






















































































































quality and modem may be best illustrated by an 
example given below using the information provided 
by the Rixon Electronics Company. 

AT & T Voice 
Channel Type 
(All channels 

are 4 kHz 
nominal) 

4 
4A 
4B 
4C 

Rixom Modem Transmission 

Sebit-12M 
Sebit-24M 
Sebit-36M 
Sebit-48M 

1200 bits/sec 
2400 bits/sec 
3600 bits/sec 
4800 bits/sec 

From this example it can be seen that achievement of 
desired data transmission rate on a communications 
facility requires careful engineering of the facility in 
combination with the modem. The remaining con­
sideration in the communications setup choice is the 
number of wires in the channel. A two-wire channel 
can support transmission in one direction only (ex­
cept when special paralleltone modems are used). The 
two-wire channel can, however, support transmission 
alternately in either direction. A four-wire channel 
can support transmission simultaneously in both di­
rections at considerably less than twice the cost of a 
two-wire facility. 

The choice between two-wire and four-wire facil­
ities depends on the requirements for data transmis­
sion and acknowledgements. If a facility is to be used 
to transmit substantial quantities of data in both 
directions, then the four-wire channel may be favored. 
If transmission is primarily unidirectional there still 
exists the problem of delays due to acknowledge­
ments. All modern systems for data transmission use 
block-by-block acknowledgement procedures. On a 
two-wire line, the system must halt transmission after 
each block and wait for acknowledgement. If the trans­
mission rates are high and the blocks short, the delay 
experienced in receipt of the acknowledgement may 
reduce the net achievable transmission rate. 

Tables I through IV summarize the equipment char­
acteristics for most common carrier and non-carrier 
data sets. The cost data has also been included wher­
ever possible. The monthly rentals are given for the 
common carrier equipment as these are almost always 
leased; but for the non-common carrier modems the 
purchase cost has been provided as these are usually 
purchased outright rather than leased. The prices are 
only approximate and vary with configurations and 
options. In the case of common carriers, prices also 
vary with the operating companies and it is recom­
mended that the perspective buyer check with his 
local representative. 

COMMON CARRIER FACILITIES 

The common carriers, mainly the American Tele­
phone and Telegraph Company (AT&T) or the Bell 
System, General Telephone and Electronics (G T&E) 
and Western Union Telegraph Company offer a wide 
variety of communications services and facilities both 
with and without modems. The services mentioned 
in thissectiori are presented ta give a basic indication 
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of some of the communications facilities available 
today. The representatives of the comm"unications 
companies should be consulted in order to obtain 
current information on rates, availability of service, 
channels and other devices pertinent to data trans­
mission. 
The communications services offered by the carriers 
take on a variety of forms and names with which the 
user should become familiar. Some of the communi­
cations services of the Bell System are WATS, Telpak, 
TWX and DATA-PHONE. The names of the serv­
ices that may be obtained from Western Union are 
TELEX, INFO-COM, and DIAL-PAK. Western 
Union also recently placed an advanced digital data 
network (AUTODIN) service for the Department of 
Defense. These services are described below: 
WATS for Wide-Area-Telephone Service is the name 
given to a telephone-grade service in which essen­
tially an unlimited number of calls may be made 
from a single point to any other subscriber within 
a very large area usually for a fixed monthly charge. 
Monthly charges are based on the size of the area and 
not on the number or length of calls. Under the 
WATS arrangement, the United States is divided 
into six zones. The subscriber is billed according to 
the zones to be called on a full-time or measured-time 
basis. Costs vary widely depending on both the service 
area and the state in which the customer is located. 
TELPAK is the narpe given to the service in which 
several telephone-grade lines are leased as a group be­
tween two points. It is essentially a pricing arrange­
ment as the rates for service are substantially lower 
than an equivalent number of voice channels. The 
group of lines can be employed for any type of usage 
such as wideband data communications, voice, tele­
typewriter or facsimile transmission. 
TWX and TELEX are the names applied to the tele­
typewriter exchange services of the Bell System and 
the Western Union, respectively. These provide direct 
dial point-to-point connections using input/output 
equipment such as page printers, keyboards, paper 
tape readers and paper tape punches. 
DATA-PHOJ.VE provides far the transmission of data 
between a variety of terminal equipment using the 
regular dial telephone network or the W A TS service. 
The cost to the customer is the same as the ordinary 
communications service cost in addition to a monthly 
rate for the Data Set. 
DATA-PHONE 50 is the name of a recently announced 
switched wideband data communications service of 
the Bell system. A subscriber can now dial a call and 
send data at speeds up to 50,000 bits/sec, a 25-fold 
increase over the present "voiceband" DAT A­
PHONE service. 
INFO-COJ11. is the name of a new store-and-forward 
message or data communications service developed by 
Western Union. 
DIAL-PAK is the name of anew concept by Western 
Union that will provide direct computer-to-computer 
communications using a 48-kHz wideband switched 
system. 

In addition to the above services, voice grade and 
telegraph lines can be leased for the exclusive use of 
the subscriber. Table VI on tariffs for common car-

COMPUTER DESIGN / JULY 1969 



TABLE I EQUIPMENT CHARACTERISTICS OF COMMON CARRIER MODEMS 

MANUFACTURER AUTOMATIC AUTOMATIC AUTOMATIC BELL BELL BELL BELL BELL BELL BELL 

ELECTRIC ELECTRIC ELECTRIC SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM 

MODEL 

NUMBER 103C 401A/E 101A1C 103A 1038 l03F 201A3 201A4 20181 20182 

SPEED --- 20 char/sec 10 char/sec 200 bits/sec 200 bits/sec 300 bits/sec 2000 bits/sec 2000 bits/sec 2400 bits/sec 2400 bits/sec 

SERIAL or 

PARALLEL -- Parallel Serlel Serial Serial Serial Serial Serial Serial Serlel 

CHANNEL TYPE Voice Voice TWX Voice Voice Voice Voice Voice Voice Voice 

NUMBER of 

WIRES --- --- --- 2 2 2 2/4 2/4 2/4 2/4 

SYNCHRONOUS or 
ASYNCHRONOUS --- Async. Async. Async. Async. Async. Sync. Sync. Sync. Sync. 

SIMPLEX or Full Simplex Simplex Half/full Half/full Half/full Full on Full on Full on Full on 

DUPLEX Half/full 4 wire 4 wire 4 wire 4 wire 

PRIVATE LINE 

MANDATORY? No --- No No Yes No No No Yes Yes 

AUTOMATIC 

CALL UNIT? No No No Yes No No Ves Yes No No 

COMMENTS Alternate Transmit Used with --- -- --- No voice No voice No voice No voice 

voice/data only Teletype 33 & 35 command, commend, command command 

service replacing 210A 1 replacing 201A2 

COST-

Rental $/month --- --- --- 25 25 25 70 70 70 70 

Installation $ -- --- -- 25 25 25 100 100 100 100 

-Approximate only; prices vary with operating companies. Check with your local representative. 

MANUFACTURER BELL BELL BELL BELL BELL BELL BELL BELL BELL BELL 

SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SVSTEM SYSTEM 

MODEL 

NUMBER 202A 202B 202C 2020 X202E 203A 301B 3038/C/O 401A 401E 

SPEED 1200 bits/sec 1800 bits/sec 1200 bits/sac 1800 bits/sec 600 bits/sec 3600 bits/sec 40,800 bits/sec 19,200/50,000/ 20 char/sec 20 char/sac 

with reverse 230,400 bits/sec 

channel @ 150bps 

SERIAL or 

PARALLEL Serial Serial Serial Serial Serial Serial Serial Serial Parallel Parallel 

CHANNEL TYPE Voice Voice Voice Voice Voice Voice Voice --- Voice Voice 

NUMBER of 

WIRES 2 2/4 2 2/4 2 2/4 --- --- 2 2 

SYNCHRONOUS or Sync. 
ASYNCHRONOUS Async. Async. Async. Async. Async. Sync. Sync. Async. Async. Async. 

SIMPLEX or Half Full on Half Full on Full Full Full (voice) Full (voice) Simplex Simplex 
DUPLEX 4 wire 4 wire Full (voice) Full (voice) 

PRIVATE LINE 
I 

MANDATORY? No Yes No Yes No No No No No No 

AUTOMATIC 

CALL UNIT? No No Yes Yes No Ves No No No No 

COMMENTS --- --- Replacing No voice Up to 7200 Sync. 6/12/60 Transmit only; Transmit only; 
202A command, bits/sec on mechansim voice 24 possible 99 possible 

replacing 202B priveta line can be ex ternal circuits characters characters 

COST-

Rental $/month --- --- 40 40 -- -- 250 425/430/450 5 7.50 

Installation $ --- --- 50 50 --- --- 200 300 15 20 

- Approximate only; prices vary with operating companies. Check with your local representative, 
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TABLE II EQUIPMENT CHARACTERISTICS OF COMMON CARRIER MODEMS (CaNT.) 

MANUFACTURER BELL BELL SELL BELL BELL BELL BELL BELL BELL BELL 
SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM 

MODEL 

NUMBER 401J 401H X401L X202F 402C 4020 X403A X403B &C 602A 603A, B,& 0 
•• 

SPEED 20 char/sec 20 charfsec 20 char/sec 600 bits/sec 75 char/sec 75 char/sec 10 char/sec 10 char/sec -- --- : 

SERIAL or 

PARALLEL Parallel Parallel Parallel Serial Parallel Parallel Parallel Parallel --- ---

CHANNEL TYPE Voice Voice Voice Voice Voice Voice Voice Voice Voice Voice 

NUMBER or 

WIRES 2 2 2 2 2/4 2/4 --- --- 2 ---
SYNCHRONOUS or 

ASYNCHRONOUS Async. Async. Async. Async. Async, Async. --- --- Sync. ---
SIMPLEX or 

DUPLEX Simplex Simplex Simplex Simple~ Simplex Simplex Simplex Simplex Simplex ---
PRIVATE LINE 

MANDATORY? No No No No No No No No No No 

AUTOMATIC 

CALL UNIT? Yes No Yes Yes Yes Yes Yes Yes No No 

COMMENTS Receive only; Transmit only; Transmit Transmit Transmit Receive Touch tone; Touch tone; Analog Analog 
99 possible 99 possible only only only only receive only transmit only transmitter facsmile 
characters characters transmitter 

COST· 

Rental $/month 35 10 --- --- 25 75 --- -- 30 12-25 

Installation $ 50 20 --- --- 40 100 -- --- 40 25-50 

• Approximate only; prices vary with operating companies. Check with your local representative. 

MANUFACTURER BELL BELL WESTERN WESTERN WESTERN WESTERN WESTERN WESTERN WESTERN 

SYSTEM SYSTEM UNION UNION UNION UNION UNION UNION UNION 

MODEL 

NUMBER 801~ & C 811B 1181-A 1601·A 2121·A 2241·A 100 200 300 

SPEED N/A 10 char/sec 180 bits/sec 600 bits/sec 1200 bits/sec 2400 bits/sec 200 bits/sec 2400 bits/sec 18,000/40,800 

bits/sec 

SERIAL or Serial! 

PARALLEL Parallel Serial Serial Serial Serial Serial Serial Serial Serial 

CHANNEL TYPE VoicefTWX TWX --- Voice Voicel Broadband Voice VOice Broadband 

broadband 

NUMBER of 

WIRES 2/4 2 -- --- -- --- 2/4 2/4 2/4 

SYNCHRONOUS or Asynchronous Sync./ 
ASYNCHRONOUS Synchronous Async. Async. Async. Async. Async. Async. Async. Sync. 

SIMPLEX or Simplex Simplex 

DUPLEX Half/fuil Half/full Half/full Half/full Halflfull !-lali/full Half/full Halflfull Hail/full 

PRIVATE LINE 

MANDATORY? N/A No No No No Yes No Yes No 

AUTOMATIC 

CALL UNIT? N/A Yes NO No No No No No No 

COMMENTS Automatic Used with Alternate 

calling units teletype units voice/data 

option 

COST* 42 Async. 
Rental $/month --- 25 30 30 40 72 Sync. --- --- ---

Installation $ --- 15 None 50 50 50 Async. -- --- --
100 Sync. 

"Approximate only; prices vary with operating companies. Check with your local representative. 
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TABLE III EQUIPMENT CHARACTERISTICS OF NON·COMMON CARRIER MODEMS 

MANUFACTURER ANDERSON- ANDERSON- COLLINS RADIO COLLINS RADIO COLLINS RADIO 
JACOBSON JACOBSON 

MODEL 
NUMBER ADC 260 ADC 300 TE-216A-2D TE-216A-3D TE-216A-4D 

SPEED 
Bits per second 300 300 2400 3600 4800 

SERIAL or 
PARALLEL Serial Serial Serial Serial Serial 

CHANNEL TYPE Voice Voice Voice, type Voice, type Voice 
3003 or 3004 or Type 3005 
CCITTM89 CCITT M89 

NUMBER or 
WIRES 2 2 4 4 4 

SYNCHRONOUS or 
ASYNCHRONOUS Async_ Async_ Sync_ Sync_ Sync. 

SIMPLEX.or Haif/full Half/full Full Full Full 
DUPLEX Duplex Duplex Duplex Duplex Duplex 

PRIVATE LINE 
MANDATORY7 No No Yes Yes Yes 

AUTOMATIC 
UNITCALL7 No No No No No 

MODULATION Phase-shift Phase-shift Phase-shift 
SCHEME (Kineplex) (Klneplex) (Kinepiex) 

COMMENTS Portable, Portable, Various Various Varous 
originate only originate/ options options options 

answer available available available 

PURCHASE 
COST" --- -- --- -- ---
·Cost data is approximate. Prices vary with configuarations and options. 

MANUFACTURER GENERAL GENERAL IBM IBM IBM 
ELECTRIC ELECTRIC 

MODEL 
NUMBER TDM-111 TDM·211 Line Adapter 1 Li ne Adapter 2 Leased Line 

SPEED 
Bits per second 300 1200 Up to 600 Up to 600 Up to 600 

SERIAL or 
PARALLEL Serial Serial Serial Serial Serial 

CHANNEL TYPE Voice Voice Voice Voice Voice 

NUMBER of 
WIRES --- 2 2/4 2 2/4 

SYNCHRONOUS or 
ASYNCHRONOUS Async_ Async_ Async_ Async_ ---
SIMPLEX or Full Half Half/full Half Half/full 
DUPLEX Duplex Duplex Duplex Duplex Duplex 

PRIVATE LINE 
MANDATORY7 No No No No No 

AUTOMATIC 
CALL UNIT? -- -- No No NO 

MODULATION Frequency shift Frequency shift -- -- ---
SCHEME 

COMMENTS Compatible Compatible Limited Limited --
with with Distanca Distance 
BELL 103A2 BELL 202C 

PURCHASE 
COST" $875-970 $85G-l,145 --- -- ---
·Cost data is approximate. Prices vary with configurations and options. 

For additional information on products listed, circle these numbers on inquiry card: 

ANDERSON~ACOBSON 
COLLINS RADIO 
GENERAL ELECTRIC 
IBM ........ . 
LENKURT ELECTRIC 
MILGO 

150 
151 
152 
153 
154 
155 

GENERAL GENERAL 
ELECTRIC ELECTRIC 

TDM-ll0 TDM-210 

300 1000-1800 

Serial Serial 

Schedule 4 Type 4, 4A, 4B 
Type 4 (Voice) 
(Voice) 

2 2/4 

Async_ Async. 

Full Half/full 
Duplex Duplex 

Yes Yes 

No No 

Frequency shift Frequency shift 

Compatible Compatible 
with BE LL 103F with BELL 2020 

$695. $675. 

IBM LEN KURT 
ELECTRIC 

Shared Line 26C 

Up to 134 1200/2400 

Serial Serial 

Voice Voice 
Schedule 4A 

2/4 ---

-- Sync. 

