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7.0 INTRODUCTION
1.' 1 GENERAL DESCRIPTION
The Model XHRS-26 receiver system is a special purpose radio direction
finder (RDF). It is designed to receive and display a relative direction
bearing to radio signals in the 40 to 50 MHz frequency band. The receiver
(XHRR-26) is equipped with phase-lock circuitry to allow narrow noise bandwidth
operation (500 and 50 Hz) which adapts it extremely well to the location of weak
signals in a high electrical noise environment such as a metropolitan area.
Direction is displayed on a cathode ray tube,(CRT) which gives a very rapid
and generally unambiguous indication of direction from which the radio signal
is coming. With practice, the fast display is easy to interpret and allows
operator separation of valid bearings from erroneous bearings due to reflect
ions. This feature makes the XHRS-26 system effective in tracking and/or lo
cating signal sources under adverse radio conditions such as are predominant
in most metropolitan areas.
The XHRS-26 is equipped with frequency synthesizer giving complete cover
age of the 40.000 to 49.999 MHz frequency band with the stability required for
narrow band phase-lock operation. The antenna array (XHRN-26) providesLwith
the XHRS-26 is a low profile ferrite pair and short electrostatic monopole.
The 1-1/2 inch height makes it inconspicuous, while not sacrificing the systems
performance parameters. The antenna is capable of operation inside or outside
of an automobile. The sense antenna system is arranged to allow for a remote
connection to external antennas as long as their spacing from the ferrite array
does not exceed 1/8 wavelength.
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1.2 XHRS - EQUIPMENT
XHRR-26

Receiver/Display

XHRN-26

Antenna

XHRK-26

Te s t

Sense

Platform

Fixture

Antenna

Sun

1

Shade

1

1

1

each

each—

each
each

1

^
*""

each

^

i

Dummy

Loads

Antenna

Straps

Screw

Driver

3

each/

4

each
1

^
each^

Cables
Antenna

Set

3

each

Marked - Red 10'

Marked - Yellow 10'
Marked - Brown 10'
Antenna Power and Control 10'©
Receiver Power w/ cigarette lighter adaptor 10' 1 each ^
Receiver Power for 28 VDC 10' 1 each S
Te s t

Loop

Te s t

Patch

20

inches

20

inches
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2

each©'

4

each,/

1.3 TECHNICAL SPECIFICATIONS
1.3.1 General - The specifications are valid over a temperature range of 0 to
50°C. Typically the system will function over the extended range of -10 to
+60°C.
1.3.2 System-Performance
Output - Relative bearing between antenna axis and R.F. transmission signal.
Azimuth Coverage - 360°
Bearing Accuracy - +3 to +5° at 0, 90, 180, and 270° (+5 to +10° at 45° points)
Receiver Type - Triple conversion superheterodyne 3 channel
Sensitivity - Dependent on bandwidth setting, 5 KHz < -120 dbm
500 & 50 Hz <C -133 dbm
Tuning Range - 40.000 to 49.999 MHz
Tuning Method - Digital synthesizer with 1 KHz increment plus fine tuning
+1.5 KHz minimum
Selectivity - Adjustable in steps 50 Hz, 500 Hz, and 5 KHz noise bandwidth.
Crystal intermediate frequency filter +2 KHz, phase lock loop
and correlation detection for narrow noise bandwidth settings.
Display - 3" cathode ray tube on front panel with compass rose graduated
every 5° from 0° to 355°.
Audio Output - Side mounted speaker plus phone jack. (Phone plug disconnects
speaker). One watt audio power available at 4 ohms. Com
patible with 4 to 600 ohm loads.
Antenna - Low profile single package orthogonal ferrite loop array plus probe
sense antenna. Antennas are automatically tuned by receiver.
1.3.3 Additional Receiver Specifications
1st Local Oscillator - Frequency synthesizer 10.7 MHz above received fre
quency. Synthesizer referenced to oven controlled

2.048 MHz crystal. Output offset by 36 MHz oven con
trolled crystal oscillator. '
Synthesizer accuracy - +1 KHz
Synthesizer stability - +1 KHz
1st I.F. Filter- Monolithic crystal filter with 13 KHz bandwidth at 3db and
60 Hz bandwidth at 20 db.
2nd Local Oscillator - 11.155 MHz oven controlled crystal oscillator.
Accuracy - +.0005%
2nd I.F. Filter - Ceramic crystal filter with 3 db bandwidth of 4 KHz.
3rd Local Oscillator - Differencial crystal controlled voltage controlled
oscillator operating at 413.64 KHz.
Stability - +200 Hz
Control Range - +2.5 KHz typical
AGC Attack Time - 6 milliseconds typical
AGC Release Time - 30 milliseconds typical
Dynamic Range - .1 to 100,000 uv at receiver terminals (120 db)
Connector - Antenna cables BNC
Antenna power Bendix PT02E-10-6PW
BFO - Fix-tuned BFO provided at /\ F approximately 2 KHz.
Power Requirements
Voltage Range - 11 to 28 volts DC ..
Current - 3 amps at turn on, 2.2 amps typical after 15 minutes of
warm-up.
Test Fixture - Test fixture for interfacing standard test equipment is
provided.
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1.4 DESCRIPTION (General Theory of Operation)
The XHRS-26's primary function is to measure and display the relative
bearing between the antenna array orientation at the receiver and the radio
source (beacon transmitter) being monitored. It makes use of the amplitude
pattern of the two orthogonal magnetic antennas.
There are two basic modes incorporated in the system. They are wide
bandwidth (in this case approximately 5 KHz) and narrow noise bandwidth (500
Hz and 50 Hz). The wide-band mode is essentially the Watson-Watt method with
minor variations incorporated to make operation more automatic. The Watson-Watt
method operates as follows:
A directional response is obtained from the (planer) horizontal pattern of
a pair of loop antennas which respond to the magnetic component of the received
electromagnetic wave. A graphical plot of the amplitude vs: bearing angle of
a well-balanced and shielded loop is a sine function. A pair of orthogonally
mounted loops yields sine and cosine information with respect to the bearing
angle (i.e. from the antenna axis to the source of radiation). A third antenna
(vertically polarized and of omnidirection response) provides a reference phase
so that the 180° ambiguity of the loops can be eliminated.
The XHRS-26 electronics accomplish the function of amplifying the signals
from the three antennas and converting them (by heterodyning) to a lower frequency
convenient for display on the X, Y, and Z axes of a cathode ray tube. Relative
phase information between the three channels and amplitude between the two from
the loops is retained during the heterodyning and amplifying processes. With
the axial loop signal displayed on the Y axis, the transverse on the X axis,
and the omnidirectional sense on the Z axis, a display is produced which yields
a half of a narrow ellipse across half of the screen whick looks like an arrow
from the center of the cathode ray tube to the edge. The antenna is oriented so
that the arrow points straight up (0°) for a signal from directly ahead.

I
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At this point those features peculiar to the operation of this unit will
be discussed. In order to obtain high sensitivity a loop antenna must be re
sonated at the frequency of operation and to some extent, the higher the Q, the
-

greater will be the resulting sensitivity. The result is an antenna whose band
width is about one tenth of the required frequency band (40 - 50 MHz) to be
covered. This necessitates retuning of the antenna system as a function of
frequency. Other features of the antenna system include very low profile ferrite

■

loops and wideband preamps (40 - 50 MHz).
The three channel receiver (used to amplify the X, Y, and Z signals) has
a wideband mixer front end and a first IF at 10.7 MHz. Consequently, the fre
quency synthesizer generates signals (to the first L0) from 50.7 to 60.7 MHz.
The precise frequency is selectable in 1 KHz steps by four switches on the front
panel. A detailed explanation of the synthesizer operation is given in the next

■

section.
In the second mode a phaselock loop is connected to the reference channel.
It compares the incoming frequency with the frequency of its voltage controlled
oscillator (VCO) and electronically servoes the VCO frequency to be the same
as the incoming frequency. A reference frequency identical to the incoming
signal (after heterodyning) is thus generated whose noise bandwidth is determined
by the time constants in the phase lock loop error amplifier. This reference
is then multiplied times (correlated) the outputs of the two receiver channels
from the loops generating a DC voltage proportional to the relative amplitude
of the signal on those two channels. This DC voltage is filtered with time
constants consistant with that of the phaselock loop. X and Y sweeps for the
cathode ray tube are reconstructed generating a straight line trace on the CRT
starting at the center and going towards the indicated bearing. In the XHRR-26,
the phaselock loop is operated through the third mixer of the Z channel (sense)

-8•

• receiver channel by controlling the frequency of the third local oscillator
(413.64 KHz + 2.5 KHz) until the last I.F. output is equal to the reference
frequency (41.364 KHz).
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2.0 INSTALLATION & OPERATION
2.1 INSTALLATION
2.1.1 Antenna System - The antenna system consists of a low profile ferrite loop
and preamplifier assembly, a sense channel preamplifier and a vertically polarized
sense channel antenna.
For optimum performance on an automobile the ferrite loop assembly should be
mounted (with arrow pointing ahead) just forward of the geometric center of the
car roof. In the event that these conditions cannot be met a series of "trial
and error" antenna placements may be necessary. When using a separate sense
antenna it should be remembered that consistent blanking (independent of direction)
cannot be obtained if the sense antenna is more than one-eighth wavelength from
the center of the ferrite loop assembly. The sense antenna cannot in general be
at one side of the car as this will exhibit a phase reversal causing the apparent
direction to be always on one side of the car. When the antenna system is in
stalled over a non-conductive surface, such as a wooden boat roof or a fiber
glass car it may be necessary to install an artificial ground plane under the
antenna.
After the antenna has been located, the mounting arrangement should be
secured and the cables routed in a manner that will not allow them to work back
and forth -due to wind.
2.1.2 Receiver Unit 1. Select a location for the receiver unit which will provide visibility
to either the man at the wheel of the car or to the man in the passenger seat.
NOTE: As the display may prove distractive to the driver, it may be best
to restrict his view of the cathode ray tube display.
A position which serves well is as shown in the accompanying sketch.

-10-

It is advisable, if possible, to isolate the receiver from shock. This
can be accomplished by a foam pad between the mounting surface and the ADF. The
suspension on most cars is more than adequate to attenuate high frequency com
ponent shocks from being transmitted to the direction finder chassis, ^ery
stiffly sprung trucks or all terrain vehicles operated unloaded may transmit
severe vibrations to the unit if a foam pad is not used.

Dash Board
ADF tfispl ay-

Typical Receiver
Display Installation

FIGURE 2-1
Front Seat

Mounting Bracket
(not supplied) J

2. Connect the power input cable provided to a +12 volt to + 28 volt D.C.
source. Connect the white wire to the +12 volts and the black wire to ground or
negative. Plug power cable into mating connector on rear panel of unit.
NOTE: Incorrect polarity will blow the power fuse. Observe the correct
p o l a r i t y.
3. Connect antenna cables to mating connectors on rear panel - red to red.
brown to brown and yellow to yellow.
4. Connect auxiliary power cable from the.antenna to the mating bulkhead
connector on the back panel of the receiver.
NOTE: Some installations may require that power and antenna cables be
connected prior to securing the receiver itself. The installation shown in the
sketch above is a good example of this.
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2.2 BRIEF SYSTEM OPERATING PROCEDURE
The following is a proceedural outline to provide a check list to an
operator already familiar with the system's operation and controls.
Procedure - General
1. Install system on tracking vehicle. Check for correct color-code
matching on antenna cables and that the arrow on the antenna is pointing forward.
2. Re-check power connections for correct polarity.
3. Turn on receiver.
4. With gain control on cathode ray tube at a low (counter clockwise)
position, check that the fuzzy ball on the CRT is centered. The receiver should
be on a channel with no signal.
5. Set the bandwidth switch on 5 KHz.
6-. Set frequency of beacon test transmitter on synthesizer dials and
adjust least significant dial (+ 1 KHz) for best signal as indicated by longest
display on CRT. This assumes some error in the transmitter frequency due, for
example, to an extreme temperature (.005^ crystal at 40 MHz has + 2 KHz tolerance).
7. With test transmitter at a + 45° heading adjust interchannel phase for
a narrow ellipse and blanking phase for even pointer tail length,
8. Drive car in a tight circle anid check that phase adjustments in step
7 do not vary excessively. If they do, stop at another angle and re-adjust.
Repeat this procedure until a good compromise is reached.
NOTE: Variations are primarily due to reflections and are a function of the
test site. Repositioning the test transmitter may be in order if variations
are severe.
9. With.bandwidth switch at 500 h z and "operate/reset" switch in reset:
adjust fine tuning knob until rotation of trace is very slow (zero beat). Put
switch in operate position. System should lock to signal. Lock is indicated

-12-

by the red lamp just above the CRT.
10. Change bandwidth switch to 50 Hz position and re-check for lock.
11. With switch in "operate" position and meter switch in "tune" position,
system may be fine-tuned by centering the meter when the fine tuning knob is
turned.
12. Note the fine-tuning dial setting. Should lock be lost during an
operation, this setting indicates the exact frequency of the transmitter.
During an operation some drift in the tuning indicator may be noticed. The
fine tuning knob can be periodically adjusted to maintain the tuning meter at
center. Knowledge of the exact setting for the transmitter to be tracked is
almost essential in order to reacquire contact if the signal is ever lost.
13. The equipment is now ready for a tracking operation.
2.2.3 Detailed Description of Controls
Controls and Indicators - Controls of the direction finder are in two
categories:
1. Frequently used controls and switches; these have full size knobs.
2. Infrequently used controls - adjustments to these are made only on
installation or at calibration. These controls are screw driver adjust
and have locking collars.
2.2.3.1 Frequently Used Controls
On - Off Switch - When the unit is turned on there will be a slightly
audible high-pitched sound present within the unit. This
is noise generated by the converter transformer and is
normal.
Frequency Selection Switches - Channel selection in this ADF is accomplished
by "dialing in" the desired frequency on the
front panel digital switches.

