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1. OBEJECTIVE
· To understand how electrical and magnetic fields give unwanted signals in leads and circuits
· To learn good design methods aimed at reducing interference signals
· To avoid serious pitfalls when interconnecting equipment
2. EQUIPMENT
	1 AM/FM radio
	1 “ Chicken cage”
1 Oscilloscope
1 Probe
1 coax – to – banana convertor
1 UNILAB signal generator
1 Power supply
1 Ground plate
1 Plastic tube
1 Ordinary cable with 1 kohm resistor in series
1 Shielded cable with 1 kohm resistor in series
1 Twisted pair cable with 1 kohm resistor in series
4 Wooden blocks 10X5X5 Cm
Lab cable of different lengths
3. BACKGROUND THEORY
INTERFERENCE COUPLING
This first part consists of basic experiments with an oscilloscope, signal generator and different kinds of cables (ordinary, shielded and twisted pair). Aimes to indicate the presence of electromagnetic fields and create acquaintance within different ways of interfernec coupling (electric and magnetic field) under different conditions
THE PRESENCE OF ELECTRIC AND MAGNETIC FIELDS
First we investigate the electric and magnetic fields around us by using an oscilloscope, a normal lab cable and a coil.
Fig 1
ELECTRIC FIELDS
Connect the lab cables to one of the oscilloscope inputs (you need a coax-to-banana convertor) and try to find some electrical signals on the screen.
a) What do you find? (Frequency and voltage)
b) Where does this signal come from?
Move the cable around and observe if the signal changes. Put your finger on the metal part of the plug
c) What happens and why?
MAGNETIC FIELDS
To investigate the magnetic field we need some kind of cable loop. To achieve a decent deflection on the oscilloscope a good idea is to use a loop with many turns, a coil. Here 100 turns of enameled copper thread around a bobbin is used as a coil. Connect the coil to one of the inputs and move the coil around to find some signals. Move the coil near the different parts of the oscilloscope until you obtain a maximum voltage.
Fig 2

A) what do you find? (Voltage and frequencies). Explain the result and find the origin of this maximum signal.
b) Calculate the maximum magnetic field strength from the maximum measured voltage. First calculate the inductance for the coil.
CAPACITIVE AND INDUCTIVE COUPLING
To be able to investigate the capacitive and inductive coupling in a more controlled way we use the UNILAB signal generator as a source of interference by feeding a lab cable with signal and use an oscilloscope to measure the induced voltage in a parallel wire, terminated by a 1 kohm resistor.



Fig3
CAPACITIVE COUPLING
PREPARATION QUESTIONS
Q1 Use the theory part and calculate the capacitance between two 80cm long conductors with 2 mm diameter and 10 cm distance. Calculate for two cases, 5 and 10 cm above the ground plane. Assume air around the conductors, having about the same dielectricity constant as vacuum.
Q2 Calculate on basis of the above results the expected interference voltage on the receptor cable if the source voltage is 6V and frequency 50 kHz.
Q3 If you want to measure the interference voltage in a controlled way, should you use a probe or a normal lab cable to be connected between the receptor cable and the oscilloscope? Why ?
Q4 If we double the frequency from the interfering source, how much would you expect the interfering voltage to rise?
Q5 Calculate the expected interfering voltage if you place the receptor cables 5 cm apart and 5 cm above the ground level (50Hz)
Q6 In what places would you (according to the theory part) ground the shield in fig4c
Q7 If you use square wave instead of sinusoid, what will happen to the interfering voltage? Why?
PROCEDURE
· Put an ordinary lab cable in one of the plastic tubes and place it on one pair of 10cm high wooden blocks on the ground plane
· Connect one of the cables ends to the 100 ohm output of the signal generator.
· Let the other cable end be free
· Connect the generator ground output to the ground plane
· Put the unshielded cable in the other tube and place it on the other pair of 10cm high wooden blocks, parallel with the other tube at a distance of 10cm (centre – centre)
· Connect the 1 kohm resistor to the ground plane and the other end of the cable to the oscillator probe.
· Connect the ground clip from the probe to the ground plane.
· Adjust the signal generator to 50 kHz sinusoid signal and maximum output level  (about 6V)
a) Measure the interfering voltage (peak to peak) received by receptor cable
b) Increase the frequency to 100 kHz and measure the interfering voltage (peak to peak) received by the receptor cables.
c) Lay the wooden blocks down so that the tubes are 5 cm above the ground plane. Maintain 10 cm distance between the two cables. Restore the frequency to 50 kHz and measure the interfering voltage (peak to peak)
d) Move the cables 5 cm apart (centre to centre) and measure the interfering voltage.
e) Switch the signal generator to square wave and measure the interfering voltage (peak to peak)

