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RADIO ASTRONOMY 
 

Astronomy began when people first recognized patterns of stars in the sky. Radio’s 
first beginnings were in 600 B.C. A Greek philosopher named Thales [S2] 

discovered that amber accumulates a charge by rubbing it with fur. The charged 
amber can then attract light objects. If Thales rubbed the amber long enough, he 
could even get a spark to jump.  

 
The Greek root of amber evolved into the word “electricity.” In 1600, William 

Gilbert took the word “electrum,” or “amber,” and formed it into “electrica,” 
referring to substances which attract. In 1646 the actual word “electricity’ appeared 
in Thomas Browne’s huge encyclopedia, Pseudodoxia Expedemica. 

 
Then in the 1820s, an Englishman named Michael Faraday [S3] discovered a 

relationship between light and electromagnetism. He went on to become the 
founder of the electromagnetic theory of light.  
 

A little trivia here: Faraday had very little formal education. He didn’t know much 
about higher mathematics, such as calculus. Yet he was one of the most influential 

scientists of all time. Some science historians call him the best experimentalist in 
history. Albert Einstein kept his photograph on his study wall beside pictures of 

Isaac Newton and James Clerk Maxwell. 
 
[S4] Maxwell was a Scotch mathematician who published a book based Faraday’s 

theories in 1873. He proved mathematically that Faraday’s conceptions were 
accurate. He also proved the astounding fact that electric and magnetic phenomena 

were identical with light. He theorized that all these phenomena could be reduced 
to motion in the form of waves in a substance he called the “aether,” a sparse and 
transparent fluid believed to fill all space. 

 
In 1886, the young German student Heinrich Hertz [S5] tried to verify Maxwell’s 

work experimentally. He found a way to detect electromagnetic waves after they 
were transmitted across space. Later the Hertzian waves were called radio waves. 
The frequency is measured in cycles per second, or cps, and now they are simply 

called Hertz. So a frequency of 60 cycles per second is called 60 Hertz. 420 million 
cycles per second are called 420 Megahertz. 

 
Hertz showed that radio waves behave much like light waves, but they are 
completely invisible. When the results of his experiments were published in 1887, 

radio art developed quickly.  
 

In 1894, Guglielmo Marconi [S6] began experimenting with electric waves. He was 
only 20 years old, and lived on his father’s estate in Italy. He gathered all the 
knowledge that had accumulated through 2500 years and put it to practical use. In 

1896 he took his entire system to England. On Salisbury Plain, he sent and received 
a wireless message over a distance of two miles. In the next three years he 

improved his receiver and bridged the English Channel, 32 miles wide.  
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At the end of 1901, he sailed to Newfoundland, and erected his most advanced 
receiving station. He sent a kite up to four hundred feet and cabled his station at 

Cornwall, on the southwest tip of England, to begin transmitting. Just before noon, 
Marconi heard three dots in the head telephones . . . the letter “S.” It was repeated 

two more times. 
 
Then he released the test results to the press. Two thousand miles of space had 

been bridged without wires. Electrical experimenters throughout the world turned 
away from their other hobbies; backyard telegraph systems, electric motors and 

wet cells, and plunged into radio. 
 
In 1927 the transatlantic radio telephone was invented. At that time Karl Jansky 

[S7] was working for Bell Laboratories. The telephone links were disturbed by 
some unknown electrical force, and Jansky’s job was to locate the source of 

interference.  
 
He built a rotating antenna [S8] and began making regular observations. By 1932 

he discovered that thunderstorms were one source of the noise and a second was a 
“hiss-type static” whose origin was unknown. In 1933 he proved the signals were 

from outside the earth—they were extraterrestrial. 
 

His discovery marked the actual birth of Radio Astronomy. But then World War II 
broke out, and Jansky’s work was forgotten. No one even guessed that radio waves 
were reaching the earth from celestial objects, and from the beginning of time and 

space. 
 

So what is radio astronomy? 
 
It’s the study of radio waves emitted through natural processes from stars, 

galaxies, nebulae, quasars, pulsars, interstellar molecules, radio stars, and all 
celestial objects. 

