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Before you start to perform an experiment you are obliged to have mastered the
following theoretical subjects:
1. DC and AC currents. Voltage, current intensity and electric resistance. [1], [2].
2. Principle of electrical measurements. [3], [4].
3. Four-terminal network. [1], [2].
4. Principle of oscilloscope operation. [5].

1. Purpose of the exercise

The purpose of this experiment is to know the properties and principles of the use of
some electronic measuring instruments. To carry out the measurements should be used: the
power supply, function generator, two-channel oscilloscopes and digital multimeters
(DMMs).

2. Hazards

Type Absence | Low | Medium | High

electrical radiation hazards +

optical radiation hazards

mechanical hazards (including acoustic hazards, noise)

electromagnetic radiation hazards (invisible)

biological hazards

ionizing radiation hazards

chemical hazards

|+ |+ ||+ |+ |+

thermal hazards (including explosion and fire)

The cables with banana plugs are designed exclusively for use in low-voltage circuits —
do not connect them to the mains supply 230 V.

3. Introduction

Performing laboratory work requires knowledge of the measuring equipment, the
construction and operating principles. The ability to perform the measurement properly is also
important.. The measurement is based on a comparison of measured values with the basic
unit. This comparison is carried out using a measuring instrument — meter. Meter is calibrated
in units of the measured value. The names of meters come most often from the unit of the
measured value (eg. voltmeter, ammeter, ohmmeter, frequency counter). The real value of the
measured magnitude is never known. As a result of the measurement we get values
superseded by an approximation burdened with an uncertainty. In the case of a single
measurement of the value read from the meter it is the mentioned above approximation. In the
case of a series of measurements of the same kind it is usually the arithmetic mean calculated
on the basis of the results obtained in the measurement series.
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The electronic circuits contain the sources (eg. the source of current or voltage), and
receivers (eg. load resistor). Between these two basic parts of the system there are usually
other elements that generally have one input and one output. Each input and output have two
terminals. Due to the four terminals of these ones the elements are called four-terminal
networks.

In order to estimate the output impedance ri, of the tested four-terminal network at
a fixed electromotive force €4 on the generator (with output impedance rg) we have to make
the measurements of output voltages Ua and Ug in two cases: without additional load resistor
of four-terminal network (R{ — oo; Fig. 3.1, measurement of the output voltage Ua) and with
an extra load resistor (R. # o; Fig. 3.2, measurement of the output voltage Ug).
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Fig. 3.1. Schematic diagram of the four-terminal network configured to measure Ua
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Fig. 3.2. Schematic diagram of the four-terminal network configured to measure Up
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In order to estimate the input impedance rin of the tested four-terminal network at
a fixed electromotive force € on the generator (with output impedance rg) we have to make
the measurements of output voltages Uc and Up in two cases: with an extra serial resistor at
input of four-terminal network (Rs # 0; Fig. 3.3, measurement of the output voltage Uc) and
without additional resistor at input (Rs = 0; Fig. 3.4, measurement of the output voltage Up).
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Fig. 3.4. Schematic diagram of the four-terminal network configured to measure Up
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4. Available equipment

4.1. Multimeters

The resistances, voltages and currents are measured using five types of digital
multimeters (DMMs). The following models may be used: UNI-T UT804, Protek 506, Kemot
KT890, Axiomet AX-582B or Metex M-3800 [6].

/

com VIQH

Fig. 4.1. Five types of DMMs — UT804, Protek 506, M-3800, AX-582B and KT890
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4.2. Power supply

The electronic circuits are powered by the laboratory power supply SPD3303D [6].

T o T

Flon] CGHT _CV T CH2
130.000V || 30.000V
1.000A]|ER:T LYY

30.000W 30.000W

Fig. 4.2. Front panel of the power supply SPD3303

4.3. Function generator

The function generator DF1641B [6] is used as a source of sine, square and triangle
waveforms.

Fig. 4.3. Front panel of the function generator DF1641B
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4.4. Oscilloscopes

In this experiment, two-channel analogue oscilloscope GOS-620 or GOS-630 [6] and
two-channel digital oscilloscope SDS1052DL [6] are used.
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Fig. 4.4. Front panel of the analogue oscilloscope GOS-620
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5. Experimental procedure

5.1. Basic version

1. Ask the supervisor which of the digital multimeters (DMMs) will be used to measure
the resistance of the reference resistor. It is recommended to use at least two DMMs, for
example: KT890 and AX-582B. Make the resistance measurements of a reference resistor
using all possible ranges of DMM ohmmeter. Start the measurements from the higher
range. Follow instructions from DMM user manual and Appendix A3. Write down
the required equations and calculate the maximum uncertainty of measurements for all
ohmmeter ranges. Determine which resistance measurements are most accurate.

