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1. GENERAL 

1.01 This manual describes installation, operation, theory, and maintenance of the 
DMS-303A Analyzer (Fig. 1) . A complete listing of replaceable parts and com­

plete schematic coverage are pr~vided at the end of th~ manual. 

(A) Electrical Description 

1. 02 The Analyzer measures bias and end distortion and detects and count s parity 
and bit errors present in data signals, of any standard signal level , with bit 

rates up to 9600 bauds. 

Distortion 

1. 03 For start-stop signals, with code levels of 5, 6, 7, or 8, the Analyze :c ·measures 
peak distortion, bias, and end distortion. Direct read-out is provide 1 by a 

. front-panel meter, calibrated in per-cent-of-unit interval, and two lamps tha t indicate 
whether the distortion is Marking or Spacing·. Read-out may be obtained o n eith e r all 
transistions or on selected transitions (first or second qr third, etc.). 

1. 04. For synchronous signals, the Analyzer measures bias and peak distortion. 

Fig. 1 - Front View - DMS-303A Analyzer 
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Error Count 

1. 05 The Analyzer detects errors in either odd or even parity check signals (8-level 
code start-stop only) . A front-panel alarm indicator lamp lights when an error 

is detected. With optional printed-circuit (PC) cards A3 and A4 installed, the Analyzer 
also counts parity errors. Bit errors occurring· in reversal pattern or in either of the two 
pseudo random pattern signals may be measured by the Analyzer when equipped with 
optional A3 and A4 assemblies. (Reversal and either of the two random pattern signals 
are available from either another Analyzer or from Pattern Generator PG-303A .) The. 
Analyze r counts up to 50 errors per error-count-interval (of either 102, 103 , 104 , 105, 
or 10 6 b its ) . A front-panel meter provides direct read-out of the error count, and the 
i nte rval is determined by the setting of the ERROR COUNT INTERVAL switch. The error 
count ?..,-7.J.ll hold until reset manually or it may be arranged to reset automatically to zero 
c.md be·0 i n 01 new count at the end of the selected interval. 

JB) Ecri1.ip(nent Description 

1 . 06 The 14.nalyzer (Fig. 1 and 2) consists essentially of a chassis housed in an op-
tional portable metal case with removable front and rear covers. The front cover 

stores the power cord and an optional Data Set Interface Adapter Cable. The chassis 
mounts nine plug-in PC-cards, one PC-card service extender, two power transformers , 
a filter capacitor, and front and rear control panels. Frequently used controls and the 
Data Set Int erface connector are accessible on the front panel. Less frequently used 
controls and accessory connectors are accessible behind the door in the rear cover. 
Internal adjustments are located on the _exposed edge of PC-card A2 directly in front of 
the removable rear cover. 

' \ ' ' 

POWER 
CORD 

RECEPTACLE 

EXT 
CLK 

CONNECTOR 

Fig. 2 - Rear View - DMS-3 03A Analyzer 

3342 

Page 3 

i 



~ 
0, 
\Q 
ct> 
,,::. 

16 _L • 1 I 1· 4 

IT 
••¼ l 
1 1 

n , ... so. f\ 

• CASE 
SIDE VIEW 

f-•l¾=Jl 

L 

9~ 
4 

L: TOP VIEW ACCESSORY 
BRACKET FOR 19 INCH 
RACK MOUNTING ( 2 REQ'O) 

t~r- •½ 

l~.-----~-;tf 
LJ Y•i~1¼ 

I 17 
J_ _______ j, 51 1 ½ 

• e ' 16I-

•FRONT COVER y~ 
SIDE VIEW 24 _t: 

CHAss1s 
FRONT VIEW 

♦CASE ANO COVERS OPTIONAL, 

Fig. 3 - Outline Drawing - Analyzer and Portable Case 

.. , , 0 ,1.- 1 

□ 

I· 
17 !. z 

I D D 
'----- ··· 7 

·I 

I 

*REAR COVER 
REAR VIEW 

•CASE 
TOP VIEW 

IZ _L (WITH COVER 
4 IN PLACE) 

I 

,♦FRONT COVER 
TOP VIEW 

TMC5854003 

}Tfl 



Optional Bit Rates 

1. 07 A crystal holder (Fig. 34) associated with the internal time-base oscillator is 
mounted inside the front panel. It mounts the 1 • 9 2mHz crystal (Y7) from which 

th~ standard 3 7. 5 X 2n bit rates (including 50 bauds) are derived. The holder also has 
provisions for mounting six additional crystals (Yl through Y6) from which to derive any 
six opt ional bit rates. The dial plate of the associated BIT RATE switch has blank 
space o n which to write-in or decal optional bit rates installed by the user. Also, the 
dial plate is easily replaceable so that the user can order sets of optional crystals 
s u pplied with a correspondingly marked dial plate . Instructions for adding the optional 
bit :rates ar.,~ outlined in 4(F) and associated strapping is described in 1. 21. 

Rack- ~A0 \1QJJ.illl. 

le 08 Al.,:hvi1gh the Analyzer is suitable as a portable instrument when used with op­
tional c ase, L-brackets (Fig. 3) are supplied to facilitate rack-mounting where 

p ermane nt .ins t allations are required. When the unit is to be rack-mounted, the port­
able cas e wlth front and rear covers is not used. 

Separable Items Supplied 

1. 09 Table I lists the separable items that constitute Analyzer DMS-303A. Table I 
) may be used as a check-list to determine if equipment is complete. 

QUANTITY 
. -

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 
·-i 1 j 

1 

TABLE I 

SEPARABLE ITEMS SUPPLIED 

ITEM 

Chassis 

Portable metal case (optional) 

Removable front cover (optional) 

Removable rear cover (optional) 

Power cord 

Technical manual 

Data Set Interface adapter cable (optional) 

L-brackets with screws 

PC-card Al, time-base circuits 

PC-card A2, power supply circuits 

PC-card A3 , bit error circuits (optional) 

PC-card A4, error counter circuits (optional) 
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QUANTITY 

1 

1 

1 

1 

1 

1 

1 

6 

1 

1 

TABLE I (Cont'd) 

ITEM 

PC-card AS, input, transfer, and P?rity error circuits 

PC-card A6 , D/A converter circuits 

PC-card A7, sync circuits 

PC-card A8, distortion register circuits 

PC-card service extender A9 

PC-card Al O , distortion counter circuits 

Crystal Y7 (1. 92'mHz) 

. Crystals Yl through Y6 (optional) 

BIT RATE-switch dial (3 7. 5 X zn (including 5 0-baud) markings) * 

BIT RATE-switch dial with 3 7. 5 X zn markings and optional bit-rate 
markings (optional) 

*Item not supplied when unit is shipped with optional crystals Yl through Y6 and op­
tional dial • 

(C) Performance Specifications 

1 . 10 Table II outlines the specifications applicable to the Analyzer. 

TABLE II 

PERFORMANCE SPECIFICATIONS 

Circuit 

Weight 

ITEM 

Outside Dimensions, Including 
Extending Hardware 

Input Power 

Input Data Signals Accepted 

Page 6 

DESCRIPTION 

Solid-state, integrated. 

18 pounds (with portable case). 

Portable: 12-3/4 inches high by 5-13/16 inches 
wide by 17-1/2 inches deep. 

Rack-mounted:· 10-1/4 inches high by 5-1/4 
inches wide by 19 inches deep. 

115/230-voltac, 60Hz, 10, 20watts. 

5-, 6-, 7-, and 8-level (code) start-stop, or 
synchronous. 



ITEM 

Input Data-Signal Levels 
·Accepted 

Inpu t 1> ;.d -Signal Bit Rates 
Accep ~::: ~ 

Distortion Components Measured 

Distortion Read-Out Accuracy 

Bit and Parity Error Counter 
J@nge {Optional) · 

External Time-Base Signal 
Required 

External Bit Sync Signal Required 

Pseudo Random· or Reversal 
Pattern Signal Output 

Error Pulse Signal Output 

Bit Sync Signal Output 

Character Sync Signal Output 

Automatic Reset 

Filter 

TABLE II (Cont'd) 

20ma ne·utral. 

60ma neutral. 

10/30ma polar. 

EIA (RS-232B). 

DESCRIPTION 

Hl-Z (50k-ohm bridge polar). 

HUB (+60-volt Mark, -30-volt Space). 

37.5, 50, 75, 150, 300, 600, 1200, 2400, 
4800, 9600 bauds, using internal time-base 
range A. 

Six optional bit rates up to 9600 bauds, using 
internal time-base range B. 

Any bit rate up to 9600 bauds, using external 
time base. 

Peak (Marking or Spacing) • 

Bias (Marking or Spacing). 

End (Marking or Spacing) • 

±2 per cent. 

Zero to 5 0 errors per error-count interval of l O 2 , 
103, 104 , 105 , 106 or infinite bits. 

Polar, ±6 volts, square-wave, with frequency at 
200 times bit rate of input-data signal under test. 

+6-volt square-wave, with frequency at I times 
bit rate of data signal under test. 

±6-volt polar. 

+5-yolt square pulse. 

+5-volt square-wave. 

+5-volt square pulse. 

Resets read-out every five seconds when mea­
suring peak distortion and five seconds after end 
of error-count interval when counting parity or 
bit errors. 

Switch connectable to remove transients from in­
put _signal under test. 
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Fig. 4 - Front View - Analyzer Controls and Indicators 

(D) Description of Controls and Indicators 

1 .11 All operating controls and indicators are shown in Fig. 4 and described in 
Table III. 

NAME AND TYPE 

POWER - 2-position 
toggle switch with red 
indicator lamp in han-
dle 

1/ 4 AMP SLOW BLOW -
cartridge fuse (rear 
panel} 

INPUT SIG-3-circuit 
telephone jack 

Page 8 

TABLE III 

CONTROLS AND INDICATORS 

CIRCUIT CONTROL 
DESIG. POSITIONS FUNCTION 

S6 POWER Connects primary power to Analyzer• 
Red indicator lamp lights. 

OFF Disconnect;3 primary power. 

Fl Fuses primary power. 

Jl Connects data signal under test to 
Analyzer. 



... 

TABLE III {Cont'd) 

CIRCUIT CONTROL 
NAME AND TYPE DESIG. POSITIONS FUNCTION 

, 

INPUT - 6-position S9 20 Adjusts unit to accept 20ma neutral 
rotary switch input signal . 

60 Adjusts unit to accept 60ma neutral 
input signal. 

10/30 Adjusts unit to accept 10 to 30rna 
polar input signal. 

HI-Z Adjusts unit to bridge input signal 
with S0k-ohm input impedance {zero-
volt trigger) • 

EIA Adjusts unit to accept EIA input sig-
nal (±6-volt polar). 

HUB Adjusts unit to accept HUB input 
signal (+60-volt Mark, -3 0-volt 
Space), input impedance greater than 
50k ohms) {+15-volt trigger). 

SIG MARK ON - indi- DSG Ughts when input signal is tn Mark 
cater lamp , clear condition. 

, 

S/S CODE LEVEL - Sl0 5 Adjusts unit to accept 5-level code 
5-position rotary input signals • 
switch 

6 Adjusts unit to accept 6-level code 
input signals. 

7 Adjusts unit to accept 7-level code 
input signals • 

8 Adjusts unit to accept 8-level code 
input signals. 

sync Adjusts unit to accept synchronous 
input signals. 

POL - 2-position SS +/- Adjusts unit to accept input signals 
toggle switch of normal sense or inverted polarity. 

Page 9 
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TABLE III (Cont'd) 

CIRCUIT CONTROL 
NAME AND TYPE DESIG. POSITIONS FUNCTION 

FILTER-. 2-position S7 IN Connects internal filter to remove 
toggle switch noise and transients from input sig-

nal (for rates up to 15 0 bauds). 

OUT Disconnects filte r. 

LOOP CURRENT - S12 When depressed 6 current of input 
momentary pushbutton loop is indicate d o n met er. 
switch 

BIT RATE (select) - S1 Range Range 
11-position rotary A B 
switch - -

37.5 
so ' Ul 

75 a> ..... 
150 tO 

J.o 

300 
-I 

Adjusts unit to accept input signals tO 

600 
i:: 

> of corresponding bit rates. 0 
"'""' 1200 ..... 
0. 

2400 0 
X 

4800 "'""' 00, 
9600 
EXT Connects external time-base signal 

. - to unit . Signal must be square-wave, 
±6 volts, 200 x bit rate of signal 
under test. 

BIT RATE - (range) Sl A Selects range A of BIT RATE (sele9t) 
2-position rotary switch above • 
switch 

B Selects range B of BIT RATE (select) 
switch above • 

MODE - 6-position S3 REV Adjusts unit to detect and count bit 
rotary switch errors in reversal pattern input sig-

nals. 

RAND Adjusts unit to detect and count bit 
errors in a pseudo random pattern 
input signal. 

Page 10 
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NAME AND TYPE 

TRANSITION SELECT-
10-position rotary 
switch, 

Meter - milliamper.e 
meter movement 

CIRCUIT 
DESIG. 

S2 

Ml 

TABLE ID (Cont'd) 

CONTROL 
POSITIONS 

PARITY 
COUNT 

PEAK 

BIAS 

END 

ALL 

I' 
2 
4 

5 ) 
6 
7 
8 
9) 

FUNCTION 

Adjusts unit to detect and count par­
ity errors in 8-level code input 
signals. 

Adjusts unit to measure peak dis­
tortion in start-stop and synchronous 
input signals. 

Adjusts unit to measure bias distor­
tion in start-stop and synchronous 
input signals • 

Adjusts unit to measure average end 
distortion in start-stop input signals. 

Adjusts unit to measure distortion of 
all input signal transitions. 

Adjusts unit to measure distortion of 
the selected transition of start-stop 
input signal characters . 

Indicates distortion in per-cent-of­
unit-interval (0-50 scale) when 
MODE switch is set to END, BIAS, or 
PEAK. 

Registers error count (0-50 s.cale) 
when MODE switch is set to PARITY 
COUNT, REV, or RAND. (Optional 
PC-cards A3 and A4 must be 
installed.) 

Indicates input signal current 
(0-l00ma scale) when LOOP 
CURRENT switch is depressed. 
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NAME AND TYPE 

MARKING .- ihdicator 
lamp, clear 

SPACING - indicator 
lamp, clear 

DISPLAY RESET -
3-positl.on toggle 

ERROR COUNT IN-
TERVAL - 6-position 
rotary switch 

. . 
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CIRCUIT 
DESIG. 

DS2 

DSl 

Sl3 

S4 

. 

TABLE III (Cont'd) 

CONTROL 
POSITIONS 

AUTO 

OFF 

MAN 

102 

103 

104 

00 

FUNCTION 

Lights to indicate that end or bias 
distortion is Marking dis t ortion. 

Lights to indicate that e n d or bias 
distortion is Spacing distortion . 

Resets meter indicatio .1 to z ero every 
five seconds when me a.,:-,, u i ng distor­
tion. When counting b :!.t o r parity 
errors, resets meter to z ero five 
seconds after COUNT COMP indica­
tor lights. 

Disables automatic rese t function. 

When momentarily depressed, resets 
meter indication to zero. 

Lights COUNT COMP indicator lamp 
and steps error count after an inter­
val of 102 bits has occurred. 

Llghts COUNT COMP indicator lamp 
and stops error count after an inter­
val of 103 bits has occurred • 

Llghts COUNT COMP indicator lamp 
and stops error count after an inter­
val of 104 bits has occurred. 

Lights COUNT COMP indicator lamp 
and stops error count after an inter­
val of 105 bits has occurred. 

Llghts COUNT COMP indicator lamp 
and stops error count after an inter­
val of 106 bits has occurred. 

Error count stop function is disabled. 

111111111 
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TABLE III (Cont'd) 

CIRCUIT CONTROL 
NAME AND TYPE DESIG. POSITIONS FUNCTION 

COUNT COMP - indic- DS3 Lights to signal end of bit count de-
a tor lamp , green terrnined by setting of ERROR COUNT 

INTERVAL (BITS) switch . · 

OVERFLOW - ·indicator DS4 Lights when error count reaches 50, 
lamp , a mber the maximum count registerable , and 

holds until reset manually. 

P ARlTY EHL') H - in- DSS Lights when a parity error is detected. 
dica tor l am~_: , red 

PARITY E:Rf._ .iR - 3- S11 OFF Disable PARITY ERROR indicator lamp. 
position "i: ;s:.Jl e switch 

ON Permits PARITY ERROR indicator lamp 
to light when error is detected. 

RESET When momentarily depressed to this 
position , turns off PARITY.ERROR in-
dicator lamp. 

'-

PUSH TO SYNC - S5 When depressed, input signal rever-
momentary push- sal or random pattern is synchronized 
button switch for error counting • 

. 
TEST SIG OUTPUT - TPl Provides output of internal reversal 
two binding posts or pseudo random pattern generator 

TP2 for use with another Analyzer in 
reversal or random pattern bit error 
counting. 

EXT CLK - 2-posi- S14 INT Clocks internal pattern generator 
tion toggle switch with internal time base. 
(rear panel) 

EXT Clocks internal pattern generator 
with external 1 x bit clock signal. 

(E) Installation 

1 • 12 As a portable self-contained instrument (optional) , the Analyzer is ready for 
operation when shipped. It can be rack-mounted, however (see l ·.13). Also, 

accessory connections (see 2. 02) expand its capabilities; their use is covered in the 
operating procedures (see 2. 03). Furthermore, strapping options (see 1.15 through 
1. 21) enhance the Analyzer's versatility. 

Page 13 
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Mounting 

1.13 The Analyzer may be used as a portable -unit, or two L-brackets {Fig. 3) may be 
used to rack-mount it in an available slot in any standard 19-inch relay rack. 

Connections 

1.14 All connections are described in 2. 02. 

Strapping 

1.15 The Analyzer has six strapping options, as described in 1 . 16 throuc;.rh 1. 21. 
Fig. 5 shows the strapping terminal locations. Solder No . 2 ~ bus wire between 

the terminals specified for a given option and remove any unspecifh!d t~'ttdps . 

Primary Power Options 

1.16 The Analyzer will accept either 115- or 230-volt ac operating pov1Ter. Inside 
bottom of chassis, strap terminals El through E4 in accordance with Fig. 5 for 

either 115- or 230-volt ac operation. When shipped, the unit is stra pped for 115-volt 
ac. 

Parity Error Options 

1.17 The parity error circuits can detect errors in either even or odd parity check 
signals. On PC-card AS, strap terminals A, B, and C in accordance with Fig• 5 

for either even or odd parity. When shipped, the unit is strapped for even parity. 

