Electronic Instrumentation 15EC35

MODULE 1

M easurement and Error

Introduction:

The measurement of any quantity plays very important role not only in science but in
all branches of engineering, medicine and in almost all the human day to day activities. The
technology of measurement is the base of advancement of science. The role of science and
engineering is to discover the new phenomena, new relationships, the laws of nature and to
apply these discoveries to human as well as other scientific needs. The science and
engineering is aso responsible for the design of new equipment. The operation, control and
the maintenance of such equipment and the processes is also one of the important functions
of the science and engineering branches. All these activities are based on the proper

measurement and recording of physical, chemical, mechani ptical and many other types
of parameters. ¢

Measurement: The measurement of a given par Xquantity is the act or result of a
guantitative comparison between a predefin and an unknown quantity to be
measured.

An éectronic instrument is
principles for its measurement fungt
guantity or variable istermed as a

&W ich is based on electronic or electrica
K he’measurement of any electronic or electrica
n elecifonic measurement.

aracteristics are defined for the instruments which
ot vary with time. The various static characteristics are
n, error, sensitivity, threshold, zero drift, stability and linearity.

Static characteristics: The
measure the quantities which
accuracy, precision, r

Accuracy: Itist
true value of th
guantity. It indicat

of closeness with which the instrument reading approaches the
. It denotes the extent to which we approach the actual value of the
he ability of instrument to indicate the true value of the quantity.

Ex: if voltmeter reads 100V with 1% error, then true or actual value lies between
99V and 100V.

Precision: It isthe measure of consistency or repeatability of measurements.

Resolution: It is the smallest increment of quantity being measured which can be detected
with certainty by an instrument. OR The smallest change in a measured vaue to which
device responds.

Ex: If adigital voltmeter indicates 8.135V and if the measured quantity increases or
decreases by 0.001 or 1mV, then reading becomes either 8.136V or 8.134V respectively.
Thus the resolution of the instrument is ImV.

Significant Figures. The significant figures convey the actual information about the
magnitude and also contributes to the resolution.

Ex: If 8.134V indicates a voltage measured, then it has significant figures of 4.
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Error: The most important static characteristics of an instrument is its accuracy, which is
generally expressed in terms of the error called static error. It is given by

e=An -Aawhere

e— Error

Am— Measured value

Aa— Actual value
The static error is defined as the difference between the true value of the variable and the
value indicated by the instrument. The static error may arise due to number of reasons. The
static errors are classified as:

1) Gross errors: The gross errors mainly occur due to carelessness or lack of experience of a
human being. These cover human mistakes in readings, recordings and calculating results.
These errors a'so occur due to incorrect adjustments of instruments. These errors cannot be
treated mathematically. These errors are also called personal_errors.

2) Systematic errors: The systematic errors are mainiy resiilting®due to the shortcomings of
the instrument and the characteristics of the materiN in the instrument, such as
defective or worn parts, ageing effects, enviro aly Effects, etc. A constant uniform
deviation of the operation of an instrument is systematic error.

There are three types of syst icﬁ
1) Instrumental errors: theﬂ—%s are inherent because of their mechanical

structure and moving t. Ex: stretching of springs, irregular tension to
spring, overloadin s. These errors can be avoided by

le instrument for measurement
factors can be applied after determining instrumental

ating the device against standard
2) Envi@al errors. Due to externa condition of a measuring device i.e the

surrounding area of the instrument like temperature, humidity, magnetic or

electrostatic fields. These errors can be avoided by

Air conditioning

Using magnetic shields

Hermetically scaling components

Using heat sinks

3) Observationa errors. are the errors introduced by the observer. The most
common error isthe parallax error introduced in reading a meter scale

3) Random errors: these are the errors that remain after gross and systematic errors. These
errors are due to unknown causes. These errors are small and can be treated mathematically.

When the error is specified in terms of an absolute quantity and not as a percentage, then it
is called an absolute error. Thus the voltage of 10 £ 0.5V indicated + 0.5V as an absolute
error. When the error is expressed as a percentage or as a fraction of the total quantity to be
measured, then it iscalled relativeerror.
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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=Y, ~-X,
where ¢ = absolute error
Y, = expected value
X, = measured value
Therefore % Error = — A x 100
Expected value
- % 100
A
Y. -X,
Thcrcforc%&m:[“y ]xlOO . Q
It is more frequently expressed as a accuracy }n’
Therefore A:I-Y"-x"

Y, \
where A is the relative accuracy. &

Accuracy is expressed as %
a= 100% ’
a=
where a is the %

Statigtical Anal@

Statistical analysis of measurement helps in analytical determination of the uncertainty of
the final test result. To make statistical analysis meaningful, large number of measurement is
usually required. This method is used when deviation of measurement from its true value is
to be determined and the reason for the error is unpredictable.

Arithmetic Mean: When quantity is measured many times and all the measurement are not
same then this method is used. Using mean the best approximation to the actual value is
found. The arithmetic mean of n measurements at a specific count of the variable x is given
by the expression

3

" el

L Xy h Ky b Xy X
X =

where X = Arithmetic mean
x, = nth reading taken
n = total number of readings
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Deviation from Mean: Thisisthe deviation of a given reading from the arithmetic mean of
the group of readings. If the deviation of the first x1, is called di and for 2" reading it is
caled dz> and so on. The deviation may be positive or negative and the algebraic sum of all
deviations must be zero. The deviations from the mean can be expressed as

dy=x-3T.dy=x;- 7 ... similarly d, =x, -

Average Deviation: is an indication of the precision of the instrument used in measurement.
Average Deviation is defined as the sum of absolute values of the deviation divided by the
number of readings. Average deviation may be expressed as

ldll+ldil f'dﬂ B ros P Id.l

Du oy
n

1|
or D, =

n
where D, = average devi‘amQ

Id)\, dyl, ..., \d,} = Absolute value&e iations

and n = total nu ;adings

uare root of the sum of al individual
hgs. It may be expressed as

Standard Deviation: The standard deviati
deviations squared, divided by the nu

w bera x- seamdard deviation

Standard deviatieb is nown as root mean square deviation and is an important factor in
the statistica analyisis of measurement. Reducing this quantity helps in improving the
measurement.

The square of standard deviation is known as variance and it is expressed as

2 A +di vdi 4+ d2

T=

Probable Error: It is denoted by PE and is given by
PE =+0.6745 ¢
Dynamic Characteristics of I nstruments:

The set of criteria defined for the instruments, which are changes rapidly with time, is
caled ‘dynamic characteristics’. The dynamic characteristics are
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Speed of response: The speed of response of measuring instrument is defined as the
guickness with which an instrument responds to a change in the output signal.

Lag: It is the retardation or delay in the response of a measurement system to changes in
the measured quantity.

Fidelity: It is the ability of a measurement system to reproduce the output in the same form
asthe input.

Dynamic error: It is the difference between the true value of the quantity changing with
time and the value indicated by the measurement system if no static error is assumed. It is
also called measurement error.

M easurement error combinations:

When a quantity is calculated from measurements made.ontwo 6r more instruments, it must
be assumed that errors due to instrument inaccurac %i e in worst possible way. The
resulting error is then larger than the error in any ment.

Sum of quantities:

Where a quantity is determined as the

of the absolute errorsin each m i
E=(vizAvi

easurements, the total error isthe sum
illustrated in Figure
AV 2)

=

-

PR

(=3
-

™

A
W
=
o

Error m siim of yraehibics oy s gk armrs

Thus, %errorin E=(V1+V2) £ (AV1+AV2)

Difference of quantities:
Figure below illustrates a situation in which a potential difference is determined as the
difference between two measured voltages. Here again, the errors are additive:

=) .

- +— E- 3 |
'|r 1. .
V¥, 2 AF; 8, Ha 3 ¥y = A¥F
! 3 =
¥ ¥
Error in dhffcrenee of uannees equal sum o Smors

E=(V1+AV1) - (V21AV2)
GivingE=(V1-V2) £ (AV1+AV2)
Product of quantities:
When a calculated quantity is the product of two or more quantities, the percentage error is
the sum of the percentage errors in each quantity [consider Figure]
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s af

TYRY
o

E t AF 2

Percentage error in product or quotient of quantities equals sum of percentage errors.

P=El
P=(E+AE) x (1 £ Al)
YerorinP=(E*1)x[(Y%erorinE) + (% errorinl]

Quotients of quantities:
Here again it can be shown that the percentage error is the sum of the percentage errorsin
each quantity.

R=(Ex AE)/ (I £ Al)
% error in R= (E/1) £ [(% error in E) + (Y% error in 1)} Q

Raised to a power of quantity:
When a quantity A israised to a power B. the p ‘®rror in A B can be shown to be
% error AB=B (% error in A)

A
N
{\O
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AMMETERS

I ntroduction:

Ammeter is measuring instrument to measure current in circuit. It uses PMMC
galvanometer as a basic meter. As the name suggests it has permanent magnets which are
employed in this kind of measuring instruments. It is particularly suited for DC
measurement because here deflection is proportional to the current. This type of instrument
is caled D’ Arnsonval type instrument. It has magjor advantage of having linear scale, low
power consumption, high accuracy.

An ammeter can measure a wide range of current values because at high values only
a small portion of the current is directed through the meter mechanism, a shunt in parallel
with the basic meter carries the major portion as shown in Fig 1. The value of shunt can be

determined as follows:
Q' Arsonval
® movement

Rsh = resistance of the shunt

Rm = internal resistance of the met
Ish = shunt current
Im = full scale deflection cur 0

| = full-scale deflection
Asshunt isparale w@ ic meter, the drop across shunt and basic meter will be same

and it isgiven by,
Vm =Im*Rm \Y; Ish*Rsh
Vsh=Vm

IshRsh = ImRm
ImRm
Rsh = = (Q)
Butl =Ish+Im
Thusish=1-1Im
Therefore, Rsh TmRm (Q)

- (I-Im)
This determines the value of shunt resistance for full scale meter current.

Multirange Ammeter:
e Therange of the basic d.c. ammeter can be extended by using number of shunts and a
selector switch. Such ammeter is called multirange ammeter as shown inthe Fig 2
e RI1, R2, R3 and R4 are four shunts. When connected in parallel with the meter, they
can give four different ranges 11,12, 13 and I14.
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e The selector switch Sis multiposition switch, having low contact resistance and high
current carrying capacity.

e Thisuses amake before break type switch for the range changing.

e |f the ordinary switch is used, while range changing the switch remains open and full
current passes through the meter damaging the meter due to high current. So make
before break switch is used.

e While using the multirange ammeter, highest range should be used first and the
current range should be decreased till good upscale reading is obtained.

e All the shunts are very precise resistance and hence cost of such multirange
ammeter is high.

#

fRS RS RS R

Soco_+ %\Q

Fig 2. Multirange Ammeter

The Ayrton Shunt or Universal S
The Ayrton shunt or universal shun
possibility of having a meter wit
Fig. 3.

er configuration of ammeter which eliminates the
nt. The meter with Ayrton shunt is shown in the

Fig. 3 Ayrion shunt or Urvversal shunt

e The selector switch S, selects the appropriate shunt required to change the range of the
meter.

e When the position of the switch is '1' then the resistance R1 is in paralel with the
series combination of R2, R3 and Rm. Hence current through the shunt is more than
the current through the meter, thus protecting the basic meter.

e The voltage drop across the two parallel branchesis always equal.

Thus, IshRsh=1m Rm,
In position 1, R1isin paralle with R2 + R3 + Rm
Thus I1[R1] = Im[R2+R3+Rm]

e When the switch is in the position '2', then the series resistance of R1 and R2 is in
parallel with the series combination of R3 and Rm.

In position 2, R1+R2 isin parallel with R3+Rm
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Thus I2[R1+R2] = Im[R3+Rm]

e Inthe position '3, the resistances R1, R2 and R3 are in series and acts as the shunt. In
this position, the maximum current flows through the meter. This increases the
sensitivity of the meter.

In position 3, R1 + R2 + R3isin parallel with Rm
I3[R1+R2+R3] = ImMRm

Requirements of Shunts:

The electrical resistance of these shunts should not differ at higher temperature,

They should have very low value of temperature coefficient.

The resistance should not vary with time.

They should be able to carry high value of current without much rise in temperature.
The material used to join the shunts should have low thermo di€electric voltage drop
i.e soldering of joins should not cause voltage drop.

e Solderability: The shunt resistances can be q di@val ues and size and while
soldering the change in value should be mini mU\

Usualy ‘manganin’ is used as shunt for DC in & as it gives low thermal emf and
‘constantan’ is useful material for AC instru

Extending of Ammeters:
The range of ammeter can be exten
movement as shown in the figur

ing external shunts connected to the basic meter

. Test
Leads

External
Shunt

Extending of ammeters

RF Ammeter (Thermocouple)

e Basicaly thermocouple consists of two different metals which are placed in contact
with each other.

e First part is called the heater element because when the current will flow through
this, aheat is produced and the temperature is increased at the junction.

e At this junction an emf is produced, the emf produced is a DC voltage which is
directly proportional to root mean square value of electric current or voltage
proportional to heating effect. This DC voltage generation by heating effect is called
as thermoel ectric effect.

e A permanent magnet moving coil instrument is connected with the second part to
read the current passing through the heater.
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e Usualy a permanent magnet coil instrument is used because it has greater accuracy
and sensitivity towards the measurement of value.

e The thermocouple type instruments employ thermocouple in their construction and
have greater accuracy in measuring the current and voltages at very high frequency
accurately. Thermocouple type instruments can be used for both ac and dc
applications.

Types of Thermocouples:

Mutual Type: In this type, the current is passed directly to the thermocouple itself and
through any heater wire as shown in fig (). But the problem seen is the meter shunts the
thermocouple and may not be very accurate. The sensitivity of thisisvery high.

Contact Type: In this it has a separate heater which is shown in fig (b). The current to
be measured is passed to the heater and not to the thermocouple. Thusit is less sensitive
compared to mutual type.

Ammeter ’\Q : A
*
o

a1

Ammeter

m@couple

K gfinent p Heatar
Thermacauple \ (b)

Separate Heater Typ &m called as a non-contact type. There is insulation between
) 1e"thermocouple i.e. there no direct contact between two. The

thermocouple is hél@ eater but insulated using a glass bead. This is shown in fig (c).
7 ents are not much sensitive as compared contact type and aso

Bridge type: This has high sensitivity as that of mutual type and also éiminates the
shunting effect. Thisis seen in bridge configuration as shown in fig (d).

T
‘\5,;"

Ammeter

Heater
J

Glass Bead —____ /
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In the bridge configuration all 4 arms have similar thermocouple and to increase the
sengitivity the instrument is placed in vacuum.

e Materials (metal combinations) used commonly for thermocouple are copper-
constantan, iron-constantan, chromel-constantan, chromel-alumel and platinum-
rhodium

e The heating element usualy for open air heaters is a platinum aloy, which is non-
corroding and in vacuum type heaters carbon filament is used.

Limitations of Thermocouple:

e Thermocouple heaters can withstand only small overloads.
e Withrisein temperature thereis change in resistance of the heater.
e There are harmonics present which changes the meter readings due to heating effect.

Advantages of Thermocouple: Q

.

e Accurater.m.svalue of current or voltagecan b red.
e Havevery high sensitivity. .

e Not affected by stay magnetic fields.
e |In comparison with other instrumen\ e ligh accuracy and frequency range

N\
QO
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VOLTMETERSAND MULTIMETERS

Voltmeter is used measure potential difference between two points of an electric circuit. The
analog voltmeters gives indication by moving pointer across the scale proportional to the
voltage in the circuit.

With basic meter and by adding various elements different instruments can be formed.
|. Basic meter movement can be made D.C instrument to measure

(i) DC current: adding a shunt resistance it results in forming a microammeter, miliammeter
or an ammeter.

(i) DC voltage: adding series resistance caled multiplier it results in forming a
milivoltmeter, voltmeter or kilovoltmeter.

