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This i s  Report Xo. 1 of  t h e  Federa l  i n s t i t u t e  f o r  
Snow and Avalanche Ilesearch on Tieissf l ~ h j o c h  near Davos, 
Switzerland.  Tne t r a n s l a t i o n  i s  published w i t h  t h e  appro- 
v a l  of  the  Di rec to r  of  t n e  I n s t i t u t e .  

The National X e s e a ~ z h  Council through i t s  Divis ions  
of  Zechanical En,ineerinb and Building Research has a  
c l o s e  l i n k  with Eidgenossische I n s t i t u t  f u r  Schnee- und 
Lawinenforschung. X r .  G. J. Klein of  t h e  former Divis ion  
and t h e  w r i t e r  have both spent  sone t h e  a t  t h e  I n s t i t u t e .  
D r .  Idarcel de Quervain who i s  nof t h e  Di rec to r  of  t h e  
I n s t i t u t e  spent  one yea r  a s  a s p e c i a l  member of  t h e  s t a f f  
of  t h e  Divis ion  of  Building Research dur ing  194d and 1949 
and l a i d  t h e  foundation f o r  the  snow and i c e  r e sea rch  work 
t o  which t h e  Division looks forward. 

It i s  a pleasure  t o  have t h i s  t r a n s l a t i o n  published 
s i n c e  it desc r ibes  very c l e a r l y  t h e  I n s t i t u t e  wi th  which 
t h e  Couricil now has such a c lose  l i n k ,  

Robert I?. Leg&, 
Direc tor ,  
Division of Building Research. 
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RZPORT ON TH3 SWISS FEDERAL INSTITUTE FOR SNOW AND AVALANCHE 

RESEARCH ON \l/EISSFLUHJOCH - OB DAVOS AT 2660 NlETRES 

ABOVE SEA LEVEL 

I THE PRACTICAL SIGNIFICANCE OF S'UuISS SNOG AND AVALANCHE RESEARCH 

by M e  petitmermet,  Inspec t o r  Ganeral  of F o r e s t s ,  

Of a l l  n a t u r a l  phenomena, avalanches a r e  t'nose which 
are most f e a r e d  by people, f o r  i n  t h i s  mountainous country 
they have a s i g n i f i c a n c e  t h a t  must n o t  be underestimated, 
having i n  the course of many years  taken  t o l l  of numerous 
human l i v e s  and much property.  It i s  no t  s t r a n g e ,  t h e r e f o r e ,  
t h a t  the a u t h o r i t i e s  and the  people themselves have been con- 
cerned about them a t  a l l  t imes.  Howevel>, u n t i l  a few decades 
ago this  concern was l i m i t e d  t o  avoid ing  damage. Actual 
prevent ion was e i t h e r  not  considered a t  a l l ,  o r  was approached 
only wi th  g r e a t  hes i tancy ,  

The e a r l i e s t  i n h a b i t a n t s  of our mountain regions  d id  
i n  f a c t  t r y  t o  p r o t e c t  themselves a g a i n s t  avalanches i n  a 
genera l  way by e s t a b l i s h i n g  t h e i r  s e t t l e m e n t s  i n  p l a c e s  which 
presumably would n o t  be reached by thg avalanches.  If  they 
judgad r i g h p l y  i n  many ins tances ,  it i s  a l s o  t r u e  t h a t  f a t e  
o f t e n  overtook them i n  the  p l a c e s  where they  imagined them- 
s e l v e s  secure ,  To avoid having t o  leave the. a f f l i c t e d  l o c a l -  
i t i e s ,  which were u s u a l l y  among the most f e r t i l e ,  they  t r3ed  
he re  and t h e r e  t o  p r o t e c t  t h e i r  houses by means of s t r u c t u r a l  
add i t ions .  Thus s p l i t  co rne r s  o r  avalanche breaker8  were 
developed--in Frae t igau  they a r e  c a l l e d  "Ebenhoechn )--which 
a r e  found i n  many l o c a l i t i e s ,  p a r t i c u l a r l y ,  t o  mention some 
nearby examples, I n  S t .  Antonio and Frauenkirch,  b u t  a l s o  i n  
Ticino and the  Valais.  The c h a r a c t e r i s t i c  tendency, t h e r e f o r e  - 
and i t  i s  e a s i l y  understood - was f o r  people t o  content  them- 
se lves  a t  f i r s t  wi th  breaking  or d e f l e c t i n g  t h e  f o r c e  of the  
avalancne a f t e r  it had begun and was descending. 

In  the  v i c i n i t y  of Leukerbad def l e c t i n  w a l l s  which were 
b u i l t  i n  the yea r s  1721 and 1829/30 a r e  s t i l f  t o  be seen to -  
day, and a r e  s t i l l  i n  good condi t ion .  Guide wa l l s  f o r  t h e  
p r o t e c t i o n  of va r ious  o b j e c t s  have been b u i l t  w i th in  the  l a s t  
decades, i n  t h e  Valais  f o r  example, a t  the  southern  e x i t  of 
the Loefschberg tunne l  above Taesch i n  Saas-Grund. 
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A t  an e a r l y  d a t e ,  however, it was recognized t h a t  it 
would be more t o  the  p o i n t  t o  prevent  or t o  check the develop- 
ment of the avalanche, f o r  only  very s t rong ,  massive cons t ruc-  
t i o n s  a r e  capable of wi ths tanding  a  mass o f  snow descending 
i n  f u l l  violence.  Although t h i s  view was no t  given g e n e r a l  
r ecogn i t ion  u n t i l  the second h a l f  of the l a s t  century ,  we 
know, never the less ,  t h a t  a t  an e a r l i e r  da te ,  mountain dwel l e r s  
had a l r eady  t r i e d  t o  stem t'ne onslaught  of the  avalanche b y  
construc king h o r i z o n t a l  d i t c h e s ,  e a r t h  t e r r a c e s ,  or  embank- 
ments* Such s t r u c t u r e s  can s t i l l  be seen i n  t h e  Valais ,  i n  
Firoh; f o r  example, above Geschinen, and a t  o the r  p l a c e s  i n  
Goms. ' ~ h e s e  were a l r eady  i n  ex i s t ence  i n  1786, Traces of 
o ld  t e r r a c e s  bave a l s o  been found i n  Ursuren and i n  the Lower 
Sngadine . 

The sys temat ic  o b s t r u c t i o n  of avalanches was n o t  under- 
taken however u n t i l  Coaz, than  Cantonal Inspector  of F o r e s t s  
f o r  Grisons, was obl iged  t o  undertake the r e s t o r a t i o n  of 
p roper ty  which had s u f f e r e d  damage i n  the Lower Engadine 
dur ing  the l a t e  s i x t i e s .  H e  b u i l t  s h o r t ,  h o r i z o n t a l  w a l l s  
about one metre high, f i r s t  i n  the township of Sch le ins ,  then 
l a t e r ,  i n  o t h e r  nearby l o c a l i t i e s .  A s  Federa l  Inspector  General 
of Fores t s ,  he took a  keen , i n t e r e s t  i n  th i s  branch of his  d u t i e s  
and himself drew tho d e s i a s  f o r  defence p r o j e c t s  i n  most of 
the  Alpine- Cantons, These des igns  c a l l e d  f o r  wooden snow 
hr idges ,  rows of props,  and embankments, a s  w e l l  a s  wa l l s .  
H i s  example was followed by many f o r e s t r y  o f f i c i a l s ,  so  that,  
by t h e  time he r e t i r e d  i n  1914 a  g r e a t  many defences had been 
e rec ted .  The& were almost a l l  l i s t e d  i n  t h e  work, '?Die S t a t i s -  
t i k  der Lawinen i n  den Schweizer ~ l p e n "  - Avalanche S t a t i s t i c s  
of the Swiss Alps, 1910. 

During the f i r s t  world war, defence work ceased almost 
e n t i r e l y ,  u n t i l  a  g r e a t  d e a l  of damage was s u s t a i n e d  dur3ng 
the  winters  of  1917-18 and 1918-19, p a r t i c u l a r l y  i n  t h e  Upper 
Vala ise  Some f a i l u r e s  w i t h  the Coaz types o f  defence works 
l e d  t o  the . t e s t i n g  of new s t r u o t u r a l  types. For a  time, broad 
t e r r a c e s  of e a r t h ,  s tone  or e a r t h  aqd s tone  mixed enjoyed 
g r e a t  popu la r i ty ;  The experienoes wi th  these ,  however, were 
n o t  so encouraging t h a t  the  ma t t e r  could be l e f t  t he re ,  and, 
consequently,  the b u i l d i n g  of avalanche w a l l s  was aga in  taken 
up. These, t o  be su re ,  were b u i l t  much more s t r o n g l y  than 
before .  Lon wa l l s ,  i n s t e a d  of s h o r t  ones, were cons t ruc ted  
i n  order  t o  8lminish the  number of co rne r s  and wings, s i n c e  
these  a r e  p a r t i c u l a r l y  exposed t o  des t ruc t ion .  Through ex- 
cavat ion  o f .  e a r t h  and s tone  behind the wa l l ,  a  l a r g e  space 
was c r e a t e d  i n  which g r e a t  q u a n t i t i e s  o f  snow m i g h t  come t o  
r e s t .  A p a r t  of the excavated m a t e r i a l  w a s  then  used t o  r e i n -  
f o r c e  the  w a l l  and t o  b u i l d  i t  up a long t h e  top,  thus  en- 
hancing i t s  a b i l i t y  t o  withstand the violence of the avalanche 
and the impact of stone.  
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When a s lope  has  been t ho rouml y  obs t ruc ted  by means 
of such works the danger is confined or  a t  any r a t e  g r e a t l y  
diminished, The disadvantage l i e s  i n  the  f a c t  t h a t  these  
p r o j e c t s  a r e  very c o s t l y  and t h e i r  upkeep c o n s t i t u t e s  a 
burden which few communities c m  b e a r o  Moreover, most of 
these  g r ea t  defence s t r u c t u r e s  l i e  above the  timber l i n e ,  
Consequently, they a r e  not  l a t e r  replaced by growing woodland, 
bu t  must cons tan t ly  be kept  i n  good r e p a i r o  Moreover, ex- 
perience shows t h a t  even when they a r e  made from the b e s t  
rock n a t e r i a l  and a r e  b u i l t  on sound en inee r ing  p r i n c i p l e s  f they s t i l l  become d i l a p i da t e d  i n  a s  l i t  l e  a s  t h i r t y  o r  
f o r t y  years ,  ?me low temperatures,  the seepage of water,  the  . 
g rea t  pressures  and tbe blows t o  which they a r e  subjec ted ,  
a r e  such t h a t  i n  a few decades the s tone  becomes eroded and 
the  bond is loosenedo 

