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1. Introduction

This memo serves to document the design and opera t ion
of the BCSG—76 signal source. This unit is the latest in a
series of signal sources designed and constructed at the
Cooley Electronic s Labora tory (CEL) for use in performing
acoustic propagation studies. The signals generated by the
BCSG—76 consist of

a c a r r i e r  tha t can be a m p l i t u d e or ph a s e
modulated by a periodic binary sequence , and

a waveform tha t is constru cted f r o m  s am p l e
values scanned out of a ROM memory

The only ex ternal signal required is a clock wav eform
symmetric about its dc level at a frequency 64 times the
desired carrier frequency .

The BCSG—76 is modeled after an earlier unit , the
BCSG—74 (Ref. 1). The major external differences between
the two units ar e

1. The BCSG—76 does not have a phase lock
loop and thus must be furnished a timing
signal at 64 times the desired c a r r i e r
frequency. The BCSG—74 unit can
synthesize its own 64 t imes ca r r i e r
r e f e r e n c e  using an input waveform at
carrier or at 4 times carrier frequency .

2. The BCSG—76 accepts its sequence law
setting in octal rather than binary. This
allows ready use of exis ting tables (see ,
for example, Ref. 2).

3. Digit durations of up to 999 carrier
cycles are allowed. The BCSG-74 unit is
limited to 99.

4. The binary modulating sequence can be read
from a 32 word ROM. This feature is not
present in the BCSG—74.

5. An analog waveform can be synthesized from
sample values stored in a 64 word ROM .
This feature is not present in the BCSG—
74.

6. The maximum number of stages in the
sequence genera tor was increased from 12
to 14.
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W ith the exception of the clock inpu t a m p l if i e r  an d
the D/A converters , the unit is constructed using TTL logic.
The electron ic s a r e  a ll con ta i n e d on a c o m m e r c i a ll y
available wi re—wrap panel . Duplication or modification
should be a relatively straightforward process.

The following sections describe the waveforms that can
be produced by the BCSG— 76 and how -the controlling
parameters are entered. Appendices A and B contain
descriptions of the RON ’s. Appendix C has a parts list ,
Appendix D, cabl ing in forma tion , and Appendix E, a set of
diagrams ..

2. Output Waveform Characteristics

The five types of waveforms that can be generated by
the BCSG—76 consist of:

unmodulated carrier
ROM stored waveform
binary- sequence AM modulated carrier
binary sequence phase modulated ca r r i e r
AM pulsed ca r r i e r

The carrier/waveform clocking frequency is controlled
by an input waveform that is at a frequency 64 times that
desired at the output. All waveforms are generated using
counters to address ROM’s, which contain ‘1 samples ’ of the
desired waveforms. These samples are loaded into D/A
converters where they become analog signals. The D/A
converters are wired to accept 8—bit values using 2’s
complement notation. The resulting waveforms are quantized
both in time and amplitude. The output waveforms are
unfiltered and swing between a nominal plus and minus 5
volts.

2.1 Unmodulated Carrier

The carrier waveform is generated using a 6—bit
(divide by—64) counter to address a 64—word by 8—bit RON.
Stored in this ROM are the quantized values o f a cos ine
waveform. A ppendix A describes how this RON unit is
organized and tabulates the values stored in the ROM.

The RON outputs feed an 8—bit D/A converte r that
generates the desired ‘ coritiriuous ’ waveform.

The pulse , AM , and phase mod ula te d w a v e f o r m s  a re
de r i v ed f r o m  this carrier waveform by selec tively using
up/down counting and on/off gating as required.

BCSG~-76 Manual 2 
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2 . 2  RON Stored Waveform

A second , independent , divide by—64 , RON unit and D/A
conver ter cluster is provided. The output from this
collec t ion is alwa ys avai lable and is not affec ted by any of
the control settings on the BCSG—76. The ROM used in this
applicat ion is or ganized in exac tly the same manner as the
cosine ROM described in Appendix A.

This unit is provided in order to allow the generation
of any periodic waveform that can be represented using 64
equally time spaced 8 bit samples.

2.3 Binary Sequence AM Modulated Carrier

The carrier waveform can be gated on and o ff in a
manner determined by the settings of the panel controls on
the BCSG—76. The controlling waveform can be one of three
waveforms :

a) A binary sequence of length up through 32
digits that has been programmed into a
ROM.

b) A binary linear sequence as determined by
the sequence law entered in the swi tches
provided for  this purpose (usually a
linear maximal sequence).

