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LIBRASCOPE TECHNICAL REVIEW

he tremendous growth of scientific and technical
knowledge in the past two decades has led to substantial
advances in virtually every field of technological endeavor.
In the computer field alone, the avalanche of new ideas
and techniques has been overwhelming even to those
most intimately concerned.

How to keep abreast of these developments is a matter
of vital importance to a broad segment of industry
and the military, for prompt utilization of state-of-the-art
advances can provide the user with significant
economic and strategic advantages.

The problem is essentially one of communication,
of disseminating information to the proper audience in
time to be of value.

Librascope, Inc. has been active in the computer field
for more than 20 years, and its programs over that period
have embraced every phase of computer technology.
We believe that portions of our work are of sufficient
interest and importance to warrant presentation to
a rather sizeable technically oriented audience.

The Librascope Technical Review, which makes its
debut with this issue, is being published to keep its readers
informed on noteworthy research, development, design
and production activities of Librascope, particularly
as they apply to the computer field.

President
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art direction by Robert Thompson

ON THE C O V E R . . .Boeing's 707 jet passenger transport is typical of the
modern jet fleet now being introduced by world airlines. This exclusive
color photograph shows a 707 cockpit during flight. At left is the
captain, on the right, the first officer. The flight engineer is right, fore-
ground. The empty chair at the left is for the 2nd officer (3rd pilot).
The tiny ASN-24 electronic digital computer, described in the feature
article on Page 4 , is an invaluable tool for navigation, especially on
trans-polar and oceanic flights of this type of airplane.
Photograph by Librascope, Inc., courtesy of American Airlines.
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A COMPUTER

yVT 35,000 feet and just one hour and
fifteen minutes out of Idlewild, the

navigation computer finished over
4,500,000 computation steps . . .

It had been performing navigation cal-
culations from the moment the Paris-
bound jet airliner had started its flight
check-out. Now the miniature electronic
digital computer presented the Naviga-
tor with the requested range and bearing
to the alternate destination, Santa Maria
in the Canaries, and continued monitor-
ing the navigation aids and maintaining
a continuous fix on the airliner's position.

Freed of the routine but highly com-
plex computations required to navigate
the aircraft from New York to Paris,
the jet's Navigator continued his most
important duty, using information re-
ceived from the computer to make de-
cisions that would insure his airliner's
safe arrival at Orly Airport in France.

The performance and capabilities of
commercial airliners have changed radi-
cally with the introduction of the jet
engine. Aircraft now fly higher and
farther at speeds approaching that of
sound forcing changes in the activities
of the flight crew to match improved
aircraft capabilities.

More than ever before, flight crews
must possess the ability to make high-
speed decisions based on information
gained through rapid observation and
evaluation of flight conditions from flight
aids. Air speeds approaching Mach 1
leave jet crew members little time to
ponder and weigh flight decisions. This
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A Computer Joins the Flight Crew (continued)

Weather dictates flight path.

• Doppler radar furnishes ground
speed and drift angle.

• Cross wind drift causes Doppler
frequency changes.

• Doppler determined ground speed
is fed to computer.

5. Computer uses time delay
information from LORAN to
make position fix.

6. Computer determines probable
error in dead reckoning, and
LORAN position fixes.

1 • Computer applies credibility
criteria and weighting function
to LORAN fix to arrive at best
estimate of position.

is critically true in the case of the Navi-
gator where each second lost in unneces-
sary deliberation means one-sixth of a
mile difference between the actual posi-
tion of the aircraft and the calculated
position. With the extended ranges and
increased fuel consumption of jet air-
craft the smallest delays can seriously
effect the economy and safety of the
flight. These factors will assume even
greater import as commercial aircraft
speeds push beyond Mach 1.

Radio ranges, LORAN, TACAN, doppler
radar, celestial tracking devices, and
gyro compasses have been developed to
boost the speed and accuracy of aircraft
navigation, but the final responsibility
for interpreting data from these aids and
the use of the information to keep the
plane on course still rests with the Nav-
igator. Also, while navigation aids can
be relied on to provide the right infor-
mation they do little to reduce the total
number of computations required to
solve navigation problems.

The computer's role

The role of the electronic digital com-
puter as a member of the flight crew of
modern airliners is that of assisting the
Navigator in the performance of his



vital functions. With the computer do-
ing time consuming routine work, the
Navigator is freed to make decisions
without distraction. He has time to keep
up with navigation problems as speeds
increase and tolerances decrease. And
he can utilize a number of more sophis-
ticated navigation techniques.

At the crew briefing session, the Nav-
igator receives the information from
which he prepares his navigation flight
plan. This information includes weather
data, reporting points, ADIZ corridors,
and alternate destination, which changes
from flight to flight. The Navigator
notes data needed by the computer.

During the preflight check-out the
Navigator feeds the data from the brief-
ing into the computer. Already locked
in the computer's memory are the equa-
tions it must use in making the naviga-
tion computations. It also stores tables
of magnetic variation and deviation, for
the entire Earth, as functions of aircraft
position and heading, LORAN station co-
ordinates, TACAN station positions, and
the hour angle and declination of 57
stars to be used in celestial navigation.

As the Navigator feeds the new infor-
mation into the computer, the computer
itself is already sampling the various
navigation aids and entering the data

into the temporary storage portion of
its memory. At the same time, it has be-
gun the important self-checking of its
myriad of logic circuits. Should any
portion of the computer fail to respond
correctly to the self-checking, the com-
puter flashes a warning to alert the Nav-
igator. The computer continues to check
itself automatically throughout the flight.

Passing over the marker beacon after
take-off, the Navigator sets the com-
puter to give him dead reckoning posi-
tions. In this mode of operation the
computer samples true airspeed contin-
uously and uses the data, together with
compass readings and wind information,
to compute ground speed and true course.

The computer figures true ground
speed and drift angle due to cross wind
by using data from the Doppler radar.
The Doppler radar transmits signals
along four beams to the ground. The
frequency of the signals reflected back
to the radar vary in accordance to how
rapidly the aircraft passes over the ter-
rain. Drifting caused by cross winds
causes frequency changes in the signals.
The computer uses these changes to fig-
ure out the force of the cross wind and
the drift angle.

The drift angle and the true heading
are combined to furnish the plane's true

course. The ground speed is calculated
and North and East velocity components
are determined. These velocity compo-
nents are integrated with respect to time
to give the aircraft's position in latitude
and longitude.

The wind speed and direction deter-
mined by the computer are stored, and
in case the Doppler signal fails, they
are used to calculate the ground speed
and course.

The Navigator can examine the wind
data at any time by querying the com-
puter. Wind information is used by the
Navigator for locating jet streams, com-
paring forecast with actual wind condi-
tions, and for making wind reports.

