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ABSTRACT 

Interference fringes from transparent films o:o. reflecting surf~ces,. 

which are usually very difficult to observe, are shown to be of optimum .·. 
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contrast (or color saturation) if obse:r·ved with linearly polariz~d 

rather than nat.ural light. For the direction of pola.rization parallel 

or perpendicular to the plane of incidence p~rt.i.cular :. angles .. :c;)f 

incidence are calculated. for which best contrast is 'expected. These 

"optimum" angles Of incidence, computed for typical metal-film COmbi• 

nations' are confi:n;n~d experimentally for a film of agueous potassium. 

hyd1·oxide on a polished, optically flat nickel plate. A complete.· 

computer program for· the calculations involved is contained in the 
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Interfel~ence· phenomena in thin films which result from the 

superposition of light. waves reflected at the· tt1o surfaces of e;.: 
·J. · .. 

. . . 1 . . 
film.lw,ve long been used as convenient ·means for dete~fu.inB. op~icai;:<'~; ·:: 

. . . :,o,'f. ' 

·.film thick.riesses. and ,diffel.·en:t techniques, '\·thich usuallY emplOy ' ~:L ;{; 

\" , . ... 
·: ~ ... 

.• ! . 

. unpolarized light' at normal incidence have more recently be~n reviewe~· . . ·~ ': . 

in monographs, .stichas those by Mayer, 2 Heavens3 or Wolte·r. 4·. :·.1-lhile rh~· .. 't ·:··.· 
. . . ' 

reflectance· of both surfaces .is of· the same magnitude for a film ' ':,~ ' : ~. 

. . . . . . . '· '·, •, ' . ' ~· ·. : 

surrounded by air, such as a soap bubble, .thus leading to easilY ob-
'·:'· ... _ .';·,,' 

' . .,.' ·_;' .:::' 
,; ;."• !'·./·',: ,. 

servable interference· :J?henomena, ·this is not the case for· a film in. 1 ' -~ .• : 

.. -~:.' ' ·,' .. '. . l . 

. contact with a reflect1.ng metallic. surface • Here, the reflection. of · 
. •\ . . I ' ' ' . ' ' 

light under close~to-normal i~cidence is so much higher at th~ f~lm

met,:id interface than at ·the film-air interface that only partial 
' .. ,. 

extinction occurs in the case of destructive interference·. .As ·.a 

result, the interference f;t:l:nges observed are of such low cont·ra~t .· · · · 

.· .. 
···r 

• . I ' 

·'·· '• \;.· ..... 

··'. 

. ·or whitish color that they are· diffi.cult to recognize and no~· ·suitable·. · ·;·:· 
. "·· 

for qu.a.nt1.tative evaluation. (Rayleigh Criterion5 ) .. This sit~:tioil . '' .... 
' . ' ... ·. ·,.' 

can be greatly improved by simple procedures which do not seem to be ;· 
. . . ..· ' . . . ' ·. : -:.: . { . 6 . : . . ·. . . 

. treated in the literature, although Tol..a.nslcy has discussed the iri.. . .... 

fluence ·of polarization on the appearance of silver;;.modified Newton·· 
· . .-:·,. 

·· .. ·' 

· .. ·· :,. i·· 

rings. .~ method is based on the d~pendence of reflection ahd ' . ·. /.·: ... 
'' ·' '_; .· ' ~ .,,_. .. : . . ' 

refra·ction on· angle of incidence and direction of polarization. : A. > 
··., l' 

. . . 

t.or light polar~rzed pa~:ue1 <II > and n.ormal. <l> to the plane. or,' 1~":" 
theoreticai analysis shows that particular angles of incicienc~ ~~1st ·: . ·. · 

'·.' ;· :,·' 

·:. ~· 

. '·' ',· . 
. ... 
. '··.·. 

cidence Under which the ampl:l,.tud~s of the interfering wav .:s .are.·· 

matched, .thus· resulting ... in complete extinction urider conditio~s of 
•' :·· ,: 

.,:··.' ...... 
. . . . . ·. ":;. . 

·destructive. interferenc~ •. The· film is a.asumed to be ·isotropic: 'and . 
.... •••••·• ' "flo :. ·• • • • •• ... '. 

non~absorb'irig •. ~eriinents conducted wit}l liquid· filnis. on polished,· 

::. 

·''.: ::. ,•' 

·:··.·. 

. ,. 

. . ' ~ 

· ... · 
... 

'·."·;, 

.. · :'', ''·., 

. ,' . 
. ' ·::; .. . :• . ~· ' 
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metal surf~ces have confirmed the de:[>endence of the interference. phenoinena: ;. " ··' ... ::. . j:. ·'(' :. ,,:. 

on angle of incidence, and .mode of polari.za.tion and have yielded .sa.tu~~4,': .. :··, 
. . . . ' . . . . . . ,· . . . . . . . . . . . . . .· .. '.' . . '.' .... -~~~y.:. _r- ~ •,. :. '/.·~~-, 

easily indt:l~tifiable interference colors under the conditions computed5:~·: · . 
' ' 

1 
• ·• • • •• • ' '1•;;.:,•ri • , , : ' . . .. ::,:·;.f· .. ·; . 

for ampli tu~e ma. tch:J.ng., : . : ·, . . ·' .: : ~ :·'f, : . ~ . ~. 

.. ·.r .-··. 
:r 
' THEORETICAL •'.·· . : 

Air-Film Interface ·. ___,;;..._....;-------.,, 

The anr,plitudes._of the 'refiected and refracted 'Waves in the film . : ., 

are identified. in .figur~ l .. For reflection and refraction of l'ight 

at theair-filln. interface the. amplitude ratios. can. be descri'bed9 'bythe··.· 

Fresnel equations [2 to 5] as a function of angle of incidence·¢ and . 
. '. 

refractive index. n
1 
~); . They are different for light ·11nea:rly ,Pol,ari~~~ .. · ... 

normal (1) and parallel '(ll) to the plane of incidence:'*}·. Tne angle· ~ ':.: 
. . . 

of' retraction ¢' depends on¢ and ~1 according to snell's ·lB.w (eq<ol)~ :,·.·: ... 

sin ¢ · 

R 
1~ E. 

. n'R·. 
II . ~ 

D ·1· 0. . . E 

D 

n. ~ ... 

= 

.. 

~~· 
nl 

sin (¢ ¢') 
sin (¢ + ¢ '). 

tan (¢ - ¢'2 
tan (¢ +. ¢' 

. · 2 sin ¢ ~ cos ~ 
···sin (s!l+s!l'J 

[l] .. 

[2] 

[3] 

. [4] 

. [51' .• 

':;··' 

· .. · .. ,··,' .. ·.' 1'.', 
:·· .... 

... 
•' 

· .. ·· 

·._; 

. :' .. ~· ' 

'::·:.· .. 
't . <.- . 

:: .. ·· ... · ... 

..... 
. . 

*) The .sign convention erixployed ;tn recent texts su.ch. a.s Stone~T.·.·~ran~~n,8 · 
Va.laf.iek9 ·and Rossi10 shaJ.l be us~d here~·· .. 

. , .'. 

**)Defined by the plane eontain1.zlg incid~nt and reflected beanis~ · · 
. ' 

... · ' .;" ...... 
. •.· .. , ' .... . ' ... 

, ... ,, 
... ·"· t 

. ::',•"',· 

. . . : . ~ . . ,.::",·... ·, . 'r . ., .·•, .. 
. ·.,. 

. . . . . ,' ·. ,· .. ::.·· ' . . . ·: · .... : ..... ·· 
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Plots of equat~ons · [ 2 to. 5l are sho'tm in Figure 2 for n1 ··'=. L 365··\:;< · · ;:: .. 
. ~· ':<· ·, . ,/i' _:;", '. 

The negative Sigrl Of the reflected· amplitude Sylnbolizes a phase shift '. :·~ .,. .. ' . : 1. 

of A/2. between· incident and re~lected wave. · It can be seen that .for _, ·> ·:·: < · .. ; :f 
. . . . . • ~ ·."' ,·'\; ''·r. . '. . 

the parallel mode ~f polarization· this phase· shift disappears for· ~gl~~~ · 
' ' ,r •' 

' . . . 
-; .. 

. } ' ' 

of incidence· above Brewster.' a angle f/1p and does not ·exist for either ·· 
· .. ' ~. . .'·.'· ' .. _ ',. : ··,. _· ', ·.-.···~ ' 

.. mode Of· the refracted Wave~. 
':·.·.:<· ,; .. ,1; 

:.-•··· .... 
•' ~· \ 

Film-metal Interface 
•' ·. ; .··.·· 

·· ... ··· 
. '· . ' 

The reflection· at the film-metal inter;face can similarly .b.e des- · ..•.. 
' I' < ,.' :'; ',,•' 

cribed by use of a ·complex refractive index n for the meta110 . · .. · · ·· · .·· · · · · . 

'. i~ : 

n 
·. . · .... ~ 

' . . . . . . ~ . . . . . ' . . 

Typical values of refractive index n2 and absorption. j.ndex ,1(2' tor a. . 

. metal of low1 ·mediUm and high. refiectanc~ ar~ listed. in Table 1: •... The ... ' 

reflectance for. an· air-metal interface as a. function. of. refractive :i.nde:x:J . . i:;, . . . . ..• ··... ~· li .· ..... · .: .. , ' 
absorption · ilidex and angle ·of incidence has been given. by Konig .. · and .. 

. •"'' •'. 12. . . . ,··· 
is .shown in Eq. [6 to . 9] modified · for contact ·With ·a mediUm.' of.. re... :. · · 

·.··· '•'' 

tractive index n1 . . · .... ·. · .. 

... ·. ··, 

. ·· .. .' .. 
. ,·, .:'. 

