectrum
of x(t).

If x (t) represents the input to a system and y(t) the output of the system, then its transfer
function H( f ), which contains both amplitude and phase information can be obtained by
computing

G
1= G0

where the bars indicate the time averaged values. The input signal used for such
measurements is often the internal random noise generator.
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UNIT I

Oscilloscopes- general purpose CROs; block diagram , functions and implementation of

various blocks, specifications, various controls and their functions , types of probes used in
CROs. Measurement of frequency and phase difference using Lissajous patterns.
Special purpose CROs; sampling oscilloscope, analog storage oscilloscope, digital storage

oscilloscope.

INTRODUCTION

The Cathode Ray Oscilloscope (CRO) is probably the most versatile tool for the
development of electronic circuits and systems. The CRO allows the amplitude of electrical
signals, whether they are voltage, current, or power, to be displayed as a function of time.

The CRO depends on the movement of an electron beam, which is bombarded
(impinged) on a screen coated with a fluorescent material, to produce a visible spot. If the
electron beam is deflected on both the conventional axes, i.e. X-axis and Y-axis, a two-
dimensional display is produced.

The beam is deflected at a constant rate relative of time along the X-axis and is deflected
along the Y-axis in response to an stimulus, such as a voltage. This produces a time-dependent
variation of the input voltage.

The oscilloscope is basically an electron beam voltmeter. The heart of the oscilloscope is
the Cathode Ray Tube (CRT) which makes the applied signal visible by the deflection of a thin
beam of electrons. Since the electron has practically no weight, and hence no inertia, therefore
the beam of electrons can be moved to follow waveforms varying at a rate of millions of
times/second. Thus, the electron beam faithfully follows rapid variations in signal voltage and
traces a visible path on the CRT screen. In this way, rapid variations, pulsations or transients are
reproduced and the operator can observe the waveform as well as measure amplitude at any
instant of time.

Since it is completely electronic in nature, the oscilloscope can reproduce HF waves
which are too fast for electro mechanical devices to follow. Thus, the oscilloscope has simplified
many tests and measurements. It can also be used in any field where a parameter can be
converted into a proportional voltage for observation, e.g. meteorology, biology, and medicine.
The oscilloscope is thus a kind of voltmeter which uses beam instead of a pointer, and kind of
recorder which uses an electron beam instead of a pen.
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BLOCK DIAGRAM OF OSCILLOSCOPE

The major block circuit shown in Fig. 7.4, of a general purpose CRO, is as follows:

1.CRT

2. Vertical amplifier

3. Delay line

4. Time base

5. Horizontal amplifier

6. Trigger circuit

7. Power supply

The function of the various blocks is as follows.

1. CRT This is the cathode ray tube which emits electrons that strikes the phosphor screen

internally to provide a visual display of signal.

INPUT VERTICAL DELAY
O GNAL | AMPLIFIER LINE
’ LUMINOUS
r ELECTRON SPOT
GUN
TO CRT o SCREEN
t %o e e - -
HV SUPPLY %
ELECTRON
LV SUPPLY —~— e
: IRCUITS VERTICAL
WS DEFLECTION HORIZONTAL
PLATES DEFLECTION
PLATES
L TRIGGER TIME BASE HORIZONTAL
CIRCUIT GENERATOR AMPLIFIER

Figure - Block Diagram of General Purpose CRO

2. Vertical Amplifier This is a wide band amplifier used to amplify signals in the vertical
section

3. Delay Line It is used to delay the signal for some time in the vertical sections.

4. Time Base It is used to generate the saw-tooth voltage required to deflect the beam in the
horizontal section.

5. Horizontal Amplifier This is used to amplify the saw-tooth voltage before it is applied to

horizontal deflection plates.
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6. Trigger Circuit This is used to convert the incoming signal into trigger pulses so that the
input signal and the sweep frequency can be synchronized

7. Power Supply There are two power supplies, a —ve High Voltage (HV) supply and a +ve Low
Voltage (LV) supply. Two voltages are generated in the CRO. The +ve volt supply is from + 300
to 400 V. The —ve high voltage supply is from — 1000 to— 1500 V. This voltage is passed through
a bleeder resistor at a few mA. The intermediate 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 defection plates are close to ground potential. The ground
potential protects the operator from HV shocks when making connections to the plates.

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

(iii) Less insulation is needed between positioning controls and chassis.

FUNCTIONS AND IMPLEMENTATION OF VARIOUS BLOCKS

1. VERTICAL AMPLIFIER

The sensitivity (gain) and frequency bandwidth (B.W.) response characteristics of the
oscilloscope are mainly determined by the vertical amplifier. Since the gain B.W. product is
constant, to obtain a greater sensitivity the B.W. is narrowed, or vice-versa. Some oscilloscopes
give two alternatives, switching to a wide bandwidth position, and switching to a high sensitivity
position. Block Diagram of a Vertical Amplifier The block diagram of a vertical amplifier is

shown in Fig. 7.7.
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The vertical amplifier consists of several stages, with fixed overall sensitivity or gain
expressed in V/div. The advantage of fixed gain is that the amplifier can be more easily designed
to meet the requirements of stability and B.W. The vertical amplifier is kept within its signal
handling capability by proper selection of the input attenuator switch. The first element of the
pre-amplifier is the input stage, often consisting of a FET source follower whose high input
impedance isolates the amplifier from the attenuator.

This FET input stage is followed by a BJT emitter follower, to match the medium
impedance of FET output with the low impedance input of the phase inverter.

This phase inverter provides two anti-phase output signals which are required to operate
the push-pull output amplifier. The push-pull output stage delivers equal signal voltages of
opposite polarity to the vertical plates of the CRT.

The advantages of push-pull operation in CRO are similar to those obtained from push-
pull operation in other applications; better hum voltage cancellation from the source or power
supply (i.e. dc), even harmonic suppression, especially the large 2nd harmonic is cancelled out,
and greater power output per tube as a result of even harmonic cancellation. In addition, a
number of defocusing and non-linear effects are reduced, because neither plate is at ground
potential.

2. SWEEP GENERATOR (Or) TIME BASE GENERATOR

A continuous sweep CRO using a UJT as a time base generator is shown in Fig. 7.8. The
UJT is used to produce the sweep. When the power is first applied, the UJT is off and the CT
charges exponentially through RT. The UJT emitter voltage VE rises towards VBB and when
VE reaches the peak voltage VP, as shown in Fig. 7.9, the emitter to base ‘1’ (B1) diode
becomes forward biased and the UJT triggers ON. This provides a low resistance discharge path
and the capacitor discharges rapidly. The emitter voltage VE reaches the minimum value rapidly
and the UJT goes OFF. The capacitor recharges and the cycle repeats.

