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J. SAASTAMOINEN

(0 <z, <90°%; Az

which is the basic mathernatical expression of the correction for astronomical

refraction.

Fig. 1 — Schematic illustration of astronomical
refraction dlAz) due to refraction at P
in a spherically lavered atm osphere.

Since 2 is not, in general, constant along the light path but depends upon
the refractive index according to the law of refraction

nrsinz

it will be necessary to find a suitable expression for tarm z that makes (1] integrable.

Setting ny r, /{nr) = y for brevity, we have from (2)

anz

n, r, sinz, = const

dn {H

F4

(2

sin*z = y* tan® 1, 11 + tan? z,)
cos’z = {(1+1an® 2z, —y* tan®* z,} /(1 + tan? 2,)
and
tanz = ytanz, [1+tan z, (1 —y?) _-,w. =
n<m_an.IW<:|<:BawN_+W<SI<:~E:MN_I
5 P 35 st g 63 NPT
—— y(t=y )V tan" 2, + = y(1=y ) an®z, - —- y({1 -y tan "z, +..
16 1T g YUY 'Tose Y Y _
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Neglecting the subsequent terms in the binomial expansion, the first five

may be written identically

[
r r—r
|_v {tan® z, + tan z,) — !
r

tanz = tanz, +|y— (tar? 2z, +tanz, )} +

r

+ _+w y |0 ~y)?tan’ 2 +W<: +y2 1=y tan® 2, —
5 35
— 2 v+ yP O =yPan’ 2 + — vy (1 +y (1 =y tan® z
16 Y Y Y 1 128 Y Y Y 1
into which we substitute the approximation
' -
y--21= PVA-: :v =n; —n
r ¥ n
- 1
r—r Hh?l:ullp ﬁ-.l:-n
v 51 r
d+d| vyl —y)? =3 {(1-y)? = lwm r—r)?
2 2 2r,
3 3 3 ?
— 1 g - u“|.—|_n“l.. |M|nv| l-__- =
5 y {1 +y¥ (1—y) N_ ¥y 3 - (n,
= wu ?I_.Luim (ny —n){r—ry}
M-._ ry
5 3 3 5 3 5 3
v+ - ===y =—=lr—n)
16 2 2] !
35 35 . 35 .
oy (i4y) =y = — 1=y = {r—ry)
128 8 8r}
and obtain
tanz = tanzy + ltan’zy + tanz,) oy —nb —A; (=1} + Ay (r—ry)? ~

—AS = lr=r ) —As e =P+ Ay lr—1y)*
where the coefficients are :
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J. SAASTAMOINEN

q
{ny ~ 1} RT, g =0T r
(n—1}dr = pot|———2(1- B o 2 \ar+
n Pog Po R, n AT
d (8)
+c, ﬂhv dr
n T?

Equation (8) expresses the value of the refractivity integral in terms of
ground pressure p; , with minor carrections included due to the presence of water
vapour in the atmosphere.

As far as the astronomical refraction is concerned, the contribution of
humidity to the refractivity integral is negligible, and the last two terms in equation
{8} can be omitted, Setting

u n—1

du = dr dv = dn

r—n v

and integrating by parts ;
.\\:l:_n_..u udv = w—J vdu = (r—=ry)}ln—1=f {n~ 1 dr,

we then obtain from (8} and {7) the important relaticnships

ny r fng — 1) RT
{r—r)dn = h—1Ndr = — -y MM::I._:._ 9)
1 rn Po9 9
ny
integral {r—r)? dn,

This integral requires some consideration of the vertical distribution of
pressure and temperature in the atmosphere. We shall determine its value in two
parts, the stratospheric component and the tropospheric component. The state of
the atmosphere at the bounding surface, the tropopause, shall be denoted hy
superscripts p®, T° ,ete..., and it is assumed to be known,

