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S p r i n g  E v a p o t r a n s p i r a t i o n  from Low 
Sagebrush  Range i n  S o u t h e r n  Idaho  

I .  INTRODUCTION 

Approx ima te ly  75-85  p e r c e n t  o f  t h e  8-20" of a v e r a g e  

annua l  p r e c i p i t a t i o n  on s o u t h e r n  Idaho  r a n g e l a n d s  i s  d e l i -  

v e r e d  i n  t h e  form of  w i n t e r  snow and  s p r i n g  r a i n .  Dur ing  

s p r i n g  and  summer months t h e  a n n u a l  c h a r g e  o f  s o i l  m o i s t u r e  

n e c e s s a r y  f o r  f o r a g e  p r o d u c t i o n  i s  d e p l e t e d  by t h e  p r o c e s s  

of e v a p o t r a n s p i r a t i o n ,  E . T .  T h i s  r e p o r t  summarizes  E . T .  

e s t i m a t e s  made on t h e  Reynolds  C r e e k , E x p e r i m e n t a l  Watershed ,  

Reyno lds ,  I d a h o ,  d u r i n g  May and J u n e  1969 .l These  e s t i m a t e s  

were  b a s e d  upon measurements  o f  m e t e o r o l o g i c a l  p a r a m e t e r s  

and e v a l u a t i o n  o f  t h e  e n e r g y  b a l a n c e .  

O b j e c t i v e s  

O b j e c t i v e s  o f  t h e  s t u d y  were t w o f o l d :  

1. To measure  t h e  magni tude  o f  a n d  v a r i a t i o n  i n  evapo-  
r a t i v e  f l u x  r a t e s  f o r  low s a g e b r u s h  r a n g e .  

2 .  To i d e n t i f y  t h o s e  p a r a m e t e r s  o f  t h e  m i c r o c l i m a t e  
which were s i g n i f i c a n t  i n  c a u s i n g  d a i l y  and. h o u r l y  
v a r i a t i o n  i n  f l u x  r a t e s .  

S i t e  D e s c r i p t i o n  --- - 

The Sheep Creek s i t e  i s  s i t u a t e d  a t  an e l e v a t i o n  o f  

5 ,400 f e e t  on an open r i d g e .  P l a n t  s p e c i e s  p r e s e n t  a r e  low 

 he a u t h o r  g r e a t f u l l y  acknowledges c o o p e r a t i o n  and 
s u p p o r t  o f  r a n c h e r s  i n  t h e  Reynolds  a r e a  who p r o v i d e d  a c c e s s  
t o  t h e i r  l a n d s  and t o  t h e  p e r s o n n e l  of  t h e  Nor thwes t  Branch ,  
S o i l  and Water C o n s e r v a t i o n  R e s e a r c h  D i v i s i o n ,  who r e n d e r e d  
i n v a l u a b l e  a s s i s t a n c e  i n  t h e  c o l l e c t i o n  and p r o c e s s i n g  o f  
d a t a .  



s a g e b r u s h ,  Ar temi .s ia  a r b u s c u l a  (38 p e r c e n t  crown cover )  

and Sandberg b l u e g r a s s ,  Poa secunda (2 p e r c e n t ) .  Average 

h e i g h t  o f  t h e  v e g e t a t i o n  was 17 .0  cm. The s o i l  i s  a  S e r a l a  

s t o n y ,  g r a v e l l y  loam w i t h  a p p r e c i a b l e  s u r f a c e  g r a v e l .  The 

s i t e  i s  t y p i c a l  of a l a r g e  p o r t i o n  o f  t h e  Reynolds Creek 

d r a i n a g e .  

Weather 

Dur ing  t h e  s p r i n g  measurement p e r i o d s ,  f r o n t a l  weather  

moving i n t o  t h e  a r e a  r e s u l t e d  i n  p a r t l y  c loudy o r  o v e r c a s t  

c o n d i t i o n s  and subsequen t  r e d u c t i o n  i n  t h e  ave rage  d a i l y  

f l u x  o f  n e t  r a d i a t i o n .  A i r  t e m p e r a t u r e s  ranged from 16 t o  

30 d e g r e e s  c e n t i g r a d e .  Vapor p r e s s u r e  ranged from 9 t o  1 2  

mb w h i l e  t o t a l  a tmospher i c  p r e s s u r e  ranged from 24.5 t o  

24.8 mb. Wind v e l o c i t y  a t 3 . 3 m r a n g e d  from 0 . 8  t o 5 . 0  m/sec.  

S o i l  M o i s t u r e  

S o i l  m o i s t u r e  p r o f i l e s  were measured t w i c e  d u r i n g  t h e  

o b s e r v a t i o n  p e r i o d .  Both g r a v i m e t r i c  s u r f a c e  measurements 

(upper  1" of  s o i l )  and n e u t r o n - p r o b e ,  s u b s u r f a c e  measurements 

( a t  1, 2 ,  3 ,  4 ,  5 ,  and 6 f o o t  i n t e r v a l s )  were made. The s u r -  

f a c e  m o i s t u r e  ranged from 7 t o  1 5  p e r c e n t  (d ry  we igh t )  and 

was q u i t e  v a r i a b l e  a s  a  r e s u l t  o f  shower a c t i v i t y  a s s o c i a t e d  

w i t h  t h e  f r o n t a l  wea the r .  With s o i l  m o i s t u r e  r a n g i n g  from 

17-40 p e r c e n t  by volume, s u b s u r f a c e  measurements i n d i c a t e d  

a  l o s s  f r c n  t h e  upper  3 f e e t  arid a  g a i n  i n  m o i s t u r e  i n  t h e  

lower 3  f e e t  a s  shown i n  Ta.ble 1. These measurements were 

combined w i t h  p r e c i p i t a t i o n  measurements (0.34") and an 



e s t i m a t e d  s o i l  m o i s t u r e  l o s s  f r o m  t h e  u p p e r  6" o f  s o i l  o f  
0# 

- 0 . 4 2 .  Assuming no  s u r f a c e  f l o w ,  t h i s  s u g g e s t s  f o r  t h e  p e r -  

i o d  May 29 t o  J u n e  9  a  t o t a l  s t o r a g e  c h a n g e  o f  0.80". T h i s  

i s  i n t e r p r e t e d  a s  a n  a v e r a g e  E.T. r a t e  o f  0 .066"  p e r  d a y .  

T a b l e  1. S o i l  m o i s t u r e  m e a s u r e m e n t s  i n  i n c h e s  d e t e r m i n e d  
w i t h  n e u t r o n  p r o b e  S h e e p  C r e e k  S t u d y  s i t e .  

P r o f i l e  D e p t h  ( f t . )  
D a t e  0 . 5 - 1 . 5  1 . 5 - 2 . 5  2 . 5 - 3 . 5  3 . 5 - 4 . 5  4 . 5 - 5 . 5  5 . 5 - 6 . 5  

S t o r a g e  - . 8 3  0  - . 0 2  - .ll + .  21  + . 0 3  



11. METHODS 

Energy Balance - Bowen R a t i o  Technique 

E v a p o t r a n s p i r a t i o n  was e s t i m a t e d  by a n a l y s i s  o f  t h e  

energy b a l a n c e  o f  t h e  s t u d y  s i t e .  The Bowen r a t i o  was used  

t o  s e p a r a t e  energy n o t  p a r t i t i o n e d  i n t o  n e t  r a d i a t i o n  o r  s o i l  

h e a t  f l u x ,  i n t o  e i t h e r  s e n s i b l e  o r  l a t e n t  h e a t .  D e t a i l s  of  

t h e s e  methods a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  (1)  a s  a r e  

c r i t i c a l  r ev iews  o f  t h e  methodology ( 2 ,  3 ) .  

