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U n iversity Lowbrow Astronomers
The University Lowbrow Astronomers is a club ol astronomy entnusiasts which meets on the third Friday ol each rnonth

-. in the University ol Michigan's Detroit Observatory at the comer of Observatory and Ann Streets in Ann Arbor.
Meetings begin at 7:30 PM and are open to the public. For further information, call Stuart Cohen at 665-0131

This Month:
May 14- Auctlon at KMS Fuslon in Ann Arbor. The KMS
going-out-of-business sale, with lots of optical and test
equipment, computers, furniture, etc. on the block.
May 15 - Meetlng at the Detrolt observatory in Ann
Arbor. Dr. Kenneth Gibbs ol the Enrico Fermi lnstitute at
the University of Chicago will talk on the Chicago Air
Shower Array (CASA). The CASA is an instrument for
studying cosmic ray interactions in the atmosphere.
May 30 - Publlc Open House at the Peach Mountaln
Observatory, on North Territorial Road1.1 miles west ol
Dexter-Pinkney Road, if the skies are clear.

Next Month:
June 1 - Computer Subgroup Meetlng at Kurt Hllllg's
house (a Monday). The computersubgroupwill explorethe
Zemax optical design package, play with the shareware
program Skyglobe, and continue discussion on the details

'of the digital setting circles lor the 24" telescope.
June 4 - Star Party at the Ardls Elementary School. See
the letter lrom Ron Avers inside, and come help out!
June 6 - Publlc Open House at the Peach Mountaln
'')bservatory. lt's possible that the 24" scope will be up and

= 
'unning for this. lf not, we'll shoot tor the 27th.
June 19 - Meetlng at the Detrolt Observatory
June 27 - Publlc Open House at the Peach. Mountaln
Observatory, if the skies are clear at sunset.

A Message From the Edltor
For the next year, I have the responsibility for

getting REFLECTIONSoUI on time every month, and in lhe
past two weeks l've come to realize that it's a big job. To
make this work, I need your help. What can you do? Two
things:

1) Write somethingl You all have an interest in
astronomy, and this interest takes many lorms - it's quite
likely that you're a loca! expert on somethang that others
would find fascinating, and writing about it is a great way to
to share your knowledge and to reinforce your own under-
standing. lf you're not too sure of your writing skills, I can
help (l am the editor, after all!). l'll accept almost any legible
hard-copy format, or telrt or MS Word files on 3-1/2" disks
(Mac prefened, but I can handle DOS lormat.

2) Get it to me on timel The newsletter should be
mailed 8 days before each meeting, and it takes about a
week to put together - the deadline for each issue is 14
days prior to the meeting that month.

KMS Auctlon
The KMS auction willbe an all-day aflair on May

14, with the preview on the 13th. Among other ilems to be
sold is a set ol 1 6" fu ll-thickness Pyrex minor blanks. Those
who would like to see the catalog orwantto arrange some
"group bids"can meetat KurtHillig's house (1718 Longshore
Dr., Ann Arbor; 663-8699) on Wednesday, May 13 at I PM.
This could be a great opportunity if the bidding stays sane.

May L992 A CAD modelof the opticaltube of the McMath 24'Cassegrain telescope at
Peach Mountain, Ml. Produced by Tom Ryan of ths Lowbrow Astronomers. Editor



Astronomy and Spectroscopy. Part l: Light Production
by Kurt W. Hillig

Department of Chemistry
University of Michigan

\

G
At the open house on May 2, I was asked by several ot

the guests iust what astronomers sawwith theiropticaland
radio telescopes, and why a chemist was interested in
astonomy. This got me started thinking about spectos-
copy - since that's how both astronomers and chemists
ligure out what they're looking at. Since I've spent most of
the last fifteen years working in microwave rnolecular
spectroscopy, I thought I'd write this up for the newsletter.

A caution : numbers, where I use them, are f rom rny head
and not from reference books - I may be otf by one ortwo
orders of magnitude in spotsl (This comes lrom being
having deadline lo meet and no references handy.)

Lets start at the beginning....

Where Does Llght Come From?

There aro three basic mechanisms for the production d,
electromagnetic radiatbn - i.e. light. They are: quartized
emissionf lom diffuse nuclear, atomicor rnolecularsources;
thermal emission f rom highdersi$ rndter; and bremsstrahF;
ung lrom high-energy electrons in a magnetic field. We'll
take them in that order.