Error Count Options 

1.18 The Analyzer will function with or without optional PC-cards A3 {bit error cir-
cuits) and A4 (error counter circuits). On PC-card A8 {Fig. 5) , strap terminals 

A and B together when optional PC-cards are not used. Remove strap when PC-cards 
are used. Refer to 4 (E) for installation of optional PC-cards . 

Pseudo Random Pattern Generator Options 

1.19 The internal pseudo random pattern generator will generate any of three pat- . 
terns: a 511-bit common pattern, a 511-bit CCITT standard pattern, and a 2047-

bit pattern. On PC-card A3, strap terminals A through F in accordance with Fig. 5 for 
either the 511-bit pattern or the 2 04 7-bit pattern • . When shipped, PC-card A3 is 
strapped for the 511-bit pattern. 

Pseudo Random (and Reversal) Pattern Output Sense Options 

1. 20 The output of the pseudo random pattern generator may be strapped to produce a 
signal of EIA-RS-232B (-6-volt Mark) or MIL-STD-188B {+6-volt Mark) signal 

sense. On PC-card A3 , strap terminals G, H, and I in accordance with Fig. 5 for 
either normal or reverse signal sense. When shipped, A3 is strapped for normal sense· 
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Time-Base Optional Bit Rates 

1. 21 The Analyzer has provisions to add up to six optional crystals from which to de-
rive six optional bit rates. The crystal frequencies are selected to produce a 

200 x bit signal after having been divided by a factor of _1, 16, or 3 2 by the time-base 
downcounter. On PC-card Al, strap terminals l through 12 and A, B, and C in accord­
ance with Fig. 5 to achieve the required division factor. Installation of the optional 
crystals is described in 4(G). When shipped, the Analyzer will be -strapped in accord­
ance with any optional crystals supplied. If optional crystals are not supplied, the 
strapping terminals on·A1 will be open. 

(F) Adf ustments Required After Shipping 

1. 22 Make adjustments as follows: 

(a) Remove rear cover. 

(b) Using power cord supplied, connect primary power to unit. 

(c) Set POWER switch to OFF. 

(d) Use screwdriver to adjust zero-adjust screw on meter front to set met e r pointer 
to zero. 

(e) Set POWER switch on. 

(f) Set DISPLAY RESET switch to OFF. 

(g) Set PARITY ERROR switch to ON. 

(h) Set MODE switch to PARITY COUNT. 

(i) Set TRANSITION SELECT switch to ALL. 

(j) Set ERROR COUNT INTERVAL switch to infinity sign oo. 

(k) Set INPUT switch to EIA. 

(1) Set POL switch to +. 

(m) Set FILTER switch to OUT. 

(n) Set BIT RATE (range) switch to A. 

(o) Set BIT RATE (select) switch to 75. 

Page 16 
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(p) Using Pattern Generator PG-303A, or equivalent, apply a low-level (EIA ±6 volts) 
8-level selected character signal to INPUT SIG jack on Analyzer. Set Pattern 

Generator for manual character step. Set selected character to have an even number 
of Marks if the Analyzer is strapped for odd parity or to have an odd number of 
Marks if strapped for even parity. 

{q) On Analyzer, depress DISfLAY RESET switch to MAN and PARITY ERROR switch to 
RESET. PARITY ERROR indicator lamp should now be out and meter should indi­

cate zero. 

(r ) On Patt~m Generator, depress manual release switch one time. On Analyzer, 
PARITY ERROR indicator lamp should light and meter should advance one division. 

Pe rform this procedure exactly 3 9 more times. Analyzer meter should then indicate 
4 . 0 

"r,, ) At rea r of Analyzer, on exposed edge of power supply circuits PC-card A2, adjust 
1 (Fig. 3 4) for an indication of 40 on front-panel meter. 

'-i:.} C r · 1.ne ct a multimeter to TB2 (+Sv) and TB2 (-) on PC-card A2. 

{u ) Adju st R21 (Fig. 34) on PC-card A2 for +5-volt indication on multimeter. 

2. O PERATION 

2 . 0 1 _ Front-panel switches and indicators permit the operator to measure loop current, 
analyze· distortion, and count parity and bit errors present in the output signal of 

data channel or equipment under test. Required and accessory connections are described 
in 2. 02, and operating procedures are outlined in 2. 03. (Controls are described in 
Table III.) 

(A) Circuit Connections 

2. 02 The Analyzer becomes fully operational when the power cord is inserted in the 
3-wire receptable at the rear of the unit and the signal under test is patched to 

the INPUT SIG jack on the front panel. In addition to these two basic connections, 
there are a number of accessory connectors, as shown in Fig. 6 and described in 
Table IV. 

(B) Operating Procedures 

2. 03 First, perform the preliminary set-up procedure (see 2. 04), and then any one or 
all of the individual procedures outlined in 2. 05 through 2. 12. 

Preliminary Procedure 

2. 04 Perform the following set-up procedure before performing the procedures in 2. OS 
through 2 .12. 

(a) Set POWER switch on. 

(b) Set INPUT switch to position that corresponds to voltage or current level (s) o 
signal under test. Page 17 
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TABLE N 

CONNECTIONS · 

DESCRIPTION FUNCTION 

BNC connector External 200 x bit time signal input {±6 
volts, square-wave) • 

Terminal board Signal under test input. 

Terminal board Internal reversal or pseudo random pattern 
signal output {±6 volts). 

Terminal board Internal bit error detector output. 

Terminal board Internal 1 x bit timing signal output. 



PANEL MARKING 

CHAR SYNC 

EXT BIT 

Da t a Set Interface 
Co nnector 

- -

, 

TABLE N {Cont'd) 

DESCRIPTION 

Terminal board 

Terminal board 

Terminal board 

Terminal board 

Terminal board 

Terminal board 

FUNCTION 

Internal 1 x character timing signal output. 

External 1 x bit timing signal input to inter­
nal pattern generator. (±6 volts, square­
wave). 

Chassis ground. 

Signal ground. 

Internal +15-volt output. 

Internal -15-volt output. 

12-pin Connector: Provides the following input and output 
connections for operation with the optional 
Test Adapter Unit: 

Pin A 

Pin-B 

Pin C 

Pin D 

Pin E 

Pin F 

Pin H 

Pin J 

Pin K 

Pin L 

Pin M} 
Pin N 

Pattern out 

-15 volts out 

External clock in (1 x bit) 

Bit sync out 

Signal ground 

Spare 

+15 volts out 

+5 volts out 

Spare 

Chas sis ground 

Data signal in 
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(c) Set S/S CODE LEVEL switch to· position (5, 6, 7, or 8) that corresponds to code 
level of start-stop signal under test, or to SYNC if signal under test is synchron-

ous. 

(d) Set fOL (polarity) switch to (+) if signal under test is of normal sense (high 
Mark, low Space) or to (-) if signal under test is of reverse sense (low Mark, 

high Space) . 

(e) Set FILTER switch to OUT. FILTER switch may be set to IN . to remove no i se and 
transients from signal under test. 

(f) Set DISPLAY RESET switch to OFF. 

(g) Set PARITY ERROR switch to OFF. 

. (h) Connect signal under test to INPUT SIG jack (unless it is already connec ted via 
rear-panel SIGNAL INPUT terminals or front-panel multipin connector . 

. (i) · If signal under test is high-level current (20 or 60ma neutral or 10/30ma polar), 
depress LOOP CURRENT pushbutton and check meter indication, on lower scale , 

for correct current indication. Externally, adjust loop current for correct indication, 
if required. 

Note: If signal unaer test is neutral, place it in steady Mark condition and adjust 
for correct Mark current. If signal under test is high-level polar, place it in . 
steady Mark and adjust Mark battery current for correct Mark current. Then place , 
signal in steady Space __ and adjust Space battery current for correct Space current. 

(j) Set BIT RATE switches to range A and select the standard bit rate of 37. 5, 50, 
75, iso, 300, 600, 1200, 2400, 4800, or 9600 baud that corresponds to bit 

rate of signal under test. 

Note: If the bit rate of the signal under test is not one of the above standard rates, 
the correct bit rate (up to 9600 bauds) can be achieved by one of two methods: 
(1) It may be included on range B of the BIT RATE switch as an optional rate, or 
(2) the BIT RATE switch may be set to EXT (external), and an external time-base 
signal (±6 volts, square-wave) can be connected to the rear-panel EXT CLK con­
nector. Set the external time-base frequency to 200 times the bit rate of the sig­
nal under test. 

Peak Distortion Measurement Procedure 

2. OS The measure peak bias distortion, perform the set-up procedure in 2. 04 and then 
continue with the following procedure. 

(a) Set MODE switch to PEAK. 

(b) Set TRANSITION SELECT switch to ALL. 
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(c) Read peak distortion on upper scale of meter (0 - SO per cent of unit interval). 
Meter pointer will hold at highest deflection · obtained during measurement period. 

Pointer will hold until it is reset to zero by momentarily depressing DISPLAY RESET 
switch to MAN position. 

Note: Reset function can be performed automatically each five seconds by setting 
DISPLAY RESET switch to AUTO. 

Bias Distortion Measurement Procedure 

2 o 06 To measure average bias distortion, perlorm set-up procedure in 2. 04 and then 
... ontinue with the following procedure . 

a) S t MODE switch to BIAS. 

,o) ~8-i.: TRANSITION SELECT switch to ALL. 

{c ) L)et DISPLAY RESET switch to OFF. 

(d) Re a d average bias distortion on upper scale of meter (0 - SO per cent of unit inter­
val) . If the Space-to-Mark transitions of the signal under test are occurring 

early, fhe MARKING indicator lamp will light. If they are occurring late, the SPACING 
indicator lamp will light. · 

End Distortion Measurement Procedure 

2. 0 7 To measure end distortion, perform the set-up procedure in 2. 04 and then con­
tinue with the following procedure • 

. . Note: End distortion is not measured for synchronous signals. 

(a) Set MODE switch to END. 

(b) Set TRANSITION ·sELECT switch to ALL. 

(c) Set DISPLAY RESET switch to OFF. 

(d) Read average end distortion on upper scale of meter (0 - SO per cent of unit inter­
val) • If the Mark-to-Space transitions of the signal under test are occurring 

early, the SPACING indicator lamp will light. If they are occurring late, the MARKING 
indicator lamp will light. · 

Individual Transition Distortion Measurement Procedure 

2. 08 To measure the distortion of individual transitions, perform the set-up procedure (2) in 2. 04 and then continue with the following procedure. 

Note: Individual transition distortio~ is not measured for synchronous signals. 
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(a) Set MODE switch to either BIAS (see 2. 06), END (see 2. 07), or PEAK (see 2. 05). @ 
(b) Set TRANSITION SELECT switch to setting ( 1 through 9) that corresponds to the 

position, in the character, of the transition to be measured. (Setting 1 of switch 
corresponds to the transition ending the start element.) 

Note: Where there is no transition between two elements of a character (between 
two Marks , for example) , no distortion will register. 

Parity Error Detection Procedure 

2. 09 To detect parity errors, perform the set-up procedure in 2. 04 and then continue 
with the following p~cedure. 

(a) Set MODE switch to PARITY COUNT. 

(b) Set PARITY ERROR switch to ON • 

. (c) Set S/S CODE LEVEL switch to 8. 

(d) Using Pattern Generator PG-303A, or equivalent, apply ,,an 8-level start-stop 
parity check signal to· the equipment under test. 

(e) If the equipment under test causes parity errors to occur, the PARITY ERROR in­
dicator lamp will light. Each time a parity error occurs, the lamp will light 

and remain lit until the PARITY ERROR switch. is momentarily depressed to the RESET 
position. 

Parity Error Counting Procedure 

2 .10 When optional PC-cards A3 and A4 are installed in the Analyzer, the parity errors 
detected (see 2. 09) will register on the front-panel meter. Perform the set-up 

procedure in 2. 04 and then continue with the following procedure. 

(a) Using Pattern Generator PG-303A, or equivalent, apply an 8-level start-stop 
parity check signal to input of equipment under test. 

(b) Set MODE switch to PARITY COUNT. 

(c) Set S/S CODE LEVEL switch to 8. 

(d) Set DISPIAY RESET. switch to AUTO. Depress PUSH TO SYNC switch. 

(e) Set ERROR COUNT INTERVAL switch to co. If equipment under test causes parity 
errors to occur, the number of errors will register on the front-panel meter. The 

meter pointer will advance up scale one division per error. When 50 errors have 
occurred, the OVERFLOW indicator lamp will light and no further errors will be 
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counted. If°, however, the ERROR COUNT INTERVAL switch is set to a position other 
than 00 , the COUNT COMP indicator lamp will light and the error count will stop 
after the selected interval (of 102, 103, 104, 105, or 106 bits) has occurred. Five 
seconds after the COUNT COMP indicator lamp lights the count is reset to zero and 
the count begins agatn. 

(f) Set ERROR COUNT INTERVAL switch to position (of 10 2 through 106) that causes 
the COUNT COMP indicator lamp to light before the OVERFLOW indicator lamp 
can light. 

(g} The count registered on the meter at the time the COUNT COMP indicator lamp 
lights is the number of parity errors per error-count interval. 

E~rnmP,}e_: If the ERROR COUNT INTERVAL switch is set to 103 and the meter regis­
t-·i:'"' 3 2 a t the time the COUNT COMP indicator lamp lights, the ratio of parity errors 
t ...-, .;:r .:r~-count interval bits is 32 errors/1000 bits . 

. Bit E i-~Yl: C ,.~·11ting, Reversal Pattern, Procedure 

2. 11 V1lh8r1 optional PC-cards A3 and A4 are installed in the Analyzer, bit errors in 
revers al pattern signals can be detected and counted. Perform the set-up pro­

cedure in 2 . 04 and then continue with the following procedure. 

(a) Usi ng Pattern Generator PG-303A, or equivalent, apply a reversal pattern signal 
to the equipment under test. 

(b) Set MODE switch to REV and S/S CODE LEVEL switch to SYNC. 

(c) Set DISPLAY RESET switch to AUTO. Depress PUSH TO SYNC switch. 

(d) Set ERROR COUNT INTERVAL switch to oo. If the equipment under test causes bit 
errors to occur, the number of errors will ·register on the front-panel meter. The 

meter pointer will advance up scale one division per error. 'When 50 errors have 
occurred, the OVERFLOW indicator lamp will light and no further errors will be 
counted. If however, the E~OR COUNT INTERVAL switch is set to a position other 
than 00 , the COUNT COMP indicator lamp will light and the error count will stop 
after the selected interval (of 10 2 , 103 , 104, 105, or 106 bits) has occurred. Five 
seconds after the COUNT COMP indicator lamp lights, the count is reset to zero and 
the count begins again. 

(e) Set ERROR COUNT INTERVAL switch to position (10 2 through 10 6) that causes 
COUNT COMP indicator lamp to light before OVERFLOW indicator lamp can 

light. 

(f) The count registered on the meter at the time the COUNT COMP indicator lamp 
lights is the number of bit errors per error-count interval. 
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Example: If the ERROR COUNT INTERVAL switch is set to 10 2 and the meter regis­
ters 47 at the time the COUNT COMP indicator lamp lights, the ratio of bit errors 
to error-count interval bits is 4 7 errors/I 00 bits. 

Note: If it is required to count more than 50 bit errors, an external electronic 
counter may be connected to the ERROR PULSE terminals on the rear panel. 

Bit Error Counting, Pseudo Random Pattern, Procedure 

2. 12 When optional PC-cards A3 and A4 are installed in the Analyzer, bit errors in a 
pseudo random pattern signal can be detected and counted. The procedure is 

the same as in 2 .11 except that Pattern Generator PG-303A is used to apply a pseudo 
random pattern signal to the equipment under test and the MODE switch is set to RAND. 

Note: The Analyzer can be strapped (see 1. 19) for either 511-bit (common or 
CCIIT) or 2047-bit random patterns. Both the Analyzer and the Pattern Genera tor 
must be strapped for the· same pattern. Another Analyzer may be used to apply the 
random pattern signal to the equipment under test. The internally generated random 
pattern signal is available at the front-panel connectors (TEST SIG OUTPU'I?. 

3. PRINCIPLES OF OPERATION 

(A) General 

3. 01 This section provides a simplified block diagram analysis (see (B)), a detailed 
Qlock diagram analysis (see (C)), and an over-all logic diagram analysis (see 

(D)) • The power supply circuits are covered in (E) • 

(B) Simplified Block Diagram Analysis (Fig. 7) 

3. 02 The data signal under test is applied to the input circuits. There, it is converted 
to logic level signal MS for distribution to the other Analyzer circuits. 

3. 03 The time-base circuits generate a timing signal whose negative transitions occur 
at 200 times the bit rate of MS. The sync circuits divide 200 x bit by two to 

produce 100 x bit timing signal DC. The distortion counter circuits divide DC by 100 to 
produce 1 x bit timing signal BT. 

3. 04 When MS is synchronous, the sync circuits synchronize DC with the average time 
position of the MS transitions. This is accomplished by comparing BT with MS 

and adding the subtracting DC pulses as required. 

3. 05 When MS is start-stop, the sync circuits synchronize DC with the first transi­
tion of each start element. This is accomplished by enabling DC at each start 

element and disabling DC at each stop element. 

3. 06 The distortion counter circuits count the negative transitions of DC . The binary 
coded decimal (BCD) output of the counter steps from zero to 50 to zero during 
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-
the intexval of each MS bit. If MS is not distorted, the count will reach zero as the ~ 
actual MS transitions occur. If the actural MS transitions occur early or late, the -1.;~ 

BCD count, at the time the transitions occur, will be numerically equal to the per cent 
of displacement. 

3. 07 Each time an actual MS transition occurs, it initiates a transfer pulse XFR in the 
transfer circuits. Transfer pulse XFR gates the BCD count, of that instant, into 

the distortion register circuits. There it is stored until the next XFR pulse is generated. 
The D/A converter circuits constantly monitor and convert the stored count to an 
equivalent analog current. The analog current drives meter Ml to read transition di s ­
placement in per-cent-of-unit intexval. 

3. 08 When MS is an 8-level code start-stop signal, the parity error circuits emit a 
parity error pulse (PE) each time they detect a parity error in MS. Also, when 

MS is either a reversal pattern signal or a pseudo random pattern signal, the bit e rror 
circuits emit an error pulse (EP) each time they detect a bit error in MS. Either EP or. 

· PE steps the error counting circuits. The BCD output of the error counting circuits i s 
converted to an equivalent analog current by the D/A converter circuits . The analog 
current drives meter Ml , causing its pointer to advance up scale one division each 
time an error is detected. 

