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PHOTOELECTRIC OBSERVATIONS OF RR LYRAE,
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In 1947, 3038 photoelectric observations were made of RR Lyrae. These enabled us to study the changes that take place in the
light-curve during the 41-day secondary period. It appeared that the variation is more complicated and that, besides the 41-day
period, another period exists, about 3 times longer.

If the phase shift A, for a point on the rising branch where Am equals —m*300, is the decimal fraction of E in PRAGER’s elements:
J.D. 24148564408 + 4'56683735 E, it may be represented by the formula:

. 2T 27T . 2T 2T
= P- — P t— P Z 4P 24P jnial P fndal
Ay 2908 000037 0173 sin o t oobo cos P 14 0060 sin I t+ Pr0024 cos P, t,

where the values 72F'37 and 108F'55 have been assumed for P and Py , respectively. From this formula it appears that the mean
phase shift differs P'199 from the value found by extrapolating Barazs and DETRE’s formula. The phase in the secondary period
agrees with that given by Barazs and DETRE.

Both periods Pt and Py show themselves also in the variation of the shape of the light-curve.

At the phase in the secondary period P; where the ascending branch of the light-curve is most retarded, it shows a flexure, which
was hitherto masked by observational errors. At this same phase Dr STRUVE found some interesting features in the spectrum.

The observations of RR Lyrae were started in order | lens onto the cathode of the phototube as an elongated
to obtain the exact phase of light variation at the time | spot. The multiplier phototube was fed by go-Volt
of Dr STrRUVE’s observations of the radial velocity at | batteries, one for each of the dynodes, and a 50-Volt
the McDonald Observatory. The previous photo- | battery for the anode circuit which included the
metric observations, collected and extensively dis- | galvanometer. This is a Leeds and Northrup type
cussed by Barazs and DEeTRE '), do not permit a | R 2500-g galvanometer having a sensitivity of 5 X
reliable prediction of this phase as a consequence of | 107*° Ampere per millimetre for a scale distance of
the secondary period and other peculiarities of the | 1 metre. No colour filters were used and a large wave-

light variation. length interval was active. In order to find the effec-
tive wavelength some stars with different colours were
The Observations. measured. These were selected from the list of SEARES,

Ross and Joyner *).

In Table 1 some data about these stars are repro-
duced from this list. The sixth column of the table
contains measured magnitudes m,, with arbitrary
zero point. Their internal mean error is 4 m'004. By
least squares the equations of the type

In March 1947 a provisional photoelectric equip-
ment with a 1P21 RCA multiplier was attached to
the 19" reflector of the Leiden Observatory and its
performance was sufficiently good to justify the start of
the RR Lyrae programme. Some technical data of the
instrument follow. Both primary mirror and Newton

secondary of the reflector are aluminized, the aperture Mye = @+ b 1Myg + ¢ 1y,

and focal length are 19 and 100 inch. The mounting | were solved and the result was:

is of the fork type, permitting quick and easy manipu- My = — 1622 + 632 Myy+ 434 My
lation. At the Newton focus a diaphragm with a dia- + 160+ 20 4+ 17

meter of ‘o4 inch was placed. A guider telescope
provided with crosswired eye piece, attached parallel
to the tube of the reflector, permitted exact centring
of the star on the diaphragm. After the light has passed
the diaphragm it is projected by a simple cylindrical

In the seventh column of Table 1 the computed
magnitudes are given; the last column contains the
residuals O — C. It appears therefore that the colour
response of the instrument was intermediary between

1) ‘Magnitudes and Colors of Stars North of -+ 80°°. F. H.
1) Miiteilungen der Sternwarte Budapest-Svdbhegy, No. 17, 1943. SeaREs, F. E. Ross and M. C. Joy~NERr, Washington 1941.
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photographic and photovisual. A similar colour sen-
sitivity was found for other multiplier tubes. This
result is at variance with Kron’s, who found a photo-
graphic or even more violet response.

TABLE 1

BD | «(1900) 9 (1900) |mps  mp mpe(0) mp(C) 0-C

) h m o 7 .
83901 | 3337 8314 |751 768 7485 7463 + o2z
80 55 1 388 8023 700 %7'10 6°866 6°889 — ‘023
8057 | 1398 8053 |747 747 7310 7347 — 037
80 65 1579 81 o 700 684 6784 6776 -+ ‘008
81 13 | 0322 81356 6°88 639 6°531 6°504 - ‘027
8276 | 2543 8231 793 704 7476 7451 + ‘oz25
8251 | 2 14 83 6 7°35 644 6848 6°823 -+ ‘o023
8o 58 I 44'6 8o 25 826 702 7'630 7°651 — ‘o021
808 | 2334 81 2 707 58z 6°362 6°377 — ‘oIs
8356 | 2 203 8323 798 662 “%°290 77°300 — °OIO

Most of the observations were made while the
author operated the telescope and Mrs WALRAVEN
read the galvanometer deflections. At some nights the
observations were made by Dr P. TH. OOSTERHOFF
and by Mr H. G. van Bueren. The total number of
observations of RR Lyrae during 1947 is 3038. Each
observation consists of four readings of the deflection
while the star was centred on the diaphragm, pre-
ceded and followed by two readings of the sky bright-
ness, and the same for a comparison star. In this way,
working intensely, the variable could be observed
every two minutes. The readings of star and sky were
registered with opposite sign on a printing adding
machine, which then directly gave the intensity of
the star.

TABLE 2
Star Name « (1947) d (1947) Myis  Sp.
h m
var. | RR Lyrae 19 23'8 42°41 — —
a HD 183125 19 244 42 13 767 A2
b | HD183383 19 257 42 7 738 Bg
c HD 182487 19 21°9 42 52 689 Ao

Some data about the comparison stars are given in
Table 2. In general two of the comparison stars, a and
b, were used; when the variable was bright, ¢ was also
included. The reduction consisted in computing the
difference in magnitude between variable and com-
parison star ¢ in the following way. First, the mean
of the difference between a and b, or a and ¢, was
determined for each night, and this value was used
to reduce the observed magnitude of star 4, or of star
¢, to an indirect magnitude of star a.

Then the difference between variable and star a
was computed, the indirect values for a being in-
cluded. In deriving these differences an observed
brightness was always compared to the mean of the

18 LEIDEN

preceding and following values of the comparison
stars, in order to take into account the fact that the
observations of different stars could not be made
simultaneously, but were spaced with equal intervals
in time. A correction for differential extinction,
amounting to a few thousandths of a magnitude, had
to be applied only to the earlier observations; when

TABLE 3
mean error
g ul. ]3:370 Ma—mp Ma—my of one

243 observation
22855

2286°5

22875 625 mon1
22885 1'202 ‘o016
22895

23005 ‘645 1'228 ‘010
2302°5 645 1'230 ‘009
23145 ‘620 1'260 ‘085
2319°5 648 1'203 ‘033
23285 '648 1°235 ‘018
2330°5 ‘635 1232 ‘016
2333'5 "625 1215 ‘025
2334°5 ‘638 1°220 ‘007
23355 "630 "015
2336°5 628 ‘013
23485 634 ‘008
23545 ‘628 ‘022
2361°5 ‘632 ‘012
2362°5 648 ‘033
23635 ‘634 ‘012
23645 625 1'222 ‘022
2374°5 ‘642 ‘o010
2376°5 ‘642 ‘010
23795 "640 013
23805 642 ‘025
23815 ‘622 1°202 ‘o017
23825 628 ‘018
23855 628 1212 ‘012
2386°5 628 ‘014
2389°s 628 1'2I0 ‘014
2391°5 625 ‘o011
2394'5 *625 *009
2397°5 ‘630 1'228 ‘013
23985 ‘620 1'198 ‘012
2401'5 ‘620 ‘o012
2406'5 ‘622 1'200 ‘010
2408'5 ‘622 ‘o014
2409°5 628 ‘012
2410°5 ‘622 ‘011
24145 ‘622 1°205 ‘014
2415°5 ‘625 ‘014
2418'5 622 ‘009
24195 ‘625 ‘014
24205 ‘625 ‘009
24235 622 ‘010
2424°5 ‘618 1'198 ‘014
2426°5 ‘622 1208 ‘007
24275 618 1'192 ‘008
2431°5 628 ‘014
24325 ‘618 1'200 ‘025
2433°5 ‘620 ‘009
2441°5 615 ‘OII
24445 ‘620 1'198 ‘o010
2453'5 ‘612 ‘014
2461°5 ‘618 ‘012
2465°5 ‘610 ‘021
24785 610 1°188 ‘o010
2486°5 ‘620 1'190 ‘o11
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the season had advanced it was negligible. In Table 3
the magnitude differences of stars a and b, m, — m;, and
of stars a and ¢, m, — m,, have been compiled. The
internal mean error of one determination of magni-
tude difference as found from the residuals from the
mean of the night has been given in the fourth
column. This mean error may be supposed to hold
also for the observations of the variable.

It appears from the table that the differences in
magnitude gradually grow smaller. This is not shown
by the difference between & and ¢. There is some
reason for suspicion with respect to the constancy of
star a, which is supported by the fact that this star,

19 B.A.N. 403

HD 183125, has an abnormal spectrum, and its
colour according to MoncH and TERRAzAs?), is
redder than might be concluded from the spectral
type. So it might have been better if another star had
been used as a reference standard. The magnitude -
differences Am between RR Lyrae and the reference
star have been listed in Table 11 at the end of the
article. In the first column of this table the helio-
centric Julian Day is given. The last column will be
discussed below. In order to give a visual impression
of the accuracy of the observations, we reproduce two
light-curves in Figure 1.
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Examples of light-curves at different phases of the secondary period, directly composed of individual observations.

Our first aim will be to derive from our observations
epochs which are necessary to find the phases of the
primary period P of about 957 and of the secondary
period P; of 41d4. The most accurate epochs can be
derived from the ascending branches, and usually the
epoch is determined as the moment at which the
median brightness between minimum and maximum
is reached.

In the case of RR Lyrae, however, the magnitude
at maximum varies strongly, as does, less pronounced,
also the magnitude at minimum and hence the median
magnitude is not constant. For several nights of
observing the median magnitude was unknown be-
cause the adjacent maximum and minimum had not
been observed. In the following discussion therefore
the epochs were determined for a fixed magnitude,
for which the value Am = —m*300 was chosen, which
is near the average median magnitude. But even this
procedure could not be strictly adhered to. Usually
we first estimated which part of the ascending branch
could be considered to be straight. The constants in
the equation Am = a 4 b ¢ were then solved by least

squares from the observations on this straight part of
the rising branch. Finally the value of ¢ was de-
termined for which Am equals —™*300. Later in this
article we shall see that the rising branch sometimes
shows a flexure near the time of median brightness,
where the increase in brightness is much slower than
in the remaining parts of the rising branch or where
the brightness may even be nearly constant for a
short while. In such cases the least-squares solution
has been made for observations on a straight part of
the rising branch below the flexure and the epoch ¢,
derived from an extrapolation of the linear equation
" does not coincide in this case with the time at which
the variable actually reached brightness Am =
—m-300. Although this procedure introduces some
arbitrariness it probably is as good as any other.

In Table 4 the solutions have been collected. The
first column of this table gives the Julian Days of the
moment at which Am equals —m'300. The second
column contains 4, the units of time and magnitude

1) Ap. 7. 103, 371, 1046.
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TABLE 4
J D urfits m.e. J D l b‘tS m.e.
o o Mmoo of one E o nlim of one E
243000 d OOC)II observation 2430000 d OOOOOII observation
m m
2330°45942 — 2'279 + -o21 30827°2759 2423'44104 — 1°669 + 009 30991°3117
+ 23 + 67 + 4 + 25 + 38 =+ 4
2335°56726 — 1°868 + ro16 308362870 2424°57235 — 1'958 -+ ‘o1z 30993°3075
+ 17 + 40 + 3 + 28 + 61 + 5
2364°46864 — 2°437 + 018 308872741 2427'40908 — 1670 + ‘o10 309983120
=+ 17 + 63 + 3 + 65 + 100 + 11
2381°48992 — 1°825 + ‘o029 3091%7°3026 2431°37117 — 2°'120 4+ ‘006 31005°3018
+ 147 + 203 + 26 + 7 + 19 + 1
2385°45737 — 2°599 + "o31 30024°3019 2432°50300 — 2283 + o1y 310072986
+ 52 | £ 215 + 9 + 17 | £ 48 + 3
2389°42056 — 2°546 + ‘or1 30931°2936 2441°55535 — 2°469 + ‘o007 310232685
+ 13 | £ 52 + 2 =+ 33 | £ 75 + 6
2394°51674 — 3’123 + ‘o013 30940°2842 244438660 — 3'184 + ‘orr 310282633
=+ 10 49 + 2 + 9 + 47 + 2
239847627 — 2'980 + ‘o009 30047°2695 2453°'45823 — 2°300 + ‘oog 310442672
+ 7 + 35 + 1 + 13 4+ 51 + 2
2406°40912 — 2140 + ro10 300612644 2461°40569 — 2°046 4+ ‘006 310582880
+ 11 4+ 31 + 2 + II + 35 + 2
2410°38275 — 1671 + ‘o1z 300682746 2465°37691 — 2°230 + ‘o025 310652939
+ 7 |+ 31 + 3 + 47 | + 150 + 8
2415°49042 — 1925 4+ 018 309772854 2478°40449 — 1°998 + ‘o016 310882768
+ 28 + 65 + 5 + 16 + 40 + 3
2419°'46609 — 1°843 4+ ‘o016 300842992 248633583 — 1°968 + ‘o027 31102°2691
+ 45 + 8 + 8 + 38 £ 93 + 7
being d'ooor and m™'oor. The mean error of one | column will be explained below. The observations
observation, as found from the residuals, is given in | which were used in the computation and their resi-
the third column. These may be compared to that | duals (O — C) have been listed in Table 5.
found from the comparison stars in Table 3. The last

TABLE 5
t Am o-C i Am o0-C t Am o0-C ¢ Am 0-C
—2432330°4400 —2432335°5500 —2432364°4500 —2432385°4400
89 --'072 —'0I2 98 —'158 +‘003 125 —'185 —'035 136 —177 -+o25
106 —'108 —‘o10 105 —'175 —‘00I 135 —'158 +-016 149 — 276 —-040
124 —'I110 +°'030 11X —'208 —'023 145 —'195 -+ ‘004 171 —*316 —'023
145 —'175 +'o13 117 —'170 4026 158 —'205 ‘025 184 —'342 —'o16
158 —'270 —'053 123 —‘zog —+ 008 168 —‘2%8 —'003 196 —*352 ‘006
172 —260 —oI1I 130 —'198 +-022 177 —=260 +o17 | .
103 —295 -+‘o02 139 —'255 —'017 185 —*305 —'009Q 24323%94000_ o1 +oII
207 —'310 ‘o019 145 —'262 —'o14 196 —*350 —'026 126 —o 5 +o11
224 —°332 +°036 152 —260 002 206 —*355 —'007 126 _,03-85 000
238 —+398 o002 163 —285 —‘003 217 —'395 —‘02I L _,190 — o0
252 —*420 +'o12 170 —'298 —‘o0o0z 225 —°395 —‘00I I35 —'1%2 016
2770 —'472 ‘000 176 —'352 —'046 236 —°418 +'003 5% — 220 +°00
283 —*500 ‘002 183 —'322 —'002 248 —438 o1z ;70 e +.005
297 —'542 —'008 190 —'342 —'009 2585 —'472 —"005 b4 2T TS
311 —'582 —'o14 197 —'350 —'004 263 —468 +-018 215 _.3 2 +002
336 045 —o22 203 —348 4000 | 1223814600 2 H —-'3§2 —ro12
349 —'640 ‘o012 211 —°368 4--oo4 4323°1°4 4087 —- 33 _.3 e
218 —378 +-007 79 ‘087 —'o15 257 417 + 014
. . . 146 +008 +-028 260 —°447 —‘008
243233575500 225 408 —or0 1 —'005 +'028 282 —°482 ‘o1
15 —'0I0 —'004 234 —'412 —+'003 Igg 1 i _ 4 3
23 —*008 —+‘o1z 259 —'470 —008 200 _ 140 —'oﬁ —2432394°5000
30 —028 006 2606 —°438 +037 26 ——‘130 + o1 58 ~+'o15 —'027
40 —'080 028 23 _ 2Z —'oo‘: 70 +'007 4003
48 —*062 —+°006 | —2432364'4500 47 S 85 —'052 —'0IO
55 —*075 o003 64 —'012 —'o10 | —2432385°4400 96 —'075 -‘oo1
63 —'0go ‘006 76 —'012 —+°0I19 49 —'008 —032 108 —'110 ‘004
70 —'II2 —'004 86 —'032 +'023 73 —'040 —'002 118 —'135 ‘o1z
77 —098 +°024 95 —'088 —ro11 91 —'080 +°oo0s 130 —'160 +'023
84 —'142 —'008 104 —'090 —'009 122 —'109 ‘057 139 —'215 —'004
91 —-138 +‘o10 114 —'148 —-024 127 —*160 + ‘018 152 —r2477 -+'oos5
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TABLE 5 (continued)