The obs t ruc t ion  of avalanches a t  tile po i n t s  where they 
develop above the timber l i n e  means a l a r g e  f i n a n c i a l  burden, 
the re fo re ,  no t  only f o r  the  bu i l de r s ,  b u t  a l s o  f o r  the Con- 
f ede r a t i on  and the Canton, which s o  f a r  have always in tervened 
whenever it was a ques t ion  of r e c ons t ruc t i ng  thc .defenceso 

The fol lowing f i g u r e s  give some idea  of the e x t e n t  and 
s ign i f i cance  of the avalanche defence p r o j e c t s  c a r r i e d  out  
from 1876 t o  1942, 

Thers were 587 p r o j e c t s  i n  a l l ,  completed a t  a t o t a l  
c o s t  of 16,531,900 f r a n c s o  About s i x t y  per  cen t  of this 
expense was assumed by the Conf'ederacy, 

The Federal  Inspectora te  of Fores t s  has long  been 
searching f o r  ways and means of  reducing the c o s t s  of bu i l d ing  
and maintaining defences without jeopardizing the  s e c u r i t y  
which they o f f e r ,  

The development of winter s p o r t s ,  and t he  consequent 
growth of accura te  knowledge about winter cond i t ions  i n  the  
h igh  mountain ranges, ind ica ted  the  pa th  t o  be followed, 
Unt i l  20 years  ago the planning of the p r o j e c t s  was based 
s o l e l y  on summer surveys of the a reas  of development, and on 
the very uncer ta in  d a t a  suppl ied  by l o c a l  inhab i t an t s ,  Thus 
i t  came about t h a t  some pm j e c t s  &ich a t  the beginning had 
been considered of subordinate  importance ;~ ; radual ly  became 
more extens ive ,  s i nce  i t  was revealed  t h a t  the  a r e a s  of avalandie 
development were much l a r g e r  than had been supposed, Cer ta in  
defences,  l i k e  t h a t  of the Torrentalp ob Leukerbad o r  the  
Obergestelen were begun more than s i x t y  years  ago, and have 
no t  y e t  been completed* 

Un t i l  the  avalanche development a r e a s  were surveyed 
i n  winter ,  i t  was no t  pos s i b l e  t o  study t h e  e f f e c t  of the 
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defences from observations made on the spot. A t  the  same time, 
i t  was r ea l i zed  t h a t  the condition8 were by no means as simple 
a s  they had appeared when observed from the val ley below, A 
more in tensive  inves t iga t ion  i n t o  the problem of avalanche 
development was theref ore urgently indicated,  

A conf'erence was held under the chairmanship of the 
President of the Board of,, ducation with represen ta t ives  of B the professors of the ETH" , : the r a i l road  engineers and the 
f o r e s t e r s  i n  attendance, a t  which the d e s i r a b i l i t y  of an in- 
tensive study of avalanche development was recognized, Follow- 
ing t h i s ,  a commission was s e t  up i n  1932 by the Federal De- 
partment of the I n t e r i o r ,  This was f i rs t  known a s  the ''Ava- 
lanche Research Commissiontt, but l a t e r ,  i n  l i n e  with the 
broadened scope of i t s  du t i e s ,  i t  was ca l led  the flSnow and 
Avalanche Research Commissiont1, In  the beginning, there were 
seven members; the number was l a t e r  increased t o  f i f t e e n ,  'Its 
i n i t i a l  program comprised: 

( a )  The measurenient of snow a t  r e s t ;  per t inen t  snow- 
f a l l  records, snow depth measuremsq -. . f s with g g q 9  rods, measure- 
ments of snow densi ty  with Sondes'"' , d r i l l s i n  and balances. 

( b )  Invest igat ions  of the  dynamics of snow with 
specia l  reference t o  the s e t t l i n g  and- movement processes i n  
the snow-cover and the study of d r i f t s .  

( c )  The provision of the necessary instruments and 
the establishment of the s t a t i ons ,  

In  order to  carry out these tasks ,  several  observation 
s t a t i o n s  were f i r s t  s e t  up, These were s i t ua t ed  on Col 
de Jaman (under D r ,  L u e t s c h g ) ,  on Saf l i sch  ob Brig (Fores t ry  
Inspector m g s t e r  ), Andermatt (Cantonal Chief Fores te r  D r ,  
Oechslin), i n  Elm (Cantonal Chief Forester  O e r t l i )  and on 
Weissfluhjoch ob Davos (Professor Staub of the ETH), Work 
was car r ied  on conscientiously a t  these s t a t i o n s  and abun- 
dant observation mater ia l  was assembled. 

In  the course of time, every observation s t a t i o n  was 
t o  be provided with a number of meteorological 'instruments 
such as rai n gauge s, barographs,' thermographs , h~drographs ,  
anemometers and sunshine recorders ,  I n  addi t ion,  there  were 
t o  be snow gauge rods and snow tubes f o r  t h e  determination of 
spec i f ic  gravity.  

However, it was soon recognized t h a t  a s a t i s f ac to ry  
solut ion t o  the problems could not  be a t t a i  ned in., t h i s  manner. 

 ransla slat or 1 s Note: Eidgenossische Technische 
Hochschule - , ? e C ~ r a l  Technical University. 

4c.A ) Trans1atorf.s Note: Swiss conical  pointed 
penetrometer , "'"" Translator  1 s Note: Cylindric& snow samplers. 
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Only an in tensive  study of the processes occurring i n  the in- 
t e r i o r  of the snow-cover could provide information about the 
development of avalanches, 

The f i r s t  afm was theref ore,  t o  begin the  systematic 
inves t iga t ions  i n t o  the  mechanics of snow which had already 
been provided f o r  i n  the program, This task was taken over 
by the hydraulics laboratory of the  EYH i n  Zurich under the  
d i r ec t ion  of Professor hleyer-Peter and has  s ince  been ca r r i ed  
on unswervingly through the years,  

The study of snow mechanics had scarcely  begun, when 
i t  became necessary t o  examine the s t ruc tu re  of the  snow down 
to  the  snow c rys t a l  and i t s  metamorphosf s o  To t h i s  end, the 
cornmissi on approached Prof easor Dr, Niggli, who r ead i ly  offered 
h i s  services,  Since then, ( t he  VJinter of 1934-35), the rep- 
r e sen ta t ives  of the Mineralogical-Petrographical I n s t i t u t e  
and of the  ETH H.-draulics Laboratory have worked together 
every winter ,  f i r s t  i n  Davos, and then ' on kVeissfluhjoch with 
the 'cooperation of D r ,  ~ B r i k o f  e r ,  Direc'Zor of the Meteoro- 
logical-Physics I n s t i t u t e  of Davos, 

It  i s  expected t h a t  snow research w i l l  help, among 
other  things, i n  the  development of new types of avalanche 
defence works, whose cos t  of construction,  and more par- 
t i c u l a r l y  of maintenance, would be lower, but which would 
prove j u s t  a s  effective.. AnotheP important task is  the study 
of d r i f t s ,  which i s  of paramount importance f o r  keeping the 
highways and r a i l roads  open, not t o  mention the d i tches  f n  
a reas  where avalanche def encos exf s to  Final ly ,  snow research 
should provide the f o r e s t e r  with ways and means of prevent- 
ing the  enormous damages which r e s u l t  from the creeping of 
the snow i n  the  r e fo re s t r a t ion  zcmes, 

The orfginal  laboratory consfsted of a  frame hu t  jus t  
below the Weissfluhjoch s t a t i o n  of the Parsenn Railwqy , A l -  
though the building was r a the r  pr imit ive ,  the  workers of 
the commission were ab le  t o  devote s ix  years  there  t o  t h e i r  
t a sk  with g rea t  d i l igence and endurance, The management of 
the Parsenn Railway,'whfch i n  any ease always showed keen 
i n t e r e s t  i n  our work and aided i t  i n  every way, a l s o  pro- 
vided a space fi t he  s t a t i o n  building f o r  an off fce ,  m e s e  
circumstances l a s t e d  u n t i l  19Q, when we were informed by 
the management t h a t  the  frame hut  would have t o  go, We. were 
forced t o  f i n d  some way of making it possible  t o  carry on 
t h e  work, The commission suggested t o  the  Department of the 
I n t e r i o r  t h a t  a new bufldlng should be erected,  

After  the necessary plans had been drawn up i n  the  
Winter of 1941-42. ' and the ground work had been c o n ~ p l e t e d ~ i t  
was poss ible  t o  begin construction of the new building i n  the 
Summer of 1942, The building was ready f o r  occupancy i n  
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December of t he  salne. :yet.;-: -,ul-;ilil; 7.943 *;:ie i n t e r - i c r  f i t t i n g s  
were conpleted 2nd tihs ? ~ l . l i  .- .i;cq:e:3~.l.ure sapipment w a s  i n s t a l l e d ,  

Cur scjuntr:{ now has an ins-ticcite which i s  unique, 
There i s  no doubt t,hzt i n  the  collrse or" time t h e  r e s c l t s  of 
the I n s t i t u t e  f o r  Snow and iival~.? cche Iies.earch. w i l l  be of g r e a t  
importance t o  science and w i l l  con.tri'i;ute t o  the  welfare  
and honour of our country,  

I1 -- TIIE --.- SCIENCE . - - -  -.--- OF a"- SJ.40VJm,- -- AVALANCHZS - .--  -.  - .  A N T ,  ----- GLACIERS -. --..- I N  --- SWITZERLAND -----. 
By Paul Kiggli  

In  many cosmo~onies  based on mythology, the  niutation 
of a pr imordia l  substance o r  s t a t e  i n  e a r t h ,  sea o r  sky i s  
depicted as  m elercental a c t ,  a s  one of the f i r s t  deeds of 
t h e  gods, Tne d i s t i n c t i o n  survives  i n  sc3t.n tif i c  terxzinology 
!i- t!- th ree fo ld  clivisfon of a s o l i d ,  f l u i d  and gaseous 
s t a t e ,  And 30:~~ tile very beginning, water,  whiph i n  t he  
e t e r n a l  cycle  comes- from the  sky, mounts t o  t he  sky, seeps 
through t h e  e a r t h ,  f lows t o  the sea, and which, b$ s o l i d i -  
f y i n z ,  becomes the prototype l l c ry s t a l " ,  suggested r e l a t i o n -  
sh ips  concernim everything which i s  sub j e c t  t o  mutation, 
j?/ater i s  the.  substance which most  f o r c i b l y  and d i r e c t l y  causes 
~ 1 3  t o  recognize t he  r e l a t i v i t y  cf the  terms s o l i d ,  f l u i d  and 
,yas~m,l s and of the  proper t i e s  b r i t t l e n e s s ,  f l u i d i t y  and 
p l a s t i c i t y ,  and i t  i s  a l s o  the substance which, as an impor- 
tsi~t requirer:.ent f o r  the  sustensnce of l i f e ,  and a s  a work- 
performing, energy-producing f a c t o r ,  i s  bound up wi th  human 
des t iny ,  