Half/full Simplex 
Duplex Full dupiex 

No Yes 

No No 

--- Duobinary 

--- ---

-- ---

GENERAL 
ELECTRIC 

TDM-220 

2400 

Serial 

Type4A 
(Voice) 

2/4 

Sync./ Async. 

Half/full 
Duplex 

Yes 

No 

AM vestigial 
Sideband 

Internal 
clock at 2400 
bps In sync_ 
model. 

$1,485 (Async.l 
$1,950 (Sync.) 

MILGO 

44oo/24PB 

2400 

Serial 

Voice 
Type 3002 

2 

Sync. 

Simplex 
Full duplex 
Half optional 

No 

---
Phas&-shift 
(Kirieplex) 

Simultaneous 
voice/teletype-
transmission 
possible 

$4,995 
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TABLE IV EQUIPMENT CHARACTERISTICS OF NON-COMMON CARRIER MODEMS (CONT.) 

MANUFACTURER MILGO PHILCO PHILCO PHILCO PHILCO 

MODEL 
NUMBER 4400/48 MD/NY MC 12/24-2B MC 12/24-1 Diplexer 

SPEED 
Bits per second 4800 1200/2400 3QO.24oo 3QO.24oo 75 

SERIAL or 
PARALLEL Serial Serial Serial Serial Serial 

CHANNEL TYPE Voice -- Voice Voice Voice 
Type 3002 

NUMBER of 
WIRES 2 2/4 -- --- ---
SYNCHRONOUS or Sync. -- Sync. Sync. Sync./ 
ASYNCHRONOUS Async. 

SIMPLEX or Simplex Half/full Full Full Full 
DUPLEX Full duplex Duplex Duplex Duplex Duplex 

Half optional 

PRIVATE LINE 
MANDATORY? No Yes Yes Yes No 

AUTOMATIC 
CALL UNIT? --- --- -- --- ---
MODULATION Phase-shift -- -- -- ---
SCHEME (Kineplex) 

COMMENTS --- High frequ ency --- High frequency For sending 
radio modems radio modems Teletype/voice 

signal 
simultaneously 

PURCHASE 
COST· $5,885 --- --- -- ---
'Cost data is approximate. Prices vary with configurations and options. 

MANUFACTURER RFL RIXON RIXON RIXON RIXON 
INDUSTRIES ELECTRONICS ELECTRONICS ELECTRONICS ELECTRONICS 

MODEL 3227 Sebit-48 Sebit-36 Sebit-24M PM-24 
NUMBER 

SPEED 
8its per second 1000 4800 3600 2400 2400 

SERIAL or 
PARALLEL Serial Serial Serial Serial Serial 

CHANNEL TYPE Voice C-4 C-2 C-1 C-1 
Conditioning Conditioning Conditioning Conditioning 

NUMBER of 
WIRES --- 2/4 2/4 2/4 2/4 

SYNCHRONOUS or 
ASYNCHRONOUS Sync. Sync. Sync. Sync. Sync. 

SIMPLEX or Half/full Simplex Simplex Simplex Simplex 
DUPLEX Duplex Half/full Half/full Half/full Half/full 

Duplex Duplex Duplex Duplex 

PRIVATE LINE 
MANDATORY? Yes Yes Yes Yes Yes 

AUTOMATIC 
CALL UNIT? -- No No No No 

MODULATION Frequency AM Vestigial AM Vestigial AM Vestigial Phase shift 
SCHEME shift sid band sideband sideb~nd 4-level 

COMMENTS Rack Transmission Transmission Transmission Compatible with 
Mounting Speeds Speeds Speeds BELL 201B, 

Switch-selectable Switch-selectable Switch-selectable 205 & 207 modem 

PURCHASE 
COST· $90()'1,100 $6.000 $5,800 $2,500 ---
'Cost data is .. approximate. Prices vary with configurations and options. 

For additional information on products listed, circle these numbers on inquiry card: 

MILGO .............. . 
PHILCO .......... . 
HfL INDUSTRIES .. . 
RIXON ELECTRONICS 
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155 
156 
157 
158 

PHILCO PHILCO RFL 
INDUSTRIES 

EDC 1224 EDC 61-75 Series 2056 

75-2400 75 12QO.18oo 

Serial Serial Serial 

-- Teleprinter Voice 

--- --- ---
Sync. Sync. Async. 

-- Full Half/full 
Duplex Duplex 

Yes No Yes 

--- --- ---

--- --- Frequency 
shift 

Increased Increased Rack 
error detection error detection Mounting 
and correction and correction 

-- --- $625-850 

RIXON RIXON RIXON 
ELECTRONICS ELECTRONICS ELECTRONICS 

Sebit FM-18D FM-3oo 
Dual 12M 

Two channels 
at 1200 Up to 1800 Up to 300 

Serial Serial Serial 

C-1 C-2 condition- Unconditioned 
Conditioning ing, dependent 

on speed 

2/4 2/4 2 

Sync./ 
Sync. Async. . Sync. 

Simplex Simplex Full 
Half/full Half/full Duplex 
Duplex Duplex 

Yes Yes Yes 

No No No 

AM Vestigial Frequency Frequency 
sideband shift shift 

--- Compatible with Compatible with 
8ELL 2020 BELL 103F 
modem . modem 

$5,000 --- ---
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rier services also provides a summary of the various 
common carrier services. These are approximate tar­
iffs currently in use and may change, but they do give 
a good indication of the likely costs of the data COlll­

munications service. The perspective user is advised 
to check with his local common carrier representative, 
especially for the WATS service, as the cost of service 
depends on areas of use and state of residence of the 
user. 

In most cases, the telephone-grade service can be 
employed for the transmission of voice as well as data 
through the use of dataphone subsets supplied by the 
telephone company. Frequently, this ability permits 
considerable savings by combining voice and data 
needs. Telephone coupler (usually acoustic coupling) 
data sets are also available from the telephone com­
pany and others which allow data to be transmitted 
over the public telephone network via a conven­
tional telephone set. Table VI exhibits the major 
characteristics of most telephone coupler data sets on 
the market. 

A number of new developments with special in­
terest to computer/communications systems are tak­
ing place in the Bell System. One arrangement (203 
Data Set) intended for use on the dial telephone net­
work will operate at 3600 bits per second. Thus it will 
match the asymmetrical characteristics of information 
How found in many situations such as keyboard entry 

and display output. On private-line voiceband cir­
cuits, the data set will operate at 4800 bits per second 
and possibly 7200 bits per second. These increases in 
speed made possible by multi-level vestigial sideband 
and automatic adaptive equalization will permit very 
favorable economies to be made in computer/com­
munications systems. 

Another development is that of the touch-tone tele­
phones which can be used very effectively as data ter­
minals. In cases where limited input capability is 
tolerable and no hard copy is needed (such as bank­
ing, credit, and some inquiry systems) the push button 
telephone provides a very inexpensive and reliable 
terminal. 

The introduction of digital transmission techniques 
into the communications networks is likely to dras­
tically reduce the cost of data communications. Pulse 
code modulation (PCM) techniques are gradually 
being introduced into the Bell System. Since PCM 
systems transmit on the order of 50 kilobits per sec­
ond for each voice channel, there is a large potential 
for substantial economies. The digital carrier systems 
Tl (1.54 megabits per second), T2 (62 megabits per 
second), and T4 (281 megabits per second) are cur­
rently being developed and used in the Bell Systems. 
These digital transmission system will use time-divi­
sion multiplexing extensively thus providing a variety 
of bit rates. 

TABLE IV EQUIPMENT CHARACTERISTICS OF NON·COMMON CARRIER MODEMS (CaNT.) 

MANUFACTURER 
SANGAMO SANGAMO SANGAMO SANGAMO SANGAMO SANGAMO SANGAMO SANGAMO 

MODEL Tl03A T103F T201A T201B T202C T202D T401E T401H 
NUMBER 

SPEED 
Bits per second 300 300 2000 2400 1800 1800 20 char/sec 20 char/sec 

SERIAL or 
PARALLEL Serial Serial Serial Serial Serial Serial Parallel Parallel 

CHANNEL 
TY~E Voice Voice Voice Voice Voice Voice Voice Voice 

NUMBER of 
WIRES 

2 2 2/4 2/4 2/4 2/4 2 2 

SYNCHRONOUS or 
Async •. Async. Sync. Sync. Async. Async. Async. Async. 

ASYNCHRONOUS 

SIMPLEX or Full Full Half/full Half/full Half/full Half/full Transmit Transmit 
DUPLEX Duplex Duplex Duplex Duplex Duplex Duplex Only Only 

PRIVATE LINE 
No No No Yes No No No No 

MANDATORY? 

AUTOMATIC 
Optional No Yes Optional Optional Optional No No 

CALLUNIT7 

MODULATION Frequency Frequency Phase Phase Frequency Frequency 3 of 14 code 3 of 14 code 
SCHEME shift shift shift shift shift shift 99 poss. char. 99 poss. char. 

COMMENTS Directly com- Directly com· Directly com- Directly com- Directly com- Designed for Compatible with Compatible with 
patible with patible with patible with patible with patible with operation with 8ell401E;works Bell 401H; works 
Belll03A Belll03F Be1l201A Bell 201B Bell202C Western EI. 804 end-end Bell 401J end-end Bell 401J 

PURCHASE 
COST* $580 $535 $2055-2110 $2130-2200 $1035-1320 $790-1015 $234-254 ----

'Cost data is approximate. Prices vary with configuration and options. 

For additional information on products listed, circle 159 on inquiry card. 
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TABLE V TARIFFS FOR COMMON CARRIER SERVICES 

BANDWI DTH or 
COMMON TYPE OF NOMINAL TARIFFS* (Dollars) COMMENTS 
CARRIER SERVICE SPEED 

AT&T TWX 100 words $1.75 first three minutes Charges vary with 
BELL dial per min. 0.60 each additional min. distance, 
SYSTEM network for 2000 miles and over three minute 

0.20/min. for 0-50 miles minimum charge 

WESTERN TELEX 66 words From $0.175 to 0.60/min. No 3 minute min. 
UNION dial per min. depending on areas. charge, fractions 

network 40% discount on excess if of min. are 
charges exceed $87.50/mo. propor. charged. 

AT&T Private 60, 75 $1.10/channel-mile/month 
and line words/min. for half-duplex Charges are 
WESTERN services $1.21 for full-duplex telescopic, reduce 
UNION low-speed to half after 250 

100 $1.21 for half duplex, miles and third 
words/min. 1.331 for full duplex after 1,000 miles 

sUb-voice 1.375 for half duplex, 
150-180 bps 1.513 for fuJI duplex 

AT&T Public voiceband $1.00 to $2.00/three min. charged by time 
BELL telephone 3000 bps 0.25 to 0.50 each ~dd'i. and distance 
SYSTEM network, min. for 2,000 mi. and over 3 minute min. 

dial ex- $0.30/three min. and 0.10 charge for call. 
change each add'i. min. for up to 30 mi. 

WATS voice $2,300/month for anywhere cost depends on 
unlimited network in USA for unlimited time. service areas and 
service 3,000 bps $ 500/month for Area 1 the state. 

WATS voice $610/month for first 15 cost of service 
measured network hours, $34 each add'!' lower for indiv. 
service 3,000 bps hour for anywhere in USA areas, varies. 

WESTERN BEX 2 kc/s $0~15/minute 40% discount Rates depend on 
UNION Broadband to $0.65/min. on excess areas, charges 

Exchange of $3000 are broken down 
to tenths of 

4 kc/s $0.20/minute 40% discount a minute 
to $0.75/min. on excess 

of $400 

AT&T voice- $2.02 for half duplex rates are telescopic 
and grade 4KHz $2.22 for full duplex drop by approx. 
WESTERN leased (channel-m ile/month) 15% after 250 m i. 
UNION lines $10, $37.50, and $56. channel and 25% after 

condition charges for schedule 500 miles. 
4A, 4B, and 4C respectively 

AT&T TELPAKA 48 kc/s $15/mile/month 12 voice channels 

TELPAK B 96 kc/s 20/mile/month 24 voice channels 

TELPAK C 240 kc/s 25/mile/month 60 voice channels 

TELPAK 0 1,000 kc/s 45/mile/month 240 voice channels 

*These are approximate tariffs currently available and may change. Check with your local common carrier representative. 
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TABLE VI MAJOR CHARACTERISTICS OF ACOUSTIC COUPLERS 

MANUFACTURER ANDERSON- ANDERSON- ANDERSON- COMPUTER DATA DATA 

JACOBSON JACOBSON JACOBSON COMMUNICATIONS COMMUNICATIONS COMMUNICATIONS 

SYSTEMS SYSTEMS 

MODEL AOC-260 AOC-270 AOC-1210 CC-302 DAC-337 OAC-347 

TRANSMISSION 

Speed bits/sec 300 300 1200 300 165 165 

Simultaniety Half or full Half or full Half duplex Half or full Half or full Half or full 

duplex duplex duplex duplex duplex 

Code any any any any any any 
.. 

COUPLING 

Transmit acoustic acoustic acoustic acoustic acoustic acoustic 

Receive acoustic acoustic acoustic inductive acoustic acoustic 

COMMENT originate answer originat.e originate originate originate 

only only only; reverse only only and answer 

control chan., 

202C com pat. 

COST 

Purchase $570 $645 $795 $600 $495 $560 

MANUFACTURER GENERAL GENERAL OMNITECH OMNITECH TYMSHARE 

ELECTRIC ELECTRIC 

MODEL TOM 114 TOM 115 Telecoupler 700 Telecoupler 723 Mark V 

TRANSMISSION 

Speed bits/sec 300 300 500 500 300 

Simultaniety Half or full Half or full Half or full Half or full Half or full 

duplex duplex duplex duplex duplex 

Code any any any any any 

COUPLING 

Transmit acoustic acoustic acoustic acoustic inductive 

Receive acoustic acoustic acous. or induc. acous. or induc. acoustic 

COMMENT originate originate originate originate originate 

only and only only only 

answer 

COST 

Purchase $495 $595 $495 $570 $570 

*AII data sets employ frequency shift keying and serial by bit asynchronous transmission and couple the data terminal (via EIA standard RS2328 

interface) to the public telephone network using a conventional telephone set (Bell 500 telephone set or equivalent). 

For additional information on products listed, circle these numbers on inquiry card: 

ANDERSON-JACOBSON ........................ 160 GENERAL ELECTRIC ........................... 163 
COMPUTER COMMUNICATIONS ................. 161 OMNITECH .................................. 164 
DATA COMMUNICATIONS SYSTEMS .............. 162 TYMSHARE .................................. 165 
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When the output of a logic gate 
(Fig. 1) switches from false to true, 
it raises the voltage difference be­
tween the output pin of the gate 
and the reference through a volt­
age, v, which is called the signal 
amplitude of the gate. It is im­
portant to think of the signal as 
being a differen tial mode signal 
between the front end of the signal 
line and the reference, whi~h serves 

-----------_._._ .... _----

t_ 

~ 
REFERENCE ____ .....l+L..-__ 

Fig. 1. Output from logic gate 
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Ivor Catt 

Computer Technology Ltd. 
Hertz, England 

as the return path. This reference 
might be called "ground". This 
change in voltage difference be­
tween the signal and reference lines 
does not appear instantaneously at 
the point further down the signal 
line because there is c~pacitance 

between the signal and reference 
lines. This means that before the 
new logic level (voltage difference) 
can be established between the sig­
nal and reference lines at all points, 
an amount of charge +q must have 
been delivered by the gate to the 
sigpal line, apd an equal and op­
po~ite charge must have been re­
moved from the reference line by 
the gate, where 

q = cv, 

c being the capacitance between 
the signal line and the reference 
line. We might suppose that if the 
logic gate could instantaneously de­
liver that amount of charge (+q) 
to the signal line and remove it 

. from the reference line, the signal 

I .. " 

~. I • I. I 

would appear without delay at the 
far end. Unfortunately this is not 
so, because of inductance. 