V” e T TR T
Vplemmmmm gt e e e
Rl st s o .
x ok 2

T, — Retrace Period

Ts — Sweep Period

Continuous Sweep
Fig. 7.8 Continuous Sweep

Fig. 7.9 Sawtooth Output Waveform
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To improve sweep linearity, two separate voltage supplies are used, a low voltage supply
for UJT and a high voltage supply for the Rt Cr circuit.

Rt is used for continuous control of frequency within a range and Cr is varied or changed
in steps for range changing. They are sometimes called as timing resistor and timing capacitor
respectively. The sync pulse enables the sweep frequency to be exactly equal to the input signal
frequency, so that the signal is locked on the screen and does not drift.

3. TRIGGER PULSE CIRCUIT

The trigger circuit is activated by signals of a variety of shapes and amplitudes, which are
converted to trigger pulses of uniform amplitude for the precision sweep operation. If the trigger
level is set too low, the trigger generator will not operate. On the other hand, if the level is too
high, the UJT may conduct for too long and part of the leading edge of the input signal may be
lost.

The trigger selection is a 3-position switch, Internal-External-Line, as shown in Fig. 7.12.
The trigger input signal is applied to a voltage comparator whose reference level is set by the
Trigger Level control on the CRO front panel.

Inpat Ventical

- 1 Ampiifier [——— —— To Delay Line

50 o's

*- !
230V )
AC f

L1111

Fig. 7.12 Trigger Pulse CirCuit

The comparator circuit C produces a change in the output whenever the trigger input
exceeds the present trigger levels. The pulse generator that follows the comparator produces —ve
trigger pulses each time the comparator output crosses its quiescent level, which in turn triggers
the sweep generator to start the next sweep. The trigger sweep generator contains the stability or
sync control, which prevents the display from jittering or running on the screen. Stability is
secured by proper adjustments of the sweep speed. Sweep speed is adjustable by means of a
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sweep rate control and its multiplier, i.e. range control. The timing resistance Rt is used for
sweep rate control and timing capacitor Cr is changed in steps for sweep rate control.

4. DELAY LINE

Figure 7.13 shows a delay line circuit

- L+200ns
Part of
Input Senpilier i
oot : A Signal Lost
TS| ST B 1/| b
L : ? {fs = 200 ns N1 /\
Tagger N\ /. S0 : :
Pick-Off P\ ;
\/ : E
jarie—>u
GEM.'E:D( ] T J Tr Ts De
T Fig. 7.14 Delay
Fig.7.13  Delay Line Circuit g Line
Wave-
form

Figure 7.14 indicates the amplitude of the signal wrt time and the relative position of the
sweep generator output signal. The diagram shows that when the delay line is not used, the initial
part of the signal is lost and only part of the signal is displayed. To counteract this disadvantage
the signal is not applied directly to the vertical plates but is passed through a delay line circuit, as
shown in Fig. 7.13. This gives time for the sweep to start at the horizontal plates before the
signal has reached the vertical plates. The trigger pulse is picked off at a time t, after the signal
has passed through the main amplifier. The sweep generator delivers the sweep to the horizontal
amplifier and the sweep starts at the HDP at time to + 80 ns. Hence the sweep starts well in time,

since the signal arrives at the VDP at time t, + 200 ns.

STANDARD SPECIFICATIONS OF A SINGLE BEAM CRO
Vertical Amplifier

Sensitivity : 5 mV/Div. to 20 V/Div. in 12 calibrated stepsina 1, 2,5
sequence. Continuous control (un-calibrated) between steps,
reduces the sensitivity by a minimum of 2.5 times.

Accuracy 1+ 3%

Bandwidth - dc to 20 MHz (- 3 db), dc coupling : 0.5 Hz to 20 MHz (- 3 db)
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ac coupling

Rise time : Better than 18 ns

Input Impedance : 1 MW/40 pf

Maximum input voltage : 400 V (dc + ac peak)

Signal delay : Built in delay line sufficient to display leading edge of the
waveform

Time Base

Sweep ranges : 0.1 ms/Div. to 0.5 s/Div. in 21 calibrated stepsinal, 2,5
Sequence. Continuous un-calibrated control between steps
extending slowest speed to 1.5 s/Div.

Accuracy 1+ 5%

Magnification : 5 times. Takes the highest speed to 20 ns/Div.

Triggering Auto mode : Free running in the absence of a trigger signal. Triggers to the
input signal automatically.

Level : Continuously adjustable on the + ve and — ve going slopes to
trigger signal. Level adjustable over 8 Divs.

Source - Internal-External-Line

Polarity : Positive or negative

Maximum trigger input : 250 V (dc + ac peak) short term
Input impedance : 1 MW/30 pf
Internal trigger level : 3 Div from 2 Hz to 20 MHz (1 Div, 30 Hz to 20 MHz in Auto

mode)
External trigger level : 3V peak to peak, 2 Hz to 20 MHz (1 V, 30 Hz to 20 MHz in
Auto mode)
Horizontal Amplifier
Bandwidth :dc—2 MHz (— 3 db)
Sensitivity : 100 mV and 0.5 V/Div
Input impedance : 1 MW/50 pf
Maximum input voltage : 250 V (dc + ac peak)
Calibration : 200 mV peak to peak square wave at 1 kHz
Cathode ray tube . Flat faced medium persistence
Accelerating Potential : 4.5 kV
Graticule : 8 x 10 Div of 8 mm each
Power requirements : 230V ac, 50 Hz, 50 W
Dimensions : 220 x 275%430 mm
Weight : 10kg approximately

Optional accessories : (i) x1 probe
(i) Oscilloscope trolley
(i) x10 probe (10 MW/12 pf)
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VARIOUS CONTROLS AND THEIR FUNCTIONS

The following controls are available on CRO panel.

1. Intensity It controls the magnitude of emission of the electron beam, i.e. the electron beam is
adjusted by varying the cathode-to-grid bias voltage. This adjustment is done by the 500 kW
potentiometer.

2. Focus The focusing anode potential is adjusted with respect to the first and final accelerating
anodes. This is done by the 2 MW potentiometer. It adjusts the negative voltage on the focus ring
between -500 V and —900 V.

