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't all started with my grandfather, W8YNG




Amateur Radio
Station W&YNG

William W. Maxwell,
WS8YNG, made his
shack from an old
chicken coop, and the
three element Yagi
was supported by a
recycled windmill
tower.




Walter Maxwell
WSKHK

Licensed at 14 years
old in 1934

Actually my father
got his license
before my
grandfather!




W8KHK Shack

He set up his rig
behind his father’s
house.

Why do you think
they call it a
“SHACK”, anyway?
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WEKHK Transmitter

Eimac 250-TH Final

modulated by a
qguad of Taylor TZ-40

triodes




WAGWZ Shack in Daytona Beach
While Chief Engineer at Radio Station WMF

» n >

. Walt (W2DU) was WAGWZ In 1940
\‘.;



WS8VIR Shack in Allegan, Michigan
While workmg at 'CC I\/Ionitoring Station




W2DU Shack - 1968
Dayton, New Jersey

Member of the

RCA Employees Single
Sideband Network
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Clarence Denton "C. D." Tuska
(August 15, 1896 — June 30, 1985) was
an early radio experimenter and
amateur operator, who also became
one of the first radio receiver
manufacturers. He is best known as
the co-founder, along with Hiram Percy
Maxim, of the American Radio Relay
League (ARRL). He was also the
original editor and owner of the
amateur radio publication QST, which
he subsequently sold to the ARRL in
1919, as part of his reorientation
toward professional activities within the
radio industry.

Clarence D. Tuska (1916) [




RCA Astro Space Center Locust Comer East Windsor, NJ July 1962
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QST March 1965

Bottom photo:

Amateur Radio Operators employed
by RCA Astro Electronics Division

Enlarged version on next slide
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Dr. R B. Janes, of RCA Blectronic Companents and Devices, Isctwess 1o & @rowp of interested RCA people and ARRL Hg,
saffers dering o recent symposium on The State OF The Art Of Semsiconductors, held af the RCA Semiconductor plant,
Somerville, New Jocsy. Induded in the day’s octivities were @ tour of the loboratories ond technical seniom decling
with diodes, tromistors, SCRs, MOSs (metal-oxide semiconductons) and other semiconductor devices. Heads, feft fo rights
Kon Altkin, W20UY, Jobn Spoaner, K2JCG, George Grammor, WIDF, George Harchett, W2YM, Marty Bell, W2J8X
Loird Compbefl, W1 CUT, Dick Baldwin, W1KE, Joha Hustoon, WILVQ, Kan Buckdin, W2CDP (foreground], Loe Awrick,
KIQAX, John Wilhelm, WISNL, £d Tilton, W HDQ, Horold Vance, K2FF, Walley Pond, WA2JXO, ond Dr Jones.

This group picture becrs evidence thot an cmateur radic bockground plays o significont part in the abiity to design,
+ develop, build, ond to orbit, U.S. spoce hardware. Out of & techmicol force of 600, there are obout 50 hams af the RCA
Astro-Electronics Division, Princeton, New Jersey. These space.center hams have participoted in projects that are enough
to moke the space anthuaion’s movth woter, Relay, Ticos, Score, ComSat, Nimbes, Lunor Orbiter, Ranger, SERT and Ale
Force projacts are on the lint of projects, with wch foscinating jobs os NASA fape Comera, Nisbus Tope Recorder, Nimbey
bottery, and Environmental Simudotion all in a day's work. Fint row, right to left, W2FCY, K2ENW, W2PCS, K20HU,
K2PMY, W2UAS. Second row: K2UKM, WA2VEQ, W2FQY, K2EXK, W2KFH, WIIMC, WA2ZYU, WB20MS, K2GXQ,
KVIC, WB2BIW, K4PCP, WIVQQ. Third rows WAZWEM, K3IUY, K2KPA, W2ZVIN, KIUDH, WAZKHY, WA25D),
K22FD, WB2FGJ, K2THS, W2INQB, Fourth rows WAITHH, W2RHD, WA2TDR, W2ABG, WB2JSX, W2HTD, KIXN,
WAZHIR, WIPGL, WA2VLL, W2WGH, KINPQ, Not present for the picturs taking: WZKKM, K2DZ5 and W2GGT.