(iii) Resistance: with a battery and resistive network, resistance can be measured. The

instrument is ohmmeter. o

[I. Basic meter movement can be made A.C instrumentx re

(i) AC voltage or current: with a rectifier circuit ras a rectifier meter which measures
power and audio frequencies.

(i)RF voltage or current: Using ath % pe meter radio frequency (RF) voltage or
current can be measured.

: Using athermistor in aresistive bridge network,
can be obtained. This can be used for power line

(ii1)Expanded scale for power li
expanded scale for power i
monitoring.

Basic meter asdc vo

The basic eter is nothing but a PMMC D' Arsonva movement meter. To
this a resistance ired to be connected in series to use it as a voltmeter. This series
resistanceis called amultiplier. The multiplier resistance limits the current through the basic
meter so that the meter current does not exceed the full scale deflection value. The voltmeter
measures the voltage across the two points of a circuit or a voltage across circuit component.

The basic d.c. voltmeter is shown in the Fig.3.1

Rs
*o———— A\ —
Multiplier l[m
Vv Rm
~| Basic
meter

Fig. 3.1. Basic d.cvoltmeter
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The voltmeter must be connected across the two points or a component/load, to measure the
potential difference, with the proper polarity.

The multiplier resistance can be calculated as:
Let Rm = Internal resistance of coil i.e. meter

Rs = seriesmultiplier resistance
Im = full scale deflection current (can also be represented as ltsj)
V =full range voltage to be measured
From the Fig. 3.1 using KVL,
V=Im (Rm+Rs)
V = ImRm+Im Rs

IMRs=V - Im Rm 0\0

V—ImRm

ThusRs=——m
Im *

74
or Rs=—-Rm \
Im &

Multirange Voltmeter:

As we have seen in muli
extended by using numbee

multirange voltmeter @ .
R3

Ultipliers and a selector switch. Such type of meter is called
shows multirange voltmeters with 3 multipliers R1, R2 and

v R 1 ;

o MA— |

Va  Rs Q
R

- @

Fig. 3.2 Multirange voltmeter

This can further be modified which gives a more practica multiplier arrangement in
multirange voltmeter. The arrangement is shown in Fig 3.3. The multipliers R1, R2, R3 and
R4 are connected in series along with the selector switch.
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This configuration is advantageous as all resistors expect R4 are al standard resistor values.

Fig. 3.3 Multipliers connected in series string

Extending voltmeter ranges. .

The range of voltmeters can be extended to measuN voltages using an external
multiplier resistor as shown in Fig 3.4. The basic be used to measure low voltages
and care must be taken to see that the voltage ceed the full scale deflection.

xternal

Multiplier  1©st

Leads

-

Q 3.4 Extending voltage range

The sensitivity of avoltmeter is given in ohms per volt. It is determined by dividing
the sum of the resistance of the meter (Rm), plus the series resistance (Rs), by the full-scale
reading in volts. In other words sensitivity can be defined as the ratio of total resistance to
voltage to be measured (i.e voltage range). In equation form, sensitivity is expressed as
follows:

Sengitivity = (Rm+Rs)/E = RV

Sensitivity:

Thisisthe same as saying the sensitivity is equal to the reciprocal of the full-scale deflection
current.

1

Sensitivity =
Ifsa
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L oading effect:

e While selecting the voltmeter, the voltmeter consideration of sensitivity is very
important.

e A low resistance voltmeter may give correct reading when measuring voltage in low
resistance circuit but the Voltmeter produces unreliable and erroneous reading when
connected in high resistance circuit.

e Thisis because the resistant of the meter acts as shunt and the equivalent resistance
at that portion reduces.

e This results in showing lower reading indication than the actual value that existed
before connecting of the meter. Thisis calling as loading effect.

e Thus ideally the resistance of a Voltmeter should be infinite so that voltmeter does
not alter circuit current and gives correct readings.

Transistor voltmeter (TVM): Q
.
e Figure 3.5 gives a smplified schematic diagraN dc coupled amplifier with an

indicating meter. .
[ + Vee
, b, |o
O—o{: 22k
— - 02 ‘/
Dam
Input ot ‘
Rm 33k
10 k
i
el i V,
Balanced Bridge a

Amplifier

Fig. 3.5 Transistor voltmeter

e The input stage consists of a FET which provides high input impedance to
effectively isolate the meter circuit from the circuit under measurement. This forms
the input amplifier. Theinput impedance of a FET is greater than 10 MQ.

e It has two transistors, Q1 and Q2 forms a dc coupled amplifier driving the meter
movement, along with resistors forms the bridge. The bridge is balanced, so that for
zero input the dial indicates zero. If not, balance can be obtained through calibration
resistance.

e Within the dynamic range of the amplifier, the meter deflection is proportional to the
magnitude of the applied input voltage.

e The input exceeds then it does not burn the meter because the amplifier saturates,
limiting the maximum current through the meter.

e The gain of the dc amplifier alows the instrument to be used for measurement of
voltagesin the mV range.
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e Instruments in the pV range of measurement require a high gain dc amplifier to
supply sufficient current for driving the meter movement.

Differential Voltmeters:

e The differential voltmeter provides extremely accurate voltage measurements and it
is highly reliable piece of precision test equipment. The function is to compare an
unknown voltage with a known internal reference voltage and to indicate the
differencein their values.

e Figure 3.6 shows a basic circuit of a basic differential voltmeter which is based on
the potentiometric method. Hence it is also called a potentiometric voltmeter.

MNull Indicator Potentiometer
0
LS

Unk
Vol

Reference
Voltage

e In this, upon the i @f of unknown voltage the potentiometer is varied until
the voltage across BalS the unknown voltage.

ndicator reads zero. Under null conditions, potential across

iometer is same and the meter draws current from neither the
referencéSourcenor the unknown known voltage source

e This showsthat unknown voltage equals to the reference voltage.

e Thus the differential voltmeter presents an infinite impedance to the unknown
source.

e The null meter serves as an indicator and does not measure any voltages.

e Todetect small differences the meter movement must be sensitive, but it need not be
calibrated, since only zero has to be indicated.

e The reference source used is usually a1 V dc standard source or a Zener controlled
precision supply. For measuring high voltages a high voltage reference supply can be
used but this increases the cost and also loading effect is seen.

e Alternate to this voltage dividers or attenuators across an unknown source can be
used to reduce the voltage. But even this has low input impedance and loading effect
respectively.

In order to measure ac voltages, the ac voltage must be converted into dc by incorporating a
precision rectifier circuit. A block diagram of an ac differential voltmeter is shown in Fig.
3.7.
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l+ i
<

S . - — ——— ’ /.\\
ot - [ @—% [
'act Atten- i aff tode |dc ) Reference
.’j&‘.~4 vator | i el Converter|_ = T

Fig. 3.7 Block diagram of an ac differential voltmeter

AC Voltmetersusing Rectifiers:

e The PMMC movement along with rectifier arrangement is used in rectifier type ac
instruments. The rectifier is used to convert a.c voltage to be measured, to d.c.

e Thisd.cif required is amplified and then given to the PMMC movement.

e The PMMC movement gives the deflection proportional to the quantity to be
measured. For this silicon diodes are preferred as exhibit low reverse current
and high forward current ratting. N

e Fig 3.8 (a) shows ac voltmeter having a multi pl'%\ ridge rectifier and basic meter

movement.
L 2
Rs

A I%_
2

ac \’m /

Input (S el e e ERY s ‘\
21m
g

Fig. 3.8 eter (b) Average and RMS value of current

e Bridge r%iv& a full wave pulsating dc and meter indicates steady deflection
proportion the average value of the current as shown in Fig 3.8 (b). However the
meter can be calibrated to give rms value of the input signal.

rms value and average value: The rms. value of an alternating quantity is given by that
steady current (d.c.) which when flowing through a given circuit for a given time produces
the same amount of heat as produced by the a.c current which when flowing through the
same circuit for the same time.

The rms value is calculated by measuring the quantity at equa intervals for one
complete cycle. Then squaring each quantity, the average of squared values is obtained. The
square root of this average value is the rms. value. The rms means root-mean square i.e.
sgquaring, finding the mean i.e. average and taking the root.

For continuous signal the rms value is obtained by integrating the signal over the period of
timeT. Itisgiven by,

1 .T,,.
Vrms = \/; fo Vin? dt and UT represents the average value.
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For pure sinusoidal signal it is given by
Vrms=0.707 Vm,
where Vm = peak value of the sine wave.

Similarly the average value of a continuous a.c signal can be calculated by taking the
average value over half period of the signal. It is given by

2 T/2

; 0 Vin dt

Vav =

T/2 represents the average value over haf cycle.

For pure sinusoidal signal it is given by

Vav :%Vm =0.636 Vm

Where Vm = peak value of the sine wave.

.
General rectifier type ac voltmeter: \
Practical rectifiers are non-linear devices particul dow forward current and hence the
meter scale is non-linear a lower vaues. Thi bserved in the diode characteristics
showninFig 3.9

-
T R3 D1 1]3," l lm
+
i R
|na:ut D2 N " C/ Rim

Fig. 3.10 General rectifier type ac voltmeter
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e Two diodes D1 and D2 are used in the rectifier circuit. When the ac. input is
applied, for the positive half cycle, the diode D1 conducts and causes the meter
deflection proportional to the average value of that half cycle.

e As the diodes exhibit nonlinear behavior for the low currents and to increase the
current through diode D1, the meter is shunted with a resistance Rsh. This helps in
moving the diode operation into linear region of the characteristic curve.

¢ In the negative cycle, the diode D2 conducts and D1 is reverse biased. The current
through the meter isin opposite direction and hence meter movement is bypassed.

e Thus due to diodes, the rectifying action produces pulsating d.c. and the meter
indicates the average value of the input.

AC voltmeter using half wave rectifier:

To the ac voltmeter if a diode D1 is added as shown in Fig. 3.11, we get an haf wave
rectifier circuit capable of measuring ac voltages.

Rs=10k D;
|

< €in= 10 Vlms

meter having full scale deflection current of 1mA and

Considering an example,0
assuming D1 to be an idealdi ith negligible forward bias resistance, if the sensitivity of

For thisif dc input iS replaced by a10 V rms sine wave input. The voltages appearing at the
output is due to the +ve half cycle due to rectifying action. The peak value of 10 V rms sine
wave is given by,

Ep = 0.707 x v/2 x Vrms = 0.707 x /2 x 10 = 14.41V
The dc will respond to the average value of the ac input, therefore
Eav =0.636 Ep = 0.636 x14.41 =8.99V =9V

Since the diode conducts only during the positive haf cycle, the average value over the
entire cycle is one half the average value of 8.99 V, i.e. about 4.5 V.

Thus, the pointer will deflect for afull scaleif 10V dcisapplied and 4.5V when a10 Vrms
sinusoidal signal is applied. This indicates that an a.c voltmeter is not as sensitive as a dc
voltmeter.

Thus we can say that Edc = 0.45 Eac

With rectifier in the voltmeter, the multiplier resistance can be calculated as
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Edc 0.45Eac
Rs=— —RmoOrRs==
Idc Idc

AC voltmeter using Full Wave Rectifier:

The full wave rectifier circuit uses a bridge to convert a.c to d.c as shown in the Fig. 3.12.
During both half cycles the diodes will be conducting.

— Rm

Fig. 3.12 ac voltmeter using full wave rectifier
L 2

To thisnow 10 V rms signal is applied then the peak valugyis given by,

Ep=0.707 x V2 x Vrms = 0.707 x /2 x 10 = ¢

The average valueis given by, x
Eav = 0.636 Ep = 0.636 x14.41 xg 9V

cle the average value over one entire cycleis9 Vv

rms voltage is equal to a9 V dc for full scale deflection,
o of full scale. Thus we can say that,

Therefore, we can see't
i.e. the pointer will de@

Edc=0.9 Eac
With full wave r@n the voltmeter, the multiplier resistance can be calculated as

Edc 0.9 Eac
Rs=— — Rmor Rs== — Rm
Idc Idc

e With sensitivity we can have for both half wave and full wave as

Sensitivity (ac) = 0.45 Sensitivity (dc) ----- Half wave rectifier
Sengitivity (ac) = 0.9 Sensitivity (dc) ----- Full wave rectifier
TrueRMSVoltmeter:

e RMS value of the sinusoidal waveform can be measured by the average reading
voltmeter and if can be calibrated to read the rms value.

e Thismethod is quite ssmple and |ess expensive. But sometimes rms value of the non-
sinusoidal or complex waveform may be required to be measured. For such a
measurement a true rms reading voltmeter is required.

e True rms reading voltmeter gives meter reading based on heating power of
waveform which is proportional to the square of the rms value of the voltage.
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e Thermocouple is used to measure the heating power of the input waveform and it is
given to the heater by the amplified version of the input waveform.

e Output voltage of the thermocouple is proportional to the square of the rms value of
the input waveform.

e One more thermocouple, caled the balancing thermo-couple, is used in the same
thermal environment in order to eliminate the difficulty arising due to non-linear
behavior of the thermo-couple.

e Thus the non-linearity of the input circuit thermo-couple is cancelled by the similar
non-linear effects of the balancing thermocouple.

e These thermocouples form part of a bridge in the circuit of a dc amplifier, as shown
in block diagram in Fig.3.13.

Vollage C

5
——

— : :
ac Y ac ‘ ,.""':;‘ " & | i
Inowut 4 Amrplifiar | t: # . 4 Amphfier \ /)

| '.‘ L% . ;JI 1
“ ’
Same Thermal { ‘ |
Emironment '." yi ‘

e 2N
Balmncing | {
Thermocouple
Fig3a3 True R& ter (Block diagram)

e AC waveform to be megSlir¢ applied to the heating element of the measuring
thermo-couple througk amplifier. Under the absence of input waveform,

e But on the apy of input waveform, output of measuring thermo-couple upsets
the balance’ag error signal is produced, which gets amplified by the dc amplifier
and isfedla the heating element of the balancing thermo-couple.

e This feedbatk current reduces the value of error signal and ultimately makes it zero
to obtain the balanced bridge condition.

e In this balanced condition, feedback current supplied by the dc amplifier to the
heating element of the balance thermo-couple is equal to the ac current flowing in
the heating element of main thermo-couple.

e Hence this direct current is directly proportiona to the rms value of the input ac
voltage and is indicated by the meter connected in the output of the dc amplifier. The
PMMC meter may be calibrated to read the rms voltage directly.

Considerations while choosing an analog voltmeter :

Input Impedance: The input impedance or resistance of the voltmeter should be as high as
possible so as to avoid the loading effect. Input impedance should always be higher than the
impedance of the circuit under measurement.

Voltage Ranges:. The voltage ranges on the meter scale should have same dB separation
(may be in a 1-3-10 sequence with 10 dB or a 1.5-5-15 sequence) or in a single scale
calibrated in decibels. In any case, the scale division should be compatible with the accuracy
of the instrument.
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Decibels: For measurements covering a wide range of voltages, the use of the decibel scale
can be very effective, e.g., in the frequency response curve of an amplifier, where the output
voltage is measured as a function of the frequency of the applied input voltage.

Sengitivity v/s Bandwidth: Noise consists of unwanted frequencies. Since noise is a
function of the bandwidth, a voltmeter with a narrow bandwidth picks up less noise than a
large bandwidth voltmeter. Lesser the noise higher is the sensitivity of the meter.

Battery Operation: A voltmeter (VTVM) powered by an internal battery is essential for
field work.

To summarize, the general guidelines are as follows:

e For dc measurement, select the meter with the widest capability meeting the
requirements of the circuit.

e For ac measurements involving sine waves wit than 10% distortion, the
average responding voltmeter is most sensitivean@es the best

e For high frequency measurement (> 10 MHz), m responding voltmeter with a
diode probe input is best. Peak respondi ircutts are acceptable if inaccuracies

caused by distortion in the input wavefo Bwed (tolerated).

e For measurements where it is import d the effective power of waveforms
that depart from the true s i , the rms responding voltmeter is the
appropriate choice. K

Multimeter:

tmeter and ohmmeter together with a function switch
¢ meter or D'Arsonval movement. It is also known as
[timeter.

