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On the Averaging Time of RMS Measurements

by
C. G. Wahrmann and J. T. Broch

ABSTRACT

Time averaging and/or weighting are some of the most important processes in data reduc-
tion measurement systems.

This paper deals with these processes as applied to RMS (Or MS) measurements. After intro-
ducing various kinds of time averaging techniques, the time and frequency domain descrip-
tions of averaging processes are briefly outlined, particularly with regard to the most import-
ant practical averaging systems. The running integration technique and the RC-weighting
technigue. Comparing the use of these two techniques in the measurement of stationary
random signals the important ‘equivalence criterion” T = 2 RC Is derived.

This result 1s then applied to the measurement of stationary periodic signals, and it is
shown that also in these cases T = 2 RC i1s a satisfactory practical "equivalence criterion” .

The paper will be extended in the next issue of the B & K Technical Review, where the differ-
ent kinds of integration/averaging techniques are applied to transient and impulsive sig-

nals, and some general conclusions are formulated.

SOMMAIRE

L integration et (ou) la pondération temporelles sont parmi les processus les plus importants
pour la reduction des résultats dans les systemes de mesure.

Cet article traite de ces processus appliqués aux mesures de valeur efficace (ou de moyenne
quadratique). Apres l'introduction de différentes techniques d’'integration temporelle, les des-
criptions, dans les domaines du temps et des frequences, des procedures d’integration sont
rapidements etudiees, en prenant particulierement en consideration les plus importants des
systemes pratiques: l'intégration continue et la pondération RC. En comparant I'emploi de
ces deux techniques pour les mesures sur des signaux aléatoires stationnaires, on abouti a
I"important “‘critere d'équivalence” T = 2 RC.

Ce resultat est ensuite applique a la mesure de signaux périodiques stationnaires, et I'on
montre que, dans ce cas, la relation T = 2 RC est aussi un “critere d’'equivalence’ pratique
satisfaisant.

Cet article sera complété dans la prochaine édition de la Revue Technique B & K, ou tes diffé-
rentes techniques dintégration et de ponderation seront appliguées aux signaux transifoires
et impulsionnels et oli certaines conclusions générales seront tirées.



ZUSAMMENFASSUNG

Die zeitliche Mittelung mit und ohne zeitabhangige Bewertung ist einer der wichtigsten Pro-
zesse in datenreduzierenden Meldsystemen.

Dieser Beitrag beschreibt solche Prozesse, angewandt auf den Effektivwert (oder quadrati-
schen Mittelwert). Nach einer Einfuhrung in verschiedene Arten von Zeitmittiungs — Techni-
ken wird die Darstellung von Mittlungsprozessen im Zeit — wie im Frequenzraum kurz aufge-
zeigt, insbesondere im Hinblick aut die praktisch bedeutsamsten Mittlungsarten: die Technik
der glettenden Integration und der RC-Mittlung. Durch Vergleich dieser beiden Techniken in
Anwendung auf die Messung stationarer stochastischer Signale wird das wichtige “Aquiva-
lenskriterium™ T = 2 RC hergeleitet.

Dies Ergebnis wird dann angewandt auf die Messung stationarer periodischer Signale, und
es zeigt sich, dals auch in diesem Fall T = 2 RC ein fur die Praxis zufriedenstellendes Krite-
rium darstellt.

Der Artikel wird in der nachsten Ausgabe der B & K Technical Review fortgesetzt, wobel die
verschiedenen Arten von Integrations-/Mittlungstechniken auf fluchtige und impulsartige Si-
gnale angewandt und einige allgemeine Schiuldfolgerungen formuliert werden.

1. Introduction

The most complete description of a signal 1s obtained by recording
its entire time history. This is, however, not only impractical and time-
consuming but very often also unnecessary, as only certain typical
characteristics of the signal are normally important to the practicing
engineer. One such characteristic 1s the so-called RMS (root mean
square) value of the signal, defined mathematically as:

Xpms = ‘/17-. fr x<(t) dt
0

The particular importance of the RMS-value may be found In the
facts that it 1s " directly " related to the signal energy content, and that
it does, to a certain extent, take the signal time history into account.

As can be seen from the mathematical definition of the KMS-value,
its determination requires time averaging, and It Is the intention In
this paper to discuss, in some details, the practical implications
involved In the averaging process.

There are, basically, several ways in which the time averaging can be
performed experimentally:

1. Long-time Integration/averaging.
2. Step-wise Integration/averaging.
3. Running integration/averaging.

4. Weighted integration/averaging.



In the case of /ong-time integration/averaging the averaging time 7
Is chosen to equal the total time of observation of the signal.

A more practical method of integration/averaging i1s the step-wise
integration mentioned above. Here the signal is integrated and
averaged over a time 7, whereafter a new averaging takes place over
another period of time [ starting at the end of the first period, etc.
The result of the averaging is indicated at the end of each period 7.

The third method is here called " running integration’ and consists
in a true, continuous averaging over the last 7 seconds of the signal

l.e. the Integrating memory continuously “throws away ™ signal
values which occurred before t — 7.

In comparing step-wise Integration with running integration the
results must always equal each other at the end of each (and the
beginning of the next) stepped Interval of 7. When running integra-
tion t1s used the averaged value vary continuously while in the case
of step-wise integration the result obtained in one integration period,
7, remains indicated unttl the next average 1s completed, see Fig. 1.

The fourth method mentioned above, 1.e. the weighted integration/
averaging, 1s the most commonly used type of averaging to date. In

Amplitude
A [

— Signal
N

/ Running Integration

~—— Stepwise Integration

=

~—® [ime
T, T
750214

Fig. 7. lllustration of the concepts of running integration and stepwise
integration.
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analog type measuring instruments the weighting 1s normally exponen-
ttal and 1s derived from R-C averaging circuits.

While the running integration/averaging weight each instantaneous
value of the signal within 7 equally, the weighted averaging may
give greater weight to signal values occurring at the instant of mea-
surement than to signal values occurring, say 7 seconds earlier.

The main purpose of this article 1s, under different measurement
conditions, to compare the different types of averaging techniques.
Such a comparison should then enable the practicing engineer to
better judge the limitations imposed upon the measurement by the
averaging system, and to choose the parameters involved so as to
obtain optimum results. This is of particular importance when the
measured results are to be converted into digital form for further data

processing.