B r i e f l - y ,  t h e  method i s  d e r i v e d  from c o n s i d e r a t i o n  of 

t h e  h e a t  energy budget  g iven  by:  

R n + G + H + L E = O  (1)  

where 

Rn = n e t  r a d i a t i o n  i n c i d e n t  on t h e  s u r f a c e  

G = s o i l  h e a t  f l u x  

H = s e n s i b l e  h e a t  f l u x  

LE = l a t e n t  h e a t  f l u x  

The q u a n t i t i e s  R and G a r e  measured d i r e c t l y  w i t h  
n  

i n s t r u m e n t s .  S i n c e  - (Rn + G)= H + L E ,  t h e  magnitude of H 

+ LE i s  known. The problem i s  t o  s e p a r a t e  H from L E .  

T h i s  i s  done a f t e r  t h e  method o f  Bowen(4) by r e c o g -  

n i t i o n  o f  t h e  f a c t  t h a t  t h e  Eowen r a t i o n ,  H / L E ,  can be ex -  

p r e s s e d  a s :  

where 

C i s  t h e  s p e c i f i c  h e a t  of a i r  a t  c o n s t a n t  p r e s s u r e  
P  



( 0 . 2 4 ) ,  e i s  t h e  d e n s i t y  o f  a i r ,  e i s  p o t e n t i a l  t e m p e r a t u r e ,  

Q i s  s p e c i f i c  h u m i d i t y ,  K and K a r e  c o e f f i c i e n t s  of  eddy 
H Q 

d i f f u s i v i t y  f o r  h e a t  and w a t e r  vapor  r e s p e c t i v e l y ,  L i s  t h e  

l a t e n t  h e a t  of  v a p o r i z a t i o n  and Z i s  h e i g h t  above t h e  s u r f a c e .  

Assuming KH e q u a l  t o  K p e r m i t s  s i m p l i f i c a t i o n  of  
Q 

e q u a t i o n  (2) t o :  

(The b a r  above and e d e n o t e s  ave raged  q u a n t i t i e s  .) Aver- 

a g i n g  i n  t h i s  s t u d y  was done o v e r  a  30 min.  pe r iod .  

S i n c e  Q can  b e  e x p r e s s e d  i n  te rms o f  v a p o r  p r e s s u r e ,  

e ,  and t o t a l  a t m o s p h e r i c  p r e s s u r e , P , b y :  

e q u a t i o n  t h r e e  can  be  e x p r e s s e d  i n  f i n i t e  te rms a s :  

T o t a l  a t m o s p h e r i c  p r e s s u r e  P  remained r e l a t i v e l y  
c o n s t a n t  a t  24.7 i n  hg o r  837 .1  mb. The l a t e n t  
h e a t  o f  v a p o r a t i o n  was t a k e n  t o  b e  a  c o n s t a n t  586 
c a l / c c  a t  20 C .  

With measurements of t h e  mean p o t e n t i a l  t e m p e r a t u r e  

g r a d i e n t  ~ B a n d  t h e  mean v a p o r  p r e s s u r e  g r a d i e n t  A Z, 

can  be  deduced from e q u a t i o n  5 .  Using  @ , e q u a t i o n  1 can  

be  s o l v e d  f o r  LE a s :  

I n  t h i s  s t u d y ,  E.T. r a t e s  were de te rmined  by e v a l u a t i o n  

o f  e q u a t i o n s  5  and 6  u s i n g  v a l u e s  ave raged  ove r  a  t h i r t y  



minute  p e r i o d .  

Measurements 

Measurements were made w i t h  an automated measur ing  and 

r e c o r d i n g  sys tem which logged m e t e o r o l o g i c a l  p a r a m e t e r s  and 

coded p a p e r  t a p e  s u i t a b l e  f o r  computer e n t r y .  A s c h e m a t i c  

diagram of  t h e  r e c o r d i n g  sys tem i s  g i v e n  i n  f i g u r e  1. A 

d e s c r i p t i o n  of i n s t r u m e n t s  used ,  e r r o r s  i n v o l v e d  and sampl ing  

p e r i o d s  i s  g iven  i n  Tab le  2 .  I n s t r u m e n t s  used  i n  t h i s  s t u d y  

a r e  commonly known w i t h  t h e  e x c e p t i o n  of t h e  Cambridge dew- 

p o i n t  hygrometer ,  t h e  shop b u i l t  sampl ing  system and i n t e g r a -  

t e d  c i r c u i t  c o u n t e r s .  The c o u n t e r s ,  u sed  w i t h  t h e  anemometer 

sys tem,  a r e  d i s c u s s e d  i n  t h e  Appendix. 

The hygrometer  i s  a  "primary s t a n d a r d "  i n s t r u m e n t  p r o -  

v i d i n g  c o n t i n u o u s  measurement of dewpoint  t e m p e r a t u r e .  An 

a i r  s t r e a m  p a s s i n g  th rough  t h e  s e n s o r  i s  coo led  by a  m i r r o r -  

l i k e  s u r f a c e  u n t i l  m o i s t u r e  forms on t h e  s u r f a c e .  

A s e r v o  sys tem c o n t r o l s  t h e  t e m p e r a t u r e  of t h e  m i r r o r  

and m a i n t a i n s  i t  " j u s t  a t "  t h e  dewpoint  t e m p e r a t u r e .  A 

p l a t i n u m  r e s i s t a n c e  thermometer imbedded i n  t h e  m i r r o r  s u r -  

f a c e ,  r e g i s t e r s  t h e  dewpoint  t e m p e r a t u r e .  E r r o r  i n  t h e  dew- 
+ 

p o i n t  d e t e r m i n a t i o n ,  approx imate ly  - 0 . 2  C between s u c c e s s i v e  

+ r e a d i n g s  o r  - 0 . 4  C a b s o l u t e  a r e  d e s c r i b e d  i n  d e t a i l  i n  Note 

992N2 a v a i l a b l e  from t h e  m a n u f a c t u r e r . '  I n  t h e  r ange  o f  

vapor  p r e s s u r e s  encoun te red  i n  t h i s  s t u d y ,  t h i s  p e r m i t t e d  

' ~ a n u f a c t u r e r  i s  Cambridge Systems,  I n c . ,  50 Hunt S t r e e t ,  
Newton, M a s s a c h u s e t t s .  



