
Electronics Measurement & 
Instrumentation 

4EC3-06 
Unit -1

Dr. Girraj Sharma 
Associate Professor 

Department of Electronics & Communication Engineering 
JAIPUR ENGINEERING COLLEGE AND RESEARCH CENTRE, JAIPUR 

03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



1. Kalsi, H.S. “Electronic Instrumentation”, Tata McGraw-Hill Publishing Co. Ltd., 2017

2 A.K. Sawhney “A Course in Electronic and Electrical Measurement and 
Instrumentation”, Dhanpat Rai & Co. (P) Ltd., 2001

Text Books

03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



• Instrumentation is a technology of measurement which
serves sciences, engineering, medicine and etc.

• Measurement is the process of determining the amount,
degree or capacity by comparison with the accepted
standards of the system units being used.

• Instrument is a device for determining the value or
magnitude of a quantity or variable.

• Electronic instrument is based on electrical or electronic
principles for its measurement functions.

INTRODUCTION 
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Importance of Measurement is simply and eloquently expressed in
the following statement of famous physicist Lord Kelvin: ”I often
say that when you can measure what you are speaking about and
can express it in numbers, you know something about it; when you
cannot express in it numbers your knowledge is of meager and
unsatisfactory kind”

Significance Of Measurement 
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• DIRECT METHODS: In these methods, the unknown quantity (called
the measurand ) is directly compared against a standard.

• INDIRECT METHOD: Measurements by direct methods are not always
possible, feasible and practicable. In engineering applications
measurement systems are used which require need of indirect method for
measurement purposes.

Methods of Measurement



• MECHANICAL: These instruments are very reliable for static and stable
conditions. But their disadvantage is that they are unable to respond
rapidly to measurements of dynamic and transient conditions.

• ELECTRICAL: It is faster than mechanical, indicating the output are
rapid than mechanical methods. But it depends on the mechanical
movement of the meters. The response is 0.5 to 24 seconds.

• ELECTRONIC: It is more reliable than other system. It uses
semiconductor devices and weak signal can also be detected.

Evolution of Instruments
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• PRIMARY SENSING ELEMENT: The quantity under measurement
makes its first contact with the primary sensing element of a
measurement system.

• VARIABLE CONVERSION ELEMENT: It converts the output of the
primary sensing element into suitable form to preserve the information
content of the original signal.

• DATA PRESENTATION ELEMENT: The information about the
quantity under measurement has to be conveyed to the personnel
handling the instrument or the system for monitoring, control or
analysis purpose.

A General Instrumentation System
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Functional Elements of an Instrumentation System 

03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC



• Performance Characteristics - Characteristics that shows the performance of
an instrument.

Eg: accuracy, precision, resolution, sensitivity.

• Allow users to select the most suitable instrument for a specific measuring
jobs.

• Two basic characteristics :

1. Static – measuring a constant process condition.

2. Dynamic - measuring a varying process condition.

PERFORMANCE CHARACTERISTICS
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Static Characteristics
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The set of criteria defined for the instruments, which are used to measure the quantities

which are slowly varying with time is called ‘static characteristics’.

Accuracy :- The accuracy of a measurement indicates the nearness value to the actual value

of quantity. It can be expressed by different ways.

– the accuracy is expressed in terms of the percentage. Example… 0.3% of the actual value.

Precision :- It is the measure the degree to which successive measurement differ from each

other. By this we can get fixed value of variable.

Error :- It is the algebraic difference between the actual value and measured value.

It involved the comparison of unknown quantity with an standard quantity.

There are different types of error. Gross error, systematic error, random error, schematic

error.
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Difference between accuracy and precision

Accuracy is the degree of closeness to true value. Precision is the degree to which

an instrument or process will repeat the same value. In other words, accuracy is the

degree of veracity while precision is the degree of reproducibility.

• If a measurement is accurate, it

means that it agrees closely

with the accepted standard for

that measurement. For example,

if we estimate a project's size to

x and the actual size of the

finished project is equal to or

very close to x, then it is

accurate, but it might not be

precise.

