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ABSTRACT 

The o b j e c t  of  t h i s  r e s e a r c h  was t o  s t u d y  t h e  p r o p e r t i e s  of  snow 

o r  r a i n  i n  t h e  f a l l i n g  s t a t e  t h a t  would p e r m i t  p o s i t i v e  i d e n t i f i c a t i o n  of 

t h e  s t a t e  of t h e  p r e c i p i t a t i o n .  The u l t i m a t e  a p p l i c a t i o n  was t o  p r o v i d e  a  

r e c o r d  of  when i t  was r a i n i n g  o r  snowing and t o  p r o v i d e  a  means of  r e l a t i n g  

t h e  r e c o r d  t o  c o n v e n t i o n a l  r e c o r d i n g  p r e c i p i t a t i o n  gage r e c o r d s .  

Var ious  p r o p e r t i e s  of  p r e c i p i t a t i o n  were  e v a l u a t e d  b o t h  by l i t e r a t u r e  

s e a r c h  and by l a b o r a t o r y  i n v e s t i g a t i o n .  P r o p e r t i e s  i n v e s t i g a t e d  i n c l u d e d  

c o n d u c t i v i t y ,  s t o r a g e  of  s t a t i c  cha rge ,  impact  momentum, a c o u s t i c  e n e r g i e s ,  

and b o t h  o p t i c a l  r e f l e c t i v i t y  and o p a c i t y .  

O p t i c a l  r e f l e c t a n c e  proved t o  have t h e  most p r o = i s e  and a sclleme f o r  

making such  a  measurement was proposed.  Subsequent  t o  t h i s  a  p r o t o t y p e  

d e v i c e  was developed.  

I I  P h y s i c a l  S t a t e  P r o p e r t i e s  of P r e c i p i t a t i o n "  
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OBJECTIVES AND PURPOSES 

I n  v a r i o u s  h y d r o l o g i c  s t u d i e s  i t  i s  o f t e n  i m p o r t a n t  t o  know t h e  t ime 

; I ~ J  amount of  p r e c i p i t a t i o n  i n  b o t h  forms o f  r a i n  ( l i q u j d  phase  of  p r e c i p i -  

t a t i o n )  and snow ( s o l i d  phase  of p r e c i p i t a t i o n ) .  P a r t i c u l a r  needs  had  

been p o i n t e d  o u t  by r e s e a r c h  i n  p r o g r e s s  by tile I n t e r m o u n t a i n  F o r e s t  and Range 

Experiment S t a t i o n  and by s t u d i e s  of  snow measur ing d e v i c e s  b e i n g  deve loped  

by t h e  U n i v e r s i t y  of  Idaho ,  E n g i n e e r i n g  Experiment: S t a t i o n .  

The s p e c i f i c  o b j e c t i v e s  o f  t h e  r e s e a r c h  was t o  f i n d  a s u i t a b l e  p r o p e r t y  

o r  p r o p e r t i e s  of  snow o r  r a i n  i n  t h e  f a l l i n g  s t a t e  t h a t  would p e r m i t  

p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  s t a t e  of  p r e c i p i t a t i o n  and p r o v i d e  a means 

of  d e v e l o p i n g  a  r e c o r d  d i s c r i m i n a t i n g  whe the r  i t  was r a i n i n g  o r  snowing.  

PROCEDURE 

A  s e a r c h  o f  l i t e r a t u r e  was f i r s t  made and t h i s  r e v e a l e d  no s p e c i f i c  

d e v i c e  c a p a b l e  of  making a  d i s c r i m i n a t i o n  of snow apd r a i n .  T h r e e  r e f e r -  

e n c e s  d i d  s u g g e s t  p o s s i b l e  means i f  m o d i f i c a t i o n s  were  made. 

One s u c h  d e v i c e  which i s  a  m o d i f i c a t i o n  of  what i s  known a s  t h e  

Barnothy and B e l l  method, i s  b a s i c a l l y  an  a l a r m  s y s t e m  which i s  a c t i v a t e d  

whenever a  w a t e r  d r o p l e t  s t r i k e s  a  b l o t t e r  paper  which e n c l o s e d  a  h e a t e d  

m e t a l  c y l i n d e r  ( I l l i n o i s  S t a t e  Water Survey,  1964) .  The d r o p l e t  w e t s  t h e  

b l o t t e r  and t h e r e b y  i n c r e a s e s  t h e  e l e c t r i c a l  c o n d u c t i v i t y  between t h e  

c y l i n d e r  and an o u t e r  w i r e  wind ing .  T h i s  i n c r e a s e  i n  conduc tance  i s  used 

t o  i n c r e a s e  t h e  g r i d  b i a s  on a t h y r a t r o n ,  c a u s i n g  i t  t o  f i r e .  A r e c o r d e r  

r e i a y  coupled t o  t h e  p l a t e  c i r c u i t  of  t h e  t h y r a t r o n  i s  t h e n  used t o  f u r n i s h  

t h e  o u t p u t  i n f o r m a t i o n .  Because t h e  i n t e r i o r  c y l i n d e r  o f  t h e  d e t e c t o r  i s  

h e a t e d ,  t h e  m o i s t u r e  absorbed  by t h e  b l o t t e r  w i l l  e v e n t u a l l y  e v a p o r a t e .  The 

t h y r a t r o n  b i a s  is  t h e n  lowered  t o  a v a l u e  a t  which t h e  t u b e  c e a s e s  t o  c o n d u c t ,  

and t h e  s y s t e m  i s  t h e n  r e a d y  t o  d e t e c t  a n o t h e r  w a t e r  d r o p l e t .  

Although t h i s  s y s t e m  i s  n o t  d e s i g n e d  t o  d i s c r i m i l l a t e  between p h a s e s  o f  

p r e c i p i t a t i o n ,  i t  d o e s  p r e s e n t  a p o s s i b l e  method of  a c h i e v i n g  t h i s ,  e s p e c i a l l y  

i f  a t r a p  c o u l d  b e  d e v i s e d  which would a l l o w  o n l y  one of  t h e  phase  t y p e s  t o  

r e a c h  t h e  d e t e c t i n g  e lement .  
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Another p o s s i b l e  means of snow d e t e c t i o n  i s  s u g g e s t e d  by v a r i o u s  

l i t e r a t u r e  s o u r c e s  concern ing  t h e  measurement of t h e  s t a t i c  e l e c t r i c  c h a r g e s  

c o n t a i n e d  by v a r i o u s  snowf lakes .  Data on such measurements a r e  e r r a t i c  and 

v a r i o u s  exper imente r s  working a t  d i f t e r e n t  l o c a t i o n s  and t imes  have produced 

markedly d i f f e r e n t  r e s u l t s .  P o l a r i t y ,  magnitude and s t a t i s t i c a l  d i s t r i b u t i o n  

of t h e  charges  c a r r i e d  by snowflakes  a p p a r e n t l y  v a r y  w i t h  t h e  s i z e  o f  f l a k e s ,  

t e m p e r a t u r e ,  r a t e  o f  s n o w f a l l  and o t h e r  c h a r a c t e r i s t i c s  of t h e  s t o r m  (Nakaya, 

1954 and Chalmers and P a s q u i l l ,  1938) .  

