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INDLEDNING INTRODUCTION

AC maéleteknik er udarbejdet i forbindelse med udvik-
lingen af Multimeter MM2.

Multimeter MM2 er udstyret med en raekke features i
forbindelse med AC maélinger.

Beskrivelsen tager udgangspunkt i det generelle og er
som sadan ikke direkte releteret til MM2.

Omtalen er begranset til lavfrekvensomradet op til ca.
1 MHz.

“AC Measurement Techniques” has been prepared in
connection with the development of the Multimeter
MM;. The Multimeter MM2 has a number of features
for AC measurements. This description is general in
its approach and is therefore not directly related to
the MM2. The subject matter is limited to the low-fre-
quency range up to about 1 MHz.
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SENEREL MALETEKNIK

ved maling af AC signaler er der en rekke forhold,
som man ber tage hensyn til.

Det er vigtigt at vide, hvordan der skal males.

Alle malinger skal udferes pi en sddan méde, at
maéleopstillingen pévirkes mindst mulig.

Maleopstilling/ e
Measuring set up RD

I

Alle malinger sker over en impedans.

For ikke at belaste méleopstillingen skal Rj, >> R.
Ved hgjere frekvenser skal man ogsé serge for, at G
tkke belaster maleopstillingen utilsigtet.

Cjy er typisk 20-40 pF for et AC voltmeter, men hertil
skal leegges kabelkapaciteten. .

Kapaciteten i et skaermet kabel er typisk 100-200 pF/
meter.

D.v.s. at den samlede indgangskapacitet typisk ligger
pé 120-250 pF.

Ved 100 kHz svarer denne kapacitet til en impedans
pa 6-13 kQ.

For de fleste AC voltmetre er R, valgt til 1 MQ, men
som det ses, er impedansen vasentlig lavere p.g.a.
kapaciteterne. Derfor skal R i méleopstillingen virkelig
vere lavimpedant, selv ved moderate frekvenser.

Problemet kan afhjalpes ved at anvende en 1:10
probe.

typ. 10pF

Mileopstilling/

—p--
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GENERAL MEASUREMENT TECHNIQUES

When measuring AC signals there are a number of
factors which need to be taken into account.

It is important to know how to measure.

All measurements should be made in such a way that
the measuring set-up is influenced as little as pos-
sible.

AC Voltmeter/
AC Voltmeter

CIN RIN

All measurements are made via an-impedance.

To avoid loading the measuring set-up, R;; >> R.

At higher frequencies it should also be ensured that
Cip does not inadvertantly load the measuring set-up.
Cip is typically 20-40 pF for an AC voltmeter, but to
this must be added the cable capacitance.

The capacitance in a screened cable is typically
100-200 pF/metre. '

That means that the total input capacitance will typi-
cally be 120-250 pF.

At 100 kHz this capacitance corresponds to an impe-
dance of 6-13 kQ.

On most AC voltmeters R;, is set at 1 MQ, bus as
can be seen, the impedance is substantially lower
because of the capacitances. Therefore R in the mea-
suring set-up should really be at a low impedance,
even at moderate frequencies.

The problem can be remedied by using a 1:10 probe.

c2 I AC Voltmeter/

Measuring set up R

F
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D,
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SO,

|
1
— .
1 T
]

> [‘J J_ C/]P AC Voltmeter
T

— T

Maéleopstillingen bliver nu ren DC maessigt belastet
med 10 MQ.

Den kapacitive belastning bliver C; i serie med
Crkabel//Ca//Cip.

Den samlede kapacitet af serieforbundne kondensato-
rer er mindre end den mindste.

Derfor er den samlede kapacitive belastning i sterrel-
sesordenen 6-12 pF.

Impedansen af denne kapacitet er ved feks. 100 kHz
130-260 kQ. Altsa en klar forbedring i forhold til den
direkte tilslutning.

RIN CIN

The measuring set up is now subject to a purely DC
load of 10 MQ.

The capacitive load is Cq in series with Ceypje//Co//
Cin-

The total capacitance of capacitors connected in
series is lower than the lowest.

Therefore the total capacitive load is of the order of
magnitude 6-12 pF.

The impedance of this capacitance is, for example,
130-260 kQ at 100 kHz. An obvious improvement
therefore when compared with the direct connection.
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Ulempen ved anvendelse af 1:10 proben er selvfolge-
lig, at spandingen bliver delt med 10, og at det
afleeste resultat skal ganges med 10 for at fa det kor-
rekte resultat.

Endvidere er det nedvendigt at justere »Co«, da 10-
delingen ved hgje frekvenser er bestemt at forholdet
mellem Cq og Cyabel//Co//Cip.

Denne tilpasning af Cy skal selvfolgelig ske, mens
proben er tilsluttet AC voltmetret.

Den nemmeste made at justere proben pa er ved at
male en firkant spanding f.eks. 1 kHz.

Voltmetret stilles i korrekt mileomrade f.eks. 200 mV.
Et oscilloskop tilsluttes AC OUT (findes pé bla.
RV9A og MM2).

C, justeress til korrekt firkantgengivelse pé oscillo-
skopet, ingen »undershoot« eller »overshoot.

c
viN o—

Rin
(typ. 1MQ)

For at hindre DC signaler i at pavirke maéleresultatet,
er alle AC voltmetre forsynet med en kondensator i
serie med indgangen.

R/C-ledet Rijp 0g Cserie har typisk en knaekfrekvens pa
1 Hz.

Indeholder mélesignalet evt. en DC bliver den selvfol-
gelig blokeret af kondensatoren. Den aflaeste male-
veerdi er saledes kun et udtryk for AC spaendingen i
maélesignalet. Eksempler pé disse forhold er beskrevet
under afsnittet »Kurveformer«

Males der pa meget svage signaler (mV eller pV),
skal der udvises stor opmarksosmhed for at opnd et
pélideligt resultat.

Man skal vaere opmarksom pd maleudstyrets egen-
stej, som typisk er i sterrelsesordenen nogle pVv
(10-30 pV).

