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• A i e t a n o e  z - L ~o t h e  o u t e r  s u r f a c e  o f  : he  p i p e .  Far~he~more 

i t  i s  emnumed th t t t  the  w a t e r - b e , r t n ~  S~orete ~ o s s e e s e s  everTwhere 

~he same coefficient of permeebility, K, end po '~  volutes, n. By 

the po~s volume 18 mean~ thai part of the voi~s of the loll which 

con~;Ti~u~.es sto~ed wwter to the flow us the ~To~111~-water level 

sinks. Finally we assume De.roy's law to  be vsllf end,  the~fore, ~ 

the filter velocity, v, can be written, 

in  whiah:  im 

Z . t he  he igh t  o f  the  g r o u n d - w a t e r  l e v e l  above t h e / p e r m e e b l e  
f l o o r ;  and 

x - a d i s t a n c e  ~easured  from the  ax i s  o f  t h e  w e l l .  

Since we I n t e n d  to  s tudy  onlM small  changes  w i t h  f low 

that is prevailingly horizontal end steady, the feunlliar approxl- 

mate s o l u t i o n  o f  Dupuit  h o l d s ,  n ~ e l y :  

{a.} 

This  e q u a t i o n  r e p r e s e n t s  t h e  s i t u a t i o n  when t h e  f low im 

Indevenden t  o f  t ime,  t h a t  i s ,  when J u s t  as much w a t e r  e n t e r s  t h e  

g r o u n d - w a t e r  bas in  fx~n t h e  o u t e r  r e g i o n s  as i s  t a k e n  f rom t h e  w e l l .  

However ,  when the  wate r  t a b l e  i s  d ropping  a p a r t  o f  t h e  d i s c h a r g e  

i s  drawn from the  ~ r o u n d - w a t e r  b a s i n  i t s e l f .  Cons ide r  • ho l low 

c y l i n d e r  o f  r a d i u s , x  land t h i c k n e s s  idx)cu t  ou t  o f  t he  e a t e r - b e a r i ~  

s t r a t a .  I t  i s  en e s t a b l i s h e d  f a c t  t h a t  the  d i f f e r e n c e  between the  

E 

t 

/ 
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quen~t1~7 o1' ~ n t ~  l"louSL~ In end out oF lJm 8u~-t~mss ot '~bo ~7.Xln- 

@or per u ~ t  o1' t l ~  Is  equal to ~1~ , o ~  lu ~m~r oo~tenl~ o~'" 

the ~11ndOl-dul"LI~ ~ho m tiara. , ~ho qusn~lt~, o f  ~m~er pamsJ~ 

tiuPou~b time 03t11~Oo~ per ~m~t. o1' t ~  18" 

~ d  llmm quen~l~j, o1' m t o ~  ~ored ~n t l ~  o¥11ndor I s :  

~ + - + .  ,~ ,,.. ~ / ~ _ . I  ~ ~ ~ 

d~P~P~n+1~  ~qus+lo~ t o t  the  ~ ~  oF t l ~  ~ t ~ r  t eb le  Is:  

01": 

+ . 

:~+. + + , +  

C:>Y" 

.. ~+ : , ' . . ~  

( 

v 
I 

+,.+I 
...,..x, .., m,  t .  I , ,  

(4e) 

lr~lWt~len (41A) zmduoos 1o t~o provlous oquatlo~ t o t  

~ ( I s ) ,  5hSj oquamClon Is  aot 11no~  but l ~ r  

o l m ~  In ~be m~-t41L1o I~ l t o l  be z~plaooe li~ equetlcm (4) 

mlelr+ is iSam~. ~ ~ 40prR81amo ot taw m ~ r  ~ uP 

Jmee..epprmlnUe~: 

H-'-I ~ H 
• e M  trimmed o t  (ae} Mm d l s e i m t ~  I m e m ~ :  
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Stnoe e q u a t i o n  (4) l s  1inca1", the t~eor~m o f  supor-  

p @ s l t l o n  18 a p p l l o a b l e .  Thus the  sum o f  the p e r t i ~ u l a r  s o l u t i o n s  

