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DIGITAL COMPUTERS THATGUSE (RILE RS A lthough
analog computers that use a continuous variation of flow or

pressure levels are highly developed for indus.tria.l PI‘DCESS
control, digital computing devices that wm:a:‘k ﬂvl’f,h fluids are
practically nonexistent. A few simple fluid dlglta.li systems
for sequencing and timing operations can be canmdere;ﬂ :
"computers'" in a very primitive sense. Some examples o

11di i igital computers are
1 ] building blocks for fluid digi
ko g gA E . Mitchell of the IBM Research

described by Dr.
I.aboratory in Zurich.
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One of his examples, shown in Iig. y

gate that uses interacting jets. An output i1s obtained only when all
three inputs are present; otherwise, the inpult flows into the sinksg .
Devices such as this have no mechanical parts and need only the

interaction of fluid jets for the desired output jet. T'he interaction

of the A and B information flows produces an output in the first

channel; this output can then interact with the input flow of C to

give an output in the second channel; hence an output flow occurs |

only when all input flows, A, B, and C, are present,. HFeedback |

paths (not shown in Fig. 1) can be designed for a memory cell:
such a device can be made to act as a multivibrator by reversing

the feedback connections for an oscillating output,

Another type of fluid computing device described uses the principle
of "attachment" of a jet to a wall in the Coanda effect. I'he fluid
jet flows along the solid boundary wall and is diverted from its
emerging direction; the fluid is injected from the nozzle Into an area
between two boundary walls. 1I'wo possible output positions are
available, as the jet can be deflected from one wall to the other

by an "instruction" flow created by a jet much smaller than the

main jet.

OUTPUT = A*B:C

a) Physical Configuration

OUTPUT = A‘B-C

b) Symbolic Circuit
Diagram




Combinations of fluid flow control devices are described that can
provide a variety of logic applications, including "Exclusive or!

" o, DR . , .
and [ quivalence ates . Ma 3 S = e
5 | q 1 gt ny types of these small, reliable

~. 'h_"'l _:{1 }_.. N ‘—\- - - - - 2 -
devices can be consiructed for applications in data processing sys-
temms where the speed of Operations is limited by the input and

output of data transfer to and from the system. Once actuated

: "t ,
for example by manual keying, these devices can perform digital
operations within about a millisecond., (Source: New Scientist

March 7, 1963)
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HIGH-VACUUM TECHNOLOGY .70 SIMULATE . .SPAGCH. Of

all the known hazards of deep space, perhaps the easiest to simu-
late is that of a hard vacuum. However, the techniques for simu-
lating the vacuums of deep space become progressively more com-
plex--and more expensive~~as the volumes are made greater.

CNOT R, : In the following discussion of vacuum simulation, the
vacuum-technology term, torr, is used quite often. A torr is

defined as the air pressure required to support a column of
mercury 1 mm high. At the Earth's surface, this height is gener-
ally 760 mm;, or 760 torr. +In Giorgi units, M %orr = 18388 heow-
ton/m=. )

A hard-vacuum system, 2.15 m (7 f£) long and 0.9 m (3 ft) in
diameter, with a working region reported as half this size, has
produced a pressure as low as 10-19 torr; most vacuum tech-
nologists believe 10-7 torr is satisfactory for large tanks. Several
facilities throughout the nation, including both industrial and govern-
mental systems, have vacuum chambers with dimensions from

1.25 m (4 ft) in diameter and 1.5 m (5 ft) long to 12" m (SR
spheres. Typical vacuums are in the 10-5 to 10-10 torr range.

The necessity of these vacuum-simulators is apparent to designers ]
of hardware for space, particularly for applications of high-reliability |
FEarth satellites and planetary probes. Questions pertaining to
vacuum, or near-vacuum, effects on materials and fabrication |
processes during space missions are no longer academic; answers }|
are needed now. Environmental engineers say that while true |
Space simulation may not be achieved, whatever close approxima- I
tion possible is highly desirable: By finding a possible "weak link" I[ﬁll
j

in a vital component, a costly space failure can be prevented.




the first step 1s to begin evacuation with

In creating vacuums,

mechanical roughing pumps. Diffusion pumps take over at about
It]_‘-—% f{] - Trlv-iti} ji"f--':.'; Lﬁlf L"iiI OT mercu [‘}" 1‘||,.,".['|1_']1..‘I ' A H{‘il f\] “alX :"ﬁ.r JIIL"III]L':{_:I:
the molecules being efected. A check wvalve, in the form of a

cryogenic baffle system, traps and freezes out any oil vapor l"ilt“king

into the system.