DATEX DSR-1 ANALOG TO DIGITAL 
CONVERTER 

PASSIVE ANALOG 
SIGNAL 
CONDITIONING 
NETWORKS 

TELETYPE ASR-33 TELETYPEWRITER PUNCHED AND/OR 
PRINTED DATA 

SHOP BUILT DEWPOINT DEWPOINT 
I. C.  DIGITAL HYGROMETER SAMPLE 
COUNTERS SYSTEM AND 

CONTROL 
RELAYS 

I 

FIGURE 1: DIGITAL MEASURING AND RECORDING SYSTEM 

LEEDS & NORTHRUP 
AZAR RECORDER 

WITH SHAFT 
ENCODER 

AND SEQUENCER SHOP BUILT 
DIGITAL CLOCK 

SHOP BUILT AUXILIARY PROGRAMMER 

I 



T a b l e  2 :  I n s t r u m e n t a t i o n  6 Sampl ing  

No. F requency  of 
o f  ~ e a s i r i n ~ .  Each 

Measurement  6 U n i t s  Measurement E r r o r  I n s t .  I n s t / 3  min .  Type o f  I n s t r u m e n t  

Wind Velocity 
(cm/sec) 

Air temperature 
OC 

Incoming Solar 
Radiation 

Ly/min 

Reflected Solar 
Radiation 

Ly/m in 

Net Radiation 
~ y / m  i n 

Soil Heat Flux 
~ y / m  in 

Vapor Pressure 
mb. 

Wind Direction 
Degrees 

T h o r n t h w a i t e  
1 cup  anemometers 

Shielded, aspirated 
1 3-junction copper-constantan 

thermopile with 1 5Ooc reference 
junction 

Kipp & Zonen Solarimeter 
1 

Kipp & Zonen Solarimeter 

C .S . I .R .O.  "FUNK" n e t  r a d i o -  
1 m e t e r  6 F r i t s c h e n ,  m i n i a t u r e  

n e t  r a d i o m e t e r  

C.S.I.R.O. Soil heat  flux 
1 plates  

Cambridge systems model 992-  
1 C1 Dewpoint hygrometer com- 

bined with shop built air sample 
system. Sample system permits 
dewpoint determination a t  each 
of two leve ls  every s i x  minutes. 03 

1 Shop made, Voltage divider 



+ 
measurement w i t h i n  -0.2mb. - 

The shop b u i l t  sampl ing  sys tem i s  shown s c h e m a t i c a l l y  

i n  F i g u r e  2 .  

A and B a r e  s t e e l  c y l i n d e r s  w i t h  a  volume of  a p p r o x i -  

ma te ly  4  l i t e r s .  The c y l i n d e r s  were e x h a u s t e d  by t h e  M i l l i -  

p o r e  vacuum pump a t  such  a  r a t e  t h a t  a i r  w i t h i n  t h e  t a n k s  

was exchanged e v e r y  2.5 m i n u t e s .  The a i r  f low r a t e  was ad-  

j u s t e d  by u s e  of  a  Dwyer c o n t r o l  v a l v e .  A i r  sample i n t a k e  

h o s e s ) l  and 2,were made of  1/4" Impolene t u b i n g  and were 150 

f e e t  i n  l e n g t h .  Fans,  5  and 6,mounted i n s i d e  t h e  c y l i n d e r s  

c o n s t a n t l y  mixed a i r  w i t h i n .  When e i t h e r  n o r m a l l y - c l o s e d  

s o l e n o i d  v a l v e  3 o r  4  was a c t u a t e d , t h e  "running-average" 

sample f lowed th rough  t h e  i n t a k e  man i fo ld  t o  t h e  hygrometer  

a s  t h e  r e s u l t  o f  a  n e g a t i v e  p r e s s u r e  developed by a  second 

( n o t  shown) vacuum pump i n t e r n a l  t o  t h e  hygrometer .  

I n  t h e  f i e l d ,  t h e  o r i f i c e s  of  i n t a k e  h o s e s ] l  and 2 ,  

were p l a c e d  a t  d e s i r e d  l e v e l s  on t h e  v e r t i c a l  i n s t r u m e n t  

tower .  (Th i s  was immedia te ly  a d j a c e n t  t o  t e m p e r a t u r e  s e n s o r s  

approx ima te ly  40 cm a p a r t . )  The M i l l i p o r e  vacuum pump r a n  

c o n t i n u o u s l y  s o  t h a t  b o t h  sample t a n k s  c o u l d  p r o v i d e  c o n t i n -  

uous i n t e g r a t e d  a i r  samples  t o  t h e  hygrometer .  Va lves ,3  and 

4,were a c t u a t e d  a l t e r n a t e l y  by t h e  i n p u t  s c a n n e r  on t h e  r e c o r  

d i n g  sys t em.  On a  g iven  3 minu te  r e c o r d i n g  c y c l e  o n l y  one 

measurement of  dewpoint  t e m p e r a t u r e  was made. On t h e  s u c -  

c e e d i n g  c y c l e  a  second measurement was made from t h e  o t h e r  

c y l i n d e r .  Over a  t h i r t y  minu te  p e r i o d ,  10 dewpoint  measure-  

ments were made, 5  from each  c y l i n d e r  ( o r  tower  l e v e l ) .  The 



average of this set of 5 measurements determined the mean 

vapor pressure for a given level. Differences in the mean 

values provided the vapor pressure gradient upon which 

evaporative flux calculations are based. 





111. DISCUSSION 6 CONCLUSIONS 

I n f l u e n c e  o f  Ene rgy  Budge t  Components on  H o u r l y  
R a t e s  o f  E v a ~ o t r a n s ~ i r a t i o n  

H o u r l y  v a r i a t i o n s  i n  e n e r g y  b a l a n c e  components  a r e  

shown i n  f i g u r e s  3 - 8 .  F i g u r e  6 f o r  J u n e  4 t h  shows t h e  e n e r g y  

b a l a n c e  on a  c l o u d l e s s  d a y .  C e n t e r s  o f  symmetry  f o r  n e t  

r a d i a t i o n  and  s o i l  h e a t  f l u x  c u r v e s  o c c u r  a t  1346  h o u r s ,  t r u e  

s o l a r  noon a t  117' W .  On t h e  o t h e r  f i v e  d a y s  t h e  d i u r n a l  

t r e n d  i s  h i d d e n  d u e  t o  t h e  i n f l u e n c e  o f  c l o u d  c o v e r .  

D e t a i l s  o f  t h e  c l e a r  s k y  r a d i a t i o n  b a l a n c e  a r e  shown 

i n  T a b l e  3 .  S u r f a c e  a l b e d o  was m e a s u r e d  by  u s e  o f  a  s t a r  

p y r a n o m e t e r  and  found  t o  b e  r e l a t i v e l y  c o n s t a n t  13.0 '1  p e r -  

c e n t  u n d e r  c l e a r  s k y  c o n d i t i o n s  ( 5 ) .  Net  r a d i a t i o n ,  R was n' 

a  l i n e a r  f u n c t i o n  ( r = 0 . 9 9 )  o f  i n c o m i n g  s o l a r  r a d i a t i o n ,  SWI, 

and  c a n  b e  e x p r e s s e d  a s :  

R ~ 0 . 1 1 3  - 0 .749  SWI ( 7 )  
n  

whe re  R and  SWI a r e  g i v e n  i n  LY/min. 
n  

On c l o u d y  d a y s  a  s i m i l a r  r e l a t i o n s h i p  e x i s t s  b u t  t h e r e  i s  

more  s c a t t e r  f ound  i n  t h e  d a t a  ( r #  0 . 9 9 )  d u e  t o  s a m p l i n g  

p r o b l e m s  i n h e r e n t  i n  i n t e r m i t t e n t  c l o u d  c o v e r .  R c a n  b e  
n  

e s t i m a t e d  w i t h  r e a s o n a b l e  a c c u r a c y  ( k 0 . 0 3  Lys)  u s i n g  e q u a t i o n  

7 .  T h i s  i s  a n  a d v a n t a g e  s i n c e  m e a s u r e m e n t s  o f  SWI a r e  more  

e a s i l y  o b t a i n e d .  

