SPRING
ISSUE
NO.

VOL. Vv

FEATURED IN THIS ISSUE:

MISSILE DATA SYSTEM OF MARTIN-DENVER

Published by the Denver Section of the IRE



=lerisch =
AC/DC
RATIO STANDARD

For those who require an AC/DC RATIO STANDARD in a
single package, Gertsch ofters its Models 1001 and 1002.
Like all GERTSCH RATIO STANDARDS (1000 Series), these
units feature: heavy duty instrument switches, transient
suppressicn, AC Ratios up to 111111, bold in-line readout
and extra-teavy mechanical construction to insure TRUE
STANDARDS PERFORMANCE.

AC DC

Linearity: 1 part per million 10 parts per million
(0.0001%) (0.001%)
Resolution: 6 Place (0.0001%) 6 Place (0.0001%)

Information on
AC Ratio Standards in the

GERTSCH RATIO STANDARDS SERIES,

Models 1000, 1003 and 1004, is also available.

For more information, call on

HYTRONIC MEASUREMENTS, INC.

1295 South Bannock Street
Denver 23, Colorado
Pearl 3-3701

Jim Hurlbut

Harfy Bishop

THE

DENVER DECIBEL

Spring Issue 1959
Volume V, No. 1

Published Quarterly by the Denver
section of the Institute of Radio
Engineers, Inc.

STAFF

Editor
James F. Hurlbut

Associate Editors
Peter Lahana
Hugh Hillery
W. C. Coombs
Fred Vendetti

Advertising Representative

Noble deRoin

Please addressall correspondence
to the Denver Decible, Box 8404,
Denver 10, Colorado.

Section Officers
Chairman, Stanley B. Peterson,
Colorado Research Corporation'”

Broomfield, Colorado

Vice Chairman: W. C. Worcester

University of Colorado
Boulder, Colorado

Secretary-Treasurer: F. R. Norton
Ramo-Wooldridge Corporation
Denver, Colorado

Assistant Secretary
Dr. William D. George
NBS Laboratories
Boulder, Colorado

With this issue the editorial staff
is pleased to announce that our
new size and format has become a
reality. We hope that by present-
ing the articles in a more easily
read form reader interest can be
raised to the contribution level.

In future issues it is hoped that
feature articles and pictures on
local electronic plants can be
continued. This issue features
the Martin Denver test and instru-
mentation facilities in a series of
articles that were presented at
recent meetings of the Section.
All pictures were furnished by the
Martin Company.
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THE EVOLUTION OF INSTRUMENTATION

By W. S.

If one were ask to name the engi-
neering advances in the last twenty
years, the following fields would
probably be mentioned: Radar, Air-
craft, Missiles, and Color TV. In the
past twenty years, the Instrumentation
field has moved, or has been pushed
ahead equally as fast as other engi-
neering fields. It is necessary for ef-
fective instrumentation to move as
fast as the field it supports.

This evolution has attracted little
attention until recently when a short-
age of instrumentation men, particu-
larly engineers, occurred. The basic
instrumentation field has gone through
many changes. These changes take
three forms: new applications for old
techniques, new types of equipment,
as well as, the use of large organiza-
tions devoting full effort to instrumen-
tation.

The d’Arsonval type galvanometer
reflects a new application for an old
type of instrumentation. In 1937, MIT
changed this galvanometer. They re-
moved the damping vanes and increased
its natural frequency so it could fol-
low transient and AC currents. To in-
crease its natural frequency, the needle
was removed and replaced by a mirror
and a light beam. This light beam was
reflected by the mirror and recorded
be a moving film. The familiar gal-
vanometer box, with its scale, gave
way to a light tight housing with a
film or light sensitive paper transport.
We had the first light beam recording
galvanometer. This record was made
on 35mm film. The present recording
galvanometer has 36 to 50 channels
recording with a frequency response
from 0 to 8,000 cycles per second on
one piece of 12” wide paper at speeds
from .1” to 150” per second. About
1924, a recording accelerometer was
designed for the National Advisory
Committee for Aeronautics. This meas-
ured as high as 10.5g” which occurred
on a “F6C-4 pursuitairplane in a sharp
pull-up at 173 mph.”