En anden ting, der kan have indflydelse, er egenstgj
fra komponenter. F.eks. har alle modstande en egen-
staj, der er athaengig af modstandens ohmske veerdi
og béndbredden af signalet.

Eksempelvis en 10 kQ modstand og en signalband-
bredde pd 1 MHz: Vgt = 13 pV.

Det betyder at maling over en stor bandbredde, skal
foretages lavimpedant.

Den nejagtige sammenhzng er:

Vstoj = V 4KTR V/ VHz (Formel 1)
=013 x 107 VR x BW (T = 25°C)

K - Boltzmannkonstant = 1,37 x 1023
T - Temperatur i Kelvin

R - Modstand i Q }

BW - Bandbredde i Hz (fyre — fnedre)
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The drawback of using the 1:10 probe is, of course,
that the coltage is divided by 10 and the reading must
be multiplied by 10 to obtain the correct result. It is
also necessary to adjust ‘Co’, as dividing by 10 at high
frequencies is determined by the ratio of C; to Ceaple/
/Ca//Cip.

This adjustment of Cy should, of course, be made
while the probe is connected to the AC voltmeter.
The easiest way of adjustning the probe is by measu-
ring a square-wave voltage, e.g. 1 kHz. The voltmeter
should be set to the correct measuring range, e.g. 200
mV. An oscilloscope should be connected to AC OUT
(to be found on the RV9A and MM2 among others).
Co should be adjusted to the correct squarewave out-
put on the oscilloscope with no undershoot or over-
shoot.

(typ. 220nF)

To prevent DC signals influecing the measuring
result, all AC voltmeters have a capacitor fitted in
series with the input.

The R-C network Rj, and Cgerie typically has a cut-off
frequency of 1 Hz.

If the measuring signal were to contain a DC, it would
of course be blocked by the capacitor. The reading is
therefore only an expression of the AC voltage in the
measuring signal. Examples of this ration are descri-
bed in the section “Curve forms”.

If a very weak signal (mV or pV) is being measured,
great care must be taken to obtain a reliable result.
Attention must be paid to the inherent noise of the
measuring equipment, which is typically of the order
of magnitude of a few pV (10-30 pV).

Another factor which can have an effect is the inhe-
rent noise of components. All resistors, for example,
have inherent noise which is dependent on the ohmic
value of the resistor and the band width of the signal.
By way of example, a 10 kQ resistor and a signal
band width of 1 MHz: Vyise = 13 pV.

This means that measurements over a broad band
width should be done with a low impedance.

The exact correlation is as follows:

Vioise = V4KTR V/ YV Hz (Equation 1)
. =013 x10Y /R x BW (T = 25°C)

K - Boltzmann constant = 1.37 x 1023
T - Temperature in Kelvin

R - Resistance in Q

BW - Bandwidth in Hz (fypper — flower)
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Den faktor, der i praksis volder de sterste problemer,
er stelforbindelsen.

Males der pa svage signaler, er det altafgerende, at
der males i forhold til en korrekt stel.

Bang &Olufsen

The factor which causes the greatest problems in
practice is the ground connection.

If weak signals are being measured, it is vital that the
measurements be made in relation to a correct earth.

1mm }

Den korrekte tilslutning er selvfelgelig i punkt »1«.
Tilsluttes der i punkt »2«, kan der opstid en malefejl.
Som et taleksempel kan naevnes en printbane 1 mm
bred og 5 cm lang (alm. 35 pm kobbertykkelse), hvor
der gir en strem pa blot 5 mA. Den ohmske mod-
stand og stremmen giver i dette tilfeelde en spaen-
dingsfald pa mere end 100 p'V.

I storre maleopstillinger med bade analoge og digitale
kredsleb skal man vare opmarksom p4, at der nor-
malt findes flere adskilte stel.

I saddanne kredsleb er det specielt vigtigt, at der méles
i forhold til korrekt stel (f.eks. analog stel). Digitale
stelveje er ofte meget stojfyldte p.g.a. ekstrem hurtige
skiftetider i de digitale systemer.

BEGREBER

I forbindelse med AC maélinger anvendes en rekke
begreber, som det er nyttig at kende. RMS (effektiv-
veerdi), AVG (middelveerdi) og PEAK (spidsveerdi)
omtales i naste afsnit.

Crest Faktor

CF. er forholdet mellem spidsvaerdien (PEAK) og
effektivveerdien (RMS).

Duty Cycle

The correct connection is of course to point ‘1’.

If the connection is made to point ‘2, a measuring
error could occur.

An example using figures would be a conductor lane
1 mm across and 5 cm long (ordinary 35 pm copper
thickness), with a current of just 5 mA. The ohmic
resistance and the current produce in this case a vol-
tage drop of more than 100 pV.

With large measuring set-ups with both analog and
digital circuits it should be noted that there are nor-
mally several separate ground. With such circuits it is
particularly important that measurements are made in
relation to a correct ground (e.g. analog ground). Digi-
tal ground paths are often very noisy because of
extremely rapid shift times in digital systems.

TERMS

There are a number of terms used in connection with
AC measurements which it is useful to know. RMS
(root-mean-square value), AVG (mean value) and
PEAK (peak value) will be discussed in the next sec-
tion.

Crest factor

CUF. is the ration of the peak value (PEAK) to the
root-mean-square value (RMS).

VPEAK —] Vs
v
0 { CF.= PE‘y
VRMS

Duty cycle
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For en firkant er »Duty cycle« = tj/T, opgives oftest i

%, d.v.s. t1/T x 100%.
Puls/pause forholdet er t;/t.

Formfaktor
Formfaktoren er defineret som forholdet mellem
VrRMS/VAvG-

Rise time/Fall time
Udtrykket rise- og fall time anvendes i forbindelse

med den tid signaler er om at skifte fra et niveau til
et andet, f.eks. 0 til 1 Volt.

Normalt anvendes begrebet til, at beskrive flanker pa

feks. firkantkurver, men kan anvendes generelt.

