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Life 
I k~v 

Scientific study is biology and biologists - find exact 

definition of life troublesome but can offer the following: 

If matter exists within a boundary such that it is capable of 

maintaining, enlarging and reproducing its structure from within the 

boundary, given only a sore generalised supply of energy and matter 
from outside, then the stuff in the boundary is alive. 

Essence of life is ability to preserve, enlauge and reproduce its own 
structural order. 

Order itself does not guarantee life. Simple (relatively) structure 
like virus particle is alive but newly dead whale is not. Ability to 
maintain order is vital.p►orixr1 . 

This is remarkable because it means life crust continuously oppose the 
general tendency of matter to disorder. Old buildings may collapse 
into heaps of rubble, but heaps of rubble never spontaneously assemble 
into structured buildi ms. Second Law of Tnermodynamics 'sea sack o4a~i~ rans . 
OrOer.Bcs ~¢av~ ~ti awJspm.(anea~ nwa\ ar5terwa. 
Life achieves its preservation of order by 

borrowing well-ordered energy from sources in environment (' ') 
manipulating borrowed energy to perform structural tasks w~ ti  rem 
returning disordered energy to environment

Total system of sources, life and waste increases its disorder. The 
ord rU in,life is preserved at expense of disordering environment. (At 
the root of some of our fundamental human problems: 

s c~ cs of 
Proliferation o ^Ear~h life does not correspond to proliferation of 
different mechanisms for this. e ace~wte. 

All Earth life uses same chemical machinery ( e _;sentially ) , based on 
ability of tertravalent carbon to form backbone of long chain or ring 
molecules on which complex chemical processes can occur; No organism 
on Earth is not based on carbon chemistry - hence name organic chemistry. 

Basics: Carbohydrates - energy source 
Fats - energy st age 
ADP, ATP, - energy manipulation in cells 
Proteins - define structure and facilitate reactions 
Nucleic acids DNA, R' A - patterns for protein synthesis 

Plus: WATER - universal solvent sLcL cL€ s<-.., lac ~Fuce 
ionising solvent, facilitates reactions 
hydrogen bonding loosely holds biomolecules while reacting 
high thermal capacity, regulates organism temperature QXc~~r5~se4S 

Other bases imaginable - silicon chains (silicones) 
liquid ammonia at low T absr.~~e searJ, 

But to be specifi c4will stick to LAWK_I (no statistics possible) . Point 
is that even search for LA,irhI has nip h prob of success.sone~ ►'o ~~aLLve iv 
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Classes of signal 

LEAKAGE Our own. main 'signal' 
Best way to detect our civilisation_ from Liars, Jupiter, etc. 
Pioneer 10 8-watt tra ,.smitter detected from Jupiter by 

Goldstone 210-foot. We could detect Kingston taxicab 
in Syrtis Major 

TV is major contributor - but cable TV coming in in Americas 

Signal character: Highly monochromatic components 

Strong 24-hour cycle 
Sinusoidal frequency modulation daily/yearly 

Typical TV transmitter 20 kW 
About 13 dB gain (restricted to about 6° elevations) 
At 15° per hour Earth rotation, could be studied for about 
20 min at a time. 

Optimum band about 1 MHz around signal frequency 

Assume our best receivers, i.e. about 20 K noise 
about 1000-ft dish (Arecibo) 

Could detect TV at 150 L.Y. 
Probably a bit further if detected several at once. 

Actually can't put best receivers at Arecibo, lose a factor 
of ten in sensitivity that way, so lose about 3 in distance. 

BEACONS Why ? 
To facilitate acquisition phase for other races. 
To transmit cultural history of dead civilisations (plenty 
of time for this as first Population I stars at least 9 
billion years old). Note this might contain cosmological
information. 

Directive would mean they would have to choose recipients. 
For a given range this becomes ineffective becausem need 
large number of beacon beams to reach all stars. Directive 
beacons likely to be short-range, from similar stars. 

Omnidirectional beacons make sense for long-range acquisition.
If distant race wants to facilitate long-range acquisition 
then they would use omnidirectional beacons at 'uncryptic' 
frequencies. 

Actual communication (2-way) might then_ be with directive 
systems al=ter acquisition. 

Uncryptic properties of beacons: 

Continuous transmission 

I: odulated - FM would not jeopardise detection. 

Biggest power easiest to handle at low frequencies because 
wavegnides etc. largest there, but this is technology-dept. 



Noise 
VVV I LL

3 K isotropic background, residual radiation from Big Bang 

Low radio freQuencies, synchrotron radiation from Milky Way, weakest 

at poles but still stronger than residual radiation below about 
600 iU.z . 

Atmosphere. Water vapour peaks at 22 GHz 
Oxygen at 60 GHz 

But these would not be important for advanced communications above 
planetary atmospheres. Do not impose technology-independent limits 

like the background radiations. 

More important is quantum noise, must have many photons to transmit 
signal. In temperature terms, this becomes appreciable above 100 GHz. 

Minimum noise background between 1 and 30 GHz. 
Also corresponds loosely to window of maximum interstellar transparency. 

optical dust-limited 
radio plasma-limited 
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