~m m s o l u t i o n  o f  the  d t~Te~en~ta l  equat$on.  We s o l v e  ~he p r o b l m  

W ~ p a ~ a t ~  i t  1~  s . t ~ , l e .  l a y  a ~  w r i t e :  
i 

Y ~ ' ~ Y l  * Y2 q = q l  * q2 

4wWhloh Y l  I ~ d Y 2  :met IJatisfy d i f f e r e n t i a l  e q u a t i o n  (4 ) .  Funo- 

t ~  q l  l~l'.q'2 ~ I~vlm by the  follOwtX~ m l a ~ £ o l ~ :  

~ ,  - 2 n K H x  ~a ~ x  

h Idaall wle solut:Lon (2) f o r  ¥1" Th~e oorreeponds to  

~1~ ~ Irtaa4y f low, fo r  which ~he d i s c h a r g e  of water  at any 

' alottmoe Z, ~hus a l s o  l ~ r  x - r ,  l e  c o n s t a n t  and equal  to  the  quan- 

t i t y  o1[' .water ptlmped., q, and ~lah a s t i s f i e s  the  c o n d i t i o n  .~or 

y , -  o s t  z - L, ~ o ~ e r  to  s a t i s f Y  the  boundsTy c o n d i t i o n s  

¢.he seaond solution (tkl t o  4)  mj, ssmst su'Oerpo~ on tho s o l u t l o n  y~,  

Y2, ~ l e h  a s t l s f l o s  tlm fo l lowla~ ,  aondA~lo:~: 

q2. , .  o St Xm r 
Plaoe oondlttoae 

(6.) 

(6b) 

vvko.~ t. : 0  (60) 

(se) 

y 2 ~ O  a t x ~ L  

TJimo o o a d t t t ~ e  

(s )  
i i,:r 



In o r d e r  to  o b t a i n  • p a r t i c u l a r  i n t e g r a l  o f  (4) we 

p l a c e  y ~ X T in  which X i s  e ~unc t ion  of  x o n l y  and T 

o f  t o n l y .  Thus ee f i n d :  

or 

• : v ~-~.~ ~-~ 
C ~ "' ~, ,.. • . 

l ~2x • i ~ = I d~ (7) 
- -  . . . . .  

k :!x2 ~: T d t 

By ?lacln~ both sides of (7) equal to an arbitrary 

consi..en, _ ( . ~  )7_ 
, " we obtain r,b. two o.~ilnary diffcr~-ntial aque- 

floras: 

l dT ~ - r~:. C~ 2 

¥ d~ ~T~ ~. 
(e) 

or 

* X -0 

k'9) 

~hat :  

Yor an a r b i t r a r y  va lue  of  

T = e  

i t  f o l l o w s  from (8)  

In which: 

Since e q u a t i o n  (9) i s  s a t i s f i e d  by s B e s s e l  f u n c t i o n  o f  

zero  o r d e r ,  we may w r i t e  t h e  d e s i r e d  second per% o f  the  s o l u t i o n ,  

Y2 asl an J i n f l n l t e  s e r i e s  In reruns o f  B e s s e l ' s  ~ c t i o n ,  wl~h ~he 

(s) 
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~ h s : : ~ ~ . y ,  a a e o r ~  ~o (~) and (~0) Le ~:l~um: 

3h.m (11)  we o~tesn:  

L/__ ~ J, (~)~ 

t ~ 0 m u h l e h  tho oquatJLon ~o~- ~be ~tLsohet~eKo':ls obte~no4,  thus:  

mm~Lu 41JL} .rod *(If) ~ s l C ,  m 1 1  ~for ,,~L,,1,se ~ , v ~ s  o f  

, 'iha't, 18. / f - ~ b  / ,n f2usnee ,o~ '  t h s  ~ l a z , , y  o f  ~,tho ,.:~oo .o.f k s -  

• ~ ' .Tmaae I s  ~Ls~m~r ~ r o o L a h . T s .  