*le
100 —

5

For a square wave the duty cycle = tj,T, usually stat-
ed in %, i.e. ty;T x 100%. The pulse-pause ratio is

ti/t2-

Form factor
The form factor is defined as the ration VRyms: Vave.

Rise time/fall time

The terms rise time and fall time are used in connec-
tion with the time signals take to change from one
level to another, e.g. 0 to 1 Volt.

Normally the terms are used to describe edges on, for
example, a square pulse curve, but they can be used
generally.

90

\

\

\
10 \
0 —

\—j—n-
tr

Rise time, t; er defineret som den tid signalet er om
at stige fra 10-90% af hele springet.

Fall time, t; er tilsvarende defineret som den tid signa-

let er om at falde fra 90-10% af hele springet.
Fall time omtales ofte som »rise time« for negative
flanker.

Rise time begrebet indgéir i en meget anvendelig for-
mel:

I X fgyre = 0,35 (formel 2)

det gzlder for et forsteordens system, med den evre
knakfrekvens (-3 dB) fuyre.

Slew rate

Slew rate, S.R. benyttes ogsé til at beskrive et skift,
typisk pa en firkant. S.R. er defineret som span-
dingsaendringen pr. tidsenhed, og opgives normalt i
V/uSec.

SR.= "y
at

The rise time, t;, is defined as the time the signal
takes to rise from 10-90% of the full pulse height.
The fall time, t;, is correspondingly defined as the
time the signal takes to decay from 90-10% of the full
pulse height.

The fall time is frequently referred to as the rise time
for trailing edges.

The rise time term is included in a very useful equa-
tion:

which applies to a system of the first order with the
upper cut-off frequency (-3 dB) fypper-

Slew rate

Slew rate, SR, is also used to describe a shift, typi-
cally in a square pulse. S.R. is defined as the voltage
change per unit of time and is usually given in
V/uSec.

Forskellen mellem begreberne slew rate og rise time
er, at rise time ikke siger noget om spandings-
springets storrelse.

The difference between the terms slew rate and rise
time is that the rise time does not say anything about
the size of the voltage rise.
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DETEKTORTYPER

Et AC signal varierer pr. definition hele tiden i span-
ding. Derfor ma der findes en made at vise signalet pa
(viserinstrument eller digital voltmeter), som muligger
en konstant visning.

Til at sikre dette findes en raekke principeilt forskel-
lige metoder.

Her omtales de tre metoder, der i praksis anvendes,
og som hver for sig har forskellige egenskaber.:

RMS »Root Mean Square«, ogsa kaldet effektiv-
veerdi.
AVG »Average«, middelverdi.

PEAK Spidsveerdi.

RMS
Effektivvaerdien for et signal er defineret som:

VipT
VRMS = T _“ o VO dt Forme 3)

Udtrykt i ord: signalet skal kvadreres, derefter midles
over en tidskonstant, T, og tilsidst uddrages kvadrat-
roden.

I praksis udtrykker Vyus, hvor stor en DC spaending,
der skal patrykkes en given modstand, for at afsztte
en effekt, der er lig med den effekt, som den mélte
spanding vil afsette i den givne modstand.

F.eks. afsatter 1 VRys og 1 Vpc samme effekt i en
given modstand.

Da RMS vardien er et udtryk for energiindholdet i
signalet, er RMS detektoren den mest foretrukne, nar
et voltmeter kun er forsynet med en detektor.

Et AC voltmeter maler selvfelgelig kun AC og ikke
DC, sé leenge malesignalet kun indeholder AC kompo-
santer. D.v.s. signalet ligger med lige store arealer
under og over 0 volt,

Hvis A1 = A2

indholder

signalet ingen 0
DC.

Indeholder mélesignalet en DC komposant, filtreres
den bort af seriekondensatoren i indgangen (se side
03), og AC voltmeteret viser RMS verdien af AC ind-
holdet.

Bang &Olufsen

DETECTOR TYPES

By definition, an AC signal varies all the time in vol-
tage. Therefore, a way must be found of showing the
signal (moving-coil meter or digital voltmeter), which
makes a constant reading possible.

For this purpose there are a number of different met-
hods, which differ in principle. Here we shall be loo-
king at three methods , which are used in practice
and each of which has different properties:

RMS “Root Mean Square”, also called the affective
value.

AVG ‘Average’, mean value.

PEAK Peak value.

RMS
The effektive value is defined as:

Vir
VRMS = T S 0
In words: the signal must be squared, then averaged
over a time constant, T, and finally the square root
obtained.

In practice, Vrms expresses the size of DC voltage
which has to be applied to a given resistance to dissi-
pate a power equal to the power which the voltage
under measurement will dissipate in the given resi-
stance.

E.g. 1 VrRms and 1 Vp dissipate the same power in a
given resistance.

[v () ]2 dt (equation-3)

As the RMS value is an expression of the energy con-
tent in the signal, the RMS detector is the type most
frequently preferred for voltmeters which only have
one detector.

An AC voltmeter only measures AC, of course, and
not DC as long as the signal under measurement only
contains AC components. Le. the signal has areas of
equal size above and below 0 Volt, e.g. a sinusoidal
curve.

If Al = A2,
the signal con-
t tains no DC.

If the signal under measurement contains a DC com-
ponent, it is filtered out by the series capacitor in the
input (see page 03) and the AC voltmeter shows the
RMS value of the AC content.
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Onskes den totale RMS verdi (AC + DC), findes den
som:

Vrms, TOTAL = I/VDCZ + VRMS, AC2

Forskellen mellem en raekke typiske AC og DC
koblede signaler kan ses i afsnittet omkring »kurve-
former<.

(Formel 4)

Tilsvarende kan summen af to AC signaler findes
som:

VRMS, suM = 'I/VAc12 + Vace2  (Formel 5)

Denne sammenhang benyttes ogsi til vurdering af
stojs indflydelse pd maleresultatet.

Alle kredsleb har en egenstg;j.

