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Why is this important?  In an ideal world, we would always have just the right tools for every job. But most of us know that in practice, frequently we need to improvise. Even when we have our ultra-modern super multi-purpose digital volt-ohm-milliammeter (VOM) that speaks the readings in ten different languages, there will be times when we forget to turn it off and the battery goes dead. Then we have to make do with what's available. 

Here's an example: Imagine that it's a few years hence, and you're out on the job. You need to check the voltage of a back-up battery in a flood warning system at some remote site, and all you can find in the electrician's abandoned tool shed is a fifty-year-old milliammeter and a box of resistors.

The obvious question is: Can we make a voltage measurement using a milliammeter and some resistors? If so, how? And what will the limitations be?

Instructions: If we recall Ohm's Law, it seems as though this might work, since voltage and current are proportional to each other in a resistor. So …

1. Using an ancient dc milliammeter that we will provide in lab, on the 1 milliampere (mA) scale,  see if you can design and implement an instrument that could be used to indicate dc voltage.  The needle deflection should be proportional to the dc voltage presented at two terminals (not necessarily the two existing terminals of the milliammeter). It might be handy if the red and black binding posts on your Proto-Board became the positive and negative terminals of your makeshift voltmeter.

The following full scale dc voltage ranges are desired: 1 volt, 5 volts, and 10 volts. That is, for the 1 volt scale, a potential difference of 1 volt between the terminals of your instrument should cause a full-scale deflection of the needle.

Devise a way to test your design and check its accuracy.

2. Without changing your design for the 10 volt full scale DC voltmeter, propose and implement a technique for measuring 50 volts DC full scale. That is, you have to use the design you came up with for a 10-volt scale and extend it by making only additional, external connections.

We don't necessarily need a 50-volt source to check this design. If we are convinced that our meter has a linear response, we can apply 25 volts, for example, and expect a half-scale reading.

3.  Now, let's see how good your voltmeter design really is. In the circuit shown on the other side of this sheet, we know from applying KVL and some other knowledge that the voltage across resistor R2 should be 2.5 volts. Build the circuit and try measuring that voltage with your makeshift instrument, using the design that provides a 5-volt scale. Try to explain any discrepancies you observe.

Something to think about: What if you needed a 1000-volt scale? Could you simply extend the technique you used here? Would there be any special requirements placed on the resistors?

[REFER TO HARD COPY OF LAB FOR CIRCUIT DIAGRAM]
Test Circuit

Trivia (except that you'll need it) - Ordinary resistors can be purchased with values anywhere between a fraction of an ohm and several million ohms. (1,000,000 ohms = 1 Megohm) The kind we have here in the lab are marked with colored bands instead of numbers. We call it the color code, and each color represents a number. You don't have to memorize it, although it's really simple because the colors progress through the rainbow, like this:




Black

0



Green

5



Brown

1



Blue

6



Red

2



Violet

7



Orange

3



Gray

8



Yellow

4



White

9

There are four color bands on the resistor, and for most of the ones we have here, the last band is gold. Starting from the other end, the first three bands tell you the resistance in ohms. The first two bands are the first and second significant figures, and the third is the power of ten that multiplies them. Or, the third band is the number of zeros following the first two digits.

For example, if the first three bands are yellow, violet, and red, the resistance value is 4700 ohms. But EE's frequently refer to a thousand ohms as 1K, like Y2K. So we would say it's a 4.7K resistor. (Just more EE jargon.)

But what about the gold band? Is this resistor married? (Sorry.) The fourth band signifies the tolerance in the marked value, and gold means 5%. That is, when you buy a resistor marked as 4700 ohms, the actual resistance might be anywhere between 4465 ohms and 4935 ohms. You can buy resistors with closer tolerances, but they get progressively more expensive. 




























You can also use the graphical resistor calculator on the Laboratories tab of the ELEC 105 web page.
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