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BLS- 3 Balloon Locating System

1. INTRODUCTION

This report serves a dual function ; it describes the BLS-3 VOR balloon locat-
ing system (see Figure 1) and it also serves as a user ’s manual.

1.1 VHF Omnirange Concepts and Theory 
$

The VHF Omnidirectional Range (VOR) system is a network of ground trans-
mitters operated and maintained by the FAA for aircraft navigation across the
United States. It Is widely used by all types of commercial and military aircraft . 

$

At present there are approximately 1200 VOR stations across the United States
operating on 100 channels (soon to be expanded to 200 channels) in the 108- to
118-MHz frequency band . Each station is assigned a carrier frequency within this $

band. Several stations transmit on the same frequency at different geographical
locations . These co-channel stations are separated by a distance sufficient to pre-
vent RF interference with each other. The radiation pattern of each station is an
omnidirectional, horizontally polarized, vertical cone which can be received
within line-of-sight. Our experience has shown that on high altitude balloon flights $

good VOR sIgnals (10 ~iV or greater) can be received at distances of 250 miles or
more from a VOR station.

(Received for publication 12 AprIl 1977)
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Figure 1. BLS-3 Instrument

~e VOR stations provide navigational signals for VOR aircraft receivers
- L j a t  allow a navigator to determine the bearing angle of his position relative to the
VOR station being monitored. This bearing angle is created by the phase differ-
ence between two 30-Hz signals modulated on a VHF carrier. One of these signals
is called the 30-Hz reference signal. This constant-phase reference signal fre-
quency-modulates a 9960-Hz subcarrier with a deviation of ±480 Hz which, in turn,
amplitude-modulates the VOR carrier. The phase of the 30-Hz reference signal
is constant at all azimuths about the VOR station. The other signal is called the
30-Hz variable signal. The phase of this 30-Hz variable signal changes one elec-
trical degree with each azimuth degree around the VOR station. This variable
phase signal is produced by space-modulation of the radiated RF carrier. Space
modulation is usually accomplished by phasing antenna patterns .

The VOR receiver detects the variable signal as an amplitude-modulated
30-Hz signal. At magnetic North from a VOR station the 30-Hz reference and
variable signals are in phase. As one follows the radiation pattern clockwise
around the VOR station the 30-Hz variable signal lags the 30-Hz reference signal.
This phase difference is measured by the VOR receiver and is used to determine
the bearing angle from the aircraft to the VOR station or, in our case, the balloon
to the VOR station. 

$
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in addit ion to ,  the nav iga t ion  si gn als , Voli s ta t ions  also broadcast  voice and
$ ~\lorse code. These signals , l ike  the  3 0 — l i z  va r iab le  igna l , a ll i p l i t u d e — m o o du l a t e

the carr ier  and are used for  st a t i o n  iden t i f i e r s , w eat h er broadcast s , and Co f l l f l )U f l -

$ ication wi th  a i r c r a f t.  If tile reader desires o t ’ ’ o e  detai led in fo rma t ion , ii anv FAA
publications can be consulted .

2. Ii ~i . i .oo\-i lOR\ i-: ~UR i’iftu I ~~ )R O\ [PT

AFOL ’ s balloon t r ack ing  .s~ ste m , Bi .S— 3 , u t i l i z e - , VOll nav i gation 7i gnals f rom
two or more stations to  establish the geograph ica l  f I I o . -,i tion of it .~ free floati ng
balloons .

A s implified block diagram (If  a balloon-borne VOR navi gation i n s t r u m e n t  is
shown in Figure 2 . Before a balloon flight , the ins t rument  is programmed for

I
eight different  VOR frequencies  corresponding to ei ght or more s ta t ions  located in
the general vic ini ty  of the projected flight path of the balloon. Upon command from
the ground control station or by i ts  own in te rna l  t imer , the balloon-borne instru-
ment receives the VOR signals , measures the beari ng angles from the balloon to

the VOR stations , digi t izes  these angles , and t ransmi ts  the digi t ized data back to $

the ground moni tor  stat ion.  On the ground the data is decoded and used to plot or
calculate the balloon position.