Da egenstajen og malesignalet skal »adderes kvadra-
tisk«, skal mélesignalet blot vaeren nogle fi gange
storre end egenstgjen, for at det ikke »ses« pa resulta-
tet.

F.eks. egenstaj: 50 pV og maélesignal: 500 pV (10
gange egenstajen) bliver det aflaeste resultat:

V =150% + 5002 = 502,5 pV,

hvilket blot er en afvigelse pé 0,5%.

Ved konstruktionen af RMS konvertere skal der fast-
leegges en tidskonstant (T i formel 3).

Her méa der nedvendigvis indges et kompromis.
Velges en stor tidskonstant tager det lang tid for
malingen falder til ro, til gengeld kan der méles pa
meget lave frekvenser med god nejagtighed.

Vealges en kort tidsksonstant bliver aflaesningen hur-
tig, men nejagtigheden bliver mindre ved lave fre-
kvenser.

Tidskonstanten valges normalt i omradet 10-300
mSec.

Avancerede instrumenter, som f.eks. Bang & Olufsen
NM]1, har indbygget flere forskellige tidskonstanter,
som brugeren frit kan valge mellem.

I instrumenter, hvor der er valgmulighed mellem flere
detektor typer, vaelges RMS typisk som udgangspunkt,
da »RMS-en« altid er entydig.

Grunden til, at ikke alle instrumenter er udstyret med
RMS detektor, er hovedsagelig et ekonomisk spergs-
mal. RMS konvertere er vaesentlig dyrere end f.eks. en
middelverdidetektor.
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If the total RMS value (AC + DC) is required, it is
found as:

VRMS, TOTAL = 'I/VDCZ + VRMS, AC2  (equation 4)

The difference between a number of typical AC and
DC connected signals can be seen in the section on
“curve forms”.

Correspondingly, the sum of two AC signals can be
found as:

VRMS, suM = 'l/VAClZ + Vace2  (equation 5)

This correlation is also used to assess the influence
of noise on the measuring result.

All circuits have inherent noise.

As the inherent noise and the measuring signal
should be “added quadratically”, the measuring signal
only needs to be a few times larger than the inherent
noise for it not to be ‘seen’ in the result.

E.g. with inherent noise: 50 pV and measuring signal:
500 pV (10 times the inherent noise) the reading will
be:

V =V 50% + 5002 = 5025 pV,

which is a deviation of just 0.5%.

When designing RMS converters, a time constant
should be set (T in equation 3).

A compromise has to be made here.

If a large time constant is selected, it takes a long
time for the measurement to settle down, though low
frequencies can be measured with good accuracy.

If a short time constant is selected, a reading is obtai-
ned quickly, but the accuracy is reduced at low fre-
quencies.

The time constant is usually set in the range 10-300
mSec.

Advanced instruments, such as the Bang & Olufsen
NM]1, for examle, have several different time con-
stants built in, allowing the user to choose freely be-
tween them.

In instruments where it is possible to chose between
several detector types, RMS is typically chosen as the
starting point, as the RMS value is always unambi-
guous.

The reason why not all instruments are equipped
with an RMS detector is primarily an economic one.
RMS converters are much more expensive than, for
example, a mean value detector.
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AVG
Middelvaerdien af et AC signal findes som:

Vave = %S g [v (t)] 24 (ormel 6)

Arsagen til at det er den numeriske verdi af signalet,
der integreres, er at et integres det rene signal, findes.
DCen, som jo er 0 i en AC koblet opstilling.

v

Males middelvaerdien pa en sinuskurve med en RMS
pé 1.000, vil resultatet blive 0.900 (2 - /2/m).

Det er normalt RMS vardien, der onskes, derfor
kalibreres de fleste middelverdivisende instrumenter
til at vise 1,111 gange middelvaerdien, siledes at der
viser 1,000 Volt for 1.000 Volt RMS.

Et sddant instrument siges at veere »RMS sinus kali-
breret« eller lignende.

Sa leenge der blot méles pé sinusformede signaler, vil
alt veere i orden.

For andre signalformer vil et sidant instrument ikke
leengere vise RMS veerdien, men blot 1,111 gange
middelverdien.

I afsnittet »Kurveformer« er der vist en rekke eks-
empler pé, hvor stor fejlen er for en raekke udvalgte
kurveformer.

Fordelen ved middelvisende instrumenter er den rela-
tive enkle (og ekonomisk overkommelig) opbygning.
Ligeledes kan der opnds en god nejagtighed over et
bredt frekvensomrade, hvilket kan vere et problem
for RMS detektorer.

Ved de allerfleste malinger er det sinusformede kur-
ver, der skal méles p4, og her er et middelvisende
instrument fuldt tilstraeekkeligt. Og hvis der males pé
lidt hejere frekvenser (>100 kHz), kan der ofte opnas
en bedre nejagtighed end ved en RMS maling.
Begrensningen for middelverdivisende instrumenter
er mere komplekse kurveformer, f.eks. kurver fra sty-
rede ensrettede (triacs m.v.), hvor der virkelig skal
udvises stor opmarksomhed for at opné et korrekt
resultat (se f.eks. afsnittet »Eksempel 1«).

Males der pa en kendt kurveform (feks. firkant, tre-
kant osv.), kan malefejlen i forhold til RMS bestem-
mes (se »Kurveformer«), siledes at der kan korrige-
res.

Bang &Olufsen

AVG
The mean value of an AC signal is found as:

Vave = % S OT v (t)] 2 dt  (equation 6)

The reason for it being the numerical value of the sig-
nal which is integrated, is that if the pure signal is
integrated, the DC is found, which is in fact 0 in an
AC connected set-up.

Aj+A
t VAVG='—TZ-

If the mean value of a sine curve with an RMS of
1.000 is measured, the result will be 0.900 (2 - -I/ 2/1)

It is usually the RMS value that is required, and
therefore most mean value indication instruments are
calibrated to show 1.111 times the mean value, so that
1.000 Volt is shown for 1.000 Volt RMS.