2. Time and Frequency Domain Descriptions of the
Averaging Process

As time and frequency are dual quantities, it Is possible to study the

time averaging process either in the t/me domain or in the frequency

domain. Conversion from one domain to the other is, in this case,

based on the so-called Fourier-transformation and the principle of

superposition.

The Fourier transtormation theorem states that:
F(w) = [ f(exp(—jwi) dt
and
F(0) = | :QOOF(w)exp( jwt) df

where w = 211/, while the principle of superposition states that:
In linear systems the effect of simultaneously superimposed actions
1S equal to the sum of the effects of each individual action.

Utilization of the superposition principle can be made for instance
by considering the function 7(¢) as consisting of an infinite number
of impulses each with an infinitesimal width, A1, and a height 7(71),
and superimposing the responses produced by the action of each of
these impulses, see Fig. 2. Mathematically this can be written:

r

x(t)= [ F(Mh(t—1) dr

— OO
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Fig. 2. lllustration of the concepts involved in time domain super-
position.

where h(t — 1) is the response of the system at the time £ to a unit
impulse excitation acting at time 1. A unit impulse (Dirac o-function)
excitation is characterized by the fact that it i1s zero, except at t =T
where it is infinite, and encloses unit area:

hm | o(7) dT7 =1

&0 —

By applying the Fourier transformation theorem to the function x(t)
above it can be readily shown that:

X(w) = H(w) - F(w)

Here X(w) is the Fourier transform of x(t), F(w) is the (complex)
frequency spectrum of the time function to be averaged and H(w) Is
the (complex) frequency response function of the averaging network.

An important fact, which can be seen directly from the above expres-
sions 1s that a convolution (folding) In the time domain corresponds
to a straight forward multiplication in the frequency domain. Similarly,
a multiplication in the time domain would result in a convolution In
the frequency domain.

Two simple, but practically important cases of averaging are treated
below, namely the originally defined averaging:

1 7
Xaums? == | F4(t) dt
aws? = 7 | 12(2)
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Fig. 3. Typical RC-averaging (weighting) network.

and the weighted averaging using a simple RC-circuit as weighting
device, Fig. 3.

For the sake of convenience set F4(f) = f(1), so that

1 7
Xpms? = 7[Of(-r) d

This integral can also be written;

‘--'I

T e
XRMSZ e [Of(T) “;".dT — f_ f(T)h1 (t — T) dT

The upper limit of integration 1s o because the integral is finite and:

(1_7- when O<T1< T

hqi(T) =
lO elsewhere

The Fourier transform of the impulse response function is:

Hy(@) = [ hi(n)exp(—jwr) dr

= [Tl exp(—/wT) dT
Jo T

Thus: sin(w7/2)
(W7/2)

Fig. 4a) shows |H,(w)| and indicates clearly that the integration and
averaging process in the frequency domain acts as a low-pass filter
with a |sin(x)/x|-characteristic.

Hy (W) = exp(—/wi/2)

In the case of RC-weighted averaging the result of the averaging in
the time domain can be written:



.
_f[} 0 f[} - Frequency, t 750216

Fig. 4. Response characteristics i1n the frequency domain for
a) [lrue integration/averaging
b) RC-weighted integration/averaging

Xaws?(t) = [ F(hs(t =) dn

= R1C‘ fjmf("r)exp[—-(t-— T)/RC] dT

as the impulse response function for the RC-weighting Is:

ho(T) = F:C exp(— 7/RC) T> 0

Here the Fourier transform of the impulse response function is:

Ho(w) = F:C exp(— T/RC)exp(—jwT) dT1
0
Ho(w) = -
AW = T wRC

The function |H,(w)| is plotted in Fig. 4b) and shows the well
known frequency response of an R-C-network.

3. Averaging of Random Signals
When statistically fluctuating signals such as narrow band random

9



noise are measured the output signal from the detector will also
fluctuate. These output signal fluctuations are then reduced by means

of the averaging process.

One method of comparing different types of averaging processes is,
consequently, to choose the averaging parameters in such a manner
that the relative energy fluctuations in the averaged signal are the
same, independently of the type of averaging system used. This
method has been utilized by the authors in some earlier work, see
Ref. (1), and is therefore only briefly outlined below.

It was found in Ref. (1) that the simplest way of dealing with the
averaging process In connection with random signals was to use
frequency domain descriptions of the phenomena. This was, due to
the character of the signal, done Iin terms of mean square (power)
spectral densities and squared frequency response functions. Fig. ba)
indicates an ""ideal” (rectangular) frequency band of random noise
with a power spectral density, wg, and bandwidth B. When this band
of noise is squared and applied to the input of the averaging circuit
the spectrum of Fig. ba) Is transformed into the one shown in Fig. 5b).

Here linear scales are used I1n the graph T).

A Wi
al
— - [ — B
Al Ly
1
WB
i { | YI | % 1 -
fe 0 feo — Frequency, f
b ? W, (f]
f 5| B e

Frequency, f
7h0121/

Fig. b. Sketches illustrating the effect of squaring a narrow frequency
band of random noise.
a) The noise frequency spectrum before squaring
b) The output spectrum from the squaring device

—

T The triangular shape of the spectrum is due to the fact that the squaring process in the
time-domain transforms into a convolution process in the frequency domain.
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By redrawing the low frequency part of the spectrum with expanded
frequency scale the result will be as indicated in Fig. 6. Fig. 6 also
Hlustrates the etfect of passing the signal through an averaging filter

with a cut-off frequency which is much smaller than the bandwidth, B,
of the (narrow) noise band being measured.

It is clearly seen that the resulting spectral density function can be
assumed constant over the operating range of the averaging filter.

The (approximately constant) spectral density, wy, In Fig. 6 can be
shown to have the value:

WO p— (12W328
where a Is an Instrumentation constant.

a) If the averaging process Is of the type:

r

1? | Zf(T) dr
its corresponding squared frequency response function would be:

i) 12 = (M52 )

ri; —» R
. ; / / I‘\ Effective Energy Bandwidth
_ _f,;- ,/:/-”H \
//4/%;%% Averaging Network
S S O Response
;/2422225??522222”/???éi?ﬁfﬁ L
]

1
o7 0 2T

Frequency

50218

Fig. 6. The low-frequency portion of the squared signal spectrum
shown with expanded frequency scale, together with the
effect of passing the spectrum through an averaging network.

The squared RMS-value of the fluctuations at the output of the

averaging circuit, or In statistical terms: the variance of the mean
square fluctuations after averaging, will be:

= “ sin(T1fT) ) 2
012:wa0 M (w)]2 dfzf"ma2W528( T(”,T )) df

as w = 2nf.