 
These cosmic radio waves are created in different ways. Some of the waves are 
thermal emissions. They’re produced by slow-moving electrons in hot clouds of gas 

surrounding very hot stars. Other emissions are nonthermal. They’re produced in 
huge explosions that energize the particles. The electrons are accelerated to almost 

the speed of light. They spiral around magnetic fields and radiate energy in the 
form of radio waves. 
 

Optical telescopes and radio telescopes are similar with one major difference. The 
opticals use glass lenses or mirrors to gather and concentrate light from stars and 

galaxies. The light is passed through more lenses to bring it to focus on a 
photographic plate, or an electronic detector. 
 

Radio telescopes [S9] reflect radio waves off a metal surface instead of a glass 
mirror. For decades the Lovell telescope in England was the largest radio telescope 

in the world. Its diameter is 250 feet. 
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Radio waves from space are reflected off the parabolic surface to a focus, in this 
case the top of the mast in the center of the dish, where a small antenna is placed. 

It may look like a conventional TV or FM antenna, but it does far more. The antenna 
is connected to amplifiers which convert concentrated radio signals into tiny electric 

currents. These currents are sent to the control room. There they are amplified a 
million or more times within the receiver. Then they are processed in a computer or 
displayed in a way where the radio astronomer can “see” what the data indicate. 

 
A single-dish radio telescope will collect all the radio energy coming from a small 

area of space at any moment. It produces the equivalent of a photograph of a 
section of sky. It’s the same way a TV image is produced by scanning an electron 
beam across the TV screen. 

 
Radio astronomers discovered early that some regions of the sky emitted more 

energy than the areas around them. They were simply called “radio sources.”  
Today these “radio sources” are known to include stars, nebulae, quasars, pulsars, 
the sun, the planets, and amazing clouds of molecules between the stars. These all 

generate radio waves. Radio astronomers study these waves—where they come 
from, how they’re produced, and what types of objects are involved. 

 
The larger the diameter of a dish antenna, the better its resolution, the fineness of 

detail in a computer-generated image. But if the diameter is too big, the antenna 
collapses under its own weight. Radio astronomers learned to take signals from two 
dishes miles apart and combine them in what is called an interferometer. The 

maximum distance between the dishes determines the resolution. 
 

Then a new technique was developed at Cambridge. They synthesized the aperture, 
or area of a large dish, by many small dishes set far apart. Then their individual 
signals were fed to a central computer. Because of the rotation of the earth, any 

two  telescopes seem to move around each other as seen from the radio source. 
That means the dishes don’t have to be physically moved. The earth does the 

moving. Enormous apertures can be synthesized this way. In fact, an array of 
dishes can be spread over dozens of miles. 
 

The world’s largest synthesis telescope [S10] is the Very Large Array, or VLA, 50 
miles west of Socorro, New Mexico. It belongs to the National Radio Astronomy 

Observatory, or NRAO. It has 27 radio antennas, with diameters of 82 feet, located 
along railroad tracks laid out in a Y-shape. Each arm of the Y is 13 miles long. The 
individual antennas are moved to different locations along the rail tracks every few 

months. In this photo many of the dishes are spaced in the so-called compact 
array. 

 
The Very Long Baseline Array [S11], or VLBA is spread across the continent of 
North America. Ten antennas are located from the Virgin Islands to Hawaii, with 

eight across the continental United States. Data from all the out stations are 
brought together at the central processing computer in Socorro. 
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Radio astronomy was slow to develop. When it began in 1933, it was caught 
between two disciplines. Astronomers couldn’t imagine a rational way that radio 

waves could be generated. Radio engineers didn’t care where the waves came 
from.  It was difficult for astronomers, who knew nothing of radio science, to 

understand the significance of Jansky’s discoveries.  
 
At a meeting in 1933, astronomer John Kraus made an interesting statement. He 

said that meaningful accidental discovery occurs only as the result of “being in the 
right place with the right equipment doing the right experiment at the right time.” 

Hanbury Brown, another astronomer, added that the person should “not know too 
much,” otherwise the discovery might not be made. 
 

Many research scientists, especially theorists, “know” so much that they have little 
chance of making a lucky or creative discovery. If we know too much, our vision 

can be narrowed to the point where we don’t see new opportunities. Jansky knew a 
little astronomy, but not enough to get in his way. It didn’t cause him to reject the 
fact that radio waves originating in the cosmos might be real. 

