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The output of the keyboard is four bits with parity. 
These five bits, plus an additional control bit, are the in
formation levels sent to the Input-Output Buffer. Opera
tion of the keyboard can be at the sustained rate of six 
characters per second. 

The procedure indicator provides a visual indication to 
the operator of where in the procedure the operator should 
be at any given time during input of information to the 
Input-Output Buffer. The indicator consists of a plastic 
engraved drum driven by a stepping switch. The drum ad
vances one step each time the Enter key is depressed. Upon 
depression of the N onmerchandise key, the drum advances 
to the nonmerchandise field. Upon depression of the Total 
key, the drum advances to its original start position. 

The punched-tag reader was designed to accept the 
twenty-five column, Dennison tag, or abbreviation of it. 
When a sales person or .. customer number tag is read, the 
tag is returned after read-in, so that it may be retrieved 

Fig. 3-Partially assembled unit with the Procedure Drum and key
board in place and the tag reader and printer shown separately. 

by the operator. In the case of the merchandise tags, how
ever, the tag is read and retained in the machine, which 
prevents littering the counter with merchandise tags. Since 
all of the tag information has been recorded on magnetic 
tape, the merchandise tags may be removed from a bin and 
discarded at the end of the day. The first character of any 
tag indicates which of the three types it is and if the wrong 
tag is inserted, the logic of the machine is such that the tag 
reader stops, and the Clear key must be depressed in order 
to retrieve the tag. The tags are read one step or character 
at a time, 7-1/2 characters per second. Again, as in the 
keyboard, the tag reader stops in a reading position and the 
output is verified as a valid binary number, prior to ad
vancing to the next reading position. An electrical interlock 
between the tag reader and the keyboard prevents key-

board operation when a tag has been inserted in the reader. 
The actual reading of each character on the tag is accom
plished by "sensing" the tag with five· pins so connected 
through linkages as to actuate switches in the presence of 
holes. 

When the Total key is depressed, the Sales Recorder is 
placed in the output mode causing the cash drawer to open 
and allowing the print-out of the sales check to begin. 
However, in a credit type sale, if the purchaser did not 
have a good credit rating, a Hold button will light, provid
ing a bad credit indication to the operator, and preventing 
print-out. Print-out will proceed if the operator presses the 
Hold button. 

The same mechanism that provides the character display 
for the keyboard is also the principle portion of the output 
printer. The output printer consists of ten numerical print 
wheels fabricated from nylon. These wheels are set up se
quentially directly from the information sent by the Input-

Fig. 4-Complete assembly with the cover removed. 

Output Buffer Unit. When a line of print has been set up, 
a print platen is released, the line is printed, and the paper 
advances to the next print position. The speed of this op
eration averages about six characters per second. An auto
matic overprint provides a visual indication on the check 
for credits or C.O.D. transactions. 

The paper used consists of a three-part sprocket-fed 
preprinted form. The first copy is obtained through an ink 
ribbon impression and the back copies are carbonless paper, 
and require no ribbon for printing. Since the form is pre
printed, the paper feed machanism is programmed in con
junction with the printer so as to print only in the correct 
blocks or spaces on the check and not in the preprinted por
tions. 

The printer, keyboard, and tag reader are all separate 
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units that plug into the base assembly. Fig. 3 gives an ex
ploded view of the Sales Recorder while the complete as
sembled unit is shown in Fig. 4. 

BUFFER 

The Buffer Unit is a multiplexing device which allows 
the transfer of data to and from as many as ten Sales Re
co.r-ders. Working on a time-sharing basis, the buffer per
mits independent operation of each Sales Recorder. A 
block diagram of the Buffer Unit is shown in Fig. 5. 

The communication between the Sales Recorder and the 
Buffer Unit consists of information flow within a closed 
loop. 

At both receiving ends of the loop the character is 
checked for parity errors. If wrong parity is sensed, the 
character is rejected and an error displayed at the Sales 
Recorder. The keyboard of the Sales Recorder remains 
locked until the error is cleared. As mentioned earlier, the 
return of the correct character from the Buffer Unit to the 
Sales Recorder unlocks the keyboard so that another char
acter may be entered. This double check, together with the 
relatively high power used in the transmission and the low 
impedance at both ends, makes the system very reliable 
from the point of view of the data exchanged, and insensi
tive to noise and crosstalk. 

