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 Unit notes for 25070 E2 & E3 
“Resistance, Resistivity and Resistors” 
 
Version 1     9.2.09    Chris Meehan  
 
Introduction  
 
Resistance is the opposition to the flow of electrons or current in a circuit. 
The resistance in a given part of a circuit or a whole circuit is measured in ohms and 
given the symbol Ω 
 
Resistivity or specific resistance is the resistance of a known block of material to 
enable us to compare the resistive behaviour of different conductors or insulators. 
 
Ohms law 
 
Practically, resistance means little in isolation. We need to consider what current is 
being “resisted” and how much pressure is being exerted on the current in opposition 
to the resistance. 
 
 
 

 
 
 
Ohms law, the most fundamental electrical law and possibly the most used electrical 
law bonds these three quantities together mathematically. 
 
“In a DC circuit at a constant temperature, current is directly proportional to voltage 
and inversely proportional to resistance” 
 
In equation form this is       I  =  V 
                                                    R 
 
Resistive Factors 
 
There are 5 factors for us to consider that will affect a resistors value. 
 

1. The resistors length 
2. The cross sectional area 
3. The resistivity of the material used  
4. The temperature of the resistor 
5. Positive or negative gain in resistance with temperature rise 

EMF pushes current 
through circuit 

RESISTANCE 
Opposition to current flow 
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Length  ( 𝒍𝒍 ) 
 
The longer the resistor is, the higher the resistance value in ohms becomes. 
 
        ∴   R  𝜶𝜶   𝒍𝒍 
 
 
Cross sectional area  (  A  ) 
 
The greater the cross sectional area is, the lower the resistance value in ohms 
becomes. 
                        1 
        ∴   R  𝜶𝜶   𝑨𝑨 
 
 
Resistivity 𝝆𝝆 (rho) 
 
This factor relates directly to the material used.  
If we consider copper and aluminium as 2 options for a cables conductor material we 
find that a smaller cross sectional area copper cable can be selected for the same 
resistance value. 
Copper is a better conducting material than aluminium and has a smaller specific 
resistance value. 
The lower the value of resistivity the lower the value of resistance. 
 
 
        ∴   R  𝜶𝜶   𝝆𝝆 
 
If we now combine these first 3 factors, assuming the temperature is constant at 
room temperature, we find that ; 
 

         

          
 

 

 

 

 

 

     
    R   =   𝝆𝝆 𝒍𝒍 
               𝑨𝑨  
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Explaining  𝝆𝝆 
 
To compare the value of resistivity for different materials a standard size of each 
material needs to be tested. 
The size chosen was a block of 1m3 
The dimensions of the cube being   1m x 1m x 1m 
 
 
 
 
 
 
 1m 
 
 
 

1m 
 
 
 
 1m 
 
 
              Sample block of material to measure resistivity value 
 
 
 
If we measure across any 2 opposing faces we will have a value of  
𝝆𝝆 for that material. 
 
This value is called specific resistance. Specific to that material, and to that 
dimensioned block. The temperature is usually specified at 20℃. 
 
The unit of resistivity in this case is ohms per metre  or   Ωm. 
This is because the unit of resistance is ohms and the sample is 1 metre long. 
 
For a good conductor we would see a value of around 0.00000002 Ωm, 
and to keep the number a bit tidier we would convert to engineering format . 
This would be    20 x 10-9  Ωm. 
 
 
 
 
 
 
 

This face is 1m2 
and is one unit 
of  A 

This dimension is 
1m and is one unit 
of  𝒍𝒍 
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A close look at conductors, insulators and semiconductors shows the resistivity 
relative to each other. 

Resistivity table 
 
Silver                      1.6 x 10 –8 Ωm good  
Copper                   1.7 x 10 –8 Ωm conductor 
Gold                       2.4 x 10 –8 Ωm 
Aluminium              2.8 x 10 -8 Ωm 
Brass                     4.6 x 10 –8 Ωm 
Steel ( tungsten)    5.5 x 10 –8 Ωm 
Tin                         1.1 x 10 –7 Ωm 
Lead                    20.7 x 10 –8 Ωm 
Nichrome               1.1 x 10 –6 Ωm 
Carbon                   3.5 x 10 –5 Ωm 
 
  
Silicon                              0.8  Ωm semi- 
Germanium                      0.9  Ωm conductor 
 
 
Ceramic                           1010 Ωm  
Rubber                             1013 Ωm  
PVC                                 1014 Ωm good 
Glass                   1010  to 1014 Ωm                                                  insulator 
Mica                     1013  to 1017 Ωm  
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Looking at a practical resistivity calculation. 
 