11



Thus
B

0'1 2 — G'2WB2 o

7

‘/B
01 — G-WB 7

Now, the mean square value of an “ideal” band of random noise
with constant spectral density Is:

Ef:WBB

Or .

and, taking the instrumentation constant, a, Into account:
a— C].WBB
The refative energy fluctuations at the output of the averager is thus:

O 4 AWg ,\/B/ T

el -l

I—
P —

E awg B

rﬁ: 1
| £ /BT

b) If the averaging process is of the RC-weighted type then the
squared frequency response function would be:

1 1
“ 1+ W2R2C2 1 + (fif,)?2

Or .

Ho(w) |2

1
2TRC

Substituting this kind of averaging for the one treated above results
in a variance of the mean square fluctuations after averaging of:

df
1+ (£/10)?

where 5 =

a0
O 52 == f a‘wgz<B = a?wg?B1f,
— 0

ot

and :

whereby the relative energy fluctuations at the output of the averager
becomes:

12



o, awgV BTt
E awg B

|

or .

I —_— - _—n—1
o, A/ fy 1

Equating the relative energy fluctuations at the output of the two
kinds of averagers one obtains:

1 B ‘/m‘g 1 ]
\/”f BT B \f 2BRC

or.

| 1
. T”n;‘o—zﬁ)cl
L d

where f5 1s the 3 dB upper limiting frequency of the RC-network
(Fig. 4b). Another fact, which 1s worth noting in connection with the
above derivations Is that because the comparison has been based on

energy considerations also the energy (or noise) bandwidths of the
Iwo averagers are the same.

4. Averaging of Periodic Signals

Two important types of periodic signals are considered in the following
because they represent ”“ limiting " cases. The first type of signal is the
simple (harmonic) sine-wave, while the second type consists of an
“Infinite " train of periodically repeated o-functions.

In the case of the simiple sine wave signal the use of frequency domain
descriptions may again prove to be the most straight forward method
of dealing with the problem.

Considering the signal to be measured to be given by:
X(t) — XO Sln(wf)

where w = 21/, the “energy  signal at the input to the averager
would be:

aXg?

f(T) = ax?(t) = aXy? sin?(WT) = 5

(1 — cos(2wT))
where, once again, a Is an instrumentation constant. Fig. 7 shows

this signal both in the time domain and in the frequency domain, and
it 1s readily seen that it consists of a DC-component, (a/2)X,%,

13
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f= —2f —f 0 f f, =24 Frequency, f

b} 750219

Fig. 7. The input signal to the averaging network when the signal to

be measured consists of a pure harmonic (sine wave) signal.
a) TIime domain description

b) Frequency domain description

and a fluctuating component, (a/2)Xy2, fluctuating with a frequency

When this signal 1s passed through an averaging network the DC-
component remains the same (the “"true” value of the signal) while

the fluctuating component Is attenuated In accordance with the
frequency response function of the network.

If the averaging process is of the type:

1 7
?Jof(T) dT

l.e. Its corresponding frequency response function is:

sin{w;7/2)

the maximum relative energy fluctuations at the output of the averager
are given by :

1 . - sin(w,7/2)
B 20X (1 — W, T/2

1 2
E EG'XO

&1

———

14



T RC-Weighted Integration max. —4

| }”".:_@?} B
7

10 .
1 pi 3 4 5 6

— e 2T =g T

750220

Fig. 8. Maximum “"energy ™ fluctuations of sine-wave signals after
averaging.

or

as w = 21f = 1/f;.

The ftfunction €,/£ is shown graphically to logarithmic scales in
Fig. 8 (fully drawn curves). Actually the shape of the curves is intui-
tively understood by considering the physical process of integration.
Wherever the integration time 7 equals an even number of half
periods of the fluctuation frequency (f,= 2f) then the " net’ -fluctu-
ation will be zero.

In fact, the curves represent the maximum and minimum deflections
of an "i1deal " logarithmic (dB) instrument meter.

Considering next an averaging process of the ARC-weighted type
with a frequency response function of the kind

1

Ho(w)| = ———
()] J1+ (w,RC)?
Then
£2_ 20Xo?(1 +£1/\/1 + (w,RC)?)
E TaX,?

15



or .

3 1
-'"E_'—“"1 i ; B — NG
1T+ (20RC)

as again w=2nf="1f;=Ww;/2.

Setting 7 = 2RC glIves:

82 1 !
21+ — S —
£ NAE (AL
The function ,/E is also plotted in Fig. 8 (dotted curves) and shows
that when 7 is chosen to equal 2 RC, as postulated for narrow band
random noise, then, in the case of harmonic signals, the maximum

fluctuations at the output of the averager are the same for the two
kinds of averagersT.

T 750221

Fig. 9. lllustration of a time-train of impulse functions.
a) Input signal to be measured
b) Input to the averager (squared signal)

In the case of periodically repeated o-functions, Fig. 9, the averaging
process may be more advantageously treated by means of time-
domain methods than by means of frequency domain methods, see
Appendix A.

Actually, the signal shown in Fig. 9b), 1.e. the " energy " signal at the
input to the averager, can in this case be mathematically described
by the function:

T This is, however, only strictly true when the product 77 is larger than, say 1.5b.

16



f(T) — C1X02 Zé(T — /’7T1)

where T4, 1S the repetition period, and o(T — nT,) describes o-functions
(unit impulse functions) occurring at times T = nT,.

If the averager 1s the type

1 p7
? {Of(T) dT
the relative "~ energy '-fluctuations, n,/£, can be expressed as:
my o+ | F N1 n
[(E}max 17 e L(E)minpﬁ-

where f=1/17,, and 7T =n71, + 7, (Fig. 9b)). n=0, 1, 2, 3, etc.

These tluctuations are plotted (fully drawn curves), again to logarith-
mic scales, in Fig. 10.

NN
. N
Erros W : \"'-..H f,—_\ RC-Weighted integration max.
dB ™~ \/ i{T - 2 RCI
Z - 8 N - H_"H-. _ | __|_I S -
1 . ‘
Running Integration rmax, - . | * _ NN
Running lr";tegratiﬂn min. -~ - |
-2 — . . 1 . L b —
' | Q
-
S
/s
4 _ _ 7 _
A .
/ - . RC-Weighted tntegration min.
/ f {1 2 RCI ?
_6 _ _
7 |
| /
/ | |
| / ! . ]
8 1 / ,. | .. |
/ | |
L ! | | i
0.5 1 2 3 4 £

|
5
e T =40 T

RPN

Fig. 10. Maximum "~ energy’’ fluctuations of a time train of 5-impulses
after averaging.