---------T------
SALES RECORDER I BUFFER UNIT 

KEYBOARD 

TAG READER 

I 

I 7 

! 
I 

--LEGEND~-M~MH~WNTR~~-

Fig. 5-Block diagram of the Buffer Unit. 

The two information trunks are actually contained in a 
single cable that connects each Sales Recorder, via a junc
tion box, to its designated input terminal at the Buffer 
Unit. To best describe the functioning of the Buffer Unit, 
its operation will be divided into two modes: 

1) Input: receiving information from the Sales Re
corder-or entering transaction data, and 

2) Output: sending the processed information to the 
Sales Recorder-or the printing of the sales slip. 

Let us consider the input mode. The 6-bit binary charac
ter in the form of voltage levels created by either depres
sing a key or reading a character from a tag in the tag 
reader is transmitted by cable directly to the input mag
netic core bank. (See Fig. 5.) There is a bank of input 
cores associated with each Sales Recorder. The cores serve 
the dual function of noise suppression and gating. 

Also associated with each Sales Recorder is a portion of 
a magnetic drum called a sector. That part of the drum con
taining all the sectors is designated as the Sector Channel. 
Each sector has a storage capacity of 360 5-bit characters. 
The sector is divided into preassigned fields correspond
ing to 1) the items listed on the Procedure Drum for in
put information, and 2) those items required for output 
information. These variable fields, once established for the 
desired application, are fixed in length. Thus, for instance, 
there is a three-character field for the sales person number. 
If insertion of a fourth digit is attempted, the Clear light 
at the Sales Recorder wi11light, indicating that the capacity 
of the field has been exceeded. 

A special indexing track on the drum, called the Mark
ing Pulse Track, provides the indexing mark within each 
sector to indicate the location of the character last operated 
on and the field starting position. 

A magnetic core shift register in synchronism with the 
magnetic drum provides a read-out pulse that transfers the 
information from the input cores to the Input-Output Reg
ister at the time that the sector associated with the respec
tive Sales Recorder is accessible. Since the arrival of the 
information from the Sales Recorder is asynchronous with 
respect to the read-out pulse, core logic is provided to as
sure that a complete character is actually placed in the 
Input-Output Register. Once in this Register, the informa
tion is checked for parity, and if an error is sensed an er
ror control flip-flop is set. 

1£ a numeric character is present, it is written on the 
sector at the location specified by the marking pulse. How
ever, if the character in the register is one of the six opera
tional commands, the matrix in the control unit is acti
vated, so that the specified command level is generated. 
These command levels enable their related logic to perform 
the required function. In either event, a parity error pre
vents the processing of the character in the register. 

The information transferred at the start of the sector 
cycle remains in the Input-Output Register for a time in
terval equivalent to a sector period, approximately 4.1 msec. 
All operations pertaining to the character received are exe
cuted within this period. Therefore, it is the Input-Output 
Register that is being time shared, allowing the sequential 
sampling of information in each input core bank. 

Clock signals are provided so that synchronous timing 
with the magnetic drum occurs. 

Just prior to clearing the Input-Output Register, near 
the end of the sector period, the contents are transferred 
to the output core bank. If the error control flip-flop 
was set, the Input-Output Register is cleared before the 
contents are transferred, so that the output core bank con
tains all zeros. Shortly thereafter, the information is read 
out of the cores to fire their associated thyratrons, thus 
forming the return character which activates the decoding 
relay matrix in the Sales Recorder. This in turn terminates 
the transmission of the character to the Buffer Unit, and 



254 PROCEEDINGS OF THE EASTERN COMPUTER CONFERENCE 

also extinguishes the thyratrons by removing their plate 
voltage. As was the case for the input cores, there is a bank 
of output cores and thyratrons associated for each Sales 
Recorder. 

The information levels transmitted by the Sales Re
corder remains present for several complete auxiliary mem
ory cycles, about 130 msec, at which time an error indication 
is made, unless the correct character echo is returned 
earlier. Since all zeros are returned to the Sales Recorder 
when parity error is detected, the information transfer is 
not interrupted. Therefore, a second or third chance is 
afforded to correctly process the transmitted character, 
and thereby minimize the possibility of transient errors 
stopping the operation. 