t Am 0-C t Am o-C ¢ Am o-C t Am o-C
— 24323945000 —2432410°3600 —2432427'3900 —2432453'4400
163 —'265 ‘o021 329 —°465 005 156 —*250 —‘008 126 —'170 ‘000
174 —317 +'003 | _5432415°4700 168 —260 002 148 —'202 +'o19
185 —:360 ——2008 49 —'025 —'024 | —2432431°3500 169 —:270 —:001
197 —'392 S 60 —'030 —'008 72 —+010 —*006 190 —'325 —'o07
207 —"420 —+'004 71 —'055 —°OII o1 —-042 +'002 212 —'372 —'0o4
219 —:490 —'029 84 —‘050 +018 113 — ‘092 —'002 235 —:418 +:oo3
231 —'505 —'007 99 —'080 +'018 129 —I25 —'001 259 —480 —‘004
243 —'535 +'oo1 113 —'122 +'002 144 —'145 +'orr | —2432461'3900
254 —'575 —'005 128 —125 028 157 —-185 —‘oo1 33 —'052 —'006
266 —'602 + 006 140 —'157 +°o19 172 —+207 4009 48 —*078 —‘oo1
—2432398°4600 154 —*205 —'002 184 —'240 +‘ooI 62 —'100 006
66 +'002 +'o14 | 170 —'242 —°008 197 —265 +'003 79 —128 +o12
79 —'062 —'o12 ISg —'270 —'OII 208 —*305 —'0I3 97 —-180 —‘oog
94 —'092 +'003 19 —'297 —'oI3 221 —'322 —'002 110 —-212 —'00
106 —*137 —'006 208 —'322 —'0OIj 232 —'347 —'oos5 124 —'230 002
119 —162 +°008 223 —*330 —+°00b 243 —+365 +‘oo1 142 —272 —'002
130 —'195 —+-007 234 —'390 —'033 255 —°392 ‘000 159 —'310 — ‘006
140 —'240 —'008 252 —382 —‘o10 266 —'420 —'00§ 172 —'332 —‘002
152 —*262 ‘006 260 —'387 +‘oz0 286 —'455 ‘o002 186 —362 —‘o002
163 297 7003 | 24324194500 297  —'492 —'o12 201 —382 4008
178 T30 i oz ‘000 007 309 —'495 +eoIT | —243246536 _
1 —'300 —'005 15 —'028 +003 320 —'530 ‘000 43 —-038 —'o20
ois _aee —ort 29 085 oot 331 —'550 —'002 38 ~ods 1007
_. . 4 —'085 +'003 | —2432432°4800 I —'070 +’o1I
226 — 488 rooo 69 —'132 —'002 3 4;;3 * —'020 —'022 88 —'135 —'o16
238 —537 —013 87 — 182 —-018 113 —032 —'004 103 —'132 +°020
251 —.560 +'003 104 —'195 ‘000 127 — 070 — ‘006 119 —'160 +°028
262 —.g9° _‘t:_°°6 123 —227 +°003 142 —'085 +'o14 132 —'220 —'003
274. —'015 T'ory 141 —'292 —'029 156 —125 006 I4§ 242 t.°°4
— 24324063900 155 —295 —'006 182 —160 +°030 15 320 —"055
59 — 022 _:005 170 —282 —034 189 —‘192 +-o14 189 —'352 —.oo8
73 —048 —‘oor —2432423'2600 211 —'262 —'006 201 —'352 +'o19
83 —'075 —'007 . . 225 —'310 —'022 | —2432478'3800
— — 006 2 ioos +-oo3 . . —'005 —'00
1?‘; —'??Z + 022 39 020 —00b 2 :‘325 —'gog I?g —'°4g —'OIi
118 —"145 —'002 gg :gi'; 1,2?(2) ;gg —'ggz _~o§§ 127 —'058 +°006
3 i J# oo tor o e 1o 2 Cos e
oy - 8  —o97 —'o05 302 T492 T00z _. .
o ap | b Tam | wm o es eer | xe oo ten
15 —-277 +'o12 e T /140 —'006 ggg ~ 3o +‘g?3 159 295 _'°I;
_. . 124 —'167 —'o13 . . - .
o b 137 —172 —000 369 —er7 oo 21§ 243 —-vos
22 —'367 -roo1 149 —'187 4012 | —2432441°5600 : 226 —*265 —"00
23% —'215 — o135 161 —'222 —'004 1I —'440 —+‘o002 237 _.273 —I-‘oog
251 445 +'o17 173 —'255 —o17 28 —°478 ‘006 251 —‘322 —‘or0
266 —460 ‘000 187 —260  “ooo 45 —'538 —'o12 266 —'342 ‘000
28 — 200 — 006 200 —'275 +'008 64 —568 005 276 . —
29% _.‘;22 006 215 —'305 ‘003 81 —'613 —003 2%6 __i?g —’ogg
. _ . 98 —*658 —-oo1 . .
2432410 3600-1—'008 oo 2432‘}7224 559 ooz ++005 113 —'690 +'004 §2§ —-1;2 —-ggi
o —035 —-oé 84 —'032 —'005 | —2432444°3700 323 —'452 +°004
82 —072 —'016 N _Zgﬁ ggg 4 ~ 020 003 334 —'475 jrr‘oog
100 —r067 +-o1 - - 9 —’'052 T'003 345 —'472 1’02
115 —'12'c7> —'oog 120 —'o80 +-or7 104 —'095 4007 356 —'510 +'o12
127 —'137 —'005 137 — I35 005 118 —'150 +°003 368 —'538 +°0o8
141 —'137 +'018 153 —'152 +’o1o 134 —182 +'016 | _5435486'3200
153 —165 -+‘or1 167 —'195 —'006 143 —'248 —o21 24 —'035 000
166 — 172 +°025 181 —'235 —"o19 164 —-280 +or4 45 —'0b2 +'o14
179 —'217 001 195 —'255 —oII 175 —'338 —ror0 64 —087 027
195 —262 —‘o16 209 —282 —‘oro 136 —'382 —o18 82 —'142 +'008
207 —260 ‘006 223 —282 4017 214 —'440 +'o12 99 —'165 ‘018
219 —-285 +-oo1 236 —'315 +°009 228 —'505 —'007 120 —'242 —'018
2 —°315 —'006 | —2432427°3900 240 —'540 —'oo4 138 —'202 —'032
zig —'33? —*006 i 43227 3 —'065 003 251 —'572 —"002 Igo —'332 —'ogg
257 —'352 —'003 65 —'085 ‘o053 26%- _.210 +.°°2 180 —*360 —-018
270 —'375 —'004 8o —°I30 —'OI§ 27 —'640 +‘or0 203 —425 —'037
288 —'415 —'0I4 97 —'I52 —'009 | —2432453°4400 239 —°438 4020
301 —'427 —'005 109 —'150 4013 70 —'052 —'0IO 258 —'500 —'004
315 —437 -Froog 124 —180 4008 103 —'115 -+°'003 276 — 485 o047
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The variations in the period.

We adapt our discussion to the scheme of BArLAzs
and DETRE by using the formula of PRAGER,

Julian Day of median magn. =

2414856408 + 456683735 £ (1)
to compute E, of which the integer gives the cycle
number and the decimal fraction the phase deviation
Ag, called (B — R),,, in BALAzs and DETRE’s article,
expressed in the primary period P. In the fourth
column of Table 4 the values of E computed for the
epochs in the first column of that table, are given.
The phase deviation Ag is shown in Figure 2 (dots), as
a function of the cycle number minus 30800 1).

This figure clearly shows the secondary period of
about 72 cycles, but also it is clear that the points of
the successive secondary cycles cannot be combined
into one curve. The amplitude is varying and also
the length of the secondary period is variable. This
phenomenon might have been found earlier by
Barazs and DeTrE if their observations had been
more numerous. Now it revealed itself only by a large
scatter of their (B — R),,,. A similar unexpected
large scattering has been noticed by OOSTERHOFF in
the case of RS Boo 2), another RR Lyrae-type variable
with secondary period. It is very curious that in the
case of the numerous and closely spaced observations
of RR Lyrae by Zacuarow 3), which reveal this
phenomenon distinctly, it was ascribed by Barazs and
DETRE to systematic errors. An annoying consequence

Ag=ua+ bt+ csm

the linear term 5 ¢ being introduced to account for the
apparent decrease of the mean of Ag. The unit of ¢ is

. 2
Ag = P2908 — P-000037 t —F0173 s1n177T t — P+0060 cos 2 t — P'0060 sin 4 ¢ + P-0024 cos 2%
k

+ 12 4 16 + 6 -+

The phase deviations used in the computation are
given in Table 6. Some of them are the mean of some
observations having small weight, which is caused by
the irregular shape of the ascending branch, at the
time when the light-curve is most retarded. The other
columns of the table contain the computed phase
deviations and the residuals O — C. The solution is

1) It should be noticed that the whole number subtracted by
STRUVE and BraAauw in order to get their cycle numbers is
30843; 4p. 7. 108, 60, 1048.

2) B.4A.N. No. 369, 101, 1946, and private communication.

3) The results of this author are given in Barazs and DETRE’s
article.

t—l— dcos

LEIDEN

of the effect is that it is now impossible to find the
exact Ag at the time of STRUVE’s observations between
J.D. 2432340 and J.D. 2432380, corresponding to our
cycle numbers 30840 and 3o915. It was tried there-
fore to find an interpolation formula representing Ao
for the whole interval covered by the observations.
The secondary period had to be taken from Barazs
and DETRE’s discussion.

Their formula, (9a):

P, = 71783 sin®'004168 (E — 9870)
gives for £ = 30800, the secondary period P; =
72P+37 at the time of our observations.

The varying amplitude may be caused by another
period. Its length was estimated as follows. We cer-
tainly had a large amplitude near £ = 31100, and
probably it was minimal near £ = 30900 and £ =
31100, i.e. the beat period P, equals about 200 cycles.
Barazs and DETRE’s figures show exceptionally large
deviations for E equal to about 25130. Finally
ZAcHAROV’s observations show a large amplitude for
E = 17540 and E = 16680 (cf. BaALAZs and DETRE’s
article, page 31). From these data it follows that the
beat period may be close to 217 cycles. We assumed
it to be exactly three times the secondary period P or
P, = 217%11. This beat period may be caused by
interference of the secondary period P; with a third
period P, being equal to 3/2 P; or to 3/4 Pi. It is
directly seen from the run of A¢ that we must choose
P/ = 3/2 Pr = 108%55. We then made a least-
squares solution of the following type:

t—l—e51nP,t+fcosP,

one cycle and its zero point is at £ = 30800°'3. The
result obtained is:

P Py P"

6 =+ 6 + 7

(2)

represented by the full-drawn line in Figure 2. There
also the line (a + b ¢) is shown. It was not considered
worth while to repeat the elaborate computations for
other lengths of the periods, for the following reasons.
The representation of the observed values by the
solution is quite satisfactory if the residuals in the well
observed regions are compared to those in the other
regions. Secondly, if there is a second and third
period, it is probable that also other periods may
exist. Moreover it is not necessary that the variations
are strictly sinusoidal. -

Let us now consider the constants of the solution.
Constant a represents the present-day secular error
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Above: Variation of phase shift of the epoch of median brightness. Dots — values observed photoelectrically; full-drawn curve —
computed interpolation formula (2); open circles —epochs of mean radial velocity, as found by STRUVE and Braauw.
Below: Variation of maximum magnitude. Dots — values observed photoelectrically; full-drawn curve — computed
interpolation formula (3)

of PRAGER’s formula and 4 its present rate of change.
We may compare this quantity to the value predicted

by Barazs and DETRE, called by them (B — R)uy-
These authors derived the formula:

(B — R) per = 4069 — 4'00000235 E + 4116 5in°"00989 (£ — 15500),

which becomes, after inserting £ = 308003 + ¢,
taking the first two terms of the Taylor development
and expressing in periods instead of days:

(B — R) per = ¥'0923 — P'0000351 ¢.

It appears that our a deviates much from the pre-
dicted value, whereas b agrees well. The large dis-
crepancy is not disturbing, as Barazs and DETRE’s
formula had to be extrapolated. Probably (B — R) s,
reached a higher value and began to decrease later
than according to the formula. This result is confirmed
by one observation by GorpoN and Kron *) of an

epoch at Julian Day 24320618023, from which
1) K. C. Goroon and G. E. Kron. 4p.7. 106, 318, 1947.

follows E = 30353'3179 or Ay = ?'318, much larger
than the predicted maximum of (B — R)ag,,, which
is P-217. Our interpolation formula (2) gives at the -
time of GorpoN and KRoN’s observation Ag = ¥326.

Let us now consider the secondary period, which is
represented by the third and fourth terms on the
right-hand side of formula (2). These may be com-

bined to F-0183 sin% (t — 32%38). The amplitude
%

P-0183 is smaller than that of BALAzs and DETRE, who
found F0265. For this effect a probable explanation
will be given below. The moments at which the phase,
¢, of the secondary period is zero can be found as
E,_, = 30832%68 4 n X 72%'37, where n denotes a
number of secondary cycles. It should be noted that
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these are not the moments at which Ag reaches its
mean value. The moments for which Y = o are
indicated in Figure 2 by vertical dashes.

For this quantity E,_, BaLazs and DETRE also

give a formula:

E(B—R)Mg,Z 17179+717-83¢—103%1 cos®30(e—136).

TABLE 6
dy Ay
b1 observed computed 0-C
P P P

27 ‘2759 2757 + 0002

36 2870 *2888 —r0018

87 ‘2741 *2757 —*0016
122 3021 3021 ‘0000
131 2936 2949 —*0013
140 ‘2842 2808 +-0034
147 2695 *2/700 — 0005
161 2644 2639 0005
168 *2746 2711 +-0035
177 2854 2869 —*0015
184 2992, 2992, ‘0000
193 ‘3101 3081 -+ 0020
205 ‘3018 ‘3011 -+ 0007
207 +2986 2981 0005
223 *2683 2693 — 0008
228 2633 2634 — 0001
244 2672 *2676 —'0004
258 2880 2879 + o001
263 ‘2039 *2046 — 0007
288 2768 2801 —'0033
302 2691 *2680 +-oo11

Inserting ¢ = 427, which is the number of secondary

cycles elapsed at E = 30832, we find:

24

EB-R),,, = 383874,

deviating only about 6 primary cycles from our
result. This is a rather good agreement, which is,
however, accidental, as also in this case the extrapola-
tion of the earlier observations is uncertain.

LEIDEN

Finally the last two terms of (2) give the interfering
third period P’ which is 3/2 times the secondary
period P:. They may be combined to:

P-0064 sin ;—Tr, (t — 60F87).
k

The moments at which the phase y of the third
period is zero can be found as E,_, = 30861%'17
+ m X 108F'55 where m denotes a number of cycles.
Nothing more can be remarked about this period than
that its reality seems assured. Its exact length and the
question whether it is variable cannot be determined
from the present observations. Long continuous series
of observations will be necessary to study this, and
still unknown periods, thoroughly.

The variations in the shape of the light-curve.

Together with the varying phase also the shape of
the light-curve changes. This is shown most pro-
nounced in the height of the maximum which varies
within a wide range. The variations occur so quickly
that the portions of light-curves observed within an
interval of some days cannot be combined into one
curve. Therefore the curves of Figure 1 do not re-
present real light-curves. When it was tried to com-
bine observations of subsequent secondary periods it
appeared that the influence of the third period mani-
fested itself also in the shape of the light-curve. It
turned out impossible to describe fully all variations
of the light-curve during our observational period.
The only thing we could do, was to obtain a system

| of mean light-curves, showing the variation in the

period P:. The real light-curves deviate more or less
from these, depending on the phase of the beat period.
The system of mean curves was obtained as follows.
In order to distinguish clearly between phase shift and

TABLE 7

o’ Am o’ Am o’ Am ¢’ Am ¢’ Am ¢’ Am ¢’ Am
2285 6-83 | 2288 690 | 2300 719 | 2302 7-24 | 2330 793 | 2334 802 | 2335 8-:04
‘800 4 ‘o10 ‘060 — 618 ‘100 — 796 ‘800 -+ ‘107 ‘990 — ‘183 ‘150 — ‘613 ‘920 + ‘104
‘080 — ‘613 ‘120 — 792 ‘820 + ‘120 ‘000 — °300 ‘200 — ‘512 ‘940 + ‘170
2986 685 ‘100 — ‘606 ‘150 — 726 ‘840 + ‘140 ‘010  — ‘420 ‘250 — ‘420 ‘960 -+ ‘0gb
‘150 — ‘556 ‘200 — ‘578 ‘020 — ‘570 ‘980 — ‘ogo
‘400 — °'I90 ‘200 — 443 250 — 466 | 2314 754 ‘o030 — 6302335 8:04 ‘990 — ‘200
‘450 — ‘112 ‘300 — '375 . . ‘ogo0 — ‘656 . . ‘000 — ‘300
‘500 — '052 2289 693 03 . 8oo + 074 ‘0bo — 700 ,;gg i 'g:); ‘oto  — °406

‘550 — ‘oI 02 24 . -

%go + ‘005 ‘800  + ‘o042 2319 7-66 ,?gg _ ;gz 750 + '046 | 9334 806
. Relele] ‘II3 ‘650 ‘ogo . . . . ‘800 ‘082 ‘500 — '0QO
2287 6-88 ‘900 - '13?) ‘675 -+ ‘I1o 820 + ‘080 150 610 .gzo + ,Iog 'gso ; 035
‘250 — ‘394 ‘920 -+ ‘14 700 + ‘130 . . ‘840 + ‘12 ‘600 ‘011
‘300 — ‘204 ‘940 + ‘120 725 + ‘142 2328 781 12333 8:00 ‘860 4+ ‘150 ‘625 + ‘030
‘350 — ‘227 ‘gbo  + ‘o040 750 + ‘130 ‘500 — ‘041 ‘250 — ‘415 ‘880 4+ ‘170 ‘650 -+ ‘046
‘400 — ‘178 ‘980 — ‘100 775  + ‘107 ‘550 — ‘002 ‘300 — ‘325 ‘goo  + ‘188 ‘675 + ‘055
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TABLE 7 (continued)
¢ Am ¢’ Am o' Am o’ Am 9’ Am o Am 9 Am

2336 8:06 | 2376 9-05 | 2386 9-29 | 2398 958 | 2415 000 | 2424 022 | 2444 -070
‘700 -+ ‘058 ‘150 — 695 ‘820 + ‘135 ‘o000 — ‘300 ‘980 — -obs ‘020 — ‘353 ‘120 — “756
725 + ‘062 ‘200 — ‘583 ‘840 + ‘144 ‘oto — ‘480 ‘990 — ‘170 ‘030 — 383 2453 092

‘250 — ‘465 ‘860 - ‘162 ‘020 — °613 ‘000 — ‘300 ‘040 — °456 :

2348 835 ‘880 -+ ‘180 ‘030 — 739 ‘oro — ‘386 ‘obo  — ‘636 900 + 165
650 + ‘1082379 9-11 ‘900 + ‘203 ‘o4g0 — ‘810 ‘020 — ‘410 ‘080 — *760 'gio i Igg
6 . . . ‘920  + 218 ‘0bo  — ‘885 ‘030 — ‘430 . ‘940 ‘1
s i aal 350 = 205 | .gio I Goo| oS0 — 8S%| ‘ojo — 4is | 2426 026 960 + ‘117
725 + ‘150 4 o0 — ‘142 ‘960 -+ ‘130 ‘too0  — 837 ‘obo  — ‘503 ‘120 — 814 :980 - :035
750+ ‘145 ,‘S‘go _ .0;7 ‘980 + ‘o024 ‘120 — ‘771 ‘080 — 558 ‘150 — '735 .ggg - .;gg
. . 200 — ° -
35 i.;;g EE ‘018 | 2389 936 | 2401 965 | 2418 007 | 250 — -252 ‘010 — ‘435

*600 ‘020 . . . . . — 6o ‘020 — *
-8 . 940 + ‘198 940 -+ ‘150 100 4 ' 02 527
840 T 135 | 2380 014 | 960 + 126| 960 4 cros| 120 — 644 | 2427 029 | o030 — 573
‘860 -+ ‘159 *980 — ‘022 ‘980 — ‘o4z ‘150 — ‘623 ‘980 — ‘106 ‘040 — ‘616
‘100 — ‘870| ‘990 — ‘155| ‘990 — '168| ‘200 — 's50| ‘990 — ‘192| “obo — 666
2354 851 ‘120 — '820| ‘'ooo — ‘3o0| ‘000 — ‘30z| 250 — ‘453 "ooo — '270| ‘o80 — ’288
. _ - . - - ‘300 — ‘357 ‘010  — 340 ‘100 — 692
250 — :416 .;gg _ ggg .g;g _ g’i‘; 2406 9-78 2 4139 010 ‘020 — 416 | ‘120 — ‘671
3% 38| 20 — 4| oz0 — 30| ‘000 — 300 230 T 3% 61 112