I I  I I  -

HR IV H~~~~S~ R 0DE

~~~HL~~
MTR

/
/

\
\ /

IVOR STATION
TRANSMISSIONS BEARING TRANSMISSIONS

TO
TRACKI4G STATION

Figure 2. Simplified Block Diagram of a Balloon-Borne
VOR Instrument
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2. 1 Pr .—I Ii~iht ~ t &IIIOi i  “ .~Ie, IioII

Selecting VOR stat ion s for t racking a free balloon is an important considera-
tion . This selectio n should be based on the trajectory forecast just  prio r to flight.
The key to .~electi ng the best stat ions is always to keep this t rajectory in mi nd as

an overall picture . VO R stat ions must be selected along this trajectory to provide
adeq uate tracking co%’era~ e throughout the entire flight.

$ 
The firs t step in the selection process is to plot the forecast trajectory on a

map. Ae ronautical charts a. e the best maps to use because they show the locations
of VOR stations. Stations located both along this t rajectory and within 150 miles
to either side of it should then be noted as possible selections for use in flight.
The number of selec tions need not be limited to eight. In fact , all stations on the
map that appear usable along the trajectory should be noted . Some of these sta-
tions will be eliminated upon examining pertinent VOR station data such as limited
RF power output , any areas around a station where the VOR signal is unusable,
and the presence of other stations along the trajectory that radiate on the same
fr equ encies .

There are two good publications that contain pertinent data on VOR stations.
One of these is the IFR Supplement , which is a fl ight information book published
by the Defense Mapp ing Agency. It contains an alphabetical listing of all United $

Sta tes Aerodromes. Under each ~ erodron-j e is a section called Radio Aids to
Navigation where VOR station data is listed. This list includes the station ’s RF
carrier freq uency and those areas around the station , if any, where the VOR sig-
nal is unusable. The other publication is the FAA Master Radio Frequency List.
I t contains a listing of VOR stations sequenced according to their RF carrier fre-
quencies . The RF power of a station and a list of all other channels on the same
freq uencies as those selected can be derived from this listing.

A comprehensive list should now be made starting with the preselected VOR
stations and their co-channels. All the other pertinent data that was extracted
from the VOR publications mentioned above should then be entered next to all of
these VOR stations .

The next task is to select eigh t VOR frequencies from this list that will pro- $

vide the best coverage over the forecasted balloon trajectory.
As a general rule, stations with unusable areas in the path of the trajectory

or stations with less than 200-W output power should not be selected . However ,
data from the co-channels of these stations must be considered before eliminating
them. If there are a number of co-channels of a particular station that do not
have any of the same marginal characteristics, they may be usefu l at points
farther along the trajectory where more tracking coverage is needed. Therefore , $

the decision to select a frequency for flight must be a judgment based on how all

10 $
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the per t inent  VOR station data in te rac ts .  This  j u d g m e n t  is the most cr i t ical  on
long t rajectory fl ights .

$ The eight frequencies that result from this  selection process can now he pro-

grammed into the BLS-3 ins t rument .

2.2 PrograIIIIIIin~ 110’ B(.~’-3

Frequencies are programmed into the BLS-3 wi th  eight min ia tu re  dua l - i n - l i ne

switch packages , one for each channel . Each swi tch  package contains  10 minia ture

switches . These swi tches  are located beneath the hinged door on the  fr o n t  panel

of the ins t rument  (see Figure 3) . To program a L ~quencv , ~. to ta l  of four switches

must  be activated, two for the tenths  MFI z value and k~o for ~~~ uni ts  ?oJIIz value .
Table 1 is a coding of the switches that  must be activated to program a desired

frequency in to one channel of the BLS-3 inst rument .  To program 109 . (1 M l-I z , for

example, requires the activation of switches f i  and 10 and 1 and 3 .

J5 CH.8 CH.7 CH.6 CH.5

S 
, 

_______________________________________

RF~ N

’ / 1  I~I
CH.1 Cft .2 013 CH. 4

Figure 3. BLS-3 Front Panel Controls
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Table 1. BLS-3 Programming Table

Freq Switches Freq Switches $

(MHz) Activated (MHz) Activated

108 7 + 1 0  . 0 1 + 4  . $

109 6 + 1 0 .1 4 + 5
110 6 + 9  .2  3 + 5
i l l  9 + 1 0  .3 3 + 4

$ 112 8 + 1 0  . 4 2 + 4
$ 113 8 + 9  .5  2 + 3

114 7 + 9  .6  1 + 3
115 7 + 8  .7 1 + 2
116 6 + 8  .8 2 + 5
117 6 + 7  . 9 1 + 5

2.3 Balloon Position Plotting

Bearing information received from the BLS-3 at the ground tracking station is
$ copied as Morse code letters and translated into decimal angles using the code

dictionary shown in Figure 4. The code groups from each of the BLS-3 channels
contain a combination of four Morse code letters. The decimal equivalent of the
f i r s t  three letters in each group is the whole degree value of the bearing angle.
The fourth letter of each group will always be either an S or a D and represents
the addition of 0 deg or 0. 5 deg, respectively, to the whole degree value of the
bearing angle. For example, the decimal equivalent of the code R SKD is 133. 5
deg. $

Once all the bearing information has been converted into angles , the position
of the balloon can be plotted. These angles can be drawn on a map as radial lines
from VOR stations. This is best done on standard aeronautical charts that have
compass roses printed around all the VOR stations . Ideally, the radials will all
intersect at the same point on the map and this will be the position of the balloon;
however, this is seldom the case because of VOR system inaccuracies. What
normally results is a small triangle formed by the intersections of three radial
lines . The balloon position must then be fixed within this triangle. This fix should
be biased within the triangle towards the s tat ion(s)  with the least probability of
error relative to the present balloon position. VOR station errors increase the
farther they are from the balloon. They also increase if mountains between the
station and the balloon even partially block line-of-sight. Also, errors will
increase as the angle formed by two intersecting radials approaches 1800, even
though the bearing from each of the two stations involved is accurate.

12 
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Morse 
~ U B W D K G 0

SS 0 1 2 3 4 5 6 7
SU 8 9 10 11 12 13 14 15
SR 16 17 18 19 20 21 22 23
SW 24 25 26 27 28 2 9 30 31
SD 32 33 34 35 36 37 38 39
SK 40 41 42 4 3 44 45 46 47
SG 48 49 50 51 52 53 54 55
SO 56 57 58 59 60 61 62 63
ifS 64 65 66 67 68 69 70 71
UU 72 73 74 75 76 77 78 79
UR 80 81 82 83 84 85 86 87
tJW 88 89 90 91 92 93 94 95
UD 96 97 98 99 100 101 102 103
UK 104 105 106 107 108 109 110 111
UG 112 113 114 115 116 117 118 119
UO 120 121 122 123 124 125 126 127

ES 128 129 130 131 132 133 134 135
EU 136 137 138 139 140 141 142 143
ER 144 145 14 6 147 148 149 150 151
RW 152 153 154 155 156 157 158 159
RD 160 161 162 163 164 165 166 167
BK 168 169 170 171 172 173 174 175

176 177 178 179 180 181 182 183
RO 184 185 186 187 188 189 190 191
WS 192 193 194 195 196 197 198 199
W U 200 201 202 20 3 204 205 206 207
WE 208 209 210 2 11 2 12 213 2 14 215
WW 2 16 217 218 219 220 22 1 222 22 3
WD 224 225 22 6 22 7 228 22 9 230 231
WK 232 233 234 235 236 237 238 239
WG 240 241 242 243 244 245 246 247
WO 248 249 250 25 1 252 2 53 254 255

DS 256 257 2 58 25 9 260 2 61 262 263
DU 264 265 “6 267 268 269 270 271
DR 272 273 274 275 276 277 278 279
DW 280 281 282 283 284 285 286 287
DD 28 8 2 89 290 29 1 2 92 293 294 2 95
DK 296 297 298 299 300 301 302 303
DG 304 305 306 307 308 309 310 311
DO 312 313 314 315 316 317 318 319
KS 320 321 322 323 324 325 326 327
KU 328 329 330 331 332 333 334 335
KR 336 337 338 339 340 341 342 343
KW 344 345 346 347 348 349 350 351
KD 352 353 354 355 356 357 358 359

[ KK 360

Figure 4. Code Dictionary (Morse Code)
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A simpler and more accurate method of plotting balloon positions from VOR
bearing angles has recently been developed. A computer program has been 

$

written for the HP-98 10A programmable calculator which calculates the balloon
position from the VOR station coordinates and their bearing angles to the balloon.
These calculations are based on spherical geometry. Therefore , errors due to
the plotting of radials on a map and distortions in the projection of the map are
eliminated.

The program stores the coordinates of eight VOR stations. The coordinates
of every programmed station are corrected for the local magnetic variation
because all bearing angles are with respect to magnetic North. Any three of the
eight station bearings are used to calculate the balloon position. In this manner ,
the path of the balloon can be tracked over a long distance without changing the
program. The user can choose the station combinations which will generate the
optimum fix (90 0 crossings) . The calculator generates and prints the coordinates
of the combinations of three VOR stations. These fixes can be plotted on any map.

3. TEST RESULTS

One of the reasons behind the design of the BLS-3 instrument was to eliminate
dependence on other agencies for tracking support . Ther efore , test flights were
conducted to compare the BLS-3 with other proven tracking devices.

On a 48-hr flight conducted from Chico , Californ ia, 130 fixes from the BLS-3
were compared with those from an FAA transponder and a Radiosonde. Other than
two questionable fixes from the FAA transponder , the fixes from all three tracking
devices never differed by more than 3 miles . On two occasions, the FAA trans -
ponder fix differed from the BLS-3 by about 25 miles; however, on each occasion ,
a fix from the tracking aircraft confirmed the BLS-3.

It should be noted that Radiosonde fixes ended after about 6 hours because
line-of-sight to the balloon was lost. The BLS-3 is used in combination with an
HF transmitter so it does not depend on line-of-sight . In addition, the accuracy
of Radiosonde fixes decreases as the distance from the tracking station to the
balloon increases. Since the BLS-3 monitors VOB stations along the balloon tra-
jectory, the distance from the tracking station to the balloon has no effect on the
accuracy of fixes. This gives the BLS-3 a unique advantage over the Radiosonde
on long distance balloon flights.

The BLS-3 also demonstrated an advantage over the FAA transponder on this
flight. Transponder fixes are not always available on a regular basis because
FAA flight centers are often busy with normal air traffic control duties. The
BLS-3 fixes are received directly at the balloon tracking station on a regular
schedule.

14
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Three flights were conducted from Holloman AFB, N. M., to compare BLS-3

fixes with radar fixes . On two of these flights the balloon was skin tracked by

~ rhi te Sands Missile Range radar. One of these flights was flown for 23 hours ,
the other for 72 hours. During the 23-hr flight , over 100 BLS-3 fixes were taken.

Over 600 fixes were taken during the 72-hr flight. BLS-3 and radar fixes rarely

disagreed by more than 3 miles on both of these flights. Again , the BLS-3 demon-

strated its unique advantage when line-of-sight to the balloon was lost. Like the

R adiosonde, radar depends on line-of-sight.
On the third comparison flight , White Sands Missile Range provided a C-band

transponder and digital radar. Approximately 50 BLS-3 fixes were received and
compared with the radar fixes , resulting in differences of only 1 mile or less . It
should be noted that the balloon was always within line-of-sight on this flight.

- $ Since there are many flights of this nature, radar coverage alone would be more

$ 
than adequate for tracking. The objec tive of this test fligh t was to demonstrate
the accuracy of the BLS-3 instrument. This objective w as  met.

As a result of these tests , the BLS-3 is now cons idered an operationa l unit
and production models are presently under fabrication.

-I. TEC I I NIE \L DE SCRIP TION OF TIlE : 111.5.3

t i  General

The BLS-3 instrument takes advantage of the latest technological advances ,
expecially in the integrated circuits field. Wherever possible low power , high

noise immunity, complementary symmetry metal oxide semiconductor integrated
circuits (C-MOS) are utilized. The unit consists of three circuit boards and a
VOR receiver housed in a protective, shielded enclosure (see Figure 1). The
technical characteristics are given in Table 2 and the internal wiring diagram is
shown in Appendix A. The operating principles of the BLS-3 are described with
the aid of the block diagram of Figure 5. Before flight the unit is programmed $

for eight different VOR frequencies corresponding to eight or more VOR stations
located in the projected fligh t path of the balloon. The system is activated by
command or by its own timer (selectable for 7. 5-, 15-, or 30-mm intervals) .
Upon system activation the receiver detects the bearing signal from the VOR
ground station. The output of the receiver feeds the signal processing circuits
where the 30-Hz reference signal is detected by the 9960-Hz PLL (phase-locked
loop), filtered and phase locked to a 30-Hz PLL. The 30-Hz variable signal,
waich amplitude-modulates the carrier, is also filtered and phase locked to
another 30-Hz PLL.

15
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Table 2. TechnIcal Characteristics of BLS-3

Frequency range 108 to 118 MHz (100 kHz
increments)

Number of programmable 8
frequencies - 

-

$ Threshold sensitivity 5 MV to 1000 MV adjustable

RF input impedance 50 ohms

Bearing accuracy ±0. 25°

Bearing resolution 0. 50

Power requirements +12 V at 350 m.A average

Operating temperature -40°C to +55°C
range

Size l 3 x 6 x 5 . S i n .

Weight 8. 5 lb

L1~~~~~~ L~~~~~~~~~~J~~60 HZ PLL
Cs- h A FM DETECTOR

PR0GR~M _ r ~~
;-
~iFREQ. 

