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Presenter
Presentation Notes
What I would like to do is review the Scientific, Technical and Political history of SETI during the first half century after Project Ozma. 
    This will be a very personal account reflecting my own impressions of the progress, or lack thereof over the last 50 years or so.   And I will confine my remarks to mostly radio searches.
     In the way of full disclosure, I should explain that I have only once actually tried to detect an extraterrestrial radio signal myself – More than 50 years ago. Unsuccessful. Unlike many of my colleagues I guess I was discouraged and gave up. 
    But I have been to a lot of  SETI conferences over the past half century, participated in the SETI workshops, and I was privileged to know most of the early SETI players in both the US and USSR.
     Some of the things I will present may be controversial 
     Some of you may disagree with what I say.  That’s OK.  Make for good discussion.



Project OZMA
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21 cm 

Presenter
Presentation Notes
Modern SETI era of course began with Frank Drake’s Project Ozma in Green Bank in 1959.
Drake joined NRAO in April 1958.  Following February, NRAO acquired a new 85 foot antenna.
Drake realized an 85 foot telescope was capable of communicating with a similar antenna over a few tens of light years.
Got approval to begin a search for extra terrestrial radio signals – called Project Ozma
    He selected 21 cm for Project Ozma, not for any deep scientific philosophical reason, but because NRAO was already building a receiver and feed for 21 cm to be used for conventional hydrogen line studies – program to try to detect Zeeman slitting of the 21 cm hyperfine line.
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The probability of 
success is difficult to 
estimate;  but if we 

never search the chance 
of success is zero.

Phil Morison Giuseppe Cocconi

Presenter
Presentation Notes
While he was developing the instrumentation for Ozma, the famous paper, Searching for Interstellar Communication  by Cocconi and Morrison appeared in the September, 1959 issue of Nature.
     Cocconi and Morrison argued that since hydrogen was the most abundant element in the Universe, the place to look for extraterrestrial intelligence was the 21 cm radio line – just what Frank Drake was planning – but the argument was very different.
    Their paper received a lot of publicity.  
     Meanwhile Drake and NRAO were treading a fine line. 
NRAO did not have a good reputation within the US radio astronomy community.  Big budget, little science.
Did not keep Project Ozma secret, but since it was outside main stream radio astronomy, (Science fiction) hadn’t publicized it either.
    So Coconni and Morison paper got all the attention, many people still don’t realize that Drake had actually started working on Project Ozma before the Nature paper appeared – not as result of the Cocconi and Morrison paper..
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Project Ozma

April, 1960
Tau Ceti & Epsilon Eridani

150 hours
100 Hz resolution
Negative results

85 foot log

Presenter
Presentation Notes
Drake began his observations in April 11, 1960  (log) click

Spent about 150 hours over several months looking at Tau Ceti and Epsilon Eridani
Single channel receiver – 100 Hz resolution
No evidence any intelligent civilizations.  Didn’t even publish negative result.
First of nearly 1000 searches for extraterrestrial intelligence.– all same negative result
Ozma – first – became standard to which all later SETI programs have been compared.
   Breakthrough Listen
	108 x (500/25)2 x  (100/25)4 = 108 x 4 x 102 x 2.5 x 102   = 1013 ten trillion faster than Ozma
Breakthrough Listen can do in 1 hour take Ozma billion years.
As far as I know, results are negative
	



Green Bank Conference on 
Extraterrestrial Intelligent Life

November, 1961

• Frank Drake
• Phil Morrison
• Giuseppi Cocconi
• Su-Shu Huang

• John Lilly (Man and the Dolphin)
• Melvin Calvin (chemist) 
• Carl Sagan
• Barney Oliver 
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Otto Struve, Chair

Presenter
Presentation Notes
Following Project Ozma
Drake organized a conference in Green Bank on Extraterrestrial Life
First of many subsequent SETI conferences  - unlike most scientific conferences had no results to support
All stimulated a lot of thought about both extraterrestrial life as well as meaning of life here on Earth
Sponsored by the National Academy of Sciences – Otto Struve, NRAO Director Host and Chair
Invitation only – small group of about 8 people
Su-Shu Huang – planet formation
Lilly – Man and the Dolphin
Melvin Calvin – 1961 Nobel Prize in Chemistry
Carl Sagan, Barney Oliver VP Hewlett Packard- later play a big role
To best of my knowledge, there is no formal record of this meeting, and no photographs.




