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February 20, 2007 
P. Shields 

Student Handout. 
 

Resistance, Resistivity & Resistors. 
Ohm’s Law: 
  
Ohm's Law defines the relationships between (P) power, (E) voltage, (I) current, and (R) resistance.  
 
One ohm is the resistance value through which one volt will maintain a current of one ampere. 
 
( I ) Current is what flows on a wire or conductor like water flowing down a river. Current flows 
from points of high voltage to points of low voltage on the surface of a conductor. Current is 
measured in (A) amperes or amps. 
 
( E ) Voltage is the difference in electrical potential between two points in a circuit. It's the push or 
pressure behind current flow through a circuit, and is measured in (V) volts. 
 
( R ) Resistance determines how much current will flow through a component. Resistors are used to 
control voltage and current levels. A very high resistance allows a small amount of current to flow. 
A very low resistance allows a large amount of current to flow. Resistance is measured in ohms. 
 
( P ) Power is the amount of current times the voltage level at a given point measured in wattage or 
watts. 
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Circuits and the speed of light: 
 
Suppose we had a simple one-battery, one-lamp circuit controlled by a switch. When the switch is 
closed, the lamp immediately lights. When the switch is opened, the lamp immediately darkens: 
 

 
 
Actually, an incandescent lamp takes a short time for its filament to warm up and emit light after 
receiving an electric current of sufficient magnitude to power it, so the effect is not instant. 
However, what I'd like to focus on is the immediacy of the electric current itself, not the response 
time of the lamp filament. For all practical purposes, the effect of switch action is instant at the 
lamp's location. Although electrons move through wires very slowly, the overall effect of electrons 
pushing against each other happens at the speed of light (approximately 186,000 miles per second!). 
 
What would happen, though, if the wires carrying power to the lamp were 186,000 miles long? 
Since we know the effects of electricity do have a finite speed (albeit very fast), a set of very long 
wires should introduce a time delay into the circuit, delaying the switch's action on the lamp: 
 

 
 
Assuming no warm-up time for the lamp filament, and no resistance along the 372,000 mile length 
of both wires, the lamp would light up approximately one second after the switch closure. Although 
the construction and operation of superconducting wires 372,000 miles in length would pose 
enormous practical problems, it is theoretically possible, and so this "thought experiment" is valid. 
When the switch is opened again, the lamp will continue to receive power for one second of time 
after the switch opens, then it will de-energize. 
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One way of envisioning this is to imagine the electrons within a conductor as rail cars in a train: 
linked together with a small amount of "slack" or "play" in the couplings. When one rail car 
(electron) begins to move, it pushes on the one ahead of it and pulls on the one behind it, but not 
before the slack is relieved from the couplings. Thus, motion is transferred from car to car (from 
electron to electron) at a maximum velocity limited by the coupling slack, resulting in a much faster 
transfer of motion from the left end of the train (circuit) to the right end than the actual speed of the 
cars (electrons): 

 
 
 
 
 
Another analogy, perhaps more fitting for the subject of transmission lines, is that of waves in 
water. Suppose a flat, wall-shaped object is suddenly moved horizontally along the surface of water, 
so as to produce a wave ahead of it. The wave will travel as water molecules bump into each other, 
transferring wave motion along the water's surface far faster than the water molecules themselves 
are actually travelling: 
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Likewise, electron motion "coupling" travels approximately at the speed of light, although the 
electrons themselves don't move that quickly. In a very long circuit, this "coupling" speed would 
become noticeable to a human observer in the form of a short time delay between switch action and 
lamp action. 
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Resistivity and Conductivity: 
 
 
Resistivity: The natural resistance to the flow of electrons in a material is measured in Wm ((Ω) 
ohm/metre), it is effected by 
 

1. Length 
2. Cross Sectional Area 
3. Material 
4. Temperature 

 
In effect, the resistivity represents the resistance across two opposite faces of a cubic metre of 
material (in the same way that density is the mass of a cubic metre). Resistivity tells how resistive a 
material is. 
 
 
Resistivity has the symbol r - (rho to rhyme with snow) and its units are ohm metres. 
 
   

 
 

The resistivity of pure copper is 1.7 × 10-8 Wm 
 
 
Notice that this is a very small number 0.000 000 017 Wm. This is because the resistance of a cubic 
metre of copper would be next to nothing. The smaller the resistivity, the better the material is at 
conducting electricity. Resistivity is the inverse of conductivity (which tells us how good a 
conductor a material is). 
 