~ ,  . ~ t s l l  mow 6 n ~ t l y  ~ d e o ~ a s e  tho  ~11dLuj L:of  t h e  sons  

.o~' iu/ '~Luenoe,-that  ,18. ~ v e s t L p t ~ e  t h e  fuae~ . tO~ , 7 , . ' s a d  , q t ~ t o r  

Ires J2 3r~Luea o t  
t ! 

I n  
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/bs ' the  f o l l o w l n R  %able s h o w s ,  l e c t o r s  s nnd b pt-e t o  

be used o n l y  i n  t h e  f i r s t  f o u r  t o m s  o f  tho  s s r t s ~ .  For  a l l  h i g h -  

er  t e l m s , ~ b  . s . 1 i s  v a l i d ,  w l t h o u t  amy a p p r e c i a b l e  s r r o r .  

y t , . B ~ .  z 

i . ~ u 

p : ~ : O , ( o ¢ )  

• . io  i 

1 : 2.405 : ~0.5191 
: 

g :. 5.5~0 ": -0.~405 

8 : 8 . 6 5 4  

4 : 1 1 . 7 9 2  

5 : 1 4 . 9 ~ 1  

: +0~2715 

: - 0 . 2 ~ 2 5  

: + O. J~065 

-0.1877 

: 7 .  : ~c : & 
: b - .  ~ j'-T(.a )~ : ~ - -  p -  o.zs" : 

: 0 .98g  : 2.0380 : 0.964,  
: : : 

: 0 . 9 9 5  : 1.004 : 0.991 
: : : 

: O . g g 7  : 1 . 0 0 2  : 0 . 9 9 6  

: 0 . 9 9 9  : 1.001 : 0 . 9 9 8  
: 

: 0 . 9 9 9  : 1.001 : 0 . 9 9 9  : 

: : : 
io000 1.000 1.000 

: : : 

, I ' '~ : - - ~ -  

S i n o o  a e r i e s  12 e o n v e r s s s  v e r y  r a p i d l y  f o r  ~ 1 1  v a l u e s  

01' ~ B we . - ep laoo  ~;t by an I n t e g r a l  and o b t a i n  by c o n s i d e r i n g  t h e  

a b o v e  r e l a t i o n s  f o r  0£ and ~ . ) ,  (o ( )  2" t h e  f o l l o w l i ~  e q u a t i o n  in  

p l a o e  o f  ( 1 1 )  : 

(zo) 

~ > ~ : ~  + ~i ~ ~ . f + + , i ~  ~+~. 
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8mmz~l 41 t t lmLt t l ee  m~po~ l ~ r  the £1:mt tlmm tn  the  

m latesrsls, beem~N :L~ t~me t ~  mmsll ~ ~mSm p o s s e s s e s  a 

t~t lmm~e s ~  h~a~e tim sFp:~zlast loa b / a .  1 I s  not 

$ u s t l f l o d  f o r  m a l l  v a l u e s  e t  a .  lie r o s o r t ,  t h e r O f o l ~ ,  t o  • 

mmrlss sad ~a~l~srate b e ~ l n n t n 8  w/th p ,, 4 . 5 .  

~x~. ~J,(~l ~- 
- I -  

~La u~Leh ~" = 1.Y811.  