March 1965 23






Walter Maxwell

P.O. Box 215 Georges Rd.
Dayton, N.J. 08810 USA
Middlesex County




RCA Astro-Electronics
Amateur Radio Club

P.O. Box 800

Princeton N.J. 08540 USA
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1958 In 1978

—

Astro Electronics Pioneer Employees Fro

I

Two gentlemen were not present; their photos are on the wall. The
next slide shows individual photos (1958)
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Let’s think about the available tools/resources?

* Integrated Circuits?
 Computers?

e Excel, MathCad?

* Calculators?

* Internet?

* Email?

e Special Interest Forums?

* Network Analyzers?

« CAD /CNC?

* Printed Circuit Design Tools?
* 3D Printing?



We did have:

Libraries

Telephones

FAX

Western Union Teletype Messages
Slide rule

Logarithm Tables
Smith Charts

Pencil and Paper
In-Person Meetings
Germanium Transistors
Ham Radio!



ELECTRONIC DEVICES FOR SPACE

by E. A. GOLDBERG, K. G. MacLEAN, M. MESNER, J. ZENEL, J. R. STANISZEWSKI

ECAUSE OF THE nature of the en-
B vironment, electronic components
for use in satellites and space vehicles
must meet specifications more rigid, in
some respeets, than those of similar
components meant for use in ground
installations or aircraft. The space
vehicle generally subjects these com-
ponents to considerable vibration and
acceleration during periods of thrust
which they must withstand without
being damaged. Once in orbit, vibra-
tion and acceleration cease, the com-
ponents become weightless, and a high
vacuum surrounds the vehicle. Radia-
tion environment is different in space
than on the earth’s surface and at alti-
tudes where aircraft fly. Electrical,
electronic, and mechanical ices in
the space vehicle must be constructed
to survive and operate satisfactorily in

Engineering
Astro Electronic Products
Princeton, N. J.

this environment for the useful life of
the vehicle.

The ratio of fuel plus structure
weight to payload for rockets used to
place satellites into orbit is very large.
Economically, this means that each
pound of payload requires the ex-
penditure of a considerable sum of
money to put it into orbit. Conse-
quently, all components should be de-
signed for minimum weight consistent
with meeting performance require-
ments, The energy of electrical power
sources suitable for satellites is, in

general, a direct function of weight.
Batteries, solar cells, or rechargeable
batteries in combination with solar
cells are frequently used. The electrical

and electronic system and associated
components should be designed for a
minimum power consumption in order
to minimize the required weight for
the electrical power supply,

A most important factor in satellite
equipment is reliability. The require-
ment of reliability is especially severe,
since it is impossible to service the
satellite once it has been launched. A
satellite mission costing hundreds of
thousands of dollars could conceivably
become useless through the failure of

just one relatively insignificant com-
ponent. All designs should be care-
fully reviewed, and components and
workmanship painstakingly inspected
and tested to insure high reliability.
Several different types of electronic
components for satellites have been de-
signed and built to meet the aforemen-




tioned by the Astro
Electronie Products Division, Some of
these itermns have been successfully op-
ersted in orbiting satellites, while
others will be used in future satellites.
The communication gear, television
camers, and tape recorder to be de-
scribed are typical.

COMMUNICATIONS EQUIPMENT
An example of the type of equipment

AEP electrical and environmental
specifications. Modifications included
adding & low-noise radio-frequency
amplifier stage, substitution of tem-
peraturestabilized components, and
repackaging of modules with con-
formal couting to endure vibration
and shock.

