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contrast (or color .:.a’cumt:.on) if obse:rved with linear ly poldrized

: incldence are calculated for whmh best contra.st is expected. Thcse '
. cptimum angles of .mcidence ’ computed for ty’pical me Lul-film comb:I.«- x

nations are cmnfirmed expez‘imentall};y for a film oi‘ aqueous pota.,sium

‘ appendix.
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ABSTRACT
, In‘terference frixiges from transparent filws on 'refiec‘cing surfaces,-" L

which are usually very di:f.‘:f’:i.cult to obsarve , are shown to ‘be of optimum ‘

y

rather bban natural light For thc direction of polarization paralle].

or perpendicular to the plane of incidence par'&icular ang].es of o

hydroxide on a polishcd. opmcally :t‘lat n:LckeJ. plate, A bomplete:: v

computer program for the calculations imvolved 1s contained in the i
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- film have long been usedl as convenient means for determining optica'
;film thicknesses and dlfferenu techniques, which usually employ

.unpolarized light at normal incidence have more recently been reviewed:

servable 1nterference phenomena, this is not the case for a film in

- contact with a reflecting metallic surface.‘ Here, the reflection of

result, the interference lringes observed are of such low contreet

u'or whitish color that they are difficult to recognize and not suitableA
“can be greatly improved by simple procedures which do not seem tO'be-

.fluence of polarization on the appearance of silyer—modified Newton o

' rings. The method is based on the dependence of reflection and

: matched, thus resulting in complete extinction under condltions of
'destructive interference. The film is assumed to be isotropic and

nonfabsorbing» Experiments conducted with liquid films on polished

ST s TRt LNy e e et R se— i ey, £ m

Interference phenOmena in thin f£ilms. which result from the .

superp051tion of 11ght waves reflected at the - two surfaces of &+

in monographs, such as those by Mayer, Heavene3 or- Wolter.h While the”
reflectance of both surfaces ls of the same magnitude for a film f

surrounded by air, such as a soap bubble, thus leadxng to easily Ob-lj:téi

light under close—to—normal incidence is 50 much hlgher at the film~ ﬂf%f‘i'
metal lnterface ‘than at ‘the film-air lnterface that only partial -

extinction occurs in the case of des»ructive 1nterference. [As@a_ :

for quantitative evaluation. (Bayleigh Crlterlons), This situation

'treated in the literature, although Tolaneky6 has discussed the 1n-'” ’

refraction on- angle of incidence and direction of polarization.;;Ad; g
theoretical analysis showa tnat particular angles of 1nc1dence exist .
for light polarlzed parallel (H) and normal (J) to the plane. of in—':;

cidence under which the amplitudes of the 1nterfering wav s are
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v  ‘ " metal surfeces have confirmed the dependence of the 1nterference phenomena
'on angle of incidence and mode of polarization and heve yielded satu

easily indentifiable 1nter£érence colors under the condltions compute

for amplitude matching.

Y

TEEORETICAL _

Alr»Film Interface

The amplitudes of the reflected and. refracted waves in the film

 are identified in figure 1. For reflection,and refrection of light o
at the. air fiim.interface the amplitude ratios can. be descr1bed9 by the?e,
Fresnel equations [2 to 5] as a function of angle of 1ncidence ¢ and o

They are different for light linearly polarizedi

-'-l—;\'

© -normal (L) and parallel (ﬂ) to the plane of incldence. )f. The angle

refractive index n

",of refrection ¢ depends on ¢ and 1, according to- Snell 5 law (eq. l)

- i

sin g f-;u'giﬂég' B fj.,#ff'”-'/ [1]]fg;?¥;i
~_ein (g
sin (g

)
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tan (g
tan (g
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p Lo
P "sin(;z.»r;a.') :
D
2
E

':i; - 2 sin ¢ cos @ - o ‘“F :;ftéj ;{¥J;3f:;
'sin' (g + g7} cos (¢ - g ) BN

" VhlaSek9 and Rossilo shell be used here._"

**) Defined by the plane containing incident end reflected beams




A

of M2 between incident and reflected wave. - It can be seen that for 5

- .mode of the refracted wave .
vFilm-metel Interface

' cribed by use of a cmnplex refractive index n for the metal

Typical valuee of refractive index n

- .metal of lew, medium and m;_:,h reflectance are listed in '.I‘able l. The

: e,bsorption ind.ex end angle - of incidence has ‘been given by Konig d. .

’is shown :Ln Eq. [6 to 9] mod:lfied for contact with a medium of re~ }

‘fractive index nl .
<Ml> ' a, ke b2v- 23 cos ¢ + 0032,',3'
a4 b2 + 2a cos g' + co:32 g’ L |
"<Ml> <M> a+b-2asin¢ tan¢ +sin¢tanv¢--
_|_ a2 +'b +2asin¢ tan¢ +sin ¢ ta.n e

Plots of equations [2 to 5} are’ shown in Figure 2 for n = l 365

-

_The negative sign of the *eflected amplltude symbolizes a phase shift

the parallel mode of pola.u.zation ’chis phase shlft; disappears for angles

of incid.ence above Brewster 8 angle ;ap and does not exlst for either

The reflection at the film-metal interface can similarly 'be des- =
lO '

._.n =. ‘.n2. (l""i(fg)

2 and. absorption Lndex K2 for LY

reflectance for an air-metal interface as a function of refractiva index
11‘

,,,,,,,

whex'e a7
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‘3 Numgripal_rdédits‘ofiequaiiOnd‘[S td 9] dsing-ihe data-Tdblgillaﬁdlni
- L 365 are shown, in Figure‘3'plotted‘vs;l¢,~ The negdti&e sién;ofithé i
, amplitude ratios has been introduced to indicate the phase shift of :
"l/é due primarily to the metallic reflection combined with the effect
of a very thin film | ' o

=Film-air Interface
. is described by Eqns. [2 to 5] W1th ¢ and ¢ exchanged in order to

’dbtained, of which Figure h gives a graphical account.i“

.6 -

The internal reflection and ref‘raction at the filn-air interface ', B

account for the reversed light propagationa, Thus, Eqns. [10 to 13] are f:}

- 133: o sin (¢ - ) S EQ : " " [10] S e
o .MI:"- sin (¢,+f¢’),:. E PR
R R tan (g - 7)) _ _To Sy
My ~ tan (8 + ¢ H,E_ . R
I 1 2 sin‘g cos g” 131
X Ml- --Jsin (¢ + ¢ ) cos (¢ - ¢ ) Lo bRl

Multiple reflection

| -"-D' - R

'”1 M

E This,yields ;.i- '. :
T T W T B
. TE ED, M )

'*)' Oe.lmﬂ;a'b’ad‘e.g‘:aiﬁré’mm'of n. = = 1. 365 on nickel 0 be o ol u a.nd o 02 u for ll;_-

The individual reflection and re:f‘raction coefficients g, g,, ﬁ-l-
0.

are- combined to obtain thé amplitude of higheruorder reflections

and,l.polarizaiion,respectively ) '_’-f , ",“”.1 o
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ngle: ﬁl' is negative ‘and consequently *f%-: in Eq is negative for:

means that at very suall’fiim
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v amplitude 1s the sum of the-progressioo [14].

"1In order to find the parameters for which positive and negative amplitude

_are matched, the amplitude ratio {16] is formed .J;is:'-

It 1s plotted in Figure 6 and designated R O/XR - E[‘he ratio of -1_ 5
] interference is to be expected on a film of very small thicknesz(df<< )
N W1th light polarized parallel (H) to the plane of incidence.
Constructive interference at vanishing film thicknessv7**f*
“(H) polarization below Brewster s angle e positive.‘ Consequently
‘A - in qu [lh] is alternately negative and positive with the sum of the
"progression being negative., As the zero order reflection -% under these
| amplitudes under constructive interference is not of particular experi—.

- a8 to introduce ‘an additional reversal of phase between successive

4"'*) A similar summation has been carried out by'A. Vasicek

-8 -

)

‘eﬂot%f

-‘ EI{P L
OUll-‘z Oull—‘z

Q
s o

reached at ¢" At this optimnm angle of incidence complete destructive

Fbr normal polarization (l) under any angle of incidence and parslle
D

My

R

v-conditions is also of negative sign, the 1nterference is constructive,;.hQQ

(Figure Sb) Since a matching of zero and higher order reflection

mental 1nterest, the analysis is continued for & film of such thickness

13“'M . e
under the ;5__5_

assumption that o/% = i/ﬁ;l'd .