. _ , -0 “ P o Dol anitn .
LLarge chambers that require less than 10-0 torr utilize ryogenic

pumping, an ultra-high~vacuum system that freezes out unwanted

gas molecules. Molecules are condensed on a surface and cooled
internally by liquid helium. Cooled baffles form radiation barriers

and hence make the condensation more effective .

Future developments in space~simulation chambers may be exempli-
fied by the facility at the A rnold ngineering Development Center
(USAF) in Tullahoma, T'ennessee, It is to be operational next
August and has a chamber 13 m (42 ft) in diameter and a hpié_:;hf,
of 25 m (82 #ft). T'esting capability will include the accommodation
of large vehicles, such as the Agena B, at a pressure of 10-8

torr. ( Source: .ﬂ-‘s.eroﬁEnce Management, November, 1962 )

SPECIAL FEATURES OF APOLLO SPACECRAFT DE- |
S CRIBE D, Special design features associlated with lunar landing |

and Karth return were described by Charles H. Feltz in a paper
presented at the American Institute of Aeronautics and Astronautics!
Second Manned Space Flight Meeting, April 22-24, 1962. He
presented the paper at a confidential session headed by Harrison
AS Stermes.. President of North American Aviation's Space and
Information Systems Division,

Feltz said the main factors affecting design of the conical-shaped
command module ( Fig. 2) were booster limitations, crew safety,
and natural mission requirements. Astronaut safety through S}”;‘-:“‘t-f:'l‘lu
redundancy and exhaustive testing has been na.111p1151:3:i2c3:_1 throughout.
As an example of a specific safety consideration, Feltz described |
the flight trajectory, which is designed to permit abort anvy time
prior to lunar touchdown. d

To insure stability of the command module in the event of an abort
at low level, two strakes, or fins, have been added vertically to
the command module., The command module can be lowered to

varth eith:er on land or water by using three main parachutes, any
two of which will permit a safe landing.
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1I'he Apollo spacecraft must provide a "shirt 'i”"f"'”” environment
with reasonable comfort for the three astronaut tor at least ltan
consecutive davs. I'wo major function: i environmental Ontrol
are temperature and atmosphere ontrol in the Qinmand module
cabin and the cooling of the electroni equipment ' he ommand
module is the largest manned sSpacecrallt e\ : it | the United
—tates. 1T'here is room for one of the astronautas i~ IMove around
and exercise while his two Companions are performing theis
assigned tasks. Voice communication belween the '‘pacecrafl and
IKarth will be available almost ontinuousnls
Some of these design features ndad ily will ' ydified as A
result of new t‘\Li‘H'IiI‘..f'Ilf‘i] data an . ! nil in ad iition,
SOoine new problems will arise that will el Y , loesign fealures .
T herefore the design must he flexibls ‘ rporale h’lﬂgﬂﬂ
a8 needed.
”,-.\t t]‘iih {ilht',” }“r'“;" '~u’li~i, ”T!’.'*Ir* ¥, I K 1 "W &4 i 1[ reason
\"u']'l}' th{? Iqllitt'li :""h!eltr'.‘“' CAannot - A% 3.1 1 1:+ AP \ 2T ‘\}H’“i_!
mission within the present decad:q " ‘ rC wla H':pirli-ni h},
North American Aviation, Inc.)
A BRIEF REVIEW OF SOILLAR PLASMA 13 PERTIES.
The f”“““’i“#"- based on an Aarticle | y . ::ﬂ:— appeared
in the March 1963 i1ssue of I‘!.;:*:i loday ( Vol. 16, No. 3) and
> 4
1S s | }ll"if,*f :-HIIMII;.!I'}.' Of praeseant i:;*--.-.-l.- fi._‘r' and -‘r‘i:_L“““r nn-'--vrnin.‘;_-:
“H‘: prl}pt,'l“fir*r-:‘- of ”H_- illlf-lpl-tnr't;trf. \ediug " L) 1 ;r] A 3inia .,
'I‘]ltl' Eillt}]{)t‘ note s tlntl lln_- 4881 lu\lli:‘-:l!..‘: fail T 115:1.‘ t hs :._'H”lH curona
have been made more pl"‘”H“*l” !'," faecent discoveries \nd deductions
relating to the Sun's corona, 'he work of Chapman, Chamberlain,