Throughout the stratosphere, the temperature may be taken as constant,
and equal to temperature T® at the tropapause. fntegration of the hydrostatic
equation for fluids, dp = g p dr , on the condition p = pHART®} gives the
pressure as

p = vc mat..éou 110
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where e is the base of natural logarithms, and m = - g/{RT®)} is constant.
Similarly,
-
n—1 = {r® = 1) emir=r" (41}
and differentiating (11}
n_zn-:?o!:n:.__---faq” min—1)dr {12)
Since identically
r—rn = 0" —n) 4+ r—r°)

le=r, P = =, 4+ 20 —r M r =%+ {r - %P

we have first, using {9}

0 a®

n
e dn = (= P (n® =1+ 2R~ i T+

9 1

{r—¢%)2 dn

Now from (12)

0
{r=r%?%dn = m(n° !.:-\-_q|qc.u emir=rh gr =
emir -¢%) o R
=mb® -1 —— [ =P —2m(r =) + 2]+ C =
m
2
={n—1| {r=1"F |W:I-£+|~ +C
m m
where € is the constant of integration. This gives

:c 0 2

(r—r7dn = 20 =W 2R 0 gy gon (13)

1 m 9

and the total stratospheric component is consequently

ir—r, )0 dn = (* — 1, )? A=o|:+mm W —r e —1T° +
_ i g (14)
+~|mm {n® ~1) T2

]
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J. SAASTAMOINEN

ny r
{0, —=nl{r—-r,)dn = R {n, ~1°T, -1

n—13dr (21
1 g 2 f

the fatter integral being more conveniently determined.

In the stratospbere, equation 11) gives

0
.\.:..E.:N dr = (n®—1)2 [ M- gr o

mmn.-.___vl—‘cu R
={n" —1)? +C=—-— n=-1T7T°+¢C
Z2m 2g
and
r R
fn—1dr = — (n*=1?°T7° (22)
a 2q

whereas in the roposphere, applying (17}

:.- |.=m m
=17 dr = — x dT =
p T
n, -1 T imit
e . TAY-JS L PRRETLE S
fl2m'+1)\ T, 29+Rf
and
ﬁc :
n—1%dr={——[{n, =1} T, =(n" =1)2T?] (23)
" 29+Rf3

The sum of (22) and {23) substituted into equation (21} finally gives the total value
of the integrat

ny

R R

ny =) lr=rddn = — (n, —11* T, — {n, ~12 T, +

[ mmmbrmndde =i ' Zizg+rp L™ _
+W.mm€ (n®—-1271°) (24)

again assuming that the vertical gradient of temperature is constant in the troposphere.
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n n

Integrals (r—r;3® dn and {r—r,)* dn.

For the stratospheric com ponent of the first integral we have from (12}

[+
u\._....-.:u dn = B:_ol.:.\‘:lqa_w g™ gy =

0
=min® =1 1 :.I_‘ju emir-r )_3 (r=r%

m m

= =" P iln-1- 3 a\.:lan dn
m

and further, in view of {13)

0
m_._i?q _.__. _

3
ir—r"%dn = -—= {r—r%? dn = 6R in® =1 T (25)

1 mJ, n

Using the identity {r—r 3 = {r® =1, +30° = 2 r =1} 4 3% — ;) (r =1°)?
+ {r —¢®)}? and applying integrals (9}, {13}, and (25}, the stratospheric component
is obtained as

1]
n
ir—r P dn=1r"=r,)3 ?oI:+w|m W= =170
' ’  (28)
2 3
TR IR YTIue 1 LoLLAITE L
9’ g

For the tropospheric component of the same integrat we have from (15}
and {18}

.\._?:_u %ng'..:lu..:|.:.\.ﬁlwu; THV _
S (L et Va R

I

Ty
T el -
m'\ Ty g m'+3 /AT m+2\T,
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Table la.

Atmospheric Model No, 1
{Tropical Zone)

nkm | pomb |T,°K [(n—110° |- @ 10° ke || ™ | o, mb T.°K |tn—110°% [ (@™ 10°, km-!
6360+ dr 6360+ dr

0 1010.00 | 209.85| 266.72 248210 213 | 45.19 | 198.00 | 18.01 3.0983

08 | 921.55(295.00) 246.43 23.3982 222 | 3871 | 198.00 | 15.42 2.6538 r = 6360 km

