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Informal interpal
memoranda on matters of limited interest to give
preliminary or interim informaticn which may later
be emtodlied in a mcre formal renort by this Laberatory.
Tnney do not necessarily represent the fipnal views
of the project nor are they to be regarded as
definitive.
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For the development of certain undersea electrical
apparatus {(see TR 11) it was felt desirable to obtain some in-
Termation on the spectrum of the amblent electrical signals in
e cea in the wvange 2 to 50 c¢/s8. Some recordings on magnetic
tape were mede by Dyba, Strickler, and Wadey for anzlyzis at a
iater time when a2 low-frequency spectrum analyser becane
available. Althcugh the instrument they had in mind for the
analvsls has beesn obtalned, tikz analyses have not been carried
snrough, and the plan has been shelved for the time being, for
measons which willl be apparent from the following discussion.
The associated problems will be dilscussed 1ln scme detall in

case the work should be resumed at scme future time.

The characteristics of the Mul?head-Pametrada viave
analyser are such that the frequencv range 2 to 50 ¢/s can be
covered only by a combination of two methods. The response of
the lnstrument extends downwards to 1Y c¢/s. The range from
2 to 19 ¢/s must then be analysed by means of an auxiliary
Modulator Unit which beats the 1lnput signal against the power-
line frequency of 60 c¢/s, allowing the Wave Analyser to work in
tne range 62 to 79 ¢/5. The 6 db bandwidth of the Wave Analyser

is +1% {i1.¢., ndwidth 1g 2

R

of the center frequency).
Tneg 3 db bandwldtith 1s zpproximately io.7%ﬂ It follows that
the limit of resolution is approximately 1.4%, which 13 to
say that, in the vleinity of 1000 c¢/s, for cxample, two ciosely-

gpaced pure rreguencles cannot be resclved if they 2are separated

=

Ly less than 14 c¢/s.



Since there was nc equipment available for the direct
recording of frequencies in the 2 to 50 ¢/s range, the method
was adopted by Wadey et a2l of combining the low Irequencice
with a carrier frequency fc of the order of 1000 ¢/s hy
amplitude modulation of the carrier. The resultirg freaqguercy
spectrum fc + f, or carrler with sidebands, was then in a
convenlent range for recording on a Mzgneccrder magnetlic tape
recorder. The modulator circuit used was a suppressed-carrier
type such that, when operating correctly, the comporient of
carrier-frequency appearing in the output is virtually zerc.

The output spectrum consists of the sldebands only.

It might be thought that the freguency analysis could
be most conveniently performed directly upcn the above outrut
spectrum in the region about 1C00 c/s, but a glance at the
resolving power of the Muirhead Analyser (14 c/s in the region
of 1000 c/s8j shows that such an analysis would tell us very
little indeed. The spectrum, then, must be translated sonehou
into & lower frequency region vhere the relative bandwidth of
the Analyser will give a sufficieantly high resolution. There

are a numoeer of difficuitics wi

P R S B
1l adppear” wiidl

hou this should be Gone in practice.

The original low-frequency signal could be reccvered
by restoring the carrier to convert the signzl {o ordinary
amplitude modulation, then rectifying to obtain the eunv.lore

In the usual way. But the orilginal carrier or a signal
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pnase~coherent with the original carrier is not available
since the recordings were made in the past. Hence the re-
stored carrier frequency fé. say, would be slighily different

from the original frequency f and the two sidebands rn +r

e’
would be superimposed in the result as separate signals

£ + (fé - fc) and f - (f; - fc), beating together at the rate
(fé - fc). If (fé - fc) were a very low frequency it would
arpear as fluctuations in the Analyser output, confusing the
result considerably, since the amplitude of various components
iy the ambient spectrum might well be expected themselves to
fluctuate sleowly with time. If (fé - fc) were a higher
frequency, but still at the low end of the 2 toc 50 c/s
spectrum, the superimposition of the two mutually displaced
spectra would be likely to spoil the resolution of the
Analyser. Note furthermoire that it 1s assumed that the
original carrier and the restored carrier are constant in
frequency with time. In fact this will not be the case. 1In-
spection of the type of oscillator circuit used to generate
the original carrier, and ¢f the components used in its con-
struction shows that it is most unlikely that the carrier
frequency generated would have bezen stable agalnst power
supply, temperature, and component varlations to the nesccssary
order of one cycle in a thousand or better. Tiae possibility
shiould not be ruled cut of using some type of locked-in
oscillator as the generator c¢f the restored carrier, bdbut