The aircraft industry influenced the
evolution of instrumentation. The two
main factors contributing to this trans-
figuration were the number of events
which should be recorded simultaneous-
ly as well as the cost of running these
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Griffith

tests. Even before the first German
missile was fired, a look at the cost
of a transonic wind tunnel run against
the cost of instrumentation proved that
better instrumentation would be an
economical factor. Most of the aero-
nautical measurements were of pres-
sures.

Some of the early approaches to
pressure measurements consisted of
photographing a number of dial pres-
sure gauges. Another approach was the
photographing of a bank of manometers.
From these photographs the lift or the
drag of the airfoil could be integrated.
Other interesting approaches consisted
of using a common reservoir for a drag
rake and measuring the difference in
mercury height and multiplying that by
a constant to determine the approxi-
matedrag of an airfoil. One of the first
applications of multicle electrical
reading of events was used in the
Aerodynamics field. The wind tunnel
balance scales were built with an
electro-mechanical print-out system on
one inch cash register tape. By push-
ing a single button you could get
readings of lift, drag, cross-drag, pitch,
roll, and yaw at the rate of one every
five seconds. These tapes could be
correlated and the events readily re-
produced to a time scale.

In addition to photographing the
manometer, cameras were also used
to photograph flutter studies. The
method used here consisted of a time
exposure over the period of a test and
the resulting picture was blurred when
the wing fluttered, showing the nodes,
and the magnitude of the displacement.
A similar phenomenon occurred when
photographing the manometers. The
point of turbulence would show as a
blurred column of mercury. Probably
the most significant advancement in
the photographic field was made when
Dr. Edgerton of MIT produced the first
micro-second photographs. The original
version of high speed photography was
one picture per event. Valuable infor-
mation was obtained from these single
shots but it also emphasized a need
for a sequence event high speed
camera. The General Electric Com-
pany developed this camera to study
the failures of 30-inch super-charger
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impellers at over 30,000 rpm. The first
unit consisted of a closed loop of film
traveling at a high speed and the test
object illumination was well below
the film exposure level until the frac-
ture occurred. This fracture was sensed
by photo cells located at the periphery
of the impeller and when the light
beam to one of these cells was inter-
rupted, the test object was then il-
luminated by a series high intensity
flashes of one micro-second duration
for the time it took the loop of film to
go through the camera. Present day
applications of high speed photography
includes a study of both aircraft and
missile phenomenon. In recent years
with the development of moderate cost
cameras, they could be found in most
research labs. Photography is still the
best means of recording high speed
phenomenon either directly or from the
output of transducers reproduced on
cathode ray tubes. It is interesting to
note at this point that the first tele-
metering recordings were made by
photographing cathode ray tubes with
a medium speed camera. This tele-
metering information was checked by
the photographs of the missiles through
a theodolite. Photography has become
an important tool in instrumentation.

At this point it is realized that more
detailed measurements for some events
was desired. These fast occurring or
complicated events could not be meas-
ured or recorded with a single instru-
ment. This problem was then ap-
proached with an instrumentation sys-
tem. The system consisted of 2 or 3
components. The first component sense
the event and converts the sensing to
a form of energy, a transducer. The
simplest system has only two com-
ponents and the second component is
an end instrument or a recorder. This
end instrument is driven by the trans-
ducer. There are often cases when the
transducer cannot effectively drive the
end instrument thena third component,
or signal conditioner, can be introduced
to match the transducer and end instru-
ment. The signal conditioner is usually
an amplifier, mechanical, electrical or
electronic. Thus, by using a small
transducer, an amplifier and a high
frequency tape recorder, fundamental
frequencies of one hundred thousand
cycles per second may be measured
and recorded continuously.

