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Effective Averaging Time of the Level Recorder Type 2305
By
Jens T. Broch, Dipl. Ing. E. T. H.

and
Carl G. Wahrman, M. Sc.

ABSTRACT

The theoretically true r.m.s. value of a statistically fluctuating signal can only be measured by
averaging the squared signal over infinite time. This is, of course, not possible in practice, and
modern measuring instruments contain an averaging circuit which allows the signal to be measured
to a certain degree of accuracy. The accuracy of the averaging depends upon the effective averag-
ing time of the circuit and the statistical properties of the signal to be measured. A number of
formulae which, in most practical cases, describe the relationship between the measuring accu-
racy and the properties of the measuring circuit are given and applied to the averaging system
in the Level Recorder Type 2305.

The dynamics of the Recorder writing system is thoroughly discussed and the frequency response
characteristics measured. On the basis of these investigations curves of the effective averaging
time of the Recorder are plotted. By means of a special measuring arrangement the results are
verified experimentally and the various factors affecting the averaging time discussed.

SOMMAIRE

La détermination exacte de la valeur efficace d’un signal aléatoire stationnaire (bande étroite de
bruit par exemple) devrait théoriquement se faire en prenant {a moyenne du carré du signal pen-
dant un temps d’intégration infini. En pratique la mesure se fait avec un temps d’intégration fini
déterminé par les caractéristiques des circuits de 'appareil de mesure employé. L.’erreur commise
dépend de la longueur de ce temps d’intégration et des propriétés statistiques du signal fluctuant.
Apres quelques rappels théoriques des relations donnant le temps d’intégration de circuits simples,
’étude du cas de 'Enregistreur de Niveau Briel & Kjz=r 2305 permet, a 'aide du réseau de cour-
bes de réponse en fréquence du systéme d’écriture, d’obtenir le temps d’intégration de |'enregis-
treur en fonction de sa vitesse d’écriture. Le temps d’intégration peut également étre mesuré a
partir de la valeur efficace des fluctuations du stylet et les résultats expérimentaux sont comparés
aux reésultats théoriques. Enfin les variations du temps d’intégration du 2305 sous l'influence des
divers autres facteurs sont discutées.

ZUSAMMENFASSUNG

Der theoretisch wahre Effektivwert eines statistisch schwankenden Eingangssignals kann nur ge-
messen werden, wenn man die Integration des gleichgerichteten Signals auf unendlich lange Zeit
ausdehnt. Dies ist in der Praxis natirlich unmadglich, und moderne Messgerite enthalten eine
Integrationsschaltung, die den idealen Wert nur mit einer gewissen Genauigkeit zu messen ge-
stattet. Die Genauigkeit der Mittelwertbildung hingt ab von der wirksamen Integrationszeit der
Schaltung und den statistischen Kenndaten des zu messenden Signals. Eine Reihe von Formeln, die
in den meisten praktischen Fillen die Beziehungen zwischen der Messgenauigkeit und den Eigen-
schaften der Messchaltung beschreiben, werden angegeben und auf die Integrationsschaltung des
Pegelschreibers 2305 angewendet.

Das dynamische Verhalten des Schreibsystems wird sorgfiltig besprochen, seine Frequenzcharak-
teristiken werden gemessen. Auf Grund dieser Untersuchungen wird die tatsichlich wirksame
Integrationszeit des Schreibers in Kurven dargestellt. Mittels einer besonderen Messanordnung
wurden diese Ergebnisse experimentell nachgepriift und die verschiedenen Grdéssen mit Einfluss
auf die Integrationszeit diskutiert.

When a statistically fluctuating sigmal, such as random noise is measured, the
most significant amplitude characteristic to determine is the r.m.s. value of the
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signal because of the direct relationship between this value and the energy con-
tent of the signal in linear circuits. Another 1mportant characteristic is the
frequency spectrum of the signal. The relationship between the r.m.s. value and
the frequency contents of any signal is given by the integral: —

oo

A2 = fW(f) df
. 11l. S, 0

where w(f) 18 the power spectrum density (volts? per c¢/s).

