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AZTIFICIAL R A I N  AND LOCAL FOG DISPEHSsL ----- -- -".----A --- 

The weather we a r e  p r e s e n t l y  e x p e r i e n ~ i n g  i n  
France,  p a r t i c u l a r l y  in t h e  P a r i s  d i s t r i c t ,  and a l s o  t h e  
f a c t  t h a t  vaca t ion  time i s  aporoaching,  mlght sugges t  t h a t  
a  paper on s u i t a b l e  methods of p reven t ing  n a t u r a l  r a i n f a l l  
would be more t o  t h e  p o i n t  than  a d i s c u s s i o n  of artificial 
r a i n .  However, i t  i s  t he  l a t t e r  s u b j e c t  w i t h  which I am 
going t o  a t t empt  t o  d e a l  on t h i s  occas ion -  

Since t h e  end of 1946 t h e  g e n e r a l  p u b l i c  has  been 
r ead ing  i n  the  p r e s s  about t h e  success  of American scientists 
i n  producing r a i n  a r t i f i c i a l l y .  J o u r n a l i s t i c  imagina t ions  
have been g iven  f r e e  r e i n  and the  most f a n t a s t i c  r e p o r t s  have 
been c i r c u l a t e d  a long wi th  a l l  s o r t s  of schemes f o r  u t i l i z a -  
t i o n ,  many of which a r e  a s  f a r  from preserl t  olD f u t u ~ e  
r e a l i z a t i o n  a s  they  p o s s i b l y  could b e -  

I n  the  meantjrfAe, however, p rac t !  c a l  exper iments  
have been c a r r i e d  out  on every c o n t i n e n t .  

A t  the  o u t s e t  I t  snould be rnade c l e a r  t h a t ,  while 
g e n e r a l l y  speaking Informat ion about  t h e  cond i t ions  and 
r e s u l t s  of t h e s e  experbimerlts i s  r a t h e r  meagre, i t  i s  very 
probable  t h a t  t he  number of f a i l u r e s  grea t i ,y  exceeds t h e  
number of' s u c c e s s e s ,  

A persona l  exper ience  may perhaps be cited" One 
day l a s t  September, while I was a t  ter~di-ng the  Aeronaut ica l  
E x h i b i t i o n  a t  R a d l e t t ,  England, adver t i sements  appeared on 
the  f 'ront pages of .the popular  S r f t i s l l  newspzc~~.j-s anno-:ulci.ng 
t h a t  sys t ema t i c  a t t empt s  t o  produce ar t i f  i c i a ? ,  r a in  would be 
made the  fo l lowfng  d a y ,  Subsequenbly the tune i2ad t o  be 
changed. Rain d id  n c x  occur3  anywliere, and a f e w  t e r s e  bj;-- 
l i n e s  exp la ined  simply t h a t  the ~ ~ e u u l t s  had been nega t ive  
because 'the experiments had no t  been c a r r i e d  out  on t h e  
proper  type of cloud",  

The i n c r e a s i n g  importance a t t a c h e d  t o  t h e s e  
expei-iments i n  a l l  csount~-ies l n d i c a t e s  t h a t  they arae some- 
t h i n g  more than  a  game o r  a symptom ~f  t h e  w i l l  t o  power of mere 
human be ings  ("To make r a l n  o r  f i n e  wea the r '  i s  t h i s  n o t ,  s o  
t o  speak,  t o  usurp t h e  suprame power?),  and something more 
than  a  comnendable d e s i r e  no t  t o  a l low o n e ' s  own n a t i o n  t o  
be o u t s t r i p p e d  by America, where dur ing  the  l a s t  e i g h t  y e a r s  
formidable  s t r i d e s  have been made i n  a l l  branches  ~ f  s c i ence  
and technology,  i n  advance of Europe p a r t i c u l a r l y .  



Page - 2 
Tech. Trans ,  T T - 8 7  

I n  t h e  course  of t h i s  d i s c u s s i o n  we s h a l l  t r y  t o  
a r r i v e  a t  t he  crux of t h e  problem. The phenomena i n  ques t ion ,  
while based on simple p h y s i c a l  laws,  a r e  ol'ten complex. For 
some of them t h e r e  i s  s t i l l  no s a t i s f a c t o r y  exp lana t ion ,  f o r  
o t h e r s  t h e r e  a r e  too  many and a  choice  must be made between 
t h e  d i f f e r e n t  ones .  I n  a d d i t i o n  I s h a l l  t r y  t o  p l a c e  the  
American r e s e a r c h  i n  i t s  proper  p e r s p e c t i v e .  The magnitude 
of t h e  means employed t h e r e  i n  d e a l i n g  wi th  t h e  i n d i v i d u a l  
problems i s  cons ide rab le ,  Never the less  I hope t o  show t h a t  
France,  i n  p a r t i c u l a r ,  w i t h  much more modest means, has  made, 
and w i l l  cont inue t o  make va luable  c o n t r i b u t i o n s  t o  t h i s  
r e s e a r c h .  

Following t h i s  e x p o s i t i o n  we s h a l l  a t tempt  t o  out- 
l i n e  a conc re t e  programme, i n d i c a t i n g  b o t h  t h e  d i r e c t i o n s  
which p r e s e n t  r e s e a r c h  should f o l l o w  and t h e  f u t u r e  l i n e s  
a long which it should Se developed.  

F i n a l l y ,  coming t o  t h e  ques t ion  of a p p l i c a t i o n  we 
s h a l l  t r y  t o  p l a y  t h e  prophet ,  always a  dangerous r o l e ,  and 
p r e d i c t  what may reasonably  be expected from t h e  work now i n  
p rog res s .  

For t h e  sake of t h e  u n i n i t i a t e d  it w i l l  be necessa ry ,  
of course ,  t o  review b r i e f l y  t h e  under ly ing  phys i ca l  phenomena 
and t h e  me teo ro log ica l  b a s i s  of t h e  s u b j e c t ,  namely, c louds 
and r a i n .  It i s  hoped t h a t  t h e  s p e c i a l i s t s  w i l l  pardon t h e  
i n t e n t i o n a l l y  ske tchy  c h a r a c t e r  of t h e  p r e s e n t a t i o n .  It i s  
not  p o s s i b l e  t o  cover  eve ry th ing  i n  an hour and a  h a l f .  

Everyone knows t h a t  t h e  atmosphere, even when i t  
i s  c l e a r  and without  n o t i c e a b l e  haze ,  con ta ins  a  c e r t a i n  
amount of water  i n  t h e  gaseous s t a t e ,  and t h a t  c louds ,  f o g s  
and most mists c o n t a i n  water i n  t h e  vapour s t a t e ,  and i n  the  
l i q u i d  s t a t e  i n  t h e  form of t i n y  d r o p l e t s  ( t h e  dimensions of 
t h e  d r o p l e t s  w i l l  be d i scussed  l a t e r ) .  What i s  more impor tan t ,  
and perhaps n o t  s o  wel l  known t o  some, i s  t h a t  water i n  t h e  
s o l i d  s t a t e ,  i n  t h e  form of srnall i c e  c r y s t a l s ,  i s  a l s o  f r e -  
quen t ly  p r e s e n t .  Thus a l l  t h e  phenomena t o  be s t u d i e d  a r e  
governed by t h e  laws'of e q u i l i b r i u m  o r  u n s t a b l e  e q u i l i b r i u m  
of water i n  t h e  t h r e e  s t a t e s ,  s o l i d ,  l i q u i d  and gaseous.  

.The vapour p r e s s u r e  of t h e  water conta ined  i n  a  
g iven  volume of a i r  i s  def ined  a s  t h e  p a r t i a l  p r e s s u r e  of 
t h e  water vapour conta ined  i n  t h a t  volume. 

A t  t empera tures  above zero  degrees  cep t ig rade  a  
mass of a i r  can on ly  be a t  e q u i l i b r i u m  with the  l i q u i d  water 
i f  t h e  vapour p r e s s u r e  i n  t h e  a i r  h a s  a  very d e f i n i t e  value 
f o r  each temperature .  I f  t h e  temperature  f a l l s  while t h e  
p r e s s u r e  remains c o n s t a n t ,  some water  must condense. This  
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is ths familiar process of dew formation. The same effect 
would be rioted if there were a tendency for the vapour 
pressure to increase. This definite pressure for each 
temperature is called maximum pressure or saturation vapour 
pressure. As soon as it is attained the air is said to be 
saturated. The amount of water vapour contained in saturated 
air can be calculated. Some results of such a calculation 
are shown in Ffgure 3, 

To conclude the definitions, the relative humidity 
of a given volume of air is the ratio of the vapour pressure 
of the water contained in it to the saturation pressure for 
the same temperature. It is expressed as a percentage. By 
this definition saturated air has a relative humidity of 100 
per cent. It is very important to note that under certain 
conditions the air may have a relative humtdity greater than 
100 per cent. It is then in a state of disequilibrium and 
is said to be "supersaturated", 

At temperatures below zero the processes are 
similar. Here the phenomenon of sublimation occurs, and 
equilibrium between the ice and the water vapour can exist 
only for a definite value of the vapour pressure at each 
negative temperature. 

At constant temperature the vapour transforms into 
ice when there is a tendency for the pressure to increase, 
If the pressure falls the ice must evaporate, 

The curves of Figure 1 show the values of these 
pressures at different temperatures and the quantity+of 
water contained in each cubic metre of saturated air for 
each positive temperatureo 

Finally, there is theoretically only one point of 
equilibrium at which the three phases can co-exist, namely, 
zero degrees and 4.6 mm. of mercury. 

The above applies to the equilibrium of a large 
plane surface of water in contact with aira The processes 
are different if the water is in the form of drops (effect 
of the radius of curvature), or if it contains salts in 
solution, etc. Thus curves of equilibrium might be drawn 
using the radius of curvature or the concentration of salts 
in solution as abscissa and the corresponding saturation 
vapour pressure as ordinate. 

All this appears very simple. Unfortunately, 
things do not normally happen fn this manner, Everyone 
knows that it is very easy to maintain water in the super- 
cooled state. In meteorology, Indeed, it is the rule rather 
-.-.---.-----.--.-.-- - - -.---- ---- .. . ,-.-- - .-.. . - .- . .- -.-. - 

.. C r 
d s  T r a n z l ~ ~ r ~ ~ ~ s  TBote: There is a d.lscre~~~ncy b 1 3 ~ c  

7 ;.ci -. tlie i~.c.-isi~al document, Figure 1 shovs  no 
:!:' :::at,~y c2ntent, 
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than the exception. Liquid water may remain in unstable 
equilibrium with the water vapour well below zero degrees, 
and exceptional conditions are requjred to terminate this 
unstable equilibrium. A very important point, and it is the 
accepted theory, is that the unstable curve lies above the 
sublimation curve. The former, of course, is a continuation 
of the curve of equilibrium for positive temperatures (cf. 
Fig. 1). 

To conclude this brief discussion of the physical 
aspects, it is recalled that a change of state of the water 
at constant temperature, e.g., change from the gaseous to 
the liquid state, is accompanied by the liberation of a 
definite amount of heat per gram of liquid water, called 
heat of condensation. 

During the inverse process the same amount of heat 
will be absorbed. Indeed, cooling by evaporation is a 
familiar phenomenon. In order to keep a bottle of wine cold 
during a picnic everyone knows that it should be wrapped in 
a damp cloth. 

An analogous liberation of heat, called heat of 
fusion, occurs  during solidification. 

After these few physical generalities it is 
necessary to look at the meteorological aspects of the 
question. 

Everyone knows that it cannot rain if there are 
no clouds and that there are often clouds without rain. 
These aphorisms probably need to be stated. You will . 
soon understand why. 

What is a cloud? It is an aerosol, i.e,, a collec- 
tion of water droplets of various diameter (from a few 
microns to some sixty microns) suspended in the air (Fig. 4). 
The proportion of drops of each diameter in the cloud is 
determined by a definlte statistical law. In the majority 
of well-developed clouds the curve of distribution is a 
bell-curve analogous to the one discovered by Houghton and 
Radford (Fig. 5). In this case the most numerous drops 
correspond approximately to the mean value of the diameter. 

In the case of fogs, or clouds which are just 
beginning to form, the curve may be L-shaped (Fig. 6); the 
smallest drops are then the most numerous. This will be 
explained shortly. 
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The tecnnique  of count ing  and measuring t h e  s i z e  
of t h e  drops i s  very h igh ly  developed i n  France,  The 
engineers  of t h e  Low Temperature Laboratory a t  'Bellevus, and 
those  workirig a t  t he  Research S t a t i o n  on Mont Lachat ,  a 
branch of t h e  O o N e E . R . A , ,  have,  wi th  t h e  h e l p  01' P r o f ,  Brun 
and T C r .  L~zcien Demon, d i scovered  sorne very irlgenious ways of 
c o l l e c t i n g  t h e  drops i n  a  f o g  o r  cloud s o  t h a t  they can 
a c t u a l l y  be counted and measured under t h e  microscope,  

Other French r e s e a r c h  workers,  such a s  Mr, Br lca rd  
and Mr, Dessens, have a l s o  done a  g r e a t  d e a l  of work on t i i i s  
problem. Formerly the  drops  were p r e c i p i t a t e d  e l e c t r o -  
s t a t i c a l l y  i n  o i l o  Today the technique p r e f e r r e d  i s  t o  use  
very dense networks of extremely f i n e  t h r e a d s  on which the  
d r o p l e t s  a r e  caught .  i?r0 :)emon makes t h e  t n r e a d s  s y n t h e t i -  
c a l l y  from a  s o l u t i o n  01' p l e x i g l a s ,  while Nr, Dessens pr>efers  
t o  c u l t i v a t e  smal l  s p i d e r s  which do t h i s  work remarkably 
we l l .  