To trace the development of instru-
ments by types, ptobably the best in-
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strument to use is a timer. The meas-
urement of accurate time has been a
challenge to man ever since his cre-
ation. In retrospect, we have the Obe-
lisk of Egypt, the Roman calendar and
the pendulum. One instrument of parti-
cular interest may be seen at the V.M.I.
museum. This instrument was used by
Stonewall Jackson to measure the
velocity of projectiles prior to the
Civil War. It consists of two matched
pendulums each held in place by an
electro magnets. Each magnet was
connected in series with a battery and
another coil of wire. When the pro-
jectile was fired, it passed through
the first coil and absorbed the energy,
thus releasing the first pendulum. The
second pendulum would fall as the
projectile went through the second
coil. Each pendulum has the same
period of time, the first pendulum
would swing pass the center and the
second pendulum, in its fall, would hit
the first pendulum and make a mark
on a piece of paper. Thus, the angle
between the center of the pendulum’s
swing and the mark on the paper times
a constant would give the velocity of
the projectile.

Let us for a moment compare art and
science. Art is defined as a skill in
performance acquired by experience,
study, and observation, in short, a
“knack.”™ While science is defined as

a branch of study concerned with the
observation and classification of facts.
What is the real difference between art
and science? This can be summarized
in one word — instrumentation. As our
instrumentation systems become more
complicated and sophisticated, our
guard has to be up to prevent instru-
mentation from becoming an art in it-
self. It is the feeling of the author that
the instrumentation field must receive
more attention at the under-graduate
level.

An emphasized senior year course
in instrumentation offers excellent
training to all Bachelor of Science
pursuits. First, consider the general
Science or the Physics major types.
An instrumentation course would be
their strongest contact with the practi-
cal or the industrial approach to the
solution of a problem. On the other
hand, the undergraduate who has pur-
sued more practical and detailed study
of his field as an Electrical Engineer,
Electronics major, the senior instru-
mentation course would serve as a

valuable general engineering and
physics review. The instrumentation
course would train the student in
matching transducers, signal condi-
tioners and end instruments. The stu-
dent would become familar with the
use of tolerances. He would recognize
and justify the deviations between

200-uv/cm DUAL-BEAM

OSCILLOSCOPE

price $825 f.o.b. factory
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Page 4

practical curves and theoretical curves
he had studied in the past four years.

Instrumentation of a complex system
has to be accomplished by a confident
engineer. The engineer should be an
instrumentation major. Instrumentation
may also be accomplished by a sys-
tems engineer. But there are several
major disadvantages to this approach.
By using the systems engineer, you
are taking time from the development
of the project. You are also probably
presenting = different measurements
from each system. Often, direct com-
parisons between similar systems is
impossible because the instrumentation
was different. The true evolution of
instrumentation will be accomplished
when this field has been reduced to a
common denominator. However, with
frequent changes and advances in in-
strumentation, a common denominator
becomes more difficult to obtain.

A science can only advance as its
instrumentation advances. The real
challenge of the instrumentation field
is to meet new and not yet invented
systems withan adequate and practical
method of instrumentation. By support-
ing a systems engineer with good in-
strumentation, we have accomplished
our job.

In 1883, Lord Kelvin made a véry ‘

significant stagement — quote, I often
say that when you can measure what
you are speaking about express it in
numbers, you know something about it;
but when you cannot measure it, when
you cannot express it in numbers; your
knowledge is of a meager and unsatis-
factory kind; it may be the beginning
of knowledge, but you have scarcely,
in your thoughts, advanced to the stage
of science, whatever the matter may
be. — unquote. Today, Lord Kelvin
could have solved 90% of his problems
by consulting an instrumentation engi-
neer with a large budget.