Ouantum Mechanics in a Nutshell Quantum rnechanics
(QM) is the mathematics of small things - molecules,
atoms, nuciei, etc. - and, in partioriar, small low denstty
things (more about that in a minute). lt was developed
aroundthe turn of thiscenturyto explain a numberof atomic
and rnolecular phenomena which seemed to violate the
principles of classical physics. The rnost important conse-
quences of QM to astronomy are twofold: 1) the energy"of
a microscopic system can only taks on certain discrete
values, and 2) there is an uncertainty in the value of thg'
energy which is inversely proportional to the time the
system spends in that particularstate (this is one aspect of
Heisenberg's uncertainty principle). ln the discussion
below, I will oflen releronly to atoms for brevity; however all
of this applies to molecules and nucleias well.

What makes QM useful lo astronomers is that when an"
atom, moleorle, etc. jumps from one energy state to
another, it often does so by emitting (or absorbing) electro-
magnetic radiation, ard the ene rgy ol the radiation (propor-
tional to its lrequency ) equals the dilference in energy
between the two states. This gives ride to line spectra,
which are characterised by sharp, discrete features; the
wavelengrth (or frequency) of each features is a unique
signature of the entitywhich produced it. One can find dark
line spectra when light lrom a continuous source is selec-
tively absorbed by something in front of it. For example the
well-known Fraunholer lines in the solar spectrum rise from
absorbtion by atoms in the solar atmosphere. On the other
hand, bright-line spectra, such asthe "nebulium" lines (later
found to be doubly-ionized oxygen) seen in planetary
nebulae, arise when an atom or moleqJle in an "excited'
state decays to a lower energy state.

Figure 1: Three energy levels,lhree transitions,

and the resutting spectrum

There is aconnection betweenprassure (ordensity) ard
line spectra, which cornes though the uncertainty prin-
ciple. lf you consider an isolated atom, as in the interstellar
medium, it very rarely encounters anything -lhe meanfree
path may be millions ol kilometers, and the mean time
between collisions can be many years. Such an atom can
change state only through radiation, and the average time
it takes to do this is called lhe radiative lifetime. The
radiatlve lifetlme is inversely proportiona! lo the line strength
of the transition: weak lines have long lifetimes. Through
the uncertainty principal, this means that the energies of the
states are very precisely determined, and the natural
linewidthotlhe transition is very narow. As the atoms get
packed more tightly, they collide more lrequently- in air at
room temperature the mean lree path is about 10'/ meterc,
and collisions occur every 10'10 seconds or so. SirGe
transitions between energy levels can occurthrough col[-
sbns, the average liletimes of the states get shorter as thb
density rises, and uncertainty in the energies gets laqe?.
Since the lines we observe are superpositions ol many,
many lines from all of the atoms in the gas, the result is a
pressure broadening ol the lines.
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Figure 2: A pressure-broadened line at tour
pressures. At the lowest pressure, Doppler

broadening dominates the lineshape.
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The intensity of a line arises from three main factors: the
line strength, which is characteristicot the free, unperturbed
system;the total number of atoms in the lield of view; and
their temperature. Pressure also enters in, in that a very
narrow line might be missed - especially a nanow absorbtion
line-simply by beingwashed out bythe background,while
a broad line can more easily be seen; spectroscopists use
both peak intensity and integrated intensity (peak height x
linewidth) depending on the system under study.

Temperature is impofiant in understanding line spectra,
as itdefinesthe numberol atoms (outof a large population)
in the two states between which transitions are observed.
An atom in a low energy state can absorlc a photon of light
and jump to an excited state; an atom in an excited state
can likewise jump to a lower state and emit a photon. ln a
large collection of atoms, the overall intensity of absorbtion
oremissionwill depend on the ratioolthe populationsof the
two states. ll both have the same population, absorbtion
and emission will be equal and cancel each other out; if the
upper state is empty, then absorbtion will be strong. How-
ever, atoms can be excited by collision as well as radiation.
ln a hot gas, the atoms are moving quickly and the collision
energies are high, producing a thermal Wpulatian in lhe
excited states and weakening the absorbtion;on the other
hand, transitions lrom excited states to still higher states
can sometimes be seen in a hot gas while thay would be
unobservable in a cold gas.