Table 1
	
	10cm height
10cm apart
50kHz sine
	10cm height
10cm apart
100kHz sine
	5cm height
10cm apart
50kHz sine
	5cm height
5cm apart
50kHz sine
	5cm height
5cm apart
50kHz square

	Measured voltage (peak to peak)
	
	
	
	
	

	Calculated voltage
	
	
	
	
	




f) Connect the cables according to fig 4 a-d and measure the resulting interfering voltages (Use sinusoid signal)
 

Fig 4 a-d

Table 2
	Fig 4 
	Receptor cable and connections
	Interfering voltage
(peak to peak)
	Attenuation (dB)

	a
	Single cable
	
	0 dB

	b
	Shielded cable (Ungrounded)
	
	

	c
	Shielded cable (Grounded)
	
	

	d
	Twisted pair cable
	
	



     INDUCTIVE COUPLING
Use the low impedance output (1 ohm) on the UNILAB signal generator and ground the loose end of the interfering cable (transmitter cable) through a series resistance of 6.8 ohm (9W). Be sure that you DO NOT SHORT CIRCUIT the loose end of the cable directly to the ground. Then you are sure to damage the signal generator
In this way we will have a considerable current flowing through the cable, through the resistor and back to the generator through the ground plane. The receptor cable are to be connected as before.
PREPARATION QUESTIONS
Q8 Use the thory part and calculate the mutual inductance between two 80cm long conductors with 2mm diameter and 10cm distance. Calculate for two cases 5 and 10 cm above the ground plane. Assume air around the conductors, having about the same magnetic properties as vacuum.
Q9 Calculate on the basis of the above results the expected interference voltage on the receptor cable if the source current is 0.8A and the frequency 50kHz.
Q10 If we double the frequency from the interfering source, how much would you expect the interfering voltage to rise?
Q11 Calculate the expected interfering voltage if you place the receptor cables 5cm apart and 5 cm above the ground level (50kHz)
Q12 If you use square wave instead of sinusoid, what will happen to the interfering voltage ? Why?
Q13 In what places would you (according to the theory part) ground the shield in fig4c?
PROCEDURE
Adjust the output level of the signal generator so that you get 0.8A, 50kHz sinusoidal signal (Measure the current by measuring the voltage output, using the oscilloscope).
a) Measure the interfering voltage (peak to peak) received by receptor cable
b) Increase the frequency to 100 kHz and measure the interfering voltage (peak to peak) received by the receptor cables.
c) Lay the wooden blocks down so that the tubes are 5 cm above the ground plane. Maintain 10 cm distance between the two cables. Restore the frequency to 50 kHz and measure the interfering voltage (peak to peak)
d) Move the cables 5 cm apart (centre to centre) and measure the interfering voltage.
e) Switch the signal generator to square wave and measure the interfering voltage (peak to peak)

Table 3
	
	10cm height
10cm apart
50kHz sine
	10cm height
10cm apart
100kHz sine
	5cm height
10cm apart
50kHz sine
	5cm height
5cm apart
50kHz sine
	5cm height
5cm apart
50kHz square

	Measured voltage (peak to peak)
	
	
	
	
	

	Calculated voltage
	
	
	
	
	




f) Connect the cables according to fig 4 a-d and measure the resulting interfering voltages (Use sinusoid signal)
Table 2
	Fig 4 
	Receptor cable and connections
	Interfering voltage
(peak to peak)
	Attenuation (dB)

	a
	Single cable
	
	0 dB

	b
	Shielded cable (Ungrounded)
	
	

	c
	Shielded cable (Grounded)
	
	

	d
	Twisted pair cable
	
	



RADIO FREQUENCY INTERFERNCE
Throughout this part, an AM/FM radio receiver is used as a receptor for electromagnetic radiation fields
FARADAY CAGE
A simple shield (of faraday-cage type), can be made of chicken net. It must totally enclose the inner volume, and is must be close meshed.
Adjust the wireless so that a station (eg Radio Mulungushi) can clearly be heard. Put the radio in the chicken cage so that the cage completely encloses it (keep the antenna  short and inside the cage)
What happens and why?
COMPUTER INTERFERENCE
In close proximity to eg a computer , the radio will be interfered, due to the quick transitions in the square pulses (high frequencies) and also because of other electronic devices like the CRT and disk-units etc in the computer. Put the radio close to a computer and adjust the frequency until you cam hear the varying bit flow, preferably when a program is running
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