3rd National Convention
on Military Electronics

The Third National Conference
on Military Electronics, sponsored by
the Professional Group on Military
Electronics, will be held June 29-
July 1, 1959 at the Sheraton-Park
Hotel in Washintgon, D. C.
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A Concise Review

By D. A. Rodgers

of a Missile Data System Concept

I am sure that you are all familiar to
some degree with the present day Bal-
listic Missile Development Programs.
Some of you may be directly involved
in some phase of this development
while others may only have read about
it in the news.

How many have asked themselves
this question, while reading an article
on present day missile programs, —
“What do we gain by tossing missiles
into the Atlantic Ocean off the coast
of Africa?” The answer to this is
simple, — “We gain effective weapons
systems for our defense as well as
“data” to add to the evergrowing li-
brary of space information.” Let’s ask
ourselves a second question. “How do
we evaluate the effectiveness of these
missiles?” The answer — test programs
which produce meaningful “data.” It
follows then that the evaluation of a
system as complex as a ballistic mis-
sile requires that considerable thought
be given to the development of a data
handling system capable of supporting
the test program and producing useful
data.

This then is my topic for discussion:

“A SYSTEMS APPROACH TO DATA
HANDLING IN A BALLISTIC MISSILE
DEVELOPMENT PROGRAM”

Several things must be considered
initially in the development of an ade-
quate data handling system through
which a ballistic missile system de-
sign can be evaluated.

1) How many parameters must be
measured to evaluate this missile?
Here we mustrecognize that the actual
flight test duration is a very short
period of time, especially when com-
pared with the flight test time utilized
in evaluating an airplane since each
time we flight test a ballistic missile
we expend it. As a result of this short
period we must necessarily consider
several hundred parameters simultane-
ously measured in any given flight test
of the missile.

2)How is the flight test range which
has been assigned to our program in-
strumented? This is a very important
question. What types of ground re-
ceivingequipment does the range have
and how many channels of data, i.e.,
parameters, can be recorded simultane-

The Denver Decibel

ously on the range for the flight test
program which we must accomplish.

3) What is the total scope of the
test program?

Let’s for purposes of this discus-
sion assume that we will follow a test
program which has the following gener-
al categories:

a. Development Tests on equipment
designed specifically for the
missile in question.

b. Evaluation tests on procured
components.

c. Evaluation tests on subsystems.

d. System marriage tests.

e. Captive firing tests.

f. Flight tests.

Now we shall consider where these
various tests will be performed from
the facilities standpoint.

a. Development, component, and
subsystem tests are all per-
formed in general laboratory
facilities.

b. System marriage tests are per-
formed in a special laboratory
type facility having test cells
capable of acceptinga complete-
ly assembled ballistic missile.

c. Captive firing tests are per-
formed on test stands similar to
— but with greater data handling
capacity than launch stands.

d. Flight tests are performed from
the launch stands.

With this criteria we can begin to
design a data handling system for the
program.

There are certain basic factors
which must be considered early in the -
definition of the datahandling system.

1) Equipment Utilization — you want
maximum utilization in hours of oper-
ating time on all data acquisition and
data processing equipment.

2) Data correlation capability — you
must design so that all lab data, all
captive stand data, and all flight range
data is compatible and can be cor-
related during the test program. For
instance a failure on the launch stand
during a launch attempt may then be
simulated on the captive stand at the
system level or in the lab at the sub-
system level. An integrated system
design will permit this type of trouble
shooting with extremely good results
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through the ability to properly correlate
test data from all of these test facili-
ties.

3) Maintainability — effective usage
of the ability to interchange major
pieces of data handling equipment be-
tween facilities. Standardization of
equipment minimizing the variety of
spares and recording materials to be
handled and stocked. Maximum effec-
tiveness of technician training. Flexi-
bility of manpower assignment through
standardization of equipment and equip-
ment arrangement within the test
facilities.

4) Thruput time — control of data
thruput time from acquisition to data
analysis by proper overall system de-
sign is required.

Figure 1 shows an integrated data
handling systemfor a ballistic missile
program. It has some important features
which I would like to describe. The
data acquisition equipment used in all
facilities is interchangeable and it is
compatible with the acquisition system
in use at the flight range.