 
Calculate the resistance of a 16mm2 mains cable 100m long. 
Assume    𝜌𝜌  for copper is 0.017 𝜇𝜇Ωm 
 
Starting with the basic formula                       R  =  𝜌𝜌 𝑙𝑙 
                                                                                 A 
 
 Inserting the given values                              R  =  0.017𝜇𝜇Ωm  x  100m 
                                                                                           16mm2 

 
 Changing the units to Ω  and  metres            R  =  0.017 x 10-6 Ωm  x  100m             
                                                                                           16 x 10-6 m2  
  
 Cancelling exponents top and bottom           R  =  0.017 x 10-6 Ωm  x  100m             
                                                                                           16 x 10-6 m2  
  
 Calculating values and units                         R  =  0.017 x Ωm  x  100m             
                                                                                           16 x  m2  
  
                                                                       R  =   1.7 Ω m2 

 16 m2 

 
Cable resistance  equals    0.106 Ω 
 
 
 
 
Temperature 
 
Resistance is affected by heat  

 
Most conductors increase their resistance slightly with a rise in temperature. 
This is termed a positive temperature coefficient of resistance. 
 
Carbon is one of the exceptions which decreases with a rise in temperature and is 
deemed to have a negative temperature coefficient. 
 
The temperature coefficient of resistance is defined as  
“ The change in resistance of each ohm for each degree celcius change in 
temperature” 
 
This long winded term is often shortened to Tempco. 
 
The symbol for Tempco is   ∝   and is usually taken at either  0℃  or  20℃. 
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Tempco formula 

 
Knowing the resistance at  0℃ we can calculate the resistance at any temperature 
given using the tempco formula below. 
 
 
RT  =  Ro ( 1 + ∝o t ) 
 
Where     RT   is the resistance in ohms at the increased temperature 
 

                       Ro   is the resistance in ohms at 0℃ 
 
                ∝o   is the temperature coefficient for that material taken at 0℃ 
                         ( note: this is a number or multiplier having no attached units) 
 
                t     is the temperature rise in degrees celcius above zero 
 
 
Resistivity and tempco tables 
 
The values for   𝜌𝜌  and   ∝   are given in tables for different materials. 
Below is an example of 5 common metals prevalent in the electrical industry. 
 
 

Material Resistivity  𝜌𝜌 𝜇𝜇Ωm Tempco  ∝ 

brass 0.066 + 0.00100 

aluminium 0.028 + 0.00423 

copper 0.017 + 0.00427 

silver 0.016 + 0.00400 

nichrome 1.122 + 0.00017 

 
 
The first 4 materials are considered conductors with similar low resistivity values 
 
Nichrome has a higher resistivity value so a little of the material will resist the flow of 
current more. About 70 times more. 
 
Nichrome has a much smaller tempco value making it 20 times more stable than the 
conductors shown in the table. 
 
These attributes make nichrome ideal for a heater element, small and stable from 
cold to red hot. 
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Looking at a practical tempco calculation 

 
 
Given: 
A copper contactor coil heats  
up to 50℃ after it has been 
energised for a few hours. 
 
Q. What will be its final resistance? 
 
 
Using the tempco formula 
 
RT  =  Ro ( 1 + ∝o t ) 
 
RT  =  25Ω ( 1 + ∝o t ) 
 
RT  =  25Ω ( 1 + 0.00427 x t ) 
 
RT  =  25Ω ( 1 + 0.00427 x 50 ) 
 
 
 
 
 
 
 
 
 
RT  =  25Ω ( 1 + 0.00427 x 50 ) 
 
RT  =  25Ω ( 1 + 0.2135 ) 
 
RT  =  25Ω x 1.2135 
 
RT  =  30.3375 Ω    or a rise in resistance of 5.34 Ω 
 
  

Coil resistance 25Ω 
At temperature of 0℃ 

The new 
resistance Resistance 

At 0℃ Tempco of 
copper at 0℃ 
from table 

Temperature 
rise in degrees 
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Tempco formula variation for WS22A 
 
Knowing the resistance at 0℃ is not always practical. 
Room temperature is often more usable. 
 
Consider the situation below. 
 