-.re:t‘lections'. ) As illustrated in Figure Se, the resulting phase re-

LN

; AR lationship between successive reflections is the same as that treated

before . (Figure 5a) except thet e].l reflections have opposite phase.' '
.The amplitude re.tio [Eq 16] is plotted with 8. positive value in Figure
6 to indicate constructive interference at very small film thickness.

”‘.At ¢ l, the other "Optimum e.ngle of incidence 'y where the interfering

' 'amplitude ratio is + 1 complete destructive interferen e

expected on & i‘ilm of. ebout x/u thick.nees with ﬁght‘polarized- “erpea»—e

N dicular ( i) tO the plane of incidence.d:ﬁ_

. Film refractive index
The above computations were repeated for ‘cwo other refractive

incices of the film n. »‘l 20 and n E l 50 to cover the range of

l» "1

.aqueous solutions of interest :m this study. Table II lists the Brewster s

4 a.ngle ¢ for the three i‘ilm refrective indices as o‘btained f‘rom eq» [17]

e , *‘an” O O
. The i‘inal results for. ¢l and’ ¢" computed for the three metal surfaces :

covered with films of three different refractive indices are given in Table III'

: *) More precisely, the optical path in the i‘ilm of thickness d between

reflections
o 'AS'==2nldcos¢ . . o
must be x/e 1arger than considered before. a 1is therefore a'oout s

L) “v‘

2~/l+, depending on rei‘ractive index nl and engle oi‘ refractionr ¢ Lo




" Brewster's angle P ‘for different film
s 'i: ' . ’ I . oy



‘Table IIT

'-'u-‘

the plane o:l’ inc:.dence.

- Optimum anglésj “-of".incidex;ce. # .’. and ¢” v‘fa;flf;' :
. the obseﬁatioﬁ‘ of "t:l"a.nspérepththin films
on' di-f'fefent' ﬁetal‘ surfaceé ivith Ra 1i'ght' ’

A polarized normal ( 1) and parallel (") to -

_ Metal Surface . -

Film Ref‘ractiviev Ihdex':x'ii'}';_ o

. N
g

v

1,500

1. 200

LS
)   ~1.500* '
C1.00

L3650

1365

: J-'o 500 )




o g,

'very useful in a study on the formation of liquid electrolyte films o:t‘¥
. O 5t 5 micron thickness on polished metal surfaces. Experiments were
‘conducted with a film of refractive index 1.365 (3.k normal aqueous

‘solution of potassium hydroxide) on nickel in sodivm 1ight (X = 0 589 p)
obtained (figure 8) 11lustrate the changing appearance of the same e
.zation. It can be seen. that as predicted by the computations, with
" increasing angle of incidence the 1nterference fringes from<l polari- ,5
- zation remain qualitatively the same ) but increase in contrast.- The }:
'.l at. normal incidence decrease in contrast with increasing g until

_ they vanish at‘Brewster 8 angle'¢ = Sho (where no reflection occurs at :

"‘the film air interface) Fbr angles of incidence above ¢ the- " picture

'of non-polarized light, which can’ be described as &a superposition of
- both modes of polarization, wonld result in a further decrease in

{t contrast. At g = 77 50 (intermediate between ¢l and ¢") the interfering

o *) Fbr the larger values of @ the plate holder could not’ be tilted

-iz**)' Except fbr a small shift due to the decreased optical path in the ;;

3 Lo L . PR 2 o
»v‘.m,ﬂa, R R 4 TS AR IO N S O S A B2 LT AT R R

%

i The spplication of the optimnm angles of incidence hss proven

The optical system employed is sketched in figure 7 *) The photographs

thin fihm under difTerent angles of incidence fbr hoth modes of polari-

fringes from " polarization, on the other hand, being the same as those‘of

increases in contrast with increasing ] while its fringe pattern is

complementary to the 1 pattern. Thus, under these conditions the use

T;'sufficiently to compensate for the geometrical distortion of the

‘A_;picture in the horizontal direction.

"'film as’ ¢ is increased. (see fbotnote on page 9)

'7‘\5'



C e - o a13 -
amplitude ratios deviate for both modes of polarization by the same
| ' _7 facfpr (1.9) from co@.’:!.'éte:_ext‘inc‘b
S ..siinultanéously vith eg‘ua.l.'.'a-xid. »satisfacﬁozﬁ"y' (althb\’_:.gh not ma x4 mum

. . as demonstrated in figure 8. - . . .
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p .
S .'interference patterns which were almost unobserva.ble 'before.

,'l..l

| mete.l surfaces a.re best observed with light polarized norma “
: ,. or. Parallel to the pls.ne of incidence. | L
_v # J. or ¢” exists at which the amplitudes of the interfering
R . -‘»_'waves are- metched (ratio + :L) | ' PN
the metal surface and the ref‘racti\re index of the film. | ¢ l

U and ¢" are lerger with a more. highly reflecting metal surfacei

: dependence of the optical constants associated with the use

of white 1ight are under considere.tion._

Atomic Energy Commission. L

:For each mode of pola.rization en optimum angle of incidence
-jf The va.lues of - J. e.nd ¢” depend on the optical constants of

G a.nd with a 1ower refractive index ‘h
o v‘pra.ctically independent of n
At the respective optimum angles destructive interference

;_;"occurs with the ll po:lsrization at film thick:nesses close to O

Uk ’ RS SRR R
T3, A etc., with ‘the l polarization at close to E 355 'E etc.

| ":~Intensity minima and certain interfera.nce colors could be
'-j' identified corresponding to. better ‘than % o os micron ﬁlm" "

'fthickness. :

exect phase cha,nge upon metallic reflection and the frequency

!This work was performed under the suspices of the United Sts.tes

ne

Interference fringes (or colors) from tra.nsparent f:llms on

K

1 of the film, but ¢" is

1’

An application of the above results has yielded very clea.r

Befinements of the theoretical a.na.lysis to include the
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A computer program in FURTRAN language capable of performing all ;ﬁ;
"the calculations contained in this report for any optical properties
' 'uof £iln and metal surface is given below. In addition, the program
_ incorporates the computation of the phase change S occurring upon a

‘vsingle reflection at the film—metal interface according to.;;”*'f -

é*Eb cos g°
a® + b2 - coé2,¢“ 

Zb.cos 8° (a° + %2 - gin® ¢ )
a2 + b2 - u(l +, RS) cos® ¢

" tan 5-—-

where all the symbols have the previously defined meanlngs..
A tabulation of results for the nine cases investigated numerically

and summarized in Table 3 is also contained“in»the appendix. :-”

e
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N .
L . N g
3 a ) .
. - ‘";
. ’ v d
a . :
o ;
1 }
N " B
" PR
Th .
v
i ' "’
. 3
-~
-



e

| LIGHT INTERFERENCE IN TRANSPARENT THIN FILMS ON METAL SURFACES. ‘i .

| e ) n
RATS E“'/ZE"‘
CRATP By Z_R_Il_
ir‘ E
_FORTRANEPROQRAM S

S g

l
T

'NAMES OF INPUT AND AUTPUT VATABLES .

INF . ng
TNM- . ) nz

COTK T oK
D . P gdeg,§,f
a PHT . ¢ (rad.)}) - .
. PHIPS ¢ (rads) -
A a
: VL TR
&e .&,*'V‘

. o Vo o
TANDS o tan &
VTANDP.' I tan 5

DIMENSION PHI(’/),PHIP(?),ASQ(7)9A(7)9BSQ(7)9B(7)9RPSQ(7)9RP(7)‘
CRSSQ(7)9RS(7)9TANDS(7)9TANDP(7)9RATS(7)’RATP(7)9PD(7) '
FORMAT (2F 10,0) ‘ , : e
FORMAT (F10e0)

FORMAT (7F 10 oi ' '
FORMAT' (1HOy20X94HTNF-;F7 4910X,4HTNM F?o&glOXoBHTK—9F7.4)

FORMAT ' ( 1HO's4X 3 2HPD » 8X's BHPHI;7X94HPHIP37X;1HA,9X,1H898X»2H
C2HRP,7X95HTANDS;5X,EHTANDPsz#HRATS;éXsaHRATP) .
7 FORMAT '{11F1045) RPN . o
20 READ 2.0 (TNM3TK) .
: READ 3sTNF e e
" READ. 45 (PD(M) M= 1,7> R
DO 100 M=1s7 . IR S
" PHI(M)EPDIM) %0, 0}7as33
SPHIP= STNF(PHI(M))/TNF
PHIP (M) =000
C PJUUMP=0,1
GO TO .28 ‘ ' s
. 26 IF(SINF(DHIP(M))~5PHIP)289100;30
. 28 PHIP(M)"PHIP(M)+PJUMP o A