It  is understandable t h a t  t h e  c r y s t a l l i z e d  forms, snow 
and i c e ,  wpre no t  f o r  a long time the ob j e c t s  of such inten-  
s ive  resea rch  a s  were f l u i d  water and water vapour, I n  the  
th ick ly  populated regions ,  snow acd i c e  a r e  phenomena wl-,j.ch 
can be observed only f l e e t i n g l y ,  I t  i s  a l t oge t he r  n a t u r a l ,  
t h a t  the  need of coming t o  terms w i t h  them was f i r s t  f e l t .  in 
rriountainous countr ies .  It niuat ~ i v e  u s  g r e a t  s a t i s f a c t i o n ,  . 
however, t h a t  i n  a work on g lac io logy which'appeared i n  1942 
(by Drygalski and Fo Machatschek), which. a l s o  d e a l s  wi th  snow 
and avalanches,  the  h i s t o r i c a l  s e c t i o n  begins wi th  the  sen- 
tence: "The Alps a r e  the  home of t he  g l a c i e r  formation, This- 
fs p a r t i c u l a r l y  t r u e  of Switzerland,. where g l a c i e r s  dominate * 

the  landscape a t  high  a l t i t u d e s  perhaps more impressively 
than  anywhere e l s e ,  and where they consequently became the  
o b j e c t s  of s c i e n t i f i c  r e sea rch  a t  an e a r l i e r  da te , "  Indeed, 
the terms Gletscher  ( g l a c i e ~ ) ,  F i r n  ( f i r n ) ,  Moraene (morekne), 
Guffer (moraine),  Lawine (avalanche) ,  Waechten ( d r i f t s ) ,  
taken from the  vernacular ,  were f i r s t  e levated  t o  t h e  s t a t u s  
of s c i e n t i f i c  expressions by Swiss s c i e r i t i s t s ,  

These f a c t s  a t  the  same time imply a n  ob l i ga t i on  t h a t  
i s  enhanced by t h e  opening up of the Alps t o  win te r  spor t ,  
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which i s  not with-out i t s  dangers, and by our task of defending 
the  Alpine passes, t h e  h e a r t  of our na t ive  land, a t  a l l  seasons 
and under a l l  circumstances, Then there  i s  the growing con- 
sciousness of the economic iaportance t o  our country of the 
whole matter  of water conservation, whether i n  the form of 
s o l i d  or l i q u i d  prec ' ip i ta t ions ,  g l ac i e r s ,  avalalzches, w 3 n t . e ~  
snow, or the gaining of r e se rvo i r s ,  Above a l l ,  however, the 
undying love of the mountains and the urge to  penetra te  t he  
secre,ts of nature w i l l  continue t o  motivate.  those whose home 
i s  i n  the  highlands, 

In  the Humanistic and l a t e  Izumanistic e r a ,  the  'periods 
dominated by Bacon, Ga,lileo, Kepler and Descartes, Switzerland 
took no appreciable p a r t  i n  es tab l i sh ing  the p r inc ip l e s  of the 
sciences,  e i t h e r  through s c i e n t i f i c  i nves t iga to r s  or mathe- 
maticians, She surpr ised her  contemporaries, however, srf t h  
an'abundance of valuable chronic les  and cartographical  presen- 
t a t i ons ,  and i t  was through these very documents t h a t  the  
p r inc ip l e s  of the gcience of g l ac i e r s ,  .snow and avalanches, 
coming l a t e r ,  were introduced i n t o  the l i t e r a t u r e ,  Petelalpam 
E t t e r l i n  (1507), Aegidius Tschudf (1538), Johannes Stumpf 
(1548) and l a t e r  Matthaeus Merian (1642) were the chief workers 
i n  t h i s  f i e l d ,  Descript ions of the snow-capped mountain 
ranges, i n  p a r t  s t i l l  confused by anc ien t  conceptions, were 
published by Sebast ian ILuenster (1543), Kamad Gessner (b541), 
and Jos ias  Simmler (1574). For more than a century these  des- 
c r i p t i o n s  remained the  chief source mate r ia l  employed by the 
other n a t u r a l i s t s  of Europe, The information was col lec ted 
encyclopaedically i n  1606 i n  a d idac t i c  poen; by Hans Rudolf 
Rebmann ca l led  "Pee t i s c h  Gas tmakl und Cespraech zweier Bergen'- 
Poetic Banquet and Conversation of' Two Mountains, This poem 
a l s o  gave information about avalanches and g l a c i e r s  and was , 
s t i l l  being c i t e d  by Scheuchzer on numerous occasions a hundred 
years  l a t e r ,  

During the t r a n s i t i o n a l  period,  before the f i r s t  flower- 
ing of mathematical-scientif ic  research i n  Switzerland, a t t en -  
t i o n  was given t o  snow and i c e  p a r t i c u l a r l y  by Johann Jakol- 
Wagner (1680 and 1688) and Johann Iieinrich Hottinger (1698 and 
1709). During the period of enlightenment i t s e l f ,  Johann Jakob 
Scheuchzer (1672-1733) and Noritz Anton Cappeler (1685-1769) 
stand out a s  the r e a l  founders of the science of avalanches 
and g l a c i e r s ,  The former, f o r  example, i n  h i s  'tBeschrei'Gung 
der Maturgeschichte des  Schweizerlandes'" Descript ion of the 

.Ea tu ra l  History of Switzerland - which appeared between 1706 
and 1708, ' f i r s t  c l a s s i f i e d  avalanches a s  e i t h e r  dus t  or s o i l  
avalanches, mentioned causes of the  loosening of the  "Absch- 
l i p f en"  - sJides - described and recorded avalanche accidents ,  
and repor ted i n  d e t a i l  on the  "Bewahr - und Rettungsmittel"- 
Kethods of p ro tec t ion  and rescue - then i n  use,  I n  the t h f rd  
volume of the  Natural History, the re  i s  a chapter deal ing with 
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the I' Gle t schern, Schnee - und Eisbergen de u Schv~eizer1andes''- 
The Glaciers and the Snow and Ice-clad mountains of Sv~i+ zerland, 
Along with the general question, why our country i s  subject 
to  glaciers ,  the growth and f i s s i on  of g lac iers  i s  mentioned 
and i s  a t t r ibuted  to  the pressure of water freezing i n  crevasses, 
and to  the se t t ing  f r ee  of a i r ,  Objections, based on Hottin- 
g e r f s  demonstration, are  raised against  the view, s t i l l  rep- 
resented by Simrnler, tha t  rock c rys ta l  i s  pe t r i f i ed  iceo  
Parts  of the processes of s t r i a t i o n  of glacier  ice ,  and of 
the t rans i t ion  of f i r n  in to  ice  are  already correctly Endf- 
cated' i n  principle. Cappeler proceeds dif  f orently,. Ke con- 
s t ruc t s  the f i r s t  crystallography on the basis  of Hottinger 8 s 
crystallogia, .ond i n  i t  he carefully describes the d u f e r e n t  
types if ice  and snow c rys ta l  formation, In addition, ft f a  
already correct ly  determined t ha t  whether rock crys ta ls ,  
other stones, or ice  are  formed depends on whether the paps. 
t i c l e s  of the prec ip i ta te  o r  of the water arrange themselves 
in to  uniform sol id  structures,  .Cappeler 1 s co~i t r ibut ion  t o  
Joh, Georg Altmannrs "Versuch einer historischen und physis- 
chen Beschreibung der Helve tischen Eisbergenl' - Attempt a t  
an Historical and Physical Description of the Swiss Ice- 
clad F,lountains - (17 5l) i s  the most valuable pa r t  of AltmannQ s 
work, Tkre boulders lying on the g lac ier  a re  correctly des- 
cribed as  ndebris which has f a l l en  down from the mountainsn* 
The source region of the g lac ier  i s  above, and "because new 
ice  i s  always being formed from year t o  year, w h o a  the old 
glacier  i s  always melting away externally on the valley side, 
the g lac ier  must move continuously downward on the steep 
mountain slope, due t o  the pressure of the upper pa r t  on the 
lower, u n t i l  i t  is  f i n a l l y  melted by the heat of summer i n  
the valleyon 

This was one of the f erst  references t o  normal glacier  
movement, and a t  the same time, consti tuted a firs% rough 
theory about it, In the same work by Altmann there i s  a re- 
port  of a t r i p  from Geneva in to  the g lac ia l  f i e l d s  of Savoy, 
which was 'undertaken by nscholars from Geneva together wf t h  
some Englishmen who had been staying i n  Geneva f o r  a time", 
The cooperation of tour i s t s  and scholars of foreign countries 
i n  opening up the Alpine region, which was l a t e r  t o  be so . 
f r u i t f u l  f o r  science, had begun, Not l e a s t  among the >influ- 
ences leading t o  t h i s  development was a new didact ic  poem 
by Albrecht von Haller, "Die Alpen'' - The Alps - ( 1 7 p  ), 

G.S. Gruner 9 s great work appearing i n  1760, "Die 
Eisgebfrge des Schwef zerlandes" - The Do-clad Nountain Ranpa 
of  Switzerland - has a geographical description i n  Parts 1 x 

and 11, ending i n  a comparison with the northern g lac ia l  
ranges of Scandinavia, Iceland, Greenland and Spitsbergen. 
Part I11 contains a general physical survey which does not 
offer  much i n  the w m  of new material,  but i s  valuable a s  
one of the f f r s t  complete presentations of i t s  kind, 
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T h i s  e a r l y  p e r i o d  of t h e  s tudy  of snow and g l a c i e r s  
came t o  an end w i t h  the  p u b l i c a t i o n  of HOBo de Saussure 1 s  

