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My interest in Bell Labs stems from researching. ..
MUSA (5-20 MHz)... ...and the Colgate Paramp

Multiple Unit Steerable Antenna _ = Nike-X MAR-I
- FoEngland 4

NS 1035 | | » | Multifunction Array
sf?rgpi F’e M ) ¢ Radar (Prototype)
Blevation 5/ Y WSMR, NM (1963)

- ﬁ e - ' RxArray = 2077
L e Active Elements

It was designed at Bell Labs
& built by Western Electric

The MAR-I was the first
“hardened” ABM phased-
array radar (1.2-1.4 GHz).

It was the source of the 280
“Colgate Paramps” that
were distributed by NMT to
radio observatories around
the world.

o T M wit P
Termiipal Building
Y

The first electronically steerable antnne_\ which was
used for transatlantic telephony was built by BTL.

It was also the first radio interferometer to (accidently) f =

d.eteCt. gmission from a CeIeStIaI_ source __(Cygnus ' MAR-1 Photo courtesy of Doyle Piland, WSMR Archive
A Multiple Unit Steerable Antenna for Short-wave Reception, H.T. Friis & C.B. Feldman, What Price Nike-X?, FORTUNE Magazine, Nov 1965
Proceedings of the Institute of Radio Engineers, Vol. 25, No. 7, July 1937, p. 841-917 Paramb 'Photo by R. Hayward '




1932

Karl Jansky & “Star Static”

ST R ke

Karl Jansky with his antenna

Karl Jansky joined Bell Labs in 1928.

He was assigned to investigate sources of
atmospheric static that might interfere
with short-wave (3-30 MHz) telephone
radio links that were being used for
transatlantic telephone communications.

While listening for the noise coming
from thunderstorms, he discovered...

“noise of extraterrestrial origin”

He was to refer to it in his published
papers as “star static”.

His famous - albeit serendipitous -
discovery was made in 1932.

Karl Jansky is now recognized as the
Father of Radio Astronomy.

Classics in Radio Astronomy, W.T. Sullivan, D. Reildel Publishing Company, 1982, p. Frontispiece
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Jansky’s Antenna

DIRECTIONAL STUDIES OF ATMOSPHERICS AT
HIGH FREQUENCIES*

KArL G. JANSKY 1500
(Bell Telephone Laboratories, New York City)
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December, 1932 180° = <\
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14.6 meters
or 240° 270° 300° 330°
20.5 MHz : e -

Fig. 3—Directional characteristic of array at 14.6 meters.

Azimuth

Fig. 2—Short-wave rotating antenna array.
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Directional Studies of Atmospherics at High Frequencies, K.G. Jansky, Proc. of the IRE, Vol. 20, No. 12, Dec. 32, p. 1920 4



Fig. 5—Long- and short-wave static recording systems.

Jansky’s Receiver

DIRECTIONAL STUDIES OF ATMOSPHERICS AT
HIGH FREQUENCIES*

While Jansky’s equipment was
very primitive by today’s
standards, it was still up to the task
for his serendipitous discovery of
what he was to call “star static”’.

The experiments which have been described in this paper were
carried out at Holmdel, New Jersey. The writer wishes to acknowledge
his indebtedness to Mr. Friis for his many helpful suggestions.
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Directional Studies of Atmospherics at High Frequencies, K.G. Jansky, Proc. of the IRE, Vol. 20, No. 12, Dec. 32, p. 1920 5



SERENDIPITOUS DISCOVERIES  “&mi anenna ™ paciern

RADIO ASTRONOMY [ 08— jansky

University of Washington 0.4
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W. T. Sullivan, III

20.5-MHz Recording for September 16, 1932
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Karl Jansky and the Beginnings of Radio Astronomy, Fig. 7.
W. Sullivan, in Serendipitous Discoveries in Radio Astronomy, one day's observations. Each contour level corresponds to

K. Kellermann & B. Sheets, NRAO, 1983, p.39-56

1000 K in brightness temperature.
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Portions from Page One

May 5, 1933
Ehe New Jork Eimes

"WWWWH?” - Headlines:

S NEW RADIO WAVES

& TRACED TO CENTRE OF
THE MILKY WAY
Mysterious Static, Reported
by K. G. Jansky, Held to
Differ From Cosmic Ray.

DIRECTION IS
UNCHANGING
& Recorded and Tested for

A% More Than Year to Identify
It as From Earth's Galaxy.

& Only Dedicated Receiver Is
QS Able to Register
6@ No Evidence of Interstellar
Signalling.