We know that movement of elec­
trical charge is accompanied by the 
appearance of magnetic flux. 
Change of the rate of flow of elec­
tric charge down the line, (which 
is necessary if we are to suddenly 
transfer a charge cp to the line) in-

d¢ . 
volves change of flux,dt wluch , 
by Faraday's law creates an induced 
back electro-motive force which 
tends to oppose the change of cur­
rent. So if we try to introduce a 
charge +q instantaneously into the 

1· . fi' d¢ d Ine, we get an In nIte dt an so 

an infinite back emf. 
This means that in order to 

dri ve the vol tage drop between 
signal line and reference line 
through a voltage change v ins tan­
taneously, we would need an infi­
nite driving voltage for a short time 
to overcom~ the back emf. 
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Characters 
per second 

500 to 
1000 

150 

120 

60 

30 

25 

Model 
Number 625 R-30 424 .464 HR-150 500 R 

.. . of perforated tape readers! Tally not only offers the most complete 
line of perforated tape readers (for paper, foil, or plastic tape), but the broadest and best 
performing line of perforators too. So whatever your needs in the field of perforated tape 
technology, write or call us today. Please address Tom Tracy, Tally Corporation, 8301 South 
180th Street, Kent, Washington 98031. Phone: (206) 251-5500. TWX: 910-423-0895. 
In Europe and the U. K., address Tally Ltd., 6a George Street, Croydon, Surrey, England. 
Phone: (01) 686-6836. 

TALLY® 

CIRCLE 30 ON INQUIRY CARD 
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to 

-:-:------------------~------------~:~:------~{ } :: 
Fig. 2. Logic signal on transmission line 

Alternately the signal cannot 
travel instantaneously because as 
the electric charge travels down the 
line, energy appears around the 
line in the form of magnetic and 
electric flux. By the principle of 
energy conservation this energy 
must have been supplied by the 
only available source, the logic 
gate. Now the gate can ideally 
supply voltage and current ins tan-

taneously. However, vi makes pow­
er but not energy. Power requires a 
third dimension, time, to give the 
full dimensions of energy, vito So 
in the absence of infinite voltage 
or current, time is necessary for the 
signal to develop throughout the 
length of the signal line. 

Note that in the above discussion 
the geometry of signal wire and 
reference was not specified. 

• •• ". i~ 1:: 
tV'x 'it ~ 'iV t 
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Fig. 3. Magnetic field in a two·wire transmission line 

Logic Signal Transfer Down A 
Uniform Transmission Line 

Let us assume that a logic swing v 
is introduced at AlGI between 
the signal line A and the reference 
line G (Fig. 2), at time to. We can 
expect the logic swing to propagate 
down to the right, so that later in 
time (t1) the signal has reached a 
point A2G2 • Let us suppose that 
the capacitance per unit length be­
tween AIA3 and GIG3 is C. This 
means that if a steady potential dif­
ference v existed between the lines 
the charge on each line would be 
(q) = Cv per unit length. 
Let the self inductance per unit 
length of the pair of lines A1A3 
and GI G3 be L. The L term 
means if a steady current +i were 
flowing down AIA3 and a steady 
curren t -i were flowing back along 
G1 Ga, the magnetic flux passing 
through a surface AIA3G3GI 
bounded by the two wires would be 
¢ = Li per uni t length of the pair 
of lines. 

Since the cross-sectional geom­
etries and the surrounding di­
electric of the pair of lines AG 
do not vary along their length, it 
is reasonable to assume that the 
signal travels at a constant velocity 
C. We know that the impedance 
which the pair of lines AG presents 
to an impressed signal V AlGI is 
not infinite, so there must be cur­
rent as well as voltage contained 
in the signal. If a current +i is 
flowing down line A and a current 
-i is flowing back along line G, we 
have a magnetic flux field as shown 
in Figure 3, and this results in a 
net flux passing between the pair 
of lines AG. Then in time ~t, the 
signal will have traveled a distance 
equal to c~t, and the flux passing 
through the surface AIA3G3GI 
will have increased by 

~¢ = Lic~t. (1) 

Now Faraday's Law of Induction 
says that if the flux through a loop 
increases steadily at the rate 
~¢/ ~t, an emf is induced equal 
to -~¢/ ~t. By Lenz's law, ("Phys­
ics/' by Hausmann-Slack Van 
Nostrand, p. 381) this opposes the 
original signal, and it can be called 
a back emf. Apart from the original 
signal v introduced across Al Gl, 
this back emf is the only voltage 
around the loop AIA3G3Gl. By 
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K in'hoff'" Sf'rond T ,;nv. thf' "11m of 
the vol tages around the loop equals 
zero. 

1m pressed vol tage v + back emf 
=0 

... v = ~ = Lie [rom Eq. (1). 
6.t 

This gives us thc first important 
relationship between voltage, cur­
rent and velocity. 

~- = Le 
l 

(2) 

The second relationship will be 
derived from the Principle of Con­
servation of Charge. We know that 
a current i is entering the line A at 
A l . So in time 6.t, the total charge 
in line AIA3 will have increased 
by an amount q = i6.t. 

During time 6. t, the signal will 
have advanced a distance equal to 
e 6. t, and this new section of line 
will have been charged up through 
a voltage v. 
The charge absorbed 

= ca paci tance X vol tage 
= capacitance per unit length 

X distance X voltage 
= C e6.tv 

By the principle of conservation 
of charge this must equal the 
charge introduced into the line, 
i6.t. 

... i6.t = C e6.tv (3) 

This gives us the second important 
relationship between voltage, cur­
rent and velocity: 

v 
z= Ce (4) 

Now if we divide equation (2) by 
(4) we eliminate v and i, and find 
that 

e = ± (5) 

This means that all signals, what­
ever their amplitude, travel at the 
same velocity, 

c= y'LC 

Tf "'IV(, nlll1tinlv (9\ lw (4\ 'W(, ('limi· 
.... ~ \ ~ 

nate e to get 

v = + I L -------- -~ C (6) 

This means that the ratio between 
1) and i is a constant [or the line. 
This constant has been called the 
Characteristic Impedance, Zo of the 
line. 

I 

I 

I 

1. S. Ramo, J. R. 'Vhinncry and 
T. Van Duzer, Fields and rVavcs in 
COlll1l11l1licatioH Electronics) New 
York, "Viley, 1965. 

2. 1. Catt, "Crosstalk (Noise) in 
Digital Systcms," IEEE Trans. Elec­
tronic Computers, vol. EC.Hi, pp. 
743-763, Dec. 1967. 
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High speed on superhighways so 
mplex they confound topologists 
... super cars find their own way 

by coded intersection markers jog­
ging preset memories of the route. 

That's the key - Memory. Cars 
and roads are functioning right 

now. So are UTE Memories. Put 
them together for tomorrow's 

designs - tomorrow's automatics. 
UTE Core Memories are working 

in many exotic places already. 
They have the speed, the reliability 

and ruggedness for wayout 
applications. They also have the 

flexibility of size and price that 
makes them useful in computing 

systems and industrial applications. 

For comprehensive 
information on today's 
memories that may 
assist your present 
design, write: 

I 
j 

1 
I, 

I 

L 3500 Sunset Ave., Asbury Park, N. J. 07712 

201-988-0400 . ______ ~ ____ .. _______ . ___ .. ____ ... ___________________________ . ____ ._. __ .. _._ ... ________ J 
CIRCLE 32 ON INQUIRY CARD 
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APPLICATION NOTE 

Digitally-controlled power sources 
(DCPS's) are complete digital-to-

analog links between a computer 
(or other digital source) and any 
application requiring a fast, accu­
rately settable source of de or low­
frequency ac power. Initially these 
applications may be thought of as 
requiring a digital-to-analog con­
verter with augmented output 
power capability, a digitally-con­
trolled power supply, or a digitally­
controlled waveform synthesizer. 

However, such applications gen­
erally require more than a pro­
grammable power supply or the 
simple tandem combination of a 
D / A converter and an operational 
amplifier. Interface circuitry must 
be added to insure compatibility 
between the computer and D / A 
converter. Additional circuits re­
quired to complement the D / A 
converter include: 

• reference and B+ sources 

• isolation between input and out­
put to avoid ground loops between 
the load ground and the computer 
main frame. 

• internal storage to increase com­
puter operating efficiency and 
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Hewlett Packard Co. 
Berkeley Heights t N.J. 

eliminate programming overshoots 

• programmable current limiting 
protection for the output power 
amplifier and the load 

• feedback signals to inform the 
com pu tel' of the power source 
status 
The name "digitally controlled 
power source" denotes a single com­
pact package which includes inter­
facing, storage D / A conversion, 
bipolar power amplification, pro­
tection, digital feedback, and all 
necessary bias supplies. Models 
6l30B and 6l3lB DCPS's provide 
these functions: 

All digi tal in pu ts are floa ting 
and isolated from the floating 
analog output, thus avoiding 
troublesome loops between the out­
put ground and computer ground. 

Inputs from all digital data lines 
are stored upon receipt of a gate 
signal from the computer; this 
stored information is provided as 
input to the D / A converter. Fifty­
five microseconds after the gate, a 
flag signal informs the computer 
that enough time has elapsed for 
the commanded output . voltage 
level to be achieved. The output 

level will be maintained until a 
new gate signal is received, leaving 
the computer free to perform other 
tasks in the interval between volt­
age level commands. 

Storage also insures that non­
simultaneous arrival of signals on 
all digital input lines will not 
cause programming overshoot or 
undershoot-this eliminates the 
necessity of programming the out­
pu t to zero before setting each new 
output level. 

The D / A converter converts one 
polarity bit plus 16 BCD voltage 
bits or 15 binary voltage bits to 
an analog voltage for input to the 
power amplifier. Resolution is 0.5 
millivolt for straight binary and 
1 millivolt for BCD operation. 

The bipolar power amplifier pro­
grams ei ther side of zero or through 
zero without output polarity 
switches or "notch" effects, with an 
accuracy of 1 mY, 5 mV or 10 mV 
depending on the range and model. 
Model 6l30B programs over ± 50 V 
@ O-lA in less than 100 micro­
seconds; model 6131 B programs 
over ± 100 V @ O-0.5A in less than 
200 microseconds. 

The DCPS provides three feed­
back signals to the computer. The 
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When we started comparing 
apples to apples, 

we found that one of them 
was surrounded 

PEe 6840 
37.5 ips by an orchar~ Read after write 
(1) $4700 

PEe 3X20 
25 ips 
Write/read 
Full 
formatting 

PEe 4X20 
25 ips 
Write/read 
Full 
formatting 

PEC is the leader in the low cost digital magnetic tape unit field 
with more than a dozen. versatile models. Ampex has but one, the TMZ.: 

PEC has faster ones, slower ones, smaller ones, 
less expensive ones, full format ones, special purpose ones, and even inClreJ~e 
They're all IBM compatible. With all this abundance you're certain 

(100) $3750 

to find the tape unit best suited for your small computer, terminal, or data system. 

Ampex TMZ 
24 ips 
Read after write 
(1) $ Not offered 
(100) $3500 

PEe 7820 
12.5 ips 
Write/read 
(1) $2800 
(100) $2240 

Even so, before you decide,compare. Send for our PEe-Ampex design and spec comparison. 
Peripheral Equipment Corporation' 9551 Irondale Avenue· Chatsworth, Calif. 91311 . (213) 882-0030 
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computer 

Normal Input Signa' 

I 
---01 
Calibrating I 

Signal I 

Signal 
Oulp~t 

I I L __ ~ ___ ~ __________ J 

Feedback 

In this computer-controlled calibrator application the digitally-controlled power source 
(DCPS) is used to provide an automated source of calibrated dc or low-frequency wave­
forms 

Computer-controlled test system for automated component and subassembly testing 
illustrates the use of digitally-controlled power sources to provide the required pro­
grammable voltages and stimulus to the device under test 

first of these is a Hag (completion 
of task) signal which occurs 55 
microseconds after the input gate 
signal (2 milliseconds after input 
gate signal if range is changed) and 
informs the computer that the pro­
grammed level exists at the output. 
The remaining two bits send over­
load informa tion through isola ted 
data lines. Thus the computer is 
continuously informed of any cur­
rent overload and power amplifier 
shutdown. 

The application areas for DCPS's 
are practically unlimited-they are 
useful wherever digital signals must 
be converted to analog form with 
accuracy, precision, and a mini­
mum of system interface complica­
tion. The digital input signals can 
be provided by a computer, tape 
reader, digital voltmeter, counter, 
external switch closures, etc. The 
output can be connected to any in­
strument or system requiring an 
analog source with power capability 
up to 50 watts. 

Used in conjunction with a com­
puter, a DCPS provides an auto­
mated source of calibrated dc or 
low-frequency waveforms. In the 
latter case, the waveshape can be 
designated on an exact point-by­
point basis, with a computer speci­
fying a new point every 50 !-!sec. 
In some applications, the DCPS 
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output waveform is selected to be 
a staircase approximation of a saw­
tooth; the computer then analyzes 
the linearity of the system by com­
paring the output and input sig­
nals. In other cases a square wave 
or pulse output from the DCPS is 
used to calibrate the system gain 
and check the transient perform­
ance. 

Computer /DCPS combinations 
are assuming greater significance 
because of the increasing thor­
oughness of systems testing re­
quirements and the need for in­
expensive high-speed calibration. 
Using a computer and a DCPS, 
system testing and calibration can 
be accomplished quickly during 
periods of inactivity or on a time­
shared basis without interrupting 
system operation. 

Other factors that contribute to 
the usefulness of the DCPS in cali­
bration applications include: 

• ease of in terlacing between the 
computer and DCPS 

• programming speed 
• input/output isolation 
• bipolar output - smooth pro­

pramming through zero 

-Moreover, the low-output imped­
ance of the DCPS insures the in­
tegrity of its accuracy specification 

even in the face of substantial load 
current requirement~. 

Computer - controlled test sys­
tems are finding increasing use in 
high speed testing and sorting of 
electronic components, particular­
ly transistors and IC's, as well as 
larger electronic subassemblies. 

In a typical system the computer 
is controlled either through man­
ual keyboard entry, by previously 
prepared programs via a punch­
tape reader, or from a program 
stored in computer memory. The 
number of DCPS's employed de­
pends upon the number of pro­
grammable voltages required by 
the device under test. Used as a 
stimulus, the DCPS covers a fre­
quency range from de to 20kHz­
particularly valuable in generat­
ing complex special-purpose wave­
forms, and very low frequency test 
signals below the range of conven­
tional oscillators. 

With high-speed testing systems, 
components can be checked more 
thoroughly and inexpensively. The 
DCPS possesses a unique combina­
tion of speed, accuracy, resolution, 
and power output capability, mak­
ing it ideal for large volume 
production testing. Its internal 
storage permits rapid program­
ming between voltage levels with­
out programming to zero between 
each desired output level to avoid 
overshoots. The programmable 
current limit assures that delicate 
components can be tested and sort­
ed nondestructively; two different 
current overload signals are fed 
back from the DCPS so that the 
computer can distinguish between 
a short-term or transient violation 
of the current limit value and a 
long-term or transient violation of 
the current limit value, and a 
long-term or static excess. The bi­
polar output plus the ability to 
sink as well as source current per­
mits testing of active as well as 
passive devices. ' 

In addition to manufacturing 
separate instruments for connec­
tion into an automated test sys­
tem, HP also' manufactures self­
contained test systems employing 
the DCPS, an HP computer, and 
other instruments tailored to spe­
cific applications. 

For additional information, circle 
198 on inquiry card 
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Datacraft already figured out how to build your CPU memory_ 
Our DC-34 core memory is a bunch of cards 
waiting for a frame that has sockets and a 
couple of power supplies. You tick off the 
configuration and we shuffle the cards. We'll 
work with any length word up to 40 bits and 
still stick with our standard core planes. And 
we'll stack our planes up against your total 
memory requirement - the sky's the limit. 
Speed is your option, not ours. Go ahead 
and test us. We haven't found any track too 
fast for our DC-34. The make-or-buy 
decisions are all on our side. Buy. 

