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3-POINT STARTER FOR D.C. SHUNT MOTOR 
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4.CONDUCTORS,GAUGE OF A CONDUCTOR, 
INSULATORS, SEMICONDUCTORS AND HIGH 

RESISTANCE HEATING ELEMENTS 
*Conductors:   
(i) The substance through which the current can flow very easily or know as conductor. 
Properties of conductors 

(i) A good conductor must have high good conductivity and least resistance. e.g. Ag, Cu, 
Al, Steel. 

(ii) It should have high tensile strength. 
(iii) It should be malleable and ductile. 
(iv) It should have low temperature coefficient of resistance.  

 
1.Silver  : 
 (i) Ag is the best of all conductors. 
 (ii) It is used in special cases i.e. in H.R.C. fuse.  

(iii)It is very costly hence its application is limited.  
 (iv) Resistivity  = 1.59 x 10-8 ohm-m.. 
            (v) Melting point = 960.5deg. C. 
(vi) It is malleable and ductile. 
 
2. Copper (Cu) : 

(i) Next to silver, Cu is widely used. 
(ii)It is malleable and ductile are hence can be hammered and drawn into thin wires. 

 (iii)It has high resistance against corrosion.  
 (iv)It can be easily soldered and welded.  
 (v) Resistivity of pure cu  is 1.72 x 10-8 ohm-m. 
            (vi) Melting point = 1083 deg. C. 
 (vii) Copper is used in wires, winding’s of Transformers. 
 
3.Aluminium (Al)  : 
 (i)Next to Cu. Al is widely used. 
 (ii) Al is lighter in weight. 
 (iii)Al is malleable and ductile, hence it can be hammered and drawn into thin wires. 
 (iv)Since Cu is costly, Al is widely used. 
 (v)It can be used for cables over head wires (A.C.S.R.) 



 (vi)  Resistivity = 2.65 x 10-8 ohm-m. 
            (vii) Melting point = 675 deg. C. 
 
4.Steel  : 
 (i)It is made up carbon and iron. 
 (ii)It is mechanically very strong. 
 (iii)It conductivity is poor, hence its use as a conductor is restricted. 
 (iv)Used in traction as return wire, and used for short distance transmission wire. 
 (v) Tensile strength = 70 to 75 2/kg mm  
 (vi) Resistivity =1.18 x 10-8 ohm-m. 
 

House wiring, I.E. rules. 

Page no 51 
BEFORE ENERGISING THE ELECTRIC INSTALLATION THE FOLLOWING TESTS MUST BE CARRIED OUT : 

 

1]POLARITY TEST 

2] INSULATION RESISTANCE TEST |: A] Insulation resistance test between conductor and earth. 

               B] Insulation resistance test between conductors. 

3] CONTINUTY OR OPEN CIRCUIT TEST 

4] SHORT CIRCUIT TEST 

5] EARTHING SYSTEM TEST 

 

POLARITY TEST: Neutral wire should be in the lamp and live wire should be in the switch. With the help 
of tester or neon lamp we can test polarity. 

Neon lamp can glow on live conductor. 

POLARITY TEST  WITH TEST LAMP 

Polarity test with test lamp is as shown in the diagram, in which one end of the testing lamp is earthed 
and the other end of the lamp is connected to switch. If the lamp lights,  The switch is correctly installed 
in the live wire If does not light, it means that the switch has not been correctly installed. 



 

 

 

 

 

PROCEDURE FOR CARRYING OUT INSULATION RESISTANCE TEST BETWEEN CONDUCTORS : 

(i) These test is carried out with MEGGER. Megger is a  portable instrument used to measure 
insulation resistance of electrical equipments, machines and installations. 

(ii) This test is conducted to find the value of the insulation resistance between live and neutral 
conductors . 

(iii) On megger test terminals L and E are provided so as to connect a resistance under test and 
measure the insulation resistance. 