81nee the  waldo o ~  5L ~Ls ve~7 mnall~ w~ e sn  put In the  

and lint: 

Zf  ~ ~ , q ~ l c m  (,Ub) 'r,o the ozp~mis,~o- above b e T ~  

. . . . . . . . .  . , . . _  

(11) 
:~;,.., #,~ . . . . .  ~ i i,~ . . . . .  .<Li~ii~:i~ i i~;"~i . ~ r I "~ '~ '~ '~L  Ji ~ 
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: Q : 
_ ~ J . , _  ~ - i i i  • . . . . . . .  - 4  

0 ~ 0 1 8  : 0 . 8 0  : 0 , 1 6 4 1  : 0 . g W '  : 

O o N I J  : "0 .1 '~  : O . 1 0 8 S  : 0 . 9 6 8  : 

0 , 9 1 ~  : 0 . 1 0  : 0.1i499' : 0 . 9 ' / 5  : 
: : : : 

G.4,';~ : 0 . 0 6 6  : 0 .894~)  : 0 . 9 6 6  : 

O . i i ~  : O . O U  : 0,,. ~,,~)0 : 0 . 9 9 2  : 

O.' l 'rt i  : 0 . 0 2 0  : 0 . ~ 1 ~  : O . g g ~  : 

O . IMO : 0 . 0 ) , 0  : 0 . 4 ~ . ~  : 0 .99 '9  : 
: : . : ~ ". 

: ~ 0  : 0 . 0 1 ~  : 

r :O' IS : " 0 . 2 2 1 4  : 
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As a l r e a d y  m e n t i o n e d ,  the d i s c h a r g e  d u r i n g  t},& l o w e r i n g  

of the ~mter ~able is not constant, but does attain the value Q 

after e very. short interval, t I. Taking-the last v~lus in table 

iI, namely: 

6, - O.OlO - y ~ ,, o.~sl2 ,. ~ .  o.997 

as e basis, we find: 

t I . ioo nr ~ 
HK 

(13) 

Presentation of_the Results 

As already mentloned, series (iii and (iP) converge 

only for large values of "6 . In this re~:ion the lowering y 

and the discharge q were oom-.uted with the aid of the l%Anetion 

Tables by ~ehnke and ~mde (5). The results are given in figures 

2 and 3. Figure 2 shows the discharge of water as a function of 

the time which is ulotted es ~bselssae on a logBrlthmle scale. 

The curve for x/L- I is esDeclally important, because i~ shows 

the influence of the size of the zone influence. ~e see that 

for s value of ~0.04 no eporeciable quantity of water enters 

the boundary of the zone of influence, thus for ~0.04, it can 

be c o n s i d e r e d  to be u n l i m i t e d .  For  ~=# on the  c o n t r a r y ,  t he  

entlre, ", enters at the boundary of the zone of influence; in 

o t h e r  ~ r d s ,  c o n s t a n t  c o n d i t i o n s  a l m o s t  o b t a i n  a t  a l l  p o i n t s .  

Fl~mre 3 shows the posltlon of th~ wa~er t~ble for 

various e~lues of ~ . X is plotted aa abscissae oa a logarltK~ic 

scale. ^c@ordAn~ to equetloz (Ila) we have:- 
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( lo~ z) . 1 \ ~ u m m m  m m m  

• be~efo~e In f l ~ e  3, for  ~he va l ld  ~ e  of  equation 

( !1~)  ~he hor izontal  dls~aaee between my two adjacent curves lm 

o~s~t end we :san ~.~seat ~he suooesslve eumo I~ • simple 

msnnor by tbe/pezallel ~Ispl~ee:ant o1" any e~ve in ~he z- ~l~eo- 

tLoa.  ] ~  equations ( l l a )  ~ ( l ~ a )  ~ ob~eln for sma2~ values 

o f  ~ ~bo f o . l A ~ l a ~  l~:,t~La~ value: 

( l a )  

A " 1 
Q 

equat lea (14) me have: 

a j_  _ 0 
~ ~nK ~ t  

( l e )  

~ r  ~hAa ~ ( ~ ~ ) ,  1~ lo evl4en~ on eooouat o1" 

tbn s~alS~at . l tae  1~ leney  of  ~he e~rves in l " l r ~ s  :5, that  p t r a l l e l  

Zmse~A~ ot the g~ouL't4-~l;ex, levml {per~lle.1 41uplaeeaen: In the 

~r-dA.vmel:tem} ls va l t~  end ls eont i~Nd by obaerva~lone. ThUs um 

,rAth b 1 ~ r  ~ 7 ,  who ~as o o ~ e t  In ~ r k t a g  tha~ tlmae 

pt'zqtl~e~. ~tep~A~tmnn'k8 begln to appeal- as the ~owerlng pz'ooeods. 