 
 
You will see that resistivity varies from about 10-8 Wm to more than 1016 Wm – more than 24 
orders of magnitude. No other property of materials varies over such a wide range. 
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Calculating resistance: 
   
To calculate the resistance R of a wire, we need to know three things: 
 
    * Its length  – the longer the wire, the greater its resistance 
    * Its cross-sectional area A – the greater the area, the less its resistance 
    * The resistivity of the material r  – the greater the resistivity, the greater its resistance.  
 

Resistance = resistivity × length / area 
 

 
 
This equation defines resistivity. We can rearrange it to get a formula for resistivity: 
 

Resistivity = resistance × area / length 
 
 
 
The electrical resistance of a wire would be expected to be greater for a longer wire, less for a wire 
of larger cross sectional area, and would be expected to depend upon the material out of which the 
wire is made. Experimentally, the dependence upon these properties is a straightforward one for a 
wide range of conditions, and the resistance of a wire can be expressed as 
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R = pl 
     A 

 
p (rho)= the constant for the material i.e. its resistivity. 

l  = Length 
A = cross sectional area 

 
The factor in the resistance that takes into account the nature of the material is the resistivity. 
Although it is temperature dependent, it can be used at a given temperature to calculate the 
resistance of a wire of given geometry. 
 
The inverse of resistivity is called conductivity. There are contexts where the use of conductivity is 
more convenient. 
 

Electrical conductivity = σ  = 1/ρ  
 
 
Linear Temperature coefficient for a material means that for every degree rise above the stated 
coefficient for the material resistance will be increased by a constant value. 
 
Positive Temperature coefficient means the resistance will increase as the temperature rises. 
 
Negative Temperature coefficient means the resistance will decrease as the temperature rises. 
 
If we compare some conductor materials: 
 

• Silver has a positive coefficient of 0.0037 Ω 
• Copper has a positive coefficient of 0.00427 Ω 
• Aluminium has a positive coefficient of 0.004 Ω 

 
• Carbon has a negative coefficient of 0.0005 Ω 

 
 
 
 
 
 
The fact that different materials oppose the flow of electrons at differing rates is useful in the design 
and operation of electrical apparatus. These resistive devices can be made of different materials to 
get the desired effect in the design. Examples of resisters are; 
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Linear Resistors: 
 

• Carbon 
• Metal Film 
• Wire Wound 

 
Non Linear Resistors are: 
 
Thermistors: 
 
Manufactured from the oxides of the transition metals - manganese, cobalt, copper and nickel, NTC 
thermistors are temperature dependant semiconductor resistors (Negative Temperature Coefficient 
NTC) also thermistors (barium titanate material)(Positive Temperature Coefficient PTC) 
 
Varistors: 
 
Voltage Dependent Resistor (VDR) Varistors will have a negative voltage coefficient i.e. the 
resistance goes down as the voltage applied to the varistor increases. 
Light Dependent Resistor (LDR) 
 
To standardise the design of electrical circuits ‘preferred values’ of resistors have been developed. 
These preferred values along with other factors such as ‘tolerance’ (how far the preferred value can 
vary from the optimum value i.e. a 1KΩ wire wound resistor with a tolerance value of 10% could 
vary in measurable value from 900Ω to 1100Ω i.e. + or – 10% of the marked value. 
 
Other factors are also important in choosing the correct resistor device such as power rating, power 
dissipation, voltage rating and current rating. These factors are identified on a resistor device by a 
series of coloured bands and other standard markings. The interpretation of these ‘codes’ is the key 
to choosing the right value device for the purpose required by the design. 
 
The next figure shows the standard colour banding for common linear resistors. 
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How to read Resistor Colour Codes 
First the code 

 
The mnemonic 
 
Bad Boys Ravish Only Young Girls But Violet Gives Willingly * 
 
Black is also easy to remember as zero because of the nothingness 
common to both. 
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• First find the tolerance band, it will typically 
be gold (5%) and sometimes silver (10%). 

 
• Starting from the other end, identify the first 

band - write down the number associated 
with that colour; in this case Blue is 6. 

 
• Now 'read' the next colour, here it is red so 

write down a '2' next to the six. (You should 
have '62' so far.) 

 
• Now read the third or 'multiplier' band and 

write down that number of zeros. 
 

• In this example it is two so we get '6200' 
or '6,200'. If the 'multiplier' band is Black 
(for zero) don't write any zeros down. 

 
• If the 'multiplier' band is Gold move the 

decimal point one to the left. If the 
'multiplier' band is Silver move the decimal 
point two places to the left. If the resistor 
has one more band past the tolerance 
band it is a quality band. 