Green Bank Conference on Extraterrestrial Intelligent Life

•What are the conditions that intelligent 
transmitters are likely to be observable?

•Is it worthwhile to observe with existing 
equipment?  Or, are prospects for success 
too small to be of interest?

•What observations are needed to make 
negative results interesting?
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Presenter
Presentation Notes
The conference was designed to address three key questions outlined by Drake.


I think questions that everyone who has contemplated mounting an observational effort has asked themselves.  
Ones that we still ask today
      



Drake Equation
𝑁𝑁 =  𝑅𝑅∗ 𝑓𝑓𝑝𝑝 𝑛𝑛𝑒𝑒 𝑓𝑓𝑙𝑙 𝑓𝑓𝑖𝑖 𝑓𝑓𝑐𝑐 𝐿𝐿

• R* = mean rate of star formation over galactic history
• fp = fraction of stars with planetary systems
• ne = number of planets per planetary system with conditions ecologically 

suitable for the origin and evolution of life
• fl = fraction of suitable planets on which life originates and evolves to more 

complex forms
• fi  = fraction of life-bearing planets with intelligence possessed of 

manipulative capabilities
• fc = fraction of planets with intelligence that develops a technological phase 

during which there is the capability for and interest in interstellar 
communication

• L = mean lifetime of a technological civilization
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Presenter
Presentation Notes
It was at this meeting that Frank introduced his now famous Drake equation.
Basis for every subsequent SETI observation, scientific paper, book, or conference, 

Played the same, almost religious, role in SETI, that Maxwell and Schroninger’s equations play in physics.

One of the main questions discussed was the optimum frequency to search or more broadly, what is the right technique.  Questions we still debate today..

Bothe C&M and Ozma --- 21 cm – for different reasons.



What is the right technique/frequency?
• Neutral hydrogen: 21 cm (C&M)

— ET would recognize this as intergalactic calling frequency
— Low galactic noise
— One frequency band on Earth not used for telecommunications
— ETs would  probably reserve 21 cm for radio astronomy

• Water hole (Barney Oliver)
— OH masers discovered - 18 cm
— H (21 cm) + OH (18 cm) = H2O!

• Infrared/lasers (Charlie Townes)
• Optical SETI (Paul Horowitz)
• Dyson Spheres – engineering artifacts
• Solar System artifacts, (Bracewell)  Galactic Club
• USSR (Troitsky) Broad band pulses
• Gamma rays
• Neutrinos?
• Gravity Waves?
• Extreme astrophysics
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Presenter
Presentation Notes
Unfortunately our ideas about obvious wavelength changes every 10 years–(read list)
Don’t think I have seen this suggested yet – but probably someone will propose neutrinos – travel un-attenuated for very great distances –or gravity waves
   Important thing is how our ideas change so quickly over a just a few decades on the best SETI strategy.  
Over this time, we haven’t had a good track record in predicting astrophysical phenomena.
Radio Galaxies, Solar Radio Bursts, Quasars, pulsars, Interstellar masers, Electrical storms on Jupiter, CMB, Dark matter, Dark Energy, FRBs --all new: discovered in last 100 year. Mostly accidently.  Not motivated by any theory.
    all unpredicted.  -- even first cosmic radio waves discovered less than a century ago.  Sobering-First extrasolar planet – pulsar; not sun-like star; accident.  Ideas about astrophysics changes so fast
      Why do we think we can understand the technology, not to mention the sociology and motivation of civilizations many hundreds and thousands of years ahead of us? 



SETI after Ozma
• Sholomitsky (1964-1965) CTA 102
• Kellermann (1965) PKS 1934-63
• Troitsky (1968-1983) Broad band pulses – wide field
• Verschuur– 21 cm – 10 stars

—Green Bank 140 /300 foot telescope- 
• Palmer and Zuckerman  - Ozma II - 674 stars (500 hours)

—Green Bank 300 ft--- 
• Tarter et al. – 18 cm  201 Solar type stars

—Green Bank 300 foot   
• Kardashev – Galactic Center
• Drake – Arecibo message to M 13 (1974)
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Presenter
Presentation Notes
If everyone listens and no one transmits no one will detect anythimg.
Click for Arecibo
Also in 2001 Russian group used a 70 m antenna in Crimea to broadcast to 7 nearby stars.