Such an instrument is said to be “RMS-sine calibra-
ted” or similar. »

As long as only sinusoidal signals are measured, all
will be well.

For other signal forms, such an instrument will no
longer show the RMS value but just 1.111 times the
mean value.

The section “Curve shapes” shows a number of exam-
ples of how large the error is for a number of selec-
ted curve forms.

The advantage of instruments which show the mean
value is their relatively simple (and inexpensive)
design.

They also give good accuracy over a wide range of
frequencies, which can be a problem with RMS detec-
tors.

In the majority of cases, it is a sinusoidal curve which
is to be measured and a mean value instrument is
quite adequate for this. And where slightly higher fre-
quencies are being measured (>100 kHz), it can often
give better accuracy than an RMS measurement.
Mean value instruments reach their limits with more
complex curve forms, e.g. curves from controlled rec-
tifiers (triacs etc), where great care really has to be
taken to obtain a correct result (see e.g. the section
“Example 17).

If a known curve form is being measured (e.g. square,
triangular etc.), the measuring error in relation to the
RMS can be determined (see “Curve forms”) so that it
can be corrected.
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PEAK

Ved spidsvaerdi malinger er der to principielt forskel-
lige metoder, »peak« og »peak - peak«:

A
LUZEN

I W/

»Peak« malingen finder den numerisk sterste vardi,
medens »peak — peak« finder den hejeste vardi minus
den laveste veerdi.

For symetriske signaler er »peak - peak« =

2 X »peake.

Her skal blot omtales »peak« malingen.

Der er selvfelgelig en graense for, hvor hurtigt en
peak detektor kan reagere.

Den spids, der skal méiles, ma nedvendigvis have en
vis tidsmeessig udstrakning.

Som mal for detektorens hurtighed benyttes oplade-
tidskonstanten Zgp.

Ligeledes opgives normalt en afladetidskonstant
tNED, som angiver, hvor lang tid detektoren er om at
falde til ca. 37% af den maélte spidsverdi, efter at sig-
nalet er fjernet fra indgangen.

De aller fleste peak méalende instrumenter kan indde-
les i to grupper:

1. Zop er gjort sd lav som muligt, typisk nogle pSec.,
og {NED er gjort sd stor som mulig, typisk adskil-
lige sec. eller min.

Kaldes ofte for »peak-hold«.

2. Zop = 1 mSec. og INED = 250 mSec., svarende til
tidskonstanterne i den sakaldte Quasi — Peak
detektor.

Maéles der pa engangsfenomener, er type 1 klart at
foretrekke, mens ved maélinger pa periodiske signaler
er type 2 mest velegnet.

Ved type 2 (Quasi-Peak) skal man vare opmarksom
p4, at hvis der males pa meget lave frekvenser, hvor
periodetiden (1/frekvens) er af samme storrelsesor-
den som afladetidskonstanten, vil den aflaeste verdi
vaere lavere end den absolutte spidsvardi.

Til gengeeld har type 2 den fordel, at den ikke er sa
hysterisk overfor stejpulser m.v. som type 1.

9

PEAK

When measuring peak values there are basically two
different methods, ‘peak’ and “peak - peak”™

TPEAK- PEAK
\\/ l |

The ‘peak’ method finds the numerically largest value,
while “peak - peak” finds the highest value minus the
lowest value. In the case of symmetrical signals “peak
- peak” is 2 x ‘peak’.

Only the ‘peak’ method is to be considered here.

There is of course a limit to how quickly a peak
detector can react. The peak to be measured must of
necessity last a certain amount of time.

A charge time constant yp is used as a measure of
the detector’s speed. Likewise, a discharge time cons-
tant Zpown is stated, which specifies the amount of
time the detector takes to drop to approx. 37 % of the
measured peak value after the signal has been
removed from the input.

By far the majority of instruments which measure
peaks can be divided into two groups:

1. Cyp is made as short as possible, typically a few
pSec, and {powN is made as large as possible,
typically several seconds or minutes.

Often called “peak-hold”. ’

2. Cyp = 1 mSec. and {pown = 250 mSec, corres-
ponding to the time constants in what is called the
quasi-peak detector.

If one-off phenomena are being measured, type 1 is
clearly to be preferred, while type 2 is most suitable
for measuring periodic signals.

When using type 2 (quasi-peak) it should be noted
that if very low frequencies are being measured, in
which the period (1/frequency) is of the same order
of magnitude as the discharge constant, the reading
will be lower than the absolute peak value. Type 2
does, on the other hand, have the advantage that it
does not react as hysterically to noise pulses etc. as

type 1.
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- Afladeforleb/Discharge

Ivi
o VPEAK

Peak, type 2, ved lave frekvenser

Ved et et sinussignal pi 20 Hz vil type 2 peak detek-
toren vise en veerdi, der ligger ca. 5% under den
sande peak veerdi.

Ved hgjere frekvenser vil afvigelsen blive mindre,
feks. ved 1 kHz er den mindre end 0,1 %.

Det siger sig selv, at peak detektoren bruges, ndr man
onsker at finde spidsvaerdien i et signal.

En peak maling kan sjaldent erstatte en RMS- eller
AVG maling, men vil ofte veere et vardifuldt supple-
ment til enten RMS- eller AVG maélingen.

KURVEFORMER

For at illustrere nogle af de mange begreber og defini-
tioner, er der valgt at vise en raekke eksempler pa
nogle typiske forekomne kurveformer.

Eksemplerne er vist bdde som DC og AC koblede.
Her er det selvfolgeligt de AC koblede signaler, der
har sterst interesse, men det er ogsé en fordel at
kunne se, hvad forskellen mellem AC- og DC kobling
betyder.

Resultaterne for »sinus burst« og »pulstog« er vist
som en funktion af »duty cyclen« (D = t/T), og som
alle de avrige, er resultaterne vist for DC-peak vaer-
dien 1 volt.

Har man et aktuelt eksempel med en anden DC-peak
veerdi, ganges resultaterne selvfolgelig blot med denne
veerdi.