I n  one exper iment  t o  measure t h e  charge  of f a l l i n g  snowf lakes  i n  J a p a n ,  

an  e l e c t r o s t a t i c  d e f l e c t i o n  sys tem was d e v i s e d  (Nakaya, 1954) .  A snowf lake  

p a s s i n g  through a n  e l e c t r i c  f i e l d  between p a r a l l e l  charged  p l a t e s  would b e  

d e f l e c t e d  i n  accordance  w i t h  i t s  charge  magnitude and p o l a r i t y .  Although r a i n  

a l s o  is  known t o  have  a  charge  d i s t r i b u t i o n  among d r o p l e t s ,  d a t a  do n o t  sllow 

c h a r g e  magnitudes f o r  r a i n  d r o p l e t s  t o  b e  s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  snow- 

f l a k e s  (Chalmers and P a s q u i l l ,  1938) .  The p o s s i b i l i t y  a r i s e s  t h a t  i f  p r e c i -  

p i t a t i o n  p a r t i c l e s  were made t o  p a s s  between charged p l a t e s ,  t h e  e l e c t r o -  

s t a t i c  d e f l e c t i o n  would b e  g r e a t e r  f o r  snow t h a n  f o r  r a i n  due t o  i t s  i n h e r e n t l y  

s lower  v e l o c i t y .  Mass and a i r  r e s i s t a n c e  a r e  a l s o  phase  c h a r a c t e r i s t i c s  which 

would a f f e c t  t h e  amount o f  p a r t i c l e  d e f l e c t i o n .  Catch c o n t a i n e r s  cou ld  t h e n  

b e  p l a c e d  i n  a  p o s i t i o n  t h a t  i s  s u f f i c i e n t l y  o f f s e f  t o  a l l o w  o n l y  d e f l e c t e d  snow 

p a r t i c l e s  t o  c o l l e c t  t h e r e .  

A t h i r d  p r e c i p i t a t i o n  d e t e c t i o n  t e c h n i q u e ,  a  minor v a r i a t i o n  of which i s  

t h e  s u b j e c t  of t h e  pr imary c o n s i d e r a t i o n  of t h e  M. S.  t h e s i s  by Read, i s  an  

o p t i c a l  method employed by E .  Bo l lay  A s s o c i a t e s ,  I n c o r p o r a t e d ,  of Boulder ,  

~ o l o k a d o ,  i n  t h e i r  snow-rate  d e t e c t i o n  scheme (Zopf,  1965) .  Although s p e c i f i c  

d e t a i l s  of t h e  "snow-rate sensor"  a r e  n o t  known, i t  i s  b a s i c a l l y  d e s c r i b e d  a s  

an  o p t i c a l  a t t e n u a t i o n  d e v i c e .  A p a r a l l e i  l i g h t  beam i s  produced by a  f l a s h -  

l i g h t - t y p e  r e f l e c t o r  and i s  d i r e c t e d  t o  a p h o t o s e n s i t i v e  s u r f a c e  of t h e  

d e t e c t i o n  sys tem.  The sys tem f u n c t i o n s  b a s i c a l l y  from t h e  a t t e n u a t i o n  of 

l i g h t  i n c i d e n t  upon t h e  d e t e c t o r  due t o  t h e  p r e s e n c e  of f a l l i n g  p r e c i p i t a t i o n  

p a r t i c l e s  i n  t h e  l i g h t  beam. A p e r s o n a l  communication from E. Bo l lay  A s s o c i a t e s ,  

I n c o r p o r a t e d ,  i n d i c a t e s  t h a t  a s  of J u n e  2 2 ,  1965, t h e  r a i n  d e t e c t i o n  c a p a b i l i t i e s  

of  t h e  d e v i c e  had n o t  been a s s e s s e d .  
L 

I n  a d d i t i o n  t o  t h e  approaches  s u g g e s t e d  i n  t h e  l i t e r a t u r e  s e a r c h ,  c e r t a i n  

~ t l l e i  i d e a s  were  i n v e s t i g a t e d .  A l l  o f  t h e s e  i n v o l v e d  a  measurement o f  d i f f e r e n t  



p h y s i c a l  p r o p e r t i e s  of snow and r a i n  i n  t h e  f a l l i n g  s t a t e .  These methods 

i nc luded  measurement of d i e l e c t r i c  p r o p e r t i e s ,  impact momentum, a c o u s t i c  

e n e r g i e s  t r a n s m i t t e d  through f l i u d  i n  a  r e c e i v i n g  r e c e p t a c l e  upon impact o f  a  

p r e c i p i t a t i o n  p a r t i c l e ,  and o p t i c a l  r e f l e c t i v i t y  a s  opposed t o  o p t i c a l  t r an s -  

miss ion  a t t e n u a t i o n  sugges t ed  i n  t h e  l i t e r a t u r e  s e a r c h .  

RESULTS 

I n  s c r e e n i n g  t h e  p o s s i b i l i t i e s  f o r  a  p romis ing  sys tem t h e  fo l lo tg ing  

i n fo rma t ion  was used t o  make a  s e l e c t i o n :  

Data  on d i e l e c t r i c  c o n s t a n t  of p r e c i p i t a t i o n  p a r t i c l e s  were  found t o  va ry  

s o  wide ly  and problems of c o l l e c t i o n  and sainpling made d i e l e c t r i c  p r o p e r t i e s  

a  n e g a t i v e  p o s s i b i l i t y .  Likewise  measurement of  impact  momentum appeared t o  

b e  i n f e a s i b l e  due t o  p o s s i b l e  i n t e r f e r e n c e  from wind-caused v i b r a t i o n s .  A 

comparison of  snow and r a i n  p a r t i c l e  momentum shows an  o v e r l a p  among l i g h t e r  

r a i n  d r o p l e t s  and h e a v i e r  snow c r y s t a l s .  

I n  an exper iment  t o  measure t h e  e l e c t r c s t a t i c  d e f l e c t i o n  of snowf lakes ,  

a  f i e l d  s t r e n g t h  of 1300 v o l t s  p e r  c e n t i m e t e r  was found adequa te  t o  produce 

what was termed "moderate" d e f l e c t i o n  t o  t h e  p a t h s  of s u f f i c i e n t l y  charged snow 

p a r t i c l e s .  Although t h e  term "moderate" i s  vague, i t  appea r s  from a  photograph 

t h a t  s u f f i c i e n t  d e f l e c t i o n  was produced i n  more h i g h l y  charged p a r t i c l e s  t o  

cause  them t o  s t r i k e  one of t h e  d e f l e c t i o n  p l a t e s  w i t h i n  a  65 c e n t i m e t e r  

v e r t i c a l  f a l l  when e n t e r i n g  approximately  midway between p a r a l l e l  p l a t e s  

spaced  30 c e n t i m e t e r s  a p a r t .  Although i t  does  appea r  p o s s i b l e  t o  s e p a r a t e  

r a i n  from snow i n  t h i s  manner, t h e  h igh  f i e l d  s t r e n g t h  r e q u i r e d  i s  a  d i s -  

advan tage .  For t h e  p h y s i c a l  dimensions d e s c r i b e d  t h e  p o t e n t i a l  d i f f e r e n c e s  of 

t h e  p l a c e s  would have  t o  b e  39,000 v o l t s  t o  produce t h e  f i e l d  s t r e n g t h  of 