The mean s i z e  of t h e  drops ,  of course ,  depends on 
t h e  type of cloud and tiie s t a g e  of i t s  devel.opment. Iiowever, 
a  gene ra l  value of about twenty microns can be given f o r  i t "  

\Vhen the  Grops become very  1art;e t h e y  may be 
expected t o  f a l l  due t o  t h e i r  weight ,  and t h i s  i s  hvkat 
a c t u a l l y  occurs ,  f o r  example, i n  c e r t a i n  wet f o g s  wilich a r e  
o f t e n  seen i n  mountafncus count ry .  For  drops  of t~va r l t y  
microns t h e  r a t e  of i s  r e l a t i v e l y  slow - 1 , 3  cm, p e r  
second accord ing  t o  s t o k e ' s  law, Thus t h e  s lPgh te sc  up- 
c u r r e n t  and t h e  l i t t l e  t x r b u l e n t  v o r t i c e s  i n  t he  cloud a r e  
s u f f i c i e n t  t o  keep them a l o f t ,  l i k e  an egg on t h e  wat,er* j e i  

a t  a  f a i r .  

Furthermore,  i f  ~ i l e  cloud i s  a t  an  a l t i t u d e  of 
3,000 inetres i t  f'ollows t h a t  the drops would t ake  390,000 
seconds,  o r  110 hours ,  t o  r each  t h e  ground. A g r e a t  many 
t h i n g s  can happen t o  a  smal l  drop of 20 microns dur ing  t h i s  
time . 

The number of drops per  cub ic  cen t tme t re  of cloud 
does no t  vary g r e a t l y ,  It i s  of t h e  o r d e r  of 500 t o  1 ,000 ,  
The diirensions of c louds ,  ilowever, do d i f f e r  g r e a t l y o  Not 
i n f r e q u e n t l y  a  c loud may be s e v e r a l  k i lome t re s  t h i c k  and some 
t e n s  of k i lome t re s  long.  

Another very important  c h a r a c t e r i s t i c  of a cloud 
i s  i t s  water con ten t ,  which i s  of t h e  o rde r  of s e v e r a l  grams 
per  cubic  met re .  Under t h e  a u s p i c e s  of t h e  O . N . E . R . A ,  an 
appa ra tus  f o r  sampling c louds has r e c e n t l y  been p e r f e c t e d  at 
Nont Lachat .  T h i s  i s  a smal l  wind t u n n e l  tllrougn which tile 
cloud o r  f o g  can be a s p i r a t e d .  Tae working s e c t i o n  con ta ins  
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a  metal  c y l i n d e r  with a  wire s t r e t c h e d  along i t s  a x i s ,  The 
wire c a r r i e s  a  very h igh  vol tage  compared with t h a t  of t h e  
cy l inde r  and a l l  the  water contained i n  t h e  cloud i s  depos i ted  
on the  wal l s  of the  c y l i n d e r  by e l e c t r o s t a t i c  a c t i o n .  This 
i s  e x a c t l y  t h e  same technique a s  the  f a m i l i a r  one f o r  d u s t  
e x t r a c t i o n .  The cy l inde r  i s  weighed on a  small  p r e c i s i o n  
balance before  and a f t e r  depos i t ion  of the  water .  Knowing 
the  f low through the  tunnel  the  mass of water contained i n  a  
given volume of cloud can e a s i l y  be c a l c u l a t e d .  

M r , ,  Caron 1) has invented another  appara tus ,  c a l l e d  
an aquanebulometer, f o r  measuring the  r e l a t i v e  value of the  
water content  of a  cloud. Two vers ions  of t h i s  instrument  
a r e  now being  b u i l t  a t  t he  O , N . E . R . A o ,  one f o r  ground 
measurements a t  t h e  Mont Lachat Labora to r i e s ,  and the  o t h e r  
f o r  use aboard an a i r c r a f t .  

To conclude the  d i s c u s s i o n  of clouds a  few words 
a r e  necessary concerning t h e i r  e l e c t r i c a l  c h a r a c t e r i s t i c s n  
It i s  wel l  known t h a t  c louds,  p a r t i c u l a r l y  storm c louds ,  may 
become e l e c t r i c a l l y  charged. The maximum p o s i t i v e  o r  nega- 
t i v e  charge which a  s i n g l e  drop i n  a  cloud may rece ive  i s  of 
the  order  of some 10-7 c o g . s o  e l e c t r o s t a t i c  u n i t s .  The e l e c -  
t r i c a l  f i e l d  of a  cloud may a t t a i n  s e v e r a l  t e n s  of k i l o v o l t s  
pe r  cent imet re .  It fo l lows  t h a t  the  e l e c t r o s t a t i c  f o r c e s  of 
a t t r a c t i o n  o r  r epu l s ion  between drops a r e  weako 

A few remarks,, now, on t h e  s u b j e c t  of r a i n ,  

Rain i s  made up of much l a r g e r  drops,  of t h e  order  
of a  mi l l ime t re  i n  diameter .  These have a  volume e a s i l y  
100,000 o r  1,000,000 t imes t h a t  of the d r o p l e t s  of a  cloud 
o r  fog .  

It w i l l  p r e s e n t l y  be shown how clouds and r a i n  
form i n  n a t u r e ,  bu t  f f r s t  it  i s  necessary t o  make a  very 
fundamental observa t ion  which I have borrowed from M r .  
Roulleau,  I n  popular  par lance  i t  i s  s a i d  t h a t  a  cloud 
f l b u r s t s "  when i t  rains.,  This  i s  obvfously an exaggerated 
f i g u r e  of speech, b u t  i t  i s  one which might lead  us  t o  
suppose t h a t  a  cloud conta ins  a  c e r t a i n  q u a n t i t y  of water 
which can be transformed i n t o  r a i n ,  and t h a t  when the  cloud 
i s  "empty" t h e  r a i n  must cease .  This i s  p r e c i s e l y  the  image 
of B i b l i c a l  t imes ,  f o r ,  r e f e r r i n g  t o  the  f l o o d  t h e  Bible  
says t h a t  " the  same day were a l l  the  f o u n t a i n s  of the  g r e a t  
deep broken up, and t h e  windows of Heaven were opened and 
t h e  r a i n  was upon the  e a r t h  f o r t y  days and f o r t y  n i g h t s " .  

Many s c i e n t i s t s ,  while knowing very wel l  t h a t  a  
cloud i s  not  a v e s s e l  f i l l e d  with water ,  have never the les s  
reasoned thus .  
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Now it can easily be shown by calculation that a 
cloud is able to provide an amount of rain greatly exceeding 
the amount of water contained in it in the form of droplets. 
It might be expected that a cloud three kilometres thick, 
containing three grams of water per cubic metre, would 
provide only 9 rnm. rainfall. But often a cloud of this size 
yields five times this amount. This statement can easily be 
verifSed with the aid of a rain gauge, a very simple instru- 
ment, for which, moreover, a jam ,jar may be substituted. 

The very important conclusion to be drawn from 
this is that such clouds are continually rebuilding them- 
selves at the expense of the water vapour in the surrounding 
atnosphere. Over a certain period they may be compared to 
the storage batteries in automobiles, which are continually 
being discharged while a generator continually recharges 
them. Or again, they are analogous to the famous bath tub 
which caused us so much trouble during our final examina- 
tions, the one which we vainly tried to fill while the drain 
faucet remained open. 

Thus a cLoud now appears to be an indispensable 
medium for the occurrence of rain, but its actual capacity 
greatly exceeds that which might be expected from a merely 
superficial examination of the problem. We are now faced 
with two fundamental questions: 

1. In what manner, and from what causes, does a 
cloud form in clear atmosphere? This is the study of the 
so-called condensation process. 

2. In what manner, and for what reasons, is rain 
generated in a cloud? The transformation of a cloud into 
rain, hail or snow is called precipitationo 

These are two very different problems and many 
difficulties are due to the fact that they have frequently 
been confused. 

How do clouds form? 

(a) By the intermlngling of masses of homogeneous 
air, without change of altitude. This first and very old 
theory is that of Hutton, who used it to explain the 
occurrence of rain as a result of the confusion just men- 
tioned. kTr. Marcel Brillouin proposed it as an explanation 
of the formation of clouds. When two masses of clear air 
at different temperatures and humidities mix, it is possible, 
under certain conditions, to get a vapour pressure above 
the saturation point. -Condensationlmay then occur, For 
example: If one kilogram of air at zero degrees, 50 per cent 
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r e l a t i v e  humidi ty  and 2 , 3  mrn, vapour p re s su re  i s  mixed wi th  
two kilograms of a i r  a t  30° ,  90 per  c e n t  r e l a t i v e  humia i ty  
and 28,6 mm, vapour p r e s s u r e ,  t h e  r e s u l t  should be t h r e e  
k i l o g r m s  of a i r  a t  a  temperature  and vapour p r e s s u r e  d e t e r -  
mined by t h e  law of mix tu res ,  namely, 20° and 19,8  mrn, of 
mercuryn The s a t u r a t i o n  vapour p re s su re  of t h e  mixture  i s  
only  17 ,5  rnm, There may be condensat ion,  but when the  h e a t  
of condsnsat ion i s  t aken  i n t o  account t h e  amount of water  
which can be produced by t h i s  p rocess  remains ve ry  smal l ,  
Hence, t h i s  would on ly  e x p l a i n  t h e  format ion  of ve ry  l i g h t  
c louds ,  which a r e  of l i t t l e  i n t e r e s k  irom t h e  p o i n t  of view 
oS pa in ,  

( b )  Adiaba t ic  expansion.  

I f  an a d i a b a t i c  expansion,  i , e , ,  an expansion 
.uithout exchange of h e a t  w i t h  t h e  e x t e r i o r ,  t a k e s  p l ace  i n  
a mass of humid a i r  t h e  temperature  of t h i s  a i r  w i l l  dec rease ,  
Now, from what was s a l d  a t  t he  begfnrling of t h i s  paper  it 
fo l lows  t h a t ,  provided t h e  coo l ing  is n o t  t o o  i n t e n s e ,  l i q u i d  
water  may condense i n  t h e  form of  d r o p l e t s ,  Note t h a t  we s a y  
t h e  d r o p l e t s  "may condensert;  t h e y  do n o t  do so n e c e s s a r i l y ,  
The reason f o r  t h i s  w i l l  soon be appa ren t ,  The h e a t  of 
f u s i o n p o f  course ,  p a r t i a l l y  o f f s e t s  t h e  p rocess .  The e x p e r i -  
ment is  w e l l  known and i s  p r e s e n t l y  be ing  performed i n  the  
l i i l son  c o l d  chamber, It is va luab le  i n  connec t ion  w i t h  
n u c l e a r  r e s e a r c h ,  because the  d r o p l e t s  a r e  depos i t ed  on ions  
o r  sma l l  p a r t i c l e s  whose pa ths  o r  t r a j e c t o r i e s  may t h u s  be 
 eve a l e d  , 

Such expansions  can occur  i n  t h e  atmosphere bu t  
t h e y  may a r i s e  from d i f f e r e n t  causes :  

1, The g e n e r a l  f low about low p res su re  a r e a s  per -  
m i t s  t h e  assumption t h a t  c louds could form a t  t h e  c e n t r e ,  
The e f f e c t ,  i f  i t  e x i s t e d ,  could on ly  be a  ve ry  weak one,  
This t h e o r y  was once advocated by Herschel ,  bu t  has  s i n c e  
been abandoned. 

