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MODULE 1 

Measurement 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 also 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, mechanical, optical and many other types 
of parameters.  

Measurement: The measurement of a given parameter or quantity is the act or result of a 
quantitative comparison between a predefined standard and an unknown quantity to be 
measured. 

An electronic instrument is the one which is based on electronic or electrical 
principles for its measurement function. The measurement of any electronic or electrical 
quantity or variable is termed as an electronic measurement. 

Static characteristics: The static characteristics are defined for the instruments which 
measure the quantities which do not vary with time. The various static characteristics are 
accuracy, precision, resolution, error, sensitivity, threshold, zero drift, stability and linearity. 

Accuracy: It is the degree of closeness with which the instrument reading approaches the 
true value of the quantity. It denotes the extent to which we approach the actual value of the 
quantity. It indicates the 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 is the 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 value to which 
device responds. 

 Ex: If a digital 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 1mV. 

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 = Am -Aa where 

 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 also 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 mainly resulting due to the shortcomings of 
the instrument and the characteristics of the material used in the instrument, such as 
defective or worn parts, ageing effects, environmental effects, etc. A constant uniform 
deviation of the operation of an instrument is known as a systematic error.  

There are three types of systematic errors as  

1) Instrumental errors: these errors are inherent because of their mechanical 
structure and moving component. Ex: stretching of springs, irregular tension to 
spring, overloading and others. These errors can be avoided by 

• Selecting suitable instrument for measurement 
• Correction factors can be applied after determining instrumental 

errors 
• Calibrating the  device against standard 

2) Environmental errors: Due to external 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) Observational errors: are the errors introduced by the observer. The most 
common error is the 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 ± 0.5 V indicated ± 0.5 V 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 is called relative error. 
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Statistical Analysis: 

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 
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Deviation from Mean: This is the deviation of a given reading from the arithmetic mean of 
the group of readings. If the deviation of the first x1, is called d1 and for 2nd reading it is 
called d2 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 

                        

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 

                               

Standard Deviation: The standard deviation is the square root of the sum of all individual 
deviations squared, divided by the number of readings. It may be expressed as 

 

Standard deviation is also known as root mean square deviation and is an important factor in 
the statistical analysis of measurement. Reducing this quantity helps in improving the 
measurement. 

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

                             

Probable Error: It is denoted by PE and is given by 

  PE = ±0.6745 σ 

Dynamic Characteristics of Instruments: 

The set of criteria defined for the instruments, which are changes rapidly with time, is 
called ‘dynamic characteristics’. The dynamic characteristics are 
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Speed of response: The speed of response of measuring instrument is defined as the 
quickness 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 
as the 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. 

 
Measurement error combinations: 
 
When a quantity is calculated from measurements made on two or more instruments, it must 
be assumed that errors due to instrument inaccuracy combine in worst possible way. The 
resulting error is then larger than the error in any one instrument.  
 
Sum of quantities: 
Where a quantity is determined as the sum of two measurements, the total error is the sum 
of the absolute errors in each measurement. As illustrated in Figure 
   E = (V1 ± ∆V1) + (V2 ± ∆V2) 

                                              
Thus,   % error in E = (V1+ V2) ± (∆V1+∆V2) 
 
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 = (V1 ± V1)  (V2 ±V2) 
   Giving E = (V1  V2) ± (V1+V2) 
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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Percentage error in product or quotient of quantities equals sum of percentage errors. 
 
P = EI  
P = (E ± E) × (I ± I)  

% error in P = (E * I) ± [(% error in E) + (% error in I] 
 
Quotients of quantities: 
Here again it can be shown that the percentage error is the sum of the percentage errors in 
each quantity. 

R = (E ± E)/ (I ± I)  
 % error in R= (E/I) ± [(% error in E) + (% error in I)] 
 
Raised to a power of quantity: 
When a quantity A is raised to a power B. the percentage error in A B can be shown to be      

% error AB = B (% error in A) 
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AMMETERS 
Introduction: 
 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 called D’ Arnsonval type instrument. It has major 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: 
 

 
 

 
Rsh = resistance of the shunt  
Rm = internal resistance of the meter movements (movable coil) 
Ish = shunt current  
Im = full scale deflection current of the meter movement 
I = full-scale deflection current for the ammeter 
 
As shunt is parallel with the basic meter, the drop across shunt and basic meter will be same 
and it is given by,  
Vm = Im*Rm and Vsh = Ish*Rsh  
Vsh = Vm  
IshRsh = ImRm  

Rsh =
ImRm

Ish
    (Ω) 

  
But I = Ish + Im  
Thus Ish = I – Im  

Therefore,   Rsh = 
ImRm

(I – Im)
  (Ω) 

 
This determines the value of shunt resistance for full scale meter current. 
 
Multirange Ammeter: 

• The range 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 in the Fig 2  

• R1, R2, R3 and R4 are four shunts. When connected in parallel with the meter, they 
can give four different ranges I1 ,I2 , I3 and I4.  

 Fig. 1 Basic Ammeter 
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• The selector switch S is multiposition switch, having low contact resistance and high 
current carrying capacity.  

• This uses a make before break type switch for the range changing. 
• If 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.  

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

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

        

 
 

The Ayrton Shunt or Universal Shunt: 
The Ayrton shunt or universal shunt is another configuration of ammeter which eliminates the 
possibility of having a meter without a shunt. The meter with Ayrton shunt is shown in the 
Fig. 3.  

 
 

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

• When the position of the switch is '1' then the resistance R1 is in parallel 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.  

• The voltage drop across the two parallel branches is always equal. 
 Thus, Ish Rsh = Im  Rm ,  

In position 1, R1 is in parallel with R2 + R3 + Rm 
Thus I1[R1] = Im[R2+R3+Rm] 

• 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 is in parallel with R3+Rm 
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Thus I2[R1+R2] = Im[R3+Rm] 
• In the 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 + R3 is in parallel with Rm 
  I3[R1+R2+R3] = ImRm 
 
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 dielectric voltage drop 

i.e soldering of joins should not cause voltage drop. 
• Solderability: The shunt resistances can be of different values and size and while 

soldering the change in value should be minimum 
 
Usually ‘manganin’ is used as shunt for DC instruments as it gives low thermal emf and 
‘constantan’ is useful material for AC instruments. 
 
Extending of Ammeters: 
The range of ammeter can be extended by using external shunts connected to the basic meter 
movement as shown in the figure below. 

 
 
RF Ammeter (Thermocouple) 
 

• Basically thermocouple consists of two different metals which are placed in contact 
with each other.  

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

• 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 thermoelectric effect. 

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

• 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 (a). But the problem seen is the meter shunts the 
thermocouple and may not be very accurate. The sensitivity of this is very 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. Thus it is less sensitive 
compared to mutual type.     

Separate Heater Type: It is also called as a non-contact type. There is insulation between 
the heating element and the thermocouple i.e. there no direct contact between two. The 
thermocouple is held near heater but insulated using a glass bead. This is shown in fig (c). 
Due to this the instruments are not much sensitive as compared contact type and also 
sluggish. The separate type is useful for certain applications.  

Bridge type: This has high sensitivity as that of mutual type and also eliminates the 
shunting effect. This is seen in bridge configuration as shown in fig (d). 
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In the bridge configuration all 4 arms have similar thermocouple and to increase the 
sensitivity the instrument is placed in vacuum. 

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

• The heating element usually for open air heaters is a platinum alloy, which is non-
corroding and in vacuum type heaters carbon filament is used. 

Limitations of Thermocouple: 

• Thermocouple heaters can withstand only small overloads. 

• With rise in temperature there is change in resistance of the heater. 
• There are harmonics present which changes the meter readings due to heating effect. 

Advantages of Thermocouple: 

• Accurate r.m.s value of current or voltage can be measured. 
• Have very high sensitivity. 

• Not affected by stay magnetic fields. 
• In comparison with other instruments have high accuracy and frequency range  
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VOLTMETERS AND 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. 

I. 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.  

(ii) DC voltage: adding series resistance called 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.  

II. Basic meter movement can be made A.C instruments to measure 

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

(ii)RF voltage or current:  Using a thermocouple type meter radio frequency (RF) voltage or 
current can be measured.  

(iii)Expanded scale for power line voltage:  Using a thermistor in a resistive bridge network, 
expanded scale for power line voltage can be obtained. This can be used for power line 
monitoring. 

Basic meter as dc voltmeter: 

 The basic d.c voltmeter is nothing but a PMMC D' Arsonval movement meter. To 
this a resistance is required to be connected in series to use it as a voltmeter. This series 
resistance is called a multiplier. 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 
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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  = series multiplier resistance  

                      Im  = full scale deflection current (can also be represented as Ifsd) 

                      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 

 Thus Rs = 
𝑉−𝐼𝑚𝑅𝑚

𝐼𝑚
 

or  Rs = 
𝑉

𝐼𝑚
 - Rm 

 

Multirange Voltmeter: 

As we have seen in multirange ammeter, the range of the basic d.c. voltmeter can also be 
extended by using number of multipliers and a selector switch. Such type of  meter is called 
multirange voltmeter. Fig. 3.2 shows multirange voltmeters with 3 multipliers R1, R2 and 
R3 

               

This can further be modified which gives a more practical 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 all standard resistor values. 

 

Extending voltmeter ranges: 

The range of voltmeters can be extended to measure high voltages using an external 
multiplier resistor as shown in Fig 3.4. The basic meter can be used to measure low voltages 
and care must be taken to see that the voltage does not exceed the full scale deflection. 

 

 

Sensitivity: 

The sensitivity of a voltmeter 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: 

Sensitivity = (Rm+Rs)/E = R/V 

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

Sensitivity = 
1

𝐼𝑓𝑠𝑑
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Loading effect: 

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

• 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.  

• This is because the resistant of the meter acts as shunt and the equivalent resistance 
at that portion reduces.  

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

• 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): 

• Figure 3.5 gives a simplified schematic diagram of a dc coupled amplifier with an 
indicating meter.  

 

• 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. The input impedance of a FET is greater than 10 MΩ. 

• 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.  

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

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

• The gain of the dc amplifier allows the instrument to be used for measurement of 
voltages in the mV range.  
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• Instruments in the μV range of measurement require a high gain dc amplifier to 

supply sufficient current for driving the meter movement. 
 

Differential Voltmeters: 

• 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 
difference in their values. 

• 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. 

 

• In this, upon the application of  unknown voltage the potentiometer is varied until 
the voltage across it equals the unknown voltage.  