C) An augmented binary linear sequence. This
fea ture is only intended for use with
sequence laws corresponding to linear
maxim al sequences. An augmented linear
maximal  sequence is a l i n e a r  max imal
sequence that  has had an ex t r a  zero added
changing the n—l zero—tuple  i n t o  an n
zero—tuple .  Since l inear  maximal  sequence
lengths are 1 dig it s h o r t  of b e i n g  an
intege r power of two digits in length ,
th is fea ture resul ts in a per io d ic
sequence whose length is an integer power
of two. Extending a linear ma ximal
sequ ence in this manner a f f e c ts the
spectrum of the resulting waveform.
Howeve r , ‘good” sequences can be foun d
such that this e f f ec t is not too
disruptive . The advantage gained by such
an ex tension is the ability to use “fast”
d iscrete Fourier transform algorithms in
processing the resu lting receptions.

Let b(t) represen t a b inary waveform that takes on
the values 0 and 1. The value 0 corresponds to a “zero ” in

BCSG—76 Manual 3
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the controlling binary sequence and the value 1 corres ponds
to a “one ” . The AM modulated waveform generated by the
BCSG—76 unit can be written as

s(t) 5 b(t) cos (2-ir ft + a)

where

f is the carrier frequency in Liz.

t is time in seconds.

a is a phase angle which can be
entered into the BCSG—76 as 64ths of
a cycle using octal notation . This
co r respon d s to being able to set
360/64 degree steps. The setting is
described in more detail in Section
2.4.

The amplitude factor of 5 in the above equation
resul ts f rom the use of D/A conver ters which can swing
between +5 and —5 volts.

The sequence genera tor is desi gne d so tha t the
dur at ions of the “ones ” and “zeros ” in b(t) correspond to
an integer number of cycles of carrier. The number of
ca r r i e r  c y c l e s  per d igit  is settable in the range of 1
through 999.

2.4 Binary Sequence Phase Modulated

Rather than AM modulating the carrier , the available
sequences can instead be used to phase modulate the carrier.
For a sequence con ta in ing a balanced number of “ ones ” and
“ zeros ” this effec tively doubles the average power in the
resulting waveform without affecting the peak power. This
is an impor tan t considera tion since acoustic transducers
tend to be peak power , rather than average power, limited.

The method of phase modulation used in the BCSG—76 is
termed “conjugate phase ” modulation and involves assigning
phase angles as

a(t) = (2b(t) — l ) *2 7 T  *N/64

where the value of N is switch settable. The resulting
output waveform can be wri tten

s(t) = 5 cos{2-~ [ft + (2b(t) — l)*N/64]}

The transitions of b(t) are phased so that the
waveform , s(t), is continuous.

BCSG—76 Manual 4
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The value of N contro l s  h o w  t h e  s i g n a l  e n e r g y
d ivi des in the spec trum betwe en the carrier line and the
sideband lines.

For the nonaugmented l inea r  m a x i m a l  s e q u e n c e  t h e
energy split between the carrier and the sidebands is easily
determine d usin g the base band equ ivalen t cor r es pon d ences
(assuming a unit amplitude baseband representation)

“ zero ” = cos(a) — j  sin(a)

“ one ” = cos(a)  + j  s i n ( a )

In a linear maximal sequence of length L dig its there
are (L+l)/2 “ones” and (L—1)/2 “zeros ” . The dc level is

dc = cos(a)  + j  sin(a)/L

The avera ge power in one perio d is 1. Of this  t h e
cont r ibu t ion  by the dc l ine is

dc power = cos2
(a) + sin

g 
(a)/L~

The remaining power is in the sidebands and must then
be

si deband power = (1 — i/L2 ) sin2 (a)

The ra tio of the si deband power to the carr ier power
is

sideband power 
— 

(1 — l/L2)sin2 (a)

carrier power cos 2(a) + sin 2(a)/L2

For an augmente d linear maximal sequence a simi lar
analysis g ive s the r esult

sideband power sin2(a) 2= = tan (a)
carrier power cos (a)