2 ,  The expansion may be t h e  r e s u l t  of  upward a i r  
displacements  due t o  convec t ion ,  These may be of e f t h e r  
t , h e m a l  o r  dynamic o r i g i n ,  There may be mass d i sp lacements  
o r  t u r b u l e n t  d i sp lacements ,  The l a t t e r  would be something 
between molecular  d i f f u s i o n  due t o  the rma l  a c t i o n  and l a r g e  
mass d i sp lacernents ,~  

These phenomena a re  ve ry  complex and have not  y e t  
been complete ly  ana lysed ,  However, an a t tempt  w i l l  be made 
t o  g ive  a q u a l i t a t i v e  i d e a  of thermal  displacement a s  
desc r ibed  i n  t h a t  remarkable work "Physique des ~ u a g e s "  
(Phys ics  of Clouds) by P ~ o f e s s o r s  Coulomb aqd L o i s e l ,  
- ~ ~ . . .  - - .  .. . - .-. .- . .-...--. .- .-.- -- 

I Ji :e -1:; :: a k  i:!.. i , .  : 1 :,re : '' ebi.-; : , :  , The 
; - I ,  3ily c j y  .'; , -  i.. :: .?. 9';' c)  o!.-:c!.. :..? c j  $lt on ,, 
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It is common knowledge that at low altitudes, at 
least, there is a negative temperature gradient; in other 
words, the temperature decreases with altitude at the rate 
of approximately 0.6' per hundred metres, This is simply 
because the lower layers of the atmosphere are warmed by 
contact with the earth, and especially by the earth's radiation, 
whereas the upper layers themselves radiate more energy than 
they receive from the sun. I hasten to add that this is true 
only of the first few kilometres, Also, the density of the 
air decreases with altitude- Hence a mass of air which tends 
to rise will cool, and its rise will continue as long as its 
density is less than that of the surrounding air at the same 
altitude; thereafter it will tend to descend again, and tkis 
depends generally on the gradient, The neutral equilibrium 
corresponds, more or less, to a variation in temperature of 
one degree per hundred metres; this is the so-called Mdry 
adiabatic gradient". Actually, even for larger gradients 
there is still equilibri-an, for the expansion is not adiabatic, 
the air. being cooled by thermal exchanges at its boundaries. 
Thls brings us to the fundamental process. If the mass of 
air can rise to the point where condensation occurs, then the 
heat of condensation will enable it to rise further. This 
condition exists even in gradients of less than one degree 
per klundred metres - to be precise, in those which are of the 
ordexa of 0e60, i.eo, the gradients most flqequently found in 
uur own regions" This is called "the wet adiabatic gradjentu0 

Kith the aid of these very vague data we are now in 
a position to describe the formation of a cumulus cloud. 
Everyone is familiar with these clouds, whose dense forms 
give such fine arti-stic effects (Fig" 7, 8, 9 ) 0  

At sunrise the ground becomes heated by solar 
radiation and in turn warms the air in its immediate vicinity. 
The gradient near the ground is now greater than the dry 
adiabatic gradient, and the air begins to risee This air is 
replaced by air coming from cooler regions nearby, and these 
regions, in turn,are fed by still cooler regions above them. 
Thus a thermal convection is commenced,. As it develops its 
ceiling is progressively raised and the entire bubble of air 
beneath the ceiling is warmed. At a certain altitude the 
dew point is reached and condensation may occur. If so, a 
cumulus cloud begins to form. The heat of condensation now 
enables the cloud to ascend still further, so that more 
condensation can occur, even when the gradient of the cloud 
is no longer adiabatic. The summit of the cloud can then 
begin to flatten out, This is the process observed, for 
example, in the cumulus congestus (Fig* 10). 

The cloud, of course, may also be carried up by a 
mass movement of purely dynamic origin, in which case the 
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e x t e r n a l  growth may be t h e  same a s  t h a t  j u s t  d e s c r i b e d .  

Now a word on t h e  fo rma t ion  of  c louds  by t u r b u l e n t  
convec t ion ,  s i n c e  t h f s  i s  p robab ly  t h e  most impor tan t  p roces s  
f o r  t h e  u l t i m a t e  development of  t h e  s t u d i e s  concern ing  
artificial r a i n ,  I n  t h i s  t ype  of convec t ion  we can imagine 
t h e  upward movement of a g r e a t  many sma l i  masses of a i r ,  t h e  
d i sp lacement  b e i n g  produced, g e n e r a l l y  speak ing ,  by more o r  
l e s s  r e g u l a r  v o r t i c e s  w i th  h o r i z o n t a l  a x e s o  The masses of 
a i r  t h u s  t r a n s p o r t e d  have d e f i n i t e  t empe ra tu r e s  and h u m i d i t i e s ,  
va ry ing  acco rd ing  t o  t h e i r  p l a c e  of o r i g i n ,  and i t  can t h e n  
be shown t h a t  on t h e  average  t h e  r e l a t i v e  humid i ty  t e n d s  t o  
i n c r e a s e  c o n s i d e r a b l y  towards t h e  upper  p a r t s  o f  t h e  atmos- 
phere  when t h e y  have been s t i r r e d  by t h e s e  v o r t i c e s .  If t h i s  
humid i ty  r e a c h e s  100 p e r  c en t  condensa t ion  may occur  This  
seems t o  be t h e  p roces s  of f o rma t ion  of s t r a t u s  and s t r a t o -  
cumulus c louds ,  which a r e  c louds  c o n t a i n i n g  l e s s  wa te r  t han  
t h o s e  formed i n  t h e  lower  l a y e r s  of t h e  atmosphere ( F i g o  11 
and 12 ) .  

May I a g a i n  draw your  a t t e n t i o n  t o  t h e  manner i n  
which t h i s  i s  exp re s sed ,  When s a t u r a t i o n  i s  a t t a i n e d  ?r 
exceeded condensa t ion  may occu r .  I have been c a r e f u l  no t  t o  
s ay  t h a t  i t  must o c c u r ,  Indeed,  when d i s c u s s i n g  t h e  equ i -  
l i b r i u m  of wa te r  i n  t h e  t h r e e  s t a t e s  i t  was s t a t e d  very  
s p e c i f i c a l l y  t h a t  s t a b l e  e q u i l i b r i u m  was t he  e x c e p t i o n  and 
t h a t  s p e c i a l  p r e c a u t i o n s  were n e c e s s a r y  t o  p r e v e n t  super -  
c o o l i n g  o r  s u p e r s a t u r a t i o n ,  A s  a  m a t t e r  of f a c t  r e l a t i v e  
h u m i d i t i e s  up t o  400 o r  500 p e r  c e n t  w i thou t  condensa t ion  
a r e  q u i t e  p o s s i b l e o  As f a r  back a s  1880 Ai tken  observed i n  
h i s  l a b o r a t o r y  exper iments  t h a t  s u c c e s s i v e  a d i a b a t i c  
expans ions  i n  t h e  expans ion  chamber produced f o g s  of lower 
and lower  d e n s i t y ,  and, i f  t h e  a i r  i s  f i l t e r e d  t h rough  
c o t t o n ,  no  condensa t ion  whatever t a k e s  p l a c e ,  S ince  t h a t  
t i n e  t h e  accep t ed  t h e o r y  h a s  been t h a t  no condensa t ioq  i s  
p o s s i b l e  u n l e s s  c e r t a i n  s e e d s ,  a l s o  c a l l e d  'gnuc le i ' f  o r  
"condensa t ion  c e n t r e s i f ,  a r e  p r e s e n t ,  Near t he  ground t h e s e  
s eeds  a r e  everywhere,  b u t  t h e i r  number d e c r e a s e s  r a p i d l y  
w i t h  a l t i t u d e , ,  According t o  Wigand, a t  1 , 000  me t r e s  t h e r e  
a r e  approx imate ly  2,500 p e r  c u b i c  c e n t i m e t r e ,  b u t  above 
5,000 me t r e s  t h e r e  a r e  no more t h a n  8 0 0  

Nef t h e r  t h e  n a t u r e  of t h e  condensa t fon  c e n t r e s  n o r  
t h e  manner i n  which t h e y  promote condensa t ion  i s  a s  y e t  we l l  
unders tood ,  a l t hough  t h e r e  have been many i n v e s t i g a t i o n s  of 
t h e  problem - C .T ,A .  Wilson ' s ,  Junge f s ,  and e s p e c i a l l y  
L a n g e v i n f s  may be c i t e d .  A t  p r e s e n t  F r o  B r i c a r d  and R ! r o  
Demon a r e  s t i l l  working on t h i s  q u e s t i o n .  A t  d i f f e r e n t  
t i m e s  i t  h a s  be'en thought  t h a t  t h e s e  nuc l e f  might  be  ve ry  
sma l l  m i n e r a l  p a r t i c l e s ,  b i g  o r  sma l l  i o n s ,  o r  hygroscop ic  
p a r t i c l e s ,  L a s t  week M r * ,  Demon informed me t h a t  he  had  
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concluded a s e r i e s  o f  exper iments  a t  Mont Lachat  which seemed 
t o  prove t h a t  i n  t h e  ca se  of  c l o u d s  t h e s e  c e n t r a s  a r e  o f t e n  
hygroscop ic  p a r t i c l e s ,  

M r ,  Dernon ob t a ined  some n a t u r a l  c loud  d r o p l e t s  with. 
h i s  p l e x i g l a s  n e t s  and t h e n  p e r m i t t e d  thern t o  e v a p o r a t e  
i n s  i d e  t h e  l a b o r u t o r y  , 'iilatching t h e  a v a p o r a t  i o n  under  t h e  
microscope he observsd  t h a t  a n  ex t remely  l i g h t  d e p o s i t ,  
v i s i b l e  o n l y  now and t h e n  by  a v a r i a t i o n  i n  c o l o u r i n g ,  
remained on t h e  t h r e a d s ,  Th i s  d e p o s i t  c e r t a i n l y  c o ~ l s t  i t u t e d  
t h e  much d i s c u s s e d  condensa t ion  c e n t r e s ,  f o r ,  when he 
b r e a t h e d  l i g h t l y  on t h e  t h r e a d s  d r o p l e t s  aga in  appeared  a t  
t h e  p l a c e s  where t h e  p a r t i c l e s  had been s een ,  i , e , ,  a t  t h e  
sane  p l a c e s  where t h e  drops  had baon p r s v i o u s l y ,  However, 
i n  my o p i n i o n  t h i s  s t i l l  does n o t  enab l e  u s  t o  s ay  a n y t h i n g  
conce rn ing  t h e  n a t u r e  o f  t h e  c e n t r e s  (whe ths r  c r y s t a l l i n e  o r  
an~orphous p a r t i c l e s ,  whethzr  i o n i z e d  cy n o t ) ,  

Howev3r, t h e  impor tan t  f a c t  t o  remember i s  t h a t  
t h e s e  condensa t i on  n u c l e i  a r e  i n d i s p e n s a b l e  i n  t h e  f o r m a t i o n  
of  c louds ,  and t h a t  c l ouds  such a s  t h e  cumulus, which beg in  
t o  form a t  t h e  ground by t h e  p r o c e s s  of t ha rma l  convec t i on ,  
neve r  l a c k  t h e s e  n u c l e i ,  f o r  t h e r e  i s  a superabundance of 
them n e a r  t h e  ground which a r e  borne upwards by t he  same 
p roces s  o f  t he rma l  convsc t i on ,  But t h e  l a y e r s  of atmosphere 
above 3 ,000 me t r e s  c o n t a i n  v e r y  few, and i t  i s  probab le  t h a t  
i n  many c a s e s  t h e r e  a r e  enormous s u p e r s a t u r a t i o n s  a t  t h e s e  
a l t i t u d e s  j u s t  because o f  t h i s  s c a r c i t y ,  i3y supp ly ing  t h e  
n u c l e i  it might pe rhaps  be p o s s i b l e  t o  make c l o u d s ,  t h e  
u l t i m a t e  sou rce  o f  r e i n ;  f o r ,  a f t e r  a l l  ( p l e a s e  pardon t h i s  
r e p e t i t i o n  o f  an  obvious  t r u t h ) ,  t h e r e  c a n  be no r a i n  w i thou t  
c louds  . 

The s t u d y  of t h e  humid i ty  of  t h e  atmosghere above 
3 ,000 m e t r e s ,  i n  my op in ion ,  i s  abso lu t . e ly  fundamenta l .  It 
needs  t o  be i n v e s t i g a t e d  s y s t o m a t i c a l l y ,  and t h e  O , N , E , R , A ,  
h a s  i nc luded  t h i s  i n  i t s  programme. A t  t h e  same t ime 
s y s t e m a t i c  a t t e m p t s  a t  " seed ing"  w i t h  condensa t  ion  n u c l e i ,  
e , g o ,  s u i t a b l e  hygroscop ic  n u c l e i ,  shou ld  be made * It is  
ve ry  p robab l e ,  I t h i n k ,  t h a t  a r t i f i c i a l  c l ouds  can  be c r e a t e d  
i n  t h i s  way, a l though  t h e r e  i s  no a s su rance  t h a t  r a i n  cou ld  
be made t,a f a l l  from them, However, I must add t h a t  t h i s  
s u p e r s a t u r a t i o n  i s  my o n l y  hope o f  c r a a t i n g  a r t i f i c i a l  c l o u d s  
l a r g e  enough t o  y i e l d  r a i n ,  

+k Mors t h a n  a  y e a r  ago M r ,  Maurin sugges t ed  
u s l n g  hygroscop ic  n u c l e i  i n  u n s a t u r a t e d  
atmosphere.  I do n o t  t h i n k  t h e r e  cou ld  be 
any fbrmati.on o f  c l o u d s  i n  s u c h  a c a s e ,  
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Indeed, i f  we were r e s t r i c t e d  on ly  t o  t h e  s t a b l e  
equ i l i b r ium,  w e  would have t o  be ab le  t o  pxaoduce a r t i f i c i a l  
a d i a b a t i c  expansions ,  f o r  example, by convec t ion ,  But M r .  
Roulleau 3)  has  c a l c u l a t e d  t h a t  i n  o r d e r  t o  cause  a column 
of a i r  f i v e  k i lome t re s  t h i c k  and one square  k i l o x o t r e  I n  
a r e a  t o  r i s e  f o r  f i v e  hours  a t  t h e  r a t e  of 3 cm, p e r  second 
(which would produce 5 mrn, of r a i n  ove r  an a r e a  of 100 
h e c t a r e s )  it would be necessa ry  t o  expend an energy of t h r e e  
m i l l i o n  k i l o w a t t  hours ,  assuming one hundred p e r  c e n t  
e f f i c i e n c y ,  It is  obvious t h a t  t h e  s o l u t i o n  t o  t h e  problem 
does no t  l i e  i n  t h i s  d i r e c t i o n .  