(C) Detailed Block Diagram Analysis 

3. 09 The distortion measuring circuits are described in 3 .11 through 3. 22, and the 
error counting circuits are covered in 3. 23 through 3 . 2 7. 

Note: The block diagrams (Fig. 27 and 28) are fold-out illustrations located at the 
end of this section to facilitate viewing them while reading the following text and 
associated timing diagr:ams (Fig. 8 through 1 I). 

Distortion Measuring Circuits 

3 • 10 The distortion measuring circuits are described in 3 • 11 through 3 . 2 2. 

Input Circuits (Fig. 27) 

3 .11 The data signal under test is coupled through POL switch S8 to the input circu1t~ 
and to LOOP CURRENT switch SI 2. The POL switch adjusts the input to accept 

either normal or reverse polarity signals. The LOOP CURRENT switch facilitates reading 
loop current on meter Ml. INPUT switch S9 adjusts the input circuits to accept data of 
any standard current or voltage level. FILTER switch S7 connects a filter across the 
loop to remove noise from the data, if required (not to be used at bit rates over 150). 
The· input circuits convert the incoming data to a logic level signal (MS) that is compati­
ble with the rest of the Analyzer circuits. Signal MSP consists of a train of spikes 
that coincide with the negative transitions of MS. The SIG MARK ON indicator lamp, 
DSG, lights when the data signal is in the Mark condition. 
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Time-Base Circuits (Fig. 27) 

3. 12 BIT RATE switch S1 adjusts the time-base circuits to produce an output square-
wave (200 x BIT) whose negative transitions occur at 200 times the bit rate of 

MS. The BIT RATE switch has an external position that facilitates substituting an ex­
ternally generated 200 x bit signal (EXT CLK connector). 

Sync Circuits (Fig • 2 7) 

3 . 13 The 200 x bit timing signal is divided by two in the sync circuits to produce 100 
x bit timing signal DC. DC is coupled to the distortion counter circuits, where 

it is divided by 100 to produce 1 x bit timing signal BT. When MS is synchronous, the 
sync circuits compare the rate of BT with the rate of MS. If BT is fast, pulses are sub­
tracted fr· m DC. If BT is slow, pulses are added to DC. In this way, DC, and sub-
s equ c-:mtly DT, are synchronized with MS in rate and phase. Timing signal CTB has a 
rate of 2 ·1 times bit. It is derived from the 200 x BIT output of the time-base circuits 
and is <-';/"i(~hronized with MS. 

3 .14 'IJVrv~n DC is start-stop, the sync circuits utilize MSP and TO to synchronize DC 
· vv.U:.h the first transition of each start element of MS and to derive additional 

timing signal RST and ST. Shortly after the first transition of ,-each stop element, DC is 
inhibited and ST inhibits the transfer circuits. At the first transition of each start ele­
ment, DC is enabled and RST resets the distortion counter circuits to zero. Then, 
shortly after the first transition of each start element, ST enables the transfer circuits. 
In this way, DC and the distortion counter are synchronized with the first transition of 
each start element, and the transfer circuits are disabled during the time of that transi­
tion. 

3 .15 S/S CODE LEVEL switch Sl0 adjusts the sync circuits for either synchronous or 
5-, 6-, 7-, or 8-level start-stop operation. The CHAR SYNC output provides 

positive transitions to coincide with the first transition of each start element and nega­
tive transitions one unit after the first transition of each stop element. The BIT SYNC 
output provides a 1 x bit signal derived from BT. 

Distortion Measurement (Fig. 8, 9 , and 2 7) 

3 .16 The distortion counter circuits 
count the negative transitions 

of DC. The BCD output steps from SO 
through zero through SO for each tran­
sition of MS . The BCD count reaches 
zero at the ideal time position of each 
transition of MS. When an actual 
transition of MS occurs, it initiates a 
transfer pulse ffi. in the transfer cir­
cuits. Each time XFRoccurs, it trans­
fers the BCD count into the distortion 

DC 

IT 

IIIS 

mi 

Fig. 8 - Over-All Timing, Synchronous 
Distortion Measurement 
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register circuits . The transferred 
BCD count is there stored until the 
next XFR pulse occurs to displace it 
with a new· count. If MS is not dis­
torted , its actual transitions will 
occur as the counter BCD output is at 
zero. If the transitions are displaced 
either early or late, however, the 
counter will be at some count between 
zero and 50 when ffi. occurs. 

Example: If MS transitions are 
displaced early or late by 21 per 
cent of a unit interval from their 
ideal time positions, the BCD 
count at the output of the counter 
will be at count 21 when XFR 

MS 

DC 

BT 

ST 

START 7 lpo-l--,.1 _2___,l--3---.~~,~,"""'.'S~TO~P 
0 !100 !lCO 500 500 500 ~ O 50 

lllllllllllllliillllllll 11111111111111111111111111111011 
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Fig. 9 - Over-All Timing, Start-Stop 
- Distortion Measurement 

occurs. BCD count 21 will therefore be transferred into the distortion registe r 
each time XFR occurs. The BCD output of the register is continuously converted 
to an equivalent analog current by the D/A converter circuits. The ANALOG cur­
rent in this case would drive meter Ml to indicate 21 per cent. 

Extra Count (Fig. 2 7) 

3 .17 As the distortion counter down-counts from 50 to zero, it is always one count 
short. During the down-cdunt, BT adds a constant one count to the distortion 

register to compensate. 

Marking and Spacing Indicator Lamps (Fig. 27) 

3. 18 Signal EL lights either the Marking or Spacing indicator lamp to signal whether 
the distortion indication (Ml) represents early or late distortion. 

Bias Distortion (Fig. 2 7) 

3 .19 'When set to BIAS, MODE switch S3 adjusts the transfer circuit to permit only 
the Space-to-Mark transitions of MS to initiate transfer pulses. 

End Distortion {Fig. 27) 

3. 20 When set to END, MODE switch S3 adjusts the transfer circuits to permit only 
the Mark-to-Space transitions of MS to initiate transfer pulses. For synchro­

nous operation, end distortion does not apply, and S/S CODE LEVEL switch 810 
inhibits the transfer pulses during all Mark-to-Space transitions of MS. 
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Peak Distortion (Fig. 2 7) 

3 • 21 "When set to PEAK, MODE switch S3 adjusts the transfer circuits to permit both 
Space-to-Mark and Mark-to-Space transitions of MS to initiate transfer pulses. 

Signal PT inhibits XFR except when the BCD count at the input to the distortion register 
e~ceeds the BCD count at the output. Again, end distortion does not apply during syn- _, 
chronous operation, and S/S CODE LEVEL switch 810 inhibits the transfer circuits 
during all Mark-to-Space transitions of MS. ) 

Individual Transitions (Fig. 2 7) 

3. 22 For s tart-stop operation only, the end, bias, or peak distortion of an indivdual 
transition of each character may be measured. TRANSITION SELECT switch S2 

may be s e t to inhibit the transfer circuits during all transitions of each character except 
the one sele cted (1 through 9) . Transition 1 corresponds to the first transition of the 
first i nfo ma tion bit. 

Error Detec tion and Counting Circuits (Fig. 28) 

3. 23 The t ime-base circuits, sync circuits (and associated function of distortion 
count er circuits) and input circuits are described in 3. 11 through 3. 15 above. 

Parity Erro r Circuits (Fig. 10 and 28) 

3. 24 The parity error circuits monitor MS to produce a parity error pulse (PE) for each 
character that contains the wrong number of Mark elements . The circuits are 

strappable to detect either even or odd parity errors. For even parity, each character 
that contains an odd number of Marks initiates a PE pulse. For odd parity, each char­
acter that contains an even number of Marks initiates a PE pulse. The negative tran­
si~ton of ST produces the PE pulse during the stop element of each character that con­
tains the incorrect number of Marks. 
Reset pulse RST resets the circuits at 
the first transition of each start ele­
ment . Signal T9 inhibits the circuits 
before the stop element can be counted 
as a Mark. Each time a PE pulse is 
generated, PARITY ERROR indicator 
lamp DSS lights. The lamp remains 
lit until PARITY ERROR switch S11 is 
operated to put it out. · Each time a PE 
pulse is emitted, it steps the error 
counting circuits one count (see 3. 26 
and 3 . 2 7 below) . 

MS 

BT 

ST _J L 
T9 r 
rn 
Pi" 

Fig. 10 - Over-All Timing, Parity Error 
Detection 
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Bit Error Circuits {Fig. 11 and 2 8) 

3.25 The bit error circuits monitor 
MS when MS is either a rever-

sal pattern or pseudo random pattern 
signal. MS is compared with identical 
internally generated· patterns. Should 
MS lose a bit, the incoming and inter­
nal signal patterns would not be coin­
cident during the time of the mis sing 
bit {Fig. 11) . The lack of coincidence 
initiates an error pulse (EP). PUSH TO 
SYNC switch SS is operated to syn­
chronize the incoming pattern with the 

MS 

BT 

EP 

_J 
./MISSING BIT 

r--7 1 L .__ _ _, 

· Fig. 11 - Over-All Timing, Bit Error 
Detection 

internal pattern. During synchronization, signal CS inhibits the error counting c irc uits 
{see 3. 26 and 3. 2 7 below) . Signal SP is a 1 x bit spike train that steps the interval 

• counter in the error counter circuits (see 3 .26 and 3 .27 below). SP is derived from 
timing signal BT applied through BIT CLK switch Al2Sl. The BIT CLK switch may al so 
be set to substitute an external 1 x bit signal from EXT BIT terminals on TB2. Error 
pulse EP is coupled out through ERROR PULSE terminals on TBl. The output of the 
internal pseudo random pattern generator is made available at the TEST SIG OUTPUT 
connectors , TP 1 and TP2 , on the front panel . 

Error Counting Circuits {Fig. 28) 

3. 26 As determined by the setting of MODE switch S3, the error counter circuits 
count either the bit error pulse EP or the parity error pulse PE. The BCD output 

of the error counting circuits is monitored by the D/A converter circuits. The D/A 
converter circuits convert the count to an equivalent analog current. The analog current 
drives meter Ml. Each time an error pulse occurs, the BCD count steps up. one count, 
causing ·the meter pointer to advance up scale one division. At count 51 the OVERFLOW 
indicator lamp lights and error counting is inhibited. 

3. 27 While error pulses are being counted, SP spikes are also being counted. The 
spikes occur at the bit rate of MS. After a number of spikes have occurred, as 

selected by the ERROR COUNT INTERVAL switch (10 2 , 103 , 104, 105 , or 106 bits), the 
error counting circuits become inhibited, the COUNT COMP indicator lamp lights, and 
CS enables the automatic function of the reset circuits. Five seconds later reset pulse 
ECR resets the error counter circuits (if DISPLAY RESET switch Sl3 is set to AUTO). The 
COUNT COMP or OVERFLOW indicator lamp goes out and a new error count begins. 

Note: Both indicator lamps do not light at the same time. Error count 51 lights the 
OVERFLOW indicator lamp, and the selected interval count lights the COUNT COMP 
indicator lamp. The first completed count lights its associated indicator lamp. 
As soon as one of the two counts is complete both counts are inhibited. Both 
counts remain inhibited and the lit indicator lamp remains lit until ECR reset~ \. 
both counts to zero. ECR will occur five seconds after one of the two counts is 
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3.28 

complete if DISPLAY RESET switch is set to AUTO. If the DISPLAY RESET switch 
is set to OFF, ECR will occur when the DISPLAY RESET switch is depressed to 
MAN. The operator must select the position of the ERROR COUNT INTERVAL 
switch that permits the interval count to become complete before the error count 
overflows. 

Logic Diagram Analysis 

The logic functions of each major circuit area are detailed in 3. 29 through 
3 . 77. Logic standards used in this analysis are described in Fig. 12. 

Note: The logic diagrams (Fig. 27 through 33) are fold-out illustrations and are 
therefore located at the end of Section 4 to facilitate viewing them while reading 
the fo llowing text and timing diagrams {Fig. 13 through 2·4). 

LOGIC L.EV~U:: +5 VOLTS = I= H = HIGH 
0 VOLTS= O=L = LOW 

--s so 

GATE: 

INVERTER: 

AMPLIFIER: 

SHAPER: 

GATE: 

H--[>o----L 

H-[>~-H 

~ 
PASSES ONLY' NEGATIVE 
TRANSITIONS 

--4T 
C CO 0---

BISTABLE 

I . IN SET CONDITION WHEN I-OUTPUT IS HIGH. 

2. WHENS-INPUT IS HIGH ANO C-INPUT IS 
LOW, NEGATIVE TRANSITION AT T-INPUT 
SETS BISTABLE. 

3. WHEN C-INPUT IS HIGH ANOS· INPUT IS 
LOW, NEGATIVE TRANSITION AT T-INPUT 
RESETS BISTABLE. 

4. WHEN BOTH C-INPUT ANOS-INPUT ARE 
HIGH, NEGATIVE TRANSITIONS AT T-INPUT 
ALTERNATLY SETS ANO RESETS BISTABLE. 

5. NEGATIVE TRANSITION AT SO -INPUT S£TS 
BISTABLE. 

6. NEGATIVE TRANSITION AT CO-INPUT 
RESETS BISTABLE. 

7. LOW AT SO-INPUT HOLDS BISTABLE IN SET 
CONDITION, OVER - RIDES T - INPUT. 

8 LOW AT CO-INPUT HOLDS BISTABLE IN 
RESET CONDITION, OVER-RIDES T-INPUT. 

TMB9145002 

Fig. 12 - Logic Standards 
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Input Circuits {Fig. 13 and 29) 

3 .29 The data signal under test is 
coupled in through POL (polar­

ity) switch SB, LOOP CURRENT switch 
S 12 , and resistors ASR4 and AS RS to 
the input .of electronic relay ASQl­
ASQ 6 • The signal at the output of 
the relay is coupled through inverter 
Il to become logic-level data signal 
m. MS is coupled through inverter 

MS 

MS 

MSP 

START ---. 
STOP 2 3 

,-----,S_ TA RT 
STOP 

i__ri_ 

Fig. 13 - Input Network Timing 

12 to become signal MS. When MS is high (Mark condition), it produces a low at t he 
output of I4, which lights SIG MARK ON indicator lamp DSG. Each negative transition 
of MS is coupled through shaper SH-1 to produce positive spikes MSP at the output of 
I3. 

3 .30 When the data signal under test is connected to the Analyzer via INPUT SIG jack 
Jl , inputs from TB! and J2 are disconnected at JI contacts, opened when a phone 

plug is inserted in JI. POL switch SB adjusts the input circuits to accept either normal 
polarity (low Mark) signals. With SB set to (+), a normal polarity input signal produces 
a normal polarity output signal MS. With S8 set to (-), a reverse polarity input s ignal 
produces a normal polarity output signal MS. When LOOP CURRENT pushbutton switch 
S12 is depressed, meter bridge rectifier ASCR8-CR11 is connected in series with the 
input loop. Front-panel meter Ml then reads loop current. With INPUT switch S9 set 
to 20 or 10/30, the input loop is loaded by 300-ohm resistor Rl. With S9 set to 60, the 
loop is loaded by 100-ohm resistor R2. When S9 is set for either 20 or 60, the loop 
connects via ASR26 to the ne.utral input of the relay. With S9 set to Hl-Z or HUB, 43k­
ohm resistor R4 is connected in series with the loop. With S9 set to HUB, resistor 
R27 connects across both inputs to the relay. With S9 set to EIA, only resistors ASR4 
and ASRS are in series with the loop. Electronic relay ASQ1-ASQ6 isolates the external 
loop from· the rest of the Analyzer circuits. FILTER switch S7, when set to IN, connects 
capacitor ASC3 across the loop to filter out noise and transients. 

Time-Base Circuits (Fig. 14 ~nd 30) 

3. 31 With BIT RATE range switch Sl set to range A, as shown, the oscillator frequency 
is controlled by the 1. 92mHz crystal, Y7, and output gate Gl8 is enabled. The 

negative transitions of the 1. 92mHz signal from the oscillator step downcounter FF1-
FF8. The !-output of each bistable, therefore, provides a different output frequency 
as follows: 

OUTPUT 

osc 
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FFI 

FF2 

OUT 

DMDE 1. 92MHZ BY 

1 

2 

4 

FREQUENCY 

(200 x 9600)Hz 

(200 x 4800)Hz 

(200 x 2400)Hz 



i) ' 

. 

OUTPUT DMDE 1. 92MHz BY FREQUENCY 

FF3 8 (200 x 1200}Hz 

FF4 16 (200 x 600}Hz 

FFS 32 (200 x 300)Hz 

FF6 64 (200 x lS0)Hz 

FF'l- 128 (200 x 75)Hz 

FF8 256 (200 x 37. S)Hz 

(192) * (200 x S0)Hz 

*Downcountor FF1-FF8 divides by 192 instead of the normal 256 when FFl and FF2 are 
irnpleme n"od to divide by 3 instead of the normal 4 (Fig. 14). 

3. 32 Th8 s e tting of BIT RATE select switch Sl determines which gate of Gl through 
G 11 is enabled. For each bit rate selected, the gate enabled connects the cor­

rect 200 x bit rate signal to Gl8. The negative transitions of the output signal (200 x 
bit) then occ ur at 200 times the bit rate selected. When the BIT RATE select switch is 
set to EXT, gate Gl is enabled, thus permitting an external 200 x bit signal to be 

[) coupled through amplifier Ql-Q2 to output gate Gl8. 

3. 33 When the BIT RATE select 
switch is set to rate 50, the 

output of gate G20 goes low to enable 
gate G2 l and disable gate G22. 
Bistables FFl and FF2 then divide by 

· 3 -inst·ead of ~he normal 4 (Fig. 14) . 
The I-output of FF8 is then 1. 92mHz 
divided by 192, or (200 x 50) Hz. 

3 • 3 4 When the BIT RATE range switch 
is set to range B, output gate 

Gl8 is disabled and output gate Gl9 
is enabled. Also the 1. 92mHz crystal, 
Y7, is disconnected and the oscillator 
is controlled by one of the optional 
crystals of Yl through Y6. The first 
six positions of the BIT RATE select 
switch s·elect the optional crystals . 
When each crystal of Yl through Y6 is 
selected, the corresponding gate of 
Gl 2 through Gl 7, respectively, is 
enabled . The six gates are strappable 

osc 

FFI L 
FF2 -----ft 

A. DIVIDE BY 4 

osc 

FFI ___,! 
FF2 ,. L 

A. DIVIDE BY 3 

Fig . 14 - Time Base, Divide-By-Three 
Function 
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to connect either the i, 1°5, or 3 2 signal to output gate Gl 9. Selection of optional 
crystal frequencies and gate strapping are explained in 1 . 21 and 4 (F) . 