G iven a per io d ic w a v e f o r m  wi th per io d T, the
assoc iated power spec trum consis ts of a set of lines spac ed
1/T Hz apart. For a phase modulated linear maximal se~quence
base d waveform , it can be shown tha t the power in the k th
line of t he base band waveform is

r
sin2 (a)*(L+l) Jsin(k irL) I

P(k) = I , k not 0
k n L  J

The ratio of the power in the kt h l ine to the power in

BCSG—76 Manual 5
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the carrier line is
2 r

sin (a) * (L+ l )  J sin (k ii L )  

I , k not 0
L2*cos2 (a) + sin 2 ( a) [ k ~,r L  J

A similar expression for augmented linear maximal
sequences is not possible. However , the above expression
can be used as an approximat ion. - -~

2.5 Pulsed Carrier

Instead of being modulated by the available sequence ,
the carrier can be gated on for one digit duration per
sequence period . Both the phase angle at which the carrier
is turned on and the digit duration in cycles of carrier are
switch settable.

3. Using the BCSG—76

Figure 1 is a drawing of the front panel of the BCSG—
76. All input and output connections are made via BNC
connectors. The power is turned on and off using a toggle
switch mounted on the left—hand side of the unit. Three LED
power supply indicators are mounted above the power switch.
A dim or dark LED indicates a faulty power supply.

___ 
[ 1  IiIc~Ht~1 
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Figure 1. BCSG—76 front panel
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3.1 Clock Input  C h a r a c t e r i s t i c s

The input waveform should be symmetric about its dc
level and should be at a frequency 64 times that of the
desired carrier frequency.

The input is ac coupled and has an impedance of 10k
ohms. The 3 dB points on the input signal conditioning
amplifier are approximately at 8 Hz and 100 kHz.

With the threshold adjustment properl y set , the
clocking circuitry begins to work when the signal amplitude
is approximately 0.25 volts peak—to—peak (pp). For reliable
operation in the 8 Hz to 100 kHz range the input waveform
should be no smaller than 1 V pp.

The upper limit on the frequency of the input clock is
on the order of 1 MHz (corresponding to a carrier frequency
of 15.625 kHz). To attain this limit , the amplitude of the
input waveform should be 3 v pp or greater. This frequency
limit is imposed by delays in the clocking logic used in the
BCSG—76.

The input  clock condi t ioning c i rcu i t  consists of a
gain of 5 amplifier feeding a TTL Schmitt trigger circuit.
The input signal is ac coupled to the amplifier where it is
summed with an adjustable offset voltage. This offset
voltage is used to shift the zero input signal operating
point to the middle of the Schmitt trigger ’s input range.
This oper ating poin t is appropria te if the input wavefo rm is
symm etic around its dc level. The use of nonsymmetric
waveforms can be compensated for by resetting the threshold
level.

The waveform at the amplifier output can be observed
using an oscilloscope connected to the TP tip jack. The
amplifier is designed so that negative excursions are
clipped at about —0.6 volts. The Schmitt trigger input is
protected against excursions above +5 volts. To adjust the
thr eshol d sett ing for  normal opera t ion , set the dc level
measured at TP to +1.3 volts.

3.2  Selector Switches

The operation of the BCSG—76 unit is controlled by the
se t t ings  of th ree  thumbwheel  and two ro t a ry  swi tches .  The
thumbwheel switches are used to enter the phase offset ,
sequence law and cycles per digit count. The two rotary
switches are used to select the sequence source and the type
of modul at ion.

BCSG—76 Manual 7
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3.2 . 1  Phase O f f s e t  Selector

This two dig it thu i nbwh ee l  swi tch  c o n t r o l s  the p h a s e
angle of the carrier at which modulating transitions are
made. When AM or pulse modulation is used , this setting
selects the phase angle at which the carrier is gated on.
When the carrier is being phase modulated , this setting
selects the +— angle excursion that is used. The angle
setting is in octal allowing 64 possible angles. Common
settings and the corresponding unit amplitude baseband
signal representations are given in Table 1.