There are, however, other methods of determining the r.m.s. value of a complex
signal. It can be determined as the standard deviation of the amplitude distribu-
tion curve, or 1t can be found from the time integral: —

T

1
Agr s Iim faz(t)dt

0

The most common method of measuring the r.m.s. value 1s the determination of
the above time 1ntegral. However, the above definition involves the measurement
over 1nfinite time. Thig 1s, of course, not possible in practice, and an averaging
time must then be used which defines the signal with an aceuracy that 1s suffi-
cient for the purpose of the particular experiment in question.

The averaging process can be made mathematically when an oscillographic time
record of the signal is available. However, normally the signal is measured, rec-
tified and averaged by means of a level indicating electronic instrument, thus
saving the experimenter the time-consuming calculations involved in the evalua-
tion of osecillographie records (samples of the signal), Fig.1l. This averaging
process 1s catered for in the rectifier filtering circuit of the instrument. As the
averaging action of such a filter is a continuous process, rather than a sampling
process, the corresponding sampling time T of the filter should be defined. (The
sampling time T s not the same as the time normally designated as the time
constant of the rectifier smoothing filter).

It can, however, be defined statistically as the averaging time of a rectifier
circurt whiwch will gwe the same level fluctuations in the measured r.m.s. value of
the input signal as would the theoretical sampling tvme T defwned by the formula
gwen above. This might require some further clarification, for example: —

If samples are taken of the signal to be measured, each sample having a duration
of time T, and the r.m.s. value of various samples are calculated, the result will
not be exactly the same for each sample. The caleulated r.m.s. values will vary
around a mean, the mean being the true r.m.s. value of the signal 1f an infinite
averaging time 1s used, Fig. 2. The amplitudes of the variations around the mean
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I'tg. 1. Samples of a complexr non-periodic signal.

value will depend upon the statistical properties of the signal as well as the
sampling time T.

A practical statistical measure of the level fluctuations in the r.m.s. value of the
signal is the “standard deviation” (g), i.e. the r.m.s. value of the level fluctua-

t1ons.*)

Signal
Level

Standard (rm.s.) deviation

+ 0 ) Mean Level
...6 et '“ il e VR V. — G v ST t
161745

Fuig. 2. Typical fluctuations of the r.m.s. values of a band of random noise around
the true r.m.s. value. The standard (r.m.s.) deviation of the fluctuations are also
wmdicated.

*) The standard deviation of a continuous ergodic statistical process with zero as a mean
is defined as

—_—

+ o . 1 T
g HV fo p(x) dx__l'%[ﬂn;m —l/ T ,[Xz a
e O

where x 1s the instantaneous amplitude value and p(x) is the amplitude density at X.




By determining the r.m.s. value of the fluctuations and comparing the result
with known theoretical values calculated from samples of the same type of input
signal the corresponding sampling time T of the rectifier filtering circuit can
be found. For simple filtering circuits the effective sampling (averaging) time
can be calculated mathematically from the circuit parameters. However, where
more complicated filtering circuits are used the calculations become rather in-
volved, and the easiest way of determining T may then be to measure the r.m.s.
value of the fluctuations.

In the following a mumber of formulae will be given which will enable the deter-
mination of the effective averaging time for rectifier filtering circuits containing
simple linear averaging networks. For the derivation of the formulae the reader
18 referred to the Appendix to this article and to the reference literature.

Let white noise be passed through an ideal band-pass filter, so that the output
spectrum fulfils the requirements: —

f <f{i,, output spectrum density — 0
f,<f <f,, output spectrum density — constant
f > 1, output spectrum density — 0

If this noise 1s squared and sampled over periods of time T, so that the product
B X T >> 1, where B = 1, — f,, the rm.s. (standard) deviation of the energy
Tfluctuations 18: —

o) 1
2 = (1)
A r. m. S. ]/BT

When the sampling process is substituted by the continuous averaging process
taking place 1n an R-C averaging network the formula becomes: —

o) "77' f, 1
= = 2)
. s B~ ]/2BRC

By combining equation (1) with (2) 1t is seen that the effective sampling time
of an R-C network is equal to twice the R-C time: —

A2

1

Tsampling = 2RC = a £, (3)

where f, is the 3 db upper limiting frequency of the R-C network.

