

1.0 - Introduction 

The moving coil meter movement (also known as a galvanometer) was invented by the French physicist and physician, Jacques-ArsÃ¨ne D' Arsonval in 1882. It is the basis for all modern meter movements, and the basic design principles remain the same after all this time. The actual construction can differ quite widely, but upon examination it is obvious that there are simply different ways to achieve the same outcome.

Meters are common in audio. They are sometimes used as 'eye candy' to impress - especially on power amplifiers, but they have many real uses as well. Meters are used to display the level from mixing desks, either as a VU (volume unit) or PPM (Peak Programme Meter) display, and while LED meters save space and can be very fast acting, they have neither the coolness of an analogue movement nor the retro appeal. To many people, an analogue movement provides a better sense of what is happening, even though they lack the immediacy of a LED display. In some cases, the two may even be combined to give the best of both worlds.

Meters are also used on power supplies and many other pieces of test equipment, and although it is assumed that digital is more accurate (you can see the exact voltage displayed), this is not always the case. Although digital meters appear accurate, this is often an illusion (read the specifications ... 1% ±1 digit is common, and that last digit can make a big difference sometimes).

In addition, there are some applications where digital is essentially useless. If a voltage (or current) is continually changing, the readout from a digital meter is impossible to interpret accurately. With analogue, you can see peaks and dips, and it is easy to see a trend (or average) just by looking at the pointer. Analogue is far from dead, and to this day I still use many analogue meters on millivolt meters, distortion analysers, power supplies, etc.

Although many of the techniques shown in this article are aimed at analogue applications, they are equally at home with digital meters - DPMs (Digital Panel Meters) are commonly available for about the same price as their analogue counterparts. This makes them very attractive for some applications - especially since good moving coil meter movements are now quite expensive and may be hard to get. Some applications are also shown for DPMs.



2.0 - Basic Meter Movements 

The basic analogue meter movement is the moving coil type. These have been the mainstay of most metering applications for a very long time, but there are others that are common in other industries. Moving iron meters are often used for mains applications (especially in switchboards and the like), and although they are non-linear this is not a limitation for the intended applications. The latter are interesting, but will not be covered because of limited availability and lack of usefulness for audio applications. Another interesting meter uses electrostatics to display the voltage. These are restricted to very high voltage applications and apply virtually no circuit loading. Like the moving iron movements, they are not useful for general workshop use because they are too specialised. A photo of a very ordinary moving coil meter movement is shown in Figure 1.
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Figure 1 - Moving Coil Meter Movement
Figure 2 shows the essential sections - yes, it is different from Figure 1. The drawing shows the way that moving coil movements were commonly constructed many years ago, which is somewhat easier to draw than more modern types. The essential parts are labelled so you get an idea of the construction of these meters. Nearly all moving coil meters are low voltage, low current devices, and the multipliers and shunts referred to in the title are used to convert the movement to read higher voltages and currents than it was designed for. This versatility is the reason that moving coil meters have stayed with us for so long. They can be made to read up to thousands of volts (or amps), AC voltage and current (with the addition of rectifiers), audio levels, or anything else where a physical quantity can be converted to an electric current.

The beauty of the analogue scale is that a plant operator (for example) can tell at a glance if the reading is normal, whereas it is necessary to actually read the displayed value of a digital meter. You don't need to read a value on an analogue meter to see if it is normal. Look at the meter on a battery tester - it is simply labelled 'Replace' and 'Good' or similar - the exact value is unimportant, but you still see a linear scale so you can estimate 'Marginal' without even thinking about it.
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Figure 2 - Moving Coil Meter Essential Parts
The moving coil movement uses a coil former of aluminium, around a centre pole and 'immersed' in a strong magnetic field. The coil is most commonly supported by jewelled bearings (although taut-band suspension is a much better arrangement, IMHO). The coil is maintained at the zero position by the tension of the hairsprings, and one of these (almost always the top) is made adjustable from outside the meter case. This allows the user to zero the pointer. Current to the coil is carried by the hairsprings.