 
• Read the number as the '% Failure rate per 

1000 hour' this is rated assuming full wattage 
being applied to the resistors. (To get better 
failure rates, resistors are typically specified 

to have twice the needed wattage dissipation 
that the circuit produces) 1% resistors have 
three bands to read digits to the left of the 
multiplier. They have a different temperature 
coefficient in order to provide the 1% 
tolerance. 
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 At 1% the temperature coefficient starts to become an important factor.  at +/-200 ppm a change in 
temperature of 25 Deg C causes a value change of up to 1% 
 
 BS 1852 Coding for resistor values: 
 
The letter R is used for Ohms and K for Kohms M for Megohms and placed where the decimal 
point would go. 
 
At the end is a letter that represents tolerance Where M=20%, K=10%, J=5%, G=2%, and F=1% 
 

 
 
Common surface mount coding: 
 
The third or forth digit is the multiplier 
 
Thus 103 is a 10K resistor 
 
475 is a 4.7M resistor 
 
It is also important to choose the resistor device on power rating and voltage rating as these values 
determine the current and therefore heat dissipation the resistor can tolerate. To choose wrongly in 
effect turns the resistor into a heater or slow or fast acting fuse and can be a source of fire hazard. 
Insulation Resistance: 
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That property of an insulating material which resists electrical current flow through the insulating 
material when a potential difference is applied. 
 
The insulation on cables has to stop the pressure (voltage) pushing the electric "currents" out 
through the sides of the cable. This means that high voltages need thick insulation and low voltages 
only need thin. 
 
Example: From AS/NZS 3000 Sect 1.11.2.3 & 6.3.3.3 
 
The insulation resistance between live and earthed parts of an electrical installation or parts thereof 
shall be not less than 1MΩ. 
 
The value of 1MΩ may be obtained with the appliances disconnected. Also this value may be 
reduced to: - 
 

• 0.01 MΩ for sheathed heating elements of appliances; or 
• A value permitted in the relevant safety standard applicable to the electrical equipment. 

 
 
Cable insulation is typically measured with an insulation resistance meter. The cable is typically not 
connected anywhere (or connected to equipment that do not cause error in measurement and do not 
get damaged by measuring). Insulation resistance meter typically applies some quite high voltage 
DC (125V, 250V, 500V, 1000V) to the line between two wires and measure if there is any leakage. 
The leakage current is measured and the result is converted to resistance (usually in megaohms to 
gigaohms range). The measuring voltage needs to be selected based on the ratings of the wiring 
(and equipment if such are connected). Low voltage telecom wiring and similar is typically tested 
with 125V or 250V voltage. Higher voltages are usually used when testing the insulation on the 
mains power carrying cables and some radio transmitter coaxial cable systems. The measuring 
voltage needs to be right for the intended application. Too low voltage might not reveal insulation 
problems, but too high voltage can damage wiring and equipment connected to it. 
 
 
Different techniques also come into use when very high resistance values are needed to be 
measured. The megger is a special instrument that is widely used for measuring insulation 
resistance, such as between a wire and the outer surface of the insulation, and insulation resistance 
of cables and insulators. The range of a megger may extend to more than 1000 megohms. Megger 
has the same operation principle, but it generally uses a much higher measurement voltage, 
typically 250, 500 or 1000 volts DC. Those high voltage ranges are often used to test the quality of 
the insulation in electrical cables and equipments (safety checks). 
Field acceptance limit is [(kv+1)/L]x1000 megohm where kV is insulation voltage rating and L is 
cable length in feet. 
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Student Assessment Questionnaire. 
 

Note: This part of the assessment is open book and 100% is the required result. 
 
 
 

1. The Symbol for Resistance is? 
 

• ___________ 
 
 

2. The specified resistance of a material is called? Expressed as? 
 

• ___________ 
 

• ___________ 
 

3. The factors that affect the resistance of conductors are (need 4)? 
 

• ___________ 
 

• ___________ 
 

• ___________ 
 

• ___________ 
 

 
4. The resistance of a conductor is directly proportional to its ________ and inversely 

proportional to its ____________? 
 
 

5. State the characteristic values of the following resistors? 
 

• Or, Or ,Yl, Silver___________ 
 

• Rd,Or,Or, Gold___________ 
 

• Gr,Br,Yl, Red___________ 
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6. For what purpose is a resistor used? 
 

 
• _________________________________________________ 

 
 

7. Define Ohms Law.  
 

 
• _________________________________________________ 

 
 
 

8. What voltage is necessary to cause an operating current of 20mA to flow through a 
resistance of 2500 ohms? 
 

 
• _________________________________________________ 
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