 
Grote Reber [S12] was a professional engineer, and a radio ham in his spare time. 

He was one of the few people who recognized the implications of Jansky’s 
discovery. He wasn’t bothered about whether cosmic radio waves could exist. He 

just wanted to verify their existence. He followed up on Jansky’s work. He built the 
world’s first steerable radio dish antenna in his backyard [S13], and from 1935 to 
1941 he mapped the radiation from the Milky Way.  

 
At this point no one knew what to do next. It wasn’t easy to solve the mystery of 

where radio waves originated. New technologies had to be combined with 
astronomical knowledge to carry out the research. Either astronomers had to learn 
about radio engineering or radio engineers had to learn astronomy.  

 
So progress was very slow. Then World War II sped up its growth because of 

research in radar techniques. They began development of the kinds of radio 
antennas and receivers that radio astronomers would need. After the war those 
dishes and receivers were available as war surplus equipment. 

 
The physicists and radio engineers doing radar research for the war became the 

first generation of professional radio astronomers. Their equipment was scrounged, 
begged, or borrowed from military surplus. 
 

During the war, two German battle cruisers passed undetected through the English 
Channel. British radar was being jammed by radio interference. A few weeks later 

widespread jamming occurred again. The military went on extreme alert. But the 
British discovered that jamming had occurred only in the daytime, especially when 
the sun rose in the east and the radar antennas were pointing that way. At that 

same time, a large sunspot group [S14] was visible on the solar surface. It turned 
out that extraterrestrial radio signals were causing the unwanted interference. 
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Sunspots are actually areas of the sun that are 5,000 or so degrees cooler than the 
areas around them. [S15] They come in cycles of about 11 years. They increase 

rapidly for about 4 years and then slowly decrease until the end of the cycle. [S16] 
For ham radio operators, sunspots are crucial for good propagation, or being able to 

reach other operators a long distance away. 
 
The sun is a churning mass of hot ionized gas [S17] with magnetic fields threading 

throughout. They are driven by energy boiling out from the interior. There the 
fusion of hydrogen into helium at 15 million Kelvin frees the nuclear energy that 

keeps the gas boiling. That temperature is equal to nearly 27 million ºF. 
[The kelvin, with the symbol K, is a unit of temperature. Unlike the degree 
Fahrenheit or the degree Celsius, the kelvin is not referred to as a "degree", nor is 

it used with a degree symbol; that is, it is written K and not °K. The Kelvin scale is 
an absolute temperature scale which references to absolute zero. By definition zero 

kelvin, or 0 K, is the theoretical absence of all thermal energy. The kelvin and the 
degree Celsius are often used together. They have the same interval, and 0 kelvin 
equals -273 degrees Celsius. To convert a kelvin temperature to degrees Celsius, 

273 is added to the kelvin temperature.] 
 

A cloud of hot ionized gas is called plasma, and it can support many wave motions 
within its volume. When ionized particles move in harmony, they begin to radiate 

energy in the form of solar radio waves. These waves reach the earth 8 minutes 
later. During active spells, solar magnetic fields coil and uncoil, heave and churn, 
and arch upwards. They rear up like uncoiling snakes, and great clouds of plasma 

escape to the boiling heat below.  
 

Clouds of particles stream out into space, triggering radio emission higher in the 
corona, and occasionally clouds of ejected plasma may reach the earth and 
interfere with its magnetic field. The earth’s field acts as an invisible force field, 

protecting us from the solar particle storms. After particularly violent solar storms, 
particles can penetrate our protective magnetic field. The electron streams crash 

violently into the highest regions of the earth’s atmosphere. There they collide with 
and ionize atoms of oxygen and nitrogen. These gases then vibrate with energy and 
produce the dramatic sights called the Northern and Southern Auroras. 

 
All objects at their everyday temperatures emit radio waves, including the moon, 

the earth, planets, and our own bodies. Beyond the stars the temperature of the 
universe is on the average 2.7 Kelvin, or -455 ºF. The earth’s temperature is on 
average about 290 Kelvin, or 63 ºF. To a radio astronomer on Neptune or Pluto, 

earth would appear as a thermal radio source. A radio telescope will pick up radio 
waves even if is pointed at the ground or a distant clump of trees. 

