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PRINCIPLE AND TYPES OF MULTI METERS – SINGLE AND THREE PHASE WATT 
METERS AND ENERGY METERS – MAGNETIC MEASUREMENTS – DETERMINATION OF 
B-H CURVE AND MEASUREMENTS OF IRON LOSS – INSTRUMENT TRANSFORMERS – 
INSTRUMENTS FOR MEASUREMENT OF FREQUENCY AND PHASE. 
     
SINGLE AND THREE PHASE WATTMETERS AND ENERGY METERS  

 

Single Phase Induction Type Meters  
The construction and principle of operation of Single Phase Energy Meters is explained below  

 

Construction of Induction Type Energy Meters  
There are four main parts of the operating mechanism  

(i) Driving system (ii) Moving system (iii) Braking system  (iv) Registering system  

 

DRIVING SYSTEM  

 

          The driving system of the meter consists of two electro-magnets.  The core of these 

electromagnets is made up of silicon steel laminations. The coil of one of the electromagnets is 

excited by the load current. This coil is called the current coil.  The coil of second electromagnet is 

connected across the supply and, therefore, carries a current proportional to the supply voltage. This 

coil is called the pressure coil.  Consequently the two electromagnets are known as series and shunt 

magnets respectively.  Copper shading bands are provided on the central limb. The position of these 

bands is adjustable.  The function of these bands is to bring the flux produced by the shunt magnet 

exactly in quadrature with the applied voltage.  

 

MOVING SYSTEM  

 

             This consists of an aluminum disc mounted on a light alloy shaft.  This disc is positioned in 

the air gap between series and shunt magnets. The upper bearing of the rotor (moving system) is a 

steel pin located in a hole in the bearing cap fixed to the top of the shaft.  The rotor runs on a 

hardened steel pivot, screwed to the foot of the shaft. The pivot is supported by a jewel bearing.  A 

pinion engages the shaft with the counting or registering mechanism. 

 

                                           
                                                 SINGLE PHASE ENERGY METER 
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BRAKING SYSTEM  
 
                     A permanent magnet positioned near the edge of the aluminium disc forms the 
braking system. The aluminium disc moves in the field of this magnet and thus provides a 
braking torque.  The position of the permanent magnet is adjustable, and therefore braking 
torque can be adjusted by shifting the permanent magnet to different  
radial positions as explained earlier.  

  
                          POINTER TYPE                                                CYCLOMETER REGISTER  
 
REGISTERING (COUNTING) MECHANISM  
 
                 The function of a registering or counting mechanism is to record continuously a 
number which is proportional to the revolutions made by the moving system. By a suitable 
system, a train of reduction gears the pinion on the rotor shaft drives a series of five or six 
pointers. These rotate on round dials which are marked with ten equal divisions. The 
pointer type of register is shown in Fig. Cyclo-meter register as shown in Fig can also he 
used.  
 
Errors in Single Phase Energy Meters  
 
The errors caused by the driving system are  
(i) Incorrect magnitude of fluxes. (ii) Incorrect phase angles. (iii) Lack of Symmetry in 
magnetic circuit. 
 
The errors caused by the braking system are  

i) changes in strength of brake magnet  

ii) changes in disc resistance  

iii) abnormal friction iv) self braking effect  
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THREE PHASE GENERAL SUPPLY WITH CONTROLLED LOAD 
 

                 
 

 L1 – 30A Load Control (Hot Water)  
 L2 – Maximum 2A Load Control (Storage Heating)  
 2.5mm² with 7 strands for conductors to control customer contactor  
 Load carrying conductors not less than 4mm² or greater than 35mm²  
 All metering neutrals to be black colour 4mm² or 6 mm² with minimum 7 stranded 

conductors.  
 Not less than 18 strand for 25 & 35mm² conductors  
 Refer to SIR’s for metering obligations 
 Comply with Electrical Safety (Installations) Regulations 2009 and AS/NZS 3000  
 Customer needs to provide 2A circuit breaker as a Main Switch and their load 

control contactor  
 Within customer’s switchboard  
 Meter panel fuse not required for an overhead supply.  
 Off Peak controlled load only includes single phase hot water & single or multi-

phase storage heating  
 Wiring diagram applicable for Solar  
 Metering diagram is applicable for 2 or 3 phase load. For 2 phase loads – Red and 

Blue phase is preferred.  
 
WATTMETER  
 
Electrodynamometer Wattmeters 
  

 These instruments are similar in design and construction to electrodynamometer 
type ammeters and voltmeters.  