We have now r sachsd  t h e  fo l lowing  p o i n t :  We know 
approxima.tely how c louds  form - by t h e  p rocess  of condensa- 
t i o n .  We a l s o  knox t h a t  t h e r e  can  be no q u e s t i o n  f o r  u s  of 
making c louds  a r t i f i c i a l l y  by a d i a b a t i c  expansion a l though 
t h e r e  i s  some hope i f ,  a s  i s  p robable ,  s u p e r s a t u r a t e d  zones 
e x i s t i n g  a t  h igh  a l t i t u d e s  a r e  providsd  with conderlsation 
n u c l e i .  

Plce come now t o  t h e  process  of r a i n  format ion ,  T o e . ,  
t h e  growth of drops  from twenty o r  so microns t o  approxi-  
mately  one m i l l i m e t r e  i n  d iameter .  This  i s  t h e  phenomenon 
of p r e c i p i t a t i o n .  For t h e  r a i n  t o  r each  t h e  ground it i s  
c l e a r l y  necessa ry  t h a t  tha  drops  thus  formed must no t  evapora te  
du r ing  t h e i r  f a l l ,  

I am s u r e  t h a t  some of you w i l l  be s u r p r i s e d  t o  
l e a r n  t h a t  t h e  causes  of r a i n  have been known f o r  l e s s  t h a n  
f i f t e e n  y e a r s .  The d i scove ry  came l a t e r  than  those  of 
r e l a t i v i t y ,  t h e  wave mechanism, and t h e  neu t ron ,  Only t h e  
f u t u r e  can  t e l l  u s  whether i t  i s  more o r  l e s s  important  than  
t h e s e .  

J u s t  a s  smal l  s t reams u n i t e  t o  make g r e a t  r i v e r s ,  
it  seems r easonab le  t o  suppose t h a t  l a r g s  drops  a r e  fomned 
by the  union of a  number of sma l l  d rops ,  This  phenomenon has  
been much d e s c r i b e d ,  It i s  the  p rocess  known a s  coa lescence .  
Unfor tuna te ly ,  i t  probably does no t  e x i s t  a t  a l l ,  o r  a t  
l e a s t  it  i s  ve ry  r a r s  a s  a  cause of n a t u r a l  r a i n ,  Vu'hat, 
indeed,  a r e  t h e  p o s s i b l e  causes  of  coa lescence?  

1, Aerodynamic a t t r a c t i o n  of d r o p l e t s  fo l lowing  
p a r a l l e l  pa ths  and remaining c l o s e  t o  one another  du r ing  
t h e  f a l l .  Bjernknes s t u d i e d  t h i s  problem. The f o r c e s  
involved a re  v e r y  weak ones.  The drops would have t o  remain 
nea r  one ano the r  a t  l e a s t  f o r  a  d i s t a n c e  of a  t e n t h  of a  
m i l l i m e t r e  and a  time of roughly one minute .  For t h i s  t o  
happen t h e  drops  would have t o  be of e x a c t l y  t h e  same d i a -  
meter  s o  t h a t  t hey  would have t h e  saxe r a t e  of f a l l ,  It i s  
u n l i k e l y  t h a t  such c o n d i t i o n s  e v e r  occur ,  
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2 ,  Due t o  i n e r t i a ,  micro-turbulenca could cause 
collisions between molecules of d i f f e r e n t  diameter .  A t  
Trappes M r .  Guy Dady 4 )  observed an a r t i f i c i a l  fog  with mean 
drop diameter of 4p and maximum drop diameter of 15p f o r  a  
period of t e n  hours.  Despite the f a c t  t h a t  t r a j e c t o r i e s  
apparent ly  coincided f requen t ly  (once i n  about every t e n  
seconds) ,  he d id  not see a  s i ng l e  case of coalescence.  
According t o  h i s  theory he expected 900? It i s  probable 
t h a t  sur face  e f f e c t s  prevent drops of these dimensions from 
un i t i ng .  It should b e  observed, however, t h a t  the average 
drops i n  a cloud a re  l a r g e r  than those  of the fog  s tudied  
by M r .  Dady. 

3. E l e c t r o - s t a t i c  e f f e c t s .  

It was long bel ieved t h a t  i n  storm clouds e l e c t r i -  
c a l  charges kept the  drops a p a r t ,  but t h a t  a f t e r  discharge 
nothing more prevented t h e i r  coalescence.  We have jus t  seen 
t h a t  t h i s  explanat  ion  'is qu i t e  improbable. Furthermore i t  
has been proved t ,hat  r a i n  begins t o  f a l l  before  l i gh tn ing  
occurs ,  E l e c t r i c a l  a t  t r a c t i o n s  due t o  charges of opposi te  
s ign  are  equa l ly  improbable. In f a c t ,  such charges have no 
opportuni ty of occurr ing toge the r ,  And f i n a l l y ,  the a t t r a c t i v e  
fo r ce s  of charges of the  order  of 10'8 c , g , s ,  u n i t s ,  such as  
a re  found i n  e l e c t r i c a l l y  charged clouds,  a re  very  small .  

So much f o r  coalescence.  Let us  t u r n  now t o  some 
much more s a t i s f a c t o r y  t heo r i e s  based on t h e  idea  of the  growth 
of a  l i q u i d  o r  s o l i d  phase a t  the  expense of t he  vapour phase. 
A s  a  mat te r  of f a c t ,  i f  only the  s a t u r a t i o n  vapour pressure  
of the  two phases ara d i f f s r e n t ,  water may be t r a n s f e r r e d  fzborn 
the  phase of higher  pressure  t o  t h a t  of lower pressure ;  i n  
o the r  words the re  i s  evaporat ion from the  f i r s t  and condensa- 
t i o n  on the second. This happens i n  s eve ra l  very important 
cases  which w i l l  be discussed again  i n  connection wi th  the  
c r e a t i o n  of a r t i f i c i a l  r a i n :  

1, A l l  other  th ings  being equal ,  the  s a t u r a t i o n  
vapour pressure  increases  wi th  the  curvature  of t h e  surface  
of s a t u r a t i o n  of the two media. Thus drops of l a rge  diameter 
must increase  i n  volume a t  the  expense of small  drops,  pro- 
vided the  d i f fe rence  of curvature  i s  g r e a t  enough, 

2 .  Sold drops increase  a t  the expense of warm 
drops,  This i s  the p r i nc ip l e  of the cold  wa l l ,  Indeed, the 
s a t u r a t i o n  vapour pressure  increases  wi th  temperature (F ig ,  
1, 2 ,  3 1 0  

3 ,  Ice c r y s t a l s  grow a t  the expense of supercooled 
water d r o p l e t s ,  s i nce  (Fig .  1) a t  cons tan t  negat ive  tempera- 
t u r e  the l i q u i d  water-vapour s a t u r a t i o n  vapour* pressure  
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( u n s t a b l e  e q u i l i b r i u m )  i s  g r e a t e r  than  t h e  ics-vapour  
p r e s s u r e  ( s t a b l e  e q u i l i b r i u m )  . 

4 ,  Drops c o n t a i n i n g  a sa l t  i n  s o l u t i o n  grow a t  
t h e  expense of drops  of pure wate r ,  because t h e  vapour 
p r e s s u r e  of t h e  s o l u t i o n  i s  l e s s  than  t h a t  o f  t h e  pure 
wa te r ,  This  e f f ec t ,  i s  a l l  t h e  more important  because t h e  
s o l u t i o n  has  a  lower s a t u r a t i o n  vapour p r s s s u r e .  

Which of t h e s e  causes  a c t u a l l y  produce n a t u r a l  
r a i n ?  

We have Sean t h a t  d i r e c t  coa lescence  i s  h i g h l y  
improbable.  It appears t h a t  i n  t h e  m a j o r i t y  of c a s e s  t h e  
growth of i c e  c r y s t a l s  i s  r e s p o n s i b l e .  This  i s  t h e  f a m i l i a r  
t h e o r y  of Bergeron and F inde i sen ,  f i r s t  p r e sen ted  i n  1933,  
It i s  based on  a  hypo thes i s  which h a s  s i n c e  been v e r i f i e d  
many t imes ,  namely, t h a t  t h e  upper  p a r t s  o f  most l a r g e  r a i n  
c louds  ( g e n e r a l l y  speaking cwnulo-nimbus c louds  s e v e r a l  k i l o -  
met res  t h i c k )  w i l l  have a nega t ive  temperature  ,. Thus t h e  
wate r  i n  the  c loud  i s  normal ly  i n  a  supercooled s t a t e ,  f o r  we 
know t h a t  supe rcoo l ing  i s  t h e  r u l e  and s t a b l e  e q u i l i b r i u m  i s  
t h e  except  i o n ,  

But a s  soon a s  t h e  d r o p l e t s  f i n d  themselves  i n  t h e  
presence of some agency which s t a r t s  t h e  p roces s  the  i c e  
c r y s t a l s  beg in  t o  appear ,  You a r e  a l l  f a m i l i a r  w i t h  t h e  
b e a u t i f u l  geometr ic  forms of snow c r y s t a l s ,  A few of them 
a r e  shown i n  F igure  13, These a r e  a b l e  t o  grow by t h e  above 
desc r ibed  p roces s  - t h e  t r a n s f e r  of wa te r  from t h e  supe r -  
coo led  drops  t o  t h e  c r y s t a l s .  A s  t h e y  grow, of cou r se ,  t h e y  
beg in  t o  f a l l  as snow f l a k e s  of v a r i o u s  s i z e ,  I f  t hey  a r e  
s u f f i c i e n t l y  warned d u r i n g  t h e i r  f a l l ,  so t h a t  they  me l t  bu t  
do not  evapora t e ,  it  r a i n s .  I f  evapora. t ion occurs  because 
t h e  a i r  i s  t o o  d r y  and t o o  warm, t h e  wate r  does no t  r each  
t h e  ground and we then  have t h e  phenomenon of "v i rga" .  I f  
t h e  tempera ture  remains low enough a l l  t h e  way t o  the ground 
I t  snows. I f  t h e r e  a r e  ascending c u r r e n t s  i n  t h e  c loud  which 
cause  t h e  l a t t e r  t o  r e t a i n  t h e  c r y s t a l s  f o r  some time t h e y  
t h e n  have an  o p p o r t u n i t y  t o  i n c r e a s e  i n  s i z e  and t h e  r e s u l t  
i s  h a i l ,  This  t h e o r y  w a s  comple te ly  confirmed between 1932 
and 1937 i n  America by S t i c k l e y  5 ) ,  who made numerous f l i g h t  
i n v e s t i g a t i o n s .  It accounts  f o r  almost  97 p e r  c e n t  o f  t h e  
observed p r e c i p i t a t i o n s .  

It appea r s ,  however, t h a t  c e r t a i n  t r o p i c a l  r a i n s  
and summer r a i n s  i n  mountainous coun t ry  a r e  b e s t  exp la ined  
by t h e  t r a n s f e r  of wate r  from warmer drops  t o  c o l d e r  ones i n  
c louds  i n  which t h e r e  a r e  no nega t ive  tempera tures  a t  a l l ,  
Reynolds proved t h a t  t h i s  cou ld  happen, e x p l a i n i n g  how 
n o c t u r n a l  r a d i a t i o n  from t h e  t o p  of t h e  c loud ,  o r  t h e  c loud  f s  
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own shadow when t h e  sun i s  low, could  b r i n g  about d i f f e r e n c e s  
i n  temperature  between neighbouring drops w i t h i n  t h e  same 
cl.oud. A l l  t h e  o t h e r  exp lana t ions  which have been d i scussed  
above seem very  improbable.  

I n  any case  t h e  Bergeron e f f e c t  i s  t h e  c h i e f  cause 
of r a i n ,  

There i s  one f u r t h e r  p o i n t  t o  be c l a r i f i e d .  Uhat 
causes  t h e  supercool ing  i n  the  upper p a r t  of t h e  c loud t o  
c e a s e ,  A l l  t h a t  i s  necessary  i s  f o r  tile t o p  of the c loud t o  
r i s e  u n t i l  i t  s n t e r s  t h e  very c o l d  r e g i o n ,  It i s  known, of 
course ,  t h a t  supercool ing  g e n e r a l l y  ceases  below - 3 5 O C ,  The 
drops can  t h e n  begin  t o  s o l i d i f y .  It i s  e q u a l l y  p o s s i b l e  
t h a t  t h e  f r e e z i n g  i s  s t a r t a d  by t h e  appearance of c e r t a i n  
c r y s t a l l i n e  agen t s ,  c e r t a i n  ox ides  of n i t r o g e n ,  whose forma- 
t i o r l  i n  the atmos9hero may be due t o  l igl i tning; d i s c h a r g e s  i n  
s torm c louds  w i t h  in t e rmed ia t e  format ion of  ozone, The 
powerful shock waves p o s s i b l e  w i th  l i g h t n i n g  d i s c h a r g e s  could 
l i kewise  l e a d  t o  f r e e z i n g ,  This  has  been proved by i n v e s t i -  
g a t i o n s  of M r ,  Jacques Kaurin which w i l l  bz d i scussed  a g a i n  
s h o r t l y .  