There is one final contribution which is important in
astronomy (and spectroscopy) - the Doppler etfect. This
occurs in two ways. The 'train whistle" analogy which we're
all sick of by now points out that the motion of an observer
with respect to an object will shift the apparent f requency ol
a spectral line, and the magnitude of the shift is proportional
to the relative velocity. However, consider a stationary hot
gas compared with a stationary cold gas. Temperature is
largely a measure of the average kinetic energy of the
atoms, so the atoms in a hot gas move fasterthan those in
a cold one. Considering the @mponent of velocity along
our line ol sight toward the gas, the velocities in the hot
sample have a wider distribution than in the cold gas. The
line spectrum we observe will be smeared out by the
superposition of the individual lines of all of the atoms with
all ol their different Doppler shifts, giving rise to a tempera-
ture-dependenl Doppler broadening. At microwave fre-
quencies and temperatures around 250K (coincidentally,
very similarconditions to mythesis research...) the Doppler
and pressure-broadening efecls are about equal at a
pressure of 10-6 Torr (10-9 atm; 104 pascal). At lower
pressures or higher temperatures the Doppler ellect domi-
nates and vice versa.

Scientists who study planetary atmospheres can make
good use of the various contributions to linewidth and
intensity to remotely measure temperature, pressure and
wind velocity;the linewidth ol an atmospheric line tells you
the pressure (since it's usually large compared to the
Doppler width), the Doppler shift (not the width!) gives a
velocity measurement, and the line intensity provides a
lemperature measu rement. Similar measurements can be
made ol stellar atmospheres, or of interstellar clouds.

Hot Stuff ln a diffuse gas, spectra are characterized by
lines, but as the density increases, the lines get broader. By
the time one gets to the density found at the surface ol a
star, or in a cold grain of interstellar dust, the lines have
broadened to the point whe re they can not be resolved ; the
resutt is a continuumor black body spectrum. ln this case,
the spectrum looks like a broad curve rather than a set ol
discrete lines, and the shape and height of the curve is

related to the temperalu re. The f requency ol the peak of the
emission curve and the total radiated output rise as the
temperature increases.
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Figure 3: Black body radiation at three source
tempeatures. As the source becomes hotter,

the frequency of the emission peak gets higher.

The famous 2.73 K (that's two degrees above absolute
zero) background radiation of deep space has its peak in
lhe microwave region - it's a black body because it was
produced very early in the life of the universe, when the
average density was much higher than it is now. (Re-
searchers with the COBE satellite experiment have raised
quite a stir with the recent discovery of temperature varia-
tions of a lew millinoths of a degree in the background,
suggesting Iarge-scale structure in the early universe - but
that's anotherstory.) Onthe other hand there are starswith
surlace temperatures around 100,000 K, and their black
body curves peak in the soft X-ray region. The sun's
radiation peaks in the green - right where the human eye
is most sensitive - while IRAS (the lnfraRed Astronomical
Satellite) lound dusty accretion disks around several nearby
stars lrom their strong infrared emission, having tempera-
tures of a few hundred degrees.

Thermal emission provides a useful method tor measur-
ing the temperatures ol remote objects, and slars and
galaxies also provide distant broad-band light sources with
which to probe the absorbtion lines in stellaratmospheres
and interstellar clouds.

A MaOnetic Personality The last source of radiation is
the most exotic (at least, il you considerQuantum Mechan-
ics to be quotidian then it's exotic). lt's known to astrono-
mers as bremsstrahlung (it's the German word for "braking
radiatio n'), or to spectroscopists as syrrchrotron radiation.
When a charged particle undergoes an acceleration, it
emils radiation;this is how radio transmitters work. When
a very high energy electron rovos through a strong mag-
netic field, its path curves and it emits light.
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Hetp Needed wlth a Thlrd-Grade Ctass Star party \

From Ron Avers: :
ln the national synchrotron laboratories at Brookhaven

or Stanford or nearthe surface of a neutron star-wherethe
magnetic lield can be large -or in interstellar space where
the lield is small but electrons can move at very high
velocities, the acceleration can be high enough to push lhis
radiation into the ultraviolet and even X-ray region.
Bremsstrahlu ng produces a broad-band emission, although
it's generally not as broad as thermal emission, but it's
distinguishing leature is that it is polarized (the E-field
vector of the radiation lies in the plane of the path of the
electron). Th is makes it a good diagnostic tool f or exploring
magnetic fields around stars and in interstellar spac€.