ITS'INTENSITY IS LOW
http://daggy.name/cop/effluvia/jansky.htm

&

e
S
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Discovery of mysterious radio waves which appear to come from the
centre of the Milky Way galaxy was announced yesterday by the Bell
Telephone Laboratories. The discovery was made during research
studies on static by Karl G. Jansky of the radio research department at
Holmdel, N.J. and was described by him in a paper delivered before the
International Scientific Radio Union in Washington.

The galactic radio waves, the announcement says, are short waves,
14.6 meters, at a frequency of about 20,000,000 cycles a second. The
intensity of these waves is very low, so that a delicate apparatus is
required for their detection.

Unlike most forms of radio disturbances, the report says, these newly
found waves do not appear to be due to any terrestrial phenomena, but
rather to come from some point far off in space — probably far beyond
our solar system.

A preliminary report, published in the Proceedings of the Institute of
Radio Engineers last December, described studies which showed the
presence of three separate groups of static: Static from local
thunderstorms, static from distant thunderstorms, and a "'steady hiss
type static of unknown origin." Further studies this year determine the
unknown origin of this third type to be from the direction of the centre
of the Milky Way, the earth's own home galaxy.

The direction from which these waves arrive, the announcement
asserts, has been determined by investigations carried on over a
considerable period. Measurements of the horizontal component of the
waves were taken on several days of each month for an entire year, and
by an analysis of these readings at the end of the year their direction of
arrival was disclosed.

"The position indicated," it was explained, *'is very near to the point
where the plane in which the earth revolves around the sun crosses the
centre of the Milky Way, and also to that point toward which the solar
system is moving with respect to the other stars.“

There is no indication of any kind, Mr. Jansky replied to a question,
that these galactic radio waves constitute some kind of interstellar
signalling, or that they are the result of some form of intelligence
striving for intra-galactic communications.




Why did Jansky s Star Static discovery
make the Front Page of the NY Times ? |=

Perhaps May 5%, 1933 was an exceptionally slow news day.

It may be unrelated, but it is significant to note that the Cullen-Harrison Act
had became law less than a month earlier. Why was this notable?

Remember that not only was the US in the depth of the Great Depression, it
had been living under Prohibition since 1920 and this law was becoming
increasingly unpopular.

The Cullen-Harrison Act was signed by President Roosevelt on March 22, 1933.
It allowed the manufacture and sale of beer with an alcohol content of 3.2% (or
“3.2 beer”) as well as wine with a low alcohol content.

Upon signing the amendment, FDR made his famous remark, "l think this
would be a good time for a beer.”

The Cullen-Harrison Act became law on April 7, 1933.

The very next day, Anheuser-Busch, Inc. sent a team of Clydesdale horses to
the White House to deliver a case of Budweiser.

Around the country, crowds gathered outside breweries & taverns for their
first legal beer in 13 years.

Perhaps when life is good, or at least getting better, people’s imaginations
become free to wander towards more abstract interests and flights of fancy....

like “star static”. http://en.wikipedia.org/wiki/Prohibition_in_the_United_States
http://en.wikipedia.org/wiki/Cullen-Harrison_Act
http://assignment1-5.blogspot.com/ 9




Bell Labs & Radio Astronomy

Coaxial Cable (1929):
— Espenshied & Affel invent coaxial cable for wide-band high-speed long-distance data transmissions.

Circular Waveguide (1932):

— Southworth studies circular waveguide with the goal to use them as a broad-band transmission media for high-
capacity telecommunications. In late 1950’s Pierce developed helical waveguide (which was used on the VLA).

Cosmic Noise (1937):
— Jansky measures and characterizes galactic noise as a component of total receiver noise at Holmdel, NJ. This
work eventually opens the field of radio astronomy.
Noise Figure of Radio Receivers (1945):

— Friis (Jansky’s boss) presents the analysis of multistage receivers and introduces noise figure as a measure of
receiver performance. He provides a quantitative theory, showing the limits to sensitivity which are imposed by
signal losses, by external thermal noise, and by noise generated in the receiver.

Transistor (1947):
— Bardeen, Brattain & Shockley invent the transistor & are awarded the Nobel Prize in 1956.

Wire Bonding (1956):
— Anderson, Christensen & Andreatch develop the technique of thermo-compression bonding of gold wires to
semiconductor circuits.
Parametric Amplifiers (1957):

— Hines, Uhlir, Elder & Uenohara develop the microwave parametric amplifier for very low-noise receivers. The
paramp soon replaced the more expensive maser amplifier in radio astronomy & satellite receivers.

Laser (1958):
— Schawlow & Townes describe the concept of the Laser (light amplification by stimulated emission of radiation.