It the averager is of the RC-weighted type the time function output
from the averaging process can be mathematically formulated in
terms of the convolution signal and the relative " energy " -fluctua-
tions, n,/£E, become:

17



N2 B 2
| £ max—_fT“ o exp(HZ/fT)) |

and

11;_) 3 2
E lmin fT(exp(2/fT) — 1) |
I

Also these functions are plotted in Fig. 10 (dotted curves), and again
f=1/7, and 7 =2 RC.

Note that even in this case the relative fluctuations in the RC-weighted
averaging practically envelopes the fluctuations in the running inte-
gration type of averaging.
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APPENDIX A

Averaging of Periodically Repeated o-Functions
As stated in the main text of this paper the averaging of periodically
repeated o-function is best studied in terms of time-domain methods.

Considering first the case of running integration the output from the
averager would have the form:

Xa? |
m:a Ov‘JTZé(T—an)dT
T QO n
Or
> .
m:GXTo ZJT6(T—-—-/7T1)dT

n vo

13



The evaluation of this expression depends upon the relationship
pbetween 17, 7 and nt,, and may be best understood by the following

reasoning .

The summation of the o-function integral, i.e.:

> [78(r— nmy) d

n vo
actually expresses how many unit impulses are within the integration
interval 7. If, for instance, O < 7 < 1,, only one impulse (or none) is
inside the Integration interval. The output from the averager will
therefore fluctuate between 0O and a maximum value of a - (Xy2/7).
It 1s readily seen that this maximum value decreases hyperbolically
as / increases.

When 7 becomes larger than 1,, then either one or two impulses are
included in the averaging process. In general, therefore, when 7T is
larger than 1, the maximum value of the fluctuations can be mathe-

matically described in the form:

aXgy?
(M)max = =52 5| "8(1 = nmy) a1

n+1 Y0

o aXpf(n+1)
- nT, 4T,

wherent, +17,=7 and 0 =<1, < T,
Similarly the minimum value of the fluctuations is given by :

aXqy?n

Nty + T,

(N1)min =

The “true” average ot the signal is:
Xo?

T

E:a

and introducing f=1/1,, the relative " energy’ fluctuations, n,/E

become:
N4 - n+ Ukl n
(E)max__ fT and (E)min—fr

In the case of RC-weighted averaging the output from the averager is
again obtained by means of time domain convolution and takes

the form:

19



aXy2 [t

N, = > (1 — n1,)exp[— (t — 7)/RC] dr
RC O n
or
B CIu><F():2 4
N2 = 52 %foé(T— nt.)exp[— (t — T)/RC] dT

Physically this means that every time an impulse occurs the averager
will respond in terms of its impulse response function, and at any
instant of time, ¢, the total response is equal to the sum of all the
iImpulse responses up to that instant. This is illustrated in Fig. A.1 for
a particular instant of time, t,.

87, 97,

Time t71

h)
A f{t)

fir)

T, ZTT 374 A1

FhOZ203

Fig. A.T. Hlustration of RC-weighting of a train of impulses (convolu-
tion technigue).

From the figure it can also be deduced that the response must have
a maximum Immediately after an instant where t = nt,, and then

decay according to the exponential function until immediately
before t= (n+ 1)7,4.

20



The maximum value is obviously

B ClX02 n
(T]Z)max_ RC Zoexp(mnT'I/HC)

and the minimum value:

Xa2
(N2)min = aRg % exp(— (n+ 1)1,/RC) = (N2)max exp(— 71/RC)

The absolute maximum is (theoretically) reached when n — o0 and
the sum then represents an infinite geometric progression:

go(exp(—-— T,/RC))"

and as exp(— 17,/RC) < 1 then:

- 1
ngo(exp(“ T‘I/HC)) — jl B exp(_T1/Rc)

Again the "“"true " average of the signal is:

r_ aXgy?
T
whereby
(_@) _ (1/RO)
E max 1 —“eXp(—T1/RC)

The minimum value of the relative fluctuations can now be obtained

from:
N> {02 o . (T./RC)
(—E—)miﬂ R (E)maxexp( T/RC) = exp(T,/RC) — 1

Introducing 7 = 2RC and f = 1/1,, the results can be written:

(n_z_) _ 2
E)max fT(1 — exp(—=2/fT))
and

(Hég) min fT(exp(Zz/fT) —1)

e
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Averaging Time of
Level Recorder Type 2306 and
“"Fast’”” and "Slow’ Response of
Level Recorders 2305/06/07

by

K. Zaver:, M. Phil.

ABSTRACT

The averaging time of Level Recorder Type 2306 was determined for its various writing
speeds. Investigations were also carried out to determine the most suitable writing speeds
that would simulate pen fluctuations of a Level Recorder with the meter needle deflections
of a Sound Level Meter. For small pen fluctuations writing speeds of Level Recorders Types
2305/06/07 are suggested for AC and DC recording that will yield the best correlation.

SOMMAIRE

Le temps d’intégration de I'Enregistreur de Niveau Type 2306 a été déterminé pour les dif-
férentes vitesses d'écriture de l'appareil. On a également cherché a determiner les vitesses
d’'écriture qui permettent d’obtenir des fluctuations du systéme d’écriture simulant les déflex-
ions de l'aiguille d'un sonometre. Pour de petites fluctuations, on suggere les vitesses d’'ecri-
ture des Enregistreurs de Niveau Types 2305/06/07 donnant, pour les enregistrements en
alternatif et en continu, la meilleure correlation.

ZUSAMMENFASSUNG

Die Mittlungszeit des Pegelschreibers Typ 2306 wurde in Abhangigkeit von der einstellba-
ren Schreibgeschwindigkeit bestimmt. Auch wurden Untersuchungen angestellt, um diejeni-
gen Schreibgeschwindigkeiten herauszufinden, bei denen die Schreibstiftschwankungen ei-
nes Pegelschreibers mit den Zeigerausschlagen eines Schallpegelmessers bestmoglich korre-
spondieren. Fur Gleich- und Wechselspannungsaufzeichnung mit den Pegelschreibern

230__5/06/07 werden Einstellungen vorgeschlagen, fur die bej kleinen Ausschiagen die be-
ste Ubereinstimmung erzielt wird.