In some cases the averaging filter in the rectifier circuit is of the L-R-C type.
The formula for the standard deviation of the energy fluctuations 1s then: —

G 7 i, Q
A2 — B (4)

. 1m. S.

where f, is the resonance frequency of the circuit and Q 1s the amplification of
the cireuift at this frequency.



The equivalent sampling time of this circuit is

1
Tsampling . £ O (5)
Finally, 1f the L-R-C circuit i1s ecritically damped the correspoﬁding formulae
are: —
G a T, 2
A“ . m s, — 2B (6) and Tsampling T T f, (7)

where £, is the 6 db upper limiting frequency of the filter characteristic.

The formulae given above are derived on the basis of energy fluctuations of the
noise and are therefore, strictly speaking, valid only for energy measurements.
For small level fluctuations, however, the percentage energy fluctuations are
approximately twice the percentage fluctuations in the r.m.s. (or arithmetic
average) level of the signal:

G O 0]

A? ~

f, m. S. r. m. S. Ave

The main purpose of this article is to give an estimate of the averaging time
of the smoothing circuits in the Level Recorder Type 2305, and with a view to
this a number of measurements have been carried out. Firstly the frequency
characteristics of the Recorder writing system were determined for various set-
tings of the Recorder control knobs and the averaging time then calculated on
the basis of the above formulae. Next the r.m.s. deviation of the pen fluctuations
were measured and the result compared to the computed values.

In a previous article in the B & K Technical Review the r.m.s. rectifier and
smoothing characteristics of the Recorder were thoroughly discussed and certain
‘“standard” settings of the various control knobs suggested. It was found that to
keep the servo of the Recorder stable only a limited range of “Writing Speed”
settings should be used when the “Lower Limiting I'requency” knob was set to
a. value lower than 200 c¢/s.

Furthermore, it was found that the setting of the “Writing Speed” control knob
greatly influences the smoothing of the rectified r.m.s. signal, and mention was
also made of the influence of the ‘“Potentiometer Range db” control upon the
recording characteristics.

In the following a more detailed discussion on the frequency response char-
acteristics of the writing system will be given.

Fig. 3 shows a block diagram of the Recorder, and it can be seen that a velocity
dependent voltage 1s induced in the feedback coil of the writing system when the
system is in motion. This voltage is subtracted from the “error” signal obtained
from the “main” servo, the latter being amplitude limited to allow constant
‘“error signal power” to be available over a wide range of error signal amplitudes.
If there had been no limiters in the circuit, the veloecity feedback would have



given the writing system a frequency response corresponding to an analogous
R-C network over the whole range of level variations, i.e. the frequency char-
acteristic of the writing system would be independent of the maximum amplitude
of the recording pen fluctuations. However, due to the limiters the frequency
characteristic of the system changes as a function of the level variations.
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Fig. 3. Block diagram of the Level Recorder Type 2305.

Fig. 4 shows the arrangement used to measure the frequency response of the
writing system. A 10 ke/s carrier frequency was modulated by a low frequency
sinusoidal sigmal and applied to the Recorder input. The Recorder was supplied
with a 10 db range potentiometer and switched for r.m.s. detection. The “Lower
Limiting ¥requency’” switch was, during the experiments, kept in position
“200 e¢/s”.

Modulator . e m——

Low and ———— 5 — —
Frequency 10 k /e — ——— _j
Generator Generator —— = —

2305
761746

Fig. 4. Measuring arrangement used to determine the frequency response of the
recorder writing system.

In F1g.5 the frequency response of the writing system is plotted for different
values of maximum amplitude (low frequency). The “Writing Speed” knob was
1In this case set to “100 mm/sec’”, and the ‘“Potentiometer Range db>» to ¢“107.
The amplitude was measured as the peak-to-peak deflection of the recording
pen. Due to the limiters (Fig.3) the expected frequency response should be as
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Fig.d. Typical frequency response curves of the writing system for various
maximum amplitudes. Measured by means of the arrangement shown in Ig. 4.

shown m ¥ig. 6. The 6 dbjoctave line (dotted) 1s determined by the writing
speed. The reason why the experimental curves do not follow the theoretically
expected curves 18 to be found in the resolving power of the Recorder, as this
has a rather strong influence upon the writing characteristics. This can be seen
from Fig. 7, where the response 1s plotted for one value of maximum pen deflec-
tion amplitude and various settings of the ‘“Potentiometer Range db” control
knob. Here also a writing speed of 100 mm/sec was used.