A motor is sitting in a room at 20℃. 
We can measure the resistance of the windings with a multimeter. 
We then run the motor at full load until it stops getting any hotter, and measure the 
resistance again before it loses heat. 
 
Using the readings of resistance in both situations we can calculate the running 
temperature without having to have a thermocouple in the windings. 
 
The varied formula below is used to do this. 
 
 
R2   =   1  +  ∝0  t2 
R1        1  +  ∝0  t1 

 
 
where R2   is the final resistance 

 
 R1   is the initial resistance 
 
 t2    is the final temperature 
 
                        t1    is the initial temperature 
 
 ∝0   is the tempco constant for copper 
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Work Sheet 22A.  Resistance / Resistivity / Tempco.

1.

7.

Show workings.

2.

3.

4.

5.

6.

8.

A cable is made of copper and measures 45m long, the conductor CSA is 10mm2. Calculate
the resistance of the cable.

Find the difference in Ohms between a bar 15m long and measuring 3mm x 10mm if it was
made from Copper or Brass.

Find the Voltage drop that occurs on a 120mm2 Aluminium cable, 2 km long and carrying 50 A.

Calc. the length of 0.75mm2 Nichrome wire required to make an element of 12 Ohms resistance.

For any conductor, an increase in LENGTH, _______________ resistance and a decrease in
AREA. ______________   resistance.

For a conductor with a positive Tempco, resistance ____________ as Temperature increases.

For a conductor with a negative Tempco, resistance ____________ as Temperature increases.
The working temperature of a heater element using nichrome wire is 6000C. Find the resistance
at this temperature if the resistance at 00C is 5 Ohms.

A copper cable has a resistance of 0.2 Ohms at 00C. When a short circuit occurs, 3 kV are
dropped across the cable as 8 kA flows. Find the temperature the cable reaches during the
short circuit  - is this good for the insulation?? - Hint: Find the R during the short circuit using
Ohms Law then apply the Resistivity formulae.

Material    Resistivity (      m at 200C )          Temperature Co-efficient (at 00C).

Brass 0.066 +0.001
Copper 0.017 +0.00427
Silver 0.016 +0.004
Nichrome 1.122 +0.00017
Aluminium 0.028 +0.00423

µ Ω

A special motor with silver conductors for windings, has a resistance of 2.7 Ohms at room
temperature of 180C and when run fully loaded for 30 minutes has a resistance of 3.37 Ohms.
Find the average temperature of the conductors at full load.
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Resistors 
 
A resistor can be considered  as a conductor with a resistance fit for its purpose. 
 
Resistors fall into two main groups   Linear  or  non linear 
 
Linear resistors give a direct proportional change and produce a straight line graph 
 
 
 
 
 
 
 
 linear 
 
 
 
 
 
 
Non linear resistors give a disproportionate change producing a curved graph 
 
 
 
 
 
 
 
 
 Non linear 
 
 
 
 
 
 
Linear resistors can also be manufactured as fixed value or variable value 
(adjustable) resistors. 
 
The symbol for a fixed resistor is 
 
 
The symbol for a variable resistor is 
 or 
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Resistor types 

We will study the following types of resistors divided into groups as shown in the 
table 

 

Non linear 

NTC thermistor 

PTC thermistor 

Voltage dependant resistor 

Light dependant resistor 

 

 
 
  

 

 
Resistor construction ( linear ) 
 
Carbon composition 
 
Very finely ground carbon particles are mixed with a ceramic binder. 
This is moulded into small cylinders, heat treated and encased in plastic or ceramic 
tubes. A wire lead is attached to each end. 
 
 
 
 

 
                                Carbon composition resistor 
 
 
This resistor has a negative temperature characteristic. 
The resistance decreases as the temperature rises, risking thermal runaway. 
This is a relatively unstable resistor prone to failure. 
 
  

linear 

fixed Carbon film 

Metal film 

Wire wound 

Carbon composition 

variable Slider potentiometer 

Rotary carbon potentiometer 

rheostat 

Insulating and sealing material 

Compressed carbon and binder 

Wire lead 

Insulating tube 
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Carbon film and metal film 
 
A high temperature insulator, usually ceramic or mica, is coated with either a metal 
oxide film or a carbon film. 
The thickness and composition are adjusted for various values. 
 
 
 

 
 
                      Metal or carbon film resistor 
 
 
This type is more stable and manufactured to closer tolerances. 
Positive temperature coefficient. 
 