For »hvid stej« er beregningen mere kompliceret, og
vist i Appendix 1.

Men som en rettesnor kan en peakvardi pé ca. 3-4
bruges.

For at vise de principielle beregninger, er eksemplet
med pulstoget vist i Appendix 3.

Se tabel side 20.

Peak, type 2, at low frequencies

For a sinusoidal signal of 20 Hz, the type 2 peak
detector will show a value which is about 5% below
the true peak value.

At higher frequencies, the deviation will be less, e.g.
at 1 kHz it is less than 0.1 %.

It goes without saying that the peak detector should
be used when it is necessary to find the peak value of
a signal.

A peak measurement can rarely replace an RMS or
AVG measurement, but will often be a valuable sup-
plement to either the RMS or the AVG measurement.

CURVE FORMS

To illustrate some of the many terms and definitions
we have chosen to show a number of examples of
typical curve forms.

The example are shown for both DC and AC signals.
It is of course the AC signals which are of the grea-
test interest here, but it is also an advantage to see
what the difference between AC and DC connection
means.

The results for sinusoidal burst and pulse train are
shown as a function of the duty cycle (D = t/T), and
as for all the others, the results shown for the DC
peak value are 1 volt.

In the case of an actual example with another DC
peak value, the results should simply be multiplied by
this value.

For “white noise” the calculation is more complicated
and is shown in Appendix 1.

However, a peak value of approx. 3-4 can be used as
a guide.

To show the principal calculations, the example with
the pulse train is shown in Appendix 3.

See table page 20.
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EKSEMPEL 1 (SCR/TRIAC)

En af de kurveformer, der kan give mélemaessige pro-
blemer, er det signal, der fremkommer, nar en thyri-
stor eller triac bruges til fasekontrol:

11

EXAMPLE 1 (SCR/TRIAC)

One of the curve forms which can cause measuring
problems is the signal which occurs when a thyristor
or triac is used for phase control:

Fasekontrol med triac

Kurven er tegnet for en ideel triac (Von = 0):

I tabellen (side 12) er der lavet beregninger for
VLoap for forskellige veerdier af ¢ (0-180°).

Vin = 220 VRus, er brugt i alle beregninger, og de
matematiske beregninger er vist i Appendix 2.

Kolonne 1 angiver fasevinklen ¢, hvor triac’en trigges,
og kolonne 2 viser RMS spaendingen over belast-
ningen »LOAD«. Ofte benyttes en fasekontrol til at
kontrollere den afsatte effekt i belastningen. Kolonne
3 viser den afsatte effekt som funktion af ¢, med ¢ =
0 sat til 100 %.

Miles Vipap med et middelveerdivisende instrument
(RMS sinus kalibreret) fis de i kolonne 4 angivne
vardier, og kolonne 5 angiver, hvor stor afvigelsen er
i 5 i forhold til den sande RMS veerdi.

Kolonne 6 og 7 angiver PEAK verdien og crest fakto-
ren. Bemark, at CF nar ganske hgje vaerdier, nar ¢
bliver storre end ca. 90°. Og man skal veere opmaerk-
som pé, at maleudstyrets max. input ikke overskrides
(Full Scale verdi x max. tilladt CF).

Phase control with a triac

The curve has been drawn for an ideal triac -

(Von = 0):

LOAD  Vi0aD

In the table (page 12), calculations have been made
for Vioap for vairous values of ¢ (0-180°).

Vin = 220 Vgrms has been use in all calculations, and
the mathematical calculations are shown in Appendix
2.

Column 1 gives the phase angle at which the triac is
triggered and column 2 shows the RMS value over
the ‘LOAD’. A phase control is often used to control
the dissipated power in the load. Column 3 shows the
dissipated power as a function of ¢, with ¢ = 0 set at
100 %.

If VLoap is measured with a mean value indication
instrument (RMS-sine calibrated) the values contained
in column 4 are obtained, and column 5 gives the size
of the deviation in 4 from the true RMS value.
Column 6 and 7 give the PEAK value and the crest
factor. It should be noted that CF. reaches quite high
values when @ is greater than about 90°. Care must
be taken that the maximum input of the measuring
equipment is not exceeded (full scale value x maxi-
mum permitted C.F.).
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(+1809) VRMS Relative VAVG % VPEAK CF.
(220V) power % SIN-RMS Error
Calibrated
0 220.0 100.0 220.0 0 3111 141
15 219.6 99.6 216.2 -1.5 3111 142
30 216.8 971 205.3 -53 3111 144
45 209.8 90.9 187.8 -10.5 311.1 148
60 197.3 804 165.0 -164 311.1 1.58
75 179.3 66.3 138.5 -22.7 3111 1.74
90 155.6 50.0 110.0 -29.3 311.1 2.00
105 127.7 33.7 815 -36.2 300.5 2.35
120 973 19.6 55.0 -435 269.4 ‘ 2.77
135 66.3 9.1 322 -514 220.0 3.32
150 374 2.9 14.7 -60.6 155.6 4.16
165 135 04 3.7 -72.2 80.5 5.96
180 0 0 0 - 0 -
179) 0.23 0.0001 0.02 -92.8 543 23.6
VRMs
3n
300 +
220v
200 + '
Y VIN

N
“\VLOAD, RMS ()

100 + N\
\

4
t t
0 165 180

P& kurven er Vi oap, rRMs indtegnet som en funktion On the curve Vi oap, RMs is drawn as a function of ¢.

af ¢. Det bemarkes, at det er en ulinizer funktion, dog It should be noted that it is a nonlinear function,

er forlebet mellem ca. 60 og 130° nogenlunde linizer. though the progression between 60 and 130° is fairly
linear.
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BRUG AF dB

Ofte veelges at udtrykke AC spandinger i dB (deci-
bel). En dB angivelse er altid i forhold til en referen-
ceverdi:

dB = 20 x log V/VRgF

I princippet kan VRgF velges til en hvilken som helst
veerdi, dog har man valgt at lave en rakke »standard
dB’er«

dBV = 20 x log V/1.000
dBm = 20 x log V/0.775

De 0.775 V svarer til en afsat effekt pA 1 mW i en
impedans pa 600 Ohm.