 
In 1946 Arthur Covington [S18] began observing the sun on a regular basis. The 
solar radio data showed that the sun’s radio brightness is directly correlated with 

the 11-year sunspot cycle. The data also showed that the radio emitting regions on 
the sun were at temperatures of over a million degrees.  
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By 1950, the radio discoveries had barely been noticed by regular astronomers. The 
picture was very confusing. Nearby galaxies, such as M31 in Andromeda, were only 

faint radio sources, while very distant galaxies such as Virgo A (M87) and Cygnus A  
emitted powerful signals. There seemed to be a lack of connection between radio 

observations and the visual sky.  
 
Breaking through preconceived notions is difficult. The truth is that radio signals 

from the Milky Way are produced by cosmic ray electrons. They spiral around 
magnetic fields stretched out in space between the stars. In the 30s and 40s no one 

knew that space contained cosmic ray electrons or that there were magnetic fields 
between the stars. Cosmic ray physicists knew that protons from space, but not 
electrons, struck the earth continuously. They noticed it, but they ignored the 

missing electrons. In fact, the electrons didn’t reach earth because they had spent 
their energy radiating radio signals in interstellar space. 

 
Then in 1951 scientists found evidence for magnetic fields. It came through the 
polarization of starlight by dust grains aligned by the fields. (Polarization refers to 

the plane of vibration of incoming radio waves, such as horizontal or vertical or 
some angle in between.)  

 
Later, supernova remnants [S19] were found to be strong sources of radio waves. 

When their polarization was measured, astronomers realized that cosmic rays 
originated in supernovae. The cosmic ray electrons, spiraling around magnetic 
fields, cause the supernova remains to shine. Then the electrons leak out into 

space. They ultimately cause the entire Milky Way to glow with radio energy. But in 
1950 this was still unknown. 

 
Arguments raged about what the new data could mean. Radio astronomers were 
not considered by traditional stargazers to be astronomers until the late 50s and 

early 60s. But they had clearly stumbled into a new universe, an invisible universe. 
 

The 1960s brought enormous improvements in receiver technology, which in turn 
brought stunning new discoveries. The construction of large reflector-type radio 
dishes and interferometers resulted in bonding with “real” astronomers. Radio 

astronomy was suddenly transformed into a “big science.” Unfortunately, this 
growth was mostly ignored by the United States. But then the Sputnik panic in the 

mid 60s pressured the U.S. to catch up. 
 
The 60s and early 70s began the discovery of quasars, pulsars, radio source 

polarization, complex interstellar molecules, interstellar masers, radio stars, bipolar 
flows, radio jets, extragalactic molecules, and the first measurement of interstellar 

magnetic field strength. By the end of the 70s, it was clear the universe is not as 
quiet as had been assumed. The universe is filled with violence on all scales, from 
exploding stars to exploding galaxies and quasars and even the Big Bang. 1960 to 

1975 was kind of a Golden Age in radio astronomy. During that time the terms 
quasar and pulsar entered the mainstream vocabulary. 

 



 7 

Mercury, Mars, and our moon turned out  to be relatively normal sources of radio 
emission. Their radio brightness depended on frequency as expected from objects 

at their particular temperature. The temperatures of the planets are directly 
inferred from heat, or infrared measurements. 

 
Venus turned out to be a surprise. Its cloud tops are about 230 Kelvin, or -45 ºF, 
but the surface of the planet was 620 ºF. This was quite a shock. The Venus cloud 

layers, filled with carbon dioxide, act as a greenhouse, keeping the surface at a 
high temperature. 

 
In 1955, two new radio astronomers, Burke and Franklin, made daily observations 
of a strong radio source called Taurus A, a supernova remnant in the Crab nebula. 

They arbitrarily decided to begin mapping the sky to the south, rather than the 
north. They didn’t know it, but Jupiter was nearby and moving a little farther south 

each day with respect to the stars.  
 
Soon they began to record unwanted interference. A few days later, they began to 

take the signals seriously and looked for an explanation. A colleague suggested 
jokingly that it was Jupiter. 

 
That same evening, Burke noticed a bright object in the sky and asked Franklin 

what it might be. “Jupiter,” said Franklin, and they both laughed. Neither of them 
noticed that Jupiter was in Gemini, the constellation next to Taurus and the Crab 
nebula. 

