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Practice Examination Questions With Solutions

Module 2 – Problem 3

Filename:  PEQWS_Mod02_Prob_03.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  30 Minutes

Problem Statement:

The ammeter shown has a meter resistance of 100[].

a) Resistor R4 has been adjusted so that the ammeter will read zero.  Find the value of RX for this situation.

b) The value for resistor RX used in part a) has been changed to 2.2[k].  Find the power delivered by the voltage source in this case.
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Problem Solution:

The problem statement was:

The ammeter shown has a meter resistance of 100[].

a) Resistor R4 has been adjusted so that the ammeter will read zero.  Find the value of RX for this situation.

b) The value for resistor RX used in part a) has been changed to 2.2[k].  Find the power delivered by the voltage source in this case.
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a) For part a), the information that the ammeter reads zero, tells us that this is a balanced bridge.  Thus, we can use the Wheatstone Bridge equation to solve for RX.  It is fastest just to use this equation directly.  If we adapt the names of the resistors to agree with the positions that they have in this Wheatstone Bridge setup, we have the equation,
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b) In this part of the problem, we are not told that the ammeter reads zero.  In fact, we could show that the current through the ammeter is not zero, since we know all the values.  In any case, we cannot use the Wheatstone Bridge equations for this circuit.  

We want the power delivered by the voltage source, and one straightforward way of solving for this is to find the equivalent resistance seen by the source.  While it would also be possible to solve directly for the current through the voltage source, it appears that this would involve solving simultaneous equations.  While it would not be a disaster to have to solve simultaneous equations, let’s take an approach that avoids this.  

Viewing the circuit, we have resistance values as shown in the circuit that follows.  Note that we have replaced the ammeter with its equivalent resistance.
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There are no parallel combinations of resistors here, or any series combinations.  We can use our delta-to-wye transformations to simplify.  The first step is to name three nodes, and the resistors between them.  A more or less arbitrary choice of nodes leads to the following set up.
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Now, having done this, we can cite the equations for the delta-to-wye transformation directly.  These equations are:
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We have used primes on the variable names so that we will not become confused with the existing variables with those same names.  Using the values here, we have
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Using these values in the wye equivalent, we have the circuit that follows.
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Now, we can start to simplify this circuit using our series and parallel combination rules.  We have R2 in series with R1’, and have R3 in series with R2’.  Replacing these with their equivalents, which we will call R5 and R6, we have the circuit that follows.
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Next, we note that R5 and R6 are in parallel, and can be replaced with their parallel equivalent.  We call the equivalent resistor R7.  We get the circuit shown next.
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Finally, we notice that these three resistors are in series, and can be treated as a single equivalent resistance, which we will call REQ.  This is what the voltage source is attached to.  Clearly, then, the equivalent resistance in this circuit, with respect to the voltage source, is the series combination of R1, R7 and R3’, which is 4.7[k].  The power absorbed by the equivalent resistance is the power delivered by the source.  This can be found from
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Please note that the solution given here used more redrawing of the circuit, and more text, than would be expected in an exam solution.  This is done for the clarity of the solution.  On an exam, it would be expected that you would redraw the circuit about two or three times, so that someone (including you!) could follow your work.
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