350 — 236 ) . o0 — - 880 + 180 o040 — -6oo | 240

‘400 — ‘150 o40 727 434 ‘goo  + ‘192 . . ‘goo 4+ ‘18
A 30 | 2381 917 | -obo — 'go5| 020 — ‘22| 99 g2 6o — 790} 9 ok
450 I 295 -8 4 - ‘080  — ‘955 ‘030 — '590 920 T -126 080 — 874 220 T 190
500 o1o _Sgg T ;g‘t ) ] ‘040 — ‘649 pgg i .;60 ‘100 — ‘853 -9‘33 i .cl)so
2361 867 88 : 8.65 391 9-40 ‘060 — *730 9 T 7 120 — ‘802 9 092
o + I ‘550 + ‘ovs ‘080 — 749 980 095 980 — ‘o070
.gzs + '065 *‘goo i 202 Boo + ‘108 ‘100  — '718 ‘990 — ‘195 24360 +0'39 ‘990  — ‘180
650 + ‘073 ‘920 ‘202 . . ‘120 — 6 ‘000 — "290 ‘g ‘107 ‘000  — ‘300
‘675 + ‘o078 ‘940 -+ ‘177 2?2 i .gg 77 ‘oI0  — ‘325 ‘980 — ‘063 ‘oto — °383
700 + ‘oyo| 960 + ‘107 ‘675 + ‘136 2408 9-82 ‘020 — °334| ‘990 — °'166| ‘020 — °397
725 + ‘056 ‘980 — ‘ogo oo+ ‘139 ‘675 + ‘oro ‘030 — ‘345 ‘000 — ‘300 ‘030 — ‘407
750 4 oas| 990 — ‘1871 oo 4 .36| 790 + o3| ‘o0 — 373| coro — ‘416| ‘040 — 451
775 + oaq| 000 — 2621 S 2 20| 725 4 18| obo — 462 oz0 — '535| "obo — '568
800 -+ ‘046 ‘010 — ‘328 2409 985 ‘080 — °558 ) ‘080 — 678
820 + ‘os9| 020 — °375|2394 049 5o o ‘100 — '232 24328 0428 ‘100 — 706
. . ‘030 — °430 . . - ‘120 — 650 ‘980 — ‘o ‘120 — ‘702
840 -+ ‘o7z °oio_ _ ‘;22 .gzg i '%4 400 — 224, O'I? .390 — 1151 | yugs ].7]

2362 870  obo’ — B2 st TS| s — 6o o0 ary| o0 = 3 N 2
. . ‘o080 — 815 ) . ‘500 — ‘10§ ‘650 ‘o ‘010 — 435 ‘920 ‘180
400 150 ‘100 — 850 .822 _T: 4o ‘550 — ‘055 675 + ‘o059 ‘020 — ‘554 ‘940 4+ ‘175

. ‘120 — 810| .9 I791 600 — rors| 00 + ‘077| o030 — 688 ‘960 + ‘100

2363 873 . . 920 -+ ‘200 . 4 - k . 080 — ‘o%6
. . 150 725 ‘910 —+ ‘203 | 2410 0-87 725 094 o40 — ‘829 980 o5
150 — ‘604 '9‘61 T .’g 750 -+ ‘088 ‘060 — ‘954 ‘990 — 168
200 — ‘478 9382 918 ‘980 T I5 ‘980 — ‘104 *775 -+ ‘obo ‘080 — ‘045 ‘ocoo  — ‘300
‘250 — 377 ) i ‘900 T 043 ‘990 — 202 ‘oo  + 073 ‘100 — 872 ‘oro  — °365

2364 876 ~g§g i 086 000 — ~§é§ 000 T3 B oo 2433 043 | 2478 153

. ‘010 — ‘402 X

. . ‘675 -+ ‘099 ‘oto0 — 480 020 — ‘46 2423 019 N 3 ‘960 + ‘008
020 i a3g| 790 + 1o8| 020 — 81| g0 féo‘é Bgo + g0 3° T US| gge Loy
‘940 + ‘150 725 + ‘116 ‘030 — 775 ‘040 — ‘527 ‘860  + ‘170 | 2440 0-61 ‘990 — ‘193
‘960 - ‘ogs| 75 + 116} o40 — 873l 060 — 58| 880 + '195| 860 4 o55| 000 — °300
‘980 — ‘oz0| 775 T 106 060 — '976| 080 — ‘b20| ‘900 + ‘a0 ‘880 4+ ‘085 ‘010 — 430
‘990 — ‘150 oo+ ‘106 ,°8° — 920 ‘100 — ‘620 ‘920 + ‘209 ‘900 + ‘118 ‘020 — ‘505
‘000 — ‘300 ‘820 4 ‘127 I00 — 'Qoo ‘120 — ‘600 ‘940 + ‘160 ' ‘030 — ‘602
010 — ‘445 'ggo i ‘153 ‘1z0 — ‘825 ‘150 — °558 -920 + -og9 | 2441 063 .ogo _ ggg
. . ‘sbo ‘190 . ‘200 — °46 ‘980 — °I00 ‘010  — ‘440 ‘obo — ‘or
.ggg - 2463 © 2397 956 495 ‘990 — '202| ‘020 — ‘580| ‘080 — ‘844
‘040 — 715 2385 9-27 ‘100 — 'Sgo 24]46 997 ‘ooo — °282 ‘030 — "§14 ‘too0 — ‘8oo

. — . . . ‘120 — 7601 o060 — °527| ‘oro — °322| ‘040 — ‘824 )

oo sog| o o) so — 6| oSo —sy7| com — Falnyy  gg |20 LT
‘Io0 — * Q90— 135 200 — ‘502] ‘100 — ‘585| ‘030 — "406 960 -+ ‘095
da0 — deg| S0 Z 355 | 2308 o58 | 120 — 593| cogo — vass| (9o T 0| (980 — ob
. . ‘oo — ‘150 — °564| “‘obo — ‘597 | 990 ‘009 | ‘990 — ‘17
150 — ‘6o4 ‘020 — ‘458 ‘840 4 ‘066 200 — ‘200 ‘990 — ‘114 ‘o000 — ‘300
9374 goo | ©3° — 333 860 + -85 59 [ 9494 022 | 0o — 30| -0t — re
‘040 — 648 | ‘880 + ‘112 |2415 000 ‘920 + 200| ‘oto — ‘493| ‘o020 — ‘495
‘625 -+ ‘o4 ‘obo  — ‘820 ‘goo 4+ ‘140 ‘860 + ‘120 ‘940 -+ ‘164 ‘020 — ‘641 ‘030 — ‘590
‘650 -+ ‘022 ‘080 — ‘880 ‘920 -+ ‘167 ‘880 4+ ‘150 ‘gbo -+ ‘085 ‘030 — 756 ‘og0  — ‘675
‘675 + ‘o023 ‘100 — ‘866 ‘940 -+ ‘168 ‘goo -+ ‘174 ‘980 — ‘065 ‘o040 — ‘834 ‘cbo  — 770
700 - ‘030 ‘120 — 813 ‘960 -+ ‘134 ‘920 -+ ‘180 ‘990 — ‘185 ‘obo  — '9ob ‘080 — 772
725 + ‘037 ‘150 — 712 ‘980 + ‘021 ‘940 -+ ‘162 ‘000 — ‘200 ‘080 — ‘893 ‘100 — 738
750+ ‘048 ‘200 — ‘572 ‘990 — ‘140 ‘gbo -+ ‘082 ‘oro — °328 ‘100 — ‘832 ‘120 — ‘682
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variation in shape, from all phases computed with (1),
which are given in the last column of Table 11, the
amount given by (2) was subtracted, with as result
the reduced phase ¢’. In this way the variation of the
phase deviation is eliminated and the rising branches
of all light-curves pass through the same point. At this
point the reduced phase 9’ is zero. Then at a number
of other phases ¢’, chosen with suitable intervals, the
observed magnitudes Am were read from the light-
curves. These are collected in Table 7.

For each night at the top of the columns is given

LEIDEN

the Julian Day of midnight minus 2430000'5 and
the phase ¢ of the secondary period, together with
the last figure of its cycle number ¢. Then for each
reduced phase Am is plotted against {, using different
symbols for subsequent secondary cycles. In this way
it is clearly demonstrated that most of the scatter is
due to the change from cycle to cycle. Some of the
graphs are shown in Figure 3. In the plots the mean
curves are drawn, represented by dashed lines. The
values of — Am at phase y = o, ‘1, "2 etc., of these
curves are given in Table 8.

TABLE 8
N ‘I 2 .3 .4 .5 .6 .7 .8 .9 1'0 mean
‘o1 — 347 — 341 — 376 — 433 — 468 — 478 — 459 — 432 — 401 — 372 | — ‘411
‘02 —375 — 376 — 445 —'s25 — 578 — 501 — 566 — 520 — 478 — 424 | — 488
‘03 — 383 — 426 —527 —631 — 714 — 717 — 654 —'582 — 505 — ‘434 | — '557
"04 — 438 — 484 — 592 — 728 --°815 — 812 — 741 — 657 — 570 — ‘401 | — 633
"0b —'3550 —637 — 759 — 879 — 939 —'9o8 — 831 — 743 — 657 — ‘580 | — ‘748
‘08 — 652 — 762 — 88 — 916 —936 —886 —'833 — 57 —'673 — 633 | — 791
‘10 — w713 — 804 —849 -—°87 — 89 — 826 — 82 — 24 —'673 — ‘670 | — 777
‘12 —w12 —777 —87 — 80 —8o0 — 69 — 726 —'682 — ‘650 — ‘662 | — 740
‘15 — 672 — 711 — 725 — ‘715 — ‘684 — 668 — 636 — ‘602 — 'sg0o — ‘616 | — ‘662
‘20 —'564 — 584 —'577 —'550 — 535 — ‘510 — 486 — ‘472 — 477 — 523 | — '529
‘25 — 463 — 464 — 452 — 439 — ‘424 — ‘408 — 394 — 389 — 401 — ‘430 | — ‘426
"30 — 360 —372 — 366 — 349 — 329 — 309 — ‘294 — 289 — ‘297 —'328 | — ‘329
35 — 292 — ‘295 — ‘286 — 260 — 236 — 223 — 214 — 220 — ‘238 — 266 | — "253
‘40 — 214 — 207 — ‘189 —°168 — ‘151 — ‘146 — ‘153 — ‘166 — ‘185 — ‘182 | — ‘176
‘45 — 140 — ‘122 —‘'096 — ‘076 — 068 — 070 — 084 — ‘I0I — ‘121 — ‘I33 — ‘101
‘50 — 086 — 061 — 021 4 008 4 ‘014 + 004 — 016 — 038 — 057 — 083 | — 034
‘55 — 025 + ‘009 + ‘053 + o74 + 067 + ‘050 + 028 4 003 — 018 — ‘029 | + ‘o021
‘60 + 015 4+ o050 + 085 4104 + 099 4076 4+ 046 + 015 — 005 — ‘007 | + ‘048
62 + 039 +coy1 4+ 099 4 ‘115 + ‘108 + ‘084 4 058 4 ‘034 + o17 + o1y | -+ ‘ob4
‘65 + 049 4 081 + 108 4121 4 115 4+ 095 + 068 + ‘044 + ‘025 + ‘026 | + ‘073
67 + 062 +°099 4 123 4131 + 118 + 091  + 059 + ‘030 + ‘o012  + ‘026 + o075
70 + o777 4+ 117 4+ 138 4139 4 119 4 085 4+ 084 + ‘024 + 016 + 036 | + ‘080
72 + 081 4125 +°147 4140 + 114 + 079 + 048 4+ 021 + 016  + 037 | + 081
75 + 080 4 120 + 144 + 132 4 102 4 068 4 038 4 019 + 017 + "o42 | + ‘076
77 + 068 4 ‘103 + 118 + ‘109 4 088 4 063 4+ 040 + 025 + 025 + ‘042 | -+ ‘068
‘8o + 084 4+ ‘ro4 -+ 105 4096 4 ‘081 4 064 4+ 045 + 029 + 031 + ‘057 | + ‘o070
82 + 107 4120 + 120 +°109 +'08 + 070 4 056 + 053 + 065 + ‘086 | + ‘088
84 4+ 137 4144 4138 4118 4+ 088  + 068 4 o062 4 068 4 086 4+ ‘109 | + ‘102
86 4+ 159 4171 + 165 + 141 4105 4073 4+ 063 + 073  + ‘oo + 130 | + 118
88 + 180 + 190 4+ ‘180 4+ 158 +4 ‘129 + ‘101 + 083 + 08 + ‘118 + ‘1350 + 138
‘go + 195 4+ 207 + 204 4187 + 164 + 141 4 ‘126 4 127 4+ 146 4+ 171 | + ‘167
‘92 + 196 4+ 201 +°199 +°18 4173 4 156 + 150 + 155 + ‘164 + 183 | + ‘176
‘04 +°3168 4172 4+ x5 4175 4+ c1pr 4166 4 156 4 153 4 154 + (161 + 165
‘g6 + 088 4+ 094 + ‘103 + 112 4 123 4+ ‘125 + ‘121 + ‘113 + 099  + ‘ogo | + ‘107
‘g8 — 081 —'076 — o057 — 038 —‘0o16 — ‘o006 — 0I5 — 030 — ‘054 — ‘072 | — ‘044
‘99 — 18 —18 —-175 —‘160 — ‘144 — ‘138 — ‘141 — 153 — ‘173 — '183 — 164
‘00 — 294 — 287 — 281 —'300 — ‘300 — 300 — ‘300 — ‘300 — ‘300 — ‘300 | — ‘296

The mean light-curve for each ¢ was obtained by
plotting this Am against ¢’. They are given in Figure 4.
One of the most conspicuous features in these curves
is the flexure on the rising branch which occurs near
phase ¢ = ‘1. While ¢ is progressing, the maximum
rises and the upper portion of the rising branch be-
comes steeper, the flexure also rises slowly and gra-
dually fades out. In the mean curves of Figure 4 these
effects are shown less sharply than in the real light-
curves, as a consequence of smoothing out the vari-
ations with the third period. If, as in earlier discus-
sions, the flexure is masked by the observational

errors, the epoch of median magnitude will be found
later than by our method of using the lower portion
of the rising branch. This may be the explanation of
our amplitude of the secondary variation being
smaller than Barazs and DETRE’s. Another inter-
esting feature of the light-curve is the secondary
maximum just before minimum, which is most
sharply defined near the phase ¢ = ‘5, when also the
primary maximum is highest. Near phase ¢ = o this
secondary maximum nearly disappears, leaving only
a flat portion in the light-curve. During the secondary
period the maximum, the minimum and the second-
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Mean light-curves for different secondary phases

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1949BAN....11...17W&amp;db_key=AST

FTI49BAN. - C —T17 T "T7Wh

LEIDEN

ary maximum of the mean light-curves are varying
both in height and in phase.

The variations are large for the maximum and
much less pronounced for the minimum. Moreover
the variations do not occur in the same phase, as can
be seen in Figure 4. This is more clearly demonstrated

B.A.N. 403

in Figure 5, where the reduced phases and magnitudes
of both maximum and minimum, as read from the
observed light-curves, are plotted against ¢. It may be
noted that in these graphs again much of thescattering
is due to the third period. Figure 5 is based oa the
values given in Tables 9 and 10. The first columns of
these tables contain the Julian Days of the observed

FiGure 5 maxima or minima. The reduced phases ¢’ were
obtained by using the observed moments of median
rl U I I I I B [ T} brightness in Table 4. If the adjacent moment of
— , —1| median brightness has not been observed, the value
° ¢ maximum . . . .
*120 f— — | computed with the interpolation formula (2) was
L] L]
N .« . .« . - used.
‘100 [ .° o] Let us now consider the real light-curves. As has
— o ® . o o’ —{ | been stated already, these cannot be describpd in full
<080 b— * _|| detail. Nevertheless some idea could be obtained from
) o the material by a careful study. It appeared thus that:
— o — . . .
o * o a). The system of light-curves described during a
*obo [— — | secondary period never coincides with the system of
g )t v b 0 1 0 1| mean curves given in Figure 4.
| 1 ‘ ] L ] |} ]7 v o1 1 I I I 1 . . .
b). The light-curves vary in shape most intensely
Am maximum B when also the phase shift of the light-curve oscillates
—ror . with its largest amplitude and vice versa.
°* ¢). The time required to run through the system of
—g}— « ° —| curves varies in the same way as the period of oscil-
. % . . lation of the phase shift Ag. For example, the time of
. most pronounced flexure always occurs just before
— 8 . . *—|| maximum retardation of the light-curve.
R . . d). The variations are strongest about the maxi-
P . e _|| mum of the light-curve, much less pronounced for the
minimum, and are not perceptible for a large portion
. ° . ° of the descending branch. Some of the above-
— 6 o o —| mentioned effects are very clearly demonstrated by
[N R I WA WA WA WO NN M W T M O N TABLE 9
1 1 l 1 L 1 L] ] i ! ) i I ] T .
U —_— _ D. Am Am ¢’
o4e ? ml.n e —2;:51.30000 E maximum computed 0-C aximum
— ° —
I * ¢ P m m m P
‘920 = ®e ¢ ‘e 1| =2300°505 30774'431 — 798 — ‘754 — ‘o44 ‘116
° o ® e 2330°'514 827372 — 729 — '7I9 — °OIO ‘096
— ° e || 2364'508 887344 — 810 — 784 — ‘026 ‘070
. - J 2381544 9173908 — ‘850 — 839 — ‘oIl ‘095
9o ol b 2385506 024388 — ‘882 — ‘gro  + ‘028 086
1 1 l 1 1 ! ) |} ) 1 ) L I i T 2389'472 931'3§I . .ggg . .ggg "I" .ggg .ggg
239455 940353 —° - - )
1= Am minimum —|| 2398517 947341 — ‘892 — ‘goo + ‘008 ‘072
2406°452 9b1'340 — ‘750 — ‘712 — ‘038 ‘076
o ° L 2410433 968363 — ‘625 — 639 -+ ‘014 ‘088
LI . ° o o, 2414'421 975399 — 593 — ‘615 + ‘o2z ‘III
2 o o, . ® 0% o | 2418400 082418 — 645 — 649 + oo4 ‘122
* e 2424°630  993'409 — 790  — ‘794 + '0o4 ‘102
‘ 2427°456  998'395 — ‘875 — 867 — 008 ‘083
1 [ I I O O L1 2432'543 31007°369 — 9bo  — ‘973 + ‘013 067
X 2444°425 028331 — '9I5 — ‘903 — ‘OI2 ‘068
hase & 5 e 2453'510 044350 — 693 — 720 ‘027 ‘ooz
phase 2461467 058306 — 708 — 706 — ‘002 ‘108
Variation of phase and height of maximum and minimum. | 2478'447 088352 — 848 — ‘877 + ‘o029 ‘075
Successive secondary cycles have been combined into one. ' 2486'376 102340 — 775 — 799 + ‘024 ‘072
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the observed heights of the maxima of the light-
curves. In Table g these maxima are given as they are
read from the observed light-curves.