~~~~~~~~ ft!. ~I~~
R ,............JSIGNAL I

~~~~~~~~~~~~ DECISION
GATE

30 Hz Phi 30 It Pu. PHASE UNUSASLE
CHANNEL EN~~ 0ER SIGNAL
ELECT 30 Hz K 120 P INDICATOR

CLOCK

PHASE PULSE SAMPLING
GENERATOR GATE MORSE COOE

GENERATOR 
GAT E

TIM ER
XMTR

FIgure 5. Block Diagram of the BLS-3 Instrument
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It should be noted here that both 30-Hz signals are derived from the 60-Hz
power-line frequency at the VOR ground station; therefore, phase j i t ter  and small
variations of frequency can exist . The problem of phase j i t ter  on the 30-Hz vari-
able is even more pronounced because the signal is amplitude modulated with other
signals such as voice and the station ’s identifier code, which creates a number of
intermodulatt on products and distortion. By using phase-locked loops and filters
these problems are almost eliminated. In fact , laboratory bench tests indicate a
5 to 1 accuracy improvement when phase-locked loops are used as signal condi-
tioners instead of conventional fUtering.

The outputs of each 30-Hz PLL are used to set and reset a f l ip-flop which , in
turn , creates the phase difference between the two 30-Hz navi gation signals. The
output of the 30-Hz reference PLL is also used to synthesize  the 21 , 600-Hz
(720 X 30 Hz) phase measurement clock . This clock is in pha ,e with the 30-Hz
reference signal which is synchronized to the local power frequency at the VOR
station. Therefore, small variations cf the power-line frequency will  not intro-
duce any errors in the phase measurements. Because of th is  synchronization the
usual ±1-bit ambiguit y is also eliminated. The width of one phase pulse determines
how many clock pulses the phase encoder counts . Since the clock frequency is
30 X 720 Hz , the bearing resolution is 0. 5 deg.

The phase encoder feeds the code generator , which serializes the bit count
into an octal or Morse code, where dots correspond to binary 0’s and dashes to
binary l ’ s. Thc code is grouped into 3 bits per character and 4 characters per
word. One word represents the bearing angle from the VOR station to the balloon .
The decimal equivalent of the first 3 letters represents whole degrees , while the
last letter indicates the addition of either 0 deg or 0. 5 deg to the bearing angle.
The serialized output of the code generator modulates the on-board transmitter
which radiates the information to the ground station.

Af te r  the first  channel readout , the instrument automatically sequences
through the remaining channels , measuring bearing angles and transmitting the
data to the ground station.

When eight VOR fr equencies are programmed for a projected trajectory it
often occurs that some of the VOR station signals are not received throughout the
whole fligh t because of long distances from the balloon to the station. Only li ne-
of-sight signals can be received. Previously we assumed that good s ignals
existed for all programmed VOR stations; however, this condition will only exist
if the instrument receives a usable signal on all eight frequencies . A s ignal is
usable if the magnitude of the RF carrier is above a preset threshold and if both
30-Hz navi gation signals are present . This is an important criterion because this
frequency band, 108 MHz to 118 MHz , is also used to transmit landing-aid signals
for aircraft . The RF threshold level is usually set to 10 pV to establish a good
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signal-to-noise ratio. From a typical VOR station with 200 W of output power , the
s ignal strength is better than 10 p V at distances of 250 miles or more as long as
the balloon is within line-of-sight with the VOR station. If the received signal fails
to meet one or more of the above criteria, a decision gate overrides the code gen-
erator and a 2-sec dash is transmitted to the ground station indicating that a non-
usable signal exists.

In order to compute or plot a balloon position , at least two of the eight pro-
grammed channels mus t have a usable signal. With eight VOR frequencies , pro-
vided they are carefui ; ;hosen , i t is possible to track a free floating balloon any-
where in the continc- ~iited States.

$ 1.2 ~OR Becei%er

The VOR navigation receiver is model RNA -26C manufactured by Bendix
Corporation. (See Figures 6, 7, 8.)  It is powered by a 12- to 16-V dc/dc con-
verter located on the main chassis. (See Figure 9 . )  Only the RF and IF sections
are used in the BLS-3 . The receiver was slightly modified to eliminat e phase
shift in the 30-Hz variable signal with increasing RF input signal . Two 100 pf

$ capacitors were added to the .AGC circuit . (See Figure 7 .) The receiver employs
double conversion for good selectivity. Frequency selection is accomplished by
digital tuning of the varactors in the front end and simultaneously selecting two
crystal oscillators. There are 20 fixed frequency crystals in the unit . A 2 out of
5 code is used to select a particular crystal. In this manner the 1-MHz and the
100-k Hz increment oscillators are selected. The frequency selection process is
controlled by the programmable channel selector circuit board. If more informa-
tion about the VOR receiver is required , the RNA-26C manual should be consulted.

-1.3 Programmable Channel Selector Circuit Board

The BLS-3 programmable channel selector sequentially tunes the VOR receiver
to the frequencies programmed by the eight miniature DIP switch packages on the
circuit board, Each switch package contains 10 SPST switches. Programming of
these switches is described in Section 2. 2.

The circuit can operate in an automatic or manual mode. These two modes
are selected by a 10-position rotary switch (SlO) located on the front panel of the
instrument (see Figure 3). The two positions labeled OPERATE place the BLS-3

$ into the automatic mode. In this mode the unit sequentially steps through all eight
channels. The remau.. lg eight positions place the unit into the manual mode and
select the channel indicated.

The manual and automatic modes of operation are controlled by 1C12 and ICl4 .
These two IC’s contain eight , dual-input , AND/ OR select gates. One input of each

$ 18
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gate is connected to the MANUAL / OPERATE switch (Sb ). These are the eight
manual channel select lines. The other input of each gate is connected to the auto-
matic channel selector, IC13 , which sequentially selects the eight channels in the
BLS-3 . Each output of IC12 and ICl4 drives one of the diode matrices, IC1 through
1C8. The matrix pattern in each of these IC’s is formed by burning out the fusible
links to any unused diodes. Figure 10 shows the diode matrix program and
Figure 11 is a schematic of the programmable channel selector . The diodes in
