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The input step attenuator (Fig. 26), which is used when strong signals are encountered,
was designed to have a constant characteristic impedance of 1000 ohms for proper termi-
nation of the filter unit., It can be used to vary the gain in 20-db steps up to a maximum of
80 db. Considerable difficulty was encountered in obtaining matched potentiometers for
the continuously variable gain contro]. Helically wound dual-ganged potentiometers linear
to within 0.1 percent were finally used. With these, continuously variable attenuation was
possible over a 26-db range with no apparent bearing error being introduced.
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Fig. 26 - Schematic of input step atienuator

When the received signal is weak, it is not feasible to use the constant-impedance
step attenuator as the termination of the filter unit, The input attenuator is then bypassed
and the signal is applied directly to an impedance-matching transformer. The matching
transformer steps up the impedance from 1000 to 100,000 ohms. A 100,000-ohm resistor
terminates the secondary of the transformer and acts as a grid resistor for the first
amplifier tube, A cathode follower was used here because its high input impedance does
not load the preceding circuits, It should be noted that a high impedance for the secondary
of the input transformer is desirable in order to allow antenna noise to override electron
tube noise, thereby providing the best possible noise figure.

Several other precautions were taken to insure a low-noise receiver, They were:

(1) the use of wire-wound resistors for all current-carrying resistors in the first
two stages,

(2) the use of miniature tubes to reduce microphonic noise,

(3) the elimination of the low-frequency response below 5 kc to reduce hum,
microphonics, and flicker noise,
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ANTENNA SIZE CONSIDERATIONS

In order to achieve the best possible sensitivity, it is necessary to insure that the
equivalent receiver noise is much lower than the atmospheric noise level produced in the
antenna system. This can be achieved by using an antenna of sufficient size. The suffic-
ient size of an antenna is dependent upon the noise level at the geographic location of the
antenna site and the receiver noise referred to the antenna. After an antenna is made
large enough so that the atmospheric noise greatly exceeds the equivalent receiver noise
in the antenna, there is no advantage in making the antenna structure larger. The experi-
mental antenna delivers at least twice as much signal voltage (6 db) as is necessary for
the existing receiver even on the quietest days at this particular location. In this case,
if it were desirable to reduce the antenna size to a minimum and still maintain the same
operational sensitivity, it would be necessary to reduce the receiver noise. There are at
least two ways in which this may be accomplished:

(1) the noise bandwidth of the receiver can be narrowed, or
(2) the noise figure of the receiver may be improved.

The bandwidth of the system is 15 ke, which is established by the filter unit located in
front of the receiver. The noise bandwidth of the receiver itself, which follows the filter,
is 45 kec. The wide bandwidth of the receiver is necessary in order to maintain a high
quality video display for strong signals. This bandwidth need not be maintained through-
out the receiver, but only in the final stages, where overload is likely to occur. If addi-
tional filters are inserted immediately following the noise-contributing stages, the receiver
noise can be reduced by 4.5 db. It may also be possible, by the use of suitable circuit tech-
niques in the first stages, to reduce the noise figure by an additional 3 db. In this way, the
gain of the existing experimental antenna could be 13.5 db less without degrading the system.
From the graph in Fig. 29, it can be seen that a reduction in voltage output of the antenna
system by a factor of four corresponds to a size reduction from the present 622 sq m to
90 sq m if the same loop cable is used as the experimental loop winding, or to 110 sq m if
a more practical cable such as RG-18/U is used.