TABLE 10

J.D. 7  m
— 2430000 minimum minimum
2289°608 ‘921 ‘145
2335°520 ‘917 ‘195
2364°426 '926 ‘160
2381°438 ‘go9 *200
2386545 ‘920 218
2394°479 "933 208
2398'437 031 ‘175
2415'444 ‘919 182
2419°414 ‘go8 ‘194
2423'390 ‘910 214
2453'413 ‘921 ‘185
2461°358 ‘915 ‘190
2465335 ‘926 - 183

The second column of the table gives the phase
computed with formula (1) at the moment when the
maximum is reached. In Figure 2 the observed heights
are plotted against cycle numbers. Introducing again
the secondary period P and the third period P =
3/2 Pr we could find the least-squares solution re-
presenting the height of the maximum as a function
of ¢, which is the time expressed in cycles with a zero-
point at £ = 30800°4:

. 2T 2m
Atppay = @814 — ™ 060 smEt—i— 116 cosEt
+ 006+ 008 4

‘008

. 2T . 2r
+ m-029 sin ﬁt -+ m065 cos Y .. (3)
+ roo7 +

The maximum as computed with this formula is
given as the full-drawn line in Figure 2. The residuals
of the observed values are given in the fifth column of
Table g. It may be noted here that the third period
P’ exhibits itself in the maxima with about the same
degree of certainty as in the phase shifts, although
these quantities are observed entirely independently
of each other.

‘0I0

LEIDEN

The observed relation between the height of maxi-
mum and phase shift will have to be explained by the
theory of the pulsation of stars like RR Lyrae. One
might expect that the phase shift Ag is the integral
result of a variation in period due to some periodic
disturbance exhibiting itself also in the height of the
maximum, and therefore the maximum magnitude
should be correlated with the derivative of Ag with
respect to time. It is not possible to decide whether
this is really the case, for, although the observations
can be satisfied by such a relation, it is also possible,
and with better result, to represent the phase shift as
proportional to the derivative of the height of
maximum.

Comparison with the radial-velocity curves.

Before closing the discussion a few remarks will be
made concerning the radial-velocity programme of
RR Lyrae by Struve and Braauw ). One of the
results of that programme, the epochs of median radial
velocity, may be directly compared with our values
from the light-curves. This has been done in Figure 2,
where STRUVE and Braauw’s observations are re-
presented by open circles. The agreement of phase
is good, but the amplitude of the radial-velocity
values is larger than that predicted by our formula for
the light-curves. However, the amplitude depends
very much on the method applied in determining the
phase shift of the light-curve. The large deviations at
that phase of the secondary period where the light-
curve is most retarded, would disappear if, in de-
termining the epoch of mean magnitude, not only the
lower portion, but the whole of the ascending branch
were taken into account, with neglect of the flexure.

It may be noted that at about the same phase of the
secondary period hydrogen emission lines have been
found by STRUVE during the increase of the star’s
brightness. Therefore, this moment is interesting in
more than one respect, and future observations of
colour and spectral-line intensities may prove of great
value for the study of this star.

1) Ap.F. 108, 60, 1948.

TABLE 11

J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.

2430000 Am phase 2 2430000 Am phase = 2430000 Am phase = 2430000 Am phase
d m P d m P d m P d m P

2285°5475 | +'004 | ‘0434 2285°5686 | 4004 | "o807 2286'5351 | — 018 | 7858 2286'5542 | —'045 | ‘8194
‘5503 | +-o14 | ‘0484 : 5362 | —ro31 | 7877 5552 | —-027 | ‘8212
5537 | +"0o4 | "o544 | 22864728 | —'179 | "6758 5372 | —o31 | 7895 ‘5569 | —o17 | "8242
‘5548 | +"0o4 | ‘0563 ‘4759 | —'160 | ‘6813 5414 | —0b5 | "7969 ‘5736 | —'008 | ‘8538
‘5572 | +"0o9 | ‘0b6ob ‘4860 | —-185 | *6991 ‘5424 | —'032 | 7986 ‘5750 | +--oo4 | ‘8561
‘5582 | —'oo1 | ‘0623 ‘4891 | —°149 | 7046 5472 | —037 | ‘8o71 5763 | —'o18 | ‘8584
‘5620 | —°oor | ‘obgo 5268 | —'058 | 7711 5483 | —'o19 | *8ogo
5645 | +-o22 | "0734 '5279 | —"066 | "7730 '5493 | —'or7 | 8108 | 2287'5310 | —'338 | "5427
‘5655 | +ro2r | ‘0752 5292 | —'061 | 7753 5531 | —'or7 | ‘8175 5320 | —"368 | "5445
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TABLE 11 (continued)
J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel. ,
= 2430000 Am phase 2430000 Am phase 2430000 Am phase 2430000 Am phase
d P d m P d m P d m P
2287°5331 | —'366 | ‘5464 2289'6012 | +°'112 | ‘1949 2302°4971 | +°'084 | ‘9455 2319°5738 | +°105 | ‘0718
5452 | —'344 | ‘5677 6025 | +'130 | 1972 4999 | 1076 | ‘9504 5762 | +"040 | ‘o760
‘5459 | —°308 | ‘5690 ‘6053 | +'220 | ‘2021 ‘5019 | +°104 | ‘9540 5796 | +°032 | ‘0820
5559 | —'271 | 5866 6081 | 4134 | 2071 5040 | +'084 | ‘9577 5817 | 4112 | ‘0857
‘5570 | —287 | ‘5886 ‘6095 | 4°127 | ‘2095 5068 | 4--092 | 9626 ‘5838 | 4112 | "0894
‘5580 | —'272 | "5903 ‘6109 | +'170 | 2120 5096 | 4095 | ‘9676 5859 | 4092 | ‘o931
5635 | —'282 | ‘6000 ‘6115 | +°161 | ‘2131 5116 | 4091 | ‘9711 5887 | 4080 | 0981
‘5649 | —262 | ‘6025 ‘6199 | +°046 | 2279 ‘5137 | +°088 | ‘9748
‘5660 | —°252 | ‘6044 6254 | +°119 | ‘2376 ‘5165 | 4083 | ‘9797 23284557 | +'085 | 7410
‘5975 | —*203 | ‘6600 6268 ‘000 | ‘2401 ‘5192 | +'093 | ‘9845 ‘4571 | 4082 | 7435
‘5085 | —198 | '6618 6275 | 4°119 | ‘2413 5248 | 4111 | ‘9944 ‘4585 | 4040 | 7460
‘5006 | — 183 | ‘6637 6289 | 4049 | 2438 ‘5269 | 4118 | 9981 ‘4599 | +038 | 7484
‘6054 | —'193 | ‘6740 ‘6309 | +-0b1 | ‘2473 5289 | +°123 | ‘0016 ‘4619 | 4090 | 7519
‘6061 | —°176 | ‘6752 6358 | —'064 | 2559 5317 | +°121 | ‘0066 ‘4633 | +o42 | 7544
‘6072 | —'170 | "6771 6372 | —083 | 2584 ‘5352 | +°135 | ‘o127 ‘4647 | +045 | 7560
‘6142 | —'170 | ‘6863 6386 | —074 | 2609 ‘5379 | +°140 | ‘o175 *4668 | 4-*0bo | 7606
‘6134 | —'180 | '6881 ‘6406 | —'008 | ‘2644 ‘5407 | +°127 | ‘0224 4682 | 4068 | 7631
‘6420 | —°165 | 2669 5428 | +°134 | ‘0261 4606 | 4048 | 7655
22885450 | —°681 | 3316 ‘5456 | +°147 | ‘o311 ‘4710 | 4032 | 7680
5460 | —662 | 3333 | 23004955 | —°795 | '4143 5476 | +°132 | "0346 ‘4731 | +038 | 7717
5492 | —'597 | ‘3390 4983 | —789 | 4193 5504 | 4-'150 | '0395 ‘4772 | —'0z0 | 7789
5502 | —'597 | "3407 5003 | —'795 | ‘4228 5525 | +°137 | ‘0432 ‘4786 | +o22 | 7814
‘5523 | —'565 | ‘3444 5024 | —'802 | 4265 5546 | +°137 | ‘o470 "4800 | 020 | 7839
5533 | —'595 | 3462 5052 | =785 | "4315 5566 | +°132 | ‘o505 4814 | —o12 | 7863
5561 | —'671 | '3512 5073 | —°795 | ‘4352 5587 | +°160 | ‘0542 4835 | +'o40 | 7901
5595 | —'635 | "3572 5100 | —°792 | "4399 "5608 | +°130 | 0579 4849 | 4025 | 7925
5616 | —'567 | *3609 ‘5121 | —'777 | ‘4436 ‘5629 | +°124 | ‘0616 4869 | 4030 | 7961
‘5651 | —°645 | *3670 ‘5149 | —767 | ‘4486 °5657 | 4142 | ‘0665 ‘4890 | 4028 | 7998
5685 | —'635 | 3730 5170 | —'755 | 4523 5684 | +104 | 0713 4904 | 020 | 8022
‘5727 | —616 | ‘3804 ‘5190 | —*745 | ‘4558 ‘5712 | +°114 | ‘0762 ‘4925 | —'0o8 | ‘8059
‘5755 | —620 | '3854 ‘5218 | —'739 | ‘4607 ‘5740 | +°120 | ‘0812 ‘4939 | +'032 | ‘8084
5775 | —'620 | *3889 ‘5239 | —729 | ‘4644 ‘5767 | +°103 | ‘0859 ‘4960 | 4008 | ‘8121
‘5830 | —°563 | "3938 ‘5260 | —'717 | "4681 ‘5795 | 4106 | *0g9og ‘4974 | 4008 | ‘8146
‘5845 | —'610 | *4013 5287 | —707 | ‘4729 ‘5830 | +°116 | ‘0971 ‘4994 | +-o10 | 8181
5872 | —588 | ‘4060 5315 | —'695 | "4778 5857 | 4111 | ‘1018 ‘5015 | ooz | ‘8218
‘5900 | —°583 | ‘4110 5329 | —677 | ‘4803 5802 | 4091 | ‘1080 ‘5029 ‘000 | 8243
‘5928 | —'576 | ‘4159 5350 | —'652 | ‘4840 ‘5020 | +°I12I | ‘1129
5956 | —'536 | ‘4208 5371 | —'645 | "4877 5940 | +°116 | '1165 | 23304489 | —'o72 | ‘2574
‘5083 | —'580 | ‘4256 ‘5426 | —'636 | ‘4974 50968 | 4116 | ‘1214 ‘4506 | —°108 | ‘2604
‘6025 | —°558 | ‘4330 ‘5447 | —'618 | ‘5011 5006 | 4113 | ‘1263 ‘4524 | —'110 | '2635
‘6053 | —'566 | 4380 5474 | —'598 | ‘5059 6017 | +°103 | 1300 4545 | —'175 | "2672
6108 | —°'598 | ‘4477 ‘5495 | —'593 | "5096 6044 | +°'103 | 1348 4558 | —'270 | 2695
6136 | —'529 | 4526 ‘5523 | —'596 | '5145 6065 | +°133 | ‘1385 4572 | —260 | ‘2720
6281 | —'431 | ‘4782 ‘5544 | —'560 | ‘5182 6086 | 4-°126 | ‘1422 ‘4593 | —'295 | ‘2757
6309 | —421 | "4831 ‘5571 | —°556 | ‘5230 ‘6107 | +°116 | ‘1459 ‘4607 | —'310 | '2782
6336 | —'447 | "4879 5592 | —'560 | "5267 6127 | +°149 | ‘1404 4624 | —332 | 2812
6364 | —'394 | "4928 5613 | —'528 | '5304 6148 | +°133 | "1532 4638 | —398 | ‘2836
6385 | —'409 | °4965 5641 | —'508 | ‘5354 ‘6162 | +'149 | ‘1556 ‘4652 | —'420 | "2861
*6406 | —°399 | ‘5002 5661 | —°518 | ‘5389 ‘4670 | —'472 | '2893
6433 | —'374 | "5050 5689 | —'506 | 5438 2314'4590 | +°'100 | "0484 4683 | —'500 | 2016
‘5710 | —'498 | “5475 4618 | +088 | "0533 4697 | —'542 | 2041
2289°'5319 | +°063 | ‘0726 ‘5731 | —°496 | ‘5512 4666 | 4055 | "0618 ‘4711 | —°582 | ‘2965
‘5347 | +'033 | ‘0776 5751 | —'478 | "5548 °4687 | 4100 | "0655 4736 | —'645 | "3009
5367 | +048 | o811 5786 | —°490 | ‘5609 ‘4708 | 4060 | ‘0692 ‘4749 | —'640 | ‘3032
‘5399 | +'053 | "0867 5807 | —'459 | "5646 ‘4743 | +°'110 | "0754 "4763 | —'628 | ‘3057
"5437 | +'o11 | ‘0935 5835 | --"471 | "5696 ‘4771 | +'058 | "0803 ‘4777 | —672 | ‘3082
5503 | +'058 | ‘1051 5862 | —'439 | '5743 ‘4791 | +222 | ‘0838 4791 | —'652 | ‘3106
‘5534 | 4061 | ‘1106 ‘5890 | —439 | °5793 ‘4812 | —'042 | "0876 ‘4805 | —638 | '3131
5568 | 4055 | ‘1166 ‘5011 | —°441 | ‘5830 ‘4833 | —rooz | *0913 ‘4826 | —+638 | *3161
5596 | +075 | ‘1215 5938 | —"444 | 5878 ‘4847 | +°150 | "0937 4836 | —655 | 3186
‘5624 | +°088 | ‘1264 ‘5066 | —421 | °5927 ‘48096 | —'032 | ‘1024 ‘4854 | —652 | *3218
‘5651 | +073 | ‘1312 ‘6oor | —389 | ‘5089 ‘4916 | +°088 | ‘1059 4871 | —"692 | ‘3248
‘5686 | +-114 | ‘1374 ‘6035 | —'389 | ‘6049 ‘4937 | +'o90 | ‘1006 4888 | — 700 | *3278
5852 | +'122 | *1667 ‘6056 | —"354 | ‘6086 ‘5021 | +°'045 | ‘1244 ‘4906 | —'672 | '3300
5894 | 4110 | 1741 6077 | —387 | 6123 ‘4920 | —'698 | 3334
‘5015 | 4052 | ‘1778 ‘6112 | —389 | ‘6185 2319'5630 | 122 | ‘0527 ‘4937 | —700 | ‘3364
‘5028 | +°124 | ‘1801 5651 | +°068 | ‘0564 ‘4954 | —"720 | ‘3394
‘5035 | +°127 | ‘1813 2302°4867 | 4+°074 | ‘9272 5671 | +°115 | *0600 ‘4968 | —°692 | *3419
5956 | +°'115 | "1850 4895 | +076 | ‘9321 5692 | +'092 | ‘0637 ‘4986 | —"722 | ‘3450
‘5984 | +180 | ‘1900 4936 | +086 | ‘9393 ‘5713 | +'0o40 | ‘0674 4996 | —715 | "3468
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TABLE 11 (continued)