Taut band suspension uses no bearings, but supports the coil on a tiny flat spring (a flat wire) at each end. The flat spring acts as both suspension and restoring force, as well as providing current to the coil itself. Unfortunately, taut band movements are not very common, possibly because they are sometimes not as mechanically rugged as the traditional jewelled pivot suspension, and are very difficult to repair if the suspension breaks (personal experience!). A major advantage is that they have very low (virtually zero) hysteresis - this is caused in jewelled movements if the pivot sticks slightly because of contamination or damage.

The aluminium former is almost invariably made so that it forms a shorted turn around the centre pole. This provides electrical damping, preventing excessive pointer velocity. There is a lot more to the analogue meter movement than meets the eye, but we shall leave the topic now, so that the usage of these devices can be covered.



2.1 - Movement Specifications 

All moving coil meters have a rated current for FSD (Full Scale Deflection), and this parameter is of primary importance. The FSD current determines how much load the meter will place on any drive circuitry, or for a voltmeter, how much current it will draw from the voltage source. This may or may not be important, depending on application.

Most commonly available meters are readily available with a sensitivity of between 50uA and 1mA FSD. More sensitive meters are available, but the cost goes up with increasing sensitivity. The most sensitive meter I have heard of was used by Sanwa in an analogue multimeter - 2uA FSD, taut band movement!

All meter movements have resistance, because the coil uses many turns of fine wire. The resistance varies from perhaps 200 ohms or so (1mA movement) up to around 3.5k for a 50uA movement. These figures can vary quite widely though, depending on the exact technique used by the manufacturer.

Normally, moving coil meter movements are suitable for DC only. Some (such as VU meters for audio) have an internal rectifier so that AC may be measured, but accuracy is generally rather poor, especially with low voltages.

To obtain good AC performance requires the use of external circuitry. The project pages have a design for an AC millivoltmeter, and there is an interesting array of precision rectifier circuits in the application notes section of the ESP site.

Some movements have a mirrored scale, where a band of highly polished metal is just behind the scale itself. This is used to eliminate parallax errors as you read the meter, and can improve reading accuracy dramatically. None of this is useful if the meter is poorly calibrated or non-linear. Moving coil meters can be non-linear if the magnetic path is not adjusted correctly - such adjustments are not recommended for anyone not trained or used to working on very delicate equipment. It also helps if you know exactly what to do, a topic that is well outside the scope of this article.



3.0 - Voltage Multiplier 

When a meter is to be used as a voltmeter, a series resistor is used to limit the current to the specified FSD with the maximum applied voltage that you want to measure. This is a very easy calculation to make, since it involves nothing more advanced than Ohm's law.
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Figure 3 - Multiplier Resistor for Voltage Measurement
For example, we want to measure the voltage from a power supply, and have a 1mA meter movement available, having a coil resistance of 200 ohms. If the maximum supply voltage is 50V, then the meter should read from 0-50V. The total resistance needed will limit the current through the meter to 1mA with 50V applied, so ... 

R total = V / I = 50 / 1mA = 50kΩ

Since the meter has 200 ohms resistance, the series resistor will be 

R mult = 50k - 200 ohms = 49,800 ohms

This is not a standard value, so will need to be made up using series / parallel resistors. Of course, one can always cheat and use a 47k resistor in series with a 5k pot, thus enabling the meter to be calibrated to a high accuracy. We do need to check the resistor power rating, because it is easy to forget that the multiplier resistor can dissipate a significant power - especially at high voltages. The resistor power is given by ... 

P = I² * R = 1mA² * 47000 = 53mW

The power dissipation is well within limits for even the lowest power resistor. Be very careful when determining the multiplier resistance for high voltages. Although the power rating may be quite low, the gradient voltage across the resistor may exceed its ratings. It is imperative that resistors are not operated above the maximum rated voltage for the particular type of resistor. This specification is not often given, so it is best to assume the worst case, and limit the voltage across any 0.5W resistor to no more than around 150V - less for 0.25W resistors. 