S S

omb:ms\{ :



124 RS(M)‘-SORTF(RSSQ(W)) o

P i

S
¢

.‘-»ﬁaw'

‘:';1F(1 5707963? PHIP)100926926
'30,PHIP(M)~PHIP(M)~PJUMP L
TP UYUMPE0L 1XPJUMP N
CPHIP (M)=PHIP(MY#PJUMP " L e
C 5 IF(PJUMP=N., 0000002)1009?69?6 TR '
100 CONTINUF R
T DO 200 M=1,7" -
o TN=TNM/TNF - 07
SM=PHT (M) +PHIP(M) -
. DD=PHT(M)=PHIP(M)".
' SP=STNF(PHT (M) -,
~ CP=COSF(PHT (M)
. SX= SINF(PHIP(M))
L .CX= COSF(PHIP(M))
SD=SINF(DDY) -
. CD= COSF(DDY-- ,
S SSESINF(SMY o
C$=COSF(SMY) 1 [, "
TX=SX/CX L
- TM=SS/CS -
TD=SN/CD’ ' et T
ASQ(MY=0a 5*(SQRTF((TN*TN*(1oO TK*TK)—
CCHHTN*TN®(1e0=TK*TK ) =S x*sxw S
- .,'IF(AQQ(M))1109112911? '
10 AMMY=0 L
- GO0.TO 114 o
112 A(M)-SORTF(AGQ(M)) LA R
~TKH¥TK)=SX*SX ) ¥*¥ 26|

sx*sx>**2.o+4-o*;@f

114 BSQIM)=0, 5*(<QRTF((TN*TN*(1
C)-TN*TN*(l n—TK*TK)+Sx*SX)

1F(R<0(M))116,118,118
-.116 B(My=0 ° S RO
. G0 TO 120. ;“ﬁ;,w‘
:  118 B(M)—SORTF(RSO(M))-"' AR L EP R
120 RSSQ(M)-(ASO(M)+BSQ(M)-2 O*A(M)*CX+CX*CX)/(ASQ(M)+BSQ(M)+2 O*A(M)
' C#CX4+CX¥CXY . - : R . R - ,

. -1F<R<SQ(M))1229124¢174 e
122 RSIM)=0 | C
GO TO 126

126° RPSQ(M)-RSSO(M)*(ASO(M)+BSQ(M)-2 O*A(M)*SX*TX+SX*SX*TX*TX)/(AGO(Mh
C+BSQ (M) +2. 0*A(M)*SX*TX+SX*SX*TX*TX) o S
~ '.1F<Rp5Q(M))128.130,130 ' _
128 RP(My=0 ' : .
. GO 'TO 132 . ‘
130 RP(M)‘-SORTF(RPSO(M)) ' '
132 TANDS(M)==2, O*B(M)*CX/(ASQ(M)+BSQ(M)~CX*CX)
TANDP (M)=2e O*B(M)*CX*(ASQ(M)+BSQ(M)~SX*SX)/(ASQ(M)+BSO(M)~TN**4 o*
Ci(l, O+TK*TK)**2.0)*CX*CX) o S :
Y ROS==5D/SS L
 DDS=2.0%#SX*CP/SS
RIS=240%SP¥CX/SS ' L
. SRNS= DO%*RI%*RS(M)/(100+ROS*RS(M)) :
- RATS(MY=ROS/SRNS ) L . L
 ROP=~TD/TM AU "~;;-‘ R SRS RS SR
DOP=2, o*sx*cp/(sg*co)- o T R
RIP=2,0%SP#CX/ (S5#CDY
SRNP= DOP*RIP*RP(M)/(I o+Rop*Rp(M)x
: “RATP (M) =ROP/SRNP™ . :
200 CONTINUE - o
* PRINT 59TNF9TNMyTK

S ape

&,



SRR - EE

PRINT 6

. DO 300 M21,7. . o B |
300 PRINT 7,PD(M)9PHI(M)9PHIP(M);A(M)9B(M);RS(M)9RP(M)’TANDS(M),

s

Y CTANDP(M),RATS(M)9RATP(M)
% DU j-ﬁ'_. GO TO 20 DR - S

' A
]
:
,
N S
.-
X
i
B i
; .
t
:
~
S
. ’ -
S ' _




Figure 1.
Figure 2.

. Figure 3.

Figure L.

Figure 5.

Figure 6.

Figure 7.

Figure 8.
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FIGURE CAPTIONS

Reflections from a transparent film on a mebtal surface, designa-

- e

tion of amplitudes and angles.

External reflection and refraction. of coefficients of the air-

film interface (amplitude ratios, n, = 1.365).

Reflection coefficients for different film-metal interfaces

(tungsten, nickel and silver surface, film reffactive index
n, = 1.365).
Internal reflection and refraction coefficients of the film-air
interface (nl = 1.365).
Phase relationship of incident and reflected light
(a). For destructive interference with vanishing £ilm thickness
(p) For constructive interference with vanishing film thickness
(¢) For destructive interference with A/2 path in the film
Amplitude ratio of interfering waves reflected by a transparent
thin film (nl = 1.365) on different metal surfaces.
Optical system used for obtaining the pﬂotographs shown in figuré 8.
A = sodium vapof lamp; B = condenser; C = iris diaphragm, 2 m'm
opening; D = collimator, £ = 19.5 cm, d = 5 cm; E = heat filter,
CORNING 1 -v59; F = POLAROID filter; G.= polished nickel surface
1.7 x 3 om with liquid £ilm; H = objective lens, £ = 19.5 cm, d =
5 cm; I = plate holder; g = angle of incidence.
Appéarance of a film of 3:k normal potassium hydroxide solution
(nl = 1.365) on a polished, optically flat nickel plate. Inter-
ference: fringes of equal thicknéss are shown as a function of angle
of iﬁcidence ¢'and mode of polarization ([ or Il) in parallel

sodium light.




-21-

0/ \or / N2/ \D3 / \Da oy
idVASVAL AVASRYA 777
T

Fig. 1



-

-22-

Do
E
I
Z
0
\\\
1 N
\
-
30 60 90
¢ (deq)

Fig. 2

30
¢

60 90
(deg)

MU-31639



-23.

|
O
o
|
O
o

30 60 90
¢ (deg)

Fig. 3

MU-31634



-24-

|
/
D /
M, /
4/
. -
0 ™~
<
/ 1
/
; \
/
WA’
//
-———f‘ ’J_
-
30 60 90 30 60 90
. ¢ (deg) ¢ (deg)
MU.31635

Fig. 4



+---- --+-+

V//// \/7///
7 T007

N LS
VAV AV AV
T77/77 777

MU-31637



90

60 -

¢ (deg)

- . [T ==
RN -
/'
=\ -
\
LY
\
=
c — —
I DQDM o o |
NC) N
~
1
O (e
—
~— 4
SoT \
// al
43/ =

Qo

>Ry

30

60 90

30

¢ (deg)

Ag

c
(aV] el
N

60 90

30

¢ (deq)

MU-31636

Fig. 6



-27-

MU-31638

Fig. 7



~2.8 -

[}

3960

ZN

oA

Fig. 8



-

I

TABULATION OF RESULTS

PD PHI
2.00000 0.03491
10.00000 0.17453
20.00000 0.34907
30.00000 0.52360
40.00000 0.69813
50.00000 0.87266
60.00000 1.04720
PD PHI
65.00000 1.13446
70.00000 1.22173
73.00000 1.27409
73.50000 1.28282
74.00000 1.29154
74.50000 1.30027
75.00000 1.30900
PD . PHI
75.50000 -~ 1.31772
76.00000 1.32645
77.00000 1.34390
80.00000 1.39626
81.00000 1.41372
81.50000 1.42244
82.00000 1.43117
PD PHI
82.50000 1.43990
83.00000 1.44862
83.50000 1.45735
84.00000 1.46608
85.00000 1.48353
86.00000 1.50098
87.00000 1.51844
PO PHI
2.00000 0.03491
10.00000 0.17453
20.00000 0.34907
30.00000 0.52360
40.00000 0.69813
50.00000 0.87266
60.00000 1.04720
PD PHI
65.00000 1.13446
66.00000 1.15192
66.50000 1.16064
67.00000 1.16937
67.50000 1.17810
68.00000 1.18682
68.50000 1.19555
PD © PHI
69.00000 1.20428
70.00000 1.22173
75.00000 1.30900
80.00000 1.39626
81.00000 1.41372
81.50000 1.42244
82.00000 1.43117
PD PHI
82.50000 1.43990
83.00000 1.44862
83.50000 1.45735
84.00000 1.46608
85.00000 1.48353
86.00000 1.50098
87.00000 1.51844