The c l o s e  c o r r e l a t i o n  b e t w e e n  t h e  m a g n i t u d e  o f  t h e  

s o i l  h e a t  f l u x ,  G ,  a nd  R i s  shown i n  T a b l e  3 .  S i n c e  
n  ' 

( R  + G )  i s  t h e  b a s i c  s o u r c e  o f  e n e r g y  u s e d  i n  e v a p o t r a n s p i r a -  
n  

t i o n  t h e  i n t e r a c t i o n  o f  t h e s e  t e r m s  i s  o f  p a r t i c u l a r  i n t e r e s t .  
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FIGURE 3 :  Energy  B a l a n c e  a t  Sheep  C r e e k ,  May 23, 1969  



FIGURE 4 :  E n e r g y  B a l a n c e  a t  S h e e p  C r e e k ,  May 2 7 ,  1 9 6 9  
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FIGURE 5 :  Energy  B a l a n c e  a t  Sheep  C r e e k ,  May 28 ,  1969  



FIGURE 6: Energy Balance a t  Sheep Creek,  June  4 ,  1 9 6 9  
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FIGURE 7 :  E n e r g y  B a l a n c e  a t  S h e e p  C r e e k ,  J u n e  9 ,  1969  



F I G U R E  8 .  E n e r g y  B a l a n c e  a t  S h e e p  C r e e k ,  J u n e  1 0 ,  1 9 6 9  
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Time (MDT) R~ SWI SWR SWN LWN 

RN = Net all-wave radiation = SWN + LWN 

SWI = Incoming (direct + diffuse) solar radiation 

SWR = Reflected solar radiation = 0.BSWI 

LWN = RN - SWN 

G = Soil heat flux 

T a b l e  3 : .  R a d i a t i o n  B a l a n c e  f o r  Sheep  Creek  S t u d y  S i t e ,  
J u n e  4 ,  1969 (Ly/min.)  



Because of  s p a t i a l  v a r i a b i l i t y  of  s o i l  m o i s t u r e ,  s o i l  s t r u c -  

t u r e  and v e g e t a t i v e  c o v e r ,  t h e  t h r e e  s o i l  h e a t  f l u x  s e n s o r s  

used  p r o v i d e d  l e s s  accuracy  of  measurement (on  a  p e r c e n t a g e  

b a s i s )  t h a n  d i d  t h e  s i n g l e  measurement of R . S o i l  h e a t  n  

f l u x  was normal ly  l e s s  t h a n  15  p e r c e n t  o f  Rn e x c e p t  when 

R d e c r e a s e d  t o  l e s s  t h a n  0 . 1  Ly/min. I n  t h e  l a t t e r  c a s e ,  n  

measurements o f  G induced  c o n s i d e r a b l e  e r r o r  i n  -(Rn+G) o f  

e q u a t i o n  6 .  A t  t h e s e  t i m e s ,  e s t i m a t e s  o f  E . T .  became u n r e -  

a l i s t i c  and had e i t h e r  t o  be d e l e t e d  o r  o b t a i n e d  by i n t e r p o -  

l a t i o n .  F o r t u n a t e l y  s m a l l  r a d i a t i o n  f l u x e s  o c c u r r e d  p r i m a r -  

i l y  a t  s u n r i s e  o r  s u n s e t  when E . T .  r a t e s  were s m a l l .  Conse- 

q u e n t l y ,  such  e r r o r s  were minor .  A second t y p e  o f  e r r o r  i s  

induced i n  e s t i m a t e s  of E . T .  when of  e q u a t i o n  (6)  approaches  4 
- 1 .  I n  t h i s  c a s e  0 + 1 - 3 0  and E . T . 3 o p r .  A s  s u g g e s t e d  by t h e  

@ i n  F i g u r e  9 ,  such  e r r o r s  were i n f r e q u e n t  i n  t h i s  s t u d y .  

When t h e y  d i d  o c c u r ,  i n t e r p o l a t i o n  was used  t o  o b t a i n  more 

r e a l i s t i c  E . T .  e s t i m a t e s .  

S e n s i b l e  and l a t e n t  h e a t  f l u x  c u r v e s  e x h i b i t  l i t t l e  

symmetry b u t  maximum f l u x  r a t e s  appea r  a f t e r  s o l a r  noon sug-  

g e s t i n g  a  t ime  l a g  of  approx ima te ly  one h o u r ,  t h i s  i s  most 

a p p a r e n t  i n  F i g u r e  6 .  An i n c r e a s e  i n  t h e  l a t e n t  h e a t  f l u x  

a t  1900 on J u n e  4 t h  was due t o  a  s h i f t  i n  wind d i r e c t i o n  

which r e s u l t e d  i n  a  change from l a p s e  t o  i n v e r s i o n  c o n d i t i o n s .  

T h i s  same phenomenon can  be  obse rved  from 1430 t o  1830 on 

J u n e  1 0 t h  i n  F i g u r e  8 .  When such  s t a b l e  t e m p e r a t u r e  g r a d i e n t s  

o c c u r r e d ,  marked i n c r e a s e  i n  t h e  E . T .  r a t e s  were i n d i c a t e d  

a s  r e q u i r e d  by Equa t ion  6. Such c o n d i t i o n s ,  however,  were 

i n f r e q u e n t  d u r i n g  d a y l i g h t  hours  and a d v e c t i v e  energy  had 



l i t t l e  i n f l u e n c e  on t o t a l  e v a p o t r a n s p i r a t i o n .  

The most s i g n i f i c a n t  f a c t o r  d e t e r m i n i n g  v a r i a t i o n  

i n  t h e  h o u r l y  r a t e s  of  E . T .  was t h e  i n t e r a c t i o n  of  temper-  

a t u r e  and vapor  p r e s s u r e  g r a d i e n t s .  V a r i a t i o n  i n  t h e s e  g r a -  

d i e n t s  about  t h e i r  r e s p e c t i v e  d a i l y  means a r e  summarized i n  

Tab le  4 .  D a i l y  mean v a l u e s  of t h e  t e m p e r a t u r e  g r a d i e n t  were 

1 . 5  t o  4 t imes  l a r g e r  t h a n  t h e  vapor  p r e s s u r e  g r a d i e n t  accoun- 

t i n g  f o r  t h e  magnitude of  t h e  Bowen r a t i o s  p r e s e n t e d  l a t e r  

i n  Tab le  6 .  S t a n d a r d  e r r o r s  f o r  t h e  mean d a i l y  t e m p e r a t u r e  

g r a d i e n t s  were l a r g e r  t h a n  s t a n d a r d  e r r o r s  f o r  t h e  mean 

vapor  p r e s s u r e  g r a d i e n t s  on f o u r  of t h e  s i x  days  t e s t e d  and 

approx imate ly  e q u a l  t o  s t a n d a r d  e r r o s  of t h e  mean vapor  

p r e s s u r e  g r a d i e n t  on t h e  o t h e r  two d a y s .  

