
 

 

Al-Mustaqbal University / College of Engineering &Engineering Technology 
Department (Electrical Engineering Techniques) 

Class : 2nd 
Subject :  Instruments and Measurement 

Lecturer (Bushra Majed Hamed) 
2nd  term – lecture 1 

 

Basic Concepts of Measurements 

1.1 Introduction : 
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1.2 Measuring System Configuration: 
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1.3 Methods of Measurements : 
Basically, there are two types of measurements: 

1. Direct Method 

In this method of measurement, the quantity to be measured is compared 

directly against a standard of some kind of quantity. In spite of the simplicity of 

the 

direct method of measurement, it suffers from the following disadvantages: 

1. It is not always possible, feasible and practicable. 
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2. The involvement of human in this method makes it inaccurate and less sensitive 

2. Indirect Method 

This method of measurement is used when the direct method is impractical or 

impossible. 

It is important to select the suitable method of measurement according to the 

following points: 

1. Apparatus available. 

2. Accuracy desired. 

3. Time required. 

4. Difficulties in measurement. 

5. Conditions of measurement. 

 

1.4 Classification of Instruments 
Instruments can be divided into separate classes according to several criteria. 

These 

classifications are useful for broadly establishing several attributes of particular 

instruments such as accuracy, cost, and general relevance for different 

applications. 

 

 

 

1. According to the types of Instruments 
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The history of development of instruments encompasses three types: 

 

a. Mechanical Instruments 

Mechanical instruments are very reliable for static and stable conditions, but they 

are unable to respond rapidly to measurement of dynamic and transient conditions. 

This is due to the fact that these instruments having moving parts which are rigid, 

heavy and bulky. Figure 1.2 depicts thre types of the mechanical instruments . 

 

 

b. Electrical Instruments 

 

Electrical methods of indicating the output of transducers are more rapid than the 

mechanical methods. But, the electrical systems normally depend upon a 

mechanical meter movement as indicating devices. This mechanical movement 

has some inertia and therefore these instruments have a limited time response. The 

construction of an electrical measuring instrument is shown in Figure 1.3. 



 

 

Al-Mustaqbal University / College of Engineering &Engineering Technology 
Department (Electrical Engineering Techniques) 

Class : 2nd 
Subject :  Instruments and Measurement 

Lecturer (Bushra Majed Hamed) 
2nd  term – lecture 1 

 

 

 

c. Electronic and Digital Instruments 

Electronic and digital instruments are becoming more reliable on an account of the 

improvements in the design and manufacturing process of semiconductor devices. 

Also, these instruments have the ability of storing the measurement information in 

the case of digital instruments. A digital instrument is shown in Figure 1.4. 
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2. Passive and Active instruments 

Instruments are subdivided into passive or active ones according to whether the 

instrument output is entirely produced by the quantity being measured or whether 

the quantity being measured modulates the magnitude of some external power 

source. An example of a passive instrument is the pressure-measuring device 

shown in Figure 1.5. The pressure of the fluid is translated into a movement of a 

pointer against a scale. 

 

An example of an active instrument is a float-type fuel tank level indicator as 

shown 

in Figure 1.6. Here, the change in fuel level moves a potentiometer arm, and the 

output signal consists of a proportion of the external voltage source applied across 

the 

two ends of the potentiometer. The energy in the output signal comes from the 

external power source, where the primary transducer float system is merely 

modulating the value of the voltage from the external power source. 
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3. Deflection-type and Null-type instruments 

The pressure gauge shown in Figure 1.5 is a good example of the deflectiontype instrument, in 

which the value of the quantity being measured is displayed interms of the amount of 

movement of a pointer. An alternative type of pressure gauge is the dead-weight gauge shown 

in Figure 1.7, which is a null-type instrument. Here, 

weights are put on top of the piston until the downward force balances the fluid 

pressure. Weights are added until the piston reaches a datum level, known as the null 

point or reference mark. Pressure measurement is made in terms of the value of the 

weights needed to reach this null position.    

4. Smart and non-smart instruments  

The advent of the microprocessor has created a new division in instruments between those that 

incorporate a microprocessor (smart) and those that do not. 
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1.5 Functions of Instruments 
Instruments and measuring systems have the following main functions: 

1. Indicating and Monitoring Function 

 

By this function, the information is supplied by the measuring instrument as a 

deflection of a pointer or as a digit number at a particular instant. 

2. Recording Function 

 

In this case, the instrument makes a written record, usually on a paper, of the value 

of the quantity under measurement against some other variable such as time. 

3. Controlling Function 

 

This is one of the most important function especially in the field of industrial 

control process where, the instrument uses the information to control the original 

measured quantity. 

4. Experimental Engineering Analysis Function 

This function of measuring instruments is useful for solution of engineering 

problems, testing the validity of the theoretical prediction, determination of system 

parameters, …………, etc 

 

 

 

  

Examples– L1 
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Ex1.1: Define the following terms: 

 (1) Measurement (2) Instrumentation 

Sol. 

(1) Measurement:using an instruments as a physical means fodetermining a 

quantity or variable. 

(2) Instrumentation: The technology of using instruments to measure and control 

the physical and chemical properties of materials. 

Ex1.2  :Classify the measuring instruments. 

Sol. 

Instruments can be classified according to: 

1. The type of instruments. 

2. Passive and active instruments. 

3. Deflection-type and null-type instruments. 

4. Smart and non-smart instruments. 

Ex1.3: Classify the instruments according to their types. 

Sol. 

1. Mechanical instruments. 

2. Electrical instruments. 

3. Electronic and digital instruments. 
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Ex1.4: List the functions of the measuring instruments. 

Sol. 

1. Indicating and monitoring function. 

2. Recording function. 

3. Controlling function. 

4. Experimental engineering analysis function. 

Ex1.5: List the methods of measurements. 

Sol. 

1. Direct method. 

2. Indirect method. 

Ex1.6:List the points according to which the suitable method of measurement 

can be used. 

Sol. 

1. Apparatus available. 

2. Accuracy desired. 

3. Time required. 

4. Difficulties in measurement. 

5. Conditions of measurement 