• t=~l ly ,  ~m small Anven~Lgste closely the s l ~ l f l e s a e e  

ot the t~me~loa y~. ks w a s e e  ~ r ~ a ~  eon4ttlozm (6a"to 6~), 

negetlve value8 o~ y£ ~Ive us ~ho posi~lo~ of the I~"~'o~mA-mster, 

lev~l if ws s~o~ ~us~ing  completely after attaining c o n s t a n t  ooa~i- 

~lons. Thus ~he initial position is glvea by the discharge Q as 

p~evlously found ~d is to be computed s~ar~in~ i~ ~he time of 

mtoppi~ ~he p~s~. ~or ~e~erx~t~l=8 the r lse of ~he level w~ write: 

Y5 " - Y2 = Yl "y 

V 

Wltl~n t h e  r a n ~  o:C mmll ~ (tMat is~ <,0 .04 )  the  va lue  o f  y 
" q b  KH 

/n tab le  ~ can b~ useA. Zf we ~ n t ~ u o e  for  ~ ~ -  tn (16) l ta  

value .~ ~l la)  w obtsAn: 

i 
Y3 ~ ~ ~ 2  log ~ - ~- . ,.. 

a . z .  : 

(zsa) 

Yam ~Is/ag of the water table is shown in figure 4. 

t h a t  

We sam w~A~ equation (14) la t h e  f o l l o w l n ~  re=s ,  a o t l a ~  

E t  
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3qua~lon (ZT) In approximately  v a l i d  in  the r'e,n~e ~'or 

• wh~,oh the d l~charse  q l a  Practtoe . l~y ~ho a ~ e  as tho d s ~ , ~  

and d i f f e r s  ~r~a eqtmttozt (2) or~ly In ~het lns toad oi" a c o . s t a r t ,  

:L, I ftl~e~loa R, o f  the tlam entor~.  R to oa~led ~ho zone of ~he 

:]~]lll~:~i~e ~orra oon~tant dlsohaz~e ~ o a a  ~ l ~ m O , r O O f l i l d ( l ~  the ~ 1 ~  

~ s l ~  ~a the .depth of' the groUlld-wo~.e2. I~10w sad wr i te  the f1011ol- 

~ S a  ~*0= r ~ e ~  ~0 l q u a t t o n  ( 2 ) :  

(1~.) 

K q u l ~ l ~  (14) ,  (17 ) ,  e~d (17a) do not ,atla;f~. dll'l'oz~. 

ont:lal equnt:~O~l (a)  ~ (4~) and thus .are not ~ t h e ~ a t ~ c a ~ y  co15. 

root ,  ~ho ~ ' r o r  In tim uJeab le  l'c~q~ Ot ~;ho ~t~at1Oz1~, howe~or. 

i s  not w ~  lar~e,  slaoe ro t  ~aol l  ~alues oi" C in  (~) snd{4a) 

t h l  felon w ~ h  ~ ~11 very a~aJ.~, ao.~)mrod to ~ho ol;her te~.~;I cozl- 

" ~  ~ x ~  • 

., APProx~mte l'OnnLlae For ~he 2~ne by :~ohu2tz~ ~:1 .~/, 

~Sbea- ~ d  ,~O~n~ ox:Lot an w~,~ ea an o ~ p t r l o a l  ~or~t.~l by ~ l c h e r d t  

( 7 ) .  Aeoo.--dla~ 1;o ;~ebor: 

end 

n 

,' - . -  V . ' -  _._ ,_ 
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, . "  ,++ . . . .  +l::,,~+i',~,'.++e'~+,'~ ++' ~,,;+P', + , , .+"  "~ " + <  " + ~+i~' ., + , ,  . , +  • . + + " + , :  , . ~ + i • ,  

~ h l l e  h e  ~ s t a t n e d  ~ e b e ~ ' e  e q u a t i o n  f o r  t he  l o w e r i n g  o f  t h e  w a t e r  

t a b l e .  