Cosmic Microwave Background (1964):

— Penzias & Wilson, while tracing the source of radio noise on the horn antenna at Crawford Hill, NJ, detect a
relatively high level of isotropic radiation at a wavelength of 7.3 cm and conclude it is the residue associated with
the birth of the universe following the Big Bang. They were awarded the Nobel Prize in 1978 for their work.

Charge Coupled Device (CCD) (1969):
— Boyle & Smith invent a solid-state chip that transforms patterns of light into useful electrical information.

UNIX Operating System (1969):
— Thompson & Ritchie develop the UNIX operating system. It is the first software system designed to run on
computers of all sizes, making open systems possible. UNIX later became the foundation for the Internet.
Fiber Optics (1976):
— The first experimental Bell Labs Lightwave Communications System begins in Atlanta, followed by the first
commercial installation of fiber-optic system is installed under the streets of Chicago. 10




Bell Labs & the Jansky 1953 Advertisement

Which Appeared 3 years after his death

’ ¢ £
Fo00 1T 1 Yo 2ighi ¢
Watching the serenity of Christmas skies, we
are conscious of deep silence. Yet the stars are talk-
ing to us all the while—talking in radio waves

that are full of meaning to scientists probing the
depths of space.

The important discovery that some stars produce
radio waves was made by a Bell Laboratories scien-
tist while exploring atmospheric disturbances which
might interfere with transoceanic telephone service.

His discovery marked the birth of the fast-
growing science of radio astronomy. It is telling
us of mysterious lightless stars that broadcast radio
waves, and it promises new and exciting revelations

about the vast regions of space concealed by clouds
of cosmic dust.

It 1s another example of how Bell Telephone
Laboratories scientists make broad and important

discoveries as they seeck ways to make your telephone
serve you better.

PV TL

E P s SO e s o 7
s v o R LR e e
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Directional radio antenna used by Karl G. Jansky, in the discovery of
stellar radio signals at the Holmdel, New lersey, branch of Bell Tele-
phone Laboratories. In 1932 he detected waves of 14.6 meters coming
from the direction of Sagittarius in the Milky Way.

BTL Advertisement - How Silent is the Night?,
Scientific American, Dec 1953 11




~ N | TheBTL

-/ Jansky Ad
‘ and His |
Knickers

Fig. 2. Karl Jansky with his antenna. Fig. 4. Picture used in 1953 BTL ad.

Recollections
from his son,
David, along
with comments
from his
daughter, Alice
Jansky Knopp
(AJK) and
Bob Wilson,
co-discoverer
of the CMB

Figure 2 has been shown to death, and really 1 imagine the reason is

because not too many pictures of Karl exist with the actual antenna to make it

a logical presentation to the uninitiated, But it was a good one. And I show
it because I'm going to show you another picture later om.

The picture shown in Figure 4 is from the ad, December 1953,
by BTL, which appeared in 22 scientific publications and look what they did t@j
him,

AJK: Changed the knickers Lo long pants!

And gave him a full head of hair!| We can all laugh. This appeared in
19533 I can understand why it was done., My apologies to Bob Wilson and the
rest of Lab people who are here, but they're going to hear it! This was a
very small picture in the ad, by the way, because the title of the ad was "How
Silent was the Night?", and the top half, T should have shown it I guess, had
a silhouette of a man, a dog and a boy looking at the stars, and it was a very
clever ad.

R. Wileson: David, I've seen another copy of this same picture, or two
copies_together, one is the original picture with a eirele around Karl, and it
saye |'Remove Man!"

My Father and His Work, David Jansky, in Serendipitous Discoveries in Radio Astronomy, K. Kellermann & B. Sheets, NRAO, 1983, p.39-56 12



Bell Labs & Jansk

If in later years AT&T was so proud of the role that Bell'Labs had played in the
field of radio astronomy, why wasn’t Karl Jansky encouraged, back in the mid

1930s, to further his studies of “star static”?

« Jansky performed some follow-up studies on it waves for several years -- mostly in his spare
time -- he largely abandoned those efforts to pursue wartime research.

« He had hoped to build a 30-meter steerable antenna but was unable to garner enough support.
In retrospect, Bell Labs loss of interest is not surprising:

— First, Jansky’s discovery was a purely serendipitous one. He had been tasked with
investigating terrestrial sources of interference which might adversely affect short
wave communications.

* What he found was very weak emission. Since he hadn’t detected the Sun, the noise from the
rest of the galaxy was unlikely to interfere with the long distant radio links that were a source of
income for AT&T.

— Second, Jansky was carrying out his work in the depth of the Great Depression when
economic times were very hard. In 1933, unemployment was at 25%.

* AT&T’s mandate was to provide telephone communications for the U.S.

« Bell Labs was the R&D arm and was involved with any scientific development that might
impact telecommunications, and thus it tried to maintain a vigorous program of both applied
and pure research.