Hvis Vy er ref for dB1 og Vs, for dB2, er sammen-
hanget mellem dB1 og dB2:

dB2 = dB1 + 20 x log V1/V,
For dBV og dBm giver dette:
dBm = dBV + 2.22

dB bruges ogsé ved effektmalinger. Ogsé her er der
altid en referenceveerdi:

dB = 10 x log P/PRgF
Indsattes P = V2/R i formlen fas:
dB = 10 x log P/PRgr

= 10 x log (VZ/R)/(V2ggr/R)

V\2
=10 x log VREF
= 20 x log V/VREgF

dvs. der frit kan veelges mellem at udregne dB ver-
dien udfra spandingen eller effekten.
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USE OF dB

AC vontages are often expressed in dB (decibels). A
dB indication is always in relation to a reference value:

dB = 20 x log V/VRgF

In principle VRgF can be set at any value whatsoever,
but a number of “standard dB’s” have be fixed:

dBV = 20 x log V/1.000
dBm = 20 x log V/0.775

The 0.775 V corresponds to a dissipated power of 1
mW in an impedance of 600 Q.

If V; is the reference for dB1 and V; the reference for
dB2, the correlation between dB1 and dB2 is as fol-
lows:

dB2 = dB1 = 20 x long V{/Vy
For dBV and dBm this produces:
dBm = dBV = 2.22

dB are also used for power measurements.
Here too it always has a reference value:

dB = 10 x log P/PRgF
Inserting P = V2/R in the equation produces:
dB = 10 x log P/PRgF

=10 x log (V2/R)/(V2gEr/R)

V \2
= 10 x log \ VREF,
= 20 x log V/VREF

i.e. it is possible to choose freely between calculating
the dB value on the basis of the voltage or of the
power.
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APPENDIX 1

Normalfordelt stgj

Normalfordelt stej kaldes ogsa for hvid- eller gaussisk
staj.

Rent frekvensmassigt er hvid stej kendetegnet ved at
alle frekvenser er repraesenteret.

Til beskrivelse af hvig stoj anvendes sandsynligheds-
funktionen for normalfordelingen:

p(X)=

\2m'e

m — middevardi

0 - standard
afvigelsen

B_ang &Olufsen

APPENDIX 1

Normal Distribution Noise

Normal distribution noise is also called white or
Gaussian distribution noise.

Purely from a frequency point of view, white noise is
characterized by all frequencies being represented in
it.

To describe white noise, the probability function for
normal distribution is used:

! o ~(X=m)/y p2

m - mean value
0 - standard
deviation

| m-q

Elektrisk stoj stammer fra elektronbevaegelser i alle
komponenter m.v.

Da stgjen er en sum af naesten uendelig mange
enkelte bidrag, hvor det enkelte bidrag ikke har nogen
indflydelse pé resultatet, er resultatet en normalforde-
ling.

En sidan fordelingsfunktion siger intet om stajsigna-
let, hvis man betragter det momentant, men det siger
noget om, hvordan signalet sandsynligvis vil se ud.
F.eks. at der er storst sandsynlighed for at ligge
omkring middelveerdien m.

For et AC koblet stejsignal er middelvaerdien O.
RMS vardien er pr. definition lig med o, idet 0 udreg-

nes som:
1 n
oV LR

Denne formel svarer nejagtig til formlen for RMS
udregning (Formel 3), ndr m 0.

Formel A1l

I henhold til formel 6 beregnes den numeriske mid-
delverdi som:

AVG:lT S;)r [V (t)]dt

Denne formel er for tidsfunktion.
Har man istedet en sandsynlighedsfunktion, p(x), bli-
ver udregningen:

m+ad’

Electrical noise is caused by electron movements in
all components etc. As noise is the sum total of a vir-
tually infinite number of individual contributions, with
the individual contribution not having any influence
on the result, the result is a normal distribution.

Such a distribution function does not say anything
about the noise signal, if it is considered momentarily,
but is does say something about how the signal will
probably look. E.g. that there is the greatest probabi-
lity of it having the mean value m.

For an AC noise signal, the mean value is 0.
The RMS value is by definition equal to o, with o

being calculated as:
0= -/% Z in= 1 (x-m)*

This equation corresponds exactly to the equation for
RMS calculation (Equation 3), when m = 0.

Equation Al

According to equation 6, the numeric mean value is
calculated as:

AVG = lT S¥ OT [V (t):' dt

This equation is for a time function:
If a probability function, p(x), is used instead, the cal-
culation is as follows:
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Udregninger:

AVG=S Ixl-p- (x) dx

00

1

ZS: x( 1/—2n~o~e -

2
- m)/20 ) i

15

Calculation:

(m=0)

= 2 2 /052
— oo -x“/20
Vonoo | (1D - d ()
= -1 2 2
—= e x2/2
Va2n-o S 20% - e e d- (‘XZ/CZ) -
0

-20

Vo

2,027 ®
-x“/20
[e ] 0

20
21

Teoretisk set er peak veerdien for hvid stgj uendelig
stor. Men da stegjen folger en kendt sandsynligheds-
funktion er det muligt at sige noget om sandsynlighe-
den for forskellige peak vaerdier.

Sandsynligheden for at f4 en spids, der er numerisk
storre end 2 gange RMS verdien (= o) er ca. 5%.

Sagt pa en anden made vil stgjsignalet vaere numerisk
storre end 2 gange RMS verdien i ca. 5% af tiden.

(0-1)-1/23ﬁ - 0=0798-0

Seen theoretically, the peak value for white noise is
infinitely large. But as the noise follows a known pro-
bability function, it is possible to say something about
the probability of various peak values.

The probability of obtaining a peak which is numeri-
cally greater than twice the RMS value (= Q) is
approx. 5%.

To put it another way, the noise signal will be nume-
rically greater than twice the RMS value approx. 5%
of the time.

