
February 22, 1961 

Drr Carl Sagan 
University of California 
Berkeley Astronomical Department 
Berkeley li, California 

Dear Dr* Sagan: 

Your letter arrived just after I had sent a set 
of revisions to Dr. DuShane. However, I was sufficiently 
swayed by your arguments to make still another revision at 
the risk of incurring the wrath of the editor. You will 
find it indicated in the enclosed letter. 

I, too, had considered a combinatj,on of a spherical 
and a planar distribution, as mentioned in my footnote 3" 
Since I used a somewhat greater value for the thickness of the 
galaxy, I obtained an even smaller difference between the two 
models. 

I agree that w would be smaller J.f- the stars in 
the solar neighborhood had been efoser to each other at some 
time in the past and if life had evolved very rapidly at that 
time. However, the stars could not have been ten times closer 
to the Sun than they are now, for otherwise the Sun would not 
have retained Its cometary belt. MOXWOVCW, If I am not mis- 
taken, these clusters are UsUalJy quPte small, on the order 
of 103 stars. Therefore, such a cluster cannot contribute 
much material, even 3.f it is sftuated close to the Sun. FOP 

example, if the 38 grams of cosmabiota all came from Alpha 
Centauri, then VJ for that Sk? would have to be 4.5 x lo21 

grams l Even if' you placed 1000 stars at th;8distance of Alpha 
Centauri, w l;aould still have to be 4.5 x 10 grams. 
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I aleo doubt whether extra-galactic biota could 
ever have made ES sign?lficant contribution to the lunar yopu- 
lation I) True, the galaxies may have been muah closer to each 
other sum@ time in the past, but the Moon is only 4.5 aeons 
old, and ff the present value of the Hubble constant Is at 
a31 correct, then most of the expansion must have taken place 
before the birth of the Moon. 

Your estimate of the ejection of soil by meteorite 
impact is probably over-optimistic on several counts. Firat, 
only crater-forming meteorites of at least several. hundred 
tons weight are likely to propel any material to the required 
high velooities. On the other hand, the microorganisms will 
reside only in the top soil, and s%nce the depth of the crater 
is approximately equal to five times a meteorfte diameter, the 
amount of top 0041 ejected by larger meteoritsk9 will go up 
only aa the 2,"3 power of the mass. 

F;Lnally, the argument in my paper concerning lunar 
craters indicates that the velocity distribution peaks below 
2 km~sec with only e relatively emall fraction at ths circa- 
lunar velocity. Tha mall mm8 defiokt of lunar crater8 
indicates that the integral uf' the velooity distribution 
between 0 and 1.7 km/set must bet about 80 OF %I$. If you use 
those data to construct a MaxwelII-Bol.tzmann or any other 
reasunable kind of distribution, you will ffnd that only a 
very minute Fraction, far less than I$ of the material, cm be 
propelled to the required high velocities. 

I am sorry> of cowse, that I neglwtsd to consider 
the fascinating possibilities pointed out In your paper. I 
hope the proposed revision meets your obje@tXons. However* I 
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feel that a decUion concsrming ster2liaatUm of lunar vehicles 
should be -mde after careful appraisal of ~13. pros and cm-m s 
So Pm, only the pma have been diwzumed in the klteratum, 
and 3c doubt -whetihw any ham cm msuZt from a single con. 

f, too, hope that we 8hal.l have fwthw opportuni- 
tfes to discuss this and other relatedi problems. I ahall be 
in Warjhington at the Thaoretlcal Dlvlalcm af the C)addard Space 
Flight Center dur2q.g March and April. Any hope of seeing you 
there' 

With beat regards59 

Ycxu% very aincesely, 

EA:rnb 
cc: Dr. Lsderbarg ',- 


