Name:  _____________________________ (please print)

Signature: __________________________

ECE 3455 -- Quiz #1

June 6, 2000

1.  This quiz is open book, open notes.

2.  Show all work on these pages.  Show all work necessary to complete the problem.  If you go on to another page, indicate clearly where your work can be found.  A solution without the work shown will receive no credit.

3.  Show all units in expressions and figures.  Units in the quiz will be included between square brackets.

4.  Do not use red ink.

5.  You will have 30 minutes to work on this quiz.

________________/20

Room for extra work

The model for a transconductance amplifier is given in Figure 1.  It is known that Gmsc = 30[S], Ri = 100[k], and Ro = 1[M].  Two of these amplifiers are connected as in Figure 2.  

a)  Find the transresistance gain, vo/is.  

b)  Find the output resistance seen by the load RL.  
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 ECE 3455 -- Quiz #1 – June 6, 2000 --  Shattuck Section - Solution

The model for a transconductance amplifier is given in Figure 1.  It is known that Gmsc = 30[S], Ri = 100[k], and Ro = 1[M].  Two of these amplifiers are connected as in Figure 2.  

a)  Find the transresistance gain, vo/is.  

b)  Find the output resistance seen by the load RL.  
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The first step in the solution is to replace the two transconductance amplifiers in Figure 2 with their equivalent circuits.  By doing this, we convert the problem to a circuits problem.  Let’s do this now.
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Note that the polarity of the input voltages of the amplifiers is determined by the position of the terminals.  The circuit in Figure 1 indicated that vi is the voltage at terminal A with respect to terminal B, and that the reference direction of the dependent current source is into terminal C.  We have picked new names for the input voltages, vi1 and vi2, to reflect the fact that these voltages are not the same.  We could begin to solve now, but it will be easier if we apply source transformations to the dependent sources so that we can have a single loop at the output.  Let’s take this step now.


Redrawing, we have the circuit that follows.
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a)  With this, we are ready to write expressions for gains, or whatever we need to solve for.  We have been asked for the transresistance gain, vo/is.  Typically, in such problems it is easiest to solve from the output to the input.  That is, we start by writing an expression for vo, and then for the variable that vo was expressed in terms of, and so forth.  Let’s try this.  We can use the voltage divider rule in the output loop to write
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which is in terms of vi1 and vi2.  We can next write expressions for these in terms of is, 
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Now we can substitute these expressions into the voltage divider rule expression, and get
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We then divide both sides by is, and we get the transresistance gain,
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b)  To get the output resistance seen by the load, RL, we first need to set the independent sources equal to zero.  There is only one independent source present, vs.  When it is zero, it follows directly that vi1 and vi2 will be zero as well.  The dependent sources are therefore zero in this case.  It follows that the resistance seen by the load will be the two resistors, each with a value of Ro, in series.  Thus, the output resistance is 2[M] .  


Note that the dependent sources have no effect on the output resistance in this case.  This will not always be true.  In some cases, the dependent source will determine the value of the output resistance almost completely.  It is very important to go through the steps, setting the independent sources equal to zero, and determining from that whether the dependent sources can be ignored.  
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