16 | 839.57|200.15| 228.26 22 0363 231 | 3315 | 198.00 | 13.21 2.2730 0

24 | 763.68|285.30] 211.16 20.7308 24 28.40 | 198.00 | 11.31 1.9469 r = 63768 km

32 | 693.53|280.45| 195.08 19.4832 26 2013 | 198.00 | 802 1.3800 py = 1010 mb

4 628.75|276.60| 179.97 18.2908 28 14.27 | 198.00 | 568 0.9782 T, = 299.85°K

48 | 569.05/270.75| 165.80 17.1522 20 10.11 | 198.00 | 4.03 0.6933

56 | 514.08|26590 15252 16.0658 ) 717 | 198.00 | 2.86 0.4914 ny = 1.000265717 (A =05744]
64 | 46355|261.05 140.08 15.0300 3 5.08 | 19800 | 202 0.3483 6 = -6.0625 °K km-!
77 | 300.18|253.17| 12158 13.4513 36 360|198.00 | 1.43 0.2469

9 326.66|246.29] 105,05 11.9962 38 256 | 19800 | 1:02 0.1750 R = 2.8704 x 10° erg g! K~}
103 | 271.88]237.41] 9034 10,6585 40 181010800 | 0.72 0.1241 . .
1.6 | 22489|22952] 77.29 9.4323 44 0.91 | 10800 | 0.36 0.0523 = 97.8x 10" cm sec”
1289 | 18a.80|221.64| 6577 83116 48 0.46 | 198.00 | 0.8 0.0313

142 | 150.77(213.76) 6664 7.2006 52 0.23| 19800 | 0.09 0.0157 X

165 | 122.08|205.88| 46.78 6.3636 56 0.12|198.00 | 0.05 0.0079

16.8 98.03/198.00| 39.06 5.5250 60 0.06 | 198.00 | 0.02 0.0040

16.8 98.03|198.00] 39.06 6.7209 64 0.03 | 19800 | 001 0.0020

17.7 83.97|198.00| 33.45 5.7566 68 0.0 | 19800 | 0.006 0.0000

18.6 71.92/198.00| 28.65 4.9307 72 0.007 198.00 | ©.003 0.0005

19.6 61.60{198.00| 24.54 4.2233

20.4 52.76{198.00 21.02 36173




=988 W3 0L X T8 = 6

-4, 1-B B12 0L X ¥0LBT = W

1-W M 6298 - = §

[~ >t° SZe 0L+ = gE’
("EL5'0="Y) 0.981E000°L = Tu
M, g2z = 1L

qwozor = d

wy g'g0re = J

wy gLors = 4

wy 0ore = 1

BEEL'S SY'EE |00°€ZZ (0906 val
L1180 6vy |oo€zz |to9zL | gy
L9616 96'65 |00'€ZZ |ov'eaL | 9Tl
01000 4000 00'€ZT | ZO0 oL 620ETL £€2'08 |O0'EZT | 189ZL Lol
61000 lg'0 | 00'ETZ | €00 89 ShLFOL 6£°L0L |00'EEZ |99°E0E 8
52000 200 | 00'CZZ | 900 | ¥9 VZEEEL 6EL0L |00'Ezz |a5E0E | 88
¥300°0 Y00 | 00'EZZ |20 ) 09 0505'¥L L&6LL |LE'8ZZ (BRVE | 6L
gLL00 8O0 | O0'€EZT \Z2°0 94 LLvLSL zgect lvrvee |Leee L
81200 vi'o | oo€zz | 0¥D 28 6090°£ 1 (z8vL [zoovE |9zzsy 1'g
£0v0°0 9’0 | o0'€ZZ | L0 o 98rb'8L SZ'voL [6t'ovE |1ZEIS | TS
¥rLOO BPO | 00€CT | L& | by SZLE61 05'taL |957zsz |v908S | £
;;zt_g g;‘: $2§§ ii?:: gz VSt LT 11°00Z |¥Z'89Z (L0889 | vE
6LL0°EZ g10zz [L1'vez |vo'LEL | ST
8ESZ0 go'L | ooEzz |89y | 98 ovBLPT 89°Lvz |86°60Z [ZL'2Z8 | 9L
0SYE0 sZT | 00'€zZ | 959 ve Ivov oY B9'lvz 86'69C |zt ic8 | 9t a
689Y°0 90t | 00°€TT | ¥9'8 ze AR E6'6YT [08'L9C |pvBYE | bl
£L£9°0 siv  |ooezz |l | of BESHED £G'BSZ | 19'G9Z [8V°0L8 | Tl
19980 s9's | 00'€ZZ |96t | 82 z9c8'sy LG"L9Z |ZV'EQZ |0E'EER L
LLrt (ot |ooEzz |eviz | o BLERLY 88'9LZ [T'19Z |06916 | 80
6665 | £vOL | O0'EZZ | 8v6Z | T 6By 9998z [90'65Z (vE'LYS | 90
ELPLT SE'TL | 00°€ZZ | O¥'EE | L'ZZ ££91LZS 98'962 | LB'9ST |v9'996 | O
66987 gost |oo€zz | 1828 | zoT 6009 7S £G'L0E |89'vSZ 58266 | zO
BSEBE oo'sz | 00'Ezz | BoOL | £8L 996'95 L9'8LE | 05252 | 00'0Z0L 0
7
(U1 01 (5] —| L (LU} | % "L | quid +m0:u 1-Un’ 0L ) —| 401 1w 3, 'L | qui'd +sz:9