2. Check the power supply is not connected to any electronic circuits. Switch on the power

supply.

Switch off (disable) the output sections (MASTER and SLAVE) of the power supply and
check if TIMER of the power supply is off (if in doubt, ask the supervisor to check).
Select the function of adjusting the current limit. This can be done using the arrows
(two dark buttons located under the universal knob) or with the knob — you have to
press this knob.

After selecting the adjustment of current limit, turn round the universal knob to set
the value 200 mA corresponding to the 5 % of the full scale adjustment. If you need to
increase the precision of adjustment, press FINE key located under the universal knob
(if in doubt, ask the supervisor to check).

Select the function of adjusting the voltage. This can be done using the arrows (two
dark buttons located under the universal knob) or with the knob — you have to press
this knob.

After selecting the adjustment of voltage, turn round the universal knob to set
the minimum value of the voltage (if in doubt, ask the supervisor to check).

Make the serial connection of DMM ammeter and load resistor (resistor with
the radiator). Connect this circuit to the output MASTER section of the power supply
(black and red banana sockets). Draw the schematic diagram of tested circuit.
Depending on the used multimeter select 200 mA DC or 400 mA DC range of DMM
ammeter.

Switch on (enable) the output MASTER section of the power supply and turn round
the universal knob to set 28 V. Read the value of adjusting voltage from the power
supply build-in voltmeter (if in doubt, ask the supervisor to check).

Select the function of adjusting the current limit. After selecting the adjustment of
current limit, turn round the universal knob to reduce step by step the current intensity
flowing through the load resistor (read the value from the DMM ammeter and notice
the moment when the voltage starts to decrease). Set the current limit to about 150 mA
(it may be not possible to set the current limit exactly to 150 mA). Write down both
the current limit adjusted value (from the DMM ammeter) and the related voltage
value (from the power supply build-in voltmeter).

Repeat the measurements from the previous step for the current limit value
about 100 mA.
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e Switch off the power supply and disconnect the tested circuit. Use the DMM
ohmmeter to determine the load resistance value.

* When drafting the report compare the measured voltage values (related to the two
current limits, about 150 mA and 100 mA) with the theoretical voltage values
calculated for tested circuit using the Ohm’s law for the known current intensity
flowing through the known load resistor.

* Give an explanation why the voltage adjustment of power supply is blocked when
the current limit is set to the minimum value.

. Connect DMM DC voltmeters to the power supply outputs. Select the optimal ranges of

voltmeters. Make the measurements for the three different operating modes of

the MASTER and SLAVE sections. Sections can be configured to work as independent, serial

or parallel.

* Set up independent mode of the power supply and adjust the following voltages: 5 V
(MASTER) and 10 V (SLAVE).

* Set up serial mode of the power supply and adjust the symmetrical voltage to £15V
with “zero to the ground”.

» Set up parallel mode of the power supply and adjust the voltage to 18 V.

e Follow instructions from DMM user manual and Appendix A3 to calculate
the maximum uncertainty of measurements for all voltage readings.

Connect the function generator to the CH1 input ((® in Fig. 4.4) of the analogue

oscilloscope.

e Before start the measurements select the DC position of the input switch (G0 in
Fig. 4.4) and switch on the oscilloscope.

* Adjust the waveform frequency to 1 kHz and the level of generated signal amplitude
to Um = 3 V. Note the amplitude can not be directly read from the display of generator.
The display shows the peak-to-peak voltage Upp of generated signal (if in doubt, ask
the supervisor to check).

* Check if the shape and frequency of generated signal have an effect on the amplitude
of waveform observed on the oscilloscope display. Read the value of amplitude from
the oscilloscope display (independently for sine and rectangular signal) for
the following waveform frequencies: 10 Hz, 1 kHz, 200 kHz and 2 MHz.

Repeat measurements from the point 4 using a digital oscilloscope.

Connect the function generator to the CH1 input ((® in Fig. 4.4) of the analogue

oscilloscope. Set up the shape of signal to sine, the amplitude level to Um =8V,

the frequency to v = 1 kHz. Adjust the clear and stable image on the oscilloscope display.