Fig. 8 shows the frequency response of the writing system for various writing
speeds, and finally Fig. 9 shows the response both for various writing speeds
and for various values of maximum pen deflection amplitudes. The setting of

501 . T T - B
. '
@ HH/Sdb/OCtme
220
. o o
O
> 10 \\
! N
5 \.
\\ l
| I ~J
y H N A S D - :
0.0 01 T 10 Frequency 100
C/S 161748

Frg. 6. Theoretical frequency response curves valid for a EKecorder with wnfinite
resolving power.
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Fig. 7. Typical frequency response curves of the writing system for various set-
lings of the “Potentiometer Range db” control knob (varvous resolving power),
measured by means of the arrangement shown in Fig. 4.

the “Potentiometer Range db” switch wag 1n all cases “10”. Im Fig. 9 the 3 db
upper limiting frequency is marked by a dot on each frequency characteristic
including the characteristics for settings of the “Writing Speed” control knob
up to 100 mm/sec. For the W.S. = 500 mm/sec-characteristics the 6 db upper
limiting frequency is marked on the curves, and for the W.S. = 1000 mm/sec-
curves the resonance frequencies are 1idenfified by dots. Curves are drawn
through the marked points showing how the limits approach a specific frequency
value as the movements of the recording pen approach 0. For very small, or O,

A @ \ N\
Q- \ \ 12db/yctave
o A \
- S . \
& 20 ~ 6db/octave
a A
E e, e —
£ 10
5 1000MM/g
Writing | Writing Writing
Speed= Speed= Speed=
gmiy/g =N\, 25MM/g-=\_ 100mm/g —
2
L L P \
0.01 0.1 1 10 100
Frequency —
d Y C/s

161758

Fig. 8. Typical frequency response curves for “mormal” setlting of the Recorder
control knob marked “Potentiometer Range db”. The curves were measured for
a fwced maxvmum amplitude and different writing speeds.
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F1g.9. Typical frequency response curves measured for different mazimum
amplitudes and writing speeds. The change in upper limiting frequency with
mazxvmum pen deflection amplitude is also shown (dashed curves).

pen fluctuations the writing system may thus be considered as a linear circuit.
This effect can be made use of in determining the sampling (averaging) time
of the Recorder. It was stated in the previously mentioned article in the B & K
Technical Review that the averaging process of the Recorder mainly takes place
in the writing system. For 0, or very small pen fluctuations and “standard”
settings of the Recorder control knobs, the averaging (sampling) time can thus
be calculated from the frequency response characteristics shown in Fig. 9 with
the aid of the formula (3), (5) and (7) on p. 6 and 7.

F1g. 10 shows the result of these calculations. Formula (3) has been applied for
the calculation of the averaging time for settings of the “Writing Speed’ control
knob below 100 mm/sec, as the writing system in this range can be considered
as an analogous R-C type of network At W.S. = 500 mm/sec formula (7) was
used. This formula was also applied for the determination of the averaging time
at W.S. = 1000 mm/sec marked “Recorder stable” on the curve, while formula
(o) was used for the dotted curve marked ‘“Recorder unstable”.

To attempt to verify these results experimentally the r.m.s. (standard) deviations
of the pen fluctuations were measured when a narrow band of random noise was
applied to the Recorder input. The sampling time T was then calculated from
the formula (1) on p. 6. However, a number of factors which are difficult to
determine accurately influence the result of these measurements, and the result-
Ing accuracy can therefore be expected to be rather low.