* While AT&T was one of largest monopolies and biggest employers in the world, it was not rich
enough at that time to be altruistic to a fault.

Erom In the thirties, the depression hit us badly. Our five and half
Harald Friis’ working days per week were cut down to four and our salaries re-
duced correspondingly. More important, we were told to lay off 20

Autobiography per cent of our people at all levels.

Seventy-Five Years in an Exciting World, H. Friis, San Francisco Press, 1971, p 24-27 13



The Bell Labs Holmdel Complex in its Heyday (1970s)

Where Karl Jansky and Harald Friis had — serendipitously - discovered “star static” and radio astronomy
was born, 30 years before the famous Bell Labs research complex was built in the early 1960’s.

The Holmdel Labs was designed by Eero Saarinen (who had also designed the Gateway Arch in St. Louis).
The 2 million sq. ft. building contained over 4000 Bell Labs scientists & engineers.

After the government enforced divestiture of AT&T in 1984, Bell Labs was taken over by Alcatel-Lucent,
who eventually closed the facility in 2006 and sold it. The world’s largest lab now sits abandoned.

The water tower
on the 472-acre
complex was
designed to look

Note all the cars B l1ke a transistor,

in the parking lot the most famous
v, s o Bell Lab invention.
www.telephonecollectors.org/pictures/?id=135818990 ; mainline.brynmawr.edu/Courses/cs240/fall2009/bell-labs-watertower.jpg 14




The Jansky Marker & Memorial at the Holmdel Labs

Jim Moran (CfA)
“Standard Ruler”
January 2006

The JaskMrker,
101 Crawfords Corner Road,
Holmdel Township, New Jersey

&1 Crected by the state during the 1960s, Es
4 about %2 mile from the original antenna. g

“Unfortunately, it's unsafe to stop and
read the sign without getting
hit from behind” - Bob Wilson

http://www.hmdb.org/marker.asp?MarkerID=17386&Print=1
http://www.waymarking.com/waymarks/WM103K_Jansky Antenna
https://www.cfa.harvard.edu/~jmoran/photos/JimsWanderings/wanderingsindex.html




At this location in 1931, Karl Jansky, a Bell
Jans k M arker Tod a Laboratories physicist and radio researcher,
y y recorded for the first time radio signals from
beyond the Earth. The source of these
signals -- radio noise at a wavelength of 14.6

meters -- was the center of our Milky Way
galaxy.

This sculpture commemorates Jansky's
discovery, first announced in 1933, which
gave birth to the science of radio astronomy.
The sculpture is oriented as Jansky’s
antenna was at 7:10 p.m. on September 16,
1932, at a moment of maximum signal. As
his directional antenna rotated, the center of
our galaxy came into view in the direction of
the constellation Sagittarius, low on the

southern horizon.

Radio Astronomy pioneer Karl Jansky died
In 1950, years before the scientific

i .- community realized the significance of his

e discovery. In 1973, the International
Bell Labs moved out of the Holmdel bUIIdlng N Astronom|(¥a| Union gave his name to the
2006 and the marker is now inaccessible. international unit of radio flux density.

Jansky’s work led to a number of

Lucent, the successor to Bell Labs, had fallen on | breakthroughs in astronomy: the discovery

of quasars, pulsars, radio galaxies, and near

hard times, and the monument has been left to this site in 1964, the Nobel Prize-winning

the elements. discovery by Bell Laboratories scientists of

. : , the cosmic microwave background which
Who knows when it will be accessible again. has revolutionized our understanding of the
origin of the universe. iy

http://www.simplyquality.org/ho/2-12-09-Presentation.pdf
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Complex o g

Alcatel-Lucent sold the facility in 2006.
The world’s largest lab now sits abandoned.

Despite initial plans to keep the complex as a
corporate office park, there was an attempt
to re-zone the complex as residential.

It has since been added to list of the 10 Most
Endangered Historic Sites in NJ by the
Cultural Landscape Foundation.

A citizen's group has been created by former
Bell employees to lobby to keep the complex

- ' o e—— / as it was, perhaps as an university or
oogle Eart ttp://tkurdzu ogspot com .
www.nj.com/news/index.ssf/2008/08/abandoned_bell_labs_could_make.html recreational complex.




Detective Work Leads to Jansky Memorial

The search for the location of the Jansky Memorial was carried out by Tony Tyson, then
a Bell Labs astrophysicist, and Bob Wilson, who was now a senior scientist at the
Harvard-Smithsonian CfA. It began in the late 1980°s and lasted nearly a decade.

It was unveiled on 8 June 1998 at the Bell Labs Holmdel facility. A13-foot-long stylized
replica now resides on the former location of Jansky's original 100-foot-long antenna.