-13-

■

Volume Control - The volume control should be adjusted for a comfortable
listening level. Although it is not necessary to have the
volume turned up at all, it is helpful in identifying a
particular transmitter by correlation of the audible
and visible signal.

■

Gain Control - The gain control is used to adjust the length of the trace
on the cathode ray tube. The trace should be adjusted
so that the point of the display appears to just touch
the marks of the azimuth dial.
The length of the trace will vary, depending on distance
from the transmitter and the power output of the trans
mitter. At long ranges it may not be possible to get
full length trace, although even when the trace becomes
very short, the directional information is still present.

"

Intensity Control - If the ADF is used in sunlight, it will be necessary
to turn the intensity up (clockwise).
It is not wise to have the intensity turned up any
higher than necessary for good visibility because of
■

possible burning of the cathode ray tube face.
NOTE: A hood (light shield) is available for the CRT.

-

BFO Switch - This switch actuates the beat frequency oscillator which
allows an audible tone to be heard when an unmodulated

-

carrier is received. Turn off during tracking on narrow
'

noise bandwidth settings to prevent false lock problems
during operation.

-14"

Meter - The analog panel meter serves as both a peak detecting signal
strength meter,and a tuning meter for the phase lock loop circuit.
Meter Switch - This switch is used to select the operating mode of the
panel meter as described above.
Loop Control Switch - In the operate position the phase lock loop
operates freely but when switched to reset the loop filter
(integrator) is reset to zero to facilitate a faster lock-up
when switched back to operate. (Allow a few seconds to reset
the loop.)
Lock - Steady, bright illumination of this indicator lamp indicates
that the phase lock loop is locked.
Fine Tune - This control adjusts the frequency of the voltage controlled
oscillator with zero voltage from the phase lock loop. It
therefore acts as a fine tuning control for the receiver.
Bandwidth Switch - This is used to select any of the three noise bandwidths available.
5 KHz - In this position the operation mode is normal and the noise band
width is 5 KHz.
500 Hz, 50 Hz - In these two positions the phase lock loop operation
mode is selected such that the noise bandwidths are restricted
to 500 and 50 Hz respectively.
2.2.3.2 Infrequently Used Controls - These are primarily used for initial set up
and will normally not need to be touched. They are therefore screwdriver adjustable.
Positioning Controls (Vertical and Horizontal) - To position the display
properly for minimum error, proceed as follows:
1. If there is a display present on the cathode ray tube (either a strong
usable signal or interference) it is necessary to change the frequency to a channel

-IR-
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that has no signal in order to obtain a small dot on the face of the cathode ray
tube.
2. Adjust the vertical- and horizontal controls to position the dot in the
center of the cathode ray tube.

"

3. Reset the frequency select switches to the channel desired.
Focus'- This control is used to sharpen the trace. It is best to adjust
it at normal intensity with only a spot on the screen (as above).
Blanking Control - Behind a removable nylon screw marked "B.P." on the front
panel is a screw driver adjustable control for setting the angle of blanking of the
trace. This is adjusted primarily at the time of installation to obtain correct
blanking in all directions and therefore the correct phase relationship between
the reference antenna and the directional antennas.

"

In an installation where the sense antenna is located behind the ferrite
loops, the blanking adjustment should be made when the "test beacon" transmitter
is at the 90° or 270° points. This insures that the phase shift associates with

■

the physical separation between the loops and the sense antenna is centered and
gives the best compromise.
Phase Control - The phase control is a fine adjustment of the relative
phase angle between the two main direction channels of the receiver. This adjust
ment is made once after installation on a new vehicle. The visual manifestation

- of the adjustment is that it adjusts the width of the 1/2 ellipse appearing on the
CRT when the receiver is in the wide band mode. It is important that this adjust
ment be made with both transmitter and receiver in a clear area to insure primarily
vertical polarization since horizontal polarization components also show up as a
spreading of the ellipse. Also, the adjustment must be made when the indicated
direction is at one of the 45°, 135°, 225°, 315°). In general the adjustment should

-16-

be left in the center if there is any question about the quality of the conditions
under which the system is tested just after being installed.
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2.3 OPERATION
2.3.1 Preparation
1. Select a clear area such as a park or large parking lot where large
buildings and trees will not cause reflections.
2. 100 yard spacing between the center of this area and the periphery
where the test transmitter is located is considered minimal.
3. Turn ADF receiver to "ON" position (toggle switch in lower right corner
of front panel). Red panel light above switch indicates unit is ON. Allow some
warm-up. 10 to 20 minutes is minimal for full stability but not essential if
haste must be made.
4. Turn toggle switches above frequency selection switches to "S METER"
(field strength) and "OPER" (operate) positions. Turn toggle switch (beat frequency
oscillator circuit) to "ON" position.
5. Turn frequency select switches to a vacant channel and turn gain control
down. Check to see that green dot is in center of CRT. If not, adjust VERTICAL
and HORIZONTAL CRT controls in upper left-hand corner of front panel as necessary.
Adjust FOCUS control for best contrast.
6. Turn frequency select switches to the transmitter frequency and increase
GAIN.
7. Turn B.W. (Bandwidth) Selector Switch to the 5 KHz position. Transmitter
signal should appear on CRT as single or double-ended, pointed line trace. White
dot on CRT "PHASE" Control should be set at about 12 o'clock.
8. Turn CRT "GAIN" control counter-clockwise to reduce length of signal
trace on CRT, clockwise to increase size.
9. If transmitter trace on CRT is not pointing in correct direction (i.e.,
towards transmitter location) insert tip of small screwdriver in hole marked "B.P."

I
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(Blanking Phase adjustment) and slowly turn screw first counter clockwise (and
then clockwise, if necessary) until the proper single-ended trace.-- pointing
in the correct direction — is-obtained. (See attached sketch).
10. Phasing control is used to narrow pointer but only when at a semicardinal (45°) bearing.
11. Turn "B.W." switch from 5 KHz to 500 Hz position. If light above CRT
bezel on front panel is not on steadily for continuous signal or flashing on and
off for a pulsed signal, the receiver is not properly "locked" on the transmitter
signal and a small frequency adjustment must be made. . To do this, turn toggle
switches above panel speaker to TUNE and RESET positions. Now slowly turn the

■

10-turn potentiometer located above the "LOCK" light until signal amplitude dis
played on the CRT is maximum (longest trace and light starts flashing on and off.)
Trace will probably be slowly flip-flopping from one side of the center to the
other on the CRT. Reading on the signal strength/loop control voltage panel
meter will be about 0.5 (mid-scale). While the trace is slowly flip-flopping in
direction towards transmitter move toggle switch from RESET to OPER position.

■

Receiver is now "locked" on transmitter in 500 Hz bandwidth setting.
12. Turn "B.W." switch from 500 to 50 Hz position. Allow at least 15

■

seconds for circuits to settle before making any adjustments. If a good, clean
trace is not shown on CRT, and/or light is not flashing on and off, repeat
"locking adjustment" procedure described above.
13. Move auto so that transmitter location is at 0° relative. Turn "B.W."
switch from 50 Hz to 5 KHz position. Verify proper blanking phase.
2.3.2 Operational Techniques - The use of the XHRS-26 system is basically
very simple. Assuming the operator can receive a signal from the transmitter,

"

he then has an indication of which way to go to find or follow that transmitter.

i
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Difficulties that may arise, such as data interpretation, are caused by the
situation in which the operation is actually taking place. It is important
to keep in mind in any situation that the XHRS-26 system points to a bearing
from which the signal appears to be coming from. That direction may or may not
be correct due to reflections. Everything from steel structures in buildings,
to trees, reflect or absorb R.F. signals to some extent. The XHRS-26 system
"

is designed to make as much information available to the operator as possible.
The discussions below show operator guidelines to the interpretation of the
bearing information. From these guidelines he can learn through practice to
become increasingly proficient at locating the target transmitter in the shortest
possible time and with the fewest mistakes. These guidelines are the result
of demonstrations in every conceivable situation. In most instances the operators
were initially only familiar with the design of the system and had to rely on
their best estimate as to how the idiosyncrasies of that situation would, manifest
themselves. The emphasis here is on practice and experience. The information
is there in front of you. You have only to use it efficiently.
The discussion of these techniques is organized into the following groups:
1. Good signal, suburban or open area.
2. Good signal, metropolitan area.
3. Poor signal, suburban or open area.
4. Poor signal, metropolitan area.
5. Lost signal
6 . S p e c i fi c s i t u a t i o n s
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1. Good Signal , Open Area
This is the simplest situation because the bearing information is most
accurate. The important thing to remember in the decision process of "to turn"
or "not to turn" is to ignore the short term bearing variations and wait until
the indication to turn is definite. Both the quality of the trace on the CRT
and the field strength indicator give some indication of the range to the trans
mitter. With good knowledge of the local area and roads, the operator can pro
ceed in the general direction of the target at greater ranges without concerning
himself with minor variations in indicated bearing. Only as one approaches
the target at close range does the correct bearing angle change rapidly. While
on the subject of signal strength and. its variation, it should be noted that
signal strength can vary rapidly. In an open area this is almost always due to
the introduction of a.large obstruction. For example, if the target is at an
elevated location and in more or less line-of-signt of the tracking vehicle,
the signal strength at close to moderate ranges will be good. The minute the
target goes over the other side of a hill the signal will decrease rapidly and
only when the chase vehicle comes to the top of the hill will the signal strength
pick up. The following tips will be. found to be useful.
a) Radio waves tend to be channeled down streets and between buildings
(as seen from a ground level vehicle.) The decision to turn there
fore is best made in an intersection rather than at the edge of it.
b) If an obviously good bearing says that a partial turn (30 to 45°)
should be made, then if streets allow, go ahead and bear towards
the correct direction. Otherwise it is better to wait until a good
bearing indicates that a sharp turn (90° right or left) should be
made. Again, this decision is best made in a clear area or at the
middle of an intersection. In order to retain the possibility to

~?i.

turn, the center of the intersection should be approached slowly.
c) The possibility to use one's mind as a computer to separate good
bearings from erroneous ones is facilitated greatly by keeping the
tracking car moving. In this way periodic erroneous bearing will be
■

■

seen as such, and the trend towards a correct bearing established more
clearly. Naturally, in heavy traffic this is not always possible so
it is important to try to ignore (for the most part) a bearing in

■

dication when the tracking vehicle is stationary. The exception to
this is when the tracking vehicle has proceeded to a high or clear area
where reflections in the immediate vicinity of the receiver are minimal.
d) Know your area if possible or bring someone along who does.
e) Practice in controlled situations. This is the only way to become
p r o fi c i e n t .
Elevated level - For example, if the target vehicle is proceeding down

I

the center of a long valley, it may be desirable to follow on a parallel road
some way up the side of the valley rather than directly behind. The availability
of such a parallel path would dictate whether such a tactic was advantageous.
2. Good Signal, Metropolitan Area
The metropolitan area situation has the same basics as the open area
with several added problems. High wires, dense tall buildings, and large trucks
are sources of reflection and signal channeling. Electrical noise level is
usually moderate to extreme, and there are maneuvering problems caused by traffic
and path restrictions (one way streets make following a set procedure quickly
difficult). In addition, the target may go into elevated or underground parking
lots or other areas such as tunnels. Signal strength normally drops suddenly
when this occurs, and may be lost until range is much shorter or the target emerges,
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3. Poor Signal, Open Areas
Proceed in the general direction of the last known good bearing or try
to get more elevation if the terrain allows. Remember that structures near the
receiver produce most of the variations so these are not dependent on the
strength of the signal.
4. Poor Signal, Metropolitan Areas
The same general comments apply except the knowledge that reflectors
near the receiver cause the variations in apparent bearing is more important since
there are more of them. Some cities are relatively flat and the only higher
elevations on roads are freeway overpasses. These are better than nothing. Tiered
parking lots (buildings with multi-level parking areas and open sides or roof
access are very useful for this purpose.)
5.- Lost Signal
While it is instructive and frequently useful to examine the cause of
a lost signal, the most important action to take is to try to reacquire it. In
general, the procedure is either to try to get to an elevated clear area where
the signal will be stronger or to continue to proceed in the general direction

T

of the last contact. If the signal was strong and has suddenly dropped out, the
target vehicle has either gone over a hill or into some well-shielded closure
such as an underground parking lot or a tunnel. In the case of the tunnel, the
signal will reappear shortly. In the case of the underground parking lot, one
can only proceed in the last known bearing. In the R.F. range used by the XHRS26 some signal can be received even from an underground source, so it is usually
only necessary to get close enough to overcome the extra attenuation involved. The
problem of pinpointing a target in an underground location is covered below (in
the next section) under specific situations.
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In the event the tracking vehicle has become disabled (or stopped) due to traffic,
etc., and the signal gradually fades to a level that cannot be detected the pro
cedure is to continue in the last indicated direction until requisition is made.

T

It is highly advantageous to take a route that elevates the tracking vehicle
during this procedure to improve line-of-sight conditions and maximize detection
range capabilities. In a flat terrain area, the tracking vehicle can only proceed

T

at high speed in the direction of the last bearing. In the case where contact has
been lost for some time or when operations have been interrupted, the best pro
cedure is to go to an elevated location at the centrum of the anticipated location
of the target. Should the area be large, it may be necessary to initiate a search

T

T

pattern in which case several high points should be selected and checked out
sequentially. Lost signal implies that some search for the correct frequency may
be required since the receiver has not been able to maintain "lock". This is the
situation where knowledge of the exact frequency setting of the target transmitter
on the fine tuning control is imperative. To reacquire a signal which may be at
a low enough level to be completely inaudible, the reset/operate switch can be
set to "RESET" and the fine tuning knob turned back and forth while observing
the trace. If a signal is found the fine tuning is set for close to zero beat

T

(as observed on the CRT) and the switch changed to operate. This procedure should
be used at each of the elevated sites in the search pattern described above.

