
Approaching the Final Frontier

Near $pace
The History of Cosmic Rays
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he study of electrostatics was
our first step in the field of
electronics. In electrostatics,

electric charges are relatively
stationary. So, the natural philoso-
phers (early scientists) who studied
the phenomenon of electrostatics
concentrated primarily on the
creation, storage, and interaction
between the two types of electric
charges. One of their tools was the
electroscope, a device consisting of
two metal foil leaves draped over a
metal rod and protected within a
glass jar.
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The electroscope indicates the
presence of electric charges by the
spreading of its two metal foil leaves.
The presence of charges of the
opposite polarity is indicated by the
collapse of the previously charged
leaves. If no opposing electric
charges are present, the leaves
should remain spread apart after
their initial charge.

Instead, it was discovered that,
once charged, the leaves of the
electroscope did not remain
charged. The electroscope slowly
loses its charge - no matter how dry
or clean the air. The source of this
discharge was unknown.

Viktor Hess' Experiment
On August 7, 7912, physicist

Viktor Hess began making balloon
flights with electroscopes onboard.
In his ft ights, he rode in an open
gondola under a hydrogen filled bal-
loon to alt itudes in excess of 15,000
feet. The experiments were not
without risk. The hydrogen in his
balloons was flammable and, at high
altitudes, he found that there was
less oxygen to breathe and that the
air would begin to get cold.

On these flights, Hess discov-
ered that his charged electroscopes
would discharge more quickly at
higher altitudes. The effect became
apparent once his balloon climbed
above 6,000 feet and the interference
caused by natural radiation emitted
by the ground.

Hess' electroscopes discharged
more quickly because the air was a
source of ions that neutralized the
charge on his electroscope. Since
the electroscope discharged more
rapidly at higher alt itudes, he

concluded the ionization of the
atmosphere increased as he rode
higher in his balloon.

The increase in ionization with
increasing altitude indicates that the
ionization is caused by an extrater-
restrial source. In other words, there
was a source of radiation in space
that was ionizing molecules in the
atmosphere and causing h is
electroscopes to discharge. This
same source of radiation was also
discharging electroscopes on the
ground, but more slowly than in his
balloon experiments.

In 1936, Hess was awarded the
Nobel Prize for his discovery of
cosmic rays, the extraterrestrial
source of radiation. Cosmic radiation
was a fascinating topic for people in
the last century. As I recall, there is
even an old black and white
Frankenstein movie that mentions
cosmic rays as being responsible for
the origin of life on Earth.

Initially, it was believed that cos-
mic rays were a form of electromag-
netic radiation, l ike microwaves or
gamma rays. Electromagnetic radia-
tion is carried by photons, which are
particles without rest mass or elec-
tric charge. Photons are not affected
by magnetic or electric fields.

However, since cosmic rays are
affected by magnetic and electric
fields, they must consist of charged
particles, l ike electrons and
protons.

It took several decades to
straighten out this error in books
written for the general public. I can
recall seeing cosmic rays listed at the
high end of the electromagnetic
spectrum in high school science
materials. Because of this cosmic
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error, I got burned when correctly
answering a question about the
electromagnetic spectrum during
tryouts for the College Bowl in 1981.

Cosmic Rays as a Tool of Science
The first particle accelerators

were built less than 100 years ago.
These first generation devices
couldn't reach very high energies.

So, to study subatomic physics,
physicists launched their experi-
ments in high altitude balloons,
where they could use cosmic rays as
their source of high energy sub-
atomic particles. The results of these
experiments led to the discovery of
several important subatomic
particles.

One subatomic particle discov-
ered in cosmic ray experiments was
the meson. The meson was predict-
ed to exist and be responsible for
holding the nucleus of the atom
together. There are actually several
types of mesons - like the mu and pi
mesons (called the muon and pion)
- and only one is responsible for
keeping the protons inside the
nucleus together. As it turns out, the
first meson discovered was not the
one found inside the nucleus.
Another particle discovered from
cosmic ray experiments was the first
anti-matter particle the anti-
electron or positron - which was
predicted by physicist Paul Dirac.

Today, particle accelerators can
reach such high energies that it's no
longer convenient to do subatomic
research with cosmic rays. However,
that doesn't mean cosmic rays are
no longer an item of research. Now,
cosmic rays are researched in an
effort to understand astronomical
and nuclear processes occurring in
the Sun and beyond the solar
system.

The Nature of
Cosmic Rays
Their Composition

The vast majority of cosmic rays
are energetic nuclei - high speed
atoms stripped of their electrons.
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About 86% of cosmic rays are pro-
tons or hydrogen nuclei (remember,
the hydrogen nucleus doesn't have a
neutron). Twelve percent are helium
nucfei (alpha rays), 1%o are energetic
electrons, and the remaining 7%o are
atomic nuclei heavier than helium;
these are elements that astronomers
call metals. There are some high
energy gamma rays and neutrinos
thrown into the mix, as well.