(iv) All the lamps should be removed and the main switch should be put OFF. 
(v) All the fuses should be intact and all the switches should be ON. Put in all the fuses in the 

distribution board. 
(vi) Connect Megger terminals between phase and neutral of main switch. 
(vii) Rotate Megger handle with constant speed of 160 r.p.m In this test  the result should be less 

than 3M-ohms. This is the insulation resistance between live and neutral conductors 
 



 
                                                         Conductor to conductor Test 
 

PROCEDURE FOR CARRYING OUT INSULATION RESISTANCE TEST BETWEEN CONDUCTOR AND THE 
EARTH 

(i)  In this test resistance between each conductor and earth is measured to for 
determining the value of leakage current .This calculated leakage current should not 
exceed  1/5000 part of full load current. And this can be calculated from resistance 
measured by megger  

Leakage current =  	 	 	
	 	 	 	

 

   

   

1. Put the main switch off  
2. Remove all fuses from main switch  
3. Insert all appliances, lamps, fans.  
4. Connect E terminal of megger to the earth and the L terminal to the main switch. 
5. Now rotate the handle of megger at 160 rpm and note the reading. 

 
 
 
  



 

Electrical appliances 
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Electric Hot plate 

Hot plates are used for cooking food stuffs. 

Construction and working 

1. spirally wound heating element made up of  nicrome  is embedded in between an insulating 
cemented material like plaster of paris or fire clay. 

2. This assembly is fitted inside the cast iron plate. 

3.Heating element is independently controlled by a separate switch. When either switch is in ON 
position it gives half of the full heat and when both switches are on the full heat is available. 

4. It works on the heating effect of electric current. When current flows to heating elements heat 
is produced.   



 

           

Electric Toaster 
In auto toaster is a domestic  electrical device which is used to bake the slices of bread . 
Parts  
1. Metal body 

2.Bakelite base 

3.Heating element  

4.Lifting knob 

5.Automatic adjustment knob 

 

 

 

 

 

Constructional details 

1. Heating element is made up of nicrome. It is ribbon  shaped and wound on a mica sheet  . 

2.Elements are mounted on the sides of slices kept vertically. Elements are connected in parallel.  

3.Thermostat is used for temperature control in automatic toaster. Thermostat houses bimetallic 
strip it functions on the principle that  different metals have different rate of expansion when 
heated. 

For ex. Brass has a greater coefficient of expansion than iron. If a strip is made of bimetal (i.e. 
Brass and iron) and heated beyond the certain temperature it will bend downwards.  



Working : 

As soon as the toaster is switched on, current passes 
through the element and the bimetallic strip is heated .If it is 
overheated it bends to a certain extent and breakes the ckt through 
timer switch. After sometime it cools and comes to a original 
position pushing the lever and releasing a spring device, which 
carries the slices upwards. This action completes the toasting of 
bread pieces by breaking the ckt, main supply and the timer switch. 

Transformer 
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No load Test or Open circuit Test: 

 

a) The purpose of this test is to determine no load loss or core loss and  no load primary 
current. 

b) One winding of transformer generally HV winding is kept open and other is connected to 
supply of normal voltage and frequency. 

c) Wattmeter W, Ammeter A, voltmeter V are connected to L.V. winding. 
d) With normal voltage applied to primary normal flux will be set up. 
e) Normal iron losses will occur in the core which are recorded by wattmeter. 

 f)   As primary no load current Io is small copper losses are negligibly small in  primary& nil in 
secondary. 
g) Hence wattmeter reading represent core loss. 
h) High resistance voltmeter is connected across secondary. 
i) The reading of voltmeter gives induced emf in secondary. 
j) This helps find out Transformation ratio k. 

 
Observation Table  : 



 

 
 
 
 
 
 
 
 
 
 
 
Short Circuit Test : 

 

a) In this test, one winding; generally low voltage; is solidly short circuited by a thick 
conductor or through an ammeter. 

b) A low voltage usually 5 to 20% of normal voltage is applied to the primary winding. 
c) Since in this test applied voltage is small % of normal voltage, flux is also small % of 

normal value. 
d) Core losses are small and wattmeter represents full load copper loss. 

 

Observation table  : 



 
SCW Copper Loss  

Efficiency of transformer: 
a) Efficiency of transformer at a particular load and power factor is defined as ratio of 

output power to input power. 

b) Efficiency = Output Power
Input Power

 

c) Iron loss is independent of load. 
d) These losses are produced due to flux  
e) But flux  is constant at all loads. 
f) Hence iron loss is constant at all loads. 
g) Copper loss is variable loss. 
h) It varies in square proportion of current of load. 

Culoss at x load=Cu loss at full load
2

x KVA
Rated KVA

 
 
   

 

 
 
 
 
To find out efficiency of transformer  by direct loading  

 
In this test primary is connected to the rated voltage and secondary is loaded by lamp banks. 