The launch complexes have indi-
vidual block houses and data systems
associated with each launch stand.
The captive test complex has a cen-
tral blockhouse and data system for
each pair of static firing stands. Thus
decreasing the amount of equipment
and personnel required and substantial-
ly increasing the usage factor of the
equipment. The development labs and
systems test cells share the use of a
central data recording installation for
all recorded data. This increases
equipment utilization and more impor-
tant guarantees constant high quality
data from lab tests by utilizing trained
instrumentation operations personnel
in the central facility. The approach
described here further permits the
establishment of a central data
processing installation which can
service all data acquisition installa-
tions within the systems regardless of
physical separation in terms of miles
of the various test complexes.

The cost of design, fabrication, in-
stallation, and shakedown operations
of a data system as illustrated in
Figure 1, based on 4 launch stands, 4
captive stands, 5test cells and alarge
general lab is in the order of 40 mil-
lion dollars. My comment on this —
“Ifthe systemapproach tothis problem
costs 40 million dollars, stop and
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Installation and Operation of a Large
Central Data Recording Facility

By Ronald J. Young

This presentation is to give you a
brief picture of what has been done to
advance the state of the art where re-
cording of data is concerned.

The centralization of the Data Re-
cording operation was developed in
order to achieve the following:

A. To reduce the total instrumen-
tation equipment requirements or to
give a lower cost per data point.

B. To improve the quality of data
through the use of a staff of trained
specialists in test set-up, operation,
and recording systems.

C. To remove personnel and equip-
ment from hazardous test areas.

The centralization was carried out
but with it remained the capability of
recording in remote areas through the
use of portable equipment. Maintained
also was the ability for “on-the-spot”
monitoring and “quick-look” by test
personnel.

The facility supports the operations
of 1Y laboratories and 5 test cells
through cables which we call “land-
lines.” The longest run of land-lines
is approximately 900 feet. Recording
over these lines with a 0 to 5 volt
signal, our standard, there is no in-
terference from any noise level. These
land-lines consist of 36 pair of shielded
cable, 15 quad shielded, 7 quad
shielded, 20 conductor unshielded
control cables, and coaxial cables.

The Central Data Recording room
covers an area of 3,000 square feet.
It is here the bulk of our recording
equipment is located, capable of re-
cording simultaneously over 1600

channels of data. Permanent equip-
ment located in this area consists of
a 400 channel millivolt level recording
system, 144 channel FM carrier and
tape system, a telemetering ground
station FM FM PDM, 8 strip chart re-
corders, a time base generator system
plus communications and safety warn-
ing systems. Semi-permanently based
are eight 36 channel galvanometer type
oscillographs. Portable equipment
consists of six 6 channel direct
writers, capable of recording from 0
to 100 cps., and twelve 8 channel di-
rect writers, recording 0 to 3000 cps.

A patch board is provided for sig-

The slim and powerful USAF TITAN is
shown framed by the sides of the erector
at one of Martin-Denver’'s fourstatic test

bands.

consider for a moment what the cost
might be if every test engineer or de-
velopment engineer was permitted to
purchase instrumentation equipment to
suit his fancy for a ballistic missile
program and what hideous results might
come from the infinite types of data
records produced on a non-integrated
approach to the problem.”

In summary I feel that the only logi-
cal, economical, proven approach, to
gathering useful data from any pro-
gram equivalent in scope to an ICBM
development program, must utilize the
concept of systems engineering as its
basis.
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1959 Electron Devices Meeting

The annual technical meeting of
the IRE Professional Group on Elec-
tron Devices will be held on October
29 and 30, 1959 in Washington, D. C.