3. Astigmatism It adjusts the voltage on the acceleration anode with respect to the VDP of the
CRT. This arrangement forms a cylindrical lens that corrects any defocusing that might be
present. This adjustment is made to obtain the roundest spot on the screen.

4. X-shift or Horizontal Position Control The X-position of the spot is adjusted by varying the
voltage between the horizontal plates. When the spot is in the center position, the two horizontal
plates have the same potential.

5. Y-shift or Vertical Position Control The Y-position of the spot is adjusted by varying the
voltage between the vertical plates. When the spot is in the center position, the two vertical plates
have the same potential.

6. Time Base Control This is obtained by varying the CT and RT of the time base generator.

7. Sync Selector It can synchronize the sweep to signals coming internally from the vertical

amplifier or an external signal or the line supply i.e. the Int-Ext-Line switch.

TYPES OF PROBES USED IN “CRO”

I. Direct Probe (1:1)

The simplest types of probe (one can hardly call it a probe) is the test lead. Test leads are
simply convenient lengths of wire for connecting the CRO input to the point of observation. At
the CRO end, they usually terminate with lugs, banana tips or other tips to fi t the input jacks of
the scope, and at the other end have a crocodile clip or any other convenient means for
connection to the electronic circuit.
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Since a CRO has high input impedance and high sensitivity, the test leads should be
shielded to avoid hum pickup, unless the scope is connected to low impedance high level
circuits.

Although the input impedances of most CROs are relatively very high compared to the
circuits where they are connected, it is often desirable to increase their impedance to avoid
loading of the circuits or causing unstable effects.

The input capacitance of the scope, plus the stray capacitance of the test leads, may be
just enough to cause a sensitive circuit to break into oscillation when the CRO is connected. This
effect can be prevented by an isolation probe made by placing a carbon resistor in series with the
test lead, as shown in Fig. 7.44.

Carbon
Resistance
. i At - P E . TO CRO
L e : Input
Shielded Core
Fig. 7.44 I=olation Probe

A slight reduction in the amplitude of the waveform and a slight change in the wave-
shape occurs with this probe. To avoid this possibility, a high impedance compensated probe,
called a low capacitance probe or a 10 : 1 probe, is used.

I1. Passive Voltage (High Z) Probe
Figure 7.45 (a) shows a 10 : 1 probe. Figure 7.45 (b) shows the equivalent circuit.
Referring to Fig.7.45 (b). The capacitor is adjusted so that the elements of the bridge are

balanced. Under conditions of balance we have

R, X, vy = Rig X (Cy)

o > >

- - . To
] P e 7 .
A 7 p= — " crO
» :
— _i. e <o
Acimmatie ol e T 20 of
RO
o lages —*i
Impodancs
a)
Cy
— v Te
irgut ——t CRD
Veortcal
o 2 (G » Ca) Aonplfer
 ————t
= ®)

Flg. 7.45 (1) 10 : 1 Probs () Eguivalent Cacuit of 10 © 1 Frobe
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R, R,
w(C, +C
R C, =R

in ] i) []
(C,+C

m i II]]

Therefore, X and Y are equipotential and the effect of the probe is equivalent to placing a
potential divider consisting of R1 and Rin across the input circuit. The attenuation of the signal is
10 : 1, i.e. (Rt + Rin)/R1 = 10 : 1 over a wide frequency range. Therefore, it is called a
compensated 10 x 1 probe. As far as dc voltage inputs are concerned, the coaxial capacitance
equals 30 pf per foot. (Assuming a coaxial length of 3.5 ft, the total coaxial length capacitance is

105 pf). Substituting this value in the balance bridge equation, we have

C - R, (C, +Cy) 1M (1054 20) pf
) Ry 9 M

= 13.88 pf

Therefore, the input capacitance of a CRO can range from 15-50 pf. C1 should be
adjusted from 13-47 pf. It must be adjusted to obtain optimum frequency response from the
probe-CRO combination. The C1 adjustment is done by connecting the probe tip to a square
wave of 1 kHz and observing the CRT display. When the CRT display has optimum response,
the C1 value is deemed to be appropriate.

xR

J.nut _ “} l] J:m _ in n

R+ R,

I11. Active Probes

Active probes are designed to provide an efficient method of coupling high frequency,
fast rise time signals to the CRO input. Usually active probes have very high input impedance,
with less attenuation than passive probes. Active devices may be diodes, FETs, BJTs, etc. Active
probes are more expensive and bulky than passive probes, but they are useful for small signal
measurements, because their attenuation is less.

Active Probes Using FETs Figure 7.46 shows a basic circuit of an active probe using a
FET. The FET is used as the active element to amplify the input signal. Although the voltage
gain of the FET follower circuit shown is unity, the follower circuit provides a power gain so that
the input impedance can be increased. To be effective the FET must be mounted directly in the
voltage probe tip, so that the capacitance of the interconnecting cable can be eliminated. This
requires that the power for the FET be supplied from the oscilloscope to the FET in the probe tip.
The FET voltage follower drives a coaxial cable, but instead of the cable connecting directly to
the high input impedance of the oscilloscope, it is terminated in its characteristic impedance.
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There is no signal attenuation between the FET Amplifier and the probe tip. The range of
the signals that can be handled by the FET probe is limited to the dynamic range of the FET
amplifier and is typically less than a few volts. To handle a larger dynamic range, external
attenuators are added at the probe tip. Active probes have limited use because the FET probe
effectively becomes an FET attenuator. Therefore, oscilloscopes are typically used with a 10 to 1
attenuator probe.

;01-3 -

- S |
— ]
1M =
100 & 1 {---
-
I  — SO
Input ——— —— Osoloscope
s % Ik
r -
- 2 - OV
Fig. 7485 FET Prose

Attenuators are designed to change the magnitude of the input signal seen at the input
stage, while presenting a constant impedance on all ranges at the attenuator input.

A compensated RC attenuator is required to attenuate all frequencies equally. Without
this compensation, HF signal measurements would always have to take the input circuit RC time
constant into account. The input attenuator must provide the correct 1-2-5 sequence while
maintaining a constant input impedance, as well as maintain both the input impedance and
attenuation over the frequency range for which the oscilloscope is designed.

MEASUREMENT OF FREQUENCY BY LISSAJOUS METHOD

The oscilloscope is a sensitive indicator for frequency and phase measurements. The
techniques used are simple and dependable, and measurement may be made at any frequency in
the response range of the oscilloscope.