T

T

NOTE: A crystal controlled transmitter can change frequency due to tempera
ture as much as + 1 KHz but a typical variation (between a cold night and warm
day) would be on the order of a few hundred cycles. The total fine tuning range
is of the order of 4 to 4.5 KHz or about 400 Hz / major division. A good search

I
I
T
1

range would therefore be + 1 or t\

"
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6. Specific Situations
T

a) Open Road/Highway; Bearing Change From DeadrAhead To Slightly
Left Of 0°

T

Target is probably following a curve in the road. Could be an offramp (road exit) but these are uncommon leading off to the left. If
field-strength/display gain increases and bearing shift to left con
tinues, target may have stopped or be reversing direction-of-travel
on opposite side of road (coming towards tracking vehicle, has made
a U-turn).
b) Open Road/Highway; Bearing Change From Dead-Ahead To Slightly Right

T

Of 0°
Target is following curve in road or exiting on off-ramp.
If there is no curve in road, exit to right at next off-ramp. If
there is both a curve and off-ramp in sight, and target is not within
visual range, also take off-ramp. Bearing indication/field-strength
obtained at end of off-ramp will quickly let you know whether the
correct decision has been made. If wrong decision has been made, i.e.,
exiting from the highway, an on-ramp for getting back on the highway
will probably be close by. (It is always possible in this situation
that target has taken off-ramp, as you surmised, then proceeded across
highway overpass and entered on-ramp on other side to reverse direction
of travel to lose a suspected "tail". Watch the ADF display and do
what it tells you).
c) City Area; Bearing Change To Slightly Left Or Right Of 0°
Look for "Vee" in the road. If there isn't any, slow down during
transit if next right-angle intersection to check for sharp increase

I
I
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in bearing change towards 270° or 090°, as applicable. If the sharp
change occurs, turn towards it. If it is too late to turn when sharp
change noticed, turn at next intersection and quickly double-back to
stay with the target.
Also be looking for a stopped vehicle on the side of the road or target
doubling back on tracking vehicle after making U-turn on same or parallel
street/alleyway (in any of these cases, a sharp bearing reversal and
field-strength increase will occur as the vehicle is approached at close
range and then passed by).d) City Area; Sudden/Sharp Decrease In Signal Strength - Contact Still
Maintained, But Weak
Signal strength has gone down abruptly yet indications are that the
target is-localized to a one or two city block section by circling the
area. The conclusion must be drawn that the target has gone behind or
inbetween a dense group of buildings or into a building, i.e., an under
ground area or enclosed (above-ground) parking lot. In all of these cases
the procedure is to look for an entry visually while checking the ADF
display for confirmation. The entry point is indicated by a large rise
in display gain/field strength reading when it is passed by at close range,
accompanied, by a sudden change in bearing. The tracking system will still
point at a target vehicle when both are inside an enclosed area, even at
a distance of only a few feet. In some instances the tracking vehicle
may find itself in what appears to be the immediate vicinity of the target
but the target cannot be visually sighted. It may be above or below the
tracking vehicle. This is often indicated in a multi-level parking garage
by reversal of the direction display as the tracking vehicle passes
directly over or under the transmitter. In such cases, the section of
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the garage (such as northwest corner) is noted and this area is checked
out on the next level up or down.
e) City Area; Sudden Loss Of A Medium Or Strong Signal
When a strong signal goes "off the air," suddenly and completely in a
flat city area, it is important to note the approximate geographic lo
cation (i.e., street intersection) where the signal was lost by the ADF.
The point where contact is lost becomes the base reference point (ground
zero) for conducting a search pattern. If the target vehicle is merely
passing through a traffic tunnel, road underpass, etc., the signal will
usually be reacquired by the time the tracking vehicle has gone a few
city blocks at high speed in the direction of the last bearing received.
If contact is not re-established after doing this, a grid-type search
' pattern with about 3 block legs (1 mile in a suburb area) should be
initiated as diagrammed below:
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The above methodical search pattern has been successfully used to re
locate a target vehicle that suddenly entered a narrow maintenance
tunnel under an office building complex and stayed there expecting to
lose the "tail". Reac'quisition was made on leg #5, just after passing
through "ground zero" from leg #4. The transmitter signal came booming
out of the narrow/unobtrusive street entrance to the tunnel, and was
detected at the instant the tracking vehicle passed by the entrance
(270° relative bearing). It was momentarily lost again, until the
tracking vehicle turned around and slowly retraced ,its' steps. This is
a classic example of when faith and patience paid off: it took about
30 minutes to cover search legs #1 thru #4 because of heavy traffic,
unfamiliarity with the area, stop lights, etc. The relocation problem
was more difficult than would normally be expected in "real-life" situ
ations, and thus the successful results attained are heartening for
reference purposes.
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3.2 FIELD TESTS AND CALIBRATION
The purpose of a field test is to verify the correct functional operation of
the system as a whole. The procedure is as follows:
1. As per section 2.2, install the receiver and antenna in the automobile
to be used. If for some reason the automobile should have a 6 volt
electrical system, a source of 12 volts such as an auto storage battery
will have to be included to operate the receiver.
2. Proceed to an area that is as free as possible from obstructions. An
ideal area is a completely open field or knoll (small hill) with access
to the top. Obstructions include trees, buildings, power poles.
3. Locate the automobile with the receiver system in the center of the
clearest area. The test transmitter may be located in the vicinity of an
■ obstruction at the periphery of the clear area but should be a few wave
lengths (30 to 60 meters) away from the obstruction if possible.
4. Turn on the receiver and set the controls as follows:
Control

Setting

ON/OFF Switch

O
N

Bandwidth

5 KHz

BFO

OFF

Synthesizer

To test beacon frequency

S meter/tune

Tune

Operate/reset switch

Reset

a) Allow receiver to warm up for about 2 minutes (time for CRT to
show a trace).
b) Turn display gain control fully counter clockwise (minimum) and
adjust "intensity" so that dot can be seen.
c) Center dot on CRT using horizontal and verticle position controls
d) Increase display gain until trace is almost to outside edge of display.
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Orient the car such that the indicated bearing is at a 45° point (45°,
■

135°, 225°, or 315°) and with a narrow screw driver, adjust the blanking
phase so that the tails of the 1/2 ellipse trace are the same length. Then
adjust the phasing control to close the ellipse.

I

Drive the car in a tight circle to check that the rotation of the trace
is.correct (it points approximately at the transmitter) and that the
variation in the blanking phase is about centered. (In an ideal set

-

up the variation will be very small. If there are obstructions, some
variations will probably be observed).
Check narrow band operation and adjust fine tuning as follows:
a) Set bandwidth control to 500 Hz
b) Adjust fine tuning control for slowly rotating maximum length trace
c) Switch "operate/reset" switch to "operate" receiver should lock
(red light over CRT goes on when xmitter pulses).
d) Slowly adjust fine tuning knob for a 0.5 reading (center scale) on
meter, and note setting of fine tuning knob.
NOTE: By this time the temperature controlled crystal ovens in the
receiver.should have reached operating temperature (15 minutes
typically). The setting of the fine tuning knob therefore is
a very close indication of the frequency of the beacon being
tested.
At this time a simulated transmitter location test can be performed.
For example, send the car with the test transmitter to a known lo
cation and have the operators find the transmitter. A range test

■

may also be conducted but the results are only applicable to the local
where tests are run, as range varies greatly with topography, building
density and size, and man made electrical noise. Four to ten killometers
-

(2-5 to 6 miles) are typical ranges for urban to moderate metropolitan
areas that are fairly flat.
■31-
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This completes the field calibration of the system. Again the reminder
that practice with the system is extremely valuable.
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3.3 BENCH TESTS
There are three different functional types of testing. These are the
tests on the Receiver/Display unit alone, tests on the antenna system and tests
on the total systems. The first two groups of tests are primarily useful in
isolating failures, while the total system tests provide data that is indicative
of system performance.
3.3.1 Test Equipment - In addition to the complete ADF system (XHRS-26) the
following test equipment is required for the bench tests described in this section.
Equipment Description

Typical Model

Volt-Ohmmeter (^ 20K ohm/volt)

Simpson 260

Digital Multimeter

Fluke 8000A

True RMS Voltmeter

Hewlett Packarg 3400A

Dual Trace Oscilloscope

Tektronix 454A

Ultra Stable RF Generator

Hewlett Packard 8640B

Auxilliary RF Generator

General Radio 1003

Frequency Counter

Hewlett Packard 5300A/5302A

Sweep Generator

Wiltron 6106C

Diode Detector

Wiltron 71B50

30 db Attenuators (3 required)

Hewlett Packard 8491A-030

DC Power Supply (12-28 volts at 3 amps.)

Hewlett Packard 6290A

Misc.'Coaxial Hardware including T's
and BNC to type N adaptors.

l
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3.3.2 Adjusting the CRT Display - Most of the test procedures require the use
of the CRT display for part of the measurement. For a proper display the CRT
controls should be adjusted as follows:
1. Turn the display gain control all the way down (fully counter clockwise).
2. With no input signal adjust the intensity control for a moderately
visible spot and focus it to a sharp point.
3. Adjust.the horizontal and vertical centering controls to position the
spot at the center of the CRT display.
4. Turn the gain control back up as a small spot can rapidly burn the
phosphor of the CRT..
5. Now set the frequency select to 45.000 MHz and the bandwidth to 5 KHz.
(BFO control to off.)
6. Per the set up of figure 3-1 inject an RF signal at -50 dbm and tune
it to the receiver.
7. Adjust the display gain for a full scale trace.
8. Using a screwdriver adjust the blanking phase so that the tails of the
half ellipse trace are the same length..
9. Finally adjust the phasing control to close the ellipse to the 45° point.
3.3.3 Receiver Sensitivity - The test equipment required for this procedure
consists of the power, supply and a highly stable RF generator with either an
internal or external frequency counter.
Refer to figure 3-1 for the test configuration and be sure the CRT display
has been properly adjusted.
3.3.3.1 .5 KHz Bandwidth
1. Set the controls on the XHRR-26 as follows:
a) Turn the frequency select to 41.000 MHz
b) Set the bandwidth switch to 5 KHz.
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c) BFO control to off
d) S-meter tune to S-meter
e) The following controls are inoperative in this bandwidth position operate/reset fine tune
2. Adjust the signal generator for 41.000 MHz
3. Inject approximately -50 dbm RF signal into the test box. A good clean
display should appear on the CRT. Adjust centering controls.
4. Adjust the display gain so that the tip of the trace is at some reference
point e.g. the edge of the display.
5. Now reduce the signal level so that the trace, which is very fuzzy, is
half the reference distance.
6. Add the loss inserted by the test fixture (20 db) and record this number.
7. Repeat steps 2 through 6 for 43.000, 45.000, 47.000, and 49.000 MHz.
3.3.3.2 500 Hz and 50 Hz Bandwidth - Refer to figure 3-1 for the test configuration.
With the receiver in this bandwidth position, the phase-lock circuitry is functioning
as the receiver detector. To indicate whether the phase-lock circuit is in lock,
to an RF signal, a red light above the CRT will illuminate. This light will.be
used to determine the presence of a good RF signal.
1. Set the controls on the XHRR-26 as-follows:
a) Turn the frequency select to 41.000 MHz
b) Set the bandwidth control to 500 Hz
c) Set the fine-tune control to 5.00
d) Operate/reset to operate
e) S-meter/Tune to tune
f ) B F O - o ff
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2. Adjust the signal generator to 41.000 MHz
3. Inject a large RF signal approximately -50 dbm into the test box.
A good clean display should appear on the CRT.
4. Adjust the fine-tune control to read exactly mid-scale on the meter.
The red light, indicating lock, should be on without any flicker© If the unit
does not want' to.reach mid-scale, turn the switch to reset for several seconds
(approximately 5 seconds) and then back to operate.
5. Now reduce the RF signal level as low as possible. The lock indicator
should be off.
6. Carefully increase the RF signal level. As the RF level increases
near lock, the red light will begin to flicker. When the flickering has sub
stantially stopped (allowing one flicker per 5 seconds), note this RF level.
7. Add the loss inserted by the test fixture and record this number.
8. Repeat steps 2 through 7 for 43.000, 45.000, 47.000, and 49.000 MHz.
9. Repeat steps 1 through 8 for 50 Hz bandwidth.
3.3.4 Antenna System Gain and Bandwidth - To perform this test the power supply,
oscilloscope, sweep generator and diode detector are required. Referring to
figure 3-2 proceed as follows:
1. Set the sweep generator for a sweep range of about 20 MHz centered at
45 MHz. If a second diode detector is available two of the antenna outputs may

I
I

be observed simultaneously.
2. Use the four symmetrical parts of the test fixture with part numbers
connected as shown in figure 3-2. (Port #5 should be terminated with 50 ohm.)
3. Antenna gain is measured by by-passing the antenna with the diode de
tector and using the attenuator step switches on the sweeper to restore the former
level.
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4. Bandwidth is measured by expanding the sweep trace on the oscilloscope
to 200 KHz per division.
5. The receiver is used to step through all ten varactor voltage settings
by repeating the test on each of the MHz switch settings (0-9 inclusive).
If a sweep frequency generator is not available, a standard RF signal
generator may be used. In this case the output RF (from the antenna preamplifier)
may be displayed directly on an oscilloscope with greater than 50 MHz bandwidth.
The preamplifier outputs must be terminated in 50 ohm.
3.3.5 System Sensitivity - The test equipment needed to measure system sen
sitivity are the power supply, the stable signal generator (with frequency
counter) and the three 30 db pads.
3.3.5.1 5 KHz Bandwidth - Refer to figure 3-4 for the test configuration
and section 3.3.2 for adjusting the CRT display.
Because of the very low signal levels involved in this test, the an
tenna should have a metal shield placed over it e.g. a garbage can. If available
a screen room should be used to eliminate extraneous RF signals.