The circuitry of this receiver in-
cludes a double conversion superhet-
erodyne with two crystal.controlled

used in satellite vehicles is il d

in Fig. 1. This is a completely transis.
torized, frequency modulation re
ceiver that has been operated in a
satellite, A commercial, “Personal-
fone™ type CPC-R3 receiver designed
by RCA Industrial Electronic Prod-
uets was modified by 1EP to meet

conversion oscillators and a battery-
saver circuit that switches the recoiver
an 0.3 second out of every throe sec-
onds, During the 0.3 second of on
time, the reception of a tone signal
locks the receiver an continuously,
This type of receiver is used for re.
ception of voice or teletype tones, The

EDWIN A. GOLDBERG reveival the
degrees of 1.5, in Electrical E =

years, he did research work in the suabo-
fr A e | the RCA

1938 and M.S, in Elecurscal i "
1990 at the Universaty of Texas. He

the RUA Manutscounng Compasy i 1940
amd wan angned to the Research Division
1941, Me becanse a member of RCA
Laborasorses Dividon when it was extab.
lishol s 1942, whete he eagaged in the
devel of o analog comy

Achuevement Award in 1954 and in 1957
for cutstanding wurk (s rescarch on vide
tape teconding. 1o March 1958, Me. Lenel
wanderred 8o the Astro Elpctrunic Broducty,
where Be is presemtly & presect engeneer in
charge of the development of videw recund
g equipment fur wellise applicstions. Hr
"a ber of P4 Mu Egsilon, Teu Beta I

aml cumputer components for fire cuntrol,
mmsile umubation, sl guidod misile s
wrol, He alwo did vimuit develogmnent work
in oolor elevismn. He i pecsemly serving
o Manager, Design and Devlopaent En.
wineecng w the Avre Blettronie Prmtucn
v

Me. Goldlberg b twenty issoed patents.
He b & momber of Sigma Xi T HBews
5, U Kapgw Nag, aned the American In-
seitute of Electrical Engincens.
KENNETH G, MacLEAN roceived the
BS.EE, degree brun Nosthessrorn Univer-
sity sn 1928, From LU2Y so 1551 he wan
awigned o the KCA Tramosmter Develop-
mwent Laboratory st Ruchy Point, N. Y.,
where he did experimental work vo -
cults, and MV directive an.
senmas. Frun 1951 w1936 he worked
an engineer fur the RCA Commumications
Davistun, From 1936 e 1952, be worked in

the Radso Recrplion 4t Rives-
liowd, N. Yo an deign, and
rewearch b the Siclidy of VHF-UHF, which

a-n‘,u.h! FSK mputem ot SSB recsivers,
p g A diversity §

1 1982, he jinod the KOA Laboratucies ot
Princeoom, whers he weeked oa HF opa-
gation aml SSN commumications vy stems
stuckers for & lasnified BuShips pewiece, aml
on 3 comsmunications paless anabi 00
Project Janus, Phase I Upnn the formanan
of AwereElectrnme Prodecn, be semned that
Pivison, where he b prosently seporvising
the developumens amd design of cassmmng-
cation egwpment for & mulitary satelline
vehicle, Me. Mackean b # senior member
of the LRE

JOSEPH A. ZENEL roceivad  the
RSEE degree from Buckeell Universty
n 1969, and the MSEE degres from
Princeton University i 1956 He joined the
RCA Laburstories in 1949 where, for

anil Sima Xi: the AIEE, and the Acousti
al Society of Amera,

J. STANISZEWSKI receivnd the 05w
Physics feom the Camegie Invtitese of Tech-
wolugy 0 1950 and w currenty taking
gradusie courses =t the University uf Pean
wivanis for s MS degree. Prum 1930 w0
1933 he worked o o field engitiers stached
o the Miisry Assistance Advisory CGroup
in the Netheslands where he wan an »-
structoe oo tadar, fire contl computess,
and ficld radies. In 1953 he jouned RCA-DEI
andl pogaged i the devign and develaganent
of sutomatke wacking crcaas for Mod, Il

Shoran. 14 b oo the dewgn
anil development of & Toap televivon
4l {mlitary ) applicacs

sywem fot PP
wtlizing & emicive image oethicnn. Ke-
wently his activities hove been divectod 1o
warid & miniasture tedevaon camera for we
in squace sehidles.