One of the quickest methods of determining frequency is by using Lissajous patterns
produced on a screen. This particular pattern results when sine waves are applied simultaneously
to both pairs of the deflection plates. If one frequency is an integral multiple (harmonic) of the
other, the pattern will be stationary, and is called a Lissajous figure.
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In this method of measurement a standard frequency is applied to one set of deflection
plates of the CRT tube while the unknown frequency (of approximately the same amplitude) is
simultaneously applied to the other set of plates. However, the unknown frequency is presented
to the vertical plates and the known frequency (standard) to the horizontal plates. The resulting
patterns depend on the integral and phase relationship between the two frequencies. (The
horizontal signal is designated as fh and the vertical signal as fy.) Typical Lissajous figures are
shown in Figs 7.31 and 7.32 for sinusoidal frequencies which are equal, integral and in ratio.

Measurement Procedure

Set up the oscilloscope and switch off the internal sweep (change to Ext). Switch off sync
control. Connect the signal source as given in Fig. 7.33. Set the horizontal and vertical gain
control for the desired width and height of the pattern. Keep frequency fv constant and vary
frequency fh, noting that the pattern spins in alternate directions and changes shape. The pattern
stands still whenever fy and f, are in an integral ratio (either even or odd). The f, = f pattern
stands still and is a single circle or ellipse. When f, = 2f,, a two loop horizontal pattern is
obtained as shown in Fig. 7.31.

il " b | 2 3 "-|

iy | ;‘< ] ) 4 | 1 EL iy L ! !
s i

e .L F
al 1y a} fp =2, i fe=3 e el 2

1 ] ‘ 1 £ 1 + = |
. - r “y S . i S P d

| | i a 2
LA . WAL LW Fo= 5 0s Fo® = Fa

4
-
- % ) 5
by v 3 -
1 5 1 . 1.4 Fe= 2 L] fu= 5 In
T 0 fem §if i fy= 3 fe i fu= gila
Fig. 7.32 Lissapous Patterns for
Fig 731 Liaapsis Pativme for Intageal Fraguentiss Mon-Integral Frequencies

To determine the frequency from any Lissajous figure, count the number of horizontal
loops in the pattern, divide it by the number of vertical loops and multiply this quantity by fx
(known or standard frequency).

In Fig. 7.31 (g), there is one horizontal loop and 3 vertical loops, giving a fraction of 1/3.
The unknown frequency fv is therefore 1/3 fn. An accurately calibrated, variable frequency
oscillator will supply the horizontal search frequency for frequency measurement. For the case
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where the two frequencies are equal and in phase, the pattern appears as a straight line at an
angle of 45° with the horizontal.

As the phase between the two alternating signals changes, the pattern changes cyclically,
i.e. an ellipse (at 45° with the horizontal) when the phase difference is p/4, a circle when the
phase difference is p/2 and an ellipse (at 135° with horizontal) when the phase difference is 3p/4,
and a straight line pattern (at 135° with the horizontal) when the phase difference is p radians. As
the phase angle between the two signals changes from p to 2p radians, the pattern changes
correspondingly through the ellipse-circle-ellipse cycle to a straight line. Hence the two
frequencies, as well as the phase displacement can be compared using Lissajous figures
techniques.

When the two frequencies being compared are not equal, but are fractionally related, a
more complex stationary pattern results, whose form is dependent on the frequency ratio and the

relative phase between the two signals, as in Fig. 7.32.

The fractional relationship between the two frequencies is determined by counting the
number of cycles in the vertical and horizontal

[, = (fraction) =< f,

or f,  number of horizontal tangencies
fa number of vertical tangencies
Figure 7.33 illustrates the basic circuit for comparing two frequencies by the

Lissajous method.

[==]

Unknown v ﬂ Krnown
Frequency = Frequency

Fig. 733 Basic circuit for frequency measurements with lissajous figures

USE OF LISSAJOUS FIGURES FOR PHASE MEASUREMENT

When two signals are applied simultaneously to an oscilloscope without internal sweep,
one to the horizontal channel and the other to the vertical channel, the resulting pattern is a
Lissajous figure that shows a phase difference between the two signals. Such patterns result from
the sweeping of one signal by the other.
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Figure 7.42 shows the test setup for phase measurement by means of Lissajous figures.
Figure 7.43 shows patterns corresponding to certain phase difference angles, when the two signal
voltages are sinusoidal, equal in amplitude and frequency.
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A simple way to find the correct phase angle (whether leading or lagging) is to introduce
a small, known phase shift to one of the inputs. The proper angle may be then deduced by noting
the direction in which the pattern changes.

SPECIAL PURPOSE CRO’s :-

1. SAMPLING OSCILLOSCOPE

An ordinary oscilloscope has a B.W. of 10 MHz. The HF performance can be improved
by means of sampling the input waveform and reconstructing its shape from the sample, i.e. the
signal to be observed is sampled and after a few cycles the sampling point is advanced and
another sample is taken. The shape of the waveform is reconstructed by joining the sample levels
together. The sampling frequency may be as low as 1/10th of the input signal frequency (if the
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input signal frequency is 100 MHz, the bandwidth of the CRO vertical amplifier can be as low as
10 MHz). As many as 1000 samples are used to reconstruct the original waveform.

Figure 7.24 shows a block diagram of a sampling oscilloscope. The input waveform is
applied to the sampling gate. The input waveform is sampled whenever a sampling pulse opens
the sampling gate. The sampling must be synchronised with the input signal frequency. The
signal is delayed in the vertical amplifier, allowing the horizontal sweep to be initiated by the
input signal. The waveforms are shown in Fig. 7.25.

To

*—J §;ﬁm [ Vertical | —l e"“ a‘ N
Sona o *"'v} ‘Sgna Input :
{(VDP}) Wave :
Sampling E
Pulse ngget\ -
Voltage | Swircase To Pulse 7
C tor Generator Horlzontal '
_1'?:-@;- L --;a_ s'gm' samp'm.‘ A
<‘ Pulse
[ Rarp Aten Sl Y
,kg_w..m.-_w !_‘—{._E - SRweep
° Magnitude amp
sTg: e Voltage !
%M’l Staircase
Generator Voltage
Trigger Input )
Fig. 7.25 Various Waveforms at Each Block of a
Fig.7.24  Sampling Oscilloscope 9 Sampling Oscilloscope

At the beginning of each sampling cycle, the trigger pulse activates an oscillator and a
linear ramp voltage is generated. This ramp voltage is applied to a voltage comparator which
compares the ramp voltage to a staircase generator. When the two voltages are equal in
amplitude, the staircase advances one step and a sampling pulse is generated, which opens the
sampling gate for a sample of input voltage.