:;ark, (1779-1796), llVoyages dans l e s  Alpesn - Journeys i n  
ch\: Alps - which l a i d  t h e  foundat ions  f o r  a l l  Alpine r e s e a r c h ,  
'?'his work is also j u s t l y  consider-ed t o  be a  decided s t ? - >  
forward f o r  ou r  f i e l d  of s t u d y o  :Ioiiever,, t h e  weal th  of i,e,l 

observa t ions  and s u g p s  t i o n s  f o r  e x ~ e r  imenta l  r e s e a r c h  should 
not  make us over look the  f a c t  t h a t  a h o s $  s fmul taneous ly  
p a r t i c u l a r  a s p s c t s  of the pr80blemv be ing  inves t f c , a t ed  
j u s t  a s  c o n s c i e n t i o u s l y  by o t h e r  resear3chers ,  Above t i l l ,  t h e r e  
a r e  the  two works of Do F. Kukm conta ined  i n  Volume 1 (1787) 
and Volume 3 (1788) of thaVMaganfn f u e r  die U ~ t U P l i ~ n d e  fiol-  
v e t i e n s "  ( e d i t e d  by A ,  l:oapfner) on t h e  s'h~echanismus der 
Gletscher"  - Ilec'nanics of Glac ie r s  - ( con ta in ing  a c o r r e c t  
exp lana t ion  of th3 median mora ines ) ,  An i n t e r 7 e s t i n g  p iece  
of inforrnatlon i s  t h a t  a shsplierd boy of Grindelwald had a l -  
r eady  t r i a d  t o  measure g l a c i e r  rnovernent i n  177a0 Contrary 
t o  de Snussulae, Kuhn took t h e  movement to be i n t e r m i t t e n t ,  
b u t ,  l i k e  hiin, assumad t h a t  g r a v i t y  was the  d r i v i n g  force, 
A t  t h i s  time: Kuhn and de S a u s s w a  were v i o l e n t l y  opposed 
by f o r e i g n  russarc ' i lsrs who maintained t h a t  g l a c l a l  movement 
was an a b s u ~ . d i t y ,  In  the same yearbook a n  anonymous r e s e a r c h  
worker Gave a c o r r e c t  i n t e r p p e t a t i o n  of tklc o r i g i n  of the  
g l a c i e r  t a b l c s ,  HO Resson and A. C c  Bordier  i n  1770 and 
1775 were t l l j  f i r s t  60 sugges t  the  idea  o f  f lowing  ( in  p a r t ,  
a l s o ,  t h a t  of p l a s t i c i t y )  f o r  the  movement o f  g l a c i e r s ,  % ~ r  
the  marae s l i d i n g  of  a rigid mass over an i n c l i n e d  p lane  should 
r e s u l t  i n  a c c e l e r a t e d  n o t i o n o  

The c l a s s i c a l  p e r i o d  of g l a c i e r  and avalanche r e s e a r c h  
f a l l s  w i t h i n  the n i n e t e e n t h  c e n t m y ,  It b e a r s  q u i t e  p l a i n l y  
t h e  stamp of the  S o c i e t y  of S.liss NaLuxaablsts (Schweizeriscllen 
Naturforschenden Gesel lschaf  t )  founded i n  18150 Late r ,  t he  
S w i s s  Alpine Club, t h e  Fede ra l  Inspec t o r a t e  of F o r ~ e s t r y ,  t h e  
Cen t ra l  IIeteorolo i i c a l  aureau and a . , reat  many v i s i t i n g  
s c h o l a r s  from a b ~ o a d  took parto Trle f i r s t  volume, which 
appeared i n  1833, of t r z c o r d s  o f  o u r  present-day S R G - ' ) ~  
(me s c i e n t i f i c  academy of genuine ly  Swiss s tarnp) contui;nod t h e  
worak of tha Valaisan Canton3 l ,3nginee% .To Venetz , ~flllcmoire 
s u r  l a s  va r i a t$ons  de l a  telnperature dans l e s  Alpes de l a  
:juiuseTt - .:.lernorand on the v a r i a t i o n s  of temperature  i n  t h e  
S c i s s  A l p s -  uPiich had allaeady been w r i t t e n  from 1816 t o  1821, 
'%f ia t  B Kuhn, Jokm Plaf  aye r ,  and mountaineers Jean-Pierre  
P5rraudin and Marie Dev i l l a  had a l r eady  suspec tad  i n  p a r t  
a t  l e a s t ,  now became a c e r t a i n t y  through c a r e f u l  o b s e r v a t i o n o  

5: ) 
T r a n s l a t o r t s  Kate: Abbreviation f o r  
"Schweizerischen N a t k f  orscQpnden 
5 e s e l l s c h a f t  ," 
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rforaines, e r r a t i c  blocks and g l a c i e r  po l i sh ings  f a r  away from 
the  l i m i t s  of the present-day g l a c i e r s ,  gave proof of an 
e a r l i e r ,  much more extens ive  f i r n i f  i c a t i o n  and g l a c i a t i on ,  
Thus, a l l  a t  once, thz phenomenon of mountain and c on t i ne n t a l  
g l a c i a r s  of l o c a l  charac tdr  was revealed.  N e w  t e r r i t o r y  was 
opened up f o r  the genera l  s tudy of geography and i n  a  quick, 
triumphant sweep the ideas and observat ions stemming from 
tzo Alps permeated s c i e n t i f i c  thought as a whole, l ead igg  
everykbhere t o  new d i scover ies  and s e t t i n g  new problems, What 
Great B r i t a i n  was t o  s t r a t i g r a phy ,  Auvergne t o  volcano r e -  
search  and Saxony to  mineralogy, Switzerland now became t o  
the  s tudy of g l a c i e r s  and avalanches and t o  important s e c t i ons  
of general geology, The concurrence of these  s c i e n t i f i c a l l y  
new problems wi th  the  development of t ou r i ng  i n  the  Alps l e d  
to deeds, e spec i a l l y ,  i n  the Berneralpine d i s t r i c t s ,  which 
a s  f e a t s  of mountain climbing and s c i e n t i f i c  r e sea rch ,  accom- 
p l i s h ed  through perseverence wi th  only p r i m i t i ve  n a t u r a l  
means must command our admirat iono 

Jus t  a  hundred years  ago, a  h i p  po i n t  was reached with 
the works of Jo Charpcntier ( e , go ,  ' E s s a i  s u r  l e s  Glac ie r sn  - Zssay on Glacidrs  - 1843.1, Kanonikus Rendu of Savoy 
(t tTheorie des 5 l a c i e r s  de l a  savoytt - Theory of the Glac ie r s  
of Savoy - 18401, R o  De,sor i n  conjunct ion wi th  Lo Agassiz 
( s a g o  flExcursions e t  se jour  de M o  Agassiz su r  l a  mer de Glace 
du Lautoraar e t  du F in s t e r aa r t T  - Excursions and Sojourn of 
M o  Agassiz on the Mer de Glace of the Lauteraar and the  
Fins  teraar-1841, and "Camp t e  Rendu des Recherche8 de 111~ Agassiz 
pendant s e s  doux de rn ie r  sd jours  2 1 1 ~ 8 t e l  des ~ z u c ~ l t ? t o l o i s  
sur  l e  Glac ier  i n ~ k r i e u r  de 1 JAar" - Account of the Researches 
of IJo Agassiz, dur ing  h i s  l a s t  two Sojourns a t  the  I iotel  
des  ~ s u c h 8 t c l o i s  on thz lower 21  c i o r  of the Aar - 18431, a Lo A a a s i z  himself ,(cog.; "La Th  o r i e  des Glac iers  e t  s e s  
p r o g s s  l e s  p lus  racon t s  - The Theory of Glac iers  and i t s  
Most Recent Progress  - 1842, "Studes s u r  l e s  Glac ie r sv  - 
Studies  .of Glac iers ,  1140 - 1842, and ~ ~ ~ ~ s t k r n e  GlaciaireI t  - 
Clac ia l  System - 1847) ,  F. J O  Husi (e  ,go, "Naturhis tor ische  
Alpenreisentr - Naturai  H i s t o r i c a l  Journeys i n  t he  Alps - 
1830, "Die Gletscher  und d i e  e r r a t i s c h e n  B l o e ~ k e ~ ~  - Qlac ie ra  
and E r r a t i c  Blocks - 1843))  the Scot,  J o D .  Forbes ("Travels  
through the Alps of Savoyn, 18431, P o  Merfan (t1U3ber D i o  
Theorie de r  Gle t scher t r  - On the  Theory of Glac iers  - 1841),  
and w i t h  the  ba s i c  summarizing work of A *  Mousson ("Die Glet-  
scher  de r  J e t z t z e i t w  - The Glaciers  of the  Modern Era -1854). 
The German s c i e n t i s t s  H o  and A O  Schlaginweit  worked success- 
f u l l y  i n  the  ea s t e rn  Alps, and the expedi t ions  of many s c ho l a r s  
i n  o ther  mountafnous coun t r i s s  and i n  the po la r  regions  ex- 
tended the  k n o ~ ~ l e d g e ~  Hugi (Who was l e s s  f o r t u n a t e  i n  i n t e r -  
p r e t i n g  the e r r a t i c  phenomena) discovered the p o l y c r y s t a l l i n e  
core s t r u c t u r e  of glacier .  i c e  and thus  e s t a b l i she d  the connec- 
t i o n  between the s t r u c t u r e s  of snow and f i r n .  Agassiz and 
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his co-worker d e a l t  with a l l  t h e  problems cancerning g l a c i a l  
phenomena and c a r r i e d  ou t  measurements of g l a c i e r  movement 
from 1841 t o  1846. S tud ies  of the  t ransformat ions  from snow 
t o  f i r n  and of the f a c t o r s  g iv ing  r i s e  t o  movement were 
resumed, and it was of g r e a t  s i g n i f i c a n c e  that world-renowned 
p h y s i c i s t s  such a s  J o  Tyndall (as  e a r l y  a s  1857, b u t  summaries 
i n  German were f i r s t  i s sued  i n  "In den ~ l p e n "  - I n  t'ne Alps- 
1875, and ?'Die Gletscher  der Alpen" - 'The Glac iers  of the 
Alps - 1898) ,  J. Thornson, R o  Emden (1890) and l a t z r  H o  Helm- 
h o l t z  (1896) took up the ma t t e r ,  a l though because of this,  
?Ale theory of the  exclus ive  predominance of r e g e l a t i o n  was 
propagated, which was af te rwards  a  hind7 nce t o  p r o g r e s s e  
ihiith the cooperat ion of SNG and the SAC"7 (founded i n  1863) 
the Glacier  College ( G I 2  tscherkol legium) w a s  formed i n  1868, 
which i n  1893 became the Glac ier  Commission of the Swiss 
Soc ie ty  of N a t u r a l i s t s o  A s  i t s  f i r s t  t a s k ,  i t  undertook the 
exac t  measurement o f  the Rhone g l a c i e r o  A f t e r  the  appearance 
i n  the  e i g h t i e s  of b a s i c  works by  Eo Hagenbacli-Bischoff and 
F,A, Fore l  d e a l i n g  p a r t i c u l a r l y  wi th  the ques t ions  of g l a c i e r  
n u c l e i  and temperature condi t ions ,  the volume e d i t e d  by P O L O  
Mercanton c a l l e d  "Vermessungen am Rhonegle t s c h e r v  - m a s u r e -  
n e n t s  on the  Rhone Glac ie r  - was publ ished and must be r ega r -  
ded a s  the bas ic  work d e a l i n g  wi th  t h i s  branch of the s u b j e c t o  