Introduction

Since the publication of Technical Review No. 1 1974, describing the
measurement of Averaging Times of Level Recorders Types 2305 and
2307, Bruel & Kjeer have developed a transportable Level Recorder
Type 2306. The Averaging Time of this Level Recorder is determined
and the results presented as a function of its writing speed in Part | of
this article.
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Furthermore, the desire to try to correlate the meter response of con-
ventional Sound Level Meters with level recorder pen fluctuations, has
lead to the Investigations described in Part ll of this article. However,
the task of simulation of meter needle deflections with pen fluctuations
on the Level Recorder paper i1s not as simple and direct as one might ex-
pect at first sight. The main reason for this is that the modes of opera-
tion and thus the dynamics of the Sound Level Meter and the Level Re-
corder are basically different. While the definition of "Fast’”” and "'Slow”
response, primarily intended for Sound Level Meter, is based on tone
burst response, such a definition, as will be shown by the results, is
not suitable for a Level Recorder as its response is dependent on the
amplitude levels of tone bursts.

The following three types of experiments were carried out:

a) Direct comparison of Meter Needle deflections of a Sound Level Me-
ter with pen fluctuations of a Level Recorder at different writing
speeds for a narrow band random noise input.

b) Measuring the frequency response characteristic of the Sound Level
Meter and the Level Recorder for a 10kHz carrier frequency signal
INnput, amplitude modulated by a low frequency sinusoid.

c) Determining Level Recorder response to tone burst signals (cfr. IEC
179).

Part 1

Averaging Time of Level Recorder Type 2306

The measurement of Averaging Time of Level Recorder Type 2306 was
carried out in 1dentically the same manner as described in Technical Re-
view No. 1, 1974, (Ref. 1) for Level Recorders Types 2305 and 2307/.
A band-limited white noise signal was fed to the Level Recorder (fitted
with a 50dB pot.}) and the resulting pen fluctuations were transformed
proportionally to an electrical signal with the aid of a specially prepared
transducer and an Analog Voltage Readout Type ZR 0021. (24 V DC for
ZR 0021 was supplied from a Level Recorder Type 2305). The electri-
cal signal was amplified by an experimental AC preamplifier with a very
low lower limiting frequency and RMS detected by a modified Measur-
ing Amplifier Type 2607 which allowed measurements to very low fre-
quencies, see Fig. 1.

For a logarithmic potentiometer the measured RMS value of the fluctua-
tions can be considered to be a measure of the relative amplitude error
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Specially
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Sine Random Generator Transducer

1027 | | Power from

AC. preamplifier Measuring Amplifier

B

Anaog Voltage | —
- _ Read - out Modffled
| evel Recorder ZR 0021 Version
2306

750267

Fig.7. Measurement Arrangement for averaging times

€. For small fluctuations the amplitude error equals half the energy er-
ror €4 and can be expressed in terms of bandwidth and averaging time
as derived In Ref. (2) and (3).

€ 1 1 : 1
€ H = —= , e | = ———
2 2 2VEB 4 Be 2

where B 1s the noise bandwidth,
and T 1s the averaging time.

A numerical example of the calibration procedure and of the calculation
IS given below. The output voltage from ZR 0021 was adjusted to
change 2V DC for a change of 10dB in position (50dB potentiometer
and 50 mm paper). For a noise signal input of 31,6 Hz bandwidth at
1000 Hz centre frequency to the Level Recorder set at a writing speed
of T00mm/s, the measured RMS value at the ZR 0021 output was
380 mV. This voltage corresponds to 1,9dBgrpmg or a ratio of R = anti-
log (1,9/20) = 1,2445. The relative error €, = 0,2445 thus obtained,
can be used to calculate the averaging time from the equation

T = ] - — = 0,132s
4Bes 4 x 31,6 x0,24452

In order to determine € , accurately enough, it is necessary to measure
the very low frequency components of the pen fluctuations which 1s par-
ticularly important at low writing speeds. The measurement system
was therefore extended down to 0,002 Hz the RC lower Iimiting fre-
quency of the AC preamplifier while the detection time constant of
300s of the meter circuit of a Measuring Amplifier Type 260/ was
used. The meter circuit alone, has virtually DC response when the capa-
citor C 1212 (0,68 uF) on circuit board ZL 0027 is short circuited as
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/ Amplifier Circuit \
7L 0027 - - e

45[313 —-- - -+ — — ———— e —— - = on
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fJ’ 1Mo > 10,5 ki :
%'-‘% 12011 %:;1 .l
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: | ' i oEg ' i
X - D’“«I1 ?];]9 “—'5 . i ____| |
. ; z1212 i
; . T !
e 7 . Short circuit ;
| " |

T - SR EL Y N

% S e 2 oepan < |
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Lo 4.. % i
| |
—— . ;

7401817

Fig.2a. The short circuit over the capacitor C 1212 inZL 0027

ZR 0021 AC preamplifier | 2607

E:-ZQI(SZ
(

e

473157

Fi1g.2b. The AC-preamplifier connected to ZR 002171 and 260/

shown in Fig.2a and provides full meter deflection for an input voltage
of 10Vrms - The need for gain in a separate amplifier can thus be
seen and is provided by the AC preamplifier. The output from the AC
preamplifier is connected to pin 1 of circuit board ZL 0012 of the Meas-
uring Amplifier Type 2607. Care should, however, be taken as no
overload protection is provided at this point. A diagram of the preampli-
fier is given in Fig.2b together with its connection to the meter section

of 2607/,

The band limited noise signal was supplied from the Sine Random Gen-
erator Type 1027 where the bandwidths quoted are the etfective noise

bandwidths.
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Measurement Results

Experiments were carried out by applying different noise bandwidths to
the Level Recorder and measuring the resultant various levels of pen
fluctuations. Fig.3 shows a plot ot averaging time against writing speed
where the spread of results obtained for the Level Recorder Type 2306
s shown by the double shaded area lying between curves 1 and 3 for
the four writing speeds of 16, 40, 100 and 250 mm/s. Curves 1, 2
and 3, reproduced from Ref. (1), refer to the averaging times for Level
Recorders Types 2305 and 2307. Curve 2 also given in Ref. (2), gives
the limiting curve for zero pen fluctuations; curve 1 represents the aver-
aging time of Level Recorders 2305 and 2307 for normal Recorder Set-
tings (described in Ref. 1), while curve 3 is considered as the limiting
curve for maximum allowed pen fluctuations. As can be seen, the aver-
aging time of Level Recorder Type 2306 agrees reasonably well with
those of Level Recorders 2305 and 2307 and curve 1 i1s suggested to
be the nominal curve also for Level Recorder Type 230606.