% Efficiency = 2

1

100 100WOutput Power
Input Power W

    

The above direct loading test is suitable for small capacity transformers. But for bigger capacity 
transformer indirect methods are adopted for testing. 



 
Regulation of transformer  

 
a) When transformer  is loaded with const primary voltage, sec voltage decreases because of 

its leakage reactance and internal resistance. 
b) Definition : 

Change in sec terminal voltage from no load to full load expressed as a % of no load sec 
voltage is called regulation of transformer. 

% Regulation = NL L

NL

V V
V
 100 

Where V NL =No load sec voltage 
V L =sec terminal voltage at full load. 

      c)  Lesser the regulation better is the transformer. 
      d)  Regulation is negative when the power factor is leading. 
      e)  For resistive and Inductive circuits the secondary terminal voltage falls but for capacitive 
load the           secondary terminal voltage increases.  
 
Condition for maximum efficiency  : 
 

1. Efficiency of transformers varies as load. 
2. Efficiency of transformer is maximum when copper loss=iron loss 

3. Load at which ŋ is maximum=full load KVA X √ 	
√ 	 	 	
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Constructional Details of a Transformer:- 
a) In all types of transformers, core is of silicon steel laminations assembled to provide a 
continuous magnetic path. 
b) Steel has high silicon content of high permeability and low hysteresis loss. 
c) Laminations are provided to reduce eddy current loss. 
d) Laminations are insulated by each other by varnish or oxide layer. 
e) Thickness of lamination is 0.33-0.5mm. 
f)Around the core there is an insulation drum around which winding of transformer are 
positioned. 
g)Windings are made up of copper or Aluminium. 
h)Generally paper insulation is provided to insulate the windings. 
i)In large transformers,  to extract heat produced ,proper cooling system is adopted. 



j)Supply and load terminal of transformer are brought out through porcelain bushing ,for 
mechanical and electric protection. 
 

a) Large scale generation electric power is usually 3-Phase . 
b) Instead of using interconnected 3 single phase transformers, Application of single three 

phase transformer is economical. 
c) As compared bank of 3 single phase transformers the  main advantages of 3 transformers 

are: 
(i) It occupies less floor space for equal rating. 
(ii) Weight is less. 
(iii) Cost is also 15%less. 

 
d) To reduce the number of wires 6 terminals of 3 wires can be connected  in star or wye 

connection[ ] or in delta or mesh connection . 

 

Single phase motors 
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AC series Motor   

Introduction:- 



Universal Motor is a small version of a.c. series motor. It works on a.c. supply as well d.c. 
supply. 

(I) Circuit diagram  

 

(II) Construction 

A.C. series motor is similar in construction as d.c. series motor and has the main parts. 

 (i) Field pole  

  It is made up of silicon steel stamping and salient type for field winding.  

 (ii) Field winding  

  It is made up of good quality enameled copper and is wound on the field pole.  

 (iii) Armature  

  It is round cylindrical part having slots on the periphery for the armature winding.  

 (iv) Armature winding  

It is made up of good quality enameled copper placed in the armature slots the ends of 
which are connected to the commutator.  

 (v)  Commutator 

  It consist of alternate layers of copper and mica segments. 

 (vi) Brushes 



  There are made up of carbon or graphite.   

(iii) Working  : 

(i) If  D.C. series motor is connected to AC. supply. It will rotate with unidirectional torque 
which can be explained as follows.  

(ii) For the instantaneous polarity the direction of the current in the series field coil and 
armature coil is as shown in figure (a). As per the theory, When a current carrying 
conductor is placed in the magnetic field it experiences a force in certain direction and its 
direction is given by Flemings Left Hand Rule.  

(iii)In the first case, armature starts rotating in anticlockwise direction. 
(iv) In the next half cycle of a.c. instantaneous polarities are changed as shown n the figure 

(b).the direction of field as well as direction of current in the armature is also changed.  
(v) By Flemings left hand rule, we find that direction of rotation of armature is same that is 

anticlockwise. Thus we can conclude that to the d.c. series motor even if a.c. supply is 
given the motor develops at unidirectional torque.  

(vi) But for the good performance of a.c. series motor or universal motor some modifications 
are to be made in the motor. 

Sr. 
No. 