( PEAK)
F\ RS 15 2.0 25 3.0 33 40 5.0
Is,f;‘g:gﬁilghed/ 13% 4.6% 1.2% 026% | 0.005% | 0.0006% 0.6 ppm

I praksis vil man saledes yderst sjeldent komme ud
for peak signaler, der er sterre end 3-4 gange RMS
veerdien.

De aller fleste AC voltmetre kan klare en CF pd 3, s&
spidsvaerdierne i et stejsignal vil sjeldent overstige
det maksimale tilladte indgangsniveau.

Omkring fortolkning af stajmalinger skal der henvises
til mere specialiseret litteratur. Bla. findes der DIN-og
IEC normer for stojmalinger, m.h.t. frekvensvagtning,
detektortyper og malebetingelser.

In practice it is therefore very rare for peak signals
greater than 3-4 times the RMS value to be encounte-
red.

By far the majority of voltmeters can manage a C.F. of
3, to the peak values in a noise signal will rarely
exceed the maximum permitted input level.

On the subject of noise measurement interpretation,
reference should be made to more specialized litera-
ture. There are, among other sources, DIN and IEC
standards for noise measurements, which refer to fre-
quency weighting, types and measuring conditions.
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APPENDIX 2

Beregning vedr. eksempel 1
Fasekontrol med TRIAC:

VmaxfF — o~ ———————— — v(t)
_2w .
// // N P— T !

Bang &Olufsen

APPENDIX 2

Calculations for example 1
Phase control with TRIAC:

1 T 2
AVG = T S |V () |dt= Vmax T

T/2
_ 2 [T . 2m _
= cos T t] =

2m

sin - wt - dt

Vmax

(-l-cos'gﬂ ‘
n T

V.
= ma (cosop +1)
m
_I/l T _l/z_vz 72
_ - 2 4 _ ﬂs sin® - wt - dt
RMS = T So [v(®]dt = T d
_I/Z-vzmax _l_[ﬂ sin-2-wt]T/2
= T w 2 4 t
_I/2~V2-max.1‘[ 2wt . A p T2
= T o T 2 L ] £
_I/ V2 max T _og.(9 -sin2¢
= n 2 2 4
-l/l__gg + sin 2¢
= Vmax 2 2m 4m
0< ,(n < on0
PEAK — Vmax, 0°=9=90

Vmax - sing, 90° = ¢ = 180°
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APPENDIX 3 APPENDIX 3

Beregning for pulstog

DC

AC

RMS

Il

I

Calculations for pulse train

e |

DAt

-

T .

V- . = = ; V1~ vi-u

I
'z [ ovoor a-

V(] Twvetas |7 onovra)
vl'l/% ( SE(I-D)Zdt { :Dzdt)

WV (e a1+ ooy )

1
\g 'I/T (t;-2Dt; + D2 T)

v;VD-2D?+ D2 = ViV D-D?

17
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T
AVGZ%SOIV(t)Idt
1(5tl Vi-(Vi-D)d STV Dd)
_ T 0(1-(1')t+ tl(1-)t
_ A (VD) 4+ V- D-T-V;-D-ty)

= V{-D(1-D)+V;-D-V;-D2=2V;D-2V;- D?

= 2V, (D-D?

PEAK= D<1/2 PEAK=1-D

= D>1/2 PEAK=D

V AC? + DC?

RMSpc+ac

2
_ 'I/[VH/D-DZ:! + [V; - D)2
= V;VD-D?+D? = V11/D_

Vpeak 1D
CFac - s . ——— ©<12)
D-D?

Vpeak _ _1
s T

Bemerk at CFpc og CFpc er forskellige/
Notice that CFac and CFpc are different

CFpc =

D =1/3:CFpc= 131
CFpc =173

D = 1/10 : CFac = 3.00
CFpc = 3.16
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DC KOBLET AC KOBLET RMS
SIGNAL DC | PEAK SIGNAL RMS | AVG | PEAK CF FF |, AVG FEJL 1 %] DCeAC
SINUS 0 1,000 0,707 | 0,637 | 1,000 1,41 1,11 0,707 0 0,707
ensrer-| NN ORTTOART .
TET 0,318 1,000 @::,Q\— 0,386 | 0,351 | 0,682 1,77 1,10 0,390 +1,1 0,500
sINusS | ____________ P e I, -1
DOBBELT| — e e - I e 1
ENSRET- Qm— 0,637 1,000 0,308 | 0,268 | 0,637 2,07 1,15 0,298 -3,2 0,707
TET ’ ’ ) ’ ’ ’ ] ’ ’ ’
SINNS | ——m - -1
SINUS ’ ’ ’ ’ 4 ’
0 1,000 - 2t 1,000 S 1 A S LTS L PP I L
BURST 2T mw-T 2T 2 2t T T 27T
] T
FIRKANT 0 1,000 1,000 1,000 1,000 1,00 1,00 1,11 +11 1,000
_I |_4 L — -1
ENSRET- I I | | -+
TET 0,500 | 1,000 0,500 | 0,500 | 0,500 1,00 1,00 1,11 +11 0,707
FIRKANT| ____________ -1
R N .1 (D 1/2) 1-D
1-D D-D2 100-(2,22
PULSTOG —D——_I—;J:t,—' D 1,000 M: yD-D2 2(D-D2) ’-(_D__172_) ——————— D 1 2,22(D-D?) ( \/-D—
DUTY CYCLE -N2 2 .
D \/B-_DE 2\/0 D yD-D2 -1)
TREKANT 0 1,000 0,577 | 0,500 | 1,000 1,73 1,16 0,520 -9,8 0,577
-a=rrxra—-*1 | | | —mmm—————— +1
SAVTAND M. 0,500 | 1,000 7%%4747 0,289 | 0,250 | 0,500 | 1,73 1,196 | 0,278 | -3,8 | 0,577
———————————— -1 e 1
* * * ‘
sToJ 0 1,000 | 0,798 1,25 0,887 | -11,3 1,000

0¢c
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