Firstly, the formula (1) was developed on the basis of an ideal square-shaped
band-pass filter, secondly, the fluctuations measured are somewhat between the
fluctuations in the r.m.s. and the arithmetic average value of the noise band
and finally the averaging ecircuit is not linear. The most critical factor is the
non-linearity of the averaging circuit. The measuring arrangement used is shown

11
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I'ig. 10. Effectwe averaging time of the Level Recorder Type 2305 as a function
of writing speed. The curve s valid for 0 pen fluctuations only and “normal”
setting of the Recorder conitrol knobs.

i Fig.11l. White random noise was passed through a ome-third octave filter
(Spectrometer Type 2111) and applied to the Recorder input. To enable the
measurement of the r.m.s. deviation of the recording pen fluctuations the pen
on the Recorder was substituted by a slider, and the recording paper by a
“potentiometer”, see Fig. 12, The mass of the slider was made approximately
equal to the mass of the pen, and the friction between the slider and the
“potentiometer” approximately equal to the I1riction between the pen and the
paper. Because of the very low frequencies contained in the pen fluctuations
at low writing speeds a special r.m.s. rectifier circuit with large time constants
was used for the measurement of the standard deviation. A great number of
measurements were taken on three recorders of the Type 2305. From the meas-
urements it was found, as expected, that the setting of the “Potentiometer Range
db” knob (the resolution of the Recorder), the setting of the “Lower Limiting
Frequency” knob and the fluctuation amplitude chosen for the experiment
greatly influence the measured result.

12
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To keep the main servo in the Recorder stable the “Lower Laimiting Frequency”
knob was set according to the ‘“rule” stated in the previously mentioned article
in the B & K Technical Review. The “pen” fluetuation amplitudes were chosen
so that the relative standard deviation of the energy fluctuations (twice that
of the voltage fluctuations) was around 209, for all settings of the “Writing
Speed” control. Fig. 13 shows the result of the measurements for the case when
the “Potentiometer Range db»” knob was set for minimum overshoot. By
comparing this curve with the theoretically caleculated curve for 0 pen fluctua-
tions (dotted curve on Fig.13) and the limiting response curves shown in Fig. 9
(dashed), it can be seen that good agreement exists between the two. Because
the calculated curve was based on the assumption that a square-shaped band of
noise was applied to the Recorder the difference between the frequency response
of the 1/3 octave filters in the Spectrometer Type 2111 and the corresponding
square-shaped band-pass filter was investigated. It was found that the difference
im. bandwidth would be of the order of 5 to 10%, which would introduce an
error in the calculated g-values of around 109;.

1000 |
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630 EESEN L

500 1 ‘\\\ l\ | -
T 400 | AN L LF=50C/s T
g . | Recorder set for
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0.007 001 0 1 | 10
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Fig. 13. Effective averaging tvme of the Level Recorder measured with the Re-
corder adjusted for high resolving power and 20% (r.m.s.) “energy” fluctuations.

To obtain an estimate of the influence of the amplitude of the recording pen
fluctuations upon the averaging time the curve shown in Fig. 14 was measured.
The curve 1s plotted for the case when the Recorder was set to high resolving

14
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Fig. 14. Varwation of effective averaging time with recording pen fluctuations.
Curve measured with the Recorder adjusted for high resolving power.

power (‘“Potentiometer Range db’ in position “10”). If a low resolving power
1s used, the curve will approach a straight line, i.e. the averaging time will be
independent of the fluctuation amplitude. This is due to the gradually decreasing
effect of the limiters, Fig. 3. At the same time the effective averaging time of
the Recorder increases rapidly, which can be seen from the curve shown 1n FKig.
15, and also from the frequency characteristiecs shown in Fig. 7. The curve shown
in Fig. 15 was measured with an r.m.s. deviation in the energy fluctuations of
around 20%.

From the preceeding investigations 1t can be concluded that 1f the ‘“rule of
thumb” given in the B & K Technical Review No.4—1960 with regard to the
setting of the “Lower Limiting Frequency” switch 1s used (see also Fig.13),
the “Potentiometer Range db” switch 1s set for high resolving power (around
position “10”) and the amplitudes of the recording pen fluctuations are kept
small, the effective averaging time of the Recorder will be of the order of
magnitude given in Figs. 10 and 13. Furthermore, if recordings are made where
the requirement for high resolving power 1s not strict, a comsiderably greater
averaging time can be obtained by decreasing the resolution (‘“Potentiometer
Range db” switech to positions around “80°’). This may be utilized when spectrum
analyses are carried out of low frequency random vibrations where long averaging
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Fig. 15. Varwation of effectwe averaging time with resolving power. X-axis

notation refers to the setiwing of the Recorder control knob marked “Potentio-

meter Range db”. The curve was measured with approximately 20 % (r.m.s.)
“energy’ fluctuations and then referred to O fluctuations (T,).