SETI Conferences
• 1961 Green Bank
• 1964 Armenia:  Problems of Communication with 

Extraterrestrial Civilizations (CETI) 
• 1971 US-USSR Armenia: (CETI) becomes SETI)
• 1979 IAU GA (Montreal) Joint Session SETI
• 1981 Tallin, Estonia
• 1985 Ozma@25, Green Bank
• 1991 Santa Cruz, CA
• 2009 Ozma@50, Green Bank 
• 2019 Ozma@60, Green Bank
• 2020 FDD@90, Green Bank
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2009
 Ozma@50

Armenia
1971

Ozma@25

Presenter
Presentation Notes
GB meeting first of many
Mention some of the ones that I am familiar with
In 1964, Yuri Parijiskii organized a big SETI meeting in Armenia – Plan program for USSR
Byrukan-most interesting meeting
	Ozma@25 – included a number of people involved in Ozma
    reviewed strategy. Ongoing projects (NASA and others)
Ozma@50 - social, moral, legal, an religious impact
    Consequences of success  -  Implication of failure
Ozma@60 – More emphasis to bioastronomy and origins of life
2020 meeting intended celebrate Frank Drake’s 90th birthday – canceled Covid





SETI 
Workshops, Studies, and Reports
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Presenter
Presentation Notes
In addition to conferences – series of workshops held mostly in US but also USSR, with the goal developing optimum search techniques but also to develop public support and funding.  Some extent I think publicity and  lobbying may have backfired in bringing too much attention to SETI in the US Congress who is always looking out for things that they can kill if it isn’t in their interest.




Project Cyclops (1971)
• Led by Oliver and Billingham
• 1000 x 100m antennas
• Cost ~$10 billion - $10 M/antenna
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John 
Billingham 

Barney
 Oliver

Presenter
Presentation Notes
First of these was Project Cyclops:  Mandate to assess what was needed to establish the existence of extraterrestrial intelligent life.

John Billingham and Barney Oliver
    Billingham – MD at NASA Ames.  First government employed in charge of ETs
    Oliver:  VP HP.  Some years later Oliver’s lab would develop the first handheld calculator – HP 35/ cost $400
	
After the usual debate about why and how we should search:  Came up with this plan for an array of 1000 x 100 m antennas.  It wasn’t really a proposal – in the sense that they were going to ask for money.  But it was thought of  by the radio astronomy community as a proposal – and with concern – seen as competing for funds for a project that was related to flying saucers.  Billingham  later tried to white wash this by claiming that they would build first one ant, then two more etc, until they  heard something, but this was”n’t true.  The report said “It is highly likely that we will need a collecting are of 7 to 20 sq km.”    
	



1975/1976 NASA SETI Workshops
Phil Morrison, Chair

1. It is both timely and feasible to begin a 
serious search for extraterrestrial intelligence

2. A significant SETI Program with substantial 
potential secondary benefits can be 
undertaken with only modest resources

3. Large systems of great capability can be built 
if needed

4. SETI is intrinsically an international endeavor 
in which the United States can take a Lead
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Presenter
Presentation Notes
A few years later Billingham convened a series of SETI Workshops at Ames
Chaired by Phil Morrison
	Series of six meetings over two years
                        Blue print for future research - 
     	KIK and FDD only ones left



NASA SETI Science Support Working Group 
Billingham & Drake, 1980-1981

• Six meetings – 5 year R&D 
• Reaffirmed existence of ETI
• Best place to search is microwaves 
• Noted Urgency (RFI?)
• Balanced program of 

—Target observations (Ames:  Arecibo 1-3 GHz)
—Survey observations (JPL:  DSN 1-10 GHz)

•  NASA Focal point of SETI?
• Recommended funding for PIs
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Presenter
Presentation Notes
Followed by another series of workshops ten years later

Competition between those argued for surveying the sky (JPL) and those who felt that target searches were more effective (Ames):  Report recommended both
Tension between NASA mission and smaller PI driven programs

Tension between the NASA people who argued for organized program – NASA mission and the university people who felt more grant support for individual investigators.  Again  recommended both




SETI Becomes Respectable

•1975/1976 and 1980/1981 NASA Workshops
•  1975 -- Congressional Report, Marcia Smith

—Possibility of Intelligent Life Elsewhere in the Universe
•1982 IAU Commission on Bioastronomy and SETI
•1982, 1991, 2001 NAS Astronomy Decade Reviews