and Parker are
they adduced to

mentione«
F}xpluin th
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as able to obtain a Htﬂﬂt!}’-ﬂtﬂtﬂ solution

expansion of the corona relative to the
i the particle density at the

3338 in.=3) T'his expansion,
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W‘hﬂ"“"

call "solar wind," prompted Chamberlain and other scientists to
seek alternate explanations and solutions: Chamberlain proposed a
csolution of the basi hydrodyvnamic equations that leads to a much
smaller expansion velocity, His figures for ltemperatures and
densiti (102 K 0 10 ' X. and densities from a few hundreds per
~ to S0 =9 ) lends litle theoretical encouragement; the evidence
gained by beservation is almost equally speculative .,

Results from observation of the "zodiacal light. " which showed

thie light * lally polarized, have been interpreted in terms

of an electron density at 1 AU of about 600 cm=3 (10,000 in.-3).

{ The zodiacal 1i . phenomenon is a tually caused by the envelope

of hof rry SUT? ding the Sun. ) T hese measurements are

complicat Iy ny intervenin effects, including dust, so that

t e best 1} 22-1 ¢! estl b L \Il uUppeil limit of less “h‘-ill 100 C:ITl"B

( 170 in . = e | ¢ LT On lensity near the lvarth, ("H}&:nrvatimns

af co: { s '_ v the solar wind give a number density of a

R s ol we NG ARSI & v velocity for the solar wind of
km/s¢ i /sac) t 000 km/sec (621 mi/sec). Another

source of experimential evidence of solar flare characteristics is

AsT 17 4 L] 1.:1:'., *.::—TlHll.\.' nlr:l;i}‘e}fl l}} E-L}JC)Ut A
fro; Lthe time of an plical observation of a solar disturbance.

1f inte: prejied ¥ '} ' HEY radiation s the "».'*:li.}u‘it}.' of the pﬂI"ti(’:lt.—}S

§ & ! ! : i i/ sec)., HHowever, neither theories

nor observati 8 provide much real information on the actual con-

§

rer 10 satellite launched in 1961, was designed to

L
g

ICASIIT Lenetl fieald \nd the p1 u-pr-tlir-:-;. of the plél:—:‘llléi* A

geomagnetl avily, onsistent with the findings of Explorer 10, is
postulated : "On any basis, it is difficult to escape the conclusion
that the absence of an observable plasma up to 21 R, Earth radii
18 the resull of a shadow effect of the Earth's field."

It is concluded that the results of Explorer 10 show just such a
J"{_'i"-"l.* DEeECAUS M- 1' 11:r-1 j_.:ff- }_‘.It‘l il‘!l!.“-l ilf ”Plil:‘:lllfl.” Elnl:j ”HE} Plasma”
during its trajectory, and further, that its trajectory '"lay fortuitously

geomagnetic cavity and the flow of

[1‘:-:'_ j]l 1f.t- lffillii-ll \ | r't"n.'h 2011 ’.i;r‘

e

the interplanetary plasma," i

When the satellite was at 21.5 Earth radii, a signal appeared that |
varied with the rotation of the vehicle at energy levels of 80 ev,

250 ev, BOO ev, and 2300 ev, but never less; the average energy [




was about 500 ev. The corresponding bulk velocitly was about

3 et 10T Cll’l/SE}C (s TR, 106 in/suc), and the number r]r:;n:aity was
about 10 ecm=3 (4 drti i) (Source: Physics l'oday, March 19@3’
VolGaTo NG Sy

IMPE DESCRIHED. FIII“t}lE}I‘ use of r}_f.tllllif' poOower iIl HPFLFL‘F;
will be explored by the Atomic Energy Commission (A v C) through
two newly awarded contracts. One contract is for a nuclear

generator designed for NASA's interplanetary monitoring probe
(IMP) scientific satellites ( Fig. 3). T'he other calls for rjp;velgp__
ment of a new atomic fuel to power communications satellites .