Table 1. Correspondence between phase setting ,
carrier transition angle and baseband
“zero—one ” representation

Setting Angle (degrees) “Zero ” “One ”

00 0 1 1
10 45 (l—j)/./Y (l+j)/.JY
20 90 —j +j
30 135 (—l—j)/ .JT (—l+j)/.J~~
40 180 —l —1
50 —135 (—l+j)/.,/~ (—l- -j)/,JY
60 — 90 +j —j
70 — 45 (l+j)/.Ji (l—j)/.JT

3.2.2 Sequence Law Selector

£his 5 digit thumbwheel switch is used to select the

~~~~~ to be followed by the non—RON periodic binary sequencetI- .~~t modulates the carrier. Sequence laws are entered using
the octal notation described below . The 5 octal switches
permit the use of sequence generators containing from 2
through 14 stages.

Reference 2 can be consulted for a list of sequence
laws that result in the generation of maximal length
sequences. Because of implementation considerations , the
sequence generated from a given setting is actually the so—
called reverse sequence (described below). This should be
accounted for when writing processing programs that are
sensitive to the exact sequence law governing the
transmission (e.g., mul tipath programs) .

A common techni que for the  ge n e r a t io n of r a n d om
app ear ing b inar y se quence s inv olves the use of a lo g ic
circuit made up of flip—flop delay stages and exclusive—or
c ircuits. While many “canonical” interconnection schemes
exist , a particularly useful one is termed the modular shift
register generator , schematically diagrammed in Fig. 2.

BCSG—76 Manual 8 
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Stage 1 Stage 2 Stage n-i Stage n

Figure 2. Modular shift register generator

The switch settings represented by the constants c(0)
through c(n) determine the properties of the binary sequence
generated by this circuit. In the case of the modular shift
register generator , the switch setting s have a 1—to—i
correspondence to the coefficients in the characteristic
polynomial which is used to desribe sequences generated by
circuits made up of delay flip—flops and exclusi ve—or
circuits. Given a generator of the type shown in Fig. 2 the
corresponding characteristic equation is

c (n) *z~ n + c (n—l) *~~~‘ (n—i) + ... + c (1) *~~ + c (0)  = 0

The indicated additions are performed modulo—2 and the
c(i) take on the value 1 if the associated switch is closed
and take on the value of 0 if the associated switch is open.
Because the values that the c ’s can take on are restricted
to 0 and 1, a convenient shorthand notation involves writing
the coefficients as a binary number and expressing this
number in octal form. For example , the generator
corresponding to c(6) c(l)=c(0)=l , c(5)=c(4)=c(3)=c(2)=0 is
represented by

1 0 0 0 0 1 1 = 103

A linear maximal sequence generator is one that will
generate a string of l’ s and 0’s whose period is L = 2 ’n—1
where n is the number of stages in the generator.

Not all possible switch settings yield maximal length
sequences. Various tables are available which can be
consulted to determine the proper settings (see , for
example , R e f .  2 ) .

If it were possible to run the generator of Fig. 2
backward , the resulting sequence would be the time reverse
of the sequence obtained running the generator forward.
Obviously if the forward sequence were of maximal period so

BCSG—76 Manua .~ 9 
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would the reverse sequence be. The octal form of the
c h a r a c t e r i s t i c  equa t ion  of the r e v e r s e  sequence is eas i ly
obtained by writing down the switch settings in reverse
order and expressing the result as an octal value. For
example , the octal description of the reverse of the 103
sequence is

1 1 0 0 0 0 1 = 141

Because of this simple relationship it is common
practice not to include reverses in tabulations of sequence
laws. Usually, only the member with the lower numeric
representation is listed .

3.2.3 Cycles per Digit Selector

This three thumbwheel switch controls the number of
cycles of carrier making up a digit in the modulating
waveform. This setting is in decimal and is often referred