— MOP for $100 M
— University based program @ $500 K/yr 

•> 1992 Discovery of Exoplanets
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Presenter
Presentation Notes

Partly as a result of these workshops- respectable
	Considered legitimate research area – not part of UFO studies
Behind the scenes lobbying
By 1980s SETI had achieved some level of respectability
A big step forward was the 1975 Report – House science & Technology Committee
Well written – objective report (free of advocacy)
Decade Review   --  PI vs institutional 



Proxmire’s 1978 Golden Fleece Award
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1981 – NASA SETI defunded
1982 – SETI restored to NASA budget (Sagan)
1992 – NASA Ames/JPL HRMS (MOP)

Postpone 
SETI a 

few million 
light-years

Presenter
Presentation Notes
.
1978 Senator Willaim Proxmire Golden Fleece Award
Carl Sagan talked Proxmire into becoming a supporter
1992
	It included (click)
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Ten year project  “mission”
Cost: $108 million 

Targeted Search System 
GB 140 ft, Parkes 210 ft, Arecibo 1000 ft)

vs. 

All Sky Survey -  DSN antennas

Launch: Oct 12, 1992

Microwave Observing Project
High Resolution Microwave Search

Presenter
Presentation Notes
MOP – 1991 Decade survey
MOP – NASA mission: call for proposals, project office
Two competing ideas: TSS (Ames) & ASS (JPL)
Both
Launch:  500th anniversary Columbus‘
	Simultaneous ceremonies Goldstone and Arecibo.
I was at Golstone with ~ 100 other people
Similar number at Arecibo
Communication link Arecibo-Goldstone failed
	Made me wonder about the feasibility of interllar link 



19

Senator Richard Bryan (Nev) – 1993
As of today millions have been spent and we have 
yet to bag a single little green fellow. Not a single 

Martian has said take me to your leader, and not a 
single flying saucer has applied for FAA approval.
—HUD Bill amendment killed HRMS Funding
—Impacted NSF as well NASA
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Presenter
Presentation Notes

Officially only impacted 1993 budget
NASA dealing with HST fiasco
NSF didn’t want to make waves; excluded SETI grants
     Unfortunate SETI became dependent on NASA/image of big science
     Maybe SETI had too much visibility/ too much lobbying/only $10M yr
     Should have been lost in NASA budget
     It wasn’t lost– open for attack people like Proxmire and Bryan.



SETI Goes Private
• SETI Institute – Project Phoenix – 1995-1998

—Targeted Search – 800 nearby stars
—Green Bank 140 ft, Arecibo, Parkes, Nancay

• SERENDIP
—GB and Arecibo piggy-back

• Ohio State – Cosmic Search
•SETI@home

—tens of million computers in 200 countries
• Breakthrough Listen
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Presenter
Presentation Notes
Very popular SETI@home organized by Dan Wertheimer
	more than 5 million PCs in more than 200 countries
	biggest distributed computer system  

Breakthough Listen
     Enormously successful 
	Moat extensive searches
	in generating awareness and bringing new people into the field
     	Legitimizing field
     No detections – like any of the previous few hundred documented searches since Ozma
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Presenter
Presentation Notes
Lots of false alarms
Some of which entered the public domain and brought a lot of attention to SETI.
Mention just few of the most interesting false detections




OZMA
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Ozma

Presenter
Presentation Notes
The first false alarm occurred on the first night of Project Ozma
After observing Tau Ceti for 5 hours with no results, Drake turned the antenna to Epsilon Eridani.  And there it was – loud and clear – 8 pulses a second.  Just what one might expect.
Well, Frank realized it can’t be that easy and set up a reference horn looking at a large part of the sky.  When the signal returned a few nights later, he switched from Epsilon Eridani to the horn and there was no change.  Signal not coming from epsilon Eridani. Almost surely they had deleted some terrestrial or aircraft radar.