Zt should be s t a t e d  h e ~  t h a t  t h e  ,~onaep~ o f  • zone o o l -  

t a l n s  In I t s e l f  an a s s u l p t l o m  wh10h i s  on ly  an app rox~aa t l on ,  l ad  

t h a t  ~he o o e f f l c l e n t  c . 1 .5  In  e q u a t i o n  (8) I s  v a l i d  o n l y  f o r  ~he 

OU~e for the pmoi'ile of the wa~er table oo~uted i~ (17) a~d 

I l i a ) .  I f  w~ aoeep t  t h a t  a% a dAatanee z - I~ t he  d i sehex~e  ~ o t m ~  

to  o ~ r  a eal~tain f r a c t i o n  o f  the  q u a n t i t y  o1" we%or d ~  from the  

urn11 ; f o r  @xawplo, q . ,  0 .012 Q. %hen we o b t a i n  f o r  t h e  above 

~ e ~ i ~ l e n t ,  aoeor~Lt~ to  t a b l e  11, wi th  ~ .  ~x2 16, t he  ~a]~e 

• ~ ~ .  4,  t~Ltle the.  l l s l t i ~  va lue  o f  I~- 0.04 mmtlon@d 

t ;hms pt~,'v~oua.~, c o r r e s p o n d s  to  • vC.ue o f  e . 5. ]Purtham+ 

more we can define the lone In terms of • de£Anlte lowex~Ll~ y . 

f o r  x .  T~. Since aeoordin~ to  (~.la) the lowel-ln~; t8  d ~ e t l y  px~- 

po~ional t o  th~ d~eoharge o f  the well and e:L~oe o~dina~.lly +ms 

speak  o f  a lows:Ping o n l y  where +it o,m be ms~sU~d,  th~ Pone w~dth 

~ e o r d l n g  to  th~e d e f i n i t i o n  is ~ a l~ne t to~  o1" the dia~hazl~ 

o f  t h e  w~I..1,.° 

' ~a o b t a i n  f rom ~a+ole XX 

Q 

f m w h ~ o h  t h e  f o l l o ~ I n g  e x p w e s l o n  f o r  t h e  s o ~  wldtJ; ,~e ' ,~ l~ :  
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The ¢c~f:'1,:lent c ~- %/ . (w%) In .~qu,tiun (IV)i..~ 
2 

fl:mctlcn off w1~- H ?, and o,m be ~apu%ed by :~uans off t~_~ble fl. 
:,'~ ., 

For ihe special ~.f..~..~ . C, ~e obtnln f:~:~; ~ozeny's ~quatlon, 

as ".ell es flro,~ equalion (19), ~he zone .Idth P- O, thn~ is, 

+.bet. i. n,~ ]o:~.t, rla~:. The zone ,7~.~.h ~:~,:ordlns. %0 equalion (16) 

on the con*re~- Is Independenl Of %h,~ ~!ischsr~,e end has more the 

sJFnifio.nce of ~ euxllls.--y expression for %h~ e..loule~lon. ":'he 

influence o'." "~h.: ':Isc~r'~e of %he ~el] -~,oars first in %his case 

:{ozeny sl~ple aas'imp~lons ,were ~,,de. ' .:o .~ish tc compa~ the re- 

sult- by m~n~s of numerical examples. 