Sync Circuits (Fig. 31) 

3. 35 Time-base signal 200 x bit is coupled through Gl3 and GlS to toggle FF6. FF6 
divides 200 x bit by two to produce lo'O x bit signal DC at the output of Gl8. 

DC is coupled to the distortion counter circuits (not shown) where it is divided by 100 
to produce 1 x bit signal BT. 

Synchronous (Fig. 31) 

3. 36 When MS is synchronous, the sync circuits add pulses to and subtract pulses 
from DC as required to synchronize BT rate and phase with MS. 

Subtracting (Fig. lSA, lSB, and 31) 

3. 37 When BT rate is fast (Fig. ISA) with respect to MS rate, BT will be high d uring 
the negative transitions of MS. When BT is high, gates G2 and GS enable t he 

a-outputs of FFl and FF2. MS steps counter FF1-FF3. At each fourth negative transi­
tion of MS, GlO goes low, causing Gll to go high. With Gl 1 high, the next negat ive 
transition of 200 x bit resets FF4. With FF4 reset, the next negative transition of 200 
x bit resets FFS. The resultant positive transition at the a-output of FPS produces a 
negative transition at the output of G8, which resets FF3. During the time when FF4 is 
reset and FFS is set, Gl2 goes low (Fig. lSB). The low disables Gl3 just long enough 
to subtract one pulse from 200 x bit at the output of Gl3. Since each fourth negative 
transition of MS thus initiates the removal of one pulse in 800 from 200 x bit, the 
effect is to remove 1/2 pulse in 400 from 100 x bit signal DC. This function produces 
only a slight corrective shift in the phase and rate of BT. In this way, pulses are sub­
tracted from DC until BT shifts into phase and rate with MS. 

Adding (Fig. lSC, lSD, and 31) 

3. 38 When BT rate is fast with respect to MS rate, BT will be high during the negative 
transitions of MS. When BT is high, gates Gl and G4 enable the I-outputs of 

FFl and FF2. MS steps counter FF1-FF3. _At each fourth negative transition of MS, G9 
goes low, causing Gl 1 and I1 to go high. With Gl 1 high, a pulse is subtracted from 

200 x bit as described in 3. 37 above. The high at the output of I1 enables Gl4. G14 
is enabled just long enough to pass one 200 x bit pulse through G14 and Gl6. The 
pulse is added to 100 x bit (DC) at the output of G18. The sum effect of having sub­
tracted 1/2 pulse in 400 from DC having added one pulse in 400 to DC is the addition 
of 1/2 pulse in 400 to DC. This function produces a slight corrective shift in the phase 
and rate of BT. In this way, pulses are added to DC until BT shifts into phase and 
rate with MS. 
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FF ◄ 

FF5 

G7 

A . BT PHASE EARLY OR RATE FAST 

200 X BIT 

G II 

II 

FF 4' 

FF5 

Gl2 

Gl3(CTB) 

Gl5(ffi) 

FF6 

Gl6 

617 

Gl8(18) 

_:__J ' ,: I ...,_, --------

--- - ~ - - I- - -- - - - -- -
I I 

. e ~. ,_ __ __. 

---u 
I 

~-"'-.._SUBTRACTED PULSE 

B. SUBTRACT PULSE 

BT 

MS 

FFI 

FFZ 

FF3 

G9 

GIi 

II 

FF 4' 

FF5 

67 

200 X BIT 

GIi 

I I 

FF4 

FF5 

0 

C . BT 

__J 

_J 

PHASE 

GIZ L__j 

Gl4 ~ 

~~-

L_ 

' 1--: L_ 

♦ 

LATE OR RATE SLOW 

Gl5(CTB) ~'LJ7....JL.r 
FF6 

Gl6 

617 

Gl8(DC) 

D. ADO PULSE 

Fig. 15 - Sync Network Timing, Synchronous 
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-
. Noise Rejection (Fig. 31) 

3. 39 Note in the timing diagram (Fig. lSA and lSC) that when BT is fast (early) counter 
FF1-FF3 down counts (7-6-5-4). Note (Fig. 15B) that when BT is slow (late) 

counter FF l -FF3 up counts (0-1-2-3). Count 4 on the. downcount initiates the subtract 
function •. Count 3 on the upcount initiates the add function. Counter FF1-FF3 there­
fore permits only every fourth negative transition of MS to initiate an add or subtract 
function. If data signal MS contains noise spikes, they will step the counter but will 
not initiate the add or subtract functions. The noise spikes will not initiate false add 
or subtract functions because they occur in random order. That is, as many will occur 
late as early. They will therefore step the counter alternately up and down, ne ver 
reaching count 3 or 4. Only the negative transitions of MS are able to complete a count 
to initiate a true add or subtract function. 

Start-Stop (Fig. 16 and 31) 

3. 40 When the data signal under test is start-stop (Fig. 16), the start-stop sync net­
work inhibits DC (at Gl 5) shortly after the first transition of each stop ele ment 

of MS and enables DC (at G 15) at the first transition of each start element. This func-
- tion synchronizes DC with the first transition of each start element of data signal MS. 

Transition Counter 

3. 41 DC is coupled to the distortion 
counter circuits (Fig. 3 2) where 

it is divided by 100 to produce 1 x bit 
timing signal BT. BT steps the tran­
sition counter (Fig. 3 2) . Each of the 
ten output lines (TO through T~) go low 
during their corresponding transition 
of data signal MS (Fig. 21) . Lines TO 
and Tb through T"9" are coupled to the 
sync circuits (Fig. 31) . 

Reset Signal RST (Fig. 16 and 31) 

3. 42 With the S/S CODE LEVEL 
switch set to 5, T6 connects 

via 16 to FF7. Each positive tran­
sition of T6 resets FF7 prior to the 
first transition of each start element 
of MS. The next MSP spike occurs at 
t he first transition of the start element 
and is inverted by G 19 to set FF7. 
W he n set, FF7 's 1-output goes high 

BT I 
'START ---, 

MS STOP 

Gl9(RST)---i-------------.----

FF 7 7_j L_J 

TG _j L_j 

G20 _f7 n .._ ________ _J ..._ __ 

G21 L_j LJ 

u 
G22 _J 

G2l(Si) 7.__~I 
oc 

CTB 

:111111 u,1 11111111111111~1111 !~111 11p11111111 ¢J~'ijl111' I 

MWilrf1!1ll!/l /tWIIHt#~!1 11111!.'. UI 1~1/ f/1 ~111111 I 

L_ 

11111111.i:w,,1 : 

Fig. 16 - Sync Network Timing, Start-Stop 

to produce a low at the output of G20, which disables Gl9 • Therefore, no further MSP 
spikes are able to be coupled through Gl9 until T6 again resets FF7. Reset signal RST 
is thus produced at Gl 9. RST then consists of a train of spikes that coincide with the 
first transition of each start element of MS. 
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Synchronization (Fig. 16 and 31) 

3. 43 Since FF7 is set at the first transition of each start element and reset a half unit 
later, the output of G2 l inhibits DC during the stop element of each MS charac­

ter, and enables DC at the first transition of each start element. 

Stop Transfer Signal ST (Fig. 16 and 31) 

3.44 When G21 goes low, G22 goes high, producing a low at the output of G23. When 
TO" goes high, G22 goes low, producing a high at the output of G23. The output 

of G23 (ST) i s, therefore, low during the first transition of each start element of MS. 

Distortion C ounter Circuits (Fig. 32) 

3. 45 The ne gative transitions of timing signal DC (100 x bit) step the distortion count-
er repeatedly from count zero to 99. Both decades repeatedly count from zero to 9 

and reset t o zero at count ten. The first decade (units) is stepped by DC and the 
second decade (tens) is stepped by each count ten reset of the first decade. 

Decade We:.qhting (Fig. 17 and 32) 

3. 46 The binary coded decimal (BCD) notation of the outputs of each decade has 
1-2-4-2 weighting instead of the normal 1-2-4-8 weighting (Table V). Up to 

count four, the decade counts as a conventional binary counter. At count five, however, 
Gl goes negative to set FF2 and FF3, which resets FF4. This function steps the count 
to five (1-2-4-2 weighting). The decade then continues to count as a conventional 
binary and, at count ten (1-2-4-2 weighting), resets to count zero. 

TABLE V 

DECADE WEIGHTING 

1-2-4-8 WEIGHTING 1-2-4-2 WEIGHTING 

0000 = 0 0101 = 5 0000 = 0 1011 = 5 

0001 = 1 0110=6 0001 = 1 1100 = 6 

0010 = 2 0111 = 7 0010 = 2 1101 = 7 
. 

0011 = 3 1000 = 8 0011 = 3 1110 = 8 

0100 = -4 1001 = 9 0100 = 4 1111 = 9 
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3 .47 As counter outputs FFl, FF2, 
FF3,FF4, FFS, FFG, FF7, and 

mupcountfrom zero to 99, the com­
plementary outputs FFl, FF2, FF3, FF 5 , 
FF6, FF7, and FF8 down-count from 99 
to zero. 

Transfer Gates {Fig. 18 and 32) 

3. 48 Since BT is low during count 
zero to 49 and high during count 

50 to 99, transfer gates G 7 through G20 
alternately connect the upcount and 
downcount (Fig. 18) to the S-inputs. 
of distortion register FF2 through FF8. 
The BCD count applied to the S-inputs 
of the distortion register, therefore, 
steps repeatedly from 50 to zero to 50. 

Note: Transfergates G7 through 
G20 invert and therefore trans­
form the upcount to a downcount 
and vice versa. 

Distortion Register Circuits (Fig. 18 
and 32) 

3 .49 The SO-to-zero-to-SO count 
applied to the S-inputs of the 

distortionregisterreaches count zero 
at the ideal time position of each 

oc 

FFI 

FFZ 

m 
ffi 

GI 

FFI 

FFZ 

FF5 

FF6 

FF7 

ffi<iT> 

4 ~ 

LS7 
r1-J 

Fig •. 17 - Decad G Timing 

ZERO 
DISTORTION 

• _n__n_n_r 
I 

___ri____J-
1 

soe-.-.:, 
O1s ·ro f!T ION 

9 
_n_f7--f1--J 
_s--w-

I 

-EARLY----- LATE----:, -EARLY -
: 

Fig. 18 - Distortion Counter Timing 

transition of data signal MS. Transfer pulse XFR occurs at the actual time positions 
of the transitions of MS. Each time an XFR pulse occurs, it transfers the count into 
the distortion register. There the count is stored until the next XFR pulse transfers a 
new count. If MS is not distorted, the count transferred will be zero. If MS is dis­
torted {early or late), the count transferred is numerically equal to the per cent of dis­
placement {0-50%). 

D/A Converter Circuits (Fig. 3 2) 

3. 50 The BCD count stored in the distortion register is coupled through gates Gl 
through G7, in the D/A converter circuits, to amplifiers AMI through AM7. The 

sum of the resultant currents in resistors R4, RB, Rl2, Rl6, R20, and R28 deflect meter 
Ml to the decimal equivalent of the stored BCD count. 

Example: Assume that an MS transition occurs 23 per cent late {23% early). XFR 
transfers BCD count 23 (0010 0011) into the register. This produces highs at the 
I-outputs of FF7, FF2, and FF3. The three highs produce lows at the outputs of 
AMI, AM2, and AMG. The sum of the resultant currents in R4, RB, and R24 de­
flect Ml to read 23 per cent. 
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Add 1 Per Cent (Fig. 3 2) 

3. 51 Note in Fig. 18 that the ·distortion counter counts correctly from zero to 49 (late 
distortion) but then steps to count 49 -again, skipping count 50. On the down­

count from 49 to zero (early distortion), the counter, therefore, always registers one 
count short. For example, if an MS transition is displaced 20 per cent in advance 
(early) of its ideal time position, the count transferred will be 19 (one count short). To 
comp·ensate for early distortion measurement, FF9 in the distortion register adds to a 
steady count of one to the D/A converter during the entire downcount. 

MARKING and SPACING Indicator Lamps (Fig. 32) 

3 .52 When a data signal (MS) Space-to-Mark transition occurs early, MS and BT are 
high , producing a high at the output of IS, which sets FFl to light the MARKING 

indicator lamp. 

3. 53 When an MS Space-to-Mark transition occurs late, MS and BT are low pro­
ducin q a high at the output of GS-G6, which resets FFl to light the SPACING 

indicator la1 1· • 

3. 54 When n MS Mark-to-Space transition occurs ·early, BT and MS are low, pro­
ducing a high at the output of GS-G6, which resets FFl to light the SPACING in­

dicator lamp . 

/.2:%\ 3. 55 When an MS Mark-to-Space transftion occurs late, MS and BT are high, pro-
t·'?i!} ducing a high at the output of IS, which sets FFI to light the MARKING indicator 

lamp. 

Transfer Circuits (Fig. 3 2) 

3. 56 Transitions of data signal MS initiate XFR transfer pulses in accordance with 
3. 5 7 through 3. 60 below. 

Bias Distortion (Fig. 19A,. 20A, and 32) 

3. 5 7 With MODE switch S3B set to BIAS, it disables G2 and enables GI. Each nega-
tive transition of MS, therefore, produces a negative spike at the output of GI. 

Each time a negative spike occurs it resets FFl, producing a high at the output of GS, 
which resets FF2. When the I-output of FF2 goes low, it sets FF! and drives the out­
put of G4 high to set FF2 and drive the output of GS low. A positive spike is therefore 
produced at the output of GS for each negative transition of MS. The positive spike at 
the output of GS enables G7 long enough to permit one positive pulse of CBT to be 
coupled through G7 to become transfer pulse XFR. The other inputs of G7 {PT, G6, ST, 
and DC) are all high at this time. 

End Distortion (Fig. 20 and 3 2) 

Note: End distortion does not apply to synchronous operation. During synchronous 
operation, S/S CODE LEVE.L switch SIDA disables gate G2. 
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3 .58 With MODE switch S3B set to 

END, it disables Gl and 
enables G2. Each negative transition 
of MS, therefore, produces a positive 
spike at the output of GS . Each spike 
initiates anXFR pulse except the spike 
produced by the first transition of each 
start element. During the time of that 
transition, ST is low to disable G7. 

Peak Distortion {Fig. 19B, 20C, and 
32) 

Note: For synchronous operation, 
where end distortion does not 
apply, S/S CODE LEVEL switch 
disables G2. 

3 .59 With MODE switch S3B set to 
PEAK, it enables Gl and G2 in 

the transfer circuits and enables FFl0 

IU 

GI , 

G2 

G5 

G6 

PT 

ST 

_f7__J 

, I 

---- ------ --

------------
cTe l!luillll:matiii1llllllllllllllllllil 
o c !1K~!IIH!l)\!Hlllllllllllllllllilli Ill 
G7(XFR) I 

A. BIAS OISTORTION 

MS 

GI 

G2 

G5 

GG 

PT 

ST 

oc rn ~1H1: :11i:i·;111H1. ,1:11:i :<1.(n 

G 7 (XFR) 

B. P£AI DI TORT ION 

Fig. 19 - Transfer Network Timing , 
Synchronous 

in the distortion register circuits . Each negative transition of MS and ~produces a 
positive spike at the output of GS. These spikes can produce an~ pulse only when 
PT is high. PT will be high only when the comparator network sets FFl0 in the dis­
tortion register circuits. The comparator network maintains FFl0 in the set condition 
only when the BCD count at the input to the distortion register exceeds the BCD count 
at the output of the distortion register. 

Individual Transi tlons {Fig • 2 0 D , 21 and 3 2) 

Note: - Individual transition measurement does not apply to synchronous operation. 
During synchronous operation, S/S CODE LEVEL switch Sl0A disables G6. 

3. 60 In the distortion counter circuits, BT steps the transition counter {Fig. 21). The 
transition counter output produces a low on each of lines Tl through T9 during 

the time of the corresponding transitions {first through ninth) in each character of MS. 
If, for example, TRANSITION SELECT switch S2 is set to 3, it connects line T3'" to gate 
G6 in the transfer circuits. Gate G6 will therefore enable G7 to produce an~ pulse 
only during the time of the third transition of each character. Only the third transition 
of each character can, therefore, initiate a transfer pulse. The MODE switch may be 
set to either PEAK, BIAS, or END. 

Reset Network {Fig. 3 2) 

3. 61 When DISPLAY RESET switch S13 is momentarily set to MAN, the resultant nega-
tive transition is coupled through SHl, AMl, and AM2 to reset the distortion re­

gister. When set to AUTO, the resultant high at the output of 13 enables G2 to pass the 
reset pulses produced by the 5-Sec timer. The timer produces a reset pulse every five 
seconds. 
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Reset Signal RST (Fig. 3 2) 

3. 62 During stop-start operation, 
RST consists of a train of 

spikes that reset the distortion 
counter and transition counter at the 
first transition of each start element. 

Parity Error Circuits (Fig. 22 and 33) 

3 • 63 The parity error circuits may 
be strapped at the output of 

FF3 for either even or odd parity error 
detection. When strapped for even 
parity, the circuits emit a parity 
error pulse (Pr) each time a character 

· of data signal MS contains an odd · 
number of Mark elements. When 
strapped for odd parity, the circuits 
emit a PE pulse each time a character 
off data signal MS contains an even 
number of Mark elements . 

Note: Parity error detection 
applies only when MS is an 8-
level code start-stop signal 

Even Parity (Fig. 22 and 33) 
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Fig. 21 -- Transition Counter Timing 

3. 64 With 11'9" and ST high,· BT is able to pass through G8 to produce a train of spikes 
at the output of SH-4. The spike train steps FF3 in accordance with MS applied 

to the S- and C-inputs. If MS contains an even number of Mark elements, the I-output 
of FF3 will be low when ST goes low. Since the 1-output of FF3 is low, G9 is disabled 
and the spike produced by ST· at the output of 16 is unable to pass through G9. If MS 
contains an odd number of Mark elements, the I-output of FF3 will be high when ST goes 
low. Since the I-output of FF3 is high, G9 is enabled and the spike produced by ST at 
the output of 16 passes through G9 to become parity error pulse PE. 

Odd Parity (Fig. 22 and 33) 

3. 65 The circuit function is the same as that described above except the 0-output of 
FF3 enables or disables G9 (Fig. 2 2) • An even number of Mark elements in MS, 

therefore, produces a PE pulse and an odd number of Mark elements does not. 

