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V Circuit Details and Parts Identification

B The schematic of the switch receiver section is shown in Figure 9.

b Q-1 is a superregenerative detector. The transistor is marked
288" but cannot be identified. Case size is U5a or U5b. It resembles
nothing available in the U.S. at this time, although Fairchild and _
Transitron have issued data sheets on similarly configured but slightly
larger units (case U5).

C The UTC DIT-11 transformer coupling the detector to the first
audio stage is the only component in the modules which can positively
be identified as manufactured in the U.S.

d. The three audio amplifier stages, Q-2, Q-3 and Q-4, employ
BCZ-14 transistors. These transistors are made by Phillips in’
Canada, Phillips in the Netherlands, La Radio Technique in Paris,
France, and Valvo in Hamburg, Germany. They are not made in the
U.S. but are licensed by Amperex.

€. The tone filters driven by Q-4 consist of transformers wound on
Siemens N22-OL ferrite cup cores resonated by Siemens capacitors
across the secondaries.

> 28 The tone detectors Q-5 and Q-6andDC inverter Q-7 control a
bi-stable circuit Q-8, Q-9. Q-9, a 2N2926, also acts as a switch
controlling power application to the transmitter unit. The 2N2926 is
made by G.E. in the U.S. but is also available from several French
sources. ‘

g. The schematic of the transmitter section is shown in Figure 10.
This diagram is incomplete as the windings of T-1, T-2 and T-3 could
not be deduced without continuity measurements and it was felt this
type of measurement might cause damage.




h. Q-1, Q-2, Q-3 and Q-5 are epoxy transistors which could not be
identified. They resemble no units made in the U.S. Q-1, Q-2 and
Q-3 are conventional audio amplifiers. Q-4 is in a low silhouette
TO-72 can but the markings have been obliterated and it cannot be
identified. This transistor plus Q-5, the two diodes and the three
transformers, T-1, T-2 and T-3, apparently comprise a balanced
modulator. Q-5 appears to be the carrier supply oscillator. The
transformers are wound on Siemens N22-OL ferrite cup cores. The
diodes are marked "AAZ' but not otherwise identified.

: The output of the balanced modulator frequency modulates the
UHF oscillator. The oscillator transistor, marked ""421P' plus other
markings which were not readable, is in a ceramic TO-70 size case
with radial ribbon leads. It could not be identified.

Je The frequency modulation method is uncertain. From the schematic
as shown it would appear that the Telefunken TFK OA 126/6 zener diode
is being used as a Varicap. A Telefunken TFK BA 121 Varicap is in

the circuit however. Most probably the schematic in this area is in
error (tracing here was most difficult) and the OA 126/6 is a voltage
regulator for the Varicap and the BA 121 Varicap the frequency modula-
tor. This would require only that the lead from the bottom of the tank
coil, via a capacitor, go directly to the BA 121 rather than the junction

of the 10 kilo-ohm and 220 kilo-ohm resistors,

k. The resistors employed in both the transmitter and receiver
sections of this unit are one-tenth watt units very similar to fixed
composition types manufactured by IRC in this country.

1. The circuit boards showed signs of circuit changes -- unused
holes, etc. -- which may indicate some custom tailoring. The general
design was such, however, that the unit is probably not."one of a kind."

m. The components which could be identified are primarily of
western European origin. Only two items -- the UTC transformer and
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perhaps the 2N2926 transistor -- are made in the U.S. and both of
these are available in Europe. Many of the items identified are not
readily available in the U.S. It is probable that the unit was not
built in the U.S.

V1 Radiated Spectra

a. Both transmitter and-receiver radiate distinctive signals which
should facilitate identification of any similar systems which may be
active. The examples illustrated were observed on laboratory equip-
ment, but some types of field apparatus are capable of yielding nearly
identical results.

b When the transmitter is unmodulated (in a quiet room) and the

signal is examined on an RF spectrum analyzer of appropriate re-
solution, the 40 kHz sidebands are immediately obvious (the level is
15 to 20 dB below that of the carrier). The second-order sidebands

at 80 kHz from the carrier are down about 40 dB. In between these
discrete signals there are weak spectra (room noise, etc.) centered at
20 and 60 kHz removed from the carrier. When modulation is applied
these grow and the whole pattern expands, until at full modulation it
appears as a broad and fairly flat spectrum covering about 400 kHz.

C. Examples of the transmitter -spectrum are shown in Figures 6
and 7. Figures 6A and 7A are identical except for sweep width, and
show the output under quiet conditions. In both these figures the
central peak is the 337 MHz carrier and the next-highest peaks on
each side are the first pair of 40 kHz sidebands. The fuzz between

is the 20 kHz suppressed carrier modulated only by the inherent noise
of the speech amplifiers and a little room noise. Figure 6B shows
how the 20 kHz component increases under conditions of very soit
speech or slightly increased room noise. Finally Figure 7B shows

the output under conditions of full modulation, resulting from a sound
level of 97 dB at 800 Hz.




d. The receiver emits detectable radiation over a band of nearly

20 MHz. When viewed on a wide-band analyzer this radiation appears
as a series of half-sine-waves or inverted scallops, each having a
width of 2 or 3 MHz, as shown in Figure 8A. The heights of these
scallops slope uniformly from one end of the spectrum to the other,
the strongest being at the low end (centered on about 266 MHz) and the
weakest at the high end (above 280 MHz). Under quiescent conditions
the scallops appear to be filled-in with white noise. When a carrier
of usable level is applied to the receiver the envelope of the scallops
remains unchanged, but the filling changes to a series of uniformly
spaced discrete frequencies. The most sensitive frequency on which
to apply the activating carrier is near the high-frequency (weak) end
of the spectrum. Figure 8B shows the receiver radiation with a signal
applied at the frequency of greatest sensitivity,

e. Many receivers used on frequencies around 300 MHz have band-
widths of the order of 250 kHz. When the strongest portion of the '
receiver radiation is received on a receiver having a bandwidth of

250 kHz the radiated power (in this bandwidth) appears to be 4 to 25
picowatts, depending on direction. After considering the spectrum of
the radiation and the variations in dir ectivity the total power radiated
by the receiver is estimated as -95 dBW or 300 picowatts. The radia-
tion could not be detected at distances much beyond 25 feet.