The resolution of the final image depends upon the size of the steps of the staircase

generator. The smaller the size of the steps the larger the number of samples and higher the
resolution of the image.

2. STORAGE OSCILLOSCOPE (FOR VLF SIGNAL)

Storage targets can be distinguished from standard phosphor targets by their ability to
retain a waveform pattern for a long time, independent of phosphor persistence. Two storage
techniques are used in oscilloscope CRTs, mesh storage and phosphor storage.

A mesh-storage CRT uses a dielectric material deposited on a storage mesh as the storage
target. This mesh is placed between the deflection plates and the standard phosphor target in the
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CRT. The writing beam, which is the focused electron beam of the standard CRT, charges the
dielectric material positively where hit. The storage target is then bombarded with low velocity
electrons from a fl ood gun and the positively charged areas of the storage target allow these
electrons to pass through to the standard phosphor target and thereby reproduce the stored image
on the screen. Thus the mesh storage has both a storage target and a phosphor display target. The
phosphor storage CRT uses a thin layer of phosphor to serve both as the storage and the display
element.

Mesh Storage It is used to display Very Low Frequencies (VLF) signals and finds many
applications in mechanical and biomedical fields. The conventional scope has a display with a
phosphor persistence ranging from a few micro seconds to a few seconds. The persistence can be
increased to a few hours from a few seconds.

Flood Gun = 1|
\ == o —
_,.-é'-'--’ i Phosphor
VDP [ | Screen
I
Writing :l 7 HDP i
Gun — [ | :
| I
e i I
---""--.-.:\:_:?__ : |
e, 4
7y N
Colimator =
Electrode /
Collector Storage
Mesh Mesh

Fig. 728 Basic elements of storage mesh CRT

A mesh storage CRT, shown in Fig. 7.26, contains a dielectric material deposited on a
storage mesh, a collector mesh, flood guns and a collimator, in addition to all the elements of a
standard CRT. The storage target, a thin deposition of a dielectric material such as Magnesium
Fluoride on the storage mesh, makes use of a property known as secondary emission. The
writing gun etches a positively charged pattern on the storage mesh or target by knocking off
secondary emission electrons. Because of the excellent insulating property of the Magnesium
Fluoride coating, this positively charged pattern remains exactly in the position where it is
deposited. In order to make a pattern visible, a special electron gun, called the flood gun, is
switched on (even after many hours). The electron paths are adjusted by the collimator electrode,
which constitutes a low voltage electrostatic lens system (to focus the electron beam), as shown
in Fig. 7.27. Most of the electrons are stopped and collected by the collector mesh. Only
electrons near the stored positive charge are pulled to the storage target with sufficient force to
hit the phosphor screen. The CRT will now display the signal and it will remain visible as long
as the flood guns operate. To erase the pattern on the storage mesh, a negative voltage is applied
to neutralize the stored positive charge.
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Since the storage mesh makes use of secondary emission, between the first and second
crossover more electrons are emitted than are absorbed by the material, and hence a net positive

charge results.

Below the first crossover a net negative charge results, since the impinging electrons do
not have sufficient energy to force an equal number to be emitted. In order to store a trace,
assume that the storage surface is uniformly charged and write gun (beam emission gun) will hit
the storage target. Those areas of the storage surface hit by the deflecting beam lose electrons,
which are collected by the collector mesh. Hence, the write beam deflection pattern is traced on
the storage surface as a positive charge pattern. Since the insulation of the dielectric material is
high enough to prevent any loss of charge for a considerable length of time, the pattern is stored.
To view, the stored trace, a flood gun is used when the write gun is turned off.
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The flood gun, biased very near the storage mesh potential, emits a flood of electrons
which move towards the collector mesh, since it is biased slightly more positive than the
deflection region. The collimator, a conductive coating on the CRT envelope with an applied
potential, helps to align the flood electrons so that they approach the storage target
perpendicularly. When the electrons penetrate beyond the collector mesh, they encounter either a
positively charged region on the storage surface or a negatively charged region where no trace
has been stored. The positively charged areas allow the electrons to pass through to the post
accelerator region and the display target phosphor. The negatively charged region repels the
flood electrons back to the collector mesh. Thus the charge pattern on the storage surface appears
reproduced on the CRT display phosphor just as though it were being traced with a deflected
beam. Figure 7.28 shows a display of the stored charge pattern on a mesh storage.

3.DIGITAL READOUT OSCILLOSCOPE

The digital read out oscilloscope instrument has a CRT display and a counter display.
The diagram shown is of an instrument where the counter measures the time (Fig. 7.29).

Start
e ~| Comparator
Open
Gate
Clock L1l
- 0000
. Gate |
Sampled 4 Counter
Signal
9 Close
Gate
e | ¥ - Stop
100%
Voltage | Comparator
Memory
Circuit

Fig. 7.29 Block diagram of a digital readout oscilloscope when measuring voltage

The input waveform is sampled and the sampling circuit advances the sampling position
in fixed increments, a process called strobing. The equivalent time between each sample depends
on the numbers of sample taken per cm and on the sweep time/cm, e.g. a sweep rate of 1 nano-
sec/cm and a sampling rate of 100 samples/cm gives a time of 10 pico-sec/sample.

Figure 7.29 shows a block diagram of a digital read out oscilloscope when measuring
voltage. Two intensified portions of the CRT trace identify 0% and 100% zones position. Each
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zone can be shifted to any part of the display. The voltage divider taps between the 0% and
100% memory voltage are set for start and stop timing. The coincidence of any of the input
waveforms with the selected percentage point is sensed by this voltage comparator. The numbers
of the clock pulse which correspond to the actual sample taken are read out digitally in a Nixie
display tube in ns, ms, ms or seconds.

Figure 7.30 shows a block diagram of a digital readout CRO when used for voltage to
time conversion.