 The two coils are connected in different circuits for measurement of power.  
 The fixed coils or “ field coils” arc connected in series with the load and so carry the 

current in the circuit.  
 The fixed coils, therefore, form the current coil or simply C.C. of the wattmeter.  
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 The moving coil is connected across the voltage and, therefore, carries a current 
proportional to the voltage.  

 A high non-inductive resistance is connected in series with the moving coil to limit 
the current to a small value.  

 Since the moving coil carries a current proportional to the voltage, it is called the ‘ ‘ 
pressure coil’ ’ or “ voltage coil” or simply called P.C. of the wattmeter.  
 
Construction of Electrodynamometer Wattmeter 
  
Fixed Coils  
 

 The fixed coils carry the current of the circuit. They are divided into two halves.  
 The reason for using fixed coils as current coils is that they can be made more 

massive and can be easily constructed to carry considerable current since they 
present no problem of leading the current in or out.  

 The fixed coils are wound with heavy wire. This wire is stranded or laminated 
especially when carrying heavy currents in order to avoid eddy current losses in 
conductors. The fixed coils of earlier wattmeters were designed to carry a current of 
100 A but modem designs usually limit the maximum current ranges of wattmeters 
to about 20 A. For power measurements involving large load currents, it is usually 
better to use a 5 A wattmeter in conjunction with a current transformer of suitable 
range. 

                          
                                                           DYNAMOMETER WATTMETER 
 

Damping  

Air friction damping is used.  

The moving system carries a light aluminium vane which moves in a sector shaped box.  

Electromagnetic or eddy current damping is not used as introduction of a permanent magnet  

(for damping purposes) will greatly distort the weak operating magnetic field.  

 

Scales and Pointers  
They are equipped with mirror type scales and knife edge pointers to remove reading errors due  

to parallax.  
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THEORY OF ELECTRODYNAMOMETER WATT-METERS 

                
                                           CIRCUIT OF ELECTRODYNAMOMETER  
 

It is clear from above that there is a component of power which varies as twice the frequency  
of current and voltage (mark the term containing 2 Ȧt).  
Average deflecting torque, 
 

 
Controlling torque exerted by springs Tc= Kș  
Where, K = spring constant; ș= final steady deflection.  
 
Errors in electrodynamometer  
i) Errors due to inductance effects ii) Stray magnetic field errors  
iii) Eddy current errors  iv) Temperature error 
 
Ferrodynamic Wattmeters  
 
       The operating torque can be considerably increased by using iron cores for the coils. 
Ferrodynamic wattmeters employ cores of low loss iron so that there is a large increase in 
the flux density and consequently an increase in operating torque with little loss in 
accuracy.  The fixed coil is wound on a laminated core having pole pieces designed to give a 
uniform radial field throughout the air gap.  The moving coil is asymmetrically pivoted and 
is placed over a hook shaped pole piece.  This type of construction permits the use of a long 
scale up to about 270° and gives a deflecting torque which is almost proportional to the 
average power.  With this construction there is a tendency on the part of the pressure coil 
to creep (move further on the hook) when only the pressure coil is energized.  This is due 
to the fact that a coil tries to take up a position where it links with maximum flux. The creep 
causes errors and a compensating coil is put to compensate for this voltage creep. 
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                   The use of ferromagnetic core makes it possible to employ a robust construction 
for the moving element.  Also the Instrument is less sensitive to external magnetic fields. 
On the other hand, this construction introduces non-linearity of magnetization curve and 
introduction of large eddy current & hysteresis losses in the core.  
 
THREE PHASE WATTMETERS  
 
                  A dynamometer type three-phase wattmeter consists of two separate wattmeter 
movements mounted together in one case with the two moving coils mounted on the same 
spindle.  The arrangement is shown in Fig.  There are two current coils and two pressure 
coils.  A current coil together with its pressure coil is known as an element. Therefore, a 
three phase wattmeter has two elements.  The connections of two elements of a 3 phase 
wattmeter are the same as that for two wattmeter method using two single phase 
wattmeter.  The torque on each element is proportional to the power being measured by it.  
The total torque deflecting the moving system is the sum of the deflecting torque of’ the 
two elements.  Hence the total deflecting torque on the moving system is proportional to 
the total Power.  In order that a 3 phase wattmeter read correctly, there should not be any 
mutual interference between the two elements.  A laminated iron shield may be placed 
between the two elements to eliminate the mutual effects. 
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                                                        THREE PHASE WATTMETER  
 
 
INSTRUMENT TRANSFORMERS  
 
                      Power measurements are made in high voltage circuits connecting the 
wattmeter to the circuit through current and potential transformers as shown. The primary 
winding of the C.T. is connected in series with the load and the secondary winding is 
connected in series with an ammeter and the current coil of a wattmeter.  The primary 
winding of the potential transformer is connected across the supply lines and a voltmeter 
and the potential coil circuit of the wattmeter are connected in parallel with the secondary 
winding of the transformer. One secondary terminal of each transformer and the casings 
are earthed. 