It is generally preferable to use the most sensitive meter you can get within your price range, so in this case, a 50uA movement would be a far better proposition. Less current is drawn from the measured voltage source, so there is less loading on potentially sensitive circuits. This was always a problem when measuring voltages in valve amplifiers, because typical cheap analogue multimeters often used relatively high current movements, and this loaded the voltage under test giving incorrect readings. Analogue multimeters usually had a rating of 'Ohms/Volt' - the 1mA movement described above uses 50k total resistance to measure up to 50V, so that would be rated at 1kΩ/ Volt. The better multimeters of yesteryear were rated at a minimum of 20kΩ/V up to 100kΩ/Volt (the Sanwa meter mentioned above was 500kΩ/Volt!). To obtain even higher measurement impedance, the better equipped workshops and laboratories back then used a VTVM (Vacuum Tube Volt Meter), offering an input impedance of around 10-100MΩ. These were followed by FET input transistorised units, and finally displaced by digital multimeters. Despite their popularity, digital multimeters are still very bad at some measurements, and are often not as accurate as we tend to think they are.

Using a 50uA movement, the multiplier resistor needs to be ... 

R mult = V / I = 50 / 50uA = 1MΩ - 3500 (meter resistance) = 996,500 ohms

... which works out to be 20kΩ/ Volt. Again, this resistance can be made up by series connection of different values, but a 1MΩ resistor is perfectly ok. The error is much smaller than the tolerance of the resistor or the meter movement, at 0.35%. If you need greater accuracy you will need to use a trimpot with a series resistor as described above for the 1mA movement. 

That's all there is to multipliers - as stated in the beginning of this section, they are very easy to work out.



4.0 - Current Shunt 

The situation is a little more complex when calculating a shunt for current measurement. Not so much because the calculations are difficult, but because you will be working with very low resistance values. It is also important to ensure that the meter is connected directly to the shunt - even a small length of wire in series may make readings uselessly inaccurate. The schematic diagram below shows not only the electrical connection, but also the physical connection to the shunt.

In most cases, it is easier to calculate (or measure) the voltage across the meter movement for FSD. If you don't know the resistance, it can be measured with a digital multimeter. The current from most digital multimeters is low enough not to cause damage to the meter, but the pointer may swing rather violently. Connect with reverse polarity to minimise the risk of bending the pointer.

Unless you are measuring low currents (less than 1A or so), the shunt resistance can be worked out using Ohm's law, and will be accurate enough for most purposes. This is covered below.
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Figure 4 - Shunt Resistor for Current Measurement
Assuming a 1mA movement with an internal resistance of 200 ohms, as an example we wish to measure 5A. This means that 4.999A must pass through the shunt, with the remaining 1mA passed by the meter movement. The shunt resistance can be found with the following formula ... 

Rs = Rm / ( Is / Im)   where Rs is the shunt resistance, Rm is the meter resistance, Is = shunt current, Im = meter current
So for our example, 

Rs = 200 / ( 5A / 1mA ) = 0.04Ω

If we use only Ohm's law (having determined that there will be 200mV across the movement - 1mA and 200 ohms), the shunt can be calculated as ... 

Rs = Vm / I   where Rs is shunt resistance, Vm is meter voltage at FSD, and I is the current
Rs = 0.2 / 5 = 0.04Ω

This method will work to within 1% accuracy provided the measured maximum current is more than 100 times the meter current. One thing we have to be careful of with shunts is that the voltage 'lost' across them is not excessive. This will reduce the voltage supplied to the load, and can result in significant errors, especially at low currents. For example, if we only need to measure 1mA, we can use the meter directly, but we lose 200mV across the meter. In the case of the 0.04 ohm shunt calculated above, we lose 