Meanwhile, however, Alber t  Heim (1885) had publ ished 
the  f i r s t  handbook of g lac io logy,  which was a fundamentally 
r e v i s e d  and g r e a t l y  expanded e d i t i o n  of Alber t .  Moussono s 
book; G o  Finsterwalder  had a p p l i e d  new methods of inves t iga -  
t i o n ;  Fo Muehlberg and Alphons Favre, followed by A. Eo Fenck, 
E, Brueckner, Lo du Pasquier  and many o the r s ,  had enquired 
i n t o  t h e  Alpine i c e  age, and ( fo l lowing books by  Fo  P f a f f )  
H o  Iless i n  his g r e a t  work "Die ~ l e t s c h e r ~ '  - T,le Glac ie r s  - 
1904, had compared the i n v e s t i g a t i o n s  of the Alpine s c i e n t i s t s  
w i t h  the outs tanding  works of nor the rn  scho la r s ;  and so  ono 
Above a l l  i t  must be mentioned t h a t  t h e  s tandard  work on t h e  
sc ience  of avalanches " ~ i e  Lawinon der  Schweizeralpen" - The 
Avalanches of the Swiss Alps - had been completed i n  1881 
by J o  Coaz, Federa l  Inspector  General o f  F o r e s t s ,  

A t  t h e  t u r n  of the century,  t h e  I n t e r n a t i o n a l  Commission 
on S l a c i a r s  was formed, I ts  r e c e n t l y  broadened a c t i v i t i e s  
(with t h e  affil i a t i o n  of a  Snow Commission), brought about 
i-iith the s p l o ~ d i d  cooperat ion of American s c i e n t i s t s  were 
rude ly  in tc r rup  t e d  by the waro The modern p e r i o d ,  cha rac te r -  
i zed  by now information,  the  s e t t i n g  of new pyoblems, and 

 ransla slat or ts Nobe: Abbreviation f  b r  Schweieer is- 
-then Alpenklub - S w i s s  Alpine Club, 
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a t t e n t i o n  t o  p r a c t i c a l  requirements, began with t h i s  i n s t i t u -  
t ion.  i11hile Albert Heim ' l ad  a-lread) compared f i r n i f  i c a t i o n  
and the  formation of s l a c i e r  i ce  with the-process  of marmor- 
a t ion ,  p l a s t i c  behaviour with the fo ld ing  of rock, and ava- 
lanche development with mountain s l i d e s ,  i t  was the c r y s t a l  
p l a s t i c i t y  o f  i c e  discovered by F r o  pfaff  (1875), J o S o  
IJcConnell (1888-1891), and e spec i a l l y  (1895 and a f t s r )  0, 
~~l t igge,  which l ed  t o  new experimental p r inc ip l e so  A p a r t i a l  
e laborat ion of , ~ l a c i a r  mechanics was under-taken by B. Weinberg 
(i(;Ds), Y l c  Phi l ipp (1920) and othors ,  Among the  expeditions 
i n to  polar  i ce  f i e l d s  which yielded new information, only 
trAoso r e l a t i n g  t o  the study of the inland ice  masses of Green- 
lar!d need be mentioned, Along wi th  EnV, Drygalski, J o  Koch, 
A ,  iyegener and K O  Rasmussen, t he  Swiss  A.  de Quervain, P o L b  
I~Iorcanton and S ~Vegclann and t h e i r  colleagues earned consider- 
able honours f o r  t he i r  work i n  t h i s  connectiono 

The developmsnt of meteorology and hydrology i n  the  
mountainous countr ies  (brought about i n  swi tzur land~ par- 
t i c u l a r l y  by the Centrai  Meteorological Bureau, the  Physica- 
T ,~e t eo ro lo~ ica l  Righ Mountain Observatory a t  Davos, Lhe Fed- 
era! Water Consorvat ion Bureau, the Hydrolo,;y I n s t i t u t e  and 
by O o  LUtschgfs fundamental work), a s  wel l  a s  the  systematic 
s tud ies  of the Federal  Inopectorate of Forests  on avalanche 
development and avalanche defence confirmed the knowledge 
t h a t  p r ec ip i t a t i on ,  evaporation, accumulation, t ranspor t  
and drainage of water had to  be s tudied a s  a s ing le  whole 
i n  r e l a t i o n  to  a l l  three s t a t e s  of aggregationo The bu i ld ing  
of roads and railways and the study and design of power - 
s t a t i o n s  brought new problsmso Above a l l ,  however, the develop- 
ment of winter spor t s  ca l l ed  for u thorough undarstanding of 
vcinter snow condit ions i n  the mountains. It is the g rea t  
mer i t  of :!I= Faulcke t h a t  110 recognize1 t h i s  a t  an e a r l y  
da te  (as  e a r l y  a s  1896). In 1938, t h i s  mountain cllmber and 
s c i e n t i s t  summarized the  r e s u l t s  of h i s  observations over 
many years i n  t h e  ltPraktischen Schnee-und hvilnenkunden - 
P r a c t i c a l  Study of Snow and Avalanches-, I n t e r e s t  i n  such 
inves t iga t ions  c m  tinued to  grow, Goneral presentations with 
a wealth of i l l u s t r a t i o n ,  such a s  M, Zdarskyls. " ~ e i t r a e g e  
zur Lawinonkunde1' '- Contribution t o  the Study of Avalanches - 
(1929), Go Se1igrm.n @ s  "Snow St ruc ture  and Ski  F i e ld sH (1936), 

\Yo F l a i g f s  ltLawinanll - Avalanches - (1925), and our own 
ltLawinen, d ie  Gef ahr  der Skifahrorlt - Avalanches, the Skiers  
Hazard - (1940) have achieved wide d i s t r i b u t i o n o  In  1931 
a Swiss Snow and Avalanche Research Commission had a l ready 
been founded under the esidency of Inspector  Ganeral of 
Forests  M o  Petitmermet, which severa l  years  l a tc r ,begah  t o  
sake  systematic inves t iga t ions  ih Davos on he i ss f  luhjocho 
Thess are  t o  be ca r r i ed  on i n  fu tu re  i n  the  new i n s t i t u t e ,  
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Thus, hi& mountain reseazch  i n  Switzer land now has 
another  l a b o r a t o r y  i n  a d d i t t o n - t o  the  r e sea rch  s t a t i o n  founded 
twelve years  ago on the  Jungfraujocho Here i t  must a t tempt  
a s  a  s c i e n t i f i c  c o n t r i b u t i o n  t o  the  whole world t o  master  the 
t a s k s  imposed on It by n a t u r e ,  The strenuous e f f o r t s  and 
k i n d l y  understanding of a l l  a r e  needed i f  we and o w  successors  
a r e  t o  be found even t o  a smal l  e x t e n t  worthy of the g r e a t  
t r a d i t i o n  of our f o r e f a t h e r s o  

The canp lex i ty  of  the  phenomena c a l l s  f o r  the c o n t i n u a l  
cooperat ion of p h y s i c i s t s ,  c r y s t a l l o g r a p h e r s ,  engineers ,  
meteorologis t s ,  c l i m a t o l o g i s t s ,  hydro log i s t s , f  o r e s t e r s ,  g l a c i o l o -  
g i s t s  and g e o l o g i s t s  ., A substance and a  n a t u r a l  group of 
phenomena must be probed with a l l  a v a i l a b l e  s c i e n t i f i c  meanso 
A syn thes i s  d i r e c t e d  towards a  g r e a t  process  of n a t u r e  t akes  
the p lace  of s p e c i a l i z a t i o n ,  a  beginning t h a t  by i t s  very 
uniqueness may be d e s t i n e d  t o  open the  way t o  new i n s i g h t  in-  
t o  var ious  f i e l d s  ., Where g l a c i e r  i c e  o r i g i n a l l y  c o n s t i t u t e d  
the s t a r t i n g  p o i n t  of the i n v e s t i g a t i o n s ,  f o r  us  i t  is  the 
snow f a l l ,  t h e  winter  snow cover ing  and i t s  metamorphosis 
which a r e  t o  be the f i r s t  o b j e c t s  of s tudy,  This i n  i t s e l f  
involves the  behaviour of the  f  i r n ,  f i r n i f i c a t i o n  and t h e  
formation of' g l a c i e r  i c e ,  Toe ,, problems which can  only  be  
solved with the cooperat ion of the g l a c i e r  commission and 
by f u l l  employment of the p o s s i b i l i t i e s  o f f e r e d  by the  h i & e r  
s Lfuation of the  Jungfraujoch s t a t i o n ,  

The previous  i n v s s t i g a t l o n s  r e v e a l  the immediate d ip-  
e c t i o n  which the work must take ,  The snow p r o f i l e  i s  , s t r a m  
t i f  i e d  and i n  cons tan t  t ransformat ion  (mtamorphas is  ) The 
causes of s t r a p i f  i c a t i o n  of and change i n  the snow d e p o s i t  
must be s tud ied  an  t h e i r  dependence on snow f a l l s  and on 
topographical  and c l ima to log ioa l  cond i t ions  Although some 
of the l i n e s  of development a r e  a l r eady  recognizable  i t  i s  
c e r t a i n  t h a t  (corresponding t o  t h e  v a r i a b l e  weather condi- 
t i o n s )  t h e  development of t h e  snow-cover from year  t o  year  
fo l lows a  somewhat d i f f e r e n t  course,  so t h a t ,  a s  i n  the 
f i e l d s  of meteorology and climatology, un in te r rup ted  s e r i e s  
of observat ions  extending over decades a r e  necessary ,  These 
a r e  t o  be c a r r i e d  ou t ,  u s ing  every  means, i n  t h e  p a r t i c u l a r l y  
favourablo Parsenn region ,  b u t  must be supplemented by r e -  
s u l t s  drawn from the many secondary observat ion  s t a t i o n s  i n  
the  mountain d i s t r i c t s ,  and coordinated by  t h e  c e n t r a l  s t a t i o n o  
The t e s t  methods a l r eady  approved, which have been adopted 
by the  m i l i t a r y  s t a t i o n s ,  too,  and which f a c i l i t a t e  compari- , 

sons, must be sub jec ted  t o  cons tan t  checking and improvemento 
The va r ious  types of snow covering, from t h e  extremely porous, 
loose  c r y s t a l  of w$ d  and powder snow, through wind-packed 
snow, s u r f  ace hoar  or dep th  hoar ,  - t p  o l d  snow, f  i r n  snow 

