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. 
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. The major problem with any measuring instrument is the error. Hence, it is necessary to select the appropriate measuring instrument and measurement procedure which minimizes the error. The measuring instrument should not affect the 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. 

Advantages of Electronic Measurement 
The advantages of an electronic measurement are 
1. Most of the quantities can be converted by transducers into the electrical or electronic signals. 
2. An electrical or electronic signal can be amplified, filtered, multiplexed, sampled and measured. 
3. The measurement can easily be obtained in or converted into digital form for automatic analysis and recording. 
4. The measured signals can be transmitted over long distances with the help of cables or radio links, without any loss of information. 
5. Many measurements can be carried either simultaneously or in rapid succession. 
6. Electronic circuits can detect and amplify very weak signals and can measure the events of very short duration as well. 
7. Electronic measurement makes possible to build analog and digital signals. The digital signals are very much required in computers. The modern development in science and technology are totally based on computers. 
8. Higher sensitivity, low power consumption and a higher degree of reliability are the important features of electronic instruments and measurements. But, for any measurement, a well-defined set of standards and calibration units is essential. This chapter provides an introduction to different types of errors in measurement, the characteristics of an instrument and different calibration standards.





Block Schematic Of Measuring Systems
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· Primary sensing element
· Variable conversion element
· Data presentation element

Primary sensing
The element quantity under measurement makes its first contact with primary sensing element of a measurement system here, the primary sensing element transducer. This transducer converts measured into an analogous electrical signal.

Variable conversion element
The output of the primary sensing element is the electrical signal. It may be a voltage a frequency or some other electrical parameter. But this output is not suitable for this system.
For the instrument to perform the desired function, it may be necessary to convert this output to some other suitable form while retaining the original signal. Consider an example, suppose output is an analog signal form and the next of system accepts input signal only in digital form.
Consider a small example, an electric amplifier circuit accepts a small voltage signal as input and produces an output signal which is also voltage but of greater amplifier. Thus voltage amplifier acts as a variable manipulation element.

Data presentation element
The information about the quantity under measurement has to be conveyed to the personal handling the instrument or system for control or analysis purposes. The information conveyed must be in the form of intelligible to the personnel. The above function is done by data presentation element.
The output or data of the system can be monitored by using visual display devices may be analog or digital device like ammeter, digital meter etc. In case the data to be record, we can use analog or digital recording equipment. In industries, for control and analysis purpose we can use computers.
The final stage in a measurement system is known as terminating stage. When a control device is used for the final measurement stage it is necessary to apply some feedback to the input signal to accomplish the control objective.
The term signal conditioning includes many other functions in addition to variable conversion and variable manipulation. In fact the element that follows the primary sensing element in any instrument or instrumentation system should be called signal conditioning element. When the element of an instrument is physically separated, it becomes necessary to transmit data from one to another. This element is called transmitting element. The signal conditioning and transmitting stage is generally known as intermediate stage. A simple Ammeter have the following functional elements.
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Measurement system:
Measurement system any of the systems used in the process of associating numbers with physical quantities and phenomena. Although the concept of weights and measures today includes such factors as temperature, luminosity, pressure, and electric current, it once consisted of only four basic measurements: mass (weight), distance or length, area, and volume (liquid or grain measure). The last three are, of course, closely related. Basic to the whole idea of weights and measures are the concepts of uniformity, units, and standards. Uniformity, the essence of any system of weights and measures, requires accurate, reliable standards of mass and length.

CALIBRATION OF THE INSTRUMENT 
The calibration of the instrument is done to find its accuracy. Before using an instrument, particularly a new one, in a measurement system, it is required to calibrate it to find the accuracy, precision or uncertainty of the instrument. It can be done by comparing its performance with 
(a) a primary standard instrument, 
(b) a secondary standard instrument having high accuracy, and 
(c) a known input source. 

For example, a flow meter might be calibrated by (a) comparing it with a standard flow measurement facility of the National Bureau of Standards, (b) comparing it with another flow meter of known accuracy, or (c) direct calibration with a primary measurements such as weighing a certain amount of water in a tank and recording the time elapsed for the quantity of flow through the meter.




Static Characteristics of Instrument Systems:
The performance characteristics of an instrument are mainly divided into two categories:

i) Static characteristics
ii) Dynamic characteristics


Static characteristics:

The set of criteria defined for the instruments, which are used to measure the quantities which are slowly varying with time or mostly constant, i.e., do not vary with time, is called ‘static characteristics’.