these matrices that are used provide isolation for each of the programming
switches. Each actuated switch drives the corresponding output transistor into
saturation , which grounds its frequency-select line. A frequency is select ed

when two of the 1.0-MHz select lines and two of the 0. I -MHz select lines are
grounded.

In the automatic mode a logical “1” is placed on pin V of the circuit board.
This enables the automatic channel select lines of ICl3. At the start of the BLS-3
readout cycle, the phase encoder feeds a reset pulse to pin 10 which sets the auto-
matic channel selector, IC13, to channel I. The VOR receiver then tunes to the
frequency programmed on channel 1 and stays tuned until a phase measurement has
been made. After  the phase measurement, the phase encoder feeds a clock pulse
(channel shift) to pin 9 which causes the channel selector , IC 13, to advance to the
next channel. This sequence continues until all eight phase measurements have
been made. The programmable channel selector then waits for a new readout
cycle and the same sequence is repeated.

In the manual mode a logical “ 1” is placed on pin 11 of the circuit board. This
enables all manual channel select lines and also prevents channel switching by
inhibiting the clock to the channel selector, IC13. Each channel can be manually
selected with switch SlO . This feature simplifies pre-flight testing.

I. I Signal Processor Circui t  Board

The signal processor contains the 8-V regulator, IC63 , which supplies pow er

to all integrated circuits in the BLS-3. The 30-Hz reference signal detector ,
active filters and PLL s ignal conditioners for both 30-Hz signals , the phase pulse
generator, and the usable-unusable signal detector are also located on this circuit
board. Refer to the schematic diagram in Figure 12 for the following description
of the processor circuit board.

The composite navigation signal from the receiver feeds pin H of the signal
processing board. At  this point the composite signal is split into two separate
paths . The 9960-Hz signal is high passed by C56 and fed into the PLL FM detec-
tor , IC52 , where the 30-Hz reference signal is extracted. The output of 1C52 is
band passed by active filter , 1C59 , and squared by IC58. 1C58 feeds the PLL sig-
nal conditioner, 1C62 , where more filtering and phase ji t ter elimination occurs.
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The positive transition of the output of IC62 sets the phase pulse generator flip-
flop, ICGO , and also feeds the 21 . 600-kHz PLL clo ck generator on the phase
encoder board.

The 30- Hz variable signal from the receiver follows a s imilar  path. It feeds
two ac tive filters ICS3 and ICSB. Two filters are used because there is more dis-
tort ion on this signal. The output of IC5G is squared by 1C55 which feeds the PLL
signal condi t ioner , IC6 1 , where fu r ther fil t erin g and phase j i tte r eliminat ion t akes

place. The positive transition of the output of IC6l resets the phase pulse genera-
tor fl ip-flop, IC 60. The output of IC 6O is a pulse train generated by the set and
res et action of the reference and variable signals. The width of each output pulse
is the phase difference between the two 30-Hz signals. The phas e pulses (p in L)

feed the phase encoder board (pin 6) where the phase measurements are made .
The inputs (pins 3, 4 , 5) to the decision gate , 1C 57, de t ermine whe ther a VOR

signal is usable or unusable. A VOR signal is usable when all three inputs of 1C57
a re low. This causes pin K of the circuit board to switch to a logical “0’ indicating
a u sable signal to the phase encoder. If any input of IC57 is hi gh, an unusable sig-
nal indication is fed to the phase encoder. Input pins 3 and 4 of 1C57 are controlled
by the dual 30-Hz PLL detector , 1C54. The pin 5 input of IC57 is controlled by the
AGC vol t a ge comparator , 1C51. The outpu t pins 3 and 6 of 1C54 are only low when
both the reference and variable 30-Hz navigation signals are present.

The voltage comparator 1C51 compares the receiver AGC voltage against a
threshold voltage preset with potentiometer , R 87 . This potentiometer is usually
adjus ted for a receiver threshold sensitivity of lO-p V R’? input. As lon g as the
R F input t o t he rec eiver is above 10 ~V the out put of the volt age comparator st ays
low .

1.3 Phase Encoder Circuit Board

The phase encoder is the heart of the BLS-3 instrument. It generates the
read-out cycle intervals (selectable for 7 . 5, 15, or 30 m m ) , measures the phase 

$

dif fe rence between the two 30-Hz navigation signals , and converts the result of
each phase measurement into four 3 -bit Morse code letters. Binary l ’ s are
represented by dashes and bi nary 0’s by dots. The decimal equivalent of the first  

$

three letters represents whole degrees and the last letter indicates the addition of
either 0 or 0. 5 deg to the angle.

Refe r to the phase encoder schematic diagram (Figure 13). Two separate
voltages a re used to power this circuit board. A 12-V supply with  reverse polarity
protection powers the relay circuits , Ki , K2 , and K3. A regulated 8-V supply
feeds all intcgrated C-MOS circuits. The crystal oscillator, Yb , generates a
freq uency of 74. 565 kHz . This frequency is divided by two 14-stage binary coun -
ters , IC37 and 1C38. The Ql l , Ql2 , and Q13 outputs of IC38 generate the

22
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7 . 5- , 15- , and 30-mm timing intervals. One of these timing pulses is selected
by S9 and fed t o the clock input of fli p-flop 1C36. This flip-flop is reset by Qi of
1C38, 0. 44 sec after every t iming input from S9. The output of pin 6 of 1C32 stays
high for approximately I sec after every timing interval pulse. This creates a
1-sec alert dash via pin 5 of 1C24 and the relay closure of K3. At  the same time ,
the logical “ 1” on pin 6 of 1C32 sets the channel counter on the programming board
to channel 1 via pin H. It also resets 1C2 5 and IC29 which , in turn , resets 1C27 and
IC3O . After  one second the output on pin 6 of 1C32 switches to a logical “0 , ” which

$ 
allows IC25 to count the main clock pulses. Q5 of IC25 switches to a logical “1”
af t er a 1. 75-sec ( 16 X 109.8 msec) pause. This disables pin 10 of 1C25 inhibiting
the main clock pulses to IC25. It also enables pin 3 of 1C31 which starts the phase
measurement cycle.

The following is a description of a 180-deg phase measurement and its read-
out cycle. Refe r to the waveform diagram of Figure 14. Af te r  pin 3 of IC31 is
enabled , the next negative transition of the main clock switches ~i and Q2 of 1C3 5
to zero. This enables the reset lines of 1C22 and IC34. Then the next positive
transition of the phase pulse enables pin 10 of the NAND gate, 1C32 , because the