• At this point the null indicator reads zero. Under null conditions, potential across 
either side of potentiometer is same and the meter draws current from neither the 
reference source nor the unknown known voltage source 

• This shows that unknown voltage equals to the reference voltage. 
• Thus the differential voltmeter presents an infinite impedance to the unknown 

source.  
• The null meter serves as an indicator and does not measure any voltages. 
• To detect small differences the meter movement must be sensitive, but it need not be 

calibrated, since only zero has to be indicated. 
• The reference source used is usually a 1 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. 

• 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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AC Voltmeters using Rectifiers: 

• 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.  

• This d.c if required is amplified and then given to the PMMC movement.  
• The PMMC movement gives the deflection proportional to the quantity to be 

measured. For this silicon diodes are preferred as they exhibit low reverse current 
and high forward current ratting.  

• Fig 3.8 (a) shows ac voltmeter having a multiplier, a bridge rectifier and basic meter 
movement. 

 

• Bridge rectifier gives a full wave pulsating dc and meter indicates steady deflection 
proportional to 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 equal 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. 
squaring, 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 
time T. It is given by,  

                 Vrms = √
1

𝑇
∫ 𝑉𝑖𝑛2 𝑑𝑡

𝑇

0
 and 1/T 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 

                   Vav = 
2

𝑇
∫ 𝑉𝑖𝑛

𝑇/2

0
𝑑𝑡 

T/2 represents the average value over half cycle. 

For pure sinusoidal signal it is given by 

                   Vav = 
2

𝜋
𝑉𝑚 = 0.636 Vm  

 Where Vm = peak value of the sine wave. 

General rectifier type ac voltmeter: 

Practical rectifiers are non-linear devices particularly at low forward current and hence the 
meter scale is non-linear at lower values. This can be observed in the diode characteristics 
shown in Fig 3.9 

                              

A general rectifier type voltmeter is shown in Fig. 3.10 
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• Two diodes D1 and D2 are used in the rectifier circuit. When the a.c. 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.  

• 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 is in opposite direction and hence meter movement is bypassed.  

• 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 half wave 
rectifier circuit capable of measuring ac voltages.  

                                  

Considering an example of the basic meter having full scale deflection current of 1mA and 
assuming D1 to be an ideal diode with negligible forward bias resistance, if the sensitivity of 
the dc voltmeter is given by  

Sdc = 1/𝐼𝑓𝑠𝑑 = 1/1mA = 1KΩ/V 

For this if dc input is replaced by a 10 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 × √2 × Vrms = 0.707 × √2 × 10 = 14.41V 

The dc will respond to the average value of the ac input, therefore 

Eav = 0.636 Ep = 0.636 ×14.41 = 8.99V = 9 V 

Since the diode conducts only during the positive half 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 a full scale if 10 V dc is applied and 4.5 V when a 10 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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 Rs  = 
𝐸𝑑𝑐

𝐼𝑑𝑐
− 𝑅𝑚 or Rs = = 

0.45𝐸𝑎𝑐

𝐼𝑑𝑐
− 𝑅𝑚 

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.  

                 

To this now 10 V rms signal is applied then the peak value is given by, 

Ep = 0.707 × √2 × Vrms = 0.707 × √2 × 10 = 14.41V 

The average value is given by, 

Eav = 0.636 Ep = 0.636 ×14.41 = 8.99V = 9 V 

As the diode conducts for both the half cycle the average value over one entire cycle is 9 V 
only.  

Therefore, we can see that a 10 V rms voltage is equal to a 9 V dc for full scale deflection, 
i.e. the pointer will deflect to 90% of full scale. Thus we can say that, 

Edc = 0.9 Eac 

With full wave rectifier in the voltmeter, the multiplier resistance can be calculated as  

 Rs  = 
𝐸𝑑𝑐

𝐼𝑑𝑐
− 𝑅𝑚 or Rs = = 

0.9 𝐸𝑎𝑐

𝐼𝑑𝑐
− 𝑅𝑚 

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

 Sensitivity (ac) = 0.45 Sensitivity (dc) -----Half wave rectifier 

 Sensitivity (ac) = 0.9 Sensitivity (dc) -----Full wave rectifier 

True RMS Voltmeter: 

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

• This method is quite simple and less 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.  

• 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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• 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. 

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

• One more thermocouple, called 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.  

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

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

           
 

• AC waveform to be measured is applied to the heating element of the measuring 
thermo­couple through an a.c amplifier. Under the absence of input waveform, 
output of both thermo-couples are equal, therefore the input to dc amplifier is zero 
indicating meter connected to the output of dc amplifier reads zero.  

• But on the application of input waveform, output of measuring thermo-couple upsets 
the balance and an error signal is produced, which gets amplified by the dc amplifier 
and is fedback to the heating element of the balancing thermo-couple.  

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

• 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.  

• Hence this direct current is directly proportional 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. 

Sensitivity 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: 

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

• For ac measurements involving sine waves with less than 10% distortion, the 
average responding voltmeter is most sensitive and provides the best 

• For high frequency measurement (> 10 MHz), the peak responding voltmeter with a 
diode probe input is best. Peak responding circuits are acceptable if inaccuracies 
caused by distortion in the input waveform are allowed (tolerated). 

• For measurements where it is important to find the effective power of waveforms 
that depart from the true sinusoidal form, the rms responding voltmeter is the 
appropriate choice. 

Multimeter: 

 A multimeter has ammeter, voltmeter and ohmmeter together with a function switch 
to connect appropriate circuit to Basic meter or D'Arsonval movement.  It is also known as 
Voltage-Ohm Meter (VOM) or multimeter. 

Multimeter as a voltmeter: 

To get different ranges of voltages, different multiplier resistances are connected in series 
(as this configuration 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. This is shown in the fig 3.14. To measure a.c voltages rectifiers are included 
in the circuit. 
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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. This is shown in fig 3.15. 

 

Multimeter as ohmmeter: As mentioned earlier with a battery and resistive network, 
resistance can be measured.  

                       

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 a variation 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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Measurement and Errors. 

Problem related to absolute and relative error. 
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Problem related to combination of errors. 
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Ammeter 

Problem related to DC Ammeter. 

 

Problem related to Multi Range DC Ammeter. 
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Voltmeter and Multimeter 

Problems related to DC Voltmeter 
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Problems related to Multirange Voltmeter. 
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Problems related to Loading effect. 
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Problems related to AC Voltmeter using Rectifiers. 
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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 signal 
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 parallax errors. The 
DVMs have various features and the advantages, over the conventional analog voltmeters 
having pointer deflection on the continuous scale.  

There are different types of DVM which differ in number of digits, accuracy, speed of reading, 
size, power requirements and cost. 

The important performance characteristics of DVM are as follows: 
1. The input ranges from 1v to 1000v with provision for range selection and also indicates the 
overload condition. 
2. Accuracy is high as ±0.005% of reading 
3. Resolution is 1ppm i.e the meter can read 1µv on a 1V range 
4. Input impedance is around 10MΩ which helps in reducing loading effect. 
5. Output is in BCD form and for other forms of output digital processing modules can be 
included. 
 
Ramp Technique: 
The basic principle is based on measuring the time taken by linear ramp change input level to 
ground level or vice-versa. This time is measured with the help of electronic time interval 
counter and the count is displayed in the numeric form with the help of a digital display. This 
measured value is proportional to the input. Block diagram and operation principle is shown 
in the below figures. 

• At the start of measurement, a ramp voltage is initiated along with resetting the counter 
by a multivibrator. 

• 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' pulse which opens/enables the gate. 

• The ramp continues to decrease and finally reaches to 0 V or ground potential and this 
is sensed by the second comparator or ground comparator.  

• As soon as the gate is enabled the oscillator circuit drives the counter and the counter 
starts counting.  

• When the ramp voltage is exactly 0V, the ground comparator produces a ‘stop’ pulse 
which closes/disables the gate.  

• From the time the gate is 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. 

• 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 
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Advantages:  

• Easy to design 
• Low cost 
• Output pulses can be transmitted over longer feeder lines 

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

 
Dual Slope DVM: (Voltage to Time conversion) 
 
Operating Principle: 
The basic principle of this method is that the input signal is integrated for a fixed 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. This is shown in the figure below. 
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The block diagram of dual slope integrating type DVM is shown in the Fig. 

 
• At the start, a pulse resets the counter and the flip-flop and this makes the switch Si to 

close and switch Sr to open. 
• The input ei appears at the integrator and the capacitor C begins to charge. As the 

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

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

• 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.  

• 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 state to 0. This 
disables the gate. 

• During time t2, the capacitor discharges with a constant slope and this is proportional 
to the input voltage. 

• 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 time t1, the output of integrator is given by, 
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 e0 = 
−1

𝑅𝐶
∫ 𝑒𝑖

𝑡1

0
 𝑑𝑡  = 

−𝑒𝑖∗𝑡1

𝑅𝐶
 --------------(1) 

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

e0 = 
1

𝑅𝐶
∫ −𝑒𝑟

𝑡2

0
 𝑑𝑡  = 

−𝑒𝑟∗𝑡2

𝑅𝐶
 -------------(2) 

 
Subtracting (2) from (1) 
 

e0 - e0 =  
−𝑒𝑖∗𝑡1

𝑅𝐶
 +  

𝑒𝑟∗𝑡2

𝑅𝐶
 

 
𝑒𝑖∗𝑡1

𝑅𝐶
 = 

𝑒𝑟∗𝑡2

𝑅𝐶
 

            

𝑒𝑖 = 𝑒𝑟 ∗
𝑡2

𝑡1
  ---------------------(1) 

Suppose if the oscillator period is T and the counter indicates n1 and n2 counts, then 

𝑒𝑖 = 𝑒𝑟 ∗
𝑛2 ∗ 𝑇

𝑛1 ∗ 𝑇
 

 

𝑒𝑖 = 𝑒𝑟 ∗
𝑛2

𝑛1
 

Now n1 and n2 are constants and considering variable K1 = er/n1 then we can write ei as 
  

𝑒𝑖 = 𝐾1 ∗ 𝑛2   --------------------------(2) 
 
From eqn (1) and (2), it is clear that accuracy of measured value does not depend on the 
integrator time constant. 
From eqn (2) it indicates that the accuracy is independent of the oscillatory frequency. 
 
Advantages:  

• It has excellent noise rejection and the noise is averaged out by the positive and 
negative ramps using the process of integration. 

• Accuracy is ±0.005% 
Disadvantage: 

• The only disadvantage seen in this type DVM is that the process is 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 the fig. 
The number of pulses appearing in a definite 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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• 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. 
• The input voltage ei, when applied generates a charging current ei/R which charges 

the capacitor to the reference voltage er.  
• 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. 
• The precision pulse genertates a pulse of precison charge of negative polarity of the er 

and this rapidy discharge the capacitor. The output of integrator and pulse generated 
output waveform is showin in the above fig. 