TNF= 1.2000

PHIP
0.02909
0.14522
0.28902
0.42978
0.56528
0.69238
0.80624

TNF= 1.2000

PHIP
0.85604
0.89960
0.92218
0.92566
0.92905
0.93235
0.93557

TNF= 1.2000

PHIP
0.93870
0.94173
0.94753
0.96259
0.96680
0.96875
0.97060

TNF= 1.2000

PHIP
0.97234
0.97397
0.97549
0.97690
0.97940
0.98145
0.98305

TNF= 1.3650

PHIP
0.02557
0.12756
0.25326
0.37503
0.49032
0.59584
0.68730

TNF= 1.3650

PHIP
0.72610
0.73322
0.73669
0.74010
0.74345
0.74675
0.74998

TNF= 1.3650

PHIP
0.75315
0.75931
0.78615
0.80592
0.80898
0.81039
0.81172

TNF= 1.3650

PHIP
0.81297
0.81415
0.81524
0.81626
0.81805
0.81952
0.82066

A
2.88326
2.88141
2.87586
2.86739
2.85703
2.84603
2.83574

A
2.83125
2.82738
2.82540
2.82510
2.82480
2.82452
2.82424

A
2.82397
2.82371
2.82321
2.82193
2.82157
2.82141
2.82125

A
2.82111
2.82097
2.82084
2.82072
2.82051
2.82034
2.82021

A
2.53473
2.53310
2.52823
2.52078
2.51167
2.50201
2.49296

A
2.48901
2.48828
2.48793
2.48758
2.48723
2.48689
2.48656

A
2.48624
2.48560
2.48285
2.48082
2.48050
2.48036
2.48022

A
2.48009
2.47997
2.47986
2.47976
2.47957
2.47942
2.47931
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TNM= 3.4600

8 RS
2.71041 -0.69704
2.71215 -0.69964
2.71737 -0.70765
2.72540 -0.72061
2.73529 -0.73785
2.74585 -0.75822
2.75582 -0.77988

TNM= 3.4600

B RS
2.76019 -0.79035
2.76397 -0.79999
2.76591 -0.80517
2.76620 -0.80598
2.76649 -0.80677
2.7667T7T -0.80754
2.76705 -0.80830

TNM= 33,4600

-] RS
2.76731 -0.80903
2.76757 -0.80975
2.76805 -0.81112
2.76931 ~0.81473
2.76966 -0.81575
2.76982 -0.81623
2.76997 -0.81667

TNM= 3.4600

8 RS
2.77012 -0.81710
2.77025 -0.81749
2.77038 -0.81787
2.77049 -0.81821
2.77070 -0.81882
2.77087 -0.81933
2.77100 -0.81972

TNM= 33,4600

B RS
2.38277 -0.66496
2.38430 -0.66713
2.38890 -0.67380
2.39596 ~0.68446
2.40465 -0.69836
2.41394 -0.T1432
2.42270 -0.73066

TNM= 3.4600

-] RS
2.42654 -0.73829
2.42725 -0.73973
2.42760 -0.74044
2.42794 -0.7411%
2.42828 -0.74184
2.42861 -0.74252
2.42893 -0.74319

TNM= 3.4600

8 RS
2.42925 -0.74385
2.42987 -0.74515
2443257 -0.75091
2.43456 -0.75528
2.43487 -0.75597
2.43501 ~0.75628
2.43514 -0.75658

TNM= 3.4600

B. RS
2.43527 -0.75687
2.43539 -0.75713
2.43550 -0.75738
2.43560 -0.75761
2.43578 -0.75802
2.43593 -0.75835

-0.75861

2.43604

TK= 0.9400
RP TANDS
-0.69683 ~0.36960
~0.69421 =0.36563
~0.68596 -0.35351
-0.67194 -0.33428
-0.65192 -0.30939
-0.62602 -0.28093
-0.59550 -0.25172
TK= 0.9400
RP TANDS
-0.57955 -0.23796
-0.56414 -0.22549
-0.55557 -0.21887
-0.55421 -0.21784
-0.55288 -0.21683
-0.55157 -0.21585
-0.55029 =-0.21489
TK= 0.9400
RP TANDS
-0.54904 -0.21396
-0.54782 -~0.21305
-0.54546 -0.21131
-0.53920 -0.20677
-0.53742 -0.20549
-0.53659 -0.20490
-0.53580 -0.20433
TK= 0.9400
RP TANDS
-0.53505 -0.20380
-0.53435 -0.20331
~0.53369 -0.2028%
-0.53308 -0.20241
-0.53200 -0.20165
-0.53110 -0.20102
-0.53040 -0.20053
TK= 0.9400
RP TANDS
-0.6647T7 -0.42907
-0.66259 -0.42544
-0.65578 -0.41440
-0.64455 -0.39708
~0.62921 =~0.37504
-0.61057 -0.35046
-0.59030 -0.32605
TK= 0.9400
RP TANDS
-0.58040 -0.31490
-0.57849 -0.31281
-0.57755 -0.31178
-0.57662 -0.31077
-0.57570 -0.30977
-0.57479 -0.30879
-0.57389 -0.30782
TK= 0.9400
RP TANDS
-0.57300 -0.30687
-0.57126 -0.30501
~0.56340 -0.29679
-0.55732 -0.29060
-0.55637 -0.28964
-0.55592 -0.28919
-0.55550 -0.28877
TK= 0.9400
RP TANDS
-0.55510 -0.28837
-0.55473 ~0.28800
-0.55438 ~0.28765
-0.55405 -0.28733
-0.55348 -0.28676
~0.55301 -0.28629
-0.55264 -0.28593

TANDP
-0.36994
-0.37397

©-0.38697

-0.41009
~0.44559
~0.49663
-0.56612

TANDP
-0.60758
-0.65189
~0.67864
-0.68302
-0.68737
-0.69169
-0.69595

TANDP
-0.70017
-0.70433
-0.71245
-0.73476
-0.74133
-0.74443
-0.74738

TANDP
-0.75020
-0.75287
-0.75538
~0.75773
~0.76193
~0.76542
-0.76818

TANDP
-0.42937
-0.43305
~0.44474
-0.46487
~0.49418
-0.53302
~0.58005

TANDP
-0.60516
-0.61017
-0.61267
-0.61515
-0.61763
-0.62009
~0.62254

TANDP
-0.62497
-0.62978
-0.65218
-0.67034
-0.67328
-0.67465
-0.67595

TANDP
-0.67719
-0.67835
-0.67944
~0.68045
~0.68225
-0.68374
-0.68490

RATS
0.13999
0.14323
0.15407
0.17496
0.21175
0.27757
0.40542

RATS
0.51831
0.69878
0.86528
0.89952
0.93608
0.97519
1.01711

RATS
1.06213
1.11059
1.21942
1.68442
1.91134
2.04546
2.19677

RATS
2.36875
2.56581
2.793175
3.06029
3.75556
4.80220
6.55166

RATS
0.26243
0.26816
0.28727
0.32376
0.38702
0.49766
0.70589

RATS
0.88494
0.93085
0.95543
0.98117
l1.00818
1.03652
1.06630

RATS
1.09762
1.16533
1.65001
2.64759
2.98408
3.18255
3.40622

RATS
3.66011
3.95072
4.28651
4.67880
5.70061
T.23647
9.80047

RATP
0.13973
0.13649
0.12557
0.10436
0.06699
0.00168

-0.11533

RATP
-0.20719
-0.33526
-0.43779%
-0.45741
-0.47789
-0.49928
~0.52166

RATP
-0.54511
-0.56973
-0.62289
-0.82559
-0.91464
-0.96515
-1.02061

RATP
-1.08197
-1.15045
~1.22766
-1.31574
-1.53733
-1.85706
~2.37257

RATP
0.26196
0.25624
0.23730
0.20184
0.14298
0.04866

-0.10182

RATP
-0.20912
-0.23407
-0.24705
-0.26040
-0.27411
-0.28822
-0.30273

RATP
-0.31766
-0.34890
-0.54061
-0.84097
-0.92803
-0.97737
-1.03153

RATP
-1.09145
-1.15833
-1.23378
-1.31990
-1.53689
-1.85064
~2.35767



PD

2.00000
10:00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD
65.00000
70.00000
74.00000
75.00000
75.50000
76.00000
76.50000

