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PART A 

I) 

1. Power factor 
 Power factor is the cosine of the angle (phase angle) between voltage and current. 

 
2. Expression for line voltage & current in a 3 phase delta connection 

 In Delta Connection, The Line current is √3 times of Phase Current. 
IL= √3 IPH 

 In Delta connection, the Line Voltage is equal to the Phase Voltage. 
         VL = VPH 

3. Synchronous speed in 3 phase IM 
 
 The synchronous speed is the speed of the revolution of the magnetic field in the stator 

winding of the motor. 

  It is the speed at which the electromotive force is produced by the alternating machine.  

 
4. Controlling torque is needed in indicating machine 

 Due to this controlling torque in indicating instrument, the current produces deflection of the 

pointer proportional to its magnitude. 

 The system producing a controlling torque is called a "Controlling System". 

5. NOR gate 

 NOR means the combination of OR and NOT 
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PART B 

II) 

1. Derive the expression for RMS value of voltage v = Vm Sin wt. 

 It is the root mean square value of the function. 

 which given as  

Vrms = √[(1/T) ʃ V(t)]2 dwt. 

= √[(1/2Π) ʃ Vm2[ (1- cos2wt)/2]dwt. 

= √[(1/2Π) .Vm2[ (wt- sin2wt / 2wt)/2] 

= Vm / √2 = effective value. 

 Then the RMS voltage (VRMS) of a sinusoidal waveform is determined by multiplying the 

peak voltage value by 0.7071. 
2. Flemings right hand rule & its significance 

 According to Faraday’s law of electromagnetic induction, when a moving conductor is 

placed inside a magnetic field, a current will be induced in it. If the conductor is forcefully 

moved inside the magnetic field, there will be a relationship between the direction of applied 

force, magnetic field and the current.  This relation between these three directions is 

determined by Fleming’s right-hand rule. 

 “Hold the right-hand forefinger, middle finger and the thumb at right angles to each other. If 

the forefinger represents the direction of the magnetic field, the thumb points in the direction 

of motion or applied force, then the middle finger points in the direction of the induced 

current.”  
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3. Emf developed in a transformer  

 When a sinusoidal voltage is applied to the primary winding of a transformer, alternating flux 

ϕm sets up in the iron core of the transformer.  

 This sinusoidal flux links with both primary and secondary winding. The function of flux is a 

sine function. 

 

 ϕm be the maximum value of flux in Weber 

 f be the supply frequency in Hz 

 N1 is the number of turns in the primary winding 

 N2 is the number of turns in the secondary winding 

 By Faraday’s Law: 
 
As shown in figure flux increases from its zero value to maximum value  ∅   in one quarter 

of the cycle i.e. in  seconds 

Average rate of change of flux  =  ∅
 
 = 4f∅   wb/s 

Rate change of flux per turn means induced e.m.f in volts 

 Average e.m.f /turn  =  4f∅  volt 

r.m.s value of induced e.m.f is obtained by multiplying the average value with form factor. 

 Form factor  =  . .  
 

   =  1.11 

              r.m.s value of e.m.f /turn  = 1.11× 4f∅  volt  = 4.44× 4f∅  volt 

  For N1 turns on primary 
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              E1 = 4.44× 4f∅ N1 volt 

  For N2 turns on secondary 

        E2  =  4.44× 4f∅ N2   volt 

4. Working principle of 3 phase induction motor 

 When 3 phase supply is connected to 3- phase stator winding , a rotating magnetic field is set 

up which rotates round the stator at synchronous speed (Ns = 120 F/P). 

 This rotating flux cuts the rotor conductor, which are yet stationary. 

 Due to relative speed between the rotating flux and the stationary rotor, e.m.fs are induced in 

the rotor conductors. Since the rotor circuit is short circuited, Current starts flowing in the 

rotor conductors. 

 According to Lenz’s law the direction of current will be such that they tends to oppose the 

cause producing them.  

 Now the cause producing the rotor currents is relative speed between the rotating field and 

the stationary rotor conductor.  

 Hence to reduce this relative speed, the rotor starts running in the same direction as that of 

stator field.  

 

5. 3 phase power using two wattmeter method 

 Two Wattmeter Method can be employed to measure the power in a 3 phase, three-wire star 

or delta connected the balanced or unbalanced load.  
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 The instantaneous current through the current coil of Wattmeter, W1 is:  

 

 The instantaneous potential difference across the potential coil of Wattmeter, W1 is: 

 
 Instantaneous power measured by the Wattmeter, W1 is:  

 

 The instantaneous current through the current coil of Wattmeter, W2 is given by the 

equation: 

 

 The instantaneous potential difference across the potential coil of Wattmeter, W2 is given 

as: 
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 Instantaneous power measured by the Wattmeter, W2 is:

 
 Therefore, the total power measured by the two wattmeters W1 and W2 will be obtained by 

adding the equation (1) and (2). 