V = R * I = 0.04 * 5A = 200mV

... exactly the same voltage loss! It's not a great deal, but can be critical in some exacting tests or at very low voltages. 200mV is almost nothing with a 50V supply (0.4%), but is very significant if the applied voltage is only 1V (a full 20% loss). The voltage drop can be reduced slightly by using a more sensitive movement. For a 50uA movement with 3,500 ohms resistance, the loss is 

V = R * I = 3500 * 50uA = 175mV

... not much of a gain, but not many alternatives. Current measurement will always lose some voltage, so it is important that the voltmeter is always connected after the ammeter, so that the 'lost' voltage is taken into consideration. Where extremely low voltage drop is important, one must resort to amplification. An opamp can be used to amplify the voltage across a much smaller value shunt, but at the expense of circuit complexity and temperature drift. Digital panel meters are better than analogue movements for current measurements. 

The idea of a shunt is all well and good, but where does one obtain an 0.04 ohm resistor? It can be made up of a number of wirewound or metal film resistors in parallel, or a dedicated shunt may be available. Obtaining high accuracy at such low resistances is very difficult though, and shunts are generally cut, machined or filed to remove small amounts of metal until the exact value needed is achieved. The shunt must be made from metal having a low temperature coefficient of resistance to prevent the reading being affected by changes in temperature - either ambient, or caused by the load current heating the shunt..

There is an easier way, as shown in Figure 5. The voltage drop will be a bit higher than it should be, but you only need a few millivolts extra to be able to use the technique.
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Figure 5 - Variable Shunt Resistor
Now it is possible to use 2 x 0.1 ohm resistors in parallel, giving 0.05 ohm. The voltage drop at 5A will be 250mV, but you have the advantage of being able to use standard tolerance resistors, which can represent a significant saving. The power is only 1.25W at full current, so a pair of 5W resistors will barely get warm. The trimpot can be adjusted to give an accurate reading, without having to resort to close tolerance resistors with impossible values. As an example for the above 5A meter, we could use a 100 ohm trimpot in series with the meter. The value is not particularly important, but needs to be within a sensible range.

What is 'sensible' in this context? Easy. We already know that the meter needs 200mV for full scale and that we will get 250mV across a 0.05Ω shunt, so we need a resistance that will drop 50mV at 1mA. 

R = V / I = 0.05 / 0.001 = 50 ohms

Since we are using a pot, it is advisable to centre the wiper under ideal conditions to give maximum adjustment range (to allow for worst case tolerance), so a 100 ohm pot is ideal.



5.0 - Expanded Scale Voltmeter 

You may have seen expanded scale voltmeters used in cars to monitor the battery voltage. Since no-one is interested if the battery measures less than 10V (it's dead flat!), and it should never exceed 15V, a meter that measures from 10V to 15V is nice to have. This is surprisingly easy to do, and although absolute accuracy is not wonderful in a simple application, it is more than acceptable for the purpose.
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Figure 6 - Expanded Scale (10-15V) Voltmeter
By using a zener diode, a base reference is established, and the meter only measures between the reference and actual battery voltage. We will use a 1mA movement again (as shown above). This scheme can be adapted for any desired voltage. The voltmeter only needs to measure the voltage drop across the zener feed resistor, which is needed to ensure that an acceptable current flows in the zener diode. The 1mA drawn by the meter is not enough to obtain a stable voltage.

The multiplier is worked out in the same way as before ... 

R total = V / I = 5 / 1mA = 5kΩ

Because the multiplier resistance is much smaller than before, we must take the meter resistance of 200 ohms into consideration. 

R mult = R total - R meter = 5000 - 200 = 4800Ω

A 4.7k resistor will introduce a small error, but a 3.9k resistor in series with a 2k trimpot will allow the meter to be set very accurately. The zener feed resistor value is not critical, but should ensure that the zener current is between 10% and 50% of the maximum for the device. Assuming a 10V 1W zener, the maximum current is ... 