:. ' .. -~· .: .. · : ': 
.·._. ·,. ..•·: .· · .. :' 

I ' ' ' 

_.,' •',. '. ~ 
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Metal 

w 
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'· .. ·. 
Ni:: 

,.Ag 

!"' 5 .. 
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....... ··,· 
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Table I 

Optical Con~·ta.nts of Metals 'for .. :r 
·. ,'·.· 
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Numerical results of equations [6 -to 9] using the data. Table 1 and _·_n1 ,.\)~r:·.·:; 

L365 are shown. in Figure 3 plotted Vs• ~. · The negative. sign· of the -';·< ·_/ . 

amplitude rati_os has. been introduced to indicate the phase shift _of 

X/2 due primarily to the metallic 1·eflectio~ combined with the ~ff'e¢t 

·* . of a very t~n . filnJ.. 

·. Film-air Interface 

,. ,,· ,.;. 

•'' .. : 
,. 
. . . . 
.-.:' . 

. , ... ·. '.; . ·;.:· 

The 'internal reflection arid refraction at the film-air interface· . 
,·: .. 

is described by Eqns. [2 to 5] with ¢ and 9J; exchan~d in order -~o · 

·: _:.·, . 

,··:·· 
': ·. 

' .. 

'acco\.Ult for the· reversed. light propagation. Thus, Eqns •. [10 to· .i3l .are · 
~.: ... 

· obtained, of which Figure 4 gives a graphical account •. 

.' 

•' 

. D 
sin ~9J- ¢'~ 1 l- = sin "" -ML ... ¢+¢'' 

,. 

D tan ~ f¢ ¢') .· 
11 . ..1:' = ¢'}'" = --~ tan ¢ + 

R . . , 

l 1 . 2. sin ¢ cos ¢ · 
· · M = sin (¢ + ¢') _.,, · 

' 1 

R 
0 - E 

R 
.. _.Q ... 

E 

II R1 = 
M1 . sin(.¢+.¢") GOS {liS-"' ii') .. --. 

Multiple· :r;-eflection · 

·'· 

• I • 

', ·.···:' 

[10]' 
'· ... \ 

.. _;· 
; ., ;.-
··!'' ... 

, .. ·'· 

[ll] 
:·.·· 

[12] 
·:-.· ,. 

[13] ·._ 
·.':: 

. Dl R~ ilidividual re:f'lectiOri and re:f'raction coef'fuients R~/~· ~' .• -.. 

-~, -M-
1 

are· comb:I:ned:ito:~ob'tain ,the·-'a~li t_ude of higher J)rder ref'1ect1~ns. · · 

This:yields •'. · ... 

,··_,;; .. ' 

R :0 ·~ Rl 
·' ~ 

1 0 
.E = E . Do ~ 

. . . . . 

. ... 

.. .. · ... 

'' 
.. ~{' 

:. >· 
·, .. , . ... · 

... 
~ .. ·.:.· 

' I ~ ' •' 

r&cula:tiKl-.e.~lfOrS;~'film of n. = 1.3~5 on nickel to be· 0 04 ~ a.ncl·o<·o2 ~-~or II:·~; 
. . . . . . ' . ~- " ' . . . ' '-~~ -:_:; ' :·. . ' 

&na~l·pola.r~~~ion,:~sp~~t:t,y(:~1· 
';· .. ···i .. ',. 

I' , ;' • , I~.~ • •.• , ' 

'·, , .. 

. ' • .. 

;'l ..... ' ' , . 
. .. ',·• ·. ,_··.···, 

.· .:·',1 
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'~':f'~t~CStrn,;, ~·a~ 
~ 

' 
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' .. 

. ' 

,. ~ .. .. ,.._ ...... . • H..,,.· JU!! 

... :: 

· .. ,. 

- 8 
.' .... 

ampiitude is the sum ot the progressio~ fl4] .*) ·. . ·. . .~ .. 

:., . 

. co R 
,. : 

.· .•. ·. ''f . 

:/;'.' ; 

\ ·n L .""'E = 
n =· '1 · · 

,:···.r .... ·.,. 

•····• .. . ·• .• /·,[ t~l-.~{~.1 
:. ,'l '(, .,,,' 

. ;..-; ; . . :}~\ 7.~j. 

In order to fiD.d the .Para14eters for which posit.:t..ve and n~gat'i~.:anl.Plitua.~:~:i' ··.·:.:r:k/:::·. 
·. :··.,\. 

. are matched; 'the ~litude .ratio [16] is formed . . ' -~-· 

,•'.' 
·.· ;' 

'· ,. 
·,, .. 

· .... . > ., . '. 

It is plott~d in Fi.gure6.and designated Rjmn.~ The ratio· of'>·l is' 

reached at ¢
11

• At this •'optimUm angle of incidence u · compl~t~ .destr~cti~ ·. 

interference. 1.s -to.~e .. expecteu•.on •. a .f'ilm.of ·very·s~ll tliid~e.ss.l4·::<<·:~) .:.·. 

· with light 'polarized pax.a.llel .{II) to ihe ·:Pla.ne of' inc.iO.~nc~ ~·: > 
··' . . . . ' . . ' .. 

... ,: .... 

. .'·:. :':. -.~: ......... · · .. 

Constructive interference at .~an .. isi)i!lg :riht thf~knes~ .: :· . · ... 

. ··• FOr .;.,.,...{"poh?zation . <lJ. under atiy angle Of ili~~d~n9<> ~tld p~ni~~~ . ( · ··· . 

. <II) polarization ·below :sl:'~n~ster'~ angle M..1 . 1s positive> :qon~~quel1tir ,· ·;:. :' .. ' ... 
R ... · · · · · · . ·· · ·. . 1· . . .. 
.:...!! in Eq~ [14) . is alternately negative and.positive \~ith the stim of the.:::::: :. 

E ... · .· . ··. ·.·< . . .· R. , . . . ... 

progression .being negative .. ·· As :the. zero-order reflection . ~· .tmder the~e ::· 

condition~. is ·also ot negative sign; the interference is constructive·.: .. 
·' . . . . ,. ' ... 

~irice ~ matching.of 'zero and. higher' order reflection 
.·.;·· 

·: ::. :f.: .'' . ·. :· ~ ~ i· . 
. . ,:< ·. .. .. ·:·· "! 

amplitudes· urider ~onstruc.tive interference· is not of particular experi"'·; · · · · ',.. · i .::; 
.,:, ..... . 

mental interest, the analysis ia continued for a film of sucli thickness ·. ·, 
':.: ... ··, .'' \,• 

·as to introduce .·an additional reversal of phase between successi~. ·,.'·.·. ::··, . 

. , ·:· 

--~~~------~----· .. : .. . . r·. '.·!. ~·. 

13' ' ' :: 
· ·*) A ·aimila~ summa.tion has been carried out by A.· Vasicek. ·.:u.ndei•.:the >.···· · ;'. :·." 

' .. 

. ·; : .. ' 
' . ~ 

i, .· 
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,, 
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ri' Hi<·p '-•...t-¥Ul 

', ;'·· 

'. . ... 
. .... .' 

- .9 
.·.: ·., 

I ,•' ,,'•, 

.reflections.*). As illustrated in. Figure 5c, the resultin~ phase· :re-· .. . . ' , ·, . 

lationship between successive reflections is the same as. tQa.t: 't~ated 
.. .. 

before. (;Figu.re. 5a) .except that .all reflections have opposite p~se~.·. · 
. ' . . ' . ' ·. . . 

. The amplitude ratio lEq.: 16] :ts. ·plotted with a positive yaiue .:in .:F:l.~ 

6 to indicate constructi~. uiterfe~~llce at very small- -film thicltne~s.· 
•, . ' .. ' ' . . .. ,. . .... ··. " 

·····" . . ' . 
. At ~l' the.:ot~er "optiiil~ a'ngle __ of_ i~c.idenc~", where the inte~feri~ .· 

. amplitude ratio_ is:+ '1 conw'let~ '.des~r)l~ti,re 'il1terf$~elic~ ;is .t6: 'b~': ! ·• .• 

'·: '.' .·.·.. . ··.:::.: :·' 

expec-ted o~ .a· filln ofapout ~/4 -thickness with£ight :·pQlarized p~:rpe~- · ~-.·.- . ·: · 

.di·cu~r <l>._.to the plane·oi··iri~·id~nce:~·· .•. :.· .. ··• •.•. :::··· .:·:··. • .• >'}..::·.::'('· ·. ?·.:. :~.:·.:· . 
·, '•. 

Film refract:i. ve index . . ·. ·. · .... :. · ... ·. ·.' 

The E1bove computation~ were repeated f~r tvm' other refra.ctiv~. 
·' .. · ,. '' . ·. '. . .. • i·: ·, ' ' . . ' . ',• ..... 

incices of tb.e fi~ nl ~ -1.'20 an(i ni "" 1. 50 to cover the range oi. 
. aqueous so~utions ·of iriterest in ~hi's _study• ·Tabl-e .II lists -the Btews~r's·;· .. · 

angle ¢p for the three film refractive indices as obtained frorit-eq,. [17]
9

···:..) 
:>.:' 

: ',. ··.' 

tan ~p:·~ ni··. ' . [17) 

The· final result.s fo~ ¢1 ~d .. ¢1', :co~p:Utei for the. three .meta;L surfaces . _,:· .' 

covered with films of three different refractive indices are given in Table ·III.:'::; 
·· .. · .. :·:' .\: 

.· *) ·More precisely, the· optical path in the film. of thickness· d be"l;ween-

·reflections 

, 
6 S. = F n1 d cos ¢ · 

· must be )../2. larger .than considered before.' d is therefore~ abc;>u~ 
· ~/4,_. ~epe~ding o~ _re~ctive. index n]: and angle of re:fractio~: ·9S' ~· 
. . . ' . . ' ~· ' . 

~. 

. :'' . 
'' ' ... 