When Jansky died of a stroke in 1950 at the age of 44, he had received no formal
recognition from Bell Labs or the scientific community. The International Astronomical
Union would adopt the ""jansky” as the radio flux density unit in the 1970s.

Wilson and Tyson began searching Bell Labs records but they soon discovered Jansky’s
lab notebooks from 1928 to 1937 were missing. Those notebooks would, they hoped,
provide a crucial clue to the antenna's original location. The antenna itself vanished
sometime during the 1950s.

A summer student majoring in archeology found an old box of papers at a former Bell
Labs facility on West Street in New York. The papers had been slated for a corporate
museum but for some reason had remained in the possession of a company executive.

The notebook provided the location of Jansky's office in the original Radio Research
Lab, as well as the antenna's angular position. Using a survey of the former Holmdel
building, an old map of the Holmdel Township, which showed the building's location
near a stream, and an old aerial photograph that faintly showed the antenna itself, along
with the stream and a nearby tree line that partially exists today.

The original antenna was then determined to be about 1,000 feet from the old building,
placing it on a grassy patch near the current Holmdel building's main parking lot.

Luckily the actual location on the Jansky Antenna just missed ending up on a modern
asphalt road. The Memorial sits happily on a grass lawn.

http://www.bell-labs.com/news/1998/june/4/2.html



The Jansky Memorial from Space (1998)
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http://www.waymarking.com/waymarks/WM103K_Jansky Antenna
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Bell LabS NJ Cr%wfordHull

Labs A

Holmdel & ‘
Crawford Hill U
Laboratories S ;.

The two most famous
Bell Labs facilities,
at least as far as

Holmdel
Labs

radio astronomers
are concerned,
are located within 2
miles of each other
(as the crow flies).

5 \ ‘
Google Earth o | P ot



Bell’s Crawford Hill Lab, Holmdel, NJ

Where Penzias & Wilson discovered the Cosmic Microwave Background

f\rc.eGoogle

Google Earth



The Famous Hogg Horn 1s still there. ..

The sole remaining presence of Bell Labs in Holmdel is a small research group of
Alcatel-Lucent working on optical networking and wireless technologies.

Google Earth



In 1989 the CMB horn antenna was designated a
National Historic Landmark.
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nna_Crawford_Hill_NJ.jpg 23

http://commons.wikimedia.org/wiki/File:Bell_Labs_Horn_Ante



Holmdel & Crawford Hill Bell Labs
_Satellite Image-2007 Aerial Photo-1931

Navesink
River |

http //njgln state nj us/dep/DEP |MapNJDEPIV|ewer htm



Aerial Photo of Jansky’s Lab & Telescope - 1931

C :r-'.%.-';"-.. \5

Bell Labs

i Holmdel Field Laboratory

Radio Research Lab

Positio of
1998 Jansky
Memorial

Overlay with today’s
Holmdel road network

~ ¢
' ’ - '.““T.L

S

Radio Research Lab

Note the Wye-shape of
the future VLA I

Jansky’s
Antenna ? p

http://njgin.state.nj.us/dep/DEP_iMapNJDEP/viewer.htnmes



Jansky’s
antenna is
clearly seen...

...but appears
to have
vanished

First2 of new
lab & parking
complete

— N

Research Lab
has grown




BTL Presents New Lab at Holmdel (~1962)

Eero Saarinen - Bell Laboratories Holmdel — Early Videos (3)
http://www.youtube.com/watch?v=v3BbfdIKz6k ; http://www.youtube.com/watch?v=HMQKfskklQM




MUSA Location

High-altitude 1930s photo taken before MUSA built.

Identifying features like the Navesink River, a pit, two
large buildings & the road network, the approximate
location of the MUSA can be determined.

Radio Research Lab Roberts Farmhouse Lab
S T

%5

B s : Radio
] A\ = Research Lab

Southworth
&
Waveguide Group ,
NN Jansky’s
Antenna

Overlay with today’s |
road network

ko) -

A Multiple Unit Steerable Antenna for Short-wave Reception,
H.T. Friis & C.B. Feldman, Proc IRE, Vol. 25, No. 7, July 1937, 841-917

a
http://njstateatlas.com/1930/ v




Tangent - Grote Reber & Cosmic Static **

Grote Reber, a radio engineer & avid radio amateur, had read
Jansky's articles. By 1938, he had constructed a 31-foot
parabolic dish in his back yard in Wheaton, IL, and had
begun his own observations of the celestial sky.

