Notes for ECT-281 Lab 3: Multipath Reception

Sr. Professor Wheeler

This laboratory experiment is designed to simulate the interference from multipath reception. It's based on a circuit that can vary the phase of an input signal between zero and 180 degrees. The addition feature of the oscilloscope is used to view the difference between the input signal (unshifted) and the shifted output phase signal. A receiver sees the sum of all signals that arrive at the antenna, just like the oscilloscope will be set up to see the sum of the two circuit signals. As you vary the pot R4 you can see the difference (on the math channel) vary just like the output of a receiver experiencing simple multipath distortion.

Procedure Notes:

Page 2, bottom: When you vary the trim pot R4 you should observe a phase shift between 0 and 180( at the output. If you can't get it to go down to zero degrees, try substituting a 1k pot (that worked for me). My 10k pot would only go down to 128 ( minimum, which is actually pretty typical. Swap the 10k pot back in when you want the larger phase shifts.

Steps 1-3: To measure phase shift, place two time cursors on identical portions of the two waveforms. Then use the following equation to find the phase shift:
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 where (T is the time difference between the cursors, and T is the total time period (1/f) of the signal.

Step 4: "Waveform 3" is the math channel waveform. This voltage level (at zero degrees shift) will be the basis of comparison for subsequent steps. That's why the first column of the table is partially grayed out.

Table: V0 is the original voltage from Step 4. VPH is the math output signal that is the difference between channels 1 and 2 showing the resultant receiver signal under phase shifted conditions.

To accurately set signal phase, solve the above equation for (T, then move your scope cursor T2 to the appropriate position to mark the screen location. Then adjust R4 until the channel 2 waveform correctly aligns with the cursor.

The first row in the table should have a VPH/V0 value of 1 V/V and a loss of 0 dB. Subsequent table entries will simulate the loss (dB column) accrued as a result of the addition of the phase-shifted "multipath" signal.

Theoretically, a 180 degree phase-shifted signal equal and opposite to the original should cause infinite cancellation. However, this circuit uses 10% resistors and therefore won't cancel perfectly.

Step 8: Just like in the homework, first find the wavelength of the signal, then calculate how many wavelengths are in the distance figure. Use the remainder (fractional part) to find the phase shift.

Step 9: Make sure your calculator is in degrees mode! You should arrive at around 3.5 dB loss.
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