J.D.Hel. |- J.D. Hel. J.D. Hel. J.D. Hel.
2430000 Am phase 2430000 Am phase 2430000 Am phase | <° 2430000 Am phase
d m P d m P m P m P
2330'5010 | —708 | *3493 | 2333'4821 | —'338 | ‘6085 2335 4367 +058 | "0567 | 2335° 5463 ~+090 | "2501
‘5020 | —"705 | *35I0 ‘4842 | —'268 | 6122 *4377 | +°042 | ‘0585 ‘5475 | +'068 | 2522
‘5034 | —"732 | "3535 ‘4391 | +'080 | "0bog ‘5485 | +"090 | ‘2539
'so41 | —'720 | 3547 | 2334'5155 | —"638 | "4316 ‘4409 | +'048 | ‘0641 ‘5495 | 1088 | 2557
‘5055 | —'720 | ‘3572 ‘5172 | —°628 | 4346 ‘4423 | +-032 | ‘0666 ‘5506 | +o15 | ‘2577
5069 | —"738 | "3597 5190 | —"608 | 4377 '4436 | +"098 | 0689 ‘5515 | —"010 | ‘2592
‘5079 | —712 | ‘3614 ‘5204 | —°'592 | ‘4402 ‘4471 | +°o45 | ‘o751 ‘5523 | —'008 | 2607
‘5086 | —*722 | 3627 ‘5217 | —°508 | ‘4425 ‘4489 | +-o75 | 0782 ‘5530 | —'028 | *2619
's107 | —'695 | '3664 5231 | —'505 | ‘4450 ‘4502 | 4070 | ‘o805 ‘5540 | —'o8o | 2637
's121 | —*725 | 3689 ‘5249 | —'578 | 4481 ‘4516 | 4070 | ‘0830 ‘5548 | —'0b2 | ‘2651
5131 | —'715 | "3706 ‘5263 | —'572 | "4506 "4530 | 1108 | "08s5 5555 | —"075 | '2663
‘5142 | —"750 | ‘3726 5277 | —'580 | ‘4531 '4548 | +°108 | 0886 5563 | —"ogo | 2677
‘5156 | —"730 | ‘3750 ‘5204 | —'580 | 4561 ‘4565 | +-082 | "0916 ‘5570 | —'112 | *2689
‘5170 | —"705 | "3775 5308 | - '558 | 4585 '4579 | +'088 | ‘0941 5570 | — 098 | "2702
‘s180 | —*748 | 3793 ‘5329 | —'565 | °4623 ‘4603 | +°080 | 0983 ‘5584 | —'142 | 2714
‘5197 | —°'698 | *3823 ‘5336 | —'562 | "4635 ‘4617 | 4112 | ‘1008 ‘5591 | —°'138 | 2726
‘5208 | —722 | "3842 5349 | —'560 | 4658 4631 | 4110 | '1033 ‘5598 | —°158 | 2739
5232 | —"722 | "3884 5370 | —'548 | "4695 ‘4645 | +'105 | ‘1058 5605 | —'175 | 2751
‘5246 | —'712 | 3909 ‘5391 | —'540 | 4732 ‘4655 | +°128 | ‘1075 ‘5611 | —'208 | ‘2762
‘5260 | —°635 | ‘3934 ‘5408 | —'540 | 4762 ‘4669 | 4-°125 | ‘1100 5617 | —'170 | 2772
5274 | —°'682 | ‘3959 ‘5426 | —°528 | "4704 4680 | 4128 | ‘1129 ‘5623 | —'200 | 2783
5288 | —'715 | 3983 5447 | —'518 | 4831 ‘4690 | 115 | ‘1137 5630 | — 198 | 2795
"5305 | —'655 | "4013 5461 | —'508 | "4855 ‘4700 | 4110 | 1155 5639 | —'255 | 2811
‘5319 | —725 | ‘4038 ‘5474 | —°'515 | ‘4878 ‘4714 | +°108 | ‘1179 5645 | —'262 | *2822
*5333 | —"740 | "40063 ‘5488 | —'505 | ‘4903 ‘4725 | +'120 | ‘1199 ‘5652 | —260 | 2834
‘5343 | —'648 | ‘4080 ‘5502 | —°510 | "4928 ‘4745 | +°108 | ‘1234 ‘5663 | —285 | 2853
‘5354 | — 688 *4100 ‘5516 | —'502 | "4952 ‘4759 | +°110 | ‘1259 ‘5670 | —°298 | 2866
‘5361 | —°680 | ‘4112 ‘5530 | —'485 | ‘4977 ‘4780 | +°142 | ‘1296 ‘5676 | —°352 | 2876
‘5371 | —°'640 | *4130 ‘5544 | —°485 | "5002 ‘4794 | +°112 | ‘1320 ‘5683 | —'322 | 2889
5378 | —'635 | "4142 '5558 | —480 | ‘5027 4811 | +°140 | 1350 5690 | —"342 | "2901
5388 | —720 | ‘4160 '5572 | —'488 | 5051 ‘4825 | +°155 | 1375 5697 | —'350 | 2913
5409 | —648 | 4197 5586 | —482 | "5076 4857 | +:150 | ‘1432 5703 | —'348 | 2924
5416 | —'595 | "4209 5599 | —'472 | "5099 4888 | +122 | '1486 5711 | —'368 | "2038
5423 | —'688 | ‘g221 ‘5613 | —'480 | "5124 ‘4902 | 4+°165 | ‘1511 5718 | —°378 | 2951
5433 | —'625 | "4239 5627 | —'482 | '5148 ‘4919 | +'155 | ‘1541 ‘5725 | —'408 | "2063
‘5447 | —615 | "4264 5655 | —"455 | "5198 '4930 | -+°160 | ‘1560 ‘5734 | —'412 | "2979
‘5458 | —'535 | 4283 . 5669 | —'465 | ‘5222 ‘4940 | +-182 | ‘1578 ‘5759 | —'470 | '3023
‘5475 | —'630 | '4313 5683 | —"442 | "5247 ‘4950 | +°162 | "1596 '5766 | —"438 | 3035
5697 | —'430 | 5272 ‘4964 | +°178 | '1620
2333°4241 | —'460 | "5061 5711 | —418 | '5296 ‘4975 | +°'162 | ‘1640 | 2336'3982 | —°137 | "7530
‘4255 | —'495 | "5086 5731 | —'415 | '5332 4989 | +°162 | "1664 3999 | —'152 | “7560
4269 | —'448 | ‘5111 ‘5738 | —'422 | '5344 ‘4999 | 155 | ‘1682 ‘4020 | —'122 | 7597
‘4286 | —'450 | ‘5141 5009 | +°172 | ‘1700 ‘4048 | —'105 | 7646
‘4303 | —'435 | ‘5171 | 2335°3933 | 1032 | ‘9801 ‘5023 | 175 | ‘1724 ‘4076 | —'082 | 7695
‘4321 | —'428 | ‘5202 ‘3950 | +'o70 | ‘9831 ‘5075 | +°192 | ‘1816 ‘4114 | —'095 | 7763
‘4345 | —'430 | '5245 *3964 | 4068 | ‘9856 5120 | +°188 | "1896 ‘4135 | —'o75 | “7800
"4363 | —'428 | ‘5277 *3975 | +'058 | 9876 ‘5159 | +-185 | ‘1964 ‘4190 | —'102 | *7897
"4383 | —'408 | "5312 "3995 | 1038 | ‘9911 5169 | +°178 | "1982 ‘4204 | —'090 | 7921
‘4408 | —"405 | ‘5356 ‘4009 | +°038 | "9936 ‘5180 | 4218 | ‘2001 ‘4218 | — 082 | 7946
‘4425 | —'408 | '5386 ‘4020 | 4095 | 9955 ‘5190 | 4178 | 2029 ‘4232 | —'097 | 7971
‘4442 | —'392 | ‘5426 "4034 | +"042 | "9980 ‘5200 | +°235 | "2037 4246 | —'050 | "7995
‘4460 | —'400 | ‘5448 ‘4048 | 4°102 | ‘0004 ‘5214 | +°185 | 2061 ‘4284 | —'o70 | ‘8062
‘4477 | —378 | "5478 ‘4068 | +062 | ‘0040 5228 | 4190 | ‘2086 ‘4298 | —'077 | ‘8087
‘4501 | —'375 | '5520 ‘4079 | 4055 | ‘0059 '5239 | +°185 | "2105 ‘4315 | —0bs5 | 8117
‘4519 | —'352 | *5552 ‘4093 | +°042 | ‘0084 ‘5252 | 4208 | ‘2128 ‘4333 | — 080 | ‘8149
‘4540 | —'378 | *5589 ‘4107 | —'002 | ‘0108 5263 | 4190 | ‘2148 ‘4350 | —'032 | ‘8179
‘4557 | —'362 | '5619 ‘4186 | 4020 | ‘0248 5277 | +°195 | *2173 ‘4367 | —'062:| ‘8209
‘4574 | —'345 | 5649 ‘4200 | 4008 | ‘0273 ‘5291 | +°180 | 2197 ‘4444 | —'o52 | "8345
‘4592 | —'352 | "5681 ‘4214 | +'o70 | 0297 5301 | +°198 | 2215 4458 | —'o40 | 8369
‘4613 | —368 | ‘5718 ‘4225 | +'070 | ‘0317 5315 | +'158 | 2240 ‘4472 | —'037 | 8394
4630 | —352 | "5748 "4235 | +'032 | "0334 ‘5325 | +'175 | 2257 ‘4485 | —"oz5 | ‘8417
4647 | —'370 | 5778 ‘4245 | +'058 | ‘0352 '5343 | 160 | 2289 ‘4499 | —o022 | ‘8442
*4665 | — 368 | ‘5809 ‘4256 | +065 | ‘0371 °5353 | 4162 | 2307 4513 | —o17 | "8466
‘4682 | —'312 | "5839 4270 | +'045 | "0396 5367 | +'140 | 2331 ‘4527 | —'037 | 8491
‘4706 | —315 | 5882 4284 | +'030 | ‘0421 ‘5379 | +'148 | "2352 4538 | —035 | 8511
‘4724 | —'318 | 5013 4208 | +'050 | ‘0445 5393 | 118 | 2377 ‘4558 | —'002 | ‘8546
‘4744 | —268 | '5049 4311 | +°038 | "0468 5405 | 4115 | 2398 4583 | +ooz | 8590
‘4762 | —282 | ‘5980 ‘4325 | +°070 | "0493 ‘5420 | +°108 | *2425 ‘4610 | —'020 | ‘8638
‘4783 | —'256 | ‘6018 ‘4339 | +'072 | ‘0528 ‘5439 | +-085 | ‘2458 4628 | —o10 | ‘8669
‘4800 | —'310 | ‘6048 ‘4357 | +'052 | ‘0549 ‘5452 | +°080 | ‘2481 4649 | 4022 | ‘8706
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TABLE 11 (continued)
J.D. Hel. J.D. Hel. ) J.D. Hel. J.D. Hel. i
22430000 Am phase 2430000 Am phase L 2430000 Am phase 2430000 Am phase
d m P d m P d m P d m P
2336°4687 | +-o10 | ‘8773 23484666 | 4+°162 | ‘0437 23545158 | —'098 | 7156 23615478 | +°082 | ‘1212
4718 | —008 | ‘8828 ‘4604 | +°150 | ‘0487 ‘5182 | —°085 | 7198 ‘5502 | +°075 | ‘1255
‘4742 | +-oo2 | ‘8870 ‘4711 | +°'140 | ‘0517 ‘5202 | —'078 | 7233 ‘5520 | +-obo | '1287
4767 | —'oo5 | "8915 ‘4732 | T°152 | ‘0554 5219 | —'I15 | 7263
4781 | 4008 | ‘8939 ‘4749 | +°'120 | ‘0584 ‘5240 | —098 | 7300 2362°'4115 | —'185 | "6450
‘4798 | +o15 | ‘8969 ‘4770 | 4+°150 | "0b21 ‘5257 | —'062 | “7330 ‘4138 | —'180 | 6490
‘4902 | +'042 | ‘9153 4787 | 1145 | "0b51 5307 | —'030 | 7419 4166 | —'192 | 6540
‘4919 | +o42:| '9183 ‘4805 | 4130 | ‘0683 ‘5326 | —088 | ‘7452 ‘4190 | —'135 | *6582
‘4954 | +'040 | ‘9244 4843 | +°120 | ‘0750 ‘5342 | —'obo | 7480 ‘4209 | —'155 | ‘6616
4968 | 4025 | ‘9269 ‘4871 | 4112 | ‘0799 ‘5360 | —'035 | 7512 ‘4230 | —°182 | 6653
‘4982 | 4035 | ‘9204 ‘4885 | +'110 | ‘0824 5379 | —'060 | 7546 4264 | —'188 | 6713
'4996 | +'035 | ‘9319 ‘4902 | +°088 | ‘0854 '5399 | —-028 | 7581 ‘4282 | —'160 | ‘6744
‘5006 | +°'045 | "9336 ‘4923 | +'115 | "0891 ‘5420 | —'022 | 7618 ‘4310 | —'165 | ‘6794
‘5020 | 4065 | ‘9361 ‘4944 | +'100 | ‘0928 ‘5439 | —'035 | 7651 ‘4320 | — 208 | ‘6811
5038 | +'042 | '9393 4978 | 092 | "0988 ‘5460 | —"008 | 7689 4339 | —'120 | 6845
‘5058 | 4030 | ‘9428 ‘4999 | +'102 | ‘1025 5481 | —018 | 7726 ‘4357 | —'120 | 6877
5076 | +-052 | "9460 ‘5020 | +°095 | ‘1062 ‘5498 | —‘002 | 7756 ‘4395 | —092 | ‘6944
5090 | +090 | "9484 ‘5041 | 4152 | '1099 ‘5519 | —'022 | 7793 ‘4454 | —'078 | "7048
‘5107 | 1050 | ‘9514 ‘5069 | 4-09o | ‘1148 ‘4471 | —'092 | ‘7078
‘5121 | +°055 | ‘9539 ‘5086 | +'100 | ‘1178 2361°4129 | 4080 | ‘8833
‘5138 | +°057 | ‘9567 ‘5103 | +'095 | ‘1208 ‘4148 | 4055 | ‘8866 2363°4176 | —'600 | ‘4199
‘5156 | 4-052 | ‘g9bor ‘5128 | +°120 | ‘1252 ‘4166 | +-065 | ‘8898 ‘4202 | —'610 | '4245
‘5196 | +"040 | ‘9624 ‘5145 | +°108 | ‘1282 ‘4181 | +-082 | ‘8924 ‘4223 | —'602 | ‘4282
‘5183 | +050 | ‘9648 ‘5187 | 4122 | 1356 ‘4197 | +o72 | ‘8953 ‘4242 | —'585 | "4315
‘5197 | 4062 | ‘9673 ‘5201 | 4132 | ‘1381 ‘4221 | +'048 | ‘8995 4263 | —'568 | *4353
‘5215 | 4037 | ‘9705 ‘5228 | +°120 | ‘1429 4238 | +-058 | ‘go2s ‘4282 | —'558 | "4386
5239 | +'047 | '9747 5246 | +'120 | 1461 ‘4254 | +'050 | "9053 4313 | —'558 | ‘4441
5256 | +067 | ‘9777 5263 | +°155 | ‘1491 4311 | +°'040 | "9154 4336 | —'548 | '4481
‘5270 | 4055 | ‘9802 5287 | 4168 | ‘1533 ‘4330 | +068 | 9187 ‘4358 | —'528 | ‘4520
‘5284 | +'062 | ‘9827 ‘5308 | +°140 | 1570 ‘4350 | +'050 | "9223 4377 | —'518 | "4554
‘5301 | +-050 | ‘9857 5326 | +°'158 | ‘1602 ‘4391 | 4080 | ‘9295 ‘4415 | —'500 | *4621
'5347 | +obo | '9938 5346 | +'160 | 1637 ‘4426 | +'072 | '9357 4435 | —'478 | ‘4656
*5360 | +'047 | 9961 ‘5364 | 155 | 1669 ‘4456 | +'082 | ‘9410 "4457 | —'500 | 4695
‘5374 | +062 | "9985 5385 | +:190 | "1706 4471 | +°062 | "9436 ‘4480 | —'480 | 4735
'5392 | +'055 | ‘0017 5409 | +°168 | '1748 4494 | +'088 | 9477 4502 | —'515 | ‘4774
‘5409 | 4070 | ‘0047 '4537 | +078 | 9552 4523 | —'450 | 4311
‘5426 | +'067 | 0077 | 2354'4184 | —°400 | 5437 "4561 | +'088 | ‘9595 ‘4546 | —'458 | '4852
‘5444 | +‘o72 | ‘o109 ‘4208 | —°405 | ‘5480 4580 | 4068 | ‘9628 4567 | —'448 | 4889
‘5461 | 4040 | ‘0148 ‘4224 | —'418 | ‘5508 ‘4605 | 4068 | *9672 4619 | —'445 | "4981
‘5479 | +'o70 | ‘o171 ‘4245 | —'378 | '5545 ‘4626 | +°082 | "9709 ‘4640 | —'432 | ‘5018
"5496 | +075 | "ozo1 ‘4283 | —'345 | "5012 4636 | +068 | ‘9727 '4659 | —°432 | '5051I
5517 | +o57 | 0238 4314 | —'345 | 5667 ‘4732 | +'072 | 9896 4678 | —'430 | "5085
5534 | 1067 | ‘0268 ‘4349 | —'352 | ‘5729 ‘4751 | +'042 | "9930 "4695 | —'418 | ‘5115
'5555 | +087 | "0305 4373 | —'358 | 5771 ‘4775 | +°130 | "9970 ‘4716 | —'390 | ‘5152
'5579 | 1065 | ‘0347 ‘4401 | —358 | 5820 ‘4796 | 4022 | ‘0009 ‘4737 | —'382 | '5189
4434 | —'332 | 5878 4818 | 4050 | "0048 ‘4752 | —'390 | 5215
23484027 | 4075 | ‘9310 ‘4476 | —'332 | 5953 ‘4837 | +'102 | ‘0082 ‘4770 | —'382 | ‘5247
‘4053 | +°115 | 9356 ‘4512 | —'300 | "6016 ‘4864 | +°o58 | "o129 ‘4787 | —'375 | '5277
‘4081 | +°102 | "94035 ‘4550 | —'290 | ‘6083 4882 | 032 | ‘o161
‘4121 | +°105 | ‘9476 ‘4571 | —°300 | ‘6120 ‘4956 | +045 | ‘0292 2364°4036 | +°'148 | '1594
‘4179 | +°'110 | ‘9525 ‘4592 | —278 | ‘6157 ‘4982 | 4050 | *0337 ‘4052 | +°108 | "1622
‘4185 | +°095 | ‘9589 ‘4620 | —'270 | ‘6207 5006 | 4045 | ‘0380 4066 | 4110 | ‘1647
‘4218 | 4122 | ‘9647 4646 | —208 | 6252 ‘5028 | 4038 | ‘o419 ‘4078 | 4132 | ‘1668
‘4256 | +°122 | "9714 ‘4670 | —°245 | 6295 ‘5051 | +'050 | ‘0459 ‘4092 | +°'165 | ‘1693
‘4280 | 4118 | ‘9756 ‘4703 | —'240 | ‘6353 ‘5070 | 4050 | ‘0493 ‘4104 | +7168 | ‘1714
‘4301 | +:128 | '9793 ‘4726 | —238 | 6394 5093 | +'045 | ‘0533 4118 | +142 | ‘1738
43260 | +°132 | 9337 4752 | —'238 | '6439 ‘5114 | +°'035 | 0570 ‘4131 | +208 | ‘1761
‘4346 | 4135 | ‘9873 ‘4780 | —218 | ‘6489 ‘5132 | 048 | "0bo2 ‘4145 | +°195 | ‘1786
‘4371 | +°152 | '9917 ‘4839 | —202 | ‘6593 ‘5150 | +'040 | 0634 ‘4158 | +180 | ‘1809
‘4402 | +°148 | ‘9972 ‘4865 | —'z200 | 6639 ‘5245 | +'o72 | ‘o8o1 4175 | +'128 | ‘1839
‘4426 | +°155 | ‘o014 ‘4884 | —'205 | ‘6672 5266 | +°'068 | ‘0838 ‘4194 | +°135 | ‘1873
‘4444 | +°142 | ‘0046 ‘4903 | —°z210 | ‘6706 5287 | 4035 | "0876 ‘4211 | +°'182 | ‘1903
"4464 | +°155 | o081 ‘4924 | —'172 | 6743 ‘5306 | +'035 | "0909 ‘4225 | +°168 | ‘1927
‘4485 | +135 | o118 '4943 | — 178 | 6776 *5327 | 1058 | ‘0946 ‘4241 | +°'130 | '1955
‘4517 | +°150 | ‘o174 4986 | —'118 | ‘6852 ‘5350 | 4050 | ‘0987 ‘4255 | +°162 | ‘1980
‘4534 | +'145 | ‘0204 ‘soog9 | —°165 | 6893 ‘5370 | 4045 | ‘1022 ‘4274 | +°168 | 2014
‘4555 | +°152 | ‘o241 ‘5030 | —'162 | "6930 ‘5391 | 4062 | ‘1059 ‘4288 | +°165 | ‘2038
‘4572 | 4138 | *0271 ‘5049 | —°158 | "6963 ‘5416 | 4065 | ‘1103 ‘4312 | +°'145 | "2081
4631 | +°'140 | "0376 ‘5116 | — 118 | 7082 ‘5436 | +080 | ‘1138 “4326 | 4162 | *2105
"4649 | +°165 | "o407 ‘5137 | —'135 | "7119 ‘5457 | +'110 | 'I175 4343 | +°125 | "2135
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' TABLE 11 (continued)
