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Practice Examination Questions With Solutions

Module 2 – Problem 7

Filename:  PEQWS_Mod02_Prob_07.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  35 Minutes

Problem Statement:

An ohmmeter has the circuit shown in Figure 1 below.  The meter indicated is an ammeter.  It has a resistance of 50[] and has a full scale current of 2[mA].  Remember that an ohmmeter is calibrated by adjusting RX to give a full-scale reading when the ohmmeter is short-circuited.  (Full scale on an ohmmeter is zero.)

a)  Find the value of the resistor RX.

b)  Find the mid-scale reading of the ohmmeter.  That is, find the reading when the needle on the scale is in the middle of its range.

c)  The ohmmeter is then connected, terminal 1 to terminal A and terminal 2 to terminal B, to the circuit in Figure 2.  What will the ohmmeter read?
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Problem Solution:

The problem statement was:

An ohmmeter has the circuit shown in Figure 1 below.  The meter indicated is an ammeter.  It has a resistance of 50[] and has a full scale current of 2[mA].  Remember that an ohmmeter is calibrated by adjusting RX to give a full-scale reading when the ohmmeter is short-circuited.  (Full scale on an ohmmeter is zero.)

a)  Find the value of the resistor RX.

b)  Find the mid-scale reading of the ohmmeter.  That is, find the reading when the needle on the scale is in the middle of its range.

c)  The ohmmeter is then connected, terminal 1 to terminal A and terminal 2 to terminal B, to the circuit in Figure 2.  What will the ohmmeter read?
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a) In the first step, we solve this problem by replacing the ammeter with its equivalent resistance.  The key idea after that is that when we short the output, the meter should be full-scale.  So, we put a short circuit at the output, and set the current through the ammeter equal to its full-scale reading, 2[mA].  We use this full-scale condition to determine the value of RX.

Let’s redraw the circuit, replacing the ammeter with its equivalent resistance, and inserting the short circuit.  We will call this resistor RM.  In addition, let’s label the voltages and currents that would occur at full scale.  We have the circuit that follows.
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Using this circuit, we can solve for RX, using KVL around the loop.  This gives us
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We solve for RX, and we get
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Writing this using the more common units for values in this range, we have
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b)  To solve for the mid-scale value, we need to recognize that the meter is a linear one, so if the needle is in the middle of the range, the current must be half the full-scale value.  Thus, we can redraw our ohmmeter circuit with a current of 1[mA] indicated.  The other key is to recognize that when we do this, we are measuring a resistor value, and we need to insert a resistor at the terminals.  Doing so, we have the circuit that follows.
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We have named the resistance across the terminals RHALF, which is the value we are looking for.  Again, we can write KVL, to give
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We solve for RHALF, and we get
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Writing this using the more common units for values in this range, we have
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Now, for part c), we attach the circuit in Figure 2 to the ammeter.  We do this, and label a couple of variables.  The circuit follows.  We have defined three variables.  Two of them vX, and iX, are very important, because they are the voltage across the terminals of the ohmmeter, and the current through the terminals of the ohmmeter.  If we take the ratio of these two values, we get, by definition, the reading of the ohmmeter.  This is what an ohmmeter does.  We define the current iY just to help us get these two values.
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Now, we can write a KVL, and get
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We can also write KCL for the upper right hand node, and get
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Here we have two equations in two unknowns.  Solving the second equation for iY, and plugging it back in the first equation, we get
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We can solve for iX, and get
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We still need vX.  We can get this by writing KVL around the loop shown as a red dashed line in the circuit that follows.
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We solve for vX and we get
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Now, we are ready to get the answer.  As indicated earlier the ohmmeter takes the ratio of the voltage across it, to the current through it.  So the reading, RREADING, is
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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 one or two times, so that someone (including you!) could follow your work.
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