A multimeter has am
to connect appropriate circu
Voltage-Ohm Meter (V

Multimeter asa v t

To get differentfangesrof voltages, different multiplier resistances are connected in series
(as this configuratten is more practical than the parallel configuration of multiplier
resistance) which can be put in the circuit with the range selector switch. We can get
different ranges to measure the d.c. voltages by selecting the proper resistance in series with
the basic meter. Thisis shown in the fig 3.14. To measure a.c voltages rectifiers are included
in the circuit.

Fg- 314, Multicange voltmeter within maltiona tes
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Multimeter as an ammeter:

To get different current ranges for ammeter, different shunts are connected across the meter
with the help of range selector switch. Thisis shownin fig 3.15.

—

D

Fig. 325 Multirange ammeter within nelilgimer
Multimeter as ohmmeter: As mentioned earli } battery and resistive network,
resistance can be measured. ¢

Fig. 3.16. ohmmeter within multimetes

The Fig.3.16 shows ohmmeter section of multimeter. Before any measurement is made, the
instrument is to be calibrated for zero adjustments. This is done by short circuiting the
instrument and "zero adjust" control is varied until the meter reads zero resistance i.e. it
shows full scale current. With resistor network the circuit takes the form of avariation of the
shunt type ohmmeter. Scale multiplications of 100 and 10,000 can also be used for
measuring high resistances. Voltage is supplied to the circuit with the help of battery.
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M easurement and Errors.

Problem related to absolute and relative error.
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Ammeter
Problem related to DC Ammeter.
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Voltmeter and Multimeter
Problemsrelated to DC Voltmeter
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Problemsrelated to Multirange Voltmeter.
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Problemsrelated to L oading effect.
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Problemsrelated to AC Voltmeter using Rectifiers.
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Electronic Instrumentation 15EC35

MODULE 2

DIGITAL VOLTMETERS

The digital voltmeters referred as DVM, converts the analog signals into digital and display
the voltages to be measured as discrete numerals rather than pointer deflection, on the digital

displays.

DVMs can be used to measure a.c. and d.c. voltages and with proper transducer and signa
conditioning circuit it can also measure parameters like pressure, temperature, stress etc.

The output voltage is displayed on the digital display on the front panel.

These DVMs reduces the human reading and interpretation errors and paralax errors. The
DVMs have various features and the advantages, over the conventional analog voltmeters
having pointer deflection on the continuous scale.

There aredifferent types of DVM which differ in number of digits, accuracy, speed of reading,
Size, power requirements and cost. .

The important performance characteristics of DVM arex) WS
1. Theinput ranges from 1v to 1000v with provisi range selection and also indicates the
overload condition.

2. Accuracy is high as £0.005% of reading

3. Resolution is 1ppmi.ethe meter c ) alV range
heélps in reducing loading effect.

4. Input impedance is around 10M
5. Output isin BCD form and for s of output digital processing modules can be

included.

Ramp Technique:
Thebasic principleis basa
ground level or vice- %
counter and the ¢ 5,displayed in the numeric form with the help of adigital display. This
measured value @rtional to the input. Block diagram and operation principle is shown
in the below figur

e Atthestart of measurement, aramp voltageisinitiated a ong with resetting the counter
by amultivibrator.

e The ramp voltage generated is continuously compared with the input voltage by the
input comparator and when both these voltages equals, the comparator generates a
'start’ pul se which opens/enables the gate.

e Theramp continuesto decrease and finally reachesto O V or ground potential and this
is sensed by the second comparator or ground comparator.

e Assoon asthe gate is enabled the oscillator circuit drives the counter and the counter
starts counting.

¢ When the ramp voltageis exactly OV, the ground comparator produces a ‘stop’ pulse
which closes/disables the gate.

e Fromthetimethegateis enabled to disabled, the number of clock pulses are measured
by the counter and this time duration for which the gate is enabled, is proportional to
the input voltage.

e The magnitude of the count indicates the magnitude of the input voltage, which is
displayed by the display. The block diagram of linear ramp DVM is shown in the Fig

ring the time taken by linear ramp change input level to
s time is measured with the help of electronic time interval
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o rout
100 Y
L 9] L.
—— . . |
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= Fig- Block Dlagram of Ramp Type DVIA
Start of Ramg
e12v Ny
t©
-12v
Advantages: Q
e Easytodesign
e Low cost
e Output pulses can be transmitted over longer feeder lines
Disadvantages:

e Ramp generator requires excellent characteristics related to linearity
e Large errors are possible when noise is super imposed on the input signal.

Dual Slope DVM: (Voltageto Time conversion)

Operating Principle:

The basic principle of this method is that the input signal is integrated for afixed interval of
time. And then the same integrator is used to integrate the reference voltage with reverse
slope. Hence which is constant and proportional to the magnitude of the input. Thus the name
given to the technique is dual slope integration technique. Thisis shown in the figure below.
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W
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Basic principle of dual siope gype DVM

The block diagram of dual slope integrating type DVM is shown in the Fig.
(1€ ~
! ] Comparator
P~ | (Zero detector)
S R | >, | € I~
8 0—8<ro-r-AANN {7y >

- | | - - L 2
R - {
: S, eo | "‘.‘\ \
| i\
: tot =& 1
Q[+ 0
* Gate
Open Close
——,— v/ /‘
Switch 5’{ FIF -~ Gate
| Drive | ~ \ =
nnn
Oscaator|

e Atthedart,a @ esets the counter and the flip-flop and this makes the switch Si to
: 8f'to open.

output of the integrator exceeds 0, the comparator output is changed to 1 and this
enables the gate. This causes the clock pulsesto feed the counter.

e The counter starts counting until it reaches it maximum count i.e 9999. Thetime taken
for thisis denoted as t1. During this time the capacitor is charged to the input ei.

e Upon max count value at the counter and for the next clock pulse the counter value
will be 0000 with a carry which is fed to the flip-flop. This drives the switch Sr to
close and Si is now open.

e With this now —er (-ve reference) is given to the integrator. Now the capacitor begins
to discharge causing output of integrator to decrease. At some time instant t2, the
integrator output reaches 0 and this cause the comparator to change its stateto 0. This
disables the gate.

e During timet2, the capacitor discharges with a constant slope and thisis proportional
to the input voltage.

e When the counter stops counting the pulses, the value has a direct relation with the
input voltage and it is given by,

During charging of capacitor, i.e during timet1, the output of integrator is given by,
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—1 ~t1 . _—ei*tl
@=—J, el dt =——— e @)

During Discharging of capacitor, i.e during time t2, the output is given by

1 (t2 _ —erxt2
= [y —er dt =——— oo )
Subtracting (2) from (1)
_ —elxtl + erxt2
%= "%c RC
eixtl _ erxt2
RC =~ RC
.
el = er * — --mmmmmmmmsoooooe -
Supposeif the oscillator period is T and the count icateés nl and n2 counts, then
] n2x*T
el = er *
nl*=T \
. n2 &
el = er * —
nl : . L
Now nl and n2 are constants an dering variable K1 = er/nl then we can write & as

ei = K1)% ------------------------ 2)

From egn (1) and
integrator time ¢
From egn (2) it indigates that the accuracy is independent of the oscillatory frequency.
Advantages:

e |t has excellent noise rgjection and the noise is averaged out by the positive and

negative ramps using the process of integration.

e Accuracy is+0.005%
Disadvantage:

e Theonly disadvantage seen in thistype DVM isthat the processis slow

Integrating type DVM (Voltage to Frequency Converter):

Operating principle: In this a constant input voltage is integrated and the slope of the output
ramp is proportional to the input voltage. When the output voltage reaches certain value, it
discharges to 0 and the next cycle begins and this continues. Frequency of this output is
proportional to the input voltage. The principle of conversion from voltage to frequency is
shown in thefig.

The number of pulses appearing in adefinite interval of time is counted and as the frequency
of these pulses is a function of the unknown voltage, the number of pulses counted in that
period of time is the indication of the unknown input voltage.
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e The heart of integrating type of DVM is the operational amplifier which used as an
integrator. The block diagram of integrating ramp DVM is shown in fig. below.

e Theinput voltage e, when applied generates a charging current ei/R which charges
the capacitor to the reference voltage er.

e When the integrator output reaches er (i.e charging of capacitor to er) the comparator
changes its state and this triggers the precision pulse generator.

e The precision pulse genertates a pulse of precigon %f negative polarity of the er
and this rapidy discharge the capacitor. The outfaut Ofjintegrator and pulse generated
output waveform is showin in the above fi \

e Asthecapacitor dischargesthe output of i f'changes and causes the comparator
to change its state bake to initial state cle repeates.

e The rate of charging and di uces signa frequency that is directly
proportional to input &i.

C

e, .. Comparator

Digital
Freq.
Meter
Q )
Pulse
Generator

Fig. Block diagram of an integrating type DVYM

e The output expression for integrating type DVM is same as that of Dual Slope
integrating, using the same we have,

. t2
el = er *—
t1

Here er and t2 are constants. Considering another variable K2 as
Let K2 =er*t2

) 1
el = K2 x—
t1

Thereforewecansay, ei = k2 * f0
Thus measured input is function of the frequency.
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Advantages:
e This type of DVM is capable of giving accurate results even in the presence of
noi se.

Stair case Ramp Technique:
In this method the input signal is compared with an internally generated voltage which
increases in steps from 0. The number of steps required to match both the inputs is counted.

Operation Principle: The input signal Vi is compared with internally generated staircase
voltage Vc. As the inputs are not same at the begining a counter is initiated to count. The
counter will count until Vi = V¢ and then the counter is disabled. The counted valued is
displayed which is proportional to the input Vi.
e Theblock diagram of staircase ramp type DVM isshowninFigb
e Attheinitial step of measurement, the counter isreset to O and this counter output
drives the Digital to Analog Converter (DAC). The output of DAC, which is an
analog voltage is given as input to the comp denoted as Vc (this is the

staircase voltage which isinternally gener&
e Upon the application of V¢, the comparator ¢ its state to 1 and this enables

)
g
the gate, which alows the clock pul the counter and the counter starts
counting. Thistimeistl (i.egatei timetl)
e For each count at the counter t&ill generate corresponding analog

voltages which increases i% nt. Thus the output of DAC is a staircase

voltage as shown in Fig &
e Theprocessisrepeated u put voltage Vi equals the DA C voltage V c(until
this the gate is enablgd angl'the counter will be counting) at the moment Vi = Vc
the comparator cha g'state to 0 and this disables the gate, thus blocking the
clock pulses. stops counting and the displayed value is proportional

QV Comparator [

Ref.
Vi DAC Voltage
Clack : }—» Gu;unter —={ Display

lRasaH Start
Fig- b Biock Diagram of a Staircase
Ramp Type
Advantages:
e Input impedance of the DAC is high when the compensation (Vi=Vc) is
reached.

e Theaccuracy depends only on the stability and accuracy of the voltage and
DAC. The clock has no effect on the accuracy.
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Disadvantages:

e The system measures the instantaneous value of the input signa at the
moment compensation is reached. This means the reading is rather
unstable, i.e. the input signal is not a pure dc voltage.

e Until the full compensation is reached, the input impedance is low, which
can influence the accuracy.

t; — Start t, — Stop
------ Gate Open

Gate Close

DAC Output

i . Q
Fig.a Staircase W f(%
L 4
Successive Approximation Techniqu
The principle of successive approxi n be understood using a simple example of

measuring the weight of an object uSigg @balance. In the process an approximate weight is
placed and then adding or removz :

e Thebasic block diag

e When the startdpulse_signal is given through multivibrator, the successive

approximatio ' SAR) iscleared.
e Theoutput R is 00000000 which the input to DAC and thus Vout of the D/A
convert 0.

e When the IfRgut Vin is applied and during the first clock pulse, the control circuit sets
the (MSB) D7 to 1. The SAR output is 10000000 and this causes the output of DAC,
Vout to Vref/2.

e |If Vin>Vout the comparator produces an output which retains the set state of D7.

e Inthe next pulse the ring counter in the block advances the count value and impends
1in the next MSB position i.e D6. Now the SAR output is 11000000.

e The DAC now produces Vout as Vref/2+Vref/4 and this voltage is again compared
with Vin.

e Inthenext pulseif Vin> Vout the D6 will be retained as set state and D5 will be set
and SAR isnow 11100000 and DAC produces output as Vref/2+Vref/4+V/ ref/8.

e Supposeif Vinislessthan Vout the comparator produces an output which resets the
D7 and thering counter impends 1 to D6. The SAR isnow 01000000. The DAC output
isnow Vref/4.

e Thisiscompared with Vin. If still Vin < Vout D6 will be reset and D5 will be set by
ring counter. SAR has now 00100000 and DAC output for thisis Vref/8.
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e Themeasurement cycle repeats and continues until ring counter reachesits max count.

Sample E

Input Input and Hold DAC Ref. |:
—= Aftenuator (S/H) Supply | !
Circuit i

Vin s :

Comparator i

Diaital E

Outputi

Fig. 2.1

Suppose if the converter m
11111111. If thetest volt&
Vo=1V Opgfan Q D, Dy D, D; D, D, D, Compare Output lﬂmge |
00110011 DN ! 0 0 0 0 0 0 0 V<V, DReset 25 |

D, Set o I 0 0 0 0 0 0 V,<F, DgReset 125

Dg Set O 0 1 0 0 0 0 0 V.>V, DsSet 0.625
DiSet 0 0 1 1 0 0 0 0 V>V D,Set 09375

D;Set 0 0 1 1 1 0 0 0 V¥,<F, DReset 09375

max of 5V and if this corresponds to max count of
V, thefollowing stepswill take placein the measurement.

D, Set 0O 0 1 1 0 1 0 0 V,<Vy D,Reset 09375
DiSe¢ 0 0 1 1 0 0 1 0 ¥, >V, D,Set 097725
D, Set g: 0 ¥ 120 0 -1 ) =¥e>P D, Set 099785 |

Sample and Hold Circuit:
e A sample and hold circuit is shown in Fig 2.3 and it consists of a switch and a
capacitor.
e In sample mode, the switch is closed and the capacitor gets charged to the
instantaneous value of the input voltage
e In hold mode, the switch is opened and the capacitor holds the voltage that it had at
the instant the switch was opened.
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e The sample and input and output waveform is shown in Fig. 2.4

Vin® G

Fig. 2.3 Simple sample hold circuit

VI:IIJ1

@ 4, sample and Hold input and
Q purt warveform
Continuous Balance DVM or Servo Balancing Potentiometer Type DVM:

e Theblock diagram of Continuous Balance Voltmeter is shown in Fig. 2.5.

e It works on the same principle as that of the differential voltmeter or Potentiometric
voltmeter.

e The input is a dc signal which is attenuated, overloaded protected and all the ac
component is removed and is applied to one input of chopper comparator.

e Chopper is a power switch which converts fixed dc to variable dc and it acts as
comparator.The other input to chopper is connected to the variable arm of a precision
potentiometer.

e Theoutput of the chopper comparator isdriven by theline voltage at the line frequency
rate and it is a square wave signal whose amplitude is a function of the differencein
voltages connected to the opposite side of the chopper. Thisis aso the error signal

e The sguare wave signal is amplified and fed to a power amplifier, and the amplified
square wave is given to a servomotor which moves the diding contact of the
potentiometer
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e The servomotor moves the sliding contact of potentiometer proportional to the error
signal.

e When the error signal becomes zero, the servomotor stops moving the sliding contact.
Also the servomotor drives areadout.

e When the error signal is zero the readout is proportional to the input.