Submission of titles only is re-
quested at this time. Indication of
a possible paper to be submitted will
not obligate the author in any way,
but will be helpful to the committee
in planning the technical program.

fimal deadline for abstracts is August
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nals originating in either test cells or
laboratories. Through this board these
signals can be patched to any of the
recording equipment located in the
Central Data room, or, in rare cases,
can be patched through the room to
some other destination. The 400 chan-
nel systems accepts millivolt level
signals from low impedance sources
such as strain gages or thermocouples
up to a maximum of 400 channels in
one second, 0 to 2.0 cps. by multi-
plexing. This system provides power,
balance networks and calibration
means for the strain gages and at-
tenuators for the thermocouples. It
sequentially samples, digitizes and
records on magnetic tape the instan-
taneous voltage existing on each
channel. The input information is
multiplexed, thereby reducing the
amount of equipment required. The
information on said tape must be
played back on an IBM-523 to obtain
punched cards. These cards are then
turned over to a Data Processing unit
for reduction. The FM carrier and tape
system is a 144 channel oscillator
phase shift type that operates on a
feedback amplifier principal, record-
ing low frequency data, or 14 chan-
nels, 0 to 10,000 cps. or 14 channels,
200 to 120,000 cps. The oscillator in-
put is from 0 to 5 volts DC for full
band width. The summing amplifiers
makes the output from 12 FM oscilla-
tors into a single composite signal
capable of being recorded on a single
tape track. Data can be conducted
from the signal conditioning carts on
conventional 2 conductor shielded
cables. Relatively high frequency
data for modulation of the high fre-
quency subcarrier oscillators can be
conducted by coaxial cable. The tele-
metering ground station is designed
to accommodate four RF carriers from
4 telemetry packages. Crystal con-
trolled receivers are provided for each
link. Automatic calibration equipment
is provided for automatically adjusting
the single channel discriminators in
response to system drifts. A Pano-
ramic Telemetering Indicator is pro-
vided to observe in minute detail the
distribution of subcarrier energy and a
panadapter to analyze the RF spec-
trum. It can receive, demodulate and
record the output of four telemetering
packages. Of the 8 direct writers, 6
are single point pen type reproducers
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recording 0 to 1 cps., capable of a
digital readout through the use of
encoders and printers the response
time is limited to about .4 second on
single strip charts and 2 seconds on
multipoint recorders, and two are 12
point print-wheel type, recording from
0 to .2 cps. The 36 channel oscillo-
graphs are rack mounted. As such,
they are capable of recording24 chan-
nels of data from 0 to 3000 cps. These
24 channels have been separated into
two blocks of 12, where if 12 or less
channels are being used, another test
might be made ready to start when the
other finished. Printed circuit boards
to aid in the attenuation of signals
for a desired deflection in either of
the blocks have been installed. This
provides instant attenuation at the
turn of a knob at the 0 to 5 volt level.
These racks also have a remote con-
trol and communication capability. All
equipment in the room, or located re-
motely, can receive time pulses or
time-of-day pulses originating from
the time base generator. This genera-
tor not only provides the immediate
facility but also transmits its signals
to the firing stands and to the factory.
The operation of the area is such
that we receive requests for support
through the medium of Measurement
Request Forms. It is these forms that
enable us to determine the level of
signals, frequency desired, time and
other datanecessary to determine what
signal conditioning equipment is re-
quired. An example might be the re-
quired recording of land-line measure-
ments of 24 variables, with an addi-
tional measurement of 70 variables of
telemetering data. This data could
originate from strain gages, thermo-
couples, potentiometers, accelero-
meters, load cells, etc. An integral
part of the operation is the ever-present
paper work and scheduling of equip-
ment. Through this medium and the
patch board, one recorder can instan-
taneously be transferred from one test
and utilized on another.
Manpower-wise, we presently re-
quire 37 operating-type technicians
and engineers. There is also a small

design crew which handles changes
to the data recording system and pre-

pares design sketches and drawings
forinstallation of any end instruments.
They also handle design work, such
as additional portable instrumentation
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equipment, for other areas. In most
cases, all the data that is recorded
by our facility is turned over to a
Data Reduction unit for processing.