Part 2

Simulation of ""Fast’”’ and ""Slow’ Meter Time Constants

on Level Recorders

Fluctuating sound pressure levels when measured with sound level me-
ters are averaged on the Meter according to Internationally accepted
Time Constants "'Fast’’ or "Slow’". However, the frequent desire to ob-
tain permanent records on Level Recorder paper of the sound pressure
level requires determination of the most suitable writing speed that si-
mulates meter needle deflections as closely as possible. In the follow-
ing, three methods are described for determining appropriate writing
speeds.

a) Direct comparison of Meter Needle deflections with pen tluctuations
1} Fast Response

In this method band limited noise was fed to a Sound Level Meter Type
2209 (Set on "Fast”) while its DC output was fed to the Level Recorder
Type 2306, see Fig.4. For a fixed noise bandwidth input to the Sound
Level Meter, the meter deflections were observed and the DC output
from the Sound Level Meter was recorded at different writing speeds.
A set of recordings were now obtained for different noise bandwidth In-
puts. Fig.ba shows DC recording at writing speeds 40, 100 and
250 mm/s for noise bandwidth inputs of T00Hz and 31,6 Hz to the
Sound Level Meter. For TOOHz and 31,6 Hz the Meter deflections
were approximately 3dB and /7 dB peak-to-peak respectively. Compar-
ison of Meter needle deflections and pen fluctuations (for amplitude
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Sine Random Generator
1027 r— = Level Recorder
I | | 306

Impulse Precision

Sound Level Meter
2209

/50266

Fig. 4. Measurement Arrangement for deflection comparison tests

and frequency”™) showed that the simulation at 100 mm/s for DC re-
cording was most representative.

The AC output of the Sound Level Meter was now fed to the Level Re-
corder and AC recordings shown in Fig.5b were obtained at 40 and
100 mm/s for the same noise bandwidth inputs. It should be noted
that for DC recording the averaging will be carried out by the RC net-
work of the Sound Level Meter and that the Level Recorder pen and
the meter needle will respond to the same DC voltage on the capacitor
of the Sound Level Meter averaging circuit. The difficulty in simulation
occurs after this stage, as the meter and the Level Recorder writing sys-
tem dynamics come into play. For AC recording, however, an additional
factor plays a role, namely that the averaging is now carried out only by
the Level Recorder averaging circuit.

The AC recordings were therefore compared with meter needle deflec-
tions as well as DC recording at 100 mm/s. In this case writing speed
of 40 mm/s for AC recording for small fluctuations was most suitable
while 100 mm/s for large deflections.

11) Slow Response

With the Sound Level Meter set on "Slow’ response, effective noise
bandwidths of 31,6 Hz and 10Hz were supplied in turn to the Sound
Level Meter and DC and AC recordings were taken at 16 and 40 mm/s

* A frequent expression used for this kind of comparison estimation 1s "'eyeballed” measure-
ments.
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Bruel & Kjaer ]
Noise 31,6 Hz 10 b
Bandwidth —_ _____________L_________——__ —
DC e e e e R e A T S A
Recordin — - - — — . - - — — 1
2306 9 ?;;239 16 mm/s
I"Wﬁl&ﬂ*ﬂ”&“ s WA=/ WA

Noise 10 Hz
Bandwidth=

QP 0102 7502617 i

Fig. 6a. 2306, DC recordings of narrow-band noise for simulation of
“Slow” response

(] ] .
Bruel & Kjar
Noise 39 6 1z 1otas : T
i Bandwidth — t
- ™ sl o s A = J?-‘L__J"‘-t i - S
T e = — 7 O 7 . L
AC - ) - -
Recording | Writing _ _

2306 |Speed - 16 mm/s 40 mmys |
= e R e e
BATA A y N oV i O A LSS i _.___'%_.‘. . S
[Noise
Bandwidth 10 Rz
QP 0102 _ 750388

Fig.6b. 2306 AC rcod’ns of narrwn nisél f /mu/afion f
“Slow’ response

for Level Recorder Type 2306. The meter needle deflections were
found to be 2 and 4 dB peak-to-peak for 31,6 Hz and 10Hz respec-
tively. The recordings are shown in Figs. 6a and bb. For DC recording
40 mm/s was found to be most appropriate, while for AC recording
16 mm/s should be used.

b} Frequency Response Measurements

Fig.7 shows the arrangement used to measure the frequency response
of the Sound Level Meter and the Level Recorder 2306. A 10kHz car-
rier frequency was amplitude modulated by a low frequency sinusoidal
signal and applied to the Sound Level Meter input.

The frequency response of the Sound Level Meter for "Fast” and

"Slow’’ response were obtained and are shown in Fig.8. The AC output
of the Sound Level Meter was now fed to the Level Recorder Type
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Fig./. Set-up used for frequency response measurements

2306 and its response was obtained at writing speeds of 16, 40 and
100 mm/s. The results obtained are again presented in Fig.8.

0 — T T T
AC Recording
o Writing Speed
100 mm/s |
Meter Reslponse
(Slow) | |
/
L ¥ _ |
o —10 _ - 7
= |
- .,
'g / {
o e :
g AC Recording AC Recording
E Writing Speed Writing Speed
E 16 mm/s | 40 mm/s ~
o
@
0
20 . .
//
Meter Refspor]'nse |
(Fast)
—30 g S
0,1 0,2 03 04 0506 08 1,0 2,0 3,0 40 5,0 6,0

Frequency Hz
750259

Fig.8. Frequency Response of Sound Level Meter and Level Recorder
2306
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It can be seen that the Meter Response for “"Fast” lies in-between the
response for 40 mm/s and 100 mm/s for AC recordings. Therefore for
“Fast’” response it is suggested that for small deflections 40 mm/s
should be used while 100 mm/s should be used for large deflections.
For "Slow’ response 16 mm/s should be used.

c) Tone Burst Response Measurements

The definition of "Fast” response according to IEC 179 for a Sound Lev-
el Meter 1s that if a pulse of sinusoidal signal having a frequency of
1000 Hz and duration 0,2 s is applied, the maximum reading shall be 1
+ 1 dB less than the reading for a steady signal of the same frequency

and amplitude.