 
The next day Franklin decided to explore the Jupiter connection more closely. To his 

complete surprise, he found that Jupiter really did cause the interference. And 
Jupiter’s radio signals were not steady emissions, but intense bursts like those 
produced by the sun. This was one of the most unexpected discoveries in radio 

astronomy. By chance, the peak energy in the radio bursts is concentrated in the 
radio band around 20 MHz. If they had been observing at 40 MHz or higher, or at 

another time of year, or if they had started to survey to the north instead of the 
south of the Crab nebula, the radio bursts would not have been discovered for 
years. 

 
Ironically, Australian radio astronomers had been observing the radio sky years 

earlier at 19 MHz. They had noticed a peculiar source of radio emission. They 
couldn’t pinpoint the source, and thought maybe the swishing sounds they heard 
were originating somewhere over Indonesia. When Burke and Franklin’s discovery 

was announced, they looked back at their old records and found that Jupiter had 
also produced their interference. Its signals were visible on records going back 5 

years. They already had 5 years of data to work with. These bursts are so loud that 
even with a cheap radio receiver and antenna, they can be heard on a loudspeaker. 
 

Sometimes the word “radio” in radio astronomy brings the vision of scientists 
listening to cosmic music. Actually, they never listen to sounds from their radio 

receivers at all. 
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Cosmic radio signals sound like the hiss in a television when it’s set to an unused 
channel and disconnected from a cable. This is called electrical (or actually 

electromagnetic) noise. It’s produced by random movement of electrons inside the 
electronic components of the radio or TV set. It also appears as “snow” on a TV 

screen. 
 
Listening to the noise from space is basically useless. The cosmic radio signal needs 

to be processed in a computer. Then it’s displayed in a way that means something 
to the human eye. Radio astronomers have to learn how to find the intensity of the 

radio signal. They use accurate calibration measurements and calculations of 
antenna and receiver characteristics. Then they must interpret what the data 
signify about events in space. 

 
[S20] This is a modern map of what the radio sky “looks” like made at 408 MHz. 

The bright band is essentially associated with the Milky Way. [POINT] The bright 
feature sweeping up and out of the galactic plane at the top center is called the 
North Polar spur. A few million years ago a star exploded within a few hundred 

light-years of the sun. This spur is a segment of a huge radio emitting shell ejected 
by that star. The smaller bright dots well away from the plane of the Galaxy are 

distant, extra-galactic radio sources. Those close to the galactic plane are either 
star forming regions or the remains of stars that have long since exploded and 

produce radio emitting shells of gas. 
 
The radio sky looks brighter as the observing frequency is decreased. At low 

frequencies such as 100 MHz the entire sky appears to glow, and as the frequency 
gets lower the Milky Way is no longer brighter than the rest of the sky. So the 

appearance of the invisible radio sky depends on the observing frequency. But no 
matter what the frequency, the radio sky never looks like the optical sky. 
 

Our galaxy’s center is a black hole. It contains mass equivalent to 3.7 million suns. 
It’s radius is only 15 times the radius of the sun. To cram the mass of millions of 

stars into this volume makes us wonder how it happened in the first place. Has it 
been there since the universe was born? Or did it grow as other galaxies collided 
with the Milky Way billions of years ago, sending stars inward? 

 
The effects of the black hole at the center of the Milky Way are felt only close to the 

center. Otherwise, we wouldn’t exist. 
 
[S21] PULSARS were discovered in the mid-1960s by Jocelyn Bell, a graduate 

student at Cambridge University. She was involved in a pioneering survey to find 
new radio sources. Some of the newly discovered sources seemed to change 

brightness from minute to minute, but only when they were observed close to the 
direction of the sun. This is called scintillation and is caused by radio waves passing 
through patchy clouds of electrons. These clouds cause the radio waves to slightly 

alter their path, jiggling back and forth.  
 

Studying reams of data, Jocelyn noticed that the recordings showed a faint signal 
that couldn’t be explained by interference or scintillation or any other cause that 
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astronomers knew about. She named the signal a “little bit of scruff.” The signals 
came from four distinct sources. They always occurred at night when the sun was 

below the horizon, and they appeared 4 minutes earlier each day. That meant they 
were coming from something in the sky.  