·" 
. ~· ..... ' <· 

!.! ..• •• 

.,· .,· 

·:.• ' ,· ..... · 

··: ·J . 
· ... ·': ~: 

:: .) 
. . 
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r¥As~w': ... wahk~ r:e'.~;ri:('vi·t~r.'~;t._::;.- :.,_ •.. -
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.... 10 

Table II 

Brews-t;er •s angle ·~ ··for different film refractive 
. ' p. .·. · .. ' · . 

.. . . . •. 

n ¢p •. ·1 
" 

-.,_ .. • 
·.·· 

50°12' '· .1.20 
'' •\. . . 

··' .. 

·, 1.365 . 530~f· 
> ~ 

'··' >fi 1 

\ 1."50 56°19'.· 
.,: 

,· 
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w 
·w 

Ni 
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Ni 

Ni 

Ag 
'.''· 

Ag 

Ag 
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Table III 

. ' 

Op~imum angles of _incidence ¢ l and ¢11 for 

the observa.tio~· of ·transparent thin films 

on di-fferent metal sw:~a.ces wi~h Na light 

polarized normal <1> aJ1d. parallel (II) to 

the plane· of incidence. ·. 

.. :~ . 

:·· 

·~----·- ·:':; :· '·; .. ' 
·· .• ! .~ .. ' \ I ....... ~ ,•, 

··~·~·· 

~ .. 

. ~. ~ .~· ., 
'I : :~· 

~ .. . , 

.·.,. ·._<·.:~.: ... · ...- ,• .. '. 
' .. ·: :~' i 

' . ~ . 
· .. : ~ ' 

", .. 

Film RefractiVe -Index nJ. 
\. ~: 

' 1.200 ;, 
~ ... 

.. -1.365 

·1.500. 

1.200 

: .•. 1.365 ,.• 

~ 1.500 

1.200 c' 
,·;. 

1.365 

~.500 

.. 
.. --. . ..,., " . 

. ~. 

· .... y, 0. ; 82°: . . :·:~:. ' 

.,p· 

·•."' 
. ~. ~ 

-6J.o. ., 

··· .. , 
680 

. •·, .. ,,•, 

,·• . 

.•.... 82~. 

82°: 

84~· 

····a4°' 

.-·-.84° .. · :·- -··. . :: · .. ·.~ ,, ~· <: .. 

. ·.·- ·'; 
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'• :-
'· ·~ 

· .... ·,·· 
,··:;· ... ·· ; ,·, 
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•" 
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EXPERIMENTAL 

The· appl:l,eation ot the· "optililum angles of 'incidence" has ~rOVen ,:· 
~:: . 

very useful in a study on the formation of liquid electrolyte films ~f;G, ~ :':: . . . . .. ' .. ·'· 

Experiments were .. ·'< 
. . 

0.5 to .5 m.icror1 thickness on p~lished metal surfaces. 

·cond~cted with a· ium. of refractive index 1.365 (3~4 normal aqu~ous · 
.. _~·.· 

s.olution of potassium hydroxide) on nickel in Sodium light ( "- .,; 0. 589 ~) •. 

The optical system employed is sketched in figure . 7. * ~ · The :photographs.· _ .... 
. . . ~ ' 

obtained (figure 8) .illustrate the. chaliging appearance :Of the same 
. . . -

thin film Wlder different angles. of incidence for both modes of. polari-' . 
' . . . . . . ' . 

. zation. It c~ be s.een that, as predicted by the computations, with 
·, ~ 

increasing angle of incidence the interference friDges from 1 pol.a:d-
.' ' 

Za.tion rema.in qualitatively the sam.e·**) but increase in .contrast~.· The '.· 

fringes from II polarization, on the other hand, being the same as those of :· .,: 

J. at normal incidence decrease in contrast with. increasing ilS .until · 
·. ' ' . ·. 0 . ' . ' ' ·' ..1 ,'. 

they vanish ~;Lt Br~w$ter's angle SliP = 54 (where no refiection oc_curs at. 

t}le fi~ air interface). For angles of incidence above fl)p the II ,PiCture 

increases in contrast :with increasing SIS vlhile its fringe pattern is,· 
.· ·.·.c .... 

complementary to the fpattern. Thus, under thea~ c_onditions th~ use 

of .lion-polarized light, which cari be described as a superposition 6~ · · 
;f· •. --_ •. 

' 
both mod.e_s .of polariZation, wo}lld'result in a further decreas~ .i;n · 

' I ' . ' ' ' ' ' ~: ! < 

... _ .... ·. ,·· . 
;•, I .' .. / .... . ··:·:· .. 

l1'cir the larger values· of ¢ ~he plate. holder could not be tilted· 

'sufficiently· to colli:pi:msate for the· geometrical distortion of ·the · ·· 
'•' 

picture ;l.n the horizontal direction .. 

·.,. 

. :·· ... 

< : .. . 

**) Except for . a sma.ll ·shift .. due to<,the .. decreased· optical path: :~·the 
. . . . . . . . . ' . ,. . . . . . . ; -~ .. 

.. . film a.s · ¢ .18 :increased·. ,_(see footnote on pag~ 9). · · 
.. ..__, 
;· ~. ' . ~ ' ........ j · .. . .. ·: .. 

·,, . ~- . ,. ··.-.: ,. 

·.' ·.· 
; .. ·• 

.. , .. -~ .. : ~ . . :.·:..· .· ':, 

,. . 
.'- .. ' 

,. '' 
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r •1,- ~.;.' •'•.' 
... 
If .. , 

. •, 

amplitude ratios devia.te. for both modes of pol.S.rizatipn by t® same ... . . . . 

'=t .. 

factor (1.9) from complete ext'inction, thus,'both pict~s can be. (ipserve(f:_: 

simultaneousiy llith equ,al-~d _satisfSpctory · .. (although riot ma~) __ .·contra;~~/·.:. 
.r ·,, . ; ,_._., - . 

. as de~nstra'ted in figure · 8 ~--

.. ~ 
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,'• ... 

) ) ' 

. ':·,:. 
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\· 
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r;-,..tM:t~\&ft¥6: · ¥ri·•'l >t~ ·~-~cin en· :~-i-1 · 

I. . 
t 

'! 

) 
·4_. 

. . ~: 

'·' , .• < 

·, . 

. ~· .. 

. ·, ,; . 

•:·-·· .. ·., .·:·.·./:., : . ::.···}.' 
~ . ; ;·. . :-> .\., .. :~· \ ·. ···· .·· ;{ri.iWJ~ 

\' ':-.;.~:: .. : ... :;,.~_i:l' 
Interference fringes (or c:olors) tram tnmsparent ~ilms·· on ·.).~::u. <!{·:··: ,''·f .. ;f, 

. ' ' . ' ' . . . . •', '::' .::· ~:}:·,,(;i:..'.::·i\/}~'1::: 
met;al surfaces are· best observed with llgbt polarized .norma~.;·.{ J;' .'::·:'. <<: ~.:·:·:~,:; 

··. or.~l··.~·~ p~ of inc1de!lce. . ·. •. .··•· · ........... ··~:,;;;;.,\~~&~ 
2. · For each Iilode of polaJ;"ization an optimum ·angle of.inC.~dence : .::.\;.::,.,:;·_ ... ,. ' .,.·'r: 

. . , .·: . . . . .·. :·.: . . . . . . : _;; .··· . . . .. ·.:, ·:,:· ... ;·· :, /~-:-.- ·----~~ r.~ ... ~ ···~'.,.;,··::tf 

¢ l or .¢11 exists at which the amplitudes of the. interfering.·· .. ·. ,~ .;> . 
' .. 

. . wa~s. are ~t~hed (ratio :t l) .. 
. · ·' .·.· .· 

3• : T.he values~· of .¢1 e.nd. ¢1! d~pend on the optical constan~s 'of . · .. · · .:: 

the ~tal surfac~ a.nd the refractive ' index ;of the film. ' . ¢1 .: ·, : . . 
··and ¢II' a~ lal'ge:t" with a more h~ShlY- refleqting me:ta:l. sur:ace~.;>:~····: 

.. ' . ' ··.· . ',,· ... . 

(·:~,·: .. ·.:: :·;;~. ana. w:J:~h.a.:;lower: rerrnct:tve index n1 or the film, but ~II· is ·· 

f . 

'···. ·t ' 

./'· .. 

. '. . i 

· .. ·· 

practically independent of n1. 

· 4 •. · At the respectiVe optimum angles destructive interference.· 

, occurs with the II pola~ization at film thicknesse~ clo.se io o/ :_ 
X X ~ X : .• 
2,. }i. etc. 1 with the l polarization at close to 4, . 3 'li;' 5 ;q: ~t(!<: 

5.. An application of the' above results has Yielded' veey clear . 

interference p~tterna which were .almOst unobservable before~ 
. . ... · .. ' . 

· · !ntens.i ty minima ~d· certain interferance colors could -be · 
~- ··: . ~ ' 

identified co~es~onding to .·better>than '±_o•O? micron fi~·: ·.·. 
' ' '. . .. ·' ' . 

, .thickness.· ··.·: .. ' .. ·· -: .· 

R~finements of the. ·t~eoretical analysis ,to in·clude the 
, . 

' exact phase' change. upon metallic reflection and the ~quenct :: ,. ' 
' ' ., ' >o, I • ', .,' ,•· '• • 

'./ .· :·. ',·. 

dependence of the .optical constants associated with tl;le 'use·:: -,·, :- ' 
.. ·'. 

. . · .. : .. · . . ; Of white light are, Unde.r consid~n1t1on ••.... ·. 
I ' ~ ';•' ' 

': 

\ .· 

:, .'. .. .... · . ., 

· .. ' ,: . · .. , ·, 
:'i. ':'\·: 

·Tbis work' 'W$s~'performea .under·, the' e;uspiees o:r_, the. uiu~d ::Jta~i!i;, 
' ' ' ' <I ! .' ~'' • ' ::' : 

... 
Atomic Ene~. Comm.{ss$-o~~ ~- ,'. 