 
Wire wound  
 
Nichrome or constantin resistance wire is wound around a ceramic former. 
This wire has a high resistivity and a low temperature coefficient. 
This gives a stable ohmic value across a large temperature range. 
Used prevalently for higher wattage applications where small resistances and high 
currents are employed. 
 
 
 

 
 
 
 
 

                                                                                                       
 Wire wound resistors 

 
 

End cap and lead 

Metal or carbon film 

Ceramic seal 
Ceramic former 

Mounting tabs 

Grooved ceramic tube 

Terminal ends 

Coiled resistance wire 

Brazed connection 

Enamel coating 

Wire terminal leads 

Coiled resistance wire 
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Variable resistors  
 
A variable resistor is known also as a potentiometer. 
Two main types are the slider potentiometer and the rotary carbon 
potentiometer. 
 
These variable resistors are constructed in a case with an adjustable wiper to vary 
the resistance by length. 
They are used in low power applications and are usually soldered into position bb 
solder tabs onto circuit boards. 
 
 
 
 

                                                         
  

                                  Slider potentiometer 
 

 
 
 

 

                             Rotary carbon potentiometer 
 
 

Rheostat    
 
Similar in function to the rotary potentiometer but with wire wound tracks for a higher 
wattage use.  Motor speed control a typical use. 

 
 

 
 
 
 
 
 
 
 

 
                                       Rotary rheostat 

Resistance film Conductive slider 

Insulating former 

Solder tabs 

Rotary insulating shaft 

Insulating former 

Carbon tracks 
wiper 

Carbon 
brush wiper 

Rotary shaft 

Wound resistance 
wire 
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Resistor construction ( Non linear ) 
 
VDR ( voltage dependant resistor ) 
 
     V 
A solid state package with 2 leads.  
Also referred to as a surge suppressor or surge diverter. 
When a sudden spike in voltage arrives, the resistance in the VDR decreases 
allowing the extra current to divert to earth. 
In these applications the VDR is wired phase to earth to arrest voltage spikes 
 
 

      

 

 
 
 
LDR ( light dependant resistor ) 
 
 
A photoconductive device or light sensitive switch. 
Also referred to as a daylight switch. 
As light falls on the surface the device, the falling resistance allows the LDR to 
conduct. 
A semi conductor layer of cadmium-sulphide on a former is encased in a glass 
envelope  
  
 

phase 

Neutral/earth 
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           LDR construction                                                         LDR characteristics 
 
 
 
 
The LDR responds gradually to changes in light levels suiting the device to daylight 
switch applications. Automatic outside lights or security lighting. 
 
               
 
                                            Bi metal switch lamp 
             Phase 
 
  
 Bi metal Bi metal 
 heater 
 
 N 
 
 
 LDR 
 
                                                      Circuit for daylight switch 
 
 
In full daylight the LDR is low resistance. 
This allows a high current to flow through the bi-metal via the LDR bending open the 
bi-metal switch contact. 
As the light fades the LDR becomes higher in resistance reducing the current flowing 
through the bi-metal. 
The cooling bi-metal bends and closes the switch, turning on the light. 
The gradual change allows for light fluctuations. 
 
  

Cadmium 
sulphide 

Conductive 
grid 

leads 
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Thermistors ( temperature dependant resistors ) 
 
A solid state package with 2 leads, this device has a non linear output to a change in 
temperature. Semi conducting ceramic oxide is used in construction. 
A positive and negative temperature coefficient version is available. 
Resistance rises with temperature increase for PTC. 
Resistance lowers with temperature increase for NTC. 
 
 
 
 
   10,000Ω       
 
 
     1000Ω 
 
 
       100Ω 
 
 
         10Ω 
 
 
            1Ω 
 
 
 
 
 
Temperature Vs Resistance for thermistors 
 

 
                                                     + t 
PTC thermistor 
 

 40℃                     80℃                  120℃ 

PTC 

NTC 
Resistance 

Temperature 
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This thermistor is typically employed in transformer or motor windings where the 
sudden change in resistance at a defined temperature triggers the protection. 
This stops damage from overheated or burnt out windings in expensive equipment. 
 