0% Start _/_

Voltage © |Comparator|
Memory
'S
r 1 ' L Clock m ’ Linear
Sampled | ! 1 MHz iy —| 0000 Ramp
Signal J Clock = | ) Generator
K___l—-"j Clock  Counter
Pulse
Voltage __'7/‘,/| 1
T 1 .
! 100% /L
=l— | voitage ] Swp | —
Time Memony Gmparatﬂr_

Fig. 730 Volwge to time conversion

The CRT display is obtained by sampling the 0% reference voltage as chosen by the
memory circuit. A linear ramp generator produces a voltage; when the ramp voltage equals the
0% reference the gate opens. When the ramp equals 100% reference the gate closes. The number
of clock pulses that activate the counter is directly proportional to the voltage between the
selected reference and is read out in mV or volts by the Nixie tube display.
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Unit 5 Electronic Measurements and Instrumentation

UNIT ¥

Transducers- active & passive transducers; Resistance, ( apacitance, Inductance; Strain gauges
LYDT, Piero Electric transducers,

Measurement of physical parameters temperature, force, pressure, velocity, acceleration and
dizplacement

INTRODUCTION

A transducer is defined as a device that receives energy from one system and transmits it
1o another, often in a different form. Broadly defined, the transducer is a device capable of heing
actuated h*_!. an EI‘IE!'giIiI'IB 'II'Ip-llt froim ome of more transmission media and i turn generating a
related signal 1o one or more transmission systems. It provides a usable output in response 1o a
specified input measurand, which may be a physical or mechanical quantity. property. or
conditions. The energy transmitted by these systems may be electrical. mechanical or acoustical
The nature of electrical output from the transducer depends on the basic principle involved in the

design. The output may be analog, digital or frequency modulated. Basically, there are two tvpes
of transducers, electrical, and mechanical.

. E&P IVET SDUCER

Electrical transducers can be broadly classifi ed into two major categories,
(1) Active, (ii) Passive.

An active transducer generales an electrical signal directly in response to the physical

parameter and does not require an external power source for its operation. Active transducers are
sclf generating devices, which operate under energy ¢onversion principle and
equivalent output signal (for example
potential).

Typical example of active transducers are piezo electric sensors (for

generation of charge
corresponding to pressure) and photo voltaic cells (for generation of voltage in TESponse 1o
illumination),

generate an
from pressure 1o charge or temperature o clectrical

Fassive transducers operate under energy controlling principles, which makes it
to use an extemnal electrical source with them.

parameter (R, L and C).
Typical example are strain gauges (for resistance
thermistors (for resistance change comesponding to temp

NCCESSary

They depend upon the change in an elecrical

change in response to pressure), and
erature variations),
Electrical transducers are used muostly

to measure non-electrical quantities, For this purpose a
detector or sensing element is T

used, which converts the physical quantity into a displacement.

Tirumala Engineering College e —
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Unit 5 Flectronic Measurements and Instromentation

This displacement actuates an electric transducer, which acts as a secondary transducer and give
an output that is electrical in nature, This elecirical quantity is measured by the standard method
used for electrical measurement. The electrical signals may be current. vollage, or frequency:
their production is based on R, L and C effects,

RESISTIVE TRANSDUCER

Resistive transducers are those in which the resistance changes due to a change in some
physical phenomenon. The change in the value of the resistance with a change in the length of
the conductor can be used to measure displacement.

Strain gauges work on the principle that the resistance of a conductor or semiconductor
changes when strained. This can be used for the measurement of displacement, force and
pressure The resistivity of materials changes with changes in temperature. This property can be
wsed [or the measurement of temperature,

Porentiometer: A resistive potentiometer (pot) consists of a resistance clement provided with a
sliding contact, called a wiper. The motion of the sliding contact may be translatory or rotational.
some have a combination of both, with resistive elements in the form of a helix, as shown in Fig.
13.1(c). They are known as helipots.

i g
" o s
ol w r H
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Fig. 139 (] Tommalatsnr T Al olamomad Tres (o) oot (Fhotationsn

Translatory resistive elements, as shown in Fig, 13.1{a). are linear (straight) devices. Rotational
resistive devices are circular and are used for the messurement of angular displacement, as
shown in Fig. 13.1(b).

Helical resistive elements are multi tum rotational devices which can be used For the
measurement of either translatory or rotational motion. A potentiometer s a passive transducer
since it requires an external power source for its operation.

Iﬁ%
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Advantage of Potentiometers

1. They are inexpensive.
5. Simple to operate and are very
particularly severe.

1, They are useful for
4. Flectrical efficiency is v

operations.

useful for applications where the requirements are not

s of displacement.

the measurement of large amplitude
cient output to allow control

ery high, and they provide suffi

Disadvantages of Potentiometers
1. When using a linear potentiometer, a
2. The sliding contacts can wear out, become

CAPACITIVE TRANSDUCER

A linear change in capaci
:Iunﬂﬂnwh:usﬂdtﬁpmvidum

capacitance is given by
C=KAMd

large force is required to move the sliding contacts.

misaligned and generate noise.

of the moving

tance with changes in the physical position

electrical indication of the element’s

where K = the dielectric constant

A = the total arca of the capacitor surfaces

d = distance between two capacitive surfaces

C = the resultant capacitance. i

il the cffective area of the
material has a high dielectric constant. The capacitance s

From this cquation, it is seen that capacilance increases (i)
plate is increased, and (ii) if the
reduced if the spacing between the plates is increased.

i sgra of avcumcy. Sty magede

20 [EmMEeraiiic
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Such a device is used to detect the amount of roll in an aircraft. As the aircraft rolls to the
left, the plates moves to the relative position shown by dashed lines in Fig. 13.29 and the
capacitance decreases by an amount proportional to the degree of roll. Similarly to the right. In
this case the stator, securely attached to the aircraft, is the moving element. The weight an the
rotor keeps its position fixed with reference to the surface of the carth, but the relative position of
the plates changes and this is the factor that determines the capacitance of the unit,

Figure 13.30 shows a transducer that makes mdmvmmmcm ¥
m;mmmqmmpm.mm_wmf signed
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{The portion of the chamber 1o

‘ the left of the moving plate is isolated from the side into
which the pressurised gas or Vapour is

introduced. Hence, the dielectric constant of the unit does
not change for different types of pressurised gas or vapour. The capacity is purely a function of
the diaphragm position.) This device is not linear.

Changes in pressure may be easily detected by the variation of capacity between a fixed
plate and another plate free 1o move as the pressure changes, The resulting variation follows the
basic capacity formula.