Change the oscilloscope settings to get the maximum size of displayed image. Draw

the adequate oscillogram (waveform) with clearly marked oscilloscope settings [V/DIV]

and [s/DIV]. In order to perform oscillogram, use the template available on the website of

the laboratory.

Repeat measurements from the point 6 using a digital oscilloscope.

Connect the function generator to the CH2 input (Q) in Fig. 4.4) of the analogue

oscilloscope. Set up the shape of signal to rectangular, the amplitude level to Um =2V,

the frequency to vV = 1 kHz, the pulse-duty factor to Ws. = 50 % and the DC offset level to

Uoc =1 V. Adjust the clear and stable image on the oscilloscope display. Change

the oscilloscope settings to get the maximum size of displayed image. Draw the adequate

oscillogram with clearly marked oscilloscope settings and the following values:
peak-to-peak voltage, amplitude level, period, reference level and DC offset level.

Repeat measurements from the point 8 using a digital oscilloscope.
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Connect the function generator to the analogue oscilloscope. Set up the shape of signal to
sine, the amplitude level to 6 V and the frequency to 5 kHz. Adjust the clear and stable
image on the oscilloscope display. Turn round the horizontal shift knob (32 in Fig. 4.4) to
shift the displayed image to the right (left edge is visible). Use the LEVEL knob
(28 in Fig. 4.4) to adjust the trigger level and notice the changes of displayed image. Use
the SLOPE switch (26 in Fig. 4.4) to change the trigger slope and compare the registered
images related to the rising (+) and falling (-) slopes. Draw the proper four oscillograms
with clearly marked oscilloscope settings for the following cases: the rising slope for two
trigger levels +3 V, —=3 V and the falling slope for two trigger levels +3 V, -3 V.

Connect the function generator to the both oscilloscope and DMM AC voltmeter (use one
of analogue or digital oscilloscope and T junction to divide signal from the output of
function generator). Use DMM to measure rms voltages of sine signals for the following
five fixed frequencies: 50 Hz, 500 Hz, 5 kHz, 50 kHz and 500 kHz. Make the proper five
oscillograms with clearly marked oscilloscope settings. Use oscillograms to calculate rms
voltages (see Appendix A2) and compare them with the related rms values readings from
DMM. Calculate maximum uncertainty for both DMM and oscilloscope measurements.
Follow instructions from DMM user manual to make critical analysis of registered
results. Read DMM user manual to find out information about the kind of signals and
the frequency range where the rms voltage measurements are acceptable.

Connect the function generator to the both oscilloscope and four-terminal network (ask
technician about the required four-terminal network). Use DMM and/or oscilloscope to
measure voltages: Ua, Us, Uc and Up (see Figs. 3.1 to 3.4). Next use DMM to measure
the values of R. and Rs. Make an assumption the ry value is equal to 50 Q. Use Egs. (1)
and (2) to make proper calculations and estimate the input and output impedances of
tested four-terminal network.

5.2. Extended version

13.

14.
15.

16.

Connect the function generator to the both X and Y inputs (®)/@) in Fig. 4.4) of
the analogue oscilloscope (use T junction to divide signal from the output of function
generator). Set up the shape of signal to sine and the frequency to 1 kHz. Select the X-Y
mode of oscilloscope — (switch 29 in Fig. 4.4). Adjust the gain of X and Y input amplifiers
to get the 45° angle of inclination for the observed line segment. Regulate the frequency
of generated signal and notice the changes of displayed oscilloscope image. Find out
the threshold frequency related to the undesirable phase shift which transforms
the observed line segment to an ellipse.

Repeat measurements from the point 13 using a digital oscilloscope.

Connect the function generator to the CH1 input ((®) in Fig. 4.4) of the analogue
oscilloscope. Set up the shape of signal to sine, the amplitude level to 8 V and
the frequency to 2 kHz. Check how the amplitude level of generated signal depends on
the output attenuator of function generator. Make the measurements for the following
attenuation factors: 0 dB, 20 dB, 40 dB and 60 dB (follow instructions from the user
manual of function generator). Draw four oscillograms with clearly marked attenuation
values and oscilloscope settings. Compare measured results with theory — see
Appendix Al.

Repeat measurements from the point 15 using a digital oscilloscope.

-10 -
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6. Report elaboration

Report has to include:

1.
2.
3.

4,

8.