Temperature g r a d i e n t s  were t h e  more dynamic f a c t o r  

i n  t h e  Bowen r a t i o n  and account  f o r  most o f  t h e  v a r i a b i l i t y  

i n  h o u r l y  v a l u e s  of  t h e  r a t i o  p l o t t e d  i n  F i g u r e  9 .  T h i s  

tempora l  v a r i a b i l i t y  i s  due t o  t h e  r e l a t i v e l y  s m a l l  v o l u m e t r i c  

h e a t  c a p a c i t y  of  a i r  and t h e  r a p i d  c o o l i n g  and h e a t i n g  of t h e  

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

f l u x  and wind speed .  C o r r e l a t i o n  c o e f f i c i e n t s  were o b t a i n e d  

between h o u r l y  t e m p e r a t u r e  g r a d i e n t s  and mean wind speed a t  

250 cm. These c o e f f i c i e n t s ,  p r e s e n t e d  i n  Tab le  5  i n  descen-  

d i n g  ~ r d e r ~ r a n g e  from -0 .86  t o  -0 .09  on June  1 0 t h  and 4 t h  

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

d e c l i n e s  a s  d a i l y  n e t  r a d i a t i o n  i n c r e a s e s .  

T h i s  s u g g e s t s  wind speed has  t h e  g r e a t e r  i n f l u e n c e  i n  

d e t e r m i n i n g  t e m p e r a t u r e  g r a d i e n t s  under  o v e r c a s t  c o n d i t i o n s .  
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FIGURE 9: Diurnal variability of the Bowen Ratio 



Tab le  4 :  S t a n d a r d  E r r o r s  and C o e f f i c i e n t s  o f  V a r i a t i o n  
f o r  Average Da i ly  Vapor P r e s s u r e  and Temperature 
G r a d i e n t s  Measured a t  Sheep Creek 

Standard 
Error 

. 54  

. 0 5  

. 0 7  

. 08  

. 5 5  

. 0 6  

Coeff. of 
'Variation 

-.99 

- . 29  

- .29  

- .31  

-3 .31  

Day 

5/2 3/69 
0830-1800 

5/2 7/69 
1000-1700 

5/28/69 
1000-1700 

6/04/69 
0830-1730 

6/09/69 
0800-1730 

6/l b/6 9  
1030-1830 

~ Z ( r n b :  

-. 55 

- .18 

-. 25 

- . 26  

-. 16 

-.22 

4 ?(%) 

- 1 - 2 8  

- .79  

-1.42 

- 1 . 0 3  

- . 84  

- . 29  1 - .47  

Standard 
Error 

. 4 5  

.34  

- 2 2  

. 5 3  

.52 

. 9 5  -2 .01  

. Coeff. of 
Variation 

-. 35 

-. 43 

-. 15  

-. 51 

- . 62  

4 
(cm) 

b 

8 0  

40  



Mean 
T o t a l  Correlation Daily 
D a i l y  R Coefficient Wind Speed 

Day Time n (rA T: V) (cm/sec) 

T a b l e  5 :  Dependency o f  T e m p e r a t u r e  G r a d i e n t ,  A T ,on  Wind 
Speed ,  V,and T o t a l  D a i l y  Ne t  R a d i a t i o n  



Under c l e a r  s k i e s ,  when t h e  r a d i a n t  h e a t  f l u x  i s  g r e a t e r ,  

s u r f a c e  e n e r g y  s u p p l y  i s  p r o b a b l y  t h e  more dominant  f a c t o r .  

These h o u r l y  v a r i a t i o n s  i n  t h e  Bowen r a t i o  a s  d i s c u s s e d  

a b o ~ e  a p p e a r  t o  be  t h e  dominant  f a c t o r  i n  i n d u c i n g  v a r i a t i o n  

h o u r l y  e s t i m a t e s  o f  E . T .  a s  c a l c u l a t e d  from e q u a t i o n  6 .  



D a i l y  Evapotranspiration,Losses 

The e n e r g y  b a l a n c e  d u r i n g  d a y l i g h t  h o u r s  i s  summarized 

i n  T a b l e  6  f o r  t h e  Sheep  Creek  a r e a .  I t  s h o u l d  b e  n o t e d  i n  

T a b l e  6  t h a t  t h e  e n e r g y  b a l a n c e  d a t a  i s  summarized f o r  d i f -  

f e r e n t  p e r i o d s  e a c h  day  (due  t o  i n s t r u m e n t a l  d i f f i c u l t i e s )  

and i s  n o t  c o m p a r a b l e  on a n  a b s o l u t e  b a s i s .  The d i f f e r e n c e s  

i n  n e t  r a d i a t i o n ,  f o r  examp le ,  a r e  a  f u n c t i o n  o f  b o t h  c l o u d  

c o v e r  and t h e  t i m e  o f  t h e  d a i l y  measurement  p e r i o d .  The 

same s t a t e m e n t  a p p l i e s  t o  t o t a l  E.T. l i s t e d  i n  column 5 .  

N o t e ,  howeve r ,  t h a t  t h e  a b s o l u t e  E.T.  l o s s e s  f o r  May 28 ,  

J u n e  4 ,  and  9, - 0 . 0 7 ,  -0 .08 ,  and -0 .06  r e s p e c t i v e l y  compare  

w e l l  w i t h  t h e  a v e r a g e  d a i l y  e v a p o r a t i v e  l o s s ,  - 0 . 07" ,  c a l c u -  

l a t e d  on t h e  b a s i s  o f  s o i l  m o i s t u r e  d a t a  p r e s e n t e d  i n  T a b l e  

1. Whi le  no a b s o l u t e  s t a n d a r d  o f  c o m p a r i s o n  i s  a v a i l a b l e ,  

t h i s  a g r e e m e n t  s u g g e s t s  t h a t  E.T. e s t i m a t e s  o b t a i n e d  a r e  

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

o f  t h e  e n e r g y  b a l a n c e  components  be tween  d a y s  and t o  examine 

t r e n d s  d u r i n g  t h e  p e r i o d  o f  o b s e r v a t i o n ,  t h e  f l u x  components  

h a v e  b e e n  e x p r e s s e d  a s  a  p e r c e n t  o f  n e t  r a d i a t i o n  i n  column 

7 ,  8 ,  and  9  o f  T a b l e  6 .  Bowen r a t i o s  computed on t h e  b a s i s  

o f  d a i l y  t o t a l s  o f  H and LE a r e  a l s o  l i s t e d .  Note  t h a t  t h e  

s o i l  h e a t  f l u x ,  G ,  i s  r e l a t i v e l y  c o n s t a n t ,  1 1 - 1 5  p e r c e n t  on  

e a c h  o f  t h e  s i x  d a y s .  The b u l k  o f  t h e  r a d i a t i v e  f l u x ,  85-89 

p e r c e n t ,  i s  p a r t i t i o n e &  i n t o  H and  LE a s  shown i n  column 7 

and  8 .  