The various static characteristics are:
i. Accuracy
ii. Precision
iii. Sensitivity
iv. Linearity
v. Reproducibility
vi. Repeatability
vii. Resolution
viii. Threshold
ix. Drift
x. Stability
xi. Tolerance
xii. Range or span


Accuracy:
It is the degree of closeness with which the instrument reading approaches the true value of the quantity to be measured. 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. The accuracy can be expressed in the following ways. 
1) Accuracy as 'Percentage of Full Scale Reading': In case of instruments having uniform scale, the accuracy can be expressed as percentage of full scale reading. For example, the accuracy of an instrument having full scale reading of 50 units may be expressed as ± 0.1% of full scale reading. From this accuracy indication, practically accuracy is expressed in terms of limits of error. So for the accuracy limits specified above, there will be ± 0.05 units error in any measurement. So for a reading of 50 units, there will be error of ± 0.05 units i.e. ± 0.1 % while for a reading of 25 units, there will be error of ± 0.05 units in the reading i.e. ± 0.2%. Thus as reading decreases, error in measurement is ± 0.05 units but net percentage error is more. Hence, specification of accuracy in this manner is highly misleading. 
2) Accuracy as 'Percentage of True Value': This is the best method of specifying the accuracy. It is to be specified in terms of the true value of quantity being measured. For example, it can be specified as ± 0.1% of true value. This indicates that in such cases, as readings get smaller, error also gets reduced. Hence accuracy of the instrument is better than the instrument for which it is specified as percent of full scale reading. 
3) Accuracy as 'Percentage of Scale Span' : For an instrument, if am,,, is the maximum point for which scale is calibrated, i.e. full scale reading and a 111111 IS the lowest reading on scale. Then (am<1X - amin) is called scale span or span of the instrument. Accuracy of the instrument can be specified as percent of such scale span. Thus for an instrument having range from 25 units to 225 units, it can be specified as ± 0.2 % of the span i.e. ± [(0.2/100) x (225 - 25)] which is ± 04 units error in any measurement.

4) Point Accuracy: Such an accuracy is specified at only one particular point of scale. It does not give any information about the accuracy at any other POll1t on the scale. The general accuracy of an instrument cannot be specified, in this manner. But the general accuracy can be specified by providing a table of the pOint accuracy values calculated at various points throughout the entire range of the instrument.

Precision: It is the measure of reproducibility i.e., given a fixed value of a quantity, precision is a measure of the degree of agreement within a group of measurements. The precision is composed of two characteristics:

a) Conformity:

Consider a resistor having true value as 2385692, which is being measured by an ohmmeter. But the reader can read consistently, a value as 2.4 M due to the non-availability of proper scale. The error created due to the limitation of the scale reading is a precision error.

b) Number of significant figures:

The precision of the measurement is obtained from the number of significant figures, in which the reading is expressed. The significant figures convey the actual information about the magnitude & the measurement precision of the quantity. The precision can be mathematically expressed as:
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Where, P = precision
Xn = Value of nth measurement
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Sensitivity:

The sensitivity denotes the smallest change in the measured variable to which the instrument responds. It is defined as the ratio of the changes in the output of an instrument to a change in the value of the quantity to be measured. Mathematically it is expressed as,
[image: http://4.bp.blogspot.com/--BosshAsjNE/TxMDbjsxMsI/AAAAAAAAD_k/mxZakJl0yMA/s1600/untitled.JPG]
Thus, if the calibration curve is liner, as shown, the sensitivity of the instrument is the slope of the calibration curve. If the calibration curve is not linear as shown, then the sensitivity varies with the input. Inverse sensitivity or deflection factor is defined as the reciprocal of sensitivity. Inverse sensitivity or deflection factor = 1/ sensitivity
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Reproducibility:

It is the degree of closeness with which a given value may be repeatedly measured. It is specified in terms of scale readings over a given period of time.


Repeatability:

It is defined as the variation of scale reading & random in nature 

Drift: 
Drift may be classified into three categories:

a) Zero drift:
If the whole calibration gradually shifts due to slippage, permanent set, or due to undue warming up of electronic tube circuits, zero drift sets in.
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b) Span drift or sensitivity drift

If there is proportional change in the indication all along the upward scale, the drifts is called span drift or sensitivity drift.

c) Zonal drift:

In case the drift occurs only a portion of span of an instrument, it is called zonal drift.