Describe your Central Processor and we'll give you 
a memory. Let your engineers see their families 
this weekend: Datacraft already figured out how to 
build your CPU memory. 

Call your nearest 

Datacraft 
Memory Man. 

Datacraft Corporation· P. O. Box 23550, Ft. Lauderdale, Fla .• (305) 565-9441 
Southeast: (305) 727-3205 • Mid-Atlantic: (215) 265-5800 • New York: (516) 
482-3500 • New England: (617) 245-9530 • East Central: (216) 243-6500 • West 
Central: (312) 775-7594 • Southwest: (713) 643-2114 • Rocky Mountain: (303) 
794-4231 • Far West: (213) 870-5951 • England: AYLESBURY 4778 
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CD PRODUCT FEATURE 

A. B. DICI( co. 
Chicago, III. 

A quiet, high-speed communIca­
tions printer built for remote 
printing via conventional voice­
grade public-switcl?-ed telephone 
lines has been developed by the 
A. B. Dick Company of Chicago. 

Designated the Videojet 960, the 
product is a non-impact printer 
utilizing a stream of controlled ink 
droplets to print 250 characters 
per second on conventional busi­
ness forms ranging in weight from 
20- to 125-pound stock, in overall 
widths from 3Y2 to 14% inches, 
using Videojet offset ink and con­
tinuous-form masters. The 960 can 
also direct image masters for re­
productions requiring distribu­
tion. 

The 960 print rate, 25 times 
faster than most communications 
printers, is designed for data trans­
mission in time-sharing networks; 
remote batch processing with local 
print requirem ents; message­
switching systems; news wire serv­
ices; and as a local line printer for 
use with small "mini" computers. 
It automatically answers the data­
phone subset used in these systems, 
prints the information transmit-
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ted, and terminates the dataphone. 
call-una ttended. 

Character spacing and line 
length are set to the industry norm 
of ten characters per inch and a 
line length of 136 characters. How­
ever, the character spacing is vari­
able from five to fifteen characters 
per inch allowing up to 204 char­
acters on a single line. It accom­
modates the SO-character line in 
communication networks. 

Videojet 960's process is based 
on the principle that if fluid is 
forced through a nozzle it breaks 
up into droplets. The nozzle is sub­
jected to a 55-kHz energy source' 
which causes the droplets to be 
uniform in both size and spacing, 
a function of pressure at the noz­
zle, viscosity of ink, and diameter 
and vibration frequency of the 
nozzle. Each droplet may be given 
a precise electrostatic charge as it 
forms. The voltage present at the 
time the droplet breaks away 
from the ink stream induces the 
charge. Once it breaks, the charge 
is trapped-staying with the drop­
let until it reaches its destination. 

Because the droplets pass between 
a pair of high-voltage deflection 
plates, the charge of the droplet 
determines the precise path of 
travel and final position of the 
droplet on paper. 

The nozzle is moved in a hori­
zontal plane, driven by a servo­
mechanism-controlled, high speed, 
low inertia motor. The movement 
of the nozzle provides horizontal 
deflection of droplets; the high 
voltage plates provide vertical de­
flection. 

A 9- by ll-dot matrix is used in 
a character generation to deter­
mine the charges for droplets. The 
99 dots of the 9 by 11 matrix cor­
respond to 99 droplets. If each 
droplet were a ppropria te 1 y 
charged, the resulting character 
would be a rectangle 9 droplets 
wide and 11 droplets high. Only 
those droplets required to form 
a character are charged. Un­
charged droplets are collected and 
returned to the ink reservoir for 
reuse. Recirculation of unused ink 
allows the system to print for 
forty hours using only one quart 
of ink. 
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The maxi display for the mini computers. 
The maxi display. That's what we call DELTA 1. 
A ready,now display terminal for all the minis. 
Ready with a flexible, high,capacity party line 
I/O bus for minis like the HP 2116, DATA 620/i, 
PDP,S/I, INTERDA T A Model 4, and NOVA. 
Think of the applications; scientific/engineering 
control, process control, automatic test systems, 
communications systems, graphic arts, and edu, 
cation. You can interface with a CRT display that 
has a lower cost/performance ratio than any 
other data display system. 
And check these maxi features. Compatible with 
all mini computer systems. No software modifica, 

tions needed. Compatible with EIA TV signals. 
You can superimpose closed circuit TV, or add 
your own TV monitors at a fraction of the cost 
of a full terminal. And talk about savings. 
Extensive LSI and MSI integrated circuitry keeps 
manufacturing costs of DELTA 1 to a minimum. 
Add this to a full 12,inch diagonal screen with a 
960 character display capability, a unique "selec, 
tive blink" that highlights selected data on the 
screen, and you've got one of the best values in a 
CRT display. Get the complete specs on DELTA 1. 
Delta Data Systems Corporation, Woodhaven 
Park,Cornwells Heights, Pa.19020 (215) 639,9400. 

Delta 1. The maxi display for the mini computers. 

CIRCLE 34 ON INQUIRY CARD 
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NEW PRODUCTS 

CRT DISPLAY 

An ultra-compact CRT display series offers the flexibility 
of the general-purpose lab scope. 

Model 8602 has eleven sweep ranges selectable by a front 
panel control. Panel size is 3Y2 by 5¥4 inches with a 4- by 
5-cm useful screen area. Sweep ranges are: 1 microsecond to 
2 milliseconds per division, 10 !ls to 20 ms, and 100 !ls to 
200 ms/div. Front panel signal attenuator is also available. 

Model 8601 offers a choice of 18 single-range sweeps from 
1 ~s/div to 500 ms/div with 2.5: 1 vernier. 

Model 8601 is the basic x-y unit and may be fitted with 
front-panel controlled attenuators for both x and y chan­
nels. Deflection amplifiers are dc-coupled, high stability, all 
solid-state design. Indo[ex, Inc., Waterbury, Conn. 

CIRCLE 200 ON INQUIRY CARD 

HIGH-SPEED DATA TERMINAL 

Series 720, Model 10 high-speed data terminal, utilizes a 
monolithic, solid-state printhead which produces characters 
on thermal-sensitive paper. The printer operates at rates up 
to 400 words per minute (40 characters per second). 

A self-contained buffer memory provides more efficient 
utilization of lines in multi-drop private-line data systems 
by allowing twice the number of terminals per line, giving 
full service to each terminal. The buffer retains up to 50 
characters in memory before transmitting them at high 
speed. The Model lOis also designed with electronics for 
multi-station computer terminal operations: It responds to 
polling, addressing or broadcasting by a CPU in a multi­
station network. Texas Instruments, Inc., Industrial Prod­
ucts Div., Houston, Tex. 

CIRCLE 202 ON INQUIRY CARD 
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RANDOM ACCESS MEMORY 

A 128-bit read/write random access memory, featuring ac­
cess speeds of 35 nanoseconds, is available in a l-inch-square 
multi-chip package. The M!lL4027 is a bipolar product with 
a ceramic substrate incorporating two layers of metallizied 
interconnects. 

The device consists of eight 16-bit chips bonded face­
down on the substrate. Memory organization is 64 2-bit 
words with uncommited collectors that allow easy word or 
bit expansion. The organization is simplified by eight X and 
eight Y coincident-select lines. 

All outputs are compatible with current sinking logic 
such as DTL and TTL, with true and complement outputs 
available for each bit. Fairchild Semiconductor, Mountain 
View, Calif. 
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We want the IO'Yo of your 
module business that's a pain. 
Sure we've got standard modules that'll satisfy 900/0 of 
your logic requirements. (So do 16 other companies.) But 
we're also eager to tackle the special headaches: I/O, 
interface, functional, or what have you. We'll work with your 
designers, so you won't lose control. You'll know every step 
of the way what we're doing, when you can expect 
results, and how much it'll cost. (You may even be surprised 
at how little it'll cost.) Just let 
us know who you are and we'll 
get acquainted. We promise 
it won't hurt a bit. 

Standard Logic Inc .. 
1630 S. Lyon St., Santa Ana, Calif. 92705 (714) 835-5466. 
Logic modules, A-D/D-A converters, core memory systems . 
...... ..... ................ ............. .... ...... . . . 

Gentlemen: 

o I've got a dilly of a logic problem and could use 
help. Have a representative call me. 

o I don't have a problem that really hurts right 
now, thank goodness, but who knows about 
tomorrow? Send me your literature. 

o I didn't know you made core memory systems 
and A-D/D-A converters. Send me information. 

Name ________________________________ _ 

Title ________________________________ _ 

Compa~-------------------------------

Address ______________________________ _ 

City _____________________________ _ 

State _________________ Zip _____ _ 

Area Code _____ Phone _______ _ 
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WHAT THIS 
COUNTRY 
+NEED~t 

is· a goad 
S50. 
.HAPT 

•• co •• 
• single 5 or 6-volt supply 

• square-wave output 

• -60 to 170F I 100g shock 

• noise - immune 

• 0 to 500,000 increments/sec 

++++++ 
the 0 P' A C H by: 
HH Controls Co. Inc. 

16 Frost St., 
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Arl ington, Mass. 02174 
Tel. (617) 272-3298 
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NEW PRODUCTS 

RELAY SCANNER 

Designed for use with thermocouples 
and strain gage systems requiring reso­
lution in the microvolt range is a low­
level, 3-wire reed relay scanner. Model 
1700 provides 10 to 40 channels in a 
3Y2-inch cabinet and can be expanded 
to as high as 2,000 channels with the 
addition of slave units. 

Individual channel selector push­
buttons allow unlimited program­
ming. Only the channels selected are 
scanned, while unselected channels 
are bypassed in zero time. Scanning 
rates ranging from 100 channels per 
second to one channel per 10 seconds 
are standard. Matrix Corp., Beech 
Grove, Ind. 
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TIME AND DATE GENERATOR 

The time and date can be produced 
in the form of machine-readable se­
quential signals into a TTY loop or 
as an optional EIA voltage by a time 
and date generator. For use with com­
puter-switched teletypewriter com­
munications systems, it offers a flexible 
method of input for time and date of 
message transmission. The code gen­
erator can also be pre-programmed for 
two 2-character responses for "answer 
back." The variable T and D sequence 
output may contain other fixed-char­
acter intelligence. 

Code configurations are available for 
any 5- or 8-level system to generate 
standard Baudot or 1963 ASCII out­
put with the eighth pulse marking, as 
well as other codings, such as ASCII 
odd or even parity, 1966 ASCII, or 
IBM. Pioneer Electric & Research 
Corp., Forest Park, Ill. 
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HYBRID IC MODULES 

MCHl002 dual power driver hybrid 
microcircuit is the first in a series of 
off-the-shelf hybrid IC modules de­
signed for interfacing high-threshold 
logic levels with electromechanical 
hardware. Composed of an expandable 
dual four-input line driver; two sepa­
rate high-current, high-voltage discrete 
switching transistors; and four thick­
film resistors, the MCHl002 features 
a maximum output current of 0.5A; 
a collector-emitter breakdown voltage 
of 40V minimum; a typical turn-on 
time of 115 ns; and typical turn-off 
time of 260 ns. It is encapsualted in a 
l4-lead, molded plastic plug-in pack­
age. 

Also available is the MCH2005 
Darlington power driver, housed in 
the TO-91, 10-lead ceramic flat pack­
age. At current gains greater than 
1,000, the MCH2005 can convert the 
TTL output current level of 5 rnA 
into a Darlington output current pulse 
of 5A-more than adequate to drive 
high-current ferrite switches used in 
phaseshifter or phase-array-radar de­
signs, with a total switching time of 
only 800 ns. Motorola Semiconductor 
Products, Inc., Phoenix, Ariz. 
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PERMANENT-MAGNET DC MOTOR 

A 33-Frame (3y,!-inch OD) perma­
nent-magnet fractional-horsepower dc 
motor is available, in the standard 
length of 5% inches. Armature wind­
ings may be varied by specification to 
meet application needs, making the 
motor operable at any desirable volt­
age with speeds up to 5,000 rpm. 

Features include high current capa­
bility, long life brushes, double shield­
ed precision ball bearings, Class 155 
insulation, four permanent field mag­
nets, stainless steel shafts and welded 
armature connections. Indiana Gen­
eral Corp., Electro-Mechanical Div., 
Oglesby, Ill. 
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Ordinary engineers have their place. 
Elsewhere. 

ORDINARY ENGINEERS OUR ENGINEERS 
Ordinary engineers are the guys who 

sit in somebody's bullpen and slave away 
on a tiny part of some immense project. 
Doing the same kind of thing. Over and 
over, without ever really knowing what 
their contribution amounts to. 

We go about things a little differently. 
And we think that's the reason we've 
become a leader in computer memories. 

Our technique is to let engineers get 
involved in as many different activities as 
they can handle. Technical proposals, 
design, development, costing, production, 
marketing, planning-you name it, our 
engineers get involved in it. And the 
involvement leads to commitment. It's 
worked out beautifully. 

As a resu It we have a busy and ex­
tremely interested engineering staff. And 

the finest line of memory systems and 
stacks and interconnect circuitry on the 
market. 

It should surprise no one to learn that 
we're growing 
at a healthy 
c lip. Just re­
cently, we i n­
troduced our 
new digital 
Multi-Applica­
tion Computer 
-MAC 16 
-and that's 

going to accelerate our growth. 
So, we need more engineers. Good 

minds. Good technical backgrounds. And 
the desire to get involved. 

We pay well. And, because of our con­
tinuing growth, we offer rapid advance­
ment. 

If you're interested in us and you've got 
an M.E. or E.E. and E.D.P. hardware or 
software experience, let's get together. 

Write to me-E. A. Gage-at 6201 E. 
Randolph Street, Los Angeles, California 
90022. Better sti II, call coil ect. (213) 
722-6810. Naturally, we're an equal oppor­
tunity employer. 

LOCKHEED ELECTRONICS COMPANY 
~ Data Products Division· A Division of Lockheed Aircraft Corporation 
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Toko's woven plated-wire memory 
planes and stacks are already well 
known for their low-cost, high­
performance characteristics. Now to be 
marketed for the first time is Toko's 
complete memory system, with a capac­
ity of 4096 words by 16 bits expandable 
to 8192 words and 20 bits. Cycle time 
is a remarkable 500 ns. Other character­
istics are 2D organization, destructive 
read-out operation, and TTL logic level 
interface: Cost of the system is remark­
ably low, and fast del ivery can be 
guaranteed. 

Besides this standard woven plated­
wire memory system, Toko can under­
take the manufacture of custom-made 
systems according to your specifica­
tions. Complete technical details from 
our New York office. 

r .. "· I ;\.WTOKO, INC. 
Head Office: 1-17, 2-chome, Higashi-Yukigaya, 

Ohta-ku, Tokyo, Japan 

TOKO N.Y., INC. 
350 Fifth Avenue, New York, New York 10001 
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NEW PRODUCTS 

DIGITAL ANGLE INDICATOR 

An electronic instrument has been 
developed for measuring and display­
ing angular inputs from applied syn­
chros or resolvers-the solid state 
digital angle indicator. 

A visual readout displays the input 
angle on I-inch character nixie tubes 
providing higher visibility and better 
readability than the normal servo 
drum dials. To drive printers and 
other off-line equipment, a four-decade 
BCD digital output is available with­
out adding an encoder. The digital 
angle indicator will accept synchro or 
resolver inputs at 11.8, 26, or 90 volts 
line-to-line. Astrosystems, Inc., New 
Hyde Park, N.Y . 
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MULTI-CHANNEL ANALYZER 

A portable multi-channel digital sys­
tem analyzer which provides fast, posi­
tive analysis and evaluation of digital 
equipment and systems, measures both 
the direction and spatial or temporal 
position of signals in transition from 
one logic level to another. Multiple 
traces are displayed simultaneously in 
different colors. Display timing is de­
rived from the external system clock; 
hence the rate is inherently stable. 
Display rate is variable from 1 to 99,-
999 intervals of 10 display divisions. 
Data Display Systems, Willow Grove, 
Pa. 
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SCHOTTKY SWITCHING DIODE 

A triple-barrier Schottky switching 
diode, the MA4-A200, is a planar pas­
sivated silicon diode, utilizing a unique 
combination of two Schottky barriers 
and a p-n junction. The diode has the 
high breakdown voltage (> 25 volts) 
and operating temperature character­
istics of silicon, combined with the low 
turn-on voltage of germanium and the 
ultra-fast speed of a Schottky barrier 
device. 