As a constant check on the dead
reckoning calculations, the computer
uses several radio navigation aids. Out
over the middle of the Atlantic, LORAN
is highly accurate and convenient to
use. The positions of the LORAN stations
to be used during the trans-Atlantic
flight have been stored in the com-
puter's memory and the Navigator can
add the coordinates of additional sta-
tions at any time.

LORAN fixes the aircraft's position by
determining the time delay between the
receipt of radio signals from two ground
based stations. A hyperbola represents



the locii of all positions that would have
the same time delay. Operation of LORAN
requires that two pairs of stations be
used. The time delay for the first pair
of stations is measured and the hyper-
bola representing this time delay de-
termined. The representative hyperbola
for the second pair of stations is also
determined. The intersection of the two
hyperbolas is the position of the aircraft
since it is the one position that satisfies
the condition of being the point where
the two measured time delays exist
simultaneously. Previously the hyper-
bolas representing incremental time de-
lays were drawn on a map of the flight
area and the Navigator had to determine
the two time delays and find the inter-
section of the particular hyperbolas.
With the computer to aid him the Navi-
gator only needs to take time delays
from the Loran equipment and feed
them to the computer. The computer
solves the problem mathematically, using
the basic equations for hyperbolas, and
quickly presents the aircraft's position
to the Navigator.

When all these calculations were per-
formed by the Navigator, he had to
evaluate the possibility of errors in the
readings; then decide between the accu-
racy of different positions given by alter-
nate methods, such as dead reckoning
and LORAN. The Navigator, from his ex-
perience with the accuracy of the naviga-
tion equipment and how it was working
at the time, had to decide which position
was right. Or he might have to make a
compromise between the two to estimate
the plane's true position.

This whole process of deciding be-
tween different position fixes is now

done by the computer. Each of the posi-
tion fixes (one from dead reckoning
navigation and the other from LORAN)
has some expected error which is a
function of the distance and direction
traveled and other variables according
to the principle of navigation involved.
The computer considers the peculiarities
of each navigation technique, figures
out the probable error in each position
and checks for gross errors. It finds
gross errors by examining whether the
positions fall within the allowable error
(statistically this is the 2 <r area) area
of both the techniques. If the second
position is beyond the allowable error
for the first one, the computer contin-
ues to use the old position data, alerts
the Navigator, and awaits his decision
to accept or reject the new position
information.

When both navigation techniques pro-
vide acceptable answers, the computer
weighs the accuracy of the techniques
and arrives at an improved position.
The equations that govern this decision
apply regardless of what navigation
technique is used.

Far out over the ocean, the Navigator
calls for a celestial fix by setting the
number of the desired reference star
into the computer. The computer main-
tains a store of the hour angle and de-
clination of Aries and of 57 stars with
respect to Aries.

Using the present position it has al-
ready determined, the computer estimates
the star's altitude and azimuth, corrects
for Coriolis force and atmospheric re-
fraction and directs an automatic sextant
to the star. When the automatic sextant
locks on and begins to track the star,

10

8. Hour angle and declination of
Aries and 57 stars with respect to
Aries are stored in computer
memory.

9. Computer uses present position
and chosen star's altitude and
azimuth to direct automatic
sextant.

10. Range and bearing to alternate
landing spots are available
upon demand.



the altitude and azimuth of the star are
fed back to the computer.

The star's altitude and azimuth are
used by the computer to make another
estimate of the aircraft's position which
is checked against the positions fixed by
the other navigation techniques. For fur-
ther assurance of the position, the pro-
cedure can be repeated for another star.

The possibility of bad weather and
other emergency conditions makes it
necessary for the Navigator to keep in
mind alternate destinations. For this
reason the computer stores the positions
of the alternate landing spots and can
furnish the Navigator with the course
and distance to these points at any time.

In the vicinity of Paris, the computer
enters the final stages of the flight, con-
tinuing to monitor the position of the
aircraft over France. Even as the air-
liner enters the landing pattern and
starts its letdown, the computer is still
watching the aircraft's exact position.
The Doppler radar is still being moni-
tored to determine wind speed and
direction, in case weather conditions
cause poor visibility. Like any other
member of the flight crew, the computer
stays at its job until the engines are
silenced and the passengers begin to
disembark.

Speed plus accuracy
In the six hours, or less, it takes to

fly from Idlewild to Orly by jet, the
computer will perform some 21,000,000
computation steps. In each computation
the computer continually monitors the
aircraft's position and determines dis-
tance and bearing to flight check points
and alternate destinations. A typical
computation is completed by the com-

puter in one second. This includes sam-
pling the navigation aid used as source
for the information, performing the
arithmetical portions of the problem,
and presenting the information to the
Navigator. The computer performs these
calculations with errors as little as one
part in 32,000,000.

By way of contrast, the same calcula-
tion would take several minutes of the
Navigator's time and to match the com-
puters' accuracy the Navigator would
have to express his numerical data out
to the sixth or seventh place. This is im-
possible on the basis of time alone.
Using a slide rule, or even a desk cal-
culator, the Navigator's probable error
would exceed that of the computer by
more than ten times.

The general purpose character of the
digital computer is of special signifi-
cance for it provides the flexibility and
versatility needed to keep up with pro-
jected advances in commercial aircraft
performance as well as with new devel-
opments in radio and general navigation
techniques. All that is required to make
the computer compatible with improve-
ments or new developments is a change
in the computer program directing it to
perform the new computations needed
to utilize the latest equipment and meth-
ods. The computer circuitry and ele-
ments remain unchanged. No one can
appreciate the computer's speed, accu-
racy, and flexibility, more than the Nav-
igator himself.

The ASN-24
The computer on this trans-Atlantic

flight is no science fiction dream. It ex-
ists today and has been flying for morei
than a year. Designated the AN/ASN-J

24, the electronic digital navigation com-
puter is the result of a development
program co-sponsored by Librascope,
Incorporated, and the Air Force.

Weighing only 31 pounds, the ASN-
24 easily wins the title as the world's
smallest general purpose digital com-
puter. Volume is a mere 0.6 cubic feet.

The ASN-24 employs "general pur-
pose" computing techniques which per-
mit changing its computing functions
simply by changing the internally stored
program. The computer uses a magnetic
storage drum memory, and employs
only silicon junction circuits. Already
life tested at 110° C for over 16,000
hours, the computer is highly reliable
and has a mean free time to failure of
over 500 hours.

As navigation aids become more so-
phisticated, the ASN-24 will be able to
provide even more rapid and accurate
calculations. The computer, as a mem-
ber of the flight crew, brings airline
flight even nearer to achieving clearly
marked highways in the sky.