times are required. It should, however, be borne in mind that the level indicated

by the Recorder i1s then no more the true r.m.s. value of the signal but the mean
r.an.s. value (see also the B & K Technical Review No. 4—1960).



APPENDIX

Derivation of the Standard (r.m.s) Deviation Formulae for the Energy Fluctuations
of Narrow Band Noise.

In the following the derivation of the formulae used in the text for the standard deviation
of the energy fluctuations of narrow band noise will be explained. Due to the rather com-
plicated mathematics involved in the exact derivation only an explanation of one of the
three known methods of computation is made, The result 1s then used to calculate the
standard deviation of the energy fluctuations when these are averaged by means of different
tyvpes of averaging filters.

The energy contents of a statistically fluctuating signal is, as long as linear circuits are
considered, directly proportional to the square of the r.m.s. value of the signal: —

O

where w(f) is the power spectrum density of the signal at the frequency f.
If the signal is passed through a linear circuit with the frequency response G (f), such as
an averaging filter, the energy at the output of this circuit is: —

o0

E ~ A2 — fwi (£) G* (f) d f

I'.1xl.s,

O

where w.(I) 1s the power spectrum densifty of the input signal to the circuit at the fre-
quency f.

The main problem in determining the standard deviation (r.m.s.-value) of the energy {fluc-
tuations of random noise 18 thus to compute the power spectrum of the fluctuations. When
the power spectrum of the fluctuations is known at the input of the averaging filter it is
a relatively simple matter to calculate the r.m.s. value of the fluctuations at the output
of the filter (see formulae above).

T'o compute the power spectrum of the energy fluctuations of a band of noise the following
considerations may be made: —

A white random noise signal, which 18 passed through a filter may be represented by an
infinite number of sine-waves with relative amplitude values determined by the characteristics
of the filter. The sine-waves combine in random phase. If the filtered noise signal is then
passed through a squaring device (such as an r.m.s. rectifier) the output will be propor-
tional to the energy content of the noise and will contain a de component plus an infinite
number of sine-waves with frequencies equal to the sum and difference frequencies of the
input signal to the squaring circuit. (See also Fig. A.1). The d.c. component ig then equal

Band Pass Squaring Averaging
Generator Filter Device Filter
r A‘
Wh'ite | — V= o X -
Noise V Vi Y
N | B NE - NE
Wq WH f
o wn=WhH [wn=wb . wn=Wh ,
VN = Z_An ﬁUS(wnt+CPn] VNF= z An CO3 (Mnt+q9n) YNF= X “15‘ z An + 1? Z An C0S 2(Ldnt+ Cpn]
“n=0 Wn=Wg Wn=Wg Wn "Wgq
Wm=Wwh Wnp=Wh
+ 2 Z Am Apcos (omt +wnt s )
Low Frequency Spectrum of WmEWg Wh=Wg MmN (©m Nt P i

the Noise Energy Fluctuations:

= = (W Wm=WhH Wp=Wh
Wm=Wh  Wn=Wh + > > Am A, cos (Wmt-wpt+q ~@p)
YNF = Z Z Am An CﬂS(&Jmt—wniwch-cpn) Wm =Wga  Wp =g
low wm=wgq Wwp=Wyg
m # n
161758

Fvg. A.1. Block dwagram of the [iltering, squaring and averaging process of «
power spectrum analyzer.
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to the mean energy, while the a.c. sighals cause the energy to fluctuate around this mean.
When the signal is measured the energy is normally passed through an averaging circuit
which has the characteristic of a low-pass filter. Only the frequency components with fre-
quencies equal to the difference frequencies will thus contribute to some extent to the

Power Spectrum
Density

W(fx)