• As the capacitor discharges the output of integrator changes and causes the comparator 
to change its state bake to initial state and this cycle repeates.  

• The rate of charging and discharging produces signal frequency that is directly 
proportional to input ei. 

                     
• The output expression for integrating type DVM is same as that of Dual Slope 

integrating, using the same we have, 

                    𝑒𝑖 = 𝑒𝑟 ∗
𝑡2

𝑡1
 

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

                    𝑒𝑖 = 𝐾2 ∗
1

𝑡1
 

Therefore we can say,     𝑒𝑖 = 𝑘2 ∗ 𝑓0 
Thus measured input is function of the frequency. 
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Advantages:  
• This type of DVM is capable of giving accurate results even in the presence of 

noise. 
 
Staircase 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 = Vc and then the counter is disabled. The counted valued is 
displayed which is proportional to the input Vi. 

• The block diagram of staircase ramp type DVM is shown in Fig b 
• At the initial step of measurement, the counter is reset to 0 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 comparator, denoted as Vc (this is the 
staircase voltage which is internally generated) 

• Upon the application of Vc, the comparator changes its state to 1 and this enables 
the gate, which allows the clock pulses to the counter and the counter starts 
counting. This time is t1 (i.e gate is enabled at time t1) 

• For each count at the counter, the DAC will generate corresponding analog 
voltages which increases in small amount. Thus the output of DAC is a staircase 
voltage as shown in Fig a. 

• The process is repeated until the input voltage Vi equals the DAC voltage Vc(until 
this the gate is enabled and the counter will be counting) at the moment Vi = Vc 
the comparator changes its state to 0 and this disables the gate, thus blocking the 
clock pulses. The counter stops counting and the displayed value is proportional 
to the input value. 
 

                  
Advantages: 

• Input impedance of the DAC is high when the compensation (Vi=Vc) is 
reached. 

• The accuracy 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: 
• The system measures the instantaneous value of the input signal at the 

moment compensation is reached. This means the reading is rather 
unstable, i.e. the input signal is not a pure dc voltage. 

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

                   
Successive Approximation Technique 
 
The principle of successive approximations can be understood using a simple example of 
measuring the weight of an object using a balance. In the process an approximate weight is 
placed and then adding or removal of smaller weights is done for balancing. Or it uses the 
same principle used in binary search algorithm. 

• The basic block diagram is shown in Fig.2.1.  
• When the start pulse signal is given through multivibrator, the successive 

approximation register (SAR) is cleared.  
• The output of the SAR is 00000000 which the input to DAC and thus Vout of the D/A 

converter is 0. 
• When the input 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.  

• If Vin > Vout the comparator produces an output which retains the set state of D7.  
• In the next pulse the ring counter in the block advances the count value and impends 

1 in the next MSB position i.e D6. Now the SAR output is 11000000. 
• The DAC now produces Vout as Vref/2+Vref/4 and this voltage is again compared 

with Vin.  
• In the next pulse if Vin > Vout the D6 will be retained as set state and D5 will be set 

and SAR is now 11100000 and DAC produces output as Vref/2+Vref/4+Vref/8. 
 

• Suppose if Vin is less than Vout the comparator produces an output which resets the 
D7 and the ring counter impends 1 to D6. The SAR is now 01000000. The DAC output 
is now Vref/4. 

 
• This is compared 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 this is Vref/8. 
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• The measurement cycle repeats and continues until ring counter reaches its max count.  
 

       
 
Suppose if the converter measures a max of 5V and if this corresponds to max count of 
11111111. If the test voltage Vin = 1V, the following steps will take place in the measurement. 

 
Sample and Hold Circuit: 

• A sample and hold circuit is shown in Fig 2.3 and it consists of a switch and a 
capacitor. 

• In sample mode, the switch is closed and the capacitor gets charged to the 
instantaneous value of the input voltage 

• 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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• The sample and input and output waveform is shown in Fig. 2.4 

                       

                                  
 
Continuous Balance DVM or Servo Balancing Potentiometer Type DVM: 

 
• The block diagram of Continuous Balance Voltmeter is shown in Fig. 2.5. 
• It works on the same principle as that of the differential voltmeter or Potentiometric 

voltmeter. 
• 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. 
• 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.  

• The output of the chopper comparator is driven by the line voltage at the line frequency 
rate and it is a square wave signal whose amplitude is a function of the difference in 
voltages connected to the opposite side of the chopper. This is also the error signal 

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

• When the error signal becomes zero, the servomotor stops moving the sliding contact. 
Also the servomotor drives a readout. 

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

 
 

3
𝟏

𝟐
 Digit: 
• This is related to the display in the DVM. 
• The number of digit positions used in a digital meter determines the resolution. Hence 

a 3 digit display on a DVM for a 0 –1 V range will indicate values from 000 – 999 mV 
with a smallest increment of 1 mV. Similarly for 0-10 V range will indicate values 
from 000 – 9.99V with a smallest increment of 10 mV. 

• The fourth digit capable of indicating 0 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. 

• The 3 ½ digit display is shown in Fig. 2.6 

                                       
Resolution and Sensitivity of digital meter: 
Resolution: Resolution of a DVM 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)  = 
1

10𝑛 

If n=3, then the resolution R = 
1

103 = 0.001  

Sensitivity: Sensitivity 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 × R 
Where (fs)min = lowest full scale of the meter 
 R = Resolution expressed as decimal. 
 
Microprocessor based Ramp type DVM: 
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• Depending on command fed to control input of multiplexer by microprocessor 
comparator connects to multiplexer input 1,2,3. 

• Input 1 connects to ground, Input 2 connects to unknown input, Input 3 connects to 
reference voltage input. 

• Comparator has two inputs, input 1 accepts output signal from multiplexer and input 
2 accepts ramp voltage from ramp generator. 

• Microprocessor remain suspended in resting state until it gets start command to start 
conversion. In this state it regularly send reset signal to ramp generator resets its 
capacitor discharge producing ramp signal having constant Tr and Vm with with 
enough time for capacitor discharge. 

• When conversion command arrives at time t¹ to microprocessor, multiplexer connects 
input 1 to comparator input and brings to ground potential i.e zero voltage. 
Microprocessor pauses until another sawtooth pulse begins. 

• Input 2 voltage arrived from ramp generator becomes equal to input 1 and voltage will 
become zero at time Δt1 and the count during this interval be N1 and it is stored in 
microprocessor. 

• When 2nd command from microprocessor causes comparator input connected to input 
2 of multiplexer, i.e: unknown input voltage Vx. In this instant ramp generator voltage 
will be compared with unknown voltage and Δt2 is the time taken to equal both inputs 
and number of count during this interval 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 Δt3 is the time taken to equal both inputs 
and number of count during this interval is N3 and it is stored in microprocessor. 

• Then microprocessor computes unknown voltage Vx by 

Vx=C.
(𝑁2−𝑁1)

(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: 
• Its scale size remains constant due to zero drift correction and maximum 
• The accuracy of the instrument is not affected by the time and temperature instabilities 

of the circuit element values. 
• 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 Specifications of DVM: 
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ELECTRONIC IIYSTRUMENTATIOIT

DIGITAL MULTIMETER

A digltal multimeter is used to measure voltage, current and resistance.
A DMM is rnade up of severa-l A/D converters, circuitry for counting alri
attenuation circuit.
To measure resistance-the unknown resistor is connected across the input
probes. Some current flows through the resistor, from constant current source.
Now according to ohm's law volterge is produced across it which is directly
proportional to its resistance, tJren fed to A/D converter, to get the digitat
display.
To measure AC voltage-connect an unknown AC voltage across input probes.
The voltage is attenuated, if it is above the selected range and then rectified to
convert it into proportiona"i DC voltage. It then fed to A/D converter, to get the
digital display.
To measure DC voltage-connect an unknown DC voltage across input probes.

The voltage is attenuated, if it is above the selected range and then directly fed
to A/D converter, to get the digital display.
To measure AC current-connect an unknown AC current across input probes.
The current is converted proportionally into voltage with help of current to
voltage converter and then rectified. Now the voltage in terms of AC current is
fed to A/D converter,'to get the digital display.
To measure DC current--connect an unknown DC current across input probes.

The current is converted proportionally into voltage with help of current to
voltage converter and then rectified. Now the voltage in terms of DC current is

fed to A/D converter, to get the digital display.

a

O

gre

l

I

t
t

'g

Fig: Block diagram of Basic Digital Multi-meter
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o Current to voltage converter- The current to be measured is applied to t].e
summing junction (Ii) at the input of the opamp.

Since the opamp has very high input impedance, the current In is very nearly
equal to Ii. The current In causes a voltage drop which is proportional to
current, to be developed acros$ the resistor.
This voltage drop is the input to A/D converter, thereby providing a reading

that is PraPortional to the unknown current'

Flg: current to voltage convertgr

The basic circuit shown below is always a dc voltmeter

. Current is converted to voltage by passing it through a precision low shunt
resistance, while ac current is converted into dc by employing rectifiers and
filter circuits.

o For resistance measurement, the meter includes a precision low current source
that is applied across the unknown resistance, which gives a dc voltage wirich
is digitized and readout as ohms.

Fig: Digital multi-meter
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DIGITAL I.REQUENCY 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 occurring in a definite intervai of time is counted by
electronic counter.

. The number of counts is direct indication of the frequency of the signal
(unknown).

illlill___f\;- I \*..-* {{ffill

J l-'--l -/ *r,#
*l t'* L--*i-

1$c
Fig: Principle of Digttal Frequency tneasurernent

Basic circuit of a digital frequency meter

. The signal is amplified before applyrng it to Schmitt trigger.

. The Schmitt trigger converts the input signal into square wave which then

differentiated and clipped to obtain train of pulses, one pulse per each cycle of

signal.
. " The outputs from Schmitt trigger are fed to START/STOP gate.

. When this gate is enabled, the input pulses pass through this gate and are fed

directly to electronic counter, which counts the number of pulses.

r When this gate is disabled, the counter stops counting the incoming pulses.

Flg: Basic clrcuit of Digttal f,'requency meter

Basic circuit for frequency measurement

. The output of the unknown frequency is applied to a Schmitt trigger, producing

positive Pulses at its outPut.
. These pulses are called the counter signals and present at point A of main

gate.
. positive pulses from the time base selector are present at point B of START gate

and point B of the STOP gate.

o Initially the flip flop (F/F- 1) is at logic 1 state. The resulting voltage from output
y is applied to point A of the STOP gate and enables this gate. The logic O stage
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ELECTRONIC INSTRUMDNTATION

at the output Y of the F/F-1 is applied to the input A of the START gate and
disabies the gate.
As the STOp gate is enabled, the positive pulses from the time base pass
through the STOP gate to the Set(S) input of the F /F-2 thereby setting F /F-2 to
state 1.