  
 Where, P – the total power absorbed in the three loads at any instant. 

6. Full wave bridge rectifier with 2 diodes 

 The full wave rectifier circuit consists of two power diodes connected to a single load 

resistance (RL) with each diode taking it in turn to supply current to the load. 

  When point A of the transformer is positive with respect to point C, diode D1 conducts in 

the forward direction as indicated by the arrows. 

 When point B is positive (in the negative half of the cycle) with respect to point C, 

diode D2 conducts in the forward direction and the current flowing through resistor R is 

in the same direction for both half-cycles. 
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7. Advantages of automation 

 Automation is the creation and application of technologies to produce and deliver goods 

and services with minimal human intervention.  

 The implementation of automation technologies, techniques and processes improve the 

efficiency, reliability, and/or speed of many tasks that were previously performed by 

humans. 

 Automation is being used in a number of areas such as manufacturing, transport, utilities, 

defense, facilities, operations and lately, information technology. 

The main advantages of automation are: 

 Increased productivity 

 Improved quality or increased predictability of quality 

 Improved robustness 

 Increased consistency of output 

 Reduced direct human labor costs and expenses 

PART C 

III) 

a)Working of a single loop AC generator 
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Construction 

 A Simple/Single Loop Generator basically consists of two conductors or coils, two magnet 

bars and two slip rings (which are insulated with each other and from central shaft) and a 

normal wire for connection as required.  

 The rotating coil may be assumed as armature and the magnet bars field magnets. 

 

Working principle 

 Assume that the coil or the two conductors are rotating in a clock-wise direction.  

 The coil has a fixed position between the field and the flux linked with it starts changing its 

value.  

 As a result, EMF is induced in it and it is proportional to the rate of change of flux linkage. 

When the coil reaches at 90 degree in the process of rotating, the coil slides don’t cut the flux 

and the flux move parallel between them. As a result, EMF is not induced in the coil. 

  As the coil continues its rotation, the amount increases to its maximum and when the coil 

reaches again at 90 degrees then in this case maximum EMF is induced in the coil this is 

because of the maximum flux is produced. 

 The result is that when the coil rotates from 90 to 180 degrees, the flux increases gradually 

and the rate of change of flux linkage decreases. 

b)Define the terms 

Frequency 

 The number of cycles in one second 

 Unit hertz 

R.M.S value 

 The RMS value of an alternating quantity is that steady current which when flowing through 

a given resistance for a given time produces the same amount of heat as produced by the 

alternating current when flowing through the same resistance for the same time. 

Form factor 

 Ratio of RMS value to average value 

Maximum value 
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 Maximum value attained by an alternating quantity 

IV) 

a)Problem 

Load  

Fan – 6*40*5= 1.2 kwhr 

Lamp-6*40*5=1.2kwhr 

Lamp- 5*12*2=0.12kwhr 

AC-1*320*2= 0.64kwhr 

Heater- 1*1200*2=2.4 kwhr 

Total energy=5.56kwhr 

For a month of 30 days, total unit of consumption= 30*5.56= 166.8kwhr 

Rate of energy= Rs 2.5 

Cost of energy/month = 2.5* 166.8 kwhr=Rs 417 

Current I=P/V 

=Ttotal load/voltage 

=2.06 kw/220=9.36 

 

b) Discharging and charging process of lead acid cell 

Discharging:  

 When the cell is full discharge, then the anode is of lead peroxide (PbO2) and a cathode is of 

metallic sponge lead (Pb).  

 When the electrodes are connected through a resistance, the cell discharge and electrons flow 

in a direction opposite to that during charging. 

 The hydrogen ions move to the anode and reaching the anodes receive one electron from the 

anode and become hydrogen atom.  

 The hydrogen atom comes in contacts with a PbO2, so it attacks and forms lead sulphate 

(PbSO4), whitish in color and water according to the chemical equation. 

mad
inpoly.

co
m



www.madinpoly.com  
   

 

 

 The each sulphate ion (SO4—) moves towards the cathode and reaching there gives up two 

electrons becomes radical SO4, attack the metallic lead cathode and form lead sulphate 

whitish in colour according to the chemical equation. 