                             
The errors in good modem instrument transformers are small and may be ignored for 
many purposes.  
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                However, they must be considered in precision work. Also in some power 
measurements these errors, if not taken into account, may lead to very inaccurate results.  
Voltmeters and ammeters are affected by only ratio errors while wattmeters are influenced 
in addition by phase angle errors. Corrections can be made for these errors if test 
information is available about the instrument transformers and their burdens.  Phasor 
diagrams for the current and voltages of load, and in the wattmeter coils 
 

 
 
of Ferro-magnetic materials used for their construction. Therefore, magnetic 
measurements and a thorough knowledge of characteristics of magnetic materials are of 
utmost importance in designing and manufacturing electrical equipment.  
 
The principal requirements in magnetic measurements are  
(i) The measurement of magnetic field strength in air.  
(ii) The determination of B-H curve and hysteresis loop for soft Ferro-magnetic materials.  
(iii) The determination of eddy current and hysteresis losses of soft Ferro-magnetic 
materials subjected to alternating magnetic fields.  
(iv) The testing of permanent magnets.  
 
Magnetic measurements have some inherent inaccuracies due to which the measured 
values depart considerably from the true values. The inaccuracies are due to the following 
reasons  
(i) The conditions in the magnetic specimen under test are different from those assumed in 
calculations;  
(ii) The magnetic materials are not homogeneous  
(iv)There is no uniformity between different batches of test specimens even if such batches 
are of the same composition.  
 
Types of Tests  
 
            Many methods of testing magnetic materials have been devised wherein attempts 
have been made to eliminate the inaccuracies. However, attention will be confined to a few 
basic methods of ‘ Testing Ferro-magnetic materials. They are:  
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(i) Ballistic Tests: These tests are generally employed for the determination of  B- H   
curves and hysteresis loops of Ferro-magnetic materials.  
(ii) A. C. Testing. These tests may be carried at power, audio or radio frequencies. They 
give information about eddy current and hysteresis losses in magnetic materials.  
(iii) Steady State Tests. These are performed to obtain the steady value of flux  density 
existing in the air gap of a magnetic circuit.  
 
Ballistic Tests: These tests are used for determination of flux density in a specimen, 
determination of B-H curves and plotting of hysteresis loop.  
 
MEASUREMENT OF FLUX DENSITY  
 
The measurement of flux density inside a specimen can be done by winding a search coil 
over the specimen.  This search coil is known as a “ B coil” .  This search coil is then 
connected to a ballistic galvanometer or to a flux meter.  
 
Let us consider that we have to measure the flux density in a ring specimen shown in Fig.  
The ring specimen is wound with a magnetizing winding which carries a current I.  A 
search coil of convenient number of turns is wound on the specimen and connected 
through a resistance and calibrating coil, to a ballistic galvanometer as shown.  The current 
through the magnetizing coil is reversed and therefore the flux linkages of the search coil 
change inducing an emf in it.  Thus emf sends a current through the ballistic galvanometer 
causing it to deflect. 
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MAGNETIC POTENTIOMETER  
 
           This is a device for measurement of magnetic potential difference between two 
points. It can be shown that the line integral of magnetizing force H produced by a coil of N 
concentrated turns carrying a current I is: 

                                         
around any closed path linking the coil. 
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Magnetic potentiometer 

 
            This is the circuital law of the magnetic field and forms the basis of magnetic 
potentiometer.  A magnetic potentiometer may be used to determine the mmf around a 
closed path, or the magnetic potential difference between two points in a magnetic circuit.  
A magnetic potentiometer consists of a one metre long flat and uniform coil made of two or 
four layers of thin wire wound unidirectional on a strip of flexible non-magnetic material.  
The coil ends are brought out at the middle of the strip as shown in Fig. and connected to a 
ballistic galvanometer.  The magnetic potential difference between points A and B of the 
field is measured by placing the ends of the strip at these points and observing the throw of 
the ballistic galvanometer when the flux through the specimen is changed. 
 