Thelr Energies
One of the most amazing aspects

of cosmic rays is their level of kinetic
energy. Some cosmic rays carry over
100 quinti l l ion electron volts of
energy. That's enough energy to boil
a thimbleful of water if all that energy
could be transferred to it. (ln reality,
such a cosmic ray would travel right
through the water, scarcely noticing
it, and leave only a tiny bit of its
energy in the water.)

Put another way, this amount of
energy is the same as the kinetic
energy of a baseball thrown at about
100 mph! Imagine the energy of a
fast baseball packed into a single,
invisible proton. The high energy
levels found in cosmic rays allow
them to make the trip to Earth at
speeds very close to that of light.

The Source of
Cosmic Rays

ln optical astronomy,
astronomers can point their
telescopes in the direction of the light
they are observing and see the light's
source. However, galactic, solar, and
terrestrial magnetic f ields so
thoroughly mix up the paths of
cosmic rays that other methods must
be used to determine their source.
The possible sources of cosmic rays
are determined by how they respond
to the solar cycle, their composition,
and their kinetic energy. So far, it's
believed that there are three sources
of cosmic rays.

Solar Cosmic Rays
These cosmic rays originate with

the solar chromosphere (the solar
layer above the photosphere - the
visible surface of the Sun) during
high energy events like solar flares.
Solar cosmic rays tell us the types of
elements and their proportion
residing in the outer atmosphere of
our Sun.

These tend to be the lowest
energy cosmic rays. Their presence
goes up shortly after a flare and can
increase by a factor of hundreds to



6

E
I
ld
!o
FF
Ffz

even hundreds of thousands. Such
events can last for only a few hours
or several days. Solar cosmic rays
represent a hazard for astronauts
traveling outside of the Earth's pro-
tective magnetosphere. Fortunately,
our Apollo astronauts made their
lunar expeditions during a time of
solar quiet.

Anomalous Cosmic Rays
These are the nuclei of difficult

to ionize atoms. They originate as
neutral atoms drifting into the solar
system from interstellar space. When
exposed to solar ultraviolet radiation,
these atoms become ionized. Once
ionized, the solar wind can capture
them and carry them away from the
solar system. When traveling with the
solar wind, these ions are called
"pickup ions."

Pickup ions are carried to a
point where the solar wind is forced
to slow down from supersonic to
subsonic speeds by the resistance of
the local interstellar medium. This
region - where solar wind flow goes
from supersonic to subsonic - is
called the terminal shock. Smaller
versions of terminal shocks are seen
within the solar system when the
solar wind plows into the magnetos-
phere of planets.

The passage through a terminal
shock can accelerate pickup ions
and chanqe their direction of travel.

After multiple passes through the
terminal shock, these cosmic rays
can break free and travel back
into the solar system, where they
can be detected. The remaining,
anomalous cosmic rays escape
the solar system and travel between
the stars.

Anomalous cosmic rays have
intermediate energy levels and are
representative of the atoms found in
nearby interstellar space. They are
influenced by the 11 year solar cycle,
which changes the location of the
Sun's terminal shock.

Galactic Cosmic Rays
These cosmic rays are the high-

est energy cosmic rays we find. They
are fully stripped of their electrons.
Galactic cosmic rays probably origi-
nate in supernova remnants, which
are the expanding clouds of gas and
dust that were once the outer layer of
a massive star. The explosion itself
d idn ' t  create the cosmic rays.
Instead, the powerful and expanding
magnetic fields and shock waves
associated with supernova remnants
accelerate ionized atoms.

After the ions pick up enough
energy, they can escape from the
supernova remnant  as galact ic
cosmic rays and travel interstellar
space. We know supernova
remnants can accelerate charged
subatomic particles because the

radio signals the remnants emit
indicate the presence of powerful
magnetic f ields that are accelerating
electrons.

When the charged electron
accelerates, it emits a radio wave
called synchrotron radiation. The
study of the isotopes found in
galactic cosmic rays and their half
l ives indicates that these cosmic rays
can travel for several million years
before being detected on Earth.

Most galactic cosmic rays have
low enough energies that the Milky
Way's magnetic f ield bends their
paths around a radius smaller than
the galaxy. This effectively traps
these lower energy galactic cosmic
rays within the Milky Way galaxy.
However, a small percentage of the
galactic cosmic rays contain more
energy than is available in supernova
remnants.

Their energies are too great for
them to be held within the galaxy's
magnetic f ield. So, these ultra-high
energy cosmic rays must originate
outside the galaxy. However, these
high speed cosmic rays cannot
travel for long through intergalactic
space before their collisions with
photons left over from the Big Bang
(the cosmic microwave back-
ground) significantly lower their
energies.