PD
77.00000
77.50000
78.00000
80.00000
85.00000
86.00000
87.00000

PD
88.00000
88.83333
89.00000
89.16667
89.33333
89.50000
89.66667

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PO
65.00000
69.00000
69.50000
70.00000
70.50000
71.00000
71.50000

PD
75.00000
77.00000
79.00000
80.00000
85.00000
86.00000
87.00000

PO
88.00000
88.83333
89.00000
89.16667
89.33333
89.50000
89.66667

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.13446
1.22173
1.29154
1.30900
1.31772
1.32645
1.33518

PHI
1.34390
1.35263
1.36136
1.39626
1.48353
1.50098
1.51844

PHI
1.53589
1.55043
1.55334
1.55625
1.55916
1.56207
1.56498

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.13446
1.20428
1.21300
1.22173
1.23046
1.23918
1.24791

PHI
1.30900
1.34390
1.37881
1.39626
1.48353
1.50098
1.51844

PHI
1.53589
1.55043
1.55334
1.55625
1.55916
1.56207
1.56498

TNF= 1.2000

PHIP

0.02909
0.14522
0.28902
0.42978
0.56528
0.69238
0.80624,

TNF= 1.2000

. PHIP, w50,
0.85604 -
0.89960
0.92905
0.93557
0.93870
0.94173
0.94468

TNF= 1.2000

PHIP
0.94753
0.95028
0.95294
0.96259
0.97940
0.98145
0.98305

TNF= 1.2000

PHIP
0.98419
0.98480
0.98488
0.98495
0.98501
0.98505
0.98508

TNF= 1.3650

PHIP
0.02557
0.12756
0.25326
0.37503
0.49032
0.59584
0.68730

TNF= 1.3650

PHIP
0.72610
0.75315
0.75626
0.75931
0.76229
0.76521
0.76806

TNF= 1,3650

PHIP
0.78615
0.79494
0.80256
0.80592
0.81805
0.81952
0.82066

TNF= 1.3650

PHIP
0.82148
0.82191
0.82197
0.82202
0.82206
0.82209
0.82212

E——

-30-

TNM= 0.1800

A B RS
0.14999  3.09014 -0.97202
0.14984 3.09338 -0.97233
0.14937  3.10309 -0.97327
0414866  3.11790 -0.97475
0.14780 3.13598 -0.97666
0.14690 3.15511 -0.97883
0.14608  3.17298: -0.98Lk04

i .55 .o

L ten g TAM= 0800 1

A ‘B .y RS
0.94572 3.18076 -0.98209

»0.14541; 3.18747 -0.98303

" 0.14521~ 3,19192, -0.98368
0.14517 3.19290- -0.98383
0.14516~ 3.19336 -0.98390
0.14512 . 3.19382 -0.98397
0.14510 3.19425. -0.98403

TNM= 0.1800
A 8 . RS
0.14508  3.19468 -0.98410
0.14507  3.19508 -0.98416
0.14505  3.19548 -0.98422
0.14498  3.19689 -0.98444
0.14487  3.19934 =-0.98483
0.14486  3.19963 -0.98488
0.14485 3.19986 =-0.98491
TNM= 0.1800
A B - RS
0.14484  3.20003 -0.98494
0.14484  3.20011 -0.98495
0.14484 3.20013 -0.98496
0.14484  3.20014 -0.98496
0.14484  3.20014 -0.98496
0.14484  3.200i5 -0:98496:
0.14484  3.20016 -0.98496
o N
rNM=5ﬁ.1soo : '.
A 8 RS
0.13186 2.71660 -0.96908
0.13172  2.71945 ~-0.96935
0.13131  2.72799 -0.97016,
0.13069  2.74101, -0.97144
0.12993  2.75691, ~0.97306
0.12915  2.77372 +0A974e§
0.12842  2.78943 . -0J97662
AT
TNM= 0.1800 ||
A i ol lirs
0.12810  2.79627 '~0497743
0.12789 2.80108 ~0497801
0.12786 2.80163 [0}97808
0.12784  2.80217 [£0}97815
0.12781  2.80270 .~0}97821
0.12779  2.80322 ,“Q;97828
0.12776  2.80373 ‘7$I91334
| . 11
TNM= 0.1800” -
A B i b RS
0.12762 2.80694 -0.97874
0.12755 2.80851 —§:97m94
0.12749 ; 2.80986 ,~0.97T9hl
0.12746 , 2.81046 ;. 40.979%9;
0.12736,0 2.81260 . -0.97947
0.12735, 2.81286 ;ﬂgfstasq;
0.12734,. 2.81307 . 70.97953. 7
. Y I
; TNM= 0.1800  gy3.%
;
A B
0.12733  2.81321
0.12733  2.81329 -0.97955
0.12733  2.81330 , -0.97956 -
0.12733  2.81331 1 -0.97956
0.12733  2.81331% +0.97956
0.12733  2.81332/ '£0.97956
0.12733

2.81332, . -0.97956
I b

TK=20.6000
RP TANDS
-0.97200 -0.72065
-0.97169 -0.71080
-0.970F2 -0.68121
-0.96911 -0.63572.
~0.96687 -0.57926
~0.96409 -0.51761
-0.96101 =0.45T11
TK=20.6000
RP TANDS
-0.95948  -0.42945
-0.95807 -0.40480
-0.95708 -0.38791
-0.95686 -0.38415
-0.95675 -0.38234
-0.95665 -0.38058
-0.95655 ~-0.37888
TK=20.6000
RP TANDS
-0.95645 -0.37723
-0.95635 -0.37563
~0.95626 -0.37409
-0.95593 -0.36848
-0.95534 -0.35868
~0.95527 =-0.35748
-0.95521 =-0.35655
TK=20.6000
RP TANDS
-0.95517 -0.35588
-0.95515 =-0.35552
-0.95515 -0.35547
-0.95514 -0.35543
-0.95514 -0.35540
-0.95514 -0.35537
-0.95514 -0.35535
" TK=20.6000
RP TANDS
-0.96906 -0.84893
-0.96879 -0.83913
~0.96795 -0.80987
~-0.96660 -0.76541
-0.96482 ~0.71123
-0.96273 -0.65358
~0.96057 -0.59893
TK=20.6000
RP TANDS
~0.95955 -0.57472
-0.95882 -0.55756
~0.95873 -0.55557
-0.95864 -0.55362
-0.95856 -0.55171
-0.95848 -0.54983
-0.95840 -0.54800
TK=20.6000
RP TANDS
-0.95788 ~-0.53632
-0.95763 =0.53062
-0.95740 -0.52565
-0.95731 -0.52346
-0.95695 =-0.51553
~0.95690 -0.51457
-0.95687 -0.51382
TK=20.6000
RP TANDS
-0.95685 -0.51328
-0.95683 -0.51300
-0.95683 -0.51296
~0.95683 -0.51293
-0.95683 =-0.51290
~0.95683 -0.51288
-0.95683 -0.51286