 DETERMINATION OF B-H CURVE  
 
Method of reversals  
 
                    A ring shaped specimen whose dimensions are known is used for the purpose  
After demagnetizing the test is started by setting the magnetising current to its lowest test 
vlane. With galvanometer key K closed, the iron specimen is brought into a ‘ reproducible 
cyclic magnetic state’ by throwing the reversing switch S backward and forward about 
twenty times.  
Key K is now opened and the value of flux corresponding to this value of H is measured by 
reversing the switch S and noting the throw of galvanometer.  The value of flux density 
corresponding to this H can be calculated by dividing the flux by the area of the specimen.  
The above procedure is repeated for various values of H up to the maximum testing point.  
The B-H curve may be plotted from the measured values of B corresponding to the various 
values of H.  
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Step by step method  
 
The circuit for this test is shown in Fig.  The magnetizing winding is supplied through a 
potential divider having a large number of tapping.  The tappings are arranged so that the 
magnetizing force H may be increased, in a number of suitable steps, up to the desired 
maximum value.  The specimen before being tested is demagnetized.  The tapping switch S 
is set on tapping I and the switch S is closed. The throw of the galvanometer corresponding 
to this increase in flux density in the specimen, form zero to some value B, is observed.  
 
Step by step method  
 
                     After reaching the point of maximum H i.e... when switch S is at tapping  10, the 
magnetizing current is next reduced, in steps to zero by moving switch 2 down through the 
tapping points 9, 8, 7 3, 2, 1.  After reduction of magnetizing force to zero, negative values 
of H are obtained by reversing the supply to potential divider and then moving the switch S 
up again in order 1, 2, 3 7, 8. 9, 10. 
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DETERMINATION OF HYSTERESIS LOOP  
 
Method of reversals  
             This test is done by means of a number of steps, but the change in flux density 
measured at each step is the change from the maximum value + Bm down to some lower 
value. But before the next step is commenced the iron specimen is passed through the 
remainder of the cycle of magnetization back to the flux density + Bm.  Thus the cyclic state 
of magnetization is preserved.  
 
The connections for the method of reversals are shown in Fig. 

 
Method of reversal 

 
MEASUREMENT OF  FREQUENCY : 
 
A frequency meter is an instrument that displays the frequency of a periodic electrical 
signal. 
 
Various types of frequency meters are used. Many are instruments of the deflection type, 
ordinarily used for measuring low frequencies but capable of being used for frequencies as 
high as 900 Hz. These operate by balancing two opposing forces. Changes in the frequency 
to be measured cause a change in this balance that can be measured by the deflection of a 
pointer on a scale. Deflection-type meters are of two types, electrically resonant 
circuits and ratiometers. 
An example of a simple electrically resonant circuit is a moving-coil meter. In one version, 
this device has two coils tuned to different frequencies and connected at right angles to one 

https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Period_(physics)
https://en.wikipedia.org/wiki/Electrical_signal
https://en.wikipedia.org/wiki/Electrical_signal
https://en.wikipedia.org/wiki/Deflection_(physics)
https://en.wikipedia.org/wiki/LC_circuit
https://en.wikipedia.org/wiki/LC_circuit
https://en.wikipedia.org/wiki/Ammeter#Moving-coil
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another in such a way that the whole element, with attached pointer, can move. 
Frequencies in the middle of the meter’s range cause the currents in the two coils to be 
approximately equal and the pointer to indicate the midpoint of a scale. Changes in 
frequency cause an imbalance in the currents in the two coils, causing them, and the 
pointer, to move. 
Another type of frequency meter, Weston Frequency meter is not of the deflection type, is 
the resonant reed type, ordinarily used in ranges from 10 to 1,000 Hz, although special 
designs can operate at lower or higher frequencies. 
The main principle of working of weston type frequency meter is that "when an current 
flows through the two coils which are perpendicular to each other, due to these currents 
some magnetic fields will produce and thus the magnetic needle will deflects towards the 
stronger magnetic field showing the measurement of frequency on the meter". 
Construction of weston frequency is as compared to ferrodynamic type of frequency meter. 
In order to construct a circuit diagram we need two coils, three inductors and two 
resistors. Axis of both coils are marked as shown. Scale of the meter is calibrated such that 
at standard frequency the pointer will take position at 45o. Coil 1 contains a series resistor 
marked R1 and reactance coil marked as L1, while the coil 2 has a series reactance coil 
marked as L2 and parallel resistor marked as R2. The inductor which is marked as L0 is 
connected in series with the supply voltage in order to reduce the higher harmonic means 
here this inductor is working as a filter circuit. Let us look at the working of this meter. 
Now when we apply voltage at standard frequency then the pointer will take normal 
position, if there increase the frequency of the applied voltage then we will see that the 
pointer will moves towards left marked as higher side as shown in the circuit diagram. 
Again we reduce the frequency the pointer will start moving towards the right side, if lower 
the frequency below the normal frequency then it cross the normal position to move 
towards left side marked lower side as shown in the figure. Now let us look at the internal 
working of this meter. Voltage drop across an inductor is directly proportion to frequency 
of the source voltage, as we increase the frequency of the applied voltage the voltage drop 
across the inductor L1 increase that means the voltage impressed between the coil 1 is 
increased hence the current through the coil 1 increase while the current through the coil 2 
decreases. Since the current through the coil 1 increases the magnetic field also increases 
and the magnetic needle attracts more towards the left side showing the increment in the 
frequency. Similar action will takes if decrease the frequency but in this the pointer will 
moves towards the left side. 
 