Magnetic Field

Path ol
Particle

Bremsstrahlung
Radiation

Figure 4: As a high-velocity charged particle is
accelerated by a magnetic field, it emits

plane-polarized radiation.

What l've Said To recap, there are three main ways in
which light can be produced: by quantum state emission
from a diffuse gas (as in a lluorescent lamp or a planetary
nebula); by thermal emission from a dense material (like
the surace of a star, or grains of dust in adark nebula); and
by synchrotron radiation, when relativistic electrons follow
a curved path in a magnetic field. Each of these has a
unique spectral signature that can provide a wealth of
information about the source.

Of course, there are interactions and mixtures among
these, and spectra arent always (inlact are almost never)
simple. For example, a jet from a quasar which hits the
interstellar medium can heat it to a tremendous tempera-
ture; yet the emission will have a slrong line component
because the gas is stillvery ditfuse even though very hot.
Or consider Earth's atmosphere: To us tt looks blue - a
color associated with very hot stars - yet radio and infrared
astronomers work in the daytime, and they see the sky as
a very cold oblect (around 60 K). This is because the blue
colordoesn't come from emission al all, but ratherfromthe
scailering of sunlight. For the same reason, Jupiter is
bright, and it's opticalspectrum looks a lot likethe sun's, but
thal's because we're seeing reflected light; the tops of
Jupite/s clouds are not at 5000 K.

The Teaser Nexttime, I'lldiscussatomicspectra in more
delail, and try to give some insight into the kinds ot astro-
nomical information one can leam lrom them. Afterlhat, l'll
discuss molecular spectra - primarily in the infrared and
microwave - and again try to explain just what they tell u.s.

I have been asked to put on a Solar System show fora
three third-grade classes trom Ardis Elementary Schoolin\l
Ypsilanti. They have been studting the solar system in
class, and would really appreciate viewing the Moon and
Jupiter through "real" telescopes. This has already been
rescheduled twice due to bad weather.

There will be 60+ students, their teachers, and some
parents and other family members - about 100 are ex-
pected altogether. lwould greatly appreciate some
from anyonewith any kind of telescope orbinocularsto
provide more viewing time of more objects and features,
and to help answer the multitude of questions which can
arise at a Star Party of this size

The teachers have not expressed an interest in
sky oblects. They would like to stay on subjects
lo the solar system, or beginner-level observing, i.e.
explanations of what they are seeing.

When: Friday, June 5 - cancelled if completely
but if it's partly cloudy it's on.

8:00 Presentation on Jupiter
8:30 Set up scopes, start viewing the Moon
9:00 Jupiter, Moon, Merorry?, Mizar?, etc.

Where: Ardis Elementary School, 2100 Ellsworth Road
Out in the middte of the school yard - possibty
several hundred leet lrom electricity - to get away
lrom,the street lights near the school building.

lf you need more information or directions, call Ron at
769-9623 (work) or 426-0375 (home).

Another Note from the Edltor
We can save on the cost of newsletter mailing by using

UM campus mailforthose of you who have a campus mail
address. lf you're affiliated wilh the University, please
contact the membership director (Steve Musko) to have
your elmpus mail address added to the database.

(

Dld You Know?

Earth's rnoon has a mass of 7.35x102 kg. lf it takes 4
gallons of milk to produce a pound of cheese (ignoring, lor
the time being, the exact type of cheese - we assume that
all cheeses are more or less the same, that raw milk is
nominally 4% milkfat and solids, and that the average
cheese has a density ot 1 .2 dcc) - and assuming that the
average cow produces milk at 38% of the rate of a charn-
pion cow (the world record milk production from a single
cow is about 8000 gallons peryear), and given thatthe area
of Argentina is 2.8x108 hectares (at an average density ol
one cow per hectare per year), then if all of the cows on the
pampas were dedicated solely to cheese production it
would take 50 times the cunent age o, the universe (no, l'm
NOT going to debate lhe value of the Hubble constant) to
produce enough green cheese (well, after7.6x101r years,
you'd be green too) to make one moon.

They may be small compared to a galary, but planets (is
the moon a planet?) are stillpretty big.

I\.-



Subgroup and Officer's Reports

41 ComPuters ln Astronomy SubgrouP
!"'1 " The Computer subgroup met on May 1 at Tom Ryan's

house: six memberswere in attendance. The main topiclor
the evening was relining the design for installing digital
setting circles on the 24" telescope. Steve Musko pre-
sented a preliminary layout for the computer electronics,
based on a PC/XT donated to the prcject by the U. ol M.