The c r y s t a l s  c r e a t e d  by i n o c u l a t i o n  i n  t h e  l a b o r a t o r y  
a r e  s i m i l a r  i n  evary  way t o  t h e  n a t u r a l  snow c r y s t a l s  of t h e  
preceding  f i g u r e  ( c f .  F i g .  1 4 ) .  

vie now know how c louds  a r e  formed, and we a l s o  know 
why it  r a i n s ,  Vie t h e r e f o r e  have a t  ou r  command almost a l l  t h e  
knowledge necessary  i n  o rde r  t o  make a r t i f i c i a l  r a i n ,  

F i r s t  l e t  u s  suppose t h a t  we have c l o ~ d s  a t  our  
d i s p o s a l ,  3ut a t  tho, sams time l e t  me remind you t h a t  even 
i f  we ha va  no c louds  we may s t i l l  hope t o  form them i f  we c a n  
f i n d  zones i n  which t h e  humidity i s  g r e a t e r  t h a n  100 per  c e n t ,  
i , e , ,  super3saturatod zorlos, and i f  w e  c a n  supply  s u i t a b l e  
n u c l o i  f o r  t e rmina t ing  t h e  supercool ing .  'This does no t 'mean  
t h a t  c louds  c r e a t e d  i n  t h i s  way w i l l  n e c e s s a r i l y  be capable  
of caus ing  p r e c i p i t a t i o n s  which w i l l  r each  the  ground. The 
s i z e  of the  drops ,  t h e  tempera tures  between t h e  c loud and t h e  
ground, and t h e  humidi ty  must s t i l l  be such t h a t  t h e  r a i n  
w i l l  n o t  evapora te  du r ing  i t s  f a l l .  

For  t h e  p r a s e n t ,  however, l e t  u s  assume t h a t  we have 
a n a t u r a l  c loud ,  

Two s e p a r a t e  cases  must be cons idered :  t h a t  of a 
c loud  i n  which t h e r e  a r e  r eg ions  of nega t ive  terriperature, and 
t h a t  o f  a  c loud  which h a s  no such r eg ions .  The f i r s t  i s  t h e  
s imp le r  case , ,  111 o r d e r  t o  make r a i n  - noth ing  could be 
e a s i e r  - i t  i s  merely necessa ry  t o  b r i n g  about a c e s s a t i o n  of 



Page - 16 
Tech, Trans. TT-87 

the supercooling.  We might cons ider  seeding t he  cloud with 
ordinary  snow, This method i s  unsu i t ab le  because the snow 
w i l l  fuse i n t o  lumps, owing t o  the tendency of the c r y s t a l s  
t o  conglomerate, and w i l l  be d i f f i c u l t  t o  s c a t t e r .  We s h a l l  
not provide enough nuc l e i  i n  t h i s  way f o r  the  snowfal l  t o  
spread. Carbonic snow, o r  b e t t e r  s t i l l ,  small  p e l l e t s  of dry 
i ce  having a  temperature lowsr than  -80°C. ase much more 
s a t i s f a c t o r y .  By t h i s  means supercooling can be brought t o  
an end even i n  vary l a rge  clouds.  This i s  t he  method which 
has been employed so f a r .  We s h a l l  r e t u r n  t o  the  h i s t o r y  of 
the  problem and the  bes t  ways of applying the p r i nc ip l e  i n  a  
l i t t l e  whi le ,  It i s  easy t o  see t h a t  any very co ld  substance 
w i l l  give the  same r e s u l t ,  e , g . ,  l i q u i d  a i r ,  o r  any s o l i d  
p a r t i c l e s  which have been cooled t o  ve ry  low temperatures .  
I n  a few moments I am going t o  t e l l  you about the  r e s u l t s  of 
M r .  Demon's experiments with these var ious  materials . 

Another method might cons i s t  i n  inocu la t ing  the  
cloud with insoluble c r y s t a l l i n e  seeds which a r e  isomorphous 
with i ce  and have the same c r y s t a l  s t r u c t u r e .  Th3se would 
a l s o  b r ing  the supercooling t o  an end. The procedure i s  
based on a  ws l l  known phenomenon, c a l l e d  e p i t a x i s ,  which i s  
involved i n  the manufacture of mixed c r y s t a l s .  Un t i l  now 
only one substance, s i l v e r  iodide ,  has given r e s u l t s ,  and 
what r e s u l t s !  This w i l l  be discussed again i n  a  few moments. 

F i n a l l y ,  r e c a l l i n g  t h a t  i c i n g  clouds,  which a r e  
sjmply clouds a t  temperatures below zero,  can be d ispersed  
by powerful shock waves, we could perhaps employ explos ives  
o r  u l t r a - son i c  waves t o  terminate  the supercooling.  

Any of the  above methods may b r ing  about r a i n  by 
the  app l i c a t i on  of the  Bergeron theory.  A l l  of them have 
a l ready been used t o  produce a r t i f i c i a l  r a i n ,  e i t h e r  i n  
na tu re  o r  i n  the  l abora to ry ,  with various r e s u l t s .  Can r a i n  
a l s o  be made with clouds a t  temperatures above zero?  I f  so,  
the  methods discovered should a l s o  succeed when applied t o  
clouds which a re  p a r t i a l l y  o r  wholly a t  negat ive temperatures ,  
Needless t o  say, the  inverse p ropos i t ion  does not  hold .  

F i r s t  of a l l ,  by sp r ink l i ng  the  cloud with l a rge  
drops we may expect t h a t  the  growth of these  drops a t  the  
expense of the small  ones i n  the  cloud w i l l  l ead  t o  eventual  
rup tu re  as  soon as  t he  sp r ink led  drops become very l a rge  and 
t h e i r  speed becomes very g r e a t ,  and t h a t  the  newly formed drops 
i n  t u r n  w i l l  draw watzr from new small  drops.  Thus we can 
hope t o  d i spe rse  clouds by spraying them with water .  The 
expsriment has been t r i e d  by Professor  Langmuir i n  America and 
was success fu l .  M r ,  Demon has a l so  v e r i f i e d  the  r e s u l t s  i n  
the  l abora to ry .  Of courss ,  i f  the  l a rge  drops a r e  colder  than 
those of the  cloud,  the  d i f fe rence  i n  vapour pressure  due t o  
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temperature  w i l l  be added t o  t h a t  due t o  cu rva tu re ,  s o  t h a t  a 
more r a p i d  a c t i o n  can be expec ted ,  Moreover, i f  t h e  drops  a r e  
c o l d ,  sma l l e r  ones may be employed t o  g a i n  m equal  e f f e c t .  
This  is an Important  c o n s i d e r a t i o n  when t h e  water  supply  i s  t o  
be t r a n s p o r t e d  t o  t h e  c loud  by a i r c r a f t .  

S i m i l a r l y ,  by u s i n g  a s a l t  s o l u t i o n  sma l l e r  drops 
can  be employed t o  promote r a p i d  growth and subsequent r u p t u r e  
than if pure watgr i s  used ,  Some verJy encouraging l a b o r a t o r y  
r e s u l t s  have been obta ined  on t h i s  by h r .  Demon and h i s  co- 
workers ,  You w i l l  be shown a  few curves  i n  a  l f t t l e  whi le .  

F i n a l l y ,  wi th  drops  of water  c a ~ ~ r y i n g  e l e c t r i c a l  
charges  very  much s t r o n g e r  t h a n  those  met i n  t h e  storm c louds  
( P r o f .  Brun, P r o f ,  Pauthenier  and M r .  Demon 6 )  have r e p o r t e d  
methods whereby chargas  may be a t t a i n e d  which a r e  of t he  o r d e r  
of 10-5 c o g o s ,  u n i t s  p e r  drop,  i o e , ,  s e v e r a l  hundreds of t imes 
g r e a t e r  t han  t h e  charges  on t h e  n a t u r a l  c loud d r o p l e t s )  e l e c -  
t r o s t a t i c  f o r c e s  of a t t r a c t i o n  s u r f  i c i e n t  f o r  a c t u a l  coa lescence  
. v i l l  be ob ta ined ,  The experiment has  a l r eady  succeeded i n  t h e  
l a b o r a t o r y .  M r ,  Demon's r e s u l t s  w i l l  be shown i n  a  l i t t l e  
whi le .  

The i n t e r e s t i n g  p o i n t  about e l e c t r i c a l l y  charged 
water i s  t h a t  i t  w i l l  probably enable  us  t o  i n i t i a t e  p r e c i p i -  
Lations wi th  d r o p l e t  d iameters  of t h e  same o r d e r  of magnitude 
:IS t hose  of t he  c loud i t s e l f ,  i , e o ,  2 0 p  i n s t e a d  of 200, Thus 
the q u a n t i t i e s  of water t o  be t r a n s p o r t e d  by a i r c r a f t  w i l l  be 
a thousand t imes  l e s s  t han  i f  pure water were be ing  used t o  
achieve s i m i l a r  r e s u l t s .  

A l l  h o w n  p o s s i b i l i t i e s  o f  c r e a t i n g  a r t  i f  i c  i a l  r a i n  
have now been reviewed, Not a l l ,  of cou r se ,  have been g iven  
t 'u l l - sca le  t r f a l s ,  but  the  r e s u l t s  of t h e  sys t ema t i c  i n v e s t i -  
g a t i o n s  a t  t he  Bellevue l a b o r a t o r y  by M r ,  Brun, M r .  Demon and 
t h e i r  c o l l a b o r a t o r s ,  enable  u s  t o  f o r e s e e  new p o s s i b i l i t i e s  
of supplementing,  and, abovs a l l ,  of sys t ema t i z ing  t h e  somewhat 
haphazard and perhaps premature a t t empt s  which have been made 
fo l lowing  t h e  f i r s t  experiments by Langmuir. 

We come now, a s  a  m a t t e r  of cou r se ,  t o  an  account 
of t h e  experiments a l r e a d y  completed throughout t h e  world i n  
. l abora tory  and f i e l d ,  and t o  an assessment of t h e i r  v a l u e ,  

I n  February 1942 a t  t h e  General  E l e c t r i c  Company, 
P ro fes so r  I r v i n g  Langmuir and M r .  Vincent J, Schaefer  were 
working on a  smoke gene ra to r  f o r  m i l i t a r y  u s e ,  These two 
s c i e n t i s t s  began by c a l c u l a t i n g  t h e  t h e o r e t i c a l  r a t e  of 
f;rowth of drops  surrounded by a i r  s a t u r a t e d  wi th  a  vapour of 
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the same substance as  the drops, gnd i n  1943 they  had the 
s a t i s f a c t i o n  of designing a srnoke genera tor  whose working 
c h a r a c t e r i s t i c s  agreed i n  every p a r t i c u l a r  with t h e l r  
t h e o r e t i c a l  p rea ic  t i o n s  . 

From 1943 t o  1945, having 'become exper t s  on the 
evolut ion  of fog d rop l e t s ,  they began t o  s tudy t he  problem of 
i c i n g  on a i r c r a f t ,  They discovered, among o the r  th ings ,  t h a t  
the mean diameter of the d r c p l e t s  i n  s.n i c i n g  cloud could be 
determined from the  r a t e  of depos i t  of f r o s t  on r o t a t i n g  
cy l inders  i n  a  wind of given v e l o c i t y ,  This was v e r l f i e d  by 
experiment a t  Mount 'uiiilson, 3t' 

I has tgn  t o  add t h a t  without any communication 
between t he  t w o  coun t r i e s ,  an experimental s t a t i o n  f o r  the  
s tudy of i c i ng  was founded almost a t  the  same time i n  France 
on Mont Lachat, on the i n i t i a t i v e  of Engineer General 
Poincar6, Direc tor  of Aeronautical Research (~roupement  de 
Recherches ~ g r o n a u t i q u e s ) ,  and a  team o f  research  worksrs who 
developed a  fundaqental  theory  i n  the  study of i c i ng ,  nanely 
the  mechanics of suspsnsions,  The l a t t e r  discovery was t h e  
work of Messrs, Brun and Vasseur, This t h e o ~ ~ y ,  which we have 
not  time t o  d i scuss  i n  d e t a i l  t h i s  evening, r e l a t e s  the  s i z e  
of the drops t o  t h e  amount of i c e  deposi ted a t  each poin t  
along a  given p r o f i l e  i n  a  wind o f  known v s l o c i t y ,  and does 
i t  much more accura te ly  than the  theory  of' Langmi~ir and 
Schaefer ,  A t  the same time experiments wsre  begun i n  the 
wind tunnel  a t  Mont Lachat, shown hs r e ,  f o r  the purpose of 
v e r i f y ing  the r e s u l t s ,  These have been continued ever  s i n c s  
us ing  both n a t u r a l  and a r t i f i c i a l  i c i n g  clouds (F i g ,  15, b 6 ,  
1 7 ) .  A t  pressnt  the  method enabl3s u s ,  mong o the r  th ings ,  
t o  determine the amount of i c e  deposi ted on each surface  
element of an a i r c r a f t  wing prof ' l le  f o r  given drop s i z e s ,  so 
t h a t  the  exact  hea t  r e au i r sd  f o r  de - i c ing  a t  each poin t  on 
the wing can be c a l c u l a t e d ,  I n  a dd i t i on  a computation 
department was s e t  up a t  the  O o N o E v R c A ~  f o r  the  use of the  
n a t i ona l  a i r c r a f t  f i rms , 