Resolution:

If the input is slowly increased from some arbitrary input value, it will again be found that output does not change at all until a certain increment is exceeded. This increment is called resolution.

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.

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.
Range or span:

The minimum & maximum values of a quantity for which an instrument is designed to measure is called its range or span. 

Dynamic characteristics:
The set of criteria defined for the instruments, which are changes rapidly with time, is called ‘dynamic characteristics’.

The various static characteristics are:
i. Speed of response
ii. Measuring lag
iii. Fidelity
iv. Dynamic error
Speed of response:

It is defined as the rapidity with which a measurement system responds to changes in the measured quantity.
Measuring lag:
It is the retardation or delay in the response of a measurement system to changes in the measured quantity. The measuring lags are of two types:

a) Retardation type:
In this case the response of the measurement system begins immediately after the change in measured quantity has occurred.

b) Time delay lag:
In this case the response of the measurement system begins after a dead time after the application of the input. Fidelity: It is defined as the degree to which a measurement system indicates changes in the measurand quantity without 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.
Static Errors in Measurements:
The static error of a measuring instrument is the numerical difference between the true value of a quantity and its value as obtained by measurement. The measurement of an amount is based on some international standards which are completely accurate compared with others. Generally, measurement of any quantity is done by comparing it with derived standards with which they are not completely accurate. Thus, the errors in measurement are not only due to error in methods, but are also due to derivation being not done perfectly well. So, 100% measurement error is not possible with any methods.
It is very important for the operator to take proper care of the experiment while performing on industrial instruments so that the error in measurement can be reduced. Some of the errors are constant in nature due to the unknown reasons, some will be random in nature, and the other will be due to gross blunder on the part of the experimenter.
Errors in Measurement System
An error may be defined as the difference between the measured value and the actual value. For example, if the two operators use the same device or instrument for finding the errors in measurement, it is not necessary that they may get the similar results. There may be a difference between both measurements. The difference that occurs between both the measurements is referred to as an ERROR.
Sequentially, to understand the concept of errors in measurement, you should know the two terms that define the error. They are true value and measured value. The true value is impossible to find out the truth of quantity by experimental means. It may be defined as the average value of an infinite number of measured values. Measured value can be defined as the estimated value of true value that can be found by taking several measured values during an experiment.
In order to understand the concept of errors in measurement, we should know the two terms that defines the error and these two terms are written below:
True Value
It is not possible to determine the true of quantity by experiment means. True value may be defined as the average value of an infinite number of measured values when average deviation due to various contributing factor will approach to zero.
Measured Value
It may be defined as the approximated value of true value. It can be found out by taking means of several measured readings during an experiment, by applying suitable approximations on physical conditions.
Now we are in a position to define static error. Static error is defined as the difference of the measured value and the true value of the quantity.
Mathematically we can write an expression of error as, 
dA = Am - At
where, dA is the static error 
Am is measured value and At is true value.

It may be noted that the absolute value of error cannot be determined as due to the fact that the true value of quantity cannot be determined accurately.