A. KERECHUK



COMPUTERIZING THE PROCESS INDUSTRY



Colorado utility uses LIBRATROL-500 for increased efficiency and profits

1Processing requirements have become
so complex and precise in many indus-
tries that the human operator no longer
can produce the results dictated by qual-
ity standards and operating economies.

As a result, a swing to automatic
process control is developing as the
processors seek new ways to improve
quality and increase production while
reducing costs.

One concept that is attracting increas-
ing attention from process industry
managements is that of "computerized"
process control. The LiBRATROL-500 in-
dustrial process control system, built by
Librascope, Inc. and marketed by GPE
Controls, Inc., embodies this concept.

The LiBRATROL-500 is designed for all
three of the presently used computer
control techniques: monitoring, com-
puter-direction, and automatic closed
loop control. In its basic mode, the
LiBRATROL-500 monitors the processing
operation. It compiles the various data
from transducers, performs the required
computations and presents the informa-
tion to the process operator who then
takes appropriate action. Specific data
for management and accounting use are
also tabulated.

The first computerized system ever
used in on-line gas dispatching control
utilizes the LiBRATROL-500 in this basic
monitoring mode. The system will mon-
itor gas flow meters at purchase points
throughout the greater Denver area and
the State of Colorado for the Public
Service Company of Colorado and its
subsidiaries.

It will compute the total hourly and
accumulated demand for each hour of
the day. The utility company is charged
for gas on the basis of a fixed commod-
ity charge, combined with a demand
charge based on the highest daily peak
demand recorded during a 12-month
period. The computer information from
the LiBRATROL-500 system will be used
by the Gas Load Dispatcher to control
these peaks to avoid higher demand

charges than are absolutely necessary
to serve the utility's requirements.

In addition to this on-line duty in the
dispatching center, the computerized
system will provide additional engineer-
ing calculations for other divisions of
the Public Service Company.

Establishing supply charges
The cost of gas to the Public Service

Company of Colorado is computed on
a two-part rate. The two portions of the
rate are the commodity component and
the demand component. Each and every
cubic foot of gas carries the commodity
rate. The demand component is based
on the peak demand established during
any one day in a year and is then ap-
plied over the next eleven months.

If a higher peak demand is recorded
during the next eleven-month period, the
demand component is revised upwards to
account for this increased peak demand.
This revision would increase the charges
to the utility over the following eleven
months, or until a higher peak demand
was recorded.

As operating expenses are adversely
affected by increased demand charges,
it is necessary to insure control of the
peak usage within the gas system. The
Public Service Company monitors their
demand on a twenty-four hour basis
throughout the year. Adjustments are
made by interrupting service to certain
industrial customers. To obtain prefer-
ential rates, these industrial customers
must agree to curtail use if the demand
to the area approaches the condition of
exceeding the pre-established peak usage.

The Gas Load Dispatcher must mon-
itor the hour-by-hour demand, antici-
pate unusual demand due to weather
conditions, and evaluate the hourly load
increase in terms of necessary industrial
curtailment. By monitoring the static
pressure, temperature, and differential
pressure data telemetered in from the var-
ious purchase points in the gas system,
the Dispatcher is able to compute the
flow at each point and add these to

determine the total system demand.
At the present time, the utility re-

quires the monitoring of 44 different
telemeters. The instruments from which
the Dispatcher determines the flow at
each point must be read hourly and the
value of the flow computed. The num-
ber and complexity of the calculations
involved consumes from 30 to 45 min-
utes of each hour's time. This is an ex-
treme burden upon the dispatcher, who
must also devote a large portion of his
time to making decisions which will
control the demand and maintain ade-
quate gas supplies in the several sys-
tems under his supervision.

Computerized process control
In optimizing process control, the key

to success is matching data processing
with the time-control requirements. Vast
amounts of data, which reflect variations
in the process, must be collected, ana-
lyzed and displayed to permit control
decisions to be made in time to effect
corrective and optimizing action.

When large numbers of variables with
rapidly changing values are involved,
the factor of time is especially impor-
tant. Time lost in the preparation of
data suitable for making decisions re-
sults in possible losses in quality, re-
liability, efficiency and safety.

The primary advantage of computer-
ized process control is that it permits
control decisions to be made at rates
which match the time constants of the
process and system involved. Since these
time factors vary from process to proc-
ess, and each process control situation
requires control elements custom tail-
ored to particular specifications, the
LiBRATROL-500 system was developed to
cope with the large number of variables
and rapid computation common to the
majority of process problems.

In assisting the Gas Load Dispatcher,
the computerized system assumes the
responsibility for monitoring the flow
information, performs the calculations,
and presents the demand data to the
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Dispatcher. This permits the Dispatcher
to devote the major portion of each
hour to the critical decisions affecting
proper study and distribution of the gas.

The flow data for the computer is
provided from circular chart recorders.
Each recorder is fitted with a retrans-
mitting potentiometer which generates
an output voltage proportional to the
value of the flow parameter being moni-
tored by the recorder.

The potentiometer output feeds to a
voltage-to-digital converter of the suc-
cessive approximation type. The con-
verter translates the input voltages into
digital signals which feed directly to the
computer. The time to convert the volt-
age from the retransmitting potentiom-
eter into digital signals representative of
the data value is only one millisecond.
The digitizing process is initiated on

command from the computer.
Computing demand data

A 72-channel commutator permits the
computer to obtain data from any of
the data sources on command. The 72
data sources consist of 55 retransmit-
ting potentiometers, which provide static
pressure, differential pressure and tem-
perature data from the recorders. There
are also twelve retransmitting potenti-
ometers providing data from the tele-
metry sys tem which moni tors the
Western Slope Gas District, and two
channels which indicate that parallel runs
at a given meter station are in operation.
There are three spare channels for fu-
ture metering operations.

During the sixth minute of each six
minute interval in an hour, the computer
samples each of the data sources for the
differential and static pressures recorded

at the flow meter. The square roots of
the two pressure measurements are de-
termined and stored. These values are
used to form the square root factor of
the flow equation. At the end of each
hour period, the computer averages the
square root values for each flow meter
and checks the flow temperature. The
averaged square root values and the tem-
perature are used in the computation of
the flow during that hour. In addition, at
the end of each hour, the hourly flow and
accumulated flow is presented to the Dis-
patcher. The flow accumulation cycle is
repeated every 24 hours.

Basic to the calculation of the flow is
the orifice factor which defines the re-
lationship between the pressure measure-
ments and the flow on the basis of the
characteristics of the gas, of the flow
meter, and the flow itself. The computer
determines the value of this factor in
accordance with the "Gas Measurement
Committee Report Number 3" of the
American Gas Association.

