EXPERIMENT 1

OHM’s LAW AND RESISTANCE MEASUREMENT

Aim:
1.
Verify Ohm’s Law

2.
Resistance value by colour code

3.
Resistance measurement by voltage-current method

4.
Resistance measurement by Ohmmeter

I.
Introduction


Current flow in a conductor is a result of the movement of electrons in the conductor.  Electrons move in the opposite direction of the electric field E when a potential difference (or voltage) V is applied between the two ends of the conductor.  When no electric field is applied the conduction electrons move randomly in all directions and the resultant current in the conductor is zero.


When the same potential difference is applied between two ends of similar size rods of copper and glass, you measure different currents.  The characteristic of the material that causes this difference is called the resistance.

Resistance is the capacity of a material to resist the flow of current or more specifically the flow of electrons in the material.  The resistance of a conductor between any two points is determined by applying a potential difference V between these points and measuring the current I that flows in the conductor.  The resistance R is then calculated as:
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The SI unit for the resistance is Ohm, Ω, named after the German scientist George Simon Ohm.  The electrical component which is used for its resistance in an electrical circuit is called a resistor.  Resistors are used in all types of electrical circuit to control the current flow in various parts of the circuit.  The resistance value of a resistor is either printed on it, or is denoted by coloured bands around the resistors.  The resistance value can then easily be calculated, without any need for measurement.  The colour code is given in Appendix A.

The circuit symbol for a resistor is given below.


Figure 1 Symbol for a Resistor

Resistivity

Resistance values change with the length L and the cross-sectional area A of the conductor.  However, each material has a unique value, which we call the resistivity of the material.  Resistivity of a material is defined not in terms of voltage V and current I but rather in terms of electric field in the conductor E and the current density J = I/A.
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Appendix B tables the resistivities of some materials.  Resistivities of metals generally vary linearly with temperatures.  Appendix B also gives the temperature coefficients of resistivity for each material.

It can be shown that for a homogeneous isotropic conductor of uniform cross-sectional area A, of length L, the resistance R is:
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Conductivity of a material 
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Ohm’s Law

Ohm’s law states that the voltage across a resistor is directly proportional to the current flowing through the material.
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When this equation is plotted for different applied voltages on V-I axes, it will be seen to be a straight line passing through the origin. Resistors which obey such linear characteristics are called linear resistors. Resistors which do not obey linear characteristics are called non-linear resistors.

Power Rating of Resistors


Because resistors “limit” current in a circuit they perform “work” and work done is dissipated as heat in the resistor. The more work they perform, the more heat is generated. We say that power is consumed when current flows in the resistor. For DC voltages power is defined as:
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(Watts)

Typical resistor wattage sizes are 1/8, 1/4, 1/2, 1, 2, 5, 10, and 20W. The size of the resistors depends on the watt rating of the resistor. The larger the power rating, the larger should be the dimensions of the resistor so that it dissipates more heat into the air, via larger surface area. The larger sized resistors, from 5W and up are not colour coded.  The resistance and the power rating are instead printed on the resistor.
II.
EXPERIMENTAL WORK


Determination of Resistance Value


You will be given two resistors of unknown resistance values and will be asked to determine their values by using three methods.

PART A


(a)
Colour-Code Method


Determine the resistance of the given resistor by making use of the colour codes given in Appendix A.  The colour codes can be 4-Band or 5-Band.  Record this value as R1 in Table I.


(b)
Measurement by Ohmmeter



Adjust the multimeter to Ohm measurement.  Make the zero-adjustment of the ohmmeter by connecting the 2 leads of the multimeter.  Measure the unknown resistance and record this value as R2 in Table I.

(c)
Voltmeter-Ammeter Method


Construct the circuit below.


Increase the applied DC voltage in 1V step from 1 volt to 10 volts. At each step record the current flowing in the resistor and record these values in Table II.
Table I

	R1
	R2
	R3

	
	
	


Table II

	Applied Voltage (Volts)
	Current (mA)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	


Plot a graph of V against I as shown below.