Parity Error Indicator Lamp (Fig. 22 and 33) 

3. 66 PARITY ERROR indicator lamp DSS lights each time a PE pulse is emitted. It then \;:_; 
remains lit until PARITY ERROR switch Sl 1 is set to either OFF or RESET. 
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Reset Signal RST (Fig. 22 and 33) 

3. 67 RST resets the parity error cir-
cuit at the first transition of 

.each start element. 

Bit Error Circuits (Fig. 23 and 33) 

3. 68 The · bit error circuits detect 
b it errors in either reversal 

pattern ox- . pseudo random pattern 
signals , Detection is accomplished 
by comp :':i ng the signal under test 
(MS) \/\.?jJ:h an identical internally 
gen~rat e{ r. ignal. As long as the two 
signals ..c:' incide, no errors exist. 
Should I•L.:; lose a bit, the two signals 
will not coi ncide during the time of 
the mis s i:r1g bit and the error is 
detected . Each time a missing bit is 
detected , t he bit error circuits emit 
an error pulse (EP). The bit ez:ro~~­
cuits are clocked by three spike trains 
(SP, BTP, and BTP), .all of which are 
derived from 1 x bit timing signal BT 
when the rear-panel BIT CLK switch 
Al 281 is set to INT. With the BIT 
CLK switch set to EXT, the spike 
trains may be derived from an external 

· I x bit timing signal that is coupled 
in through amplifier QS-Q6. 

Reversal Pattern Error Detection (Fig. 
23 and 33) 

3. 69 Spike train BTP ( 1 x bit) steps 
reversal pattern generator FF3, 

producing reversals at the 0-output. 

MS 

!T 

ST 

T9 

m 
G8 

I8 

FF 3 

I6 

G9(PE} 

MS 

BT 

ST 

T9 

G& 

re 

FF3 
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_J 
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LJ 

A . EVEN PARITY C~RREC T 

_J 

I I 
LJ 

B. EVEN PARITY INCORRECT 

6 7 e STCP 

L 
Lr 

L 
Lr 

u--

Fig. 22 - Parity Error Timing 

The bit rate of the reversal pattern is the same as the bit rate of the reversal pattern 
signal under test (MS). MS is coupled into FFl, producing a delayed replica of MS 
at the output of FFl. When PUSH TO SYNC switch S5 is momentarily depressed, it 
permits the next SP spike to set FF2,. which remains set until the next SP spike resets 
it. While FF2 is set, its 1-output enables Gl and G2. During the time they are 
enabled, Gl and G2 permit the output of FFl to control the stepping of FF3 • The 
output of FF3 is thus synchronized with the delay replica of MS at the output of FFl. 
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Comparison (Fig. 23 and 33) 

3. 70 With MODE switch S3B set to 
REV, it enables Gl0, and, since 

FF2 is normally reset, it enables G4. 
The rever~al pattern at the output of 
FF3 is, therefore, applied to one input 
of GS and its complement to one input 
of G6. The delayed replica of the 
reversal pattern under test and its 
complement are applied to the other 
input of GS and G6, respectively. 
Since the two reversal patterns at the 
inputs to GS are in phase and the two 
reversal patterns at the input to G6 are 
in phase, the output of GS-G6 (G) is 
.at a constant low to disable Gl2. 

Error Pulse {Fig. 23 and 33) 

3. 71 Should MS lose a bit, G will go 
high during the time of the 

missing bit. Gl2 is thus enabled long 
enough to pass one SP spike, which 
becomes error pulse EP at the output of 
Gl2. 

Pseudo Random Pattern Generator 
(Fig. 24 and 33) 

3. 72 The ·bit error circuits contain 
a pseudo random pattern gen­

erator that consists, essentially, of 
the two S-bit shift registers, bistable 
FF4, and gates G7 and GS. The output 
of G7-G8 feeds back through IS, Gl 1, 
G4, and !2 to the input of the first S­
bit register. Depending on the strap­
ping of the connection between the two 
S-bit registers, the generator pro­
duces either a S 11-bit pattern or a 
2047-bit pattern. For the 511-bit pat­
t ern, t he strapping bypasses the last 
two bistables in the first S-bit reg­
ister. The two 5-bit registers plus 
FF4 the n constitute a 9-bit shift reg­
ister. For the 2047-bit pattern, the 
strappi ng connects the output of the 
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first 5-bit register to the input of the second register. The two 5-bit registers plus 
FF4 then constitute an 11-bit shift register. The input to amplifier Ql-A4 may be 
strapped to connect either the random signal or its complement to front-panel con­
nector TPl . A timing diagram for a random pattern generator using a 9-bit or 11-bit 
shift register, would be unwieldy. Therefore, a hypothetical random pattern 
generator using a 3-bit shift register is shown. in Fig. 24 and described below. 
B_efore the first clock spike occurs, the three bistables may be in any state. In Fig. · 
2 4 it is assumed that A is reset and B and C are each set. G, therefore, is high. 
The clock spikes then clock G into A to produce the random pattern. The random 
pattern repeats itself every 7 bit and is ·therefore a pseudo random pattern. The 
relationship between the number of bistables in the shift register and the number of 
bits in the ra ndom pattern is given by the following expression: zN - 1 = number of 
bits, where N is the number of bi stables. The hypothetical generator (Fig. 24) using 
a 3-bit r e gist er therefore produces a 7-bit random pattern: z3 - 1 = 8 - 1 = 7. The 
actual geneJ a tor (Fig. 33) using a 9-bit register produces a 511-bit random pattern: 
29 - 1 = 51~·- l = 511. The actual generator using an 11-bit register produces a 2047-
bit random pt, ttern: 211 - 1 = 2048-1 = 2047. 

Random Pa tte rn Error Detection (Fig. 3 3) 

Note : To detect errors in the pseudo random pattern, the data signal under test 
(MS) must consist of a pseudo random pattern signal identical to the pattern pro­
duced by the internal pseudo random pattern generator. The correct pseudo random 
pattern signal may be obtained from one of two sources: either from the TEST SIG 
OUTPUT of another Analyzer DMS-303A or from Pattern Generator PG-303A. 

3. 73 Spike train BTP steps the pseudo random pattern generator to produce a random 
pattern identical to the random pattern that constitutes the data signal under test 

(MS). When PUSH TO SYNC switch SS is momentarily depressed, the next SP spike 
sets FF2 • When S5 is released, the next SP spike resets FF2. While set, FF2 dis ables 
G4 (disrupting the r~ndom pattern generator feedback) and enables G3 . While enabled, 
G3 feeds the incoming pseudo random pattern into the pseudo random pattern generator. 
When FF2 resets to its normal condition. G3 is disabled and G4 is enabled. The ran­
dom pattern from the generator is then synchronized with the incoming random pattern. 
The two signals will 'be coincident at the inputs to GS and G6, producing a constant 
low at the output of GS-G6 (G). Gl2 is therefore disabled. Should MS lose a bit, G 
will go high to enable Gl2 long enough to pass one SP spike, which becomes error 
pulse EP at the output of Gl2. 

Error Counting Circuits (Fig. 33) 

3. 74 With MODE switch S38 set to PARITY COUNT, it enables G4 in the error counting 
circuits to pass all parity error pulses (PE) to the input of the error counter. 

With MODE switch S3B set to either REV or RAND, it enables G12 in the bit error cir­
cuits to pass any bit error pulses EP to the input of the error counter. 

Page 45 

.. 



Error Counter (Fig. 33) 

3. 75 The error counter, consisting of two decade counters, counts up to 50 EP or PE . 
pulses. The BCD output of the counter is continuously monitored by the D/A 

converter circuits. The D/A converter converts the BCD output of the error counter to 
an equivalent analog current that drives front-panel meter Ml • Each time an error 
pulse (~ or EI>) occurs, the counter steps up 1 count and the meter pointer advances 
one division. When 51 errors have occurred and the counter reaches count 51, GS 
goes low to light OVERFLOW indicator lamp DS4, and it is coupled through G3 to inhibit 
the error counter and· disable Gl, which inhibits the input to the . interval counter . The 
error count and interval count then stop until the error counter decades are re:1et to 
count zero by one error count reset pulse (ECR) from the output of the reset circuits (see 
3. 77 below). With the error counter reset to zero, GS goes high to extinguish OVER­
FLOW indicator lamp DS4, and to enable the error counter and interval counter . Then 
the parity error or bit error count begins again. 

' Interval Counter (Fig. 33) 

3. 76 While the error counter is counting parity or bit errors, the interval counter is 
counting SP spikes which occur one per data-signal (MS) bit. The interval 

counter, consisting of six decade counters, can count as high as 106 data-signal (MS) 
bits. ERROR COUNT INTERVAL switch S4 connects the output of either the second, 
third, fourth, fifth, or sixth decade to the T-input of FFl. When the selected number 
of MS bits (10 2 , 103 , 104 , 105 , or 106, respectively) has occurred, the wiper of S4A 
goes low to reset FF!. The high at the a-output of FFl lights COUNT COMP indicator 
lamp DS3 and produces a low at the output of !2 to inhibit the input to the error counter 
and interval counter. The I-output of FFl goes low to enable the automatic section of 
the reset circuits (see 3. 77 below). Since the error counter is inhibited, the meter in­
dicates how many bit errors })ave occurred during the error-count interval. 

Reset Circuits (Fig. 33) 

3. 77 When DISPLAY RESET switch 813 is momentarily depressed to the MAN position, 
the resultant negative transition connects SH! and AMI to be one error count re­

set pulse ECR. ECR and ECR set AHFFl and reset the interval counter and error counter. 
When 81 is set to AUTO, it enables G2. With G2 enabled, ECR and ECR are produced 
automatically five seconds later by the 5-second timer. The timer is disabled by the 
!-output of FFl until the interval count reaches the selected count. At that time c'S' en­
ables the timer and five seconds later ECR and~ reset the two counters and set FFl. • 
With FFl set, its !-output disables the reset circuits. 
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Summary of Maj or Signal Functions 

3. 78 The major signal functions are listed in Table VI. 

SIGNAL 

MS 
MS 

MSP 

20 0 2( BIT 

CTB 
CTB 

DC 

BT 
BT' 
1 and T 
through 
.40 and 40 

1% through 
40% & ADD 
1% 

ST 

TABLE VI 

MAJOR SIGNAL FUNCTIONS 

DEFINITION 

Mark-Space 

Mark-Space pulse 

Corrected time 
base 

Distortion count 

Bit time 

Transfer pulse 

Stop transfer 

FUNCTION 

Logic-level (+5-volt Mark, 0-volt Space) 
replica of data signal under test. 

Train of positive spikes that coincide with 
negative transitions of MS. 

Time-base signal, square-wave, negative 
transitions occur at 200 times the bit rate 
of MS. 

200 x bit timing signal derived from 200 X 
BIT and synchronized with MS. 

100 x bit timing signal derived from CTB. 

1 x bit timing signal derived from DC . 

Binary coded decimal (BCD) output of dis­
tortion counter. Derived from counting 
negative transitions of DC. Steps from SO 
through O through 50 during the interval of 
each MS bit. 

BCD output of distortion register. Derived 
from BCD output of distortion counter. 

Train of spikes that coincide with transitions 
of MS. Each spike initiates transfer of 
BCD output of distortion counter into distor­
tion register. 

During start-stop operation, inhibits XFR 
during time of first transition of each 
start element of MS • 
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TO through 
T9 

EL 
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ECR 
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TABLE VI (Cont'd) 

DEFINITION 

Reset pulse 

Peak transfer 

Transition 

Early-late 

Parity error 

Error pulse 

Spikes, positive 

Operate 

Count stop 

Error count reset 

FUNCTION 

Train of spikes that coincide with the first 
transition of each start element of MS. Re­
sets distortion counter and parity error cir­
cuits at that time. 

For peak distortion measur~ment, inhibits 
XFR except when BCD count at input to dis­
tortion register exceeds BCD count at out ­
put. 

During start-stop operation, each line pro­
vides a low pulse at the time of correspond­
ing transition (of O through 9) of each 
character. 

Lights l\:1ARKING or SPACING indicator lamp 
as required. 

For parity error detection (When MS is 8-
level code start-stop), a PE pulse occurs for 
each character of MS that contains parity error. 

For bit error detection (When MS is sync­
hronous reversal or pseudo random), an 
Bf> pulse occurs each time MS loses a bit. 

BCD output of error counter. Count reflects 
number of PE or EP pulses that occur during 
a given interval. 

Tl;'ain of spikes that coincide with transitions 
of MS. Steps interval counter. 

Disables interval counter during manual 
synchronization of MS and internal reversal 
of pseudo random pattern. 

Enables automatic reset circuits when in­
terval count is complete. 

Resets error counter and interval counter 
either when DISPIAY RESET switch is momen­
tarily set to MAN or automatically, five 
seconds after error count reaches count 51 
(overflow) . 



(E) Power Supply Circuits {Fig. 25 and 26) 

3. 79 Operating voltages for the Analyzer circuits are obtained from three separate, 
but interrelated, regulated power supplies furnishing outputs of +15 volts, -IS 

volts, and +5 volts. The essentials of these p_ower supplies are depicted in the 
functional block diagram of Fig. 2 6. One power transform_er is used for the three sup­
plies ; full-wave rectification, in conjunction with center-tapped secondary windings, 
is also used in all three cases. Rectifiers CR3 and CR4 are connected in opposite 
polarity to the other rectifiers, as required to furnish -a negative IS-volt output with 
re s pect to ground . The Zener reference diode for the +IS-volt supply is also used as 
the refoirence source for the +5-volt supply. The remaining circuitry of these supplies 
is c 0:,m1entional in configuration and in circuit details. The 5-volt power supply em­
plo vf: ~-' s eries-regulator circuit with a protective over-voltage circuit connected across 
t h o output terminals. The 5-volt supply is the operating power source for all the 
:l.:nt,;:;,-;,r::i.t ed-circuit modules of the Analyzer. For this reason, prevention of an over­
vo.lt .:::;ry <.:i condition at the output of this supply is essential. An over-voltage condition 
would probably result in the destruction of many of the integrated-circuit modules in a 
srnal.l fraction of a second. 

3 . 80 The over-voltage protection 
circuit {Fig. 25) functions in 

the following manner. Under normal 
operating conditions Zener diode VR3 
is back-biased {nonconducting), 
thereby keeping transistor Q9 in a cut­
off state. The SCR {CR7) is thereby 
also nonconducting, since its gate 
electrode is at ground (0-volt) poten­
tial when Q9 is. nonconducting. 
Any over-voltage condition of greater 
than 7. 5 volts will cause Zener VR3 
to break down and will thereby turn on 
both Q9 and CR7 to full conduction. 
The fully conducting SCR effectively 
s hart-circuits .the power supply and 
blows de fuse F3, which is located at 
the input to the series regulator stage. 
This removes the supply from service. 
The circuit operates automatically and 
is self-resetting after the fuse is 
replaced and the fault condition is 
remedied. 

FROM OUTPUT Of'+5 VOLT ---1..,... ____ .,_ ____ _ 

POWER SUPPLY 

r VR3 L 

TMA5854033 

Fig. 25 - Over-Voltage Protection Network 

3. 81 Each of the three supplies contains a series de fuse for the purpose of short­
circuit protection. It should be noted that a momentary short circuit will not 

normally cause a fuse to open; the short-circuit condition must be sustained in order 
to blow the fuse. In either case, full protection is provided for all circuit components. 
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4. MAINTENANCE 

4.01 This section provides performance, troubleshooting, repair, and field installa­
tion procedures for the Analyzer. For schematic and parts location diagrams, 

see Fig. 34 through 55. 

(A) Required Test Equipment 

4. 02 Table VII lists test equipment required for maintenance. 

TABLE VII 

REQUIRED TEST EQUIPMENT 

NAME COMMON NAME FUNCTION 

Oscilloscope, Tektronix Oscilloscope For waveform observation. 
type 53 5, or equivalent 

Multime t er, KS-14510-Ll, Multimeter For voltage and resistance 
or equivalent measurement. 

Pattern Generator, PG-303A, Pattern Generator To provide test pattern signal s. 
or equivalent 

(Bl Performance Tests 

4. 03 Perform the procedures outlined in 4. 04 through 4. 07 in the order given. 

Preliminary Procedure 

4o 04 Perform the following initial procedure. 

{a) Connect power cord to rear-panel receptacle. 

{b) Set POWER switch on. 

{c) Set INPUT switch· to EIA. 
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(d) Set POL switch to (+). 

(e) Set FILTER switch to OUT. 

_.(f) Set S/S CODE LEVEL switch to 8. 

(g) Set PARITY ERROR switch to ON. 

(h) Set DISPLAY RESET switch to OFF. 

(1) Set ERROR COUNT INTERVAL switch to 00. 

(j) Set MODE switch to BIAS. 

{k) Sei: TRANSITION SELECT switch to ALL. 

(l) Set BIT RATE switch to range A and select rate 3 7. 5. 

{m) Connect low- level signal from Pattern Generator PG-303A to INPUT SIG jack on 
Analyzer. 

{n) Adjust Pattern Generator for 37. 5-baud, low-level {EIA), zero per cent bias 
Marking distortion, 8-level code start-stop {selected characters programed for 

reversal pattern, making first information bit a Mark}. 

{o) On Analyzer, meter should indicate zero. SIG MARK ON indicator lamp should 
light. 

Distortion Circuits Check-Out Procedure 

4. 05 Continue with following procedure to check performance of distortion measuring 
circuits. 

{a) Adjust distortion of Pattern Generator in 1 per cent steps from zero to 8 per cent. 
Analyzer meter indication should follow. MARKING indicator lamp should light. 

(b} Adjust distortion of Pattern Generator to 40 per cent Spacing bias . Analyzer 
meter should indicate 40 per cent ±2 per cent. SPACING indicator lamp should 

light. 

{c) On Analyzer, set MODE switch to END. 

(d) Adjust Pattern Generator to 40 per cent Spacing end. Analyzer meter should in­
dicate 40 per cent. SPACING indicator iamp should ~ight. 

(t{-; (e) Adjust distortion of Pattern Generator to 40 per cent Marking end. Analyzer meter 
should indicate 40 per cent. MARKING indicator lamp should light. 
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(f) On Analyzer, set BIT RATE 
switch to each bit rate, setting 

Pattern Generator bit rate to corre­
spond. At each setting, Analyzer 
meter should indicate 40 per cent. 

(g) On Analyzer, Set BIT RATE. 
switch to 75 and set Pattern 

Generator bit rate to 75. 