Drift scans at both 9-cm & 33-cm produced negative results, so
he built a new 1.9-m receiver. In April 1939 he found what he
termed cosmic static from the center of the Milky Way. He
then embarked on the first survey of the radio sky in 1941.
Reber worked by day designing radio receivers at a factory in
nearby Chicago. Taking the train was an hour each way. After
supper he slept until midnight, and then sat in his basement

and recorded the output meter readings of his receiver at one

minute intervals until he left for work the next morning.
By 1941 he had purchased an automatic strip chart recorder.
Reber is considered to be the world’s first radio astronomer.

% L& o,
n! siopeia

IR tr \p/>>\
7 . ?> Q’ Cygnus \‘*
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Grote Reber : A Radio Astronomy Pioneer, K. I. Kellermann, in
The New Astronomy - A Meeting to Honor Woody Sullivan on
his 60th Birthday, edited by W. Orchiston, Springer, 2005 29



The World’s 15t Parabolic Radio Telescope
Reber with his 31-ft Transit Antenna built in his Mother’s Backyard

E———
-

His mother found the
dish to be a convenient
place to hang out her
wash to dry.

Reber stated that the
cost of parts for the
antenna was $677.

He spent an additional
$1,050 on
Instrumentation.

Total of ~$27K today

Rare picture of the dish in the vacant lot next to his mother’s house.
(Printed in Time Magazine, Dec 1962.)

Astronomy - View from the Second Window, Time Magazine, Dec 14, 1962, p. 44-49 30



Aerial Image of Grote Reber’s Dish in 1939

Wheaton, IL — 25 miles west of Chicago 212 W. Seminary Street
Populatlon then ~7,400 ; today ~55, 000 The home of Grote Reber & his mother

1939 :f¢_’"’3~‘ w & i 1A% *-
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1939

http //crystal iSgs. umé edu/nsdlhome/webdocsllIhap/county/data/dupage/fl|ght5/0bws01019 ipg
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Site of Reber’s Telescope — Then & Now

(1 93 9 Aerial Image Dzscovered by Bill Hzgglns)
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Reber used the Wheaton dish from 1937 to 1947. W Semlnary Street 200 Block nokaga Ave |
» When his mother died in 1945, Reber had little reason to stay in Wheaton.

* In 1947, he accepted an offer from the National Bureau of Standards (NBS) to set up a
radio astronomy program at the Central Radio Propagation Laboratory (CRPL).

* He sold his Wheaton dish to the government along with all of his instrumentation,
including a 1400 MHz amplifier and feed, for the sum of $18,570.

» Everything was moved to the NBS in Sterling, VA, near the location of the current Dulles
Airport.
http://crystal.isgs.uiuc.edu/nsdihome/webdocs/ilhap/county/data/dupage/flight5/0bws01019.jpg & Google Earth32



http://crystal.isgs.uiuc.edu/nsdihome/webdocs/ilhap/county/data/dupage/flight5/0bws01019.jpg

212 W. Seminary Street, Wheaton, IL
Through the Decades

-

YK
N Kanskogasst
S - - =
¥ -

>

— =

Y-
\

WheatonvAyve

et A S e O
http://www.historicaerials.com/

33



The Wheaton
Antenna Site Today

The Reber home was demolished in the
1950s and was developed for
commercial business.

In yet another “cosmic connection”, the
site of the antenna became the parking ]

lot of the local Bell Telephone Company. ,

t Reber Dish
was over here

oy |
-t

http://beamjockey.livejournal.com/155909.html

Grote Reber — The Wildcat Astronomer, The Scientists, Australian
Broadcasting Corporation, DVD, 1979




The Reber I\/Iarker IN Wheaton
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The Reber Antenna
| egacy

After the Wheaton dish was moved to the
NBS field site in Sterling, VA, in 1947, Reber
was finally able to mount it on the turntable
he had designed years before, turning the
transit instrument into an alt-azimuth
telescope.

Reber participated in multiwavelength
observations of the radio Sun.

Reber was soon frustrated by working as
part of a government bureaucracy, by the
lack of support for building a large radio
telescope, and by the growing influence of
McCarthyism.

In 1951 he left his dish with the NBS and
without warning departed for Hawalii.

The dish was used to bounce the first radio
signals off of the moon in the fall of 1951.

In 1952 the telescope was disassembled and
shipped to another NBS site in Boulder,
Colorado, where it remained in storage.

Finally, in 1957, it was acquired by NRAO,
where it was reassembled in Green Bank,
WYV, under Grote Reber's supervision in
1959-60.