-

1. Set the controls of the XHRR-26 as follows:
a) Turn the frequency select to 41.000 MHz.
b) Set the bandwidth switch to 5 KHz.
c) BFO control to off.
d) S-meter/tune to S-meter.
.

e) The following controls are in-operative in this position:
Operate/Reset
Fine Tune
2. Adjust the signal generator for 41.000 MHz.
3. Inject, a large R.F. signal approximately -50 dbm into the test box.
A good clean signal should appear on the CRT.

r
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4. Adjust the display gain so that the tip of the trace is at some
reference point e.g. the edge of the display.
5. Now reduce the signal level so that the trace, which is very fuzzy,
is half the reference distance.- If after reducing the RF signal, the fuzzy trace
does not reach half the reference distance but becomes more dilluted or fuzzy.
The problem is with RF interference and the testing requires more environmental
shielding.
6. Add the losses inserted by the test fixture and the 30 db attenuators.
Record this number.
7. Repeat steps 2 through 6 for 43.000, 45.000, 47.000, and 49.000 MHz.
3.3.5.2 500/50 Hz Bandwidth - Refer to figure 3-4 for the test configuration.
Recall that when the receiver is in this bandwidth position, the phase-lock
circuitry is functioning as the receiver's detectors. To indicate whether the
phase lock circuit is in lock, a red light above the CRT will illuminate. This
light will be used to determine the presence of a good RF signal.
1. Set the controls on the XHRR-26 as follows:
a) Turn the frequency select to 41.000 MHz.
b) Set the bandwidth control to 500 Hz.
c) Set the fine-tune control to 500.
d) Set the operate/reset switch to operate.
e) Set the S-meter/tune switch to tune.
f) Set the BFO to off.
2. Adjust the signal generator to 41.000 MHz.
3. Inject a large RF signal approximately -50 dbm into the test box.
A good clean display should appear on the CRT.
4. Adjust the fune-tune control to read exactly mid-scale on the meter.
The red light, indicating lock, should be on without any flicker. If the unit
does not want to reach mid-scale,, turn the operate/reset switch to reset for

-40-

several seconds (approximately 5 seconds) and then switch lock to operate.
5. Now reduce the RF signal level as low as possible. The lock in
dicator should be off.
6. Carefully increase the RF signal level. As the RF level increases
near lock,the red light will begin to flicker. When the flickering has sub
stantially stopped (allowing one flicker per five seconds), note this RF level.
7. Add the loss inserted by the test fixture and the 30 db fixed atten
uators. Record this number.
8. Repeat steps 2 through 7 for 43.000, 45.000, 47.000, and 49.000 MHz.
9. Repeat steps 2 through 8 for 50 Hz bandwidth.
3.3.6 Frequency Accuracy - The power supply, ultra stable signal generator and
counter are needed. Frequency accuracy should be checked using the configuration
of figure 3-1 since any frequency between 40 and 50 MHz may be used,three
frequencies have been chosen to cover the bandwidth a minimum of measurements.
1. Set ADF frequency select switches to 40.543 MHz.
2. Set ADF bandwidth to 5 KHz.
3. With the signal generator level at about -50 dbm tune it to the ADF
by obtaining the longest and sharpest trace on the display.
-

4. Adjust the ADF gain control and repeat step (3) if necessary.
5. Record the signal generator frequency and the receiver switch settings
(note any frequency error).
6. Repeat this procedure for 45.621 MHz and 49.987 MHz.
3.3.7 Fine Tuning Range - The test set-up of figure 3-1 is suitable. The fine
tuning control operates only in the phaselock mode (500 Hz and 50 Hz bandwidths).
Since its operation is completely independent of the receiver front-end a fre
quency of 45.000 MHz can be used without limiting the test validity. A power

r
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supply, stable generator and counter are needed.
1. Set the ADF frequency switches to 45.000 MHz, the bandwidth switch
to 500 Hz and the OPERATE-RESET switch to the RESET position.
2. Set the fine tuning control to a dial indication of 500. (This is
the nominal center frequency.)
3. With the RF generator level at about -50 dbm slowly tune through the
45 MHz region until a display is obtained. (This may take a little practice
but it can be done precisely.)
4 (When it is in tune the lock lamp should slowly flash off and on.)
Record the frequency of the RF generator.
5. Now repeat procedures (2) through (4) using dial settings of 000,
250, 750 and 999.
6. By taking the appropriate frequency differences the fine tuning range
and slope can be established.
3.3.8 IF Rejection - The test equipment for this measurement consists of the
power supply and stable generator and counter. For IF rejection refer to figure
3-3 and keep in mind that RF environmental shielding (such as a screen room)
may well be required.
1. Set the controls of the XHRR-26 as follows:
a) Frequency select switches to 45.000 MHz.
b) Bandwidth to 5 KHz.
c) BFO control to off.
d) S-meter/Tube switch to S-meter.
2. Tune the generator to the receiver and then lower its output for a
signal that is just slightly above threshold (approximately -100 dbm into the
test fixture). Record the generator level.
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3. Next adjust the display gain for a convenient trace reference point on
the CRT display.
4. Now set the RF generator to 10.700 MHz and increase output level until
the signal comes through and gives the same trace amplitude as in 3.
5. The difference (in decibels) between the generator settings of 4.
"

and 3. is the IF rejection.
6. Now (with a lower frequency generator if needed) inject a signal at
455.0 KHz and increase level to produce the same deflection as in 3. It may not
be possible to detect any feedthru while keeping the generator to a safe level -

3 volts RMS maximum.
3.3.9 Image Rejection - This test follows the same diagram (figure 3-3) and
used the same equipment as that for IF rejection - power supply, stable generator
and frequency counter. (A screen room is advisable.) Since the poorest image
rejection will occur with the receiver tuned to 40 MHz the test should be made
at this frequency.
1. Set ADF to a 5 KHz bandwidth and 40.000 MHz on the frequency select
switches.
2. Tune the generator to the ADF and set for a low level (about -100 dbm
into the test fixture). Record the generator level used.
3. Next adjust the display gain control for a convenient trace length.
4. Now tune signal generators to 61.400 MHz and increase level until the
image

comes

through.

N

5. Peak generator tuning for maximum response on the display.
6. Adjust output level of generator until the displayed trace length
obtained in (3) is repeated.
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7. The db difference of the RF generator level in 6. to that of 2. is
the image rejection. Record this difference in decibels.
8. Next check for the rejection of the second IF by setting the generator
■

for a frequency of 40.910 MHz and increasing its level until the image comes
through.
9. Peak the generator tuning for maximum response on the display.
10. Adjust the output of the RF generator until the displayed trace length
is the same as that in 3.
11. The difference in decibels between the generator level of 10. and 2.
is the second image rejection. Record.
3.3.10 Dynamic Range - A number of criteria are available for determining
dynamic range, but from the point of view of an operator of an ADF the most
"

important criteria is whether or not the bearing is degraded. In section 3.3.5
the system sensitivity was measured. This resulted in a measurement of the
smallest usable signal for each bandwidth. Now, using the test set-up of figure
3-3, the following procedure will measure the largest usable signal. The cri
teria to be used here will be to increase signal level until a detrimental change
in bearing angle occurs (i.e., + 10 degrees). The ratio of the largest usable
signal to the smallest usable signal is the dynamic range. A stable signal gen
erator, counter and power supply are needed.
1. Set the ADF for the desired frequency (45.000 MHz) and for a 5 KHz '
bandwidth. (BFO switch to off,)
2. Tune the generator in, using no modulation.
3. Increase the output level until excessive bearing shift (as defined)
occurs. The ADF gain may always be adjusted for the best display.
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4. Record this level and then subtract from it the test fixture atten
uation.
5. Now disconnect the BNC, on the loop to the X channel, from the test
fixture. (The display should become vertical.)
6. Connect a 50 ohm load to the open port.
7. Now, readjust the RF generator level until a bearing shift occurs
(as defined).
8. Record the generator level, and subtract from it the test fixture
attenuation.
9. Choose the lower level between that obtained in (4) and (8). This is
the maximum usable signal.
10. Ratio this to the corresponding sensitivity reading from section 3.3.5
to" obtain dynamic range.
3.3.11 Spurious Responses - In very sensitive receiving systems two types of
spurious responses are possible. Those generated completely internally and those
which allow response to incorrect frequencies.
3.3.11.1 Internally Generated Spurious Signals - Due to the extremely narrow
bandwidth of the system (and its 10,000 channel capability) it is difficult to
locate all internal spurious responses. Once a "spur" is found its apparent
input level can be determined. A stable signal generator and power supply are
required.
1. Set the'bandwidth to 5 KHz and the BFO switch to off. (Leave the
antenna inputs to the receiver open.)
2. With the display gain turned up "tune" the frequency select switches
around suspected spur locations. Look for the sudden appearance of a signal
on the CRT display.
/
/
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3. When a spur is located adjust the frequency select switches for the
best response and then set the display gain for a reference trace, length.
4. Next, connect the signal generator to the receiver via the test
fixture (figure 3-1) and tune the generator in. (This must of course be done
on an adjacent channel.)
5. Adjust the generator output level for the same trace length obtained
in 3 and note the output level of the generator.
6. Subtract 20 db (for the test fixture attenuation) and record this
input level which is the apparent strength of the spurious signal.
3.3.11.2 Spurious Responses to External Signals - These are due almost entirely
to sum and difference frequencies of the harmonics of the input RF signal and
the LO signal. A power supply, stable signal generator and frequency counter
are needed. (Set-up as in figure 3-3.)
1. Set the- receiver select switches to 45.000 MHz and to a 5 KHz bandwidth. (BFO switch to off.)
2. Using the test configuration of figure 3-3 set the signal generator
to a level of about -30 dbm into the test fixture and slowly turn from 30 to 60
MHz.
3. Whenever a spurious signal is found,lower the generator level and
determine its threshold value as in section 3.3.5.
4. Record the frequency of each spurious signal and the ratio (in db) of
its level to the corresponding system sensitivity.
5. A greater signal level (than that of 2.) will disclose weaker spuri
ous signals, while a lower level will only disclose stronger ones.
6. For comparison look at the factory test data which shows the stronger
spurious responses.
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7. Repeat procedures 1 through 6 with the select switches at 40.000 and
then at 49.999 of desired.
3.3.12 Selectivity and Desensitization - These tests provide information re
lating to the systems immunity to nearby signals.
3.3.12.1 Selectivity - The systems selectivity is independent of the front
end, making it most convenient to use the test configuration of figure 3-1. A
power supply, stable RF generator, frequency counter and audio oscillator are
required.

N

1. Set the receiver select switches to 45.000 MHz, the bandwidth to
5 KHz and the BFO switch to off.
2. Tune the signal generator to the receiver frequency and lower its
output level until the display is at the level used in the receiver sensitivity
measurements (see section 3.3.3.1).
3. Now increase the level of the signal generator by 3 db and find the
upper and lower frequencies which restore the trace to that of 2.
4. The difference between the upper and lower frequencies is the 3 db
bandwidth.
NOTE: The selectivity of the receiver in the 500 Hz and 50 Hz bandwidths
cannot be measured in a closed box configuration.
3.3.12.2 Desensitization - The set-up diagram for this test is illustrated in
figure 3-5. The required equipment consists of a power supply, very stable signal
generator, auxilliary signal generator and a frequency counter.
This measurement is made using the ADF display to give an indication
of the level of an interfering signal that can be tolerated by the system.
1. Set the ADF for a frequency of 45.000 MHz and a bandwidth of 5. KHz.
2. Tune generator #1 to the receiver frequency with generator output set

..
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to about -60 dbm into test fixture.
3. Set ADF bandwidth to 500 Hz. S-meter/tune switch to "tune".
Operate/reset switch to "operate" and the fine tune dial to 500 carefully tune
generator to obtain ADF with the tune meter at mid-scale.
4. Tune generator #2 to 10 KHz below generator #1 and increase signal
level until the CRT display shows signs of unlocking or severe degeneration of
the trace.
5. Record levels of both generators and the frequencies of both gen
erators.
6. Repeat step 4. with generator #2 tuned to 20 KHz, 50 KHz, 100 KHz,
200 KHz, 500 KHz, and 1 MHz below generator #1 and record data.
7. Repeat steps 4.5. and 6 with generator #2 tuned above generator #1.
3.3.13 Audio Output - A power supply, signal generator, oscilloscope, RMS
voltmeter and 4 ohm load resistor are required. The antenna system is not needed,
1. Set the receiver for 45.000 MHz and a 5.KHz bandwidth.
2. Tune the signal generator in and adjust for 30% modulation at 1 KHz.
3. Now adjust the signal level to produce a tone that at moderate volume
level, sounds noise free.
4. Connect a 5 watt 4 ohm resistor across the audio output, in parallel
with both an oscilloscope and the RMS voltmeter.
5. Increase the volume until the signal is as large as possible without
significant distortion as seen on the oscilloscope.
6. Record the RMS voltmeter reading.
7. Now switch off the modulation on the signal generator and observe
the noise level on the RMS meter. It should fall by at least 20 db compared
to the signal level for an accurate measurement.
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8. If the noise background isn't low enough check for proper tuning
and sufficient RF and modulation levels. Compute power from (6), e.g. P=E /R.
3.3.14 Power Consumption - This measurement should be made both with and with
out the antenna system connected. It can help to define gross malfunctions in
the system. A power supply, DVM and ammeter (i.e. VOM) are needed.
1. Check that the ADF is at a temperature of 15 to 30°C (59 to 86°F).
2. The antenna system power/control cable should be disconnected.
3. Hook up 1.3.5 VDC power with a series ammeter (0 - 3 ampere range).
4. Apply power and record the initial current (about 10 seconds after
turn on. (Input voltage to be 13.5 + 0.5 volts.)
5. After several minutes the current should start to fall. Record it
at 5 minute intervals until it settles out (for the first 15 or 20 minutes).
6. Now connect the power/control cable to the antenna system and re
cord the system current if it differs from the previous value.
7. Increase the input voltage to 28 + 1 volts and record the new system
current if it differs from the previous value.
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4.0 PRINCIPLES OF OPERATION
4.1 OVERALL SYSTEM
-