·.; 
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. A· c~inputer program in. FOR1!RAN Language capable of performing all 
. l·. 

the calculations containeq·in this ;report for any.optical properties .. ~. 
- .. ··. 

of. fillll and metal surface. is . given below. In addition, the pro~ ...... 

incor,:porates the. computation: of the pha.se change 8 occurring upo~ ·a· 
. .. . : ~ 

sirigle :reflection at:. the film-metal interface according to·:lf··:~· ..... : 

. ;~ ' 

- 2b cos !6' 
tan· 8 = 2 2 2 

a + b ·- cos. ¢ 

,; ( 2 ·. 2 2 ') tan e .::: . 2b·:.eos ¢ a + b ... sin ¢ .. 

a2 + b2 - 4( .. . .;:. )2 2 , ·' n l + ~ cos ¢ 
II 

\. 

' . ~: : 
·.• -·· ,· 

__ .. -.. - :' 

where all the symbols have the previousi;y defined meanings •. 
,';,. 

A tabulation .of. results for the nine . cases investigated numerical~ . · · ·;· 

and summarized in Table .J is also containea:-:m.,..the appendix •. 
',I •' 
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LIGHT INTERF,ERENCE IN TRANSPARENT THIN. FILMS ON METAL 'SURFACES ... '. 

'NAMES OF fNPUT AND AUTPUT VATABLES 

TNF nl . :·.~. ... 
TNM· .n2 .... 

.; · ... TK K2 
PD ·C/J tg·l PHT cp rad. ·. 
PHIP· C/J' rad •. 

. ' 

A a 
B b 

'·· ·, 

f :', 

·Ml 
RS ·.J.. D ·: .. 

, . .; 

' . 
,, 

' ' ' 

· RP II 
·M~ 

'"'. : '' •' . 'i .,, 

if""" 
TANDS .J.. to 

~·· . an 
· TANDP. II tan··.5 

RATS ·...L " 

RATP ·. 
II 

FORTRAN PROGRAM 

R0 /fRn 
E E. 

~~z~ 

. · .. 

... ' 

. ,; 

.; '·.. ·' '~ . :·:: .. ::;· ·-~-. 

····· ··_:11·,. ',1. 

.•' •' 

·.;· 
.' •, :· .. · •, . 

·,' ,·., ..... ' 

'•, .' 

.·. :·. 
,, .. 

DIMENSION PHI (7l ,PHIPC7l ,ASQ(.7) ,A(7) ,BSQ.(7) ,BC:7hRPSQ'(7l ,RP(7)9'· 
CRSSQC7) ,R$(7) ,TANDS(7) ,TANDP(7) ,RATS(7) ,RATP<7) tPD!7). ' ' .;,·. 

2 FORM.AT (2F 1('1.0) · .... 
3 FORMAT (FlO.O). < 1 

:··. 

4FORMAT(7F.lo.-0> . . .... ;_· 
.5 FORMAT .(1H0,20X,4HTNF=,F7.4,10X,4HTNM=,F7~4~10X•3HTK!:,F7~4)'~, · .. 'o, . 
6 FOR~1AT .· < lHO, 4X., 2HPD, 8X, 3HPH r'; 7X ,4t-iPH I P, 7X, I.HA, 9X, iHB:98X t2HRS·~·ax.•·. 
: C2HRP, 7X, 5HT ANDS.t.5X ,_5HTA"!DP ;6X4HRA lS t6X ,4HRATP) ·. < ·. · ··'· 
7 FOR~AT <l1Fl0~5l . . . . .. : . 

20 READ 2,(TNM•TKl . . , 
· READ 3,TNF 
. READ. 4~CPD(M)~~=l,7l 

DO lOO_M~l?7 .. ' 
PHICM!~PD(MJ*0•0174533 . 
SPH I P=S T.NF <PHI( MJ )/TNF': .. 
PHIP!Ml=O"O· 
PJUMP~O.l · 
GO Tn 2A . . · . 

26 tF<SJNFCPHIPtM)J-SPHIP).28,l'OOt30' · 
28 PHlPc~{=P8IP(M>+PJVMP · · 

......... 

I.· 

.. ·.· ·•.·· 
:• I 

·''. ~ . : .··: 

' . ~ . 
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.·.:·:': 
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JF11.5707963~~P~IP)100,26t26 
30 PHIP!Ml=PHIPCMl~PJUMP: . . ' 

PJUMP~O.l*PJUMP _ . . 
· PH I P ( M) =PH fPC M l +P Jt)~P ··· 
IF(PjUMP~0~nnnbOri2ll00~~6~2~·: 

1 Op CON T J NUF' .. . . 
DO 2()0 tv1:::1,7· 
TN=TNM/TNF 
SM=~HitMl+~Hf~CM) 
DD=PHT(Ml-PHJPCM) 

. SP~STNF!PHICM).) 
CP=COSF'C PH T C M) ) . 
SX=SI~F!PHJ~(M)) · . . . . 

-CX=COSF1PHIPCM)). 

· ... \: 

' .. :,·: 

~- ; ... '. .~ 

. '.· 
,,· 

. ·, ·· .. 

·'· 

,· .. 
·. ,I' 

' ' 
' ~' . : : ' ' . 

... ',· 
'•' 

' " .. : ~· .. '. :,~' 
·, I ' ' . ,':.:- <:·;. 

'. : .:-· ..... ·;. ~ . ; :. 
.. "' ', •, 

. . . ·. .: ·.' .. ~. 
:> .. 

' .. , 
'·;; ··:·· .... .·.: :-· 

.: ) ··;·. 
,.•' 

·.·;: .... 
. ,; . 

. :·,, '• ··. 
SD=SINFC[)Dl 
CD=COSF ( DD l . ' · · · . . . ..... :..· 
SS=SINFCSM) ·· .··.· '.··.· 
cs;cosF c sM) . :. ·.· ···· · · .' ·.· · . ·.. ... 
TX'=sx 10< · ·· · .. . .. ::: 

· Tf'.A=S.S/CS ·· .. ' . . ,. ·· 

·.· .. :!.<' :' 
':; •: .. 
. .-;_·:_·:'. 

TD=St)/CD. . . . .. · · · .. ·· .: .. ·· ··· 
ASQCM)=n.5*CSQRTF!CTN*TN*!loO-TK*TKl~SX*SX>**2•0+4•0*TN**4•0~T~*TK 

()+TN*TN*Cl·O-TK*TKl-SX~SXJ·.·' · .. ·: · - · .... ·· .' : . ·.· ... : :. 
· IFJASO!MUl'lO~l12,11·2· ·,"~.· ...... , ' ;:·~ .. ·' · .. ·.·.· ... >···, ·. , . 

. llO'A!M)=() _ .. .·': .. ·.: . 
. GO TO 114. . . · ' .· ··. .·. ··: ·<. 

' .·. •,- ' . ,. - ..... 
-112 AtMl=SORTFCASQCM)l· .. ·.··.·. :.·.· · .·.'·: • ... ·· .-.. ."····,:-· .. · .. ·· .... :.·. 
l 14 RSO t ~ l =n~ 7* ( ~QRTF (C lN*'rN¥1l•rl.:...TK*TK) ;;_SX*SX 1*'*:2 ij 0+4• O;jf~TN**4·0~tK·:!f:TK 

: ()-"-TN*TN*(1.n-·'fK*JK)+$X*SX·.f ··, · . , , ·, :·· .. ···· ·.:\ - . . . .... 
· lF!BSO!Ml;·>t16911 .. 8~118 .. J·. ,, .~ .. · · ,:.:·· 

· . 11.6 B ( M l = o . . . . . .. ..· · · · · : . , . . ~ . '. '. _:_ . : 
GO TO .12() .. . ·· .·· · ..... · .·. , ·· . ' .. :, · 

118 B<Ml:SQRJF!BSQCMU .......... '· .... · _ . . ..... : ... . 
· ·120 RSSQ C M )·= C ASQ ( M l +BSQ ( M > -2 "O*A (M) .*CX+CX*CX l I <ASO(M > +BS.Q ( M > +2 • .O*A ( M l 

C*CX+CX*CX·l ... . . .. . . .·. . : .. . \ .. 
• - • I o ' ' 

122 
.· ~~: ~~~g ( M l l 122 ~ l24 d ?~ . . · · .. · .. · •. ::: . ·~:. ;, 

··..-.:: ... 

GO TO 126' . 
·124 RS<Ml=-sORT!='.(RSSQ(M) > ··,:··i; 
. 126' RPSQ (.M l =RSSO (M l * r ASOC M) +BSQ < M > ;..2 • O*A! M > *SX* TX+SXi~SX*:TX*TX) I fASO(M ): .. · ~ 

C+BSQ(Ml+2:.0*AtMi*SX*lX+SX*SXif-TX*lX) . . . ' ··:. , 
JF(RPSQ(M))128,13.0,130. . .. 

1 2 8· R P ( M ) = n .· ' · ' . . < .:. 
GO TO 13:? •; 

130' RP<Ml=-SQRTFCRPSO!M)) . . . . ·~ ,· .. 
'132 tANDS(M)~-2ob*B!Ml*CX((ASQ(Ml+BSQ(M)-CX*CX) ' . .·.• 

~ANDPCMJ~2•0*BCMl*C~*IAS6(M)+BSOCM)-SX*SX)/(ASQ(M)+8SQ(M)-iN~*4•0*~ 
C!Cl.o+TK*TKl**2eOl*CX*~X) . . . .. 
. . ROS=-'SD/ SS 
.DOS=2oO*SX~CP/SS 
RIS=2.0*SP*CX/SS . 