 
The Cambridge group studied the new radio sources carefully. To their 
astonishment, they were pulsating so regularly that they needed the best clocks 

available to measure their arrival times. They were so regular that at first the team 
thought maybe they were messages from extraterrestrial intelligence. They jokingly 

called them LGMs, or “little green men.” 
 
The pulsating radio sources turned out to be related to an object called a neutron 

star. It was spinning incredibly fast and emitting radio signals that swept the 
heavens like a lighthouse sweeps light over the ocean. When a beam swept past 

the earth, a pulse of radio waves was detected. 
 
Pulsars run as regularly as clocks, which means they are spinning rapidly. Each 

pulsar has its own unique pulse shape, referring to the way the radio intensity 
varies during the pulse. Comparing the duration of the pulse to the time between 

pulses, the group found that a typical pulsar beam is between 10 and 20 degrees 
wide. They also found that all pulsars are slowing down, some almost 

imperceptibly. This is caused by the loss of energy through radiation during the 
aging process. With very old pulsars, sometimes beats are skipped for several 
minutes at a time. 

 
They are very difficult to detect. The first few were found because they were fairly 

strong radio sources and they had periods of a few seconds. Most of the 1600 
pulsars found so far are located throughout the disk of the Galaxy. They tend to 
concentrate in spiral arms where most stars are also found.  

 
A pulsar has to be spinning extremely fast. Normal stars would shatter long before 

they could spin as fast as pulsars. The only form of matter capable of pulsar 
behavior is a star consisting only of neutrons. 
 

A neutron star is created by the collapse of the core of a normal star with a mass 
equal to at least 4 suns. The outer layers explode in a supernova, the core cools, 

and gravity forces the core to collapse. The protons and electrons are driven so 
close together that they fuse and become neutrons. A solid ball of neutrons is 
formed at the center of the star.  The layers of gas above the neutron ball suddenly 

have nothing to hold them up against gravity. They crash down, smashing the 
neutron mass and then rebounding in a fiery explosion.  

 
The mass spins very rapidly because it has contracted so much. This is caused by 
the conservation of angular momentum. It’s like a spinning ice skater who begins a 

spin with his arms stretched out and then spins faster and faster as he draws his 
arms in. A spinning neutron star has shrunk to a small size. The gravitational pull 

remains large enough to hold the neutron ball together against the force of 
rotation. 
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Another type of radio source found in the 60s seemed to have no optical 
counterpart. Sometimes there appeared to be a star at the location of the source, 

but normal stars don’t produce strong radio emissions. If those were stars, they 
had to be a special class and the name radio star was adopted. Then came one of 

the most amazing breakthroughs in the history of astronomy. 
 
The objects came to be called quasi-stellar radio sources, which quickly abbreviated 

to QUASARS. [S22] Quasars were utterly mysterious. They were not any known 
type of star. What could possibly look like a star, produce extremely strong radio 

waves, resemble double radio galaxies and yet produce so much energy? 
Interferometer measurements of high accuracy showed the diameters of the 
quasars were very small. 

 
Then Maarten Schmidt at Palomar Observatory tried a new approach. What if the 

spectra were subjected to a large redshift? It seemed incredible, but it worked. 
Quasars showed a large redshift, which meant they were not stars but possible 
galaxies of some kind. Quasar 3C273 was about 1.5 billion light-years away. 3C48 

was estimated to be about roughly the same distance. 
 

Then astronomers discovered that the light from this quasar changed in brightness 
during the span of a year. Searching old photographs showed it had had sudden 

changes in brightness over a period of 80 years. This was completely unexpected. 
Astronomers seldom saw time variables in objects other than stars within our 
galaxy. Also, quasars are intensely luminous and are a problem in physics even if 

the energy is generated over large volumes of space. The problem is far worse if 
the emitting region is very small. Variability of quasar brightness on a time scale of 

a year means the size of the emitting region can only be about one light-year 
across. The limit is set by the speed of light. 
 

Then radio emission from quasars was found to vary in brightness from year to 
year. This meant that the luminous emitting regions were not only very bright, but 

also very small. What could explain huge amounts of energy emitted in bursts from 
a tiny volume of space? 
 

When all the information is considered together, it shows the full mystery of 
quasars. They are very far away, and the luminous cores are very small. At the 

distances implied by their redshifts, they emit the energy equivalent of a hundred 
billion stars like the sun. That energy is generated in a volume of space not much 
larger than the solar system. 