A front page (composed by using a template).
A description of experiment purposes.
A short introduction (basic definitions, formulas, description of used marks and
symbols).
Schematic diagrams of the tested circuits.
The report should include only diagrams of the circuits which were actually
assembled during the measurements. Each scheme must be accompanied by
a sequence number and entitled. All the components shown in the diagram must be
clearly described and identified using commonly used symbols.
A list of used instruments and devices (id/stock number, type, setting and range
values).
Measurement results obtained when performing the experiment, calculations,
analysis and sub-conclusions related to the first point of “Experimental procedure”.
Next results (including oscillograms, graphs and tables), calculations, analysis,
interpretation and sub-conclusions related to the next points of “Experimental
procedure”.
Final comments and conclusions.

The completeness, correctness, clarity of presentation of the results (in the form of tables,
graphs, oscillograms and calculations together with descriptions) and the quality of discourse
and conclusions will all be evaluated. Theoretical introduction is not required and is not
included in the assessment.

-11 -
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8. Appendixes

A1l. Gain and attenuation factors

The bel unit was named after the inventor of the telephone Alexander Graham Bell
(1847-1922). Bel (denoted by the symbol B) is a unit of the gain specified by the logarithm of
the base 10. If we assume that Pout is the output power and the Pout corresponding input power
the gain power kgain is defined as the power gain factor in [B]:

POUt
- ] (A1.1)

n

kgain [B] = I0910(

In practice, a more convenient unit is 1 decibel (dB), which is equal to 0.1 of bel
(1 dB =0.1 B). The power gain factor in [dB]:

n

P
Kgain|dB] =10 Iogm( Ffut ) (Al.2)

The power attenuation factor in [dB]:

Ko [dB] =10 Iogm( P j (A1.3)
POUt
The power dissipated in the circuit is proportional to the square of the voltage or current
circulating in the circuit (P ~ U2 or P ~ I2). For practical reasons, we often encounter the notion
of gain voltage kugain (or less gain current ki).
The voltage gain factor kugain:

Kugain [dB] =20 |0910[%j , (Al1.4)

n

u2 Uit | U
U°;‘J=1OIog1o[ Uou‘j =20 Iogw[UL“‘j. (ALS5)

in in in

kUgain [dB] =10 |091o[

The voltage attenuation factor kuatt:

U.
Kyat[dB] = 20 Iogm[u in j (A1.6)

out

-13 -
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A2. Effective root mean square (rms) values

The effective rms value Amms of a periodic signal f(t) can be defined by the formula:

-
A, = %J'fz(t) it . (A2.1)
0
P -
AT
/r’ p-fRIZ-3R1 cos2ut
L
( Fa7071,,
Apz===p oo ==—=8
CE p D
1p12
\ Irms ]m / \ fR[m %
\ / \ /
A —3 N Tt
A\ 7 I 3 /
\ 7/ 2 \\ i’ /
\ é’R/,%cosZwt \ K
\\__// \\_//

Fig. A2.1. RMS value for AC sine current

Now we can calculate the effective rms value of the sinusoidal alternating current Irms.
Putting i(t) = Imsin(at) to formula (A2.1) we get:

s = l}iz(t)dtz l}lz sin?(wt) dt =1 l}sinz(mt)dt (A2.2)
rms TO Tom m TO . .

Because sin?(wt) = V2 [1 — cos(2wt)], then

T AN I
|,ms_|m\/?£5[1 cos(2wt)]dt—lm\/2_|_ ![1 cos(2at)] dt =1, i \/§~0.707Im. (A2.3)

We can make similar calculations for the rms voltage Urms of the sinusoidal AC. Putting
u(t) = Umsin(axt) to formula (A2.1) we get:

=0.707 U,,. (A2.4)

Urms =

Yn
V2

-14 -
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A3. Maximum uncertainty of measurements made by multimeters