to as the Q of the signal. The dig it duration can be set at
from 1 through 999 cycles of carrier. A digit duration of 0
cycles of carrier yields a CW output but should not be used
for this purpose.

3.2.4 Sequence Selector

Thi s ro tar y swi tch selects the source of the b inary
sequence which is to be used to modulate the carrier. Three 

*

choices are available. These are:

RON The modulating sequence is scanned from a
read only memory. Maximum sequence length 

jis 32 digits. Appendix B describes how to
organize a ROM for use in this
application.

LM The carrier is modulated by the sequence
generated by a sequence generator
connected as determined by the sequence
law switch setting .

ALM The sequence used in the LM position is
augmented by adding an extra “zer o” digit
and is used to modulate the carrier. The
ex t r a  “zero ” digit is inserted into the
(n—l)—tuple of zeros present in the
o r i g in al sequence. The augmenting will
not necessarily work if the sequence being
generated is nonmaximal.

BCSG—76 Manual 10
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3.2.5 Modulation Selector

This rotary switch selects the type of modulation to
be applied to the carrier. Choices are:

CAR Carrier without modulation

AM On—off amplitude modulation. A ‘ zero ” in
the governing sequence turns the carrier
off , a “one ” turns it on.

PBS The controlling sequence is used to phase
modulate the carrier. The amount of phase
shift is determined by the setting of the
phase selector switches.

PLS If the sequence source is the internal
sequence genera tor , the carrier is gated
on for one digit duration per period of
the selected sequence . The period of a
non—augmented sequence is one less than
the period of the augmented sequence .

If the RON is being used to generate the
controlling sequence , the dig its during
which the c a r r i e r  is ga te d on are
programmed into the ROM.

The pha se angle at which the carrier is
gated on is determined by the value
entered in the phase offset switches.

3.3 Output Waveforms

The output timing and signal waveforms are available
on 6 BNC connectors located on the right side of the front
panel . The signals available are:

F A TTL compatible square wave at the
carrier frequency .

4F A TTL compatible square wave at 4
times the carrier frequency .

D—SYNC A TTL compatible positive going
pulse of duration approximately
equal to 1 cycle of the 64F input
c lock. The puls es are provi ded at
the digit rate.

P—SYNC A TTLI compatible positive going
pulse. When the modulation source
is derived from the internal

BCSG—76 Manual 11
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se q u e n ce ge n e r a tor , th is  puls e
corresponds to one digit duration of
the sequence. When the modulation
source is f rom the sequ en c e  R ON ,
this pulse is controlled by the
contents of the RON.

RDR This is the waveform produced by
scanning the auxiliary 64—word by 8—
bit waveform ROM . This waveform is
only affected by the 64F input clock
and operates independently of the
selector switch settings. The
nomina l maximum ou tp u t swin g is
between —5 to +5 volts.

SEQ This is the modulated carrier
ou tput. The carrier is syn thesize d
using a 64—word by 8—bit ROM to
conta in  1 per io d o f a cos ine
waveform. The nominal output swing
is between —5 to +5 volts.

BCSG—76 Manual 12
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APPENDIX A

Cosine RON

The RON ’s used in the BCSG—76 are Signetics type 8223
or  8 2 S 2 3  w h i c h  a r e  o r g a n i z e d  as 32 8—bit  words .  The
manufacturer names the address pins A0 through AS and the
output pins B0 through 87. The convention used in the BCSG—
76 has the bit significance going from least to most as the
associated numbers go from 0 up. A high level corresponds
to a log ical one. Figure A—i is a logic diagram of the
82(S)23. Unprogrammed locations contain “zer os” .

~T A~ ~~~ Oj  Al A~

— InG I’M 115 gin (Ill I~O~

V CC (16)

IIy

~~

I I t l I I I l 1 I G N D