. SRNS=DOS*R1S*RSlMl/(1eO+ROS*RS(M)J 
·RATS!Ml=ROS(SRNS 
ROP=-TD/T:vl 

'· ' 

DOP=2.0*SX*CPI<SS*CD> 
RIP=2.0*SP*CX/CSS*Cb) 
SRNP=DOP*RIP*RP(M)/Cl~b+ROP*RP(M)) 

· RA TP C M l ·=ROP I SRNP . .___ 
'00 CONTiNUE . 

PRINT S.tNFtT~M~T~ 

'' 

.· ' ..... : 
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PRINT 6. 
DO 300 M='l•7 

300 PR,INT 7 .• PD(M) ,PHI (M) tPHIP(Ml,A(M) ;BCM) tRSCM) ;RP<MLtTANDS(M) 
CTANDPCM> tRATS.CMl 9RATP(M) . . • , 

' 

GO TO 20 
E:ND 
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FIGURE CAPTIONS 

Figure 1. Reflections from a transparent film on a metal surface, designa-

tion of amplitudes and angles • 

Figure 2. External reflection and refraction-of coefficients of the air-

film interface (amplitude ratios, n1 = 1.365). 

Figure 3· Reflection coefficients for different film-metal interfaces 

(tungsten, nickel and silver surface, film refractive index 

Figure 4. Internal reflection and refraction coefficients df the film-air 

interface (n1 = 1.365). 

Figure 5· Phase relationship of incident and reflected light 

(a) For destructive interference with vanishing film thickness 

(b) For constructive interference with vanishing film thickness 

(c) For destructive interference with A./2 path in the film 

Figure 6. Amplitude ratio of int_erfering waves reflected by a transparent 

thin film (n = 1.365) on different metal surfaces. 
1 

Figure 7· Optical system used for obtaining the photographs shown in figure 8. 

A = sodium vapor lamp; B: condenser; C = iris diaphragm, 2 m·m 

opening; D = collimator, f = 19.5 em, d = 5 em; E =heat filter, 

CORNING 1 - 59; F = POLAROID filter; G = polished nickel surface 

1.7 x 3 em with liquid film; H = objective lens, f = 19.5 em, d = 

5 em; I = plate holder; ¢ = angle of incidence. 

Figure 8. Appearance of a film of J; 4 normal potassium hydroxide solution 

(n1 = 1.365) on a polished, optically flat nickel plate. Inter-

---------· --~· 

ference fringes of equal thickness are shown as a function of angJe 

of incidence¢ and mode of polarization (j or II) in parallel 

sodium light .. 



-21-

E 

Air 

Film 

MU-31633 

Fig. 1 

. ' 



. 
... . 

.. 

-22-

' \ 
\ 
\ 

-1 ~--~----~--~ 
30 60 90 

cp (deg) 

0 

-I 

Fig. 2 

II 
-~ 

' 
_L' 

~ 

30 60 
cp (deg) 

\ 

90 

MU-31639 



.... 

'· ' 

-0.5 
~ 
Do 

-1.0 

w II --- _, ----j_ -

-23-

-0.5 
Ml 
Do 

Ni 

-
II 

----_L ·---. 
30 60 90-I.O 30 60 90 

<P (deg) <P (deg) 

-0.5 

~ 
Ag 

Do 
-1.0 ---

30 60 90 
<P (deg) 

MU-31634 

Fig. 3 



" .. 

. 
~. 

'f 

2 

-24-

I 

I 
)/ 

0 

~ 
'r/ 

- ...L 
-I 

30 60 90 

. cp (deg) 

Fig. 4 

/ 
I 

I 
I 

~ , 
l_,., / 

/ 

. --i' ....... 

~ 
' II 1\ 

\ 
30 60 90 

cp (deg) 

MU-31635 



. ..... 

'· ' .. 

+ 

+ 

-25-

+----

a 

+ 

c 

Fig. 5 

+ --+-+ 

b 

+ + + 

MU-31637 



·~ . 

w 

0 

-I 

-2 

.. 

'\ 

; 
I 
I 
I 

/ 
II 

~ / 
I 

..... I 

-26-

2 
Ro 

LRn 

I 

- _ ..... cp 
r--..:..,P #>1 <Pn 

I 

II ~ 
30 60 

cp (deg) 
2 

_& 
LRn 

I 

0 

-I 

-2 

Ag 

0 

-I 

-2 
90 

..l ........ -----
II 

I 
Ni I 

I 
I 

I 

j_ I' I 
..... I ..... 

1#>1 cpll - fo---

--........ I 

II N 
30 60 90 

cp (deg) 

I 
I 
I 
I 

I 

,f 
/I 

I 
I 

tl. c/il 

1\' 

30 60 90 

cp (de g) 
MU-31636 

Fig. 6 



. 
.... !! 

' .. 

.. , 

-27-

G 

MU-31638 

Fig. 7 



I 

~ . 

' .. 

-28-

ZN -3960 

Fig. 8 



-29-

"' 
TABULATION OF RESULTS 

TNF= 1.2000 TNM'" 3.4600 TK= 0.9400 

~. PO PHI PHIP A 8 RS RP lANDS TANOP RATS RATP 
2.00000 0.03491 0.02909 2.88326 2.71041 -0.69704 -0.69683 -0.36960 -0.36994 0.13999 0.13973 

10.00000 0.17453 0.14522 2.88141 2. 71215 -0.69964 -0.69421 -0.36563 -0.37397 0.14323 0.13649 
20.00000 0.34907 0.28902 2.87586 2.71737 -0.70765 -0.68596 -0.35351 -0.38697 0.15407 0.12557 
30.00000 0.52360 0.42978 2.86739 2.72540 -0.72061 -0.67194 -0.33428 -0.41009 0.17496 0.10436 
40.00000 o. 69813 0.56528 2.85703 2.73529 -o. 73785 -0.65192 -0.30939 -0.44559 0.21175 0.06699 
50.00000 0.87266 0.69238 2.84603 2.74585 -0.75822 -0.62602 -0.28093 -0.49663 0.27757 0.00168 
60.00000 1.04720 0.80624 2.83574 2.75582 -0.77988 -0.59550 -0.25172 -0.56612 0.40542 -0.11533 

TNF= 1.2000 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A 8 RS RP lANDS TANOP RATS RATP 
65.00000 1.13446 o. 85604 2.83125 2.76019 -0.79035 -0.57955 -0.23796 -0.60758 0.51831 -0.20719 
70.00000 1.22173 0.89960 2.82738 2.76397 -0.79999 -0.56414 -0.22549 -0.65189 0.69878 -0.33526 
73.00000 1.27409 0.92218 2.82540 2.76591 -0.80517 -0.55557 -0.21887 -0.67864 0.86528 -0.43779 
73.50000 1.28282 0.92566 2.82510 2.76620 -0.80598 -0.55421 -0.21784 -0.68302 0.89952 -0.45741 
74.00000 1.29154 0.92905 2.82480 2.76649 -0.80677 -0.55288 -0.21683 -0.68737 0.93608 -0.47789 
74.50000 1.30027 0.93235 2.82452 2.76677 -0.80754 -0.55157 -0.21585 -0.69169 0.97519 -0.49928 
75.00000 1. 30900 0.93557 2.82424 2.76705 -0.80830 -0.55029 -0.21489 -0.69595 1.01711 -0.52166 

TNF= 1.2000 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
75.50000 1.31772 0.93870 2.82397 2.76731 -0.80903 -0.54904 -0.21396 -0.70017 1.06213 -0.54511 
76.00000 1.32645 0.94173 2.82371 2.76757 -0.80975 -0.54782 -0.21305 -0.70433 1.11059 -0.56973 
77.00000 1.34390 0.94753 2.82321 2.76805 -0.81112 -0.54546 -0.21131 -o. 71245 1.21942 -0.62289 
80.00000 1. 39626 0.96259 2.82193 2. 76931 -0.81473 -0.53920 -0.20677 -0.73476 1.68442 -0.82559 
81.00000 1.41372 0.96680 2.82157 2.76966 -0.81575 -0.53742 -0.20549 -0.74133 1.91134 -0.91464 
81.50000 1.42244 0.96875 2.82141 2.76982 -0.81623 -0.53659 -0.20490 -0.74443 2.04546 -0.96515 
82.00000 1.43117 0.97060 2.82125 2.76997 -0.81667 -0.53580 -0.20433 -0.74738 2.19677 -1.02061 

TNF= 1.2000 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A 8 RS RP lANDS TANDP UTS RATP 
82.50000 1. 43990 0.97234 2.82111 2.77012 -o. 81710 -0.53505 -0.20380 -0.75020 2.36875 -1.08197 
83.00000 1. 44862 0.97397 2.82097 2.77025 -0.81749 -0.53435 -0.20331 -0.75287 2.56581 -1.15045 
83.50000 1.45735 0.97549 2.82084 2.77038 -o. 81787 -o. 53369 -0.20284 -0.75538 2.79315 -1.22766 
84.00000 1.46608 0.97690 2.82072 2. 77049 -0.81821 -0.53308 -0.20241 -0.75773 3.06029 -1.31574 
85.00000 1.48353 0.97940 2.82051 2.77070 -0.81882 -0.53200 -0.20165 -0.76193 3.75556 -1.53733 
86.00000 1.50098 0.98145 2.82034 2.77087 -0.81933 -o. 53110 -0.20102 -0.76542 4.80220 -1.85706 
87.00000 1.51844 0.98305 2.82021 2.77100 -0.81972 -0.53040 -0.20053 -0.76818 6.55166 -2.37257 

TNF= 1.3650 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A B RS RP lANDS TANDP RATS RATP 
2.00000 0.03491 0.02557 2. 534 73 2. 38277 -0.66496 -0.66477 -0.42907 -0.42937 0.26243 0.26196 