The AEC has selected Martin Company's Nuclear Division to
design a 40-w radioisotope electrical system for IMP satellite s,
It is expected that an IMP with nuclear auxiliary power could be
Operational by 1964,

IMP is designed to gather information about radiation and ma gnetic
fields between Earth and the Moon before NASA Apollo manned
lunar flights begin later in this decade,

NASA has requested a nuclear generator because it would
eliminate the problems experienced by solar cell Systems when
they are not oriented toward the Sun and when thev are affected

by the radiation environment of space,

IMP's eccentric orbit will have an apogee of 240,000 km (150,000
mi) “and & perigee of only 170 km (110 mi ), T'his

orbit will take
the satellite through the artificial and

natural radiation belts.

Initial TMP satellites scheduled for launch beginning in late 1963,

will use solar systems for electrical power. If the design for the
atomic generator js compatible with the IMP system,

a number of
these generators may be built.

Vital radiation data could be gathered by IMP for direct support

of l:'a,ter Apollo manned flights; an OPerational IMP would be in
orbit at all times during the Project, Atomie

geénerators, which
may extend the useful lifetime
the number of satellites needed.







I'his country's first nuclear-powered unit in space, a 2,7-w

= N A | ,'_'_'HIHJI‘.'!LHI‘ fi:‘}"u’:"][lllf,'fi for the N::uv';;
launched Ilr:-ll‘]_‘j,' LW O years ago, [t is 1111
raft's instruments . SNAP-9A
being developed for future
SNAP units for IMP will Us e

l'ransit 4- A flii.Uing__

tional satellite, was
producing power for the spaced
generators with 25-w capacities are
operational Transit satellites. The
plutonium-238, a nonfissionable form plutonium, as fuel, Thermo-

couples will convert heat from radioactive material directly into

HIULZ‘LI‘i(:iL}f -

Under a second program, Martin's Nuclear Division is to start

Immediate rfuvf}]{'}pnlrfnt of a strontium-~90 fuel form for future Space

use, T'he program is expected to yield a form of strontium that
will meet the rigid safety requirements set for nuclear space
systems, This use of a waste fission product will make SNAP

generators more economical and still p:uuirlr; the rf::},:r,-nr]r':_hi]it,}-

inherent in radioisotope generators,

Strontium titanate, a virtually insoluable form of the radioisotope,

has been used successtully in SNAP generators in land and sea
applications. H.a,diu-i:‘-ac.;tupr; fuel may be needed for the nation's
communication satellite program., Strontium-90 is abundantly
avallable as a waste product of nuclear reac tors. _Cost of

strontium fuel is far less than in.ILLJI'JF:.L:: lik e plutonium and clrium .

( Source: Data supplied by the Martin Company)

SPACE TECHNOLOGCY THREATENS SPIDER LIVELIBOODD,

Pity the lowly spider. Space age precision is putting him out of
business, Scientists at Chrysler Corporation's > pace Division

reveal that spider webs, once widely used for cross-hajirs in
optical instruments, are now taking a back seat to a new develop-
ment: the etching of extremely fine lines directly into glass.

Space age tolerances make demands that nature cannot fulfill.