This formula for the calculation of gas
flow from orifice meter measurements is:

Qi, = C'VnwPf
where:

Qh = quantity rate of flow at base
conditions, ft3/hr

C' = orifice flow constant
hw = differential pressure in inches

of water at 60° F.
pf = absolute static pressure in psi.
This equation is solved by the com-

puter each hour for each of the metering
points. The values of differential pres-
sures and static pressures are telemetered
from the orifice meters at the purchase
points. The square roots of the differen-
tial pressure and the absolute static pres-
sure are determined by the computer
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for each metering point every six minutes
and the average of the values over an
hour period is used to compute the flow.

The orifice flow constant, C', is de-
fined as the rate of flow in cubic feet
per hour under base conditions when the
^/hwp( equals one. The orifice flow con-
stant is a function on some nine flow and
orifice parameters, all of which must be
considered in computing the values of
the constant.

The nine parameters affect ing the
value of the orifice flow constant are
basic orifice factor, Reynolds number,
expansion factor, pressure base, tempera-
ture base, flowing temperature, specific
gravity, super-compressibility, and ma-
nometer factor.

These factors influence the value of
the constant in rather complex ways and
the computer has been programmed to
compute the effects of the factors and
the final value of the constant.

"Doubles in brass"
The extreme speed at which the com-

puter can complete the monitoring and
calculations involved in determining the
demand leaves it with approximately five
minutes out of every six free to accom-
plish additional computing tasks. To take
full advantage of this, the utility is pro-
gramming the computer to carry out
the prime objective of demand calcula-
tions, and in addition, perform valuable
engineering calculations for several other
divisions of the Public Service Company.

A "time box" program has been es-
tablished to set up a priority sequence
of programs for the computer to follow.
This program makes it possible for the
computer to perform the monitoring and
calculation during each sixth minute and
again at the end of the hour. It then

takes up additional computational work
in the vacant five minutes between sam-
pling periods.

One of the most important engineer-
ing problems which the computer aids
in solving is the analysis and design of
the gas distribution system. The multi-
tude of various main sizes, which carry
the gas to all points of the system, pre-
sent a maze of paths, intersections and
return paths which must be continuously
analyzed to determine the effects of new
service areas and new supply points on
pressure and demand.

A mathematical technique called the
Hardy Cross method formerly enabled
the distribution engineers to analyze the
overall system, but the method required
a tremendous number of trial and error
cycles of computations. On a time basis
alone, the performance of these compu-
tations by the human dispatcher was
virtually impossible.

While the computer cannot display
the originality or creativity of its human
operators, it does excel in the area of
rapid and accurate calculation. For this
reason the Hardy Cross technique is
used quite successfully in the computer.
Rapid and accurate analysis of the dis-
tribution system performance aids the
Denver area by providing increased and
more reliable gas service.

Ability to "grow" with demand
One of the big advantages of the

LiBRATROL-500 system is that manage-
ment may install the equipment at early
and less sophisticated stages of process
plant development, and utilize the results
to install more fully automatic control
as the process requirements are evalu-
ated. In many cases, such a system could
be utilized to monitor pilot and short
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runs to establish basic operating criteria.
The system is used by the Public

Service Company for the basic mode of
monitoring and calculating. It may also
be used for the more sophisticated com-
puter-directed control. In that mode, the
system is used to calculate, on the basis
of data monitored by the instrumentation
and information stored in the computer,
what the optimum set-points in the
process should be to realize maximum
efficiency, maximum output, or to reach
a desired condition in minimum time.
This information is presented to the op-
erator to permit him to alter the controls
manually to meet the conditions directed
by the computer.

In processes where the relationship
between the primary and secondary
effects of control variations are under-
stood, the LiBRATROL-500 system is used
in full automatic eontrol o'f the process.
With the control loop closed through
the computer, automatic trimming op-
erations are carried out by monitoring
set-points and changing them as required.

The LiBRATROL-500 computerized
process control system incorporates a
high-speed digital computer which was
designed to handle three factors: a large
number of variables, the requirement for
intermittent information storage, and the
rapid computation of process problems.

Backing up the computer is a wide
range of input-output equipment which
creates a logical controls system without
excessive instrumentation. The control
system is especially suitable for use in
petroleum and chemical industries, gas
and electric utility plants, in steel mills
and the aircraft industry. A new, and
growing, use is in atomic energy plants
where remote control is a necessity.
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The LGP-SO is manufactured for
the Royal Precision Corporation by
Librascope, Incorporated. It is sold
and serviced by Royal McBee Corpor-
ation. Royal Precision Corporation is
jointly owned by Royal McBee Cor-
poration and General Precision
Equipment Corporation.

-Planned Vacationland
ACROSS THE BARREN, sunbaked slopes

at the edge of an inland sea, a caravan
of trucks fanned out to predetermined
positions. Surveyors, stakemen, graders
and construction crews started work in
the midst of orderly confusion.

Slowly from the rock punctuated
landscape, a pattern of roads, utility
lines and residential lots began to take
shape. More than 20,000 acres began the
almost overnight transformation from
wasteland into an all-year residential
and vacation resort.

The surveying crews, staking out the
first units of 50,000 lots at California's
immense Salton Sea project, were work-
ing from data supplied by a computer,
172 miles away in Los Angeles. The en-
tire new California resort subdivision,
including marinas, luxurious hotel and
motel areas, bustling shopping centers
and varied recreational facilities, has
been computer planned and directed.

The Salton Sea project is the culmina-
tion of a cooperative effort of major
Southern California real estate develop-
ers. Ten years will be required before
construction is completed on the last
building of the self-contained city lo-
cated at the edge of one of America's
only two inland salt water lakes.

At Treadwell Engineering Co., in
Arcadia, at the edge of the sprawling
greater Los Angeles metropolitan area,
a Librascope-developed LGP-30 com-
puter is daily performing the computa-
tions that would ordinarily require
hundreds of engineering manhours to
complete.

Awarded the contract for planning
the giant subdivision, Treadwell was
called upon to produce huge quantities
of survey maps, grading and construc-
tion plans, and legal real estate descrip-
tions. Vernon Jones, vice president in
charge of Treadwell's electronic com-

puter division, estimates that to turn
these out manually would be almost
impossible, especially with today's short-
age of qualified engineers.

Treadwell must compute the area of
each new tract in the subdivision and
determine the most desirable size of
individual residential and commercial
lots. The Salton Sea project is a com-
plete city, with industrial areas as well
as business centers, schools and shop-
ping areas conveniently planned for
central access.

To make the most efficient use of the
land, the computer adjusts lot bound-
aries and sizes to fit the master plan.
After deciding how large each lot will
be, the computer then insures that all
survey markings agree with the govern-
ment bench marks or monuments, the
master references which dot the country.

Grading and construction plans are
prepared by the computer from the de-
signer's drawings. An important consid-
eration is drainage. Even desert land is
subject to short but heavy downpours
that must be drained away without
muddy pools or erosion.