The resulting 0 output level fromT of F /F 2,is applied to terminal B of the main
gate.

In order to start the operation, a positive pulse is applied to reset inpul: of F/It-
1, 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.

o When the next pulse from the time base arrives, it is abte to pass through the
START gate to reset FIF-2, therefore the F/F-2 output changes state from O to
1, hence Y changes from 0 to 1.

. This resulting positive voltage frorn Y called the gating signal is applied to
input B of the main gate thereby enabling the gate.
Now the pulses from the unknown frequency source pass through the main
gate to the counter and the counter start counting. This same pulse from the
srART gate is applied to set input of F/F- l,changing its state from o to 1

This disables the START gate enables the STOP gate.

Input
"\f1v

F&ain

To

8TAtrT
Coucrtsr

End
Dk#g

,Unil

:Hrud
Fulre

Sate

! Gst6 Conhol Fff !+*$---*--i

Fig: Basic circuit for measurement of frequency showing gate control F/F
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Block diaqram of a digital frequencv meter

tnput
$rhnal

iBnclmslSnuntsr
nnd Dls$ay Unlt

Tlrng Baap
Sekc'tsr

1 ssc

100 nrs

ts

Fig: Block diagram of a digltal frequency meter

. The input signal is amplified and converted to a square wave by a Schmitt
trigger circuit, which is then differentiated and clipped to produce a train of
pulses, each separated by the period of the input signal.

. The time base selector output is obtained from the oscillator and is converted
into positive pulses.

. The first pulse activates the gate control F/F. this gate control F/F provides the
enable signal t he and gate.

. The trigger pulses of the input signal are allowed to pass through the gate for
selected time period and counted.

. The second pulse from decade frequency divider changes the state of the control
F/F and removes the enable signal from the AND gate, thereby closing it.

o The decimal counter and display unit output corresponds to the number of

, input pulses received during a precise time interval.

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 before

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

1. Prescaling: The high frequency signal by the use if high speed is divided

by the integral numbers such as 2,4,6,8 etc. divider circuits, to get it
within the frequency range of DFM.
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ELECTRONIC INSTRUMENTATION

2. Heterod5rne converter: The high frequency signal is reduced in
frequency to range within that of the meter, by using heterodlme
techniques.

3. Transfer oscillator: A harmonic or tunable LF continuous wave
oscillator is zero beat with the unknown high frequency signal. The LF
oscillator frequency is measured and multiplied by an integer which is
equal to the ratio of two frequencies, in order to determine the value of
unknown HF.

4. Automattc Divider: The high frequency signal is reduced by some factor,
such as 100:1, using automatically tuned circuits which generated an
output frequency equal to I llooth or | /1000th of the input frequency.

DIGITAL MEASUREMENT OF TTME

Time Base Selector

The time base selector consists of a fixed frequency cryst;rl oscillator, called the
clock oscillator.
The output of clock oscillator is fed to Schmitt trigger, which converts the input
sine wave to output cgnsisting of train pulses at the rate equal to tJ:e frequency
of clock oscillator.
The train of pulses is then passed through a series frequency divider decade
assemblies conneeted in cascade.

o Each decade divider consists of a decade counter qnd divides the frequency by
ten.

o Outputs are taken from decade frequency divider by means of selector switch.

F-x!-----r-------:---- *****-*+*e,

lgn
$,ol*fror
,Switch

18 ps

100
1 ,lfl$ 10 mr

Fig: Time Base Selector
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a

a

Measurement of time (period measurement|

Principle of operation

. The beginning of time period is start pulse originating from input 1 and end
of time period is stop pulse coming from input 2.

. The oscillator runs continuously, but oscillator pulses reach the output oniy
during the period when the control F/F is in 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
enabling and disabling of the main gate.

The number of pulses which occur during one period of the unknown signal are

counted and displayed by the decade counting assemblies.
The only disadvantage is that the operator has to calculate the frequency from
time by using the equation f=1/T.

Fig: Basic block diagram of Time measurement

The accuracy of period measurement and hence of frequency can be greatiy
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 t1.at the period is extended by a factor of 1OOOO

or more.

The decimal point location and the measurement units are changed when each

time an additional decade divider is added, so that the display is always in
terms of the period of one cycle of input signal.
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Fig: Block diagram for Ratio and multiple ratio measurernent

Fig: Block diagram of a single and multiple periods (average) measurement

Ratio and multiple ratio measurement

r The ratio measurement involves the measurement of the ratio of two
frequencies.

. A low frequency is used as gating signal while high frequency is the counted

signal.
o The number of cycles of high frequency signal which occurs during the

pertod of lower frequency signal are counted arrd displayed by the decimal

counter and display unit.
o In multiple ratio measurements the period. of low frequency signal is

extended by a factor of 10, 100 etc by using DDAs.

Gata $lgnal
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Digital Tachometer: 

 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 
shown in Fig. a 

 The technique 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. 

 If we consider R as the rpm of a rotating shaft. 
 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. 

 Therefore, in one minute the number of pulses from the pick-up will be R × P/60. 
 Now if G is the gating period, and the pulses counted within the gating period will be 

given by  
o (R × P × G)/60 

 This can be calibrated to get direct reading by selecting G as 60/P 

Then this will result in 

𝑅 × 𝑃 × 60

60 × 𝑃
= 𝑅 

Thus the relation between gate period and no. of pulses is G = 60/P and if G is fixed for 1s 
(G=1s) then revolution pick up must be capable of producing 60 pulses per revolution. 

                 

 

Digital pH meter: 

 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. 

 pH is a quantative 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. 
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The pH unit is defined as 

pH = - log (concentration of H+) 

Where H+ is the hydrogen or hydronium ion. 

 The basic block diagram of a digital pH meter is shown in Fig. b 
 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 
is the dual slope converter. 

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

 

Digital Phase meter: 

 A phase meter measures the phase difference between 2 signals of same frequencies. 

 The block diagram 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.  

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

 Two signals 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. 

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

 This high 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 pulses. 

 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-2 is 0). 
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 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 J-K F/F-2, causing its output go high.  

 

 This high output (Q) of F/F-2 is connected to the clear input of F/F-1 forcing the 
F/F-1 to clear/reset and its output goes to 0. 

  The AND gate is thus disabled, and the counter stops counting. 
 The number of pulses counted while enabling and disabling the AND gate is in 

direct proportion to the phase difference, hence the display unit gives a direct 
readout of the phase difference between the two inputs having the same frequency. 

Digital Capacitance Meter: 

The principle of operation involves counting the no. of pulses derived from constant 
frequency oscillator during a fixed interval produced by another lower frequency oscillator. 
This oscillator uses the capacitor being measured as the timing. The capacitance 
measurement is proportional to the counting during fixed time interval. 

 Since the capacitance is linearly proportional to the time constant i.e, 
 τ = RC 

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

 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. 

 A better way is to measure only the capacitor discharge time.  
 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, a digital counter is reset, the 
gate is enabled and a clock of 100 kHz pulses is turned on.  

 As the gate is enabled the counter starts counting till the discharge portion of the 
cycle is completed. 

 As the 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. 
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 By selecting the proper reference frequency and charging currents, one can obtain a 
direct digital display of the value of the capacitance. 

 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 
slight instability. 
 

 

Microprocessor based instrument: 

The digital instruments are designed and constructed with logic circuits without memory but 
with the use of microprocessor in measuring instrument, it is considered as a new class of 
instruments called intelligent instruments. 

Fig. e shows the block diagram of microprocessor based 
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 The front end provides the test signal for unknown impedance under measurement 
and a standard impedance. 

 This produces a voltage drop with phase shift proportional to the voltage across it. 
 The phase sensitive detector detects this and converts the ac input of impedance in 

vector form to a dc output. 
 This dc input is provided to ADC which gives the digital data which is used by the 

microprocessor to compute the unknown value of the impedance. 
 This value is displayed on the CRT or can be sent as output to the IEEE 488 bus 

(used to provide interface between instruments)  
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MODULE 3 

OSCILLOSCOPES 

Introduction: 

An oscilloscope is a test instrument which allows 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 axis a 2 – D display is generated.  

 Oscilloscope is 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 reproduce high frequency waves which 
mechanical devices cannot follow. Thus oscilloscopes has simplified many tests and 
measurements. 

Basic Principle: 

 The heart of the oscilloscope is CRT – Cathode Ray Tube 
 It has electron gun which gives a narrow electron beam when focused on flat end of 

glass tube (screen), it glows at the point of collision generating a bright spot. The 
electron beam when deflected by means of electric or magnetic field, the spot moves 
accordingly and traces the pattern. 

 The Fig. below shows the diagram of CRT 

 

 The electron 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.  

no
tes

4f
ree

.in



Electronic Instrumentation  15EC35               

 

Dept. of ECE, SVIT                                                        2017-18 
 

 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. 

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

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

 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. 

 After exiting the focusing anode, the beams passes through the vertical and 
horizontal deflecting plates which deflects the electron beam and helps in positioning 
the beam anywhere on the screen. 

 In most oscilloscope electrostatic deflection is used rather than electromagnetic 
deflection as it is helpful in high frequency application and also consumes less 
power. 

 The front of the CRT is called the face plate and it is made up of fiber optics. The 
internal surface of the faceplate is coated with the phosphor. The phosphorous 
converts the electrical energy into light energy. This produces the spots on the 
screen. 

 The Aquadag is the aqueous solution of graphite which is connected to the secondary 
of the anode.The Aquadag collects the secondary emitted electrons which are 
necessary for keeping the CRT screen in the state of electrical equilibrium. 

CRT Features: 

Electrostatic CRTs are available in a number of types and sizes to suit individual 
requirements. The important features of these tubes are as follows. 

1. Size 
 It refers to the diameter of the screen. The CRTs for oscilloscopes are available 

in sizes of 1, 2, 3, 5, and 7 inches. 3 inches is most common for portable 
instruments. 

 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 

 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 CRTs for oscilloscopes are blue, green and blue green.  

 The time 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.  

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

 These designations are combined in the tube type number. Hence 5GP1 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 – 14 V to – 200 V. 
Positive anode no. 1 (focusing anode) – 100 V to – 1100 V 
Positive anode no. 2 (accelerating anode) 600 V to 6000 V 
Positive anode no. 3 (accelerating anode) 200 V to 20000 V in some cases 
 
4. Deflection Voltages 
To deflect the beam ac or dc voltage is required. The movement of spot on screen is 
proportional to the dc, or peak ac amplitude. The deflection sensitivity of the tube is 
usually stated as the dc voltage (or peak ac voltage) required for each cm of deflection of 
the spot on the screen. 
 