:;upuoae t h e  .~cl!o.-w~ng quan~Itles nrs. Iven ;'or '?~e ~-ter 

~,aDlo ,.n:', :b.o :~iI: 

L - ~OU~ 

.~[ ~ O.'JOl '~/8 - U6..; :%/d~y 

: . 0.0~0 m3/'s . 177.S :~"/day 

/,ccordlng ~o e q u a t i o n  (13) the qu.n%1~y *..~en from ~ne 

~II for v~luee Of ~2%1, Is approxlmately const.nt ~nd we obtein 

consldering ~he ~,,~.ium, r, of ~h~ well t.o b e  0.~ : e t e r :  
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- 1 2 o S m l n u t e s .  

The g round  w a e e r  can  be  c o n e t d e ~ d  11 .L t¢ lose  up 

= 0 . 0 4  o r  up t o  

t 2 - 5 d a y s ,  

S t e a d y  c o n d i t i o n s  a ~  r e a c h e d  a t  ~ - 125 d a y s ,  F o r  

a t l m e  t = 4 d a y s  ~ o b t a i n  f o r  t h e  zone  w i d t h  t h e  f o l l o w i n g  

values a c c o r d i n g  ~o: 

E q u a t i o n  (18) 

"~ebar 

Eozeny 

~ u a t i o n  ~19) 

- 161 m, 

R - 322 m, 

R - 187 m, 

R - 192 m. 

( f o r  m .  200 .  ~ . 0 . 0 2  n 3 / s ) .  

U s i n g  t h e  same t i m e  ( t  - 4 d a y s )  we o b t a l n  a e c o r d i n ~  

t o  t a b l e  IT,  e q u a t i o n s  (17)  and (17a )  a s  ~ 1 1  aa  a c c o ~ l n ~  t o  

Aeber  end Eozeny  t h e  v a l u e s  f o r  t h e  lo leBr in6  y In  t a b l e  I lX  

whloh ol-o a l s o  shown g r e p h i c e l ] ~ ,  In  f i , ~ u ~  5 .  

A e c o r d l n g  t o  t a b l e  I I I  we can  d i o d e  t h e  z o n s  o f  i n -  

f l u e n c e  into t~ r~g16ns, namely - In an inner raglan Tram x ~ r 

to x - 44 m u~d an outer r~glon from x =.44 m to x . Lo Outwal~- 

ly ~he lowerln~e are areal1 in comparison wl~h the depth Z of the 

~round-water flow, so that ~e are entitled to calculate y from 

t a b l e  I I  o r  e q u a t i o n  ( l l a ) .  F o r  t h e  i n n e r  r e g i o n ,  on t h e  o t h e r  

ha~, the dlschar~e l e  upprox~uately t o n a l ; a n t  (~ ~ 0,958 ~0 1.00) 

~ d  we uenm t h e r e f o r e ,  c o ~ u ~ e  t h e  l o w o r i n 8  by c o D s t d e r l n ~  t h e  

¸¸i¸¸ 
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i. 

variation of Z In equatlon [17a),. Th~value.:~or the bounds, 

I tsel f  c~icui,~ed rrcz both ~qu,t.lons ere in a ~ x l m a l e  

agreement. Pin~lly, we ~oint out tha~ the values for the 

lowerin~ de~o~ined 'fr~.~ ~nhle II .nd equation |l?aJ lle 

between ~he corr~aoc~dlng values c~nouted ~rcm ~eber'a anA 

~omen~'s formulas and their aom~u~atlon Is moreover extreme- 

ly simnle, so ~hat this method o~ oalcula~ion in ~he o~Inlon 

of ~he author, ie suitable for~pr~c~ical purposes. 

"i 

J 

. . . .  . ,., . • 

. @  



¢,. 

L 
• - - = ~  = e ~ t ~ = . % ~ . - -  T - - .  - .  , - - - ~ e t - l - - ~ _ . ~ m ~ . ~  * ,  

, # , , ' ~ , . ,  . . , , .  : .. 

'" " [ . ' ____. ~,,_ ' , . . . . . . . . . .  :.i<~ , ~ .~/, ii, ~ "  'l ':~ ' ~ - J L  . . . . .  " ' C .- i  ,.. ~ . ; 

'~t'; ',," , Ir I / ~ l l ' l ~ l ~  " I "  

, { ~ . . "  ., , , ' . 