(suUGZ 21304y)
£ 'ON jepoy susydsouny

‘2| siqel.

= ﬁ
7088 W2 0L % 86

(-3, 1-B Bi3 01 X POLBT

Il
r

-un M Gre- = ¢

Ty

I

(MvLg'0=Y) /9808Z000" L

i

, 8068 = 'L
gwgloL = 'd
uni °PBEY =

wy0BE9 = T4

DEBL'Y cooe looBizlisve fAras
LG58 v6'6E | Q0BLT|LEOLL 5791
60000 9000 oo'glz | 200 L cESL8 Zy'zg | 00'8lLT VO:V?L B-Sl
L1000 L00 0OBLZ | EC'C 89 GEE9°0L 20’89 |00°81Z 86.[.81 L.ZI.
Lt£00°0 [ oo'8Lz | 900 79 £eDB'EL g/°88 |00°'81T|EL'SPL ol
65000 0’0 po8LZ | OV0 09 L9LT74L 8188 OU:BLZ EE-QVZ V.OL
QLLO00 Lto’o 008z | 610 95 66LLCL 6186 |9L'EZT|LILLT 96
90700 g1 00'81Z | 8E°0 Zs ZZelL'el 8Z'80\ | CE'8IT|BLELE B'g
! * i LSELYL gL6L1 | BFECT |PLTSE
82070 gz'0 00°8LT | BYQ av ) ! . . '
ngLO'O at'0 oo'gLe| LT7L L44 ZO6L'SL L60EL 1?9-8523 10-968 Z.L
arel’o 930 00'8BLZ | BEE oy 066Z'9L 08Pl UB-EVZ BV-SW VIQ
yreL 0 8Ll 00'8LZ | SC'E 8¢ 6Z9¥'LL 00'LSl | 96°8YZ | 8P GEY 9'S
£Z5Z'0 19t 00°gLZ | SP'Y =1 vE89'8L Gy LLl 31‘.1792 lE:ZQS g
18YE°0 oze po'8LZ | 609 Ve [l 013 1698t BZ'GQZ ZS'VLQ -V <
QZLV'O 10e oo'8lz| £2°8 e 916£°0Z 0lLL6lL | 05292 98.999 5 a
LSY90 [4%4 oo'gle | 6ELl oe Lyr9\E 0L'L0Z | EL'S9Z 99.689 ‘S
2£88°0 v9's 00'8Lz | 8E'S1 4 6129'CZ vi'8LT | 96'B9T |BLSTL ST
080Z°L | YAF pO'BLZj EETLL 214 9eZY'Ed SZZUSZ BL:zLZ 93:7611 gf
EZE9°L ggoL | 00'8LT| 9L'6C v LOSEYT Lieve O’V.QLZ 91’-9173 L
yo6L'Z ciey | ooslz ) sost €I 810L'SZ 89'9ST EQ'SLZ 03‘668 .
Zri8e et | ooeLz| 996t 90 LBLT'9E 8Y'LOT QS'I.BZ 89.996 . g :
LZI9E ayez | 00'8LZ | LYY 68! pTBTLE [2'082Z | 80°G8Z | 00'510k
4089
+ 08E9 s P _ , wd ;
e (0L (50 = | oLtk -un] il [awrd | g e L0 o — | o=y g L) 9 w4

