
FYSP1082/K1 (FYSP104/K1)  DIGITAL MULTIMETERS 

 

This exercise is intended to familiarise you with: 

 the correct use of digital multimeters  

 application of Ohm’s law in measurements 

 

Digital multimeters (DMM) are frequently used in laboratory works. They should not 

be trusted blindly, but the user should be familiar with the basic properties of the me-

ters. 

Exercises in this laboratory work deal with the Ohm’s law. The other purpose of this 

work is to practice the use of DMMs, in other words, to learn how to connect the meter 

to the electric circuit and how to choose correct measuring range. In this work the 

electric circuits and measurements are simple, so that even an unexperienced measured 

can do them. 

It is good to read manuals of meters in advance – or at latest while doing this work. 

Manuals are available in the student laboratory. 

There is a homework that should be done before actual measurements. The homework 

can be found in section 2.2. 

  

1 Properties of digital multimeters  

With a DMM you can measure direct and alternating voltages and currents (DC- and 

AC-modes correspondingly) as well as resistances. Nowadays DMMs have replaced 

older analogue multimeters almost totally. Many digital DMMs are able to measure 

also temperature, frequency and threshold voltages of diodes directly. Some DMMs 

allow to measure directly e.g. capacitances and properties of transistors as well. In this 

exercise you’ll get familiar with meters Finest 703, UNI-T 58 and Amprope 35. There 

are two kinds of DMMs, small, hand held meters and bigger bench type meters. Meters 

mentioned above are hand held ones, but also bench meters are available in the student 

laboratory. 
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When measuring the alternating voltage (current), you need to realise that the DMM 

shows either the effective (Randall D. Knight, Chapter “AC circuits”) or in some rare 

cases the mean value of the voltage (current). This holds for both analogue and digital 

multimeters. In most cases the DMMs for AC-measurements are calibrated for effec-

tive values using sinusoidal signals. Thus the reading e.g. for the voltage measurement 

displays 20UUeff  , where U0 is the maximum voltage. For other wave shapes the 

effective value can be calculated (analytically or numerically) if you know the wave 

shape. Mostly a bias DC-voltage or current does not affect the signal of an 

AC-measurement. If so, the DMM is said to be AC-coupled like all the DMMs you’ll 

use in this exercise. There are also DMMs which measure the total signal (DC+AC). Be 

cautious. 

Digital DMMs are easy to use and take the readings. However, observe that meas-

urement is based on sampling of the signal. The scales are usually calibrated using 

sinusoidal signal with 50 Hz frequency. Pay attention on the shape and frequency of the 

signal you measure to ensure correct results. Especially signals with frequencies close 

to the sampling speed can give completely irrelevant results. The frequency sensitivity 

of the analogue DMMs is significantly smaller. They are especially preferential for 

high frequency signals.   

 

2 Digital multimeter (for ex. Finest 703) 

The digital multimeter Finest 703 being as an example here is a 3 ¾ digit meter (its 

maximal display is 3999). Main specifications of the meter are given in Fig. 1., and 

complete specifications can be found from the user manual available in the student 

laboratory. Main differences between digital and analogue multimeters are: 

 Voltage- and current-scales are more coarse for the DMMs 

 In voltage measurements the internal resistance of DMMs is usually 10 

mega ohms while for the analogue ones it is tens of kilo ohms. 

 The nominal (internal) and reading accuracy of DMMs is much better than 

those of the analogue ones. 

 Large frequencies of signals may cause problems when using DMMs. 
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2.1 Use of a digital multimeter 

In digital multimeters the lower potential is connected to negative terminal (COM). The 

other cable is connected to the terminal which corresponds to the measured quantity. If 

you make connections in other way around, you get negative values but the absolute 

value stays the same. When using Finest 703, the user has to select the quantity. The 

selection of measuring scale is done by the meter. The choice between DC and AC 

happens from the SELECT button. In many other meters the user has to select the 

measuring range as well. 