:/f . /  :! ;:i]~... '> ' " " " 
;:.<,w -. 

+....i, . . i , ~ ,  o . . - ,  ; . . . . .  , . . . . .  . 

~,;~ : ~ 7  ~- 7 : T - ?  ~ 7 f ~ - -  " - J J . ~ -  ! .  . .  

~oF~., ; ; , ~  7 7  L - , ~  

:.l. _.' F/e • 

~ . ~ ¢ ' . ~ "  # @ ,  , 

"--'-T ....... ? " " - ~  ......................... .4 ....... 

i i ~ I 
, I ~ - I 

F I G . U R ~  3 

, - "  L: 

. o ~ 

o 
, ) . 4  t ~  

~8  

,~ . l  l d  

~ . e  z 

i .  I I  " ~  

!~ i:I 

k.q~d?~ r :" I ' 'L k , " F'" ~* ' 

C , ; : " ~ '  ."". " 

i o 

; F I G U R E  2 

VA',.U:} 0 ¢ "E 

r(  ~t . ~r • , ; 

F I G U R £  4 

t C  

.\ 

i:i:;!:i!i/: i 

GxST~,KC£. rF iOM TH£ A ~ I S O F  T H [  W£1.L lq  I~ETF. .~  

o .'c c ~ 

- ' . ' - "  . .  : ' !  , " - . 

. . . . . . . . . . . . . .  ; . . . . . . .  ~ (_,.'_:o'~Zo, I 

' ' i | 

• ~ ~ (,T~'-T'~ , - "  (,,:V-t"dr .... ~ ......... t ~; .... 

! ' ; ! I ! t ~ l  
:Ira ' - -. • ~ ~ i ~J I 

* , io 

. 4  L*~ 

;X .'D.~;hg? 

I 

i. 
t, 

t 



~,i~ ' ~ 

. - , .  

. .  ', ~ • 

. . "  2"" 

r:i" / " 

t 

1. ,L~eh~tso, ~,. : Die OlSmAuss=erabsonkun~ in  ~hoor~,e u,~ 
~ s  (The ; : L o u s ~  o1" the ~ata~ Table tn ~htoz~ end 

~bOl, .  ~i. : Die ~tel~huel'to yon (;5~u~mtose~tbm~dc~t~ = i t t e l a  
ll~oh3A~unaes (The Zone o f  I,u~J.u~ee o f  the ~we~.ns; .o~ .:he 
~ter Yoblo by ~ o~' Pi~e ~ l l s } ;  ~ulA,~,s S~Iz~or, 

~ ~ ,  ~r. : Yhe~rle un~ ~e~eh~ung tier l~e~ (~ory and 
~a:~ Of ~e~Is); Wass~rk~1~ ~nd ~asserwArtsehaft, No. 9, 

• . ~ ~ e l ~ r :  Die ~azv~tollen D~f~'e~ntle,~lglelohungsn der 
=nt lumt~6~he= Physik (Y~o Pert.tel D2fl'e~~,ntlal F.quatton8 oi" 

'S. ~ = ~  J~odo: Fun]ctlonentafeln (Ysbl=s of Funct ions);  
~ ~ ,  La2psl~. 1933. 

6e F ~ k . z  ~ h ~ u a h  der G15~dwssse~tu~ ~ell.~r~k~un~o ( ~ x l ~  
.Imok OF G~o~sd :~ator end the .qotonee of  ~ie~.l=); Borl:L~, ~L9~?, 

.7. FO~z~elalm - 3 1 a h s ~ t :  O = ~ n ~ w a s u ~ s ~ u d c ~ a n  bel  / ~ n d l e ~ g ~ -  
~ i t e n  (/~wet-tn~ ,of ths  ~ator'Yable at  Fo~ndetlon ~;xoave~ion=); 
7UAIU= ~ ~ r ,  , ~ r l t = ,  19B0. 