 Weston frequency meter 
 Electrical resonance type frequency meter 
 Mechanical resonance type frequency meter 
 Digital frequency meter 

 
                        An important electrical quantity with no equivalent in DC circuits is frequency. 
Frequency measurement is very important in many applications of alternating current, 
especially in AC power systems designed to run efficiently at one frequency and one 
frequency only. If an electromechanical alternator is generating the AC, the frequency will 
be directly proportional to the shaft speed of the machine, and frequency could be 
measured simply by measuring the speed of the shaft. If frequency needs to be measured at 
some distance from the alternator, though, other means of measurement will be necessary. 

https://en.wikipedia.org/wiki/Resonance
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One simple but crude method of frequency measurement in power systems utilizes the 
principle of mechanical resonance. Every physical object possessing the property of 
elasticity (springiness) has an inherent frequency at which it will prefer to vibrate. The 
tuning fork is a great example of this: strike it once and it will continue to vibrate at a tone 
specific to its length. Longer tuning forks have lower resonant frequencies: their tones will 
be lower on the musical scale than shorter forks.  Imagine a row of progressively sized 
tuning forks arranged side-by-side. They are all mounted on a common base, and that base 
is vibrated at the frequency of the measured AC voltage (or current) by means of an 
electromagnet. Whichever tuning fork is closest in resonant frequency to the frequency of 
that vibration will tend to shake the most (or the loudest). If the forks' tines were flimsy 
enough, we could see the relative motion of each by the length of the blur we would see as 
we inspected each one from an end-view perspective. Well, make a collection of “tuning 
forks” out of a strip of sheet metal cut in a pattern akin to a rake, and you have the vibrating 
reed frequency meter: (Figure below) 

                      
                                   Vibrating reed frequency meter diagram. 
 

                        
                    The user of this meter views the ends of all those unequal length reeds as they 
are collectively shaken at the frequency of the applied AC voltage to the coil. The one 
closest in resonant frequency to the applied AC will vibrate the most, looking something 
like Figure below. 
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Vibrating reed frequency meter front panel 

 
Vibrating reed meters, obviously, are not precision instruments, but they are very simple 
and therefore easy to manufacture to be rugged. They are often found on small engine-
driven generator sets for the purpose of setting engine speed so that the frequency is 
somewhat close to 60 (50 in Europe) Hertz.  
While reed-type meters are imprecise, their operational principle is not. In lieu of 
mechanical resonance, we may substitute electrical resonance and design a frequency 
meter using an inductor and capacitor in the form of a tank circuit (parallel inductor and 
capacitor). See Figure below. One or both components are made adjustable, and a meter is 
placed in the circuit to indicate maximum amplitude of voltage across the two components. 
The adjustment knob(s) are calibrated to show resonant frequency for any given setting, 
and the frequency is read from them after the device has been adjusted for maximum 
indication on the meter. Essentially, this is a tunable filter circuit, which is adjusted and 
then read in a manner similar to a bridge circuit (which must be balanced for a “null” 
condition and then read). 

