Top Ten Signs
Your Astronomy I nstructor May Be Nuts
as

10) Thetitle of every lectureis: "Man, Them Starsis Hot!".

Astronomy 230

Section 1- MWF 1400-1450
106 B1 Eng Hall

9) Hisso called "telescopes” areredly just paper towel rolls covered in auminum foil. . .
8) Toillustrate the vastness of the universe, he makes everybody walk to Des Moines. This Class (Lecture 34):
7) Thinks he's married to the projector. Communication .
6) Your gradeis based entirely on how many ping-pong balls you can fit in your mouth. Astronomy Puhbl IC Lecture
5) Hisso called Drake Equation video is really just an old episode of Alf. Nov 17t
4) He makes everyone wear a soup pot on their head to protect the class from "Klingon mind | . .

control lasers’. Next Class. HW #6 is due on Nov 19th!
3) About 90% of al classes involve dressing monkeys up to look like Frank Drake. Communication 2
2) When you go to his office hours he is aways hiding under the desk so that the "space

squirrels' can't get him.
1) Theonly observing advice he ever givesis, "Keep an eye out for the mothership."

Music: What' s the Frequency Kenneth — REM
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hY ; A
: : Drake Equation :
Outline I = 69,525 _ )
Birthrate of 0.7/year!
Civilizations
* Recap of our value of N.

e S0 how far do we haveto look to find ET?
e And how can we communicate with ET?

* Radio seemsthe best choice.

e But what frequency?

* Our only messageto ET.

* Needlein ahaystack.
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we can per life arises intelligence . civilizations
planets icate
contact system
25 0.34 396 0.54 425 0.9 100000
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Communicating Civilizations

Drake Equation
For Optimist

62.5% of al starsin our Galaxy.

x 1011

= 0.0000075

Communicating Civilizations

Drake Equation
For Pessimist

Must wait 107 years for one!
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N =R. N =R.
# of . # of . # of . # of .
advanced f§'21t2tgn ':?S(:tg?g Earthlike  Fraction Fraction Fr?r::;ton Lifetime of advanced f(i%tzti?)fn I(:)rfasit:r)g Earthlike  Fraction Fraction Fr?r::;lton Lifetime of
civilizations of Sun- with planets on which that evolve commun- advanced civilizations of Sun- with planets  onwhich that evolve commun- advanced
we can like stars lanet per life arises intelligence ~. t civilizations we can like st lanet per life arises intelligence ~. t civilizations
contact planets system cate contact ke stars planets system cate
50 1 1 1 1 1 5x10° 5 0.1 0.15 0.01 0.01 0.01 100
Birthrate of 50/year! Birthrate of 7.5 x 108
Nov 15, 2004 L.W. Looney Nov 15, 2004 /year ! L.W. Looney
. o £
Drake Equation ' :
= 930,000 5 ) | Hmm.. )|
For Average
Communicating Civilizations
* None of these results are wrong.
» The average results of around 1/year would
9 i I g & ", suggest that any life that is contacted is
N R X f X n X f X f v f X L presumable older and therefore more advanced.
* |  Itisinteresting to note that for lifetimes greater
# of Rate of Fraction # of ' : Fraction .. . than around 275 years, that’s more than 10
advanced formation of stars Earthlike  Fraction Fraction that Lifetime of . . . .
civilizations of Sun- with planets  onwhich thatevolve - advanced civilizations with which to talk.
we can like stars lanets per life arises intelligence icate civilizations
contact P system e Our number was 100,000 years.
10 0.5 0.89 05 0.7 0.6 1x106
Birthrate of 0.93/year!
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Distance to Nearest Neighbor

Assume that the alien civilizations are uniformly scattered in our
galaxy and N > 8000. .

Average Volume = — &2y @2y
N
Nearest
The Galaxy N;.'zhbor Us
I 1000
lyrs
Mht years
4 12000 ly
searchvolume=—7rr Then F=———
3 NE
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Distance to Nearest Neighbor

Assume that the alien civilizations are uniformly scattered in our
galaxy and N < 8000.