Let us now consider the output mode where informa
tion is being printed on the sales slip. In the output mode, 
the information to be transferred to the Sales Recorder 
originates from the sector storage. However, a character 
is only transmitted when a request for information is made 
by the Sales Recorder, and then only one character is 
transferred per request. The buffer, in processing this re
quest, will allow a character in sequence, as indicated by 
the marking pulse, to be transferred from the respective 
sector to the input-output register. Once in this register, 
it can be read into the output cores and the thyratrons fired 
in much the same manner as is done during the input mode. 

The central computer processes a transaction only if the 
input of data from a Sales Recorder has terminated. This 
is signified by a total symbol entered at the beginning of 
the respective sector when the total key at the Sales Re
corder is depressed. Before the buffer can respond to the 
Sales Recorder's request for a character, the processing 
of its associated sector by the computer must be completed. 
After the central computer has signaled that this processing 
is completed, it has no further control over the respective 
sector. 

The seventh line in the output trunk furnishes the over
print level to the Sales Recorder. Another thyratron per 
Sales Recorder is provided and operated by a special con
trol flip-flop. This control storage is activated by a program 
controlled character coming from the sector storage. 

Each sector may be in a different operational state at a 
given time independent of one another, and thus there is 
no interference or interruption of communication between 
a Sales Recorder and its associated sector storage. 

RECORDER CENTRAL 

The central computer, referred to as Recorder Central, is 
a general-purpose internally programmed digital device 
with a fixed order code. As shown in Fig. 6, it comprises a 
magnetic drum, an arithmetic unit, a control unit including 
a clock and control pulse generator, a small high-speed 
magnetic core memory, and an operator console to provide 
program and operator control. The magnetic drum con
tains, in addition to the sector channel, a random access 

stock and credit reference file, the program storage, the 
work space for transaction processing, and the necessary 
timing tracks. The small high-speed memory of twenty
character capacity is used for all operations, except trans
fers within the drum. 

The computer is a one-address, variable word, numeric 
machine. An instruction word consists of an order code 
of two characters, and an address area consisting of four 
characters. The order code was specially designed to 
facilitate file processing as well as rapid calculation. The 
order code contains instructions for communication be
tween a Sales Recorder sector and the computer, arith
metic computations, decision and control operations, file 
processing, and console input and output via paper tape 
and monitor printer. 

BUFFER 
UNIT 

( 

LEGEND 
~OATAPATH 

.~ CONTROL PATH 

COMPUTER 
MAGNETIC DRUM 

Fig. 6-Block diagram of the Recorder Central. 

Upon recognition of the Total symbol by the computer, 
the entire contents of that sector are transferred to the 
working storage. The sequence of words and their posi
tions within the sector remain the same. Thus, transaction 
processing requires a minimum of editing and rearrange
ment for output printing. 

The input data in the working storage is analyzed to 
determine how the transaction is to be processed. If the 
transaction requires the verification of a customer's credit, 
the customer's charge number is processed against a credit 
exception file. All stock numbers are passed against the 
stock reference file to determine price and city, state and 
federal tax information. These data are obtained for all mer
chandise items sold in the transaction. Prices are extended, 
subtotal and total calculated, and required information 
listed for printing on the sales slip, after which the con
tents of the working storage are written out to the trans
action record magnetic tape. After receiving a check signal 
from the tape station, the information in the working stor
age is then transferred to the respective Sales Recorder 
sector and the Input-Output Buffer notified that transac
tion processing is completed. 

To determine the beginning and end of the variable sized 
items on the drum processed by the Recorder Central, item 
markers are used. The working storage can be changed in 
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layout to represent any kind of sales check or business form 
corresponding· to the Sales Recorder sector layout. The 
ability to vary the reference storage message sizes to con
form to variable word requirements allows great efficiency 
to the use of the drum. 

Access to the file storage is hastened by avoiding long 
indexing searches. Messages within the file may be either 
extracted, deleted, changed, or added, by separate orders. 
Variable sized criteria may be used with these instructions 
to extract desired information. Thus, one may be interested 
in all swim suits, in all bikini swim suits, in all bikini swim 
suits with blue polka dots, by adjusting the criterion ac
cordingly. 