10.00000 0.17453 0.12756 2.53310 2.38430 -0.66713 -0.66259 -0.42544 -0.43305 0.26816 0.25624 
20.00000 0.34907 0.25326 2.52823 2.38890 -0.67380 -0.65578 -0.41440 -0.44474 0.28727 0.23730 
30.00000 0.52360 0.37503 2.52078 2.39596 -0.68446 -0.64455 -0.39708 -0.46487 0.32376 0.20184 
40.00000 0.69813 0.49032 2.51167 2.40465 -0.69836 -0.62921 -o. 37504 -0.49418 0.38702 0.14298 
50.00000 0.87266 0.59584 2. 50201 2.41394 -o. 71432 -0.61057 -0.35046 -0.53302 0.49766 0.04866 
60.00000 1.04720 0.68730 2.49296 2.42270 -0.73066 -0.59030 -0.32605 -0.58005 0.70589 -0.10182 

TNF= 1.3650 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
65.00000 1.13446 0.72610 2.48901 2.42654 -0.73829 -0.58040 -0.31490 -0.60516 0.88494 -0.20912 
66.00000 1.15192 o. 73322 2.48828 2.42725 -o. 73973 -0.57849 -0.31281 -0.61017 0.93085 -0.23407 
66.50000 1.16064 o. 73669 2.48793 2.42760 -0.74044 -0.57755 -0.31178 -0.61267 0.95543 -0.24705 
67.00000 1.16937 0.74010 2.48758 2.42794 -o. 74114 -o. 57662 -0.31077 -0.61515 0.98117 -0.26040 
67.50000 1.17810 o. 74345 2.48723 2.42828 -0.74184 -0.57570 -o. 30977 -0.61763 1.00818 -0.27411 
68.00000 1.18682 0.74675 2.48689 2.42861 -0.74252 -0.57479 -0.30879 -0.62009 1.03652 -0.28822 
68.50000 1.19555 0.74998 2.48656 2.42893 -0.74319 -0.57389 -0.30782 -0.62254 1.06630 -0.30273 

TNF= 1.3650 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A B RS RP lANDS TANDP RATS RATP 
69.00000 1.20428 0.75315 2.48624 2.42925 -0.74385 -0.57300 -0.30687 -0.62497 1.09762 -o. 31766 

) 
70.00000 1.22173 0.75931 2.48560 2.42987 -0.74515 -0.57126 -0.30501 -0.62978 1.16533 -0.34890 •• 
75.00000 1.30900 0.78615 2.48285 2.43257 -0.75091 -0.56340 -0.29679 -0.65218 1.65001 -0.54061 
80.00000 1.39626 o. 80592 2.48082 2.43456 -0.75528 -0.55732 -0.29060 -0.67034 2.64759 -0.84097 
81.00000 1.41372 0.80898 2.48050 2.43487 -0.75597 -0.55637 -0.28964 -0.67328 2.98408 -0.92803 
81.50000 1.42244 0.81039 2.48036 2.43501 -0.75628 -0.55592 -0.28919 -0.67465 3.18255 -o. 97737 

.... 82.00000 1.43117 0.81172 2.48022 2.43514 -0.75658 -0.55550 -0.28877 -0.67595 3.40622 -1.03153 

TNF= 1.3650 TNM= 3.4600 TK= 0.9400 

PO PHI PHIP A s, RS RP lANDS TANOP RATS RATP 
82.50000 1.43990 0.81297 2.48009 2.43527 -0.75687 -0.55510 -0.28837 -0.67719 3.66011 -1.09145 
83.00000 1.44862 0.81415 2.47997 2.43539 -o. 75713 -0.55473 -0.28800 -0.67835 3.95072 -1.15833 
83.50000 1.45735 0.81524 2.47986 2.435'50 -o. 75738 -0.55438 -0.28765 -0.67944 4.28651 -1.23378 
84.00000 1.46608 0.81626 2.47976 2.43560 -0.75761 -0.55405 -0.28733 -0.68045 4.67880 -1.31990 
85.00000 1.48353 0.81805 2.47957 2.43578 -0.75802 -0.55348 -0.28676 -0.68225 5.70061 -1.53689 
86.00000 1.50098 0.81952 2.47942 2.43593 -o. 75835 -0.55301 -0.28629 -0~68374 7.23647 -1.85064 
87.00000 1.51844 0.82066 2.47931 2.43604 -0.75861 -0.55264 -0.28593 -0.68490 9.80047 -2.35767 
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TNF= 1.2000 TNM= 0.1800 TKz20.6000 

PO PHI PHIP A B RS RP TAN OS TANDP:. RATS RATP .. 2.00000 0.03491 0.02909 0.14999 3.09014 -0.97202 -0.97200 -0.72065 -0.72149 0.10275 0.10252 
10•00000 0.17453 o. 14522 0.14984 3.09338 -0.97233 -0.97169 -0.71080 -0.73154 0.10552 o. 0:9!17'1 
20.00000 0.34907 0.28902 0.14937 3.10309 -0.97327 -O.CJilc#-i -0.68121 -0.76413 0.11482 o. 0906>7' 
30.00000 0.52360 0.42978 0.14866 3.11790 -0.97475 -o·.969ll -0.63572 -0.82256 0.13283 0.0737 .. 
40.00000 0.69813 0.56528 0.14780 3.13598 -0.97666 -0.96687 -0.57926 -0.91386 0.16479 0.04576 
50.00000 o. 87266 0.69238 0.14690 3.15511 -0 •. 97883 -0.96409 -0.51761 -1.04931 0.22250 0.00109 
60.00000 1.04720 o. 8062,4, o._l4J>08 3._1.729.81 -0.,9S,~04 -0.96101 -0.45711 -1.24350 0.33578 -0.06952 . ~ ~- , . .• '~51 I HI 

lNF= 1.2(100 . ,.-.. .:, ~ lNM= 0~00 I) lK=20.6000 

PO PHI PHIP ,·, oA'., 8 I. 1 -II" RS RP lANDS lANDP RATS RAlP 
65.00000 1.13446 o. 856o4 J;' o>Ct572 3.18076 -0.98209 -0.95948 -0.42945 -1.36577 0.43657 -0.11860 
70.00000 1.22173 0.89960 . 0.14541• 3.18747 -0.98303 -0.95807 -0.40480 -1.50249 0.59847 -0.1.7940 
74.00000 1.29154 0.92905 . 0.14521·· 3.1.9192, -0.98368 -0.95708 -0.38791 -1.61698 0.81223 -0.23781 
75.00000 1.30900 o. 93557 0.145Q 3.1-9290· -0.98383 -0.95686 -0.38415 -1.64538 0.88535 -0.25392 
75.50000 1.31772 0.93870 0.14514·· 3.19336 -0.98390 -0.95675 -0.38234 -1.65944 0.92600 -0.26221 
76.00000 1.32645 0.94113 0.14512 3.19382, -0.98397 -0.95665 -0.38058 -1.67338 0.96978 -0.27068 
76.50000 1.33518 0.94468 0.14510 3.19425. -0.98403 -0.95655 -0.37888 -1.68717 1.01.702 -o. 27931 

TNF= 1.2000 lNM= 0.1800 TK=20.6000 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
77.00000 1.34390 o. 94 753 0.14508 3.19468 -0.98410 -0.95645 -0.37723 -1.70079 1.06814 -0.28812 
17.50000 1.35263 0.95028 0.14507 3.19508 -0.98416 -0.95635 -0.37563 -1.71422 1.12359 -0.29710 
78.00000 1.36136 0.95294 0.14505 3.19548 -0.,98422 -0.95626 -0.37409 -1.72743 1.18394 -0.30628 
80.00000 1.39626 0.96259 0.14498 3.19689 -0.~8444 -0.95593 -0.36848 -1.77752 1.48894 -0.34506 
85.00000 1.48353 0.97940 0.14487 3.19934 -0.98483 -0.95534 -0.35868 -1.81388 3.36720 -0.46631 
86.00000 1.50098 0.98145 0.14486 3.19963 -0 •. 98488 -0.95527 -0.35748 -1.88651 4.31715 -0.50067 
87.00000 1.51844 0.98305 0.14485 3.19986 -0.98491 -0.95521 -0.35655 -1.89651 5.90534 -0.54554 

TNF= 1.2000 lNM= 0.1800 TK=20.6000 

PO PHI PHIP A 8 RS RP TANDS TANOP RATS RAlP 
88.00000 1.53589 0.98419 0.14484 3.20003 -0.98494 -0.95517 -0.35588 -1.90375 9.08924 -0.61637 
88.83333 1.550lt3 0.98480 0.141t84 3.20011 -0.98495 -0.95515 -0.35552 -1.90760 15.92180 -o. 74311 
89.00000 1.55334 0.98488 0.14484 3.20013 -0.98496 -0.95515 -0.35547 -1.90813 18.65620 -0.79060 
89.16667 1.55625 0.981t95 0.11tlt84 3.20014 -0.~8496 -0.95514 -0.35543 -1.90858 22.481t94 -0.85581 
89.33333 1.55916 0.98501 0.14484 3.200.1.4 -0.98496 -0.95514 -0.35540 -1.90894 28.22835 -0.95200 
89.50000 1.56207 0.98505 0.14484 3. 2<jp'~5 -0.~8496: -0.95514 -0.35537 -1.90923 37.80252 -1.11020 
89.66667 1.56498 0.98508 0.14484 3.2().0°16 -o·, 98496 -0.95514 -0.35535 -1.90943 56.95336 -1.42339 

·w· 
., 

lNF= 1.3650 TNM=i · .1800 ' lK=20.6000 

' PO PHI PHIP A B RS RP lANDS TANDP RATS RATP 
2.00000 0.03491 0.02557 0.13186 2. 7:1.660 -o'. 96908· -0.96906 -0.84893 -0.84976 0.18774 0.18735 