T L. - fy
X)) "Xzl "Xap X4 Frequency

f-x'l + fd fx3+ fﬂ

oo

W(fd) = [ w(fyx) w(fy+fd) dfx

S 1617589

Fig. A.2. Sketch llustrating some of the possibilities of obtavning the duvfference

frequency f; by squaring a band of random mnoise. All signal components of

frequency f; add together in random phase to giwe the power specltrum den-
sity at f;.

fluctuations at the ouput of the averaging {filter. The amplitude values of each of these
signals may, by simple trigonometfric means, be shown to equal the product of the am-
plitudes of the original waves.™)

Y AcoSwut Beoswt)?2 = A2c082 wut + 2 ABceos wnt X cos w,t + B2 cos? w,t
A2z . B2 A2 B2

5 - - 5 COS 2 wmt —+ 5 cO8 2 w,t ~- AB cos (wmt + wﬂt> -+
AB COS ((ﬂm — Wn)t'
A2 1 B2
DC component : ;,,I—

Low frequency component: AB c08 (wm — wa)t.
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08
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(a) (b) 161760

Fig. A.3. Low frequency spectrum of the energy fluctuations of filtered noice.
The noiwse was here filtered through an ideal square-shaped band-pass filter of
bandwidth B.

(a) Spectrum plotted to a limear scale.
(b) Spectrum plotied to a logarithmic scale.

Congider now an input signal to the squaring device which has & power spectrum of the
type shown in Fig. A. 2. From the figure it can be seen that there are a great many pos-
sibilities of combining two frequencies f_ and f to give the difference frequency

fog = [t -1,/ (or [ £, — £, /).

The power spectrum density of the low frequency part of the output signal from the
squaring circuit at a particular frequency f, is thus obtained by summing the products of
the power spectrum densities of all the signals with frequencies f and f which give the
same difference frequency f,. This summation can be shown to equal the integral: —

QG
W(f)) — 2a2 S w(f) w(fify) df
O
where ¢ 1s the *“‘amplication factor’® of the squaring circuit (Y = & Xz)-

If white random noise is passed through a square-shaped narrow band filter and squared
(see Fig. A. 1) the above integral can be written:

t, — £q

W(fy) = 20 Sw2 (f) df = 2 a2 w2 (f) (B - £y

fa
for 0 < f; < B.
Here B = f, _f = bandwidth of the square-shaped filter and w (f) 1s O when f < {,
and f > 1, and constant when 1, < { < 1.
This spectrum is shown in Fig. A. 3. to a linear as well as to a logarithmic scale.
When the signal is passed through an averaging filter (low-pass filter) with a cut-off fre-
quency f, << b no great error is introduced by considering W (fd) = constant = W (0)
which, in many cases, simplifies the following calculations considerably, see also Fig. A. 4.
This means that only the very low frequency components play an important role in the
determination of the standard deviation of the energy fluctuations.
Four types of linear averaging circuits are of interest in the determination of the effective
averaging (sampling) time of the Level Recorder Type 2305.
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161767

Fvg. A 4. The same spectrum as shown wn Fig. A.5. Also the frequency response
of a relatwely sharp averaging filter with cut of f frequency f, is shown.

1. Theoretically correct sampling over periods of time T.
2. An ordinary R-C type averaging network,

3. An R-L-C type filter with low Q-value.

4. A critically damped R-L-C type filter.

1. Theoretically correct sampling with the sampling time T.
1t can be shown that the frequency spectrum of a rectangular unit pulse of duration T is

] i)
G, (£) — sin 77 'l

a I

It can also be shown that this spectrum can be considered the ¢“filter characteristic’?® of
the sampling (see Fig. A.5). The standard deviation (0,) of the energy fluctuations of
the sampled noise signal is therefore: —

0 o0 s f
02 — SW (0) G2 (f) df ZS 2 a2 w2 (fy B = ‘_Tg‘; Doar— a2w2 () BT
O O I
whereby :

g — aw(f) VBT
The mean energy, E, per unit time measured by means of the same sguaring device

(Y = ax?) 18 aw(f) B, and the total energy, E.. after a time T is « w(f) BT.