Space Physics Dept. After much discussion ol maximum
count rates, telescope slewing rates, necessary gear ra-
tios, etc. it was concluded thal the best mechanical design
had the RA optical encoder driven by the RA worm gear
shaft. This requires only a 9:1 gear ratio, as opposed to a
6580:1 ratio which would be needed if the encoder were
driven off the RA axis. With a 1000 pulse per revolution
encoder, this willgive 5 pulses per arc second in RA.

The meeting devolved into non-computer-related topics
as we took a tour of Tom's latest acquisition - a set of 16"
bench-test optics. This led to a discussion of optics and
telescope design, which in turn made the topic of next
month's meeting obvious: Computer-Aided Optical De-
sign. Tom has a very sophisticated CAD program lor
optics, which he will demonstrate at the next meeting, and
which he is willing to aid club members with lor use in
designing new telescopes and other hardware.

Next Meetlng
, The next meeting of the Computers in Astronomy sub-
\ *group wi!! be cn L{cnday, June 1 at 7:3C P[','1, at Kurt Flilllg's

house at 1718 Longshore Drive in Ann A6or. Callhim at
663-8699 (home) or 747-2867 (work) if you need direc-
tions. Allinterested people are invited to attend. As atways,
interesting new software or hardware is also welcome;
please call first to make arrangements. On the Agenda:
Tom Ryan will demonstrate the ZeMax optical design
system, which looks like a really slick (for$1500 it betterbe)
package. The shareware program Skyglobe (DOS onlyt)
will be on display. lt looks pretty nice, and it's free - bring
a floppy if you'd like a copy.

Membershlp Survey Report

ln the month before the April Elections, Ron Avers
managed to contact 33 of the 64 club members by tele-
phone - if you weren't called, please check with the new
membership director (Steve Musko) and make sure he's
got your correct phone number. The purpose ol the survey
was two{old: to solicit nominations for otficers, and to find
out what the club members want ror and from the club.

As for the lirst purpose: see the "lmportant Numbers"
seclion on the last page to f ind out who lhe new off icers are !

There were several ideas prcposed for activities and

1 ,neting topics:

1) Light Pollution- Dean Freesewould likeothersto join
him and the club in making the localcommunities
more aware ol (and responsive to) this issue. His

suggestion: join the lnternational Dark Sky Associa-
tion, get their slide presentation, get out and start
educating develope rs, builders, city cou ncils, zon ing
boards, etc.

2) Astronomy Magazine Directory - Several people
asked why we're not listed in Astronomy's index of
clubs. Let's make sure we're not left out next yearl

3) Open Houses - many suggestions:
A) Prepare handouts for visitors describing some ol

the things they might see, with enough "gee-
whiz" to be inspiring...

B) Publicize more widely - lor example at the UM
Planetarium shows, on WUOM, etc. - and to a
more distributed audience (Jackson, Lansing,
etc.).

C) Provide cotfee and snacks
D) Deline a telephone contact for information and/or

an orVoff status report.
E) Prepare a brochure on the history of the McMath

24" telescope, and one on the Lowbrows.

4) Meetings: Get rid ol the tables and anange the chairs
in a U, so we can allfit and see each other.

5) Suggested Meeting topics:
A) lndividual interests - a good way for new and old

members to get to know one another is to invite
everyone to give a brief presentation on their
astronomical interests: photography, telecsope
building, optical design, planetary observing,
comet hunting, pholometry, .... What projects
are peopleworking on? Who needs help? Who's
willing to help?

B) The UM radio telescope / Radio Astronomy -
What is its history ? What is it used for? What has
it discovered? How does it work? Can we take
a tour?

C) The historyolthe UM Astronomydepartment (by
Rudi Lindner). The people, the scopes, its con-
nections with the rest of lhe astronomical corn'
munity.

D) UM research in astronomy - see if some ol the
students in the department (or faculty!) could
come talk about theirwork.

E) Astronomy basics: Howto buy atelescope, and
how to ligure outwhat kind of telescope you need
(possibly by a sales rep or dealer?).

F) Hands-on lessons / workshops at PM, such as:
telescope operation - cleaning, setup, align-
ment, and testing; observing tips and techniques;
learning the constellations; binocular
astrononomy; how to run the McMath 24'scope
(we should to write a new manual / checklist).