Figure 3 Verification of Ohm’s Law

PART B

Repeat Part A for another unknown resistance.
III.
EXPERIMENTAL RESULTS

1.
Mathematically express the general relation between V and I in Figure 3 for the first unknown resistor.

2.
Calculate the first unknown resistance values from the slope of the graph.  Record this value as R3 in Table I.

3.
Is the calculated value of R3 within the tolerance stated on the resistance?

4.
Is the measured value R2 within the tolerance stated on the resistance?

5.
What is the percentage error between R2 and R3?

6.
Repeat (1-5) for the second unknown resistor.

7.
What are the power ratings of the resistors?
IV.
ANSWER THE FOLLOWING QUESTIONS

1.
If you were asked to choose between copper, aluminium and manganin to wound resistors, which one would you choose?  Why?  Explain.

2.
Explain the following classifications of materials.  Give examples.


(a)
Conductors


(b)
Insulators


(c)
Semi-Conductors

3.
When you go to an electronic shop to buy a resistor how do you order it?

4.
What is the value of the resistors colour-coded as follows?


(a)
Red, Violet, Silver


(b)
Red, Red, Gold


(c)
Green, Blue, Brown


(d)
Yellow, Violet, Yellow

5.
What is the colour code for the following resistances?


(a)
39Ω, 50% tolerance


(b)
68Ω, 20% tolerance

6.
A resistor’s colour bands are Red, Red, Red, Silver, and Red.  What is its precise value?  What is the maximum value?  What is the minimum value of the resistor?

7.
What is the resistance of a short-circuit?

8.
What is the resistance of an open-circuit?

9.
Measurement of body resistance:


Hold both multimeter probe tips in your hands and measure your body resistance. Record it.  Note that the harder you squeeze the tips, the less resistance you have. Also note that if your finger tips are wet, better contact will be made and less resistance results.  Record your body’s new resistance.

10.
Take an unknown resistance and measure its resistance first with a digital multimeter and then with an analog meter.  Compare the readings? Which one gives a more accurate resistance measurement?  Explain.

APPENDIX A

Resistor Colour Codes

Five Band Precision Resistor

Note:  1. Bands A to D are grouped together


     2. Band E is Tolerance


	
	Band A
	Band B
	Band C
	Band D
	Band E
	Band F

	Colour
	1st Digit
	2nd Digit
	3rd Digit
	Multiplier
	Tolerance
	Reliability

	Black
	
	0
	0
	1
	
	

	Brown
	1
	1
	1
	10
	± 1%
	1%

	Red
	2
	2
	2
	100
	±2%
	0.1%

	Orange
	3
	3
	3
	1000
	±3%
	0.01%

	Yellow
	4
	4
	4
	10,000
	±4%
	0.001%

	Green
	5
	5
	5
	100,000
	±0.5%
	

	Blue
	6
	6
	6
	1,000,000
	±0.25%
	

	Violet
	7
	7
	7
	10,000,000
	±0.1%
	

	Gray
	8
	8
	8
	100,000,000
	
	

	White
	9
	9
	9
	1,000,000,000
	
	

	Gold

Silver

No Colour
	
	
	
	0.1

0.01
	±5%

±10%

20%
	

	
	Band A
	Band B
	Band C
	Band D
	Band E
	




APPENDIX B
Resistivities of Some Materials at Room Temperature (20oC)
	Material
	Resistivity ρ, Ω-m
	Temperature Coefficient of Resistivity α,K-1


	Typical Metals

	Silver
	1.62×10-8
	4.1×10-3

	Copper
	1.69×10-8
	4.3×10-3

	Aluminium
	2.75×10-8
	4.4×10-3

	Tungsten
	5.25×10-8
	4.5×10-3

	Iron
	9.68×10-8
	6.5×10-3

	Platinum
	10.6×10-8
	3.9×10-3

	Manganin (a)
	48.2×10-8
	0.002×10-3

	Typical Semiconductors

	Silicon pure
	2.5×103
	-70×10-3

	Silicon n-type (b)
	8.7×10-4
	

	Silicon p-type (c)
	2.8×10-3
	

	Typical Insulators

	Glass
	1010-1014
	

	Fused Quartz
	1016
	


(a)
An alloy specifically designed to have a small value of α
(b)
Pure silicon “doped” with phosphorus impurities to a charge carrier density of 1023 m-3
(c)
Pure silicon “doped” with aluminium impurities to a charge carrier density of 1023 m-3
R
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Five Band Resistor with Reliability Band


Note: 1. These are composition type resistors.


         2. Bands are evenly spaced.





Standard Four Band Resistor


Note: 1. Bands 1 to 3 are grouped together.


         2. Band 4 is Tolerance.
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