To gain access to the desired data of a message, a 
mathematical transformation on the criterion of the mes
sage is used. This allows minimum delay in locating the 
messages and thus speeds up over-all transaction process
ing. More important) however, by avoiding the use of in
dexing routines,messages can be entered into the reference 
storage or extracted from it without the requirement of 
prior sorting and collating. Thus, the problems of file main
tenance are considerably simplified and external processing 
is appreciably reduced. 

Fig. 7~Recorder Central and Input-Output Buffer Racks 
with console and power supply. 

The control console may be used to monitor system oper
ation or to provide means for manual control of the Re
corder Central. A view of the Recorder Central is provided 
in Fig. 7. All control flip-flop indicators in the machine are 
displayed as an aid in maintenance and program debug
ging. All areas of the computer may be interrogated from 
the console. Information can be introduced either manually 
or by means of paper tape. A monitor printer is provided 
for printing the contents of the high-speed memory or any 
portion of the auxiliary memory when desired. Marginal 
checking facilities are also controlled from the console. 

All transaction processing operations are carried out 
automatically. If information concerning daily transactions 
is required at any time by the Electronic Data Processing 
System the current transaction record magnetic tape can 
be remotely disconnected, and a new tape connected, by 
the Sales Recording System. 

The Recorder Central contains many built-in checking 
features. Redundancy checking is used throughout the 
equipment to determine errors in transmission of char
acters and to isolate their sources. Arithmetic operations 
are repeated and results compared. Orders are checked 
before they are carried out. These, among others, are de
signed to insure against incorrect processing. However, in 
a system used for on-line processing the ability to maintain 
continuous operation is of paramount importance. Thus, 
the Recorder Central is designed to attempt to overcome 
any error a fixed number of times before it will stop opera
tion. This will discriminate between transient errors and 
those due to catastrophic breakdown. In the latter case, a 
complete set of machine status indicators is available at 
the console, specifying exact portions of an order in which 
failure had occurred for ease and rapidity of maintenance. 
Plug-in type module construction is used to facilitate 
troubleshooting, preventive maintenance, and replacement 
in case of failure. 

CONCLUSION 

The Sales Recording System represents a great step 
forward in providing the means for data integration within 
a department store. The Associated Merchandising Cor
poration's research installation has demonstrated beyond a 
doubt that on-line Sales Recording systems are a reality. 
Here, for the first time, a variety of transaction types, as 
broad as the store· desires, may be processed directly from 
a point-of-sale unit, with complete computation performed 
by a fast, accurate, and versatile high-speed computer, in
cluding an automatically printed sales slip. 

But more than this, the point-of-sale unit can be used 
to either interrogate the reference file and thereby gain 
immediate access to any desired information, or actually 
enter new reference information, directly from its remote 
location. 

It is important to note that this information need not be 
in any ordered form. Furthermore, a magnetic tape record, 
made for each transaction entered, provides a direct and 
reliable means of furnishing the information to an Elec
tronic Data Processing System for data handling. The 
Electronic Data Processing System can have access to the 
magnetic tape at any suitable time without interrupting 
transaction processing by Recorder Central. 
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Discussion 

J. T. Wallace (Eastman Kodak Co.) : 
Is the Dennison tag reader available sepa
rately and what is the general means of 
reading the tag? 

Answer : Yes, it is. The reading is ac
complished by pins going through the 
holes and consequently making switches. 

N. J. Dean (Ramo-Wooldridge Corp) : 
What is the capacity, speed, and form
tape, drum, etc-of the random access 
reference file? 

Answer: The random access reference 
file which is a portion of the drum has a 
capacity of approximately 72,000 char
acters. The speed is approximately 1500 
rpm with a character rate of slightly less 
than 100 kc. 

Question: How many characters in· a 
complete transaction? If more than one, 
is the entire message buffered before pres
entation to the computer? 

Answer: There could be up to 360 char
acters. That is the full capacity of a sec
tor, there being 10 sectors for the sector 
storage. 

The normal transaction will have a 
smaller percentage and therefore the sec
tor capacity was laid out so that you could 
process a maximum of five merchandise 
transactions and five nonmerchandise type 
transactions per sale. 

An entire message is retained in the 
sector until the "Total" indication has been 
given. At this time, the complete sector is 
transferred ino the "Working Storage." 