' m a n s l a t o r  @s Note: Hars t  - snow hardened by  
f r o s t o  
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and f i n a l l y  g l a c i e r  i ce ,  a r e  to be accurate ly  character ized 
and examined f o r  t h e i r  mechanical p roper t i es  of p l a s t i c i t y  
and r i g i d i t y  ( i n  r z l a t i o n  t o  temperature and loading) ,  Since 
it i s  a  question of nuclear  c r y s t a l  aggregates of changing 
s t ruc tu re  and tex ture ,  which to  some ex ten t  a r e  dependent 
on each o t h ~ > r ,  i t  w i l l  be necessary t o  study the elementary 
processes i n  the nucleus of the snow and a t  the gsin bound- 
a r i e s o  The i r l teract ion of inner c r y s t a l  p l a s t i c i t y  with the 
phenomena caused by form and s t ruc tu re  increases.  the complex- 
i t y o  Re-orientations and r e c r y s t a l l i z a t i o n s ,  e i t h e r  pre- 
dominantly i n  the s o l i d  phase o r  combined with e f f e c t s  of 
the gaseous or f l u i d  phases, are  t o  be studied s ing ly  and i n  
combination under varying condit ions of s t r a t i f i c a t i o n ,  tem- 
pexaature and load., Essen t ia l  and indispensible as  the  f i e l d  
observations under the condit ions of natur.8 a r e ,  nevertheless,  
without experiments under s impl i f ied  conditions, i t  w i l l  be 
impossible to  separate the e f f e c t s  of the . d i f f e r en t  f a c t o r s o  
Accurately reproducible,  a r t i f i c i a l  snow types must be manu- 
fac tured,  subjected t a  metamorphosis, and exanlimed f o r  t h e i r  . 

mechanical p roper t i es  Knoavlodge of tho behaviour of synthe t- 
i c a l l y  produced i ce  c r y s t a l s  w i l l  i n  many cases be e s s e n t i a l  
t o  the understanding of the conlplica ted na tu ra l  processeso 
Cnly af t z r  a  r e f r i g e r a t i o n  machine assur ing constant  tempora- 
tu res  has been i n s t a l l e d  w i l l  our l abo ra to r i e s  be adequate 
fo r  t l i s  purpose, 

Comprehensive inves t iga t ions  of t h i s  kind a r e  s o  c lose ly  
r e l a t e d  to two technica l ly  important f i e l d s  'of inves t iga t ion  
t h a t  i t  may conf ident ly  be expected t h a t  the r e s u l t s  obtained 
i n  the snow laboratorv  w i l l  be of importance t o  them also ,  
One of these f i e l d s  i s  metallurgy, The metal substances, too, 
a r c  c r y s t a l  aggregates tvhich may be deformed and r e c r y s t a l l i z e d ,  
and wllose treatraent by hea t  and cold requ i res  a n  in tens ive  
study of t h e i r  metamorphoses, p l a s t i c i  b y  and f l u i d i t y ,  In 
snow and ice  a  t ransparent  substance of low melting po in t  i s  
now avai lable  i n  which a l l  these phenomena may be followed 
microscopically a t  the handling temperature, which i s  indeed 

-an advantage, On the other hand, a s  shown p a r t i c u l a r l y  by ' 

the work of our colleague, R o  Haefel i ,  s o i l  mechanics w i l l  
not  only be ab l e  to contr ibute  t o  snow research by i t s  methods 
ar,d de f in i t i ons ,  but  the work done on the p a r t i c u l a r l y  p l a s t i c  
and changeable loose c r y s t a l  snow w i l l  be of great  s i g n i f i -  
cance f o r  an understanding of the processes i n  c lays ,  the  
creeping and s l i d i n g  of t h e  ageing s o i l  (Al tern)  f o r  example, 
and f o r  the ca l cu l a t i op  of . the e a r t h  pressure and tension 
r a t i o s ,  

With a  d e f i n i t e  purpose i n  view, mate r ia l  must gradually 
be co l lec ted  i n  the  f i e l d s  of inves t igat ion,  and i n  the labor-  
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a to ry ,  the  t reatment  of which w i l l  c l a r i f y  t he  complex r e -  
l a t  ionships of water conservat ion i n  the  h i &  mountains 
( p r e c i p i t a t i o n s  i n  var ious  forms, evaporat ion,  melt ing,  
d ra icage) ,  Above a l l ,  howevzr, the  s tudy of the  s l i d i n g  
and creeping processes of the ST ow loads  on s lopes ,  of the  
n a t u r a l  and a r t i f i c i a l  formation of avalanches and of snow 
d r i f t s  i n  r e l a t i o n  t o  t h e  formation and re-formation of the 
snow covaring and i t s  i n t e r n a l  s l i d i n g  ar vfaces,  w i l l  c o n t r i - ,  
bute  ever more abundantly t o  the  p r e d i c t i o n  of avalanches and 
to the  cons t ruc t ion  of avalanche defences,  which a r e  so 
c o s t l y o  The provis ion  of g r e a t  s e c u r i t y  f o r  man and h i s  works, 
and t h e  prevention of acc iden t s  by p rov i s ion  of advice and 
p ro t ec t i ve  measures a r e  c e r t a i n l y  goals  worth s t r i v i n g  f  o r o  

Necessary a s  it  i s  f o r  the respons ib le  s c i e n t i s t  t o  
i n s i s t  t h a t  a t  f i r s t  he should be allowed to do his research ,  
and t h a t  so c a l l e d  " p r a c t i c a l  workfr should n o t  be demanded 
of him on the  b a s i s  of u n c l a r i f i e d  and f a u l t y  information,  
he w i l l  never the less  always be ready to  make himself a v a i l -  
ab l e  f o r  tha  requirements of the hour,  Our s t a t i o n  i s  t o  be 
a  s c i e n t i f i c  research  s t a t i o n  i n  which problems a r e  t o  be 
examined a t  long range,  The f a c t  t h a t  the  workers do not  
f o r g e t  w h a t  the ou t s ide  world expects  of them is  shown by 
the con t inua l  f o r e c a s t s  of avalanches i n  the winter t ime,  
which 'nave prevented many an acc iden t ,  and by t h e  passage 
i n  the  1942 r egu l a t i ons  of the Swiss Army on "Weather and 
Avalanches" which reads  8 

'*Since our army began t o  make use of  the r e s u l t s  of 
t3e 9wiss Snow and Avalanche Research and has  i n s t i t u t e d  
a n  avalanche corps,  no g r e a t  d i s a s t e r  has occurred, i n  s p i t e  
of  the manning of  ' sect ions of the mountains by t roops,  o f t en  
a t  g r e a t  r i s k  of avalanchesdt 

~t was of course obvious t h a t  our col leagues  would 
immediately p lace  themselves a t  the d i sposa l  of the  army f o r  
the purpose of s e t t i n g  up an avalanche corps., We owe i t  t o  
them t h a t  j u s t  f o u r  years  a f t e r  the  inaugura t ion  o f  the new . 
s t u d i e s  r e s u l t s  were ava i l ab le  which could be evaluated prae- 
t i c a l l y  and which l a t e r  caused evdn b e l l i g e r e n t  s t a t e s  t o  pay 
p a r t i c u l a r  a t t e n t i o n  t o  the f i r s t  pub l i c a t i ons  of  the Snow 
and Avalanche Cornmissicao 
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I11 Ti3 AVALANCHZ CORPS OF THE A R R K  

There a re  numerous r epo r t s  i n  the l i t e r a t u r e  which s t a t e  
t h a t  on the Tirol ian  mountain f r o n t  during. the  l a s t  world 
war, more human l i v e s  were l o s t  through avalanches than from 
a l l  the a r t i l l e r y ,  automatic weapons, r i f l e s  and hand grenades 
together ,  Wo Paulcke, who was wel l  acquainted with the winter  
warfare of t h a t  time est imates the number of a v a l a  che casual- 
t i e s  from 1914 to  1918 a t  60,000. Along with the d i r e c t  t h r e a t  
t o  the s k i  t rooper,  the avalanche problem acquires g rea t  
s ignif icance w i t h  reference t o  our l i n e s  of advance and supply, 
It was f o r  tunate th'6ref ore t h a t  the systematic inves t iga t ions  
of snow on \lieissf luh joch had reached a  t en t a t i ve  conclusion 
a t  the beginning of the present  g rea t  war, In f u l l  r e a l i z -  
a t i o n  of these d i f f i c u l t i e s ,  which would beset  both  the enemy 
and our own troops during a  winter campaign, our high command 
a t  once fami l ia r ized  i t s e l f  w i t h  the  p r a c t i c a l  r e s u l t s  of 
the snow research on the  outbreak of h o s t i l i t i e s ,  The aval-  
anche d iv i s ion ,  organized i n  the Canton of Grisons w i t h  the 
a i d  of the  psrsonnel of the Weissf luhjoch s t a t i o n  was in t ro -  
duced i n t o  a l l  u n i t s  of the armyo Soon the  armed f r o n t i e r  
pos t s  of our mountain f r o n t  were strengthened by addi t ion 
of tlae avalanche s e n t r i e s ,  whose task i t  was t o  inform t h e i r  
comrades, by means o< continual  observations, measurements 
and r e p o r t s ,  on snow and avalznche conditionsa, The s t a t i s -  
t i c a l  mate r ia l  obtained i n  th is  way i s  compiled each year 
i n to  comprehensive r epo r t s  which provide a  c l aa r  p i c tu re  of 
the  varied condit ions i n  .the mountain zones and which r e -  
present  important prepara tory  work f  o r  subsequent s c i e n t i f i c  
and p r a c t i c a l  inves t igat ions .  

