                   COAXIAL CABLE CHARACTERISTICS (Rev Mar 2013)
Purpose:

 1) Explore effect of load resistance on an electromagnetic wave in a coaxial cable. Find out two reasons why is it desirable to have output impedance of circuit = Z (cable) = Z (Load).  
 2) Determine speed of wave, inductance/meter, and dielectric constant for cable. 

Part I Mathematical Warm-up

Estimate the impedance of the circuit connected to the cable in the figure as follows:
1. Determine the impedance of the series combination 470 Ohms, 10pF & output impedance of function generator. Treat the output impedance of the function generator as though it were a 600 Ohm resistor. Use 50,000 Hz as frequency.
2. The cable acts as a combination of resistor, inductor and capacitor. The characteristic impedance is the impedance of the kind of ideal zero resistance & infinitely long cable only found in introductory physics texts but is still useful as a way of distinguishing different types of cable. 

3. R is chosen to match the characteristic impedance of whichever type of cable you are given. The closest standard values for R are 47 Ohms for RG58/U cable and 100 Ohms for RG62/U cable. Look at writing on cable to see determine R value to use.
4. Find the impedance of the series combination from step 1, R, and scope input impedance in parallel. Look on scope for impedance value. If not given ask instructor. Impedances in parallel combine like resistors in parallel. This is not strictly correct but is good enough for this exercise.
5. How close to R is the total impedance?
Part II Mostly Qualitative

    Wire up the circuit show in the figure. Use scope probes (set on 1X) to connect function generator and oscilloscope to circuit. Set function generator to 50K Hz. If the function generator has a positive pulse output use that. If not use the square wave output. The circuit between the function generator and scope turns the pulses or square wave into a spike. You will need an adapter that allows two BNC connectors to be connected to same scope channel. You will need to adjust volts/div & sec/div. If you have trouble seeing the spikes in #1 below, try a different frequency.  Connect two 100ft coils of cable together for circuits 2-7. 

    There will be an incoming wave and a reflected wave. What you will be doing is the electronic equivalent of tying a rope to a pole and moving the other end up and down. What happens depends on whether the rope is tied tightly or loosely enough to move up and down. You may see weak multiple reflections. Observe and draw the scope pattern for each of these circuits. Note any differences (circuits 2-7) in the reflection peak (second highest peak on the scope display using circuit 2). For circuits 2-7 set time/div knob to 0.1 microseconds. 
1. R = 47 or 100, cable not connected to scope. See note below.

2. R = 47 or 100, cable connected, Z (L) = open circuit.  Highest peaks in phase or out?
3. R = 47 or 100, cable connected, Z (L) = short circuit.  Highest peaks in phase or out?
4. If R= 100 do cable connected, Z(L)= R value.
5. If R= 47  do cable connected, Z(L) = 50 Ohm terminator.
6. Use a potentiometer (< 1K resistance) as Z (L). Describe what happens to the second peak as you vary the resistance 

7. R = 47 or 100, cable connected, Z (L) = dark brown capacitor.  Which pattern above does the capacitor resemble? Try the green capacitor. Why is there a difference in the pattern? Think about what is inside a capacitor.   
Note 1: For 1st circuit adjust volts/div so peak on left is about half the height of the screen. Adjust the frequency and sec/div so you have one large positive peak and one large negative peak on screen. What you see should look like drawing next to circuit diagram.
Part III Quantitative

1. Determine length of the cable coils in meters. Add the length of any extra cable between the scope and the 100 ft coil.
2. Determine the speed (m/sec) of the electromagnetic pulse in the cable using #2 setup above. You will need to determine from scope display the time between incoming wave reaching scope and reflected wave reaching scope. Since the wave goes down and back to starting point use twice length of cable to calculate speed of wave. How does this compare to speed of electromagnetic radiation in a vacuum?
3. Obtain the speed a second way. Connect the output end of the cable (the one you change connections to above) to Ch 2. Set time/div on scope to 50 ns. Set source switch on scope to Ch 1 and Ch1/both/Ch2 switch to both. Adjust the horizontal position and volts/div switch so you have a tall peak on the left edge of the scope on Ch1. You should also have a tall peak on the left side of the Ch 2 display. Use the time difference between these peaks to get a value for speed of the electromagnetic wave. Do not double the length of the cable. Why? Do include length of extra cables between scope and coils. 

4. An additional feature to observe: Remove the cables between coils and both Ch1 & Ch.2. Replace the scope probe connecting Ch1 and the circuit with the wire that has a BNC connector on one end and alligator clips on the other. Only connect the red clip to the circuit. Do not connect the black clip. The phenomenon you observe is called ringing in analogy to a bell ringing. What happens if you connect black clip to ground side of circuit? For more information about ringing go to this web site: http://en.wikipedia.org/wiki/Ringing_(signal) and read introduction and the Electricity section.
5. Calculate inductance/meter using characteristic impedance. The characteristic impedance of 100 ohm type RG62/U cable is actually 93 ohms. The value of capacitance/meter is 44.62 pF/m. For RG58/U use 50 ohms. The cap/meter is 85.3pF/m.  
6. Calculate the value of v from properties of the cable.
7. If the experimental (steps 2,3) and theoretical value (step 6) are very different check for errors.

8. Assuming mu in last equation on page with circuit diagram is the vacuum value, calculate the dielectric constant of cable insulation using measured value of v (step 2). In old copies the formula has an error. The C should be 1.

9. The speed of light in air or glass = vacuum speed/index of refraction. The speed of an electromagnetic wave in a cable = vacuum speed / _____?______.  Based on what you did above determine what quantity the ? represents.  