Mr. Dunham: Do the marking pulses 
and clock signals originate from the mag
netic drum? 

Answer: Yes. 
Question: Will this point-of-sale unit 

include customer billing? 
Answer: Ultimately it could, by provid

ing all the necessary information to an 
Electronic Data Processing System. 

Question: How do you plan to handle 
the sales slip; namely, is a copy to be re-

turned to the customer-a generally ac
cepted billing practice? 

Answer: One copy of the sales slip is 
given to the customer at the time of pur
chase. The other two are retained by the 
store; one to be included with the monthly 
statement for charge sales, and the other 
for record purposes. 

Question: I would like an idea of the 
general size and cost of a complete system 
for a medium size department store. 

Will one computer handle any number 
of sales recorders? How many pieces of 
intermediate equipment are required? 

What provisions would be made for 
leaving an alternate means of recording 
sales in the event of computer failure for 
even a short time during the day? 

Answer: For cost figures our sales de
partment should be contacted. 

The number of Sales Recorders that 
may be handled by a single computer is 
a function of the computer handling rate 
as well as the random access rate to the 
reference file. 

A paper tape punch could be used as a 
stand-by unit to capture the required in
formation for future data processing, 
while the sale may be handled by normal 
sales book method. 

Question: What is the expected cost on 
each point-of-sales recorder? 

Answer: For cost figures our sales de
partment should be contacted. 

Question: Do you intend to use tele
phone lines to connect a remote point-of
sales recorder to files and computer? 

Answer: Long-distance hookup, that is, 
beyond the confines of a store, has not 
been considered as yet. 

Question: How many point-of-sales re
corders can be attached to your system? 

Answer: The system is a pilot system, 
and therefore provision for only ten Sales 
Recorders was made. 

Question: What is the maximum num
ber of input-output units you can couple 

to the described system? 
Answer: For this pilot system, thirty 

Sales Recorders were set as the maximum, 
and still maintain an average transac
tion rate of one a minute with an average 
queueing rate of one second for the tran
saction processing. 

Question: What provisions are made 
for multiplexing or sequencing between the 
many point-of-sale units and the central 
computer? 

Answer: Each Sales Recorder has a 
sector allocated to it. When the sector 
comes under the read heads, the associ
ated Sales Recorder will receive informa
tion if it's in the output mode or furnish 
information if it's in the input mode. 

Question: Can a department store eco
nomically justify the use of these Sales 
Recorders? 

Answer: This is a question for the in
dividual department store to answer. 

Question: How much time is required 
to process a transaction at the point of 
sale? Did you find that this time require
ment was in any way objectionable to the 
customer? 

Answer: The transaction time varies 
with the data to be entered, of course. 
However for average length transactions 
a rate of less than one minute per transac
tion may be sustained. This was found to 
be in no way objectionable to the custo
mer. 

Question: If the point-of-sales unit can 
enter new reference information, as on 
credit, can a customer operate one point
of-sales unit in the absence of the sales
man and thus improve his credit rating 
prior to making a large purchase? 

Answer: No. Although special coding is 
provided to allow entry of data from the 
Sales Recorder, it requires a knowledge of 
the code (nonmerchandise code) and a 
special sales person number. Adequate 
programming checks are provided to ac
complish this .. 
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Organization of Simulation Councils, Inc. 

TI HIS YEAR Simulation Councils, Inc., accepted 
with great pleasure S. N. Alexander's (1957 EJCC 
Chairman) invitation to hold its annual meeting in 

conjunction with the Eastern Joint Computer Conference. 
This allowed members of the regional groups to meet at a 
national conference where all members had a definite in
terest. The Simulation Councils participated in two of the 
formally scheduled sessions, and in addition, four informal 
sessions were held at which papers were presented by its 
members. 

The following background information is provided to 
familiarize members of the AlEE, ACM, and IRE with 
the objective of the Simulation Councils. 

Simulation Councils, Inc., is an organization formed 
to improve communications at the working level concern
ing methods of using simulation techniques and equip
ment to facilitate the study, design, test, and analysis of 
physical systems. These objectives are quite broad and 
naturally are very much related to the use and application 
of electronic computation. 