this would be a highly speclalized development which might

or inight not work satisfactorily.
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Some of the above difficulties could in principle
be obviated by passing the signal rc-i f through a sharply-
diecriminating filter to pass one group of sidebands and reject
the other. If 1t is hoped to determine the presence of
frequency components as lcw as 2 ¢/8, the transition of the
Tfilter from pass band to attenuation band would have to be
less than 4 ¢/s wide and the filter would have to be specially
designed and adjusted to work at the exact frequency of the
original osclllator --- which was somewhere in the neighborhood

of 950 ¢/s.

-

A slmpler solution would be to heterodyne the re-
cerded signal with a second frequency fé. not to bring the
spec 'rum back about the zero-frequency point, but only to
bring 1t lower in the frequency scale than 1000 ¢/s. Then one
vould hope to locate the point corresponding to the original
zero frequency bty the symmetry which should show up in the

analysed spectrum.

On closer examination of the actual recordings made
and the equipment used to make them, the picture changes

) Y
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nodulator circuit did not function in an ideal manner, beling
aomewhat unbalanced by D-C leakage through an electrolytie
coupiing capacitor. It was inferred from this that there

mast be a substantial amount of unmodulated carrier present on

all the racordings made, at least enough to glve a clear peak
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In the Analyser output at the center-point of the
symmetirical spectrum. Thug the problem of determining the
zem-point of the spectrum would probably be considerably
simplified. At the same time, examination of the recofded.
sigralz as displayed on an oscilloscope showzd that the amount
of carrier precent was not sufficlent ¢o make the signal
a2 simple case of amplitude modulation. Had it been so,
instead of paitly the carrier-suppressed type, the recovery of
the orlginal low-frequency information would have been very
glmple. As 1t %5, heterodyne procedures must be uged. Each
time the signal is subjected to a non-linear operation such as
modulation or demodulation (heterodyning or rectification) it
is further "muddied" by intermodulation products among the
various signal frequencies. To keep the unwanted inter-
modulation products small care must be taken that the amplitude
of the heterodyning frequency component fé 1s always large
compared to the ampiltudes of the signal frequencles
(fc + f). Providing this 1s done however, the above method
of heterodyning the recorded signals downward to & lower
fregueney range, say about a center frequency of 50 or 60
‘¢/s, should rccover the information fiom the tapes in

reasonable shane,

Unforiunately, however, in the course of examining
the recording apparatus t¢ determine in Juet what form the

information had been Incorporated on the tapes, it was alzo

St
[

~ound that disturmingiy large caountg of 60 ¢/s hum were
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present in the system. Part of this came from a modiflcation
whlch had been made in the Mognecorder amplifler to intrcduce
a calibrated attenuation contirol. The trcuble was corrected

by carcful shielding of the leads and terminals

[
Q

The other serious source of hum was in the modulator circult.
For output signals of averuge amplitude (about 1V.) from the
modulator circult the relative proportion of superimpcsed hum
was of the order of 20%. Thig was reduced to a negligible
level by improved shielding and revision of ground connectvions.
However, 1t was surmised fthat the amcunt of hum present
throughout the original recordings when made would be suificient
to generate a troublesome proporticn of intermcdulation dls-
tortion which would conluse the linterpretation of the results.
The doubts cast by this expectation, coupled with the dizcovery
that similar experiments were being made elsewhere (Eleciro-
mechanical Industries, Inc) uwith mucn superior apparatus, led
us to decide that at this time our limited manpower would be
better depioyed on other agspects of the central problem, the

development of the undersea clectrical apparatus.