Let us consider few terms related to errors.
Limiting Errors or Guarantee Errors
The concept of guarantee errors can better clear if we study this kind of error by considering one example. Suppose there is a manufacturer who manufacture an ammeter, now he should promises that the error in the ammeter is selling not greater the limit he sets. This limit of error is known as limiting errors or guarantee error.
Relative Error or Fractional Error
It is defined as the ratio of the error and the specified magnitude of the quantity. Mathematically we write as,
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Where, dA is the error and A is the magnitude.
Now here we are interested in computing resultant limiting error under the following cases:
(a) By taking the sum of two quantities: Let us consider two measured quantities a1 and a2. The sum of these two quantities can be represented by A. Thus we can write A = a1 + a2. Now the relative incremental value of this function can be calculated as
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Separating the each term as shown below and by multiplying and dividing a1 with the first term and a2 with the second term we have
[image: https://electrical4u.com/electrical/electrical-questions-equations/errors-in-measurement-classification-of-errors-3.gif]
From the above equation we can see that the resultant limiting error is equal to the sum of products formed by multiplying the individual relative limiting errors by the ratio of each term to the function. Same procedure can be applied to calculate the resultant limiting error due to summation of more than two quantities. In order to calculate the resultant limiting error due to difference of the two quantities just change the addition sign with subtraction and rest procedure is same.
(b) By taking the product of two quantities: Let us consider two quantities a1 and a2. In this case the product of the two quantities are expressed as A = a1+a2. Now taking log both sides and differentiating with respect to A we have resultant limiting errors as
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From this equation we can see that the resultant error is summation of relative errors in measurement of terms. Similarly we can calculate the resultant limiting error for power factor. Hence the relative error would be n times in this case.
Types of Errors
Basically there are three types of errors on the basis; they may arise from the source.
Gross Errors
This category of errors includes all the human mistakes while reading, recording and the readings. Mistakes in calculating the errors also come under this category. For example while taking the reading from the meter of the instrument he may read 21 as 31. All these types of error are come under this category. Gross errors can be avoided by using two suitable measures and they are written below:
1. A proper care should be taken in reading, recording the data. Also calculation of error should be done accurately.
2. By increasing the number of experimenters we can reduce the gross errors. If each experimenter takes different reading at different points, then by taking average of more readings we can reduce the gross errors.
Systematic Errors
In order to understand these kinds of errors, let us categorize the systematic errors as
Instrumental Errors
These errors may be due to wrong construction, calibration of the measuring instruments. These types of error may be arises due to friction or may be due to hysteresis. These types of errors also include the loading effect and misuse of the instruments. Misuse of the instruments results in the failure to the adjust the zero of instruments. In order to minimize the gross errors in measurement various correction factors must be applied and in extreme condition instrument must be re-calibrated carefully.
Environmental Errors
This type of error arises due to conditions external to instrument. External condition includes temperature, pressure, humidity or it may include external magnetic field. Following are the steps that one must follow in order to minimize the environmental errors:
· Try to maintain the temperature and humidity of the laboratory constant by making some arrangements.
· Ensure that there should not be any external magnetic or electrostatic field around the instrument.
Observational Errors
As the name suggests these types of errors are due wrong observations. The wrong observations may be due to PARALLAX. In order to minimize the PARALLAX error highly accurate meters are required, provided with mirrored scales.
Random Errors	
After calculating all systematic errors, it is found that there are still some errors in measurement are left. These errors are known as random errors. Some of the reasons of the appearance of these errors are known but still some reasons are unknown. Hence we cannot fully eliminate these kinds of error. To minimize these random errors it is better to implement the statistical analysis in the following manner.
Statistical Analysis of Experimental Data It is important to define some pertinent terms before discussing some important methods of statistical analysis of experimental data. 
Arithmetic Mean: When a set of readings of an instrument is taken, the individual readings will vary somewhat from each other, and the experimenter is usually concerned with the mean of all the readings. If each reading is denoted by xi and there are n readings, the arithmetic mean is given by
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Deviation 
The deviation, d, for each reading is given by 
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We may note that the average of the deviations of all readings is zero since
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The average of the absolute value of the deviations is given by
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Note that the quantity is not necessarily zero.
Standard Deviation 
It is also called root mean-square deviation. It is defined as
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Variance 
The square of standard deviation is called variance. This is sometimes called the population or biased standard deviation because it strictly applies only when a large number of samples is taken to describe the population. 