phase pulse and Ql of 1C34 are simultaneously high (fo r one phase pulse duration) .
Therefore , the NA ND gate (1C32-10) is enabled until 360 clock pulses from the
synthesized 21. 600-k Hz clock are passed through the gate and counted by the phase
counter, 1C22. The 21 . 600-kHz clock is synthesized f rom the 30-Hz reference
signal and multiplied by 720 in the PLL, 1C39, which creates a resolution of 0. 5
deg. The output waveform of 1C39 is shaped by 1C36 , resulting in a 5 percent duty
cycle of the clock pulses. By shaping the clock pulses in this manner , the phase
measurement quantization error is minimized, because the gate (IC32 -b 0) is only
enabled for the duration of the positive output of the clock pulses.

The phase counter , IC22 , stores a count of 360 (360 >< 0. 50 
= 180°) , which

sets outputs Q9 , Q7, Q6, and Q4 . ( The reset and the clock of 1C22 also feed the
BLS-3 test box counters via pins 7 and N. Therefore, the test box counters store
and display the same angle.)

The negative transition of the 17th main clock pulse starts the read-out cycle.
Reference should be made to the read-out cycle waveform diagram (Figure 15).
After  the phase measurement cycle has been complet ed, ~i of 1C35 swi t ches t he
channel counter, IC 13, on the programming board to channel 2. At  the same tim e
the Q2 outpu t of 1C26 is inverted by IC3l-l0 and triggers the flip-flop, IC29.

The out put , ~~ of 1C29 , enables the resets B of 1C30 , R i of 1C29 , and R b  and
R2 of 1C27. The content of the phas e counter, IC22 (which contains the number
360) and all other preset inputs are jammed into the shift-registers, rC2 1 and 1C2 3,
along with all other preset inputs. All 10 bits of IC22 are used to represent the
phase measurement value. The binary equivalent of 360 is 010 , 110, 100, 000, or

23 $
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2640 octal which translates into the Morse Code letters RODS. In order to keep a
uniform code , 2 bi ts are added to the last character.  However , bits 11 and 12 are
always 0.

The content of both shift-registers, 1C21 and 1C23 , is se riall y shifted out on
Q8 of 1C23. The most significant bit  is generated f irst . The Q8 output of 1C23
feeds the 31 inpu t of the flip-flop, 1C27 . Everyt ime a logical 1’ appears on
31 -1C27 the frequency into CL1 -1C27 is divided by 2 . However, when JI is 0 the
division is inhibited. The outputs Qi and Q2 o r 1C27 are “ NORED” together such
that a pulse of 3 times the duration of the Q2 outpu t pulse (a dot length) is generated
whenever a logical “1” appears on J i of 1C27 . In this manner , a binary 1 is rep-
resented by a dash and a binary 0 by a dot. The inverted output from pin 3 of 1C28
clocks the shift-registers,IC2l and 1C23 , and also the pulse counter , 1C30 . This
pulse counter s 1C30 , is used to generate a pause after every third bit and also to
sense the end of message pulse. After every third pulse, Ql and Q2 of 1C30 are
both “0’ which causes pin 11 to 1C28 to switch to “ 1. ’ Whenever the output on
Pin 11 of 1C28 is a “ 1” the code on pin 6 of 1C28 is inhibited. The preset inputs
P5 and P1 of 1C23 and PS of 1C21 , which determine the length of the pause, are
connected to “ I , ” therefore , these preset inputs also generate a pulse which is 3

$ 

times a dot length. The total duration of the pause between every 3 bits or charac-
ter is 5 times a dot length (a dash lengt h + 2 natural 0’s of the code wave form).
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The code output on pin 4 of 1C28 is inverted twice by 1C24. The output of

1C24 (p in 9) activates the key ing relay, K3. The keying outputs of K3 are only
ac tivated when 1(2 is energized. Relay 1(2 is energized as long as the “9” output
of IC 13, the channel counter , on the programming board is 0. The “ s) ” outp ut of

- 
1C13 stays low until 8 channel messages , a pause, and the phase measurement of
an apparent extra channel are comp leted, However , the receiver is not tuned to
any frequency on channel 9, therefore , the BLS-3 test box will indicate an unusable
signal for channel 9 (all 8’s). After  the phase measurement of the apparent extra
channel the “9” output of 1C13 switches to “1” which de-energizes relay 1(2 and ,
therefore, inhibits the code output of the channel. The transfer signal output (pin
E) of 1(2 is used when the BLS-3 code output is commutated with code outputs of

$ other devices.
The counte r, 1C30 , counts the number of pulses contained in a code message.

Then Q5 of 1C30 swi t ches t o “1 . ” Af ter  a small time delay, det ermined by R 49

and C39 , the CL2 input of 1C29 causes Q2 of 1C29 to switch t o a “1. ” This disables
the reset lines R l  of 1C27 , R of 1C30, and R l  of 1C29. The Q5 pulse output of
1C30 causes a momentary reset of 1C25. This will generate the next pause if the
“9” output of ICl3 , the channel counter , is still 0.

A code output is only generated if Ql of 1C26 , whic h feeds pi n 3 of 1C24 , is

low at the end of a phase measurement cycle. Af ter  every measurement the state
of Dl- 1C26 is transferred to Ql- 1C26 . The state of Dl- 1C26 is controlled by the
signal processor. If a usable signal is received by the si gnal processor , Dl- 1C26
is low after the phase measurement , However, if an unusable signal is received
Dl- 1C26 is hi gh, whic h causes Q 1-1C26 to switch to a “ 1.” Therefore, a continuous
dash is generated indicating an unusable signal . This long dash stops af ter  16

meaningless pulses are counted by 1C30. The Ql-1C26 output also feeds the lamp
test lines of the 7-segment display counters in the BLS-3 test box , therefore , an
unusable signal is indicated by a display of three 8’ s.

Af ter eight read-out cycles , the “9” outpu t of ICl3 of the programming board
switches to a logical “ 1 , ” which disables p in 10 of 1C24. This action stops the
read-out cycle. The system is started again by its t imer or by an external
command.

5. PRE-FI.1611 T T F S F  V\ I )  C-~LII1I1-% 1~IO\

The following equipment is needed to calibrate and test the BLS-3 instrument:
(a) Power supply ( 12 Vdc at 0. 5 A).
(b) Tel-Instrument Electronics Corp. , T-12A NavCom signal generator or

equivalent.

33

~ 



(c) Colli ns SG- 13/ABN NavCom signal generator or equivalent.
(d) BLS-3 test box.

3.1 !tha—~ IIIIIIIT?I IIOII

(a)  Adjust  and calibrate the TIC-TI2A signal generator as per the instruction

manual .
(b) Set the test signal selector on the T- 12A to VOR -”TO ” 0 ANGLE.
(c) Set the phase angle selector on the T- 12A to 90°.
(d) Set the RF attenuator on the T-12A for a 100 ~iV output si gnal .
(e) Connect the BLS-3 instrument , t he power supply, the TIC-T- 12A genera-

tor , and the BLS-3 test box as shown in Figure 16 .
(f) Program cha nnel 1 of the BLS- 3  to the frequency on the T-12A XTA L