The MA4-A200 is recommended for 
pulse and analog applications. The 
diode is suited to pulse and digital 
circuits for clamping, clipping, speed­
up, steering and sampling. Microwave 
Associates, Inc., Sunnyvale, Calif. 
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POWER TRANSISTORS 

Fast switching 5.0-amp power trans­
istors with turn on time less than 
10 nanoseconds, designated the 
SDT6100 series, are packaged in the 
TO-5 casco 

Typical characteristics are: V CEO = 
40 volts, h FE @ 2.0 amp = 20 to 60; 
V CE . (SAT) = 1.5 volt max; h, @ 2.0 
amps = 10 nsec max; and Ie max = 
5.0 amps. 

The devices have a total switching 
time of less than 60 nanoseconds and 
rise time of less than 10 nanoseconds. 
They feature planar construction and 
are typically fT = 500 MHz. Solitron 
Devices, Inc., Riviera Beach, Fla. 
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SYNCHRO REPEATER 

The size 11 dc synchro repeater. 
CR4 0928 001, is designed for use as 
a torque repeater in displays operat­
ing directly from sources such as 
digital or pulse analog computers. The 
component functions when its two 
stator windings are energized by dc 
voltages proportional to the sine and 
cosine of an angle, causing its perma­
nent magnet rotor to orient in the 
resultant field to an equivalent angu­
lar position. Since the device is a dc 
equivalent of a conventional ac syn­
chro torque repeater, it can simplify 
repeater-indicator displays for AID 
and Dj A conversion and digital com­
puter applications by utilizing digital 
pulses directly, thereby eliminating 
the need for more complex and costly 
ac instrumentation. Singer-General 
Preci~ion, Inc., Kearfott Div., Little 
Falls, N.J. 

CIRCLE 211 ON INQUIRY CARD 

COMPUTER DESIGN / JULY 1969 



Can you help us build 
the computers of the 1970's? 

We've had a lot of practice 
in building for the future. 

Since 1962 our General 
Purpose Computer Laboratory has 
been a leader in the design and 
fielding of militarized computers 
for real-time Command & Control 
applications. 

In 1962, 1963, 1964 and 
1965 we developed second. 
generation computers with speeds 
of 1.8 microseconds (some 0.9 
effective) • 

In 1966 we completed a 
third-generation computer with 
speed of 1.0 microsecond. And in 
1970, it'll be a fourth-generation 
one (1.4 microsecond-0.6 
effective) . 

We've even got one under 
study for 1973 with a speed of 0.6 
microseconds (0.3 effective) . 

Here's where you come in. 
We urgently need Computer 
Designers/Architects and 
Applications Engineers. 

Programmers. Memory and Circuit 
Engineers. Product Management 
Personnel. Peripheral Design and 
Computer Maintenance Engineers. 

Start your future now by 
airmailing your resume to 
Mr. 1. H. Hart at the address 
below. (All assignments require 
B.S. degree in E.E., Physics, or 
Mathematics r------------------'1 

and appropri- ! HUGHES ! 
• ) I I ate expenence. L __________________ J 

HUGHES AIRCRAFT COMPANY 

Hughes Ground Systems Group 
Fullerton, Calif. 92634 • U.S. citizenship is required' An equal opportunity employer-M & F 
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DON'T 
ORDER 
ANOTHER 
POWER 
MODULE 
until you've 
checked Deltron's 
series ~~N" 

WE GUARANTEE 
the BEST at the 
LOWEST price 

GET 
THE 
FACTS 
send for 
FREE 
catalog 
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Llel'ron. ", WISSAH ICKON AVE., NORTH WALES, PA. 19454 
PHONE: (215) 699·9261 • TWX: (510) 661·8061 
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NEW PRODUCTS 

NUMERIC DISPLAY SYSTEMS 

Three module sizes, 3, 4, and 5-inch, 
have been added to a line of bulbless 
C-Rite numeric displays. 

The C-Rite is the only 7-bar system 
capable of producing information up 
to 5 inches. 

The system is available in white or 
fluorescent, colored, seven-segment dis­
play. Unlimited life and reliability is 
assured using a teflon-suspended 
balanced rotor magnetic drive system. 
A self-latching memory insures fail­
safe performance and low power con­
sumption. James Electronics Inc., Com­
ponents Div., Chicago, Ill. 
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MINIATURE KEYBOARD 

A miniature solid-state numeric 
keyboard, measuring less than 4 inches 
wide and Y2 inch thick, utilizes new 
infinite-life proximity keys to achieve 
100% reliability. 

The Mini-Line keyboard is designed 
for limited space applications. Its ten 
keys operate with non-contacting prox­
imity transducers, a feature which 
eliminates key bounce, resultant me­
chanical wear, and the need for anti­
bounce circuitry. Up to eight outputs 
from single keys eliminate the need 
for diode matrices. Transducer Sys­
tems, Inc., Willow Grove, Pa. 
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MEMORY POWER SYSTEM 

A dc power system ,used to power 
thin film memories provides ten 
separate active outputs and three 
auxiliary outputs, with the active out­
puts regulated at ±0.5% with current 
limiting adjustable from 20 to 110%. 
Output ratings range from 1,800 to 7 
watts. Each output has built-in over­
voltage protection and all are adjust­
able for either ± I 0% or ±20% of 
their nominal levels. 

The logic enables the system to turn 
on or off in proper sequence in re­
sponse to a single computer input; 
to shift the levels of the ten outputs 
up or down, all in the same direction 
or mixed; and to signal the computer 
when an over or under vol tage level 
has been exceeded. Rowan Industries, 
Inc., Electronic Measurements Div., 
Oceanport, N.J. 
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MULTI-PURPOSE POWER SUPPLY 

The PM728 is a compact (3.0-inch 
by 3.7 by 8.4-inch overall), low­
cost regulated dc power supply, using 
all silicon semiconductors, designed 
primarily to provide power for digital 
integrated circuit applications. The 
output of the PF728 is adjustable from 
4.8 to 6.3 Vdc @ 3 amps and will 
operate from 115 Vac, ±IO at 60 to 
400 Hz. Line and load regulation is 
±0.05% each and ripple and noise is 
less than 1.0 mV RMS. Computer 
Products, Inc., Fort Lauderdale, Fla. 
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SYSTEmS EnlilnEERS 
Foxboro offers promising careers/ 
not a career full of promises. 
Our computer control systems aren't just on the boards, they're in use, right now, 
and more of them are on the way. They're available as standard hardware and 
software systems or as applied systems, offering unequalled control and supervisory 
capabilities. They're being used in refinery, power, cement and steam cracking ethylene 
plants today - and more are on the way. 

This proven ability to deliver on promise applies to Foxboro career opportunities, too. 
You'll work with some of the most experienced and talented professionals in this field. 
You'll be part of a world-wide organization that offers you the twin advantages of 
sixty years' technical leadership and a modern management team. 

SVSTEms APPLIEATlon DEVELOpmEnT EnGinEERS 
To work in a research and development atmosphere with optimization techniques, 
(including linear and non-linear programming), math modeling of process units, plant 
scheduling control strategies, command control packages, and joint customer-Foxboro 
development studies. These positions offer an unparalleled opportunity to check 
development results against "real-world problems". Experience in a process industry 
or design and construction company, and an M.S. degree in chemical or petroleum 
engineering is desirable. 

SVSTEmS EnGinEERS 
As a technical design leader of complex digital projects, you will utilize your systems 
skills in both hardware and software, as well as analysis and applications for the 
process industries. Discharging these responsibilities demands leadership qualities, 
communications skills, planning and scheduling capabilities. A degree in engineering 
with a minimum of five years' experience in instrumentation, process control and 
on-line computer applications is desired. 

SVSTEmS AnALVSTS 
We are looking for candidates with a minhnum of three years' process experience in the 
chemical, petro-chemical, pulp and paper or textile industries who can relate process 
requirements in terms of a digital control system. This experience should include 
instrumentation and unit operations, coupled with some digital computer background. 
The work is in a project team environment interfacing with design, programming 
and customer personnel. B.S. or M.s. degree in chemical engineering is preferred. 

SYSTEmS PRODUET DEVELopmEnT EnGinEERS 
You will have overall technical responsibility for the functional design of major 
product improvements, make key decisions concerning hardware/software trade-offs 
and contribute to the influence of future Foxboro products. As a member of an 
operating division, you will critically review, comment on, and influence corporate 
new product designs from a user's point of view. Capabilities to interface with 
Curporate Development and Marketing personnel is an essential requirement. A B.S. 
or M.s. degrte in Engineering with a minimum of three years' experience in a process 
industry or computer vendor's organization is desired. Experience should include: 
digital equipment or program development customer sales order engineering or 
participation on a user's digital process control system project team. 

Interested individuals should call (617) 543-8750, collect, or write to Tom Bryant, The 
Foxboro Company, Professional Placenlent Office, Dept. CD7, Neponset Avenue, 
Foxboro, Mass. 02035. Foxboro is an equal opportunity employer. 

JiOXBORO® 

CIRCLE 902 ON INQUIRY CARD 
83 



We're hardware oriented and experi­
enced. We design and produce top quality 
basic logic cards, functional logic cards, 
special circuit cards, analog cards, mis­
cellaneous circuit cards, packaging acces­
sories-card drawers and files with or 
without built-in power supplies, stand 
alone power supplies, and connectors. 

In short, DPC has a long line. And a 
strong back-up team of in-house experts 
and outside consultants to help solve any 
logic circuit packaging problems that 
you might have. 

DPC logic cards are priced lower than 
competitors', on a per function basis, and 
the functions available permit construc­
tion of any combination of analog or 
digital systems. 
Off-the-shelf delivery; one-year warranty. 

We will be pleased to send you our 
comprehensive reference manual. 

Digital Products Corporation 
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4030 N.E. 6th Avenue 
Fort Lauderdale, Fla. 33308 

Phone: 305/565-5527 
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NEW PRODUCTS 

HIGH TORQUE STEP MOTOR 

Sequentially switching multiple cir­
cuits and at the same time remotely 
positioning loads in 30°-increments is 
a I2-position stepping motor. The 
motor has a breakaway torque of 130 
ounce-inches and can drive a con­
stant friction load of 56 ounce-inches. 
Units are available for both unidirec­
tional and bidirectional positioning. 
Shaft extensions on both ends permit 
direct coupling for driving two loads 
simultaneously. A knob can be added 
for visual position indication or for 
manual positioning in either direc­
tion. 

Positioning accuracy of ± I 0, non­
accumulative, is maintained by a 
spring-loaded ball detent which pro­
vides near-perfect internal alignment. 
All working parts are enclosed and 
permanently lubricated. Life is a min­
imum of 3,000,000 steps (3,000,000 in 
each direction for bidirectional mod­
els). Ledex, Inc., Dayton, Ohio. 
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BUFFER MEMORY 

The complete IK by 1 random ac­
cess high-speed buffer memory, includ­
ing address decoding, stack drivers, 
data register and control circuits, oc­
cupies a single printed circuit card. 
The 0 and +5 Vdc TTL logic signal 
and +12, +5 and-6 regulated power 
source interface through a single gold­
plated edge connector. Cycle speed is 
1 microsecond in a read or write mode, 
and read data access time is 750 nano­
seconds. Separate read or write ini­
tiate pulse signals activate the co­
incident current core storage memory. 
United Telecontro1 Electronics, As­
bury Park, N.J. 
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ERROR TEST SET 

The modem error rate test set, 
Model TS-100, is a multi-purpose in­
strument designed for performance 
testing of modems alone or on the 
communication channel over which 
they are operating. Error rate is clearly 
displayed on a decimal readout. 

Features include the extra length 
of the pattern generated, 32,767 bits 
in duration. Additionally, an external 
error output is provided to attach a 
counter for long-duration testing. Rix­
on Electronics, Inc., Silver Spring, Md. 
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LIGHTED PUSH-BUTTON SWITCHES 

A line of lighted push-button 
switches is available, with the same 
electrical specifications as those for 
non-lighted switches. Basic rating is 
0.45 amp @ 115 Vac (l.00 amp @ 28 
Vdc). The lighted switches come with 
a wide range of lens colors and filters 
to permit adjustment of light diffusion 
and color intensity. Legends may be 
hot-stamped on lenses and/or filters; 
and lenses snap out to facilitate bulb 
replacement. Centralab, Milwaukee, 
Wis. 
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MINIATURE POWER REGULATORS 

High-efficiency transistor switching 
preregulators are offered in a 0.5 
cubic-inch package weighing only 0.8 
ounce with ratings up to 36 watts. The 
series is ideal for preregulator func­
tions as they provide a 10: I typical 
reduction in input voltage excursions 
at typical efficiencies of 80 to 90%. 
Units are available that handle source 
voltages from 6 to 60 volts dc, and that 
provide transient and spike protection 
to MIL-STD-704A. Powercube Corp., 
Waltham, Mass. 
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FIBER OPTIC SENSOR 

A compact low-cost reflective fiber 
optic sensor, called the Omni Sensor, 
uses random bundles to efficiently sense 
pencil and timing marks, punched 
holes, label codes and other types of 
printed or written data. It has double 
sensing bundles to detect the silvered 
mylar strips which signal load point 
and end of reel on computer tapes. 

Encased in a phenolic molding, the 
Omni Sensor has leads from six inches 
to two feet long. One lead is placed 
next to a light bulb and the other is 
fixed to a photodetector selected to 
meet application requirements. 

Designed for plug-in mounting, the 
package includes a 40,000-hour lens­
end bulb and photo transistor coupled 
to a transistor amplifier circuit. Input 
is 5V de at 140 mAo Output to a high 
impedence load is 5V for switching 
with a square wave having a rise-time 
of 2 microseconds. Electro Fiberoptics 
Corp., Worcester, Mass. 
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45° STEPPERS 

These 28-volt Rapid-Syn steppers in 
sizes 8, II, 15 and 20 arc available 
from stock and offer slew speeds up to 
2,500 pps, response speed up to 700 
pps, and static torque up to 14 oz/in. 
Other features include Class H insula­
tion, ABEC 5 bearings, a high coer­
sive alnico magnet and a one-billion­
cycle endurance rating. Computer De­
vices Corp., Santa Fe Springs, Calif. 
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We do front en jobs. 
Geta load of what your Timesharing computer's front end really could do! 

1. Service all speeds up to 4800 baud for 256 channels. 
2. Service 256concurrent users regardless ofthe mix of baud rates. 

3. Allow all 256 channels equal access to the computer, and up 
to 128 channels access to either of two computers. 

4. Have 5 microsecond access time and completely scan all 256 
channels in 1.28 milliseconds. 

5. Handle all control signals from the data set, test for carrier 
drop out, connect with the terminal, disconnect from the 
terminal,and alert the computer only when a user is connected 
and ready for service. 

6. Control the number of users with access to the computer. 
7. Visually display at all times all control signals on any channel 

and the number of users on the system. 
8. Cost less than $1000 per channel. 

(Better write TheGrayMatterGang for all the inside poop.) 

The GrayMatters 
for computer timesharing equipment 

Communications logic, Inc. 6400 Westpark #355, Houston, Texas 77027 
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NEW PRODUCTS 

MAGNETIC MODULATORS 

A line of magnetic modulators, ana­
log voltage multipliers and demodula­
tors in flat pack configurations, with 
typical dimensions of O.l-inch thick 
by 0.5 by 0.75-inch is characterized by 
drift-free circuitry with superior phase 
and gain slope stability over a temper­
ature range of -55° to +125°C. They 
are shock- and vibration-proof, have a 
MTBF of 0.15 per mm hours, they are 
not affected by high intensity nuclear 
radiation, and are capable of operat­
ing on carrier frequencies as high as 
5 Mhz. 