Geometrical mean 
It is appropriate to use a geometrical mean when studying phenomena which grow in proportion to their size. This would apply to certain biological processes and growth rate in financial resources. The geometrical mean is defined by
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PRINCIPLES OF MEASUREMENTS
Electrical voltage and current are two important quantities in an electrical network. The voltage is the effort variable without which no current is available. It is measured across an electrical circuit element or branch of a circuit. The device that measures the voltage is the voltmeter. The current is the flow variable that represents net motion of the charged particles (electrons in solids, ions in a liquid) in a given direction. The product of the two yields the instantaneous electrical power. The ratio of the voltage to the current is the impedance.
The current is measured by an ammeter (also called an ampermeter). Ammeters are connected in series with the load to measure the current in the load. Eventually, the ammeters require breaking the current loop to place it into the circuit.
The voltmeter connection is rather easy since it is connected without disturbing the circuit layout. Therefore, most electrical measurements require determination of the voltage rather than the current due the ease of measurement. Connections of ammeters and voltmeters are illustrated in Figure.
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The current generates a magnetic field around the current carrying conductor. It is also possible to check out the size of the current by sensing the magnetic field strength. This is carried out by clamp-on type ammeters that will be shown later in the chapter. The electrical resistance of a circuit component is measured using an ohmmeter that applies a voltage across and determines the current passing through the component.
Voltmeters and ammeters display the results as deflections of dials on calibrated screens or numerical values on alphanumeric displays as illustrated in below Figure. Both types are connected to the circuit via sensing leads and indicate the voltage. However, their internal operations and user interfaces are different. The first type forms the analog meters that will be discussed firstly in this chapter. 
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MOVING COIL IN MEASURING INSTRUMENTS
Magnetic field generated by a current carrying conductor and force exerted on such a conductor as it is inserted in a magnetic field. The magnitude of the force on the conductor depends on the magnitude of the current which it carries. The force is a maximum when the current flows perpendicular to the field and it is zero when it flows parallel to the field as illustrated in diagrams A and B respectively in Figure.
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Balancing the Electromagnetic Torque by a Spring Torque
The coil is suspended in a uniform magnetic field and rotates due to the electromagnetic torque TEM. This torque is opposed by spiral control springs (Figure) mounted on each end of the coil. 
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The torque put forth on the control spring is TSP = k where  is the angle of rotation (degrees) and k is spring constant (N-m/degree). At equilibrium (at balance)
[image: ]
Which is constant for a specific equipment provided that B is constant. In this respect, the moving coil instrument can be considered as a transducer that converts the electrical current to angular displacement. The linear relation between  and I indicate that we have a linear (uniform) scale as shown in Figure.
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The D’Arsonval Meter Movement
A Permanent Magnet Moving Coil (PMMC) meter that consists of a moving coil suspended between the poles of a horseshoe type permanent magnet is called the D’Arsonval meter as shown in below Figure. It is an analog electromechanical transducer that produces a rotary deflection of some type of pointer in response to electric current flowing through its coil. Shoe poles are curved to have a uniform magnetic field through the coil. 
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The coil is suspended between to pivots and can rotate easily. Iron core and permanent magnet are fixed. Coil axes and pointer is the moving parts. The principle of operation is similar to the general moving coil instrument explained above. There are mechanical stops at both ends to limit the movement of the pointer beyond the scale. The amount of the DC current that causes maximum allowable deflection on the screen is called the full-scale deflection current IFSD and it is specified for all meters by the manufacturer.
The moving coil instrument provides a unidirectional movement of the pointer as the coil moves against the control springs. It can be used to display any electrical variable that can be converted to a DC current within the range of IFSD. The screen is calibrated in a curvilinear fashion it has a mirror-backed scale to identify the position of the pointer. The reading must be done under reasonable lighting conditions and just above the pointer. Otherwise, there will be parallax errors in the reading as shown in Figure.
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Under the best measurement conditions, the reading can be interpreted by the user within ± ½ small (minor) scale division.
The Galvanometer
The galvanometer is a moving coil instrument in which position of the pointer can be biased so that it stays in the middle of the scale to indicate zero current as shown in Figure. 
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It can deflect in both directions to show the negative and positive values. It is commonly used in bridge measurements where zeroing (balancing – null) of the display is important for a very accurate measurement of the variable. It is also used in mechanical recorders in which a pen assembly is attached to the tip of the pointer and it marks on the paper passing underneath. Neither the standard moving coil instrument nor the galvanometer can be used for AC measurement directly since the AC current produces positive deflection with the positive alternate and negative deflection with the negative alternate. Thus, a stable position on the scale can’t be obtained to indicate the magnitude of the current.