This section gives a brief walk through of the functional block diagram
shown in figure 4-1. Section 1.4, General Theory of Operation, should be re
viewed prior to studying this section.
Wide Band Mode - In the first mode (Watson-Watt) the magnetic component
of the signal is received on each of the two ferrite rod antennas. These an

-

tennas are equipped with varactor tuning which is slaved to the first local
oscillator in such a way that the antennas are always operated at or near
resonance. A preamplifier matches the impedance of the antenna winding to the
50 ohm coaxial cable connecting the antenna to the receiver display and in addi
tion provides about 25 db of gain to make up for the low "effective antenna height"
of the ferrite rod antenna. These two preamps are broad band and cover the en
tire 10 MHz frequency range without return'ng.
The sense antenna is an electrically short monopole. Its output is fed
into a low input impedance (70 ohm) buffer. This arrangement allows the use of
a wide range of lengths of wire for a sense antenna. It is important that the
sense antenna be non resonant because any resonance produces field distortions
which seriously degrade the directional performance of the ferrite array. The
remainder of the sense antenna preamplifier is the same as those for the ferrite
loop antennas. Comparable bandwidth to the loop antennas (2 MHz) is achieved
by varactor tuning the buffer stage between the sense antenna and its broad band
preamplifier.
The signals from the antenna array are then fed to the receiver unit
through coaxial cables. At the input to the receiver the three signals are
mixed with the first local oscillator (a 50.7 to 60.7 MHz synthesizer) and

: "

heterodyned to the first intermediate frequency of 10.7 MHz. The local oscillator

I
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is common to all three channels which preserves the relative phase between
the channels. The 10.7 MHz difference frequency is passed through a mono

r

lithic crystal filter, amplified, and fed to the second mixer where it is
mixed with the 11.155 MHz second local oscillator producing the second inter
mediate frequency of 455 KHz.
The 455 KHz signals are then fed to a multi-pole ceramic electromechanical
bandpass filter, amplified and fed to the third mixer. Here it is mixed with
the third local oscillator (VCO) at 413.6 KHz which in the wide band mode
(Watson-Watt) is fixed at 413.6 by virtue of grounding its input.
In the wide band mode the phase lock loop is disabled and the phase sen
sitive detectors in the two loop antenna channels are by-passed and the 41.4

r
I

KHz signal from the third mixer fed directly to the horizontal and vertical
deflection circuits in the cathode ray tube display. The Z channel (sense) signal
is fed from the third mixer to an adjustable phase shift amplifier (not shown)
and then to a limiter.in the wide band mode. The phase adjustment is the blank
ing phase pot on the front panel. The limited output drives the Z axis of the
CRT (intensity) which removes the 180° ambiguity from the displayed signal.
Narrow Noise Bandwidth Mode

i
i
I
i
i
"

In the narrow band mode the system restricts the noise bandwidth that it
will respond to. To' do this a phase lock loop is incorporated into the last
section of the Z axis. Its purpose is to extract a coherent phase locked
reference which can then be correlated with the signals from the two channels
from the ferrite loop antennas. It operates as follows: The VCO frequency at
413.6 KHz + 2.5 KHz is mixed with the output of the 455 KHz amplifier producing
signals in the range of 41.4 KHz. These are compared in the phase detector with
413.6 KHz divided by 10 = 41.36 KHz and an error signal developed. This error
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signal is amplified and filtered by the loop amplifier (labeled lag lead
amplifier) where the amplifier frequency response is determined by an in
tegrating capacitor and two resistors (all shown variable in the block diagram).
The output of this error amplifier drives a fixed gain summing amplifier which
in turn drives the input to the voltage controlled oscillator in such a way as
to force the frequency and phase of the VCO divide by 10 to be equal to the
incoming frequency. The time constants in the lag lead amplifier determine the
rate at which the phase lock loop can respond and therefore the noise bandwidth
of the loop.
The coherent phase locked reference is also fed to the two phase sensitive
detectors (correlators) in the two loop channels where it produces a + DC
voltage whose amplitude is directly proportional to the amplitide of the in
coming signal and whose polarity depends on whether the input signal is in or
out of phase with the reference. This DC voltage is filtered,which in effect
reduces the noise bandwidth of the signal presented to the display. The sweep
modulator reconstructs a voltage which sweeps between zero and the DC voltage
produced by the filtered phase detector output. The result is a line trace on
the cathode ray tube between the center and the apparent direction of the radio
signal presented to the antenna array.
Power Supply
. The system is designed to operate off of unregulated 12 volts DC. An
overvoltage limiter has been incorporated to extend the operating range to in
clude 28 volt aircraft and 24 volt ship battery supplies. The 12 volts is
used directly in many circuit functions. In addition, a DC to DC converter
developes the following voltages:
+
+

12
9

volts
volts

+7
-

20

volts
volts

+

200
-

volts

1200

volts

<

6.3 volts AC
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4.2 WIDEBAND RECEIVER
The 3-channel ADF receiver is designed to amplify the signals from the
antenna preamplifiers and (thru three successive frequency conversions) trans
late the RF signals to the 41.4' KHz IF output. To maintain signal coherence
each of the local oscillators used are common to all three channels.
For proper ADF operation it is essential that the gains of the X and Y
channels be matched to about 1 db and the phasing of all three channels be with
in about 20° of each other. The phase and gain matching must be maintained
over the full dynamic range of operation (approximately 120 db).
In order to provide satisfactory operation over this wide signal range
two conditions must be met: first, the front end mixer must be able to operate
properly over the full range; and second, the remainder of the receiver strip
must have an AGC circuit capable of reducing the large dynamic range at the front
end to something like 40 db or less. This second requirement is necessary to
interface with the limited dynamic range of the CRT display (supplemented by the
manual gain control (on the front panel). In order to maintain gain matching
between the X and Y channels it is essential that their AGC circuits be driven
from a common buss and that the resulting gains track each other as a function
of AGC voltage.
Up to this point the discussion has provided an over view of the 3-channel
receiver. Since the three channels are essentially identical, a detailed de
scription of one channel will suffice for all. To obtain wideband performance,
a balanced FET mixer is used at the front end. -It has a very large
dynamic range (up to 100 db).
Following the front end mixer is a 10.7 MHz crystal filter which narrows
the bandwidth sufficiently to avoid any difficulty with the image response of
the second IF. Amplification at 10.7 MHz is about 40 db and is achieved with an
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IC amplifier (Motorola MC1350). This stage is controlled with a slightly delayed
AGC and is capable of greater than 60 db of gain variation.
The next stage is a similar IC used as the second mixer to convert from
10.7 MHz to 455 KHz with a maximum conversion gain of 40 db. The gain of this
stage is controlled by the voltage developed on the AGC buss. A high side in
jection frequency of 11.155 MHz is used. Thus the image of the second IF (pre
viously mentioned) would occur at 910 KHz above the frequency to which the ADF

■•■■■■
.f*

is

tuned.

i
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High selectivity is obtained by the use of a second crystal filter at
the 455 KHz IF frequency. This filter is followed by another 40 db gain stage
(with an MC1350 IC) and then a complementary emitter follower circuit for a XI
buffer. The outDut of the buffer (at 455 KHz) drives the AGC detector, the third
mixer and any auxiliary detectors (such as an AM or FM audio detector).
When the receiver is used in conjunction with the phaselock loop board,
the third' L0 is low side injected at 413.64 KHz (from a VCO) to yield a third
IF frequency of 41.4 KHz. The third mixer operates at approximately unity
gain (dual gate FET) and is followed by a low pass filter and a source follower
(junction FET) buffer.
• The AGC/AM detector consists of a voltage doubler diode detector driving
an RC filter (with a fast attack diode) and an emitter follower. A bias poten
tiometer connected to the diode detector allows the output level of the second
IF to be adjusted.

f
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4.3 FREQUENCY SYNTHESIZER
The frequency synthesizer is of the indirect type, employing a phase-locked
loop having both a prescaler and an offset oscillator to provide a relatively
low power consumption design.
Since the ADF (3-channel) receiver has a 10.7 MHz first I.F. the first local
oscillator signal (from the synthesizer) must be either 10.7 MHz above or below
the R.F. signal to be received. High side injection (50.7 - 60.7 MHz) was chosen
to reduce the number of spurious signals to which the receiver would be sensitive.
The discussion of synthesizer operation will begin with the voltage con
trolled oscillator, follow the loop around and terminate with the loop filter
(per the block diagram). The varactor control circuits and the second L.O.
(local oscillator) will then be discussed separately.
To obtain high stability performance, the crystals used in the first and
second L.O.'s are precision grade and pre-aged. They are all housed in tem
perature controlled ovens.
1. Voltage Controlled Oscillator
The voltage controlled oscillator (V.C.O.) (in section III) consists
of a varactor tuned L-C circuit (FET activated) followed by a 3-stage buffer
amplifier and bandpass filter. The local oscillator outputs are then obtained
with resistive splitting, while the output to the isolation buffer is obtained
thru a resistive divider (R9 and RIO) to terminal E4 from the input side of the
bandpass filter.
The V.C.O. will cover the required range of 50.7 to 60.7 MHz for an
input tuning voltage of approximately +2 to +7 volts. The output level to the
receiver L.O. inputs is between 0.5 and 1.0 volts RMS across the tuning range.
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2. Buffer
The signal from E4 (A3) then goes thru a high isolation buffer (in
sections IV and V) before being applied to the internal mixer. The buffer is
designed to have very high isolation (120 db) in the reverse direction, so that
spurious signals from the mixer will not enter the receiver L.O. ports.
3. Offset Oscillator and Mixer
In order to be within the frequency limits of the prescaler and pro
grammable counter the V.C.O. frequency is reduced by a 36 MHz offset, over its
entire tuning range. Both the fixed (temperature controlled crystal) oscillator
and the mixer are housed in section VI of the frequency synthesizer assembly.
The oscillator is a straight-forward colpitts type with a series resonant
crystal in the feedback path. A wideband diode mixer (Mini-circuits Lab SRA-1)
is used to produce sum and difference frequencies of the V.C.O. and offset
oscillator signals.
4. Low Pass Filter
The low pass filter selects the difference frequency band (14.7 24.7 MHz) as the V.C.O. is tuned from 50.7 to 60.7 MHz. It is a 3-pole elliptic
filter (25 MHz cut-off) with the transmission zero set to 36 MHz.
The filter has a characteristic impedance of 200 ohms and is there
fore proceeded by a 1:4 (impedance step-up) balun for a good match with the
50 ohm output of the mixer.
5. Wideband Buffer
A wideband low output impedance buffer (built around a CA3086 tran
sistor array) is used to increase the voltage and power level of the 14.7 24.7 MHz signals to drive the TTL prescaler.
The low pass filter, buffer and prescaler are all housed in section
VII of the assembly.
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6. Prescaler
The prescaler is used to reduce a maximum signal frequency of 24.7
MHz to 2.47 MHz - a rate at which standard COS/MOS circuitry can operate (as
in the programmable divide by N counter). If a straight divide by 10 prescaler
were used, the lock-up frequency of the loop would be reduced to 100 Hz in order
to obtain 1 KHz steps of output frequency. To prevent this, a programmable
divide by 10/11 prescaler is used. A logic "0" on E3 produces a divide by 11
operation while a logic "1" results in a division by 10. Thus the prescaler in
conjunction with the first stage (A5) of the programmable counter provide the
1 KHz program stepping by dividing by 11 for as many times as the 1 KHz switch
is set to, and then dividing by 10 for the remainder of 10 divisions. For
example, to divide by 18,937:
First divide by 1,894 seven times (= 13,258), then divide by 1,893
three times (= 5,679). The total number divided by is 13,258 + 5,679 = 18,937
as required. While at first glance this seems like the hard way to do things,
it does allow the programmable counter to be a COS/MOS I.C. operating at one
tenth of the input frequency without reducing the lock-up frequency.
7. Programmable Divide By N Counter
The programmable counter (in section II) is designed as a down counter.
In conjunction with the controlled prescaler it counts down from the preset
input to a residue count of 5,300. The initial count can be any integer be
tween 20,000 and 29,999 with the leading "2" internally preset and the remaining
4 digits customer programmable. The resulting down count will always be from
14,700 to 24,699 and take precisely 1 millisecond (i.e. 1 KHz lock-up frequency)
when the loop is locked. The corresponding input frequency (to the prescaler)
will be from 14.700 MHz to 24.699 MHz. This (by addition of the 36 MHz offset
frequency) corresponds to a first L.O. frequency of 50.700 MHz to 60.699 MHz.
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FIGURE 4-2 TIMING DIAGRAM FOR CD4018 COUNTERS

Hi End

Low End
Starting Count Is
Circuit Down Counts To (05.300)

20.000
- 5.300

Input to Prescaler Is
Added to Offset Oscillator

14.700
+ 36.000

Hence Output of Local Oscillator Is
Minus IF Frequency

50.700
- 10.700
40.000

Therefore Receiver is Tuned To
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29 999
- 5 300
24 699
+ 36 000
60 .699
- 10.700
49.999

_ . Since the receiver I.F. is 10.7 the resulting R.F. signal will be from 40.000
MHz to 49.999 MHz as selected via the front panel switches. These switches
produce the Johnson encoding required by the CD4018 presettable counter. The
modified truth tables and wiring of the switches and counter I.C.'s are shown in
figures 4-2 and 4-3.
- . The 1 KHz output of the divide by N circuit (pin 1, CD4013) goes
directly to the phase detector (pin 3, CD4046).
8. Reference Oscillator and Counter
The reference oscillator uses a temperature controlled quartz crystal,
operating at 2.048 MHz, to produce an extremely stable square wave output (from
1/4 of a CD4001 COS/MOS I.C). A potentiometer controlled varactor allows for
over 1 KHz of fine tuning (between channel steps) when required.
The square wave output of the reference oscillator is divided by 2048
(11 stage binary division) in the CD4020 I.C. This yields the 1 KHz reference
required by the phase detector.
■

9.