The beginning of this organization occurred in N ovem
ber, 1952, when a group of persons associated with the 
operation of general purpose analog computers decided 
to hold informal meetings for discussing the details of 
problems and methods for their solution, equipment, and 
new ideas. It was decided that the minutes of such meet
ings would be published in an informal newsletter which 
would be made available to all those interested, including 
those who were unable to attend. 

The group holding this first meeting evolved into the 
Western Simulation Council. Following the same concept 
and procedures, five other Councils were organized: the 
Midwestern Simulation Council, Eastern Simulation Coun
cil, Central Simulation Council, Southeastern Simulation 
Council, and the Canadian Simulation Council. All these 
Councils have joined into an international group which is 
called Simulation Councils, Inc. The purpose of this 
group is to provide a medium for publishing the minutes 
of the meetings of all regional groups, and to arrange 
annual meetings to which all the regional groups are 
invited. 

The entire concept of the Simulation Councils is based 
on informality. Membership in anyone of the regional 
groups may be obtained by attending a meeting and sign
ing the attendance register, or by requesting the Chairman 
of that Council to place your name on the mailing list. 

Meetings are held approximately every second month 
with from 20 to 100 members in attendance. The meetings 
usually are held at the computing facilities of organizations 
interested in simulation. An attempt is made to choose 

different hosts for each meeting so members may visit a 
wide variety of simulation and computational facilities. 
Meetings usually begin with brief talks on a subj ect se
lected to promote discussion, and an attempt is made 
to encourage all present to join in the discussions. This 
informal discussion is the essence of the Simulation Coun-, 
cils effectiveness; everyone gets a chance to compare his 
technique and equipment with others having similar inter
ests and problems. 

The Simulation Council ,Newsletter, as informal as the 
Council discussions, has appeared every month since N 0-

vember, 1952. At first it was privately published by 
mimeograph, but increased demand made this impractical 
and since April, 1955, it has appeared as a separate and 
editorially autonomous section of Instruments and Auto
mation. Individual issues of the Newsletter are as dif
ferent as the wide variety of subjects and the personalities 
of people discussing them. The result is that while re
porting month after month the offhand remarks as well 
as the serious thoughts of those developing the techniques 
and designing the equipment for simulation, the N ews
letter reflects progress in the allied fields of analog and 
digital computation and data processing as well. 

Anyone interested in the Simulation Councils is invited 
to contact the Steering Committee Chairmen of the various 
regional groups listed below. 

Western Simulation Council 
Dov Abramis, Convair, Pomona, Calif. 

Midwestern Simulation Council 
Warren Jackson, Standard Oil Co., Midland Building, 
Cleveland, Ohio 

Eastern Simulation Council 
Hideo Mori, Hydel, Cambridge, Mass. 

Southeastern Simulation Council 
Robert Johnson, Georgia Institute of Technology, Re
search Area 4, Atlanta, Ga. 

Central Simulation Council 
James Pierce, Beech Aircraft, Wichita, Kan. 

Canadian Simulation Council 
F. W. Pruden, Analog Computation and Simulation 
Group, Mechanical Engineering Division, National Re
search Council, Ottawa, Ont., Canada 

ABSTRACTS OF PAPERS 

Papers presented by members of t~e Simulation Coun
cils, Inc., at the four informal sessions during EJCC are 
abstracted on the following page. 
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1) Physical Simulation in Airplane Control System Problems, 
P. G. Hurford, McDonnell Aircraft Corp. This paper describes 
the use of physical simulation including the pilot as an aid in the 
solution of lateral control problems of modern jet fighters. To 
accomplish this, an analog computer and control system are com
bined with a movable chair which imparts to the pilot the "feel" 
of rolling motions. The effects of various chair, control systems, 
and airframe parameters are determined with this system. 

2) Design and Utilization of a Three-Axis Simulator, M. Pask
man and R. Edwards, Aircraft Armaments, Inc. The time and cost 
savings resulting from utilization of a three-axis simulator are 
discussed. The design evolution of a three-axis, gimballed system 
is described, including specifications, mechanization, and analysis 
of the system. Test procedures are outlined, after which the use 
of a general purpose analog computer to solve typical control 
system problems is described. 