1300 vo l t s / cm .  A p l a t e  s e p a r a t i o n  of 30 c e n t i m e t e r s  might n o t  be r e q u i r e d ,  

b u t  any r ea sonab l e  p l a t e  s e p a r a t i o n  would r e q u i r e  t h e  u se  of v o l t a g e s  h i g h e r  

than  would b e  d e s i r a b l e  i n  a  f i e l d  i n s t rumen t .  Also snow and r a i n  p a r t i c l e s  

must f a l l  v e r t i c a1 l . y  between t h e  p l a t e s  t o  produce a c c u r a t e  r e s u l t s .  During 

windy p e r i o d s  t h e  u se  of chimney c a t c h e s  o r  s h i e l d s  would b e  r e q u i r e d  which 

add awkward p h y s i c a l  d imensions  t o  t h e  s i z e  of t h e  i n s t r u m e n t .  The chimney 

used i n  t '  . exper iment  d e s c r i b e d  was 420 cm l o n g  and 54 cm i n  d iamete r .  



The Barnothy and B e l l  type  o f  d e t e c t o r  does n o t  a p p e a r  t o  b e  u s e f u l  f o r  

t lie purpose  of phase  d i s c r i m i n a t i o n .  T h i s  i s  b e c a u s e  of d i f f i c u l t i e s  invo lved  

i : ~  d e s i g n i n g  a  t r a p  t h a t  would a l low on ly  one of t h e  two p r e c i p i t a t i o n  phases  

t o  reach  t h e  d e t e c t o r  e lement .  A s h i e l d i n g  sys tem i s  recommended i n  t h e  

mentioned r e p o r t  t h a t  a i d s  i n  t h e  d e t e c t i o n  of snow; however, whe ther  t h e  

d e t e c t o r  i s  s h i e l d e d  o r  n o t ,  i t  i s  s t i l l  c a p a b l e  o f  i n t e r c e p t i n g  a  p a r t i c l e  of 

e i t h e r  p r e c i p i t a t i o n  phase .  

Genera l  opaqueness of snow and t r a n s p a r e n c y  o f  r a i n  a r e  two o p t i c a l  pro- 

p e r t i e s  of t h e  phases  of p r e c i p i t a t i o n  t h a t  o f f e r e d  p romise .  D i f f e r e n c e  i n  

r e f l e c t a n c e  and o p t i c a l  a t t e n u a t i o n  were  a l s o  found t o  b e  p o s s i b i l i t i e s .  For 

t h i s  r e a s o n  s p e c i a l  exper iments  were  performed t o  d e t e r m i n e  p o s s i b i l i t i e s  i n  

t h i s  realm. 

I n i t i a l  O p t i c a l  Experiments 

The r e f l e c t a n c e  o f  f r e s h  snow v a r i e s  a s  a  f u n c t i o n  of wave l e n g t h ;  how- 

e v e r ,  f o r  t h e  v i s i b l e  wave leng ths  of from 0.4 t o  0 . 7  mic ron ,  t h e  r e f l e c t a n c e  

v a r i e s  on ly  i n  t h e  range  of from 92 t o  95  p e r  c e n t  (Mel lo r ,  1964) .  Although 

t h e s e  d a t a  were  o b t a i n e d  from t e s t s  u s i n g  s e t t l - e d  snow, t h e  h i g h  p e r c e n t a g e  

of luminous energy which i s  r e f l e c t e d  f o r  t h e s e  wave leng ths  does enhance t h e  

p o s s i b i l i t y  of d i s t i n g u i s h i n g  snow r e f l e c t i v i t y  from t h a t  of r a i n .  

Exper iments  were performed t o  measure t h e  e f f e c t s  of l i g h t  r e f l e c t i o n  

and a t t e n t u a t i o n  on a  p h o t o s e n s i t i v e  d e v i c e  f o r  r a i n  and snow. Because t h e s e  

tests were n o t  made d u r i n g  a  snow s e a s o n ,  o n e - q u a r t e r  i n c h  s q u a r e s  of w h i t e  

p a p e r  were  used t o  s i m u l a t e  snow. I t  was assumed t h a t  t h e  r e f l e c t i v i t y  of 

n a t u r a l  snow could n o t  b e  s i g n i f i c a n t l y  l e s s  t h a n  t h a t  of t h e  p a p e r  p a r t i c l e s .  

A IN2175 t y p e  pho tod iode  made by Texas I n s t r u m e n t s ,  I n c o r p o r a t e d  was 

used  a s  a  l i g h t  d e t e c t o r .  The IN2175 i s  a  s u b m i n i a t u r e ,  s o l i d  s t a t e  s i l i c o n  

u n i t .  I t  is  c y l i n d r i c a l  i n  s h a p e  -nd i s  approx imate ly  0 .6  inch  l o n g  and 

0.082 2 0.003 inch  i n  d i a m e t e r .  A f o c u s i n g  l e n s  is  s e l f - c o n t a i n e d  i n  t h e  head  

of t h e  u n i t .  T y p i c a l  i l l u m i n a t i o n  s e n s i t i v i t y  i s  about  0 .6  microampere 

p e r  f o o t - - c a n d l e  o f  l i g h t  i n t e n s i t y .  Peak s e n s i t i v i t y  o c c u r s  a t  about  0.97 

micron;  however, t h e  r e s p o n s e  i s  above 50 p e r  c e n t  a t  0 .60 micron.  Charac- 

t e r i s t i c  c u r v e s  and o t h e r  p e r t i n e n t  d a t a  a r e  c o n t a i n e d  i n  t h e  t h e s i s  by Read, 

1966. 

A h o u s i n g  f o r  t h e  IN2175 was c o n s t r u c t e d  of a  ca rdboard  t u b e  1 . 5  i n c h e s  

i n  d i a m e t e r .  A f o c u s i n g  l e n s  was mounted 2.375 i n c h e s  ahead o f  t h e  l i g h t  
.' 
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s e n s o r  s o  a s  t o  focus  a  p a r a l l e l  l i g h t  beam, i n c i d e n t  upon t h e  l e n s  a p e r t u r e ,  

on to  t h e  l e n s  head 'of t h e  I:.Lli'S. The l e n s  openirlg was 1 . ~ ~ 5  i n c h e s .  A 

d iagram of t h i s  mounting sys tem i s  g iven  i n  F i g u r e  l a .  

The l i g h t  s o u r c e  f o r  t h i s  exper iment  was an  o r d i n a r y  f l a s h l i g h t  u s i n g  a  

G e n e r a l  E l e c t r i c  t y p e  PR-2 b u l b ,  powered by two D s i z e  f l a s h l i g h t  b a t t e r i e s .  

I n  o r d e r  t o  measure t h e  o p t i c a l  a t t e n u a t i o n  e f f e c t s  of w a t e r  d r o p l e t s  and 

s i m u l a t e d  snow on t h e  d i o d e ,  t h e  a p p a r a t u s  was a r r a n g e d  a s  i n d i c a t e d  i n  F i g u r e  

l b .  Water d r o p l e t s  s u p p l i e d  through a  p i p e t t e  d ropper  and t h e  w h i t e  paper  

p a r t i c l e s  were  [[:ride t o  p a s s  through t h e  l i g h t  beam, and t h e  e f f e c t  was 

observed  on t h e  o s c i l l o s c o p e .  