Digital multimeters use an inner power source (a battery) which you may have to 

change at some point. The meter Finest 703 indicates the low battery voltage with sign 

“BAT”. Some other meters may lets you know when the battery is dying e.g. by 

beeping. You shouldn’t rely on the results that a DMM with low battery gives you. 

Note! Multimeters are provided with a fuse which protects the meter for ex. against too 

high currents.  If the fuse gets broken, the meter won’t work before the fuse is replaced. 

 

Figure 1. Specifications of Finest 703 meter 
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In the voltage measurements internal resistance of DMMs is typically 10 M, while in 

current measurements it varies between 0.01 and 100  depending on scale used. 

 

2.2 Voltage-current method: short and long shunt couplings 

If the resistor is a part of a electric circuit, its resistance can’t be measured directly. A 

solution to this is to measure the current passing through the resistor and the voltage 

drop in resistor simultaneously. Figure 2 displays two couplings related to the volt-

age-current method, so called short and long shunt couplings. 

Homework: In short and long shunt couplings the current and voltage are measured as 

shown in Fig. 2. Derive formulas for the resistance Rx in both cases. RA and RV are the 

internal resistances of the current and voltage meters, respectively. 

 

 

Figure 2. Resistance measurements using the voltage-current method 

 

3 Measurements 

Devices: 

 Two different digital multimeters (Finest 703, UNI-T 58 or Amprope) 

 Batteries 

 DC voltage source 

 Resistors 

 Lamps 
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Exercise 1. Resistance measurements 

Get first acquainted with meters you chose. How the quantity and scale are selected and 

where to connect the cables in each measurement? 

Make a simple circuit with a battery and a) a resistor of about 10 Ω, and b) a resistor of 

about MΩ and measure the resistance using both voltage-current methods. Measure the 

resistances also directly with a DMM. What is the resistance of the cables? Should it be 

taken in to account? 

 Sketch the circuit diagrams of you measurements 

 In what cases the short and long shunt couplings are most suitable? 

 Calculate the resistances without taking the meter resistances into account 

 Why there are differences in the results? 

Note: In the current measurement for the MΩ resistor the sensitivity of the UNIT-58 

meter is not good enough.  

 

Exercise 2. Internal resistance of DMM 

Measure the internal resistances of a DMM with help of another meter. Do the meas-

urements for all current and voltage ranges. Swap the roles of the meters and repeat the 

measurements. 

 

Exercise 3. Power consumption of lamps 

Built an electric circuit consisting of a lamp, battery (4.5 V) and two DMMs. Use the 

other DMM to measure the current passing in the circuit and the other DMM to measure 

the voltage drop in the lamp. Next, couple another lamp in series with the first lamp and 

repeat the measurements. Add still another lamp in series, and repeat the measurements 

of current and voltages. Use the Ohm’s law to calculate power in each lamp.   

 What is the effect of adding a lamp?  
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Exercise 4. Internal resistance of a lamp 

Build a circuit of a DC voltage source, a car lamp, and current and voltage meters. 

Measure values for current and voltage. Increase the current up to 350 mA (voltage 

about 6 V). Based on your measurements, plot a (I,U) graph. 

 What can you conclude based on the plot? 

 Does the filament of lamp obey the Ohm’s law? 

 

Exercise 5. Internal resistance of a battery 

Your task is to determine the internal resistance of a 1.5 V battery by measuring the 

voltage of the battery as function of current driven from it. Vary the current by adjusting 

resistance coupled to the battery. Use a Helipot potentiometer (see Fig. 3) and re-

sistances in the range 5 – 100 Ω. 

First get used with the Helipot potentiometer so well, that you know how it works and 

how to use it. After that, built the circuit needed and perform the necessary current and 

voltage measurements. Plot the results and determine the internal resistance of the 

battery you used. 

 

Figure 3. Helipot potentiometer: to the left, schematic picture, to the right, picture of the 

potentiometer 

 