Phase

Detector

The phase detector used is the frequency/phase detector portion of
the CD4046 phase locked loop I.C. It was selected for its low power consumption
and low output ripple at phase lock. Inputs to the phase detector come from
the programmable counter and the reference oscillator, after its frequency is
divided down to 1 KHz. Phase detector output voltage is zero to +8 volts maximum.
10. Loop Filter
Two important functions are provided by the loop filter. The first is
to'act as a lag filter to stabilize the phaselock servo loop and provide the
required degree of damping. A second (but equally important) function is to
remove the residual ripple from the phase detector and thus provide a clean D.C.
signal to the V.C.O. This last function is extremely important if a low noise

'
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TABLE 4-1 TRUTH TABLE FOR FREQUENCY SYNTHESIZER PROGRAMMING SWITCHES

Switch Terminal #'.s and CD4018A Designations

---

Used Switch Terminals
5.4

3

'

2

-1

(Data Inputs)

Unused Switch Terminals

Q4-

Q
5

Count
Number

0

0

0

0

0

0

0

9

0

0

0

8

0

0

7

PI

P2

P3

P4

P
5

nr

1

1

1

1

1

1

0

10

0

1

1

1

1

9

0

0

1

1

1

8

0

0

0

1

1

.1

0

0
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(single frequency) sinewave is to be produced by the V.C.O. Since the loop
filter is passive, its maximum output range is also zero to +8 volts. This
of course exceedsthe input range required by the V.C.O. for a full 50.7 60.7 MHz range.
11. Varactor Control Circuits
These circuits (combination digital and analog) are designed to tune
the antennas on the X, Y, and Z channels as a function of frequency. In essence,
it is a 3 channel adjustable digital - to - analog converter with common inputs.
The inputs are the five Johnson coded lines from the 1 MHz programming switch.
COS/MOS I.C.'s Al thru A4 in section IX provides the decoding from Johnson code
to the required one-of-ten as needed.
Each decoded output connects to a divider network with 3 potentiometers
(in parallel). Potentiometer outputs are connected together in three separate
groups of ten each with diodes for isolation. Each of these 3 groups is buffered
with a separate non-inverting amplifier to provide control voltages to the X, Y,
and Z antenna tuning varactors.
12. Second Local Oscillator
For convenience in packaging the second local oscillator (11.155 MHz)
is housed in section VIII of the frequency synthesizer assembly. The frequency
of the oscillator is determined by a fundamental mode quartz crystal (with CL =
20 pf) in a grounded collector circuit. The crystal is housed in a temperature
controlled oven. A potentiometer sets the output level of the sinusoidal signal
to the second L.O. ports of the receiver.
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4.4 PHASE LOCK LOOP BOARD
1. Power Supply
Five different voltages are used to power the PLL board. The first
two are the +12 volt regulated lines from the Scope Power Supply board. This
symmetrical supply is used to power all of the operational amplifiers.
On. board circuits then regulate this down to a +7 volt level for all
of the CMOS circuitry. This second regulation is accomplished with A15 (a
MC4060A, positive voltage IC regulator) and A16 and Q24 (operational amplifier
and pass transistor) which invert the +7 volt supply to a -7 volt supply. Po
tentiometer R68 is used to balance the supplies as needed.
The last voltage used is a -20 volt supply, obtained with a zener diode
at the low end of the -1200 volt divider string on the Scope Power Supply board.
This voltage is used as a bias to guarantee turn - off of the FET switches as
selected.
2. 'Limiter
An IC comparator Al (an LM311) is used to limit the 41.4 KHz (Z channel)
output from the blanking phase circuit. It is buffered by Q2 and Q3 for input
to the Scope Power Supply limiter and external use. The bias adjustment allows
symmetrical limiting on small signals.
3. Phase Detector
. The loop phase detector consists of one section of a quad exclusive'
"or" gate (A4, a CD4030). Another section of this COS/MOS IC is used as the
quadrature phase detector (to determine when phaselock is established). The
other two sections of the IC are used as inverters. The output of the main
phase detector (pin 10 of A4) goes thru a 3 - pole low pass filter and buffer,
consisting of: R8, C9 (first pole); then A5 (and its feedback circuitry);
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followed by RIO, L2 and CI2 (last 2 poles). This filter is used to strip some
of the ripple off of the phase detector output to allow a greater dynamic range
at the output of the loop filter.
■

4. Loop Filter
The loop filter is made up of operational amplifier A6 and the RC
circuitry surrounding it. The basic circuit is far simpler than it appears
(refer to the system block diagram). It is basically an open loop inverting
operational amplifier with a programmable input resistor and a feedback capacitor
in series with a resistor (both of which are programmable). Referring back to
the schematic (ADF-922-510) it can be seen that FET Q7 switches in R16 to function
with C17 and R20 for the 500 Hz position; FET's Q6 and Q10 switch in R15 and
C16 (working with R20) for the 50 Hz bandwidth; and lastly Q9 switches in
CI5 to work with R17 and R20 for a 10 Hz bandwidth. Resistors R18 and RI9
serve to pre-charge .CI5 and C16 respectively so as to minimize the disturbance
to the loop when switching bandwidths. The components associated with pin 3 of
A6 are used to balance the impedances on the non-inverting input with those on
the inverting side (as a function of bandwidth).
5. Summing Amplifier
The output signal of the loop filter passes thru a XI summing amplifier
(A7) where it is combined with the offset generated by the 10-turn (front panel)
fine tuning potentiometer. This pot is used to compensate for error and drifts
in the receiver and transmitter crystals and thus assist in PLL acquisition. The
signal path then goes thru a short time constant RC filter (R26 and C21) and then
to the VCO. Switching FET Q12 allows the signal to the VCO input to be grounded
when the ADF is functioning in the normal (non-PLL) mode. Q13 is used to shut
down the CA3030 limiter (on the Scope Power Supply board) when the unit is in the
PLL mode opening and thus removing bias current from the differential input stage
of the CA3030.
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"

6. Voltage Controlled Oscillator
The VCO (in a shielded housing on the PLL board) is comprised of two
voltage controlled crystal oscillators operating between 10 and 11 MHz. Their
difference frequency is at413.64 KHz and is extracted with a dual gate field
effect transistor and LC tank circuit. The transfer function of the VCO is
"

approximately +2.5 KHz deviation for +7 volts at its input.
The output of the VCO also drives the third mixers in the 3-channel
receiver to produce the third conversion (from 455 KHz to 41.4 KHz).
The previous paragraphs complete the description of the main PLL circuit.
An explanation of the correlation detector and sweep reconstruction circuits will
now be provided.
7. Frequency Doubler and Divider Circuits

■

The signal from the VCO returns to El, the input of Ql, a FET whose
output circuit is tuned to about 827 KHz. This frequency doubling is necessary
so that the divided down reference signal (at 41.4 KHz) can have quadrature
outputs. This division is accomplished in A2 (a divide by 10 CMOS IC) and then
in A3 (a dual flip-flop) producing a quadrature divide by 2 output (i.e. a 4 phase output). The reference outputs drive the main and quadrature phase de
tectors, the correlation detectors and the sweep reconstruction circuits.
8. Correlation Detectors
A correlation detector (or phase sensitive demodulator) is used to
extract a signal (coherent to a reference) from background noise. The output
of the circuit develops a plus or minus DC voltage in proportion to the average
value of the rectified input. The polarity is determined as a function of the
in phase or out of phase nature of the signal with respect to the reference. In
this circuit A8 (a CMOS analog switch) serves both the X and Y channels as a half
wave rectifier with the quadrature negative reference drive signals into pins

r
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6 and 13 and the quadrature positive reference drive at pins 5 and 12. Ampli
fiers A9 and A10 (LM301A) provide the filtering for the X and Y channels re
spectively. Since the X and Y channel electronics are identical from here to
the output, only the X set wilT be discussed. When FET's Q14 and Q15 are switched
"off" the detector (A8 / A9) is operating at a 500 Hz bandwidth (as provided
by C26 and R35). In the 50 Hz bandwidth position, Ql4 is switched on and C25
narrows the noise bandwidth to this value, and in the 10 Hz position C28 is
switched into the circuit by Q15. (The Y channel detector operates in the same
fashion).
9. Sweep Reconstruction
To display a line on the CRT the DC output of the phase detector is
first brought to zero and then thru an RC delay it is allowed to rise towards
about one third of its final value. This is accomplished (on the X channel) with
R39, R40, C34, and All (which performs a shunt switching action across C34). The
switch is driven from the negative quad, reference signal (41.4 KHz) so that the
output is held to zero for half the cycle (and then when the switch opens) allowed
to charge for the next half cycle. All also serves as a single pole double throw
switch to select between the IF signal and the reconstructed signal depending on
whether the unit is in the normal mode or the PLL mode of operation.
10. Buffer Amplifier
Non-inverting amplifier A13 (an LM311) is set for a gain of x 4.7
and will amplify the selected signal from All by this amount. The X output goes
to pin 13 of the output connector while the Y output is on pin 9. From here the
signals go to the deflection amplifiers on the Scope Power Supply board. Tran
sistors Q20 and Q21 with their associated components produce a voltage (pin 11)
equal to the absolute value of whichever output has a greater magnitude. This
is used for the S - meter circuit.
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5.0 MAINTENANCE
5.1 ROUTINE MAINTENANCE
The ADF and low profile antenna system require little in the way of pre
ventive maintenance. The primary consideration is to treat the system in a
manner consistent with that required by any precision electronic equipment. In
storing and use, it should not, if avoidable, be exposed to temperature extremes
or excessive dampness. .
From time to time it may be desirable to verify that the unit is operating
properly. The simplest way to check the unit is by turning it on and setting the
frequency to a known RF source. Then rotate antenna and verify a corresponding
rotation of the directional display. If the signal source used is a signal
generator into a short vertical whip antenna then the test may be conducted down
to threshold levels.
If a malfunction is suspected then a more detailed set of tests should be
conducted as follows:
1.

Cable

Inspection

i

The majority of malfunctions are due to cable connection failures.
Therefore, if there is any doubt regarding performance, all cables should be
carefully inspected for damage to the wires or connectors. The next step should
be to ring out the cable lines for possible opens, shorts, or leakage.
2. Power Consumption
Another simple test is to measure the units DC input current. This
can easily be done with series ammeter having at least a 3 ampere range and a
0.1 ampere (or better) resolution. When the ADF is first switched on, the drain
will be between 2.5 and 3 amperes, but after the crystal ovens come up to tem
perature (5 to 30 minutes) it will decrease to about 2.2 amperes. The unit will
operate at approximately the same current for input voltage of from 12 to 28 volts,

r
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3. Frequency Accuracy
Occasionally it will be desirable to verify the frequency accuracy
of the unit. This should of course be done after the thirty minute warm-up
period. A stable RF signal generator and a frequency counter are required. In
jection into the receiver may be radiated or direct. If it is direct, be sure
to use a relatively low level signal (about 100 uV) to avoid tuning uncertainly
due to the AGC circuit. Frequency accuracy should be checked at a few different
spots across the 40 to 50 MHz band. A minor error can be noted (as a correction)
but a large error (10's of KHz or more) indicates a problem with the frequency
synthesizer or one of the other local oscillators.
4. Receiver Sensitivity
Another good check which can easily be made is receiver sensitivity.
This can be done by using a signal splitter to inject the output of a signal
generator into the Z channel (sense) and the X and/or Y channels.
When going directly into the receiver, a lock threshold of about 0.1
uV should be expected. By keeping the Z channel connected and alternating X
and Y combinations, it should be possible to obtain a horizontal, vertical, or
45° pointer at a variety of signal levels.
5.Antenna Sensitivity
If the antenna system is now connected (with its protective cover
removed), the loop test fixture may be used to verify the overall sensitivity.
The details of the test proceudre and expected sensitivities are in section 3
and unit test data.
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5.2 ALIGNMENT
The procedure for alignment is presented in the order that is most
appropriate during manufacture. It is very unlikely that re-alignment will
be necessary after the initial factory completion. There are some failures
however, which would require a partial re-alignment. Before attempting any
alignment procedures, make absolutely certain that they are necessary, since
once begun a high degree of completion may be required in order to restore
operation. It is also essential that all necessary test equipment is on hand
before any alignment is begun. Several pieces of test equipment are essential
for almost all of the alignment procedures. These include a dual trace oscillo
scope (50 MHz bandwidth), a stable RF signal generator covering at least 455
KHz to 50 MHz, a low frequency signal source for 40 - 45 KHz, a digital voltmeter,
a general purpose multimeter, a power supply adjustable from 9 volts to 30 volts
(DC) with 3 ampere capacity and a frequency counter that can operate at greater
than 60 MHz.
In addition, some of the wideband amplifiers in the frequency synthesizer
and the antenna preamplifiers require a sweep generator for proper alignment. A
spectrum analyzer is highly useful in checking the output of the frequency
synthesizer, for spurious signals.
Please note that during manufacture all subsystems are bench tested before
assembly and this provides the easiest opprotunity for alignment with the sweep
generator.
1. Power Supplies and Regulators
Normally it is only necessary to verify the supply voltages. For
this purpose only a few test instruments are needed (a power supply, an ammeter
to measure ADF current, a digital voltmeter and a high voltage probe or meter
of +5% accuracy).
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_ . a) Set the power supply to 12 volts and connect the ammeter (3 to
5 ampere range) in series with the supply and ADF. .
b) The output of the preregulator should be +11.0 +0.1 volts. The
input current should be 2.0 to 3.0 amperes depending on the ambient

■

and oven temperatures.
c) At room temperature (20 to 25°C) the ovens will come up to temper
ature (50°C) within 15 minutes. Then, input current should measure
between 2.0 and 2.4 amperes.
d) Now slowly raise the input voltage to 28 volts while monitoring

■

input current and preregulator output voltage. (The preregulator
must be loaded by the ADF circuits to function properly - it needs
a 1.2 ampere minimum load.)
e) Input current should rise no more than 0.3 amperes as the voltage
is raised.