Kin—=1)A4
¢ = 0.885 {”t .o

where A = area of one side of one plate in em2

n = number of plates t = thickness of dielectric in
k = dielectric constant

The capacitive transducer, as in the capacitive microphone, is m‘.lph to cons
inexpensive to produce. It is particularly effective for Hmemq i
However, when the varving capacitance is made part of an H‘-
output signal, the conditions for resistive and reactive balance g
taken ugainst unwanted signal pickup in the high impedance
temperature dlﬂngaﬂ. Asa rasult, the ranemng mstrum o

el -_.' ¥
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For example, let us considers the case of a general inductive transducer. The inductive
teansducer has N turns and a reluctance R, When a current i is passed through it, the flux is

.‘l"t
R
d¢ N_di_Ni_dR

—  e——

' 2 o R ir
IE theel ewerre il vares very romd v,
ik N

P —

dr 32 4

But em [ induced in the coil is given by & = N # afgval
N di N

Ihemelfon

Therefomn p"'.ﬂrt;?um = K
&g the sell inductance 15 mven by
[ NE
ofilelf ¥

Therefore, the output from an inductive transducer can be in the form of either a change

in voltage or a change in inductance.

STRAIMN GAUGES

The strain gauge is an example of a passive transducer that uses the variation in electrical
resistance in wires 1o sense the strain produced by a force on the wires. Tt is well known that
stress (force/unit arca) and strain (elongation or compression/unit length) in a member or portion
of any object under pressure is directly related to the modulus of elasticity,

Since strain can be measured more easily by using variable resistance transducers. it is a
common practice o measure strain instead of stress, to serve as an index of pressure. Such
transducers are popularly known as strain gasges. If a metal conductor is stretched or
compressed. its resistance changes on account of the fact that both the length and diameter of the
conductor changes, Also, there is a change in the value of the resistivity of the conductor when
subjected to strain, a property called the piezo-resistive eftect, Therefore, resistance sirain pauges

are also known as piezo resistive gauges,

Many detectors and transducers, e.g. load cells, wrque meters, pressure gauges,
temperature sensors, ctc, employ strain gauges a5 secondary transducers. When a saupe is
subjected to a positive siress, its length increases while its area of cross-section decreases. ;}fnl;:-:_‘
the resistance of a conductor is directly proportional to its length and inversely proportional to its
area of cross-section, the resistance of the gauge increases with positive strain. The change in

Tirumala Engineering College Page f
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: ety is called the piezo-resistive effect.

EI:I'HIIEL nﬁunﬂ are the most important.

k 4
ot

ﬂﬂﬂﬁgﬂﬁ ﬁﬂc forms, the unbonded type, and the bonded

Qs T

‘a wire streched hetween two points in an insulating
iire used is about 25 mm, The wires are kept under
T _ﬁ'eih_‘fiiihra.ﬁtm. Unhonded strain gauges are usually
( iahflamr;:ed with no load applied as shown in Fig. 13.3.

slied, the resistance of the strain gauge changes, causing an
tliﬂl_ﬂﬁug in an output voltage. This voltage is proportional to the
' p_fﬁﬂ pm can be detected with these strain gauges.

ge is shown in Fig. 13.4. A fine wire ¢lement about 25 pm
_:Hlu;mpbd back and forth on a carrier (base) or mounting plate.

e member undergoing stress. The grid of fine wire is cemented
___'__§11E:ct of paper, Bakelite, or Teflon, The wire is covered on the

Page 7
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"ﬂ'ﬁhﬁhm is an extension of the resistance wire strain gauge. The strain is
HP 'I'.'If a metal foil. The metals and alloys used for the foil and wire are
(Ni+ Cu), isoelastic (Ni + Cr + Mo), nickel and platinum.
im greater dissipation capacity than wire wound gauges, on account of
ared for the same volume. For this reason, they can be used for a higher
Also, the large surface area of foil gauges leads to better bonding,
similar characteristics to wire strain gauges. Their gauge factors
= of foil type strain gauges is that they can be fabricated on a
be etched on a carrier,
TR
first bonding a layer of strain sensitive material to
| of the metal to be used as the wire element is
an etching solution is applied to the unit. The
| is not masked, leaving the desired grid structure

gauges to be made thinner than

&5, together with a greater degree
: and restricted places and on a

5% preater than that of similar

tance value of commercially
ilms are vacuum coated with
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o Mﬂnﬂdﬂﬂmr Strain Gauge

R,
-=|-’I:':'.‘

e tivity, a high ¢ ; :
AN s mlﬂﬂ‘l’ﬁl}" HEhE‘I‘ Ehﬁ“gﬂ i]‘l m{fm value 'DT‘ gauge factor .15 desirable, A h13]'| gauge factor
seuracy, nee, which can be casily measured with a good degree
: - Semi :
- havea Mﬁﬁf:::::: St.'mm B, i used when a very high gauge factor is required. They
; { times as high as wire strain gauges. The resistance of the semiconductor

~ changes Wlﬂ_:,chmgt in applied strain,

- Semiconductor strain gauges depend for their action upon the piezo resistive effect. e
| .jnvvaifm_ of the resistance due to change in resistivity, unlike metallic gauges where
= in resistance is mainly due to the change in dimension when strained. Semiconductar
s such as germanium and silicon arc used as resistive materials. A typical strain gauge

a strain material and Leads that are placed in a protective box, as shown in Fig o
ductor wafer ot filaments which have a thickness of 0.05 mm are used. They arc bonded
insulating substrates, such as teflon.

rl.i;f;'-\_?}\} 'r-"cl_'.l ¥

ed for making contacts, These strain gauges can be fabricated
h can act as a pressure sensilive transducer. The large gauge
LT ange of resistance approximately 50 times higher

iconductor strain gauge is as stable as the metallic

e

‘@?éﬂiods can be applied to semiconductor strain
nicro strains, can also be measured.

conductor strain gauge is 130 = 10% for a unit of

¢k, The gauge factor is determined at room lemperature
strain (1000 micro infin. of length). The maximum

 strain, with a power dissipation of 0.1 W. The

hysteresis and is susceptible to regular methods of
:tor strain gauge has proved itself to be a stable and

jonal indicating and recording systems, 1o measure

a'gl:: 12
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VARIABLE DIFFERENTIAL TRANSDUCER (LVDT

The differential transformer is a passive inductive transformer. It is also known as a
Linear Variable Differential Transformer (LVDT). The basic construction is as shown in Fig
13.19.