The Reber antenna was listed on the
National Register of Historic Places in 1972
and declared a National Historic Landmark
in 1989.

http://beamjockey.livejournal.com/155909.htmi
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Grote Reber and the B 1949
National Bureau of Standards
NBS Site at Sterling, VA

Reber at one of the 3 equafil mounted
German WWII1 Wurzburg 7.5-m antennas

Reber's reassembled Wheaton antenna g ‘QMM

i 3 / {, J‘-L’ i e i
http://www.nrao.edu/archives/Reber/reber_item_photos.shtml

Pitp:/fjump.cv.nirao.edu/dbtw-wpd/ Texthase/l magefiles/\Wurzburg, Sterling jpg Reber S antenna with the 3 “Red Whlte & Blue” Wu rzberg
/fjump.cv.nrao.edu -W extbase/Imagertiies/RrReper_al erling-o.
AttpL/7jump.cv.niao.edu/dbtw wpd/ Textbase/Imagefiles/SterTing. 149.4 jpg antennas used for Solar observing in the background

http://jump.cv.nrao.edu/dbtw-wpd/Textbase/Imagefiles/Sterling_1949-1.jpg 37



Standards
Sterling Site

Aerial Photo

Chronology

Sorry about the
watermarks, cost of
unmarked photos
= $20/each

http://www.historicaerials.com/

S & 5
Reber + Red, White & Blue Dishes




Sterling

Site Today
Dulles

The NBS‘s original ionosphere and field intensity equipment was
located at its field station at Meadows, Md., until 1942 when the Air
Force took over the site to build Andrews Air Base.

The Bureau found another meadowland area, 450 acres in size, at
Sterling, Va. That too was lost when in 1954 when it became the site
of the Dulles International Airport.

The telescopes at the Sterling facility, once a radio quiet zone, were
moved to Boulder, CO, in 1952. The three Wurzburg antennas were
installed on Gunbarrel Hill just outside of Boulder. They retained
their red, white and blue colors.

The Reber Dish remained in its crates and was not reassembled

Google Earth
Measures for Progress: A History of the National Bureau of Standards, R.C. Cochrane, US Dept of
Congress, Washington DC, 1966, p.406
Wurzburg Update..., S. Stitzer, Reflections, Historical Electronics Museum, Vol. 17, Issue 3, Fall 20089




Reber’s Sea
Interferometer

He was interested in the sea : —— e
interferometry techniques A R
being used by Australian Framework for Reber's antenna at Kole Kole on Haleakala, Maui, Hawaii.
radio astronomers, and, in

1951, abandoned his dish and
the NBS, and went to Hawaii
to work independently.

From 1951 to 1954 he worked
on top of Mt. Haleakala on
Maui, building a huge
rotating antenna.

His observations were e #8 The completed antenna with its control building to the le
hampered by ionospheric
refraction and terrestrial

interference, so he ended up gt _ ,

getting useful data for only a A n A 4

few strong radio sources.

http://jump.cv.nrao.edu/dbtw-
wpd/Textbase/Imagefiles/Kolekole_framework-

1.jpg

http://jump.cv.nrao.edu/dbtw-
wpd/Textbase/Imagefiles/Kolekole_framework-

http:/fjump.cv.nrac.edu/dbtw The antenna after being destroyed by an ice storm in February 1957. R
wpd/Textbase/Imagefiles/Ice_damage_1957-3.jpg | Reber had left for Tasmania before then. T




Haleakala Pictures

Mosaic picture of Reber's antenna in 1952 —

The antenna in 1954 after Reber had left
Hawaii, but before the 1957 ice storm.

Reber in the middle of his antenna —

”The results were not commensurate
with the effort.”

http://jump.cv.nrao.edu/dbtw-
ﬁd/Textbase/ Imagefiles/Reber_1st_Radio_Telescope_Maui_1952.jpg
ttp://jump.cv.nrao.edu/dbtw-wpd/Textbase/Imagefiles/Haleakala-
Reber_Steigerphoto1954.jpg
http://www.groterebermuseum.org.au/images/gallery/full/photo23%2
0-%20Phot0%200f%20Telescope.jpg



The “Reber Circle” Today
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The Jansky Antenna Replica at Green Bank

The idea to build an accurate replica of Jansky's merry-go-round antenna originated
with Grote Reber. He suggested it be located at the entrance to the NRAO in Green
Bank, WYV, as an historical monument.

* On 1959-60, while Reber was supervising the reconstruction of his 32-ft dish at Green
Bank (on the left side of the front entrance), it occurred to him that it would be
appropriate to have a full-size reproduction of Jansky's antenna on the right side.

« He contacted George Southworth, a contemporary of Jansky who had worked at
Holmdel on the development of microwave systems. Southworth brought the idea to the
management at Bell Laboratories, who concurred and the replica project was put in
motion.

« All the drawings were still available and, surprisingly, the replica was built by the same
carpenter that built the original thirty years earlier.