One or more isolated or floating 
input signals may be used for modu­
lating, multiplying, dividing, squaring 
or extracting a root. These modules 
have no external nulling or offset ad­
justments. No additional components 
or compensation are required, nor are 
external operational amplifiers. Gen­
eral Magnetics Inc., Bloomfield, N.J. 
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BI-PIN LAMPS 

T-l% lamps are wire terminal mod­
els with a tough, plastic, bi-pin base, 
for printed circuit boards, indicator 
lights, and switches. Lamps are ce­
mented into the base and lead wires 
soldered to the pins for permanent 
contact. Gas vent slots are designed 
into the base to prevent solder blowout 
during dip-solder operations. 

The base diameter measures .225 
±.005 inch. Overall the lamp is .625 
inch, exclusive of pin length. Standard 
pin length is .250 ±.01O inch, but 
lengths to .750 inch are optional. Pins 
are spaced at .125 ±.005 inch. Indus­
trial Electronic Engineers, Van Nuys, 
Calif. 
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Nothing can print 
so much so fast. 

86 

Litton Catalog's Me 8800-the Ultra High Speed 
Printer that's not for everyone. 

If you need the incredible 
speed of 6000 lines a min­
ute, 88 columns per line, 
from any digital source, 
you must get the MC 8800 
- nothing in the world can 

match it. But along with speed, 
this silent, non-impact printer offers 

serial input, modular construction, 
5000 hour MTBF and easy computer com­

patibility as well. 
It's a package that's truly unique, truly state­

of-the-art. If you need less, take a look at other 
Oatalog fiber optics printers; but if you need 
unequalled capacity, call us about the MC 8800. 
Datal09 Division of Litton Industries, 343 San­
some St.,San Francisco 941 04. (415) 397-2813. 

rn DATALOG DIVISION 
LITTON INDUSTRIES 
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QUAD D-A-LADDER SWITCH 

A hybrid IC quad D-A ladder switch is 
being offered, for use in binary and 
BCD-coded . voltage summing ladders 
up to 14 bits with ~ LSB accuracy. 
Designated ATF-45l, it measures only 
.550 by .550 by .160 inch, and is 
claimed to represent the smallest set 
of four matched switches ever offered 
in a single hybrid integrated circuit. 
Input circuitry is fully compatible with 
standard DTL and TTL monolithic 
circuits. Based on a thin film/LID hy­
brid process, the new device, designed 
around semiconductors and thin film 
substrates, offers low initial cost, elim­
ination of redundant packaging, and 
the opportunity for combining multi­
ple switches of high accuracy levels in 
a single circuit. 

The switch has an on-resistance of 4 
± 1 ohm from -25° to +85°C and off­
set voltage of 1 millivolt maximum. An 
identical lower-accuracy version, the 
ATF-452, is also available, with an on­
resistance tolerance of ± 3 ohms and 
maximum offset voltage of 1.25 milli­
volt. Amperex Electronic Corp., Crans­
ton, R.I. 
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MICROCIRCUIT LADDER NETWORK 

A miniature 8-bit high-speed binary 
ladder network sells for 75% below 
the cost of comparable Mil Spec net­
works. Model 815 meets applicable en­
vironmental requirements of Mil Spec 
883, including those for thermal shock, 
temperature cycling, moisture resist­
ance, solderability, shock and vibra­
tion. 

The unit has a standard resistance 
value of 10K ohms. Maximum output 
voltage ratio error is 1,952 ppm over 
the operating temperature range of 
-55° to +125°C. The network offers 
a fast ladder settling time, with output 
voltage to within O.l % of final value 
within 10 nanoseconds after applica­
tion of input step. 

The 815 is less than 0.1 inch thick 
and occupies only one square inch of 
board space. Prices are from $4.87 to 
$6.95. Beckman Instruments, Inc., 
Fullerton, Calif. 
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FIELD-EFFECT TRANSISTOR 

The CMX740 FET, available from 
stock, claims extremely low on-resist­
ance of 2.5 ohms maximum, providing 
high analog switching accuracy in DIA 
and AID converters. It is the fastest 
core-driving transistor, handling short­
duration very high current pulses up 
to Y2 amp minimum. 

Advantages for DI A and AID con­
verters are 50- and 75-nanosecond re­
spective on and off times, it is radia­
tion-tolerant, and takes 100 times 
more radiation than bipolar transistor 
before its on-resistance is doubled. 
Crystalonics, Cambridge, Mass. 
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POWER SWITCHES 

Miniature push-button switches are 
designed for electronic panel controls. 
Rated to carry 6 amps @ 230 Vac, they 
may be used to control circuits inde­
pendently or with optional contractors 
or starters. 

Synthetic rubber seals make the 
switches oil, water, and vaporproof. 
The "SW" series features doublebreak 
solid silver contacts for positive make 
or break. All switches mount in a one­
inch diameter hole, and each model 
is supplied with a single (NO-NC) 
block. An additional block is available 
for converting these switches to a 
double pole unit. Alco Electronic 
Products, Inc., Lawrence, Mass. 
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In 
production 

wiring ... 

TWO 
HEADS 

ARE 1150/0 
BETTER 
THAN 

ONE!! 

CIRCLE. 42 ON INQUIRY CARD 
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NEW PRODUCTS 

HIGH SPEED AID CONVERTER 

The ADX when used in conjunction 
with the companion differential input 
multiplexer, provides random or se­
quential access to as many as 512 ana­
log channels at a rate of 200,000 con­
versions per second for a l4-bit binary 
data word. Input impedance is 500K 
ohms, and system accuracy, including 
multiplexer, is better than 0.05%. 
Rack-mounted versions can house up 
to 256 channels of multiplexer, com­
puter interface and off-line test cir­
cuitry within 4 Y4 panel-inches, while 
MIL-E-16400 and MIL-E-5400 versions 
are completely modular to simplify 
system integration for both original 
and retrofit installations. Dynalex, Inc., 
Burbank, Calif. 

CIRCLE 229 ON INQUIRY CARD 

INDICATOR LIGHT 

The 104S ultra-miniature neon in­
dicator light assembly mounts on o/s­
inch centers, with lenses available in 
five styles and a variety of color and 
materials. 

The 104 uses a Tl VB neon lamp 
0.3 milliamp with a 30,000-hour life. 
With a 220K resistor the 104 can be 
used on a ll5-vol t commercial line 
current, and with a 560K resistor, can 
by used on a 230-volts commercial line 
current. 

Starting voltage for ac is 60 volts; 
for dc, 90 volts. The Sloan Co., Sun 
Valley, Calif. 
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Modular Design Means 
Maintenance-Free 

Service ... with M DS 
Card Punch Consoles 

MDS. Card Punch Consoles are complete, self-con­
tained units with interface and performance character­
istics offering compatability with most computers and 
communication systems. Card punch heads are In 
sealed, oil-filled enclosures, insuring reliable service in 
adverse environments. 
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MDS 6011 Card Punch 
Compact Console 

The MDS 6011 Card Punch Compact Console is 
ideal for mobile applications as well as typical fixed 
data handling installations. The card punch is matched 
to a complete card handling system with 1000-card 
capacity hopper and stacker. Cards are end fed, column 
"1" first, at speeds to 210 cards per minute. 

Ask about: MDS 6012 Card Punch Console, designed 
for optional addition of pre-read and/or post-read sta­
tions ... and the MDS 6014 Card Read/Punch Console. 

! 

Ask for: The MDS Folder/File on 
MDS 6011, 6012,6014 
FOR MORE - MEET YOUR MAN 
FROM MDS 

~ 5!t.'s~~!'s~1I 
OEM MARKETING 

P.o. Box 630, Palisade St., Herkimer, N.Y. 13350 
Telephone 315/866·6800 

Every MDS Office is an OEM Marketing Office 

Digital Strip Printers • Buffered Tape Units 
High-Speed and Low-Speed Line Printers 
Card Punches and Readers 
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CORE MEMORY SYSTEM 

A compact, low cost, expandable 
core memory system on plug-in cards 
has been developed. Memcard 418 is 
a 1.5-microsecond system featuring 
read/restore, read/write, read/modify/ 
write, and a hybrid cycle-read/write/ 
mask. The total 4096 by 18 system is 
contained on two 12-inch square plug­
in circuit boards-one card providing 
all I/O electronics necessary to drive 
32,768 words by 18 bits of memory. 
The second, a magnetics board, con­
tains 4,096 words by 18 bits of core 
storage. All systems are complete with 
both address and data registers, power/ 
off, protection and temperature com­
pensation from 0° to +500C operation. 
Sanders Associates, Inc., Nashua, N.H. 
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MAGNETIC TAPE SYSTEM 

Hewlett-Packard 2114A, 2115B and 
2116B computers can sort, match, col­
late and merge data when equipped 
with a digital magnetic tape system, 
the Tri-Data CartriFile 4096-04 car­
tridge-loaded system, which combines 
four magnetic-tape transports and is 
plug-compatible with the H-P com­
puters. A software package providing 
system input/output, basic control sys­
tem driver and diagnostic program 
subroutines is included. 

Reading and writing may occur si­
multaneously at data-transfer rates of 
667 8-bi t bytes per second in variable­
length records, with a storage capacity 

. of 480,000 bytes. Data accuracy is as­
sured by redundant recording and on­
the-fly error correction. Tri-Data, 
Mountain View, Calif. 
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PHOTO-ELECTRIC TAPE READER 

The Model 5101 is a photo-electric 
punched tape reader. It operates from 
o to 300 characters per second, asyn­
chronously, and 625 cps, synchronous­
ly, in the standard configuration. Op­
tions increase the asynchronous rate to 
100 cps and the synchronous rate to 
S50 cps. The reader stops on character 
in all modes. 

An automatic lamp-brightness con­
trol compensates for varying tape opac­
ities with no need for adjustment. The 
standard ac input is 50-60 Hz, 115 
volts. An option for 40- to-SOO-Hz op­
eration may be specified. 

The basic reader occupies 3Yz inches 
of panel space in a standard 19-inch 
rack. Chalco Engineering Corp., Gar­
dena, Calif. 
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READ-ONLY MEMORY SYSTEM 

S-Series read-only memories operate 
at 500 nanoseconds access time, 900 
nanoseconds cycle time, and range in 
capacity from 64 to 2,04S words, from 
10 to SO bi ts per word. 

The S-Series are pin-for-pin com­
patible with the F-Series (ISO nano­
seconds access time, 300 nanoseconds 
cycle time) and the standard (200 
nanoseconds access time, 500 nanosec­
onds cycle time). 

Individual words or the entire 
memory content may be changed in 
the field within a few minutes. 

The S-Series requires less than 5 
watts of power, has TTL and DTL 
compatible interface, a 0° to + 70°C 
temperature range, nondestructive 
readout and requires only one power 
supply (+5 volts). Memory Tech­
nology Inc., Waltham, Mass. 
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Antiquated power supplies have you in a rut? 

GIVE YOUR COMPUTER. 
UNIPOWER 

Replace obsolete, narrow-range slot supplies with POWER/MATE CORP.'s UniPower Series. 
These nine all-purpose, wide voltage range power supplies can replace thousands of narrow­
range slot supplies and give you these big advantages: current output up to 34 amps • 
adjustable to any range from 0-34 volts. regulation to 0.005 % • ripple a low 250 micro­
volts. The wide voltage range of the UniPower Series simplifies your power supply require­
ments because you can stock fewer units. In addition, these modules can be mounted in 
standard size racks or on any of three surfaces and in any position! 

UNI-30F 

MODEL 
0-6V I 8 10 

Uni-76 
Uni-88 

Uni·30C 5.0 4.6 4.4 
Uni-30D 8.0 7.6 7.3 
Uni-30E 12.0 11.2 10.8 
Uni-30F 18.0 16.9 16.2 
Uni·30G 24.0 22.5 21.6 
Uni-30H 34.0 31.9 30.5 

The UniPower Series of Nine 
Uni·76 - 0-34 volts, 0.5 amps - $76.00 
Uni-88 - 0-34 volts, 1.5 amps - $99.00 
Uni-30C - 0-30 volts, up to 5 amps - $134.00 
Uni-30D - 0-30 volts, up to 8 amps - $151.00 
Uni-30E - 0-30 volts, up to 12 amps - $174.00 
Uni-30F - 0-30 volts, up to 18 amps - $205.00 
Uni-30G - 0-30 volts, up to 24 amps - $265.00 
Uni-30H - 0-30 volts, up to 34amps - $315.00 
UniTwin-164 - dual output 0-25 volts, 0.75 amps - $164.00 

CURRENT vs; VOLTAGE OUTPUT 
12 14 15 16 18 20 22 24 26 28 30 

0.05 amp throughout range 
1.5 amps throughout range 

4.2 4.1 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.5 
6.9 6.6 6.4 6.2 6.0 5.7 5.3 5.0 4.7 4.4 4.0 

10.3 9.8 9.5 9.2 8.8 8.3 7.9 7.4 6.9 6.4 6.0 
15.5 14.8 14.4 14.0 13.3 12.6 11.9 11.2 10.5 9.8 9.0 
20.6 19.6 19.1 18.6 17.7 16.7 15.8 14.8 13.8 12.9 12.0 
29.2 27.8 27.1 26.4 25.0 23.7 22.4 21.0 19.7 18.3 17.0 

SPECIFICATIONS: Regulation - up to ±O.005% or 1 MV for line and load; Ripple - Less 
,than 250 microvolts; Response Time - Less than 20 microseconds; Overload and Short 
Circuit Protection - Solid state. Instantaneous recovery, and automatic reset. Cannot be 
damaged by prolonged short circuit or overload. Internal or External Adjustable OVP Available. 

FREE: Send for complete catalog. Write to: 

POWER/MATE CORPORATION 
514 S. RIVER ST., HACKENSACK, NEW JER.SEY 07601 
PHONE: (201) 343·6294 TWX: (710) 990~5023 
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NEW PRODUCTS 
microseconds for the Alpha 10.2, which has a maximum 
module size of 1024 by 10, and 1.75 microseconds for the 
Alpha 12.2, with module capacities to 4096 by 10. 

High-density packages are the result of employing 23 mil 
cores, three-wire 3D organization and integrated circuits 
except for final drivers and selection. The Alpha 10.2 and 
12.2 require 65 and 130 cubic inches respectively, for com­
plete memories including registers and a temperature com­
pensation regulator for the memory drive voltage. Only 
silicon semiconductors are used, none are in plastic pack­
ages. Tetra Corp., Minneapolis, Minn. 
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TAPE CARTRIDGE DRIVE 

A series of small inexpensive ~ -inch magnetic tape car­
tridge drives are oriented towards data communications 
systems. Called the RJ Delta-Corder 500 series, the drives 
are designed to mount internally in card readers, keyboard 
terminals, acoustic couplers and other terminal devices. 

Input to the recorder can be any bit serial code, such as 
ll-bit-serial USASCII. Tape storage capacity is approxi­
mately 22,400 characters at eleven bits per character on 400 
feet of tape. 

MAGNETIC MEMORY SYSTEMS Cartridges may be read-out over a Western Electric data­
set or similar modem, or an acoustic coupler. Alternatively, 
the cartridge can be mailed to a central processing format­
ting area. Reader output is either 110 bits per second for 
remote transmission or 1,000 bits per second for the con­
verter. RJ Communication Products, Inc., Phoenix, Ariz. 

Designated Alpha 10.2 and Alpha 12.2 memory systems, the 
units feature modular construction, excellent reliability, 
high density and low cost. Basic modules come in sizes of 
1024 and 40,960 bits with expansion to larger capacities 
through the use of multiple modules. Cycle times are 1.50 CIRCLE 236 ON INQUIRY CARD 

VARO 

We're computer/peripheral power supply experts. 
Which means you don't have to be. 