Finally, county authorities require
subdivision maps and legal descriptions
for each tract. All of this computation
is performed by a desk-sized LGP-30
general purpose digital computer.

The big advantage of using a com-
puter for the engineering problems in-
volved in subdividing such a large tract
is first of all a savings in time. In divid-
ing up a tract into 5,500 lots, for exam-
ple, over 30 engineers would have been
required to perform the computations.
In the same time, 5 engineers and the
LPG-30 did the same job—without the
necessity for extra supervisory time to
check for ordinary mathematical errors.

Treadwell switched over from manual
solution of engineering problems to the

computer operation in a few days. In-
formation required by the computer is
exactly the same that an engineer would
need. The only special training for the
engineers who work with-the computer
was a short instruction on punching
tape for the computer. An LGP-30 uses
punched tape for its instructions, al-
though it typewrites the solutions.

Each engineer has his own tape type-
writer right at his desk. As he figures
out the physical dimensions he punches
them onto the tape. Most of the engi-
neers are so skilled at this now that they
can prepare the punched tape as rapidly
as they formerly prepared worksheets
for manual computation. When the tape
is finished, it is taken to the LGP-30.

As the tape is fed into the computer,
all the mathematical operations are per-
formed by the machine. Once all of the
data is in the computer, it calculates the
unknown values and prints the correct
solution on an output form, or tape. The
computer can be programmed to give
the answer in columns, lines, or to fill
certain blanks in a form.

Calculations handled with ease
The computation of lot traverses is

one of the most demanding engineering
problems in subdivision layout. It re-
quires the highest degree of skill and
the most time. Using the LGP-30 to
solve traverse unknowns has reduced the
time and eliminated the inevitable risk
of human errors in calculation.

Treadwell is computing a number of
different traverse problems for the Sal-
ton Sea project. Some require calcula-
tion of the length and bearing of an
unknown side of a lot; others require
finding two lengths when all bearings
are known; or finding two bearings
when all the lengths are known. Other
problems solved by the computer are
finding the length of one course and the



Computer-Planned Vacationland (continued)

bearing of another. Error of closure
(EOC) of a closed traverse, or the area
of a lot must be calculated in many
cases. All of these problems required
many hours of painstaking hand figur-
ing, then hours of patient checking to
be sure there were no calculation errors.

The only hand operation needed in
the figuring of traverse problems with
the LGP-30 is the transfer of actual

Programmers translate information
from drawings to tape for computer

physical dimensions from a map to a
tape. Where engineers once had to
spend a lot of time looking up angular
function values, working manual calcu-
lators and recording the results on spe-
cial worksheets, the LGP-30 now does
the entire job, and in only a fraction of
the time.

In a typical problem at Salton Sea,
the engineer starts out with a map of
the area on which are recorded the
measurements made by a surveying
team. This includes data on the number
of sides of the lot, the direction, bearing

Treadwell's Vernon Jones checks re-
sults typed out by the LGP-30

and length of each side.
The engineer types these out on his

tape typewriter, which punches the sym-
bols onto the paper tape in a language
the computer can understand. He uses
the same accuracy that was formerly
required for hand calculations. Angles
are recorded to the nearest second, and
length is put down to the nearest hun-
dredth of a foot. At the end of each
complete problem instruction, he types
a stop code which instructs the com-
puter to hold the answer for use in a
subsequent problem.

The typewriter produces both a type-
written page and the punched tape. The
punched tape not only feeds the prob-
lems into the computer, but may also
be filed for recalculation of the same
problem at any later time.

The computer then computes all of
the answers, and retypes the information
on the original sheet, under the data
which was typed while preparing the
punched tape. This gives problem and
answer on the same page and permits
instant cross checking of the results.

Area can also be computed on a tra-
verse, and this is usually given to the
nearest hundredth of an acre for plots
larger than one acre, and are given to
the nearest tenth of a square foot for
plots smaller than an acre.

Treadwell has programmed the LGP-
30 to give answers to problems con-
cerning traverses with as many as 64



sides. This number is sufficient for the
largest and most complex tract found in
subdivision work. With this type of pro-
gram, Treadwell engineers may work
with side lengths up to 8,192 feet and
side bearings up to 90 degrees.

In one problem recently the time
taken to prepare a punched tape for the
LGP-30 was about five minutes. It then
took about two minutes to feed the tape
through the computer, and for it to com-
plete its calculations, including printing
the output. Although this is only seven
minutes from the beginning of the prob-
lem to the printed solution, former hand
methods by a skilled engineer would
take about an hour, and still require
additional supervisory time for checking
the hand-calculated figures.

One of the biggest advantages has
been the increase in accuracy of all
solutions. By reducing the number of
errors, the time required for rechecking
the computer's figures has been reduced
to almost nothing. The only check re-
quired is to be sure the taped instruc-
tion data to the machine has been pre-
pared correctly.

Jones noted that morale in the Engi-
neering Department has risen to a new
high since the computer was installed.
During rush jobs, engineers formerly
had to work nights and weekends to
finish mountains of calculations in time
for engineering deadlines. Use of the
LGP-30 has eliminated this by permit-
ting more efficient scheduling, and by
transferring the bulk of calculation time
to the computer itself.

A major benefit to the company has
been the ability to use a smaller staff of

The LGP-30

engineers more effectively. This small
staff of highly skilled engineers utilizes
the work capacity of a group of drafts-
men that formerly required almost dou-
ble the number of engineers feeding in
data from which to prepare drawings
and maps. The number of errors which
were formerly encountered between the
designers and the final maps have been
cut to almost nothing.

As these maps are finished at the
Treadwell offices in Arcadia, they are
sped by messenger to the construction
site on the edge of the Salton Sea. Here,
graders and construction men turn the
maps and plans into reality—a modern
new all-year resort city on the edge of
an inland sea, teeming with sport fish
and providing year-round recreation—
the city planned by a computer.



A new technique of digital data re-
cording, for use in performance evalu-
ation of complex analog computing and
control systems, records data directly
from analog devices within the system.
Developed by Librascope, Incorporated,
for acquisition of performance data dur-
ing simulated "trial runs" of various
analog systems built by the company,
the technique involves recording the
condition of a large number of variables
in near simultaneous reference.

The analog system being considered
here will generate a staggering amount
of data during relatively short (20-30
minute) operating periods. A detailed
evaluation of the data must then be made
to determine the system's performance
characteristics accurately.

A number of different approaches
have been taken in collecting analog in-
formation for evaluation. Pen recorders
and similar devices can be used to pro-
vide continuous records of the different
variables within the system. However,
arithmetical processing of the data is
required for complete evaluation of the
performance in respect to time, making
the extraction of data from oscillograph
records impractical for complex systems.