Changes i n  t h e  Bowen r a t i o  d u r i n g  t h e  p e r i o d  o f  o b s e r -  

v a t i o n ,  column 6 ,  show t h e  i n f l u e n c e  o f  p r e c i p i t a t i o n  and 



Soil Sens ib le  Evapcj- 
Net Heat Heat Latent trans 

~ a y / ~ i r n e  Radiation Flux Flux Energy pirat ion H/LE L E / R ~  H/Rn G / R ~  
(Rn) (GI (H) (LEI 
LY LY LY LY in.  (Q) % % % 

Column 1 2 3 4 5 6 7 8 9 

5/23/69 392.08 -59.02 -154.15 -179.02 -0.12 0.86 -46 -39 - 15 
0830-1800 

Table 6: Energy Balance and Evapotranspiration Data, 
Sheep Creek Site May-June, 1969 



subsequen t  changes i n  s o i l  m o i s t u r e  on e v a p o t r a n s p i r a t i o n .  

During t h e  p e r i o d  from May 23 t o  June  4 ,  t h e  Bowen r a t i o  

was i n c r e a s i n g  s u g g e s t i n g  a  d e c r e a s e  i n  t h e  e v a p o t r a n s p i r a -  

t i o n  f l u x  o r  a  g e n e r a l  d r y i n g  t r e n d  i n  t h e  s o i l  a s  i n d i c a t e d  

by t h e  s o i l  m o i s t u r e  p r o f i l e s .  During t h i s  p e r i o d  o n l y  

t r a c e s  o f  p r e c i p i t a t i o n  were r e c o r d e d .  During t h e  p e r i o d  

from June  5 t o  June  1 0 ,  0.81" of  p r e c i p i t a t i o n  were r e c o r -  

ded .  The Bowen r a t i o  s u b s e q u e n t l y  d e c r e a s e d  on June  9  and 

10 i n d i c a t i n g  t h e  i n c r e a s e d  p a r t i t i o n  of  energy i n t o  t h e  

l a t e n t  f l u x  i n  r e sponse  t o  t h e  i n c r e a s e d  s o i l  m o i s t u r e  

a v a i l a b i l i t y .  The same e x p l a n a t i o n  i s  a p p r o p r i a t e  t o  changes 

i n  t h e  r a t i o s  L E / R n  and H / R  i n  columns 7 and 8  of Table  6 .  
n  

Close  c o r r e l a t i o n  between R and LE f o r  w e l l  watered  
n  

s u r f a c e s  has  f r e q u e n t l y  appeared  i n  t h e  l i t e r a t u r e .  For  

example, d a t a  o f  Frankenberger  i n  Fowler (1964) ,  f o r  Quick- 

born ,  y i e l d e d  a  r e g r e s s i o n  e q u a t i o n  ( u n i t s  i n  Ly/day) 

LE=0.664 Rn + 1 8 . 5  (8a )  

w i t h  a  c o r r e l a t i o n  c o e f f i c i e n t ,  r v a l u e ,  of  0 .96 .  S i m i l a r l y ,  

P r u i t t  (1964) r e p o r t e d  f o r  r y e  g r a s s :  

LE=0.98 R + 0.05 
n  (8b)  

w i t h  an r v a l u e  o f  0 .96 .  

For low s a g e b r u s h ,  where w a t e r  was l i m i t i n g ,  a  s i m i l a r  

r e g r e s s i o n  of  LE on Rn v a l u e s  from Tab le  6  y i e l d s :  

L E =  0.342 R + 0.14 
n  (9 )  

w i t h  an  r v a l u e  o f  0.77 and s t a n d a r d  e r r o r  o f  e s t i m a t e  o f  2 2  

Ly p e r  day o r  approx imate ly  0.02" p e r  day,  20-30 p e r c e n t .  

Th i s  l a t t e r  p r e d i c t i o n  e q u a t i o n ,  v a l i d  on ly  f o r  s i m i l a r  con- 



ditions of soil moisture, etc., does not have the high degree 

of linear correlation of 8a and 8b. Inspection of the plotted 

data (Figure 10) shows the smaller correlation coeffcient 

results primarily from deviations about the regression line 

which occurred on May 23 and June 4, days when the mean daily 

Bowen ratio exhibited minimum and maximum values and soil 

moisture extremes most probably existed. While most of 

the proceeding discussion follows implicitly from energy 

balance-Bowen ratio methodology, it should be noted that for 

the rangeland site studied, R essentially placed an upper 
n 

limit on maximum E.T. losses due to the minor role of advec- 

ted energy, i .e. LE/R < 1.0. This is in contrast to the 
n 

situation for many irrigated crops where frequently the ratio 

LE/Rnkl.O due to the addition of advected heat. Finally, it 

is important to stress that while R placed an upper limit 
n 

on E.T. from the Sheep Creek site, actual E.T. losses were 

strongly modulated by soil moisture availability as reflec- 

ted in the magnitude of the Bowen ratio. 



F I G U R E  10: Dependence of l a t e n  ene rgy  f l u x ,  L . E . ,  on 
n e t  r a d i a t i o n  f l u x ,  %, f o r  days  shown i n  
Tab le  6 .  Note t h a t  some d e v i a t i o n  about  
t h e  r e g r e s s i o n  l i n e  i s  due t o  t h e  d i f f e r e n c e  
i n  measurement p e r i o d s  i n d i c a t e d  i n  Table  6 .  



I V .  SUMMARY 

1. E v a p t r a n s p i r a t i o n  was measu re  f rom low s a g e b r u s h  

c o v e r e d  r a n g e  d u r i n g  t h e  s p r i n g  o f  1969 .  R a t e s  o f  E.T.  on 

an  a v e r a g e  d a i l y  b a s i s  were  e s t i m a t e d  u s i n g  t h e  e n e r g y  b a l -  

ance-Bowen r a t i o  p r o c e d u r e .  Average d a i l y  E.T. r a t e s  r a n g e d  

f rom 0.05"  t o  0 .12"  u n d e r  d i f f e r i n g  c o n d i t i o n s  o f  s o i l  

m o i s t u r e  and r a d i a n t  e n e r g y  s u p p l y .  L a t e n t  e n e r g y  f l u x  

a c c o u n t e d  f o r  28 - 46 p e r c e n t  o f  n e t  r a d i a t i o n  d u r i n g  

d a y l i g h t  h o u r s .  S o i l  h e a t  f l u x  was a  r e l a t i v e l y  c o n s t a n t ,  

1 1 - 1 5 , p e r c e n t  o f  n e t  r a d i a t i o n .  On a l l  b u t  one  o f  t h e  6  

d a y s  o f  o b s e r v a t i o n ,  more e n e r g y  was p a r t i t i o n e d  i n t o  s e n s i b l e  

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

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

p e r i o d .  T h i s  was t r u e  even  t hough  s i g n i f i c a n t  amounts  o f  

p r e c i p i t a t i o n  and o v e r c a s t  c o n d i t i o n i n g  o c c u r r e d  d u r i n g  t h e  

p e r i o d  o f  measurement .  