It was rioted t h z t  b o t h  t h e  p a p e r  p a r t i c l e s  and t h e  w a t e r  d r o p l e t s  produced 

o u t p b ~  p u l s e s  varyin .g  i n  t h e  r a n g e  of from 0.2  v o l t  t o  4 .0  v o l t s .  No b a s i c  

d i f f e r e n c e s  i n  t h e  o u t p u t  v o l t a g e  magnitudes were  no ted .  Both t h e  w a t e r  drop- 

lets and t h e  paper  p a r t i c l e s  produced h i g h  and low v o l t a g e s  i n  t h e  range  

i n d i c a t e d ,  and i n  a  random manner. .A p r o b a b l e  c a u s e  of t h e  f l u c t u a t i o n s  i n  

o u t p u t  magnitude i s  d i f f e r e n c e s  i n  t h e  amourlt of l i g h t  a t t e n u a t i o n  caused  by 

p a r t i c l e s  p a s s i n g  through d i f f e r e n t  p o r t i o n s  o f  t h e  beam. 

From t h i s  p o r t i o n  o f  t h e  exper iment  i t  was concluded t h a t  o p t i c a l  

a t t e n u a t i o n  o f f e r e d  no means o f  d i s c r i m i n a t i o n  of p r e c i p i t a t i o n  phase .  

R e f l e c t i v e  e f f e c t s  were  observed  by p o s i t i o n i n g  t h e  d e t e c t o r  i n  a  p o s i -  

t i o n  s o  a s  t o  s c a n  t h e  l i g h t  beam a s  i s  i n d i c a t e d  i n  F i g u r e  l c .  I t  s h o u l d  

b e  n o t e d  t h a t  a s  "a lpha" ,  t h e  i n c l u d e d  a n g l e  between t h e  d e t e c t o r  and l i g h t  

beam a x e s ,  i s  made s m a l l e r ,  t h e  p o r t i o n  o f  t h e  l i g h t  beam which t h e  d e t e c t o r  

s c a n s  becomes l a r g e r .  As t h e  paper  p a r t i c l e s  were p a s s e d  th rough  p o r t i o n s  of 

t h e  beam i n d i c a t e d  by t h e  shaded a r e a  i n  t h e  f i g u r e ,  random o u t p u t s  were  

observed  v a r y i n g  from 0.5 m i l l i v o l t  t o  4 m i l l i v o l t s .  The o r i e n t a t i o n  of t h e  

p l a n e  s u r f a c e  of t h e  p a p e r  p a r t i c l e  w i t h  r e s p e c t  t o  b o t h  t h e  l i g h t  s o u r c e  and 

t h e  d e t e c t o r  d e t e r m i n e s ,  t o  a  l a r g e  d e g r e e ,  t h e  amount o f  r e f l e c t e d  l i g h t  

which i s  r e c e i v e d  a t  t h e  d e t e c t o r .  

No o b s e r v a b l e  o u t p u t  was n o t e d  a s  w a t e r  d r o p l e t s  were  passed  th rough  

t h e  beam d u r i n g  t h e s e  i n i t i a l  exper iments .  A s  i s  l a t e r  e x p l a i n e d ,  w a t e r  

d r o p l . e t s  do produce s i g n i f i c a n t  v o l t a g e s  when passed  through a  c e r t a i n  

c r i t i c a l  a r e a  of t h e  beam. The c r i t i c a l  a r e a  i n d i c a t e d ,  however, is con- 

s i - d e r a b l y  s m a l l e r  t h a n  t h e  a r e a  f o r  which t h e  d e t e c t o r  is s e n s i t i v e  t o  t h e  

p a p e r  p a r t i c l e s .  

.' 
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' O p t i c a l  System F u n c t i o n a l  Scheme 

Although a sys tem based  on o p t i c a l .  a t t e n u a t i o n  i n  i t s e l f  does  n o t  appear  

c a p a b l e  of s o l v i n g  t h e  problem,  i t s  use  i n  c o n j u n c t i o n  w i t h  a  r e f l e c t e d  l i g h t  

d e t e c t o r  i n  d e t e c t i n g  and d i s t i n g u i s h i n g  b o t h  r a i n  and snow can  b e  shown. I f  

a  d e t e c t i o n  s y s t e m  i s  assumed t o  c o n s i s t  of a  d i o d e  t o  s e n s e  l i g h t  a t t e n u a t i o n ,  

a  d i o d e  t o  s e n s e  r e f l e c t e d  l i g h t ,  and a  u n i t  t o  pe r fo rm an a n a l y s i s  of t h e  two 

s e n s o r  o u t p u t s ,  a  form of l o g i c  may b e  d e r i v e d  which e n a b l e s  t h e  d i s t i n c t i o n  

o f  p r e c i p i t a t i c n  phase .  The r e f l e c t e d  l i g h t  s e n s o r  i s  r e f e r r e d  t o  a s  " s o u r c e  

A", and t h e  a t t e n u a t e d  l i g h t  s e n s o r  i s  r e f e r r e d  t o  a s  " source  B". 

I n  accordance  w i t h  t h e  exper iment  p r e v i o u s l y  e x p l a i n e d ,  an o u t p u t  i s  o b t a i n e d  

from s o u r c e  B f o r  che  p r e s e n c e  of e i t h e r  r a i n  o r  snow. With p r o p e r  g e o m e t r i c  

a r r a n g e m e n t s ,  s o u r c e  A c a n  b e  made s e n s i t i v e  t o  snow o n l y ,  and t h e r e f o r e  a n  out-  

p u t  from t h i s  s o u r c e  d i c t a t e s  t h e  p r e s e n c e  of snow r e g a r d l e s s  of t h e  p r e s e n c e  o r  

absence  of  an o u t p u t  from s o u r c e  B .  T a b l e  I p r e s e n t s  t h e  l o g i c  n e c e s s a r y  f o r  a 

p r o p e r  d e c i s i o n  t o  b e  made by t h e  a n a l y z e r  u n i t .  

T a b l e  1 

OPTICAL SCHEME LOGIC 

- -- - - - - - 

Outpu t s  P r e s e n t  Conc lus ion  
Source  A Source  B (Phase  P r e s e n t )  

Yes No Snow 

Yes Yes Snow 

No Yes 

No N 0 

Ra i n  

None 

One i n h e r e n t  s o u r c e  of e r r o r  i s  t h e  p o s s i b i l i t y  t h a t  a  snow p a r t i c l e  may 

f a l l  w i t h  such  an o r i e n t a t i o n  t h a t  i t  i s  s e n s e d  by t h e  B d i o d e ,  b u t  n o t  by 

t h e  A d iode .  I n  t h i s  c a s e  i t  would a p p e a r  t h a t  a  r a i n  d r o p l e t  were  p r e s e n t  

i n s t e a d  of  snow. I t  is  p o s s i b l e  t o  m i s t a k e  snow f o r  r a i n  w i t h  t h i s  sys tem;  

however, t h e  p o s s i b i l i t y  of m i s t a k i n g  r a i n  f o r  snow i s  made remote  w i t h  p r o p e r  

g e o m e t r i c  a r rangements .  S i n c e  s y s t e m  e r r o r s  of o n l y  one t y p e  o c c u r ,  t h i s  

s y s t e m  i s  compat ib le  f o r  t h e  d e s i r e d  phase  d i s c r i m i n a t i o n  f u n c t i o n i n g  b e c a u s e  

t h e  i n t e r m i x e d  appearance  of  snow and r a i n  c h a r a c t e r i s t i c  o u t p u t s  would 



i n d i c a t e  snow. Rain  cou ld  b e  d i s t i n g u i s h e d  by t h e  r e p e a t e d  a p p e a r a n c e  of  i t s  

c h a r a c t e r i s t i c  o u t p u t  w i t h o u t  t h e  appearance  of  a  snow d e t e c t i o n  e r r o r .  