The transformer consists of a single primary winding P1 and two secondary windings 5
and $2 wound on a hollow cylindrical former. The secondary windings have an equal number of
turns and are identically placed on either side of the primary windings. The primary winding is
connected to an ac source.

Fig. 121

An movable soft iron core dlides within the hollow former and therefore affects the
magnetic coupling between the primary and the two secondaries. The displacement 10 be
measured is applicd to an arm artached to the soft iron core. When the core is in its normal (null)
position, equal voltages are induced in the two secondary windings. The frequency of the ac
applied to the primary winding ranges Eoms0 He to 20 kiz. The output voltage of the
secondary windings 51 is S and that of secondary winding 52 is E52,

In order to convert the output from Sl to 52 into a single voltage signal, the two
secondaries S1 and 52 are connected in series opposition, as shown in Fig. 13.20. Hence the
output voltage of the transducer is the difference of the two voltages. Therefore the differential
output voltage Eo = ES1 ~ ES?. When the core is at its normal position, the flux linking with
both secondary windings is equal, and hence equal emfs are induced in them. Hence, at null
position ES1 = FS2. Since the output voltage of the transducer is the difference of the two
voltages, the output voltage Eo is zero at null position,

Now, if the core is moved to the left of the null position, more fl ux links with winding
g1 and less with winding 52. Hence, output voltage ES1 of the secondary winding S1 is greater
than ES2. The magnitude of the output voltage of the secondary is then ES1 — ES2, in phase with

- EST (the output voltage of secondary winding S 1y, Similarly, if the core is moved to the right of
the n_u]i position, the fl ux linking with winding 52 becomes greater than that linked with

b H’I.wmala Engineering College Page 13

o e W

ol e
TR T el kB




Lunit §
Ele

ctronie Mrasurnmtntﬁ and Inatrumentatinn

winding S1. This results in ES2 becomin

£ larger than S| The /
=ES2—ESI and is in phase with £57 ke 1 vk

'|r-'|'i;'{' in this case 5 Foy

AL ingast
" S orbar {1}
[II.ID.IJ
& & - it
— Lo |
Primary - Tt !
Core 8 (e fnonal iy | '.‘

}

] Cormtructon ) Sasic Crant
Fig 1320  Secondary Winding Connectad lor DiMarsrtial Cupas

The amount of voltage change in either secondary winding is proportional to the amount
of movement of the core. Hence, we have an indication of the amount of linear motion. By
noting which output is increasing or decreasing, the direction of motion can be determined. The
Output ac voltage inverts as the core passes the centre position. The farther the core moves from
the centre, the greater the difference in value between ES1 and ES2 and consequently the greater
the value of Eo. Hence, the amplitude is function of the distance the core has moved, and the
polarity or phase indicates the direction of maotion, as shown in Fig. 13.21,

As the core is moved in one direction from the null position, the difference voliage, i.e.
the difference of the two secondary voltages increases, while maintaining an in-phase relation
with the voltage from the input source. In the other direction from the null position, the
difference voltage increases but is 180° out of phase with the voltage from the source. By
comparing the magnitude and phase of the difference output voltage with that of the source. the
amount and direction of the movement of the core and hence of the displacement may be
determined. The amount of output voltage may be measured to determine the displacement. The
output signal may also be applied to a recorder or to a controller that can restore the moving
system 1o its normal position,

The output voltage of an LVDT is a lincar function of the core displacement within a
limited range of motion (say 5 mm from the null position). Figure 13.21(d) shows the variation
of the output voltage against displacement for various position of the core. The curve is
practically linear for small displacements (up to 5 mm). Bevond this range, the curve starts to

deviate. The diagram in Figs 13.21(a), (b) and (c) shows the core of an LVDT at three different
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In Fig, 13.21(b), the

COrg s at O, Lol B
0. W h':“ s L which 15 the central zero o null position,
and B | € Core 18 moved o the left, as in Fi ig. 13.21¢
U 1 F‘ll_"|~.,|_||1|_1_- i
phase angle, is f Wit Phis movement Tepresents a positive value and therefore the
v ohre
and hence F 15 moved to the right towards B, | 82 is greater than ES|

0% |‘|=.1.,'|I.IH_
whilch; is Shial 1, “'"-“-T'-“"- 52 the output voltage is 180° out of phase with the voltage
ned when the core 15 moved to the lefi.

and O - -
d O -8B, byt . atter 1Imllhu. become non-linear,

e3l = ER2 and Eq

I'herefore,
more than ES2

a) and is at A, ESI is

I'he characteristics are linear from O = A

s L VA o

B

hu“'t "'l.;u' X "\:""

w b} -

Ll
Fig. 1311 (a), (B). {c) Various Core Postion of LVD'T
) Wartation of Outpad Viohlge vs Desgraacnman?

One advantage of an LVDT over the inductive bridge type is that it produces higher
output voltage for small changes in core position. Several commercial models that produce 50
mV/mm to 300 mV/mm are available. 300 mV/mm implies that a | mm displacement of the core
produces a voltage output of 300 mV. LVDTs are available with ranges as low as + 0.05 in. 10 as
high as + 25 in. and are sensitive enough to be used 10 measure displacements of well below
0.001 in. They can be obtained for operation at temperatures as low as — 265°C and as high as +
600°C and are also available in radiation resistance designs for nuclear operations.
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PIELO ELECTRICAL TRANSDUCER

A symmetrical crystalline materials such as Quartz, Rochelle salt and Barium titanate
produce an emf when

they are placed under stress. This propenty is used in piezo electric
transducers, where a crystal is placed between a solid base and the force-summing member, as
shown in Fig. 13,32,

An externally applied force, entering the transducer through its pressure port, applies
pressure o the top of a crystal. This produces an emf across the crysial proportional to the
magnitude of applied pressure. Since the transducer has a very good HF response, its principal
use is in HF accelerometers. In this application, its output voltage is typically of the order of | -
30 mV per gm of acceleration. The device needs no external power source and is therefore self
generating. The disadvantage is that it cannot measure static conditions. The output voltage is

also affected by temperature variation of the crystal. mbummmmmﬁ o
given by i

E-erclr

where () = generated charge
Cyp = shunt capacitances

mumumr:ammﬂyadymmmm-aumﬂdmﬂ_ 2
static conditions. {Emunhahiﬂnmpaﬂnudmmimv@ﬂﬁ'

Mﬂ'am Mrmufmsnppﬁﬂwhmmw
@mmmw&mhmﬂh
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