Selec tor switch.
(g) Set the BLS-3 Manual/Operate switch , Sb , to channel 1.
(h) Turn on the power supply and note the bearing angle disp layed on the

BLS-3 test box. The bearing display on the test box consists of three , 7-segment
read-outs and a single indicator lamp. The three read-outs display whole degrees.
When the indicator lamp is on, 0. 5 deg is added to the angle.

TEST BOX 
+ iT

P6-58 OR EQUIV.

POWER
SUPPLY

AlIEN.
___________ OUT 

0

NAVCOM
SIGNAL

__________ GENERATOR

Figure 16. BLS-3 Test Configuration
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(i) If necessary, adjust the phase potentiometer , R 89 , loca ted on the signal
pt~ocessor circuit board (see Figure 9) , until the test box displays a bearing angle
of exactly 270. 0°.

NOTE

The BLS-3 measures bearing angles “FROM”
a VOR station , hence, 270° “ FROM” is equiv-
alent to 90° “TO. ” $

(j ) Set the KEY ENABLE switch on the test box to either KEY or KEY 2
and copy the Morse code.

(k) Using the BLS-3 code dictionary, convert the Morse code to the corre-
sponding bearing angle and compare it with the display on the test box.

3.2 Thr~shoId ~t~nSi~ I\ i t~ T1~5t

(a) Adjust  and recalibrate the T- 12A signal generator.
(b) Set the RF attenuator for a i-M V output signal.
(c) Slowly increase the RF output signal until a bearing angle is obtained on

the test box display. This signal level is the threshold sensitivity of the VOR
receiver .

(d) If necessary, turn the threshold adjust potentiometer , R87 , loca t ed on the
signal processor circuit board (see Fi gure 9) , until a threshold sensitivity of
10 ~z V is obtained.

.3 Fr ~qu enev Program \ erifi c ati o n

(a) Program the BLS-3 for the eight VOR frequencies selected for fli ght.
(b) Substitute the Collins SG- 13/ARN signal generator for the T-12A genera-

tor in the test configuration of Figure 16 . Refe r to the SG- 13/ A RN manual for
calibration procedures. The SG-13 generator is used because it can be quickl y
set to operate on any frequency in the VOR band.

(c) Set the BLS-3 MANUA L/ OPERATE switch , S b .  to channel 1 and the
SG-l3 frequency selector to the corresponding VOR frequency.

(d) Set the RF attenuator on the SG-l3 generator for a ‘00-M V output signal.
(e) Set the SG-13 phase angle selector to 90 deg.
(f) Turn on the power supply, copy the Morse code bearing angle , and com-

pare it with the angle displayed on the test box.

35-
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NOT E

Due to differences in tolerances between the
SG-13 and T- 12A generators , this angle may
not be 270. 0 deg as previously calibrated.
However , it should be within ±3° of this

angle. The accuracy of the bearing angle is
not the important factor in this test . The
presence of a bearing angle is sufficient to
verify correct programming.

(g) Verif y the frequencies programmed on channels 2 through 8 in the same
manner.

5. 1 Readout Inter~aI Test

(a) Locate the t imer switch , S9, on the phase encoder circuit board (see
Figure 17).

(b) Set this switch to the time interval desired between BLS-3 readouts (7 . 5,
15 , or 30 mm ).

(c) Apply power and time this interval.

NOTE

Due to timer circuit operation , the interval
between the 1st and 2nd read-out cycles after
power turn -on is always one-half of the
selected timer setting. Therefore, the time
interval between the start of the 2nd and the
start of the 3rd read-out cycles should be
used for this test.

6. P\ RTS 1.1sf

The following qualification exists for the parts listed:
(a) All resistors are fixed , carbon composition type, 1/4-watt , 5 percent

tolerance unless otherwise specified.
(b) All capacitors have a 10 percent tolerance unless otherwise specified.
Refer to Figures 17, 18 and 19 for location of components listed.
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Parts List
Phase Encoder

Part No.Symbol Description or Type 
Vendor

R4 1 Resistor , 5. 1M Ohms Carbon Composition
R42 Resistor , 22K Ohm s Carbon Composition
R43 Resistor , 1M Ohm s Carbon Composition
R44 Resistor . 1K Ohm s Carbon Composition
R45 Resistor , 470K Ohms Carbon Composit ion
R46 Resistor . 1M Ohms Carbon Composition
R47 Resistor , 8. 2K Ohms Carbon Composition
R48 Resistor . 8. 2 K Ohm s Carbon Composition
R49 Resistor , 10K Ohm s Carbon Composition
R50 Resistor . 62K Ohms Carbon Composition
R5 1 Resistor , 22K Ohms Carbon Composition
R52 Resistor , 56K Ohm s Carbon Composition
R53 Resistor , 1M Ohms Carbon Composition
R54 Resistor , 10K Ohm s Carbon Composition
R55 Resistor , 10K Ohm s Carbon Composition
R56 Resistor , 1M Ohms Carbon Composition
R57 Resistor , 1M Ohms Carbon Composition

C26 Capacitor , lOp f , 100V CM4 Sangamo
C27 Capacitor , 470 p f , 100V CM4 Sangamo
C28 Capacitor , .O l pf , 100V CKO5BX1O3K A erovox
C29 Capacitor , . O l pf , 100V CKO5BX1O3K A erovox
C30 Capacitor , 1 M f , 35V 150D105X9035 B Sprague
C31 Capacitor . . 01 pf , b O y  CKO5BX 1O3K Aerovox
C32 Capacitor . 68 M f , 15V MM TP686MO 15P 1B M allory
C33 Capacitor . .O l pf , 100V CKO5BX1 O3K A erovox
C34 Capacitor , 68 Mf . iSV M MTP686MO15 P 1B Mallory
C35 Capacitor , .O 1 MI. 100V CKO5BX 1O3K Aerovox
C36 Capacitor , .O l Mf , 100V CK O5 BX 1O3K Ae rovox
C37 Capacitor , 150 Mf , 20V MM TP 157MO2 OP 1C Mallory
C38 Capacitor , .Ol i.if , 100V CKO5BX 1O3K A erovox
C39 Capacitor , lOOpf . 100V CM4 Sangamo
C40 Capaci tor . 560pf , b O y  CM4 Sangamo
C41 Capacitor , .22  Mf , 50V , 10% X463UW TRW
C42 Capacitor , 1. 5 pf , 35V 150D155X9035 B Sprague
C43 Capacitor , . 01 Mf , 100V CK O5BX 1O3 K A erovox
C44 Capacitor . lOOpf , b o y  CM4 Sangamo
C45 Capacitor . lOOp f , bOO V CM4 Sangamo
C46 Capacitor , 68 pf , b5V MM TP686MO15P 1B Mallory

CR10 Diode 1N483B
CR11 Diode 1N483B
CR 12 Diode 1N483B
CR 13 Diode 1N483 B
CR 14 Diode 1N483B
CR 15 Diode 1N483B

Yb Crystal, 74. 565 kHz M-1 McCoy

Ki Relay, Hybrid, TO-5 712D-12 Teledyne
K2 Relay, Hybrid , TO-5 7 12TN- 12 Teledyne
1(3 Relay, Hybrid, TO-S 712TN- 12 Teledyne
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Parts List
Phase Encoder (Cont . )

Symbol Description Pax~~No. 
— 

Vendor

F3 Fuse, 1 Amp Picofuse Littlefuse
F4 Fuse , 1 Amp Picof use Lit tlefu se

IC2 1 Integrated Circuit , 8-Stage
Static Shif t Register CD40I4AE RCA

IC22 Integrated Circuit , 12 -Stage
Binary Ripp le Counter CD404OA E RCA

1C23 Integrated Circuit , 8-Stage
Static Shift Register CIJ4O 14AE RCA

1C24 Integrated Circuit , Dual 3-Input
NOR Gate Plus Inverter CD4000A E RCA

IC25 Integrated Circuit , 7-Stage
Binary Counter CD4O24AE RCA

1C26 Integrated Circuit , Dual “D”
Flip-Flop W ith Set/Reset CD4O13A E RCA

1C27 Integrated Circuit , Dual J-K
Master-Slave Flip-Flop CD4O27A E RCA

1C28 Integrated Circuit , Quad 2 -Input
NOR Gate CD400 1AE RCA

1C29 Integrated Circuit , Dual ‘D”
Flip-Flop with Set/Reset CD4O13A E RCA