One o t h e r  f a c t o r  f u r t h z r  c o m p l i c a t e s  t h e  usage of t h i s  l o g i c  s y s t e m .  

Assuming t h a t ,  i n  t h e  even t  of t h e  p r e s e n c e  of a  snow f l a k e ,  b o t h  A and B ou t -  

p u t s  a r e  o b t a i n e d ,  t h e r e  i s  no a s s u r a n c e  t h a t  b o t h  o u t p u t s  w i l l  o c c u r  s imul -  

t a n e o u s l y .  The p h a s i n g  of t h e  o u t p u t s  i s  e n t i r e l y  a r b i t r a r y  and must b e  con- 

s i d e r e d  when u t i l i z i n g  t h i s  l o g i c  method. Should t h e  B o u t p u t  o c c u r  f i r s t ,  

i t  would a p p e a r  f o r  a  s h o r t  t ime t h a t  t h e  p a r t i c l e  were  a  r a i n  d r o p l e t .  

From t h e  l o g i c  p r e s e n t e d  i n  T a b l e  1, a  f u n c t i o n a l  s y s t e m  was d e v i s e d  and 

b u i l t  which is  c a p a b l e  of  pe r fo rming  t h e  d e s i r e d  l o g i c  and i s  a l s o  i n h e r e n t l y  

f r e e  from t h e  problems p r e s e n t e d  by phase  d i f f e r e n c e s  between t h e  t i m i n g s  of 

t h e  s e n s o r  o u t p u ~ s .  The sys ten l  i s  shown i n  b l o c k  d iagram form i n  F i g u r e  2 .  

Because of  t h e  low l e v e l  of  t h e  o u t p u t s  from s o u r c e  A ,  a n  a m p l i f i e r  i s  

f i r s t  employed t o  r a i s e  t h e s e  o u t p u t s  t o  a  u s a b l e  l e v e l .  The a m p l i f i e r  g a i n  

is  approx imate ly  1000. Because o u t p u t s  from t h e  B d i o d e  a r e  c o n s i d e r a b l y  

h i g h e r  than  t h o s e  of t h e  A d i o d e ,  i t  was n o t  found n e c e s s a r y  t o  a m p l i f y  t h e s e  

~ i g n a l s .  A c t u a l  c i r c u i t  diagr,ms f o r  t h e  a m p l i f i e r  and o t h e r  c i r c u i t s  a r e  

found i n  t h e  t h e s i s  by Read, 1966.  

The s y s t e m  u t i l i z e s  t h e  monos tab le  m u l t i v i b r a t o r .  The a d v a n t a g e  of  t h i s  

d e v i c e  is t h a t  i t  is  permanent ly  s t a b l e  i n  o n l y  one  o f  two p a s s i b l e  s t a t e s .  

When i t  i s  p r o p e r l y  t r i g g e r e d  by a n  i n p u t  s i g n a l  t h e  m u l t i v i b r a t o r  r e g e n e r a t e s  

i n t o  i t s  s t a b l e  s t a t e  and e x i s t s  i n  t h a t  c o n d i t i o n  f o r  a  c o n t r o l l a b l e  l e n g t h  

o f  t ime ,  and t h e n  r e t u r n s  t o  i t s  permanent ly  s t a b l e  s t a t e  u n t i l  i t  is a g a i n  

t r i g g e r e d .  The r e s u l t i n g  o u t p u t  i s  a  s i n g l e  s q u a r e  s h a p e d  p u l s e  f o r  each  

t r i g g e r  t h a t  is a p p l i e d  t o  i t s  i n p u t .  The p e r i o d  of  t h e  o u t p u t  p u l s e  i s  con- 

t r o l l e d  by a n  RC d i s c h a r g e  c i r c u i t  w i t h i n  t h e  m u l t i v i b r a t o r  i t s e l f .  

The s i g n a l s  from s o u r c e  B and t h e  a m p l i f i e d  s i g n a l s  from s o u r c e  A a r e  used 

t o  t r i g g e r  m u l t i v i b r a t o r  B and A r e s p e c t i v e l y .  When t r i g g e r e d ,  m u l t i v i b r a t o r  

B p roduces  a  7 .3  v o l t  o u t p u t  of  25 m i l l i s e c o n d s  d u r a t i o n .  The o u t p u t s  o f  b o t h  

m u l t i v i b r a t o r s  a r e  f e d  i n t o  a  p a s s i v e  OR c i r c u i t .  An OR c i r c u i t  g i v e s  an  

o u t p u t  whenever an i n p u t  o f  t h e  p r o p e r  p o l a r i t y  i s  p r e s e n t  a t  any of  i t s  

i n p u t s .  Also ,  t h i s  o u t p u t  ~ n a g n i t u d e  w i l l  b e  t h e  same a s  t h e  l a r g e s t  v o l t a g e  

p r e s e n t  a t  any of i t s  i n p u t  t e r m i n a l s .  

Because o f  t h e  commanding i n f l u e n c e  of  a  s i g n a l  from t h e  A s o u r c e  (an  

i n p u t  from s o u r c e  A r e p r e s e n t s  snow r e g a r d l e s s  of t h e  s t a t e  of  s o u r c e  B) ,  a  .' 





r e s i s t i v e  a t t e n u a t i o n  c i r c u i t  is employed w i t h i n  t h e  OR c i r c u i t  whioh reduces  

:tie l e v e l  of t h e  OR c i r c u i t  o u t p u t  when s t i m u l a t e d  o n l y  by t h e  B m u l t i v i b r a t o r  

t o  a  v a l u e  which i s  approx imate ly  1 / 3  o f  t h e  o r i g i n a l  B m u l t i v i b r a t o r  o u t p u t  

[;agnitude. The r e s u l t  i s  t h a t  when m u l t i v i b r a t o r  A i s  t r i g g e r e d  t h e  OR c i r -  

c u i t  o u t p u t  i s  a  7 .2  v o l t  p u l s e  of  45 m i l l i s e c o n d s  d u r a t i o n .  T h i s  i s  t h e  

c h a r a c t e r i s t i c  o u t p u t  o b t a i n e d  when snow i s  s e n s e d  by t h e  A d i o d e .  The s l i g h t  

a t t e n u a t i o n  of  t h e  m u l t i v i b r a t o r  o u t p u t  from 7 . 3  t o  7.2 v o l t s  i s  due t o  t h e  

conduc t ion  r e s i s t a n c e  o f  t h e  d i o d e  used  i n  t h e  OR c i r c u i t .  When m u l t i v i b r a t o r  

B a l o n e  i s  t r i g g e r e d ,  a  2 . 3  v o l t  o u t p u t  o f  25 m i l l i s e c o n d s  d u r a t i o n  i s  o b t a i n e d  

a t  t h e  OR c i r c u i t .  T h i s  o u t p u t  i s  c h a r a c t e r i s t i c  o f  t h e  s e n s i n g  of  r a i n .  