 
Today hundreds of quasars have been identified and some at the farthest distances 

show redshifts that equal 95% of the speed of light. This places them 12-13 billion 
light-years away. We are seeing those objects as they were when the universe was 
barely a billion years old. 

 
[S23] This is a radiograph of Quasar 3C204. Looking deep into the cores of the 

central objects, the quasars themselves, the Very Large Baseline Array shows blobs 
of radio emitting matter being blasted out at irregular intervals. This is what causes 
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the optical and radio brightness to vary over time when the light or radio emission 
is observed as a whole. 

 
Eventually it was discovered that quasars are radio galaxies in which the jets are 

headed toward us. Chaos exists at the cores of these galaxies, which turn out to be 
massive black holes. Since a quasar is a radio jet that is directed toward us, it looks 
like a point source of radiation so bright that it dominates its parent galaxy. That 

explains why quasars originally seemed to be isolated objects in the sky. 
 

The sources of the jets are the gigantic black holes. A black hole containing 10 
million solar masses would be about 3 light-minutes across, approximately the size 
of Venus’ orbit around the sun. A black hole containing 5 billion solar masses, like 

those believed to exist at the centers of some radio galaxies, may be 28 light-hours 
across, more than twice the size of our solar system. 

 
A spinning black hole distorts the space around it. Interstellar gas near the object 
will move inward and first settle into an accretion disk which spins around the hole. 

Particles of the gas interact and force them to settle into this disk. The same forces 
will cause the orbiting material to move gradually closer to the central hole. The gas 

will become hotter as more and more energy is created from the collisions and 
interactions between particles.  

 
The gas will grow so hot, as much as a billion Kelvin, that it will actually expand and 
form a wide torus, or doughnut-shaped region, rapidly spinning around the black 

hole. Inside this torus are magnetic fields that are literally tied to the hole, because 
some of the gas will have fallen in and dragged the magnetic fields with it. Those 

magnetic fields will realign themselves, but since they are constantly being wound 
up they will snap again. In this way energy from the rotating hole is converted into 
the energy of particles by the reconnections of the magnetic field that is badly 

twisted and distorted. The process continues as long as gas is available. 
 

. . . . . 
 
What does radio astronomy have planned for the future? Several new array 

telescopes are being planned using principles of aperture synthesis. Some are 
already being constructed. 

 
[S24]The Atacama Large Millimeter/Submillimeter Array, or ALMA, will consist of 
64 dishes, each about 40 feet in diameter. It will be constructed on a plain in the 

Chilean Andes. At that altitude there is not much water vapor in the atmosphere 
overhead, which would absorb millimeter radio waves. There is also much less 

oxygen to breathe. The telescopes will be spread over 9 miles of plains. They will be 
remotely controlled, and very few technical people will be on site. 
 

One of its primary research goals will be to study molecule formation in galaxies 
existing when the universe was still young. It will also look into the heart of radio 

galaxies and quasars at the time galaxies were being formed for the first time. The 
full array is expected to be operational in 2012. 
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The Low Frequency Array, or LOFAR, will use simple antennas that individually have 
no resolving power. All their signals will be collected in a central computer and by 

adding various time delays the data will be processed to simulate a beam in the 
sky. The maximum height of each antenna support will be about 6 feet. Initially 

15,000 of these simple antennas will spread in a cluster over 62 miles in the 
Netherlands.  
 

LOFAR will be used to study crop growth and seismic shifts. The antennas will be 
equipped with biosensors and weather stations to study crop growth over an 

enormous area. 
 
[S25] And finally the Square Kilometer Array, or SKA, will have a total collecting 

area of just over half a square mile. It will be made up of several thousand small 
dishes spread over a total area of at least 2000 miles. About half the collecting area 

will be concentrated inside a few miles. This will increase its sensitivity to weaker 
radio sources and also the radio emission from interstellar hydrogen. The sensitivity 
of the SKA will be 100 times better than the VLA in New Mexico. 

 
So these are the plans being made for radio astronomy. Its first beginnings were in 

ancient times. Its true beginning was in the 20th century. It has increased 
exponentially. And now, as with every area of knowledge, it continues to expand 

rapidly. 


