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ECE 3455 -- Quiz #2

February 16, 2006

Keep this quiz closed and face up until you are told to begin.

1.  This quiz is closed book, closed notes.  You may use one 8.5” x 11” crib sheet, or its equivalent.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  A solution without the appropriate work shown will receive no credit.  A solution which is not given in a reasonable order will lose credit.

3.  It is assumed that your work will begin on the same page as the problem statement.  If you choose to begin your work on another page, you must indicate this on the page with the problem statement, with a clear indication of where the work can be found.  If your work continues on to another page, indicate clearly where your work can be found.  Failure to indicate this clearly will result in a loss of credit.  

4.  Show all units in solutions, intermediate results, and figures.  Units in the quiz will be included between square brackets.

5.  Do not use red ink.  Do not use red pencil.

6.  You will have 20 minutes to work on this quiz.

________________/20

Room for extra work

An oscilloscope has an input that can be modeled as a 5[M] resistor in parallel with a 40[pF] capacitor.  

a) Design an oscilloscope probe that could be used with this oscilloscope, and function as a 7:1 probe, that is, a probe that attenuates the signal by a factor of 7, while eliminating the frequency dependency from the response for the probe and oscilloscope combination.

b) Find the transfer function, Vo/Vs , for your circuit, where vO(t) is the voltage across the oscilloscope input, and vS(t) is the voltage of the source, which is the input to the probe and oscilloscope combination.  Show the steps that would be used to solve this problem from the circuit diagram; do not simply give the answer.

Room for extra work

ECE 3455 -- Quiz #2 – February 16, 2006 – Solution

An oscilloscope has an input that can be modeled as a 5[M] resistor in parallel with a 40[pF] capacitor.  

a) Design an oscilloscope probe that could be used with this oscilloscope, and function as a 7:1 probe, that is, a probe that attenuates the signal by a factor of 7, while eliminating the frequency dependency from the response for the probe and oscilloscope combination.

b) Find the transfer function, Vo/Vs , for your circuit, where vO(t) is the voltage across the oscilloscope input, and vS(t) is the voltage of the source, which is the input to the probe and oscilloscope combination.  Show the steps that would be used to solve this problem from the circuit diagram; do not simply give the answer.

Solution:  


We draw the circuit model for this probe and oscilloscope combination in the diagram that follows.  
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The intent of the oscilloscope probe is to have the voltage across the oscilloscope, vO, be the same shape as the voltage that one is intending to measure, vS.  To obtain this, the relationship between the voltages, that is, the transfer function,
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should be independent of frequency.  In other words, the transfer function should not be a function of .  The trick in this is that the impedance of the capacitor COSC is a function of frequency, so we need to do something to compensate for that impedance, and cancel it.  


We get this by adding the capacitor to the probe, CP.  We set the situation up to attenuate by the same factor for all frequencies.  Here, we were given the instruction to have it attenuate by a factor of 7.  Since the circuit above must attenuate by a factor of 7 for all frequencies, it must attenuate at zero frequency.  So, we redraw the circuit for zero frequency, and we get the diagram with the capacitors replaced by open circuits.
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Then, using the VDR, we can get
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This can be solved to give
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Next, we repeat the process, this time picking a very high frequency, at which the impedance of the capacitors are so small that we can ignore the impedances of the resistors which are in parallel with them.  We get a diagram with just capacitors, which follows.
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Again, using VDR, we get
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We can simplify and solve, to give
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We can solve, and we get
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This will give us a transfer function that is independent of frequency, which means that the display on the oscilloscope screen will have the same shape as the signal that we are trying to view.  


This frequency independence is the key benefit of using the probe, although we also have the benefit that the effective input impedance of the scope and probe combination has been increased by a factor of seven.  This will reduce loading effects from the oscilloscope.  


The major disadvantage of using the probe is that it attenuates the signal, in this case by a factor of seven.  It also requires that we go through the calibration step, to get the value of CP to be appropriate for the particular oscilloscope being used.  Finally, there is some additional cost involved in the purchase of the probe.  

b)  
We draw the circuit model for this probe and oscilloscope combination in the phasor domain.  
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The impedance for the oscilloscope will be
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The impedance for the probe will be
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Thus, the VDR will give us
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