Should b o t h  m u l t i v i b r a t o r s  b e  t r i g g e r e d  s i m u l t a n e o u s l y ,  t h e  r e s u l t  i s  t h e  

same a s  though o n i y  r n u l t i v i b r a t o r  A were  t r i g g e r e d .  T h i s  i s  b e c a u s e  o f  t h e  

conmanding i n f l u e n c e  m u l t i v i b r a t o r  A h a s  on t h e  o u t p u t  of  t h e  OR c i r c u i t .  

I n  t h i s  manner, problems caused by t h e  t ime  p h a s i n g  of  t h e  t r i g g e r i n g  of 

t h e  two m u l t i v i b r a t o r s  a r e  overcome. It i s  i n c o n s e q u e n t i a l  i f  t h e  B o u t p u t  i s  

r e c e i v e d  a t  t h e  OR c i r c u i t  s l i g h t l y  b e f o r e  o r  a f t e r  t h e  A o u t p u t  s i n c e  t h e  7.2 

v o l t s  o u t p u t  due t o  t h e  s e n s i n g  of snow i s  e a s i l y  d i s t i n g u i s h a b l e  once  i t  

does occur .  

It s h o u l d  b e  n o t e d  t h a t  s o u r c e  A ,  t h e  a m p l i f i e r ,  and m u l t i v i b r a t o r  A 

compose a  comple te ly  f u n c t i o n a l  scheme s i n c e  t h i s  p o r t i o n  o f  t h e  s y s t e m  can  

b e  r e n d e r e d  s e n s i t i v e  t o  snow o n l y .  A s  was ment ioned p r e v i o u s l y ,  o n l y  one  of 

t h e  two p o s s i b l e  phases  needs  t o  b e  d e t e c t e d  when used i n  c o n j u n c t i o n  w i t h  a  

p r e c i p i t a t i o n  accumula t ion  r e c o r d i n g  d e v i c e .  

System Layout and Geometric C h a r a c t e r i s t i c s  

To s t u d y  o p e r a t i o n a l  c h a r a c t e r i s t i c s  an  a r rangement  f o r  t h e  pho tod iodes  

and t h e  l i g h t  s o u r c e  were  made a s  i l l u s t r a t e d  i n  F i g u r e  3 .  The pho tod iode  

h o u s i n g s  and l i g h t  s o u r c e  were  mounted on r i n g  s t a n d s  t o  p e r m i t  easy  manipula- 

t i o n  of g e o m e t r i c  p a r a m e t e r s  i n v o l v e d .  

A s  was ment ioned p r e v i o u s l y ,  w a t e r  d r o p l e t s  p a s s i n g  th rough  c e r t a i n  

s e c t i o n s  o f  t h e  l i g h t  beam produce o u t p u t s  from s o u r c e  A which a r e  of t h e  o r d e r  

of  magni tude of  t h o s e  o u t p u t s  produced by s i m u l a t e d  snow p a r t i c l e s .  Exper i -  

ments w i t h  t h e  developed c i r c u i t r y  demons t ra ted  t h a t  t h e s e  o u t p u t s  were  s u f -  

f i c i e n t  t o  c a u s e  t r i g g e r i n g  of  m u l t i v i b r a t o r  A when t h e  w a t e r  d r o p l e t s  were  

passed  through a  c e r t a i n  c r i t i c a l  s e c t i o n  of  t h e  beam. The beam l e n g t h  f o r  

0 



.,.!,ich m u l t j v i b r a t o r  A is s e n s i t i v e  t o  t r i g g e r i n g  r e s u i r i n g  from w a t e r  d r o p l e t s  

v ; : ~  found t o  b e  d i f f i c u l t  t o  measure.  T h i s  is b e c a u s e  n o t  e v e r y  d r o p l e t  passed  

tllrough t h ?  c r i t i c a l  s e c t i o n  produced ::n o u t p u t  p u l s e .  I n  some c a s e s  a s  many 

as t e n  dro? :..-.ts were  r e q u i r e d  t o  pz:::iuc;=. I: ..;;I o u t p u t  - from m u l t i v i b r a t o r  A. The 

d i s t a n c e  frr.:m t h e  l i g h t  s o u r c e  c c  3 poi;:tt ; ;c which t h e  s y s t e m  is i n i t i a l l y  

s u b j e c t  t o  e r r o n e o u s  d e t e c t i > ! i s  :IZ rai-1 f o r  snow i s  d e s i g n a t e d  "K" i n  F i g u r e  

3 .  

A s  t h e  a n g l e  between t-:.:~: ..;. .::; of pho tod iode  A and t h e  l i g h t  s o u r c e  i s  

l e s s e n e d ,  t h e  beam l e n g t h  f o r  which t h e  s y s t e m  is s e n s i t i v e  t o  s i m u l a t e d  snow 

i s  i n c r e a s e d .  Th i s  a n g l e  i s  r e f e r r e d  t o  a s  "a lpha" ,  and  i s  i l l u s t r a t e d  i n  

F i g u r e  3. The d i s t a n c e  f rom t h e  l i g h t  s o u r c e  t o  a  p o i n t  a t  which s o u r c e  A  

becomes s e n s i t i v e  t o  snow p a r t i c l e s  i s  d e s i g n a t e d  "DM i n  t h e  f i g u r e .  The s e c -  

t i o n  "S" is t h e  beam l e n g t h  f o r  which s o u r c e  A i s  snow s e n s i t i v e .  

An exper iment  was a r r a n g e d  t o  d e t e r m i n e  t h e  f u n c t i o n a l  r e l a t i o n s h i p  between 

R ,  D ,  S ,  and a lpha .  System o u t p u t s  were obse rved  on a  T e k t r o n i x  503-type 

o s c i l l i s c o p e .  S i n c e  a l l  of t h e  v a r i a b l e s  measured i n  t l l i s  e x p e r i m e n t  are 

d e f i n e d  w i t h  r e s p e c t  t o  e f f e c t s  o b s e r v e d  a t  m u l t i v i b r a t o r  A, pho tod iode  B was 

n o t  used f o r  t h i s  p o r t i o n  o f  t h e  exper iment .  A 114  by 114 i n c h  s l i c e  of 

s ty ra foam- type  p l a s t i c  was used t o  s i m u l a t e  snow i n s t e a d  of  t h e  paper  p a r t i c l e s  

p r e v i o u s l y  used.  The s t y r a f o a m  p a r t i c l e  was a t t a c h e d  t o  t h e  end of a  l o n g  

b l a c k  w i r e ,  t h u s  e n a b l i n g  good c o n t r o l  of t h e  l o c a t i o n  of  t h e  p a r t i c l e  a s  i t  

was manually p a s s e d  th rough  t h e  beam. Water d r o p l e t s  were  i s s u e d  from a  

medic ine  d r o p p e r .  