To r e t u r n  t o  t he  American research , ,  I n  the  course 
of the  work a t  Mount 'diilson and t h e  experlrnental f l i g h t s  
undertaken i n  the Schenectady d i s t r i c t ,  Langmuir, who had 
come t o  be l i eve  t h a t  the nuc l e i  which caused supercooling t o  
te rminate  were very r a r e  a t  high a l t i t u d e s ,  and t h a t  super- 
cool ing  was t he  r u l e  down t o  -20°C,, got the  idea  of 
te rminat ing  it  a r t i f i c i a l l y ,  

* T r a n s l a t o r l s  note : This should read 
Mount Viashingt on, 
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During the  w i n t e r  of 1945-~46 Langmuir and Schaefer  
s y s t e m a t i c a l l y  explored  i c i n g  c louds  by a i r c r a f t ,  I n  t h e  
s p r i n g  of 1946 Schaefer  ob ta ined  a  l a r g e  c o l d  chamber of 
f o u r  cubic  f e e t  which could be cooled t o  -25O, and the  two 
of them began t a k i n g  t u r n s  a t  blowing i n t o  i t .  It was 
e s t a b l i s h e d  t h a t  no t  a  s i n g l e  c r y s t a l  of i c e  could b e  pro- 
duced i n  t h i s  manner, They t h e n  t r i a d  t o  b r i n g  t h e  super-  
c o o l i n g  t o  an  end by in t roduc ing  va r ious  powders, bu t  
wi thout  success ,  

F i n a l l y ,  i n  J u l y  1946, Schaefer  g o t  t h e  supe rcoo l ing  
t o  cease  wi th  t h e  a i d  of a  needle  dipped i n  l i q u i d  a i r ,  The 
boundaries  were then  narrowed, and it was found t h a t  t o  make 
the  supe rcoo l ing  caasg the  needle  had t o  be a t  a  temperature  
of a t  l e a s t  

- Y 5 O  o 

The c r l i c i a l  experiment was a t  hand, 
Schaefer  7 )  i n j e c t e d  t i n y  fragments of d ry  i c e  i n t o  t h e  
f o g  i n  h i s  co ld  chamber. 'The supercool ing  ceased  immediately,  
even along the  pa th  of a  s i n g l e  f a l l i n g  f ragment ,  

I n  August 1946, Langmuir 9 )  c a l c u l a t e d  t h e  theore t j i - -  
c a l  r a t e  of growth of i c e  p a r t i c l e s  c r e a t e d  i n  t h i s  manner, 
I-Ie came t o  the  conc lus ion  t h a t  by f l y i n g  over  a  f r e e z i n g  cloud 
and spray ing  i t  wi th  smal l  p e l l e t s  of d ry  i c e  he m i & t  hope 
t o  te rmina te  t he  supa rcoo l ing  t o  a  s a t i s f a c t o r y  e x t e n t ,  

It i s  important  t o  r e a l i z e  t h a t  we a r e  no t  always 
concerned w i t h  a r t i f i c i a l  r a i n ,  bu t  a l s o  wi th  d i s s i p a t i n g  
i c i n g  c louds ,  'The s t u d i e s  p a r a l l e l  t hose  which a r e  be ing  
c a r r i e d  on i n  France,  bu t  t h e  gu id ing  aim i s  somewhat 
d i f f e r e n t ,  We s h a l l  r e t u r n  t o  t h i s  p o i n t ,  

On 13 November 1946, Schae fe r  and Talbot  seeded 
t h e i r  f i r s t  c loud  t h i r t y  m i l e s  e a s t  of Schenectady,  The 
ground temperature was 0 ° ,  t h e  temperature  i n  the  c loud  w a s  
-20°, and t h r e e  pounds of d ry  i c e  werg s c a t t e r e d ,  Within 
f i v e  minutes t h e  e n t i r e  c loud had tu rned  t o  snow, which f e l l  
a  d i s t a n c e  of 2000 met res  and then  evaporated i n  t h e  d r y  
a i r ,  

From t h i s  time u n t i l  7 A p r i l  1947, seven seed ing  
exper iments  were c a r r i e d  o u t  i n  t h i s  manner, Some p i c t u r e s  
taken  du r ing  t h e  t e s t s  a r e  shown i n  F igu res  18, 19 and 20,  
I n  each case  l a r g e  a r e a s  of clo3id were t ransformed i n t o  i c e ,  
Since t h e  ground tempera tures  were g e n e r a l l y  l e s s  t han  O 0  t h e  
snow sometimes reached t h e  ground. But aga in ,  t he  aim i s  n o t  
always t o  o b t a i n  p r e c i p i t a t i o n .  The p o s s i b i l i t i e s  a r e  obvious 
f o r  an a i r c r a f t  which has t o  t unne l  i t s  way tl-irough an i c i n g  
c loud i n  o r d e r  t o  descend t o  t h e  ground, 
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The f i r s t  l a r g e  s c a l e  success  i n  producing a r t i f i c i a l  
r a i n  was t h a t  of Krauss and Squ i r e s  101, who had heard of t he  
e a r l y  r e s u l t s  of Langmuir and h i s  col leagues ,  ThIs took p l ace  
nea r  Sydney, A u s t r a l i a ,  on 5 February 1947. The c louds  were 
a t  an a l t i t u d e  of 6600 met res  a i d  the  zero  isotherms s tood  a t  
5400 me t re s ,  The c louds were seeded wi th  crushed d ry  i c e .  
Rain f e l l  f i v e  minutss  a f t e r  the  seed ing  and covered an a r e a  
of 50 square  k i l o m e t r s s .  I n  a l l  e i g h t  such t r i a l s  were made 
and each time r a i n  was d e t e c t a d  by means of r a d a r  below t h e  
c loud.  S i x  t imes t h e  r a i n  reached t h e  ground, 'The reason  
f o r  t h i s  r e s u l t  must be noted:  February i s  a s u m e r  month i n  
A u s t r a l i a ,  

A few months e a r l i e r  ( t h e  end of November 1946) 
D r .  Vonnegut 1 1 1 ,  ano the r  co l l eague  of Langriluir, found t h a t  
s i l v e r  Iodide was an e x c e l l e n t  nuc leus  f o r  t e rmina t ing  super-  
c o o l i n g ~ ,  Vie have a l r e a d y  seen why, For  h i s  s t u d i e s  he 
developed an appara tus  f o r  g e n e r a t i n g  s i l v e r  i od ide  (F ig .  
2 0 ( a ) ) ,  He be l i eved  t h a t  a  very smal l  amount of s i l v e r  
i od ide  would seed a  c loud  of very  l a r g e  dimensions and the  
c o s t  would be r e l a t i v e l y  low, provided t h e  p a r t i c l e s  were 
s u f f i c i e n t l y  d i spe r sed .  The folloaving s p r i n g  he succeeded 
i n  d i s p e r s i n g  a  l o c a l  fog,  which was q u i t e  l a r g e ,  u s i n g  t h e  
appa ra tus  shown i n  F igu re  26,  

S ince  t h e  summer of 1947 t h e  Arnerjcans have pursued 
t h e i r  a r t i f i c i a l  r a i n  t e s t s  on t h e  American s c a l e  w i t h  t h e  
fo l lowing  a i d s  : teams of m e t e o r o l o g i s t s  w i t h  sounding 
ba l loons  f o r  l o c a t i n g  s u i t a b l e  c louds ;  commercial d ry  i c e  
c r u s h e r s ;  t e c h n i c  Tans and s p e c i a l  a i r c r a f t  f o r  s eed ing  t h e  
c louds ;  crews of photographers  wi th  s p e c i a l l y  f i t t e d  a i r c r a f t  
f o r  t a k i n g  s t i l l  and motion p i c t u r e s  of t h e  development of 
seeded c louds ;  s p e c i a l l y  t r a i n e d  r s s e a r c h  rnen t o  s t u d y  t h e  
r a i n  balow t h e  c l o u d s ;  r a d a r ;  e t c ,  Fj-gures 21, 22 and 23 
show a  t y p i c a l  a i r  photograph and t h e  r e s u l t s  of t h e  e v a l u a t i o n ,  
The c loud seeding  appa ra tus  f o r  d r y  i c e  and t h e  s i l v e r  iod ide  
smoke g e n e r a t o r  a r e  shown i n  F igu res  24, 25 and 2 6 ,  

Nothing more was publ i shed  on t h i s  s u b j e c t  i n  t h e  
United S t a t e s  a f t e r  J u l y  1947, a  f a c t  which suggested t h a t  t h e  
m a t t e r  had become " r e s t r i c t e d " ,  Then, q u i t e  r e c e n t l y ,  i n  a 
note  of the  Academy of Sc iences  i n  Washington, Langmuir 
announced t h a t  he had produced r a i n  by s p r i n k l i n g  wa te r  on a 
c loud  whol ly  a t  a  p o s i t i v e  tempera ture ,  This  method was no t  
a l t o g e t h e r  new, It had a l r s a d y  been used t o  d i s p e r s e  f o g s  
on aerodromes du r ing  t h e  l a s t  war a long  wi th  t h e  "Fido" method 
of evapora t ion  by means of o i l  b u r n e r s ,  

W a t  was done i n  France d u r i n g  t h e  same pe r iod?  
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Since the foundat ion of 0 ,  N o  E,  R, A , ,  Toe , ,  a t  
the  beginning of 1946, I had been organizing a departrrient of 
Atmospheric Physics, and a t  my reques t  Professor  Brun agreed 
t o  become i t s  d i r e c t o r ,  This department was t o  cont inue t h e  
b a t t l e  aga ins t  i c i ng  and the systematic  s tudy of the  s t r u c t u r e  
of fogs - diameter of drops, water content ,  e l e c t r i c a l  charac- 
t e r i s t i c s ,  e t c ,  A t  the same time the mechanics of suspensions,  
of which I spoke a few minutes ago, was being evolved, 

Before t h i s  department was s e t  up, t he  s t u d i e s  a t  
Mont Lachat had been concerned mainly with the  development of 
d i r e c t  i c i n g  de t ec to r s  and thermal de - i c e r s .  In  1946 it was 
evident  t h a t  a more immediately u se f u l  l i n e  of approach would 
be, on the  one hand, t o  develop remote de t ec t i on  of the clouds 
which were a t  negat ive temperatures so as t o  avoid meeting 
them, and, on the  o ther  hand, t o  f i n d  means of d i s s i p a t i n g  
these clouds.  

Thus, i n to  t he  resea rch  programme of the  0, N o  E ,  
R, A ,  I introduced the same problem a s  t ha t  with which Lang- 
muir was deal ing  a t  the same t ime,  However, our o r i e n t a t i o n  
was d i f f e r e n t ,  f o r  I decided, with the  assent  of Professor  
Brun and M r ,  Jacques Maurin, engineer  i n  charge of t h e  pro- 
j e c t ,  t o  t r y  t o  te rmiaate  the supercooling of a f r e ez ing  
cloud by us ing  the shock wave of a powerful explos ive .  
While t h i s  experiment was being prepared dur ing  t he  winter  
of 1946-~47, M r ,  Maurin suggested t h a t  supercoolings could 
a l s o  be terminated with the  c r y s t a l s  of a substance which 
was insoluble  i n  water,  and t h a t  t he  e f f e c t  of the shock wave 
could perhaps be re inforced by having such c r y s t a l s  c a r r i e d  
on t he  wave f r o n t ,  I supplemented t h i s  idea  by suggest ing 
t o  M r ,  Maurin t h a t  c r y s t a l s  of t he  same s t r u c t u r e  a s  i c e  be 
used,  

About February 1947, rumours reached us of 
Vonnegut9s 11) prel iminary work on s i l v e r  iod ide"  M r ,  
Jacques Maurin, who, together  wi th  M r o  Medart, the  chief  
explosives engineer  131, was preparing pen th r i t e  de tonators  
f o r  these  experiments, decided t o  prepare c a r t r i d g e s  con- 
t a i n i n g  s i l v e r  iodide as wel l ,  Our idea  was t h a t  t he  s i l v e r  
iodide would be decomposed i n t o  ions by the explosions and 
t h a t  these  could then be recombined on the  wave f r o n t .  

The i n i t i a l  experiment on the te rminat ion  of super- 
cool ing by shock waves took place a t  t he  beginning of May 
1947 (F igo  27, 28, 29 and 30), It was p e r f e c t l y  conclusive,  
but unfor tuna te ly  the  c a r t r i d g e s  which d id  not  con ta in  
s i l v e r  iodide were used,  I say unfor tunate ly ,  because the  
experiments had t o  be in te r rup ted  i n  the  sp r i ng  of 1947 due 
t o  l a ck  of f r o s t ,  and during the 1947-48 season the wind 
tunne l  was being a l t e r e d  and could not  be used 
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Thus the s i l v e r  iod ide  detonatolls have never been 
f i r e d  and ape s t i l l  i n  the  magazine a t  t he  Mont Lachat 
s t a t i o n ,  There i s  no doubt t h a t  t h e  experiment would have 
g iven  posi t . lve  r e s ~ l l t , s ,  . 