Each technician working in support
of any one test is responsible for the
set-up, operation and recording of
data. His work entails set-up at the
end instrument where the test is taking
place, patching through to the CDR
room, selecting the recording equip-
ment and preparing it for operation.
To aid the technician in his job, there
is a darkroom adjacent to the CDR for
the loading of oscillograph magazines
and the developing of data taken from
them. His responsibility ends when
good data is turned over to the test
engineer.

Shown in Figure 1 is a drawing of
the area which was described. This
is broken into the Vertical Test Fix-
ture and the General Purpose Labora-
tory. Centrally located is the Central
Data Recording facility. Cabling ex-
tends from this point through the vari-
ous laboratories, terminating in racks
which are known as “Test Area Termi-
nation Racks.” In Cells 1 and 2, we
have additional racks known as the
“Minds Racks.” This Minds system
enables us to accept signals from the
Structural Test Labotatory, from Cells
E-1 or E-2 and from any 8 groups of
General Purpose calbes. There are two
separate patch systems in the CDR.
One for General Purpose channels and
one for Minds Channels. General Pur-
pose channels are patched in groups
of 12. This patch board has a capa-
bility to route any 12 groups to the
tape recorder, any 16 groups to the
oscillographs, any 3 groups to the
Minds System, and any 8 groups to a
patch board which gives access to
each individual channel. Any channel
can be connected to several different
recorders simultaneously. As you can
see from the area displayed and our
discussion, the centralization of this
equipment has achieved the objec-
tives that were outlined.

PGMTT National Symposium
To Be Held June 1-3
The 1959 national symposium of

the IRE Professional Group on Micro-

wave Theory and Techniques will be
held at Paine Hall, Harvard Music

Building, Harvard University, in

Cambridge, Massachusetts
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Write for details about this NEW {f instrument or arrange-

for a demonstration through our manufacturer’s representative.

>VEOHN FLUKE MANUFACTURING CO., INC.
" 1111 West Nickerson - Seattle 99, Washington -

Represented by

the gene FRENCH company

— Denver Area Office —
3395 South Bannock
Englewood, Colorado

Phone  SUnset 93551
TWX Englewood Colo 106

The gene FRENCH company isproud to represent

ELECTRONIC DIVISION

Edgerton, Germeshausen & Grier, Inc.
John Fluke Manufacturing Co., Inc.
Levinthal Electronic Products, Inc.
Narda Microwave Corporation

Offner Electronics, Inc.

Acton Labhoratories, Inc.
Beattie-Coleman, Inc.
Belleville-Hexem Corporation
Boonton Radio Corporation
Deltron, Inc.
Elin/Electronics International Corp.

NUCLEAR DIVISION

Riggs Nucleonics Corporation

Radiation Instrument Development
Laboratory, Inc.

Ameray Corporation

Levinthal Electronic
Products, Inc.

Hugh Hilleary, Mgr.
Denver Office



WOULD YOU LIVE IN OUTER SPACE?

Dr. James G. Gaume, Chief of Space
Medicine at Martin Company, Denver
Division, presents a well-rounded
verbal and graphical picture of the
physiological problems with which we
are faced in outer space travel at the
joint ISA and IRE meeting on April 2,
1059:

Dr. Gaume directs the Space Medi-
cine Research Program which includes
programs in physiology, psychology,
human engineering, microbiology,
hydroponic food production and bio-
engineering design.

HOW DO WE DEFINE SPACE?

Dr. Gaume outlined space in terms
of “space equivalence,” the functional
borders or limits which we meet as we
travel upward through the atmosphere.
The following will illustrate the con-
cept of space equivalence and prob-
lems we will meet:

52,000 feet — the space equivalent
or functional border for oxygen. Above
this altitude, the oxygen level is too
low for human existence.

63,000 feet — the space equivalent
for pressure. Above this altitude, the
dissolved gases in the blood stream
separate from the blood. Such separa-
tion causes bends and neuro-circula-
tory problems.