The d i s t a n c e s  R ,  D ,  and t h e  sum of D and S were  measured f o r  v a r i o u s  

v a l u e s  of a l p h a  i n  t h e  r a n g e  of 1 0  t o  45 degrees .  From t h e s e  d a t a  S  was c a l -  

c u l a t e d .  The r e s u l t s  a r e  t a b u l a t e d  i n  T a b l e  3 below. A p l o t  o f  t h e  beam l e n g t h  

as a  f u n c t i o n  o f  a l p h a  i s  shown i n  F i g u r e  4 .  





FIGURE 4 
SNOW SENSITIVE BEAM LENGTH,S, 

VERSUS ALPHA 

ALPHA I N  DEGREES 



Table  3 

GEOMETRIC CHARACTERISTICS OF OPTICAL SYSTEH PERFORMANCE 

Alpha D S - D  S  R 
(degrees)  ( i nches )  ( i nches )  ( i nches )  ( i nches )  

( c a l c u l a t e d )  

I t  was no ted  w h i l e  deternl ining t h e  snow s e n s i t i v e  beam l e n g t h ,  t h a t  t h e  

s e n s i t i v e  a r e a  was roughly a  pa r a l l e l og ram a s  i s  shown i n  t h e  shaded c r o s s  

s e c t i o n a l  beam a r e a  i l l u s t r a t e d  i n  F igu re  l c .  Assuming a  c o n s t a n t  beam wid th  

(non-divergent)  t h e  t o t a l  c r o s s  s e c t i o n a l  a r e a  f o r  which t h e  i n s t rumen t  is 

snow s e n s i t i v e  is  then  p r o p o r t i o n a l  t o  t h e  beam l e n g t h  S .  The beam wid th  of 

t h e  l i g h t  s o u r c e  used i n  t h i s  experiment was approximately  two i n c h e s .  The 

s e n s i t i v e  c r o s s - s e c t i o n a l  a r e a  f o r  an a lpha  of t e n  deg ree s  is then  approximately  

30 squa re  i nches .  

The c r i t i c a l  s e c t i o n  a t  which m u l t i v i b r a t o r  A was t r i g g e r e d  by w a t e r  drop- 

l e t s  was found t o  occur  w i t h i n  t h e  snow s e n s i t i v e  a r e a  f o r  every a n g l e  t e s t e d ,  

The l e n g t h  of t h i s  s e c t i o n  was n o t  recorded  due t o  d i f f i c u l t i e s  i n  producing 

t h e s e  erroneous o u t p u t s .  Th i s  l e n g t h  was never  observed t o  be  g r e a t e r  than  

one inch  i n  any case  excep t  when t h e  i n t e r s e c t i o n  ang l e ,  a l p h a ,  was s e t  equa l  

t o  t e n  degrees .  I n  t h i s  c a s e ,  d e t e c t i o n  e r r o r s  were observed f o r  approximately  

two i nches  of t h e  beam l eng th .  I n  a  f u n c t i o n a l  sys tem,  t h i s  s e c t i o n  would have 

t o  be  s h i e l d e d  from p r e c i p i t a t i o n  p a r t i c l e s  t o  a s s u r e  r e l i a b i l i t y  of  r e s u l t s .  

Z a t u r e  of Recorded Outputs  

I n  o r d e r  t o  demons t ra te  t h e  manner i n  which r a i n  is  d i s t i n g u i s h a b l e  from 

snow on a  g r a p h i c a l  r e co rd ing ,  a model 135A, X-Y r e c o r d e r  made by t h e  Moseley 



Coinpa'ny was connec ted  t o  t h e  OR c i r c u i t  o u t p u t .  The o p e r a t i o n a l  c o n f i g u r a t i o n  

a r r a n g e d  f o r  a n  a l p h a  of  t e n  d e g r e e s ,  s i n c e  a  g r e a t e r  snow s e n s i t i v e  beam 

l e n g t h  i s  o b t a i n e d  f o r  l e s s e r  v a l u e s  of a l p h a .  The d i s t a n c e  from t h e  l i g h t  

s o u r c e  t o  t h e  l e n s  open ing  of t h e  pho tod iode  B h o u s i n g  was s e t  a t  1 5  i n c h e s .  

A 30 v o l t  s u p p l y  was used t o  s u p p l y  pho tod iode  B. The b i a s  c u r r e n t  was 0.6 

m i l l i a m p e r e .  The s i m u l a t e d  p r e c i p i t a t i o n  p a r t i c l e s  were  passed  th rough  t h e  

beam and c h a r a c t e r i s t i c  d e t e c t i o n  o u t p u t s  were obse rved  on t h e  r e c o r d e r .  Care  

was e x e r c i s e d  t o  a s s u r e  t h a t  no w a t e r  d r o p l e t s  were  produced i n  t h e  a r e a  from 

n i n e  t o  e l e v e n  i n c h e s  from t h e  l i g h t  s o u r c e  t o  a s s u r e  t h a t  e r r o r s  were  n o t  

made due t o  t h e  w a t e r  d r o p l e t  s e n s i t i v i t y  of ~ n u l t i v i b r a r o r  A i n  t h i s  s e c t i o n .  

Three  of t h e s e  r e c o r d i n g s  a r e  i l l u s t r a t e d  i n  F i g u r e  5.  The d i f f e r e n t  

r e c o r d i n g s  of t h e  f i g u r e  a r e  ( a )  c h a r a c t e r i s t i c  snow d e t e c t i o n  o u t p u t  f o r  a  

12  v o l t ,  pho tod iode  A s u p p l y ,  ( b )  c h a r a c t e r i s t i c  snow d e t e c t i o n  o u t p u t  f o r  a  

30 v o l t ,  pho tod iode  A s u p p l y ,  and ( c )  r a i n  d e t e c t i o n  c h a r a c t e r i s t i c  o u t p u t .  

For t h e  r e c o r d i n g s  t h e  f u n c t i o n a l  s e n s i t i v i t y  o f  t h e  r e c o r d e r  was s e t  a t  one 

v o l t  p e r  i n c h  of d e f l e c t i o n .  A t ime  sweep of  f i v e  seconds  p e r  i n c h  was used.  

The r e c o r d e r  responded t o  w a t e r  d r o p l e t  d e t e c t i o n s  w i t h  r e c o r d e d  p u l s e s  of 

about  0 .35  i n c h .  The snow d e t e c t i o n  r e s p o n s e  was a  r e c o r d e d  p u l s e  v a r y i n g  

i n  h e i g h t  from 0 .70  i n c h  t o  0 .85  i n c h .  The d i f f e r e n c e s  i n  t h e s e  p u l s e  h e i g h t s  

a r e  due t o  t h e  p r e s e n c e  o r  absence  of o u t p u t s  from m u l t i v i b r a t o r  B occur-  

r i n g  s l i g h t l y  b e f o r e  o r  a f t e r  an  o u t p u t  from m u l t i v i b r a t o r  A. With photo- 

d i o d e  B d i s a b l e d ,  i t  was found t h a t  t h e  snow d e t e c t i o n  o u t p u t  r e c o r d e d  p u l s e s  

were c o ~ ~ s i s t e n t l y  0 .70  i n c h e s  i n  h e i g h t .  The snow d e t e c t i o n  o u t p u t s  a r e  

e a s i l y  d i s t i n g u i s h a b l e  from t h e  r a i n  d e t e c t i o n  o u t p u t s ,  however. Due t o  t h e  

s h o r t  d u r a t i o n  of  t h e  o u t p u t  p u l s e s ,  t h e  r e c o r d e r  d i d  n o t  r e spond  e n t i r e l y  

t o  a  h e i g h t  r e p r e s e n t a t i v e  o f  t h e  o u t p u t  p u l s e  magni tudes .  