(h) On Analyzer, set S/S CODE 
LEVEL switch to 5 , 6 , and 7 , 

setting Pattern Generator to corre­
spond . At each setting, Analyzer 
mete r should indicate 40 per cent: 

(:l) Se t S/S CODE LEVEL switch to 
Q 
"-.1 · 0 

(j) .S e t TRANSITION SELECT switch 

O+!i 

I Cl 
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•!•~~~ I •• I 
FB 
o e e 

XTL +15 

lC R 5ij 
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MAN at each setting.) At each 

Fig. 3 6 - Parts Locations - PC Card AlAl 

ev en number setting, meter should indicate 40 per cent. 

(k) Set MODE switch to BIAS. 

(1) Adjust Pattern Generator for bias distortion. 

(m) Set TRANSITI.QN SELECT switch to each setting of 1 through 9. (Depress DISPLAY 
RESET switch to MAN at each setting.) At each odd number setting, meter 

should indicate 40 per cent. · 

(n) Set TRANSITIQN SELECT switch to ALL. 

(o) Set MODE switch to PEAK. Meter should indicate 40 per cent. 

{p) Adjust Pattern Generator for 20 per cent distortion. Analyzer meter should hold a 
40 per cent. 

(q) Momentarily depress DISPLAY RESET switch to MAN. Meter should reset to zero 
and then deflect to 20 per cent and hold. 

(r) Set DISPLAY RESET switch to AUTO. Meter should reset every five seconds. 
(Pointer will not have time to fall to zero. ) 
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r;j 
(s) Set S/S CODE LEVEL switch to SYNC. Set Pattern Generator to provide a 

synchronous reversal signal with 40 per cent bias Marking distortion. Analyzer 
meter should reset every five seconds. 

(t) Set MODE switch to BIAS. Meter should indicate 40 per cent. MARKING indicator 
lamp should light. 

(u) Set POL switch to (-). SPACING indicator lamp should light. Set POL lamp to (+). 

Parity Error Circuits Check-Out Procedure 

4 .. 06 Continue with following procedure to check out performance of parity error de-
t e c t ion and counting circuits. 

(a) Set 1\/IODE switch to PARI'IY COUNT. 

(b) Set PARITY ERROR switch to ON. 

{c) Set S/S CODE LEVEL switch to a. 
i 

(d) Set ERROR COUNT INTERVAL switch to 00. 

(e) Set Pattern Generator for 8-level selected character, manual character step. Set 
first selected character to have an odd number of Marks if the Analyzer is strapped 

for even parity (see 1 .17), or set first selected character to have an even number of 
Marks if Analyzer is strapped for odd parity. 

(f) On Analyzer, depress DISPLAY RESET switch to MAN and PARITY ERROR switch to 
RESET. PARITY 'ERROR indicator lamp should now be out and meter should indi­

ate zero. 

(g) On Pattern Generator, depress manual sequence switch one time. 

(h) On Analyzer, PARITY ERROR indicator lamp should light. 

(i) Depress PARITY ERROR switch to RESET; indicator lamp goes out. 
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Note: The remainder of this procedure does not apply unless optional PC-cards A3 
and A4 are installed. 

{j) Repeat steps (g) through (i) until meter indicates 50 and OVERFLOW indicator 
lamp lights. 

(k) Depress DISPLAY RESET switch to MAN; meter resets to zero. Set switch to AUTO. 

(1) Set ERROR COUNT INTERVAL switch to 102. 

(m) Repeat steps (g) through (i) about a dozen times until COUNT COMP indicator 
lamp lights. Five seconds later lamp goes out and meter resets to zero. 

Bit Error Circuits Check-Out Procedure 

4. 07 Continue with the following proce_dure to check out performance of the bit e rror 
detection and counting circuits. 

(a) Set MODE switch to REV. 

(b) Set ERROR COUNT INTERVAL switch to oo. 

(c) Adjust Pattern Generator for undistorted reversal pattern output. 

(d) Set S/S CODE LEVEL switch to SYNC. 

(e) Momentarily depress PUSH TO SYNC pushbutton. 

(£) Momentarily depress DIS_PLAY RESET switch to MAN.. OVERFLOW and COUNT 
COMP indicator lamps should be out and meter should indicate zero. 

(g) Introduce bit errors into signal by momentarily disconnecting the input signal 
line. Each time bit errors are thus caused to occur, the meter pointer should 

advance up scale to register the number of bit errors. When 5 0 errors have 
occurred, the OVERFLOW indicator lamp should light. 

(h) Depress DISPLAY RESET switch to MAN. OVERFLOW indicator lamp should go 
out and meter should reset to zero. 

(i) Set ERROR COUNT INTERVAL switch to 103. 

(j ) Depress PUSH TO SYNC switch; set DISPLAY RESET switch to MAN, and then set 
it to AUTO. Introduce some bit errors by disconnecting the input signal. About 

14 seconds later COUNT COMP indicator lamp should light; five seconds after that 
it should go out and the meter should reset to zero. 

(k) Repeat above procedure with MODE switch set to RAND and Pattern Generator ad­
justed for pseudo random pattern output signal. 
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(C) Troubleshooting 

4. 0 8 When ~he Analyzer is suspected of malfunction, use the test equipment listed in 
4. 02 to perform the following procedure. 

(a) Check that unit is being used correctly, in accordance with 2 (B). 

(b) Remove rear cover and check that all PC-cards are secure in their correct recep­
tacles. 

(c) Check that the rear-panel 1/ 4 AMP SLO BLO fuse is good. 

(d) Measure secondary voltages at test points on PC-card A2 (TP3 common): 

+15 volts: TPl 

-15 volts: TP4 

+5 volts: TP2 

Caution: Do not make voltage adjustments except in accordance with 1 (F). 

(e) Remove portable case and visually inspect unit. Check front-panel switches for 
damage, corrosion, and bent contacts. Check all wiring and mounted components 

for damage and bums . 

(f) Check each PC-card by substitution. When a faulty card is found, perform steps 
{g) through (i) below. 

Note: If substitute PC-cards are not available, perform steps (g) through (i) for 
each card. 

(g) Use PC-card service extender to extend suspected card in its slot. 

(h) Refer to appropriate schematic diagram (Fig. 45 through 54), and use oscilloscope 
to observe waveforms shown on apron of schematic diagram. 

(i) When an incorrect waveform is found, the circuit area at fault has been localized. 
Refer to the logic analysis · of that circuit {see 3 (C)), and use the oscilloscope to 

isolate the trouble to a faulty integrated circuit chip. 

(D) Adjustments 

4. 09 Because the Analyzer consists primarily of digital circuits, only the power supply 
adjustments, outlined in 1 (F), are required to main ta in accurate perf orma nee. 
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(E) Repair 

4. 10 Special repair procedures are outlined in 4. 11 through 4. 13. Replacement of PC-
card parts should be accomplished in accordance with good soldering techniques. 

Take the precautions necessary to prevent overheating solid-state components. In 
most cases, component replacement will not necessitate re-adjustment of Analyzer. If, 
however, components are replaced on either PC-card A2 (power supply) or A6 (D/A 
converter), perform the adjustment procedure outlined in 1 (F). 

Removal of Portable Case 

4o 11 Use the following procedure to remove portable case from chassis. 

(a) Remove front cover. 

(b) R•3move any external wires or cables from front- and rear-panel connectors. 

fo) Loosen the captive screw at each corner of -rear cover and remove rear cover. 

(d) Loosen the captive screw at each corner of front panel and slide case off over 
rear of chassis. 

Removal of Bottom Access Plate 

4 . 12 Use following procedure to remove access plate from bottom of chassis to expose 
wiring to power transformers Tl and T2, filter, capacitor C 1, and wiring to inside 

of rear panel. 

(a) Perform procedure in 4. 11. 

(b) Remove the ten flat~head screws from bottom of chassis. 

(c) Lift ac9ess pla.te clear. 

Removal of Rear Panel Subassembly 

4. 13 If it becomes necessary to replace either power transformer Tl or T2 or filter 
capacitor Cl or to gain access to inside of terminal boards TBl and TB2, perform 

the following procedure. 

(a) Perform the procedures outlined in 4. 11 and 4. 12. 

(b) Remove two flat-head screws from top of chassis directly over the rear panel. 

(c) Rest chassis on its top. 

(d) Lift subassembly out of its cavity far enough to facilitate repairs. 
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(F) Field Installation of Optional PC-cards A3 and A4 

4.13 Install PC-cards A3 and A4 as follows: 

(a) Strap PC-card A3 in accordance with l ;19 and 1. 20. 

(b) Strap PC-card AS in accordance with 1.18 . (Refer to 4 .11 for instructions per­
taining to rem.oval of portable case from chassis, to expose harness board.) 

(c) Insert PC-cards A3· and A4 in their correct slots (Fig. 34). 

(G) Field Installation of Optional Crystals 

4 .14 Install optional crystals Yl through Y6 as follows: 

Note : Study entire procedure before selecting crystal frequencies. 

(a) Select crystals Yl through Y6, each with a frequency factor of either 200, 3 200, 
or 6400 times required bit rates. · 

(b) Remove portable case from chassis (see 4 .11). 

(c } Insert crystals in sockets XYl through XY6 (Fig. 34). (Sockets XYl through XY6 
correspond to positions 1 through 6, respectively, on the B-range of the BIT 

RATE s witch.) 

(d) Strap PC-card Al in accordance with Fig. 5. Refening to the table associated 
with Al in Fig. 5, strap together the terminals listed opposite the correct division 

factor. (Division factor 1 applies to a crystal with a frequency factor of 200; 
division factor 16 applies to a crystal with a frequency factor of 3200; and division 
factor 3 2 applies to a crystal with a frequency factor of 6400.) 

(e} Write in or decal positions l through 6, on the B-range scale of the BIT RATE 
switch, with the bit rates derived from crystals Yl through YG , respectively. (If 

a set of optional crystals has been supplied with a new BIT RATE switch dial, pull 
the old dial off the side of the shaft and snap the new one in place.) 
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DISPLAY RESET: MAN, THEN OFF 

INPUT SIGNAL: REV, SYNC , 600 BPS 

SWITCH SETTINGS: 

BIT RATE: 600 
MODE: REV 
S/S CODE LEVEL: SYNC 
ERROR COUNT INTERVAL: CO 
PUSH TO SYNC: DEPRESS 
DISPLAY RESET: MAN, THEN OFF 
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SWITCH SETTINGS: 

BIT RATE: 600 
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ERROR COUNT INTERVAL: CO 
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SWITCH SETTINGS: 

BIT RATE: 600 
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S/S CODE LEVEL: SYNC 
ERROR COUNT INTERVAL: 00 
PUSH TO SYNC: DEPRESS 
DISPLAY RESET: MAN, THEN OFF 

INPUT SIGNAL: REV, SYNC, 4800 BPS 

SWITCH SETTINGS: 

BIT RATE: 4800 
MODE: REV 
S/S CODE LEVEL: SYNC 
ERROR COUNT INTERVAL: 00 
PUSH TO SYNC: DEPRESS 
DISPLAY RESET: MAN, THEN OFF 
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Fig. 49 - Schematic Diagram - PC-Card 
A4 (Error Counter Circuits) 
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TEST 
POINT 

TPI 

TP2 

TPJ 

TP4 

TP6 

WAVEFORM 

AS 
1.2us 

JCJt:•<• 
f---~., ... ----j 

AS 

''][JI 
H 

1.2us 

16.SVS 

fLJl 
l-3MS-j 

T'-'A11450 15 

NOTE: Waveform l s obtained by applytno 10% 
blil & dl r.tort.lon to input r.lgn.al. 

r.2us 

H ._.vo=D-
0 - f-- ,4 US ---l -

T W: A .. 14SOI• 

CONDlTIONS 

INPUT SIGNAL: REV, SYNC , 600 BPS 

INPUT SIGNAL: REV , SYNC, 600 BPS 

INPUT SIG NAL: REV , SYNC, 600 BPS 

SWITCH SETTINGS: 

BIT RATE : 600 
MODE: BIAS 
S/ S CODE LEVEL: SYNC 
TRANSlTION SELECT: ALL 
DISPLAY RESET: MAN , THEN OFF 

INPUT SIGNAL: RtV , FREE RUN , 600 BPS 

SWITCH SETTINGS: 

BIT RATE : 600 
MODE: PEAX 
S/S CODE LEVEL: SYNC 
TRANSITION SELECT: ALL 
DISPLAY RESET: MAN, THEN OFF 

INPUT SIGNAL: REV , SYNC, 600 BPS 

SWITCH SETTINGS: 

BIT RATE: 600 
MODE: BIAS 
S/ S CODE LEVEL: sYNC 
TRANSITION SELECT: ALL 
DISPLAY RESET: MAN, THEN OFF 

INPUT SIGNAL: REV , B-LEVEL, 600 BPS 

SWITCH SETTINGS: 

BIT RATE: 600 
MODE: PARITY COUNT 
S/S CODE LEVEL: B 
ERROR COUNT INTERVAL: co 
PUSH TO SYNC: DEPRESS 
DISPLAY RESET: MAN, THEN OPP 
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NOTES: 
I. UNLESS OTHERWISE INDICATED, 

ALL RESISTANCES ARE IN OtlMS, 114W, -!:5%,IK•IOOO) 
ALL CAPACITANCES ARE IN UF 
ALL TRANSISTORS ARE 2N2901. 
ALL DIODES ARE IN217. 

2 PREFIX REF' DESIG. AS. 

Fig. 50 - Schematic Diagram - PC-Card 
AS (Input, Transfer, and Parity 
Error Circuits) 
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I. UNLESS OTHERWISE INDICATED, 
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Fig. 51 - Schematic Diagram - PC-Card 
A6 (D/A Converter Circuits) 

Page 95 



TEST -POINT WAVEFORM COND""Ous 
TPI 

r-'q"'s--j INPUT SIGNAL: REV, SYNC, 300 BPS 

,4 0 6V - - SWITCH SETTINGS: 

BIT RAIE: 300 
S/S CODE LEVEL: SYNC 

0 - ._ 
1--l 
17US T ... A~ l 4 S O::t:, 

TP2 INPUT SIGNAL: REV, SYNC, 2400 BPS 1--- 2 .5"45 ----1 SWITCH SETTINGS: .n=n=:•6V BIT RATE: 2400 · 
S/S CODE LEVEL: SYNC 

l,s5 us I 
Ti.tA11<450'1<4 

TP3 IH INPUT SIGNAL: REV, SYNC, 2400 BPS 

SWITCH SETTINGS: =n==n=:•6V BIT RATE: 2400 
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/ ( 
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TPS INPUT SIGNAL: &-LEVEL, REV, 2400 p· 
370 us 

f----l SWITCH SETTINGS: 

_TL__T[_:,7V BIT RATE: 2400 
S/S CODE LEVEL: 8 

1-- ◄.2 h< S -1 TMa\114:,-0)0 

TP6 INPUT SIGNAL: &-LEVEL, REV, 2400 BPS 
.3.'4MS o.er.ts SWITCH SETTINGS: m~-- BIT RATE: 2400 

S/S CODE LEVEL: 8 

TMA11 ◄5027 

TP7 2.U~ INPUT SIGNAL: &-LEVEL, REV, 2400 BPS 

tJc:·· SWITCH SETTINGS: 

BIT RATE: 2400 
S/S CODE LEVEL: 8 

f--- ◄.> MS--j 
TMA11410t, 

TPB IOUS INPUT SIGIIAL: Rl:V, SYNC, 9600 BPS 

LIL SWITCH SETTINGS: 

BIT RATE: 9600 
S/S CODE LEVEL: SYNC 

f---1•6u•--! 
TMA114S021 
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NOTES: 
I. UNLESS OTHERWISE INDICATED, 

ALL RESISTANCES ARE IN OHMS, l/4W, !5% (k:1000! 
ALL CAPACITANCES ARE IN PF. 

2. PREFIX REF DESIG. A7. 
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Fig. 52 - Schematic Diagram 
A7 (Sync Circuits) 
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TEST 
PO T 

TPl 

TP2 

TP3 

WAVEFORM 

NOTE: Observe negative spike as DISPLAY RE­
SET switch is set to MAN . 

1--1 
82US 

NOTE: Obtain high by applying 10% bias dis­
tortion to in t si nal. 

82US 

H 
4.SV 

--0 

l--370U S ---j 

CONDITIONS 

INPUT SIGNAL: NONE 

SWITCH SETTINGS: 

MODE: PEAK 

INPUT SIGNAL: REV, SYNC, 2400 BPS 

SWITCH SETTINGS: 

BIT RATE: 2400 
MODE: PEAK 
S/S CODE LEVEL: SYNC 
TRANSITION SELECT: ALL 
DISPLAY RESET: MAN, THEN OFF 

INPUT SIGNAL: REV, SYNC, 2400 BPS 

SWITCH SETTINGS: 

BIT RATE: 2400 
MODE: PEAK 
S/S CODE LEVEL: SYNC 
TRANSITION SELECT: ALL 
DISPLAY RESET: MAN, THEN OFF 
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NOTES: 

I, UNLESS OTHERWISE INDICATE.O, 
ALL RESISTANCES ARE IN OHMS, 
l/4W, :!:So/o,CK= 10001. 
ALL CAPACITANCES ARE. IN UF 

2. WHEN OPTION CARDS A3 AND A4 ARE NOT 
INSTALLED CONNECT TERMINAL A TO B. 

3. PREFI)( REF OESIG AS. 

Fig. 53 - Schematic Diagram - PC-Card 
AB (Distortion Register Circuits} 
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TEST 
POINT 

TPl 

TP2 

TP3 

TP4 

WAVEFORM 

0 --

r--132us--j 
Tt,<Aql◄S035 

130US 140U5 

i--2sou~260us7 
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TMAq 1 ◄ 50"4 

TMA'll◄S0.32 

CONDITIONS 

INPUT SIGNAL: NONE 

SWITCH SETTINGS: 

BIT RATE: 75 
S/S CODE LEVEL: 5 

INPUT SIGNAL: NONE 

SWITCH SETTINGS: 

BIT RATE: 75 
S/S CODE LEVEL: SYNC 

INPUT SIGNAL: NONE 

SWITCH SETTINGS: 

BIT RATE: 75 
S/S CODE LEVEL: SYNC 

INPUT SIGNAL: NONE 

SWITCH SETTINGS: 

BIT RATE: 75 
S/S CODE LEVEL: SYNC 

INPOT SIGNAL: NONE 

SWITCH SETTINGS: 

BIT RATE: 75 
S/S CODE LEVEL: sYNC 
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IR-574 
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5. PARTS LIST 

(A) Introduction 

5.01 A complete list of replaceable electronic parts for the DMS-3 03A Analyzer is pre-
. sented in (B) below. Table DC consists of an equipment breakdown into as-

semblies, subas·semblies, and detailed parts; Table X consists of an optional accessor­
ies breakdown; and Tables XI through XXIV consist of breakdowns of PC-cards and as­
semblies into detailed parts. 