3) Synthesis of Closed-Loop System by Means of Analog 
Computers with Real Gyros or Accelerometers in the Loop, 
B. W. McFadden, Micro Gee Products, Inc. Presented are the 
advantages and techniques in the synthesis of a closed-loop system 
(such as an autopilot or autonavigational system) by including the 
real gyro or accelerometer in the loop with an analog computer. 
Also given are the characteristics of a simulation table with a 
threshold of less than one second of arc which makes it possible 
to determine closed-loop performance about null under the influence 
of real, small discontinuous nonlinearities such as friction, noise, 
and deadband. 

4) A Discussion of the Procedures and Practical Problems Re
lating to Real-Time Simulation Using Control System Hardware, 
Eaton Adams, Jr., Convair, Fort Worth, Texas. The techniques 
and problems involved in real-time flight simulation using hardware 
are described. A three-degree-of-freedom missile trajectory prob
lem, including nonlinear aerodynamics, is used as an example. 
Problems of analysis and correlation with analytic results when 
nonlinear hardware is included in the simulation are discussed, 
along with other difficulties arising in such a simulation. 

5) A New Dead Time Simulator for Electronic Analog Com
puters, Millard Brenner and Jerome D. Kennedy, Electronic As
sociates, Inc. Up to now, the accurate simulation of dead time, 
performance of auto and cross correlations, and long-term arbitrary 
function storage have been difficult to achieve on an electronic 
analog computer. This paper deals with the applications and op
erational principles of the SIMULAG, a variable delay, multichan
nel magnetic tape unit developed by Electronic Associates, In
corporated. 

6) A. C. Diode Fun,ction Generators, C. L. Cohen and 
D. S. Peck, Nuclear Products-Erco Division of ACF Industries, 
Inc. Circuits employing silicon diodes as used in aircraft flight 
simulators are described. The circuits involved perform function 
generation such as slope changing, limiting, jump functions, absolute 
value generation, and magnitude selection. 

7) Future of the Transistor Analog Computer, Robert Bruns 
and George Milligan, Jet Propulsion Laboratory, California Insti
tute of Technology. A portable analog computer employing transis
tors has been developed to study the possibility of analog computers 
employing semiconductor devices only. The transistor operational 
amplifier and servomultiplier circuits for this computer are de
scribed, along with the performance capabilities of these com
ponents. The direction of future analog computer design is dis
cussed. 

8) Open-Shop Operation of a Large Real-Time Simulator, 
Stanley Rogers, Convair, San Diego, Calif. The problem of 
maximizing the use of simulators under open-shop conditions is 
reviewed. Topics include scheduling, operator training, equipment 
reliability and maintenance, problem-checking methods, and sug
gested future trends for large simulators. 

9) A Real-Time Simulation System for Use with an Analog 
Simulator, Robert M. Beck and Max Palevsky, Packard-Bell Com
puter Corp. Reported are some newly developed digital devices 
which can be employed with analog computers. These devices in
clude an extremely high speed incremental computer for computing 
nonlinear analytic functions, a function generator that employs 
photographic techniques for storage, and, a 0.01 per cent analog
to-digital and digital-to-analog converter. The converter also per
forms multiplication and division within the conversion process. 

10) Simulation of Aircraft Landing Gear Dynamics on the 
Geda Analog Computer, P. J. Hermann, Goodyear Aircraft Corp. 
A simulation of the vibration dynamics of a landing gear has been 
set up in order to study the effects of braking torques and other 
influences in exciting the landing gear into undesirable vibration 
amplitudes. Assumptions in formulating the physical model of the 
landing gear are discussed, as well as the development of the 
equations of motion. The difficulties in determining numerical values 
for the various constants are related, and the results of the com
puter simulation are presented. 

11) Direct Simulation on Analog Computers through Signal 
Flow Graphs, Louis P. A. Robichaud, Canadian Armament Re
search and Development Establishment. For physical systems which 
can be considered as made up of combinations of various elements, 
it is not necessary to write out the equations before determining 
the analog computer circuit. A procedure is presented for going 
directly from a physical system to an analog computer representa
tion of that system. Each physical unit is represented by a com
puter unit such that all terminal variables are in evidence in that 
unit as they are in a matrix or flow graph representation of the 
physical unit. The computer units then are interconnected in a 
manner similar to the physical units. 