Iz max = P / V = 1 / 10 = 0.1 = 100mA

Using Ohm's law, we get a resistance value of 100 ohms for a zener current of 50mA at 15V. This will fall as the voltage is reduced, but extreme accuracy at 10V is not possible, so this arrangement should work fine.



6.0 - Digital Panel Meters 

DPMs (Digital Panel Meters) are often very attractive, not just for their perceived accuracy, but because they can often be obtained for the same or less than a good analogue meter movement. They also have better linearity than most of the cheap movements, so there are some real benefits. Most are available with a quoted sensitivity of 200mV (199.9mV full scale), so are comparable to analogue meters in terms of voltage drop for current measurement. They have the great advantage of a (typical) 100MΩ input impedance, so voltage loading is extremely low. In addition, they will measure positive and negative voltage or current - this is available with a centre zero analogue meter, but they are hard to find.

Most DPMs are classified as 3½ digit, meaning that they display up to a maximum of 199.9mV. The most significant digit can only be blank or 1, and the other 'half' is used to display a negative sign to indicate that the input is negative with respect to the common or ground terminal. This often means that much of the range is wasted if you want to display a range other than 0-1999. Note that most DPMs do not automatically select the decimal point, and there are extra pins to allow the user to select the position of the decimal point (or to ignore it completely). Analogue meters have no such limitation, because the scale can be calibrated with any units you wish, and covering any range.



6.1 - Digital Voltmeter 

Measuring voltage with a DPM is easy - most even come with instructions that show you how to do it. You do need to be careful to ensure that possibly destructive voltages cannot be coupled to the inputs. Like all ICs, the ADC (Analogue to Digital Converter) used is sensitive to excess voltage, and the IC can be destroyed.
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Figure 7 - 0-240VAC Digital Meter
Figure 7 shows the circuit of a DPM voltmeter I built recently. This is designed to monitor the output from my workshop Variac (variable transformer). To ensure an adequate voltage rating for R div1 4 x 100k 1W resistors were used in series parallel, maintaining the peak voltage across each to 170V (the peak of 240V AC is 340V). 1W resistors were not used for their power rating, but to have a large resistance section, maintaining a relatively low voltage gradient across the resistor surface. Because it is only used for 0-240V, the voltage to the DPM will be 0-24mV, and this is a half-wave rectified signal. The meter averages the applied voltage. Note that the 5V supply must be isolated, because it could have the full mains potential on all terminals if the active (live) and neutral conductors are ever swapped around. This is critically important - the entire circuit (including power supply) must be considered as being at mains potential.

To obtain the (approximate) average value of ½ wave rectified AC, you divide the peak voltage by 3.12. Based on this and for an average signal of 24mV, the average input voltage is 109V (340 / 3.12), so the voltage divider needs a ratio of 

Vdiv = Vin / Vout = 109 / 24mV = 4542

For all reasonably high voltages, the division ratio is so high as to cause significant errors, and the use of a trimpot to adjust the value is strongly recommended. Since I used 100k for Rdiv1 (because I had 100k/1W resistors handy), the parallel combination of Rdiv2 and VR1 needs to be slightly more than 

Rdiv2 ≅ ( Rdiv1 / Vdiv ) - 1 ≅ 22 ohms

50 ohms (as used) allows VR1 to be roughly centred, and there is plenty of adjustment range. Needless to say, exactly the same technique can be applied to an analogue meter as well, but you need to allow for the much lower input impedance (perhaps 100 ohms rather than 100M for the DPM that I used). As it turns out, with an average voltage of 108V and a resistance of 100k, the current is 1.08mA, so the meter can be driven directly (leaving out Rdiv2 and VR1). You will need to readjust the resistance though, because the (in)accuracy is 8% - much better results can be obtained. A pot is highly recommended because the AC waveform is not very predictable, and severe errors may result from waveform distortion.
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Figure 8 - 0-50V Digital Voltmeter
For a more conventional application, Figure 8 shows a basic 0-50V digital meter. The resistor values are fixed in this case. Because of the high input impedance of the DPM, we can use 1M for the upper divider resistor. The division ratio is determined the same way as before ... 