The examlnation of the recordinzs and the revision
of the apparastus were oone With the assistance of Mr. D. 4. Sampson,
graduate student, and Mr. M. Carrano, technician.

2 Dt

Ray W. Jackson



APPENDIX - (A)

Circuit Dlagrams of Equipment Used

The circuit diagrams bound at the end of the report
chow (1) the modulator circuit revised to give simple amplitude
moduiaticn of the carrier, (2) a simple full-wave envelope
detector circuit, (3) a D-C amplifier built to drive an
Esterline-Angus recording milliammeter from the output of the
Wave Analyser. The circult for the latter was adapted from
a circuit in "Vacuum-Tube Amplifiers” by Valley & wallman,

p. 430.
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APPENDIX - (B)

~a

ossible Advantages of M

For the falthful recording of very low fyrequency
signals 1¢ appears that there azre a number of advantages in the
use of frecuency modulation rather than amplitude modulation.
The Ampex Co. has put on the market a complete apparatus for

racording very low frequency signals by this method. Once the
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are speed have bLeen adequately taken care of, the form in
wnica the information is coded by frequency modulation renders
tne inforpatlion substantially unaffected by non-linearities,
ticrophonics, etc., in the amplifying and recording system
rignt up to the point where the signal is finally demodulated;
unersas the amplltude-modulated signal 1s sensitive throughout
to distortion by ncn-linearities and to superlimposed modulation
foom extraneous sources. There may be additional advantages
to the frzouency modulation system in avelding the tendency

o anplituce-moduiatior. detectore to generate distorticn at
nigh levels of modulation. On the other hand, unless a
recordling mechaniem of high cuallty such as the Ampex 1s
avellable it 18 a debatable point wheiher thce tape speed

nwould be so constant that FI would be the better system. Thus
if the Magnecorder 1s all that is avallable the pros and cons

Pad

o7 the two methcds should be welighed In more detail.
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APPENPIX -~ (C)

Presentation of Results

An important question to be considered iz how to dis-
Diay the results of the analyses in a way that can be inter-
preted intelligently. The simplest method might be tc make
a ccntinuous record on a paper chart recorder as a given tape
is played through at each Analyser setting. However, if all
the recorcings were analysed onto paper charts in this way the
result would be such a mass of paper as to be practically
unmanageable., For the analyses t¢ be useful they must be
cornbined !n a much more economical representation. Integrating
the output from a given frequency interval over the entire
duration of the recording would give an average value which
wculd be useful for some purposes. The integratlon could be

done elecironically, or by measuring the area under the line

on a paper chart,

However, besides knowing the average level of noise
in a given frequency interval, it might aiso be important to
know the types of nolse gignal present ----- whether perfectly
randem, uniform, or in bursts of charzcctericstie shape and
duracion. For this a more complex representation would be
reguired. The best form would probably be that used in the
"3cund spectrograpnh" developed in the Bell Telephone
Laboratories and described by R. XK. Potter (Proc. I.R.E.,

33, 1067-10569 Sept 1951). The sound spectrum 1s displayed

73

az = shaded area with time asg abscissa, frequency as ordinate,
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ard amplitude as a modulation in density. This i1dea might be

apprcximated by mean2 of an Esterline-Angus recorder by

coxmbining the follcwing features:

{2} a direct-current bilas. adjustable to displace the pen
across tlhe chart in small steps, each step corresponding
to one setting of the frequency Analyser.

{(t) 23 low-{requercy current to oscillate the pen with small
amplitude abcut the average position, the amplitude of
osclllation belng proportional to the output of the
Analyser, and the frequency of oscillation related to the
chart spead so that the pen 1lnks in a more or less solid

ribbon of varying width.

The magnetlc tape and the paper chart would have te¢
ke re-wecund and started again in careful synchronism for
cach Analyser setting. To cover the spectrum from, say,
LG tc 100 ¢/s, with each Analyser setting one resolution

width from the next, would require about 65 settings.
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