(a) Within each table, parts are listed in alphanumeric order, by reference-desig­
nation symbol; for each entry, a brief description and the manufacturer part and 

code number are provided. 

(b) Manufacturer codes are identified in Table VIII. 

TABLE VIII 

MANUFACTURER CODES 

r-------------------------------,,--------- ·-

. -

CODE NO. 

01295 

0·2660 

03508 

04713 

12040 

21604 

22753 

24446 

56289 

71279 

71400 

71450 

MANUFACTURER 

Texas Instruments, Semiconductor Div. 

Amphenol Corp. 

General Elec. Co. 

Motorola Semiconductor Products , Inc. 

National Semiconductor Corp. 

Buckeye Stamping Co. 

UID Electronics Corp. 

General Electric Co • 

Sprague Electric Co. 

Cambridge Thermionic Corp. 

Bussmann Mfg. Co. 

CTS Corp. 

Dallas , Texas 

Broadview, Illinois 

Syracuse, New Yo:d.:. 

Phoenix, Arizona 

Danbury, Connecticut 

Columbus, Ohio 

Hollywood, Florida 

Schenectady, 
New York 

North Adams , 
Massachusetts 

Cambridge, 
Massachusetts 

St. Louis, Missouri 

Elkhart, Indiana 
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TABLE VIII (Cont'd) 
_C_O_D_E_N_O ______________ MA __ N_U_F_A_C_T_U_RE_R_----"T _________ --, ® 

71785 

72136 .-

72619 

74545 

74970 

75382 

75915 

81349 

82389 

91418 

95146 

96238 

Cinch Mfg. Co . 

Electro Motive Mfg. Co. 

Dialight Corp. 

Harvey Hubbell, Inc. 

E .F. Johnson Co. 

Kulka Electric Co • 

Littelfuse, Inc. 

Milli tary Specifications 

Switchcraft, Inc. 

Radio Materials Co. 

Alco Electric 

STELMA, Inc,. 

(B) Parts List, Tabular Listing 

Chicago, Illinois 

Willimantic, 
Connecticut 

Brooklyn, New York 

Bridgeport, Connecticut 

Was e ca, Minnesot a · 

Mount Vernon , 
New Yo r k 

De s Pla ines, Illinois 

Chicago , Illinois 

Chicago, Illinois 

Lawrence, 
Massachusetts 

Stamford, Connecticut 

5. 02 Refer to Tables XI through XXIV for parts lists of Analyzer components listed in 
Table IX and of accessory items listed in Table X . 

. TABLE IX 

ANALY2ER MODULE, DMS-303A: 90372002-000 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Al CKT CARD ASSY, TIME BASE LOGIC 80372010-000 96238 
A2 CKT CARD ASSY, POWER SUPPLY 80372020-000 96238 
AS CKT CARD ASSY, INPUT RELAY TRANS- 80372160-000 96238 

LOGIC-PARITY CHECK: 
A6 CKT CARD ASSY ID-A 80372110-000 96238 
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R:-574 

• 

REF 
DESIG. 

A7 
AS 

A9 
Al0 
All 
Al2 
Al3 

Al4 

Al4Pl 

Al4Wl 

TABLE XI (Cont'd) 

DESCRIPTION 

CKT CARD ASSY,SYNCHRONIZER: 
CKT CARD ASSY, DISTORTION REG·& 
PEAK COMPARATOR: 
CKT CARD ASSY I EXTENDER CARD: 
CKT CARD ASSY, DISTORTION COUNTER: 
CRYSTAL BRACKET ASSY: 
POWER SUPPLY, ANALYZER: 
CKT CARD ASSY, ANALyzER HARNESS 
CARD: 
LINE CORD ASSY: 

CONN I PLUG, ELEC: 

CABLE ASSY, PWR: 

D:31, DS2 LlGHT, INDICATOR: colorless lens 

DS 3 LIGHT, INDICATOR: green lens 

D84 LIGHT, INDICATOR: yellow lens 

DS 5 LIGHT, INDICATOR: red lens 

D86 

Jl 
J2 

Ml 

MPl 

MP2, 3} 
4,9,10 
MPll, 12 

Rl 
R2 
R3 
R4 

Sl 
S2 
S3,S4 
85 
S6 
S7 
S8 
S9 
S10 

Same as DSl 

JACK, TELEPHONE: 
CONN ,RCPT,ELEC: 12 pin 

METER,'DC: 0-100 

KNOB FOR Sl 

KNOB FOR S2,S3,S4,S9, and Sl0 

HANDLE 

3000 
1000 
Not used 
43k 

(P/O All ASSY: 90372006-000) 
SWITCH, ROTARY: 1 pole, 10 pos 
SWITCH,ROTARY: 2 pole, 6 pos 
SWITCH,PB: SPDT, llSvac mom. 
SWITCH, ROCKER: 
SWITCH, TOGGLE: SPDT, llSvac 
SWITCH, TOGGLE: DPDT, llSvac 
SWITCH, ROTARY: 4 pole, 6 pos 
SWITCH,ROTARY: 2 pole, 5 pos 

MFR'S 
PART NO. 

80372140-000 
80372100-000 

80372180-000 = 
80372120-000 
90372006-000 
90372004-001 
80372170-000 

74000054-000 

7571 

74000000-002 

507-3905-1437-
500 
507-3905-1432-
500 
507-3905-1433-
500 
507-3905-1431-
500 

Nl14B 
90372005-000 

48081098-000 

PS70D95C1BLK 
2BLK 
PS70BLS2BLK 

56025087-000 

46020384-000 
46020383-000 
MSPl0SF 
LRSW322N30KCR 
MSTl0SD 
MST205N 
46020385-000 
46020382-000 

MFR'S 
CODE NO. 

96238 
96238 

96238 
96238 
96238 
96238 
96238 

96238 

74545 

96238 

72619 

76219 

72619 

72619 

82389 
96238 

96238 

21604 

21604 

96238 

96238 
96238 
95146 
22753 
95146 
95146 
96238 
96238 
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TABLE IX (Cont'd) 

REF MFR'S MFR'S Q -::;:,; 
DESIG. DESCRIPTION PART NO. CODE NO. 

S11 SWITCH, TOGGLE: SPDT, 115vac .MST105H 95146 
S12 SWITCH,PB: 125 vac MSPE406E 95146 
Sl3 Same as S11 

TPl POST I BINDING: red 111-102 74970· 
TP2 POST, BINDING: black 111-103 74970 

XDSl- SOCKET, IND LIGHT: 515-0012 72619 
XDSG 

Yl-Y6 FREQUENCY values of crystals are de-
termined by the rate specified by the 

~ customer 
Y7 XTAL UNIT, QTZ: 1. 920mHz 40040081-000 96 23 8 

' 

TABLE X 

ACCESSORY ITEMS: (OPTIONAL) 

REF MFR'S MFR'S 
ff> 
·~:.:;;) 

DESIG. DESCRIPTION PART NO. CODE NO. 

A3 CKT CARD ASSY,SYNC OPTION 80372150-000 96238 
PATTERN GEN & COMPARATOR: 

A4 CKT CARD ASSY rSYNC OPTION BIT- 80372130-000 96238 
ERROR COUNTERS: 

CASE AND COVER ASSEMBLY 64030083-000 96238 

DIAL ASSEMBLY: 57025141-000 96238 

Yl XTAL UNIT ,QTZ: 291. 200~Hz 40040082-001 96238 
Y2 XTAL UNIT, QTZ: 363.712kHz 40040082-002 96238 
Y3 XTAL UNIT , QTZ: 391. 296kHz 40040082-004 96238 
Y4 XTAL UNIT, QTZ: 474.880kHz 40040082-006 96238 
YS XTAL UNIT ,QTZ: 352. 000kHz 40040082-003 96238 
Y6 XTAL UNIT ,QTZ: 430. 400kHz 40040082-005 96238 

(Dial ASSY 57025141-000 AND 
CRYSTALS Yl-Y6 ARE USED 
SIMULTANEOUSLY) 

DIAL ASSEMBLY: 57000021-000 96238 

Yl-Y6 (CRYSTALS SPECIFIED BY CUSTOMER) 
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~ 
TABLE XI 

PC-CARD ASSEMBLY, TIME-BASE LOGIC: Al, 80372010-000 

REF MFR'S MFR'S -:QESIG. DESCRIPTION PART NO. CODE NO. 

Al CKT CARD ASSY, OSCILLATOR: 80372190-000 96238 

Cl ,C2 CAP,FXD,CERAMIC: 0.0luf, ±35%, l00V TA0lUF 91418 
C3 CAP ,FXD,ELCTLT: 4. 7uf, ±20% l0V CS13BC475M 81349 

' 

C Rl ,CR2 SEMICOND I DIODE: silicon 1N914 81349 
C R3-CRS SEMICOND I DIODE: Gennanium 1N277 81349 
C R6 Same as CRl 

!C l, IC 2 INTEGRATED CKT: NAND/NOR Gate SN15849N 01295 
IC 3 , IC4 INTEGRATED CKT: NAND/NOR Gate MC858P 04713 
IC 5 , IC 6 INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 

NOR Gate 
IC1 INTEGRATED CKT: Dual J-K clocked SN158097N 01295 

flip-flop 
IC8 INTEGRATED CKT: Dual J-K clocked SN158099N 01295 

(~ flip-flop 
; . ·.;. __ •~ 

Dual J-K clocked SN158094N 01295 ~ -· IC9 INTEGRATED CKT: 
flip-flop 

ICl0 INTEGRATED CKT: 4 bit binary counter SN7493N 01295 

Ql TRANSISTOR: NPN 2N2222 81349 
Q2 TRANSISTOR: NPN 2N706 81349 
03- Same as Ql 

Rl RES, FXD, COMP: 6. 8k ohms, ±5%, RC07GF682J 81349 
l/4W 

R2 RES I FXD I COMP: 2.2k ohms, ±5%, RC07GF222J 81349 
l/4W 

R3 RES I FXD, COMP: lk ohms, ±5%, l/4W RC07GF102J 81349 

R4-Rl6 RES, FXD I COMP: !Ok ohms, ±5%, RC07GF103J 81349 
l/4W 

Rl7 Same as R3 
Rl8 RES,FXD,COMP: 3k ohms, ±5%, l/4W RC07GF302J 81349 
Rl9 RES, FXD, COMP: 47k ohms, ±5%, 

. 
RC07GF473J 81349 

l/4W 
R20 Same as Rl8 

9 , 
. 
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1 TABLE XII 
~ 
} 

~ q 

I PC-CARD ASSEMBLY, OSCILLATOR: AlAl, 80372190-000 . 

' ! 
' MFR'S ' MFR'S REF 

DESIG. DESCRIPTION PART NO. CODE NO. 

Cl CAP,FXD,CERAMIC: 0 • 0 1 uf , ±3 5 % , l00V TA0lUF 91418 
C2 CAP,FXD,CERAMIC: 0.luf, ±20%, 25V 5C023104X0250B3 56289 
C3-C8 Not used 
C9,Cl0 Same as Cl 

CRl SEMICOND I DIODE: Silicon 1N914 81349 
CR2-CR5 SEMICOND I DIODE:. Germanium 1N277 8 13 49 

I . Ql TRANSISTOR: PNP 2N2907 8134 9 
Q2,Q3 TRANSISTOR: 2N5222 047 13 

. Q4 TRANSISTOR: NPN 2N706 813 49 
QS TRANSISTOR: NPN 2N2222 81 3 49 
Q6 Same as Q4 

Rl RES, FXD, COMP: 8.2k ohms, ±5%, l/4W RC07GF822J 813 49 
R2 RES, FXD, COMP: 3k ohms, ±5%, 1/ 4W RC07GF302J 81349 
R3 RES, FXD, COMP: 5 .lk ohms, ±5%, l/4W RC07GF512J 81349 p ,, ... . 
R4 RES I FXD I COMP: 3 .3k ohms, ±5%, l/4W RC07GF332J 81349 ~ 
RS RES, FXD I co MP: 39k ohms, ±5%, l/4W RC07GF393J 81349 
R6 RES I FXD I COMP: 18k ohms, ±5%, l/4W RC07GF1~3J 81349 . . 

R7-Rll Not used 
Rl2 RES I FXD I COMP: 15k ohms, ±5%, l/4W RC07GF153J 81349 
Rl3 RES, FXD I COMP.: 2 • 4k ohms , ±5% , 1/ 4W ~C07GF242J 81349 
Rl4 .. RES I FXD ,COMP: 10 ohms, ±5%, l/4W · RC07GF100T 813~9 
RlS RES, FXD,COMP: l0k ohms, ±5%, l/4W RC07GF103J 81349 
R16 RES I FXD I COMP: 2k ohms, ±5%, 1/4W RC07GF202J 81349 

TABLE XIII 

PC-CARD ASSEMBLY, POWER SUPPLY: A2, 80372020-000 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Cl,C2 CAP ,FXD,ELCTLT: 250uf, 30V 3 9D25 7G03 0EL4 56289 
C3 CAP I FXD I ELCTLT: lSuf, ±10%, 35V CS13BF156K 81349 
C4 CAP, FXD, ELCTLT: luf, ±10%, 35V CS13BF105K 81349 
cs Same as C3 
C G CAP,FXD, MICA: 4700pf, ±5%, S00V DM19E472J0500 72136 

WV4CR 
C7 CAP ,FXD,MICA: 560pf, ±10%, S00V DM15F561K0500 72136 

WV4CR 
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REF 
DESIG. 

ca 
C9, Cl0 
CR1-CR4 
CR5, CR6 
CR7 

Fl, F2 
F3 

Ql 
Q2 
Q3 ,Q4 
QS 
Q6 
01, a 
Q9 

Rl 
R2 -R4 
RS 

R6 
R7 
R8 

R9 
Rl0 
Rll-Rl3 
Rl4 
Rl5 
Rl6 
Rl7 
Rl8 
Rl9 
R20 
R21 
R22 
R23 

R24 
R25 
R26 
R27,R28 
R29 

TABLE XllI (Cont'd) 

DESCRIPTION 

CAP,FXD,ELCTLT: 22uf, ±10%, 35V 
Same as C3 
SEMICOND, DIODE: Silicon 
SEMICOND, DIODE: Silicon 
RECTIFIER, Silicon: 

FUSE, CARTRIDGE: 1/8 AMP 
FUSE, CARTRIDGE: 3/4 AMP 

TRANSISTOR: NPN 
TRANSISTOR: NPN 
TRANSISTOR: PNP 
TRANSISTOR: PNP 
Same as Ql 
Same as Q2 
Same as Q3· 

MFR'S 
PART NO. 

CS13BF226K 

1N645 
1N1614 
Cl06Q21 

312-125 
312-250 

2Nl613 
2N930 
2N2905 
2N297 

RES, FXD, COMP: 39 ohms, ±5%, 2W RC42GF390J 
RES, FXD, COMP: lk ohms, ±5%, l/4W RC07GF102J 
RES, FXD, COMP: 1. Sk ohms, ±5%, RC07GF152J 
l/4W 
RESISTOR, VAR: 500 ohms, 1/ 4W 
Same as R2 
RES, FXD, COMP: 6. Sk ohms, ±5%, 
l/4W 

200Pl-501 

RC07GF682J 

RES, FXD, COMP: 680 ohms, ±5%, 1/2W RC20GF681J 
Same as Rl 
Same as R2 
Same as RS 
RES, FXD,. COMP: (Factory Select} 
RES, FXD, VIW': 1 ohm, ±5%, SW RW67VlR0 
RES, FXD, COMP: 180 ohms, ±5%, 1/4W RC07GF181J 
RES, FXD, COMP: 560 ohms, ±5%, 1/4W RC07GF561J 
RES, FXD, COMP: 22 ohms, ±5%, l/2W RC20GF220J 
RES, FXD, FILM: 453 ohms, ±1 %, 1/SW RN55D4530F 
RESISTOR, VAR: 200 ohms, 1/4W 200Pl-20 l 
RES, FXD, FILM: 732 ohms, ±1 %, 1/8W RN55D7320F . 
RES, FXD, COMP: 2. 2k ohms, ±5%, RC07GF222J 
l/4W 
RES, FXD, COMP: 470 ohms, ±5%, l/4W RC07GF471J 
Same as Rl8 
RES, FXD, COMP: 620 ohms, ±5%, l/4W RC07GF621J 
Same as R2 
RES, FXD, COMP: 680 ohms, :5%, l/4W RC07GF681J 

MFR'S 
CODE NO. 

81349 

81349 
81349 
03508 

75915 
75915 

81349 
81349 
81349 
81349 

81349 
81349 
81349 

80294 

81349 

81349 

81349 
81349 
81349 
81349 
81349 
80294 
81349 
81349 

81349 

81349 

81349 
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TABLE XIII (Cont'd) 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

VRl SEMICOND, DIODE: Zener 1N752 81349 
VR2 SEMICOND, DIODE: Zener 1N748 81349 
VR3 Same as VRl 

TABLE XIV 

PC-CARD AS~EMBLY, SYNC OPTION PATTERN GENERATOR AND COMPARATOR: 
A3, 80372150-000 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Cl,C2 CAP, FXD, MICH: 510pf, ±5%, soov DMl SF5 l 1J0 S0 0 721 36 
WV4CR 

C3 CAP, FXD, ELCTLT: 4. 7uf, ±20%, l0V CS13BC475 M 134 · 
C4 CAP, FXD, CERAMIC: 0 o 0 1 uf I ±3 5 % I TA0lUF n 141s 

l00V 
cs CAP I FXD, MICA: 120pf, ±10%, soov DM15El21K05 00 72 136 

WV4CR 

CRl, CR2 SEMICOND, DIODE: Germanium 1N277 8134 9 
CR3 Not used 
CR4 Same as CRl 
CRS, CR6 SEMICOND, DIODE: Silicon 1N914 81349 
CR7 Same as CRl . 

. . 