TANDP..
-0.72149
-0.73154
-0.76413
-0.82256
-0.91386
-1.04931
-1.24350

TANDP
-1.36577
~1.50249
~1.61698
~1.64538
=1.65944
-1.67338
-1.68717

TANOP
-1.70079
-1.71422
-1.72743
-1.77752
-1.87388
~1.88651
-1.89651

TANDP
-1.90375
=1.90760
-1.90813
-1.90858
~1.90894
-1.90923
-1.90943

TANDP
-0.84976
~-0.85974
-0.89160
-0.94698
-1.02897
-1.14061
-1.28114

TANDP
-1.35893
-1.42179
~1.42954
-1.43725
-1.44491
~1.45252
-1.46005

TANDP
-1.51043
-1.53666
-1.56039
-1.57116
~1.61171
-1.61681
-1.62081

TANDP
-1.62369
~1.62522
=1.62543
-1.62561
-1.62575
-1.62586
-1.6259%4

RATS
0.10275
0.10552
0.11482
0.13283
0.16479
0.22250
0.33578

RATS
0.43657
0.59847
0.81223
0.88535
0.92600
0.96978
1.01702

RATS
1.06814
1.12359
1.18394
1.48894
3.36720
4.31715
5.90534

RATS

9.08924
15.92180
18.65620
22.4849¢
28.22835
37.80252
56.95336

RATS
0.18774
0.19252
0.20848
0.23908
0.29245
0.38648
0.56489

RATS
0.71915
0.90298
0.93151
0.96160
0.99335
1.02691
1.06241

RATS
1.38201
1.64638
2.01089
2.24951
4.90918
6.24789
8.48310

RATS
12.95961
22.56009
26.40148
31.77993
39.84762
53.29588
80.19527

RATP
0.10252
0.099717
0.0906T
0.0737%
0.04576
0.00109

-0.06952

RATP
-0.11860
-0.17940
-0.23781
-0.25392
-0.26221
-0.27068
-0.27931

RATP
-0.28812
-0.29710
-0.30628
-0.34506
-0.46631
-0.50067
-0.54554

RATP
-0.61637
-0.74311
-0.79060
-0.85581
-0.95200
-1.11020
~1.42339

RATP
0.18735
0.18261
0.16719
0.13939
0.09576
0.03117

-0.06108

RATP
-0.11980
-0.17355
-0.18072
-0.18798
-0.19535
-0.20282
-0.21040

RATP
-0.26649
-0.30115
-0.33809
-0.35760
-0.47567
-0.50939
~0.55396

RATP
~0.62546
-0.75543
-0.80445
-0.87189
-0437156
-1713571
-1446105



L]

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD

65.00000
67.00000
67.50000
68.00000
68.50000
69.00000
69.50000

PD
70.00000
75.00000
80.00000
82.00000
82.50000
83.00000
83,50000

PD
84.00000
84.50000
85.00000
85.50000
86.00000
87.00000
88.00000

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD
61.00000
62.00000
62.50000
63.00000
63.50000
64.00000
65.00000

PD
70.00000
75.00000
80.00000
82.00000
82.50000
83.00000
83.50000

PD
84.00000
84.50000
85.00000
85.50000
86.00000
87.00000
88.00000

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI

1.13446
1.16937
1.17810
1.18682
1.19555
1.20428
1.21300

PHI
1.22173
1.30900
1.39626
1.43117
1.43990
1.44862
1.45735

PHI
1.46608
1.47480
1.48353
1.49226
1.50098
1.51844
1.53589

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.06465
1.08210
1.09083
1.09956
1.10828
1.11701
1.13446

PHI
1.22173
1.30900
1.39626
1.43117
1.43990
1.44862
1.45735

PHI
1.46608
1.47480
1.48353
1.49226
1.50098
1.51844
1.53589

TNF= 1.3650

PHIP
0.02557
0.12756
0.25326
0.37503
0.49032
0.59584
0.68730

TNF= 1.3650

PHIP

0.72610
0.74010
0.74345
0.74675
0.74998
0.75315
0.75626

TNF= 1.3650

PHIP
0.75931
0.78615
0.80592
0.81172
0.81297
0.81415
0.81524

TNF= 1.3650

PHIP
0.81626
0.81719
0.81805
0.81882
0.81952
0.82066
0.82148

TNF= 1.5000

PHIP
0.02327
0.11603
0.23004
0.33984
0.44286
0.53599
0.61548

TNF= 1.5000

PHIP
0.62251
0.62936
0.63272
0.63603
0.63929
0.64250
0.64877

TNF= 1.5000

PHIP
0.67700
0.69965
0.71622
0.72106
0.72210
0.72308
0.72399

TNF= 1.5000

PHIP
0.72484
0.72562
0.72633
0.72697
0.72755
0.72850
0.72918

A
1.28200
1.28074
1.27697
1.27125
1.26431
1.25702
1.25025

A

1.264731
1.24625
1.24600
1.24574
1.24550
1.24526

1.24502

A
1.24479
1.24275
1.24126
1.24082
1.24072
1.24064
1.24055

A
1.24048
1.24041
1.24034
1.24028
1.24023
1.24014
1.24008

A
1.16662
1.16547
1.16205
1.15684
1.15053
1.14389
1.13773

A
1.13717
1.13662
1.13635
1.13608
1.13582
1.13556
1.13505

A
1.13276
1.13090
1.12954
1.12914
1.12906
1.12898
1.12890

A
1.12883
1.12877
1.12871
1.12866
1.12861
1.12853
1.12848

-31-

TNM= 1.7500

8 RS
2.50010 ~-0.74333
2.50256 -0.74522
2.50994 -0.75096
2.52123 +-0.76007
2.53507 -~0.77179
2,54978 -0.78508
2.56359 -0.79847

TNM= 1.7500

8 RS
2.56963 -0.80466
2.57182 -0.80697
2.57234 -0.80753
2.57286 -0.80808
2.57337 -0.80862
2.57387 -0.80915
2.57435 -0.80968

TNM= 1.7500

B RS
2.57483 -0.81019
2.57906 -0.8l482
2.58217 -0.81831
2.58308 -0.81935
2.58327 -0.81958
2.58346 -0.81979
2.58363 -0.81999

TNM= 1.7500

B RS
2.58379 -0.82017
2.58394 -0.82034
2.58407 -0.82049
2.58419 -0.82063
2.58430 -0.82076
2.58448 -0.82097
2.58461 -0.82111

TNM= 1.7500

8 RS

2.27509 -0.72615
" 2.27733  -0.72782

2.28404 -0.73291

2.29432 -0.74091

2.30692 -0.75112

2.32030 -0.76252

2.33287 -0.77381
TNM= 1.7500

8 RS
2.33402 -0.77488
2.33514 -0.77593
2.33570 -0.77644
2.33624 -0.77696
2.33678 -0.77746
2.33732 -0.77797
2.33836 -0.77895

TNM= 1.7500

8 RS
2.34310 -0.78350
2.34694 -0.78728
2.3497T -0.79010
2.35060 -0.79094
2.35078 -0.79112
2.35095 -0.79129
2.35110 -0.79145

TNHM= 1.7500

-] RS
2.35125 -0.79160
2.35138 -0.79173
2.35150 -0.79186
2.35161 -0.79197
2.35171 ~0.79207
2.35188 -0.79224
2.35199 -0.79236

TK= 1.9500
RP TANDS
-0.74317 -0.72499
~0.74128 ~-0.71748
-0.73545 -0.69492
-0.72597 -0.66021
-0.71335 -0.61721
-0.69852 -0.57065
-0.68303 -0.52578
TK= 1.9500
RP TANDS
-0.67572 -0.50568
-0.67297 -0.49829
-0.67231 -0.49651
-0.67165 -0.49476
~0.67100 -0.49304
-0.67036 -0.49134
-0.66974 -0.48968
TK= 1.9500
RP TANDS
-0.66912 -0.48805
-0.66356 -0.47353
-0.65934 -0.46269
-0.65809 -0.45949
-0.65782 -0.45879
-0.65756 -0.45815
-0.65732 -0.45754
TK=s 1.9500
RP TANDS
-0.65710 -0.45698
-0.65690 -0.45646
~0.65671 -0.45598
-0.65654 -0.45555
-0.65639 -0.45517
-0.65614 -0.45453
-0.65596 -0.45408
TK= 1.9500
RP TANDS
-0.72601 -0.82147
-0.72433 -0.81397
-0.71919 -0.79153
-0.71098 -0.75722
-0.70030 -0.71515
-0.68812 -0.67021
-0.67583 -0.62760
TK= 1.9500
RP TANDS
-0.67466 -0.62367
-0.67350 -0.61981
-0.67293 -0.61792
~0.67237 -0.61605
-0.67181 -0.61419
-0.67126 -0.61237
-0.67017 -~0.60878
TK= 1.9500
RP TANDS
-0.66514 -0.59242
~0.66095 -0.57905
-0.65782 -0.56915
-0.65689 -0.56624
-0.65668 -0.56561
-0.65650 -0.56501
-0.65632 -0.56446
TK= 1.9500
RP TANDS
-0.65616 -0.56395
-0.65601 -0.56348
-0.65587 -0.56305
-0.65574 -0.56266
-0.65563 -0.56231
-0.65545 -0.56174
-0.65531 -~0.56133