VII Test Methods and Apparatus

& a, During these tests the transmitter signal was received on any of

several commercial receivers (NEMS-Clarke, CEI, etc.) having video
output circuits, and the subcarrier (double-sideband) was demodulated
on a Sierra model 126B wave analyzer. The 126B provides selectable
single sideband reception and has a bandwidth of 2500 Hz. With this
combination of receivers the clarity of reception was excellent provided
the 126B was carefully tuned. Good results were obtained using a
Hammarlund SP-600-VLF as the second receiver, but the tuning was
more critical and the effects of insufficient sideband discrimination
were apparent.

e ———




b. The transmitter was turned on and off by means of a Hewlett-
Packard 608 signal generator equipped with a small whip antenna
and modulated by an external oscillator. With the generator set
for full modulation and maximum output the unit could be controlled
at distances up to 50 feet indoors.

Ce The transmitter radiated power was determined in a radio-
anechoic room. The receiving antenna of an Empire Devices NF-105
field strength meter was set up at a distance of 5 meters from the
~transmitter, and the field strength was measured as the transmitter
was oriented to various attitudes. The radiated Power was computed
on the basis of the field-strength data.

d. The receiver radiation at the strongest frequency was determined
as for the transmitter.

€l The switching sensitivity of the receiver was determined while
illuminating it in the radio-anechoic room with the output of the HP-608
generator connected to a yagi antenna. The field produced by this
combination was then measured with the NF-105.

f. The transmitter and receiver spectra were examined on a Hewlett-
Packard 851A/8551A analyzer.

g. The microphone frequency response was measured on the Bruel
and Kjaer apparatus normally used for this purpose.

h. The power consumption was measured, and the battery life was
computed on the basis of life measurements made at comparable ‘loads

on generally similar cells. '

VIII Range Tests

a. Except as mentioned in para VII b above, all range tests have been
"one-way", i.e., they have been made to determine the range at which
the transmitter portion of the device could be received.
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' Figure 5A - View from above
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Figure 5B - Lateral view

Figure 5 - Receiver and transmitter modules with covers removed.
In each figure the receiver section is at the top. For both trans-

mitter and receiver the radiofrequency section (normally unshielded)
is at the right end.
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Figure 5C - Bottom view of circuit board
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Figure 5D - Lateral view

Figure 5 - Receiver and transmitter modules with covers removed.
In each figure the receiver section is at the top. For both trans-

mitter and receiver the radiofrequency section (nl_o'rmally unshielded)
is at the right end.
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Figure 6A - Spectrum with minimum modulation
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Figure 6B - Spectrum with slight modulation due to room noise

Figulre 6 - Transmitter Spectra
Horizontal Scale 30 kHz/grid square
Vertical Scale 10 dB/grid square
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Figure 7A - Same as Figure 6A except for scale
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Figure 7B - Spectrum at full modulation (input 97 dB sound
' pressure level at 800 Hz)

Figure 7 - Transmitter Spectra
Horizontal Scale 100 kHz/grid square
Vertical Scale 10 dB/grid square _




Figure 8A

- Spectrum with no signal being received

Figure 8B - Spectrum with switching signal applied at the

frequency of best sensitivity

Figure 8 - Receiver Spectra

Horizontal Scale 30 MHz/grid square
Vertical Scale 10 dB/grid square
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1. Physical Characteristics

Length 333 mm
Width © 36 mm
| Thickness 17 mm
Weight 320 gms

13.1 inches
1.4 inches
0.7 inches

11.2 ounces

2. The Audio Surveillance Transmitter

Carrier frequency

Type of modulation of carrier
Maximum deviation

Subcarrier frequency

Type of modulation of subcarrier
Modulating frequency range
(frequency response)

Microphone

Antenna pattern

337 MHz

Frequency Modulation

Approximately 180 kHz

20.7 kHz

Double sideband suppressed
carrier

200 to 5000 Hz

Sennheiser type MMz26, magnetic,
2000 ohms, nominal range 200
to 7000 Hz

Like that of a short dipole; i.e., a
figure-'"8'" if plotted in a plane, or
a torus in space. The minima are
along the long axis of the device.




Fy

Antenna polarization

Effective radiated power

Power Source

Power Consumption

Estimated battery life

3. The Switching Receiver

Carrier frequency
Type of modulation

Modulating frequencies

Antenna pattern

Sensitivity

N

II

In line with the long axis of the
device

About 1.8 mW in the direction
of maximum radiation, or about
1.1 mW averaged over all

directions

Six Mallory ZM-9 '""Duracell"
series connected

3.2mA at 7.8V

600 hours

280 MHz

Amplitude modulation

: Approximately 18 kHz to switch

"On'', and 14 kHz to switch "Off",

Complex; not checked in detail,
but the sensitivity varies over

a range of about 15 dB as direction
is changed.

'35 to 50 dB over 1 uV/m (55 - 320
uV/m) to switch "On''; about 6 dB
less (half the field strength) to
switch "Off'.
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Power Source
Power Consumption

Estimated battery life

BEERS f><'

One Mallory ZM-9 '"Duracell"
260 uA at 1.35 V

10 months

II1