"

f) Preregulator output voltage should not increase beyond +12.0 volts
as the input is increased to +28 VDC.
g) The voltages on the scope power supply board are checked next.
Use caution as the high voltage AC and -1200 VDC supply can cause
_

~

an

unpleasant

shock.

h) Use a digital voltmeter to measure the +12 volt regulated supply
and the -20 volt supply as follows:
1. +12 volts on terminal 45 should be +11.8 to +12.1 volts
2. -12 volts on terminal 46 should be -11.8 to -21.1 volts
m 3. -20 volts on zener CR13 must be -19 to -23 volts
i) Using the appropriate meter check the +180 volts at the + end of
Cll (5uf 0 450V). It should be between +160 volts and +210 volts.

"
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A VOM of 10K ohm/volt sensitivity min. or DUM should be used.
j) Now carefully check the -1200 volt supply to verify that it is
between -1100 and -1300 volts,
k) With the gain control down (full CCW) turn the intensity about
half way up and center the spot with the horizontal and vertical
positioning control.
1) Check the focusing and then reduce the intensity to the minimum
usable level as a sharply focused bright spot can rapidly burn
the CRT phosphor. (R52, typically 10K ohms, is factory selected
to make sure that the intensity control can completely cut-off all
CRT brightness.)
2. Deflection System
a) Disconnect the two center conductors of the two coaxial cables

I

connected to the top of the ganged scope gain potentiometer (front
panel).
b) With the gain potentiometer set to maximum (full CW), connect a
40 KHz signal (at 0.5 volts RMS, or 1.4 volts P-P) to terminals
37 (vertical) and 36 (horizontal). In each case a full scale *
P-P deflection should be obtained on the CRT.
c) If necessary adjust the internal gain controls (R21 for vertical
and.R31 for horizontal) for full scale P-P deflection.
d) Now set the 40 KHz generator to 0.35 volts RMS (1.0 volts P-P)
and simultaneously connect it to terminals 36 and 37.
e) A narrow ellipse at 45° will appear. Adjust C14 for the narrowest
line.
f) Now connect the 40 KHz signal to terminal 41 (while still applying
it to 36 and 37).
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g) When terminal 42 is grounded one half of the displayed line
(or narrow ellipse) should disappear. It will look like a
pointer from the center of the screen to the circumference.
3. Frequency Synthesizer
The procedure discussed here is intended for re-alignment only.
The minimum required test equipment consists of a high impedance (10 megohm or
greater) DC voltmeter (12 volt range), a sensitive wideband high frequency scope
(such as a Tektronix 453 or 454 with X10 probes having less than 15pf of input
capacitance) and a frequency counter with greater than 61 MHz full sensitivity
deflection bandwidth.
NOTE: During manufacturing final assembly and checkout the synthesizer
is aligned, one subsystem at a time. Several sections must be set up with a
sweep generator and the entire unit is checked for spurious outputs on a spectrum
analyzer. We therefore suggest that only those controls specifically mentioned
in the following re-alignment procedure be even considered for re-adjustment.
a) Connect a DC voltmeter (+12 volt range) to FL9, (E22 of A2) with
the negative lead to the synthesizer housing. When the reading
is low (i.e., 0 to +2 volts) the synthesizer PLL is locked. When
it goes high (+9 to +12 volts) the loop is unlocked.
b) Switch the ADF on and check to see that the loop is locked by
O.to +2 volts DC level at FL9.
c) Allow 15 to 30 minutes for warm-up.
d) While waiting use the DC voltmeter to check the power supply outputs.
e) Measure from FL1 to ground a voltage of +11 to +12 volts.
f) At FL2 the meter should indicate a voltage of +7.2 to +8.8 volts.
g) At FL3 verify a voltage of +4.5 to +5.5 volts.
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h) Now connect the oscilloscope (X10 probe) and counter (50 ohm load)
to the output at E5, E7 or E9 of A3. The output level should be
from 2 to 4 volts P-P and the frequency must be 10.7 MHz greater
than that indicated on the frequency selection switches. For
example if the setting is 40.000 MHz the frequency counter must
read 50.700 MHz + 300 Hz.
i) Next change the dial settings in 1 MHz steps all the way to 49.000
MHz (where the counter must read 59.700 MHz). At each step check
the L0 output level and frequency as in (C). As each change is
made the loop will momentarily loose lock and then recover.
j) Repeat for a setting of 49.999 MHz, (the highest receivable frequency)
k) Connect the oscilloscope and frequency counter to E3, E5 or E7
(both with X10 probes) and check for a sinewave of 1 to 3 volts
P-P at a frequency of 11.155 MHz + 50 Hz.
1) Up to this point the alignment has consisted entirely of verification
proceedures. If items (a) through (k) are successfully completed
no further alignment is required. If not remove both covers and
proceed after tuning the ADF on and allowing the crystal ovens
time to come back up to operating temperature.
m) Connect a high impedance meter (10 volt range) to FL4 (El of A3)
with the negative lead to ground.
n) Now dial thru the frequency switches from 40.000 to 49.999 (1 MHz
steps) while observing the DC level (at each step) on FL4. It
should increase smoothly with the low frequency end between +2.0
and +4.0 volts and the high frequency end between +6.0 and +7.5
volts.
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o) If these bounds are exceeded carefully adjust Ll of A3 for the best
compromise.
p) Now verify outputs on El and E4 of A5 over the full frequency range
(1 MHz steps). Sync on E4 which must have 1 to 3 volts P-P over
the band. While syncing on E4 check El on the other trace for
10 to 20 millivolts P-P. (Be sure to use the low capacitance
XI0 scope probes.)
q) Now kill the signal by shorting El of A3 to ground with a short
lead. There should now be no outputs at E4.
r) With a XI0 probe on C6 of A6 check for oscillation of the 36 MHz
oscillator. Adjust L2 if necessary.
s) Connect counter to scope vertical output or feed it with the XI0
probe (from C6 of A6). Adjust L2 for 36.000 MHz + 100 Hz.
t) Disconnect from C6 and connect scope through XI0 probe to C9 on A7.
At this point the 36 MHz mixer feedthrough can be seen. Adjust Ll
to null it.
u) Now remove the short from El of A4 and observe the difference
frequency on C9 of A7. As the selection switches are dialed through
(in 1 MHz steps) the difference frequency will go -rom 14.7 MHz to
24.7 MHz.
v) Connect scope probe to E4 of A7 and verify prescaler operation,
w) The final frequency adjustment on the synthesizer cannot be made
until the 30 minute warm-up is complete. Verify this before
proceeding.
x) Connect counter to E5 and set frequency selection switches to 45.000
MHz. Now adjust C21 of A2 for a counter reading of 55.700 MHz +
100 Hz.
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y) Now dial through in 1 MHz steps and check the frequency at each
step. It should be 10.700 MHz greater than the dial setting to
an accuracy of + 300 Hz.
z) The synthesizer should now be reclosed and after suitable warm-up
rechecked as in (y).
4. Garbage Board
The garbage board is the "catch all" for the miscellaneous circuit
functions of the ADF system. This board is common to all direction finders and
therefore has provision for circuitry which is not used in this system. The
functions that are used are as follows:
1) 9 volt regulator
2) Audio amplifier
. 3) Blanking phase shift amplifier
4) Beat frequency oscillator
5) Meter amplifier circuit
Alignment procedure or test, for each of these functions is as follows:
1) 9 volt regulator
The output of the 9 volt regulator appears on PINS 5,6,7,9,10 and
17 of connector P3. An RC decoupling circuit is between these outputs and the
regulator so that measurement of the regulator (integrated circuit Al) voltage
should be made on the buss common to the regulator end of all the 33 ohm resistors
(RI, R2, R3, R4, R6). This voltage is factory set to 8.9 volts + 0.3 volts.
The setting is made by padding either R7 or R8 (both are 2K-2). Readjusting this
voltage should not be necessary unless a component has failed.
2) Audio amplifier
There is no alignment or adjustments associates with the audio
amplifier (A2 LM380N).
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3) Blanking Phase Shift Amplifier
There is no alignment or adjustments associated with the phase
„ s h i f t a m p l i f i e r.
4) Beat Frequency Oscillator
Two adjustments are made in aligning the beat frequency oscillator
(BFO). Proceed as follows:
a) With ADF on turn on BFO switch (applies B+, 12V, to BFO circuit)
• b ) M o n i t o r p i n 1 0 o f P I w i t h o s c i l l o s c o p e a n d c o u n t e r.
c) Adjust C24 (50 pf to 150 pf padder) to obtain a frequency of
456.5 KHz to 457 KHz
d) If amplitude of output differs by more than +20% of 1 volt
peak to peak, remove R24 (TBD value typically IK) and sub
stitute next higher or lower value.
e) Recheck frequency
NOTE: A low capacitance probe for both counter and scope should be
used as BFO's output impedance is high (10K ohm).
5) Meter Amplifier Circuit •
No adjustments are provides on the meter circuit.
5. Receiver
To completely align the receiver board (as described here) it is
necessary to have all previously described subsystems working. A digital volt
meter, oscilloscope, RF generator, counter, and VOM are needed.
a) Switch on the ADF so as to apply power to the receiver board.
No warm-up period is required to begin the alignment.
b) Inject a signal of 0.1 volts RMS at 41.40 KHz on the lower gate
of the last mixer (Gl of Q5 or Q25, depending on the channel
being aligned).
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c) Connect a scope probe on the output (E10, E33 or E52) and tune
L6, L16 or L26 for a maximum signal. All three channels should
be tuned as identically as possible.
d) Adjust the front panel phase control to the center of its range.
e) Connect an oscilloscope to the 455 KHz output (complementary
emitter followers) and a voltmeter (.5 to 1 VDC range) to the
buffered AGC line (Q4 or Q14 as needed). (The X-Y AGC's are
jumpered.)
f) Set off six AGC pots to their approximate centers (R6, R46, R86
and R15, R55 and R95).
g) Next set the frequency selection switches to 45 MHz and using a
stable RF generator inject a signal into the input of the channel
being monitored. Adjust the level and tuning until an output is
obtained.
h) Start the tuning procedure at the 455 KHz output tank. Tune for
maximum AGC voltage while monitoring the scope for any signs of
distortion or saturation.
i) Now back down on the RF input level and tune the next stage forward.
j) Keep lowering the generator level and tuning the next forward
stage (for maximum AGC voltage) until the entire receiver channel
is tuned up. By the time the front end stages are peaked the
generator level should be reduced considerably (i.e. 10 to 100 uV).
k) Repeat this for the other two receiver channels.
1) To roughly set up the AGC's turn all six AGC pots to minimum and
proceed with one channel at a time.
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m) Monitor the buffered 455 KHz output with the scope and inject
an RF signal that produces an output of 4 volts P-P. Turn
the AGC pot on the 2nd mixer (i.e. the 10.7 to 455 KHz mixer)
up until the output is reduced to 2 volts P-P.
n) Continue to increase the RF input level while using a DVM to
monitor the negative voltage on the wiper of the mixer AGC pot.
When a voltage of -2.6 is reached turn up the AGC pot on the 10.7
MHz IF amplifier until this level is reduced to -2.4 volts.
o) Repeat this procedure for all three channels. (At this point
the final receiver tracking adjustments can be made.)
p) First the 41.4 KHz output level control (R34, R74 and R114)
must be set. Feed a large enough input signal into the
receiver to obtain a maximum output on the 455 KHz IF (clean
signal of about 3 to 4 volts P-P).
q) Now adjust the appropriate output pot for an undistorted 3 volt
P-P output from the last IF (at 41.4 KHz).
r) Using a signal splitter feed equal RF signals into the X and Y
channels. Set the input level for the smallest signal that will
produce a good full length display with the gain almost full open,
s) Make a small adjustment (if needed) in the phasing control to
close the ellipse to a line. Then adjust either the X or Y
output level pots (R74 or R114) to obtain a 45° angle.
t) Increase the input level and reduce the gain to avoid, overdeflection. At a level of 10 to 200 uV the mixer AGC pots are
adjusted to restore the line to 45°.
u) At higher levels (i.e. 500 uV to 100 mV) the 10.7 MHz IF AGC
pots are used to restore a 45° display.
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v) Iterate steps (r) through (u) as needed in order to obtain
optimum AGC tracking.
6) Phase Lock Loop Board
To set up the PLL board a digital voltmeter, oscilloscope and
frequency counter are needed.
a) First check the +12 volt regulated supply. Each output should be
■ between 11.8 and 12.1 volts.
b) Check the +7 volt supply which is developed on the PLL board.
The positive half should be within +0 to "2 volts of +7.00 volts.
c) Use R68 to adjust the -7 volt supply to be equal (and opposite)
to the positive half to as great a precision as possible.
(Certainly to within +10 millivolts).
d) The VCO must be checked next. Connect the DVM to the VCO input
and the scope and counter to the output at CI5.
e) Now switch the ADF to reset and the bandwidth switch to normal.
The input should be at 0.00 volts and the output frequency must
be at 413.64 KHz +50 Hz. Adjust Tl to peak the output amplitude.
f) Now switch the bandwidth to the.500 Hz position (but keep the
loop reset). Using the fine tuning pot on the front panel set
the VCO input voltage to +7.00 volts. The output frequency should
increase 2 to 3 KHz.
g) Re-adjust the fine tuning pot for a -7.0 volt VCO input and check
for a frequency decrease of 2 to 3 KHz.
h) Make sure the full limit of the fine tuning pot (approximately
+10 volts) does not stop the VCO from oscillating.
i) The output level of the last L0 buffer on the garage board, must
now be set for 2 to 3 volt P-P sinewave with R35. Check for a
replica of this signal on El of the PLL board.