Sine Random Generator

Level Recorder
230_6

_ﬁ"“..,

Frequency Counter

Tone Burst
Generator

e i .
l Oscilloscope

/50268

Fig.9. Set-up used for tone-burst response measurements

To examine the tone burst response of Level Recorders such a signal
was applied to Level Recorder Type 2306 as shown by the measure-
ment arrangement in Fig.9. The amplitude of the tone burst was
chosen such that a steady signal of the same frequency and amplitude
gave a deflection of 4dB above the bottom-most position of the pen.
The tone burst was recorded at 40 mm/s and 100 mm/s. The ampli-
tude of the tone burst was now increased to 6, 10, 20, 30 and 40dB
In steps and recordings were taken at the same writing speeds and the

same attenuator positions on the Level Recorder. The results are
shown in Fig.10.*
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Fig.10. Tone-burst Response of Level Recorder 2306

From the results it can be seen that in order to fulfil the “Fast” require-
ments of [EC one would need to increase the writing speed for increa-
sing levels of tone burst signals, a fact which can be theoretically veri-

fied by considering the design principle utilized in Level Recorders, Ref.
(2).

Discussion of Results

In method (a) meter needle deflections were compared to pen fluctua-
tions and the writing speeds were chosen which gave the best simula-
tion amplitudewise and frequencywise. On account of the stepwise reg-
ulation N writing speeds the choice is sometimes made difficult and
this Is also Illlustrated by the frequency response method (b}, see Fig.8.

It should be noted that whenever DC output facilities are available,
such as on Sound Level Meter Type 2209 and Measuring Amplifier
Types 2606 and 2607, DC recordings should be carried out as the pen
and the meter needle will respond to the same DC voltage on the ca-
pacitor of the Sound Level Meter (or the Measuring Amplifiers) averag-
ing circuit. Untortunately, 1t 1s here where the simulation ends, as after
this stage Meter and Level Recorder writing system dynamics come
into play. This s further illustrated by the results obtained by method
(c). While the definition of "Fast” and "Slow" response for Sound Level
Meters 1s based on tone burst response, such a definition 1S not sui-

* P.5. For investigation of the DC response of the Level Recorder to impuisive signais, tone
bursts of the same amplitudes were applied to the Level Recorder via the DC output
of the Sound Level Meter. The results showed that the DC recordings gave higher re-
sponses than AC recordings for the same writing speed. Also by increasing the writ-
INg speeds for increasing levels of tone bursts, the “Fast’”’ requirements of IEC could
be fulfilled, nevertheless the simuiation of Meter Dynamics with Level Recorder writ-

iINng system dynamics cannot still be achieved for the present generation of Sound
lLevel Meters.
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table for Level Recorders as its response 1s dependent on the amplitude
levels of tone bursts as shown 1IN Figs. 10 and 1 3.

Experiments with Level Recorder Type 2305

Experiments were also carried out for Level Recorder Type 2305 (fitted
with b0 dB Pot. and b0 mm paper) according to method (a). Figs.11a
and 11b show DC and AC recordings respectively at writing speeds 63,
100 and 160 mm/s for noise bandwidth inputs of 100 and 31,6 Hz.
Sound Level Meter deflections of 3 and 7dB for 1T00Hz and 31,6 Hz re-
spectively for ""Fast’”’ response were compared to AC and DC record-
ings. From the results it is suggested that a writing speed of T00 mm/s
should be used for DC recording while for AC recording 63 mm/s for
small fluctuations and 100 mm/s for larger ones.

Figs.12a, and 12b show DC and AC recordings at writing speeds 16,
25 and 40 mm/s for noise bandwidth inputs of 31,6 Hz and TOHz. For
these bandwidths the meter needle deflections were 2 and 4 dB peak-
to-peak respectively for “Slow’ response. For DC recordings 40 mm/s
seems to be most appropriate while for AC recordings 16 mm/s 1S sug-
gested for small fluctuations and 25 mm/s for larger ones.

The tone burst response of Level Recorder Type 2305 was also exam-
ined according to method (c), using the measurement arrangement of
Fig.9. Tone burst amplitudes of 4, 6, 10, 20, 30 and 40 dB above the
bottom-most position of the pen were recorded at 40, 63, 100 and
160 mm/s. The recordings are shown in Fig.13 and again it can be
seen that the writing speeds must be increased for increasing levels of
tone bursts to fulfil the ""Fast’” requirements of IEC.

. "
N 000000 ooooDo0ggoCcoooOooOooQgooooDoo oL 0NN oo oOoopDOoOoogooggooooOooogd l
Bruel & Kjasr Bruel & Kjaer
o :'2305 T _ o L o o ' _

i ——AC Recording — - — R R DU 40 dBn
- e — e _ 10 dB_ o e N N — _4
— - — — ' - —p————————30 dB ;‘i

” - : T - o as——— __, : -

e s _ 1 ;

— —— ' I ] - }
T — 6 dB 1A — E T e & :I

REREEY S T S S e e — rr“ng .h\ —

B 1.3 7S AN AN

4 d - SAW R 1~ 0 e ._Iﬁ\_}[_‘lr 1 Speed N 11

40 63100160 40 63 100180 40 63 100160 40 63 10016 40 63 100 160 mm/s 40 63100160
750270

Fig.13. Tone-burst Response of Level Recorder 2305
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Conclusions
The averaging times of Level Recorder Type 2306 agree reasonably
well with those of Level Recorders 2305 and 2307, and curve 1 iIn

Fig.3 is suggested to be the nominal curve also for Level Recorder Type
2300.

For stationary random signals with small fluctuations equivalent writ-
INg speeds on Level Recorders can be found that would simulate pen
fluctuations with meter needle deflections of the present generation of
Sound Level Meters both amplitudewise and frequencywise.

In Table 1, are given writing speeds of Level Recorders 2305, 2306
and 2307 for "Fast” and "Slow’ response measurements for AC and
DC recordings when 50 mm paper 1s used. Whenever DC output faciii-
ties are available, DC recordings are preferable as in this case the devia-
tion in simulation 1s only affected by the meter and level recorder writ-
Ing system dynamics. Unfortunately, such facility is not always avail-
able and AC recordings then have to be carried out for which two writ-
iINng speeds are given in the Table, the lower one for small fluctuations
and the higher one for larger ones. The values quoted in the Table are
slightly lower than those suggested in DIN Standard 45 633.

