
UNIT - I 
BASIC MEASUREMENT CONCEPTS 

 
PERMANENT MAGNET MOVING COIL INSTRUMENT (PMMC) 
  
 
 
  
 When a current carrying coil is placed in the magnetic field produced by 

permanent magnet, the coil experience a force and moves. 
 This basic principle is called D’Arsonval Principle 
 Iron core-Spherical if coil –circular 
 Iron core-Cylindrical if coil-Rectangular 
 Torque Equation 

                           Td=NBAI 
Td-Deflection torque in N-M 
B-Flux Density, wb/m^2 
N-Number of turns of coil 
A-Coil area, m^2 
I-Current 
                                   G=NBA=constant 
                      Td= GI 
The Controlling torque, 
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                        Tc=Kθ 
For Steady state 
         Td=TC 
                                               θ=(G/K)I 
 
Advantages, Disadvantages and Errors in PMMC 
 Advantages: 
1.  Sensitivity is high 
2. Consumes Low power 

 
 Disadvantages: 
1. Cost is high 

 
 Errors: 

Source of errors are 
 Friction 
 Temperature 
 Ageing of various parts 

 
MULTIMETER 

         
 
 
 

www.R
eji

np
au

l.c
om

http://en.wikipedia.org/wiki/Image:Digital_Multimeter_Aka.jpg�


 
 
 
 A multimeter or a multitester, also known as a volt/ohm meter or VOM, is an 

electronic measuring instrument that combines several functions in one unit. 
 
  A standard features for multimeters is the ability to measure voltage, current and 

resistance. There are two categories of multimeters, analog multimeters and 
digital multimeters (often abbreviated DMM.) 

 
 A multimeter can be a hand-held device useful for basic fault finding and field 

service work or a bench instrument which can measure to a very high degree of 
accuracy.  

 
 They can be used to troubleshoot electrical problems in a wide array of household 

devices such as possibly dead batteries, washing and drying machines, kitchen 
appliances, and automobile electronics and electrical systems. 

 
 
WEIN BRIDGE 
     
 Used for Frequency measurement. 
 Z1=R1-j/ωC1                                      

 
 Y3=1/R3+jωC3 
 Z2/Y3=Z1Z4 
 Equating real and imaginary parts 

                f=1/(2∏√ C1C3R1R3) 
 If R1=R3 & C1=C3 

                     f=1/(2∏RC)   

www.R
eji

np
au

l.c
om

http://en.wikipedia.org/wiki/Electronics
http://en.wikipedia.org/wiki/Measuring_instrument
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Electrical_resistance
http://en.wikipedia.org/wiki/Battery_%28electricity%29


 
 
MAXWELL BRIDGE 

  
 Used for Inductance measurement. 
 Y1=1/R1+jωC1 
 Zx=Rx+jωLx, Z2=R2, Z3=R3 
 General equation 

                     Zx=Z2Z3Y1 
 Equating Real and imaginary parts 

                
               Rx=R2R3/R1 
 
               Lx=R2R3C1 
 
WAGNER GROUND CONNECTION 
 Stray capacitance are external 

 capacitance that shunt the bridge  
 arms and cause measurement 
 errors at high frequencies. 
 
 The oscillator is removed its 

 ground connection and bridged 
 by a series combination of resistor 
 and capacitor 
 
 The junction of Resistor and  

 capacitor is grounded and this is  
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 called the wagner ground 
 connection 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 UNIT II     BASIC ELECTRONIC MEASUREMENT 
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CATHODE RAY OSCILLOSCOPE 

 
 
 The earliest and simplest type of oscilloscope consisted of a 

cathode ray tube, a vertical amplifier, a timebase, a horizontal 
amplifier and a power supply. These are now called 'analogue' 
scopes to distinguish them from the 'digital' scopes that became 
common in the 1990s and 2000s. 

 Before the introduction of the CRO in its current form, the 
cathode ray tube had already been in use as a measuring device. 
The cathode ray tube is an evacuated glass envelope, similar to 
that in a black-and-white television set, with its flat face covered 
in a phosphorescent material (the phosphor).  

 In the neck of the tube is an electron gun, which is a heated metal 
plate with a wire mesh (the grid) in front of it. A small grid 
potential is used to block electrons from being accelerated when 
the electron beam needs to be turned off, as during sweep retrace 
or when no trigger events occur.  

CATHODE RAY TUBE 
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1. Electron guns 2. Electron beams 3. Focusing coils 4. Deflection coils 
5. Anode connection 6. Mask for separating beams for red, green, and 
blue part of displayed image 7. Phosphor layer with red, green, and blue 
zones 8. Close-up of the phosphor-coated inner side of the  
 CATHODE-RAY TUBE  
 Power and Scale Illumination:  Turns instrument on and controls 

illumination of the graticule.  
 Focus:  Focus the spot or trace on the screen.  
 Intensity:  Regulates the brightness of the spot or trace.  
  

VERTICAL AMPLIFIER SECTION  
 Position:  Controls vertical positioning of oscilloscope display.  
 Sensitivity:  Selects the sensitivity of the vertical amplifier in 

calibrated steps.  
 Variable Sensitivity:  Provides a continuous range of sensitivities 

between the calibrated steps. Normally the sensitivity is calibrated 
only when the variable knob is in the fully clockwise position.  

 HORIZONTAL-SWEEP SECTION  
 Sweep time/cm:  Selects desired sweep rate from calibrated steps 

or admits external signal to horizontal amplifier.  
 Sweep time/cm Variable:  Provides continuously variable sweep 

rates. Calibrated position is fully clockwise.  
 Position:  Controls horizontal position of trace on screen.  
 Horizontal Variable:  Controls the attenuation (reduction) of 

signal applied to horizontal aplifier through Ext. Horiz. 
connector.  