MAX MESNER received b BSEE e
pie freem the Univenity of Misouri in
1940, That sarme yrar he juinedd the RCA
Manufacvariag Conpeny s Camides as 4
radio enginewr amigned w airheene radar
equipment. it 1942, he wom with the RCA
Labewuinrses in Princeton s o research ens
gineer, Therr, he did resesnch wnd develnp-
ment work ea televidon cameras, stuh
cauipment, amd qular TV secaven s well
# storags and computer devices, Mr. Mes
ner puned  Astro-Electronic Products upon

foemmation, ssd s been engagod in the

Beta I, Bt Kapps Nw, and the Assecaution
for l“-m:l‘un ):.x’:tiuvv. He is 4 senie
"

Fig. F-Typical sotellte bescen Irumimitter
waight 0.6 paund,




Space Projects 1950s — 1980s

« SCORE: December 18, 1958

Signal Communication by Orbiting Relay Equipment

. TIROS 1: April 1, 1960

Television InfraRed Observational Satellite

« ECHO 1: August 8, 1960

100 Foot Diameter Aluminized Mylar Passive Reflector Baloon

« RELAY: December 13, 1962

Active Repeater for Television and Telephone Communications

« OSCAR 7: November 1974

1.6 GHz Quadrafiliar Antenna

* Apollo Moon Buggy Dish Antenna: 1970s
3.6 GHz Folding Dish Antenna



SCORE

* Signal Communication by Orbiting Relay Equipment
 Launched December 18, 1958

 Active for 12 days until batteries were exhausted

* Re-entered atmosphere and burned up on January 21, 1959

* Processed 78 real-time and store-and-forward messages, voice and
RTTY



Saturday, December 18, 2010 Orlando Sentinel

TODAY IN HISTORY

® In 1865, the 13th Amendment to the
Constitution, abolishing slavery, was de-
clared in effect by Secretary of State William
H. Seward.

® In 1892, Tchaikovsky's ballet “The Nut-
cracker” publicly premiered in St. Petersburg,
Russia.

M In 1940, Adolf Hitler ordered secret
preparations for Nazi Germany to invade the
Soviet Union. (Operation Barbarossa was
launched in June 1941.)

o In 1958, the world's first communica-
tions satellite, SCORE (Signal Communica-
tion by Orbiting Relay Equipment), nick-
named “Chatterbox;" was launched by the
United States aboard an Atlas rocket.

= In 2009, the infamous iron sign bearing
the Nazis’ cynical slogan “Arbeit Macht Frel"
(“Work Sets You Free™) that spanned the
main entrance to the former Auschwitz
death camp in Poland was stolen.

® In 2009, Jon and Kate Gosselin officially
divorced after 10 years of marriage, eight
children and a year of tabloid headlines.

— The Associated Press
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SCORE Project Components

* Payload included a receiver, two tape recorders, transmitter,
antennas, control system, and batteries

* 5 Mobile Ground Stations included RCA CarFone
Receiver/Transmitters, modified VHF 1KW Amplifiers, and RadiQuad
Antennas on a military V-51van platform

* Ground stations went to Cape Canaveral FL, Ft Stewart, GA, Ft Sam
Houston, TX, Ft Huachuca, AZ, and Ft MacArthur, CA






Fig. 2—Phase-modulation transmitter as used
in a satellite package.












Ground Stations

* Uplink 1I50MHz, Downlink 132 MHz

* RCA calculated 100 watts would be sufficient

* SRDL was skeptical, demanded more power, as follows:
e Dual Eimac 4-400A amplifier, 1000 W out

* Radi-Quad consists of 4 helical 10db gain antennas, 16db overall gain,
(40x power gain)

e 1KW out, produced 40KW ERP (40,000 watts)



6 RADIATION INK October, 1958

ENGINEER’S
PUZZLER

HERE'S AN easy one~it concerns drafting:

Top View Front View

Now, you draw the side view! (The
object drawn is a solid mass, and there
are no hidden lines.)