Precision i
Potentiometer Ref.
™% | Supply
I

=]
Chopper | Pre-Amplifier Amogi\;g;r

Range
.\ Switch 1 Sewo
b Motor

Overioad

dc | Input Protection i .

e—|Attenuator] and ; 5
Input ac ' 1

P Rejection ' e

Fig. 2.5 i : o Balancing Potentiometer Type DVM

3% Digit:
e Thisisrelated
e Thenumber ofidigitipositions used in adigital meter determines the resolution. Hence
a3digit digple DVM fora0-1V rangewill indicate values from 000 — 999 mV
with a smallest Tncrement of 1 mV. Similarly for 0-10 V range will indicate values
from 000 — 9799V with a smallest increment of 10 mV.
e The fourth digit capable of indicating O or 1 (hence called a Half Digit) is placed to
the left. This permits the digital meter to read values above 999 up to 1999.

e The3%digit display isshown in Fig. 2.6

Half Digit Full Digit
[0 or 1] [0 - 9]
Fi

Ak
L L
Fig. 2.6 3¥e—Digit Display

Resolution and Sensitivity of digital meter:
Resolution: Resolution of aDVM is determined by the number of full or active digits used

If n=number of full digits,
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then the Resolution (R) = ——
R) 10m

1
If n=3, then the resolution R = E = 0.001

Sensitivity: Sengitivity is the smallest change in input which a digital meter is able to detect.
Hence, it is the full scale value of the lowest voltage range multiplied by the meter’s

resolution.

Sensitivity S = (fS)min X R
Where (fS)min = lowest full scale of the meter
R = Resolution expressed as decimal.

Microprocessor based Ramp type DVM:

ﬂ 2 ('Zloci(

1
Input Input Vy uP Read
——  Signal r =y
Conditioner System _ Out

Comparator

Generator

Fig. 2.7 a) Basic Block Diagram of a Microprocessor-based

Ramp Type DVM
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Fig. 2.8 (b) Operating Waveform of a gp-@ﬂamp Type DVM

—

Depending on command fed to control 4
comparator connects to multiplexer inp

Input 1 connects to ground, Input 2
reference voltage input. <€
Comparator has two inputs, i

2 accepts ramp voltage from
Microprocessor remain
conversion. In this

capacitor disch
enough time for

}multiplexer by microprocessor

0 unknown input, Input 3 connects to

ts output signal from multiplexer and input
erator.

in resting state until it gets start command to start

ularly send reset signal to ramp generator resets its

g ramp signa having constant Tr and Vm with with

ischarge.

and arrives at time t* to microprocessor, multiplexer connects

ator input and brings to ground potential i.e zero voltage.

auses until another sawtooth pulse begins.

arrived from ramp generator becomes equal to input 1 and voltage will

become zero at time Atl and the count during this interval be N1 and it is stored in

Mi Croprocessor.

When 2nd command from microprocessor causes comparator input connected to input

2 of multiplexer, i.e: unknown input voltage Vx. In thisinstant ramp generator voltage

will be compared with unknown voltage and At2 is the time taken to equal both inputs

and number of count during thisinterval is N2 and it is stored in microprocessor.

For next command microprocessor causes comparator input connected to input 3 of

multiplexer, i.e: reference voltage Vref. In this instant ramp generator voltage will be

compared with reference voltage and At3 is the time taken to equal both inputs

and number of count during thisinterval is N3 and it is stored in microprocessor.

Then microprocessor computes unknown voltage VX by

VX:C.(NZ_Nl)
(N3-N1)

Where C is coefficient dependent characteristic of the instrument.
N1,N2,N3 are the counts represents zero drift, unknown voltage and full scale
voltage.
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Advantages:

15EC35

e Itsscale size remains constant due to zero drift correction and maximum

e Theaccuracy of theinstrument is not affected by the time and temperature instabilities

of the circuit e ement values.

e There is a good repeatability in switching instants in the presence of noise and
interference. This is because the ramp approaches the point at which the comparator

operates always the same side and always the same rate.

Disadvantages

¢ Noise and interference cannot be suppressed.

General Specificationsof DVM:

Display
Unit Annunciation

Max. Indication
Over-range indication
Polarity

Zero adjustment
Functions

Ranging
Automatic

Manual O\

Sampling R
Low Battery
Temperature

Power

Standard accessories
Size

Weight

Input impedance
Accuracy

Dept. of ECE, SVIT

3-1/2 digits, LCD

mV, V, mA, Q, kQ, MQ, buzzer, B(low battery)
MANU (Manual),ac d (diode test)

1999 or — 1999
only (1) or (-

‘%ﬁd at the MSB position.
olatity indication.

Its, DC amps, AC amps, Ohms,
est, diode test.

e automatic or manual

ent automatically selects maximum

Joe for measurement and display. Auto

ranging operates on all functions except for dc or

ac current.

Switch selection as desired

2 sample/s, nominal

B mark on LCD readout

Operating 0°C - 40°C, < 80% RH (Relative

humidity)

Storage — 20°C - 60°C, < 70% RH

Two AA size 1.5 V batteries. Life 2000 hours

typically with zinc-carbon.

Probe red-black, safety fuse 250 - 0.2 A

160 (L) x 80 (B) x 30 (H)

250 g without batteries.

11 MQ - 1000 MQ

+0.5% — 0.7% or £+ 5 digit for d¢

1.0% reading or + 5 digit for ac at 40 — 500 kHz

2017-18
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ELECTRONIC INSTRUMENTATION

DIGITAL MULTIMETER

A chgital multimeter 15 used to measure voltage, current and resistance.
A DMM is made up of several A/D comverters, circuitry for counting and
attenuatien circiuit:

To measure resistance-the unknown resistor i connected across the mput
probes. Some current flows through the resistor, from constant carrent source,
Mow  according to ohm's law wvoltage 1z produced across it which is directly
proportional to its resistance, then fed to A/D converter, to get the digital
display.

To measure AC voltage-connect an unknown AC voltage across input probes,
The voltage 18 attenuated, if it 15 above the selected range and then rectibed to
convert it into proportional DC voltage. It then fed to A/D converter, to get the

" digital display,

To measure DC voltage-connect an unknoewn vLage across input probes.
The voltage is attenuated, if it is above the 5‘ range and then directly fed
to ASD converter, to get the digital disple .

To measure AC current-connect an AC current across input probes.
The current is converted proporti o voltage with help of current to

voltage converter and then re@tifiNg. the voltage in terms of AC current is
fed to A/ D converter, to get Loit8 display

To measure DC current--¢ unknown DO current acress input probes.
The current is convert portionally into voltage with help of current to
voltage converter an ctfied. Now the voltage in terms of DC current is
fed to A/D conver§gr, the digital display.

1

Fig: Block diagram of Basic Digital Multi-meter
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The basic circuit shown below is

Current to voltage converter- The current to be measurcd is applied to the

summing junction (Y1} at the nput of the opamp.

Since the opamp has very high input impedance, the current ls is very nearly
equal to L. The current [p causes a voltage drop which is proportional te
current, to be developed across the resistor

This voltage drop is the input to A/D converter, thereby providing a reading
that is proportional to the unknown current.

Digital
m”|ﬂlnﬂ|

Cumani . -
I; L 2
Fig: curre Age converter
\%ﬁ voltrmeter
j v passing it through a precision low shunt

is converted into dc by employing rectifiers and

Current 15 converted to
resistance, while ac
filter circuits.

For resistance
that 158 apphey
is digitize

ent, the meter includes a precision low current source
the unknown resistance, which gives a de voltage which

!
I
i

ﬁgi—
|
i

Fig: Digital multi-meter
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DIGITAL FREQUENCY METER

Principle of operation

* The signal whose frequency is to be measured is converted into a train of
pulses, one pulse for each cycle of the signal.

= The number of pulses eccurmnng in a definite interval of tme is counted by
electronic counter.

* The number of counts is direct indication of the frequency of the sipnal

[unknown).
i

o=

Basic circuit of a digital frequency meter

« The signal is amplified before appin

» The Schmitt trigger converts thg@i
differentiated and clipped t iNgrain of pulses, one pulse per each cycle of
signal.

s The outputs from Schmi

= When this gate is en
directly to lectrogi

» When this gate j

are fed to 3TART/STOF gate.
> input pulses pass through this gate and are fed

Frmg,

Fig: Basle circuit of Digital Frequency meter

Basic circuit for frequency measurement

+ The cutput of the unknown frequency is applied to a Schmitt trigger, producing
positive pulses at its output,

T s These pulses are called the counter signals and present at point A of mamn
gate.

« Positive pulses from the time base selector are present at point E of START gate
and point B of the STOP gate

« Initially the flip flop (F/F-1) is at logic 1 state. The resulting voltage from output
¥ is applied to point A of the STOF gate and enables this gate. The logic O stage
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at the output ¥ of the F/F-1 15 apphed 1o the mnput A of the START gate and

dizables the gate,

* As the STOP gate 15 enabled, the positive pulses from the time base pass
through the STOP gate to the Set(5) input of the F/F-2 thereby setting F/F-2 to
State 1,

* The resulting 0 cutput level rom ¥ of F/F-2is5 applied to terminal B of the main
gate.

« In order to start the operation, a positive pulse 13 applied to reset input of F/F-
I, thereby causing its state to change.

* Hence Y=1, ¥Y=0, and as a result the STOP gate is disabled and the START gate
enabled,

* This read pulse is simultaneously applied to reset the counters, so that
counting can start.

* When the next pulse from the time base grr@ia able to pass through the

START gate to reset F/F-2, therefore the Fﬁ -Ngutput changes state from Q to
1, hence ¥ changes from O to 1.

+ This resulting positive voltage from $
input B of the main gate thereby eg e gate,

» Now the pulses from the quency source pass through the main
gale to the counter and thedouigr start counting. This same pulse from the
START gate is applied to ' t of F/F-1 changing its state from 0 to 1

* This disables the STA

’\' = F
O i P —
; START =1 and
Q | —Al Jawe] R Y[ Display
, -FF-2 | Ui
2 i -5 vi—
o L i
vaete -1 e 15 :
F ' X i
J rmnTirrhﬂ.é... ¥ Rlet—eRead |
Selector | ! i ;
i A I
' STOP :
: 8 Gats '
I Gate Control FiF ;

I o RS S RS o e

Fig: Basic cireuit for measurement of frequency showing gate control F/F
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Block diagram of a digital frequency meter

Trigger Pulso
Signal | Triggor olofojojofo|
Dacimal Counter
and
- — Diaplay Unil
| Trigger | FiF
Time Base
Selecior
s 1 sec
100 s
10
1
A\, o8 Aoons 'qu}\
1 MHz
Crystal i +10 Hoel 410 +10 H{ +10
L 2
Fig: Block diagram of a quency meter

The mmput signal is amplified
trigger circait, which is the
pulses, each separated by th
The time basc sclector oyfp
mmto positive pulses,
The first pulze acty
enable signal t hpmg

ﬁ ed to a sguare waove by a Schmitt
=repiated and clipped to produce a train of
pomp of the Input signal.

5 bbtamed from the oscillator and 15 converted

gaite control FfF. this gate control F/F provides the

(-

The second pige from decade frequency divider changes the state of the control

F/F and removes the enable signal from the AND gate, thereby closing it.
The decimal counter and display unit output corresponds to the number of
imput pulses receved dunng a precise time mterval.

High Frequency Measurement [extending frequency range)

Techniques other than direct counting have been used to extend the range of

digital frequency meters to above 40GHz the input frequency is reduced belore

it is applied to digital counter. This is done by special techniqueés. Some are
follows

1. Prescaling: The high frequency signal by the use if high speed 15 dnaded

by the integral numbers such as 2,468 ete. divider circuits, to get it

within the frequency range of DFM.
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2. Heterodyne converter: The high equency signal 5 reduced in
frequency to range within that of the meter, by using. heterodyne
tachnigques.

3. Transfer oscillator: A harmonic or tunable LF continuous wave
oscillator iz zero beat with the unknown high fFequency signal, The LF
oscillator frequency 15 measured and multiphied by an mteger which 1=
equal to the ratio of two Feguencies, inorder o determine the value of
unknown HF,

4, Automatic Divider; The high frequency signal is reduced by some factor,
such as 100:1, using automatically tuned circuits which gencrated an
output fréquency equal to 1/ 100m or 1/10000 of the input frequency

DIGITAL MEASUREMENT OF TIME

Time Base Selector . Q
# The time base selector consists of a fixed fr%n v crystal oscillator, called the
*

Bl \ Schmitt
Crystal +10 +10 =10 =10 +10
#E::E]Iﬁﬂlhl Trigger 1\\ ]

clock oscillator,
The cutput of clock oscillator 15 fed

S

tt trigger, which converts the mput
Iscs at the rate equal to the freguency

sine wave 1o output consisting o
of clock oscillator.
The train of pulses iz thelfN\ga through a series frequency divider decade

assemblies connected :

Each decade divider of a decade counter and divides the frequency by

ecade frequency divider by means of selector switch,

. Salector
: i Switch
]
i
i
|
i

10 s

0o

+10

b
i
i
i
¥
'
1
i
¥
i
I
v
P
i
'
'
i
i
i
1
i
a
L
L
i

¢ THL Time Base Salector

st e e

Fig: Time Base Selector
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Measurement of time (period measurement)

Principle of operation

= The beginning of time period is start pulse onginating ffom mput 1 and end
of time period 15 stop pulse coming from input 2.

¢ The oscillator runs contmuously, but oscillator pulses reach the output only
during the penod when the control F/F 1ain 1 state.

= The number of pulses counted is a measure of time period.

Block diagram explanation:

The gating signal is derived from the unknown input signal, which controls the
enmabling and disabling of the main gate.

The number of pulses which occur during one ppmgd of the unknown signal are
counted and displayed by the decade muning%lics.
al

The only disadvantage is that the operator h

culate the frequency fom

Fig: Basic block diagram of Time measurement

The accuracy of period measurement and hence of frequency can be greatly
increased by using the multiple period average mode of operation.

In this mode, the gate is enabled for more than one period of unknown signal.
This is obtained by passing the unknown signal through one or more decade
divider assemblies (DDAs), so that the period is extended by a factor of 10000
O TIOTE.

The decimal pomt location and the measurement units are changed when each
time an additional decade divider iz added, so thar the display is always
terms of the peried of one cycle of input signal,
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Et: Decimal Counter
— and Digplay Unit

Input mplifier|y = ?Emur | ..\\\ﬂ 0o ﬂ
., Galing ™ Gated Signals

Gam |3gnal o the Counter

o) | (o] il Porc Sl _

5
1
i
i
i
i
-

+0 -{ 40 [0 [

Decsds Divider Assamblios
Fig: Block diagram of a single and multip od? (average) measurement
Ratio and multiple ratio measurement *
« The ratic measurement invol Wmeasurement of the ratio of two
frequencics.
+ A low frequency is us % signal while high frequency i1s the counted
aiprial.

igh frequency signal which occurs during the
signal are counted and displayed by the decimal

The number of cy
penod of lower
counter and e

In multiplpeglyg, measurements the period of low frequency sgnal s

gxtend ctor of 10, 100 etc by using DRAB
Gata Signal
LF(RY [Atenustor] Main Gala f,«lﬂﬂwﬂﬂmbw
! m Trigger ololololo]
- Mmﬂhﬂar
maa and Display
Bazp Allenualon
& Pre- Puoriod Gala
nsi] | ampitor| ™ i [ S
Eﬂ_nh'ﬂﬁﬂumpumum for ]
Ratio Measurement Mullipie | Multiple Perod Signal
Ponod
FFIIFI'I- Buliisles TI"-QBEH"
Rato I
Bﬂ“ Maasuramant = =10 +10 +10 +10

Fig: Block diagram for Ratio and multiple ratio measurément



Electronic Instrumentation 15EC35

\h\}v ers _uﬁ (o unbﬁ

b
5 Univewsad unti,  ton be towscdesd as o block o
can r,ﬁ,{ga }.4 amsaasuments '9(: home {’fw[‘o f"-“‘-c‘“‘ ‘fi‘

-

the some okl

Bres, an .
~— {l } jf, ﬂu w,W\J)t ﬁﬂi{m &[‘ V(\!J“}u.) (.i "aLLl\ ( L k_' hw
"f‘(_ \ 0\7‘14 d \ Ly Ouane l\‘\r‘)l l{{ f}:

AN AN EAT e

J&% Erise i
lOmP‘-‘-&' H‘;L}g’ Frouner s Ly v{L-s(&f (Ouw

4 geim G

flnAet
5 -Jhl Ut viA 4(\! l["’.\.l\.‘. o t\ﬁ-‘) o

Ly Asaven ;""J f-“‘Ju( ‘Uoﬁ% %
Opd e teely | TN RarakoEny

A 2
> Lol Lhe ".\m chon  Furth in
== " g
N VY Ak c-puJ oo se fy o o aaseteol .l N Cevunecled

I‘Lux;,f((in 2Ll belly { wfud‘
Etves Srotth tovdrafA
10{ et zod cocinlén

Lhu :‘noolurr-r. 1-\4,04-((.