~~~

(8)
~~
‘ 

~~~
‘ 

~~~~ 
‘~c’ ‘

~
‘ I ) - Denotes

Pin Numbers

V.RAIIAAY

~~~~~~~~~~~~~~~~~~~~~j c~ j]~~~~~

Chip is En~bIed when CE

Figure A—i . 8223 Diagram

The table of values pro g ramme d in to the cosine ROM
pair are listed in Table A—i. The entries are in twos
complement form with the left most bit serving as the sign.
The r i gh t  most bi t  is the least s i g n i f i c a n t  b i t .
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Table A. Bit patterns for cosine ROM ’s

Address RON A RON B
(octal) 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

00 0 1 1 1 1 1 1 1  1 0 0 0 0 0 0 1
01 0 1 1 1 1 1 1 0  1 0 0 0 0 0 1 0
02 0 1 1 1 1 1 0 1  1 0 0 0 0 0 1 1
03 0 1 1 1 1 0 1 0  1 0 0 0 0 1 1 0
04 0 1 1 1 0 1 0 1  1 0 0 0 1 0 1 1
05 0 1 1 1 0 0 0 0  1 0 0 1 0 0 0 0
06 0 1 1 0 1 0 1 0  1 0 0 1 0 1 1 0
07 0 1 1 0 0 0 1 0  1 0 0 1 1 1 1 0
10 0 1 0 1 1 0 1 0  1 0 1 0 0 1 1 0
11 0 1 0 1 0 0 0 1  1 0 1 0 1 1 1 1
12 0 1 0 0 0 1 1 1  1 0 1 1 1 0 0 1
13 0 0 1 1 1 1 0 0  1 1 0 0 0 1 0 0
14 0 0 1 1 0 0 0 1  1 1 0 0 1 1 1 1
15 0 0 1 0 0 1 0 1  1 1 0 1 1 0 1 1
16 0 0 0 1 1 0 0 1  1 1 1 0 0 1 1 1
17 0 0 0 0 1 1 0 0  1 1 1 1 0 1 0 0
20 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0
21 1 1 1 1 0 1 0 0  0 0 0 0 1 1 0 0
22 1 1 1 0 0 1 1 1  0 0 0 1 1 0 0 1
23 1 1 0 1 1 0 1 1  0 0 1 0 0 1 0 1
24 1 1 0 0 1 1 1 1  0 0 1 1 0 0 0 1
25 1 1 0 0 0 1 0 0  0 0 1 1 1 1 0 0
26 1 0 1 1 1 0 0 1  0 1 0 0 0 1 1 1
27 1 0 1 0 1 1 1 1  0 1 0 1 0 0 0 1
30 1 0 1 0 0 1 1 0  0 1 0 1 1 0 1 0
31 1 0 0 1 1 1 1 0  0 1 1 0 0 0 1 0
32 1 0 0 1 0 1 1 0  0 1 1 0 1 0 1 0
33 1 0 0 1 0 0 0 0  0 1 1 1 0 0 0 0
34 1 0 0 0 1 0 1 1  0 1 1 1 0 1 0 1
35 1 0 0 0 0 1 1 0  0 1 1 1 1 0 1 0
36 1 0 0 0 0 0 1 1  0 1 1 1 1 1 0 1
37 1 0 0 0 0 0 1 0  0 1 1 1 1 1 1 0
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APPENDIX B

Sequence RON

The sequence control RON is a single 8—bit by 32—word
Signetics type 8223 or 82S23 integrated circuit. The same
conventions used with the cosine RON described in Appendix A
are followed with this RO~1.

Bit BO is used to control the generation of the digit
which is used for pulse modulation. This signal is also
made available as the P—SYNC signal.

Bit Bl is used to represent the desired binary
sequence .

Bi ts B2 throu gh B6 are use d to selec t the add ress of
the next 8—bit word to be read from the memory. This
approac h elimina tes the nee d for a varia ble modulus counter
for use as an address register. Bit 82 corresponds to the
least significant bit in the address and B6 corresponds to
the most significant bit. It is useful to place one value A

of the sequence being generated into location 0 so that
unprogrammed locations (which contain “zeros ”) automa tically
allow proper start—up .

Bit B7 is not currently used. However , if the
sequence RON is extended to 64 words , this bit will be use d
in generating addresses. -
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A P P E N D I X  C

Parts List

1 Wirewrap panel AUGAT 8136—PG21—90
1 Optima Enclosure E—O6111OMFT (Beige with bronze trim)
1 Optima Chassis CH0lllO (3/4 inch)
1 EECO Thumbwheel Switch 5R 197608G
1 EECO Thurnbwheel Switch 2Rl976l8G
1 EECO Thumbwheel Switch 3R1976 12G
1 AC/DC Power Supply OEM 5N3—l
1 AC/DC Power Supply PCMDO .2
1 AC/DC Power Supply Socket SB2
2 Datel D/A Converters DAC—29—8B
1 Rotron Sprite Fan SU2A1
1 Rotron Fan Guard 476143
2 Ceritralab Rotary Switches PSA—2ll
1 Moiex Connector 03—09—1091
6 Molex Female Contacts 02—09—1143