The most desirable technique for ob-
taining the information needed to assess
performance is to convert analog signals
directly to digital form, and to record,
in virtually simultaneous reference, the
digital data for the requisite number of
variables. The recorded digital informa-
tion can then be fed into a general pur-
pose computer for rapid evaluation.

Such a recording technique, capable
of monitoring up to 100 variables, has
been developed by Librascope, Inc.

Data recording can be accomplished
within a fraction of a millisecond. When
considered with respect to the speeds at
which the variables undergo change, the
event and its recording are, for practical
purposes, simultaneous.

To provide a finite number of discrete

DIGITAL
EVALUATION
OF ANALOG
SYSTEMS

data recordings, a sampling rate is estab-
lishing which will provide close tracking
of the control system being monitored.
The analog variables are converted to
digital form by positioning binary-coded
decimal shaft converters. A scan matrix
is programmed to sample the data at
the specified times and store it tempo-
rarily on a magnetic drum. The data is
maintained in this buffer memory until
readout circuits feed it to a high-speed
tape punch. After the trial run is com-
pleted, the paper tape data may be con-
verted to printed form by an electric
typewriter, or may be used to prepare
punched cards or magnetic tapes.

The technique is suitable for use with
analog computers, and with analog con-
trol systems such as those used in missile
control and guidance, flight simulation,
autopilots, and in process control for
the chemical, petroleum and petrochem-
ical industries. Digital data recording
has been used at Librascope as a method
of gathering development information
on new analog systems prior to finaliz-
ing designs for production.

Fire control evaluation

An excellent example of the poten-
tials of such a recording technique ex-
ists in a special data recorder designed
by Librascope to assess the performance
of a U. S. Navy fire control system.

In order to evaluate the fire control
system, a printed record is made of 20
analog variables at specified times dur-
ing a trial run. Twelve of these variables
are scanned and recorded at three-second
intervals, and the remaining eight are
recorded at the random occurrence of
two events during the test.

Twenty binary-coded decimal shaft
encoders are used. A scan matrix sam-
ples the data from these at specified
times. The data is then stored temporar-
ily on a magnetic drum. Recirculating
and readout circuits operate a high-speed
paper tape punch to record the data
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Block diagram of system

from the drum. Following the trial run
the punched tape is fed through a tape
reader and put into printed form by an
electric typewriter.

The twelve variables, monitored every
three seconds, are scanned and recorded
on the magnetic drum in approximately
0.8 millisecond. This interval, consid-
ered in relation to the speed at which
the variables undergo change, is essen-
tially simultaneous.

The analog variables are converted
to a binary-coded decimal form for
recording. This is accomplished with
commutator-type, shaft-to-digital en-
coders. The values of 17 functions are
transmitted by synchros, two are step-
motor functions and time is generated
with a synchronous motor.

Servos position both the analog-to-
digital encoders and display dials. A
camera photographs the dials at the
same instant that the converters are
scanned electrically. The camera pro-
vides an alternate record in case of
malfunction in the digital scan and
memory unit during a test.

To obtain the 17 synchro variables,
the stator terminals of synchro gen-
erators in the fire control system are
connected in parallel with the stator

Memory drum turns at 3450 rj>m

terminals of synchro control trans-
formers in the recorder. The input sig-
nal to each servo amplifier is then taken
from the rotor winding of the appro-
priate control transformer.

The amplifiers may be used in either
60-cycle or 400-cycle servo loops. Each
amplifier has a crossover network for
two-speed use. Each module of four
amplifiers has its own separate, regu-
lated power supply.

Four amplifier modules are used for
16 of the synchro signals. A special
amplifier is used for the 17th, which is
transmitted at 1100 cycles. This signal
is demodulated and is converted to half-
wave 60-cycle pulses, phased with the
1100-cycle signal.

A disc-type shaft-to-digital encoder
is used. The commutator-type disc con-
sists of concentric rings which corre-
spond to the weighted values of the
brush locations. A binary-coded decimal
(1-2-4-8) code is used. A two-brush
pickoff system eliminates ambiguity.
Each disc is divided into 200 divisions
to produce coded numbers from 000
to 199. Encoders with larger output
ranges are used for the time conversion
in the system.

The encoder outputs are sampled by
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a high-speed scanning technique to pro-
vide parallel binary-coded decimal data.
The scan and memory circuits are all
packaged in the form of printed plug-in
circuits. (Each circuit "card" is color
coded for rapid identification.)

Input sampling and selection of sig-
nals from each of the 20 encoders must
be maintained in a predetermined sam-
pling sequence. A program counter
designates 44-word intervals through a
circuit of six flip-flops.

The scan and program counters oper-
ate continuously during a run. They are
synchronized with the memory drum.
Whenever a data sample is made, a
record-recirculate flip-flop provides the
time period required to locate the right
data storage point in the memory.

The magnetic memory drum has 1584
engraved time points on the clock track.
This is exactly six times the number of
bits in the 44-word recirculation stor-
age. Record and read heads on the
four binary-coded decimal recirculation
tracks are placed approximately 264
time points (44 words) apart. This pro-
vides an operating frequency of about
100 kilocycles. The access time to the
number storage is about three millisec-
onds when the drum is driven by a
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3450 rpm motor. This access time is
only about 1/15 the cycle time of the
paper tape punch, so no time is wasted
in looking for new data to be punched.
The tape punch operates at a speed of
24 digits per second.

The sampling control unit furnishes
timing information for the recorder. A
cam-microswitch is geared to the syn-
chronous motor which drives the time
converter. This circuit generates the
three-second sampling command signals
which are gated through the sampling
control unit. Special circuits close relays
in the unit to record the two random con-
ditions which may occur.

Three sampling flip-flops provide
synchronization between the more or
less random sampling and the "clocked"
electronics in the memory unit.

To get synchronization between the
digital scan and memory section and the
paper tape punch, an additional 44-
word track is provided in the memory.
This recirculation track is called the
punch readout sync line. It provides one
pulse positioned adjacent to each four
binary-coded decimal digits punched by
the tape punch. After each set of digits
has been read into the tape punch, the
pulse is stepped to the next set of digits.
If the next digit location is blank, the
pulse is stepped on until a location is
found which does contain numerical
data.

In Librascope's data recorder, it was
decided to punch out only the contin-
uous three-second samplings onto tape.
Provisions were made to have the read-

Readout section showing typewriter and tape punch equipment

out sync pulse to step through only the
continuous data section of the memory.
At the end of the run, the pulse is
stepped through all three data locations
to clear the memory.

A flip-flop circuit is provided to
clear the readout sync channel and to
locate a single pulse. This flip-flop is set
high each time it receives an origin
pulse. It remains high for one 44-word
recirculation period, clearing the read-
out sync line and passing the single
pulse in its proper location.