(suoz areedwa])
Z "ON [3pOI dusydsouny

qi aqe L



Table Ila,
Armospheric Modet No. 1

{Troaical Zane}
r

Astronomical Refraction, 82" = —p"j](dn:dr}hnz dr, far z=860", 70" & 80"
T
rkm | fdnidr ., dnidr Lkt dnfdr ,fdnlor
' - ll"?\"" wn e ey et )unz 5360+"’"|: . tan z -.u[ o ]unz
z,=60" |2, =70° Z|=30° 7, =80"|z, =70 |2; =80 z,=60‘= z,=70° z|=u° 3] =60" z,=10021=80°

o |511834 |1.73205 |2.74748 |5.67128 |8.8652 [14.0625 |29.0276 (| 213 |0.63906 |1.71003| 267732 5.16432 (1.0834 19710 133003 | {ryenrmie :
08 | 482503 |1.73131 |2.74498 | 5.65136 | 8.3536 [13.2445 |27.2679 || 222 | 054738 |1.71000] 2.57430 5.14464 (0.5360 (1.4538 (28161
v6 | 456407 |1.72057 [2,74245 | 5.63143 | 7.8638 [12.4618 |25.5896 || 231 [o04688¢ |1,70007 | 267128( 5.12514 (08013 [1.2524 |2.4020 G — Bdkm: | 44.8045) 709435 145.0460
24 |a2951a |1.72082 |2.73983 |5.61152 [ 7.3052 117136 1220900 || 24 | o0.40157 | 1.70814| 288826 | 5.10581 |0.6859 |1.0715 [2.0504 64— 169km : | 35.8720 56.5197| 112.6666
32 |aom | 172006 |2.72737 |5.50163 69472 |10.908s |22.a667 || 26 |0.28484 | 1.70607| 286157 | 5.06M8 |v.4886 |0.7576 [14413 | 1BE-24 km: | 88000153515 267592
. 2530 1 ) 24 —40 km: | 3.7214| 57954| 109443

377208 1.7 273481 | 657178 6.5103 [10.3150 [21.0072 || 28 | 0.20176 | 1.70400| 2.65490 5.02207 |0.3438 [05357 [10133 | 45 _ 72 wm: | 02805 o03s53| o657
a8 |as3731 |1.72983 | 273222 [ 6.55197 | 6.1108 | 0.6847 (196300 || 30 [0.14301 §1.70199( 2.64827 | 4.98155 [0.2434 |0.3787 |0.7124 K
5.5 | 331300 |1.72676 |2.72963 | 553221 | 5.7213 | B.osa1 |18azem | 32 |0.10137 |1.69986| 264168} 294192 |0.1723 J0.2678 [osarp | Astoremics P R I
64 | a0sa73 | 172508 [2.72702 | s 51252 | 53501 | easa0 170873 || 3¢ [o.0718s |1.69780| 263513 ] am0m17 |01220 [01803 [papag | Refraetion

o] 7.7 | 277419 {1.72471 |2.72275 | 5.48066 | 27847 | 75534 |15204a || 36 | o0.08003 |1.69575| 2.62861 | 4.86527 |0.0864 (01330 (02478 | pp e t30);