T,
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-20
0.001 0.01 0.1 1
T T T T

Fig. A.5. Typical frequency response curves of averaging filters which give the
same effective averaging time T.
G.,(f): Absolute response of theoretically ideal sampling.
G,(f): B-Ctype averaging filter.
G,(f): B-L-Ciype averaging filter with () = 2.
G,(f): Critically damped R-L-C type averaging filter.

The standard deviation of the energy fluctuations is thus: —

o — T x Vﬁ’f’ _ BT
L BT VE—T
or’
L 1
B VBT

2. Ordinary R-CU Type Averaging Network.
The frequency response G, (f) of this type of network is: —-

1
Gro (1) = / —
N

1
where f{, = o RO (3 db upper limiting frequency of the R-C filter)




Thus:
oo o0

2a?2w2(f) B
0,2 — W(0) G2(f) df = (i)z n __1 — a2 w2 (i) B7 1,
O O o
and o, —= aw(t) VB {,

The mean energy per unit time is the same as above, whereby the standard deviation of
the energy fluctuations 1s: —

O, frr—
O’;;.:E '\/TfﬂB or _2 _ l/n fﬂ,
) B E B
3. R-L-C Type Filler.
The frequency response G,(f) of such a network is given by:
1
G, (f) —
1/ £ \2 £ V27 2
Oy
ele) -5
1 L
where £, — — resonance frequency of the circuit.
| 29 v LLC
Then :
< o 2 42 w2(f) B
4
0,2 :f W(0) G,2(f) df = f AR VED) df —
O O Q2(fn) +[1"(¥:)]

a2 w2(f) B £, Q

and o0, = aw(f) V7 £. QB
Again taking the relative standard deviation of the energy fluctuations:

I3 a . Q

Se—

E B

4. COritically Damped R-1,-C Type Filter.
This case is actually the same as considered under (3) above with Q = 1. The res-
onance frequency, f_, will now be the 6 db upper limiting frequency of the filter:

r!

J4 a f.

E OB
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News from the Factory.

Turntable Type 3921. _

In continuation of our recently released Level Recorder Type 2305 an entirely
new Turntable Type 3921 has been designed. By combining the new Level Re-
corder and this Turntable a complete polar recorder is derived, thus enabling
directional characteristics of various objects to be automatically recorded.

The Turntable is built in two main elements, the table base and a rotatable
horizontal table plate. The latter has a diameter of approximately 350 mm and
1s capable of taking a centered load of 100 kg. In the center of the table plate
is a chuck in which mounting rods of diameter up to 16 mm can be clamped.
When a plain table plate 1s desired, the chuck can be readily removed. The table
base and table plate are mechanically coupled via a friction cluteh, which enables
any clamped test specimen on the table plate to be manually orientated before
measurement in any desired direction in relation to a receiving or transmitting
equipment situated away from the table.

The table plate is driven from a built-in self-start-
ing synchronous motor, which gives the table an
r.p.m. of 0.75 1.e. one revolution takes 80 sec. When
the ILevel Recorder Type 2305 and Turntable are
powered from the same line voltage (frequency) a
polar paper inserted in the Recorder will run SYTL-
chronously with the table, provided the “Paper
Speed’” on the Recorder 1s set to “10” mm/sec. As
no mechanical shaft 18 necessary for driving of the
Turntable the Recorder can be placed at any distance from the Table during
measurement, this being very convenient in many applications.

One complete revolution of the table plate, and with it the polar paper, can be
started from the Turntable or the Recorder. In addition, the commencement ot
the run can be remotely controlled. After exactly one revolution the Table and
Recorder automatically stop. To derive the simultaneous start and stop function
a three-cored cable has to be connected from the Level Recorder to the Turntable.
Two types of connection can be made from the base of the Turntable via slip-
rings to the specimen on the table plate.

When taking polar recordings the special polar recording paper QP 5102 should
be used in the Recorder. This recording paper is preprinted in degrees and db,
and is intended for ink writing. The diameter 1s approximately 260 mm.

The drive system of the Turntable can be delivered (on request) for two different
line frequencies, 50 ¢/s or 60 c¢/s, and 1s intended for the same line voltage as
the Level Recorder Type 2305.
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