12) The Use of Quaternions in Simulation of the Motion of 
Rigid Bodies, A. C. Robinson, Wright Air Development Center. 
In simulation involving real three-dimensional coordinate trans
formations, it is customary to represent orientation by Eular angles 
or direct cosines. The use of the four-parameter quaternion nota
tion which avoids both "gimbal lock" and redundancies is out
lined. It is shown that from the standpoint of accuracy and 
amount of equipment required, the quaternion method is superior 
to either of the two usual techniques. Other advantages and 
limitations are set forth. 

13) On the Loop and Node-Analysis Approach to the Simula
tion of Electrical Networks, Joseph Otterman, University of 
Michigan. Simulation of an electrical network on an analog com
puter by the loop or node-analysis approach is quite often un
satisfactory because of hidden regenerative loops. Such regenera
tive loops arise when the computer setup contains more integrators 
than the order of the differential equation describing the network. 
Instability may result because the actual computer components in 
the loop containing an excess integrator depart from ideally exact, 
prescribed values. Presented is a procedure for tracing the loop 
currents in such a way that there is one-to-one correspondence 
between the number of integrators in the simulation setup and 
the count of independent energy-storing elements in the network, 
i.e., the order of the differential equation describing the network. 
The generality of the procedure proves that it is always possible 
to trace the loop currents in such a way that excess integrators are 
avoided. A parallel procedure for node analysis is discussed briefly. 

14) Application of High Speed Compressed Time Scale Com
puter to Engineering Problems, Joseph Miasnick, General Electric 
Co. Application is made of a high-speed compressed time scale 
computer to certain engineering problems. The place of this type 
of computer in the over-all problem-solving picture is described. 
Specific application is made to the simulation of the performance 
of a starter-engine combination. The simulation is used to deter
mine the effect in performance of varying cutout speed, torque
speed characteristics, and engine application. The computer also 
is used to determine the inertia of the test stand. 
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15) Simulator for Use in Development of let Engine Controls, 
Emile S. Sherrard, National Bureau of Standards. Recommenda
tions and cost estimates for a simulator capable of representing 
a twin-spool, after burning, turbojet engine and its controller are 
given. The simulator is intended as a tool to be used by a group 
of engineers engaged in developing engine control systems. The 
simulator is designed to determine stability and performance of 
the engine control system, to be useful in both early and late 
stages of the development, and to operate in real time so control 
hardware may be operated with a simulated engine. 

16) Ducting Air-Flow Characteristics By Electrical Circuit 
Measurements, William H. Sellers, General Electric Co. The weIl
known dynamical analogies are developed and reviewed for electri
cal, mechanical, and acoustical systems. The analogous electrical 
circuit then is derived for a physical system consisting of a 
cylindrical tube, containing a butterfly valve arbitrarily located 
within the tube. An actual circuit consisting of inductances, ca
pacitors, etc., is then constructed and the values of voltages and 
currents are recorded by a brush recorder. These recorded values 
are analogous to the pressure and flow of the fluid within the 
duct. Photographs are presented depicting the actual wiring and 
measurement arrangements. Also, a comparison solution, obtained 
by a standard analog computer, relates the relative error and 
reliability of the direct circuit measurement method. 

17) The Real Time Simulation of Turbo-let and Turbo-Prop 
Engines and Controls, D. L. Dresser, Allison Division, General 
Motors Corp. Some problems faced by the designer of control 
systems for turbo-jet and turbo-prop engines are outlined. The use 
of the analog computer as a tool in designing controls for future 
engines and testing hardware is discussed. Two specific examples 
of full-scale simulation are presented. The first one is a turbo-jet 
simulation based upon component turbine and compressor date, and 
the second one is a turbo-prop simulation which uses test-stand 
dynamometer data. Also, two linearized procedures are given. Com
puter techniques for representing a variety of nonlinearities are de
scribed. 

18) Noise and Statistical Techniques in Analog Simulation, 
Henry Low, The Ramo-Wooldridge Corp. The role of the analog 
computer in obtaining the impulse response of a linear system is 
discussed, including the adj oint method for obtaining the impulse 
response of time-varying linear systems. Techniques for treating 
nonlinear systems on an analog computer are discussed. The types 
of statistical quantities corresponding to random inputs to the 
analog computer are described, and an illustrative example is 
worked out. The theory of operation of various types of analog 
computer noise generators is explained. Techniques for measuring 
the statistical characteristics of low-frequency noise generators 
are presented. 