We don't think computer/peripheral designers should be bothered with power supply problems. 
That's why we're in business. 
You tell us what your requirements are, and we'll deliver a power supply or transformer to specs. 
We'd like to be in on your project from the drawing board stage. 
Because if you're not exactly sure of your power supply requirements, that's the ideal time to let us 

help you define them. . 
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VAROFORMER POWER SUPPLY 

Starting with our basic Varoformer™ (constant voltage transformer) we can design power supplies to 
perform simple or complex functions by the addition of series regs. 

From 4% regUlating Varoformers to custom-designed power supplies with mUltiple outputs, on-off 
sequencing, and remote sensing. . 

If you're a computer/peripheral designer, all you have to do is tell us what goes in and what comes out. 
We'll take care of the rest. 

STATIC POWER DIVISION 1600 DALLAS NORTH PARKWAY, PLANO, TEXAS 75074 (214) AD 1-5111 TWX 910-860-5640 

CIRCLE 45 ON INQUIRY CARD 
90 COMPUTER DESIGN/JULY 1969 



COMPUTER POWER SUPPLIES 

The supplies have power densities up to 2.5 watts per 
cubic inch (5 Vdc at 25 Adc in 50 cu. in.). Incorporating 
high frequency switching regulators, they meet the line 
transient requirements of lHil-Std-704A and El\fI require­
ments of Mil-I-6181D. 

The supplies weigh 3.5 pounds and require no additional 
heat sinking for operation between -55° and +85°C. Op­
eration to + 105°C is possible with minimal interfacing 
since all components are suitable for operation at 125°. 76 
to 82% efficient, they provide ±O.I % line and 1 % load 
regulation. Of particular significance is the supplies' ability 
to store energy for 3 milliseconds. Short circuit and over­
voltage (crowbar) circuits are included as well as power 
sequencing with optional power normal and power abnor­
mal ~ignals. Cal-Power Corp., El Segundo, Calif. 
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DIGITAL MULTIMETER 

Designated Model 6653A, the unit is an all IC-Iogic four­
digit instrument with fifth-digit, 10% overrange. It meas­
ures dc and dc/clc ratios with an accuracy of ±1 digit from 
o to I099.9V. Plug-in function options include ac in four 
ranges, ohms in five, and millivolts in three ranges. Dig­
itized rate is I,O()O readings per second. Sample and hold 
is a plug-in option. Five print-out options (buffered or 
non-buffered), auto-ranging and remote control of all front 
panel fUllctions are available. The unit is standard 19-inch 
rack-mount. Lear Siegler, Inc., Cimron Div., San Diego, 
Calif. 
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Anything you~>;~o~withtape~_ 
can be done better with Z 

PUNCH, DUPLI~ATE;TRANSF~R;, 
..... TRANSL.ATE, VERIFY 

. Whe'n youneedlrtultip'le copies of per­
forited tapi~!'for numerical control applica­
tionsj.:~[;to reproduc.e'·ol~tapes~It.'rJo go 
f~~J11 p~per to Mylar base tape;:or for code 
tra.nslation or tape verification, there's ollly 
one logical place to contact: Invac. 

Whatever you do with paper tape, you'll 
do it better with one of these Invac paper 
tape stations: 

Ii 
" i 

Model Series Function '. ~ 
810 Tape Duplicator WI"" _ 
S20 Tape Verifier ~ 
S30 Tape Verifier I Duplicator 
850 Tape·to-tape Code Conversion II! 
Our tape stations feature tape punch-

ing speeds of up to 60 cps, tape verification 
speeds of 200 cps or higher, parity checking __ 
and flexible tape editing (add bits by indi-
vidual switch) blank skip, code recognition, _ 
or add characters. 

We have the right combination for your 0 
individual requirements. And if you'll write 
for our data sheets, you'll find out how 
easy it is to solve paper tape problems __ 
with Invac. ~ ~ 

~.,., ... , "G"':.~'~G~~~ • ~ 26 Fox Road, Waltham. Massacnusetta 0215<4 WI"" _ 
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LSI 
TESTING 
IN REAL TIME 

WITH 
ADAR SYSTEMS AND 

EXPANDABLE SYSTEMS 
COMPONENTS 

-MOS CLOCK 

• 2 or 4 0 UTPUT PHASES 
CAPABLE OF DRIVING 0 
to ·30V in 20 nS into 100 pI 

• OPERATES UPTO 10MHz 
WITH AUTOPHASE WIDTH 
TRACKING 

-BIPOLAR DRIVERS 
r;··-:':-:-···-··--':·.v·;·;'··' .. n •... J'C";" 

j~~.~ 
I~~ 
ll~~~'~;' ijJ~ 

• a to BV in 6nS, CODE AND 
COMPLEMENT 0 UTPUTS 

• CONTROLS FOR DELAY, 
WIDTH, AMPLITUDE AND 
OFFSET 

• 50 OHM SOURCES 

- DISCRIMINATORS 

• 10mV ·nS SENSITIVITY, 
.5mV GRAY AREA. lMfl 
INPUT IMPEDANCE WITH 
ADAR FET PROBE. 

• TWO THRESHOLDS PER 
CHANNEL WITH ERROR 
LOGIC AND DISPLAYS 

- MOS DRIVERS 

• EXTENDED OUTPUT 
PROBES SWING ,to ·30V in 
20 nS INTO 100 pI 

• FOUR CHANNELS OF AMPLI· 
TUDE, OFFSET, DELAY 
AND WIDTH CONTROL 

-DATA 
GENERATORS 

• FORMATS OF 3, 6 or 12 
BIT PARALLEL, 16,32,64 
or 128 WORD SERIAL 

• WORD RATES UPTO 25MHz 
WITH REMOTE OR LOCAL 
LOADING 

- MOS SH I FT REG I STER TEST I NG SYSTEM 
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• TESTS 2 0 R 4 PHASE 
DYNAMIC OR STATIC QUAD 
REGISTERS UP TO 999 BITS 
LONG AT SPEEDS UP TO 10MHz 

• DC TESTS INCLUDE 
LEAKAGE, STRESS, DATA 
RETENTION, VDD AND VGG 
MONITORING. 

• TEST FUNCTIONAL, 
RESPONSE TIMES AND 
THRESHOLD IN REAL TIME 

Write t.aarfie,tions 
ASSOCIATES. INC 

85 Bolton Street, Cambridge, Mass. 02140 - (617) 492 -7110 
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NEW PRODUCTS 

LOW-LEVEL MULTIPLEXER 

Plug-in circuit cards simplify interface of a solid-state 
low-level multiplexer to digital systems. Designated model 
2930A, the unit handles up to 64 analog inputs. MOSFET 
integrated-circuit switches at each input connect signals 
one at a time to the instrument's programmable amplifier, 
which boosts signals in the 10-millivolt range (full scale) 
and higher to a 10-volt range. The Multiplexer thus makes 
it possible for an analog-to-digital converter to work with 
low-level signals, such as those from strain gages, thermo­
couples, and other low-level transducers. The amplifier's 
fast settling time, 40 microseconds, allows input multiplex­
ing at rates up to 20 kHz. The analog input signals are 
completely isolated from the digital circuits. 

Digital control signals program the amplifier to one of 
11 factors, from 1 to 1024 in binary steps. Amplifier gain 
accuracy is better than ±0.02% and dc drift is less than 
5 microvolts (referred to input) per day. Output imped­
ance is less than 1 ohm, assuring high accuracy when driv­
ing an ADC, with input impedance as low as 1,000 ohms. 
Hewlett-Packard Co., Palo Alto, Calif. 
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OEM TAPE TRANSPORT 

Mechanical and electronic capabilities are features of a 
tape transport, called the Tape-Dex 5000, which is built 
on a rugged (4 lbs. +) cast aluminum mainframe and can 
operate in vertical, horizontal or any intermediate position. 
All head adjustments are made from the front. Pressure 
pads have been eliminated through the use of a flutter 
filter hold-back tension idler. 

The transport employs three 4-pole induction motors 
for fast, automatic operation. Tape speeds are 7Y2, 3~, 
and 1 Ys inches per second. Rewind speed is 45 seconds 
(1200 feet on a 7-inch reel) with a timing accuracy of 
±O.l5%. The capstan shaft is made of casehardened steel, 
ground to an accuracy of ±0.00015 inch. The capstan drive 
is housed in oil-impregnated bronze bearings. 

The standard head mounting accomodates three heads 
with an optional 5-head mounting. The solid aluminum 
casting is finished in black, semi-gloss baked enamel with 
optional vinyl front panel inserts. Dimensions are 10Y2 
inches high by 19 inches wide and will fit all standard 
rack cabinets. Beltronix Systems, Hauppauge, N.Y. 
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TIME-SHARING DATA TERMINAL 

The Datapoint 3300 is a data terminal which streamlines 
man/machine communications for the computer time-shar­
ing user. 

Standard features of the 3300 include complete inter­
changeability with standard teletypewriter equipment, high­
speed data transmission capabilities, a high capacity and· 
flexible CRT display, easy to read characters, solid state 
construction, a 64-character set keyboard, and it is self­
contained. Optional features include magnetic tape mem­
ory, hard copy printer and a ten-key numerical keyboard. 

The Datapoint 3300 screen can accommodate 25 lines 
with 72 characters in each-a total of 1,800 characters in a 
single display. 

Data transmission rates of up to 600 bits per second are 
available on the standard 3300, and up to 4,800 bps with 
optional speed buffer equipment. Also available is a mag­
netic tape memory designed as a companion unit. This 
memory, which utilizes replaceable tape cassettes, offers 
the remote user the flexibility of both forward and reverse 
line-incremental playback of data up to 200 full "frames" 
(25 lines of 72 characters each) . Computer Terminal Corp., 

San Antonio, Tex. 
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DATA RATE TAPE UNIT 

A high-performance digital magnetic tape unit has the 
highest data rate of any such unit in the low cost category. 
The transport features a read-after-write dual stack head, 
operates at speeds of 37.5, 25, or 12.5 ips and has a rewind 
speed of 150 ips. The 6 by 40 is equipped with 10Y2-inch 
reels and can be ordered either in 9-track 800 bpi or 
7-track dual-density configurations. The unit is compatible 
with IBM 729 and 2401 (Modell) and IBM 2415 (Models 
1-3 and 1-6). 

Other features include an adjustment-free tape guiding 
system, electronic deskewing and low power consumption. 
It has all drive, control and writelread electronics, bring 
to load point logic and is organized for multiple transport 
operation. The low inertia capstan drive provides rapid 
acceleration and deceleration while maintaining positive 
control of the tape on the capstan at all times. Control of 
the tape path is maintained by a precision edge guidance 
system guaranteeing IBM interchangeability. Peripheral' 
Equipment Corp., Chatsworth, Calif. 
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Cut 
remote 
control 
costs 

with Dale 
Motorized 

Potentiometers 
Thoroughly proven in 
entertai n ment i nstru ments 
Dale's AC Reversible 
Motor Driven Pot is a 
cost cutter for 
business machines and 
industrial equipment as we 

• Used as a bias 
regulator for solid state 
devices, it now handles 
the remote control function 
for many types of heavy 
power equipment­
eliminating heavy cables 
between control panels 
and resistive devices. 

• Versatility increases 
when equipped with Dale's 
patented motor load 
decoupler. Coasting is 
eliminated and manual 
control is free of gear 
motor inertial load. 

• Hysteresis synchronous 
motor and gear train can be 
coupled with a wide range 
of single and multi-turn 
carbon and wirewound pots 
as well as with variable 
capacitors. Motor and gear 
trai n are also used as 
television tuner drive. 

SPECIFICATIONS 
Operating Voltage - 6, 12, 24, 117 
VAC or any specified; Power Input-7.S 
volt amperes; Output-S.6 RPM; Torque at Pot Shaft-
10 in.loz. min. (with decoupler), 21 in.loz. min. (with­
out decoupler). Up to 4 auxiliary switches can. be 
added for actuation at any degree of cam rotation. 

For complete specifications and application 
information, call 605-665-9301 or write 

~ ~ DALE ELECTRONICS. INC. 
~AL~ SIOUX DIVISION, Dept. CD 

- - Yankton, South Dakota 57078 
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Causes 
and Cures 

01 Noise 
in Digital 
Systems 

J. PAUL JONES 

PART 1 

Systems Design Considerations 

PART 2 

Noise Elimination In Digital Modules 

PART 3 

Control of External Noise 

SEND CHECK OR MONEY ORDER TO: 

Computer Design Publishing Corp. 
Baker Avenue 
West Concord, Mass. 01781 

$1.75 per copy 

$1.50 per copy on bulk orders 
of lIar more. 

Please send copies 
Enclosed is my check for $ ------
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NEW PRODUCTS 

DATA ACQUISITION/CONVERSION SYSTEM 

Designed to meet MIL-E-5400], MIL-I-6181D, and 
MIL-STD-704A, Model 460 all-solid-state airborne data ac­
quisition and conversion system includes a multiplexer, 
differential amplifier, A/D and D/ A converters, sample-and­
hold data distributor, inverter power supply, and control 
and timing circuitry. Optional interfaces include computer, 
tape transport, telemetry, etc. 

Features include MOS-FET switches, TTL logic, low­
power, high-reliability circuitry, plated-through holes, flame­
retardant printed circuit boards, expandability, flexibility 
in interface and timing, RFI shielding, and self-contained 
power supply. 

The system has 0-64 differential analog low/high-level 
input channels, 0-32 analog output channels, full-scale 
input/output voltage (up to ±10.24V), resolution to 12 
bits including sign, sampling accuracy to 0.01 %, sampling 
rate to 50 KC, input impedance greater than 10 megohms, 
and a common mode rejection of 100 db at dc, 94 db at 60 
Hz, and 80 at 400 Hz (with 5K source and up to lK source 
unbalance). In data distributor output, Model 460 has a 
conversion accuracy up to 0.01 %, decay rate of 160 mv/ 
second, settling time less than 8 microseconds to 0.01 %, 
conversion rate of lOOKC, and output drive of 10 rnA with 
up to 500 pF of load. 

It operates efficiently between -55 0 and +71°C, is only 
I 6.25 inches by 15 inches by 9 inches in size, weighs 28 

pounds, and operates on 28 Vdc ±6V and less than 2 amps. 
Dynamic System Electronics, Tempe, Ariz. 
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MAGNETIC TAPE TRANSPORT 

Readily adaptable to all forms of magnetic tape record­
ing by the addition of modular audio or digital electronics 
is the model TT -1150 universal tape transport, available 
with two or more tape speeds for record/reproduce. 

Tape speeds are 3%-7:y2 ips selectable at installation; 
tape width is Y1 inch, reel size is 7 inch maximum; wind­
rewind time is 1,200 feet in approximately 45 seconds; cap­
stan assembly consists of a precision-ground spindle-mount­
ed in composite porous bronze and ball bearing housing, 
permanently lubricated. Wow/flutter is 0.2% rms maximum 
@ 7.5 ips; 0.3% maximum @ 3.75 ips. A precision poly­
urethane belt drive is included for flutter control. The 
transport has fail-safe electro-mechanical-differential band 
brakes on both supply and take-up spindles, which in the 
case of power failure stops transport without tape defor­
mation. 

The unit can be supplied with or without a search mode 
having an adjustable or fixed search speed. A precision 
micrometer azimuth and height adjustment is provided to 
allow for recordings made on any transports to be repro­
duced with optimum precision on the TT-1150. All tape­
handling components are mounted on a precision pre­
pared tool and jig plate which is tempered after machining 
to ensure long-term dimensional stability. Lifters allow the 
tape to contact the heads only in play mode. In the moder­
.ate and fast modes of operation the tape contacts the 
search head only. Telectro Systems Corp., Corona, N.Y. 