2 .  E v a p o r a t i o n  i n  u n i t s  o f  Ly/day c a n  be  e s t i m a t e d  

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

( a p p r o x .  33% by v o l . )  by u s e  o f  e q u a t i o n  ( 9 )  LE= 0 .342  
+ 

R + 0 . 1 4 .  Such e s t i m a t e s  s h o u l d  b e  w i t h i n  -30  p e r c e n t  f o r  
n  

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

t o t a l s  a r e  u s e d  t o  o b t a i n  weekly  a v e r a g e s .  

3 .  A d v e c t i o n  o f  h e a t  e n e r g y  d i d  n o t  add t o  e v a p o r a -  

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

4 .  Albedo  o f  t h e  v e g e t a t e d  s u r f a c e  was 0 . 1 3  and 

v a r i e d  i n s i g n i f i c a n t l y  a s  a  f u n c t i o n  o f  s o l a r  a n g l e .  

5 .  Net r a d i a t i o n  c a n  be  p r e d i c t e d  a c c u r a t e l y  f rom 

measurements  o f  i n s o l a t i o n  due  t o  t h e  c o n s t a n t  s u r f a c e  a l b e d o .  



Net  r a d i a t i o n  c a n  b e  p r e d i c t e d  by e q u a t i o n  ( 7 )  Rn = 0 . 1 1 3  

- 0 .749  SWI. 

6 .  H o u r l y  v a r i a t i o n s  i n  E . T .  r a t e s  a r e  d e t e r m i n e d  

p r i m a r i l y  by c h a n g e s  i n  t h e  Bowen r a t i o .  The m a g n i t u d e  o f  

t h e  r a t i o  i s  d e t e r m i n e d  by  b o t h  v a p o r  p r e s s u r e  and  t e m p e r a -  

t u r e  g r a d i e n t s ,  t h e  l a t t e r  b e i n g  t h e  more v a r i a b l e .  V a r i a -  

t i o n  i n  t e m p e r a t u r e  g r a d i e n t s  a r e  c o r r e l a t e d  w i t h  mean wind 

v e l o c i t y  d u r i n g  o v e r c a s t  c o n d i t i o n s  b u t  a r e  p r i m a r i l y  d e t e r -  

mined by t h e  n e t  r a d i a t i o n  f l u x  d u r i n g  c l e a r  s k i e s .  
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APPENDIX 

Integrated Circuit- Pulse Counters 

Douglas Denny and Joe Thomas 1 

The basic function of this counter circuit is to 

count pulses produced by an anemometer and place them in a 

format which can be printed on command by a teletypewriter. 

A block diagram for the counting system is shown below. 

Anemometers and the anemometer mechanical counting 

units are of commercial design manufactured by C.W. Thornwaite 

Anemometers 

A 

Associates. The teletype is a commercial unit manufactured 

by Teletype Corporation. Anemometer data is one of several 

Figure 1 

h 

L 

types of data fed to the teletype unit for recording. The 

counter circuit was designed to be used for several counting 

Teletype 

.. 

Anemometer 
Mechanical 
Counting 
Unit 

applications; it was to be specifically adaptable to counting 

Counter 
Circuits 

and storing in the anenometer. 

The counter circuit shematic is shown in Figure 2. 

It is constructed entirely of solid state components whose 

active parts consist of Motorola RTL integrated circuits 

and transistors. A block diagram illustrating the various 

functions of the counter circuit is shown in Figure 3. 

1 
The authors are respectively, student and Assistant 

Professor of Electrical Engineering, University of Idaho, 
Moscow. 





1 0  I c o u n t s  I b o n d i t  i o n s  ( 

] c i r c u i t  I 
F i g u r e  3  

I ~ P U ~  rl r\ f rom - C o n d i t i o n e r  I) C i r c u i t s  
4 - d i g i t s  

Anenometer  C i r c u i t  ( 0 - 9 9 9 9 )  

The i n p u t  t o  t h e  c i r c u i t  i s  f e d  i n t o  t h e  p u l s e  con-  

d i t i o n e r  c i r c u i t .  The l a t t e r  n e t w o r k  c o n s i s t s  o f  L1, C i ,  

t IKZl . 

BCD 

Dec imal  

C o n v e r t e r  

R1 
, R 2 ,  and  R3  on t h e  s c h e m a t i c .  O u t p u t  o f  R j  i s  f e d  

i n t o  t h e  i n p u t  o f  g a t e  X ( a  m o n o s t a b l e  m u l t i v i b r a t o r )  

Read -ou t  

* C i r c u i t s  t o  
T e l e t y p e  

U n i t  - 

where  i t  i s  fo rmed  i n t o  a  p u l s e  50 m i l l i s e c o n d s  i n  d u r a t i o n .  

0 

1 
2 

3 

The f u n c t i o n  o f  t h e  n e t w o r k  c o n s i s t i n g  o f  L 1' C1' C 2 9  R1, R 2  

and R3 i s  t o  e l i m i n a t e  n o i s e  p i c k e d  up on t h e  i n p u t  l i n e .  

The m o n o s t a b l e  m u l t i v i b r a t o r  c o n s i s t s  o f  two g a t e  

u n i t s  marked X and X . The o u t p u t  f rom t h i s  m u l t i v i b r a t o r  
1 2 

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

g a t e  X 3 .  X 3  i s  a n  "NOR" g a t e  wh ich  a l l o w s  t h e  i n i t i a l  v a l u e  

u n i t s  c o u n t  t o  b e  f e d  t o  t h e  u n i t s  c o u n t e r .  

The u n i t s  c o u n t e r  c o n s i s t s  o f  c i r c u i t s  marked K K 
1' 2 '  

L1, and  L 2 .  Each o f  t h e s e  u n i t s  (K and L c o n s i s t s  o f  two J - K  



f l i p - f l o p s  i n t e r c o n n e c t e d  t o  p r o v i d e  a  c o u n t  t o  10 c i r c u i t .  

When 10 c o u n t s  have  been  r e c e i v e d ,  t h e  c i r c u i t  a u t o m a t i c a l l y  

f e e d s  a  p u l s e  t o  t h e  1 0 ' s  c o u n t e r  and r e s e t s  i t s e l f .  The 

c i r c u i t  i s  a  q u a d r u p l e ,  t w o - i n p u t  g a t e  u s e d  t o  r e a d  t h e  

B i n a r y  Coded Decimal  (BCD) i n f o r m a t i o n  on t h e  u n i t s  c o u n t e r .  

The t e n s  c o u n t e r  c o n s i s t s  o f  f l i p - f l o p s  H and I con -  

n e c t e d  a s  a  c o u n t  by 10 c i r c u i t .  The BCD i n f o r m a t i o n  i s  r e a d  

f rom t h e s e  c i r c u i t s  on  g a t e s  J .  The u n i t s  c o u n t  i s  f e d  i n t o  

t h e  c i r c u i t  t h r o u g h  t h e  NOR g a t e  R a s  i s  t h e  i n i t i a l  v a l u e  1 

c o u n t  f o r  t h e  t e n s  c o u n t e r  g e n e r a t e d  by t h e  s w i t c h  on  

Z 2  and Y 2 .  