— The head of the shop was keen to make the reconstructed antenna better than the original. After
some persuasion, he finally agreed to make it the same as the original.

— The only piece of the original antenna which could be found was its speed-reducing gear box. It is
now installed on the replica.
 Jansky’s original merry-go-round used the front wheels & axles from Ford Model-T
cars. These may have plentiful in junkyards during the 1930s, but by 1960 they were
long gone.

— Reber advertised in the Marlinton, WV. newspaper hoping some axles might still be lying around in
farm barnyards. Much to his surprise, they were.

— What to do about tires and tubes was an other matter. The original used hard rubber tires. These
had gone out of style many years earlier. The reconstructed merry-go-round consequently uses
pneumatic tires, a slight departure from authenticity.

« The replica was completed in September of 1964.

http://www.gb.nrao.edu/~fghigo/JanskyAntenna/RepeatingJansky _memo10.pdf
A Play Called the Beginning of Radio Astronomy, Grote Reber, JRASC, 1988, vol.82, 110.3, p.93




The Jansky Antenna

Replica at Green Bank

BELL
LABORATORIES

RECORD
Full Sized Replica
Of Jansky Antenna Completed

Construction of a full-sized replica of the orig-
inal Jansky Antenna has been completed at Holm-
del and will be erected at the National Radio
Astronomy Observatory in Green Bank, West
Virginia, later this year,

A, C. Beck, a member of the Guided Wave Medi-
um Research Department and a contemporary of
Jansky when he was at Holmdel, was chiefly re-
sponsible for collecting information needed to
construct the replica. The replica was built by
members of the Crawford Hill Carpenter Shop
who worked from some of Jansky's original note-
books, drawings, and monthly progress reports.

Oetober 1963

Picture of the Jansky Antenna Replica with

the Penzias & Wilson horn in the
background taken before it
became famous... ==

A full-gized replica of the original Jansky An-
tenna begins to take shape at the top of Craw-
ford Hill at Holmdel.

http://www.panoramio.com/photo/2632311
Full Sized Replica of Jansky Antenna Completed, Bell Laboratories Record, Vol. 41, Oct 1963, p. 351 45



R&D at Bell Labs vs. the NSF

Over the years since its creation, Bell Labs had been
awarded 7 Nobel Prizes and held over 29,000 patents.

At its peak, Bell Labs had 25,000 employees working at
13 locations in New Jersey & 7 others across the country.

In 1981, the last year before the U.S. government split
AT&T up under anti-monopoly restrictions, Bell Labs
had a budget of $1.63B.

— Of this, about $135M (8.3%) was devoted to basic research.

— Fields of research ranged from telecommunications technology
to electronic circuits to material science to neurophysiology.

— And even radio astronomy.

In the same year, 1981, the National Science Foundation
(NSF) had an operating budget of $1.1B.

Thus In its final year, the Bell Labs basic research budget
was typically 10 to 15% of the entire NSF budget.

Adapted from Three Degrees Above Zero, J. Bernstein (1984)
http://en.wikipedia.org/wiki/Lucent_Technologies & http://en.wikipedia.org/wiki/Alcatel-Lucent




Bell Labs & the Divesture of AT&T

Many argue that in the years since, the divesture of AT&T in 1984 has
adversely affected Bell Labs (now called Alcatel-Lucent) and has significantly
diminished the role it was once so famous for with...

— Its unique mixture of engineering vs. science,

— Its profitable balance of applied vs. basic science,

— And its successful demonstration of the benefits of short vs. long term research.

It is hard to not believe that America has lost one of its greatest hi-tech assets.
— Many of the labs have been scaled down, or closed entirely.
— Much of the workforce has been lost due to layoffs.
— According to Science magazine, in 2008 only four scientists remained to carry out
basic research in physics.

— Also in 2008, Alcatel-Lucent announced it was pulling out of basic science, material
physics, and semiconductor research, and would instead focus on more immediately
marketable areas, including networking, high-speed electronics, wireless networks,
nanotechnology and software.

There has been much debate as to whether the break up of AT&T totally

destroyed the world’s best telephone system or whether it spurred what
remained of the organization to be more competitive against MCI, Sprint, etc.

However, there is no doubt that divestiture changed the character of Bell Labs
and that the U.S. ended up losing an organization which had an unparallel mix
of applied vs. basic and short vs. long research capability.

And it is no longer the organization that created & fostered radio astronomy.

Adapted from Three Degrees Above Zero, J. Bernstein (1984)
http://en.wikipedia.org/wiki/Lucent_Technologies & http://en.wikipedia.org/wiki/Alcatel-Lucent



Hooray!!!
It_s over...

Any Questions ?
(from those who are still awake)