Vdiv = Vin / Vout = 50 / 50mV = 1000
Rdiv2 = Rdiv1 / Vdiv = ( 1M / 1000 ) - 1 = 999Ω

Using a 1k resistor is not an issue, because the resistor tolerance is much wider than the 1 ohm difference in the calculated values. The same result can be achieved using 10k and 100 ohms, but there is not normally any need to aim for very low impedances. You may find that the meter displays 'rubbish' values in the least significant digit - this means that noise is being picked up, and a lower impedance will reduce that. If you need the circuit to be accurate, then you will need to use 0.1% resistors or add a pot so it can be adjusted. A pot is a lot cheaper and easier to get than 0.01% resistors, especially if you end up with odd values.



6.2 - Digital Ammeter 

DPMs have a benefit as ammeters, but usually only if you don't need the full scale. Since the typical sensitivity is 200mV, by using only a part of the maximum reading, you can use lower shunt resistances than with analogue movements.
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Figure 9 - 0-5A Digital Ammeter
The procedure for calculating the shunt is exactly the same as for an analogue meter, except that there is no meter current. You simply need to calculate the shunt based on the meter voltage for the desired current reading ... 

Rs = Vs / I = 50mV / 5A = 0.01Ω

This gives a much lower shunt resistance, because only 50mV is needed at the meter input. The circuit shown will work up to 20A (19.99A to be exact) with the same 0.01Ω shunt resistor. Note that the input is shown on the negative supply, with the +ve input going to the positive supply via the load. If the input and power supply -ve terminals are not at the same potential, then the supply for the meter must be floating - it cannot be grounded. If you wanted to monitor the current in the positive supply lead for example, you need a floating auxiliary supply.



7.0 - Make Your Own Multimeter 

In general, this would have to be considered a silly topic. After all, one can buy a multimeter quite cheaply, and the switching is a nightmare. For specialised applications though, there may be perfectly good reasons for making a multi-range meter. Bear in mind that the circuit shown below does not include protection for the DPM, so if 2kV were applied when the 200mV range was selected, the meter will be destroyed.
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Figure 10 - Multi-Range Digital Voltmeter
You need a 2-pole 5-position rotary switch, and the insulation must be sufficient for the maximum voltage. Any protection circuit that you add must not load the external circuit, otherwise the meter may appear as a short circuit to high voltages. As noted, this is basically a silly idea, but it may be useful (even essential) for some applications where a conventional multimeter would be inappropriate. No, I can't think of such a situation either [image: image11.png]
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Figure 11 - Multi-Range Digital Ammeter
Similar comments apply to the ammeter. In this case, the resistors and switch must be capable of handling the current, although this only becomes an issue on the highest current range. Like the multi-range voltmeter, the usefulness of Figure 11 is somewhat dubious, although it would be nice on a laboratory power supply. The ranges can be expanded or moved - for example you may find that ranges from 2mA to 20A suit your needs. Simply reduce all resistance values by a factor of 10, and that's what you have.

It almost looks like this section is pretty useless, but the final application allows you to do things that no normal multimeter will - measure very low resistances.



7.1 - Measuring Resistance 

There are many reasons one may want to measure very low resistance values. Transformer windings, loudspeaker crossover inductors (assuming you are actually interested in passive crossovers), or perhaps you need to be able to measure current shunts [image: image13.png]
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For very low resistance values you have two choices - either use a very sensitive voltmeter, or a high measurement current. Both methods have disadvantages. High sensitivity is difficult for DC amplifiers because of drift. Changes in temperature cause opamp offset voltage and current to change, and that affects the readings. While there are methods to (almost) eliminate drift, they are beyond the scope of this article.

High measurement current can cause the device under test (DUT) to heat, and that will affect the resistance. Some things that have low resistance may not be able to even tolerate the kind of current that you may need to be able to measure them. In general, a maximum current of around 1A will allow most low resistance measurements without too many risks, but naturally the current source can be made variable, with switched ranges to provide a wide measurement range.