In numerous, annually repeated courses o f f i c e r s  and men 
of t he  e n t b e  army have had a  glimpse of the modern war aga ins t  
avalancheso For these courses the perscnnel  of the Snow and 
Avalanche Research Commission acted &s d i r e c t o r s  and lecturers . ,  
The leading pos i t i on  which Switzerland has gained i n  the scien- 
t i f i c  treatment of snow during the  l a s t  t e n  years  could thus  
be m d e  avai lable  f o r  the m i l i t a r y  preparedness of our country6 

I V  'ILLUSTRATED DESCRIF TI0  N O F  THE INSTITUTE 
by Edwin Bucher., 

P la in ,  s late-gray,  blended t o  the na tu ra l  .colours of 
the mountains, the Federal, I n s t i t u t e  f o r  Snow and Avalanche 
Research s tands  before us; It seems t o  grow r i g h t  out of 
the rocks, although, i t  i s  of the most modern a r ch i t ec tu re ,  
so t h a t  together w i t h  t h e  s t a t i o n  bu i ld ing  of the Parsenn 
R ~ i l w a y  it forms a harmonious whole. It i s  no show places 

, 
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It3 stone and wood facade is right a t  home i n  the rugged 
mountainous country, ye t  it i s  not long since the f i r s t  
workmen s e t  foo t  on the bu i ld ing  s i t e  to shape and bond 
tpe rock drawn f r o n ~  the dark h i l l s i d e  debr i s  and to  bu i ld  
i t  up i n t o  the completed s t r u c t ~ e ~  The d i f f i c u l t i e s  w i t h  
vrhich the contractors  had t o  contcnd a t  this a l t i t u d e ,  the 
damp, cold, ra iny  weather of the f i r s t  days of excavation, 
the winds blowing i n  among the rude turmoil of sca f fo ld ing  
poles and planks, a l l  a r e  fo rgo t ten ,  Masons, carpenters ,  
joiners  and plumbers, all, have combined to provide the young 
of f spr ing  of advanced na t iona l  research with a s turdy s h e l t e r  
and a t  the same time a p16ds&nt working environmento 

From the terminal. s t a t i o n  of the Parsenn Railway, wq 
reach the  I n s t i t u t e  t h ~ o u g b  a passageway which provides pro- 
t e c t  ion aga ins t  a l l  weather condit ions and which a l s o  serves  
a s  a  s torage space, Here two sec t ions  of the bu i ld f ig ,  
divided by a v e r t i c a l  p a ~ t i t i o n ,  f u l f i l l  the var ious  require-  
m e n t ~ ~  On the n o ~ t h  s ide ,  which i s  a l s o  the mountain s ide  
a re  tuo a r t i f i c i a l l y  cooled labora tor ies ,  b u i l t  on two f l o o r s  
one above the other  In  these the c r y s t a l l o g ~ a p h i c a l  and 
mechanical p roper t i es  of snow a re  invest igatedo The organ- 
i za t i on  of space i n  - th is  cold, almost windowless sec t ion  
i s  deti;rmined by apparatus and i n s t a l l a t i o n s  of a l l  kindso 
A3.1 the r e f r i , e r a t i o n  machinery nas been i n s t a l l e d  i n  the. 
cc r r i ao r  below the s t a i r s  joining the  two labora tor ies ,  
wnsre l t  c c q i e s  the smal les t  apace compatibie w i t h  the 
requirements of s ~ e r v i s i o n ~  

On the south side of the well- insulated p a r t i t i o n ,  which 
so~e t i rhes  has to br%d e +qm e r a t u r e  d i f fe rences  as  h i  h as 
35 i s  the o f f i c e  an% dnel  $ ing  'space which i s  comfor f ably  
heated by the sunvs rays  and a c e n t r a l  hea t ing  p l an t ,  The 
upper s to rey  i s  s e t  aside f o r  the s c i e n t i s t s ,  each with h i s  
p r iva te  o f f  i ce  and commanding the se rv ices  ,of a common secre-  
t a r i a l  departmento The s ip~ple ,  a l toge ther  f u n c t i o ~ a l  arrange- 
ment of the area  makes i t  poss ible  t o  manage with a minimun' 
4f space while s t i l l  not giving m y  f~npression of crampingo 
The o,Pfke furnishings ,  executed i n  unplaned f i r  t o  match 
the wall pan611ing mere f o r  the m o s t  p a r t  b u i l t  i n ,  s o  t h a t  
all avai lable  space m i g h t  be used, Broad box windows, equipped 
~ 5 t h  ingenious v e n t i l a t i o n  s l o t s ,  provide a magnif"i@ent pan- 
oramic view af the  surrounding rn0untal.n scenery f rmi  t h e  
nearby Schiahorn a s  f a r  a s  the Kesch and Bernina d i s t r i c t s ,  

Proceeding down the s t a i ~ w a y ,  which is  i n l a i d  w i t h  red  
t i l e ,  the ground f l o o r  ,is reached, c o n t a i n i h ~  a l a rge  draugh- 
t i ng  room, a four-bed dormitory, the d in lng  room and the 
ins t i t  t e  k i tchen* Here, too, a s t r i k i n g  degree of comfort 
has bean a t t a ined  i n  a l l  the rooms w i t h  modest, but  dependable 
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and well-considered means. The basement contains a workshop, 
designed to  f i t  the needs of the I n s t i t u t e ,  and a l s o  the dark- 
room and a f i l i n g  room f o r  spec ia l  inves t iga t lans ,  

The f i r s t  workmen a r r ived  a t  the building s i t e  on 
June 22, 1942, and the I n s t i t u t e  was ready: f o r  occupancy by 
the end of December of the same year,  In  view .of the d i f f  f -  
c u l t i e s  of t ranspor ta t ion  and the a l t i t u d e  a t '  which the build- 
ing operat ions took place, it must he mentioned t h a t  the  con- 
t r ac t ing  f i r m ,  the Davos-Parsenn Railway and the other com- 
panies pa r t i c ipa t ing  did everything i n  t h e i r  power t o  com- 
p l e t e  the building within the  sho r t e s t  poss ible  time, The 
Sulzer rad ian t  heat ing p lan t , ,  the f i rs t  of i t s  kind t o  be 
i n s t a l l e d  a t  t h i s  a l t i t u d e ,  and the r e f r i g e r a t i o n  p lan t ,  a l s o  
constructed by Sulzer Bros, , Zurich, i n  cooperation with 
Therma, of Schwanden, may be of technical  i n t e r e s t ,  

The g rea t  d i f f i c u l t i e s  a t tending the t ranspor ta t ion  
of f u e l s ,  whether coal,  wood or  f u e l  o i l ,  t o  an a l t i t u d e  of 
2700 m, above sea l eve l ,  from the very beginning favoured 
the choice of a n  e l e c t r i c a l l y  operated heat ing p lan t ,  The 
presence of an electro-thermal storage tank, with a capacity 
of 4600 l i t r e s ,  i n  the basement enables the I n s t i t u t e  t o  take 

- f u l l  advantage of the low night  power r a t e s ,  The f our-stage 
heat ing element of 80 kw, connected load assures  the  heat ing 
of the water t o  a maximum temperature of 100Obetween log00 porn, 
and 6:00 a .m,  I n  view of the gain in  space and several  other 
s impl i f ica t ions  of a s t ruc tu ra l  nature  which would r e s u l t  from 
the el imination of r a d i a t o r s  and v i s i b l e  conducting pipes, 
the r ad ian t  heat ing system proposed by the  f i rm of Sulzer Broso 
was selected,  

The operat ion i s  simple, due t o  the  f a c t  t h a t  the 
temperature of the c i rcu la ted  water i s  always adjus ted t o  the 
mean outside temperature a t  any given time, This i s  accomplished 
by s e t t i n g  a thermostat which i s  coupled t o  a mixtng valve, 
To maintain a check on both the water temperature and the 
t h e m o s t a t  a mercury. thermometer was in s t a l l ed ,  I f  due t o  a 
breakdown o r  t o  improper operat ion of the equipment the tern- ' 

perature  of the water should exceed 55"- which would r e s u l t  
i n  excessive thermal s t r e s s  i n  the  concrete - the  c i r cu la t ion  

' of the water i s  automatically discontinued by a mechanically 
operated sa fe ty  device, The actual hea t ing  bod-ies, the  c o i l s ,  
which a r e  t e s t ed  a t  35 atmospheres, were, cemenjed i n t o  the 
c e i l i n g s  of the separate rooms, which were r e i d o ~ 6 e d  on the  
b a s i s  of ca lcu la t ions  by the  Rathgeb Engineering Bureau, 93-10 
ascending and connecting pipes  were l ikewise walled in, but 
not  the pipes  connecting the  storage tank w i t h  the expansion 
tank, which oGing t o  the f la t - roof  @onstruction had to  be se t  
off  by i t s e l f  outside the concrete she l l ,  
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The experience wi th  t h i s  r a d i a n t  he a t i ng  s ince  January, 
1943, m@y be termed s a t i s f a c t o r y .  The c o s t  of he a t i ng  f?r 
the  year 1943 came t o  an amperage r a t e  of 2.5 or 4.5 Rpn , 
depending on the season. By the most sir'rple means of opera- 
t i o n ,  i t  was always pos s i b l e  t o  he a t  a l l  the  rooms s a t i s -  
f a c t o r i l y  wi th in  a  r t l a t i v e l y  s h o r t  t ime, ev3n when the  out- 
s i d e  temperature was very low or  when t he  weathsr was stormyo 

A r t i f i c i a l  cool ing  of t he  l a b o r a t o r i e s  was necessary  f o r  
s eve ra l  reasonso I n  the f i r s t  p lace ,  working with snow i n  
the l abora to ry  requ i red  a room temperature a t  l e a s t  f a r  e n o u a  
below f r eez ing  po in t  to  prevent  mel t ing  of tha p r e pa ra t i ons  
by the  body h e a t  of  th3 invest i ; ,a tor ,  whether r a d i a t e d  o r  con- 
ducted through instruments  i n  con tac t  with them, Experience 
has shown t h a t  thesa temperatures may n o t  exceed -50co With- 
out  a r t i f i c i a l  cool ing,  t h i s  condi t ion  i s  a t t a i n e d  at low 
ou t s ide  temperatures only i n  t he  upper l abora to ry ,  which has  
d i r e c t  e x i t s  i n t o  the open a i r ;  i n  the  lower rooms, which a r e  
bedded i n  the mountain, the h e a t  of the  ground and the e f f e c t s  
of r a d i a t i o n  a r e  too p reva len t ,  Idoreover, the  i n v e s t i g a t i o n s  
of tha  l a s t  few years  have shown t h a t  temperature p lays  a 
dec i s ive  p a r t  i n  t h e  behaviour of t h e  snow-covero For example, . 
the slow metamorphosis of t he  new d e n d r i t i c  snow c r y s t a l  i n t o  
the old snow gra in ,  which a l s o  a f f e c t s  the mechanical proper- 
t i e s  of snow, i s  remarkably s e n s i t i v e  t o  temperature changes, 
p a r t i c u l a r l y  i n  the v i c i n i t y  of the f r e e z i n g  p o i n t ,  Only the  
p o s s i b i l i t y  of keeping cons tant  or of changing the temperatures 
of the l abo ra to r i e s  a t  m i l l  within  broad l i m i t s ,  r e ga rd l e s s  
of the meteorological cond i t ions ,  w i l l  enable a  f u r t h e r  devel-  
opment of the  r e s u l t s  so f a r  obtained from snow resea rch  to  
be c a r r i e d  out .  Thus, f o r  example, p a r a l l e l  t e s t s  w i t h  iden- 
t i c a l  sample ma te r i a l  can be c a r r i e d  on i n  moms cooled t o  
dif  f 6 r e n t  temperatures,  a  procedure which could s c a r c e l y  be 
followed i n  na tu re ,  F i na l l y ,  a r t i f i c i a l  cool ing  f u r t h e r  makes 
i t  poss ib l s  f o r  th3 l abora to ry  t e s t s  t o  be extended beyond 
the season of cold  weather,  and, indeed, t o  a  l i m i t e d  e x t en t  
enables  t h m  to be con$inued right through t o  the  fo l lowing 
winter  