It 's believed these ultra-high
energy cosmic rays originate in
nearby, active nuclei galaxies, which
appear to be powered by massive
black holes. Perhaps, instead, these
cosmic rays are trying to tell us
about exotic physics occurring deep
within intergalactic space.

One of the benefits of galactic
cosmic rays is that their coll isions
with atoms in interstellar gas create
some of the rare elements needed
for life, but that are not synthesized
by the fusion reactions within the
stars.

Detecting Cosmic
Rays
Geiger Counters

The easiest way to detect the

In an effort to share current informa-

tion with this column's readers, I have

created an Email distribution list under

Yahoo! Groups. My Email list is not designed

to replace the many lists for amateur near

space groups that already exist. I plan to
make announcements, update column

information, and answer reader questions in

this list. I will also keep subscribers up-to-
date on the status of my book on amateur

near space exploration.

To join the Near Space Email group, go to

http://groups.yah oo.com/

Sign in if you're already a member ofYahoo!

- i f  not, cl ick under New Users,then Click

Here To Register.

Under the Join a Group f ield, type

NearSpace and then press Enter.

Under the list of groups displayed, click

NearSpace (it will be the only group listed).

In the upper right of the screen, click to join

the group.

I hope you find the Email list useful in your

efforts to begin your own program of

amateur near space exploration.
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presence of ionizing radiation is with
the Geiger counter. The electronics
in the Geiger counter create a
difference in charge between the
walls and the central wire of the
Geiger-Muller (GM) tube. The gas
inside the GM tube cannot discharge
this potential difference unless the
air becomes ionized. The passage of
cosmic rays is just what the air inside
the GM tube needs to create an
ionized channel.

Once the gas inside the GM tube
becomes ionized, electrons begin
traveling across the tube, further
increasing the level of ionization
inside the GM tube and creating a
small current that is amplified to
become the familiar click of 1950s B-
grade science fiction movies. (Ah, the
classics!) Cases inside the GM tube
eventually quench the ionization
inside it. lf it wasn't for the quenching
gas, the ionization would continue,
preventing the detection of another
cosmic ray.

The time it takes to quench a GM
tube is called its dead time. The dead
time for the GM tubes I use in my
cosmic ray experiments is 90
microseconds. As long as there is at
least a gap of 90 microseconds
between cosmic rays, my GM tube
will detect them all. This means that,
on an average, I can detect a flux
greater than 11,000 cosmic rays per
second with my Geiger counter.

There are several limitations with
Geiger counters. The first is that
Geiger counters cannot measure the
energy of each detection, so my
Geiger counter experiments only
detect the increased cosmic ray flux
as a function of altitude and not the
changing energy of each detection.

Another limitation is that Geiger
counters cannot indicate the direction
of travel of a cosmic ray. In my
experiments, I have no way of deter-
mining if the cosmic ray flux is truly
uniform in nature. One last limitation
to mention is that Geiger counters
cannot indicate which type of sub-
atomic particle was detected. My
cosmic ray experiments cannot tell
me if the composition of cosmic rays
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changes during the experiment.
That said, there are some tricks

to get around these limitations and
I'll discuss them in a future column.
(l've been experimenting with one
of them.)

Photographic Film
Some early cosmic ray experi-

ments carried stacks of photographic
fi lm with thick emulsion between
sheets of lead. When a cosmic ray
collided with a lead atom, it created a
shower of secondary cosmic rays that
left dark streaks in the developed
film. The photographic film stack was
placed between the poles of a
magnet.

From the dimension and
direction of curvature of the streaks
found in the emulsion, the type of
particles created in the collision was
determined. I get the impression that
grad students were the ones search-
ing through the photographic stacks
with a microscope and determining
the composition and energy of their
cosmlc ray prey.

I didn't understand how photo-
graphic stacks were made up when,
in 1998, I sent a sheet of dental X-ray
film up on a flight in an effort to
detect cosmic rays. Of course, there

were no signs of cosmic rays on the
developed film.

Plastic Sheets
The coll ision between cosmic

rays and some types of plastics dam-
ages the molecules of the plastic. An
etchant will preferentially etch away
the damaged plastic, creating a cone-
shaped pit where the cosmic ray
impacted the plastic. The type of
etchant used depends on the type of
plastic, but most etchants are either
strong acids or bases.

The depth of the pit etched in the
plastic reveals the energy of the
cosmic ray responsible for the
collision. The plastic visors of some
of the Apollo astronauts were treated
with an etchant in order to detect
some of the cosmic rays that the
astronauts were exposed to on their
way to the Moon. An excellent source
of information on this process can be
found in the book Nuclear Tracks in
Solids, by Fleischer.

A Cosmic Trip
Through Earthts
Atmosphere
Slamming Into Air

To a cosmic ray, our atmosphere
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