• A measurement that is precise

means that it agrees with other

measures of the same thing.
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Repeatability :- It is defined as the variation of the scale readings. It is random in

nature. Repeatability is measure of closeness with which a given input can be measure

over and over again.

Reproducibility :- It is defined as the degree of closeness by which a given value can

be repeatedly measured.

Drift :- Drift is defined as the gradual shift in the induction over a period of time 

where the input variable does not change.

Its divided in three parts, zero drift, span drift, zonal drift.

Zero Drift: The zero drift is defined as the deviation in the measured variable 

starts right from zero in the output with time.

Span Drift: If there is a proportionate change in its indication right along the 

upward scale the drift is termed span drift or sensitivity drift. 

Zonal Drift: In case if the drift occurs only a certain portion of the span of an 

instrument. It is called zonal drift.
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Sensitivity :- it is the ratio of Change in output of an instruments to the change 

input.

The sensitivity of an instruments should be as high as possible.

Linearity :- Accuracy and linearity is closely related to each other. it is defined as 

the ability of an instruments to reproduce its input linearly.

Dead Zone :- It is the largest change in input quantity for which there is no output.

Dead time :- It is the time before which instruments starts to responds after the input has

been changed.
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Threshold :- If the instrument input is increased very gradually from zero there will be

some minimum value below which no output change can be detected. This minimum value

defines the threshold of the instrument.

Resolution :- If we measure some value and if we do some minor change in that measured

value, and if instruments responds, that smallest increment in the input value which can be

detected by the instrument is known as resolution.

Stability :- It is the ability of an instrument to retain its performance throughout is

specified operating life.

Tolerance:- The maximum allowable error in the measurement is specified in terms of some 

value which is called tolerance.

Hysteresis: Hysteresis is a phenomenon that illustrates the different output effects when 

loading and unloading.



Dynamic Characteristics of Measurement System
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The set of criteria defined for the instruments, which changes rapidly with time, is called

‘dynamic characteristics’.

Speed of response :– When we change the input value then how much rapidly we get the

change in output value by instrument is known as speed of response. By this we get to

know how fast or slow the system is.

Measuring lag:- It is the retardation or delay in the response of a measurement system.

The measuring lags are of two types:

1) Retardation type:- In this case the response of the measurement system begins

immediately after the change in measured quantity has occurred.

2) Time delay lag:- In this case the response of the measurement system begins after a

dead time when input is applied.

Fidelity: It is defined as the degree to which a measurement system indicates changes in

the measured quantity without any dynamic error.

Dynamic error:- It is the difference between the true value of the quantity changing with

time & the value indicated by the measurement system if no static error is assumed. It is

also called measurement error.



Types of static error

1) Gross error/human error

2) Systematic Error

3) Random Error

TYPES OF STATIC ERROR
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1) Gross Error

• Cause by human mistakes in reading/using instruments

• May also occur due to incorrect adjustment of the instrument and the
computational mistakes

• Cannot be treated mathematically

• Cannot eliminate but can minimize

• Eg: Improper use of an instrument.

• This error can be minimized by taking proper care in reading and recording from
measurement parameter.

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

• Therefore, several readings (at three readings) must be taken to minimize the
effect of ambient condition changes.

TYPES OF STATIC ERROR
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2) Systematic Error

• Due to shortcomings of the instrument (such as defective or worn parts,
ageing or effects of the environment on the instrument)

• In general, systematic errors can be subdivided into

(i) Instrumental error

(ii) Environmental error

(iii) Observational error

TYPES OF STATIC ERROR
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(i) Instrumental error

• Inherent while measuring instrument because of their mechanical structure
(eg: in a D’Arsonval meter, friction in the bearings of various moving
component, irregular spring tension, stretching of spring, etc)

• Error can be avoid by:

(a) selecting a suitable instrument for the particular

measurement application

(b) apply correction factor by determining

instrumental error

(c) calibrate the instrument against standard

TYPES OF STATIC ERROR
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(ii) Environmental error

• due to external condition effecting the

measurement including surrounding area condition

such as change in temperature, humidity,

barometer pressure, etc

• to avoid the error :-

(a) use air conditioner

(b) sealing certain component in the instruments

(c) use magnetic shields

(iii) Observational error

• introduce by the observer

• most common : parallax error and estimation error (while reading the scale)

Eg: an observer who tend to hold his head too far to the left while reading the
position of the needle on the scale.