5. Viewing Screen 
The viewing screen is the glass plate, the inside wall of which is coated with phosphor. 
This screen is a rectangular screen having graticules marked on it and standard size used 
is 8 cm x 10 cm (8 cm on the vertical and 10 cm on horizontal). Each centimeter on the 
graticule corresponds to one division (div). The standard phosphor colour used is blue. 
 
Basic principle of Signal Display/ Function of Sweep Generator: 
 
Principle of Sweep Generator: 

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

 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. 

 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.  

 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 a trace on the screen.  

 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. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 Now at time t0, the sweep voltage is - 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. 

 At time t1, the linearly 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. 

 At time t2, the sweep voltage is 0, there is no horizontal deflection and the spot is at 
the centre, point 3. At this instant, the signal voltage is 0, so there is no vertical 
deflection either.  

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

 At time t4, the sweep voltage is +E2 and this moves the spot to point 5. Now the 
signal voltage is 0, so the spot is not vertically deflected.  

 

Fig. Waveform of sweep voltage no
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 Between t4 and t5, the saw-tooth / sweep voltage falls quickly through 0 to its initial 
value of -E2, causing the spot back to point 1. 

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

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

 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 
as follows. 

1. Recurrent Sweep: In this ac voltage alternates rapidly so that the display occurs 
repetitively and the image is seen by the eye. This is repeated operation is recurrent 
sweep. 

2. Single Sweep: The signal under study produces a trigger signal, which in turn 
produces a single sweep. 

3. Driven Sweep: There may be a chance that the sweep cycle may start after the 
signal cycle and this may result in missing a part of the signal. In driven sweep this 
problem is eliminated since the sweep and signal cycles start at the same time. 

4. Triggered Sweep:In a recurrent mode, the voltage rises to a maximum and then 
suddenly falls to a minimum and it is repeated. This causes the electron beam to 
movefrom left to right, retraces rapidly to the left and the pattern is repeated. In this 
the horizontal sweep action takes place whether the input signal is applied to the 
oscilloscope or not, and a horizontal line is displayed on the screen continuously. 

  In case of triggered sweep, the sweep signal does not start unless initiated by 
a trigger voltage. This trigger is usually the incoming signal. If there is no signal then the 
sweep will be in hold mode and the screen will be blank. 

  The recurrent sweep uses a free running multivibrator. Butin triggered sweep 
it uses a monostable multivibrator which is in its off state until a trigger 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 process is 
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 
alternations. This may result, the trace to be brightened during the +ve half cycles 
and diminished or darkened during -ve half cycles. This process, is called intensity 
modulation or Z-axis modulation. 

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

 

1. CRT: This is the cathode ray tube which is used to emit electrons that strikes the 
phosphor screen to provide a visual display of signal. 

2. Vertical Amplifier: The input signals to be measured are not strong to provide 
deflections, hence they are amplified using the vertical amplifier. The amplifier uses 
wide band so that it passes the entire band of frequencies. 

3. Delay Line:It is used to delay the signal for some time in the vertical sections else 
part of the signal gets loss. 

4. Time Base:It is used to generate the sawtooth voltage, required to deflect the beam 
in the horizontal section. This voltage deflects spots at a constant time dependent 
rate 

5. Horizontal Amplifier:The sawtooth voltage generated by the time base generator 
may not be of sufficient strength. Thus before it is applied to horizontal deflection 
plates it is amplified 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: 
 

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

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

8. Graticules: this is 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 8×10 pattern i.e., 8 divisions vertical 
and 10 divisions horizontal. 

 
Simple CRO: 
 

 The Basic block diagram of a simple CRO is shown in Fig. 
 The ‘ac heater supply’ supplies power to the CRT heaters.  
 CRT dc voltage is obtained from the ‘HV dc supply’ through voltage dividers R1-

R5. It also includes potentiometer (R3) which varies the potential at the focusing 
electrode, known as focus control, and one which varies the control grid voltage, 
called the intensity control (R5). 

 Capacitor C1 is used to ground the deflection plates and the second anode for the 
signal voltage, but dc voltage isolates these electrodes from the ground. 

 S2 connects the sweep generator output to the horizontal input. The sweep voltage is 
amplified before being applied to the horizontal deflecting plates. 

 When an externally generated sweep is used then, S2 is connected to its external 
position and the external generator is connected to the input. The sweep 
synchronizing voltage is applied to the internal sweep generator through switch S1, 
which selects the type of synchronization. 

 
 
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 alternatives 

 Switching to a wide bandwidth position 
 Switching to a high sensitivity position. 

 
The block diagram of a vertical amplifier is shown in below Fig. 
 

 
 The vertical amplifier stage is used to amplify the input signal as these signals are 

not strong enough to provide measurable deflection. Usually wide band amplifiers 
are used so that entire band of frequencies is passed faithfully. 

 Similarly it also has a attenuator which brings down the signals within the 
measurable range. The attenuators are used when very high voltage signals are to be 
measured. 

 The vertical amplifier consists of several stages, with sensitivity or gain fixed and 
expressed in V/divs. The advantage of fixed gain is that the amplifier can be more 
easily designed to meet the requirements of stability and B.W.  

 The input stage has a FET source follower whose high input impedance isolates the 
amplifier from the attenuator. 

 This FET input stage is followed by a BJT emitter follower. 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. 

 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. 

 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 
 

 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 as a time 
base generator is shown in Fig. a. 
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 The UJT is used to produce the sweep. When the power is first applied, the UJT is 

off and the CT changes exponentially through RTtowards VBB.  
 At the same time the emitter voltage VEof UJT rises towards VBB. When capacitor 

charges to it max i.e., VP, the emitter to base diode becomes forward biased and the 
UJT triggers ON.  

 When UJT is ON it provides a low resistance path and the capacitor discharges 
rapidly.  

 When the emitter voltage VE reaches the minimum value, the UJT goes OFF and the 
capacitor begins to recharges and the cycle repeats. This is shown in Fig. b 

 From the output waveform we can see that sweep output is not linear. Thus to 
improve sweep linearity, two separate voltage supplies are used 

 A low voltage supply for UJT and   
 A high voltage supply for the RTCT circuit. 

 To control frequency, RT is varied and CT is varied or changed in steps for range 
changing.  

 The sync pulse in Fig. a, provides the sweep frequency to be exactly equal to the 
input signal frequency, so that the signal is locked on the screen and does not drift. 

 

Storage Oscilloscope 
 

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

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

Mesh Storage: 
 Mesh storage CRT is used in displaying very low frequency (VLF) signals. It 

finds application in biomedical and mechanical fields. 
 A mesh Storage Oscilloscope, shown in Fig. a. it has a dielectric material 

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 
a property known as secondary emission.  
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 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.  

 

 
 In order to make a pattern visible, a special electron gun, called the flood gun, is 

switched on. 
 The flood gun emits low velocity electrons and these are bombarded on the 

storage mesh/target. 
 The electrons from flood gun is adjusted by the collimator electrode, which 

forms a low voltage electrostatic lens system (to focus the electron beam), as 
shown in Fig. b. 

 
 Most of the electrons are stopped and collected by the collector mesh. Only 

electrons near the stored positive charge are pulled to the storage target with 
sufficient force to hit the phosphor screen.  

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

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

 To make the pattern visible flood guns and collimator electrodes are used, where 
the guns emits electrons and collimator electrodes focuses the electron path. 
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 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. 

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

 The positivecharged areas allow the electrons to pass through to the post 
accelerator region and the display target phosphor. The negatively charged 
region repels the flood electrons back to the collector mesh.  

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

 Figure c shows a display of the stored charge pattern on a mesh storage. 
 

 
Phosphor Storage: 
In this type of CRT, it uses a thin layer of phosphor to serve both storage and display 
element. 
 
Note: 
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. This is known as secondary emission. 
 
Digital Readout Oscilloscope: 
 

 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. 

 The input signal is sampled by a sampling circuit at regular interval of time and this 
process is called as ‘strobing’. 

 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 a time of 10 pico-sec/sample. 
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 CRT trace is used to identify 0% and 100% zones position. This portion can be 

shifted to any part of the display. 
 The potential/voltage divider taps voltage between the 0% and 100% level and these 

will be one of the signals for input to start and stop comparators respectively.  
 Comparators are used for comparing the input waveform with selected % point. 
 When the sampled signal is at 0% level is used to produce a pulse for opening gate. 

The output of comparator enables the clock gate andcounter starts counting the 
pulses. 

 Similarly when 100% level is sensed, it gives a stop pulse and the clock gate is 
disabled and counter stops counting. 

 The number of pulses counted by the counter is proportional to the actual sample 
taken and read out digitally in ns, μs, ms or seconds. 

 Fig e (below) shows the block diagram of digital read out oscilloscope used for 
measuring time. 

 In this a linear ramp generator is used which produces a voltage and this is one of the 
input to start and stop comparator respectively. 

 

 
 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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 The number of clock pulses that activate the counter is directly proportional 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: 
 

 The phase and frequency measurement can be done using the oscilloscope. 
 One of the fastest method to determine frequency is by using Lissajous patterns. 
 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. 

 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.  

 TheLissajous figures depends on (i)Amplitude of two waves, (ii)Phase difference 
between 2 waves and (iii)Ratio of frequencies of two waves 

 The horizontal signal is designated as fh and the vertical signal as fv. 
 Now if 2 signals of having same amplitude, frequency and phase difference of ϕ 

between them and if this is applied to the deflecting beams. Then difference in phase 
produces various patterns which varies from straight diagonal line to ellipse of 
different tilts  

 Figure below shows the basic circuit for frequency measurement. 
 

 
Measurement of frequency: 

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

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

 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 ellipse. When fv = 2 fh, a 
two loop horizontal pattern is obtained as shown in below Fig. 
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 The frequency from Lissajous figure can be determined by, counting the number of 

horizontal loops in the pattern and divide it by the number of vertical loops and 
multiply this quantity by fh (known or standard frequency). 

 In fig (h), the number of horizontal loop is 1 and vertical loop is 4. This gives a 
fraction of ¼. Thus the unknown frequency fv is equal to ¼ of fh. 

 When the two frequencies are equal and in phase, the pattern appears as a straight 
line at an angle of 45° with the horizontal. If the phase between the two alternating 
signals changes, the pattern changes cyclically. 