MC BASED MEASURING INSTRUMENTS
MC in Analog Electrical Measuring Instruments
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Figure shows another simplified illustration of a PMMC meter. The standard MC instrument indicates positive DC currents (IMC) as deflection on the scale. The galvanometer displays both positive and negative currents. The moving coil is usually made up of a very thin wire. The maximum current that gives full-scale deflection IFSD is in the order of 0.1 to 10 mA and coil resistance RMC 10 to 1000 Ω. The maximum deflection angle is about 100º. The current through the moving coil IMC is limited by the IFSD. A voltage drop VMC = IMCRMC occurs across the coil. The moving coil can represented by the full-scale deflection current IFSD and coil resistance RMC as shown in Figure.
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Basic meter: A basic d.c. meter uses a motoring principle for its operation. It stntes that any current carrying coil placed in a magnetic field experiences a force, which is proportional to the magnitude of current passing through the coil. This movement of coil is called D'Arsonval movement and basic meter is called D'Arsonval galvanometer.
D.C instruments: 
a) Using shunt resistance, d.c. current can be measured. The instrument is d.c. microammeter, milliammeter or ammeter. 
b) Using series resistance called multiplier, d.c. voltage can be measured. The instrument is d.c. millivoltmeter, voltmeter or kilovoltmeter. 
c) Using a battery and resistive network, resistance can be measured. The instrument is ohmmeter. 
A.C instruments: 
a) Using a rectifier, a.c. voltages can be measured, at power and audio frequencies. The instrument is a.c. voltmeter. 
b) Using a thermocouple type meter radio frequency (RF) voltage or current can be measured. 
c) Using a thermistor in a resistive bridge network, expanded scale for power line voltage can be obtained.
Basic DC Ammeter (Ampermeter):
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The current capacity of the meter can be expended by adding a resistor in parallel with the meter coil as shown in Figure. The input current is shared between the coil resistance RMC and the parallel resistance that is called the shunt RSH. As the maximum input current IT flows in, the coil takes IFSD and remaining (IT - IFSD) is taken by the shunt resistor. Voltage developed across the meter is
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Problem:

Calculate the multiplying power of a shunt of 200 Ω resistance used with a galvanometer of 1000 Ω resistance. Determine the value of shunt resistance to give a multiplying factor of 50.
Sol: 
Ifsdx1000 = (IT – Ifsd)x200 yielding IT = 6xIfsd.
For IT=50x Ifsd, 1000x Ifsd =(50-1)x Ifsd xRsh yielding Rsh =1000/49 = 20.41 Ω

Multi-Range Ammeters
The parallel resistance (shunt) can be changed to suit different full-scale current requirements as indicated in the previous example. The function can be accommodated by using a set of resistors and selecting them one by one. The switch however must be of make-before-break type that makes the contact with the new position before it breaks the old connection. This eliminates the chance of forcing the full input current through the moving coil during changing the position of the switch.
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Example 4.4
Design a multi-range DC ammeter using the basic movement with an internal resistance RMC= 50 Ω and full-scale deflection current IMC= IFSD= 1 mA. The ranges required 0-10 mA, 0-50 mA, 0-100 mA and 0-500 mA as illustrated in Figure above. 
VMC = IMCX RMC = 50 mV

 For range-1 (0-10 mA) RSH1= 50/9 =5.56 Ω
 For range-2 (0-50 mA) RSH2= 50/49 =1.02 Ω
 For range-3 (0-100 mA) RSH3= 50/99 =0.505 Ω
 For range-4 (0-500 mA) RSH4= 50/499 =0.1 Ω

Range Extension:
An ammeter range can be extended by connecting external shun resistor across test leads of the ammeter to measure high current values
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DC VOLTMETER

The basic d.c. voltmeter is nothing but a permanent magnet moving coil (PMMC) D' Arsonval galvanometer. The resistance is required to be connected in series with the basic meter to use it as a voltmeter. This series resistance is called a multiplier. The main function of the multiplier is to limit 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 a circuit component. The basic d.c. voltmeter is shown in the Fig.
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IM = full scale deflection current of the movement (Ifsd)
RM = internal resistance of the movement
RS = multiplier resistance
V = full range voltage of the instrument

The voltmeter must be connected across the two points or a component, to measure the potential difference, with the proper polarity.

The multiplier resistance can be calculated as:
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Problem: A basic D’ Arsonval movement with a full-scale deflection of 50 μA and internal resistance of 500Ω is used as a DC voltmeter. Determine the value of the multiplier resistance needed to measure a voltage range of 0-10V.
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Multi-Range Voltmeter
A DC voltmeter can be converted into a multirange voltmeter by connecting a number of resistors (multipliers) in series with the meter movement. A practical multi-range DC voltmeter is shown in Figure.
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Problem: 
Convert a basic D’ Arsonval movement with an internal resistance of 100Ω and a full scale deflection current of 1mA into a multirange dc voltmeter with voltage ranges of 0-15V and 0-50V.
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Range Extension: The resistance is required to be connected in series with basic meter to use it as a voltmeter. This series resistance is called a multiplier.
The main function of the multiplier is to limit the current through the basic meter, so that meter current does not exceed full scale deflection value.
The multiplier resistance can be calculated as
Let Rm is the internal resistance of the coil. Rs = series multiplier resistance
Im = full scale deflection current
V = full range voltage to be measured