TANDP
-0.72562
~0.73325
-0.75762
-0.79994
-0.86249
-0.94732
~1.05334

TANDP

-1.11160
-1.13512
-1.14098
-1.14682
~1.15263
-1.15842
-1.16418

TANDP
-1.16991
~1.22406
-1.26876
-1.28274
-1.28581
-1.28872
-1.29144

TANDP
-1.29398
-1.29633
-1.29849
-1.30045
-1.30222
-1.30515
-1.30725

TANDP
-0.82210
-0.82971
-0.85380
-0.89492
-0.95400
-1.03085
-1.12160

TANDP
-1.13109
-1.14059
~1.14534
-1.15009
-1.15483
-1.15957
-1.16900

TANDP
-1.21476
-1.25576
-1.28855
~1.29861
-1.30081
-1.30289
-1.30483

TANDP
-1.30664
-1.30831
-1.30984
-1.31124
-1.31249
-1.31456
-1.31604

RATS
0.23734
0.24274
0.26077
0.29524
0.35515
0.46017
0.65834

RATS

0.82904
0.92086
0.94664
0.97369
1.00212
1.03201
1.06349

RATS
1.09667
1.55971
2.51350
3.23910
3.48196
3.75996
4.08119

RATS
4.45648
4.90055
5.43407
6.08682
6.90354
9.35682

14.26968

RATS
0.32891
0.33610
0.36009
0.40572
0.48434
0.62057
0.87391

RATS
0.91048
0.94998
0.97093
0.99275
1.01547
1.03916
1.08965

RATS
1742517
2.00128
3.18041
4.07451
4.37349
4.71559
5.11075

RATS
5.57228
6.11822
6.7739%4
T.57601
8.57933

11.59222
17.6238¢4

RATP
0.23690
0,23151
0.21375
0.18082
0.12697
0.04264

-0.08747

RATP

-0.17723
-0.21929
-0.23045
-0.24189
-0.25362
~0.26565
-0.27799

RATP
-0.29066
-0.44013
-0.66197
-0.79672
-0.83838
-0.88457
-0.93630

RATP
-0.99495
-1.06239
~1l.14124
-1.23527
-1.35017
-1.68419
-2.33072

RATP
0.32831
0.32114
0.29772
0.25519
0.18781
0.08676

-0.06112

RATP
-0.07920
-0.09800
-0.10767
-0.11753
-0.12759
-0.13785
-0.15899

RATP
-0.27929
~0.43392
-0.65903
-0.79457
-0.83639
-0.88272
-0.93458

RATP
-0.99333
~1.06086
-1.13977
-1.23385
~1.34877
-1.68272
-2.32889



N

(s

-
[

A

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD
$9.00000
60.50000
61.00000
61.50000
62400000
63.00000
65.00000

PD

. 70.00000

75.00000
80.00000
80.50000
81.00000
81.50000
82.00000

PD
82.50000
83.00060
83.50000
84,00000
85.00000
86.00000
87.00000

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD
65.00000
70.00000
73.00000
74.00000
74.50000
75.00000
75.50000

PD
76.00000
76.50000
77.00000
80.00000
82.00000
83.00000
83.50000

PO
84.00000
84.50000
85.00000
85.50000
86.00000
87.00000
88.00000

PH1
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.02974
1.05592
1.06465
1.07338
1.08210
1.09956
1.13446

PHI
1.22173
1.30900
1.39626
1.40499
1.41372
1.42244
1.43117

PHI
1.43990
1.44862
1.45735
1.46608
1.48353
1.50098
1.51844

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.13446
1.22173
1.27409
1.29154
1.30027

1.30900~
1.31772

PHI
1.32645
1.33518
1.34390
1.39626
1.43117
1.44862
1.45735

PHI
1.46608
1.47480
1.48353
1.49226
1.50098
1.51844
1.53589

TNF= 1,5000

PHIP
0.02327
0.11603
0.23004
0.33984
0.44286
0.53599
0.61548

TNF= 1.5000

PHIP
0.60826
0.61902
.0.62251
0.62596
0.62936
0.63603
0.64877

TNF= 1.5000

PHIP
0.67700
0.69965
0.71622
0.71753
0.71877
0.71995
0.72106

TNF= 1.5000

PHIP
0.72210
0.72308
0.72399
0.72484
0.72633
0.72755
0.72850

TNF= 1.2000

PHIP
0.02909
0.14522
0.28902
0.42978
0.56528
0.69238
0.80624

TNF= 1,2000
PHIP
0.85604
0.89960
0.92218
0.92905
0.93235
0.93557
0.93870

TNF= 1,2000

PHIP
0.94173
0.94468
0.94753
0.96259
0.97060
0.97397
0.97549

TNF= 1.2000
PHIP
0.97690
0.97821
0.97940
0.98048
0.98145
0.98305
0.98419

A

'2.30660

2.30512
2,30069
2.29391
2.28562
2.27683
2.26859

A
2.26936
2.26821
2.26784
2.26747

© 2.26710

2.26638
2.26500

A
2.26190
2.25939
2.25754
2.25740
2.25726
2.25713
2.25700

A
2.25688
2.25678
2.25667
2.25658
2.25641
2.25627
2.25617

A
1.45827
1.45684
1.45256
1.44605
1.43816
1.42986
1.42216

A
1.41882
1.41595
1.41449
1.41405
1.41384
1.41363
1.41343

A
1.41324
1.41305
1.41287
1.41193
1.41143
1.41122
1.41113

A
1.41104
1.41096
1.41089
1.41082
1.41076
1.41066
1.41059

-32-

TNM= 3.4600

B RS
2.16833 -0.64030
2.16972 =-0.64221
2.17390 -0.64803
2.18032 -0.65726
2.18823 -0.66917
2.19668 -0.68265
2.20466 -0.69620

TNM= 3.4600

8 RS
2.20391 -0.69489
2.20503 -~0.69685
2.20539 -0.69749
2.20575 -0.69813
2.20611 -0.69876
2.20681 -0.70001
2.20816 =-0.70243

TNM= 3.4600

B RS
2.21118 -0.70798
2.21364 -0.T1259
2.21545 -0.71607
2.21559 -0.71635
2.21573 -0.71661
2.21586 -0.71686
2.21598 -0.71710

TNM= 3.4600

B RS
2.21609 ~-0.71732
2.21620 -0.71753
2.21630 -0.71773
2.21639 =-0.71791
2.21656 -0.71823
2.21669 -0.T1849
2.21680 -0.71870

TNM= 1.7500

8 RS
2.84387 -0.76637
2.84666 -0.76858
2.85506 -0.77536
2.86790 ~0.78624
2.88364 -0.80053
2.90038 -0.81716
2.91608 -0.83456

TNM= 1.7500

8 RS
2.92295 -0.84288
2.92887 -0.85048
2.93190 -0.85455
2.93281 -0.85580
2.93325 -0.85641
2.93368 ~0.85700
2.93409 -0.85757

TNM= 1.7500

8 RS
2.93449 ~0.85813
2.93488 -0.85868
2.93525 -~0.85921
2.93721 -0.86202
2.93825 -0.86353
2.93868 -0.86417
2.93888 ~-0.86446

TNM= 1.7500

B RS

2.93906 -0.86473
2.93923 -0.86498
2.93938 -0.86521
2.93952 -0.86541
2.93964 -0.86560
2.93985 -0.86590

2.93999 -0.86612

TK= 0.9400

RP TANDS
-0.64014 -0.48051
-0.63823 -0.47708
-0.63233 -0.46668
-0.62273 -0.45045
-0.60994 -0.43000"
~0.59489 -0.40746
-0.57912 -0.38544

TK= 0.9400

RP TANDS
~0.58067 -0.38754
<0.57836 -0.38441
~0.57759 -0.38338
-0.57683 -0.38236
-0.57607 -0.38135
~0.57458 -0.37936
-0.57165 -0.37552

TK= 0.9400

RP TANDS
-0.56489 -0.36678
-0.55917 -0.35958
-0.55482 -0.35421
-0.55447 -0.35378
-0.55413 -0.35337
-0.55382 -0.35298
-0.55352 -0.35262

TK= 0.9400

RP TANDS
-0.55324 -0.35228
-0.55297 -0.35195
-0.55272 -0.35165
-0.55249 -0.35137
-0.55209 -0.35088

. =0455175 -0.35048
-0.55149 -0.35016
TK= 1.9500

RP TANDS
-0.76618 -0.61697
-0.76396 -0.60923
-0.75699 -0.58585
-0.74536 -0.54947
-0.72918 -0.50360
~0.70902 -0.45265
-0.68644 -0.40183