With a measurement current of 1A you will get a meter that can measure 0.2Ω full scale, so very low resistances can be measured. Needless to say, battery operation is not recommended if you aim to make a resistance meter that will provide 1A.
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Figure 12 - Multi-Range Low Ohmmeter
The use of 4 terminals is essential for very low resistances. Two wires carry the current to the DUT, and the two measurement leads are then connected as close as possible to the device itself, with a component lead length equal to what will be used when the component is installed. This technique avoids errors caused by lead and connection resistances. While it is possible to null out the lead resistance, connection resistance tends to be variable, and can cause substantial measurement errors. This method is very common for this type of instrument. R1 is used to prevent possible damage to the DPM if it is subjected to an over-voltage condition.
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Figure 13 - Adjustable Current Source
The adjustable current source requires accurate calibration, and will be as good as your construction and choice of components allows. Temperature drift is always a problem with precision circuits like this one, but the circuit as shown will be quite accurate within the normal ambient temperature range. The current setting resistors (those connected to SW1b) need to be as accurate as possible.

The greatest difficulty is the switch used to select current ranges. Even the smallest amount of resistance will cause large errors. By switching both the resistor and the measurement point (the opamp's inverting input), the error is minimised because the switch resistance does not form part of the measurement circuit. R3 is included to ensure that the current source is switched off as you change ranges.

VR1 is adjusted so there is exactly 1V between the opamp's positive input and the 5V supply. When exactly the same voltage (1V) is developed across any of the current setting resistors, the current through it must be as specified. A tiny error is introduced because the base current of Q1 is added to the total, but this should amount to less than 0.1%. The 5V supply needs to be well regulated, and capable of at least 1.5A without any appreciable change of voltage. If the 0.2 ohms range is not needed, you can leave out the 1 ohm resistor and simplify the switching accordingly. Q2 can then be changed to a BD140.

Although a zener is not the most ideal voltage reference, they are easy to obtain. Precision voltage reference diodes are available, but they are relatively expensive and only stocked by a few major parts suppliers. The zener is deliberately operated at a relatively high current (about 100mA) so that it will get reasonably hot. This helps to stabilise it against ambient temperature variations, so the circuit will take a few minutes to settle down after power is applied.

This circuit can also be used as a stand-alone low ohms adaptor. It obviously needs the power supplies, but you can use your multimeter to measure the voltage across the DUT. The resistance is read as a voltage (the same way that your meter does it internally), with the appropriate conversion based on the current source setting.

The second section of the low ohm meter circuit can be used in conjunction with an analogue movement if you prefer. You will need to apply your own multiplier to the scale and add any necessary extra resistance for calibration, but it will work just as well. You will have to make your own scale - see conclusion, below.



8.0 - Conclusion 

The metering systems described here should be considered a guideline, rather than usable circuits in their own right. By following the information shown, you will be able to create a meter for almost any measurement for which meters can be used. If AC metering is needed, then I suggest that you look at the various meter circuits in the Projects pages.

Although it may seem unlikely, this article has only covered the basics. Metering is widely used for many different applications, and it is impossible to cover every possibility in a short article. It is hoped that the information proves useful to anyone who has been wondering exactly how to go about adding a meter to their latest power supply project, or who has a real need to measure low resistances.

One final point - scales. It is often difficult (or impossible) to get a meter scale that is calibrated with the units you want. The resolution of modern printers is more than acceptable to allow you to create your own scale, which can then be printed. Ink-jet photo printing paper gives an excellent finish, and after you have cut the scale to fit, it can be attached over the existing scale with spray adhesive. Make sure that there is sufficient clearance for the pointer, and avoid 'whiskers' of paper that can cause the pointer to stick. While the meter is dismantled, be careful to ensure that no magnetic materials (iron filings, etc.) are allowed to enter the gap, as these will cause the meter to stick and are a real pain to remove.