The h u n d r e d s  c o u n t e r  c o n s i s t s  o f  f l i p - f l o p s  E and F 

w i t h  t h e  BCD i n f o r m a t i o n  g a t e d  o u t  o f  t h i s  d e c a d e  c o u n t e r  

t h r o u g h  g a t e  G .  Ou tpu t  o f  t h e  1 0 ' s  c o u n t e r  i s  f e d  i n t o  t h e  

c i r c u i t  t h r o u g h  g a t e  R 2 .  The i n i t i a l  v a l u e  i s  f e d  i n t o  t h e  

c i r c u i t  t h r o u g h  g a t e s  R 2 ,  Y 3 ,  and Z 3 .  

The same r e a s o n i n g  a p p l i e d  t o  t h e  t h o u s a n d s  c o u n t e r  

c o n s i s t i n g  o f  f l i p - f l o p s  B and C w i t h  t h e  i n f o r m a t i o n  b e i n g  

s e n t  t h r o u g h  g a t e  D .  

A f t e r  t h e  c o u n t e r  h a s  r e c e i v e d  p u l s e s  f rom t h e  anemo- 

m e t e r  f o r  an e x t e r n a l l y  p r e s c r i b e d  amount o f  t i m e ,  r e a d  p u l s e s  

a r e  f e d  i n t o  t h e  c i r c u i t  t h r o u g h  t h e  r e a d  i n p u t s  marked 1000 ,  

100 ,  1 0 ,  1 on t h e  s c h e m a t i c .  The t h o u s a n d s  d i g i t  i s  r e a d  

f i r s t ,  f o l l o w e d  i n  s e q u e n c e  by t h e  100 ,  1 0 ,  and u n i t s .  A f t e r  

r e a d i n g  t h e  u n i t s  c o u n t  t h e  c o u n t e r s  c a n  e i t h e r  b e  a u t o m a t i -  

c a l l y  r e s e t  o r  c an  a c c u m u l a t e  a d d i t i o n a l  p u l s e s  d e p e n d i n g  on 

t h e  p o s i t i o n  o f  SW1. With SW1 i n  t h e  c e n t e r  p o s i t i o n  t h e  

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



command p u l s e  from t h e  t e l e t y p e .  With  SW1 i n  t h e  uppe r  

p o s i t i o n  (arm c o n n e c t e d  t o  +3 .6V)  t h e  c o u n t e r  w i l l  a c c u m u l a t e  

p u l s e s  w i t h  SW1 i n  t h e  g round  p o s i t i o n  t h e  c o u n t e r s  a r e  

manua l ly  r e s e t ' ,  

G a t e s  U , U 2 ,  V1, and V 2  a r e  u s e d  t o  r e a d  i n f o r m a t i o n  
- 1 

from t h e  c o u n t e r s .  The B C D  "1" c o u n t  i s  r e a d  i n  U , t h e  " 2 "  
1 

i s  r e a d  i n  U , t h e  "4" i s  r e a d  i n  V1,  and t h e  "8" i s  r e a d  
2 

i n  V 2 .  When t h e  r e a d  1000 number p u l s e  i s  a p p l i e d  t o  t h e  

i n p u t  t h e  t h o u s a n d s  c o u n t e r  i s  i n t e r r o g a t e d  and t h e  number 

o f  1 0 0 0 ' s  c o u n t  s t o r e d  i n  t h e  c o u n t e r  a t  t h a t  t i m e  i s  fed  

o u t  i n  B C D  form t o  U U , V1, and V 2 .  T h i s  i s  decoded  i n  
1' 2 

t h e  B C D  t o  d e c i m a l  d e c o d e r  c o n s i s t i n g  o f  g a t e s  N ,  0 ,  P ,  and 

Q .  Decimal i n f o r m a t i o n  f rom t h e s e  g a t e s  i s  f e d  t o  t h e  t r a n -  

s i s t o r s  T11 - T20 and T1 - T10. The d e c i m a l  0  i s  f e d  o u t  on  

t h e  c o l l e c t o r  o f  T1 and t h e  numbers a r e  s e q u e n c e d  s u c h  t h a t  

t h e  d e c i m a l  9 i s  f e d  o u t  on t h e  c o l l e c t o r  o f  T10.  

A f t e r  1000 c o u n t s  a r e  r e a d ,  a  s i g n a l  i s  r e c e i v e d  by 

t h e  1 0 0 ' s  i n p u t  which t h e n  i n t e r r o g a t e s  t h e  h u n d r e d s  c o u n t e r .  

T h i s  BCD c o u n t  i s  a g a i n  g a t e d  o u t  f rom t h e  i n f o r m a t i o n  s t o r e d  

i n  t h e  f l i p - f l o p s  making t h e  1 0 0 ' s  c o u n t e r .  T h i s  B C D  i n f o r -  

m a t i o n  a g a i n  g o e s  t o  g a t e s  U and V where  i t  i s  encoded  i n t o  

d e c i m a l  fo rm and r e a d  o u t  t h r o u g h  t h e  o u t p u t  t r a n s i s t o r s .  

The t e n s  c o u n t e r  and t h e  u n i t s  c o u n t e r  a r e  i n t e r r o -  

g a t e d  i n  a  s i m i l a r  manner .  
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FIGURE 5 :  Time S e q u e n c e  f o r  c o u n t i n g  p r o c e s s  
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FIGURE 6 :  Typical count-to ten circuit with reference points 
and pulse condition, "on" or "off" for counts 0 to 9. 



Parts List for Counter Circuit 

Capacitors 

C1- 

C2 - 0.01 f50V 

C 3 - 

C4 - 50 f 10V 

C5 - 50 f 10V 

C6 - 50 f 10V 

C7 - 50 f 10V 

C8 - 50 f 10V 

C9 - 500pf 10V 

Resistors: Note: all resistors are 1/4W, 10% unless 
otherwise noted. 

R1- 

R2 - 5.6K 



R16 - 1 0  meg.  

R17 - 

R18 - 560  

R19 - 560 

R20 - 560 

R21 - 4 5 0  

R22 - 450  

R23 - 4 5 0  

R24 - 450  

R25 - 450 

R26 - 4 5 0  

R27 - 4 5 0  

R28 - 450  

R29 - 4 5 0  

R30 - 450 

R31 - R50 - 22k 

D i o d e s  : 

D l  

D2 

D3 a n y  s m a l l  s i g n a l  s i l i c o n  d i o l d  w i l l  w o r k  h e r e  

D4 

D5 

T r a n s i s t o r s  

T 1  - T I 0  - 2N1303 

T 1 1  - T20 - 2N3826 

I n t e g r a t e d  C i r c u i t s  - a l l  a r e  M o t o r o l a  RTL c i r c u i t s  

A - MC789P 



I n t e g r a t e d  C i r c u i t s  ( c o n t  .) 

B - MC790P 

C - MC790P 

D - MC724P 

E - MC790P 

F - MC790P 

G - MC 7 2 4 P  

H - MC790P 

I - MC790P 

J - MC724P 

K - MC790P 

L - MC790P 

M - MC724P 

N - MC725P 

O - MC 7 9 2 P  

P - MC792P 

Q - MC725P 

R - MC724P 

S - MC789P 

T - MC789P 

U - MC725P 

V - MC725P 

W - MC799P 

X - MC789P 

Y - MC789P 

Z - MC724P 