TK= 1.9500

RP TANDS
-0.67518 ~-0.37835
-0.66467 -0.35729
~0.65900 -0.34619
-0.65725 -0.34280
-0.65640 -0.34116
-0.65557 -0.33956
-0.65476 -0.33801

TK= 1.9500

RP TANDS
-0.65398 -0.33650
-0.65321 -0.33503
-0.65247 -0.33361
-0.64852 -0.32607
~0.64641 -0.32204
-0.64551 -0.3203¢
~0.64511 -0.31957

TK= 1.9500"

RP TANDS
~0.64473 -0.31886
-0.64438 -0.31820
-0.64407 -0.31760
-0.64378 -0,31705
-0.64352 -~0.31656
-0.64309 -0.31575
~0.64279 -0.31517

TANDP
~0.48080
-0.48427
-0.49522
-0.51372
-0.53991
-0.57324
~0.61149

TANDP
-0.60756
~0.61346
-0.61542
-0.61738
-0.61934
-0.62325
-0.63099

TANDP
-0.64951
-0.66584
-0.67873
-0.67978
-0.68079
~0.68174
-0.68265

TANOP
-0.68351
-0.68431
-0.68507
-0.68577
-0.68701
~-0.68804
-0.6888¢4

TANDP
-0.61762
~0.62550
~0.65104
20.69683
-0.76828
-0.87380
-1.02363

TANDP
~1.11693
-1.22022
-1.28451
-1.30585
-1.31644
-1.32696
-1.33739

TANDP
~1.34772
-1.35793
-1.36801

-1.42453

-1.45705
-1.47130
-1.47784

TANDP
-1.48399
-1.48971
~1.49499
-1.49982
~1.50419
~1.51146
-1.51672

RATS
0.36741
0.37511
0.40079
0.44955
0.53342
0.67841
0.94743

RATS
0.91144
0.96645
0.98622
1.00675
1.02811
1.07345
1.17617

RATS
1.53157
2.14134
3.3885¢4
3.58712
3.80809
4.05539
4.33398

RATS
4.65009
5.01179
5.642957
5.91750
7.18787
9.09639

12.28127

RATS
0.12808
0.13117
0.14151
0.16147
0.19671
0.25995
0.38317

RATS
0.49222
0.66680
0.82803
0.89662
0.93452
0.97514
1.01878

RATS
1.06575
1.11643
1.17125
1.62221
2.11929
2.47738
2.69858

RATS

2.95726
3.26364
3.63205
4.08314
4.664795
6.34614
9.75016

RATP
0.36677
0.35907
0.33387
0.28768
0.21349
0.09984

-0.07163

RATP
-0.05111
-0.08222
-0.09303
-0.10408
-0.11538
-0.13872
-0.18865

RATP
~0.33673
~0.53467
-0.83898
-0.88105
-0.92658
-0.97616
-1.03054

RATP
-1.09067
-1.15775
-1.23338
-1.31968
-1.53699
-1.85108
-2.35850

RATP
0.12783
0.12475
0.11441
0.09453
0.06008
0.00148

-0.09938

RATP
-0.17550
-0.27793
-0.35721
-0.38762
-0.40372
-0.42047
-0.43792

RATP
~0.45613
-0.47517
-0.49511
-0.63978
-0.77421
-0.86179
~0.91330

RATP
~0.97162
-1.03860
~1.11678
-1.20986
-1.32341
-1.65266
-2.28801 -



e

PD

2.00000
10.00000
20.00000
30.00000
40.00000
50.00000
60.00000

PD
64.00000
65.00000
65.50000
66.00000
66.50000
67.00000
67.50000

PD
68.00000
70.00000
75.00000
80.00000
85.00000
86.00000
87.00000

PD
88.00000
88.83333
89.00000
89.16667
89.33333
89.50000
89.66667

PHI
0.03491
0.17453
0.34907
0.52360
0.69813
0.87266
1.04720

PHI
1.11701
1.13446
1.14319
1.15192
1.16064
1.16937
1.17810

PHL
1.18682
1.22173
1.30900
1.39626
1.48353
1.50098
1.51844

PHI
1.53589
1.55043
1.55334
1.55625
1.55916
1.56207
1.56498

EXEM CALLED BY RER

EOF READING

A2

TNF= 1.5000

PHIP
0.02327
0.11603
0.23004
0.33984
0.44286
0.53599
0.61548

TNF= 1.5000

PHIP
0.64250
0.64877
0.65183
0.65484
0.65779
0.66070
0.66355

TNF= 1.5000

PHIP
0.66635
0.67700
0.69965
0.71622
0.72633
0.72755
0.72850

TNF= 1.5000

PHIP

0.72918
0.72954
0.72959
0.72963
0.72967
0.72969
0.72971

A
0.11999
0.11987
0.11949
0.11893
0.11824
0.11752
0.11686

A
0.11663
0.11658
0.11655
0.11652
0.11650
0.11647
0.11645

A
0.11642
0.11633
0.11613
0.11599
0.11590
0.11589
0.11588

A
0.11587
0.11587
0.11587
0.11587
0.11587
0.11587
0.11587

-33.

TNM= 0.1800
B RS
2.47211 -0.96688
2.47470 -0.96712
2.48247 -0.96786
2.49432 -0.96901
2.50878 -0.97045
2.52409 -0.97202
2.53838 -0.97356
TNM= 0.1800
8 RS
2.54343 -0.97412
2.54461 -0.97425
2.54519 ~-0.97432
2.54576 -0.97438
2.54632 -0.97444
2.54687 -0.97451
2.54T41 ~0.97457
TNM= 0.1800
B RS
2.54794 -0.97463
2.54997 -0.97486
2.55432 -0.97536
2.55751 -0.97573
2.55947 -0.97596
2.55971 -0.97599
2.55989 -0.97601
TNM= 0.1800
8. RS
2.56002 -0.97603
2.56009 -0.97603
2.56010 ~0.97604
2.56011 -0.97604
2.56012 =-0.97604
2.56012 -0.97604
2.56012 -0.97604

TK=20.6000
RP TANDS
-0.96686 -0.96423
-0.96661 -0.95423
-0.96586 -0.92450
-0.96467 -0.87964
-0.96313 -0.82554
-0.96138 -0.76878
-0.95964 -0.71587
TK=20.6000
RP TANDS
-0.95899 -0.69716
~0.95884 -0.69277
-0.95876 -0.69062
-0.95869 -0.68850
-0.95861 ~-0.68642
-0.95854 -0.68437
-0.95847 -0.68235
TK=20.6000
RP TANDS
-0.95840 -0.68037
-0.95813 -0.67280
-0.95755 -0.65658
~0.95711 -0.64461
-0.95684 -0.63726
~0.95681 -0.63637
-0.956T8 -0.63568
TK=20.6000
RP TANDS
-0.95676 -0.63518
-0.95675 -0.63492
-0.95675 -0.63489
-0.95675 -0.63486
-0.95675 -0.63483
-0.95675 -0.63481
-0.95675 -0.63480

TANDP
-0.96507
-0.97523
-1.00743
=1.06244
-1l.14163
=1.24506
-1.36803

TANDP
-1.41979
~1.43269
=1.43911
=1.44551
-1.45188
-1.45822
-1.46453

TANDP
-1.47079
-1.49538
-1.55184
-1.59718
-1.62671
~1.63038
-1.63325

TANDP
-1.63532
-1.63641
-1.63656
-1.63669
-1.63679
-1.63687
~1.63693

RATS
0.25741
0.26369
0.28467
0.32466
0.39377
0.51401
0.73860

RATS

0.88551

0.93045
0.95443
0.97950
1.00574
1.03322
1.06202

RATS
1.0922¢4
1.22938
1.74358
2.79742
6.01226
7.62788

10.32428

RATS
15.72264
27.29797
31.92924
38.41347
48.13973
64.35260
96.78123

RATP
0.25689
0.25065
0.23053
0.19489
0.14052
0.06303

-0.04251

RATP
-0.09357
~-0.10717
-0.11410
-0.12111
-0.12821
-0.13539
~0.14266

RATP
-0.15001
-0.18031
-0.26250
-0.35591
-0.47508
-0.50891
~0.55355

RATP
-0.62505
-0.75489
-0.80385
-0.87120
~0.97072
-1.136461
-1.45944



©

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, 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 used 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 extept 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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