Q1 ‘
o J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.
g: = 2430000 Am phase 2430000 Am phase 2 2430000 Am phase 2430000 Am phase
!
d m P m P d m P d m P
2364°4357 | 1130 | "2160 | 2364 5456 —'665 | 4099 | 2379'5596 | —oos | ‘8972 | 23815068 | —'437 | 3324
‘4371 | 4158 | 2185 ‘5475 | —"648 | "4132 ‘5079 | —'447 | '3343
4388 | 4170 | ‘2215 ‘5493 | —'635 | 4164 | 2380°4135 | —'860 | 4036 5090 | —'460 | '3363
‘4406 | +°152 | '2247 5506 | —"635 | ‘4187 4159 | —'812 | "4079 5102 | —'492 | '3384
‘4420 | 4132 | ‘2271 ‘5524 | —°625 | ‘4219 4182 | —8o7 | ‘4119 5113 | —'495 | '3403
‘4437 | +°130 | "230I ‘5538 | —'620 | ‘4244 ‘4230 | —'820 | ‘4204 ‘5125 | —°'530 | ‘3425
‘4447 | T'120 | "2319 '5555 | —'610 | ‘4274 ‘4255 | —'830 | ‘4248 ‘5132 | —'582 | ‘3437
‘4468 | 4098 | 2356 5569 | —'588 | 4298 ‘4274 | — 847 | 4282 5167 | —"600 | ‘3499
‘4486 | 4082 | 2388 ‘4303 | —'810 | ‘4333 ‘5180 | —°'577 | ‘3522
‘4503 | +°065 | 2418 | 2374'4563 | —'0o5 | "8941 4380 | —"760 | 4469 5193 | —'612 | ‘3542
‘4520 | +'040 | 2448 '4594 | —'ooz | ‘8996 "4399 | —"740 | "4502 5205 | —'650 | '35606
‘4543 | —'o18 | 2488 4632 | 4017 | "9063 ‘4507 | —"722 | 4693 5220 | —"667 | "3592
‘4552 | +°020 | "2504 ‘4664 | +-o17 | ‘9119 ‘4519 | —°672 | ‘4714 ‘5230 | —'672 | ‘3610
‘4559 | +008 | ‘2516 4761 | —'o15 | ‘9290 ‘4572 | —*722 | ‘4728 ‘5241 | —*700 | ‘3629
‘4564 | —'o12 | 2525 4789 | —'035 | ‘9340 ‘4541 | —'680 | "4753 5255 | —'732 | "3654
'4576 | —o12 | 2546 4865 | —'035 | ‘0474 "4555 | —'665 | ‘4777 5264 | —"747 | 3670
4586 | —'032 | '2564 4903 | —'OI7 | 0514 4632 | —"637 | '4913 ‘5277 | —"750 | "3693
‘4595 | —'088 | ‘2580 4985 | —'o42 | ‘9685 4651 | —'505 | ‘4947 5280 | —°757 | "3714
‘4604 | —'ogo | 2596 ‘5004 | —'042 | ‘9719 4666 | —'642 | "4973 5300 | —*792 | ‘3733
4614 | —'148 | ‘2613 ‘5070 | —'020 | ‘9835 *4689: | —*607 | ‘5014 ‘5319 | —'8oz2 | ‘3767
4625 | —'185 | 2633 ‘5086 | —o12 | "9864 ‘4711 | —'652 | ‘5053 5325 | —'792 | '3777
4635 | —-158 | 2651 ‘5223 | —'032 | ‘o105 ‘4864 | —°530 | '5322 ‘5340 | —'815 | "3804
‘4645 | —'195 | 2668 ‘5242 | —'040 | ‘0139 4888 | —'510 | 5365 5355 | —'825 | '3830
‘4658 | —205 | "2691 ‘5261 | —'042 | ‘o172 ‘4902 | —°495 | '5389 ‘5369 | —'812 | 3855
4668 | —258 | 2709 5400 | —'048 | "0389 4928 | —'502 | ‘5435 ‘5394 | —'827 | "3899
‘4677 | —260 | 2725 5419 | —'048 | ‘o451 4941 | —'480 | ‘5458 5407 | —845 | '3922
‘4685 | —°305 | "2739 5428 | —'065 | ‘0467 ‘4956 | —'467 | 5485 ‘5418 | —'872 | ‘3942
"4696 | —'350 | "2758 4979 | —'462 | 5525 ‘5430 | —'830 | ‘3903
‘4706 | —'355 | 2776 | 2376°4637 | —'722 | "4355 5005 | —'432 | '557I 5443 | —'842 | 3986
4717 | —"395 | 2795 ‘4656 | —697 | "4389 5455 | —'852 | "4007
‘4725 | —'395 | "2809 . ‘4675 | —'695 | "4422 | 2381°3993 | -+'obo | ‘1428 ‘5469 | —'845 | 4032
‘4736 | —'418 | 2829 4693 | —"695 | "4454 ‘4012 | +'120 | 1461 ‘5481 | —'847 | *4053
4748 | — 438 | 2850 ‘4710° | —°605 | ‘4484 ‘4028 | 4185 | ‘1489 ‘5500 | —'832 | "4086
‘4755 | —'472 | 2862 ‘4734 | —'687 | ‘4526 ‘4047 | +°'150 | ‘1523 ‘5515 | —'830 | 4113
‘4763 | —'468 | 2876 ‘4752 | —°672 | ‘4558 ‘4128 | 4160 | ‘1666 ‘5602 | —*772 | ‘4266
‘4772 | —'502 | 2892 ‘4772 | —'665 | '4503 ‘4151 | 170 | "1706 5633 | —782 | 4321
‘4781 | —'518 | *2908 ‘4790 | —*662 | ‘4625 ‘4168 | 4180 | ‘1736 5646 | —790 | ‘4344
‘4791 | —'530 | 2926 4877 | —602 | "4778 4184 | +°195 | ‘1765 5691 | —768 | 4423
4800 | —'560 | ‘2042 4894 | —'585 | 4808 ‘4283 | +-187 | ‘1939 5701 | —'752 | "4441
‘4809 | —'580 | "2957 4918 | —617 | 4851 ‘4302 | +220 | ‘1973 5718 | —"732 | 4471
4817 | —'580 | "2972 4939 | —'6o5 | 4888 4332 | +'197 | "2026 5734 | —"720 | '4499
4826 | —'585 | "2987 ‘4962 | —'595 | "4928 ‘4342 | 1207 | "2043 5750 | —'732 | 4527
4835 | —'612 | "3003 4984 - | —'565 | 4967 ‘4439 | +202 | ‘2214 ‘5773 | —"720 | ‘4568
‘4847 | —'622 | "3025 5081 [ —'567 | 5138 ‘4462 | +°195.| "2255 5788 | —687 | 4594
‘4859 | —'635 | "3046 ‘5102 | —'505 | ‘5175 ‘4483 | +'192 | '2292 ‘5804 | —'697 | ‘4623
4871 | —'655 | *3007 ‘5123 | —'§5I0 | ‘52I2 ‘4510 | 4220 | ‘2340
‘4878 | —'660 | ‘3079 ‘5144 | —'5I0 | ‘5249 ‘4618 | +°140 | ‘2530 23824114 | +°075 | '9283
4890 | —'682 | ‘3100 5165 | —'497 | ‘5286 ‘4641 | 4142 | *2571 ‘4135 | 4067 | ‘9320
‘4916 | —718 | ‘3146 5184 | —'547 | "5320 4660 | 4142 | 2604 4157 | +'082 | 9359
‘4930 | —"720 | 3171 ‘4679 | 4087 | 2638 ‘4180 | 4092 | ‘9399
"4944 | —"740 | 3196 | 23794204 | —'265 | 6675 ‘4746 | +°008 | ‘2756 *4230 | 095 | ‘9487
"4951 | —"750 | "3208 4320 | —'245 | ‘6721 "4753 | —'oo5 | 2768 ‘4251 | +'102 | "9524
4965 | —'752 | "3233 4337 | —'237 | ‘6751 ‘4788 | — 142 | 2830 ‘4270 | 4087 | '9558
‘4975 | —"775 | "3250 4355 | —'235 | ‘6783 4800 | —'130 | '2851I 4291 | +'050 | '9595
4986 | —788 | "3270 4431 | —'240 | ‘6917 ‘4836 | —170 | 2915 4347 | +'102 | "9694
‘4996 | —788 | ‘3287 5058 | —'08o | ‘8023 4847 | —205 | "2934 ‘4367 | +'o92 | ‘9729
‘soro | —778 | "3312 5075 | —"065 | ‘8953 4889 | —267 | 3008 4378 | +'107 | '9749
‘5020 | —798 | ‘3330 ‘'s1or | —'082 | ‘8099 ‘4908 | —°267 | ‘3042 ‘4406 | +°110 | 9708
5036 | —788 | "3358 ‘5120 | —'082 | ‘8132 ‘4921 | — 287 | *3005 ‘4529 | +°ogo | ‘oo1s
5286 | —'735 | "3799 5221 | —'030 | ‘8311 ‘4926 | —295 | "3074 4548 | +'095 | ‘0048
5298 | —735 | "3820 ‘5242 | —007 | ‘8348 ‘4940 | —335 | 3098 4567 | 4130 | ‘0082
‘5312 | —"715 | ‘3845 5203 | —'027 | "838s ‘4953 | —'327 | "312I ‘4588 | ---105 | ‘o119
‘5331 | — 710 | *3878 ‘5280 | —'o17 | ‘8415 ‘4964 | —'352 | ‘3141 4661 | 4117 | 0248
5343 | —'670 | "3900 ‘5376 | —'o12 | "8584 ‘4977 | —'352 | "3164 4678 | 4122 | 0278
5359 | —'672 | '3928 5393 | —'o1s5 | 8614 ‘4991 | —'357 | 3188 '4699 | +°122 | 0315
5373 | —'680 | *3952 ‘5416 | —*0o02 | ‘8655 ‘5005 | —'390 | ‘3213 ‘4716 | +°112 | ‘0345
5388 | —'678 | "3979 "5433 | —"oo5 | ‘8685 ‘5027 | —'395 | ‘3252 ‘4767 | +'135 | '0435
‘5406 | —'682 | ‘4011 ‘5547 | —‘o17 | ‘8886 ‘5032 | —'407 | ‘3261 4779 | +°100 | ‘0456
‘5428 | —'650 | "4050 5561 | —025 | "8910 5046 | —387 | 3285 ‘4791 | +°110 | ‘o477
‘5444 | —'658 | "4078 5577 | —'o20 | 8939 ‘5057 | —'412 | '3305 4808 | +'142 | ‘0507
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TABLE 11 (continued)
J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.
= 2430000 Am phase 2430000 Am phase 2430000 Am phase 2430000 Am phase
d m P m P d m P d m P
23824850 | +'102 | ‘0581 2385 4784. —*612 | "3390 23865064 | +°137 | ‘1526 2380°'4683 | —'950 | ‘3779
‘4861 | 4095 | obor ‘4794 | —'658 | ‘3408 ‘5144 | 185 | ‘1667 ‘4701 | —'052 | ‘3811
‘4874 | +'140 | ‘0b24 4812 | —'665 | ‘3439 5168 | +°167 | ‘1709 ‘4720 | —'952 | "3844
4888 | 4100 | ‘0648 4815 | —'680 | ‘3445 ‘5245 | 4180 | ‘1845
‘4942 | +'122 | ‘0744 ‘4826 | —*700 | '3464 ‘5272 | 4180 | ‘1893 2391°4194 | +'058 | ‘8200
‘4956 | +°132 | ‘0768 ‘4839 | —'732 | '3487 ‘5307 | +225 | ‘1954 ‘4219 | +'078 | ‘8244
"4972 | 1105 | "0796 ‘4850 | —748 | '3506 5335 | +°195 | 2004 4248 | +125 | ‘8205
‘4984 | +o75 | 0818 ‘4860 | —778 | *3524 ‘5408 | +°225 | ‘2133 4284 | +-obo | ‘8358
4998 | 4110 | 0842 ‘4872 | —782 | ‘3545 ‘5432 | +'220 | ‘2175 ‘4306 | +080 | ‘8397
‘sor7 | 4127 | ‘0827 ‘4885 | —785 | 3568 ‘5460 | 4215 | ‘2224 ‘4324 | +-08o | ‘8429
5036 | +°100 | "090Q ‘4895 | —'802 | 3586 ‘5481 | 4217 | 2261 ‘4342 | +'o75 | ‘8461
‘5051 | 4112 | ‘0936 ‘4907 | —°808 | ‘3607 ‘5529 | +°272 | ‘2364 4363 | 4062 | ‘8498
‘5097 | +°100 | ‘1017 ‘4918 | —'820 | ‘3626 ‘5550 | +°202 | "2383 ‘4380 | +-o072 | ‘8528
‘5121 | +°102 | ‘1059 ‘4928 | —'832 | 3644 ‘5571 | +°185 | 2420 ‘4395 | +080 | ‘8554
‘5137 | +'135 | ‘1088 ‘4942 | —*860 | ‘3669 ‘5620 | +°190 | ‘2507 ‘4412 | +-095 | ‘8584
‘5152 | +'092 | "III4 ‘4952 | —'865 | *3686 5634 | +°172 | 2531 ‘4452 | 4102 | ‘8655
‘5225 | +°I45 | '1243 ‘4963 | —'852 | ‘3706 ‘5654 | +°150 | ‘2567 4468 | 4088 | ‘8683
‘5239 | 4170 | ‘1268 ‘4982 | —'865 | ‘3739 5668 | +°122 | ‘2591 ‘4482 | 4102 | *8708
‘5249 | +°105 | ‘1283 ‘4992 | —*882 | ‘3757 ‘5689 | +-102 | 2628 ‘4498 | 4095 | ‘8736
‘5209 | +'142 | ‘1320 ‘5004 | —878 | 3778 ‘5710 | +°130 | ‘2663 ‘4518 | 4090 | ‘8771
‘5315 | +°140 | ‘1402 ‘5017 | —*870 | 3801 ‘5731 | 4070 | 2702 ‘4539 | +°125 | ‘8808
‘5322 | +°127 | ‘1414 . ‘5032 | —'892 | '3828 5752 | +°058 | 2740 ‘4555 | +°002 | ‘8837
5333 | +°157 | '1433 5046 | —"830 | "3852 ‘5776 | 4030 | 2782 ‘4573 | +°'130 | 8868
5345 | +°167 | ‘1455 ‘5065 | —872 | ‘3886 ‘5793 | +-oo7 | 2812 ‘4620 | 4105 | ‘8951
‘5364 | 4180 | ‘1488 ‘5076 | —*885 | 3905 ‘5811 | —'038 | ‘2844 4638 | 4098 | ‘8983
‘5374 | +'160 | ‘1506 ‘5088 | —'882 | *3926 5832 | —ro70 | '2881 ‘4658 | +'110 | "9018
's107 | —855 | "3960 4677 | +°'115 | "9052
2385°3961 | +°138 | ‘1938 ‘s121 | —°868 | 3985 2389'3824 | 4207 | ‘2263 ‘4700 | +°112 | ‘9092
3985 | 4218 | ‘1980 ‘5131 | —868 | ‘4002 3841 | +°215 | 2293 ‘4775 | +'118 | ‘9225
‘4449 | —'008 | ‘2799 ‘siqo | —'872 | ‘4018 3860 | +°182 | ‘2327 ‘4793 | +'122 | '9256
‘4473 | —'o40 | 2841 ‘5152 | —862 | ‘4039 ‘3897 | +°170 | 2392 ‘4809 | +°120 | ‘9285
4491 | —'o80'| 2873 ‘5164 | —'860 | "4060 ‘3916 | +°182 | 2426 4826 | +-138 | ‘9315
4517 | —'090 | ‘2919 5176 | —848 | 4082 ‘3940 | +'195 | "2468 ‘4844 | +°135 | '9346
‘4522 | —'118 | '2928 5187 | —'832 | ‘4101 3973 | +'167 | ‘2526 4861 | +'122 | "9376
‘4523 | —'118 | 2930 ‘5199 | —°842 | ‘4122 ‘4003 | +°092 | *2579 ‘4880 | +°145 | ‘9410
‘4525 | —'142 | 2933 5209 | —'832 | ‘4140 ‘4032 | +'055 | 2630 4939 | +'118 | ‘9514
‘4527 | —'152 | '2937 5234 | — 822 | ‘4184 ‘4085 | +o12 | 2724 ‘4957 | +°128 | ‘9546
"4529 | —'186 | 2940 ‘5249 | —'820 | ‘4210 ‘4098 | —'o15 | ‘2747 ‘4975 | +'140 | ‘9577
‘4534 | —'162 | ‘2049 ‘5261 | —'802 | ‘4232 ‘4106 | —'035 | ‘2761 ‘4999 | +°135 | ‘9620
‘4536 | —'182 | 2953 ‘5272 | —'810 | ‘4251 4126 | —'098 | ‘2796 ‘5018 | +°132 | ‘9653
‘4537 | —'188 | ‘2954 ‘5286 | —788 | ‘4276 ‘4135 | —'130 | 2812 ‘5034 | +°125 | ‘9682
4546 | — 248 |."2970 5301 | —'772 | 4302 4153 | —'182 | 2844 ‘5050 | +'130 | 9710
‘4548 | —270 | 2974 5313 | —"768 | 4323 ‘4176 | —220 | '2884 ‘5082 | +°145 | '9766
‘4550 | —'280 | 2977 5324 | —"765 | "4343 4190 | —'257 | "2909 5099 | +°135 | 9796
4551 | —'305 | "2979 5338 | —"768 | 4367 ‘4205 | —'310 | 2936 5114 | +°'148 | '9823
‘4567 | —'312 | "3007 5346 | —"762 | 4382 ‘4219 | —'332 | 2960 5135 | +°138 | 9860
4569 | —'322 | "30I1 5359 | —"762 | ‘4404 ‘4233 | —'382 | 2085 5152 | +°154 | 9890
4576 | —'315 | "3023 ‘5364 | —"750 | "4413 ‘4257 | —'417 | ‘3027 5216 | +°'150 | "0003
‘4584 | —'342 | "3037 ‘5374 | —"740 | ‘4431 ‘4260 | —'447 | '3033 ‘5239 | 4122 | ‘0043
‘4596 | —'352 | *3058 5385 | —*712 | ‘4450 4282 | —'482 | ‘3071 ‘5255 | +°'I122 | ‘007I
‘4614 | —'372 | "3090 ‘5412 | —'715 | 4498 ‘4314 | —'515 | 3128 ‘5299 | +'148 | o149
‘4629 | —'370 | "3117 ‘5428 | —755 | ‘4526 ‘4328 | —'542 | "3151 5317 | +'118 | ‘0181
4631 | —'410 | "3120 5433 | —"708 | 4535 ‘4340 | —'565 | 3174 ‘5334 | +'132 | ‘0211
‘4643 | —'410 | 3141 5445 | —"705 | '4556 ‘4363 | —'615 | "3214 5350 | +'128 |-'0239
‘4645 | —'418 | ‘3145 5456 | —'695 | 4576 4382 | —"637 | 3248 ‘5365 | 4128 | 0265
‘4647 | —'405 | 3148 5466 | —630 | "4593 ‘4395 | —'665 | "3271 ‘5382 | +°135 | "0295
4643 | —'420 | 3150 ‘5484 | —"688 | ‘4625 ‘4415 | —'690 | 3306 ‘5413 | +'142 | "0350
‘4652 | —'430 | ‘3157 5496 | —'672 | "4646 4439 | —'710 | "3348 5428 | +°140 | ‘0377
‘4662 | —438 | "3175 5506 | —°670 | ‘4664 ‘4449 | —"762 | 3366 ‘5441 | +°'145 | "0400
4671 | —'445 | "3101 5517 | —652 | 4683 ‘4477 | —805 | '34I5 ‘5456 | 4128 | ‘0426
‘4683 | —'450 | ‘3212 5529 | —"638 | "4704 ‘4490 | —'842 | '3438 5472 | +°128 | ‘0454
4692 | —'450 | 3228 5541 | —'645 | ‘4726 *4506 | —'870 | '3467 ‘5486 | +118 | ‘0479
‘4713 | —'488 | 3265 ‘5551 | —'645 | '4743 ‘4525 | —'877 | '3500 ‘5500 | +'130 | ‘0504
‘4716 | —°498 | "3270 5563 | —"630 | ‘4764 "4545 | —'900 | "3535
‘4725 | —'500 | ‘3286 ‘4562 | —'912 | *3565 2394°4026 | +-020 | "0828
‘4735 | —'538 | '3304 | 2386'4835 | +'122 | ‘1122 4581 | —'930 | "3599 ‘4040 | +'090 | "0853
‘4747 | —'538 | '3323 4859 | 4142 | "1164 ‘4602 | —'952 | 3636 ‘4054 | 4070 | ‘0878
‘4760 | —'580 | "3348 4887 | 4132 | ‘1213 4623 | — 960 | *3673 ‘4070 | +058 | ‘ogob
‘4765 | —'592 | "3357 4915 | +°'155 | ‘1263 ‘4640 | —'927 | "3703 ‘4094 | +'062 | ‘0948
‘4773 | —'608 | ‘3371 ‘5002 | +°152 | ‘1416 ‘4660 | —'962 | *3738 ‘4111 | +'075 | "0978
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TABLE 11 (continued)