111 1945 i i l r ,  3run had d i r e c t l y  measured t h e  r a t e  of 
growth of an i c e  c r y s t a l .  i n  supercooled water conta ined  i n  
an i so thermal  c a p f l l a r y  tube,  and i n  Nay 1947, M r ,  Jacques 
Maurin 1 4 )  15) measured t h e  time r e q u i r e d  f o r  complete 
f r e e z i n g  of supercooled drops s t a r t f n g  from t h e  moment of 
i n t r o d u c t i o n  of  t h e  seed ,  

A t  t h e  end of the  swnmer of 1347, rvlessyaso Brun and 
Demon, having heard of t h e  e a r l y  work of L a n p u i r  and of the  
Sydney experiments ,  asked me, on beha l f  of 0 ,  No E ,  R ,  A . ,  
and i n  conjunct ion  wi th  C., N,  R ,  So, if they might undertake 
b a s i c  l a b o r a t o r y  r e s e a r c h  on t h e  a r t i f i c i a l  p roduct ion  of 
r a i n ,  The previous  work of these gentlemen made them h igh ly  
q u a l i f i e d  f o r  t h i s  s t u d y ,  Furthermore,  t h e  Low Temperature 
Laboratory a t  ae l l evue  was s u i t a b l e  f o r  the experiments ,  
and, f i n a l l y ,  t h e  r e s e a r c h  could be followed up a t  Mont 
Lachat,  I t h e r e f o r e  agreed,  bu t  without much enthusiasm, I 
must admit ,  

Under Profes so r  3 r u n 1 s  d l r e e t i o n ,  and with  t h e  
a s s i s t a n c e  of  P ro fes so r  Pauthenier  and some o t h e r  eng inee r s ,  
Mr, Demon now began a s e r  

fn?e7 
f  systematic s t u d i e s  which 

were extremely f r u i t f u l  6 I n  the  supercooled- fog  t a n k  
a t  Bellevue he s t u d i e d  t h e  e f f e c t s  of carbonic  snow ( i n t r o -  
duced by i n j e c t i n g  l i q u i d  carbon d ioxide  o r  by u s f i g  d e t o n a t o r s ) ,  
d ry  i c e ,  cooled f l a s k s  and very  co ld  p a r t i c l e s ,  as  w e l l  a s  the  
r o s i l l t s  of l o c a l i z e d  coo l ing  by expansion of compressed a i r ,  
t h e  i n t r o d u c t i o n  of s i l v e r  iod ide  and o t h e r  c r y s t a l s  and t h e  
a c t i o n  of u l t r a - s o n i c  waves ( t h e  l a t t e r  i n  co-opera t ion  wi th  
M r ,  palme) ,  The u l t r a - s o n i c  wave t e s t s  were negabive,  

He examined t h e  e f f e c t s  of e l e c t r i c a l l y  charged 
sand, u l t r a ~ ~ s o n i c  waves, klygroscopic s a l t s  and a  s p r a y  of con- 
c e n t r a t e d  s a l i n e  s o l u t i o n s  f o r  fog  a t  p o s i t i v e  temperatures  
i n  t h e  l a r g e  f o g  chamber under the  upper s t a t i o n  of the  o l d  
f u n i c u l a r  r a f  lway a t  Bellevue . The exper imenta l  procedure,  a 
very simple one, was a s  fo l lows:  A beam of p a r a l l e l  l i g h t  
was mada t o  t r a v e r s e  t h e  fog  and s t r i k e  a  photoe lec t rn ic  c e l l ,  
The l a t t e r  was connected t o  a  galvanometer,  t he  d e f l e c t i o n s  
of which va r i ed  i n v e r s e l y  wi th  t h e  o p a c i t y  of t h e  fog ,  A fog  
was now introduced i n t o  t h e  r e f r i g e r a t s d  t a n k  and i t s  normal 
development was recorded ,  Then t h e  substance f o r  modifying 
t h i s  f o g  was in t roduced  and t h e  new curve of behaviour was 
recorded ,  

The curves  you w i l l  now be shown have not  y s t  been 
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e d i t e d ,  a l t h o u c h  t h e  e s s e n t i a l  r e s u l t s  nave a l r s a d y  been  
i n c l u d e d  i n  t h s  r lo tes  of t h e  T r a n s a c t i o r i s  of' t h e  Acadzmy of  
S c i e n c e s  1 6 )  . They c o n s t i t u t e  an i n d i s p u t a b l e  and indispensab1.e 
b a s i s  f'or a l l  subsequen t  f i e l d  t e s t s  (E'ig, 31 t o  411, T r l a l s  
i n  t h e  mounta ins  w i l l  novi ba c a r r i o d  o u t .  

M r ,  Demon i s  on h i s  way back  f r o m  Mont L a c h a t ,  I n  
s p i t o  of t h e  s c u r b c i t g  of  good c l o u d s  f o r  his e x p e r i m e n t s  he  
has o b t a i n e d  some r e s u l t s ,  

The conc lus io r l s  f o r  t h e  p r e s e n t  a r e  ' tha t  t h e  most  
e f f e c t i v e  methods o f  p r o d u c i n g  a r t i f  i c i n l  ra in  c o n s i s t  i n :  

1, 'iuith s u p e r c o o l e d  c l o u d s ,  

( a )  d r y  i c e  i n  v e r y  s m a l l  f r a ~ n e n t s ,  o r  c a r b o n i c  
snow, droppsd d i r e c t l y  i n t o  the c l o u d s  and d i s p e r s e d  h o r i -  
z o n t a l l y  be means of f u s e s  o r  d e t o n a t o r s .  T h i s  i d e a  i s  b e i n g  
d e v a l o p e d  s i m u l t a n e o u s l y  by t h e  N a t i o n a l  ivleteorological .  
Bur e  a x  ; 

( b )  s i l v e r  iodf.de, c a r r i e d  by  p r J o j e c t i i e s  o r  dropped 
f rom a e r o p l a n e s ;  

( c )  l o c a l  c o o l i n g  by e x p a n s i o n  of  compressed a i r .  

2 ,  For  c l o u d s  a t  p o s i t i v e  t e m p e r a t u r e ,  

s p r a y i n g  o f  f i n e  d r o p l e t s  of s a l i n e  s o l u t i o n  of 
h y g r o s c o p i c  s a l t s ,  and,  e v e ? t u a l l y ,  e l e c t r i c a l l y  c h a r g s d  d r o p s  
o f  w a t e ~  (Laflr=;3iuir1s sgragini;  ty dr,ogs of  pure  w a t e r  s e v e r a l  
hundruds  of mic rons  i n  d i a m e t e r  a p p e a r s  t o  r e a u i r e  amounts of  
water whit:ll a r e  t o o  l a r g a  i n  r e l a f i o n  t o  t h e  e x p e c t e d  r e s u l t s ) ,  

Dur ing  t h e  sanie p e r i o d  t h e  N a t i o n a l  !v le teorologica l  
Dureau, urlder t h e  l e a d e r s h i p  o f  ivlr ,  i i o u l l e a u  3), c a r r i e d  o u t  
some l a b o r a t o r y  e x p e r i m e n t s  a t  T r a p p e s ,  and a l s o  h e l d  f i e l d  
t r * i a l u ,  t h e  a e r o p l a n e s  b e i n g  f u r n i s h d  by t h e  So A ,  S, M, The 
t r i a l s  were s u p e r v i s ~ d  by I b l r ,  Eyraud 18)-  I n  a l l  c a s e s  e i t h e r  
c a r b o ~ l i c  saoiv o r  d r y  i c e  was u s e d ,  b u t  t h e  t y p e s  of c l o u d  
chosen  were d i f f e r e n t ,  and d i f f e r e n t  s i z e s  of d r y  i c e  and 
d i f f e r e n t  s e e d i n g  methods were employed, The f i r s t  s e e d i n g  
t o o k  p l a c e  on 25  March 1547, T h e r e a f t e r ,  some twen ty  f l i g h t s  
werd ,qlade w i t h  v a r i o u s  r e s u l t s .  The most s a t i s f a c t o r y  
exper iment  w a s  t h a t  of 1 5  J a n u a r y  1948,  i n  t h e  v i c i n i t y  of  
Iiieaux - c l o u d  t o p  a l t i t u d e ,  3,400 m e t r e s  (growing cumulus ) ;  
t e m p e r a t u r e ,  - 17O7; amount of d r  i c e  dropped,  15 k i l o g r a m s ;  

8 r e s u l t ,  twen ty  minu te  r a i n f a l l  1 ) 1 9 )  

The work o f  M r ,  Coulomb and t h a t  of  M r ,  Dessens  2 0 )  
of t h e  I n s t i t u t e  of G l o b a l  P h y s i c s  s h o u l d  a l s o  be ment ioned .  
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I n  a d d i t i o n ,  some of t h e  North Af r i can  c o l o n i e s  have 
c a r r i e d  ou t  f i e l d  t r i a l s  wi th  t h e  h e l p  of t h e  A i r  Force ,  I n  
g e n e r a l  t h e s e  t e s t s  have been r a t h e r  inconclusive, However, 
on 19  A p r i l  194f3, co ld  water ,  exac t  temperature  unknown, was 
used f o r  t h e  f i r s t  time on a  growing cumulus c loud  a t  5,600 
metres  a l t i t u d e  and a  temperature  of - 2 2 O C ,  Rain f e l l  over  
a r a d i u s  of f i v e  k i l o m e t r e s ,  

To cornplate t he  p i c t u r e  i t  must a l s o  be mentioned 
t h a t  IVir, Camille Rougeron has  suggested making t h e  r e q u i r e d  
r a i n  r i g h t  on board t h e  a e r o p l a ~ l e s  by means of a d i a b a t i c  
compression and expansion,  u s i n g  t h e  r e g u l a r  engines  of t h e  
a i r c r a f t , .  According t o  him it  should  be p o s s i b l e  t o  t e rmina te  
the supe rcoo l ing  of c louds  i n  t h i s  manner, whether d i r e c t l y ,  
through t h e  escape of c o l d  gases ,  o r  by f i r s t  manufactur ing 
i c e ,  A p r e l h i n a r y  draft-scheme of mine i n d i c a t e s  t h a t  t h i s  
procedure may be l e s s  c o s t l y  and more e f f e c t i v e  t h a n  c a r r y i n g  
d r y  i c e  o r  l i q u i d  a i r .  

To conclude t h i s  c h a p t e r  we must a l s o  r e p o r t  t h a t  
General Sergeron,  P r e s i d e n t  of t h e  Committee of S c i e n t i f i c  
Act ion f o r  Na t iona l  Defence, has t akan  t h e  i n i t i a t i v a  i n  
b r ing ing  t o g e t h e r  t h e  r e s e a r c h  workers i n t e r e s t e d  i n  a r t i -  
f i c i a l  r a i n  and those  a c t u a l l y  working on i t ,  wi th  t h e  o b j e c t  
of l a y i n g  down a  prograrmne and d i v i d i n g  up t h e  work. Four 
bus ines s  meetings have a l r e a d y  t aken  p l ace  a t  C, N ,  R, S o ,  
wi th  General Bergeron i n  t h e  c h a i r ,  Unfo r tuna te ly  0 ,  M. E.  
8, A ,  was n o t  o f f i c i a l l y  r e p r e s e n t e d  a t  t h e s e  meet ings ,  

J u s t  now t h e  r e s e a r c h  workers and t h e  p r a c t i c a l  
people were mentioned t o g e t h e r  f o r  t h e  f i r s t  t ime ,  I n  t h e  
few minutes  remaining 1st u s  d i s c u s s  b r i e f l y  t h e  l a s t  problem 
with  which I promised t o  d e a l  t h i s  evening.  What i s  t h e  aim 
of' i t  a l l ?  

Two d i f f e r s n t  r e s u l t s  may be achieved:  

1, D i s p e r s a l  of fogs  and c louds ;  
2, Product ion  and m o d i f i c a t i o n  of p r e c i p i t a t i o n s .  