Random e r r o r s  were  d e t e c t e d  f o r  t h e  snow r e c o r d i n g s .  Snow d e t e c t i o n  was 

d i s t i n g u i s h a b l e  from t h a t  of r a i n ,  however, by t h e  i n t e r m i x e d  appearance  o f  

snow and r a i n  c h a r a c t e r i s t i c  o u t p u t s .  I t  was found t h a t  t h e  snow d e t e c t i n g  

c a p a b i l i t y  of t h e  i n s t r u m e n t  was dependent  upon t h e  o r i e n t a t i o n  of  t h e  

P a r t i c l e  a s  i t  f e l l  th rough  t h e  s e n s i t i v e  a r e a .  P a r t i c l e  o r i e n t a t i o n  was 

d i f f i c u l t  t o  r e g u l a t e  s i n c e  t h e  p a r t i c l e  was manual ly  m a n i p u l a t e d .  I n  g e n e r a l  

i t  u a s  obse rved  t h a t  b e s t  r e s u l t s  were  ach ieved  when t h e  p a r t i c l e  was p l a c e d  

L' iL1 l  t h e  b r o a d s i d e  v e r t i c a l  i n  such a  manner a s  t o  r e f l e c t  l i g h t  toward t h e  

/ d c ' t e c t o r .  Snow d e t e c t i o n s  cou ld  b e  made, however, w i t h  a  p a r t i c l e  h e l d  



h o r i z o n t a l l y  p r e s e n t i n g  a  r e f l e c t i n g  a r e a  of about  118 i n c h  by 3/32 i n c h  

r e c t a n g u l a r  d imensions  t o  t h e  beam. To d e t e c t  t h e s e  s m a l l e r  p a r t i c l e s ,  i t  

\;as n e c e s s a r y  t o  p a s s  them i n  p o r t i o n s  of t h e  beam w i t h i n  7.50 i n c h e s  of t h e  

l i g h t  s o u r c e ,  and a l s o  w i t h i n  t h e  d e t e c t i o n  s e n s i t i v e  a r e a .  

photodiode Supply Vol t a g e  E f f e c t  

For a  g iven  c o n s t a n t  i l l u m i n a t i o n  i n t e n s i t y ,  t h e  o u t p u t  c u r r e n t  o f  t h e  

IN2175 remains  n e a r l y  c o n s t a n t  f o r  a  wide range  of b i a s  v o l t a g e s .  It f u n c t i o n s  

e s s e n t i a l l y  a s  a  c u r r e n t  s o u r c e  i n  a  manner analogous t o  t h e  vacuum pentode.  

For t h i s  r e a s o n ,  t h e  photodiode s u p p l y  v o l t a g e  used  s h o u l d  n o t  g r e a t l y  a f f e c t  

t h e  i n s t r u m e n t  s e n s i t i v i t y  a s  l o n g  a s  a  good l i n e a r  q u i e s c e n t  p o i n t  i s  

main ta ined .  Photodiode A was found t o  respond w e l l  t o  s u p p l y  v o l t a g e s  vary-  

i n g  from 2  t o  30 v o l t s .  The snow d e t e c t i o n  r e c o r d i n g s  o f  F i g u r e  5  i l l u s t r a t e  

t h i s  e f f e c t .  When a  12 v o l t  supp ly  was used,  35 c o r r e c t  d e t e c t i o n s  and 29 

e r roneous  d e t e c t i o n s  were  produced. A 30 v o l t  s u p p l y  produced 42 c o r r e c t  

and 1 5  e r roneous  o u t p u t s .  Although l e s s  e r r o r s  were  produced u s i n g  t h e  30 v o l t  

s u p p l y ,  t h i s  improved performance cannot  b e  d i r e c t l y  t r a c e d  t o  t h e  i n c r e a s e d  

v o l t a g e .  E r r o r s  t e n d  t o  b e  produced i n  u n i n t e r r u p t e d  s u c c e s s i o n .  For t h i s  

r e a s o n  i t  appears  t h a t  t h e y  r e s u l t  from v a r i a t i o n s  i n  t h e  s i m u l a t e d  snow 

p a r t i c l e  o r i e n t a t i o n .  

Due t o  s a t u r a t i o n  e f f e c t s ,  t h e  sys tem was found unab le  t o  d e t e c t  w a t e r  

d r o p l e t s  when t h e  photodiode B supp ly  p o t e n t i a l  was lowered  below 1 8  v o l t s .  

The tendency o f  t h e  d i o d e  t o  s a t u r a t e  a s  t h e  s u p p l y  v o l t a g e  is  lowered is  i l l y -  

s t r a t e d  i n  T a b l e  4.  I n  t h i s  c a s e  i t  a p p e a r s  t h a t  t h e  l i g h t  s o u r c e  was t o o  i n t e n s e  

t o  produce good o p e r a t i o n  of t h e  photodiode a t  low s u p p l y  v o l t a g e s .  

SATURATION EFFECT OF LOWERING PHOTODIODE SUPPLY VOLTAGE 

Supply Vol tage  Pho tocur ren  t B i a s  Vol tage  
( m i l l i a m p e r e s )  
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CONCLUSIONS AND RECOMMENDATIONS 

The luminous  r e f l e c t i v i t y  o f  snow, a s  compared t o  t h a t  o f  r a i n ,  was 

found t o  b e  a  s u i t a b l e  p r o p e r t y  by which a  s y s t e m  may b e  deve loped  which i s  

s e n s i t i v e  o n l y  t o  t h e  p r e s e n c e  of f a l l i n g  snow and n o t  t o  r a i n .  I f  b o t h  s o l i d  

and l i q u i d  p h a s e s  a r e  t o  b e  d e t e c t e d  and i d e n t i f i e d ,  t h e  r e f l e c t i v e  p r o p e r t i e s  

of snow may b e  used  i n  c o n j u n c t i o n  w i t h  t h e  l i g h t  a t t e n u a n t  p r o p e r t i e s  of  b o t h  

phases t o  s u c c e s s f u l l y  accompl i sh  t h i s  f u n c t i o n .  

Subsequent  t o  t h i s  r e s e a r c h  t h e r e  was b u i l t  a p r o t o t y p e  i n s t r u m e n t  t h a t  

u t i l i z e s  a  m o d i f i e d  B e l f o r t  r e c o r d i n g  p r e c i p i t a t i o n  gage  f o r  snow and r a i n  

d i s c r i m i n a t i o n  f o r  snow and r z i n .  Two r e p o r t s  by B e l l ,  1967,  g i v e s  d e t a i l s  

t o  t h i s  work. 
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