D.Hel. | J.D. Hel. J.D. Hel. J.D. Hel.

‘1 2430000 Am phase 2430000 Am phase 2430000 Am phase 2 2430000 Am phase
d m P d m P d m P d m P

2394'4126 | 4082 | ‘1005 2394'5290 | —'652 | ‘3058 23983976 | +-o75 | ‘1307 2398'5082 | —'872 | ‘3258
4139 | +o72 | 1028 " '5303 | —'680 | "3081 '3993 | +080 | ‘1337 5006 | —"goo | 3283
‘4154 | 1080 | ‘1054 5314 | —"712 | "3101 ‘4011 | +°097 | "1369 5112 | —'882 | 3311
‘4175 | +'077 | "1001 "5325 | —'750 | ‘3120 ‘4030 | +'092 | ‘1403 5126 | —°888 | '3336
‘4191 | 1090 | ‘1120 5338 | —"767 | '3143 "4051 | 4105 | ‘1440 5139 | —'885 | *3359
‘4205 | 4067 | ‘1144 ‘5349 | —*790 | ‘3162 ‘4067 | +°115 | ‘1468 ‘5155 | —°888 | 3387
‘4220 | 4082 | ‘1171 5363 | —*820 | "3187 ‘4085 | +°115 | ‘1500 ‘5169 | —'888 | ‘3412
‘4236 | +'095 | "1199 5375 | —'840 | "3208 ‘4101 | 127 | 1528 5182 | — 897 | ‘3435
‘4251 | +°'072 | '1225 5389 | —'865 | 3233 ‘4118 | 4130 | "1558 5207 | —'897 | "3479
4385 | +°117 | ‘1462 ‘5402 | —'885 | "3256 ‘4138 | 4125 | '1593 ‘5223 | —'Q00 | '3507
‘4401 | +°112 | ‘1490 ‘5416 | —'9o7 | 3281 ‘4160 | +°132 | ‘1632 5239 | —'878 | 3535
‘4418 | 4132 | ‘1520 5430 | —'917 | 3305 4186 | +-122 | ‘1678 5253 | —°882 | ‘3560
"4436 | +°110 | ‘1552 ‘5443 | —'940 | '3328 ‘4219 | +°'152 | '1736 5268 | —'860 | *3587
‘4456 | +°125 | "1587 ‘5458 | —"947 | '3355 4236 | 1145 | 1766 ‘5282 | —860 | ‘3611
‘4470 | +'147 | 1612 ‘5472 | —'955 | "3379 ‘4252 | +'150 | "1794 5297 | —'832 | 3638
‘4489 | +'142 | ‘1645 5484 | —'972 | ‘3401 ‘4271 | +°167 | ‘1828 5315 | —'840 | '3669
‘4504 | +'140 | ‘1672 ‘5498 | —'977 | '3425 "4345 | +°175 | "1958 5330 | —'840 | 3696
4516 | +°145 | ‘1603 5513 | —"975 | 3452 4353 | 7190 | 1972 5354 | —"830 | '3738
‘4528 | +°157 | '1714 5526 | —'985 | "3475 4369 | 4160 | ‘2001 5360 | — 817 | ‘3765
‘4550 | +°172 | "1753 5540 | —'982 | "3499 ‘4386 | 4162 | "2030 5384 | — 807 | "3791
‘4565 | +°165 | 1779 ‘5552 | —"982 | ‘3521 ‘4397 | +:180 | ‘2049 ‘5408 | —788 | ‘3834
‘4582 | +°177 | 1809 5566 | —°990 | ‘3545 ‘4421 | +'172 | "2002 ‘5422 | —"795 | 3858
‘4597 | +°162 | 1836 ‘5582 | —'982 | "3574 ‘4437 | +'197 | "2121 5430 | —"785 | 3872
4617 | +°175 | 1871 5595 | —'980 | "3596 4446 | +'160 | 2136 5447 | —"765 | 3902
‘4630 | 4185 | ‘1894 ‘5608 | —°'972 | "3619 ‘4468 | +°155 | '2175
‘4645 | +°:182 | ‘1921 5624 | —'960 | '3648 ‘4484 | +°162 | 2203 2401°4641 | —'370 | ‘5400
4664 | +°'177 | '1954 5637 | —"957 | 3671 ‘4499 | +'142 | 2230 4672 | —'347 | ‘5460
‘4688 | +°190 | ‘1996 ‘5650 | —°'052 | ‘3604 ‘4520 | +'150 | 2267 ‘4683 | —°327 | ‘5480
‘4710 | +°'190 | "2035 ‘5664 | —047 | ‘3718 4536 | +'142 | 2295 4648 | —322 | '5506
‘4728 | +°207 | ‘2067 5678 | —'945 | 3743 "4553 | +'115 | "2325 4712 | —'325 | '5531I
‘4744 | 1210 | 2095 5693 | —'927 | "3769 '4568 | +°100 | "2352 ‘4724 | —°'310 | ‘5552
‘4759 | +°'210 | ‘2122 ‘5707 | —'912 | '3794 ‘4583 | +110 | "2378 4753 | —'295 | "5603
‘4779 | +-210 | ‘2157 5727 | —897 | *3829 ‘4596 | 4088 | ‘2401 ‘4767 | —'310 | ‘5628
‘4796 | +°'192 | 2187 ‘5741 | —"905 | ‘3854 "4610 | +°080 | 2426 ‘4782 | —295 | ‘5654
4821 | 4205 | '2231 ‘5756 | —8go | 3881 ‘4624 | +'062 | ‘2450 4841 | —'272 | ‘5759
'4838 | +°205 | 2261 5771 | —'875 | "3907 4640 | 4’042 | ‘2479 4856 | — 292 | ‘5785
‘4854 | +'177 | 2289 5788 | —'867 | "3937 4653 | +o17 | "2502 4871 | —275 | ‘5811
‘4873 | +'192 | 2323 ‘5812t | —'842 | ‘3979 4666 | 4002 | ‘2525
4889 | +°187 | 2351 5826 | —832 | ‘4004 4679 | —'062 | ‘2547 2406°3653 | +°'172 | "1871
‘4903 | +°182 | 2376 ‘5846 | — 822 | "4039 ‘4694 | —'092 | ‘2574 3674 | +157 | ‘1908
4917 | +°'187 | ‘2400 4706 | —'137 | ‘2595 3695 | +°152 | ‘1945
‘4931 | +°162 | ‘2425 2397°3939 | —'885 | ‘3600 ‘4719 | —162 | 2618 ‘3719 | 4170 | ‘1988
‘4947 | +°122 | 2453 *3962 | —*8go | ‘3641 ‘4730 | —195 | 2637 3740 | +'135 | "2025
‘4960 | 4132 | 2476 3982 | —870 | 3676 ‘4740 | —'240 | '2653 ‘3764 | +"150 | ‘2067
‘4974 | +°'132 | *250I ‘4008 | —857 | ‘3722 ‘4752 | — 262 | *2676 3788 | +°147 | 2110
‘4986 | 4122 | ‘2522 ‘4033 | —'845 | °37766 ‘4763 | —297 | 2696 3809 | 4120 | "2147
‘5007 | +'097 | ‘2559 ‘4067 | —'842 | "3826 ‘4776 | —°350 | ‘2719 3829 | 4+°117 | 2182
'sozo0 | 4085 | 2582 ‘4315 | —'685 | "4264 ‘4788 | —380 | 2739 3842 | 4120 | *2205%
‘5033 | +°0bo | ‘2605 ‘4344 | —'665 | 4315 ‘4800 | —'415 | '2761 3855 | +-112 | 2228
‘5045 | +'040 | 2628 ‘4373 | —°655 | "4366 4812 | —'460 | '2782 3868 | 4+-105 | ‘2251
‘5058 | +-o15 | ‘2649 ‘4401 | —°645 | ‘4415 4826 | —'488 | 2807 3886 | 4062 | 2282
5070 | +"007 | ‘2670 ‘4420 | —°610 | ‘4449 4838 | —'537 | '2828 ‘3909 | 4045 | ‘2323
‘5085 | —'052 | 2697 ‘4444 | —'610 | ‘4491 ‘4851 | —'560 | ‘2851 3918 | +'042 | '2339
‘5096 | —'075 | ‘2716 ‘4467 | —°580 | ‘4532 ‘4862 | —'590 | ‘2870 ‘3931 | 4022 | ‘2362
‘5108 | —'110 | ‘2737 ‘4486 | —'570 | ‘4565 ‘4874 | —'615 | *2891 ‘3044 | 4020 | '2385
‘5118 | —'135 | "2755 ‘4512 | —'570 | ‘4611 4885 | —*657 | ‘2911 '3959 | —'022 | ‘2411
‘5130 | —'160 | "2776 "4548 | —'542 | 4674 ‘4898 | —675 | '2934 3973 | —'048 | 2436
‘5139 | —"2I5 | "2792 ‘4571 | —'535 | ‘4715 ‘4912 | —"705 | ‘2958 "3983 | —"075 | "2454
‘5152 | —'247 | 2815 4595 | —'530 | 4758 4923 | —"712 | 2978 3994 | —'097 | 2473
‘5163 | —265 | 2834 ‘4937 | —"738 | ‘3003 ‘4013 | —'110 | '2507
‘5174 | —'317 | 2854 | 23983773 | 4065 | ‘0949 ‘4950 | —"765 | '3026 ‘4018 | —'145 | 2515
5185 | —'360 | 2873 ‘3798 | 4062 | "0993 4962 | —782 | ‘3047 4033 | —'170 | ‘2542
‘5197 | —'392 | 2804 3825 | 4090 | ‘1041 4974 | —"775 | "3068 ‘4047 | —215 | 2566
‘5207 | —'420 | ‘2912 3849 | 065 | '1083 "4987 | —"795 | "3001I 4059 | —'232 | *2588
‘5219 | —°490 | "2933 3874 | +0b5 | ‘1127 ‘5003 | —'825 | ‘3119 ‘4073 | —260 | 2612
‘5231 | —'505 | '2954 "3898 | 4047 | "1170 5016 | —'837 | 3142 ‘4036 | —277 | 2635
‘5243 | —'535 | 2975 3915 | +092 | "1200 5029 | —'852 | '3103 ‘4098 | —'302 | '2656
‘5254 | —'575 | ‘2995 ‘3930 | 4087 | ‘1226 ‘5042 | —'860 | *3188 ‘4110 | —'345 | 2678
‘5266 | —'602 | '3016 3045 | 4087 | ‘1253 'so57 | —862 | ‘3214 ‘4123 | —'367 | ‘2700
‘5279 | —'635 | 3039 3960 | +r097 | ‘1279 ‘'so70 | —'862 | "3237 4138 | —415 | 2727
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Z‘I
¢ .D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.
‘E% ' 1 2430000 Am phase 2430000 Am phase =~ 2430000 Am phase 2430000 Am phase
o
=t d m P d m P d m P d m P
2406°4151 | —'445 | "2750 | 2409'4356 | —'225 | 6037 | 2410°4071 | —°527 | 3176 | 2414'4356 | —'562 | '4246
'4166 | —"460 | 2776 ‘4371 | —"237 | "6063 "4084 | —°525 | '3199 4380 | —'567 | "4288
4183 | —'490 | ‘2806 ‘4396 | —'240 | ‘6107 ‘4102 | —'560 | ‘3230 ‘4456 | —'557 | ‘4422
‘4198 | —'522 | '2833 ‘4409 | —'235 | "6130 ‘4120 | —'567 | 3262 4474 | —'557 | "4454
‘4214 | —'542 | ‘2861 ‘4426 | —210 | ‘6160 ‘4134 | —'552 | ‘3287 ‘4510 | —'535 | ‘4517
‘4228 | —'555 | 2886 ‘4440 | —:210 | 6185 ‘4148 | —'580 | 3312 ‘4531 | —°'550 | ‘4554
‘4242 | —'562 | "2910 ‘4459 | —'225 | "6219 ‘4162 | —'585 | 3336 "4557 | —'540 | "4600
‘4256 | —'588 | 2935 4483 | —'185 | '6261 ‘4175 | —'585 | "3359 4574 | —'547 | "4630
‘4273 | —'595 | 2965 ‘4499 | —'207 | '6289 4201 | —'595 | "3405 4602 | —'545 | ‘4680
‘4202 | —'627 | "2999 4513 | —'205 | '6314 ‘4215 | —'595 | 3430 4626 | —'512 | ‘4722
‘4305 | —'660 | "3022 4529 | —'212 | '6342 ‘4235 | —'605 | ‘3465 4647 | —'500 | "4759
4316 | —'645 | "3041 ‘4542 | —'202 | '6365 ‘4251 | —'620 | "3493
‘4330 | —'655 | "3006 ‘4557 | —'200 | 6394 ‘4269 | —'617 | 3525 | 2415'4088 | {117 | ‘1415
‘4343 | —'682 | "3089 "4574 | —'195 | 6421 ‘4284 | —'625 | "3552 ‘4102 | +°'120 | 1439
‘4356 | —°682 | ‘3112 ‘4589 | —'190 | 6448 ‘4299 | —'622 | "3578 ‘4120 | +°115 | ‘1471
4369 | —'692 | "3134 4609 | —'180 | "6483 ‘4313 | —625 | ‘3603 ‘4150 | +°125 | ‘1524
4383 | —712 | '3159 ‘4624 | —°187 | 6510 4326 | —'625 | ‘3606 ‘4168 | +°140 | ‘1556
‘4405 | —717 | '3198 4638 | —'172 | '6534 ‘4340 | —'617 | 3650 ‘4185 | +'160 | ‘1586
‘4418 | —732 | ‘3221 ‘5273 | —'052 | 7655 ‘4359 | —'625 | "3684 ‘4209 | 4160 | '1628
‘4432 | —'745 | '3246 ‘5288 | —*0bo | 7681 ‘4374 | —'632 | ‘3710 ‘4226 | 4165 | ‘1658
‘4445 | —'732 | "3269 5302 | —'ob2 | 7706 4388 | —'630 | "3735 ‘4243 | +'170 | ‘1688
"4460 | —'757 | "3295 5317 | —'040 | 7732 4399 | —'612 | "3754 ‘4259 | +°155 | ‘1716
‘4476 | —'740 | 3323 "5335 | —'037 | "7704 ‘4413 | —'607 | "3779 ‘4277 | +'150 | "1747
4491 | —'747 | '3350 ‘5353 | —037 | 7796 4428 | —'602 | "3306 ‘4296 | +°180 | 1781
‘4505 | —"752 | "3374 5366 | —'052 | 7819 ‘4441 | —'612 | '3829 ‘4316 | +°182 | "1817
‘4519 | —"732 | "3399 ‘5380 | —'o40 | 7843 4457 | —'615 | 3857 4329 | +'202 | '1840
4535 | —"750 | "3427 5395 | —'030 | 7870 ‘4474 | —'597 | 3887 4350 | +'180 | '1877
4549 | —'755 | ‘3452 ‘5417 | —"020 | "7909 4505 | —'600 | ‘3041 4363 | +°'172 | ‘1900
4564 | —"752 | "3479 ‘5430 | —'035 | "7932 4523 | —'592 | 3973 4377 | +°180 | "1924
4586 | —'747 | '3517 5446 | —-027 | "7960 4610 | —'567 | ‘4127 4395 | +'180 | 1956
‘4605 | —'732 | "3551 5460 | —'035 | 7984 4627 | —'577 | 4157 ‘4411 | +°162 | '1984
4618 | —'722 | 3574 ‘5474 | —'0o5 | ‘8009 ‘4642 | —562 | '4183 ‘4426 | 4170 | ‘2011
‘4634 | —'732 | ‘3602 ‘5494 | —'038 | ‘8ogq4 ‘4657 | —'562 | ‘4210 ‘4440 | +°185 | 2036
4655 | —725 | "3639 5521 | —'030 | ‘8092 4673 | —'555 | ‘4238 ‘4455 | +°175 | 2062
4670 | —'692 | "3666 ‘5534 | —'027 | ‘8115 ‘4601 | —°555 | ‘4270 ‘4472 | +°180 | ‘2002
4688 | —*700 | 3697 ‘5556 | —038 | ‘8154 ‘4707 | —'545 | ‘4298 ‘4509 | +°'190 | ‘2157
‘4702 | —705 | ‘3722 ‘5571 | —'0oz | ‘8180 ‘4723 | —'542 | ‘4326 ‘4524 | +°180 | 2184
‘4719 | —'687 | "3752 ‘5587 | —o15 | 8209 4738 | —'552 | '4353 "4539 | +:180 | 2210
4736 | —'692 | ‘3782 ‘5508: | —o18 | 8228 ‘4751 | —'537 | '4375 ‘4555 | +'170 | "2258
‘4753 | —'667 | "3812 ‘4764 | —'540 | "4398 ‘4572 | +°'165 | '2268
‘4772 | —670 | "3846 | 24103618 | +052 | 2377 4778 | —'530 | ‘4423 4590 | +°170 | "2300
‘4794 | —'677 | 3884 3641 | 008 | ‘2417 4791 | —'517 | ‘4446 "4607 | +°'137 | 2330
4308 | —'657 | "3909 3661 | —'035 | "2452 4804 | —'535 | ‘4469 4621 | +°122 | "2335
4827 | —'637 | "3942 3682 | —'o72 | ‘2490 4819 | —'525 | "4495 '4635 | +105 | 2380
‘3700 | —067 | 2521 ‘4834 | —'517 | ‘4522 ‘4652 | 4°102 | "2410
2408'4869 | +--o12 | ‘9300 3715 | —'120 | ‘2548 4847 | —'515 | '4545 '4666 | +o50 | ‘2434
4894 | +'003 | ‘9344 ‘3727 | —'137 | "2569 4862 | —°495 | 4571 4681 | 4045 | 2461
4915 | +'o17 | "9381 ‘3741 | —'137 | "2594 4878 | —°497 | "4599 ‘4694 | +°062 | 2484
"4948 | +°'007 | ‘9439 "3753 | —'165 | 2615 4892 | —'495 | 4624 ‘4715 | +'o15 | ‘2521
'4967 | +'037 | "9473 3766 | —172 | 2638 ‘4905 | —'480 | ‘4647 ‘4726 | +°020 | '2540
‘4987 | —'o05 | "9508 ‘3779 | —'217 | "2661 ‘4736 | +'038 | 2558
5000 | +'or0 | 9531 "3795 | — 262 | 2689 2414°3873 | —'540 | 3393 ‘4749 | —'o25 | "2581
‘5046 | —'o12 | ‘9612 ‘3807 | —*260 | ‘2710 ‘3892 | —°510 | ‘3427 ‘4760 | —'030 | ‘2600
‘5063 | +032 | '9642 3819 | —285 | 2731 3913 | —'512 | "3464 ‘4771 | —'o55 | 2619
‘5089 | +035 | ‘9683 3833 | —'315 | 2756 '3935 | —'545 | 3503 ‘4784 | —'o50 | '2642
5106 | 4010 | ‘9718 3845 | —335 | 2777 3956 | —'555 | 3540 ‘4799 | —'08o | 2669
‘5120 | +'002 | ‘9743 3857 | —'352 | 2798 3081 | —'542 | "3584 4813 | —'122 | "2604
‘5139 | —"005 | 9776 3870 | —375 | "28a1 ‘4043 | —'585 | '3603 4828 | —'125 | "2720
‘5154 | +'020 | ‘9803 3888 | —415 | 2853 4006 | —'590 | ‘3734 4840 | —'157 | "2741
‘5228 | 4020 | '9933 ‘3901 | —'427 | 2876 ‘4185 | —'580 | "3767 4854 | —'205 | "2765
‘5246 | +'032 | "9965 3915 | —'437 | "2901 ‘4113 | —'572 | ‘3817 4870 | —242 | "2794
3929 | —'465 | 2925 ‘4137 | —'595 | ‘3859 4883 | —270 | 2817
2409°4173 | —'297 | ‘5714 3947 | —'465 | 2957 ‘4157 | —'597 | "3805 4896 | —297 | 2840
4197 | —'310 | 5746 '3965 | —'502 | 2989 ‘4190 | —'577 | "3953 4908 | —322 | "2861
‘4220 | —282 | ‘5797 3980 | —°495 | ‘3015 ‘4217 | —'595 | "4000 4923 | —'330 | 2888
‘4240 | —277 | 5832 3995 | —°497 | ‘3042 ‘4240 | —'607 | "4040 4934 | —'390 | 2907
"4264 | —257 | '5875 4014 | —'5I0 | ‘3075 4267 | —'585 | ‘4089 4952 | —°332 | "2939
"4296 | —260 | '5031 4028 | —°'515 | "3100 4287 | —'587 | ‘4124 4960 | —°387 | '2953
‘4310 | —252 | ‘5956 4041 | —'522 | 3123 4305 | —'580 | "4156 4973 | —'387 | 2976
4328 | —245 | 5987 ‘4055 | —'537 | "3148 4335 | —'572 | "4209 *4986 | —'397 | 2999
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TABLE 11 (continued)