Problems Modification 

1 As magnetic field is alternating 
large eddy current and hysteresis 
loss 

Structure is made of silicon steel Stamping 

 

2 Sparking due to poor commutation Commutating poles are provided. 

3 Power factor is low Compensating winding is provided. 

 

D.O.R  - Can be changed by reversing the terminals of armature with respect to field coil. 

Application:- 

(i) Vaccum cleaner  (ii) Mixers   (III) Sewing Machine   (iv) Drill Machine 

Three phase induction motor 
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Common troubles and possible causes in 3 phase induction motor 

Trouble   Possible causes 

A . Running Hot 1. High Voltage 

 2. Blocked ventilating ducts. 



           B. Fails to start 1. Single phasing 

 2. Gone fuses. 

            C Runs slow 1. Low Voltage 

 2. Overload 

         D Stops after starting 1. Hot bearings 

 2.Single phasing in running condition.  

Synchronous motor 
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V-CURVE AND INVERTED V-CURVE 
V-CURVE 

 

1.  V-curves of synchronous motor show how armature current varies with its field current 
(exciting current) when motor input is constant. 

2. Armature current is more for low values and high values of excitation (though it is 
lagging for low excitation and leading for high excitation). 

3.  It has minimum value corresponding to certain excitation. 
4.  Variation of armature current with excitation is known as V-curves because of its shape. 

 

INVERTED V-CURVE 



 

1. For the same input armature current varies over a wide range and so causes the power 
factor to vary accordingly. 

 
2. Over excited motor runs with leading power factor. 

 
3. Under excited motor runs with lagging power factor. 

 
4. In between, power factor is unity. 

 
5. Variation of power factor with excitation is like inverted V-curve. 

 
6. Minimum armature current corresponds to unity power factor. 

 

               Measuring instrument 
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ii)  Explanation : 

(a)  Energy meter has two laminated electro magnets. 

(b) The one magnet is called as the series magnet which is connected in series with the load and 
produces flux according to load current. 

(c) The other  magnet is called as shunt magnet connected across the supply and produces flux 
which lags the flux produced by series magnet because of copper shading band. Shading 
band is provided on shunt magnet. Position on shading band can be adjusted such that angle 
between two fluxes is 900. 



(d) A thin aluminum disc is placed between shunt and series magnet. 

(e) These two fluxes interact with each other and a rotating field is set up and the aluminium  
disc  rotates. 

(f) Rotating  Aluminum disc  cuts magnetic flux produced  by braking magnet and e.m.f. is 
induced in it and eddy current flows. 

(g)  Thus eddy  current damping is provided by breaking magnet. 

(h)  The register mechanism records the energy which is directly proportional to the revolutions.  

(i.) It consist of warm wheel mounted on the spindle. The warm wheel is connected to trail gears 
which is connected to counting mechanism. 

Error  :   
 
1.  Error due to temperature. 

2.  Frictional error.  

3.  Creeping error :  i.e. slow but continuous rotation even if the load is not connected. 

4.  As the coils are not purely inductive the flux of shunt magnet do not lag exactly by 090  
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* P.F. Meters  :   
These meters are used to measure the p. f. of the lagging, leading or unity. There are two main 
types of p. f. meter  :  (a)  Electro dynamometer type.     (b)  Moving iron type. 
 

(a) Electrodynamometer type p. f. meters  : 
.Construction  : 
1.  Fixed coil (f. f.) called as current coil and is divided into two sections into sections F1and F2. 
Being  connected  in series with the supply ,it carries load current. 
2. Moving  Coils C1 and C2   attached to the spindle to which the pointer is also attached.. C1 
has series resistance R and C2  has a series inductance L 
 3. I1 is in  phase with supply voltage V . whereas I2 lags behind V by 900 . 
Working: 
 1.Consider the case when load power factor is unity. I1is in phase with load current whereas I2 
lags behind .  
2. Consequently a torque will act on C1 which will set its plane perpendicular to common 
magnetic axis of  F1 and F2. Pointer shows unity power factor. 
3. When load power factor is lagging. Load current lags the V. Current I2 is in phase with load 
current and I1 will be out of phase. As a result torque acting on C2 will bring its plane 
perpendicular to common magnetic axis of F1 and F2 .Pointer shows lagging power factor. 



 
 

 
 
 
 
 

 