F i r s t ,  t h e  d i s p e r s a l  of f o g s  and c louds .  Th i s  i s  
a  fundamental  problem of a e r o n a u t i c s .  Vie may hope t o  d i s -  
perse  supercooled fogs  above aerodromes, f o r  example, by 
seed ing  them w i t h  s i l v e r  i o d i d e ,  o r  o t h e r  c r y s t a l s  which may 
be d i scovered  i n  f u t u r e ,  w i t h  d ry  i c e ,  o r ,  i f  need be,  w i t h  
l i q u i d  a i r ;  o r  t h e  expansion of c o l d  a i r  may be used.  Under 
c e r t a i n  c o n d i t i o n s  f o g s  a t  p o s i t i v e  temperature  could  be 
d i s p z r s e d  by sp ray ing .  For t h i s  purpose s a l i n e  s o l u t i o n s  
appear ,  a p r i o r i ,  t o  g ive  b e t t o r  r e s u l t s  t h a n  pure water .  
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E l e c t r i c a l l y  charged drops f r o n  a  s u i t a b l e  appara tus  should 
a l s o  Se e f f e c t i v e ,  

The d i s s i p a t i o n  of an i c i n g  c loud ,  o r  t h e  bo r ing  
of a  tu rmel  through i t ,  i s  very impor tan t .  Shock waves 
produced by t h e  exp los ions  of c a r t r i d g e s  f i r e d  i n t o  t h e  
c l o u d ,  togf i ther  wi th  dry  i c e ,  and e s p e c f a l l y  s i l v e r  i o d i d e ,  
c a r r i e d  i n  t h e  detol ia tors  , w i l l  c e r t a i n l y  y i e l d  immediate 
r e s u l t s ,  

A mul t i t ude  of detai.l .3, the methods of a p p l i c a t i o n ,  
s t i l l  have t o  be worked o u t ,  l i l ~ ~ . j  x e  pure ly  eng inee r ing  
problems which may be l e f t  t o  t h e  t e c l m i c l a n s .  

Let u s  now t u r n  our  a t t e n t i o n  t o  t h e  p o s s i b i l i t i e s  
of producing o r  modifying p r e c i p i t a t i o n s .  

Eyraud has  suggested t h a t  t he  s i z e  of h a i l  s t o n e s  
could  be reduced by t ime ly  seed ing  of h a i l  c l o u d s ,  This  
would be a  boon t o  a g r i c u l t u r e .  

Rain can a l s o  be produced, For t h e  moment we a r e  
con ten t  t o  h e l p  n a t u r e  a long  a l i t t l e  b i t ,  I n  g e n e r a l  we 
a t t a c k  c louds  which a r e  almost ready t o  d i s s o l v e  i n t o  r a i n ,  
a.nd which would probably do so  wi thout  anyone 's  a s s i s t a n c e  
very soon afterbvards, It  i s  t r u e  t h a t  i f  t h e  c loud  were 
moving r a p i d l y  i t  would r a i n  somewhere e l s e ,  Vie can  imagine 
t h e  e p i c  q u a r r e l s  and law s u i t s  which may occur  i n  f u t u r e  
between neighbouring l a n d l o r d s ,  But l e t  u s  leave  t h e  
devkloprnent of t h i s  thems t o  t h e  song w r i t e r s .  

I n  c e r t a i n  i n s t a n c e s ,  however, t h e  r e s u l t s  can 
a l r e a d y  be e x p l o i t e d  by a g r i c u l t u r e ,  I n  a  l i t t l e  whi le  we 
s h a l l  do b e t t e r ,  Accurate in format ion  w i l l  be a v a i l a b l e  on 
each c loud  group i n  t h e  sky,  apd t h e  most f avourab le  method 
of precipitation can  be chosen i n  each p a r t i c u l a r  ca se  f o r  
t h e  b e n e f i t  of t h e  f a rmers ,  Of c o u r s e ,  t h e  game w i l l  have 
t o  be worth t h e  c a n d l e ,  Almost c e r t a i n l y  on ly  l a r g e  c louds  
capable  of f u r n i s h i n g  cons ide rab le  r a i n  w i l l  be a t t a c k e d ,  
Whether t o  s c a t t e r  d ry  i c e  by aeroplane ,  t o  atomize luke-  
warm o r  c o l d  wa te r ,  s a l i n e  o r  pure ,  e l e c t r i c a l l y  charged o r  
n o t ,  t h e s e  cho ices  w i l l  be made by t h e  s e r v i c e s  concerned 
t o  s u i t  t he  c i rcumstancas ,  The methods proposed by M r ,  
Rougeron w i l l  prove e q u a l l y  i n t e r e s t i n g ,  but of course  t h e r e  
a r e  s t i l l  many t e c h n i c a l  d e t a i l s  t o  be c l e a r e d  up, 

It w i l l  be p o s s i b l e  t o  spged up t h e  f i l l i n g  of 
h y d r o - e l e c t r i c  power dams, E l e c t r i c i t y  France i s  fo l lowing  
t h e  a r t i f i c i a l  r a i n  exper iments  w i t h  keen i n t e r e s t ,  On ou r  
p a r t  we a r e  ready t o  h e l p  wi th  a l l  t h e  means a t  our  d i s p o s a l ,  
The r e c e n t  power c u t s  a r e  s t i l l  t o o  f r e s h  i n  our  memories f o r  
u s  t o  be i n  any danger of f o r g e t t i n g ,  
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Langmuir has  po in ted  t o  t h ~  f e a s i b i l i t y  of l a r g e -  
s c a l e ,  cont inuous o p e r 2 t i a n s  a g a i n s t  c loud systems,  r e s u l t i n g  
i n  marked c l i m a t i c  changes over  a  g iven  r e g i o n ,  e , g . ,  t h e  
n o r t h e r n  p a r t  of t h e  United S t a t e s .  This  remains a p o s s i b i l i t y ,  

It i s  ev iden t  t h a t  c louds a r e  i l . ldispensable,  Without 
them t h e r e  can be no r a i n ,  A l i t t l e  whi l s  ago I voiced  my hopes 
concerning t h e  g e n e r a t i o n  of c louds  i n  s u p 2 r s a t u r a t e d  r eg ions  
of t h e  atmosphere,  This  would p e w l i t ,  f o r  example, t h e  even- 
t u a l  p roduct ion  o f  c louds  over  c e r t a i n  d e s a r t  a r e a s ,  a f t e r  
which the  e s t a b l i s h a d  methods of b r ing ing  about p r e c i p i t a t i o n  
could be employsd, We have no t  q u i t e  reached t h a t  p o i n t  y e t ,  
bu t  t h e  r epe rcuss ions  of such exper iments  on l i f e  i n  d i s t r i c t s  
now regarded  a s  d e s e r t  could  bs c o n s i d e r a b l e .  

We have t h u s  f a r  d ' 2a l t  on ly  wi th  peace fu l  and bene- 
f i c i a l  a p p l i c a t i o n s .  There a r e  o t h e r s .  I have a l r s a d y  
mentioned t h e  smal l  d i s p u t e s  t h a t  might a r i s e  between neigh- 
bours  s t e a l i n g  each o t h e r ' s  r a i n  from t h e  c louds  above t h e i r  
e s t a t e s ,  One can imagine, t o o ,  t h e  sabotag ing  of open a i r  
p o l i t i c a l  meet ings  by r i v a l  p a r t i e s ,  Concert s o l o i s t s  might 
become dangerous.  A l l  t h i s  belongs i n  t h e  realm of vaude- 
v i l l e ,  bu t  t h e r e  a r e  more s s r i o u s  p o s s i b i l i t i e s ,  

M i l i t a r y  a p p l i c a t i o n s  may be f o r e s e e n .  Rain does 
no t  p revent  a e r i a l  n a v i g a t i o n  but i t  may h i n d e r  parachute  
o p e r a t i o n s ,  i n f a n t r y  manoeuvres, a r t i l l e r y  o b s e r v a t i o n s ,  
e t c  , KIoreover, sorns e l e c t r o n i c  waves cannot p a s s  through 
r a i n ,  I n t e r f e r e n c e  wi th  sorns of t h e  r a d i o  guided o r  remotolg 
c o n t r o l l e d  dev ic s s  i s  a  p o s s i b i l i t y .  , 

I n  a  r e c e n t  a r t i c l e  i n  "Forces Agriennes Fran- 
~ a i s e s "  21)  M r ,  Hougeron goes beyond t h i s  and t a l k s  about 
"meteoro logica l  warfare" .  The Americans have n o t  overlooked 
t h i s  a s p e c t  of t h e  problem, I have a l r e a d y  mentioned t h a t  
l i t t l e  has  been heard  of t h e  r e s u l t s  ob ta ined  i n  America 
s i n c e  J u l y  1947, There a r e  c e r t a i n l y  reasons  f o r  t h i s .  
More than a y e a r  ago Vonnegut had a l r e a d y  made t h e  fo l lowing  
s ta tement :  "The p rospec t s  opened up by t h e  use  of s i l v e r  
iod ide  should be brought under  r i g i d  c o n t r o l ,  L e g i s l a t i o n  
should be enac ted  s o  t h a t  e r r o r s  may be avoided and malevolent  
a c t s  p revented ,  While it  i s  very  e a s y  t o  supe rv i se  and l i m i t  
t h e  dropping of  d r y  i c e  f ragments  i n t o  t h e  c louds ,  i t  w i l l  be 
much more d i f f i c u l t  t o  d e t e c t  an i l l e g a l  g s n e r a t o r  o p e r a t i n g  
anywhere i n  t h e  d i s t r i c t ,  s ince  i t  emi t s  an i n v i s i b l e  smoke, 

':' T r a n s l a t o r f s  no te :  The source of  t h i s  
q u o t a t i o n  could  no t  be found. The words 
g iven  a r e  thus  a  r e - t r a n s l a t i o n  from M r ,  
Schwob s t r a n s l a t i o n  of tghe o r i g i n a l .  
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Thus hundreds of e v e r  more powerful  i n s t a l l e t i o n s  could  be 
cons t ruc t ed  by anyone a t  a l l ,  and could be used f o r  purposes 
c o n t r a r y  t o  t h e  s e c u r i t y  of t h e  United S t a t e s , "  

What s i g n i f i c a n c e  has  t h i s  d e l i c a t e  problem f o r  
Europe, and e s p e c i a l l y  f o r  France? 

The p r e v a i l i n g  r a i n s  i n  France come from t h e  
A t l a n t i c .  Vie a l l  know t h a t  t ho  west winds b r i n g  r a i n ,  It 
i s  p r i m a r i l y  t h e  water  of t h e  A t l a n t i c  Ocean which provides  
t h e  r a i n  f o r  Europe and a  p a r t  of  Asia. Natu ra l ly ,  t h e  
r eg ions  n e a r e s t  tha  A t l a n t i c ,  p a r t i c u l a r l y  France,  a r a  t he  
b e s t  watered,  exce2t  f o r  anomalies due t o  mountainous 
i r r e g u l a r i t i e s ,  Thus France has  an annual  r a i n f a l l  of 800 
rnrn,, Ber l in  has 60C,  Moscow 500, and S t a l i n g r a d  250, 

I f  a l l  t h e  c o u n t r i e s  bo rde r ing  t h e  A t l a n t i c  
s y s t e m a t i c a l l y  des t royed  a l l  o r  p a r t  of t h e  c louds  f o r  
s e v e r a l  months of t h e  y e a r ,  c e r t a i n  p a r t s  of c e n t r a l  Europe 
could  be reduced t o  sami-deser t  and e n t l r e  d i s t r i c t s  of 
T a s t e r n  Europe and Cvestern Asia t o  complete d e s e r t ,  The 
e f fzc t ,  on p l a n t  l i f e ,  and p a r t i c u l a r l y  on g r a i n  growing, 
would be c o n s i d e r a b l e ,  It i s  known t h a t  f r o s t s  wi thout  snow 
have a l r e a d y  caused many famines i n  Vr'estern Europe. For t h i s  
reason  Mr. Camille Rougeron concludes  t h a t  l tMeteorological  
war fa re ,  i n  the  l i g h t  of t h e  f i r s t  a t t empt s  a t  domes t ica t ion  
of the  atmospheric e lements ,  o f f e r s  p rospec t s  which i n  e x t e n t  
and power by f a r  su rpass  t hose  of atomic o r  b i o l o g i c a l  war- 
f a r e  ." I n  my opin ion  t h i s  i s  an exagge ra t ion ,  The p o s s i -  
b i l i t y  of producing c louds  from s u p e r s a t u r a t e d  r eg ions  of t h e  
atmosphere a t  h igh  a l t i t u d s s  might perhaps remain a v a i l a b l e  
t o  c o u n t r i e s  which were s u b j e c t e d  t o  a  " n a t u r a l  c loud  blockade",  

I n  conc lus ion ;  I s a i d  a t  t he  beginning of t h l s  
l e c t u r e  t h a t  it  was dangerous t o  p l ay  t h e  r o l e  of p rophe t ,  
idhere w i l l  man s t o p ?  How w i l l  n a t u r e  r s a c t  t o  t h i s  new 
i n t r u s i o n  of human beings  i n t o  a domain formerly  c l o s e d  t o  
them? The g r e a t  me teo ro log ica l  phenomena a r e  more complicated 
than  our  f e e b l e  p l ans  and h a l t i n g  exp lana t ions  might l e a d  us  
t o  suppose,  

Let  us hope t h a t  t h e  t h r e e  thousand yea r  o l d  
p r e d i c t i o n ,  d i scovered  by M r ,  I c a r t  i n  an o ld  Tibe tan  t e x t  of 
pre-Buddhist  t imes ,  w i l l  n o t  come t r u e :  

 he pass ions  i n s p i r e d  by fo rb idden  c u r i o s i t i e s  
w i l l  l e a d  thee  t o  ignorance ,  Do not  t r y  t o  measure t h y s e l f  
a g a i n s t  t h e  g e n i i  who command t h e  r a i n , "  
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