 An ellipse pattern (at 45° with the horizontal) is seen when the phase 
difference is π/4 

 A circle pattern is seen when the phase difference is π/2  
 An ellipse (at 135° with horizontal) when the phase difference is 3π/4 
 A straight line pattern (at 135° with the horizontal) when the phase 

difference is π radians. 
 Thus as the phase angle between the two signals (fh and fv) changes 

from π to 2π radians, the pattern changes correspondingly through the 

ellipse-circle-ellipse cycle to a straight line. 
 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 relative phase between the two signals. 

 This is shown below in fig.  
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 The fractional relationship between the two frequencies is determined by counting 

the number of cycles in the vertical and horizontal and is given below. 

 
 

Digital Storage Oscilloscope (DSO): 
 
 DSO are available in processing and non-processing types. In 
Processingequipment it includes interfacing and a microprocessor which provides a 
complete system for information acquisition, analysis and output. Processing 
capability ranges from simple functions (such as average, area, rms, etc.) to complex 
Fast Fourier Transform (FFT) spectrum analysis capability. 
 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. 

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

 The attenuated signal is applied to the vertical amplifier. 
 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. 

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

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

 Once the input signal is sampled, the A/D converter digitizes it.The signal is 
then captured/stored in the memory. 

no
tes

4f
ree

.in



Electronic Instrumentation  15EC35               

 

Dept. of ECE, SVIT                                                        2017-18 
 

 Once it is stored in the memory, many manipulations are possible as memory 
can be readout without being erased. 

 The input signal is also used for trigger circuit (sweep generator) to generate 
the signal for horizontal deflecting plates. 

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

      
Advantages of digital storage oscilloscope: 

1. It is easier to operate and has more capability. 
2. The storage time is infinite. 
3. The voltage and time scales of display can be changed after the waveform 

has been recorded, which allows expansion (typically to 64 times) of selected 
portions, to observe greater details. 

4. A cross-hair cursor ( )can be positioned at any desired point on the 
waveform and the voltage/time values displayed digitally on the screen, 
and/or readout electrically. 

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 flexibility 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 along 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. Signal processing is possible which includes translating the raw data into 

finished information e.g. computing parameters of a captured signal like 
r.m.s. value, energy stored etc. 
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SIGNAL GENERATORS

Signal generator is a vital component in test set up. [t provicles variety o1'wavetbrms fbr
testing electronic circuits at low power.

Oscillator ) provides sine wbve
Generator ) provides several output rvavelbrms

Energy is not created in generators; it is sinrply converted from dc source to ac energy at

some specified frequency.
Requirements of signal generators are

*The amplitude should be controllable fiom very small to relatively large values
*The signal should be distortion free

In some cases a particular signal r:equired by the instrument is internaliy generated by a
self- contained o scill ator.

Classes of generators that are available, as separate instnrments to provide signals
fcrr general test pu{pose are called signal generators. 'i ' 

'

AF ) Audio frequency- 20 Hz to 20 KIlz
RF + Radio freQirency- above 30 KIlz

5.1: Fixed frequency AF oScillator
Some Instruments has self 0ontained trscillator is an integral part of the instrument

circuitry and is used to generate a'Si$nal at some specified audio frequency. Such a fixed
frequency might be a 400llz signal uSed for auclio testing or a 1000 I{z signal tbr exiting
a bridge circuit.

Oscillations at,,specified audio frequency are generated by the use of an iron core
tran ,i: positive,,:feedback through inductive eoupling between the primary
and '. gs. : :: '", :

5.2: Vania:ble AF oscillator
A Variable AF oscillator for general purpose use in a laboratory should cover at

least the fulll:range of audibility (20 Hz to 20 KHz) and should have a pure sinusoidal
wave output',','ovei: the entire frequency rallge. These oscillators are of RC feedback
oscillator type or beat frequency oscillator type.

5.3: Basic standard signal generator (sine wave)
In most of the measurement and instrumentation slrstems, the input signal

required is sinusoidal signal.; Such a periodic, sinusoidal signal is generated using an
oscillator. An oscillator is:a Circuit which generates a -sinusoidal signal with constant
amplitude and c t desired tiequency using positive feedback. It generates an output
waveform at a d frequency in a range from few hertz to several giga hertz.

"f,'I//x , fH," g-[@*, s*1s+t

j-> |1n3: zsa+iz ai|nz l)curc Cr-,"tta/t'

Dept of E&C SIGNAL GENERATORS LrNrTS
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A simple sine wave generator consists of two basic blocks,
(i) Oscillator
(ii) Attenuator

The oscillator uses an active device such aq an op-amp. The output of an op-amp
is fed back in phase with input. This positive feedback causes regenerative action
resulting in oscillation.

The attenuator provides amplitude control. Basically the attenuator is a device
which reduces or attenuates the power level of the signal by fixed amount. The proper
functioning of a signal generator depends on the perfornance of an oscillator and

9 f.l-.1 
attenuator.

i 5.4: Conventional standard signal generatorS
Standard signal generzrtor is basically a radio frequency (RF) signal generator. It

produces known and controllable voltages. 
:i,,;,,,,,,,11, 

,rii:r:,:i:::ri,riii:;:

This instrument is plovided with,:.a:.means d.flmodulating the canier frequency.
The modulation is indicated by a meter. The output Si$nalj:can be amplitude modulated
(AM) or frequency modulated (FM), Modulation may be.done by e sine wave, square
wave, triangular wave or a pulse.

The block diagram of conVentional standard signal genei ,,is shown below

t

'trri\\'
: \' rlit \

a

/ ,nadu-h/t'o,

7J,%:or-ra,/ of+oda_d e€d 6rrrr,r-,b,

The carier frequency is generated by a very stable RF oscillator which has
constant output over any frequency range. Moclulation is done in the output amplifier
circuit. The output of amplifier is moclulated carrier and is given to a1 attenuator. This
attenuator helps in selecting proper range of attenuation and thus the output signal level is,
controlled.

Dept of E&C SIGNAL GENERATORS UNITS
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In l,C tank circuit design ol master oscillator, frequency stability is limited. The
switching of frequency in various ranges is achieved by selecting appropriate capacitor.
T'his upsets cirouit design ancl requires some time to stabilize at new resonant frequency,

In high frequency oscillators, it is essential to isolate the master oscillator from
output circuit. Because of this isolation, changes in output circuit do not reflect on the
oscillator trequency, amplitude characteristics. For isolation buffer amplifiers a.re used.

ADVANlAGES
*The output is stable
*The output voltage can be controlled according to the requirement

DISADVANTAGES
*Due to LC tank circuit, the frequency stability,is'limited.
*It takes some time to stabilize at new freq,when the range is changed
*In high frequency oscillators, isolatibn',,r:of master oscillator from output is

necessarv
Ir",{ ,' :,

.,s\b" t tf,i5: Modern laboratory type s enerator,,,,,.,,'
In modern laboratory type sig rator, the freQubncy stability is increased by

using single master oscillator. With th'i5.,,,Single master oscillator we can get the highest
frequency range with good stabi conipared to conventional;,,signal generator.

The master oscillator is insenSitiV€,,,,to temperature Va-nirtions. Temperature
qompensation devices are used vihidh can worki'properly for any temperature changes.
The influence of the succeeding stages1.,is also oveiCorne by using buffer ampliliers.

The plock $f4gg,am of modern laboratory type s"ienal generator is shown below

Power Amplifier
AssembY

'1-9 Amplifier

RF
Output

Manual\
Coarse
Freq. #

Tuning

,\
V)
C.rrier

L evel

Modulation
Level Indicator

79: I'4oCer"l.? of,S*l 6u-ttah

RF Oscillator

34 MHz - 80 MHz

Audio
Oscillator

400 Hz ll kHz
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The RF oscillator consists of LC tank circuit. It gives frequency range fiom 34
MHz to 80 MHz. This signal is connected to untuned bufl'er amplifier Br. The output of
this amplifier is given to frequency divider circuit. The circuit shown above consists of 9
frequency dividers. The frequency division can be done by using flip-flops to get ratio of
2:L

The lowest frequency range obtained by using frequency divider is the highest
frequency range divided 2e or 512. The master oscillator has both automatic and manual
controllers. Availability of motor driven frequency control is employed for
programmable automatic frequency control devices.

The LC tank circuit and frequency divider provides a carrier signal. The buffer
amplifiers 82 and 83 are used for isolation. The use 6f buffer amplifiers provides very
high degree of isolation between master oscillation stage and power amplifier stage. This
eliminates all frequency distortions caused by loading between input and output circuits.

The modulation is done at the pow€f,amplifier stage.Signal for modulation is
provided by an audio oscillator (400 Hz and,,,,l, kFIz). ,me modulation takes place in main
amplifier, in power amplifier stage. The level of modulhtion can be adjusted up to 95%
by using control devices. : 

,

ADVANTAGES
*As same master oscillatOr',iS'used to get,:various frequency',mnges, the stability is

improved even at the highest frequency range.
*The use of buffer amplifiers provides good isolation between the master

oscillator and main power a lifier eliminating loadin$ effect completely.
*The change in the output due to temperature variations is compensated by

compensation devices for all frequency ranges.
*The power consumption of the instrument is very low.
*Good regulation and crystal stability, with low ripple, is obtained.
*Range switching effects are eliminated as the same oscillator is used on all the

bands.
*Excellent Q stability with very low ripple.
*Due to high degree of isolation, distortion get eliminated between the input and

output circuits.

DISADVANTAGES , .

*The circuit is complex, so cost is increased as compared to conventional signal
generator. +
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_i----_-7--_--_---
DIFERENCE BETWEEN STANDARD AND MODERN SIGNAL GENERATOR

il€d
\tl

AF sine and sq uare waVe..,generato,r

, A ^^1,1o, ),:':l:t:it,:,i:::'1t,

eft-,2-
Od+ut

73t 5'i.ze. d €Vrat- t)a-zx. Ae-n:.afu
I

The block diagram of AF- sine and square wave generator is shown above. A
Wien bridge oscillator is used in this generator. The Wien bridge oscillator is the best for
audio frequency range. The frequency of oscillations can be changed by varying the
capacitance in the oscillator. The frequency can also be changed in steps by switching i1
resistors of different values.

r1n

Standard signal generator Nlodern signal generator

I It has limited frequency stability. Frequency stability over entire frequency
ranEe is maintained

2 Temperature compensation is not
provided

Temperature compensation is provided

a
J The frequency range is small Wide frequency range is possible

4 Loading and distortion effects are more Loading and distortion effects are less

5 It takes time to stabilize at new
frequency

It gets stabilized to new frequency very
quioklv

6 Reeulation is poor Repulation is excellent
7 Less O stability with hieh ripple G"ood Q stability with low ripple
8 Automatic tuning with motor is not:

available ' .
'Mbtoiized automatic tuning is possible

9 Construction is simple Construotion is conrplicated
10 Cost is low Cost is hieh'.

AmTl;d.':,
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The output of the Wien bridge oscillator goes to the function switch. The function

switch directs the oscillator output either to the sine wave amplifier or to the square wave

shaper. At the output, we get either a square wave or sine wave. The output is varied by

means of an attenuator.