70,000 feet — sealed cabin is re-
quired. The ozone concentration level
at this altitude is high enough to cause
irritation and swelling of the lungs.

120,000 feet — cosmic ray border
is met. Radiation shielding is required
above this altitude.

140,000 feet — meteors are en-
countered. Below this altitude air
density is sufficient to cause the

Spring, 1959

meteors to burn out.

80 to 100 miles — severe visual
problems are encountered.

120 miles — aeordynamic border is
met. Beyond this altitude, there is no
aerodynamic lift.

SPACE MEDICAL PROBLEMS —
WHAT ARE THEY?

Dr. Gaume and his staff must deter-
mine the control parameters for all of
the problem areas which are listed
below:

Climitization of the sealed cabin—
with especial regard to the oxygen
supply, carbon dioxide, humidity, odor,
temperature, and barometric pressure.

Physical protection — especially
against ultra violet light, cosmic rays,
and the dynamics of meteoritic hits.

Psychological problems — with e-
pecial regard to a closed system.

Space optics — with special regard
to adaptation techniques.

Physiological day-night cycle —
adapting the human to an artificial
day-night cycle.

Serving the Rocky Mountain Area

Telemetering of physiological data
— with especial regard to super-gravi-
ty and zero-gravity conditions.

Zero gravity — probably the main
problem to be resolved. In short, what
will happen to the human body when
subjected toa weightless environment?
What will happen to ourcells and bones
when gravity is non-existent?

Toxicity of rocket fuels — with e-
special regard to launching crew
safety.

ARE WE SOLVING THE PROBLEMS?

Dr. Gaume presented several slides
which illustrated the progress in afew
of the problem areas discussed above.

PGEWS 1959 National Symposium

The 1959 National Symposium of
the IRE Professional Group on En-
gineering Writing and Speech will
be sponsored jointly by the Boston
and Los Angeles Sections and will run
concurrently in both cities on Sep-
tember 17th and 18th, 1959.

...ON TIME AND RIGHT

Systems, instruments, equipment, com-

DENVER

888 S. Lipan St.
WEst 6-3456
BRANCH OFFICES

in Albuquerque &
Salt Lake City

delivery.

ponents and supplies available for prompt

Qualified engineers ready at all times to

provide technical and sales assistance.

HYDE ELECTRONICS COMPANY

MANUFACTURERS'

The Denver Decibel

REPRESENTATIVES
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Beta Electric Co.
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M. B. Electronics, Inc.

Hewlett-Packard Co.
Kin Tel
Massa Labs.

F. L. Moseley Co.

Sensitive Research

Instrument Corp.
Sorensen & Co., Inc.
Varian Associates

Weinschel Engineering

cn the

Rocky Mountain Region

electronic
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DENVER
1886 SOUTH BROADWAY
PEARL 3-3791 TWX DN 676

SALT LAKE CITY
1332 VARDEN WAY
AMHERST 6-1721



chamber for an algae growth project.
It has been determined that about five
pounds of algae will provide enough
oxygen for one human; and the human
in turn will provide enough carbon
dioxide for the support of the algae —
in short, a balanced system.

Figure 1 shows a laboratory culture

Figure 2 illustrates the Martin-Denver
“Lunar housing simulator” project, in
which plants, humans, algae, and ani-
mals can exist in a balanced system
for a sustained period of independent
operation.

Figure 3 presents alaboratory closed
system using a mouse and an algae
culture.

Once the space medical problems
have been solved by men such as Dr.
Gaume and his staff, engineers will be
confronted with the end design and
production of the “manned” space
vehicle, the exact configuration of
which will be determined by space
medical parameters.

The Central Data Recording Facility
as described here required just under

Figure 1.

two million dollars and slightly over
eleven months to design, purchase,
and construct. This covered the period o
from drawing board assignments to
full operation.
cerned with the original engineering

The persomnel con- i

and design are now assisting in the
operation of the facility and con-
tinuing to aid in the advancement of

S

instrumentation recording.
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