1 Molex Connector 03—09—2091
6 Molex Male Contacts 02—09—2103
1 AMP Mate—N—Lock Connector 1—480273
1 AMP Mate—N—Lock Connector 1—480276
6 AMP Female Contacts 60617—4
6 AMP Male Contacts 60618—4
4 3M Connectors 3399—1
7 BNC Connectors UG—1094/U
1 Potentiometer Ohmite AB—CLU—502l
1 SPST Toggle Switch JBT 138—ST42A
3 Ft. woven 26 Conductor Cable T—13TP 28070L—l568N
7 BNC Ground Wings
1 Cinch Barrier Strip 14—5—140
1 Light Duty Three Wire Power Cord and Plug
1 Fuse Ho lder an d Fuse , 1/2 A
7 Diodes lN4l54
10 Fairchild LED ’s FLV110
10 Fairchild LED Bezels FLSO1O
1 Signetics op amp NE531V
4 Beckman 898—l—R1K Resistor Networks
5 7402 DIP TTL Integrated Circuits
1 7404
2 7407
2 7408
1 7411
1 7420
1 7421
2 7425
2 7432
1 7437
3 7474
5 7486
1 74123
1 74132
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1 74157
3 74174
3 74192
4 74193
2 75452
S 82S23 S ignet ics  ROMs
4 AUGAT Adapter Plugs 6l6—CG1
1 0 .05  mF 20v Disc Ceramic  Capacitor
1 100 pP Disc Ceramic Capacitor
2 30 pP Disc Ceramic Capacitor
5 1k 5% 1/4 W Resistors
1 3.9k 5% 1/4 W Resistors
6 4 7k “

1 10k “ 11

1 39k
1 47k ‘

1 2.2 mF 50v Nonolythic cap Centralab CY30C225M

I
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APPENDIX D

Cable Wiring for BCSG—76

Connector BJl

Pin Signal Panel Connection

1 CD0+ cycles/digit, LSIG digit 1
2 CD1+ cycles/digit , LSIG digit 2
3 CD2+ cycles/digit, LSIG digit 4
4 CD3+ cycles/digit, LSIG digit 8
5 CD4+ cycles/digit , MID digit 1
6 CD5+ cycles/digit, MID digit 2
7 CD6+ cycles/digit, MID digit 4
8 CD7+ cycles/digit, MID digit 8
9 CD8+ cycles/digit , MSIG digit 1
10 CD9+ cycles/digit , MSIG digit 2
11 CD 10+ cycles/d ig i t ,  MSIG digit 4
12 CD11+ cycles/d ig i t ,  MSIG digit 8
13 ground RDR output BNC ground
14 RSEL— seq sw ROM position
15 SAMMOD— modulation sw AM position
16 SPHS— modulation sw PHS position
17 SCAR— modulation sw CAR position
18 SPULSE— modulation sw PLS position
19 AUG+ seq sw LM position
20 ground cycles/digit, MSIG digit G
21 ground cycles/digit , MID digit G
22 groun d cycles / d igit, LSIG digit G
23 gr ound selector on modula tion sw
24 ground selector on seq sw
25 ground
26 RDRDAC+ RDR output BNC signal

On the cycles/digit switches connect the C terminals
to the C terminals. Buss the G terminals together.

Wire the LED ’s associated with the modulation and the
seq selector switches individually to +5 volts thru
390 ohm resistors. Connect the other side to the
same lugs as used to select the desired option.
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Connector BJ2

Pin Signal Panel Connection

1 Fl— sequence law , 1st dig it 2
2 F2— sequence law, 1st digit 4
3 P3— sequence law , 2nd digit 1
4 F4— sequence law, 2nd digit 2
5 P5— sequence law, 2nd digit 4
6 P6— sequence law, 3rd digit 1
7 DSYNC+ D-SYNC output BNC signal
8 P SYNC+ P—SYNC ou tpu t  BNC s ignal
9 FlOUT— F output BNC signal
10 F4OUT— 4F output BNC signal
11 P11— sequence law , 4th dig it 4
12 F12— sequence law , 5th digit 1
13 P13— sequence law, 5th digit 2
14 P14— sequence law , 5th digit 4
15 ground
16 F7— sequence law, 3rd digit 2
17 PS— sequence law, 3rd digit 4
18 F9— sequence law , 4th digit 1
19 PlO— sequence law , 4th digit 2
20 ground D—SYNC output BNC ground
21 ground P—SYNC output BNC ground
22 ground F output BNC ground
23 ground 4F output BNC ground
24 groun d sequence law swi tch 5 G
25
26

Sequence law switch 1 is the least significant digit.
Switch 5 is the most significant dig it.