Recharging 

 For recharging, the anode and cathode are connected to the positive and the negative terminal 

of the DC supply mains.  
 The molecules of the sulfuric acid break up into ions of 2H+ and SO4—.  
 The hydrogen ions being positively charged moved towards the cathodes and receive two 

electrons from there and form a hydrogen atom.  
 The hydrogen atom reacts with lead sulphate cathode forming lead and sulfuric acid 

according to the chemical equation. 

 

 SO4— ion moves to the anode, gives up its two additional electrons becomes radical SO4, 

react with the lead sulphate anode and form leads peroxide and lead sulphuric acid according 

to the chemical equation. 
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V) 

a. Transformation ratio 

 

Step up transformer 

 

Step down transformer 

 

 Where N1, N2are number of turns for primary and secondary coil and  E1,E2  are their respective 

emf's. 

 K is the transformation ratio. 

 If N2>N1 i.e. K>1 then the transformer is called step-up transformer. 

 If N2<N1 i.e. K<1 then the transformer is called step-down transformer. 

 Hence the transformation ratio of the step-up transformer is greater than one. 
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b. 3- point starter of a DC motor 

 
 To start with the handle is in the OFF position when the supply to the DC motor is switched on. 

  Then handle is slowly moved against the spring force to make contact with stud No. 1. 

  At this point, field winding of the shunt or the compound motor gets supply through the parallel 

path provided to starting the resistance, through No Voltage Coil.  

 While entire starting resistance comes in series with the armature.  

 The high starting armature current thus gets limited as the current equation at this stage becomes: 

 
 As the handle is moved further, it goes on making contact with studs 2, 3, 4, etc., thus 

gradually cutting off the series resistance from the armature circuit as the motor gathers 

speed.  

 Finally, when the starter handle is in ‘RUN’ position, the entire starting resistance is 

eliminated, and the motor runs with normal speed. 
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 This is because back emf is developed consequently with speed to counter the supply voltage 

and reduce the armature current. 

VI) 

a) DC motor classification 

 

Separately Excited DC Motor 

 

 Field windings are energized by a separate DC source. 

Self-Excited DC Motor 

 The current in the windings is supplied by the machine or motor itself.  

 Self-excited DC Motor is further divided into shunt wound, and series wound motor.  

Shunt Wound Motor 

 This is the most common types of DC Motor. Here the field winding is connected in parallel 

with the armature. mad
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Series Wound Motor 

 In the series motor, the field winding is connected in series with the armature winding. 

 

Compound Wound Motor 

 A DC Motor having both shunt and series field windings is called a Compound Motor.  
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b) Split phase winding in single phase AC motors 

 Due to the absence of rotating flux, there will be no unidirectional torque developed on rotor 

of an AC motor 

 In single phase motor, there is only one phase and hence production of rotating flux is not 

possible. 

 We need at least 2 phases to produce a rotating magnetic field. 

 So single phase motors are not self-starting. 

 To make them self-starting, practically the single phase winding is split into two in such a 

way that there exists a phase difference between them. 

 Due to the phase difference between starting and running windings single phase induction 

motor can be self-started 

VII) 

a) Repulsion type moving MI instrument 

 The current in the coil produces the magnetic field.  

 The magnetic field induces same magnetic poles to similar ends in both of the iron bars or 

rods.  

 Naturally, these two iron bars repel each other.  

 The repulsive force causes the deflection of the pointer attached to the moving system. 

  This is because due to the repulsive force, the bar attached to the moving system tries to go 

away from the bar fixed to the inner coil structure.  

 This repulsion force is approximately proportional to the square of the current through the 

coil. 

  Since this force is proportional to the square of the current, deflection of the pointer is 

irrespective of the direction of current in the coil that means the deflecting torque is 

unidirectional.  

 This is the reason we can use a repulsion type moving iron instrument in DC and AC both. 
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b) Induction heating 

 
 Induction heating processes make use of currents induced by electromagnetic action in the 

material to be heated.  
 Induction heating is based on the principle of transformers. There is a primary winding 

through which an a.c current is passed. 

 The coil is magnetically coupled with the metal to be heated which acts as secondary. 

 An electric current is induced in this metal when the a.c current is passed through the primary 

coil. 

Advantages  
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 Time taken to reach the melting temperature is less.   

 Accurate power control is possible. 

 Any shape of crucible can be used. 

  The eddy currents in the charge results in automatic stirring.  

 Absence of dirt, smoke, noise, etc.  

 Erection cost is less 

VIII) 

a)  MI &MC instruments 

 The moving iron instrument uses the soft iron piece as a rotating element. Whereas the 

moving coil instrument uses the coil as a rotating element. 

