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Practice Examination Questions With Solutions

Module 2 – Problem 4

Filename:  PEQWS_Mod02_Prob_04.doc

Note:  Units in problem are enclosed in square brackets.

Time Allowed:  20 Minutes

Problem Statement:

A situation occurs where a current needs to be measured.  The current is expected to be around 12[A].  An engineer finds two ammeters.  The first ammeter has a full scale reading of 5[A], and a meter resistance of 0.1[].  The second ammeter has a full scale reading of 10[A], and meter resistance of 0.2[].  

a)  What will each meter read if they are placed in parallel, and used to measure a 12[A] current?

b)  Can these two ammeters be used in parallel to measure the 12[A] current, by adding the resulting readings on the two meters?  

c)  What is the largest current this parallel combination of meters can read if used in this way?
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Problem Solution:

The problem statement was:

A situation occurs where a current needs to be measured.  The current is expected to be around 12[A].  An engineer finds two ammeters.  The first ammeter has a full scale reading of 5[A], and a meter resistance of 0.1[].  The second ammeter has a full scale reading of 10[A], and meter resistance of 0.2[].  

a)  What will each meter read if they are placed in parallel, and used to measure a 12[A] current?

b)  Can these two ammeters be used in parallel to measure the 12[A] current, by adding the resulting readings on the two meters?  

c)  What is the largest current this parallel combination of meters can read if used in this way?
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a) For part a), we solve this problem by replacing the ammeters with their equivalent resistances, and finding the currents that would result through each of the ammeters.  Let’s make these replacements, and we will get the following circuit.
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Using this circuit, we can solve for i1 and for i2, using the current divider rule (CDR).  The CDR for i1 gives us
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A similar CDR for i2 gives us


[image: image5.wmf]1

2

2

21

0.1[]

12[A]4[A].

0.2[]0.1[]

M

X

MM

i

R

RR

i

i

==

+

W

==

W+W


Now, the answer for Ammeter #2 is that it will read 4[A], since we are assuming that ammeters read the currents that go through them.  

However, Ammeter #1 cannot read more than 5[A].  So, depending on the nature of the meter, it will either read 5[A], or indicate in some way that the reading is off the scale.

b) As was made clear in part a), for a current of this size the reading on Ammeter #1 would be unknown.  We cannot calculate iX by adding the values of the readings, since ammeter #1 does not read above 5[A].  So, the answer is no.

Just as an aside, if we know the meter resistances, we can use the CDR to get the unknown current from just the reading on Ammeter #2.  In this situation, we are using Ammeter #1 as a parallel resistance to extend the range of Ammeter #2.  However, this is not a good approach in general, since the current at which Ammeter #1 would be damaged may be exceeded.  

c)  To get the maximum current that can be read by the parallel combination, we need to find which ammeter will read its maximum value first.  The key here is that this is set by the voltage across the two ammeters.  Each ammeter has a maximum value of voltage, which corresponds to its maximum current and its equivalent resistance, using Ohm’s Law.  The example we did in part a) should make it clear that in this situation Ammeter #1 reaches its limit first, that is, at the lower voltage.  Let’s find that voltage.
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We have named this voltage vM in the diagram.  Using the maximum value of i1 as the current in Ammeter #1, we get
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Using this value of vM, we can find the corresponding current in Ammeter #2, which will be
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The answer, then, will be the sum of i1 and i2, and we have the result that the maximum current that can be read which is 7.5[A].  


Just for the sake of anyone who is interested, we note that the maximum voltage for Ammeter #2 would be
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It might also be interesting to note that the parallel combination here cannot measure as large a current as one of the ammeters taken by itself.  This kind of situation is one of the reasons why we discuss ammeters in this course.

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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