The WOW Signal
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John Kraus

August 15, 
1977

frequency

t

Presenter
Presentation Notes
The new famous WOW signal at Ohio State was probably a similar false alarm but received much more publicity – John Kraus was a good showman.
Transit instrument:   couldn’t track
Newspapers  -- book
Targeted observations – VLA
Never seen again
	Almost surely terrestrial 
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Pulsars aka LGM

Cambridge, UK

Presenter
Presentation Notes
Story is well known 
	Jocelyn Bell – looking for IPS – short time constant
	discovered source – regular pulsation 1.3 sec period
	Hewish - Man made
	Constant RA for 4 months –
	Jocelyn “Not earth man made.”
	LGM – Nature paper
	Gold, others correctly suggested- rotating neutron stars




CTA 102
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It is speculated that even some 
sources known to us today 
(notably CTA-21 and CTA 102 
may be artificial radio sources.
  Kardashev 1964

Sholomisky Shklovsky Kardashev
1 GHz

Presenter
Presentation Notes
Kardashev – Type I,II, III civilizations
Transmission peak up around the H line
Optimum minimum between galactic non thermal radiation, and receiver noise
Shklovky sent his student Sholomitky to Crimea to observe CTA 21 and CTA 102
Sholomitsky used this antenna that was part of the military space tracking network.
Took some negotiations to be used for radio astronomy
CTA 102 varied by about 30% time scale of 100 days
First time variability observed in extragalactic radio source
Important discovery
Conventional theory -synchrotron source- peak frequency - 0.01 arcsec 
Z=1, several hundred light-ys  
Significant problems about how such a large source (spectrum) could vary so fast.
Press conference
14 April 1965 – Pravda
Tass- International Newspapers -click
Quasar – relativistic jet – moving nearly straight at us – explains rapid variability
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SETI 2020  (1997-1999)

Organized by SETI Institute
Chair:  Ron Ekers

Reviewed Strategy
Roadmap 2000-2020

Large N small D
1hT Allen Telescope Array

Square Kilometre Array 

Presenter
Presentation Notes
Finally, I would like to mention the SETI 2020 Workshop Chaired by Ron Ekers
Previous SETI workshops – organized by NASA, constrained government bureaucracy
2020 Workshop privately organized by SETI Institute – Instructions: SETI Inst, not US gov.
Drake and Morrison (the two pioneers) among participants : 
Report: huge developments in digital signal processing how it could be exploited for SETI
Report developed concept of Large N-Small D (Cyclops – 100 m dishes) 
     SETI report discussed 6 m – 10m  dishes
Two important spinoffs
            1hT – Allen telescope
            SKA:  Ekers and Tarter were first two chairs respectively of the international SKA Consortium
Both projects were a bit over ambitious 
            Allen telescope eventually built – 15% of planned collecting area of the 1hT
   SKA after 20 years of development, construction about to start, funded for only a few percent of originally planned SKA collecting area. Very much greater cost.
	    





Challenges to SETI

•  Technical (Needle-in-Haystack problem)
•  Funding:  Based on negative results
•  Considered science fiction 
•  Connected to UFOs  - Oumuamua? 
•  Career advancement? 
•  Not falsifiable
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Presenter
Presentation Notes
Let me make a few closing remarks challenges that SETI has faced in the past and will continue to face.
Huge multi-dimensional parameter space

SETI/technosignatures  -- exoplanets
moving into mainstream astronomy



No other area of human inquiry 
where we know so little about

• How to look?
• Where to look?
• What we are looking for?
• Is there anything there to look for?

Presenter
Presentation Notes
Basically we really don’t know what to do or how to do it.
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Doesn’t expecting 
the unexpected 

make the 
unexpected expected

Presenter
Presentation Notes
If I had to predict, I expect that the first detection of evidence an intelligent extraterrestrial civilization will come about from some accidental result of an astronomical study, just like we discovered radio galaxies, quasars, pulsars, CMB, extrasolar plamets, etc. or maybe even something unrelated to astronomy –not as a result of a planned SETI investigation 



Questions to Think About
• International Collaboration?  Why only US/USSR?
• What is the best technique to detect ETI?    Technosignatures? 
• Where to look (Type I, II, or III Civilizations)?
• Scope of effort (Major national/international) or PI (grant) driven?
• Private vs  Government funding?  NASA or NSF?

• NASA bigger budget, but mission oriented, political baggage - historical
• NSF, PI grants; bi partisan Congressional support
• Private (Allen Telescope, Breakthrough Listen, SETI Institute) 

• Likelihood of serendipitous discovery from conventional astronomy observations?
• How to report a successful SETI detection?  Receipt of information?
• Should we transmit?
• What are the implications of continued failure?  Are we alone? 
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