 The working principle of the moving iron instrument depends on magnetism. Whereas, the 

working principle of moving coil instrument is similar to the working principle of dc motor. 

 The MI iron instrument has the non-uniform scale. Whereas the moving coil instrument has 

the uniform sale. 

 The moving iron instrument is less accurate as compared to the moving coil instrument. 

 The moving iron instrument uses the air friction damping while the moving coil instrument 

uses the eddy current damping system. The damping is the phenomenon through which the 

amplitude of the oscillations decreases. 

 The moving iron instrument consumes more power as compared to the moving coil 

instrument. 

 The moving iron instrument is used for measuring both the direct and alternating current 

whereas the moving coil is used for the DC measurement. 

 In moving iron instruments, the gravity or spring provides the controlling torque to the 

instrument. Whereas in moving coil instrument the spring provides the controlling torque to 

the moving coil instrument. 

 The deflection of the moving iron instrument is proportional to the current. Whereas in 

moving coil instrument the deflection is proportional to the square of the current. 

 The moving iron instrument is free from the hysteresis loss. Whereas the hysteresis loss 

occurs in the moving coil instrument. 
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 The instrument which uses the soft iron piece as a moving element such type of instrument is 

known as the MI instrument. 

 The moving iron instrument can be used as an ammeter, voltmeter and wattmeter. Whereas 

the moving coil instrument is used as a voltmeter, ammeter, galvanometer and ammeter. 

b) Working principle of dynamometer type wattmeter 

 
Principle of Dynamometer type wattmeter: 

 It is based on the principle that mechanical force exists between two current carrying 

conductors. 

Working  

 We use the wattmeter for power measurements.  
 Its current coil is connected in series with the load, carries the load current, and the potential 

coil, connected in parallel with the load, and carries the current proportional to the voltage 
across the load. 

 The fixed coil produces a field Fm, and moving coil creates a field Fr.  
 The field Fr tries to come in line with the main field Fm, which provides a deflecting torque 

on the moving coil. 
 Thus, the pointer attached to the spindle of the moving coil deflects. 
  This deflection is controlled by the controlling torque produced by the springs. 

IX) 
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a) Full wave bridge rectifier 

Rectifier 

 This converts alternating current to direct current. 

Full wave bridge rectifier 

 The working & operation of a full wave bridge rectifier is pretty simple.  

  In the circuit diagram, 4 diodes are arranged in the form of a bridge. 

  The transformer secondary is connected to two diametrically opposite points of the bridge at 

points A & C.  

  The load resistance RL is connected to bridge through points B and D. 

 

 
During the first half cycle 

 During the first half cycle of the input voltage, the upper end of the transformer secondary 

winding is positive with respect to the lower end. 

  Thus during the first half cycle diodes D1 and D3 are forward biased and current flows 

through arm AB, enters the load resistance RL. 

During the second half cycle 

 During the second half cycle of the input voltage, the lower end of the transformer secondary 

winding is positive with respect to the upper end.  

 Thus diodes D2 and D4 become forward biased and current flows through arm CB, enters the 

load resistance RL. 
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b) Closed loop control system 
 A closed-loop control system can be defined as, a system that has a feedback loop (or) 

a control system that uses a feedback signal to generate the output. 

  The stability of this system can be controlled by a feedback system. 

  So by providing a feedback system, any open-loop control system can be changed into a 

closed loop. 

 

 The desired output can be achieved and maintained by evaluating the actual condition & 

generated output.  

 If the generated output is moved away from the actual output, then this control system 

produces a faulty signal which is fed to the  i/p of the signal. 

  Once the error signal is added to the input signal, then the next loop output can be corrected 

which is known as automatic control systems. 
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X) 

a)  Half wave diode rectifier 

 

 During each “positive” half cycle of the AC sine wave, the diode is forward biased as the 

anode is positive with respect to the cathode resulting in current flowing through the diode. 

 Since the DC load is resistive (resistor, R), the current flowing in the load resistor is therefore 

proportional to the voltage (Ohm´s Law), and the voltage across the load resistor will 

therefore be the same as the supply voltage, Vs (minus Vƒ), that is the “DC” voltage across 

the load is sinusoidal for the first half cycle only so Vout = Vs. 

 During each “negative” half cycle of the AC sinusoidal input waveform, the diode is reverse 

biased as the anode is negative with respect to the cathode. 

  Therefore, NO current flows through the diode or circuit.  

 Then in the negative half cycle of the supply, no current flows in the load resistor as no 

voltage appears across it so therefore, Vout = 0. 

b)Truth table of basic logic gates  
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