Connect pin C to pin G on all sequence law switches.

Buss together pin G on the sequence law switches.

BCSG—76 Manual 20
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Connector CJ1

Pin Signal Panel Connection

1 CLKIN+ 64E input BNC signal
2 PAN I-’OT+ THRESH pot clkwise end
3 PANPOT— THRESH pot ctrcik end
4 PANCEN+ THRESH pot wiper
5
6 PHSO+ phase offset , LSIG digit 1
7 PHS1+ phase offset , LSIG dig it 2
8 PHS2+ phase offset , LSIG digit 4
9 PHS3+ phase offset , MSIG digit 1
10 PHS4+ phase offset , MSIG dig it 2
11 PFISS+ phase offset, MSIG dig it 4
12 AOUT+ TP tip jack signal
13 SEQDAC+ SEQ output I3NC signal
14 CLKGND+ 64F input BNC ground
15 CLKGND+ 64F input BNC ground
16 CLKGND+ 64F input BNC ground
17 CLKGND+ 64F input BNC ground
18 SIGOFF— no connection
19
20 ground phase offset , MSIG digit C
21 ground phase offset, LSIG digit G
22 ground
23 ground
24 groun d
25 ground 64F input BNC ground
26 ground SEQ output BNC ground

Connect C to G on the phase offset switches.

Buss the G pins on the phase offset switches together.

Connector CJ2

Pin Signal Connection

20 +15V +15 volts power
21 +15V +15 volts power
22 ground +15 and —15 ground connection
23 —l5V —15 volts power
24 —l5V —15 volts power
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Mate—N—Lock and Molex Connectors

Mate—N—Lock Power Connector

Pin Signal

1 A C — N e u t r a l
2 AC —L ine
3 AC—Ground
4 Fan
5 Fan
6 no connect ion

Molex Panel Power Connector

Pin Signal

1 Ground 
. 1

2 +5 supply
3 +15 supply
4 —1 5 supply
5 no connection
6 no connection
7 no connec tion
8 AC to switch
9 AC f rom switch
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APPENDIX E

Diagrams and Other Information

Notes:

1) Case of 15 volt power supply must be
grounded.

2) Wire list and/or cards for automatic
G a r d n e r — D e n v e r  mach ine  are  ava i l ab le  f r o m
authors.

3) The following procedure should be followed
in removing the cover from the BCSG—76
unit.

a) On the back of the u n i t  remove the two
outermost screws (one on the left side and
one on the r i g h t  s i d e ) .

b) Slide the cover toward t h e  r e a r  to
remove from the restraining groove at the
f r o n t  of the case .

C) The cover is now free.
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16 1 16 1

15 . 2 15— ~~~~I~— 2  47K
Signct ic~;
ME 53 1V 

_____14 - 3 14 -‘VV’v 3 3 9 K

13 4 13 ~~‘\N~Q- 4 10 K

12 5 12 ~— - V ”~—— 5 3.9 K

ii 11—-——-- 6 100 p ii N 6 1N4154

10 ft - 7 0.05 m 10 7 1N4154

8 2.2 m 9 
S ’ ’— 8 4.7 K

Position COl Position C02

16 1 30 p 16 —VV0’v----— 1 1 K

15 — ‘ V -  2 4 . 7  K 15 —j J-- 2 1N4154

14 3 14 NV’~- 3 1K

13 —~~~~~‘r 4 1 K 13 4 1N4154

12 11— 5 30p l2~~~~~~~ AAr 5 1 K

11 —‘~/V’v--——— 6 4.7 K 11 6 lN4154

10 ~~~~~~~~~~ 7 4.7 K 10 —
~~~~~~~~~~~ —— 7 1 K

9 ~~~~~~~~~~~~ 8 4.7 K 9 Id 8 lN4154

Position COP, Position A04

Parts Headers Construction
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DAC Pin Assiqnment s  on ~ ran Panel
(Back vicw)

21 22 23 2~

.
~::6

— 

~~~~~ 

— i i~~~’ ~
( 9 ) . 15 f I I I I i 2.

( 10). J 4  I I I I 3

(11)~ 13 I I I I I ~ ‘(1)
( 12) . 12 I I I 5.(2)

(13). 11 I I I I I I 6.(3)

F ( 14 ) - b  

~ I I i
( 15)- 9~~~~~~ 

.
~~~~~~~ 

— . .—  8~~(5)

26 27 28 29

I I I j I I
~16 I 1 (6)

•15 I 2.(7)

.14 I I I I 3.(8)

•13 I I I I
• 12 I I I
.11 I 6.

(16)~~1O i I I I
9-....-.. . — —.  .——8.

Are DAC pin numbers
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