2
r;..h
Average Volume = w
Nearest
Neighbor
The Galaxy g Us
i 1000
lyrs
W ght years
" - . 500001y
er] ~
searchvolume = 77r’h_, T
galaxy N 2
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The Neighbors
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We need to look
at every star
within ~ 300 lyrs
for one detection!

T T T T
oo it

T TTTITH]

ol

10?2

T T
Loy ypppd

10
0 102 100 10* 105 106 107 108

Nov 15, 2004 Astronomy 230 Fall 2004 L.W. Looney

| nteresting Points

1. We assumed uniform density of civilizations.

» Underweights the galactic center, but maybe that’s
okay— supernovae.

2. Distance away isthe average.
e Could be closer, but unlikely to be much closer.
3. Notethat r is better defined that N.
e R dependson NY2 or N3
» |If wearewrongin N by afactor of 100, then only off
inr by factors of 10 or 4, respectively.
4. For communication, it may be that the distance
there and back islonger than L.
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How to Communicate?

» Okay, our estimate is optimistic.

» S0, how do we go about detecting our neighbors?
* Arewe seriously sending out messages now?

* No.

* We arerelatively ayoung civilization, with radio
technology for only a hundred years.

» Right now, we are mostly a passive “lurker”
civilization.

» Okay, so what will an advanced civilization use?

Nov 15, 2004 Astronomy 230 Fall 2004 L.W. Looney

Light me up

 Vigblelight is only atiny portion of the full electromagnetic spectrum
* Red light has longer wavelength and lower frequency than blue light.
* Divisions between regions are from biology or technologies.

Wavetl:::gtg M Infrared Visible

103 102 105 5x10% 108 10710 1012

L =@

Buildings Humans HoneyBee Pinpoint Protozoans  Molecules Atoms  Atomic Nuclei

Ultraviolet

Frequency
(H2)
10 108 1012 105 1016 1018 1020 'oney

Frequency

» Thefrequency of light depends on its color.
e Theunit isHertz, equivalent to 1 cycle a second.
» For radio waves, we normally use larger units

— 1kHz=1000 Hz m———
— 1MHz=10%Hz FM4 4005
— 1GHz=10°Hz

Frequency

[Ft:.'l-:li{: ] [M'u:rnwnuc] [Infraru-:f) ["."Esibrc] [Ultrwiolﬂt] [:X-ra',l] [Gamma ﬁu',']
1wt 1t 1 10 1o 1o 109 ™ ot
Wavedength in centimeters
About the size of ...

Wavelength

P
<

What' s the Frequency Kenneth’?

* Wecan't broadcast over the whole range-too expensive.

»  Sowhat kind of reasoning can we use to limit our search
or any broadcasts?

* Keepinmindthat ET must make the same decisions.

* Interstellar dust attenuates light that is shorter than
infrared wavelengths— a few microns.

»  Energy required for the photon increases with frequency.

* Arguesfor low frequency or long wavel ength operation—
radio.
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Freqg Show

Keep in mind that radio stations
fade as you get further away.

In fact, light decrease in amplitude
as the square of the distance
traveled.

And like your radio, there can be
noise from competing stations or
noise from the radio receivers.

The galaxy emits |ots of emission
at low frequencies.

http://www.micka.cz/f8.jpg
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Freg-ing Out.

The best place to Wavelengths of 3 to 30 cm!

listen—in the “quiet” Frequencies of 1 to 10 GHz!
part of the spectrum /

The galaxy emits "
lots of emission at i
low frequencies.
The Big Bang
background noise—
CMB.

Noise of receivers.
The perfect receiver
has a quantum limit
of one photon noise.

