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noise that interfered with shortwave communications at a wavelength of
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Electrical Disturbances
Apparen’cly
of Extraterrestrial Origin

Alexander Graham Bell established the Bell Telephone Laboratories in
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Rg)

1925 to advance communications research. Bell Labs has made many
¥
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important discoveries that led to technological innovations that we take

for granted today: the transistor, the basic building block of all computer

chips; the photovoltaic solar cell; the CCD imaging camera commonly

used in cell phones. The CCD has led to great advances in astronomy im-
! aging and new scientific discoveries.
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Galactic Center

Karl Guthe Jansky (1905 - 1950) was a radio engineer hired by Bell Labs
in 1928. In 1931 he designed an antenna and radio receiver to investigate

14.6 meters. (In that era, it was common to report radio waves in terms
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of wavelength; it is equivalent to a frequency of 20.5 MHz. For compar-
ison, the BBC World Service transmits shortwave broadcasts near this
frequency.) These shortwave transmissions were to be used for trans-At-
lantic radio telephone. He designed a directional antenna to try to iden-

tify the source(s) of the noise. The static, crackling, and hissing sounds
were commonly called “atmospherics” in that era. The antenna rested on

wheels from a Model T Ford that allowed it to rotate slowly. This led to the
antenna’s nickname: “Jansky’s merry-go-round.”
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Many discoveries have led to advances in pure and applied science. Bell )
Labs performed research in both radio communications technology and
radio astronomy at their facility in Holmdel, NJ.



Jansky and his “merry-go-round” antenna.
Credit: National Radio Astronomy Observatory /
Associated Universities Inc.

He identified three sources: the first two were crackling sounds caused by
lightning strikes from either local or distant thunderstorms; the lightning
generates radio wave noise. The first type of noise preceded storms at his lo-
cation. The second type coincided with difficulty communicating with South
America when there were thunderstorms in the tropics. The third was a steady
background hiss of unknown origin. In 1932 he published his initial results.
The hiss seemed to be stronger when the antenna was aimed near the Sun.
At the time it was believed that solar activity caused radio communication to
sometimes be better or poorer. This was thought to be due to the interaction

of sunlight with Earth’s atmosphere, because it persisted after sunset. Radio
waves from beyond the Earth hadn’t been detected before.

In 1933 he published a brief note with updated results. After months of fur-
ther studying these “hiss type atmospherics” he realized that the location was
fixed relative to the stars. His first observations were done when the Sun was

in front of the constellation Sagittarius. Later, when the Sun was in a different 4

part of the sky, he continued to receive the more intense hiss from a loca-
tion in Sagittarius that was near the center of the Milky Way galaxy. Later in
the year he published a more detailed report titled “Electrical Disturbances
Apparently of Extraterrestrial Origin.” This was the first known confirmed
detection of an extraterrestrial radio source. The timing of his observations,
during solar minimum, was fortuitous. If he had tried to observe during the

solar maximum the frequencies would not have penetrated the upper lay-
ers of the atmosphere, the ionosphere.
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Astronomers did not, at first, understand what the source in the center of
the galaxy could be. It was later determined that there were several over-

lapping regions of radio emission. Then, in 1974, a more sensitive radio
telescope was used to discover that the central, brightest, source was very

small in angular diameter. It appeared that it originated from a point-like
source, the radio counterpart to how a star appears.

Fig. 1—Sample record of waves of extraterrestrial origin

Today, we know that the source of the signal is a region very close to a

supermassive black hole (now named Sagittarius A* or abbreviated to Sgr ¢’
A*) at the center of our galaxy. Studying the motions of ordinary stars
near Sgr A* showed very elliptical orbits and high velocities that can only
be explained if their motion is influenced by the intense gravity of a black
hole that is four million times more massive than our Sun. In 2022 the

Event Horizon Telescope consortium published results from an array of

radio telescopes. The 1.3-millimeter (231 GHz) observations were used to
o produce an image of the “shadow” of the black hole.
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The Jansky Monument is a sculpture that is a stylized represen-
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tation of Jansky’s radio telescope. It is located at the former site
of Bell Labs in Holmdel, NJ. The sculpture is much smaller than
Q_._ Q the original antenna. The author is shown for scale. Credit
i Lindsay Beebe.
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Jansky is generally considered the founder of radio astronomy. The
cosmic static disturbances that he studied are sometimes referred to as
“Jansky noise.” The measurement unit that radio astronomers use today
to report their measurements is named the “jansky” (the abbreviation is
Jy) in his honor.
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Cosmic Microwave Background Radiation

The Holmdel Horn Antenna. The open aperture, at left, is 20
¢ feet square and the horn is 50 feet long. The author is shown for
) S scale. Credit: Lindsay Beebe.



Bell Labs began working on a sensitive antenna to detect transmissions that
reflected off the NASA Project Echo satellites. These were large metalized bal-
loons that could reflect radio signals back to the ground. The Echo 1 satellite
was 100 ft in diameter, and launched in 1960. Echo 2 was even larger, at 135
ft, and launched in 1964. These large and highly reflective balloons were easily
seen by the public as they passed overhead after sunset.

The first transmission was sent by the Jet Propulsion Laboratory in Goldstone,
CA. They were received using a large horn antenna in Holmdel, NJ. The anten-
na is mounted on a track, allowing it to rotate 360 degrees. A large ring allows
the antenna to change elevation from the horizon to the sky overhead. The an-
tenna was aimed at a point where the satellites were predicted to be. At the nar-
row end of the horn there is an equipment room housing the radio receiver. The
first signal was 2,390 MHz, which is the microwave portion of the radio spec-
trum. This experiment predated the first communications satellites that could
receive a signal and repeat it to a different ground location. Other groups that
participated in these early tests were the Collins Radio Company and the Naval
Research Laboratory.

The horn antenna was very sensitive, and able to detect the very weak signals
reflected from the satellites. The radio receiver was cooled with liquid helium to
a temperature of 452 F below zero. The cooling was to reduce background noise
from within the equipment.

During these experiments, Arno Penzias and Robert Wilson at Bell Labs dis-
covered a background noise that was 100 times more intense than they expect-

ed. Astrophysicists at Princeton University had just predicted that there should 0\

be a cosmic microwave background radiation left over from the Big Bang at the
start of the universe. The measurements exactly matched the prediction. The
signal was detected in all directions in the sky, both day and night. The results
were published in 1965 as “A Measurement of Excess Antenna Temperature at
4800 Mc/s” Penzias and Wilson were awarded the Nobel Prize in 1978 for this
discovery.
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named Dr. Robert Wilson Park.

— Michael L. Umbricht

Michael L. Umbricht.
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The 7-meter (23 foot) diameter parabolic dish antenna. Credit:

The horn antenna is listed on the National Register of Historic Places, and is a
National Historic Landmark. Another antenna a short distance from the horn

was designed for satellite communications testing in the 1970s. It was also used
for radio astronomy to study star formation, aging stars, and external galaxies.
ethyl alcohol.

Molecules that can be detected include carbon monoxide, silicon monoxide, and

The town of Holmdel acquired 35 acres of land, including the two antennas on .

Crawford Hill. The site will become a public park and recreation area. It will be
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