10.00000 0.1.7453 0.12756 0.13172 2. 71~45 -o·. 96935 -0.96879 -0.83913 -0.85974 0.19252 0.18261 
20.00000 0.34907 0.25326 o. 13131 2.72799 -0.9701:6,, -0.96795 -0.80987 -0.89160 0.20848 0.16719 
30.00000 0.52360 0.37503 0.13069 2. l4101 ·, -0~97144 -0.96660 -0.76541 -0.94698 0.23908 0.13939 
40.00000 0.69813 0.49032 0.12993 2o 7:5691 I ;-0-1973(16 -0.96482 -0.71123 -1.02897 o. 29245 0.09576 
50.00000 0.87266 0.59584 0.12915 2.77372 ,-o

1
,97485, -0.96273 -0.65358 -1.14061 0.38648 o. 03117 

60.00000 1.04720 0.68730 0.12842 2.78943 . -0~97662 -0.96057 -0.59893 -1.28114 0.56489 -0.06108 

TNF= 1.3650 lNM= 
. q 

0.1800 il lK=20.6000 

PO PHI PHJP A I 8 ~: II!RS RP JANOS TANDP RATS RATP 
65.00000 1.13446 0.72610 0.12810 2.79627 ·.-o. 97743 -0.95955 -0.57472 -1.35893 o. 71915 -0.11980 
69.00000 1.20428 0.75315 0.12789 2.80108 @g 

97801 -0.95882 -0.55756 -1.42179 0.90298 -0.17355 
69.50000 1.21300 o. 75626 0.12786 2.80163 97B08 -0.95873 -0.55557 -1.42954 0.93151 -0.18072 
70.00000 1.22173 0.75931 0.12784 2. 8021.7 'q 97815 -0.95864 -0.55362 -1.43725 0.96160 -0.18798 
70.50000 1.23046 0.76229 0.12781 2.80270 .-o ·97821 -0.95856 -0.55171 -1.44491 0.99335 -0.19535 
71.00000 1. 23918 0.76521 0.12779 2.80322 :"'9·978~8 -0.95848 -0.54983 -1.45252 1.02691 -0.20282 
71.50000 1.24791 0.76806 0.12776 2.80373 ,. 1-97·834 -0.95840 -0.54800 -1.46005 1.06241 -0.21040 

·'I I ,, 
TNF= 1.3650 TNM= 0.18001 1.·' lK=20.6000 

PO PHI PHIP A B i: ;I RS RP TANDS lANDP RATS RAlP 
75.00000 1.30900 0.78615 0.12762 2.80694 ~1:97874 -0.95788 -0.53632 -1.51043 1.38201 -0.26649 
77.00000 1.34390 0.79494 0.12755 2.80851 - .• 97:8,94 -0.95763 -0.53062 -1.53666 1.64638 -0.30115 

' 79.00000 1.37881 0.80256 0.12749 ,: 2.80986 ·- _97'9il!1'\ -0.95740 -0.52565 -1.56039 2.01089 -0.33809 •• 80.00000 1.39626 0.80592 0.12746 ': 2.810461 -!,0 •. 979};9.!'1 -0.95731 -0.52346 -1.57116 2.24951 -0.35760 
85.00000 1.48353 0.81805 0.12736,; 2.81260 •I ~.97~4.1). 1 -0.95695 -0.51553 -1.61171 4.90918 -0.47567 
86.00000 1.50098 0.81952 0.12735,, 2.81286 ; :o.9l95~ 1 -o.95690 -0.51457 -1.61681 6.24789 -0.50939 
87.00000 1.51844 0.82066 0.12734,: 2.81307 'I 0.9.7~.5J3. 7-0.95687 -0.51382 -1.62081 8.48310 -0.55396 

• • , ':l1 :1 ~I 0 ., . lNF= 1.3650 TNM= 0.1800 9 J ~I,·~ TK=20.6000 

PO PHI PHIP A B •
1
/.. RS RP TANOS TANDP RATS RAlP 

88.00000 1.53589 0.82148 0.12733 2.81321 'I' -0.95685 -0.51328 -1.62369 12.95961 -0.62546 .-o. 97954 
88.83333 1.55043 0.82191 0.127~3 2.81329 -0.97955 -0.95683 -0.51300 -1.62522 22.56009 -0.75543 
89.00000 1.55334 0.82197 0.12M3 2.81330 •. -0.97956' -0.95683 -0.51296 -1.62543 26.40148 -0.80445 
89.16667 1.55625 0.82202 0.121-33 2.81331 ·r-0.97956. -0.95683 -0.51293 -1.62561 31.77993 -0.87'189 
89.33333 1.55916 0.82206 0.12jTH 2.81331~ ~0.97956 -0.95683 -0.51290 -1.62575 39.84762 -0.'97'156 
89.50000 1.56207 0.82209 o. 1,2;733 2.81332-' ·'-0.97956 -0.95683 -0.51288 -1.62586 53.29588 -1.'13571 
89.66667 1.56498 0.82212 0.1,2733 2.81332', -0.97956 -0.95683 -0.51286 -1.62594 80.19527 -1••4.6105 ,, 