DEGREES KELVIN

The Earth’'s e !

atmosphere blocks HLINE OHLINE FREQUENCY, GHZ

many fra:] uencies. hitp://setiathome.ssl berkeley.edu/about_seti/radio_search 2.htmi
Nov 15, 2004 Astronomy 230 Fall 2004 L.W. Looney

Or Lasers?

Charlie Townes has pointed out that
sending pulses of laser light could be
competitive.

A number of searches are now underway
using visible light— optical SETI.

The light must be distinguishable from the
Star.

It is easy for planets to overwhelm their
sunsin radio waves, but not visible.

Powerful lasers have a certain defined
wavelength.

Reines and Marcy in 2002 searched 577
nearby stars with sengitivity to detect >60
kW lasers focuses from a 10m tel escope.

Nothing was detected.
Seems unlikely asthe laser isavery small

beam of light, only afew starsin

transmission, so back to radio.
Nov 15, 2004 Astronomy 230 Fall 2004 L.W. Looney
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Laser for adaptive optics, not
optical SETI.

http://www.ucsc.edu/news_events/download/images/l aser-1g.jpg
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Big Band

e Still, 1-100 GHz or even 1-10 GHz is alot of
frequency to search.

» |sthere amagic frequency that advanced
civilizations would choose?

» Morrison and Cocconi (1959) suggested the
first magical frequency of 1420 MHz or 1.420
GHz.

« It'sthe frequency at which H atoms in space P
emit and absorb radiation.

* Not abad choice as H is the most abundant
atom in the Universe.

» But, now we have detected over 100 molecular
transitions, some crucial to life, so maybe not as
an important argument as it once was.

Lasasssasss s

http://www.stamps.net/40band.jpg
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The Water Hole?

Carl Sagan and Frank
Drake suggested that
species on Earth always
gathered around the
water hole. 102 o
Thereisamolecular \
fragment of OH that
absorbs at 4 frequencies 52 %
between 1.612 and .

Wavelengths of 3 to 30 cm!

Frequencies of 1 to 10 GHz!

EL’

1.720 GHz. o
These moleculeswere &
well studied at thetime, &
S0 it was biased.
And, now we know i : Je
about more exciting ) | 10 102 103 104
transitions at higher HLINE OHLINE FREQUENCY, GHZ
frequencies.
Nov 15, 2004

http://setiathome.ssl.berkeley.edu/about_seti/radio_search_2.html
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Fundamental Fregs

* What are constants that every
civilization would be aware of?

» Speed of light 2
 Fine structure constant (1/137)

 Dividethe speed of light as many time
as necessary to get afrequency inthe
radio range.

* Inthat case you get 2.5568 GHz.

 First suggested by Kuiper and Morris.

http://astronomy.swin.edu.au/sao/guest/daviseqn_agif
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Magical Freguency?

* No.
* Nothing isreally obvious.
* S0, we're screwed.

* We haveto look through €
lot of radio frequencies.

* S0, we better understand
radio techniques alittle.

http://www.funbrain.com/guess/magic.gif
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Radio

» The basic concept of radio astronomy, radio
communications, television, mobile phones, g
etc. isthe same. :

 Information istransmitted by low energy
light.

» How does the antenna on your car work?

» The electo-magnetic wave cause electrons to
move up and down in your antenna.

» That signal isamplified and decoded.

» For frequenciesin the band of interest,
parabolic antennas are common used.

http://www.itsreal stuff.com/assets/images/antenna,jpg
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Radio telescopes I
Pioneering work by Grote Reber in back yard, Wheaton, lllinois.

(He died in 2002).

Arecibo Observatory, Puerto Rico
Largest radio telescope— 300 meters.
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The Green Bank Telescope— i
W.V.

» Thelargest fully steerable dish in the world— 100
meters

http://www.gb.nrao.edu/epo/GBT/gbtpix.html
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Very Large Array, near Magdalena, NM
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Decoder Ring

After recelving and amplifying the
signals, one has to decode the signals.