The front panel of a signal generator consists of the following
1. Frequency selector: It selects the frequency in different ranges and varies it

continuously in a ratio of 1:1 1. l'he scale is non-linear.
2. Frequency multiplier: [t selects the fiequency range over 5 decades, from l0 Hz

to I MHz
3. Amplitude multiplier: lt attenuates the sine wave in 3 decades, xl, x0.1 and x

0.01.
4. Variable amplitude: It attenuates the sine wave:amplitude continuously
5. Symmetry control: It varies the symmetry,,of,the square wave from 30oA to 70Yo

6. Amplitude: lt attenuates the square waVe outpUt,continuously

7 . Function switch; It selects either sin6,,wave or:sqriare wave output.

8. Output available: This provides sine wave or squaie::wave output.
9. Sync: This terminal is used to provide synchronizatibn of the intemal signal with

an external signal

, ,^f { 10. Oll-OFF Switch ' , 
,

" 1s.r 
',i 

. 
''.5.7 

i Function generator : : 
,u..,,,,.l'J A functiott g.n.rator produCes different f,orms of adjustable frequency. The

' output waveforms are sine, sguare and triangular. Frequency can be adjusted from 0.01

Hz to 100 kHz. Various :autputs can be uSed at the same,time. The function generator can
be phase locked to an eXternal, source. ,One function genEtator can be used to lock a

second function generator, and thus,the two,'oUtput signals can be displayed in phase.

Upper
Constant
Current
Source

Fron

Contro
NA/V

Diode
Shaping

V
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The block diagram of the function generator is shown above. The frequency is

controlled by varying the magnitude of current which drives the integrator.

The frequency controlled voltage regulates two current sources. 'fhe upper cunent

source supplies constant current to the integrator whose output voltage increases linearly
with time, according to the equation of the output signal voltage,

1'rt
eout= -T I tdt

L Jg

An increase or decrease in the cunent increases or decreases the slope of the

output voltage and hence control the frequency. The voltage comparator multi-vibrator
changes states at a pre-determined maximurn level of the integrator output voltage. This

ohange cuts off the upper current supply and switches on the lower current supply. T'he

lower current source supplies a reverse current to the integrator, so that its output

decreases linearly with time. When the output, ieaches pre-determined maximum level,

the voltage comparator again changes state and switches on the upper current source.
The output of the integr:ator is i,a triangular:: wavefonn whose frequency is

determined by the magnitude of the cupJent supplied by the constant current sources.

The comparator output deliversl;8,square wave voltage of the same frequency. The

resistance diode network alters the slope"of the triangular wave:as its amplitude changes

andproduceSasinewavewith|9.55.than1%;distortion.

5.8: Square and pulse generator (laboratory type) .

The ftindamental difference ',:between a pulse generator and a square wave

generator is in the duty cycle. A pulse w,ith 50% duty cycle is called a square wave.

:,',,,,,,,,',",,,,,,',,,,, 

,^Duty cyclkn * 4']t' *tYrr,,'.,

,,,' ,r,,,,,',",',,',,',,.,,,' 
:: ':::r'::;i;.ili'jli' ' tt'PUISe pefi"Odtl'

Requirempnt$:'6f"h pulse:':::
1. Pfil0 should have minimum di:Stortion ,

2. Basie characteristics of the pUlse,.'ar:e:,,fise time, overshoot, ringing, sag and
undefshoot. :::,::,: : i:

3. prrlst'rshould,have sufficient maximum amplitude and also the attenuation range
should be adequate to prodrice small amplitude pulses.

4. The range of frequenay control of the pulse repetition rate (PRR) should meet
the needs of the experiment:

5. Pulse generators can be,triggered by an external'trigger signal and also pulse
generators can be used to produce trigger signals

6. Output impedance of pulse generator is important consideration. Generator should
be matchCd to cable and cable to test circuit.

7 . DC coupling of the output circuit is needed when dc bias level is to be
maintained.

Overshoot: The maximum height irnmediately following the leading edge
Ringing.' It is the positive and negative peak distortion, excluding overshoot
Sag (pulse drop): It is the fall in pulse amplitude with time.
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Upper
Current
Source

Output
Amplifier

Lower
Current
Source

. Amplitude

600 c)
Output

. Amplitude

50c)
Output

7j' E/^A e/r/)/

A laboratoi$... t11pe. sq'uare *i$ld'.'ana pulsr 
""'""""" or is sirown above. The

frequency range,of the ih'Stffirneni is from.lr,Hzto 7O t".ili.1iifll:he duty cycle can be varied
from 25-75'lo1.il,,.'two independent,,,outputs ,'rwailable, a 50Q source that supplies pulses
with r fall time of 5 ns itude and 600 C) source which supplies
pulses rise and fall time ,peak amplitude. This instrument can be
operat ,,free running gener ,yhchronized with external signals.

The baSic geheratinf ,loop consists of the current sources, the ramp capacitor, the
Schmitt triggei and the Curient bWitching circuit as shown below.

f*- Period--+-1
I

7gt ^Eo-* A?.rr.raZrA, ,Z.oo7
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SWEEP FREQUENCY GENERATOR: 

The process of testing frequency response of amplifiers and filters can be simplified and 
speed up using signal generator that automatically varies its frequency over a pre-determined 
range. Such an instrument is called as sweep generator. 

 

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

• The process of frequency modulation may be accomplished electronically or 
mechanically. 

• It is done electronically by varying reactance of the oscillator tank circuit component and 
mechanically by means of a motor driven capacitor. 

• 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. 

• Manual control: allows independent adjustment of the oscillator resonant frequency. 
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• 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 also 
provides a constant readout calibration with frequency. 

•  Marker generator provides half 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. 
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MODULE 4 

BRIDGES 

Introduction: 

 Bridges is a circuit which is used for measuring various components like R, C and L 

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

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

 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 

 ac bridge – impedances consisting of C and L 
 dc bridges – measure resistance 

The dc bridge used for measuring resistance is called Wheatstone’s bridge. 
 
Wheatstone’s Bridge: 

 It is the most accurate method for measuring resistance and a common method used 
in laboratory. 

 The circuit is shown in Fig 4.1.  

                    
 It has an emf source E and switch Sw connected between points A and B. 
 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 0 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’. 

 When Sw is closed current flows and divides into 2 arms at point A as I1 and I2. 
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 Bridge is balanced when current through G is ‘0’ i.e potential difference at C and D 

should be equal. 
 i.e                                                    𝐼1𝑅1 = 𝐼2𝑅2    ------------ (1) 
For galvanometer current to be zero, I1=I3 and I2=I4 
Thus under balanced condition, 

𝐼1 = 𝐼3 =  
𝐸

𝑅1 + 𝑅3
             (𝑎) 

 And  

𝐼2 = 𝐼4 =  
𝐸

𝑅2 + 𝑅4
         (𝑏) 

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

 
𝐸 ∗ 𝑅1

𝑅1 + 𝑅3
=

𝐸 ∗ 𝑅2

𝑅2 + 𝑅4
 

Simplifying the above equation we get, 

 𝑅1(𝑅2 + 𝑅4) = 𝑅2(𝑅1 + 𝑅3) 

 𝑅1𝑅2 + 𝑅1𝑅4 = 𝑅1𝑅2 + 𝑅2𝑅3 

 𝑅1𝑅4 = 𝑅2𝑅3 

Now            𝑅4 =  
𝑅2 𝑅3

𝑅1
  

This is the equation for bridge to be balance. 

For balancing one of the resistance will be made adjustable and if R4 is the unknown 
resistance then 

  𝑅𝑥 =  
𝑅2 𝑅3

𝑅1
  

Sensitivity of Wheatstone’s bridge: 

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

 If the G is more sensitive then, the deflection is more for the same amount of current. 
Thus sensitivity is considered as deflection/unit current. i.e S = D/I , D = deflection 
and I = current in µA 

 Sensitivity can be expressed in linear or angular with the units as S = mm/µA 
(Linear) and  S = degree/µA or S = radian/µA (Angular)  

 Thus total deflection D =  S * I 

Unbalanced Wheatstone’s bridge: 

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

The first step is to remove G and find open circuit voltage between terminals a and b as 
shown in fig 4.2 

 

Applying voltage divider at point ‘a’ and ‘b’, we get 

𝐸𝑎 =  
𝑅3 𝐸

𝑅1 + 𝑅3
 

𝐸𝑏 =  
𝑅4 𝐸

𝑅2 + 𝑅4
 

Voltage between a and b is the difference between Ea and Eb and this represents the 
Thevenin’s equivalent voltage,  

𝐸𝑡ℎ = 𝐸𝑎 − 𝐸𝑏 =
𝑅3 𝐸

𝑅1 + 𝑅3
−  

𝑅4 𝐸

𝑅2 + 𝑅4
 

Thus    𝐸𝑡ℎ = 𝐸 (
𝑅3 𝐸

𝑅1+𝑅3
−

𝑅4 𝐸

𝑅2+𝑅4
) 

Thevenin’s equivalent resistance can be determined by replacing voltage source by its 

internal impedance or with a short and looking into a and b as shown in fig 4.3., 

 

𝑅𝑡ℎ = (𝑅1 ‖ 𝑅3) + (𝑅2 ‖ 𝑅4) 

Thus                                         𝑅𝑡ℎ =
𝑅1 𝑅3

𝑅1+𝑅3
+ 

𝑅2 𝑅4

𝑅2+𝑅4
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Thevenin’s equivalent circuit is shown in fig 4.4 

           

If G is connected between a and 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 (internal 
resistance of G) 

Thus the deflection of current in galvanometer is given by  

𝐼𝑔 =  
𝐸𝑡ℎ

𝑅𝑡ℎ + 𝑅𝑔
 

Slightly unbalanced Wheatstone’s bridge: 

If three of the four resistor in a bridge are equal to R and the fourth differs by 5% or less, we 
can develop an approximate but accurate expression for Thevenin’s equivalent voltage 

and resistance as follows. The circuit is shown in Fig 4.5  

                    

Voltage at point ‘a’ is given by  

𝐸𝑎 =  
 𝐸 𝑅

𝑅 + 𝑅
=  

𝐸 𝑅

2 𝑅
=

𝐸

2
 

Voltage at point ‘b’ is given by  

𝐸𝑏 =  
𝐸 (𝑅 +  𝛥𝑟)