j: 
I 
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TNF= 1,3650 TNM= 1.7500 TK= 1.9500 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
~~~, 2.00000 0.03491 0.02557 1.28200 2.50010 -0.74333 -0.74317 -o. 72499 -o. 72562 0.23734 0.23690 

10.00000 0.17453 o. 12756 1.28074. 2.50256 -0.74522 -0.74128 -0.71748 -0.73325 0.24274 0,23151 

20.00000 0.34907 0.25326 1.27697 2.50994 -0.75096 -0.73545 -0.69492 -0.75762 0.26071 0.21315 

30.00000 0.52360 0.37503 1.27125 2.52123 -0.76007 -0.72597 -0.66021 -0.79994 0.29524 0.18082 

40.00000 0.69813 0.49032 1.26431 2.53507 -o. 77179 -0.71335 -0.61721 -0.86249 0.35515 0.12697 

50.00000 0.87266 0.59584 1.25702 2.54978 -0.78508 -0.69852 -0.57065 -0.94732 0.46011 0.04264 

60.00000 1.04720 0.68730 1.25025 2.56359 -0.79847 -0.68303 -0.52578 -1.05334 0.65834 -0.08747 

TNF= 1.3650 TNM= 1.7500 TK: 1.9500 

PO PHI PHIP A 8 RS RP lANDS TANOP RATS RATP 

65.00000 1.13446 0.72610 1.24731 2.56963 -0.80466 -0.67572 -0.50568 -1.11160 0.82904 -0.17123 
67.00000 1.16937 0.14010 1.24625 2.51182 -0.80697 -0.67297 -0.49829 -1.13512 0.92086 -0.21929 
67.50000 1.17810 0.74345 1.24600 2.57234 -0.80753 -0.67231 -0.49651 -1.14098 0.94664 -0.23045 
68.00000 1.18682 0.74675 1.24574 2. 57286 -0.80808 -0.67165 -0.49476 -1.14682 0.97369 -0.24189 
68.50000 1,19555 o. 74998 1.24550 2.57337 -0.80862 -0.67100 -0.49304 -1.15263 1.00212 -0.25362 
69.00000 1.20428 0.75315 1.24526 2.57387 -0.80915 -0.67036 -0.49134 -1.15842 1.03201 -0.26565 
69.50000 1.21300 0.75626 1.24502 2.57435 -0.80968 -0.66974 -0.48968 -1.16418 1.06349 -0.27199 

TNF= 1.3650 TNMc 1.7500 TK= 1.9500 

PO PHI PHIP A 8 RS RP TAN OS TANDP RATS RATP 
70.00000 1.22173 0.75931 1.24479 2.57483 -0.81019 -0.66912 -0.48805 -1.16991 1.09667 -o. 29066 
75.00000 1.30900 0.78615 1.24275 2.57906 -0.81482 -0.66356 -0.47353 -1.22406 1. 55971 -0.44013 
8o.ooooo 1.39626 0.80592 1.24126 2.58217 -0.81831 -0.65934 -0.46269 -1.26876 2.51350 -0.66197 
82.00000 1.43117 0.81172 1.24082 2.58308 -0.81935 -0.65809 -0.45949 -1.28274 3.23910 -o. 79672 
82.50000 1.43990 0.81297 1.24072 2.58327 -0.81958 -0.65782 -0.45879 -1.28581 3.48196 -0.83838 
83.00000 1.44862 0.81415 1.24064 2.58346 -0.81979 -0.65756 -0.45815 -1.28872 3.75996 -0.88457 
83.50000 1. 45735 0.81524 1.24055 2.58363 -0.81999 -0.65732 -0.45754 -1.29144 4.08119 -0.93630 

TNF= 1.3650 TNM" 1.7500 TK" 1.9500 

PO PHI PHIP A 8 RS RP TAN OS TANDP RATS RATP 
84.00000 1.46608 0.81626 1.24048 2.58319 -0.82017 -0.65710 -0.45698 -1.29398 4.45648 -0.99495 
84.50000 1. 4 7480 0.81719 1.24041 2. 58394 -0.82034 -0.65690 -0.45646 -1.29633 4.90055 -1.06239 
85.00000 1.48353 0.81805 1o 24034 2.58407 -0.82049 -0.65671 -0.45598 -1.29849 5.43407 -1.14124 
85.50000 1.49226 0.81882 1.24028 2.58419 -0.82063 -0.65654 -0.45555 -1.30045 6.08682 -1.23527 
86.00000 1.50098 0.81952 1.24023 2.58430 -0.82076 -0.65639 -0.45517 -1.30222 6.90354 -1.35017 
87.00000 1.51844 0.82066 1.24014 2.58448 -0.82097 -0.65614 -0.45453 -1.30515 9.35682 -1.68419 
a8.ooooo 1.53589 0.82148 1.24008 2. 58461 -0.82111 -0.65596 -0.45408 -1.30725 14.26968 -2.33072 

TNF= 1.5000 TNM= 1. 7500 TKe 1.9500 

PO PHI PHIP A B RS RP TANOS TANDP RATS RATP 
2.00000 0.03491 0.02327 1.16662 2.27509 -0.72615 -0.72601 -0.82147 -0.82210 0.32891 0.32831 

10.00000 0.17453 0.11603 1.16547 2.27133 -o. 72782 -0.72433 -0.81397 -o. 82971 0.33610 0.32114 
20.00000 0.34907 0.23004 1.16205 2.28404 -o. 73291 -o. 71919 -0.79153 -0.85380 0.36009 0.29712 
30.00000 0.52360 0.33984 1.15684 2.29432 -0.74091 -0.71098 -0.75722 -0.89492 0.40572 0.25519 
40.00000 0.69813 0.44286 1.15053 2.30692 -o. 75112 -0.70030 -o. 71515 -0.95400 0.48434 0.18781 
50.00000 0.87266 0.53599 1.14389 2.32030 -0.76252 -0.68812 -0.67021 -1.03085 0.62057 0.08676 
60.00000 1.04720 0.61548 1.13773 2.33287 -0.77381 -0.67583 -0.62760 -1.12160 0.87391 -0.06112 

TNF= 1.5000 TNM= 1.7500 TK= 1.9500 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
61.00000 1.06465 0.62251 1.13717 2.33402 -o. 77488 -0.67466 -0.62367 -1.13109 0.91048 -0.07920 
62.00000 1.08210 0.62936 1.13662 2. 33514 -0.71593 -0.67350 -0.61981 -1.14059 0.94998 -0.09800 
62.50000 1.09083 0.63272 1.13635 2. 33570 -0.77644 -0.67293 -0.61792 -1.14534 0.97093 -0.10767 
63.00000 1.09956 0.63603 1.13608 2.33624 -o. 77696 -0.67237 -0.61605 -1.15009 0.99275 -0.11753 
63.50000 1.10828 0.63929 1.13582 2.33678 -o. 77746 -0.67181 -0.61419 -1.15483 1.01547 -0.12759 
64.00000 1.11701 0.64250 1.13556 2. 33732 -0.77797 -0.61126 -0.61237 -1.15957 1.03916 -0.13785 
65.00000 1.13446 0.64877 1.13505 2.33836 -0.77895 -0.67017 -0.60878 -1.16900 1.08965 -0.15899 

TNF= 1.5000 TNM= 1.7500 TK= 1.9500 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
70.00000 1.22173 0.61700 1.13276 2.34310 -0.78350 -0.66514 -0.59242 -1.21476 1 .'42517 -o. 27929 

. l 75.00000 1.30900 0.69965 1.13090 2.34694 -0.78728 -0.66095 -0.57905 -1.25576 2.00128 -0.43392 
80.00000 1.39626 0.71622 1.12954 2.34977 -0.79010 -0.65782 -0.56915 -1.28855 3.18041 -0.65903 
82.00000 1.43117 0.72106 1.12914 2.35060 -0.79094 -0.65689 -0.56624 -1.29861 4.07451 -0.79457 
82.50000 1.43990 0.72210 1.12906 2.35078 -0.79112 -0.65668 -0.56561 -1.30081 4.37349 -0.83639 
83.00000 1.44862 0.72308 1.12898 2.35095 -0.79129 -0.65650 -0.56501 -1.30289 4.71559 -0.88272 

c-l, 83.50000 1.45735 o. 72399 1.12890 2.35110 -o. 79145 -0.65632 -0.56446 -1.30483 5.11075 -0.93458 

TNF= 1.5000 TNM= 1.7500 TK= 1.9500 

PO PHI PHIP A 8 RS RP lANDS TANDP RATS RATP 
84.00000 1.46608 o. 72484 1.12883 2.35125 -0.79160 -0.65616 -0.56395 -1.30664 5.57228 -0.99333 
84.50000 1.47480 0.72562 1.12871 2.35138 -0.79173 -0.65601 -0.56348 -1.30831 6.11822 -1.06086 
85.00000 1.48353 o. 72633 1.12811 2.35150 -0.79186 -0.65587 -0.56305 -1.30984 6.71394 -1.13917 
85.50000 1.49226 0.72697 1.12866 2.35161 -0.79197 -0.65574 -0.56266 -1.31124 7.57601 -1.23385 
86.00000 1.50098 0.72 755 1.12861 2.35171 -0.79207 -0.65563 -0.56231 -1.31249 8.57933 -1.34877 
87.00000 1.51844 0,72850 1.12853 2.35188 -0.79224 -0.65545 -0.56174 -1.31456 11.59222 -1.68272 
88.00000 1.53589 0.72918 1.12848 2.35199 -0.79236 -0.65531 -0.56133 -1.31604 17.62384 -2.32889 
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TNF= 1.5000 TNM= 0.1800 TK=20.6000 

( PO PHI PHIP A B RS RP TAN OS TANDP RATS RATP 
('# 2.00000 0.03491 0.02327 0.11999 2.47211 -0.96688 -0.96686 -0.96423 -0.96507 0.25741 0.25689 

10.00000 0.17453 0.11603 0.11987 2.47470 -0.96712 -0.961>1>1 -0.95423 -0.97523 0.26369 0.25065 
20.00000 0.34907 0.23004 0.11949 2.48247 -0.96786 -0.96586 -0.92450 -1.00743 0.28467 0.23053 
30.00000 0.52360 0.33984 0.11893 2.49432 -0.96901 -0.96467 -0.87964 -1.06244 0.32466 0.19489 
40.00000 0.69813 0.44286 0.11824 2.50878 -0.97045 -0.96313 -0.82554 -1.14163 0.39377 0.14052 
50.00000 0.87266 0.53599 0.11752 2.52409 -0.97202 -0.96138 -0.76878 -1.24506 0.5llt01 0.06303 
60.00000 1.04720 0.61548 0.11686 2. 53838 -o. 97356 -0.95964 -o. 71587 -1.36803 0.73860 -0.04251 

TNF= 1.5000 TNM= 0.1800 TK=20.6000 

PO PHI PH1P A B RS RP TAN OS TANDP RATS RATP 
64.00000 1.11701 0.64250 0.11663 2.54343 -0.97412 -0.95899 -0.69716 -1.41979 0.88551 -0.09357 
65.00000 1.13446 0.64877 0.11658 2.54461 -0.97425 -0.95884 -0.69277 -1.43269 0.93045 -0.10717 
65.50000 1.14319 0.65183 0.11655 2.54519 -0.97432 -0.95876 -0.69062 -1.43911 0.95443 -0.11410 
66.00000 1.15192 0.65484 0.11652 2.54576 -0.97438 -0.95869 -0.68850 -1.44551 0.97950 -0.12111 
66.50000 1.16064 o. 65779 0.11650 2.54632 -0.9H44 -0.95861 -0.68642 -1.45188 1.00574 -0.12821 
67.00000 1.16937 0.66070 0.11647 2.54687 -0.97451 -0.95854 -0.68437 -1.45822 1.03322 -0.13539 
67.50000 1.17810 0.66355 0.11645 2.54741 -0.97457 -0.95847 -0.68235 -1.46453 1.06202 -0.14266 

TNF= 1.5000 TNM= 0.1800 TK=20.6000 

PO PHI PH.IP A B RS RP TAN OS TANDP RATS RATP 
68.00000 1.18682 0.66635 0.11642 2.54794 -0.97463 -0.95840 -0.68037 -1.47079 1.09224 -0.15001 
70.00000 1.22173 0.67700 0.11633 2.54997 -0.97486 -0.95813 -0.67280 -1.49538 1.22938 -0.18031 
75.00000 1.30900 0.69965 0.11613 2.55432 -0.97536 -0.95755 -0.65658 -1.55184 1.74358 -o. 26250 
80.00000 1.39626 o. 71622 0.11599 2.55751 -0.97513 -0.95711 -0.64461 -1.59718 2. 79742 -0.35591 
85.00000 1.48353 0.72633 0.11590 2.55947 -0.97596 -0.95684 -0.63726 -1.62671 6.01226 -0.47508 
86.00000 1.50098 0.72755 0.11589 2. 55971 -0.97599 -0.95681 -0.63637 -1.63038 7.62788 -0.50891 
87.00000 1.51844 o. 72850 0.11588 2.55989 -0.97601 -0.95678 -0.63568 -1.63325 10.32428 -0.55355 

TNF= 1.5000 TNM= 0.1800 TK=20.6000 

PO PHI PHIP A B. RS RP TANDS TANDP RATS RATP 
88.00000 1.53589 0.72918 0.11587 2.56002 -0.97603 -0.95676 -0.63518 -1.63532 15.72264 -0.62505 
88.83333 1.5501t3 0.72954 0.11587 2.56009 -0.97603 -0.95675 -0.63492 -1.63641 27.29797 -0.75489 
89.00000 1.55334 o. 72959 0.11587 2.56010 -0.97604 -0.95675 -0.63489 -1.63656 31.92924 -0.80385 
89.161>1>7 1.55625 o. 72963 0.11587 2. 56011 -0.97604 -0.95675 -0.63486 -1.63669 38.41347 -o. 87120 
89.33333 1.55916 o. 72967 0.11587 2.56012 -0.97604 -0.95675 -0.63483 -1.63679 48.13973 -0.97072 
89.50000 1.56207 o. 72969 0.11587 2.56012 -0.97604 -0.95675 -0.63481 -1.63687 64.35260 -1.13461 
89.66667 1.56498 o. 72971 0.11587 2.56012 -0.97604 -0.95675 -0.63480 -1.63693 96.78123 -1.45944 

EXEM CALLED BY RER 
EDF READING A2 



• 

\ 
·~ 

This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com• 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As u~ed in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the exteut that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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