                                       
                This technique is a popular one for amateur radio operators (or at least it was 
before the advent of inexpensive digital frequency instruments called counters), especially 
because it doesn't require direct connection to the circuit. So long as the inductor and/or 
capacitor can intercept enough stray field (magnetic or electric, respectively) from the 
circuit under test to cause the meter to indicate, it will work. In frequency as in other types 
of electrical measurement, the most accurate means of measurement are usually those 
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where an unknown quantity is compared against a known standard, the basic instrument 
doing nothing more than indicating when the two quantities are equal to each other. This is 
the basic principle behind the DC (Wheatstone) bridge circuit and it is a sound metrological 
principle applied throughout the sciences. If we have access to an accurate frequency 
standard (a source of AC voltage holding very precisely to a single frequency), then 
measurement of any unknown frequency by comparison should be relatively easy. For that 
frequency standard, we turn our attention back to the tuning fork, or at least a more 
modern variation of it called the quartz crystal. Quartz is a naturally occurring mineral 
possessing a very interesting property called piezoelectricity. Piezoelectric materials 
produce a voltage across their length when physically stressed, and will physically deform 
when an external voltage is applied across their lengths. This deformation is very, very 
slight in most cases, but it does exist.  Quartz rock is elastic (springy) within that small 
range of bending which an external voltage would produce, which means that it will have a 
mechanical resonant frequency of its own capable of being manifested as an electrical 
voltage signal. In other words, if a chip of quartz is struck, it will “ring” with its own unique 
frequency determined by the length of the chip, and that resonant oscillation will produce 
an equivalent voltage across multiple points of the quartz chip which can be tapped into by 
wires fixed to the surface of the chip. In reciprocal manner, the quartz chip will tend to 
vibrate most when it is “excited” by an applied AC voltage at precisely the right frequency, 
just like the reeds on a vibrating-reed frequency meter.  
Chips of quartz rock can be precisely cut for desired resonant frequencies, and that chip 
mounted securely inside a protective shell with wires extending for connection to an 
external electric circuit. When packaged as such, the resulting device is simply called a 
crystal (or sometimes “xtal”). The schematic symbol is shown in Figure below.  
 

                                                          
Crystal (frequency determing element) schematic symbol. 

 
Electrically, that quartz chip is equivalent to a series LC resonant circuit. (Figure below) 
The dielectric properties of quartz contribute an additional capacitive element to the 
equivalent circuit.  
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                                             Quartz crystal equivalent circuit 
 
              The “capacitance” and “inductance” shown in series are merely electrical 
equivalents of the mechanical resonance properties: they do not exist as discrete 
components within the crystal. The capacitance shown in parallel due to the wire 
connections across the dielectric (insulating) quartz body is real, and it has an effect on the 
resonant response of the whole system. A full discussion on crystal dynamics is not 
necessary here, but what needs to be understood about crystals is this resonant circuit 
equivalence and how it can be exploited within an oscillator circuit to achieve an output 
voltage with a stable, known frequency. Crystals, as resonant elements, typically have much 
higher “Q” (quality) values than tank circuits built from inductors and capacitors, 
principally due to the relative absence of stray resistance, making their resonant 
frequencies very definite and precise. Because the resonant frequency is solely dependent 
on the physical properties of quartz (a very stable substance, mechanically), the resonant 
frequency variation over time with a quartz crystal is very, very low. This is how quartz 
movement watches obtain their high accuracy: by means of an electronic oscillator 
stabilized by the resonant action of a quartz crystal.  For laboratory applications, though, 
even greater frequency stability may be desired. To achieve this, the crystal in question 
may be placed in a temperature stabilized environment (usually an oven), thus eliminating 
frequency errors due to thermal expansion and contraction of the quartz. For the ultimate 
in a frequency standard though, nothing discovered thus far surpasses the accuracy of a 
single resonating atom. This is the principle of the so-called atomic clock, which uses an 
atom of mercury (or cesium) suspended in a vacuum, excited by outside energy to resonate 
at its own unique frequency. The resulting frequency is detected as a radio-wave signal and 
that forms the basis for the most accurate clocks known to humanity. National standards 
laboratories around the world maintain a few of these hyper-accurate clocks, and 
broadcast frequency signals based on those atoms' vibrations for scientists and technicians 
to tune in and use for frequency calibration purposes. 
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ELECTRICAL RESONANCE TYPE FREQUENCY METER 
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WESTON FREQUENCY METER: 
 

                                
 
 
 
DIGITAL FREQUENCY METER: 
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MEASUREMENT OF PHASE: 
 
       
A device for measuring the difference in phase of two alternating currents of electromotive 
forces. 
 

 Analog phase meter 
 Digital phase meter 

 

 
DIGITAL PHASE METER 

 
 
 

ANALOG PHASE METER 
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DIGITAL MULTIMETER: 

 
 

 