OPERATIONAL DATA

The following operational data were complied during several days of actual operation
of the system. Figure 30 is a photograph of the experimental installation. On the table to
the left is the filter unit, the band selector switch, the receiver, and the indicator unit of
the intercept system. On the table to the right is a zero-beat heterodyne unit and a model
RAK radio receiver. Since the model RAK is one of the more sensitive very-low-frequency
receivers in wide use by the Navy, it was used in conjunction with the intercept system for
aural identification and frequency determination of signals above 14 kc. This gave a direct
comparison of the operational sensitivity of the broadband very-low-frequency intercept
system with that of typical receiving equipment at these frequencies. Because similar
equipment was not available to cover the lower portion of the band, it was necessary to
develop a zero-beat heterodyning receiver with an audio output to work in the region below
14 kc. With this operational arrangement, it is possible to acquire such information as

(1) call letters,
(2) direction, and

(3) the approximate frequency

of all signals detected.
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operators were equally adept in detecting signals in the noise aurally and visually. Three
factors which are of major significance in the operational sensitivity comparison are:

(1) bandwidth of the receiver system,
(2) azimuthal separation of the noise and signal, and

(3) integration effects.

By direct comparison of the bandwidths only, it would appear that, on the basis of output
signal-to-noise ratio, the RAK receiving equipment is on the order of 20 db more sensitive
than the intercept system. However, the ability of the intercept system to separate the
atmospheric noise from the signal azimuthally, and the ability of the cathode-ray-tube phos-
phor to intergrate the recurrent signal deflections make the intercept system essentially
as sensitive as the RAK receiving equipment.

During the operational period, there was only one time when a signal was detected
with the RAK receiving equipment but not with the intercept system. This occurred during
a period of very low noise level and the signal was barely detectable on the RAK equipment.
In contrast to this, on several occasions signals were detected with relative ease with the
intercept system but could not bedetected with the RAK until an experienced operator exerted
considerable effort to discern the signal in the noise. Generally, however, any signal
which can be heard on the RAK receiver can be seen on the intercept system and vice versa,
It should be emphasized that the intercept system can monitor whole bands of frequencies
continuously, whereas to monitor the same bands with the RAK receiver or similar equip-
ment would entail the manual tuning of the receiver back and forth. This type of searching
is extremely tiresome, especially when the actual presence of the signal is not known.

Intercepts-

Fourteen signals were detected by the kroadband very-low-frequency intercept system;
seven of these were identified by correlating the audio output from the RAK receiving equip-
ment with the visual display of the intercept system. The call letters of these stations, as
well as geographical locations, operating frequencies, bearings, and distances from the
intercept site are listed in Table 1. One signal, which was received at a frequency of
approximately 8.5 kc, was traced to radiation from a nearby power line. This signal was
eliminated during subsequent tests by disconnecting the commercial power lines one mile
from the intercept site and supplying the electrical needs with locally generated power.

The remaining six signals have been established as emanating from real transmitting
installations and are now being investigated.

The bulk of the bearing information was recorded during two 24-hour tests in which
bearings of all intercepted stations were recorded at 15-minute intervals. These tests
started at 0800 EDT on June 2, 1955 and June 7, 1955, The bearing error versus time data
accumulated during these periods are presented in graphical form in Figs. 31 through 36.
The spread of values in the local morning and evening twilight periods marked on Figs. 31
and 32 indicate that these may be periods of maximum bearing error.

The various indicator displays are presented in Figs. 37 through 43. The only dis-
play in which the bearing trace is not elliptical is that of Fig. 37. This should not be
interpreted as meaning that ellipsing always occurs on the signal traces of distant stations
and never of local stations. If these photographs had been taken at another time, the
conditions may have been reversed; that is, the bearing trace of the local station could
have had considerable ellipsing and the bearing traces of the distant stations none.
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TABLE 1
Identified Intercepted Signals

- Frequency | Bearing | Distance
Call Letter Location (ke) (degrees)| (miles)
GBR Rugby, England 16.0 48.5 3700
GBZ Criggion, England 19.4 48.5 3650
FUB Radio Paris, France 17.0 51.5 4000
NBA Balboa, Panama 14.9 185.5 2050
NLK Seattle, Washington, U.S. A. 18.5 301.0 2300
NPM Lualualei, Hawaii 16.6 281.0 4900
NSS Annapolis, Maryland, U.S.A. 19.0 52.5 51
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Fig. 31 - Bearing error curve, signal call letters NSS
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Fig. 33 - Bearing error curve, signal call letters GBR
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Fig, 36 - Bearing error curve, signal call letters NLK
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