V = ImRm +ImRs 
ImRs = V – ImRm 


Rs = V/Im - Rm


The multiplying factor for multiplier is the ratio of full range voltage to be measured and the drop across the basic meter
M = V/v
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Loading Effects in DC Voltmeter:
Ideally the resistance of a Voltmeter is infinite so that so that voltmeter does not alter circuit current. 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, as the resistance of voltmeter is less when compared to the circuit resistance, this will act as a shunt path for the current and therefore the voltage drop across the resistor where we want to measure the voltage will be less. Because of this the reading of voltmeter will not be the actual voltage drop rather it will be lower than actually existed before the connection of the voltmeter. This effect is known as Loading Effect.
Now, we will take an example to better understand the Loading Effect. Consider the figure below.
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It is desired to measure the voltage cross the 50 kOhm resistor using two voltmeter A and B.  Voltmeter A has a sensitivity of 1000 ohm/V while for voltmeter B is 20,000 ohm/V. The range of both voltmeters are 0-50 V.

First of all we will calculate the voltage drop across the 50 kOhm resistor.
Voltage drop across 50 kOhm resistor = 50×150/(100+50)
                                                              = 50 V = True value
Means before the connection of voltmeter the voltage drop across the 50 kOhm resistor is 50V.
Case1: When voltmeter A is used.
Sensitivity of Voltmeter A = 1000 ohm/V
Therefore,
Resistance of Voltmeter RVA = SensitivityxVoltage
                                               = 1000×50 = 50 kOhm

Now when this voltmeter A is connected across the resistor of 50 kOhm, the equivalent resistance of the parallel combination,

Req = 50×50 / (50+50)
        = 25 Kohm
Hence, voltage across the Req = 25×150 / (100+25)
                                                 = 30 V

Therefore we see that voltmeter A reads much less than the true value. It should be noted that for getting good accuracy, the resistance of voltmeter >>> circuit resistance but here in this case both are equal.
Case2: When voltmeter B is used.
Sensitivity of Voltmeter A = 20,000 ohm/V
Therefore,
Resistance of Voltmeter RVA= SensitivityxVoltage
                                               = 20,000×50 = 1000 kOhm
Mind here that the resistance of voltmeter >>> circuit resistance i.e 1000 kOhm >>>>50 kOhm so definitely we are going to get voltage reading close to true value i.e 50 V.

Now when this voltmeter A is connected across the resistor of 50 kOhm, the equivalent resistance of the parallel combination,
Req = 50×1000 / (50+1000)
        = 47.6 Kohm

Hence, voltage across the Req = 47.6×150 / (100+47.6)
                                                 = 48.37 V

See how close to the true reading we get. So in second case loading effect is not prominent as the voltmeter resistance is much higher than the circuit resistance but in first case loading effect id dominating as the voltmeter resistance is comparable to circuit resistance.
It should also be noted that meter with higher sensitivity gives reliable result. This is particularly true where voltage measurement is done in higher resistance circuit.

Voltmeter Safety Precautions:
Just as with ammeters, voltmeters require safety precautions to prevent injury to personnel and damage to the voltmeter or equipment. The following is a list of the MINIMUM safety precautions for using a voltmeter.  
· Always connect voltmeters in parallel. 
· Always start with the highest range of a voltmeter.
· Deenergize and discharge the circuit completely before connecting or disconnecting thevoltmeter.
· In dc voltmeters, observe the proper circuit polarity to prevent damage to the meter.
· Never use a dc voltmeter to measure ac voltage.
· Observe the general safety precautions of electrical and electronic devices.

A.C Voltmeters using Rectifier:
 
The PMMC movement used in d.c. voltmeters can be effectively used in a.c. voltmeters. 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. 
The r.m.s. 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 alternating current which when flowing through the same circuit for the same time. The r.m.s value is calculated by measuring the quantity at equal intervals for one complete cycle. Then squaring each quantity, the average of squared v,llues is obtained. The square root of this average value is the r.m.s. value. The r.m.s means root-mean square i.e. squaring, finding the mean i.e. average and finally root. 
If the waveform is continuous then instead of squaring and calculating mean, the integratioll is used. Mathematically the r.m.s. value of the continuous a.c. voltage having time period T is given by,
[image: ]
The 1/T term indicates mean value or average value.
[image: ]
If the a.c. quantity is continuous then average value can be expressed mathematically using an integration as,
[image: ]
The form factor is the ratio of r.m.s. value to the average value of an alternating quantity.
[image: ] 


Basic rectifier type voltmeter:

[image: ]

The diodes D1 and D2 are used for the rectifier circuit. The diodes show the nonlinear behavior for the low currents hence to increase the current through diode D1, the meter is shunted with a resistance Rsh'. This ensures high current through diode and its linear behavior. 
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. 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. 