Naturally created signals do not usually
vary with time and are unpolarized.

Normally, artificial signals encode data:
— FM : frequency modulation (the frequency
varies with time)
— AM : amplitude modulation (the brightness
varies with time)
e Usually analog, but digital is more robust
e Can turn on/off to signify 1 or O (most likely
for ET)
Note, most astronomers do not look for
fast varying signal's, but weak non-
varying signals.

Astronomy 230 Fall 2004 L.W. Looney
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http://theimaginaryworld.com/box678.jpg

LGM

* But, astronomers studyihg the éhort
variationsin the interstellar medium did
look at fast varying signals.

» Jocelyn Bell noticed aregularly repeating
signal.

* Perfect timing, but no real encoding.

» Jokingly called LGMs, then Pulsars.

» Eventually realized to be from neutron stars.

» The lighthouse beam from the rapid rotator
sometimes intersecting the Earth.

Astronomy 230 Fall 2004
http://www.radiosky.com/rspplsr.html

Jocelyn Bell Burnell

Anthony Hewish
L.W. Looney
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Built to be Decoded

 If asignal isfound, how do we decode it?

* Most coding is meant to hide the signal, but in this
case we want it to be decoded by any intelligence.

* Obvioudly thisisnot trivial.

» Many suggestions that revolve around
mathemeatics have been made.

» To date there has only been one direct message
sent from Earth.

e On November 16, 1974 Carl Sagan and Frank
Drake sent a message for 3 minutes. Then repeat.

Astronomy 230 Fall 2004 L.W. Looney
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Can you Figureit out?

Seeif you can decode anything.

Astronomy 230 Fall 2004 L.W. Looney




00000000001010101000000
00100000001010000010100
01001101001000100010001
00100100101010101010101

00011000011000111000011
00001001100000000000001

01011000011000110001011
11111011111011111011111

00000000000000000000000
01000000000000000001000
00000000000000000000000

10000000000000000010000
11111000000000000011111
00000000000000000000000
00011001110000011000011
0000100000000010000000:

01011001110001100001011
11111011111011111011111

1100

00000110000000000011000

0000000000101001
00011110010111110011110

We attempted Contact

azero

Now, we wait.

of 1/on and O/off.

1679 isthe product of 2 prime numbers- 23
and 73.

ET should be ableto try arranging them into
apicture.

Sent toward the globular cluster M13 which
i$21,000 lyrs away.

Used the Arecibo telescope with alarge
transmitter— 20 trillion watts of power.

If they’ re looking, any SETI experiment will
detect this.

Astronomy 230 Fall 2004
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By frequency modulation, they sent 1679 bits

Decode what?

200 MBERS FOR LIFE
10110 {from rght o left) Hydrogen 1;
10110 Garbon & Nitrogan 7; Oxygen B:

10121 15
Right bo left
000TT CODTT 07T 00071 Deaynbase,

QIO 0011 00110 01011 THYMINE:

An amazing amount of - e 00 L
information in 1679 bits.

But human experts had
trouble decoding it.

Q01T e 0011 00011 |Decwyribase:
20001 00000 D000 00001 [ CYTOQSIME,
011 0110 00 G107 | GUANINE:

1 01000 |Fhosphate
1 00000|Phasphate
1 10000

oM
SASE PAIRS STRUGTURE OF
HUMAN DNA AND
"
BAIEE 1 il EoTIDES:!
DOUBLE o GSOHT: CEHANS;

¥ FI ONARELX 3 GSHSN20Z; O4P;
wisuaLpep, 10 SHHNIO!
OF A HuMay 11 CEHANED
BOOY "
1
fl
i T1eta
AR, RRRERL
PorULATION 111011
— 1110 ooy o111
AVG. HEIGHT 11
OF HuMaN § 9.5 $FZITITR T,