The numerical data is recorded by
the least significant digit first. But the
tape punch punches out the most sig-
nificant digit first. The sync pulse is
synchronized with the most significant
digit, and then steps back to the least
significant. The pulse stepping is con-
trolled at the rate of one digit per step.
When it is in line with an unused digit, it
automatically steps on so that when the
punch is ready for new data, the sync
pulse will be adjacent to this data.

In order to print out on the electric
typewriter, the punch tape must contain
instructions for Tabulate and Carriage
Return. This format control is normally
used to print columns which will be
easily read, with each containing suc-
cessive values of a single analog variable.

The control signal for Tabulate is
placed after each recorded variable ex-
cept at the end of each group of three-
second sampled data, where a signal for
Carriage Return is placed. Such control
signals are gated into storage flip-flops
which correspond to the seven punch

channels of the seven-hole paper tape
used. Plate circuit relays are used to
control the punch magnets according to
the flip-flop storage.

When the memory drum is cleared at
the end of a run, the special data re-
corded at the times of random occur-
rences is read off from those portions of
the memory space where it was re-
tained, and this information is punched
out last on the paper tape.

The seven-hole paper tape is read by
a motorized tape reader and the result-
ing coded signals are converted to six-
hole typewriter code by a relay matrix
in the encoder chassis. The output of
the relay matrix then operates the elec-
tric typewriter. The motorized reader
and the typewriter operate synchro-
nously at ten digits per second.

The readout arrangements are not
limited to a single tape punch. As many
as six punches may be operated simul-
taneously to permit more frequent data
sampling, increased volume of data, or
to allow making parallel recordings.

Synchro amplifiers and mechanical
follow-up sections may be eliminated
where existing electro mechanical devices
supply analog information. The analog-
to-digital converters can operate directly
from any shaft. Inputs to the digital
scan and memory sections may be origi-
nated by converters or from other dig-
ital devices.

The output of the memory readout
circuit can be recorded on magnetic
tape or on punched cards as well as on
punched paper tape.



MARKET RESEARCH
A necessity

to keep pace with

customer needs

A potential buyer of graphic record-
ing equipment stood up in his office at a
West Coast rocket engine facility, looked
the visiting vendor in the eye and re-
marked, "Show me some equipment
that's brand new from the bottom up.
All you have here is a re-arrangement
of circuitry encased in a two-tone
painted frame. It won't do our job."

This is the reception greeting some of
the nation's electronic sales engineers
who try to "sell an old dog in new
sheep's clothing."

Company policy which calls for mod-
ernization of existing equipment by
merely modifying circuit design and
mechanical structure leaves the firm's
sales force literally "carrying the ball—
to the competition's goal."

Naturally this approach isn't working.
Sales are diminishing, with the orders
going to those firms who specialize in
seeking out and answering customer re-
quirements. Positive information must
be obtained about improving the capa-
bilities of a product.

Aiding the engineering, sales and pro-
duction force of any electronics com-
pany are marketing specialists who
maintain constant surveillance on cus-
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tomer needs for a particular item. Time
and expense must be invested in this
procedure before a prototype unit can
be designed. The competition dictates
this principle.

Librascope, a leader in the early devel-
opment of plotters and graphic record-
ing instruments, keeps up a continual
evaluation of the company's entire prod-
uct line. A new X-Y Plotter is being
introduced after marketing research de-
termined that former units would be
outmoded by customer requirements in
the near future.

Particular procedures were adhered
to before the new X-Y Plotter, Model
210, could be developed. An engineer-
ing team from Librascope explored the
present state-of-the-art and these eval-
uations were studied and projected into
the future plotter design. The team in-
vestigated all instruments in the plotter-
graphic recorder market, noting advan-
tages and disadvantages of each.

Resulting information was considered
by an outside market research group
composed of sales engineers familiar
with X-Y Plotter user requirements. A
special questionnaire, to gain informa-
tion directly from operators of plotters,
was distributed for determination of
user requirements.

It was decided that a major operational
feature would be a quick, accurate scale
changing technique with scale expansion
possible between each step. Push button
scale switching with vernier control ac-
complished this.

This technique enables the operator to
fill the entire trace area with between
scale voltage inputs. The servo control
loop gain was designed to be independent
of the scale changes, insuring no "jump"
when scales are changed.

High plotting output accuracy was
stressed with a static accuracy of ±.1%
of full scale, and a dynamic accuracy of
±.2% of full scale at 10 inches per sec-
ond tracing speed. Frequency response
was designed to be flat to 0 — 1 cps
±.2% of full scale at 6 inches displace-
ment amplitude.

A major complaint in the question-
naires regarding earlier plotters was the
difficulty in inserting paper under the plot-
ting arm. Librascope engineers solved
this problem by supplying a push-button
control which automatically retracts the
arm from the paper and moves it com-
pletely off the plot area. Simultaneously,
input signals are locked.

A vacuum platen answers the prob-
lem of keeping the graph paper in place
with positive hold down characteristics.

The exterior configuration and acces-
sibility of plotter operation was a main
point of consideration and Librascope
engineers sought outside counsel from a
top industrial designer. The result was
a frame which met user requirements
from such standpoints as human engi-
neering and operational convenience.

Latest state-of-the-art advances are
incorporated in the Librascope X-Y
Plotter, Model 210 — new from the
ground up.
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"Progressive"

quality control

insures

COMPUTER RELIABILITY

RELIABILITY is one of the foremost con-
siderations both in the design and the
manufacture of electronic digital com-
puters. Other considerations such as
computer speed, accuracy and capacity
lose much of their significance if the
computer is subject to frequent operat-
ing failures.

This requirement for maximum re-
liability has led Librascope to institute
a program of "progressive" quality con-
trol aimed at eliminating defective as-
semblies at the point of origin. This
progressive inspection process permits
discovery of defects almost as they
occur with a consequent saving of labor
and materials which might otherwise
have gone into a unit which would not
pass final testing.

Particular emphasis is placed on the
quality control of the hundreds of
etched circuit boards which make up
the computer's complex electronic net-
work. Relatively minor defects in the
boards can result in intermittent or early
operating failure after installation in the
computer. With progressive inspection,
these defects can be detected and the
boards removed from the manufacturing
process before additional time and ma-
terials are expended unnecessarily.

This sequential quality control has
speeded production, produced more re-
liable computers, and saved thousands
of dollars in production costs.

At Librascope's modern Glendale fa-
cility, where over 50 types and models
of computers are manufactured, highly
complex etched circuit boards are as-
sembled with as many as three hundred
miniature components. The "wires" that
connect components are flat metal rib-
bons formed by photography and chemi-
cal etch processing of a copper-clad
plastic sandwich (an epoxy resin and
woven glass fibre laminate).