o 9 | 247413 [1.72342 1271847 [5.44902] 42640 | 57258 [124m6 || 38 | v.03e10 |1.69370| 2.62214 | 4.82821 |0.0611 |0.0047 [0.1743 | strerm 94.968 {150.735 | 312.160
103 | 218828 172213 | 279418 | 541762 [ 37857 | 59665 [11.900a || 40 [ 002550 [1.69166] 2.61572 [ 4.79196 10,0433 |0.0663 [0.1226 | 2naterm : — 0625 {—1.781 |- 14.264
116 | 194541 |1.72082 | 270083 | 5 38648 | 23477 | 5.2717 [10.4789 || 48 | c.0v286 |1.68750} 2.60299 | 4.72178 {0.0217 |0.0335 |0.0607 6y 0007 | 0052 1668
129 | 11428 [1.71951 |2.70649 | 5.35662| 20477 | 4.6380 | 9.1810 || 48 | 0.00646 | 1.68355 | 259044 | 4.65454 | 0.0108 |0.0167 |0.0301 -8, - 0.001 [-0.007 |- D.267
142 | 180371 111819 |2.70113| 5.32506 | 2.6637 | 4.06t7 | 80073 || 52 | 000325 |1.67953)2.57806 | 4.59005 | 0.0065 |0.0084 |0.0149 -8 - 0.000 |- 000z | - 0.271
155 | 131252 |1.71687 |2.69677 | 5.20482| 2.2534 | 35396 | 63496 || 56 | 0.00163 | 1.57554 | 2.56585 | 462812 | 0.0027 |0.0042 |0.0074 e 0000 0000 | 006!
168 | 1.13958 |1.71554 |2.69240| 5.26491 | 1.9550 | 3.0682 | 5.9998 || 60 0.00082 { 1.67158 | 2.56380| 4 468569 | 0.0014 |0.0021 (0.0G37 04 " "

168 | 1.38623 |1.71554 | 2.69240 | 5.28491( 29781 | 3.7223( 72084 || 64 | 0.00041 | 1.66764 | 2.54191| 441131 |0,0007 |0.0010 |0.0018 45 149700 | 20930
17.7 | 118735 |[1.71463 | 2.68940 | 5.24454  2.0350 | 3.1833| 62271 | ©8 0.00021 | 1.56373| 253018 | 4.36615 | 0,0003 |0.0005 |0.0009
186 | 1.09700 1.71371 | 2.68639] 5.22427 | 1.7428 | 2.7320} s5.3ta1(| 72 0.00010 | 1.65984 | 2.51860 | 4.30287 | 0.0002 | 0.0003 | 0.0004
195 | 087100 {1.71278 | 2683371 5.20414| 1.4920 | 2.3374| 45333
204 | 074511 |1.71186 | 2.68035} 5.18415] 1.2772 | 19908 | 2.8679
= fntagranon formuls {Newton—Cotes! :
4+ 682 aa
f fldr = ﬁ{omm[rm +1(a+8a}]+05888[fla+al+Ffla+Ta)]—00928(fla+2a)+fia+Ba)]+1.0406[1ia+301+Fla+54)]-0a541(a+a4a) }
A !
Table Vb,
Atmospheric Modal No. 2
(Temparate Zone)
o
dn /dr _ac® 70° & 86°
Astronomicst lemﬁon.ﬂl"'=—.ﬂ':': (—n“‘ }"""" forz =60, 70 &30
1
dnldr
dn /e . km L. fenidr " | ——Twmnz
.k —.n"{d“’dr) oz _p..( ! ]unz ooy [ - anz ( ™ }
: : ° 70°|z, =80° [z, =60 zl-'m"i 2, =80
N - - = = =
2, =60"| 2, =70°| 2, =80° x1=60ﬁ1|=70° 2y =BO 1, =60" [ ! !
. —— —— | —— _— - .
—— ksl 268600 | 522171 | 1.2881 |2.0347 }3.8656 Intagrals = -
0 s62582 | 1.73205| 274748 | 567128 |9.7442 NS.4563 ay.0086 || 18.9 | 0.76763 |1.71359 raav2 | ooga7 |1.6588 |3.0089 G — 4 wm:| 325267| 53.1215| 1085898
) h4.8803 | 30.6667 [| 206 | 058048 [1.71184 2.8802B | 5. E 13767
0§ | 541800 | 173160 274605 5.6510 18,3836 1% ) 456 | 5.14535 | 0.7606 [1.1896 |2.2800 | 4 —10.4km:| 249234 65.1647) 111
’ 90323 43191 |20.4620 || 223 | Daas78 [1.71008 267 : : . os5| ®5.7218
1 | 521764 | 173115 274842 | 5.64690 19, : 26 | 034082 |1.70832 |2.668865.10964 | 0.5822 |0.0086 |1.7415 ¢ 10.4-24 km: 72.71120| 4254 :
15 | soz13s | 173080 274288 [ 563470 |B.6904 137729 1 28.2538 O | |aacme | scer0 oezs [ooesa (12626 | 24 —40 wm: agoa1l 53011 10,0088
5 | aga0as |1.73023| 274332 | 6.62248 |83676 [13.2415 | 27.1585 (| 26 . : - w 72 km:) ozoee| oass1| o274
’ 7 | 26,0886 || 28 018216 |1.70419 | 2.65652 | 5.02588 [ 0.3104 (04837 |0.9155 i
25 | a.64aa8 |1.72977| 273976 | 6.61026 |B.0338 N2.724 » 170312 |2645e1 | 459638 | 0.2267 [0.3578 (06638 | Astronomical o veme | ez
3 | ads3sr 172031 | 273820 | 659804 |7.7100 122223249875 - | 26473z | 494878 | 01655 02573 [0.4815 | Reteaction: !