A.C voltmeter using fullwave rectifier: 
The a.c. voltmeter using full wave rectifier is achieved by using bridge rectifier consisting of four diodes, as shown in the below fig.

[image: ]




OHMMETER
The PMMC can change to be ohmmeter with connected voltage source and limited current resistor in series. The type of Ohmmeter is series ohmmeter and parallel ohmmeter. The purpose of an ohmmeter is to measure the resistance placed between its leads. This resistance reading is indicated through a mechanical meter movement which operates on electric current.

Series Ohmmeter

[image: ]
Figure: Individual Series Ohmmeter circuit.

R1 = Limited Current Resistor
R2 = Zero Adjust Resistor
Rx = unknown Resistance
Rm = Meter Resistance

Operation of Series Ohmmeter
When Rx = 0 (AB terminal short), the current in circuit is maximum and the pointer shown the full reading. Adjust the R2 until the full scale, IM. The pointer at full scale is mark as 0 ohm.
When Rx = infinity (AB terminal open), the current in circuit is 0. The unknown resistance must connect series with basic meter movement. This circuit use to measure higher resistance and the pointer is mark as infinity.
[image: ]
When Rx connected;
[image: ]

Problem: Given PMMC with resistance 100Ω was using in series ohmmeter. R1 = 500Ω, R2 = 400Ω and supply voltage = 10V. When connected with Rx, the reading shows 0.5mA. Find the value of Rx.
[image: ]

Parallel (Shunt) Ohmmeter
[image: ]
[image: ]
Operation of Shunt Ohmmeter
[image: ]
S1 is using for cut-off the battery (Vin) when not using the circuit.
When Rx = 0 ( AB terminal short), no current in circuit and the pointer is mark as 0 ohm.
When Rx = infinity (AB terminal open), the current (IM) in circuit is maximum. Adjust R1 until the meter movement is full scale, and the pointer is mark as ∞Ω (Infinity).
[image: ]

Function
i. Current limiting resistance
A resistor inserted in an electrical circuit to limit the flow of current to some predetermined value. It is used chiefly to protect tubes and other components during warm-up.
ii. Zero adjusts resistance.
A resistor inserted in an electrical circuit to adjusts the value of resistance to zero.
iii. Meter resistance
       A resistance of the meter's armature coil.
iv. Unknown resistance
        A resistance that unknown value in a circuit.

Electronic multimeter: 

For the measurement of d.c. as well as a.c. voltage and current, resistance, an electronic multimeter is commonly used. It is also known as Voltage-Ohm Meter (VOM) or multimeter 
The important salient features of VOM are as listed below.
 
2) The basic circuit of VOM includes balanced bridge d.c. amplifier. 
3) To limit the magnitude of the input signal, RANGE switch is provided. By properly adjusting input attenuator input signal can be limited. 
4) It also includes rectifier section which converts a.c. input signal to the d.c. voltage. 
5) It facilitates resistance measurement with the help of internal battery and additional circuitry. 
6) The various parameters measurement is possible by selecting required function using FUNCTION switch. 
7) The measurement of various parameters is indicated with the help of indicating Meter. 

Use of multimeter for D.C measurement: 

[image: ]

For getting different ranges of voltages, different series resistances are connected in series 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. 
Use of multimeter as ammeter: 
To get different current ranges, different shunts are connected across the meter with the help of range selector switch. The working is same as that of PMMC ammeter.

[image: ]

Use of multimeter for measurement of A.C voltage:
[image: ]
The rectifier used in the circuit rectifies a.c. voltage into d.c. voltage for measurement of a.c. voltage before current passes through the meter. The other diode is used for the protection purpose. 

Use of multimeter for resistance measurement: 
The Fig shows ohmmeter section of multimeter for a scale multiplication of 1. Before any measurement is made, the instrument is short circuited and "zero adjust" control is varied until the meter reads zero resistance i.e. it shows full scale current. Now 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. Voltages are applied the circuit with the help of battery.

[image: ]
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