MODEL PROTEK 506

Mode Range dgts Maximum uncertainty
400 mV 0.1 mV | AU = +(0.3 % |rdg| + 2 dgts)
4V 0.001 V
DC Voltage 40V 001V
400V 01V AU = #(0.5 % |rdg| + 2 dgts)
1000 V 1V
400 mV 0.1mV | AU =£(1.0 % |rdg| + 3 dgts)
AC Voltage 43 X 0608} 2,]
50 Hz + 100 Hz 400V b.l N AU = %(1.5 % |rdg| + 5 dgts)
750 V 1V
400 mV 0.1mV | AU =+(1.0 % |rdg| + 3 dgts)
AC Voltage 40V 0.01V
100 Hz + 500 Hz 400V 0.1V AU = #(1.5 % |rdg| + 5 dgts)
750 V 1V
AC Voltage _ N
500 Hz < 1 KHz 400 mV 0.ImV | AU =%(1.0 % [rdg| + 3 dgts)
400 pA 0.1 pA
DC Current 400 mA 0.1 mA | Al =+(1.0 % [rdg| + 2 dgts)
20 A 0.01 A
400 uA 0.1 uA _
AC Current 400 mA 0.1 mA Al'= (1.5 % Irdg] + 3 dgts)
20 A 0.01 A Al = +(3.0 % |rdg| + 5 dgts)
400 Q 0.1Q
4 kQ 0.001 kQ
. 40 kQ 0.01kQ | AR =%(0.5 % rdg + 2 dgts)
Resistance 400 kQ 0.1kQ
4 MQ 0.001 MQ
40 MQ 0.01 MQ | AR = +(1.0 % rdg + 2 dgts)
MODEL KT890
Mode Range dgts Maximum uncertainty
200 mV 0.1 mV
2V 0.001 V B o
DC Voltage 20V 001y | AU=05%Irdgl+ 1 dgts)
200V 0.1V
1000 V 1V AU = £(0.8 % |rdg| + 2 dgts)
2V 0.001 V
20V 001V AU = %(0.8 % |rdg| + 3 dgts)
AC Voltage 200V 01V
700 V 1V AU = (1.2 % |rdg| + 3 dgts)
2 mA 0.001 mA
hec t 20 mA 001 mA Al =%(0.8 % [rdg| + 5 dgts)
urren 200 mA 0.l mA | Al=+(1.2 % rdg] + 1 dgts)
20 A 0.01 A Al =%(2.0 % [rdg| + 5 dgts)
200 mA 0.1 mA | Al =+(2.0 % |rdg| + 3 dgts)
ACC t
drren 20 A 0.0LA | Al=+(3.0 % Jrdg| + 7 dgts)
200 Q 0.1Q AR = £(0.8 % rdg + 3 dgts)
2kQ 0.001 kQ
. 20 kQ 0.01 kQ
Resistance 200 kO 01KQ AR = (0.8 % rdg + 1 dgts)
2 MQ 0.001 MQ
20 MQ 0.01 MQ | AR = +(1.0 % rdg + 2 dgts)

- 15 -
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MoODEL M-3800

Mode Range dgts Maximum uncertainty
200 mV 0.1 mV
2V 0.001 V
DC Voltage 20V 001V AU = £(0.5 % [rdg| + 1 dgts)
200V 0.1V
1000 V 1V
200 mV 0.1mV | AU = +(1.2 % |rdg| + 3 dgts)
2V 0.001 V
AC Voltage 20V 0.01V AU = £(0.8 % [rdg| + 3 dgts)
200V 0.1V
700 V 1V AU = +(1.2 % |rdg| + 3 dgts)
20 A 0.01 uA | Al =+(2.0 % |rdg| + 5 dgts)
200 pA 0.1 pA
2 mA 0.001 mA | Al =#(0.5 % |rdg| + 1 dgts)
DC Current 20 mA 0.01 mA
203 glA 0_00(')11 ‘XA Al = +(1.2 % frdg] + 1 dgts)
20 A 0.01 A Al = +(2.0 % |rdg| + 5 dgts)
20 A 0.01 uA | Al =+(3.0 % |rdg| + 7 dgts)
200 pA 0.1 pA
2 mA 0.001 mA | Al = #(1.0 % [rdg| + 3 dgts)
AC Current 20 mA 0.01 mA
202 ZlA 0.8611 IXA Al = (1.8 % |rdg| + 3 dgts)
20 A 0.01 A Al = +(3.0 % |rdg| + 7 dgts)
200 Q 0.1Q AR = £(0.5 % rdg + 3 dgts)
2kQ 0.001 kQ
Resistance 2(2)8 llig 0001 Eg AR = £(0.5 % rdg + 1 dgts)
2 MQ 0.001 MQ
20 MQ 0.01 MQ | AR =+(1.0 % rdg + 2 dgts)