Many computer manufacturers pur-
chase their boards from outside jobbers
of etched circuit boards for subsequent
component assembly. Librascope, how-
ever, in order to maintain high quality
standards, purchases only the basic
"sandwich" of copper-clad epoxy glass
laminate. The manufacture of the etched
circuit board is accomplished in Libra-
scope's own newly established produc-
tion processing facilities.

The manufacture of these is an excel-
lent example of the progressive inspec-
tion sequence which has been instituted
at Librascope. George Magurean, head
of the Etched Wiring Processing De-
partment, maintains a constant control
of process conditions, as well as a
progressive system of visual inspection
of the boards as they proceed through
their fabrication and assembly cycle.

Preparing the board
When the boards arrive at Libra-

scope, they are visually inspected for
general quality and possible shipping
damage. Then they are cut to size and
accurately punched in two places with
location holes that remain in the board
during the entire manufacturing process.

Once the basic boards have been cut
to size and punched, the protective vinyl
coating applied over the copper surface
is stripped away. The boards are cleaned
chemically to remove all residuals and
surface impurities. Next, the boards are
air dried and vapor degreased. At this
point, the boards are again inspected
visually to assure they are ready for the
next process.

While awaiting further processing, the
boards are cooled and stored in dust-
free humidity-controlled cabinets. On
removal from storage, the boards are
dipped in a photo-sensitive emulsion
resist which coats them with a film,
much the same as in conventional photo-

graphic procedures. The boards are then
air dried in their "storage" cabinets to
a tack-free condition and inspected again
to insure that the photo-sensitive emul-
sion resist coat was properly applied. At
this point, the boards are baked in ovens
to a maximum temperature of 160°F,
and removed for storage in their dust-
proof, humidity-controlled cabinets un-
til needed again.

Photo processing
To attain the highest standards of

accuracy and quality in its etched cir-
cuitry, Librascope uses a recent devel-
opment in photo-template masters. A
translucent paper photoplate is glued to
a transparent acrylic plastic. This con-
struction insures that the dimensional
characteristics of the paper template
will be unaffected by changes in atmos-
phere and temperature. The plastic back-
ing is equipped with two locating pins
that precisely match the two location
holes originally punched in the boards
to guarantee accurate registration dur-
ing photo processing and subsequent
fabrication operations.

The photo processing is semi-automatic.
The photo-templates, together with the
sensitized boards, are inserted into a
vacuum frame, a timing clock is pre-set
for just the right exposure selected for
that particular application, and the
vacuum frame with its contents is ex-
posed to an actinic light source for the
precise period of time required.

When the boards have been devel-
oped, they are removed from the vac-
uum frame and subjected to vapor
degreasing techniques which remove the
photo resist coating from the unsensi-
tized or unexposed areas. At the same
time, the process hardens the exposed
areas. The pattern developed on the
boards at this point is not readily dis-
cernible, since the photo-resist coating



1 Printed circuit facility at Librascope,
Incorporated, Glendale, California.

2 Chemical and plastic formulations
are continually checked for precise
control.

3 Each circuit board is painstakingly
inspected and circuits are touched up.

4 Careful visual inspection is made of
each negative at each step of process.

is somewhat transparent. To provide an
easily distinguishable and visual control
for subsequent operations, special dye-
ing techniques are employed to coat the
photo printed areas with a black dye,
leaving the copper-clad unprotected in
the remaining areas. The dyeing tech-
nique reveals at this point whether any
imperfections have occurred in printing
and developing. If any have, they will
be clearly visible to the eye.

Solder plating
Now the boards are ready for solder

plating in electroplating tanks. The
solder plating achieves two major ob-
jectives: It provides a durable etching
resist necessary for developing the final
circuitry pattern, and it facilitates sub-
sequent dip soldering operations.

By chemical procedures, the remain-
ing photo emulsion resist is removed. At
the same time the black dye comes off.
After the solder plating operation, the
boards are again closely observed by the
operators to insure that the latest opera-
tion has resulted in no imperfections
such as pin holes or misetched sections.

Etching
The boards are now ready for the

etching process, which resembles chem-
ical milling, or the preparation of en-
gravings by a printer. Each board is
mounted in a special fixture made of
stainless steel and acrylic plastic. Both
are resistant to the etching solution. The
etching solution, a chromic-sulphuric
acid, then eats away the copper portions
of the board, while leaving the solder-
coated parts untouched.

Extreme care must be taken in the
etching process to avoid undercutting
the deposited solder material by over-
etching. This is achieved by precise
control of the etching solution tempera-
ture and strength.

After etching, the boards are washed
in mechanical rinsers to free them from
the solution. Again they are inspected
by the operator, after which they are
ready for the nickel-rhodium plating.

Any area of the circuit boards that
might be subjected to wear or abrasion
such as the plug-in contacts is protected
by plating with nickel-rhodium metal.
This also minimizes corrosion.

Finally, the boards are thoroughly
scrubbed with a mild abrasive detergent
to remove any foreign matter, finger
grease, oil or other foreign deposits.
Inspection in detail follows the scrub-
bing, and the boards are sent to the hole
drilling and fabrication operation as final
preparation for component assembly.

The boards finally used in the many
types and models of computers built by
Librascope, may see service in general
industry, in process control, in anti-
submarine warfare, in photo-mapping,
in navigating a jet, a missile or a space
vehicle across the skies, or in any one
of 50 different fields where Librascope
computers perform reliably.



TODAY'S ANTISUBMARINE
WEAPONS CONTROL. COMPUTER

THE TIME: Early 1940. THE ACHIEVEMENT: A small, compact ballistic computer
for the U.S. Navy. THE RESULT: The beginning of Librascope's leadership in
the design, development, and production of weapons and navigation control
systems and components.
Today, Librascope-designed and manufactured electronic and mechanical
equipment for the MK 113, MK 111, MK 110, MK 107, and MK 105 under-
water fire control systems include computers, attack directors, torpedo and
missile angle solvers, attack plotters, depth plotters, position keepers, target
motion analyzers, stabilization computers, roll and pitch computers, and vari-
ous indicators and control instruments. • Librascope's simulation laboratories
provide the Navy with a means for testing and analyzing the performance of
equipment under "real attack" conditions. In the field, our engineers assist
in the maintenance and improvement of Librascope systems.

SHIPBOARD COMPUTERS

For information on career opportunities at Librascope,
write Glen Seltzer, Employment Manager.

Librascope's experience creating new concepts in computer
—control systems for both military and industrial use can
be accurately applied to your specific needs. • For detailed
information and solutions to your computer problems, write.

GENERAL
PRECISION

COMPANY