TYPES OF STATIC ERROR
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3) Random error

• due to unknown causes, occur when all systematic 

error has accounted 

• accumulation of small effect, require at high degree of 

accuracy

• can be avoid by

(a)   increasing number of reading 

(b)  use statistical means to obtain best approximation   

of true value

TYPES OF STATIC ERROR
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Arithmetic Mean

•The most probable value of measured variable is
the arithmetic mean of the number of readings
taken.

• It is given by

Where     = arithmetic mean 

• x1,x2,.. x3= readings of samples

• n= number of readings

𝑥 =
𝑥1 + 𝑥2+. . . . . 𝑥𝑛

𝑛
=
σ𝑥

𝑛

𝑥

Statistical Analysis of Error
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• Deviation is departure of the observed reading 
from the arithmetic mean of the group of readings. 

𝑑1 = 𝑥1 − 𝑋
𝑑2 = 𝑥2 − 𝑋
𝑑3 = 𝑥3 − 𝑋

𝑑𝑛 = 𝑥𝑛 − 𝑋

𝑑1 + 𝑑2 + 𝑑3+. . . . . +𝑑𝑛=

= (𝑥1 − 𝑋) + (𝑥2 − 𝑋) + (𝑥3 − 𝑋)+. . +(𝑥𝑛 − 𝑋)
= (𝑥1 + 𝑥2 + 𝑥3+. . . +𝑥𝑛) − 𝑛𝑋
= 𝑛𝑋 − 𝑛𝑋 = 0
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Deviation



• The standard deviation of an infinite number of data is
defined as the square root of the sum of the individual
deviations squared divided by the number of readings.

𝑆. 𝐷 = 𝜎 =
𝑑1
2 + 𝑑2

2 + 𝑑3
2+. . . +𝑑4

2

𝑛
=

σ𝑑2

𝑛
> 20 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

𝑆. 𝐷 = 𝑠 =
𝑑1
2 + 𝑑2

2 + 𝑑3
2+. . . +𝑑4

2

𝑛 − 1
=

σ𝑑2

𝑛 − 1
< 20 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
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Standard Deviation 



𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = 𝑆. 𝐷 2 = 𝜎2 =
σ𝑑2

𝑛
> 20 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = 𝑆. 𝐷 2 = 𝑠2 =
σ𝑑2

𝑛 − 1
< 20 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
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Variance   



•Probable error of one reading(r1)=0.6745s

•Probable error of mean (rm)

1

1

−
=

n

r
rm
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Probable Error  



Problem

Question: The following 10 observation were recorded when 
measuring a voltage:

41.7,42.0,41.8,42.0,42.1,

41.9,42.0,41.9,42.5,41.8 volts.

1. Mean 

2. Standard Deviation

3. Probable Error

4. Range.
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30

Answer

• Mean=41.97 volt

• S.D=0.22 volt

• Probable error=0.15 volt

• Range=0.8 volt.
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Absolute Error/Limiting Error  
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Relative or Fractional Error
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Combination of two quantities with Limiting Error
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Combination of two quantities with Limiting Error
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Sum of two quantities

Combination of two quantities with Limiting Error
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Difference of two quantities
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Product of two quantities



03-05-2021 Dr. Girraj sharma, assoc. prof. ECE, JECRC

Division of two quantities
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Quantities are Power of a Factor

Quantities are composite Factor
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Numerical Problems and Solution
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