C'mon now, send in vour answers!'—to
Puzzle Editor, Radiation Ink, Melbourne,

Answer To Last Month’s Puzsler

Correct solutions to the little wirir.
problem were submitted by: 1. Floyo
Griffin, 2. Tom Allen, 3. Walt Masters,
Now for the solution—this is the simplest,
There are other variations,

o | ]
AC - ‘

Security Sidelights

- g - >

Radiquad pictured in its first few moments of operation.

RADIQUAD-NEW PRODUCT






SCORE Security Concerns

e Sputnik | and Il launched October 4 and November 3, 1957

* Many US launches ended in failure

 SCORE was not to be made public until it was deemed a success!
* Only 88 people on the “need to know” list

e Success! Public is now aware!

* SCORE carried President Eisenhower’s “Christmas Message for Peace
on Earth” via magnetic tape — Project now public knowledge!!!



President Eisenhower’s Christmas Message

* "This is the President of the United States speaking. Through the
marvels of scientific advance, my voice is coming to you from a
satellite circling in outer space. My message is a simple one. Through
this unigue means | convey to you and to all mankind, America's wish
for peace on Earth and goodwill toward men everywhere."









JANUS Project

* Janus was intended to perform clandestine video spy operations over
the Soviet Union

* When Congress learned about the project, they demanded that it be
cancelled.

* The following are some early details of the JANUS project, TIROS’
predecessor.















TIROS |

e Launched April 1, 1960

* The TIROS Program (Television InfraRed Observation Satellite) was
NASA's first experimental step to determine if satellites could be
useful in the study of the Earth.

* TIROS Program tested various design issues for spacecraft:
instruments, data and operational parameters.

* The goal was to improve satellite applications for Earth-bound
decisions, such as "should we evacuate the coast because of the
hurricane?".















TIROS Primary Components

* Two television cameras were housed in the craft, one low-resolution
and one high-resolution

* A magnetic tape recorder for each camera was supplied for storing
photographs while the satellite was out of range of the ground station
network.

* Clock, Receiver, Transmitters, etc.

* Antennas consisted of four rod/sleeve assemblies from the base plate
to serve as transmitters and one vertical rod from the center of the
top plate to serve as a receiver.



Fig. 7—TV camera
for satellites.




Fig. 4—Magnetic-tape transport for video stor-
age on board a satellite, Tape speed is 50 ips,
with a 114-minute running time,
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TROS 1 ano 2 Clock Units.  Redundant units were used on the sateliite.

Ref. 13 pages 14 and 15.







Television Transmitters

e 2 Television Transmitters in each TIROS

e Sub-Miniature Vacuum Tubes, no transistors!

* Transmitter one at 235 MHz

* Transmitter two at 237.5 MHz

 Crystal Controlled, with multipliers

* Phase Modulated

* 2 watts power out per transmitter

e Each transmitter consumed 5 watts (40% overall efficiency)
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Beacon/Telemetry Transmitters

* TIROS carried 2 telemetry transmitters

 TIROS 1 - 3 assigned 108.0 MHz and 108.03 MHz
* TIROS 4 - 8 assigned 136.23 MHz and 136.92 MHz
* 30 Milliwatts out from each transmitter

 All Solid-State design, using transistors
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TIROS | Telemetry Overview

* 40 discreet signals are monitored and reported to ground stations
* Seven of these signals are derived from Zener references

* Audio generator frequency modulated by monitored signals

* Beacon/Telemetry transmitter amplitude modulated with tones

* Ground station records the series of tones on magnetic tape

* Tape playback through frequency-to-voltage converter

* Varying voltage coupled to Brush chart/pen recorder

* Interpretation is totally manual



TIROS Telemetry System of Voltage and Temperature

The telemetry system in TIROS is a conventional somewhat archaic pulse-amplitude modulation frequency modulation amplitude
modulation system. There are two complete systems functionally redundant and carrying identical information. The only
differences between the systems are the carrier frequencies of the two transmi tters and the order in which various signals are
commutated. Certain of the telemetry voltages are generated by relatively high-impedance sources, and are connected in different
parts of the sequence of the two telemtry switches in order that they not be subjected to simultaneous loading by both subcarrier
modulator circuits - since the switches are stepped by separate free-running oscillators, there is no synchronism, no certainty of
the loading, and hence no certainty of the calibration if a high-impedance quantity is susceptible to simultaneous dual sampling.