𝑅 + (𝑅 +  𝛥𝑟)
=

𝐸 (𝑅 +  𝛥𝑟)

2𝑅 +  𝛥𝑟
  

Thevenin’s equivalent voltage is given by,  
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𝐸𝑡ℎ = 𝐸𝑎 − 𝐸𝑏 = 𝐸𝑏 − 𝐸𝑎 

𝐸𝑡ℎ =  
𝐸 (𝑅 +  𝛥𝑟)

2𝑅 +  𝛥𝑟
−  

𝐸

2
 

Simplifying this,  

𝐸𝑡ℎ = 𝐸 (
2𝑅 + 2𝛥𝑟 − 2𝑅 −  𝛥𝑟

2(2𝑅 +  𝛥𝑟)
)  

 

𝐸𝑡ℎ = 𝐸 (
𝛥𝑟

4𝑅 +  2𝛥𝑟
) 

Now if 𝛥𝑟 is 5% of R or less, then 𝛥𝑟 can be neglected at the denominator without 
appreciable error. Thus Eth now is  

𝐸𝑡ℎ =  
𝛥𝑟

4𝑅
 

The equivalent resistance can be calculated by replacing the voltage source with its internal 
impedance,  

𝑅𝑡ℎ =
𝑅 𝑅

𝑅 + 𝑅
+ 

𝑅 (𝑅 + 𝛥𝑟)

𝑅 +  (𝑅 + 𝛥𝑟)
 

Simplifying the above equation,  

𝑅𝑡ℎ =
𝑅 

2
+ 

𝑅 (𝑅 + 𝛥𝑟)

2𝑅 + 𝛥𝑟
 

If 𝛥𝑟 is small compared to R, then it can be neglected  

𝑅𝑡ℎ =
𝑅 

2
+ 

𝑅 𝑅)

2𝑅
 

𝑅𝑡ℎ =
𝑅 

2
+ 

𝑅 

2
=  

2𝑅 

2
= 𝑅  

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

The current through the G is given by,  

𝐼𝑔 =  
𝐸𝑡ℎ

𝑅𝑡ℎ + 𝑅𝑔
 

Applications of Wheatstone’s bridge: 

 Wheatstone bridge is used to measure resistance in the range of 1Ω to low MΩ. 
 Used to measure the dc resistance of various types of wire, either for the purpose of 

quality control of the wire itself, or of some assembly in which it is used.  
 To find the resistance of motor windings, transformers, solenoids, and relay coils.  

 Wheatstone Bridge Circuit is also used extensively by telephone companies and others 
to locate cable faults.  
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Advantages of Wheatstone’s bridge: 

 It operates on null deflection i.e., indication is independent on indicating instrument's 
characteristics and this is reason it has high degrees of accuracy. 

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

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

 
Limitations of Wheatstone’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 bridge cannot be used. 

 Another problem in Wheatstone Bridge Circuit is the change in resistance of the bridge 
arms due to the heating effect of current through the resistance. The rise in temperature 
causes a change in the value of the resistance, and sometimes high current may cause 
a permanent change in value. 

 
Kelvin’s bridge 

 When the resistance to be measured is of the order of magnitude of bridge contact and 
lead resistance, a modified form of Wheatstone’s bridge, the Kelvin's bridge is used. 

 Kelvin's bridge is used to measure values of resistance below 1 Ω. In low resistance 

measurement, the resistance of the leads connecting the unknown resistance to the 
terminal of the bridge circuit may affect the measurement. 

 Thus in Kelvin’s bridge, the effect of contact and lead resistance is important. 
 Consider the circuit in Fig.4.7, where Ry represents the resistance of the connecting 

leads from R3 to Rx (unknown resistance). The galvanometer can be connected either 
to point c or to point a.  

 When it is connected to point a, the resistance Ry, of the connecting lead is added to 
the unknown resistance Rx, resulting in too high indication for Rx.  

 When the connection is made to point c, R3, is added to the bridge arm R3 and 
resulting measurement of Rx is lower than the actual value.  

 If the galvanometer is connected to point b, in between points c and a, in such a way 
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

𝑅𝑎𝑏
=  

𝑅1

𝑅2
  

 
The bridge balance equation is given by, 

   R1* R3 = R2 * Rx 
 

But R3 is now R3 +Rab and Rx is now Rx + Rcb 
Therefore    R1 * (R3 +Rab) = R2 * (Rx + Rcb) -------------- (1) 
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From the Fig 4.7, 
   Rab + Rcb = Ry ----------------- (A) 
and    

𝑅𝑐𝑏

𝑅𝑎𝑏
=  

𝑅1

𝑅2
      − − − − − (𝐵) 

Adding 1 to both sides of equation (B), we get 
 

𝑅𝑐𝑏

𝑅𝑎𝑏
+ 1 =  

𝑅1

𝑅2
 + 1 

 
𝑅𝑐𝑏 + 𝑅𝑎𝑏

𝑅𝑎𝑏
=  

𝑅1 + 𝑅2

𝑅2
 

using equation (A) in the above equation, we get 
 

𝑅𝑐𝑏 + 𝑅𝑎𝑏

𝑅𝑎𝑏
=

𝑅𝑦

𝑅𝑎𝑏
 =  

𝑅1 + 𝑅2

𝑅2
 

and Rab is now 

𝑅𝑎𝑏 =  
𝑅2 ∗ 𝑅𝑦

𝑅1 + 𝑅2
 

Rearranging equation (A) and using equation for Rab, 
 

 Rcb =  Ry −  Rab 
  

 Rcb =  Ry − 
𝑅2 ∗ 𝑅𝑦

𝑅1 + 𝑅2
 

 

𝑅𝑐𝑏 =  
𝑅1𝑅𝑦 + 𝑅2𝑅𝑦 − 𝑅2𝑅𝑦

𝑅1 + 𝑅2
 

 

𝑅𝑐𝑏 =  
𝑅1 𝑅𝑦

𝑅1 + 𝑅2
 

Substituting Rab and Rcb in equation (1) 

R1 * (R3 +
𝑅2 𝑅𝑦

𝑅1+𝑅2
 ) = R2 * (Rx + 

𝑅1 𝑅𝑦

𝑅1+𝑅2
)  
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𝑅𝑥 +
𝑅1 𝑅𝑦

𝑅1 + 𝑅2
=  

𝑅1

𝑅2
 (R3 +

𝑅2 𝑅𝑦

𝑅1 + 𝑅2
) 

 

𝑅𝑥 +
𝑅1 𝑅𝑦

𝑅1 + 𝑅2
=  

𝑅1 𝑅3 

𝑅2
+ 

𝑅2 𝑅𝑦 

𝑅1 + 𝑅2
∗ 

𝑅1 

𝑅2
 

 

𝑅𝑥 +
𝑅1 𝑅𝑦

𝑅1 + 𝑅2
=  

𝑅1 𝑅3 

𝑅2
+  

𝑅1 𝑅𝑦 

𝑅1 + 𝑅2
 

Upon simplification, we get 
 

𝑅𝑥 =  
𝑅1 𝑅3 

𝑅2
 

 The above equation is the normal Wheatstone’s bridge under balanced condition. 
 Also the effect of lead resistance connecting from a to c is eliminated by connecting 

galvanometer to intermediate position ‘b’. 
 This is the principle of constructing Kelvin’s double bridge also known as Kelvin’s bridge. It 

is called double bridge as it incorporates 2nd set of resistance ratio arms. 
 The schematic of Kelvin’s double bridge is shown in Fig 4.8 
 In this 2nd set of arms a and b connect galvanometer to point c 
 The galvanometer gives null indication when potential at k and c are equal i.e 𝐸𝑙𝑘 = 𝐸𝑙𝑚𝑐 

 
 

 
 Now Elk is given by  

𝐸𝑙𝑘 =  
𝑅2 𝐸

𝑅1 + 𝑅2
 

and E is given by 
     E = I * R 

𝐸𝑙𝑘 =  
𝑅2 

𝑅1 + 𝑅2
∗ 𝐼 ∗ 𝑅 

 
R is to determined considering path l-m-n-o-l, in this path at point m – n, the resistance is  
Ry ‖ (a+b). Thus total resistance now becomes as 

𝑅 = 𝑅3 + 𝑅𝑥 +  
𝑅𝑦 (𝑎 + 𝑏)

𝑎 + 𝑏 + 𝑅𝑦
 

Now Elk is given by  
  

𝐸𝑙𝑘 =  
𝑅2 

𝑅1 + 𝑅2
∗ 𝐼 ∗  [𝑅3 + 𝑅𝑥 + 

𝑅𝑦 (𝑎 + 𝑏)

𝑎 + 𝑏 + 𝑅𝑦
] 
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Similarly Elmc is given by, Elmc = Elm +Emc 
 
   Elm = I R3 
    

𝐸𝑚𝑐 =  
𝑏 𝐸𝑚𝑛

𝑎+𝑏
              using voltage divider rule 

 

𝐸𝑚𝑛 = (𝑎 + 𝑏)‖ 𝑅𝑦 ∗ 𝐼 =  
𝑅𝑦 (𝑎+𝑏)

𝑎+𝑏+𝑅𝑦
 * I 

Thus now  

𝐸𝑚𝑐 =  
𝑏

𝑎 + 𝑏
∗  𝐼 ∗  

𝑅𝑦 (𝑎 + 𝑏)

𝑎 + 𝑏 + 𝑅𝑦
 

Therefor  

𝐸𝑙𝑚𝑐 = 𝐼 𝑅3 +  
𝑏

𝑎 + 𝑏
∗  𝐼 ∗  

𝑅𝑦 (𝑎 + 𝑏)

𝑎 + 𝑏 + 𝑅𝑦
  

 

𝐸𝑙𝑚𝑐 = 𝐼 [𝑅3 +  
𝑏

𝑎 + 𝑏
∗ 

𝑅𝑦 (𝑎 + 𝑏)

𝑎 + 𝑏 + 𝑅𝑦
]  

But under balanced condition, 
𝐸𝑙𝑘 = 𝐸𝑙𝑚𝑐 
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 The above is the equation for Kelvin’s bridge. 
 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. 
 This bridge can measure resistance in the range of 1Ω - 10μΩ with accuracy of ±0.05% 

to ±0.02%. 
 
AC Bridges: 

 The ac bridges are similar to dc bridge except that the bridge arms have impedances 
and the bridge is excited by ac source rather than dc source. 

 Impedances at audio frequency and radio frequency can be determined by means of 
ac bridges. 
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