.: 0%0“-2% s q—:\m,'i q Ahe v Ede )2 #
Abe ‘Tt bow Al o Cpes ta Al fuh_;l

;“Mu?lv qm.h tenlie! ¥/g “ l\ Leahles ¢ r‘LSN\-Ula

L AT u‘“;‘ Doty M see  Comenadid [lotbhed
A0 hak MmI epesat &7 AR

-Scﬁ-.;u\u‘, nu e
Lsm&.u;w'\sl 20 cowe | ¢ Aogic C'”—‘-LL‘L}
—a o Ape honclios e 4 o N_*LJ S
g AR ey et A jpoJ. e LArCets 'x‘j LOW et fL;..
Mot Gndtvuseem Jon uml,l.\n..g sl fa .-\‘J g

u;-nru_‘_a.ah Uha /k."f"““! b(om

f> NN K‘

roclLn, Chc\.h ' - 3 5 o
s A

Bax & To ' toumdi Adopn ({

D i . sooidth, s e 0 lhe

wotran e Axntlien
. Lt{‘&v v OF E‘V“ ot

AP AT AN 2

Sl iena ¥ ez
&qé. P

-——2 i v"\-‘-‘-’:"\‘

f-t-sih‘ en 1

walio . -mlt‘.l/l-’)h }\C\—r'» Leoe ¢ (O ilrn OKRL wtanal
; L o B 1
U A e
roaes oy

'\-'.G‘“';" ‘ ((f rn.(h }, —_ -l—_—
o ’ 1 a7 O Sy S—— —

| ptdt] e =] ) «5[

R
. n\.&

A&\u-.u..lo‘- _,1’ T l—L ——t v I.u&.\ <

: 11" ko g Lkt Taarfies) i FIET | Tores wliten)
L r.‘;"t::xh* }‘ l '-.7__' = f.‘_ fJ -2 Babg
o 5l ‘-_.: F’ﬂb’,lu.u_‘; < "Q'V'—‘;C_dm\c»‘a

W= S e eSS T
*ﬂ A s {whmar | | (‘,_V_}L[..QL_T;*L}*@ KL

oy T R S
(Y

Dept. of ECE, SVIT 2017-18



Electronic Instrumentation 15EC35

Digital Tachometer:

e A digital Tachometer is digital device which measure the speed of a rotating object.
A rotating object can be a ceiling fan, motor shaft, car tire etc. The block diagram is
showninFig. a

e The techniqgue employed for measurement is similar to the technique used in a
conventional frequency counter, except that the selection of the gate period is in
accordance with the rpm calibration.

e |f weconsider R asthe rpm of arotating shaft.

e Let P be the number of pulses produced by the pick-up for one revolution of the
shaft, now if this is divided by 60 it gives number of no. of pulses per minute as
P/60.

e Therefore, in one minute the number of pulses from the pick-up will be R x P/60.

e Now if Gisthe gating period, and the pul ses counted within the gating period will be
given by

o (RxPxG)60
e Thiscan be calibrated to get direct reading by el g 60/P

Then thiswill result in

R X P X ¢
60
Thus the relation between gate period &?f pulsesis G = 60/P and if G isfixed for 1s
(G=1s) then revolution pick up mu of producing 60 pulses per revolution.
4 Digit

g (e
Count input
GeGat. iCounter/Latch
7 . Decoder
S
Gate

Strobe Reset

4 _ 4
Pl e
Strobe A A
Fig. a Basic Block Diagram of a Digital Tachometer

Digital pH meter:

e A pH meter is an instrument whuch measures the hydrogen-ion activity in water-
based solutions, indicating its acidity or alkalinity expressed as pH. The output of
pH meter is the difference in electrical potential between a pH electrode and a
reference electrode.

e pH is aquantative measure of acidity. If the pH is less than 7, the solution is acidic
(the lower the pH, the greater the acidity). A neutral solution has a pH of 7 and
alkaline (basic) solutions have a pH greater than 7.

Dept. of ECE, SVIT 2017-18
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The pH unit is defined as
pH = - log (concentration of H")
Where H" is the hydrogen or hydronium ion.

e Thebasic block diagram of adigita pH meter isshown in Fig. b

e A digital pH meter differs from an ordinary pH meter, where the meter has an analog
to digital converter (ADC) and a digital display. The ADC used for this application
isthe dual slope converter.

e Thedual sope ADC generates a pulse which has a duration proportional to the input
signal voltage (T pulse width signal). This pulse width is converted to adigital signal
using the signal from oscillator (which generates a count digital signal). The count
signal is counted and displayed.

Standard

Clock |——{Gate]{Count), |

Oscillator

Digital Phase meter: \

e A phase res the phase difference between 2 signals of same frequencies.

e The blockidiagfam consists of two pairs of preamplifier’s for conditioning the input
signal, zero“crossing detectors to shape the input signal to a square waveform
without any change in their phase, J-K F/Fs, and a single control gate.

e The process of measuring the phase difference is illustrated by the schematic
diagram shown in Fig. c.

e Two signads having phases Po and Px respectively are applied as inputs to the
preamplifier and attenuation circuit. The frequency of the two inputs should be same
and their phases are different.

e Asinput Po signa increases in the positive half cycle, the ZCD detects the change in
state when the input crosses zero (0) giving ahigh (1) level at the output. This causes
the J-K F/F-1's output (Q) to go high.

e Thishigh output from the F/F-1 enables the AND gate, and pulses from the clock are
fed directly to the counter. The counter starts counting these pul ses.

e Also this high output level of F/F-1 is applied to the clear input of J-K F/F-2 which
clears the output of the F/F-2 (i.e Q of F/F-2is0).

Dept. of ECE, SVIT 2017-18
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e Now as the other input Px which has a phase difference with respect to Po, crosses
zero in positive half cycle, the ZCD detects and causes its output to go high (1). This
high input is given to JK F/F-2, causing its output go high.

F'-\. ¥ Frigd

| s’ - rd I-l I:.I
Es | Amplifiar | o “| K FiF-1
" & *| Croasing —1LLK FIF
Aftanuator Datectoe KO oQ Main ate
i i 1 i,
[ X e s of Q
i. | Amplitar | crassing L ICLK FiF-2
& Dislaciar i P
Aftanuabor | n e Q
Clock
Courtar and

Dispiay Unie [010]0[0]0]

e c Chigital phase meteg g
e This high output (Q) of F/F-2 is connected to\c input of F/F-1 forcing the
F/F-1to clear/reset and its output goesto *

e TheAND gateisthusdisabled, and t stops counting.
e The number of pulses counte e ing and disabling the AND gate is in
direct proportion to the phasetdif ce, hence the display unit gives a direct

readout of the phase differen 5 giWeen the two inputs having the same frequency.

This oscillator uses capacitor being measured as the timing. The capacitance

citance islinearly proportional to the time constant i.e,

= 1=RC

e Thus the capacitor is charged by a constant current source and discharged through a
fixed resistance. The 555 timer aong with some digital test equipment is used to
measure capacitances. This method isillustrated in Fig. d.

e By choosing the right size of charging resistance, can get a reading directly in
microfarads or nanofarads. This measurement method easily measures electrolytic
type up to the tens of thousands of microfarads.

e A better way isto measure only the capacitor discharge time.

e In the circuit, the 555 timer is used as an astable multivibrator. When the capacitor
charges to its max i.e at the peak of the charging curve, adigital counter is reset, the
gateisenabled and a clock of 100 kHz pulsesis turned on.

e As the gate is enabled the counter starts counting till the discharge portion of the
cycleis completed.

e Asthe capacitor discharges completely, the input to the gate is disabled and counter
stops counting and the display is updated and the value of the capacitor is readout.

Dept. of ECE, SVIT 2017-18
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e By sdlecting the proper reference frequency and charging currents, one can obtain a

direct digital display of the value of the capacitance.

e But precaution should be taken to make sure to properly shield the leads and keep
them short for low capacity measurements, since the 50 Hz hum can cause some

dlight instability.
:'g"'" ﬂ} . q-é
| . 13 ]
[ g . (L] s !
Urbsarams L] 7
Gy = i

| ]
Capcilor 1 |
|

- »

Fll d Bleck dia@m s
Microprocessor based instrument

The digital instruments are desi
with the use of microproc
instruments called intelli

Fig. e shows the bl oc of microprocessor based

Q Chperator J
3 .
—l =
= Tl Py AT
Oinillnsor LA
Bopd Dz play
1
Fragusnsy
Dividles
[ 1 Micro-
i | FProcsssor |
F'll:qun:'l'r'.:.'|
TR iaT -
) | BFromi
=1 End
] 1 e R
Tesl o
Sigruy Linknawn
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100 Kz
Clezh
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| i

-1 EEL
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l

Lol
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:' L Cinie

E“‘.'ll CApACItARGD Meiar

d constructed with logic circuits without memory but
ring instrument, it is considered as a new class of

Exigmal

R

1
IEEE

483 Bus

—_—

A0
| Canverign

FI S
SeEnsitive
Dislacior

Block diagram of a jtp (microprocessor) based insorument
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e The front end provides the test signal for unknown impedance under measurement
and a standard impedance.

e This produces a voltage drop with phase shift proportional to the voltage acrossiit.

e The phase sensitive detector detects this and converts the ac input of impedance in
vector form to adc output.

e Thisdc input is provided to ADC which gives the digital data which is used by the
microprocessor to compute the unknown value of the impedance.

e This vaue is displayed on the CRT or can be sent as output to the IEEE 488 bus
(used to provide interface between instruments)

A
N
{\O
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MODULE 3
OSCILLOSCOPES

Introduction:

An oscilloscope is a test instrument which alows you to look at the 'shape’ of
electrical signals like current,voltage or power to be displayed against time on the screen.
Oscilloscope also called as Cathode Ray Oscilloscope (CRO) is the most versatile tool for
development of electronic circuits and systems. CRO uses electron beam which is
bombarded on screen which is coated with fluorescent material to produce visible spot.
When beam is deflected along X and Y axisa2 — D display is generated.

Oscilloscopeis basically an electron beam voltmeter and reproduces rapid variations,
pulsations or transients and the user can observer waveform and measure amplitude at any
instant of time.

It is completely electronic in nature and can rgprogucethigh frequency waves which
mechanical devices cannot follow. Thus oscilloscox simplified many tests and

measurements.

. . L 4
Basic Principle:

e The heart of the oscilloscopei
e It has electron gun which gi
glass tube (screen), it glow
electron beam when defl
accordingly and trac

e TheFig. below K

R&N de Ray Tube

electron beam when focused on flat end of
oint of collision generating a bright spot. The

eans of electric or magnetic field, the spot moves

ram of CRT

Vertical

®

Elec.tvon Gun

Deflection
Platc

Aquadag

Coating
eam 1

Heater Pre- Acceleratmg \

Anode \
- | _ = | - \

[ = 1Ty M M M — '__

Pins = Ems o —?—D—D—’—.—b—-—. —-0 — —s
]»*=l — W L) W)
- 2 3 4 %
Base — / / / xf
Cathode Grid FOCUSINE Accelerating porizontal | o
Anode Anode Deflection Phosphorous
Plate Screen

Cathode Ray Tube

e Theelectron gun is the source of the electron beams. The electron gun assembly has
a heater, cathode, grid, pre-accelerating anode, focusing anode and accelerating

anode.
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e The control grid is cylindrical in shape and has small aperture which is in line with
the cathode. The cathode emits electrons which emerges from this aperture as a
divergent beam.

e A negative bias is applied to control grid which controls the beam current and this
beam current in turn controls the intensity of spot.

e The diverging electron beam from cathode is made converged and focused onto the
screen by anodes. These anodes acts as electronic lens.

e Ahead of control grid there are focusing anodes whose aperture is in line with
cathode. The first anode is maintained at positive voltage with respect to cathode.
(i.e., focusing anode are connected to the lower voltage of about 500V). The second
anode which is pre-accelerating and accelerating anode are connected to the positive
high voltage of about 1500V (at a higher positive potential). These anodes acts as
accelerators and converges the beam of electron. The combination of anodes focuses
the electron beam on the screen.

e After exiting the focusing anode, the beams passes through the vertical and
horizontal deflecting plates which deflects the el ect eam and helps in positioning
the beam anywhere on the screen. *

e In most oscilloscope electrostatic deflection N rather than electromagnetic
deflection as it is helpful in high frequ app cation and also consumes less
power.

e The front of the CRT is caled the
internal surface of the facep
converts the electrical ener

and it is made up of fiber optics. The
with the phosphor. The phosphorous
ht energy. This produces the spots on the

n of graphite which is connected to the secondary
ollects the secondary emitted electrons which are
screen in the state of electrical equilibrium.

of the anode.The A

necessary for keepi
CRT Featur e&

Electrostatic available in a number of types and sizes to suit individual
reguirements. §he important features of these tubes are as follows.
1. Size

e It refers to the diameter of the screen. The CRTSs for oscilloscopes are available
in sizes of 1, 2, 3, 5, and 7 inches. 3 inches is most common for portable
instruments.

e If the number of CRT is - 5GP1, the first number 5 indicates that it is a 5 inch
tube.Both round and rectangular CRTs are found in scopes today.

2. Phosphor

e The fluorescent material used for coating the screen is phosphor. This material
determines the colour and persistence of the trace.The trace colours in
electrostatic CRTsfor oscilloscopes are blue, green and blue green.

e Thetime period for which the traces remains on the screen even after the signal
becomes zero is called ‘persistence’. This persistence can be expressed as short,
medium and long.

e Medium persistence traces are mostly used for general purpose applications.

e Long persistence traces are used for transients, since they keep the fast transient

on the screen for observation after the transient has disappeared.
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e Short persistence is needed for extremely high speed phenomena, to prevent
smearing and interference caused when one image persists and overlaps with
other.

The phosphor of the oscilloscope is designated as follows.
P1 — Green medium
P2 — Blue green medium
P5 — Blue very short
P11 — Blue short
e These designations are combined in the tube type number. Hence 5GPl is a 5
inch tube with a medium persistence green trace.

3. Operating Voltages

The CRT requires a heater voltage of 6.3 volts ac or dc at 600 mA.The voltages vary
with the type of tube used.

Negative grid (control) voltage— 14V to— 200V, Q

Positive anode no. 1 (focusing anode) — 100 V to — 410

Positive anode no. 2 (accelerating anode) 600 V &

Positive anode no. 3 (accelerating anode) 200 00 V in some cases

4. Deflection Voltages
To deflect the beam ac or dc voltag &
proportional to the dc, or peak npl|

usually stated as the dc voltage (
the spot on the screen.

red. The movement of spot on screen is
* de. The deflection sensitivity of the tube is
h; gakvac voltage) required for each cm of deflection of

5. Viewing Screen

The viewing scr Sthe g¥ass plate, the inside wall of which is coated with phosphor.
This screen isarg ar screen having graticules marked on it and standard size used
is8cmx 10 ¢ on the vertical and 10 cm on horizontal). Each centimeter on the
graticule cor @s to one division (div). The standard phosphor colour used is blue.