-16 -
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MobEL UT804
Mode Range dgts Maximum uncertainty
400 mV 0.0l mV | AU = +(0.025 % |rdg| + 5 dgts)
4V 0.0001 V
DC Voltage 40V 0.001 V AU = +(0.05 % |rdg| + 5 dgts)
400 V 0.01V
1000 V 0.1V | AU =+(0.1 % |rdg| + 8 dgts)
4V 0.0001 V
AC Voltage 40V 0.001 V | AU = +(0.4 % |rdg| + 30 dgts)
45 Hz + 1 kHz 400 V 0.01V
1000 V 0.1V | AU = +(1.0 % |rdg| + 30 dgts)
AC Voltage 43 X 00088} X AU = £(1.5 % [rdg| + 30 dgts)
! kHz = 10 kiz 400 V 0.01 V| AU = (5.0 % Irdg| + 30 dats)
AC Voltage 4v 0.0001 v AU = £(6.0 % [rdg| + 30 dgts)
10 kHz + 100 kHz 40 v 0.001 v —
400 V 0.01V no specification
4388 ﬁﬁ 0'(2 } L‘i Al = (0.1 % frdg| + 15 dgts)
DC Current A QLI Al = (0.15 % rdgl + 15 dgts)
10 A 0.001 A | Al =+(0.5 % |rdg] + 30 dgts)
400 uA 0.01 uA
AC Current 4028 nA O-LUA || = +(0.7 % Irdgl + 15 dats)
_ mA 0.001 mA
45 Hz = 1 kHz 400 mA 0.01 mA
10 A 0.001 A | Al =+(1.5 % |rdg] + 40 dgts)
400 Q 0.01 Q
4kQ 0.0001 kQ | AR = +(0.3 % rdg + 40 dgts)
_ 40 kQ 0.001 kQ
Resistance 400 kQ 0.01kQ | AR =+(0.5 % rdg + 40 dgts)
4 MQ 0.0001 MQ | AR = #(1.0 % rdg + 40 dgts)
40 MQ 0.001 MQ | AR = +(1.5 % rdg + 40 dgts)

-17 -



MODEL AX-582B

Exercise EOIIFE — Metrology

Mode Range dgts Maximum uncertainty
200 mV 0.1 mV | AU = +(0.5 % |rdg| + 5 dgts)
2V 0.001 V
DC Voltage 20V 001V AU = £(0.5 % [rdg| + 3 dgts)
200V 0.1V
1000 V 1V AU = +(1.0 % [rdg| + 10 dgts)
2V 0.001 V
20V 0.01V AU = £(0.8 % |rdg| + 5 dgts)
AC Voltage 200V 01V g g
750 V 1V AU = +(1.2 % |rdg| + 10 dgts)
20 uA 0.01 uA
200 pA 0.1 pA
2 mA 0.001 mA | Al = (1.2 % |rdg| + 8 dgts)
DC Current 20 mA 0.01 mA
200 mA 0.1 mA
2 A 0.001 A Al =%(1.5 % |rdg| + 10 dgts)
20 A 0.01 A Al =%(2.0 % [rdg| + 5 dgts)
200 mA 0.1mA | Al=+(1.5 % |rdg| + 15 dgts)
AC Current 2A 0.001 A Al = (2.0 % [rdg| + 5 dgts)
20 A 0.0 A Al = +(3.0 % |rdg| + 10 dgts)
200 Q 0.1Q AR = #(0.8 % rdg + 5 dgts)
2kQ 0.001 kQ
Resistance 2(2)8 l;g 0001 11:2 AR = (0.8 % rdg + 3 dgts)
2 MQ 0.001 MQ
200 MQ 0.1 MQ | AR = (5.0 % rdg + 20 dgts)
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Exercise EOIIFE — Metrology

Example 1
Multimeter UT804, DC V range 4 V, value read from DMM display U =—-1.9876 V.

AU = £(0.05 % |rdg| + 5 dgts), (A3.1)

where |rdg| = 1.9876 V and dgts = 0.0001 V.
Maximum uncertainty AU =+(0.05 % x 1.9876 +5x 0.0001) V, and next value
AU = +0.0015 V = %0.002 V (the uncertainty should be rounded up). Finally:

U=(-1.988 +£0.002) V

Example 2

Multimeter AX-582, resistance range 200 €2, value read from DMM display
R=100.3 Q.

AR = £(0.8 % rdg + 5 dgts), (A3.2)
where rdg = 100.3 Q and dgts = 0.1 Q.
Maximum uncertainty AR =+(0.8 % x 100.3 +5x0.1) Q, and next AR=%14Q (the

uncertainty should be rounded up). Finally:

R=(1003%14)Q
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