1C3 0 Integrated Circuit , 7-Stage
Binary Counter CD4O24AE RCA

1C31 Integrated Circuit , Quad
$ 2 -Input NAND Gate CD4O11A E RCA

IC32 Integrated Circuit , Trip le
3-Input NAND Gate CD4O23A E RCA

1C33 Integrated Circuit , Dual
Complementary Pair Plus
Inverter CD4007AE RCA

1C34 Integrated Circuit , Dual “D”
Flip-Flop with Set/Reset CD4O13AE RCA

1C35 Integrated Circuit , Dual “D”
Flip-Flop with Set/Reset CD4O 13AE RCA - r

1C36 Integrated Circuit , Dual “D”
Flip-Flop with Set/Reset CD4O 13AE RCA

1C37 Integrated Circuit , 14-Stage
Binary/Ripple Counter CD4O2OA E RCA

IC 38 Integrated Circuit , 14-Stage
Binary Ripple Counter CD402 OAE RCA

IC 39 Integrated Circuit , Micropow er
Phase-Locked Loop CD4O46AE R CA

!C4o Integrated Circuit , 12-Stage
Binary/Ripple Counter CD4O4OPt E RCA

1C4 1 Integrated Circuit , Dual
4-Input NAND Gate CD4O12AE RCA

S9 Switch , Rotary. 3-Position MOD SW-32 Minelco
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Parts List
Programmable Channel Selector

Symbol Description Vendor

111 Resistor , lOOK Ohms Carbon Composition
R2 Resistor , lOOK Ohms Carbon Composition
R3 Resistor , lOOK Ohms Carbon Composition
114 Resistor , lOOK Ohm s Carbon Composition
R 5 Resistor , lOOK Ohms Carbon Composition
R6 Resistor , lOOK Ohms Carbon Composition
R7 Resistor , lOOK Ohm s Carbon Composition
R8 Resistor, lOOK Ohms Carbon Composition
R9 Resistor , lOOK Ohms Carbon Composition
11 10 Resistor , 1K Ohm s Carbon Composition
R u  Resistor , 1M Ohm s Carbon Composition

$ R 12 Resistor , 1M Ohm s Carbon Composition
R 13 Resistor , lOOK Ohms Carbon Composition
R 14 Resistor , lOOK Ohm s Carbon Composition
R 15 Resistor , lOOK Ohm s Carbon Composition
1116 Resistor , lOOK Ohm s Carbon Composition
R 17 Resistor , lOOK Ohms Carbon Composition
R18 Resistor , lOOK Ohms Carbon Composition
11 19 Resistor , lOOK Ohms Carbon Composition
1120 Resistor , lOOK Ohms Carbon Composition
112 1 Resistor , lOOK Ohms Carbon Composition
1122 Resistor , lOOK Ohms Carbon Composition
1123 Resistor , 3. 3K Ohms Carbon Composition
1124 Resistor , 3. 3K Ohms Carbon Composition
R2 5 Resistor , 3. 3K Ohms Carbon Composition
R26 Resistor , 10K Ohm s Carbon Composition
R27 Resistor , 10K Ohms Carbon Composition
R28 Resistor , 10K Ohms Carbon Composition
1129 Resistor , 10K Ohm s Carbon Composition
R30 Resistor , 10K Ohms Carbon Composition $

— R31 Resistor , 10K Ohms Carbon Composition
R32 Resistor , 10K Ohms Carbon Composition

C6 Capacitor , . Olgf , b O y  CKO5BX 1O3K
C7 Capacitor , 68 Mf , 15V Tantalum MMTP Mallory
C8 Capacitor . 68 ~f , 15V Tantalum MMTP Mallory
C9 Capaci tor , . 01 pf , b O y  CKO5BX 1O3K
d O  Capacitor . .01 Pf . b o y  CKO5BX1O3K
Cli Capacitor . . 01 MI . bOOV CKO5BX 1O3K
C12 Capacitor , . 01 Mf , 100V CKO5BX 1O3K
C13 Capacitor , . 01 Mf . b O y CKOSBrX 1O3K
C14 Capacitor , .01 pf , 100V CK05BX1O3K
C15 Capacitor , .01 pf , 100V CKO5BX 1O3K
C16 Capacitor , .01 Mf , b O y  CKO5BX 1O3K
C17 Capacitor , .Ol pf , b O y  CKO5BX 1O3K
C18 Capacitor , .01 ~f . 100V CK O5 BX 1O3K $

C19 Capacitor , . 01 pf , b O y  CKO5BX1O3K

IC1 Integrated Ckt . Diode Matrices HM 1055-2 Harris
1C2 Integrated Ckt . Diode Matrices HM 1055-2 Harris
1C3 Integrated Ckt , Diode Matrices HM1055-2 Harris
1C4 Integrated Ckt , Diode Matrices HMIO 5S-2 Harris
1C5 Integrated Ckt , Diode Matrices HM1O5 S-2 Harris
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Parts List
Programmable Channel Selector (Cont. )

Part No.Symbol Description or Type Vendor

1C6 Integrated Ckt . Diode Matrices HM1O55-2 Harris
IC? Integrated Ckt , Diode Matrices HM 1O5 S-2 Harris
1C8 Integrated Ckt, Diode Matrices HM 1OS5-2 Harris
1C9 Integrated Ckt , Transistor

Array CA3082 RCA
IC 1O Integrated Ckt , Hex Buffer

Non-Inverting CD4O 1OA E RCA
IC 11 Integrated Ckt . Transistor

Array CA3O8 1 RCA
IC 12 Integrated Ckt , Quad AND-OR

Select Gate CD4O19A E RCA
IC13 Integrated Ckt , Decade

Counter-Divider CD4O17AE RCA
1C14 Integrated Ckt , Quad AND-OR

Select Gate CD4O 19A E RCA

F2 Fuse , 1 amp FM1O4 1A PICO Littlefuse

Si Switch , 10 Position DIP 76B 1O Grayhill
S2 Switch , 10 Position DIP 76B10 Grayhill
S3 Switch, 10 Position DIP 76B 1O Grayhill
S4 Switch, 10 Position DIP l6BlO Grayhill
S5 Switch , 10 Position DIP 76B1O Grayhill
S6 Switch, 10 Position DIP 76B 1O Grayhill
S7 Switch , 10 Position DIP 76B 1O Grayhill
S8 Switch , 10 Position DIP 76B10 Grayhill

Qi Transistor , NPN 2N2222A
Q2 Transistor , NPN 2N2222 A
Q3 Transistor , N PN 2N2222 A
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Parts List
Signal Processor

Symbol Description Part N:. Vendor

R61 Resistor , 2K Ohms Carbon Composition
R62 Resistor , 2K Ohms Carbon Composition
R63 Resistor , 2K Ohms Carbon Composition
1164 Resistor , 8.2K Ohm s Carbon Composition
R65 Resistor , 10K Ohms Carbon Composition
R66 Resistor , 7. 5K Ohm s Carbon Composition
1167 Resistor , 2 .7K Ohms Carbon Composition
R68 Resistor , 1K Ohms Carbon Composition
1169 Resistor . Selected Carbon Composition
1170 Resistor . 10K Ohms Carbon Composition
R7 1 Resistor . 620 Ohms Carbon Composition
1172 Resistor , 24. 3K , 1%, 1/4W Ohms RN6OC
R73 Resistor , 2. 67 K , l%, 1/4W Ohms RN6OC
1174 Resistor , 243 K, l%, 1/4 W Ohms RN60C
1175 Resistor , lOOK Ohms Carbon Composition

$ 1176 Resistor , 22K Ohms Carbon Composition
1177 Resistor , 470K Ohms Carbon Composition

$ 1178 Resistor , 300K Ohms Carbon Composition
1179 Resistor , 6. 04K , l%, 1/4W Ohms RN6OC
1180 Resistor , 6.04 K , 1%, 1/4W Ohms RN6OC
1181 Resistor , 2K Ohms Carbon Composition
1182 Resistor , Selected , 15 K Ohm s

Typical Metal-Film
1183 Resistor , Selected , 15K Ohms

Typical Metal-Film
1184 Resistor , 20K Ohms Carbon Composition
1185 Resistor , 20K Ohm s Carbon Composition
R86 Resistor , 5. 1K Ohms Carbon Composition
R87 Resistor, Variable , 5K Ohm s 7404M Bourns Inc.

Trimpot
1188 Resistor , 4. 7M Ohms Carbon Composition
R89 Resistor , Variable , 50K Ohm s 7444A Bourns Inc.

Trimpot
R90 Resistor , 24K Ohm s Carbon Composition
1191 Resistor , Selected , 15K Ohm s

Typical Metal-Film
1192 Resistor , Selected , 6. 2K Ohm s

Typical Metal-Film
1193 Resistor , Selected , 1K Ohms

Typical Metal-Film
R94 Resistor , Selected , 1K Ohm s

Typical Metal-Film
1195 Resistor, 24. 3K , 1%, l/ iWOhm s RN6OC
1196 Resistor , 2.67 K , 1%, 1/4W Ohm s RN6OC
1197 Resistor, 243K , 1%, 1/4W Ohms RN 6OC
1198 Resistor , 24 .3K , 1%, 1/4W Ohms RN6 OC
R99 Resistor , 2.67 K , 1%, 114W Ohm s RN6OC
11100 Resistor , 243K, 1%, lf4W Ohm s RN6OC
11101 Resistor , 470K Ohm s Carbon Composition
R 102 Resistor , 300K Ohms Carbon Composition
R 103 Resistor . 22K Ohms Carbon Composition
11 104 Resistor , lOOK Ohm s 

- 
Carbon Composition 

___________
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Parts List
Signal Processor (Cont. )

Symbol Description 
- 