These cons ide ra t ions  l e d  t o  the  dec i s ion  t o  have. a  low 
temperature p l a n t  i n s t a l l e d  i n  the a l ready  completed I n s t i t u t e  
during the swmer o f  1943- Viith t h i s  i n  mind, c e r t a i n  construc-  
t i o n a l  arrangements had a l ready  been made during the planning 
of tile ba i l d ing ,  so t h a t  n2vI the work was mainly confined. t o  
bncreasing the thermal i n s u l a t i o n  of thc  l a b o r a t o r i e s  and t o  

5 ) 
T rans l a to r t s  Note: 1 Rp (Rappen) - 1/100 
f ro  ( Swiss)* 
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i n s t a l l i n g  the r e f r i g e r a t i o n  plant ,  

The specia l  performance demands which must be made 
on the p l an t  can l ikewise be deduced from the requirements . 

indicated above, A s  long a s  snow i s  avai lable  on \Veissfluhjoch, 
t h a t  i s  t o  say from the beginning of October a t  the e a r l i e s t  
u n t l l  the middle of July a t  the  loatest, the upper laboratory 
i s  moled  t o  a  temperature of -5 f o r  the conducting of ex- 
periments i n  snow nechanics, During the  same period a lab- 
oratory i s  required f o r  crys ta l lographical  and physical re-  
searches with a  temperatiwe of -lo0, a s  we61 a s  two cold 
chambers with temperatures of -20' and -40 , respect ively ,  
which a r e  adjus table  f o r  a l l  intermediate degrees, Thus the  
e n t i r e  range of temperatures t o  be met under na tu ra l  con- 
d i t i o n s  i n  our region i s  covered, During the summer season, 
the mechanical t e s t s  and the  researches involving extremely 
low t e m ~ e r a t u r e s  a r e  discontinued. I n  the crystal lographical  
laboratory, and i n  the two cold chambers, a temperature of 
only -10' i s  then required.  An awkward circumstance f o r  t he  
technlcal  execution of the p l an t  was the  f a c t  t h a t  no water 
was ava i lab le  f o r  cooling, and t h a t  t he  use of e l e c t r i c a l  
power during the running season of the Parsenn Railway hacl t o  
be confined mainly t o  the night  hours, The dining room c i r -  
c u i t  of the railway, t o  which (ill the e l e c t r i c a l  p lan ts  of 
the I n s t i t u t e  a r e  wired, was no t  o r ig ina l ly  designed t o  take 
a  supplementary load, The two f i rms commissioned t o  build 
the low temperature p lan t  provided the following so lu t ion  
to  the  problem which has  proved sa t i s f ac to ry ,  

A "Frigoroto-Sulzern ammonia c i r cu la t ion  r e f r ige r -  
a t i on  machine of about 8200 ~ c a l / h r  cooling capacity cools 
a  br ine  cold storage tank during the night  hours t o  a  tern- 
pernture of -24O, On the compression s ide  of t h e  ammonia 
compressor the h e a t  drawn from the br ine  so lu t ion  i s  passed 
d i r e c t l y  i n t o  the  open a i r  through a  f inned tube condenser, 
The l iquefac t ion  temperature of the ammonia can be s e t  h i p  
enough t o  assure cooling a i  an  outside temperature of +10 , 
A system of pumps forces  the cold calcium chloride br ine  i n  
amounts determined by the thernos ta t s  i n t o  the l abo ra to r i e s  
and causes i t  t o  c i r c u l a t e  through the cooling c o i l s  in- 
s t a l l e d  i n  the ce i l i ngs ,  For these small amounts of work, 
a s  well a s  f o r  various ven t i l a to r s ,  o i l  pumps, e t c , ,  elec- 
t r i c a l  power i s  ava i lab le  throughout the day, 

- When the outside temperature i s  below -5O, i t  i s  
possible t o  cool the  upper laboratory  with outside a i r ,  thus 
reducing ,the cos t  of operation, If during this manner of 
operatiorl; the outside ,*m?erature should r i s e  above the se t -  
t i ng  of the thermostats' the  r e f r i g e r a t i o n  machinery switches 
on automatical lyb 
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Two addf t ional  compressors take care  of the  low 
temperature cooling of the two specfa l  chambers, These a r e  
a sp her ma-~uehlautornat'~ wf t h  a two cylinder high and low 
pressure compressor f o r  chamber I1 (-40°), and a IfTherma-Kueh- 
lautonlat" with a two  cylinder half-compressor f o r  chamber 
I (-20°), The Freon evaporators a r e  i n  the chanbers them- 
se lves ;  thus there  i s  no storage of cold, The advantageous 
combining of the  Sulzer s torage equipment wi th  the  Therma 
equipment cons i s t s  simply i n  having the  condenser ~ h i c h  serves  
both Therma machines submerged i n  the  b r ine  tank, so t h a t  
f o r  the  ex t ra  low cooling onby the  temperature d i f fe rence  
between the  br ine  and the  a i r  temperature i n  the chambers has  
t o  be generated, 

A l l  the  switch mechanisms needed t o  regu la te  the  
temperature i n  the  l abo ra to r i e s  a r e  automatical ly control led ,  
so t h a t  temperatures can be he ld  wi thin  app ro~ ima te ly  2O, 
other' i n s t a l l a t i o n s  whfch have s t i l l  t o  be mentioned a r e  a 
system f o r  the  provision of f r e s h  a i r  and an  arrangement f o r  
defroshing the  cooling systems, 
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Clar i f  i ca t ion  of the  p r inc ip l e s  f o r  const ruct ing 

snow removers and plows, Protect ion aga ins t  d r i f t s  and ava- 
lanches, Snow pressures  on a r t i f  i c i a l  s tyuctures,  
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snow and avalanche cond i t i  ons, Obtaining f avourable condi - 
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Snow i s  a porous aggregate similar t o  the  r a w  = t e r r a 1  
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inves t iga t ion  may be applied, 
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rormation on load surfaces of 'aircraft, 
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inflicted by avalanches. Principles of avalanche defence, 
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Glacier formation, movement and melting processes 
as the limiting state of snow-cover development. 
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Since this is the first, and until recently the 
only institutesfor snow research in the world, it has a duty 
to perform of enhancing our national reputation as a centre 
of international. research, 
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melting process, water retention properties of the snow-cover, 
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Investigation of the metamorphosis of the crystal 
form and of recrystallization in ice (analogous to metal) and 
snow (analagous to powdered metal. ) . Favourable research con- 
ditions (polarized light and transparent material); 
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pressures  on fences, d r i f t  problems, 
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%s Weiaafl-j soh StatLon of the Bssa-hrsem 
RaSIway, Inat%$a%e Builcklng in the Backg~owd, 

( mot o by Fur%er 1 
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The Avalanche Research S t a t i o n  on Weiasflmjoeh, 
in c irc l e  ( P i c t w e  taken f r o m  the South East), 
(Eboto of the Q~kl~e izer f  s&en .Ba~zeI tung)  

i 'v 

b e  l L L M R  

Floor Plans and Section %:380 of the 
Research Station on Weiasf'luhjock (2668 m, 
above sea l e v e l )  ab D E ~ V Q S ~  
(Pb-9st.a of $he %chweizeriact%e Bauaeftung) 



V f e w  of One of the Artificfahly 
Cooled Labora%oriee. 
(Photo by P~bhlieh) 
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Freshly Fallen b n d r % t % e  Snow C r y s t a l .  
(Photo by SLF) 
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0 Daga 2 Days 5 Days 

T r a n a f s r ~ t i o n  of a Confined Snow 
Crystal Over 34 Days at -5" C, 

(Photo by %P) 

The confined snow f l ake  udsrgses a change 
re la t ive  $0 t i m e  in the nature of a surface 
reduction, Thus 1% comes about %hat within 
the snow-cover there are f i n e l y  &en&i%ie, 
featbeply crystals as well as fine t o  cooraa 
gsained stmctural units, 
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Apparatus w i t h  MI~oror Reading Device Stor 
Ma%%ng Viscosity or PPast%c Shear Measwementa 
on Various Types sf' Snow. ( ~ b o % o  by Pk8hbfeh) 
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Bppratus for leaswiw the Blast f e Behaviour 
of Various E2nde of Snow, (Photo bp HZZ) 
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Apgaratua f o r  bIeasurfng the Creeping 
Mation sf Snow, (Photo $3 BZZ) 

&I$ snow $ P O C ~ S  d i 8 ~ P 8 y  f H 0 ~ i ~  
c b r a e t e r P e t P c a .  The speed depends on the 
angle 01 %ha base, t h e  condl%%sn of t h e  snow 
and the temperature, The v l s c o s f  $7 or p l a s t i c  
shear eoeff8cient  of  the type  o l  snow being 
inves t iga ted  is calculated from these measure- 
m e n t  s, 
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Apparatus for Yeasuring the Pressure RIaultZng 
From the Creeping cf the Snor-Cover on a Slope. 

(Photo by N Z Z )  

LOB so 

Results of Measurement sf Snow Pressure 
QemPl anow P F ~ S S W ~  apparatus, Dee.1936 to 
Map 1957). 1, Snow Depth a% the Apparatus, 
2. Snow pressuse Q n ~ m a h  coaponent R), 3. 
Total Rallagning Energy (hordeontaP t e a t  f i e l d ) ,  
4, Temperature @$ Hid-Depth of Snow Cover, 

$Photo by Sebweieerischsn Bauxeit 
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A, Snow Pressure Apparatus, The Pressure Plate 
Area 6 rnz Shaped Like  a G r i d i r o n  and Supported 
Universa11iy by Measuring S p r i n g s .  
B. Xeasuneiq Elemen t  (cell) One &e 
Two Metres High, The Msasum~fng Dev 
sf' a Stack o f  Ten Superfmposed I ron 
DeCBeetisn f s Measwed, 

gm~eo o f  the  ~chweizerf sehe Bauzeitmg) 

Detail sf the Snow Pgeesswe Apparatus, C. 
Pair of  Ca%ibaso&ted Q Q F ~ I - L ~ S  at h e  of the Four 
Qupp~rtLng Points Which TranamLt the Normal 
Coapswent or the Snow Pressu~e to the Stone 
P f l l a k  (Mauerpfeiler], D, Spring f o r  Meaaw- 
ing  and T~ansmitting the Transverse Force, 

(Photo of t h e  %~hwedze~%s~kae &uzeb%mg)  
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Upper Ratranee to the fnst%tu$e, Looking 
Eastward, (Fhoto by SLP) 