-84-

j) Connect a X10 probe (< 15 pf) to the output of Ql (i.e. on Ll)
and adjust C4 for the best frequency doubler operation.
k) In order to continue it is necessary to allow for a 15 to 30 minute
warm-up.
1) While waiting, check that a proper receiver/CRT display can be
■ obtained and touch up the front panel phasing and blanking controls.
m) With no signal input into the receiver connect a XI0 scope probe
to the output of the limiter (pin 7 of Al) and adjust RI for trace
symmetry about zero while AC coupled to the oscilloscope. (This
means that the trace doesn't shift when, the oscilloscope coupling
is switched from AC to DC.) Now verify limiting with a small input
signal (i.e. luV).
n) Now switch the loop to reset and the meter switch to tune. Adjust
R64 to center the meter.
o) Check for lock up by tuning the RF generator for a display in
the mormal mode (5 KHz bandwidth). Then switch the bandwidth switch
to 500 Hz and the loop switch to OPERATE. If it doesn't snap into
lock reset the loop and fine tune until a partial display is seen.
Then switch back to the OPERATE position to lock up.
p) The next step is to balance the loop drift. Remove the input signal
and switch the meter to tune. Switch the loop to the RESET position
(for 5 seconds). Then switch to OPERATE and observe the meter drift
(500 Hz bandwidth). Alternate this process while gently adjusting
R68 to cancel all drift.
q) Check the unit in narrower bandwidth positions by first locking up
in the 500 Hz position as described in (o). Then lower the generator
level until lock is barely maintained. Switch to the 50 Hz position.
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The unit should recover quickly with a very strong lock. (On units
having a 10 Hz bandwidth position repeat this same process again.)
r) To align the sweep reconstruction circuits first adjust R42, R43,
R44, R47 and R48 to their approximate centers.
s) Remove all input RF signals and connect a scope probe to the X
output (pin 6 of A13 or pin 13 of P3) while syncing the scope to
the 41.4 KHz reference. Set scope to display two cycles,
t) Adjust the offset, R43 to produce a minimum discontinuity at the
leading edge of the charge cycle. (Correlators are operating
on the noise.)
u) Now adjust R47 for the best vertical symmetry.
v) When this is complete, connect the probe to the Y output (pin 6 of
A14 or pin 9 of P3) and repeat steps (t) and (u) with R44 and R48
respectively,
•w) Switch the ADF to normal and inject equal signals (at a 100 uV level)
into all three receiver inputs. Adjust the phasing and blanking for
the best display which should be at 45°.
x) Now switch to the 500 Hz position and adjust the gain for the best
display. R42 (the gain balance control) is then adjusted to re
store the pointer to 45°.
y) The unit may now be checked at lower input levels and narrower
bandwidths. (Be sure the generator is sufficiently stable and
non-microphonic.) A separate attenuator is useful if the generator
is microphonic.
7) Overall Testing and Touch-Up
The basic alignment of the ADF receiver/display unit is now complete.
Should the performance be less than expected it may be necessary to go back over
some of the alignment procedures. Pay particular attention to receiver tuning
and X-Y AGC tracking.
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8) Antenna Preamplifiers
The antenna preamplifiers should be tuned with a sweep generator.
a) Apply +12 VDC to their power input and connect the sweeper
signal to the input gate of the first cascode amplifier. Since
the Input has a high impedance, use a 10 db pad (or artificial
50 ohm termination) directly at the gate.
b) The diode detector should be connected to the circuit output.
c) Tune Ll, L2 and L3 for the flatest output (+1 db maximum) from
40 to 50 MHz with sharp shirts on either side of the bandpass.
d) Check the gain and maximum output. The source resistor pads
are used to equalize these from unit to unit. Mismatched gain
should be about 30 db and the maximum output level as high as
0.5 volts RMS.
9) Antenna Varactor Control Circuits
-

This set of adjustments are the last ones to be made and required
an RF generator and DVM.
a) The antenna system should be connected to the ADF (which must
be out of its case).
b) Remove the synthesizer cover which houses section IX so that the
thirty adjustment pots are exposed. These go from Rll to R40

-

and are in the order ofZ, Y, X, Z, Y, X,
c) Set the frequency synthesizer for 40.500 MHz.
d) With a DVM on the Z channel AGC line (and proper sense antenna
connected), set up an RF generator, radiating through a short

•

whip antenna, to this frequency.
e) Set the level for about a 30% S-meter deflection.
f) Now adjust Rll for a maximum voltage on its AGC line.
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g) Next rotate the antenna assembly for maximum Y signal and adjust
R12 for a maximum S-meter indication.
h) Rotate the antenna for maximum X signal and then adjust R13 for
the highest reading.
i) Now set the synthesizer to 41.500 MHz and repeat the above pro
cedure with R14, R15 and R16.
j) Continue in this manner until the last frequency of 49.500 MHz
is set and R38, R39 and R40 have been adjusted.
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5.3 TROUBLE SHOOTING AND REPAIR
The essence of efficient trouble shooting is to isolate the problem; first
down to the system; then to the subsystem; and eventually to the specific fault.
Work on the assumption that the.unit was working properly until a fault occured.
This means that turning slugs and adjusting pots is generally a poor idea as it
will necessitate additional work later on. Only a few failures will actually re
quire some realignment.
Since this is a new type of unit, a list of documented failures is not
available but a description of failure symptoms and the subsystems they relate
to can be given.
1. Primary Failure Isolation
The most fundamental isolation to make is whether the fault is in the ADF
or the signal source. Frequently the answer is obvious, but sometimes it requires
a second signal on a different frequency to make this determination.
The second step in isolation is to determine if the failure is in the
receiver/display unit, in the antenna system or in the inter-connecting cables.
In the ADF-210 (for example) the majority of failures are in the cables. (Please
remember that if one of three coaxial cables is shortened the other two must be
shortened equally.) The best method to determine if the problem is in the receiver/
display unit is to run a signal through an appropriate splitter and then directly
into the receiver inputs. Cables can of course be checked for opens and short's
with an ohmmeter. Antenna problems are somewhat difficult to diagnose. They '
would generally manifest themselves as poor sensitivity, large bearing errors or
as an apparent mistuning over some or all of the frequency band. After the primary
failure determination a symptomatic isolation is helpful.
2. Blows Fuses or Converter Won't Start
Either of these symptoms indicate a preregulator or power supply problem.
Connect an ammeter (5 ampere range) in series with an input supply of 12 to 28
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VDC, observing the correct polarity (plus to white and minus to black). Switch
the unit on and note the peak current surge. If the fuse blows at once, or if
the current is below 1 ampere the fault is probably in the preregulator. Pay
attention to whether or not the current increases more than about 1/2 ampere
as the input voltage is varied from 12 to 28 volts. If it does, there is a
problem with the preregulator. (It should be reasonably constant with input
voltage.)
If the fuse doesn't blow and the current seems normal, note if an audible
(4 KHz) converter whistle is heard. If it is not, there could be a short in any
of the rectifier diodes at its output, a transformer interwinding short, blown
transistor or an open in the converter circuit. These are some of the more common
failures, but others are possible, such as power supply shorts.
3. Poor Audio
If the audio problem is coupled with display or tuning difficulties
those sections should be considered first. Failures limited to the audio system
could be the speaker and its wiring, the LM380 (audio amplifier) on the garbage
board, the Z-channel receiver strip (including the AM/AGC detector), the volume
control or associated wiring.
4. Incorrect Meter Response
The front panel meter has two modes of operation. One is as a signal
strength meter and the other is as a zero centered tuning meter. If it appears
to be inoperative in both positions, the difficulty is either in the + 12. volt
supply or in the meter or its wiring. Most frequently however, a meter error
would be concurrent with other difficulties. Incorrect meter response in the
S-meter position could be indicative of a problem in the X or Y receiver channels
or in the PLL correlation detectors. Problems in the tune position could be an
indication of a fault in the phaselock loop itself. Check to see if the meter
centers when it is in the tune position and the loop control it set to reset.
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(It should.)
5. Poor Display
Many different display problems are possible. They can involve the
deflection amplifiers, the correlation detectors, the PLL, the receivers or of
course the power supplies. Before going further, narrow down the conditions of
failure. For example:
a) Is the antenna system involved? (Try a signal directly into the ADF.)
b) Does it occur in all bandwidth positions? (This can separate PLL
board problems.)
c) Is one axis completely out? (Probably a deflection amplifier.)
d) Is there a spot of sufficient intensity? (If not it could be a
difficulty with the -1200 volt supply, the +180 volt supply, the
CRT or its filament supply, or the CRT itself.)
e) Can the spot be centered? (If not there may be a deflection amplifier
or power supply failure.)
f) Is there blanking in the normal mode? (If not check the sense antenna,
the Z channel receiver, the blanking phase circuit and the sense
channel limiter.)
g) Does the PLL lock up when it should? (Check as in f above.)
■

h) Does the trouble exist on more than one frequency? (It could be
a tuning or interference problem if it is only on a single frequency.)
6 . Tu n i n g D i f fi c u l t i e s
These are almost invariably due to a fault with one of the local os
cillators. The frequency synthesizer provides the first L0 (50.7 to 60.7 MHz)
and also houses the second L0 at 11.155 MHz. The third L0 in PLL units is of
course the VCO at 413.64 KHz + 2.5 KHz. A loss of signal on all three receiver
channels or a small tuning error could be due to a fault in any of the local os-
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cillators, but a very significant tuning difficulty would probably be caused
by the frequency synthesizer. This will be discussed separately.
There are of course another set of tuning problems related to the
fine tuning of the phaselock loop. These will be covered under a separate
subheading.
7. Frequency Synthesizer
Several different types of failure symptoms are possible. Some of these
are:
a) It is off frequency but stable. This could be caused by a fault
in either the reference oscillator, the offset oscillator or pos
sibly in the prescaler and divide by N counter.
b) If the synthesizer operates properly but only over part of its
range. This is likely to be caused by a fault in its VCO (50.7
to 60.7 MHz), a fault in the phase detector or a drop in the +8
volt supply.
c) If the synthesizer operates but certain digits do not function the
fault is likely to be in the programming switch, the counter stage
or the wiring between them.
d) An unstable output frequency would be caused by either severe underdamping (loop oscillation) or a loss of phaselock. Look first for
a loss of continuity between stages or a lifted component lead but
almost anything is possible here. (It may be necessary to check
each stage for proper operation.)
e) A weak third L0 signal or a loss of it would mean a fault in the
VCO, its amplifier or the power supply.
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8. Phase Lock Loop
The primary indicator of a fault on this section would be that the unit
works in normal mode but not in the narrower bandwidth positions. The problems
in this section are often difficult to diagnose. First determine if it is
locking up. If it is locking a display problem could be cause by the correlation
detector or the sweep'reconstruction circuits. If the PLL will not lock, first
check the +12 and +7 volt regulated power supplies. Then follow the signal path
from the Z channel receiver output, through the blanking phase circuit and into
(and out of) the PLL limiter. Check for the reference signal - it is derived from
the VCO, last LO buffer (on the garbage board) and the frequency doubler and
counter circuits. Probe the output of the phase detector, buffer and loop filter:
(integrator). Check for saturation on the integrator and summing amplifier.
Switch to reset and check the operation of the fine tuning pot (front panel).
These are some of the more likely possibilities.
9. Receiver
If the problem is traced down to the receiver, first check its power
voltages, AGC voltages and local oscillator signals. Remember it is a triple
conversion receiver. The first IF is at 10.7 MHz, the second is at 455 KHz and
the third is at 41.4 KHz. A receiver is usually very straight forward to trouble
shoot. (Use the schematic to work through it.)
10. Antenna System
The antenna system contains tuned antennas and high gain preamplifiers.
First check the power supply voltages and then check for the presence of a
varactor control voltage on each channel. The antenna tuning can be checked with
a grid dip meter. (The antenna tuning circuits are in the synthesizer assemply.)
To test the preamplifiers, disconnect the antenna and inject an RF signal. They
should have over 30 db of gain from 40 to 50 MHz.
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