~~~~~~~~~~~ Vendor

C56 Capacitor , . 047 M f , 35V 601 PE TRW
C57 Capacitor . ( . 8 Mf , 2O~1 Tantalum MMTP Mallory
CS8 Capacitor , . i MI . 50’ CKO5BX Aerovox
C59 Capacitor , . 1 pf , 50. ( K O 5BX Aerovox
C60 Capacito r , 1. 5 ,.~f , 20V Tant alum 150D Sprague
Cli i Capaci tor , 1. 5 ~f , 20V Tantalum 150D Sprague
C62 Capacitor , . 033 i.~f , 3W 601 PE TRW
C63 Capacitor . 300 pf DM - 1 5  El-Menco
C64 Capacitor , . 22  ~f , 50V X 463UW TR W
C65 Capaci tor . .22  ~f , l~~. SOV 4) ;3UW TRW
C66 ( apa citor , . 22  ~f , ~~~ , 463UW TRW
Cli? Capacito r , . Th pf DM -10  El-Menco
C68 ( apacitor , 56 pf D M - l 0  El-Menco
C69 Capaci tor , 150 M I , 2 V  M M T P  Mallory
C70 Capacitor , . i ~i- , v ( ‘KU3BN Aerovox
C7l  Capacito r , .2 2  Mf , o) V X463UW TRW
C72 Capaci tor . . 2 2  j.4f . d)V X4 G 3UW TRW
C73 Capacito r , 1.5 ~~ t , 2~IV l 5U D Sprague
C74 Capacitor , I T-o ~ i 20V M M T P  Mallory
C75 Capacitor. . 1 i , CKO5BX A erovox
C76 Capacitor , l~ . ~f , 2 ’) V  M M I ’ P Mallory
C77 Capacito r , . ~f , ~uV CK0~ BX A erovox
(78  Capacitor , l~~

) MI . 21 ) V MMTP Mallory
C79 Capaci tor , 1~~

) ~I . 2~~ MM T P  Mallory
C8O Capacitor , . 1 MI , ~nv CK OSI3 X Ae rovox
C81 Capacitor , ~

( pf DM - 1O El-Menco
C82 Capacitor . . 1 ~f . d)V CKO5BX A erovox
C83 Capac itor , .033 ~I , SW hOl  FE TRW
C84 Capaci tor , . ) ) I  ~ f , ~,f l \ ~

T ( KO 5BX Aerovox
$ C85 Capacitor , 2 . 2  Mf , 35V l5OD Sprague

C86 Capacitor , 3. 3 i.L f , 20V MMTP Mallory
C87 C apaci tor , Ii . 8 M I, 20V M M T P Mallory
C88 Capaci tor , 3. 3 MI , 20V MMTP Mallory
C89 Capaci tor , (I . 8 Mf , 2OV MMTP Mallory
C90 Capacitor , 2 .2  i.~I , 35V 150D Sprague
C91 Capacitor , . 1 Mf . 50V CKO 5BX A erovox

$ C92 Capacitor , . 1 Mf , soy CK05BX A erovox
$ (P 3  Capacitor , Sfi pf , 100V DM 1O El Menco

C94 Capacitor , . 2 2  pf , 50V X 463UW TR W
C95 Capacitor , . 22  p1, 1%, 5OV 463UW TRW
C96 Capacitor , .22 p1 , 1% , 5OV 463UW TRW
C97 Capacitor , 5li pf , looV DM- 10 El-Menco
C98 Capacitor , 150 p1, 20V MMTP Mallory
C99 Capacito r , . 033 Mi, 35V 601 PE TRW
C lOO Capacitor , .22 MI. 1% , SOV 463U W TRW
ClOl  Capacitor , .22 M I , 1%, 5OV 463UW TRW
C102 Capaci tor, Sui pI, iooV DM-1O El-Menco
C103 Capacitor , S6 pf , bOO V DM 1O El Menco
Cl04 Capacitor , .22 p1, 5OV X463UW TRW
C105 Capacitor , 1.5 M f . 20V 150D Sprague
C1O6 Capacitor , .22 Mf , 50V X463UW TRW
C1O7 Capacitor. . 1 Ml , SOV CKO5BX Aerovox
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Parts List
Signal Processor (Cont. )

Symbol Description Vendor

C108 Capacitor , .Ol pf , SOV CKO5BX .Aerovox
C109 Capacitor , 68 p1, 20V MMTP Mallory

CR1 Diode, Silicon 1N36 12

Fl Fuse , 1 Amp Picofuse Littlefuse

1C51 Operational Amplifier,
Integrated Circuit CA3 13OA T RCA

1C52 Integrated Circuit , Phase
Locked Loop, FM Detector XR2 15 XAR

IC53 Integrated Circuit , Phase
Locked Loop, Dual Tone
Decoder XR2567N XAR

1C54 Integrated Circuit , Opera-
$ tional Amplifier CA 3 13OA T RCA

IC55 Integrated Circuit , Opera-
tional Amp lifier CA313OA T RCA

1C56 Integrated Circuit , Opera-
tional Amplifier CA3 13OA T RCA

1C57 Integrated Circuit , Triple
3-Input NOR Gate CD4 O25AE RCA

IC58 Integrated Circuit , Opera-
tional Amp lifier CA313OA T RCA

1C59 Integrated Circuit , Opera-
tional Amp lifier CA313OA R RCA

1C60 Integrated Circuit , Dual
“D” Flip - Flop C D4 01 3P. E RCA

IC6 1 Integrated Circuit , Phase
Locked Loop CD4 O4 6A E R CA

IC62 Integrated Circuit , Phase
Locked Loop CD4 O4 6A E R CA

IC63 Integrated Circuit , 8V
Regulator 78M08 Fairchild

IC64 Integrated Circuit , Opera-
tional Amplifier CA3I3OA T RCA
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