!Cl, IC2 INTEGRATED CKT: Hex inverter SN15836N 01295 
IC3 INTEGRATED CKT: Dual J-K clocked SN158099N 01295 

flip-flop 
IC4 INTEGRATED CKT: Dual J-K clocked SN158093N 01295 

flip-flop 
ICS, !CG INTEGRATED CKT: 5-bit shift reg. SN7496N 01295 
IC7 INTEGRATED CKT: Dual 4-input expand- SN15830N 01295 

able NAND gate 
IC8-IC10 INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 

NOR gate 

Ql TRANSISTOR: NPN 2N2222 81349 
Q2 TRANSISTOR: PNP 2N2907 81349 
Q3 Same as Ql 
Q4 Same as Q2 
QS Same as Ql 
QG TRANSISTOR: 2N706 81349 
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TABLE XIV (Cont'd) 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Rl RES, FXD, COMP: 10k ohms, ±5%, 1/4W RC07GF103J 81349 
R2 RES, FXD, COMP: 1. Sk ohms, ±5%~ l/4W RC07GF152J 81349 
R3,R4 RES, FXD, COMP: 62k ohms, ±5%, 1/4W RC07GF623J 81349 
RS Same as R2 
RG, R7 Same as R3 ... 
RS, R9 Same as Rl 
RlO RES, FXD, COMP: 20k ohms, ±5%, l/4W RC07GF203J 81349 
Rll RES, FXD, COMP: 6. Bk ohms, ±5%, RC07GF682J 81349 

1/4W 
R12 RES, FXD, COMP: 47k ohms, ±5%, l/4W RC07GF473J 81349 
Rl3, Rl4 RES, FXD, FILM: 1. 5k ohms, ±1 %, l/4W RN65B1501F 81349 
Rl 5, El~: RES, FXD, FILM: 6190 ohms, ±5%, l/4W RN60D6191F 81349 
Rl7, rno RES, FXD, COMP: lk ohms, ±5%, l/2W RC20GF102J 81349 
R19 RES, FXD, COMP: 15 ohms, ±5%, l/2W RC20GF150J 81349 
R20 Same as Rll 
R21 RES, FXD, COMP: 2. 2k ohms, ±5%, l/4W RC07GF222J 81349 
R22 RES, FXD, COMP: lk ohms, ±%5, 1/ 4W RC07GF102J 81349 

TABLE XV 

PC-CARD ASSEMBLY, SYNC OPTION. BIT-ERROR COUNTERS: A4, 80372130-000 

REF MFR'S MFR'S . 
DESCRIPTION PART NO • CODE NO. DESIG. 

Cl CAP, FXD, ELCTLT: 4. 7uf, ±20%, lOV CS13BC47SM 81349 
C2 CAP, FXD, CERAMIC: O. Oluf, ±35%, lOOV TAOlUF 91418 

CRl, CR2 SEMICOND, DIODE: Germanium 1N277 81349 

!Cl INTEGRATED CKT: Triple 3-input NAND/ SN15862N 01295 
NOR gate 

IC2 INTEGRATED CKT: Hex inverter SN15836N 01295 
IC3-IC8 INTEGRATED CKT: Decade counter SN7490N 01295 
IC9 INTEGRATED CKT: Dual J-K clocked SN158093N 01295 

flip-flop 
IClO INTEGRATED CKT: Dual 4 input NAND/ SN15844N 01295 

NOR Power gate 
!Cl 1, IC12 Same as IC3 

Rl RES, FXD, COMP: 10k ohms, :i:5%, l/4W RC07GF103J 81349 
R2 RES, FXD, COMP: 240 ohms, ±5%, l/4W RC07GF241J 81349 
R3 Same as Rl 
R4 Same as R2 
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TABLE XVI 

PC-CARD ASSEMBLY, INPUT RELAY TRANSFER LOGIC-PARITY CHECK: AS, 80372160-000 

REF 
DESIG. 

Cl 
C2,C3 
C4 

cs 
C6 
C7 
cs 
C9-Cl2 

CRl, CR2 
CR3-CR6 
CR7 
CRB-CRll 
CR12-
CR14 
CRIS 
CR16-
CR18 
CR19, 
CR20 

!Cl 
IC2 

IC3 

IC4 

!CS 

IC 6 
1c1, res 

Ql 
Q2 ,Q3 
Q4 
QS 
Q6 
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DESCRIPTION 

CAP, FXD, ELCTLT: 4. 7uf, ±20%, l0V 
CAP, FXD, CERAMIC: 0. 0luf, ±35%, l00V 
CAP, FXD, CERAMIC: 0. 00luf, ±20% 
1000V 
CAP, FXD, ELCTLT: 47uf, ±10%, 35V 
Same as C4 
Same as C2 

MFR'S 
PART NOo 

CS13BC475M 
TAO! UF. 
SGADl0 

CS13BF476K 

CAP, FXD, CERAMIC: 0. 03uf, ±35%, l00V TA03UF 
CAP, FXD, MICA: Sl0pf, ±5%, S00V DMlSES 1 lJ0 

S00WV4CR 

SEMICOND, DIODE: Silicon 
SEMICOND, DIODE: Germanium 
Same as CRl 
SEMICOND, DIODE: Silicon 
Same as CR3 

Same as CRl 
Same as CR3 

Same as CRl 

1N914 
1N277 

1N645 

INTEGRATED CKT: Hex inverter SN15836N 
INTEGRATED CKT: Triple 3-input NAND/ SN15862N 
NOR gate 
INTEGRATED CKT: Dual J-K clocked SN158093N 
flip-flop 
INTEGRATED CKT: Dual 4-input ex- SN15830N 
pandable NAND gate 
INTEGRATED CKT: Dual 4-input NAND/ SN15844N 
NOR Power gate 
INTEGRATED CKT: flip-flop SN15845N 
INTEGRATED CKT: Quad 2-input NAND/ SN15846N 
NOR gate 

TRANSISTOR: Dual 
TRANSISTOR: PNP 
TRANSISTOR: Unijunction 
Same as Q2 
TRANSISTOR: NPN 

TDl0l 
2N2907 
2N2646 

2N706 

MFR'S 
CODE NO. 

81349 
91418 
56289 

8134 9 

.., 14 18 
s-- 2a9 

813 4 9 
8134 9 

81349 

01295 
01295 

01295 

01295 

01295 

01295 
01295 

56289 
81349 
04713 

81349 

G 
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REF 
DESIG. 

Rl-R3 
R4,RS 
R6 
R7 
R8 
R9 
RIO 
Rl l JR 12 
Rl 3 ~Rl 6 
Rl 7 
Rl 8 ,R l 9 
R2 0 
R2 1 
R2 2 
R2 3!R24 
R2 5 
R26 
R27 
R28 
R29 
R30,R31 
R32 
R33,R34 

T.1. 

VRl 
VR2 

REF 
DESIG. 

Cl, C2 
C3 
C4 
IC-1-ICS 

IC6 

-

TABLE XVI (Cont'd) 
4 

MFR'S MFR'S 
DESCRIPTION PART NO. CODE NO. 

Not used 
RES, FXD, COMP: 5. Gk ohms, ±5%, l/4W RC07GF562J 81349 
RES' FXD I COMP: 3k ohms, ±5%, l/4W RC07GF302J 81349 
~S, FXD, COMP: a. 2k ohms, ±5%, l/4W RC07GF822J 81349 
Same as R6 
RES, FXD, COMP: 10k ohms, ~5%, 1/4W RC07GF103J 81349 
RES, FXD, COMP: 33k ohms, ±5%, l/4W RC07GF333J 81349 
RES, FXD, COMP: lk ohms, ±5%, 1/4W RC07GF102J 81349 
Same as R9 
RES, FXD, COMP: 220 ohms, ±5%, l/4W RC07GF221J 813·49 
RES, FXD, COMP: 62k ohms, ±5%, l/4W RC07GF623J 81349 
Same as R9 
RES, FXD, COMP: 240 ohms, ±5%, l/4W RC07GF241J 81349 
Same as Rl 7 
Same as Rl 8 
Same as- R21 
RES, FXD, COMP: 18k ohms, ±5%, l/2W RC20GF183J 81349 
Same as RIO 
RES, FXD, COMP: 1. sk ohms, ±5%, l/4W RC07GF152J 81349 
Same as Rl 7 
Same as Rl8 
Same as Rl 7 
Same as Rl8 

, 

TRANSFORMER, PULSE: 43003041-000 96238 

SEMICOND, DIODE: Zener 1N758A 81349 
SEMICOND, DIODE: Zener 1N746A 81349 

TABLE XVII 

PC-CARD ASSEMBLY, D-A CONVERTER: A6, 80372110-000 

MFR'S MFR 1 S DESCRIPTION 
PART NO. CODE NO. 

CAP, FXD, ELCTLT: 4. 7uf, ±20%, 35V CS13AF4R7M 81349 
CAP, FXD, ELCTLT: 4. 7uf, ±20%, lOV CS13BC475M 81349 
CAP, FXD, CERAMIC: O. Oluf, ±35%, lOOV TAOl UP 91418 
INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 
NOR gate 
INTEGRATED CKT: Hex inverter SN15836N 01295 

Page 11 7 



TABLE XVII (Cont'd) 

® REF MFR'S MFR'S 
. 

DESIG. DESCRIPTION PART NO. CODE NO. 

Ql-QS TRANSISTOR: NPN ·2N2222 81349 

Rl RES, FXD, COMP: 10k ohms, ±5%, l/4W RC07GF103J 81349 
R2 RES I FXD I COMP: 75k ohms, ±5%, l/4W RC07GF753J 81349 
R3 RES, FXD, COMP: 15k ohms, ±5%, l/4W RC07GF153J 81349 
R4 RES I FXD I FILM: 750k ohms, ±10%, 1/ 4W RN65C7503F 81349 

RS Same as Rl 
R6 Same as R2 
R7 Same as R3 
RS RES, FXD, COMP: 374k ohms, ±1 %, l/8W RN60C3743F 81349 
R9 Same as Rl 
RlO Same as R2 
Rll Same as R3 
Rl2 RES, FXD, FILM: 187k ohms, ±1 %, l/8W RN60Cl873F 81349 
Rl3 Same as Rl 
Rl4 Same as R2 
Rl5 Same as R3 
Rl6 Same as RS 
Rl7 Same as Rl 7Z) !' r-:-·-:"':. 

Rl8 Same as R2 :;.::- · 

Rl9 Same as R3 
R20 RES, FXD, FILM: 75k ohms, ±1%,. l/8W RN60C7502F 81349 
R21 Same as Rl 
R22 Same as R2 
R23 RES, FXD, COMP, 22k ohms, ±5%, l/4W RC07GF223J 81349 
R24 RES, FXD, FILM: 37. 4k ohms, RN60C3742D 81349 

R25 Same as Rl 
R26 Same as R2 
R27 RES, FXD, COMP: 47k ohms, ±5%, l/4W RC07GF473J 81349 
R28 RES, FXD, FILM: i 8. 7k ohms, ±5%, l/8W RN60Cl872D 81349 

R29 Same as Rl 
R30 Same as R2 
R31 Same as R3 
R32 Same as R4 
R33, R34 Same as Rl 
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TABLE XVIII 

PC-CARD ASSEMBLY, SYNCHRONIZER: A7, 80372140-000 

REF MFR1 S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

: 

Cl CAP,FXD,ELCTLT: 4.7uf, ±20%, l0V CS13BC475M 81349 
C2 CAP,FXD,CERAMIC: 0.0luf, ±35%, I00V TA0lUF 91418 
C3 . CAP ,FXD, MICA: Slpf, ±5%, 500V DM15E510J0500 72136 

WV4CR 
C4 CAP I FXD I MICA: 820pf, ±5%, 500V DM15E821J0500 72136 

WV4CR 

ICl INTEGRATED CKT: Dual J-K clocked SN158097N 01295 
flip-flop 

IC2 INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 
NOR gate 

IC3 INTEGRATED CKT: 2 input gate SN15849N 01295 
IC4 INTEGRATED CKT: Triple 3-input NAND/ SN15862N 01295 

NOR gate 
res INTEGRATED CKT: Dual J-K clocked SN158094N 01295 

flip-flop 
IC 6 INTEGRATED CKT: 3 input gate SN15863N 01295 
IC7 INTEGRATED CKT: Hex inverter SN15837N 01295 
IC8 Same as ICl 
IC9 INTEGRATED CKT: one-shot multivibrator SN15851N 01295 
ICl0 Same as IC3 
ICll Not used 
IC12 INTEGRATED CKT: Dual 4-input expand- SN15830N 01295 
. ·- able NAND gate 
IC13 INTEGRATED CKT: flip-flop SN15845N 01295 
IC14 Same as IC2 
IClS INTEGRATED CKT: flip-flop SN15848N 01295 

Rl RES, FXD, COMP: !Ok ohms, ±5%, l/4W RC07GF103J 81349 
R2,R3 RES , FXD, COMP: 20k ohms, ±5%, l/4W RC07GF203J 81349 

TABLE XlX 

PC-CARD ASSEMBLY, DISTORTION REGULATOR AND PEAK COMPARITOR: 
AB, 80372100-000 

REF MFR'S MFR1 S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Cl CAP,FXD,ELCTLT: 4.7uf, ±20%, l0V CS13BC475M 81349 

C2 CAP, FXD, CERAMIC: 0. 0luf, ±35%, l00V TA0IUF 91418 
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TABLE XDC (Cont'd) 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

C3 CAP, FXD, ELCTLT: 56uf, ±10%, lSV CS13BD566K 81349 
C4 CAP, FXD, CERAMIC: 2000pf, 1000V DD202 71590 

CR! SEMICOND I DIODE: Germanium 1N277 81349 

IC1-IC4 INTEGRATED CKT: Dual J-K clocked · SN158099N 01295 
flip-flop 

res, ICG INTEGRATED CKT: 4 Bit comparitor DM8200N 12040 
IC7 INTEGRATED CKT: Dual J-K clocked SN158093N 01295 

flip-flop 
IC8 ,IC9 INTEGRATED CKT: Hex inverter SN15836N 01295 
ICl0 INTEGRATED CK'!'.: Dual 4-input NAND/ SN15844N 01295 

NOR power gate 
!Cll INTEGRATED CKT: Dual 4-input NAND/ SN15832N 01295 

NOR buffer 
IC12 INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 

NOR gate 

QI TRANSISTOR: NPN 2N2222 81349 
Q2 TRANSISTOR: Unij unction Dl3T2 24446 

Rl,R2 RES I FXD I COMP: 240 ohms, ±5%, l/4W RC07GF241J 81349 
R3 RES I FXD I COMP: !Ok ohms, ±5%, l/4W RC07GF103J 81349 
R4 RES I FXD I COMP: 33k ohms, ±5%, l/4W RC07GF333J 81349 
RS RES,FXD,COMP:· 100k ohms, ±5%, RC07GF104J 81349 

. - l/4W 
R6 RES, FXD, COMP: 47k ohms, ±5%, l/4W RC07GF473J 81349 
R7 RES ,FXD I COMP: 20 ohms, ±5%, l/4W RC07GF200J 81349 
RB RES I FXD I COMP: 2. 2k ohms, ±5%, RC07GF222J 81349 

l/4W 
R9 RES I FXD I COMP: 6. Bk ohms, ±5%, RC07GF682J 81349 

l/4W 
RIO, Rl 1 Same as R3 
Rl2 RES I FXD I COMP: l.5kohms, ±5%, RC07GF152J 81349 

l/4W 
Rl3, R14 RES I FXD I COMP: 62k ohms, ±5%, l/4W RC07GF623J 81349 
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TABLE XX 

PC-CARD ASSEMBLY, EXTENDER CARD: A9, 80372180-000 

REF MFR'S MFR'S 
: DESIG. DESCRIPTION PART NO. CODE NO. 

JI CONN,RCPT,ELEC 22 Pin, dual 225-22221-10500 02660 

TABLE XXI 

PC-CARD ASSEMBLY, DISTORTION COUNTER: Al0, 80372120-000 

REF MFR'S MFR'S 
DESIG. DESC~IPI'ION PART NO. CODE NO. 

l CAP, FXD, ELCTLT: 4. 7uf, ±20%, 1 0V CS13BC475M 81349 
CZ CAP,FXD,CERAMIC: 0.luf, :1:35%, 100V TA0lUF 91418 

CRJ-CR4 SEMICOND, DIODE: Germanium 1N277 81349 

IC l, IC2 INTEGRATED CKT: Hex Inverter SN15836N 01295 
IC3 - IC6 INTEGRATED CKT: Quad 2-input NAND/ SN15846N 01295 

NOR gate 
IC7 INTEGRATED CKT: Dual J-K clocked SN158099N 01295 

flip-flop 
res INTEGRATED CKT: Dual J-K clocked SN158093N 01295 

flip-flop 
IC9 Same as IC7 
ICI0 Same as IC8 
ICll INTEGRATED CKT: triple 3-input NAND/ SN15862N 01295 

NOR gate 
rc1·2 INTEGRATED CKT: 4 bit binary counter SN7493N 01295 
IC13 INTEGRATED CKT: BCD to decimal 4-10 SN7442N 01295 

line decoder 
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TABLE XXII 

CRYSTAL BRACKET ASSEMBLY: All, 90372006-000 

REF MFR'S. MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

Rl-R7 RES ,FXD, COMP: lk ohms, ±5%, l/4W RC07GF102J 8134 9 

Sl SWITCH, ROTARY: C212-26036-2-l 7145 0 

· XY1-XY7 SOCKET, CRYSTAL: TS0205P01 81 3 4 9 

TABLE XXIII 

POWER SUPPLY, ANAL'YZER: Al2, 90372004-001 

REF \ MFR'S MFR'S 
DESIG. DESCRIPTION ·PART NO. CODE NO. 

Cl CAP, FXD, ELCTLT: 4600uf, lSV 36D462G015AA2A 56289 

El-E4 Terminal, S~andqff: 4820-1-0516 7127 9 
Fl FUSE, CARTRIDGE: 1/4 Amp-3AG 312-250 75915 
Jl CONN ,RCPT ,ELEC: 7595 74545 
J2 CONN I RCPT ,ELEC: coaxial UG1094U 81349 

Sl SWITCH, TOGGLE: SPDT MSTl0SD 951°46 -
, 

Tl 
. . 

TRANSFORMER, PWR: 132Vac, 47Hz 43000276-000 96238 
T2 TRANSFORMER, PWR: 115-230Vac 43000277-000 96238 

TB1,TB2 TERMINAL BOARD: 7 term 599-2004-7 75382 

XFl FUSEHOLDER: HKP 71400 

TABLE XXIV 

PC-CARD ASSEMBLY, ANALY2ER HARNESS CARD: Al3, 80372170-000 

REF MFR'S MFR'S 
DESIG. DESCRIPTION PART NO. CODE NO. 

XAl-XAlO CONN, RCPT, ELEC: 22 pin 252-22-30-220 71785 
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