WISUAL REP. OF SOLAR SYSTEM
T iraiht to left) Sun; Mercury; Venus;
Earth; Mars; Jupiter; Saturn; Uranus;
Meptune; Pluls
T wisuaL
ARECIBO TELESCOPE N
PUERTS RIGO (1874)

ACTUAL DIAMETER OF ARECIBO
TELESCOPE 1004.52 Feat

101001 = 2430 [126cm* 2430 =

http://antwrp.gsfc.nasa.gov/apod/ap970717.html 7ald QU 30,8180m = 100457
http://amo.net/Contact/
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http://www.ibiblio.org/astrobiol ogy/index.php?page=interview01
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Sent by commercial company based in Houston, Texas
using the Evpatoriya Deep Space Center radio telescope in
Ukraine to 4 nearby starsless than 50 lyrs.

Drake' s message had 1,679 bits of information. This has
300,000 bits, with built-in redundancy. If some bits are
lost to noise en route, ET might be able to decode.

Canadian astronomers derived code:Dutil & Dumas

Included names
and address of —
2000 donors and e F s £
personal messages.  Me | |iigre il et
-

Page number — ¢¢¢en “44%% — Section number

FroveFn L aFreenFC 1 oo ciion marker
rFeene EL

‘Equals’ symbol —j
. : # "oxXN ;IE—— Numbers as

-::f-a-x-a-x fg: symbols

Prime numbers —

— Highest known
prime number

Contacting Us

* What does an advanced civilization that wants to contact
us do?

e Could set-up radio beacons

— Broadcast in al directions.
— Broadcast at several frequencies.
— Would require enormous energy SOurces.

* Would be much better if they could use directional
messages.

» Existing transmitters on Arecibo are strong enough to
communicate across the galaxy with similar telescopes, but
with avery small beam.

* The problem iswhere to look or to transmit.
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DoesET Love Lucy?

» Onesolution isto look for unintentional leakage
signals.

» Leakage, asit “leaks’ from the planet’ sionosphere.

* We can not currently detect this, but maybe other
civilizations can.

» Thisisthe scenario explored in the novel Contact by
Carl Sagan and the movie based on the novel.

* What leakage do we have? TV, FM Radio, radar

e Television transmission exceeds 107 watts
(10 MW).

http://www.time.com/time/time100/
scientist/profile/farnsworth.html

Nov 15, 2004
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Contact

“If humans were the only lifein
the Universeit would be aterrible
waste of space.”

Vega calls us back, but how can
we be sure that we're listening?

Our leakage radiation is actually
decreasing with cable, fiber
optics, direct satellite, etc.
Civilizations may not spend much
timein that phase.

Nov 15, 2004 Astronomy 230 Fall 2004

DoesET Love Lucy?

» ET would be unable to really distinguish
individual stations due to the rotation of the
Earth.

* To detect early carrier signals at 50 lyrs, need
3000 acres of antenna.

e Towatch the TV show, need antennathe size of
Colorado. Itispossible.

« Siill Earth would produce a regular 24 hour | - -

pattern for the last 60 years.

* Military radar is more promising. Highly
focused and powerful.

* Only requires a 1000 foot antenna.

http://www.space.com/searchforlife/seti_shostak_aliens_031023.html
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Asradio travels at speed of light, our leakage
signals have reached the nearest 5000 stars!

Still, thisisway too few for our estimate.
Itisunlikely that a civilization is within 50 lyrs.
> N =107

So probably ET does not love Lucy.

Nov 15, 2004 Astronomy 230 Fall 2004
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Problems...Problems

Assume that an advanced
civilization is broadcasting either
in all directions or toward us.
Where and when do we listen?
What frequency?

What polarization?

What is the code?

The problem is worse than
searching for aneedlein a
haystack.

We have to assume that they are

constantly broadcasting, or the
prObI emisi mpOSSI ble. http:/inl.ijs sifetitalkslesslli02/metadat

a files’Haystack-FINALb.jpg
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