Main coil

Thermistor relay
coil

Main contactor (motor) Motor

Thermistor

Thermistor contact

Start buttonStop button

Low voltage transformer

N

N

N
A

Hold in contact

 
                                                    Motor winding thermistor protection circuit 
 
 

− t 
NTC thermistor 
 
 

 
 Car temperature gauge 
 
A NTC thermistor could be found in the water jacket in a car to indicate the water 
temperature. 
As the water heats up the thermistor resistance goes down. 
The rising current causes the heater element to become hotter. 
The bi-metal strip bends the pointer indicating the temperature value on the scale. 
  

HOT 

COLD 

12 volt supply 

− t 

pivot Bi-metal strip 

Heater element NTC thermistor 

Water  jacket 
in engine 
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RESISTOR COLOUR CHART HANDOUT 

 

Black 
Brown 
Red 
Orange 
Yellow 
Green  
Blue 
Violet  
Grey 
white
 

No band 
20% 
tolerance 

100 = 1 
101 = 10 
102 = 100 
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INTERPRETING RESISTOR COLOUR CODES 
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HOMEWORK RESISTOR COLOUR CODE 
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Insulation resistance 
 
Insulation on cables is designed to keep the electricity contained within the 
conductor beneath its surface. Ideally no electricity will leak out, but in practice a 
small amount will and is still acceptable within limits. 
If the insulation is old, faulty or damaged the current escaping may be unacceptable. 
 
Insulation resistance testing is mandatory under the NZ wiring rules. 
This is to ensure the insulation resistance is high enough between all live conductors 
and earth to ensure the integrity of the insulation. 
 
This is done to prevent 
 

a) Electric shock hazards from inadvertent contact 
b) Fire hazards from short circuits 
c) Equipment damage 

 
500 volts DC is applied with an insulation resistance tester, also known as a megger. 
Live parts ( active and neutral ) to earth must be not less than 1MΩ. 
 
500 volts is used on a 230v ac system to stress the insulation above the working 
voltage. The insulation breaks down exponentially as the voltage is increased so that 
problems are revealed before they would in service. 
 
DC is applied as capacitors appear as a leakage if AC is used. 
 
Insulators have great difficulty conducting electricity, but they will conduct small 
currents. By ohms law at 230v a cable with 1MΩ of insulation resistance 
will leak 23 micro amps through the insulation. 
 
 
Looking at how cables are tested in a cable manufacturing plant will illustrate how 
insulation resistance works. 
 
 
 

 
Factory insulation resistance testing of new cables 

Conductive 
liquid 

MΩ 𝜇𝜇𝜇𝜇 
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The cable is immersed in a conductive liquid to give total contact with the outer 
surface of the insulation. A tester measures the current from the inner conductor 
leaking through the insulation into the conductive liquid. 
 
Looking closely at the cable in the diagram below we see that the resistances 
A,B,C,D and E represent the insulation resistance of the cable. 
 
 
 

 

 
 Cable insulation parallel leakage paths 
 
 
It follows that the thicker the insulation the longer the resistance paths, increasing 
the insulation resistance. 
The longer the cable, the more parallel paths of leakage, lowering the cables 
insulation resistance. 
Therefore the cables insulation resistance is directly proportional to the thickness of 
the insulation and inversely proportional to the cables length. 
 
 
Calculation example. 
 
4km of cable has 40MΩ insulation resistance. 
What is the insulation resistance of the same cable type at 5km of length. 
 
IRnew  x  lengthnew  =  IRold  x  lengthold 
 
And transformed to find newIR 
 
IRnew  =  IRold  x  lengthold  
                  lengthnew 

 
IRnew  =  40MΩ  x  4km 
     5km 
 
IRnew  =    32MΩ 
 
  

Cable conductor 

Cable insulation 

C 

D E 

B A 

Parallel paths of  
insulation leakage 
current 
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Factors that can cause a reduction in a cables insulation resistance 

 
A) Poor insulation material 
B) Very long conductor 
C) Very thin insulation 
D) Poorly constructed cable ( eg varying insulation) 
E) High surface contact area 
F) High ambient temperature 
G) Excessive voltage 
H) Insulation deterioration due to 

1) Moisture 
2) Mechanical damage 
3) UV deterioration 
4) Chemical damage 
5) Heat damage 


	Unit notes for 25070 E2 & E3
	“Resistance, Resistivity and Resistors”
	Introduction
	A close look at conductors, insulators and semiconductors shows the resistivity relative to each other.
	Resistivity table

	A resistor can be considered  as a conductor with a resistance fit for its purpose.