w 270662 | 5.58582 [7.4128 [11.7330 |23.9504 || 32 0.00736 |1.70007 | 2. :

0 35 | 428773 1728812 - ’ 59801 | 2.63579 | 4,00706 | 0.1208 lo.1876 |0.3483

~J 6.57360 | 7,1152 011.2584 | 228448 || 34 oo 1 . Formuta {30) |

4 | 411672 |1.72837 | 2.73504 | 5 . 005204 |1.69596 | 2.62920 | 486919 | 0.0883 |0.1368 |0.2634
48 | 385367 | 172761 | 273260555407 |6.6566 [10.528521.4002 || %6 L o aoes [pcose longos | e 100.396 150239 | 330.009
003805 |1.68302 | 2.62284 | 4.83216 | 0. 2 - . — 0525 - 1.781 |-14.260
5.6 | 3.60141 1.72685|2.72084 | 6.53456 16.219 2.8316 | 19,8322 z o s |y epron |2e1643| 47 0.0471 10.0728 [0.1334 Zrmwbrrn. gx o080 Tae
64 | 336143 |1.72608 | 272736 | .51510 (58021 :;s;: :::::: “ o-nmum jpitbed bytoind ‘.15:5:: o0ze1 |ocas? |6.0703 al e | o |- oan
72531 | 2.72477 | 5.49568 [5.4061 | B . : ' 8 o0 |- ’
;lz :;ﬁ:‘; :72453 272217 | 547631 |5.0278 | 7938 (159647 || 48 | 0.00795 |1.68380 ) 250121 4.653?: z.:: z-gﬁﬁ z::;: -85 : —0.000 |- 0.002 |- 0.268
§ . ) 79 | 2.57836 | 4.594 . A - . 059
gs | 270841 |1.72378 | 271965 | 545701 |a5ess | 7.3867 [147798 || 62 ) 0.00428 1670 [ o000 | 0000 | O
D esss || 56 | 000227 |1.67681 256668 | 453226 | 0.0038 |0.0058 |0.0703 — | — ‘
a6 | 251203 |1.72296 | 271693 | 5.43778 |4.3281 | 68250 13, ot 000121 |1.67186 |2.55466 | 4.47276 | 0.0026 |0.0031 10.0054 99”87 NM57760 | 36"81
104 ) 230578 |133N7 271430 | 541862 |40084 | SIF B 6 000065 |1.66793 |2.54278 | 441650 |0.0011 [0.0016 (0.0029
voa | 286781 | 172217 | 271430 |5.41862 |4.9383 | 7.7833 | 16.5380 v oox0s | 252108 | 4.360%6 |0:0006 [0.0008 0.0015
59519 |11.8186 || 88 | 9.00035 + — See footnote t Table lia.
124 | 209729 | 172080 | 270674 | 5.37871 |3.7804 | 5. 72 | oooos |1.66016 |2.51953]4.30720 |0.0003 |0.0005 10.0008
43 | 168371 [171878 |2.70311 | 6.33800 [2.8039 | 45512 | B98N || 7 —
156 | 128016 |1.71707 |2.69743 |5.20938 [2.2163 | 3.4801 | BBITY
172 | osesso | 171634 | 269172 | 5.26028 (1.6958 | 26610 | 52003
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