2306 140 - 100 mm/s

100 mm/s

100 mm/s

bl

| 9305 2307

100 mm/s

63 - [ 16 - 25 mm/s

7500493

JTable T.

In using the writing speeds given In the Table, care should be exercised
as they are given only as guidelines.

Finally, 1t should be mentioned that all the results have been obtained
using a 50 dB potentiometer, and that the Level Recorder Type 2307 Is
assumed to perform in the same manner as 2305 since their system
dynamics are the same and their averaging times are of the same order
of magnitude.
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News from the Factory

Portable Graphic Level Recorder Type 2306

This portable Level Recorder, which has been developed for tield and lab-
oratory recording ot DC and AC signals, has three recording modes,
“AC Log.”’, "'DC Log.” and "DC Lin.”. In the "AC Log.”” mode 1t records
the RMS value of any waveform in the frequency range 1 Hz to 20kHz
within an accuracy of + 0,5 dB for signals with crest factor up to 3. In
the "DC Log.”” and "DC Lin.” modes the signal from the range poten-
tiometer i1s fed through a 500 Hz electronic chopper before it enters the
RMS rectifier circuit. The dynamic range of the Level Recorder is deter-
mined by the interchangeable logarithmic potentiometers of 25dB or
50dB. These potentiometers are also used when the recorder IS oper-
ated in 1ts linear mode as an anti-logarithmic amplifier is inserted be-
tween the input amplifier and the range potentiometers.

The writing system of the recorder has four speeds, 16, 40, 100 and
250 mm/s and uses interchangeable fibre pens or sapphire stylii. The
recordings are made on b0 mm wide preprinted frequency calibrated or
lined paper either as a function of frequency or time. Eight fixed paper
speeds can be selected between 0,01 mm/s and 30 mm/s and the
start and stop of the paper drive can be remotely controlled. Facilities
are also included for filter synchronization and external synchronization
of the paper movement.
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The power for driving the recorder can be supplied either from dry
cells, rechargeable NiCd-batteries, from the mains via the plug-in
Power Supply Type 2808 or from an ordinary 12V automobile battery.
A bullt-in miniature meter on the front panel is also provided for moni-
toring the supply voltage.

(3eneral Purpose Sound Level Meter Type 2213

Tthe Sound Level Meter Type 2213 has been designed to meet the inter-
nationally approved standards IEC 123 and ANSI §$1.4-1971, Type 2
for less demanding sound and noise measurements in the range 50 dB
— 130 dB(A). It is inexpensive and therefore wel!l suited for noise abate-
ment engineers, traffic police, industrial hygienists, and public health
Inspectors.

The Sound Level Meter is equipped with a 1/2"7 Condenser Micro-
phone lype 4125 adjusted to have a linear free-field, O° incidence, fre-
quency response from bHz to 12,5kHz within £ 3dB. The RMS recti-
fier circuit has an accuracy of 0,5 dB for signals with crest factors up to
3, while the meter has two damping characteristics "Fast” and "Slow”
according to IEC and ANSI standards. A 1 kHz square wave generator is

incorporated, whereby the complete system can be calibrated (electri-
cally).

The power to the instrument is supplied from two 9V batteries, IEC
Type 6F22, or Neda Type 1604 allowing 80 hours of continuous opera-
tion. Factiity for check on the battery condition is also provided via a
reading on the meter.
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1/2"" Condenser Microphone Type 4125

This condenser microphone is a low cost quality microphone designed
primarily for use with Noise Dose Meter Types 4424 and 4425 and
Sound Level Meter Type 2213. Its rugged construction and wide tem-
perature range makes 1t well suited for use in industrial environments.
Due to the low polarization voltage used, it has good resistance to hu-

midity as well as high stability normally associated with this type of con-
denser microphone.

For polarization voitage of 28V DC the microphone has an open circuit
sensitivity of —40dB re. 1V/Pa and is adjusted to have a linear, free-
field O° Incidence frequency response within

+ 1 dB between 11 Hz to 3,15 kHz
+ 2 dB between 7 Hzto 6,3 kHz
+ 3 dB between bHzto 12,5 kHz

However, the 3dB lower Iimiting frequency can vary between 0,5 Hz
and 5 Hz. Although the microphone is designed for use with low polari-
zation voltages, It can easily be used with voltages upto 140V DC.

For use of the microphone in dusty environments a Dust Cap DD 0139

IS included which also improves the random incidence response of the
microphaone.

Microphone Preamplifier Type 2642

Microphone Preamplifier Type 2642 is a low cost preamplifier for use
especlally with the Microphone Type 4125. It can, however, be used
with all other B& K 1/2" Condenser Microphones. The input imped-
ance of the preamplifier is typically 1 GQ//3 pF and the amplifier has a
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linear frequency response from 20Hz to 20kHz within £ 1dB with a
transducer capacitance of 15 pF connected to the input.

The power for the preamplifier and polarization voltage for the micro-
phone can be supplied either from a Microphone Power Supply Type
2810 or from B & K Spectrometers, Analyzers, and Measuring Amplifi-
ers via the adaptor JP 0708.

Microphone Power Supply Type 2810

L T L e L T e T s L e e T D T T T T T T e T e
......................

shicraphong Power Supnly |
Typs 2RO

The Microphone Power Supply Type 2810 is battery driven and has
two channels with individual amplifiers. It supplies driving voltages for
two microphone preamplifiers 2642 and polarization voltage for two
microphones 4125. The built-in amplifiers have a linear frequency
range from 10Hz to 15 kHz within + 1 dB with individual gain settings
in the range 0O to 40dB. The output impedance is < 100Q permitting
use of long cables to the following measuring equipment.

When Microphones Types 4125 and 4148 are used with this micro-
phone power supply, their nominal sensitivities are maintained as the
polarization voltage supplied is 28V. When other B& K 1/2" Conden-
ser Microphones requiring 200V polarization voltage are used their
sensitivities drop by approximately 17 dB.

The Microphone Power Supply is powered eilther from four ordinary 9V
transistor radio batteries |[EC 6F22, or NEDA Type 1604. The Micro-
phone Power Supply when equipped with a set of these batteries will
give continuous operation for approximately 200 hours with both chan-
nels in operation. An LED indicator for check of the supply voltages is
also included.

Microphone Type 4125, Microphone Preamplifier Type 2642 and Micro-
phone Power Supply Type 2810 constitute a low cost portable battery
powered microphone system suitable for sound power measurements,
sound Insulation measurements, monitoring and quality control and
general purpose sound measurements.
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