G) Astronomical / educational films and videos.
H) What have we forgotten? Let one of the VP's

know!
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,s Places:
The Detroit Observatory is in Ann Arbor, at the

Iryrner of Observatory and Ann Streets, across
\;lbm the old University of Michigan hospital and

between the Alice Lloyd and Couzens dormito-
ries. The Detroit Observatory is an historic build-
ing which houses a 19th century 12-inch refractor
and a 6-inch transit telescope.
The Peach Mountain Observatory is the home of
the University of Michigan'stwo radio telescopes
and the McMath 24-inch opticaltelescope main-
tained and used bythe Lowbrows. The observa-
tory is located northwest of Dexter;the entrance
is on North Territorial Road.9.5 miles west of
US23, 1.1 mileswestof Dexter-PinkneyRoad. A
small maize and blue sign marks the gate. Follow
the gravel road one mile to a parking area near
the radio telescopes. Walk along the path south-
west (between the two tenced-in areas) about
300 feet to reach the McMath telescope building.

Large Radio
Dish

Parking

Dexter-
Pinkney

Road

;r,.,,s*ai&;

lg Dues:
Membership dues in the Lowbrow Astronomers
are $20 per year for individuals or families, and
$12 peryearforstudents. This entitles you to use
lhe 24" McMath telescope (after some training). ,.:,

Dues can be paid to the club treasurer, Ron ,

Avers, at a meeting or by mail at this address: i:."
9394 AnneSt. :

Pinkney, Ml 48169 
.,i,,,1

g8 Magazines: ':.
Members of the LowbrowAstronomerscan geta 1:la

discount on these magazine subscriptions: i.,
Sky and Telescope: $18/yr ii;
Astronomy: $16/yr '1fl
Odyssey: $10/yr *ri:

For more information, contact the treasurer. ' *il:,

il Sky Map: .

The Sky Map in this issue ot REFLECIIONSwas
produced by Kurt Hillig, using the Voyager pro-
gram on a Macintosh llcx.

s Newstetter Contributions :

Mombers (and non-members) are encouraged to
write about any astronomy-related area in which
they are interested. Please call the newsletter
editor (Kurt Hillig, 663-8699) to discuss length,
format, etc. Announcements and articles are due
14 days before each monthly meeting. Contribu-
tions should be mailed to Kurt Hillig, 1718
Longshore Dr., Ann Arbor, Ml 48105.

a Telephone Numbers:
President:
Vice Pres:

Stuart Cohen

Doug Nelle
Paul Etzler
Fred Schebor
Tom Ryan

Ron Avers

D. C. Moons

Kurt Hillig

Steve Musko

E--
24'McMath
Telescope SmallRadio

Dish

e

Sportsman's
Parlv StorE

E l Mire

North TenitorialRoad

os Times:
The monthly meetings are held on the third

Friday of each month at 7:30 PM at the Detroit
Observatory. During the summer months (when
weather permits) a club observing session at
Peach Mountain will follow the meeting.

Public Open House / Star Parties are held on
the Saturdays before and aftereach new moon at
the Peach Mountain Observatory. Star Parties
are cancelled if the sky is cloudy at sunset - call
426-2363to check on the status. Many members

\ ";ring theirtelescopes;visitors are welcome to do
likewise. Peach Mountain is home to millions of
hungry mosquitos - bring insect repellant, and
wear warm clothes, as it gets cold at night!

Peach Mountain Keyholder:
Fred Schebor 426-2363

Treasurer:
Observatory:
Newsletter:
Membership:

665-0131

996-8784
426-2244
426-2363
662-4188

426-0375

254-9439

663-8699

123-4567

!



Monthly Meeting:

May L7, L992 at 7:30 PM

At the
Detroit Obsenratory in

Ann Arbor

A microwave map of the sky, produced by the Cosmic Back-
ground Explorer (COBE) satellite, showing the variation in
the temperature of the 2.73 K cosmic black-body background.
The intensity scale represents a temperature range of only
0.00003 L NA,SAphoto.

Dr. Kenneth Gibbs
of the

Enrico Fermi Institute
at the

University of Chicago
on the

Chicago Air Shower
Array

University Lowbrow Astronomers
840 Starwick
AnnArbor, MI 48105
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