The switches are mechanical, solenoid-operated, and have forty non-shorting contacts. They are cycled once on each pass where
an ground CDA interrogation occurs rather than continuously; in order to save power.

The subcarrier oscilator is transistorized operates at 1300 cps for zero volts input and deflects plus or minus 100 cps for plus or
minus 5 volts do on its input. Six of the forty channels on each switch are used for a set of calibration signals derived from zener
reference diodes, so that linearity and long stability of the subcarrier oscillator are not significant sources of error in the oveall
system.

The telemetry transmitter is a 30-milliwatt transistorized amplitude modulation transmitter operated at 108 mega cycles. Its
presence in the satellite is primarily for tracking by the Mini track network.

The telemetry radiator is combined with the television antennas. Each of the 235 Mc/s monopoles acts as a mechanical support
and electrical feed to a n extension operating at 108 Mc/s.

Separate horizontal and vertical feeds and polarizatin diversity reception are employed at 108 Mc/s as well as at 235. The same
dish is used for both frequencies.

Telemetry reception is by means of fixed-tuned converters down to about 14Mc/s, followed by use of military hf communications
receivers. The telemetry output is frequency-demodulated and pen-recorded in a commercial unit. Interpretation is manual.
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Figure 4. Combination Circuit, Beacon Subcarrier Input Signals



TIROS Antenna Systems

* One monopole receiving antenna (top)

* Transmit uses 4 rod/sleeve monopoles

 RHCP for one TV and Beacon/Telemetry transmitter

* LHCP for the other TV and Beacon/Telemetry transmitter

* Coupling system on pc board stripline employing ring diplexers,
baluns, selective filters, open and shorted stubs, and phasing lines
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Antenna Modeling

* Early design and validation at % scale

* Frequencies multiplied by four

 Test of individual monopoles via half-shell on ground plane
* Full system test of four monopoles (crossed dipole CP array)












-
Circut Diagram of TIROS 1 Coupling and Matching Network

Telemetry transmitters were
coupled to the four elements
of the Transmit Antenna, the
four thin rods that extended
below the spacecraft
baseplate.

The diagram on the right
illustrates the RF matching
network to provide this
coupling so that all transmit
units could be on
simultaneously.
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Circuit Diagram of TIROS 1 thru 3 Antenna Coupling and Matching Network



TIROS 1 Transmitters Coupler Diplexer

TIROS I's RF

8 coupler
diplexer unit,
jlis seen as four
vertical boards
of components
with cables.

The design
used discrete
components to
achieve the
required

| . impedance

o PR % values.

Each of the four Video 235 Mhz antenna radiators supported
and electrical feed the Beacon-Telemetry 108 Mhz radiators.




TIRO3 ANTENNA COUPLING
T4-AC-238C

10-22-61

®os0
o o
o
(]
7
° )
o
©
oY e
\.J



| |

o0
o o
o
L ]
o
°
7
] L}
L]
°
o¥e
\_‘J






;:lui :,
N



TIROS 2 Spacecraft with Solar Array Removed

Photo from Walt Maxwell Collection

LRIR
Black Cone
White Cone

,Wide FoV

MRIR
Electronics
Tape Recorder
- Transmitter

: MRIR Sensor
5 Channels
Optics, Filters
Detectors

TIROS spacecraft with RCA Engmeers Marvin Harper (Ieft) and Glenn

Corrington performing tests with the Command and Data Acquisition
Ground Station at East Windsor, NJ.







End of Part 1