-T' X — 5 s . .| 1 1

For instance, the cross-hairs of the spider web (the black widow
has the premium web) range in thickness between 70 in, and

100 in.; etched hairlines are between 100 in. and 120  dAx. 1
diameter, . |

Of the 46 optical sighting instruments that will be used in aligning

the S - ' L C
Saturn booster, only iwo have Splder web cross-hairs. All

t}ll' 3 = = 3
others have recently been replaced with the etched lines

-~10~




Many alignments are now accomplished by shining a light through
the cross-~lines 1n the optical Instruments; the same lines,'reﬂected
from a mirror, are lined up with each other to form a perfect
alignment, T'his is similar to Superimposing images in a range-
finder, only in this case it is superimposing the etched lines in

the glass. Spilder webs are almost impossible to reflect through

a mirror because of their microscopic construction. T'he etched
lines, however, are sharp and clear. There are over 50

optical sightings for the Saturn booster alignment and more than

1000 optical probes of subassemblies, jigs, and fixtures.

These tests occur many times between the time the partstet: the
vehicle come In one door and travel down the assembly line and
depart through the other.

The mirrors that reflect the optical sighting lines, whether they
be spider webs or etched, are optically flat. They range in
size from 2.54 cm (1 in.) to 7.6 cm 3 dnis)atin diameter,

Etched glass cross-lines will be used in the following instruments:
2 auto collimators; 14 precision levels, 7 alignment telescopes,
and 10 universal theodolites. Spider webs are used for cross-
hairs in only 2 of the 11 transit squares. All the other optical

Instruments will use etched glass lines.

A microptic precision clinometer employs a visual level vial for
the measurement of angles and has no cross-hairs of any kind.

The art of the spider is being relegated by the space age to
where it belongs-~-catching insects. (Source: Data supplied by
Chrysler Corporation)

STERILIZATION OF SPACE PROBE COMPGONENITSESin

a report by Martin G, Koesterer of Wilmot Castle, several methods
of sterilization of space probe components to avoid contamination

of other worlds have been studied: (1) dry heat, the method
most emphasized (the investigation centered on temperatures in

the range from 120° to 150° C); (2) irradiation; and (3) other
techniques, including the use of chemical sterilants (liquid and

gaseous ) and aseptic assembly.

Sl
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. ¥ . AT = 10logical chemic:
The studies attempted to define the various biolog , mical,

i

and physical factors that could influence the effectiveness of dry-

heat R St{-}l‘iliﬂifl{l‘ pI‘L’H,.‘t".'..':-JE:‘». ]'fi"u"fr aAareas were iIIUr::h;f,lI_{:'l.Lc;{“J:
fdid the screening, isolation, and growth of organisms resistant
to drv heat: (2) the effects of time, temperature, sirain of

microorganism, and concentration on the effectiveness of dry heat
sterilization; (3) the effect of the physical carrie: fp;;_p;,r Htr‘ip,
glass tube, sand, and vermiculite) on the effectiveness of dry
heat sterilization; (4) the effects of air, vacuum, inert gases,
entrapment of organisms in non-aqueous liquid and on solids: and
(5) methods for St-{er‘ilif}f tf:t-if.l'n{_{ of +'UIIJPHH-:IH.’—, atfter illt]t.l[lF.’l.tif‘)rl
With sSpores of known I‘L’rtﬁi.‘_—:tz’inf:w Lo rir}. heat An H.r; :=;n|.:r-;f'rr{ur;nt
application of adequate sterilization cycles,

The following findings were reported:

(1) Mesophilic aerobic spore-formers are, in general, more re-

sistant to dry heat than are the anaerobic and Hu::'::.ﬂphiliﬂ: spore-
forming bacteria,

(29) «xThe type of carrier markedly affects the dose requirements
for dry heat sterilization. Soil samples are the most resistant,

=g

with sand, vermiculite, glass, and paper following in that order,

(3) The gaseous environment also markedly influences the time
required for sterilization. Samples in air are the most resistant
with samples under helium and under low vacuum (10-110-2 mm
Hg) being less resistant, respectively.

(4) Entrapment of dry bacterial Spores 1n solids definitely in-
creases the dose of dry heat required for sterilization.

(5) There data raise a question concerning the adequacy of the

proposed 24 hour dry heat cycle at a temperature of 125° C
(Source: "Sterilization of Space Probe (
Report, Wilmot Castle Co. )
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