Basic principle of Signal Display/ Function of Sweep Generator:

Principle of Sweep Generator:

e For dc voltage measurement gives a straight line trace representing the amplitude
of the voltage.

e But for ac voltage, pulsating or transient, straight line trace does not give any
information. Thus it is required to obtain a graph of amplitude versus time, where
the voltage is traced on the screen by the spot.

e To obtain such a display the signal voltage is applied to the vertical plates
(directly or through the vertical amplifier) and it moves the spot vertically
corresponding to the instantaneous values of the signal.

e Simultaneously, to move the spot horizontally a sweep voltage applied to the
horizontal plates. The combined action of these two voltages causes the spot to
produce atrace on the screen.

e Thus sweep voltage produces the time base by moving the spot horizontally with
time, while the signal moves the spot vertically in proportional to the voltage at a
particular instant of time.
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There are two important sweep generator requirements.
1. The sweep must be linear (the sweep voltage must rise linearly to the maximum
value required for full screen horizontal deflection of the spot).
2. The sweep voltage must drop suddenly after reaching its maximum value so that the
spot moves only in one direction i.e., from left to right.
These requirements call for a sweep voltage having a linear saw tooth waveform is shown
in Fig below.

Fig. Waveform of sweep voltage

e Now at timet0, the sweep voltageis - E2, and this negative horizontal voltage moves
the spot to point 1 on the screen. At this instant, the signal voltage is 0, so the spot
rests at zero line on the screen.

e Attimetl, thelinearly increasing sweep voltage reaches - E1, this voltage moves the
spot to point 2. At this instant, the signal voltage is e, the +ve peak value, so the
point represents its maximum upward deflection of the spot.

e Attimet2, the sweep voltageis O, thereis no horizontal deflection and the spot is at
the centre, point 3. At this instant, the signal voltage is 0, so there is no vertica
deflection either.

e At time t3, the sweep voltage is +E1 and this moves the spot to point 4. At this
instant, the signa is -e, the -ve peak value, so point 4 is the maximum downward
deflection of the spot.

e At time t4, the sweep voltage is +E2 and this moves the spot to point 5. Now the
signal voltageis 0, so the spot is not vertically deflected.
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e Between t4 and t5, the saw-tooth / sweep voltage falls quickly through O to itsinitia
value of -E2, causing the spot back to point 1.

e This repeats for the next cycle of signal voltage. Thus due to effect of both voltages
sinusoidal waveform appear on the screen.

e When sweep and signal frequencies are equal, a single cycle appears on the screen.
When the sweep is lower than the signal, severa cycles appear and when sweep is
higher than signal, less than one cycle appears.

e The signal trace appears stationary only when the sweep and signal frequencies are
either same or integral multiples of each other. For other frequencies the trace keeps
on drifting horizontally.

The sweep voltage also known as sawtooth sweep voltage is generated by a multivibrator,
relaxation oscillator or pulse generator. The different types of sweep voltage generated are
asfollows.

1. Recurrent Sweep: In this ac voltage alternates rapidly so that the display occurs

repetitively and the image is seen by the eye. Thigis ed operation is recurrent
sweep.
2. Single Sweep: The signal under study p uAa trigger signal, which in turn

L 4
e sweep cycle may start after the
part of the signal. In driven sweep this

produces a single sweep.
3. Driven Sweep: There may be a ch

signal cycle and this may result in mi
problem is eliminated since the's %h signal cycles start at the same time.

4. Triggered Sweep:In a recurgentymode, the voltage rises to a maximum and then
suddenly falls to a minimurm am@ 1t is repeated. This causes the electron beam to

The recurrent sweep uses a free running multivibrator. Butin triggered sweep
it uses amonostable multivibrator which isin its off state until atrigger pulse arrives.

Thus in triggered sweep, when input signal is applied, a trigger pulse is
generated and is applied to the multivibrator. This turns on sweep generator and produces a
sweep signal and trace appears on the screen. For a specific period of time depending on
voltage, the multivibratorwill be on after that it switches back to its off state. The processis
repeated for next incoming signal.

5. Intensity Modulation: The ac signal is applied to the control electrode of the CRT
and this causes the intensity of the beam itself to vary in step with signal
aternations. This may result, the trace to be brightened during the +ve haf cycles
and diminished or darkened during -ve half cycles. This process, is called intensity
modulation or Z-axis modulation.

Block diagram of Oscilloscope:

Dept. of ECE, SVIT 2017-18



Electronic Instrumentation 15EC35

The block diagram of general purpose CRO is shown below.The function of the various
blocks are as follows.

Vertical
!
npUt o— Amolif
Electron
Gun

Trigger|

Circuit
Fig. Basic CRO Block Diagram

phosphor screen to provide avi li spfay’of signal.

2. Vertical Amplifier: The ipput<si 5 to be measured are not strong to provide
deflections, hence they are a ' ag using the vertical amplifier. The amplifier uses
wide band so that it pa e band of frequencies.

3. Deay Lineltisus the signal for some time in the vertical sections else
part of the signal

4. TimeBase:ltis

asgenerate the sawtooth voltage, required to deflect the beam
16n. This voltage deflects spots at a constant time dependent

rate

5. Horizon@) ifier: The sawtooth voltage generated by the time base generator
may not b sufficient strength. Thus before it is applied to horizontal deflection
platesit isamplified using horizontal amplifier.

6. Trigger Circuit: trigger circuit converts the incoming signal into trigger pulses
which can be used for synchronization. It is required that horizontal deflection starts
at the same time as that of input vertical signal. Thus to synchronize the triggering
circuit is used.

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. These voltages are required for controlling intensity, focus and positioning or
accelerating the electrons.

Advantages of using -ve HV Supply:

e The accelerating anodes and the deflection plates are close to ground. This ground
potential protects the operator from HV shocks.

e The deflection voltages are measured with respect to ground, therefore HV blocking
or coupling capacitor are not needed.
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e Lessinsulation is needed between positioning controls and chasis.

8. Graticules: thisis the plastic/glass/fiber glass sheet screen in front of the CRO. This
screen has grids similar to graph paper/sheet. This helps in measuring parameters on
the oscilloscope. It is practically designed as 8x10 pattern i.e., 8 divisions vertica
and 10 divisions horizontal.

Simple CRO:

e TheBasic block diagram of asimple CRO is shown in Fig.

e The ‘ac heater supply’ supplies power to the CRT heaters.

e CRT dc voltage is obtained from the ‘HV dc supply’ through voltage dividers R1-
R5. It aso includes potentiometer (R3) which varies the potentia at the focusing
electrode, known as focus control, and one which varies the control grid voltage,
called the intensity control (R5).

e Capacitor C1 is used to ground the deflection pl d the second anode for the
signal voltage, but dc voltage isolates these el &trodes from the ground.

e S2 connects the sweep generator output to the h%aal input. The sweep voltageis
amplified before being applied to the hori deflecting plates.

e When an externally generated sweep 4 en, S2 is connected to its external
position and the external gener S Jconnected to the input. The sweep

&e

synchronizing voltage is appli nal sweep generator through switch S1,
which selects the type of sy i

Heater o o g
“ )
p—" T ' a CRT
Supply : Py |
i Direct
ip }
R, Z - e Vert.
T e Hod. /
|_Focus = Zde
High
de
Supply.. Ry
Rs : Sweep External
To Ampilfier & Sweep Generalod Linear
= 1 z
' - . I
Low de Voltage _fosme | 3 mm»'e)a.m
| Su Amgiifor b rc 9 Line 1 Input
smmI =
Fig. Simple CRO

Vertical Amplifier:
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The vertical amplifier in oscilloscope determines the sensitivity (gain) and frequency
bandwidth (BW). The gain and B.W. product is constant. Thus to obtain a greater sensitivity
the BW is narrowed or to get better/greater frequency sensitivity is reduced.

Some oscilloscopes provides two aternatives
e Switching to a wide bandwidth position
e Switching to a high sensitivity position.

The block diagram of avertical amplifier is shown in below Fig.

FET Input Ampifier

k

i} T

amplify the input signal as these signals are
rable deflection. Usually wide band amplifiers
uenciesis passed faithfully.
uator which brings down the signals within the
measurable range. T ors are used when very high voltage signals are to be

are used so that entire ban

measured
e The vertical agphifrer consists of several stages, with sensitivity or gain fixed and
expressed i The advantage of fixed gain is that the amplifier can be more

eet the requirements of stability and B.W.

the attenuator.

e ThisFET input stageis followed by a BJT emitter follower. The output of FET stage
has medium impedance and it has to be connected to the phase inverter which has
low impedance. Thus impedance matching is obtained with BJT emitter follower.

e This phase inverter provides two antiphase 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.

e The advantages of push-pull operation in CRO are better hum voltage cancellation,
even harmonic suppression and greater power output per tube. In addition, a number
of defocusing and non-linear effects are reduced.

Horizontal Deflecting System

e The Horizontal Deflecting System consist of a Time Base Generator and an output
amplifier

Continuous or Time Base Generator: A continuous sweep CRO using a UJT asatime

base generator is shown in Fig. a
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- VBB
-, |
R
Sync P
Pulse ©
‘ﬂw —7
Vo
——
Cy Output
= 7r~ Retrace Period
& T, - Sweep Period
Fig. @ Conlinuous Sweep Fig- b Sawtooth Output Wavelorm

e The UJT is used to produce the sweep. When the power is first applied, the UJT is
off and the Ct changes exponentially through Rrtowards Vgs.

e At the same time the emitter voltage Veof UJT ri wards Ves. When capacitor
charges to it max i.e., Vp, the emitter to base €li ecomes forward biased and the
UJT triggers ON.

e When UJT is ON it provides a low resi e p h and the capacitor discharges
rapidly.
e When the emitter voltage Ve reaches t ipimum value, the UJT goes OFF and the
capacitor begins to recharges agio t&e epeats. ThisisshowninFig. b
e From the output wavefor an

improve sweep linearity, twoist

= A low voltage sug
= A high voltagestig

e,

. @, provides the sweep frequency to be exactly equal to the
y, SO that the signal islocked on the screen and does not drift.

that sweep output is not linear. Thus to
arate voltage supplies are used
®JT and

e Conventional CRT has persistence ranging from few milliseconds to several seconds
and sometimes it becomes necessary to retain the pattern for alonger period. In this
case it becomes necessary to store the waveform for certain duration, which is
independent of phosphor persistence.

e Two storage techniques are used in oscilloscope CRTs, mesh storage and phosphor
storage.

Mesh Storage:

e Mesh storage CRT is used in displaying very low frequency (VLF) signals. It
finds application in biomedical and mechanical fields.

e A mesh Storage Oscilloscope, shown in Fig. a it has a dielectric materia
deposited on a storage mesh, a collector mesh, flood guns and a collimator, along
with the elements of a standard CRT.

¢ In the storage mesh, the dielectric material deposited area is known as ‘storage
target’. It is deposited with material such as Magnesium Fluoride. It makes use of
aproperty known as secondary emission.
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e The writing gun or electron gun emits electrons, which etches a positively
charged pattern on the storage mesh when focused on storage target. Because of
the excellent insulating property of the Magnesium Fluoride coating, the
positively charged pattern remains where it is deposited.

=
ME/ L~
= -
O reen
Wikling_|-— VOE HOP t |
— [} ‘o
- 1 -
!
Collimator Zd)
Electrode \\
I Storage
* Mash
Fig. a Basic Elements of Storage Me\c

e |Inorder to make a pattern visible, a tron gun, called the flood gun, is
switched on.

e The flood gun emits low yelg€it rons and these are bombarded on the
storage mesh/target.

e The electrons from flo is adjusted by the collimator electrode, which
forms a low voltage Ic lens system (to focus the electron beam), as
shown in Fig. b.

\ Collimator
Q?; L
Write i Phosphor
Gun :\ Screen

7
Collector Storage
Mesh Mesh

Fig. b Storage Mesh CRT

e 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.

e The CRT will now display the signal and it will remain visible as long as the
flood guns operate.

e To erase the pattern on the storage mesh, a negative voltage is applied to
neutralize the stored positive charge.

e To make the pattern visible flood guns and collimator electrodes are used, where
the guns emits electrons and collimator electrodes focuses the el ectron path.
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e Most of the electrons are stopped and collected by collector mesh. When the
electrons penetrate beyond the collector mesh, they encounter either a positively
charged region or negative charge region.

e The positive charge region has trace pattern while negatively charged region
does not have any trace.

e The positivecharged areas alow 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.

e Thus the charge pattern on the storage surface appears and is reproduced on the
CRT as though being traced with deflected beam.

e Figure c shows adisplay of the stored charge pattern on a mesh storage.

Post Accalerator Anode

Storage Surface
Collimated Flood

Elacirons (] T+
o -
o -
< ‘\> -

- 4

O

—y

A2

Collecior Mesh (Biased at +va)

Do

Fig.C Display of Stored am on a Mesh-storage

Phosphor Storage:

In this type of CRT i thin layer of phosphor to serve both storage and display
element.

Note: Q

Secondary emission: the writing gun produces beam of electrons, which has the
information of the signal. This beam hits the surface of the storage surface and this seperates
other electrons from the surface of the target. Thisis known as secondary emission.

Digital Readout Oscilloscope:

e The Digital Readout Oscilloscope instrument has a CRT display and a counter
display. The Fig. d shows the block diagram of digital read out oscilloscope when
measuring voltage.

e Theinput signa is sampled by a sampling circuit at regular interval of time and this
process is called as ‘strobing’.

e The sweep time and input signal decides the equivalent time between 2 samples. EX:
if sweep time of 1 nano-sec/cm and a sampling rate/time of 100 samples/cm then it
gives atime of 10 pico-sec/sample.
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Start
< Comparator
Open
Gate
Gos 1 {5550
| Gate | -
Sampled Counter
Signal
Close
L Gate
> Stop
| Comparator

Fig. d Block diagram of Digital Readout Oscilloscope when measuring voitage

shifted to any part of the display. .

e CRT trace is used to identify 0% and 100% zo@tion. This portion can be
e The potential/voltage divider taps voltage beth17
0

% and 100% level and these

will be one of the signals for input to start mparators respectively.

e Comparators are used for comparing thes eform with selected % point.

e When the sampled signal isat 0% | to produce a pulse for opening gate.
The output of comparator end % ck gate andcounter starts counting the
pul ses.

e Similarly when 100% level ed, it gives a stop pulse and the clock gate is

disabled and counter stops
e The number of pul C
taken and read oyt di
e Fig e (below)
measuring ti
e Inthis a@ generator is used which produces a voltage and thisis one of the
t

block diagram of digital read out oscilloscope used for

input to stop comparator respectively.

0% S 21

Voltage Comparator

Memory
Sampied| 1M Gats | 10000 ] | Ramp
Signal Counter

= Pulse

Voltage —=>77

il s /L

Time Memory i

Fig. e Block Doagram of Digital Readout Oscilloscope to measure the voltage to time
conversion

e When the linear ramp voltage equals the 0% reference the clock gate gets
enabled/opens. When the ramp equals 100% reference the clock gate disables/closes.
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e The number of clock pulses that activate the counter is directly proportiona to the
voltage between the selected references and is read out in mV or volts by the Nixie
tube display.

Lissajous Method for frequency measurement:

e The phase and frequency measurement can be done using the oscilloscope.

e One of the fastest method to determine frequency is by using Lissajous patterns.

e These patterns results when sine waves aresimultaneously applied to both the
deflection plates pairs. If one frequency is an integral multiple (harmonic) of the
other, the pattern will be stationary, and is called a Lissajous figure.

e The measurement method involves applying known frequency (standard frequency)
to the horizontal plates and unknown frequency (of approximately the same
amplitude) is simultaneously applied to the vertical deflection plates.

e Thelissgous figures depends on (i) Amplitude of two waves, (ii)Phase difference
between 2 waves and (iii)Ratio of frequencies gf t es

e Thehorizontal signal is designated as fh and theyer signal asfv.

e Now if 2 signals of having same amplitu %ency and phase difference of ¢
between them and if thisis applied to the iflg beams. Then difference in phase
produces various patterns which vari straight diagonal line to ellipse of

different tilts
e Figure below showsthe basic %

0

requency measurement.

| Unimown K
IFrequenc Freguency

Basic Circuit for Frequency Measurements
Fig. with Lissajous Figures

M easurement of frequency:

e The oscilloscope is set up and the internal sweep is switched off (or change to Ext).
The signal source are connected asin above Fig.

e Keep frequency fv (unknown frequency) constant and vary frequency fh (known
frequency), when observed the pattern spins in aternate directions and shape is
changed.

e The pattern becomes stationary when fv and fh are in an integral ratio (either even or
odd). The fv = fh pattern is still and is a single circle or elipse. When fv = 2 fh, a
two loop horizontal pattern is obtained as shown in below Fig.
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Fig, Lissapous Famems for Inlegral Fraquancias
e The frequency from Lissgjous figure can ined by, counting the number of
horizontal loops in the pattern and di the number of vertical loops and

fraction of 4. Thus the unkn uency fv is equal to %2 of fh.