CIRCLE 244 ON INQUIRY CARD 

COMPUTER DESIGN / JULY 1969 



DIGITAL PANEL METER 

A digital panel meter capable of reading from 0000 to 
3999 with .05% accuracy features > 1000 megohms input 
impedance, up to 60 readings per second, non-blink dis­
play, 300ms step response, 35db at 60Hz normal mode re­
jection, 400% overrange, programmable decimal point, and 
display hold capability. Five standard full-scale voltage 
ranges from 39.99mV to 399.9V, seven current ranges from 
399.9nA to 399.9mA, and five resistance ranges from 399.90 
to 3.999M are available. Options include automatic po­
larity digital set points, 1- and 10-microvolt resolution pre­
amplifiers, fully buffered BCD and 10-line outputs, wide 
range zero offset, differential input, remote display and 
ratio. The reading can be offset up to 2,000 digits, for 
industrial control applications, for zero suppression, and 
in weighing systems to provide Tare capability. The digi­
tal limits are designed so that each set point can easily 
be switched between any required number of thumbwheel 
assemblies in monitoring an automated production line 
or batching system. Electro-Numerics Corp., Santa Clara, 
Calif. 
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DATA ACQUISITION SYSTEMS 

The 5400 Series D-DAS (digital data acquisition systems) 
are assembled from off-the-shelf instrument modules, each 
of which plugs into the next unit with a single "data-bus" 
cable. Up to 1,000 data-input channels are accommodated 
with scanners which expand in 10-channel increments. Data 
inputs can be dc, ac, resistance or binary-coded decimal as 
follows: de: 5 microvolts to 300 volts; ac: I to 1,000 volts; 
ohms: 5 milliohms to 10 megohms; BCD: from digital 
transducers, shaft encoders, counters, etc. Output is encod­
ed in computer-compatible format on punched or magnetic 
tape. Teletypewriter and printed paper tape systems are 
also available to provide a visual record of the digital data. 

The systems offer excellent linearity and produce absolute 
reading accuracies in the 0.025 to 0.5% range. Floating 
input and data averaging (integration) eliminates super­
imposed noise effects. Dynamic range capability is over 80 
dB (10,000: I). Vidar Instrumentation and Telecommuni­
cation Products, Mountain View, Calif. 

CIRCLE 246 ON INQUIRY CARD 

Need a 
reversible 
AC hysteresis 
synchronous 
motor 

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

: to fit !: 
this lrJiI -

I h 
space? :1 

Dale 
has one 
for less than $2 

Dale reversible AC hysteresis synchronous mo­
tors give you the industry's best combination of 
miniature size and low price. Length 1.85" ... 
diameter 1.250" ... price, under $2 in quantity. 
Designed for long life in continuous use, they're 
finding wide application in low power driving 
mechanisms, timing controls, blowers, etc. Out­
put shaft and mounting to your specification. 

SPECIFICATIONS 
Operating Voltage: 6, 12, 24, '117 VAC or any specified 
Power Input: 7.5 Volt Amperes 
Output: 1800 RPM no load 
Torque: 0.125 oz'/in. 

CIRCUIT DIAGRAM E- NOMINAL C-
HYSTERESIS MOTOR VOLTAGE C - CAPACITANCE VOLTAGE 

6 170 MFD 20 

12 50MFD 25 

24 16 MFD 50 

117 0.68 MFD 300 

Want to try one? .. Phone 605-665-9301 

~ 0 DALE ELECTRONICS, INC. 
DALE. SIOUX DIVISION Dept. CD 

® Yankton, South Dakota 57078 
A subsidiary of The Lionel Corporation 

CIRCLE 49 ON INQUIRY CARD 

95 



•• LITERATURE 

rhick Film Hybrid Circuits 

Custom circuits, capable of testing, 
trimming, and retesting up to 800 cir­
cuits an hour, for use in operational 
and differential amplifiers, computer 
circuitry, microwave applications, ord­
nancel and high-packaging density 
power and motor controls, highlight 
a 4-page bulletin released by the Cer­
mex Division of Frenchtown/CFI, Inc., 
Frenchtown, N.J. 
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Microminiature Indicator Lights 

Bases, lamp types, and material and 
cap styles available for microminiature 
indicator lights that produce greater 
intensity than units five times their 
size, are detailed in a data sheet issued 
by Shelly Associates, of EI Segundo, 
Calif. 
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Data Terminal 

Telephone/computer couplers and 
tape reader/perforators are features of 
a data terminal reviewed in a brochure 
from the Vernitron Corp., of Farming­
dale, l\LY. 
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Digital Control Systems 

A 4-page short-form catalog describing 
systems for data acquisition and/or 
control of scientific analytical instru­
ments, including digital integrating 
and spectrogram recorders, comparator 
and spectrophotometer data systems, a 
mass spectrum digitizer, x-ray diffrac­
tometer control system, and computer 
operated numerical rotary axis con­
troller, is presented by the Conrac 
Corp.'s Datex Division, of Duarte, 
Calif. 
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Data Processing Equipment 

Second and third generation comput­
ers, Ul1it record machines, and periph­
eral equipment as well as advantages 
of purchasing or leasing equipment, 
are emphasized in a "full line" bro­
chure released by the lOA Data Corp., 
New York, N.Y. 
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Display Deflection Yokes 

Details on four highly efficient stator­
type high-Q deflection yokes, including 
features and specifications, dimensional 
drawings, push-pull coil and single­
ended coil data for all types, are pre­
sented in a 2-page bulletin by Syn­
tronic Instruments Inc., Addison, Ill. 
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Digital Memory Modules 

Low cost, high speed digital memory 
modules, made with zero-temperature 
coefficient glass, which include inter­
facing circuitry, may be plugged in 
with standard logic levels, and are cap­
able of storage of from 200 to 200,000 
bits with a per-bit cost of 2.5 cents, 
are described in an illustrated data 
sheet issued by Corning Glass Works, 
of Corning, N.Y. 
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Magnetic Tape Transport 

A data sheet, detailing capabilities and 
applications of a magnetic tape re­
corder designed for such severe en­
vironment applications as rocket sleds 
and nuclear tests, has been released by 
the Genisco Technology Corp., of 
Compton, Calif. 
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Communications Data Set 

The capability of operating over pri­
vate lines or the direct distance dialing 
network and transmitting and receiv­
ing asynchronous serial digital data, 
are features of a data set described in 
an illustrated bulletin from the San­
gamo Electric Co., of Springfield, Ill. 
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Servo & Computing Modules 

A short-form catalog listing details and 
specifications of over 75 solid-state de­
vices for converting and computing, 
and of synchro input and output de­
vices, and containing application draw­
ings of solid state servos, is available 
from Transmagnetics, Inc. of Flushing, 
N.Y. 

CIRCLE 309 ON INQUIRY CARD 

Data Recorder Integrator 

A 4-page brochure detailing an inte­
grating device with potentiometric 
strip chart recorders, and including an 
illustrated theory of operation, is avail­
able from Disc Instruments Inc., Santa 
Ana, Calif. 
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Digital Tape Drives/Memories 

Performance and specifications of high­
environmental digital tape ,drives and 
memories, designed for field data gath­
ering requiring extreme ruggedness, 
high reliability and generation of IBM­
compatible taped data, are described 
in a brochure from the Ampex Corp., 
of Redwood City, Calif. 
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Storage Tubes 

Specifications and features of single 
and dual gun storage tubes for data 
processing and flying spot scanners are 
included in a 4-page short-form tube 
catalog available from Warnecke Elec­
tron Tubes, Inc., Des Plaines, Ill. 
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Time Sharing Systems 

A detailed description of systems, their 
benefits, and a glossary of terms, are 
featured in an illustrated 28-page book­
let obtainable from the General Elec­
tric Co., Schenectady, N.Y. 
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Tape Preparation Centers 

On- and off-line paper tape prepa­
ration centers with input and output 
devices ranging from a keyboard-tape 
punch to a I/O system are described 
in a brochure· available from the Invac 
Corp. of Waltham, Mass. 
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COl11patible Calculators 

Features and functions of all-purpose 
electronic calculators, including appli­
cation problems and keyboard solu­
tions, are detailed in a 16-page book­
let, from Wang Laboratories, Inc., of 
Tewksbury, Mass. 
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Cermet Industrial Trimmers 

A data sheet detailing trimming po­
tentiometers, which sell for $3.50 or 
less and are the first industrial cermet 
trimmers priced competitively with 
wirewounds, is available from the Hel­
ipot Division of Beckman Instruments, 
Inc., of Fullerton, Calif. 
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Germanium Power Transistors 

Electrical specifications and character­
istic curves for a new series of Ge 
power transistors in TO-8 cases are 
provided in a data sheet. KSC Semi­
conductor Corp., Chelmsford, Mass. 
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Microcircuit FET -Input Op Amp 

Specifications, applications, and per­
formance curves of a 0.25" high by 0.6"­
square microcircuit operational ampli­
fier with high impedance FET input 
circuitry, and with a 5 picoamps guar­
anteed maximum bias current, are con­
tained in a data sheet from Analog 
Devices, Inc., of Cambridge, :Mass. 
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Thick Film Circuits 

A brochure has been issued, describing 
the capability of hybrid circuits to 
bring together the best portions of 
monolithic integrated circuits, thick 
film techniques and discrete compo­
nents, plus the low cost of printed 
circuitry, combined in a reliable, com­
pact package, by HEI, Inc., of Chaska, 
Minn. 
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Optical Scanner 

Details of a general-purpose transac­
tion document scanner, equipped to 
read data recorded by five methods, 
to read four different machine codes, 
and to operate off-line without a com­
puter, are the subject of a brochure 
issued by the Cummins-Chicago Corp. 
of Chicago, Ill. 

CIRCLE 320 ON INQUIRY CARD 

Manual Switches/Indicators 

A 56-page revised catalog reviewing 
lighted and unlighted pushbuttons, in­
dicators, matrix-mounted and toggle 
switches, as well as optional seals, 
boots, bushings, actuators and contact 
variations has been published by the 
Micro Switch division of Honeywell 
Inc., Freeport, Ill. 
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Printed Circuit Connectors 

Card and tape cable applications, as 
well as test point connectors for 
printed circuitry, highlight an SO-page 
printed circuit connector catalog is­
sued by the Continental Connector 
Corp. of 'Voodside, N.Y. 
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Selector Switches 

Emphasizing the availability of a com­
plete switch package from a single 
source is a 16-page catalog which in­
cludes ratings and specifications of the 
wafer assembly for continuous ground­
ing of inputs, and of the index assem­
bly -for instrument design. Available 
from the CTS Corp., of Elkhart, Ind. 
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Digital Tape Transport 

Operation of the Model TM-7 digital 
tape transport as an incremental drive 
unit is described in data sheet C-085. 
Ampex Corp., Redwood City, Calif. 
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Microminiature Bite Indicators 

Built-in test equipment (BITE) indi­
cators, for use on system, sub-system, 
module, and individual circuit card 
levels to sense fault signals and pro­
vide a visual indication of monitored 
equipment conditions, including spec­
ifications, dimensions, and application 
data, are contained in a bulletin issued 
by the A. 'tV. Haydon Co., of Water­
bury, Conn. 
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MOS Product Guide 

Lists of off-the shelf 1\JOS circuits, in­
cluding shift registers, memories, mul­
tiplex arrays, logic circuits, and chan­
nel transistors are contained in a 12-
page product guide published by 
American Micro-systems Inc., of Santa 
Clara, Calif. 
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Digital I/C Selection Guide 

Digital integrated circuits selection has 
been simplified in a 6-page guide con­
taining a graph-illustrated comparison 
of integrated circuits' operating charac­
teristics, including operating tempera­
ture and power supply range, gate 
fanout and dissipation, average propa­
gation delay, flip-flop toggle frequency, 
and noise margins. Copies, requested 
on company letterhead, may be ob­
tained from Motorola Semiconductor 
Products Inc., Box 20924, Phoenix, 
Ariz. 85036. 

Computer Support Services 

Bulletin B-9550 describes the computer 
systems support services now available 
from the vVestinghouse Information 
Systems Laboratory. Included is a dis­
cussion of the three criteria for deter­
mining the success of a computer sys­
tem. Westinghouse Electric Corp., 
Pittsburgh, Pa. 
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Data Communication Equipment 

A thirt y-five-page bulletin describes 
functional specifications, interfaces and 
applicatiollS of a 50 kilobits-per-second 
wideband data transmission series, in­
cluding digital information systems for 
com pu ter data, facsimile and digitized 
voice in government and military com­
plexes, private microwave networks 
and dedicated transmission lines, and 
is available from the General Electric 
Co., Lynchburg, Va. 
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Photo-Optical Memory 

Details of the photo-optical random ac­
cess mass memory, a system featuring 
larger capacity and faster access time, 
and requiring less space than any 
other, are presented in a 6-page illus­
trated brochure from Foto-Mem Inc., 
of Natick, Mass. 
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IC Connector Harnesses 

An illustrated data sheet describing 
applications of IC connector harnesses 
for computers and other electronic 
equipment, featuring round conductor 
ribbon cable harnesses with 14- or 16-
pin IC compatible connectors on one 
or both ends, has been published by 
the Spectra-Strip Corp., of Garden 
Grove, Calif. 
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Linear IC Applications 

Linear devices for circuit and system 
designers are described in an applica­
tions brochure, including core memory 
fense and video amplifiers, by the Sig­
netics Corp., of Sunnyvale, Calif. 
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Standard Machine Controller 

A 6-page illustrated description of an 
electronic machine and process con­
troller, which serves as a solid-state re­
placement for relay control panels, in­
cluding logic board, plug-in memory, 
input and output terminal boards, and 
system trouble-shooting aids, has been 
released by Information Instruments 
Inc., of Ann Arbor, Mich. 
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COS/MOS-RCA's technological breakthrough 
breaks through in economics, too! 
New design flexibility! New operating 
features! RCA-CD4006D brings both to 
digital circuits with MSI complexity! 
Newest in RCA's growing line of 
COS/MaS integrated circuits, this 
COmplementary Symmetry MaS 18-Stage 
Static Shift Register gives you: 
Flexibility. It provides multiple register 
sections of 4, 5, 8 and 9 stages or single 
register sections of 10,12,13,14,16,17, 
and 18 stages. And outputs are available 
from both fourth and fifth stages. Here's 
real flexibility-in both design and 
operation. 
Low Power. Take advantage of COS/MaS 
low power requirements. Quiescent dissi­
pation is only 100 nanowatts (typical). 
Even in dynamic operation, the dissipation 
is only 2 milliwatts at 1 MHz with input of 

alternate "ones" and zeros. 
Workability. CD4006D operates with a 
single power supply and with a single­
phase clock. Clock amplitude is the same 
as logic swing. No need to supply an 
additional voltage level. And you won't 
lose stored information if the clock is 
interrupted. No information recirculation 
required. 
Economy to Match 
CD4006D-at $17.25 (1,000 units)­
provides full military temperature range 
operation and 18 flip-flops for less than 
$1.00 each. That means you get the design 
and operating advantages of RCA's unique 
COS/MaS technology with real-world 
economics. 

Check these device design innovations: 
• -55° to +125°C operation 
• 100 nanowatt qUiescentdissipation (typ.) 
• Static to 2 MHz shift rate 
• Single 6- to 15-volt positive or negative 

power supply 
• 4-V noise margin (1 O-V logic) 
• Large fanout- up to 50 

CD4006D is only one of the new circuits 
that are ready now to prove the practicality 
and economy of COS/MOS. Order now 
from your local RCA Representative or 
through your RCA Distributor. For techni­
cal data, write to RCA Electronic Compo­
nents, Commercial Engineering, Section 
lel8-7, Harrison, N. J. 07029. 

::IC'il ·n::'ilUu;I:~1 ,. ':1I1r: ~.!'; ,m .• ~I~! _I'dl: 

1:4C I!I 'tH~'iUUli t. If:' *"" 111;11 I~I;I' I:. I: ::,!Ii, ';n, I" "!I!'I~f;tI'~I' 

.f 

CIRCLE 51 QN INQUIRY CARD 