 
 
 
 
 
 
 TRIGGER  
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 The trigger selects the timing of the beginning of the horizontal 
sweep.  

 Slope:  Selects whether triggering occurs on an increasing (+) or 
decreasing (-) portion of trigger signal.  

 Coupling:  Selects whether triggering occurs at a specific dc or ac 
level.  

 
 CONNECTIONS FOR THE OSCILLOSCOPE  
 Vertical Input:  A pair of jacks for connecting the signal under 

study to the Y (or vertical) amplifier. The lower jack is grounded 
to the case.  

 Horizontal Input:  A pair of jacks for connecting an external 
signal to the horizontal amplifier. The lower terminal is graounted 
to the case of the oscilloscope.  

 External Tigger Input:  Input connector for external trigger 
signal. 

 
ELECTRON GUN 
 An electron gun is a component that produces an electron beam 

that has a precise kinetic energy, being used in televisions and 
monitors which use cathode ray tube technology, and in other 
instruments, as electron microscopes and particle accelerators. 

 
FLUORESCENT SCREEN 
 
Fluorescence is a luminescence that is mostly found as an optical 
phenomenon in cold bodies, in which the molecular absorption of a 
photon triggers the emission of another photon with a longer 
wavelength. The energy difference between the absorbed and emitted 
photons ends up as molecular vibrations or heat 
    
Dual beam oscilloscope 
 
 A dual beam oscilloscope was a type of oscilloscope once used to 

compare one signal with another. There were two beams 
produced in special type of CRT. Unlike an ordinary "dual-trace" 
oscilloscope (which time-shared a single electron beam, thus 
losing about 50% of each signal). 

 Two pairs of vertical plates deflected the beams. Vertical plates 
for channel A had no effect on channel B beam. Similarly for 
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channel B, separate vertical plates existed which deflected the 
beam B only. 

Analogue storage oscilloscope 
 An extra feature available on some analogue scopes is called 

'storage'. This feature allows the trace pattern that normally 
decays in a fraction of a second to remain on the screen for 
several minutes or longer. An electrical circuit can then be 
deliberately activated to store and erase the trace on the screen. 

 
 The storage is accomplished using the principle of secondary 

emission. When the ordinary writing electron beam passes a point 
on the phosphor surface, not only does it momentarily cause the 
phosphor to illuminate, but the kinetic energy of the electron 
beam knocks other electrons loose from the phosphor surface.  

 
Digital Storage Oscilloscope 
 
 The digital storage oscilloscope, or DSO for short, is now the 

preferred type for most industrial applications, although simple 
analogue CROs are still used by hobbyists. It replaces the 
unreliable storage method used in analogue storage scopes with 
digital memory.  

 
RF POWER MEASUREMENT 
 Resistors dissipate energy in the form of heat, and the rate at 

which they dissipate energy is called power. The power dissipated 
by resistors is delivered by the voltage and/or current sources in 
the circuit. 

 The unit of power is the watt (one joule/second). 
 There are several ways of calculating the power of resistors. 
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Power in A.C. Cicuits 
 
 Instantaneous power:  p(t) is the time function of the power, It is 

the product of the time functions of the voltage and current. This 
definition of instantaneous power is valid for signals of any 
waveform. The unit for instantaneous power is VA  

   Reactive power:  Q is the imaginary part of the complex power. 
It is given in units of volt-amperes reactive (VAR). Reactive power 
is positive in an inductive circuit and negative in a capacitive circuit.  

   Apparent power: S is the product of the rms values of the voltage 
and the current, S = U*I. The unit of apparent power is VA. The 
apparent power is the absolute value of the complex power, so it is 
defined only for sinusoidal excitation.  

 Power  Factor  (cos φ)  
                  The power factor is very important in power systems because 
it indicates how closely the effective power equals the apparent power. 
Power factors near one are desirable. The definition:                                         
 

 
 
 
Q-METER 

 
 
 
 
 
 Terminals are provided to connect the inductance (Lx) to be measured 

and this is resonated by a variable tuning capacitor (C). Terminals are 
also provided to add capacitance (Cx), if required.  

 The tuned circuit is excited from a tunable signal source which 
develops voltage across a resistor in series with the tuned circuit. A 
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resistance of a mere fraction of an ohm is necessary. Metering is 
provided to measure the AC injection voltage across the series resistor 
and the AC output voltage across the terminals of the tuning capacitor. 

 The tuning capacitor (C) of the Q meter has a calibrated dial marked 
in pico-farads, the value of inductance (Lx) can be derived. The tuned 
circuit is simply set to resonance by adjusting the frequency and/or the 
tuning capacitor for a peak in the output voltage meter  

                                       Lx = 1/4π²f²C 
 
 

UNIT – III 
 

SIGNAL GENERATORS AND ANALYZERS 
 
FUNCTION GENERATORS 
                      

                                    
 

A function generator is a piece of electronic test equipment or software 
used to generate electrical waveforms. These waveforms can be either 

repetitive, or single-shot in which case some kind of triggering source is 
required (internal or external).  

 
SIGNAL GENERATOR 
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 A signal generator, is an electronic device that generates repeating electronic 

signals (in either the analog or digital domains). They are generally used in 
designing, testing, troubleshooting, and repairing electronic or electroacoustic 
devices  

 
SWEEP GENERATOR 
 
 

 
 
 A low-frequency sawtooth wave is generated from some form of oscillator or 

waveform generator.  
 Over a single sweep of frequency, RF output voltage from the device, as a 

function of time, is a plot of the filter response.  
 By synchronising the sweep of the CRO with the sawtooth output, the device 

response is plotted on the CRO screen.  
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