¢ When the two frequenci and in phase, the pattern appears as a straight
line at an angle of 45° horizontal. If the phase between the two alternating
signals changes, the ges cyclicaly.

multiply this quantity by fh (known 6r d frequency).
e In fig (h), the number of h ri% op is 1 and vertical loop is 4. This gives a

A tern (at 45° with the horizontal) is seen when the phase
eis /4
. le pattern is seen when the phase difference is /2
. lipse (at 135° with horizontal) when the phase difference is 3n/4

straight line pattern (at 135° with the horizontal) when the phase
difference is m radians.
= Thus as the phase angle between the two signals (fh and fv) changes
from = to 2w radians, the pattern changes correspondingly through the
ellipse-circle-ellipse cycleto astraight line.

e Now if the two frequencies being compared are not equal and if they are fractionally
related, then a more complex stationary pattern appears. In this the patterns depends
on the frequency ratio and the rel ative phase between the two signals.

e Thisisshown below infig.
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The fractional relationship between the two fr%u is determined by counting
the number of cyclesin the vertical and hog ak d isgiven below.

Ji= (fraction) x f,

op Jv o Mumber of horizontal t

f  number of vertical

Digital Storage O pe (DSO):

DSO a in processing and non-processing types. In
Processingequi it includes interfacing and a microprocessor which provides a

complete r information acquisition, analysis and output. Processing
capabilit rom simple functions (such as average, area, rms, etc.) to complex

Non-processing digital scopes are designed such that they can be
replacements for analog instruments for both storage and non-storage types. They
include many desirable features which may lead to replace the analog scopes
entirely.

The block diagram of DSO is shown below in the figure.

e These oscilloscope uses same type of amplifier and attenuator circuitry as
used in the conventional oscilloscopes.

e Theattenuated signal is applied to the vertical amplifier.

e From the amplifier the input signal is sampled through sample and hold
circuit and to digitize the analog signal, it is fed to analog to digital (A/D)
converter.

e The successive approximation type of A/D converter is most often used in
the digital storage oscilloscopes.

e The sampling rate and memory size are selected based on the duration & the
waveform to be recorded.

e Once theinput signa is sampled, the A/D converter digitizesit.The signal is
then captured/stored in the memory.
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e Onceitisstored in the memory, many manipulations are possible as memory
can be readout without being erased.

e Theinput signal is aso used for trigger circuit (Sweep generator) to generate
the signal for horizontal deflecting plates.

e To the deflecting plates the digital data is again converted to analog and is
amplified and fed.

Analog Outputs (To CRO)

Inputs =—

4 —n

4. A cro ursor (¥ )can be positioned at any desired point on the
d the voltage/tl me values displayed digitaly on the screen,

5. Some” scopes use 12 bit converters, giving 0.025% resolution and 0.1%
accuracy on voltage and time readings.

6. Split screen capabilities (simultaneously displaying live analog traces and
replayed stored ones) enable easy comparison of the two signals.

7. The display flexihility is available. The number of traces that can be stored
and recalled depends on the size of the memory.

8. The characters can be displayed on screen aong with the waveform which
can indicate waveform information such as minimum, maximum, frequency,
amplitude etc.

9. The X-Y plots, B-H curve, P-V diagrams can be displayed.

10. The pre-trigger viewing feature allows to display the waveform before trigger
pulse.

11. Keeping the records is possible by transmitting the data to computer system
where the further processing is possible

12. Signa processing is possible which includes trandating the raw data into
finished information e.g. computing parameters of a captured signa like
r.m.s. value, energy stored etc.
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asuillater, An oseillator 15 a circa which penetates a0 siowsendal sipnz! with gansiant
wmplitnds and constant dusiral Aegqusney wsice alee eedhack. 1 |_-:~'-|'-'-'fi'1'~=:" UL oulpul
wavelogan at o desired Iregquency in 2 ranes G few herte W several wpa heeey
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A amnple fine v PenETAIOT Comststy of 1w bosie blocks,

1Ll Crecillinter

[iip AT uE

The oscillator uses an active devies such as an ope-amp. The outpul af an opeamp
i fod Back in phase with ioper This pasitive feadback causes repenseaive action
resnMing i nacillatinn.

The alenuvator proveides amphieele conicel Basieally the ollcnuater 13 2 desvice
which redwecs ar attentmtes the ez level o the sieoal by Jied smount. The proper
tunctiomng of a signal gercratoy depends on 1he perfonnanve of an cscillor and

- dllenoalir.

el
34: Conventionzl standard signal penerators

Slandard signal pencrator is hasically & radic fpd@gey (BF sienal genecswor. 1t
produces knawn and contralJable vollsres. *
This tnsroment 15 praviced with a meggs N ulsting the camier fraquency,

The modulaticn s indicated By 2 emeler. The Menal can be amplitude modolated
{Ak1) orotrequency macdilated (FRD Bdo ay be dene by a sene wave, square
W ITTREENLL wan e ur 4 pllse.

The Eleck dizgeam of comrve i 111%%”; el s1pnal generator is shovn below

Harge  Faguincy

Oedpect Loned

mo_
| Adesicealin s

‘3:;? : {M?f;ﬂw P e P nﬁl‘ﬁ.‘fiﬂf E:Tﬁtmé-;r

The samier Irequency 15 gemerated by s verw slable BE osciliater whivh hos
FOOSIAML GUEYAE gver any frequency range. Mudulation iz dons in the aulpil ampiifise
sitcuil, The outpur of umpdifier is modulaned carier and is given o an alennans: This
aLenuarar el mselectong praper ramge of atenoation aod s 1 pLcput siensl level ps.
conlrelled .
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To 1.0 12nb circwit desion of master oscllador, fregquency stabadily s Junied. The
swilching of freguency in various ranges 15 achaeysl by selecing wpproprale capacicor.
This upsats circuit design and requires same time to stabilize at now resonant frectency,

In high frequensey oscillators, it 35 essential o isolate the master oscillaner from
anfput circuit. Because of this tselalivn. changes i owlpur girzuit do not setleet on Lhe
pscitlator lreguensy, sooplituds chaceteaiaics. Far iaalaticn bufier amplifisrs are used.
AINANTAGES

= I'he oorpat 15 stable .

*The output voltage can he cumtrol = accooliog 1o the eequil=toe it
DISADVARTAGES

*Nue to 1.0 tank corouil, the frequency stabilily o5 Bmaled.

=1t takes some e o stahilize ot s e wshen e eonee s chonead

In modem kabordory ovpe sippal geneg
er ascillatar we can zet the boghest
lrecuency tange with wood stability canventional sipnal peneater.

The master oseillalor s mg
compensetion devices are wsed
The intluence of the suceceding

-
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{1 Freg. Dividear Anneray

g - Lot Ul seespeeny =
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Thee BRI ascillanor consists of 10 ek cizeoil. [0 epves frequensy sangz trem 34
B0 v B0 MILLe, Tl sigresd i coaoreeiod Te wmunogd buttel arnlatier By T eugag of
thi= amplitize is goven b trequeney divider cizenit. Fhe simowt shows abes e censists of 9
Bogueney divaders. Fhe feegueney diviston ean B¢ detee By usars Oio=flaps e aet catio of

21,

The lowest t-.qumu. ranee obtiamned hx' using trequency divider s the hizhes:
trequency ames divided 2% or 5120 Lhye master oscilialor hos Poth awtomatee and manoal
cortmollers. Avulalicy  af motor  driiven fregquency cantoel 15 cmploved  tar
pragrammable actomatis frequency coniral desiees,

The 167 vk cirenit amd Treguency Bviler pravides o carreer signal. The butter
araplifiers B2 amd B ome ased Tor dsolaton, The use ot boffer amplitices provides vers
high depree o7 1soelation betwesn master ascillaton stag pasmer amplitier stave. 1ns
clirmnargs all Ieéguensy distertons caused by loadge W@oe 8y input and ooaiput citcuita.

The modulaton 5 done 21 the pewer amnpleTSege Sicnal for modulation is
provided by an audie osciliator (400 1k and 1 Ll %r‘mdu],{.tmn takes plaze it main
amplifer, o peaer ampliticr staege. The leve lativn can be adjustal wp o 93%
L usinp aontral slovicss,

ADVANTAGES
" &y same master oscillat
impoved even al the hiphest 1
*The use ot hyttor
sacillanar and muin pose
*The ¢hange
curnpensaion dovie

d 1y ged vanaus trequency tanges. the stabilit is
& Mmgc.

fiers poveades wood asolation between e mosier
clomimaring leading effect completely

1pul dug 10 emperalure varilions 15 compensated by

Faids,

*Excellent 4 stability with very low ripple.
*Thue o lugh degres of isalstien, distonion gor eliniogted helveer the input 2bd
el CIrc Ui,

IHS ATV AN TAGES
“The cireuil is comples, s vosl i+ ineresssd a3 comparsd to canventional sl
EUTIL LD o
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DITCRERCE BETWEER STANDARD AND WODEEN SI0N AL GENERATOR

Standard signal generator | Muodern signal generstor .
] | Ithas limited Freyusney stability. | Frequcvm' stabilily ver enlire [Teguency
= e 1 e irlaanesd g -
2 | lTempsramme  compensation 350 ol T-_1r|r~ur..11u|c: cannResalicn s prl‘-‘rhh d
DTiky ided
3 | The Frequency manie is smal | Wids frequency range is possible
4 | Leading aod diswonion effects 2re mare | Loading and distanion eflects are less
51t lakes time  feo stabilize  ar new | loogels statolsed toonew frequency vers
. | Fn:_qun:nv;!.r quuickly
& | Reenlation is poar Reulatiggyis cxcellent
| 7 | Less O} stabaluy wish hich ripple (ropd iy widl Lona nr::p]-:‘
8 | Autornatic  funitg  with  moter utoiatic ‘tl.'l"?|11'|j_.| 1 '|'Ii.‘lﬁ"-l.!‘.l|f_
availakle PR

9 | Consriclion 15 sy le dtetion is complivatod !
AN Clost 1y Taw _ Swfis hich |

-'-"-'r-ﬂ-mr.{y.":uﬂj‘—' £y

Shae  (Tadast

3. o j;fi“_llff_l{ A ttnuatnf— 1L
5 -l'?ml.ﬂu" Sem ,:-_E:‘;:H_ﬂu

Crabrced
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Ty Size qered rcenme £ Mas P,
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The bnock dingram of Al osine ad Suyaes sy penesaer 12 skown ahove, A
Wien brides vscillaler i used i6his generater. The Wien britlpe sl Lt s che e Sor
audie trequensy gz, The requency of eseillations can be chanped b vanding e
capacitimes in the asellator. The fequency can also be changed in steps by switehing w
res1stors ol dilferent values,
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The wutpat af the Wien bridge psctllator pees 1 the Juncoen switeh, The lunelion
saiteh ditects the ascillator autpel either o the gins wave soplifier or w the square wave
shper. A the gulpul wye pel vither o square witve or dne wase The sutpet 35 vasied by
mLans ol an ArCneater.

The fromt punel ol signael cencrator consists ol the Tollowing

1. Freguoier sefvermes [ selects the frequency in different ranpes and waries 1t
cerlinknsly in g eatfa ol 111 The scale iz non-linear,

2. Frognewcr mafiipier: I oselects the freguenes range aver 5 olecales. from 10 11
w | Iz

3. amplfitnde mrodiplier: 1 attenunates the sine wave W 3 decades. <1, 0.1 and *
U

4, Durlebie smodimde: 1t atenuales the sing wave apiljlude continuously

3. Avinmeetry conirad: T1 wards s the sy nunctey ofthe v Fram 0% o T05

fo.  Ampdereade: [ anenuates the Square wave nulpﬂ nugusly

T Funcrion vagick: 1 gelects esther sinc wa sOTNgCE Wy auipl.

8. Chwipiit avaifande: Thas provides sine i ﬁu.m: v L

R, s Thas terminal is wsed W proyy cnizatien of the intermal signal wish

an extemal skghal.
o 1 EANOFT Swalch

A rinsricn JCACCALOT B
R THT WEAVE NS & RN
He e 100 klTe, Yariows, &g
be phaze locked 1o a
second Funcliom e

iTerent wavetorms of adjustable feequency. The
nd triargular. Treyueney san he odjosted Tooom 10401
m Le uzad at she same e, The funeton penerator can
source. One looction penceatar ¢on be weed @ lock a
1l thos the two ouiput signals can be dizplased in phase.

1
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The blesk livgram of the Tunction genevater 13 shoton amore, The troguoeney 1s
crntrndled by varsing e mapmihede of curment s hiwh daves IR integvahe.
The: freguency controlled voltage regulates e curmenl sewrzes. The upper carrsag
source sipplics comst currenl to Whe infeprstor whose oulpul waltage mereases limeerl
with tiee, aceording o 1he eguation of the outpat $zmal valmae,

1 4
Er = = J Qe

An ibercase or deersass in the cumest ooeases or decrgases e sape of the
putprl yolege sod henee sontmal the trequensy. The valtape comparator nuoli-vilror
chanpes stales at a pre-delernined maximnen 2vel of the inteprakor cutput vollge. Fhis
change curs off the upper curment supply aml swilches onthe Tower carrzen supale. | he
Toweer currenl source supplics 2 reverse cament o thiginlerralor, <o that it oulpl
decreases |mearly with time. When e omput reagoe
the vollagse comparator oo chanues state and Jwilchgs o

Thz putpui ef the nleoralos s 1 irigeeelar Seavetorm whese fraquens s
Q.l'll_' U LE LEILD ©LLOC TS Sl 5.

The comparator onnpul delivers a 5 viellage ot ihe same requency. The
rezislance dhade network alters the s angular wive o5 is ampliads changes
and produces a sioe wave with leas t diareaioe.

5.8: Square and pulse gene boratory type)

The fondamental difl; ehween & pulse genmerator aod A syuane wase
genzraliir ixin the duty ¢velg eowdth HI%E duty sycle wcalled o syLane wave,
pilae width
pulse period

Ly cypele =

Bequirements of 5
1. Pulsc shpmg

. Basic nsticsa of the pulse are nse tme overshoot pneine. @ag and

undershod

Fulse should have solfici=ol maxinwie wnpliede and alse the aneneion rangs:

shonld he adequane 1o prodoee srmall anpliiede polkes.

4. The range al leegquensy comtred of the pulse repetion rale (PRI shood  mecl
the peeds of the expetimeant.

5. Pulsc cenctatars can ha [rigqered by an esdemal trigesr sipnal o also pulses
Eenerators can be nsed to prodiee 1riygee sipnols

G, Lrp impedanes of pulse genscator s unporanl consideraticn, Cienerater shanld

be matched to cable and cable to tea clecust.

DO woupling of the aulpur zitcuin 15 oeeded when de bios level s 50 be

maLntaiced .

