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Practice Examination Questions With Solutions

Module 2 – Problem 5

Filename:  PEQWS_Mod02_Prob_05.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  25 Minutes

Problem Statement:

A multirange voltmeter, shown here, is made using a voltmeter with a 2[k] resistance and a 5[V] full scale reading, and a resistor.  Using this combination, one can have a 5[V]-voltmeter by using the terminals labeled 5[V] and Common, or a 25[V]-voltmeter by using the terminals labeled 25[V] and Common.  The meter is labeled with two scales, one from zero to 5[V], and one from zero to 25[V].  

a)  Find the value of the resistor RX.

b)  A resistor with a value of 1[k] is attached between the terminals labeled 5[V] and Common.  A voltage with a value of 18[V] is at the same time placed across the terminals labeled 25[V] and Common.  What will be the reading on the 25[V] scale?
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Problem Solution:

The problem statement was:

A multirange voltmeter, shown here, is made using a voltmeter with a 2[k] resistance and a 5[V] full scale reading, and a resistor.  Using this combination, one can have a 5[V]-voltmeter by using the terminals labeled 5[V] and Common, or a 25[V]-voltmeter by using the terminals labeled 25[V] and Common.  The meter is labeled with two scales, one from zero to 5[V], and one from zero to 25[V].  

a)  Find the value of the resistor RX.

b)  A resistor with a value of 1[k] is attached between the terminals labeled 5[V] and Common.  A voltage with a value of 18[V] is at the same time placed across the terminals labeled 25[V] and Common.  What will be the reading on the 25[V] scale?
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a) For part a), we solve this problem by replacing the voltmeter with its equivalent resistance.  The key idea at that point is that when one scale is full-scale, the other scale is also full-scale.  We use this full-scale condition to determine the value of RX.

Let’s redraw the circuit, replacing the voltmeter with its equivalent resistance.  In addition, let’s label the voltages 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 the voltage divider rule (VDR).  The VDR gives us
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We solve for RX, and we get
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Solving, we have
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b) For part b) we want to draw the diagram for the situation being described.  Let’s draw that diagram here.  We include the resistor that has been added, and indicated the voltage by inserting a voltage source.  It does not have to be a voltage source; however, it might be, and anything (legal and ethical!) that helps us get to the correct answer easily is good.
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We have named the voltage across the voltmeter vM in the diagram.  This will give us the reading on the 5[V] scale.  Let’s solve for it.  The two parallel resistors can be combined, to give
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We redraw, using this simplified circuit, and we get the diagram that follows.
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Now, we can write a VDR to get vM.  We can say that
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Now, the two scales are proportional to each other.  We can write an equation that expresses this proportionality as
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The answer, then, is that the reading on the 25[V] scale, vREADING, is 7[V]. 

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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