Cheervkrece, Tl snacinnm beighn vnmediontel Tollowing the lendinge cdec

Kieger 1015 he pesitne and rezotive peak distortion, sxcloding eeerskes

Sedtr s adrvpe It the Gl in pulse ampliomde sl ime

| O

(]

-
¢

e L e ——
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.E:l._.l."mEE - Armpidnss
TLCape- | . o) Oetp] o 0D
g;r:;; f———————— | ampkher * Oulpul
Preg Mz | - | .
[ il ' [ : Verrier _ Lmpitide
" i Sonmift . . '
b= | . . Ry -
e _'uwII:'ri"gl: i tiger | S0 | Ew |
Cantrnd] || Sinsud o [ St — | Oulpdt [ Aganisrior
: T ; .!_.1 L 1 ¥ 5T | =1
b Mg {i— e : - Clutput
' Capnachor 1 O
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[ Sync
Circuik
i ] Br Trigger
utpul L
—Eln-_ur. Ceaipun

whave anil pulse penerator 15 shown abowve. The
nt is froml Hz o 10 MHz. The duty cvele can he varied
ent pectpuis are avalable, 0 5040 source hat supplies pulses
5k oat 3V peak amplitude and GO0 £ source which supplies
pulves with a all time of 70 ns at 30 WV peak amplitwde, This instoaneot van be
opceated as a b ooing, eenscator or it can be synchromzed with external signals.

The basle pensraling loop consists of the coment sources, the ramp capacitor, the
Schmait apipper snd 1hee current switching cimeuin as shown below.,

A labnratary
Trequency ranee of th
Trem 23-T3% Twa

with rise and 1

-

Lo UTTE L ot
SO |

-

Constant e
LAUFTEN

Sautee | i
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1
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The upper current source supplies a constant current to the capacitor and the
capacitor voltage increases linearly. When the positive slope of the ramp voltage reaches
the upper limit set by the internal circuit components, the Schmilt trigger changes state.
The trigger circuit output becomes negative and reverses the condition of the current
switch. The capacitor discharges linearly, controlled by lower current source. When the
negative ramp reaches a predetermined lower level, the Schmitt trigger switches back (o
its original state, The entire process is then repeated.

The ratio 1/iz determines the duty cyvele and the sum ir+iz determines the

frequency.
SWEEP FREQUENCY GENERATOR:

The process of testing frequency response of amplifiers filters can be simplified and
speed up using signa generator that automatically varies,its §iequegcy over a pre-determined

range. Such an instrument is called as sweep generator. \

RF
Output

Pris —e

o Output
,~~ Control

7

Fig. 8.10  Sweep Generator

e Sweep generator provides a sinusoidal output voltage whose frequency varies smoothly
and continuously over an entire frequency band.

e The process of frequency modulation may be accomplished electronicaly or
mechanically.

e [tisdone electronicaly by varying reactance of the oscillator tank circuit component and
mechanically by means of a motor driven capacitor.

e Frequency sweeper: provides a variable modulating voltage which causes the
capacitance of the master oscillator to vary and used for synchronization to drive the
horizontal deflection plates of the CRO. The amplitude of the response of a test device
will be locked and displayed on the screen.

e Manual control: alowsindependent adjustment of the oscillator resonant frequency.

Dept of E&C SIGNAL GENERATOR UNIT 3
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e |In automatic level control circuit has closed loop feedback system which provide
constant power delivery to test circuit which monitors the RF level at some point in the
measurement system. Thus constant power level prevents any source mismatch and aso
provides a constant readout calibration with frequency.

e Marker generator provides haf sinusoidal waveforms at any frequency within the
sweep range. The marker voltage is added to the sweep voltage of the CRO during
alternate cycles of the sweep voltage, and appears superimposed on the response curve.

N

A
N
QO
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Electronic Instrumentation 15EC35

MODULE 4
BRIDGES

| ntroduction:

e Bridgesisacircuit which is used for measuring various componentslike R, C and L

e Bridge asasimple circuit consists of having 4 resistance arms in a closed loop, with
dc current source applied to 2 oppositejunction and current detector connected to other
2 junction as shown in Fig. 4.1.

e In this the unknown component is measured in comparison with known component
called as standard.

e This method of measurement is very accurate and the accuracy of measurement is
directly proportional to the bridge component.

There are 2 types of bridges v Q
e & bridge — impedances consisting of C N
*

e dc bridges — measure resistance

The dc bridge used for measuring resistanceis eatstone’s bridge.
Wheatstone’s Bridge: &m
e |t isthe most accurate meth ring resistance and a common method used
in l[aboratory.

e Thecircuitisshownin

Rz

ol

B
Fig. 4.1 Wheatstone's Bridge

e It has an emf source E and switch Sw connected between points A and B.

e A sensitive current indicating meter is connected to point C and D. Meter used is a
zero center scale, when at rest it is mid scale at O current. Current in one direction
causes pointer to deflect in one direction and for current in the opposite direction
causes the pointer to deflect in opposite direction. When no current flowing in the
circuit, the pointer rests at ‘0’.

e When Sw isclosed current flows and dividesinto 2 arms at point A as |1 and I12.
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e Bridge is balanced when current through G is ‘0’ i.e potential difference at C and D
should be equal.
ie 03I ] J— (1)
For galvanometer current to be zero, 11=I3 and 12=14
Thus under balanced condition,

And

Using (a) and (b) in equation (1), we get

E xR1 E x R2

R1+R3 R2+ R4
Simplifying the above equation we get,

R1(R2 + R4) = R2(R1 + R3) 0\0

R1R2 + R1R4 = R1R2 + R2R3

R1R4 = R2R3 ¢
Now  R4= 228 \
R1
Thisisthe equation for bridge to be
For balancing one of the resist be made adjustable and if R4 isthe unknown

resistance then

Sensitivity of

e When there IS unbalance in the bridge, there is deflection in the pointer of
galvanometer (G) which depends on the sensitivity of the galvanometer.

e |f the G ismore sensitive then, the deflection is more for the same amount of current.
Thus sensitivity is considered as deflection/unit current. i.e S= D/l , D = deflection
and | = current in pA

e Sengitivity can be expressed in linear or angular with the units as S = mm/pA
(Linear) and S = degree/pA or S=radian/pA (Angular)

e Thustotal deflectionD = S* |

Unbalanced Wheatstone’s bridge:

This s the analysis of Wheatstone’s bridge under unbalanced condition and this determines
the amount of current flowing in the G.

The circuit analysis can be done using any general circuit analysis, considering “Thevenin’s
Theorem” will determine the current through G.

Dept. of ECE, SVIT 2017-18



Electronic Instrumentation 15EC35

Since the interest isto find the current through G under unbalanced condition we need to
find the Thevenin’s equivalent circuit as seen by G

Thefirst step isto remove G and find open circuit voltage between terminalsaand b as
shown in fig 4.2

| /\
R, # R
S ’

Fig. 4.2“ - Unbalanced Whea@e
Applying voltage divider at point ‘a’ and ‘b’, we *
a QR 3
4E
R2 + R4
Voltage between aand bist ce between Eaand Eb and this represents the

R1+R3 R2+R4

Thevenin’s equivalent v
R3E R4E
=FEa—Eb =

R3E R4E
Thus Eth=E ( — )
R1+R3  R2+R4
Thevenin’s equivalent resistance can be determined by replacing voltage source by its

internal impedance or with a short and looking into aand b as shown infig 4.3,,

Fig. 4.3  Thévenin's Resistance

Rth = (R1 ]| R3) + (R2 || R4)

R1R3 R2 R4

Thus Rth = +
R1+R3  R2+R4
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Thevenin’s equivalent circuit is shown in fig 4.4

AN ——e&
R

!
L.

Fig. 4 4  Thewenin's Equivalent

If G isconnected between aand b in the above circuit and its original circuit then both
experencies same deflection.

The magnitude of current is limited by Rth and the resistance seen with G i.e Rg (interna

resistance of G)
Thus the deflection of current in galvanometer is giVeﬁ \Q

Et
Ig = ¢

If three of the four resistor in abrid
can develop an approximate but te” expression for Thevenin’s equivalent voltage

L L
- N

y N —t— AP
= |aR/¢
R R+ Ar ;
N\,
6

o Fig. 4.6 Thévenin's Equivalent of a
Fig. 4.5 Slightly Unbalanced Slightty Unbalanced
Wheatsione's Bridge Wheatsione's Bridge

Voltage at point ‘a’ is given by

Voltage at point ‘b’ is given by

Ep = ER+ Ar) E(R+ A4r)
R+ (R+ Ar) 2R+ Ar

Thevenin’s equivalent voltage is given by,

Dept. of ECE, SVIT 2017-18
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Eth =Ea—Eb=Eb—Ea

Eth_E(R+Ar) E
2R+ Ar 2

Simplifying this,

2R + 24r — 2R — Ar)

Eth = E( 2(2R + 4r)

Eth—E( Ar )
~ T \4R + 24r

Now if Ar is5% of R or less, then Ar can be neglected at the denominator without
appreciable error. Thus Eth now is

impedance,

Rth = N R+ R+
Simplifying the above equation,
R R (R + 4r)
72" 2R+ar
If Ar issmall compar, wthen it can be neglected
AP .
2 2R
R R 2R
Rth = > + 5= 5 T R

Thus the Thevenin’s equivalent circuit is shown in Fig 4.6

The current through the G is given by,
Eth

Ig= ———
9= Rth+ Ry

Applications of Wheatstone’s bridge:

e Wheatstone bridge is used to measure resistance in the range of 1Q to low MQ.

e Used to measure the dc resistance of various types of wire, either for the purpose of
quality control of the wireitself, or of some assembly in which it is used.

e Tofind theresistance of motor windings, transformers, solenoids, and relay coils.

e Wheatstone Bridge Circuit isalso used extensively by tel ephone companies and others
to locate cable faults.

Dept. of ECE, SVIT 2017-18



Electronic Instrumentation 15EC35

Advantages of Wheatstone’s bridge:

It operates on null deflectioni.e., indication is independent on indicating instrument's
characteristics and thisis reason it has high degrees of accuracy.

The variation in the source does not alter the balance of bridge, hence the
corresponding errors are compl etely avoided.

In Wheatstone bridge potential errors are canceled out including the bridge
excitation, and temperature errors.

Limitations of Wheatstone’s bridge:

Kelvin’s bridge

For low resistance measurement, the resistance of the leads and contacts becomes
significant and this may introduce error.

While measuring high resistance, the resistance presented by the bridge becomes so
large that the galvanometer will be insensitive to imbalance. Thus for high resistance
measurements in mega ohms, the Wheatstones brid not be used.

Another problem in Wheatstone Bridge Circuitsds t)@e inresistance of the bridge
arms dueto the heating effect of current through %m ance. Therisein temperature
causes a change in the value of the resistan d etimes high current may cause
a permanent change in value.

When the resistance to be mea

Sured 190f the order of magnitude of bridge contact and
lead resistance, a modified fa heatstone’s bridge, the Kelvin's bridge is used.
Kelvin's bridge is used togmea values of resistance below 1 Q. In low resistance
measurement, the resistanee™df the leads connecting the unknown resistance to the
terminal of the bridgg @“ litsMay affect the measurement.

Thus in Kelvin’s ¢ effect of contact and lead resistance is important.
Consider the gifCUif i9.4.7, where Ry represents the resistance of the connecting
leads from 0 R¥/(unknown resistance). The galvanometer can be connected either
to point &or toOgOoINt a.

When it is G@nnected to point a, the resistance Ry, of the connecting lead is added to
the unknown resistance RXx, resulting in too high indication for Rx.

When the connection is made to point ¢, R3, is added to the bridge aam R3 and
resulting measurement of Rx islower than the actual value.

If the galvanometer is connected to point b, in between points c and a, in such away
that the ratio of the resistance from c to b and that from a to b equals the ratio of
resistances R1 and R2, then

Rcb _ R1
Rab  R2

The bridge balance equation is given by,
R1* R3=R2* Rx

But R3 isnow R3 +Rab and Rx isnow Rx + Rcb
Therefore R1* (R3+Rab) = R2 * (RX + Rch) -------------- (1)
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Flg. 47 Kehin's Brdge

Fromthe Fig 4.7,
Rab + Rcb = Ry -------mm-mmmee- <A)
and \

Rcb  R1 5
Rab  R2 )
Adding 1 to both sides of equation (B), W(—Z‘{

+Rab _ R1+R2

_ _ _ Rab R2
using equation (A) in th ation, we get

Rcb+Rab Ry  R1+R2

Rab Rab R2
and Rab is now
R2 * Ry

Rab = ———
_ _ _  R1+R2
Rearranging equation (A) and using equation for Rab,

Rcb = Ry — Rab

R2 * Ry

Reb = Ry = 21772

R1Ry + R2Ry — R2R
Reb = Y Y Y

R1 + R2
R1Ry
Reb = o1tz
Substituting Rab and Rcb in equation (1)
R1* (R3+22Y y = Ro * (Rx + 22Xy
R1+R2 R1+R2

Dept. of ECE, SVIT 2017-18
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R1R R1 R2 R
Rx + Y <3 y>

R1+R2 R2 tR1i+R2

R1Ry R1R3 R2 Ry R1
Rx + = * —
R1+ R2 R2 R1+R2 R2

R1Ry R1R3  R1Ry

Rt eitrRz™ Rz T RivR2

Upon simplification, we get

e The above equation is the normal Wheatstone’s bridge under balanced condition.

e Also the effect of lead resistance connecting from a to c is eliminated by connecting
galvanometer to intermediate position ‘b’.

e Thisisthe principle of constructing Kelvin’s double bridge also known as Kelvin’s bridge. It
is called double bridge as it incorporates 2™ set of resist ratio arms.

e The schematic of Kelvin’s double bridge is showngén Fig.4.8

e Inthis 2™ set of arms aand b connect galvanometer f@,potht ¢

e The galvanometer gives null indication when p ia and careequd i.e Elk = Elmc

Fig. a3 Kelvin's Double Bridge
Now Elk isgiven by

Elkc = R2E
" R1+R2
and E isgiven by
E=I*R
Elk Rz I
= ——-% *k
R1 + R2

R isto determined considering path |-m-n-o-1, in this path at point m — n, the resistanceis
Ry I (at+b). Thustotal resistance now becomes as
Ry (a + b)

R=R3+Rx+ ———=
X a+b+Ry

Now Elk is given by

R2 Ry (a + b)
—* —————
R1 + R2 a+b+ Ry

Dept. of ECE, SVIT 2017-18
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Similarly EImc is given by, EImc = EIm +Emc

ElIm=1R3
bE . .
Emc = il using voltage divider rule
a+b
_ __ Ry(a+tb)
Emn=(a+b)||Ry*I= tbiRy *
Thus now
b Ry (a + b)
Emc = x [ %

a+b a+b+Ry

Therefor

El I R3+ b Ry(a+bh)
= * *
me a+b a+b+Ry

b R +
Elmc =1 [R3+ 24 (Q
a+b a& y

But under balanced condition,

Elk = El *
IR & b (a+b)R.‘.
2 = R
= R,+R2(R’+R*r+ ) 1[3+a+b{a+b+R_,.
{
(ffator, _Rem (bR,
O a+b+R, R, | a+b+R,

@+b)R, (R ) bR,
B e e L | B A e ———

a+b+Ry y,
bR R bR,
(a+b)R“. 3 3= Rl R3 +R3+ S / e y
¥ a+b+R, R, R,(a+b+R) a+b+R,

_RR,__bRR bR (atbR,
X
R, Ry(a+b+R) a+b+R, a+b+R,

R R, bR R, 2 bR, —aR, — bR,
& :
* R,  Ry(a+b+R) at+b+R,

RR, _ bRER, aR,

Re= R, Rz(a+b+R).)—a+b+R,.
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. WL

R, (a+b+R)\R, b
R a
But — = -
. R, b
Therefore, R, = BJI—Z&

e The above is the equation for Kelvin’s bridge.

e From the above equation, Ry i.e., resistance of the connecting lead has no effect on
the measurement provided the resistance ratio of arms are equal.

e Thisbridge can measure resistance in the range of 1Q - 10pQ with accuracy of +0.05%
to £0.02%.

AC Bridges: . Q
e The ac bridges are similar to dc bridge except t%so ridge arms have impedances

and the bridge is excited by ac source rath urce.
e Impedances at audio frequency and radi u ?‘,y can be determined by means of
ac bridges.

A
N
{\O
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