J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.
2 2430000 Am phase 2430000 Am phase 2430000 Am phase 2430000 Am phase
d m P d m P d m P d m P
24155002 | —'422 | ‘3027 | 2418'4652 | —'475 | 5335 2419°4901 | —'352 | "3416 | 24233477 | +'122 | 1471
‘5018 | —'410 | "3055 "4707 | —"450 | ‘5432 ‘4918 | —382 | 3446 "3493 | +'130 | ‘1499
‘5032 | —'415 | ‘3080 4730 | —'445 | "5472 ‘4931 | —'422 | '3469 . '3508 | +°130 | ‘1525
‘5046 | —'410 | 3105 4747 | —'437 | "5502 4945 | —'407 | '3493 3527 | +'142 | 1559
5005 | —'447 | "3138 4779 | —'432 | '5559 4969 | —'430 | "3536 ‘3541 | +'142 | ‘1583
‘5087 | —'425 | 3177 ‘4799 | —'425 | '5594 4982 | —'472 | "3559 3560 | 4170 | 1617
5099 | —'430 | 3198 4826 | —'425 | "5642 4994 | —'447 | 3580 ‘3587 | +'182 | ‘1665
‘5113 | —'440 | ‘3223 ‘4848 | —'422 | 5681 ‘5006 | —°452 | ‘3601 3604 | +°157 | ‘1695
5128 | —'447 | "3249 4879 | —'395 | ‘5735 5018 | —*480 | "3622 "3728 | +'200 | '1913
‘5145 | —'467 | "3279 4902 | —'382 | '5776 5030 | —'497 | ‘3643 ‘3747 | T°190 | '1947
5160 | —'452 | 3306 ‘4924 | —'377 | ‘5815 5046 | —°515 | "3672 3768 | 4200 | ‘1984
5173 | —'465 | "3329 ‘4942 | —'377 | "5846 "5059 | —'525 | "3695 ‘3784 | +'192 | ‘2012
5188 | —'460 | ‘3355 ‘4966 | — 365 | '5889 5074 | —'532 | "3721 ‘3798 | +°197 | 2037
5200 | —°'475 | ‘3376 ‘4983 | —'375 | '5919 5080 | —'537 | ‘3747 3813 | +187 | 2063
5206 | —'480 | ‘3387 ‘5004 | —°350 | ‘5956 ‘5113 | —°560 | ‘3790 3828 | 4207 | ‘2090
5228 | —'490 | *3426 5077 | —'322 | "6085 ‘5127 | —°'572 | 3814 3845: | 4202 | ‘2120
‘5244 | —'515 | "3454 5096 | —'330 | ‘6118 ‘5143 | —"600 | "3843 3862 | +'232 | 2150
‘5261 | —'520 | ‘3484 ‘5117 | —*327 | 6155 ‘5158 | —'580 | 3869 3878 | 4205 | 2178
‘5279 | —'520 | ‘3516 5172 | —'592 | 3894 3802 | +225 | 2203
‘5204 | —'525 | "3542 2419°3915 | 4220 | ‘1676 ‘5187 | —°622 | ‘3920 ‘3910 | +°2I5 | ‘2234
‘5311 | —'547 | "3572 '3957 | +"obo | ‘1750 5196 | —"622 | "3936 ‘3930 | +'200 | 2270
‘5325 | —'555 | '3597 3981 | 4170 | 1793 5221 | —'627 | ‘3930 3948 | 4220 | ‘2301
‘5339 | —'575 | '3622 4009 | 185 | ‘1842 5234 | —"647 | "4003 3966 | 4215 | "2333
‘5353 | —'555 | 3646 ‘4050 | +°157 | "1914 ‘5332 | —'630 | ‘4176 3983 | 4210 | 2363
°5366 | —'560 | "3609 4068 | 4210 | "1946 ‘5342 | —652 | "4104 3998 | +°177 | 2390
5384 | —'557 | "3701 ‘4092 | +°202 | ‘1989 5354 | —'675 | ‘4215 ‘4011 | +'197 | 2413
‘5400 | —'550 | '3729 ‘4120 | 4190 | "2038 ‘5370 | —'645 | "4243 ‘4053 | +'187 | 2487
‘5412 | —'565 | ‘3750 ‘4138 | +°175 | "2070 : 1 ‘4077 | +°142 | 2529
‘5425 | —'570 | 3773 ‘4193 | +o72 | 2167 2420°4075 | +°'045 | "9600 ‘4090 | +°155 | 2552
‘4234 | +°180 | 2239 ‘4089 | 4055 | ‘9625 ‘4101 | +°135 | ‘2571
24183830 | —°555 | "3885 ‘4250 | +°175 | "2267 ‘4103 | +-052 | ‘9650 ‘4119 | +°125 | ‘2603
3850 | —'610 | ‘3920 4266 | +°185 | "2296 ‘4117 | +'057 | ‘9674 ‘4133 | +°107 | 2628
3869 | —'600 | "3953 ‘4287 | +°165 | 2333 ‘4134 | +'070 | "9704 ‘4137 | -+087 | 2635
3884 | —610 | 3980 4311 | +°165 | "2375 ‘4151 | +067 | ‘9734 ‘4149 | +'087 | 2656
3891 | —*632 | 3992 ‘4328 | 4150 | 24053 ‘4198 | 4057 | ‘9817 ‘4160 | 4-°0bo | ‘2676
3915 | —'640 | ‘4035 4352 | +°157 | 2447 ‘4214 | 4065 | ‘9846 4170 | 4065 | 2693
‘3932 | —'632 | "4065 4368 | +°135 | "2475 ‘4230 | +075 | "9874 ‘4184 | +o55 | 2718
3045 | —"630 | "4087 ‘4384 | +°132 | 2504 ‘4243 | +'062 | "9897 ‘4195 | 055 | 2737
‘3960 | —645 | ‘4114 ‘4405 | +085 | 2541 4259 | +obo | '9925 ‘4204 | +'035 | 2753
3972 | —'645 | ‘4135 ‘4420 | 4067 | 2567 4276 | 4060 | "9955 ‘4215 | +022 | '2773
‘3990 | —'647 | ‘4167 ‘4434 | +'06o | *2592 4318 | 4097 | ‘0029 ‘4226 | 4005 | 2792
‘4004 | —'640 | ‘4192 ‘4445 | +'067 | "2611 ‘4330 | 4085 | ‘o050 ‘4239 | —oz0 | 2815
‘4025 | —'650 | ‘4229 ‘4458 | +-o10 | 2634 4346 | +°0b5 | ‘0078 ‘4255 | —042 | 2843
‘4037 | —'637 | ‘4250 ‘4471 | +-008 | 2657 ‘4360 | +'072 | ‘o103 ‘4265 | —-o47 | '2861
‘4051 | —'642 | ‘4274 '4494 | +ooz | 2698 "4374 | 1080 | o128 ‘4274 | —obo | 2877
4068 | —*640 | *4304 ‘4502 ‘000 | ‘2712 ‘4387 | +087 | ‘o151 ‘4287 | —'097 | ‘2900
‘4082 | —'620 | ‘4329 ‘4515 | —'028 | 2735 ‘4401 | +°080 | o175 ‘4298 | —'110 | 2919
‘4096 | —632 | "4354 4529 | —'055 | "2760 ‘4417 | +'100 | ‘0204 4311 | —'140 | '2042
‘4111 | —"625 | "4380 ‘4546 | —°085 | 2789 ‘4431 | +°095 | "0228 ‘4324 | —'167 | ‘2965
‘4123 | —'635 | ‘4402 ‘4569 | —'132 | 2830 ‘4446 | 4°102 | ‘0255 ‘4337 | —°172 | 2088
4137 | —'625 | ‘4426 ‘4587 | —°182 | 2862 4551 | +°102 | ‘0440 ‘4349 | —'187 | ‘3009
4164 | —'630 | "4474 4604 | —'195 | "2892 4572 | U095 | "o477 4361 | —'222 | "3030
‘4182 | —'625 | "4500 4623 | —"227 | "2925 4599 | +'085 | ‘0525 ‘4373 | —'255 | 3051
‘4204 | —'612 | "4544 4641 | —'292 | '2957 4634 | +085 | 0586 ‘4387 | —260 | "3076
‘4223 | —'610 | 4578 4655 | —'295 | 2982 4655 | +'obo | ‘0624 ‘4400 | —'275 | "3009
‘4251 | —'605 | ‘4627 4670 | —°282 | ‘3008 4683 | 4065 | "0673 ‘4415 | —'305 | ‘3125
‘4272 | —602 | 4664 ‘4690 | —'310 | "3044 ‘4710 | +'047 | "o721 ‘4426 | —'295 | "3145
4209 | —'590 | ‘4712 ‘4705 | —'327 | "3070 4728 | +007 | ‘0752 ‘4439 | —"295 | "3168
‘4317 | —'587 | "4744 ‘4721 | —'327 | 3098 ‘4749 | +'065 | ‘0789 ‘4452 | —'290 | ‘3191
‘4338 | —'587 | "4781 ‘4734 | —'322 | "3121 ‘4766 | 4040 | ‘0319 ‘4464 | —'330 | 3212
‘4442 | —'547 | 4964 ‘4752 | —'340 | 3153 4783 | + 062 | ‘0849 ‘4478 | —'325 | '3237
‘4458 | —'537 | '4992 "4760 | —"352 | "3183 4818 | 4080 | "oo11 ‘4491 | —'335 | ‘3259
‘4480 | —'537 | "5031 ‘4790 | —'335 | ‘3220 4839 | 4070 | ‘0948 ‘4505 | —'340 | '3284
4503 | —'525 | '5072 ‘4807 | —'330 | "3250 "4860 | 4070 | ‘0985 4522 | —'365 | '3314
‘4531 | —'512 | '5I2I ‘4824 | —'335 | "3280 4887 | +-o75 | '1033 4535 | —'382 | "3337
‘4549 | —'505 | ‘5153 4838 | —'357 | 3305 ‘4901 | 4075 | ‘1058 4548 | —'395 | '3360
'4570 | —'500 | "5190 4849 | —365 | "3324 '4933 | +'o90 | '1114 ‘4560 | —400 | 3381
4588 | —'490 | 5222 4861 | —'355 | ‘3343 4953 | +'100 | ‘1149 "4576 | —'420 | '3409
4608 | —'492 | ‘5257 ‘4872 | —'392 | "3365 4978 | 4095 | ‘1103 ‘4600 | —'415 | '3452
4633 | —485 | ‘5301 4886 | —'392 | "3389 5026 | 4094 | "1278 4611 | —'437 | "3471
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TABLE 11 (continued)

J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.

2430000 Am phase 2430000 Am phase 2430000 Am phase 2 2430000 Am phase
d m P d m P d m P d m P

2423'4623 | —'450 | ‘3492 | 2424°6005 | —'537 | ‘3572 2427'4402 | —762 | ‘3669 | 2432'4927 | —'o70 | 2804
4634 | —'455 | "3512 6018 | —'567 | 3595 ‘4413 | —"760 | '3689 ‘4942 | —'085 | 2831
4646 | —'457 | '3533 6032 | —'600 | ‘3620 ‘4425 | —785 | '3710 4956 | —'125 | 2855
‘4656 | —°470 | *3551 ‘6048 | —'615 | '3648 ‘4436 | —'8o0 | *3729 ‘4982 | —°160 | ‘2001
4669 | —'492 | "3573 6061 | —'620 | '3671 ‘4447 | —817 | "3749 4989 | —'192 | ‘2014
‘4682 | —'510 | *3596 ‘6075 | —'652 | '3606 ‘4463 | —'822 | *3777 ‘5011 | —'262 | 2953
4693 | —'532 | "3616 6091 | —'692 | '3724 ‘4475 | —'845 | "3798 5025 | —'310 | ‘2977
4703 | —'547 | 3639 6103 | —"705 | ‘3745 ‘4438 | —845 | 3821 5037 | —'325 | "2998
‘4719 | —'555 | "3662 6117 | —697 | 3770 ‘4499 | —865 | ‘3841 5049 | —'367 | ‘3020
‘4730 | —'587 | '3681 6130 | —"707 | ‘3793 4513 | —'870 | "3865 ‘5006 | —:390 | ‘3050
‘4743 | —'582 | 3704 6143 | —"732 | 3816 ‘4524 | —'887 | '3885 5001 | —°405 | ‘3094
‘4754 | —602 | 3723 6158 | —745 | 3842 4537 | —'875 | 3908 5102 | —'462 | 3113
‘4769 | —'650 | ‘3750 6174 | —765 | 3870 ‘4550 | —'860 | "3931 5117 | —'505 | "3140
4793 | —'672 | 3792 6187 | —"765 | 3803 4561 | —'862 | ‘3950 5140 | —'542 | ‘3180
‘4805 | —*660 | '3813 ‘6201 | —780 | ‘3018 ‘4572 | —'870 | 3969 ‘5160 | —'610 | '3215

6213 | —'782 | 3939 4584 | —875 | 3990 5169 | —'617 | ‘3231

2424'5222 | +°135 | ‘2191 6225 | —787 | "3960 ‘4595 | —*870 | ‘4010 ‘5183 | —'645 | ‘3256
‘5245 | +'195 | 2231 6245 | —785 | *3996 ‘4607 | —'870 | 4031 5197 | —'687 | '3281
5261 | +°207 | ‘2260 ‘6257 | —782 | ‘4017 ‘4618 | —*865 | ‘4050 ‘5212 | —*730 | ‘3307
5279 | +°202 | ‘2291 ‘4631 | —*857 | "4073 ‘5246 | —'820 | "3367
5292 | +'190 | 2314 | 2426'3395 | —'820 | ‘4251 ‘4642 | — 862 | ‘4093 5259 | —'830 | "3390
‘5305 | +°180 | 2337 3418 | —'802 | ‘4202 ‘4660 | — 842 | ‘4125 ‘5272 | —*850 | ‘3413
5346 | +'195 | ‘2410 ‘3442 | —807 | 4334 4664 | —'845 | ‘4132 5286 | —'9oo | "3438
5367 | +°170 | 2447 3471 | —"780 | '4385 4677 | —840 | ‘4155 5299 | —'897 | '3461
5381 | 160 | ‘2471 ‘3493 | —"770 | ‘4424 4689 | —'822 | 4176 ‘5312 | —'917 | "3484
‘5398 | +'140 | "2501 ‘3522 | —"755 | ‘4475 4699 | —815 | 4193 ‘5327 | —'925 | ‘3510
5418 | 175 | 2537 3552 | —'742 | '4528 ‘4713 | —'817 | 4218 5341 | —'900 | "3535
5424 | +'150 | "2547 3574 | —'735 | 4567 ‘4724 | —'812 | 4237 5355 | —'952 | '3559
5438 | +°'122 | 2572 "3595 | —"720 | "4604 ‘4736 | —832 | ‘4259 ‘5385 | —'955 | ‘3612
5467 | +105 | *2623 4143 | —'455 | '5571 ‘4751 | —815 | "4285 5398 | —'957 | '3635
5481 | +'100 | 2048 4165 | —'435 | ‘5610 ‘4762 | —'827 | 4305 5405 | —'990 | ‘3648
‘5495 | +080 | 2672 4187 | —'440 | '5648 ‘4775 | —'820 | ‘4327 5427 | —'957 | 3686
‘5499 | +08z2 | ‘2679 ‘4211 | —'420 | '5691 4790 | —"790 | ‘4354 5441 | —'952 | "371I
5511 | +°065 | "2701 4235 | —'430 | ‘5733 4808 | —"797 | 4386 5453 | —'950 | ‘3732
‘5522 | +'052 | 2720 4256 | —'402 | ‘5770 4821 | —"765 | ‘4409 5468 | —'962 | 3759
5534 | +'052 | ‘2741 5483 | —'925 | "3785
5548 | o045 | 2766 | 2427°3952 | —'0b5 | 2876 2431°3450 | +°'137 | '2557 5497 | —'935 | "3810
‘5559 | +022 | 2785 3965 | —'085 | 2898 '3467 | +'122 | 2587 5511 | —'935 | "3835
‘5572 | 400z | 2808 ‘3980 | —'130 | ‘2925 3488 | 4105 | 2624 ‘5525 | —'925 | "3859
5584 | —'032 | 2829 3997 | —'152 | "2955 "3506 | 4075 | "2656 5539 | —'912 | "3884
5595 | —'048 | 2849 4009 | —'150 | "2976 ‘3530 | +062 | 2698 5599 | —'807 | ‘3990
5607 | —077 | 2870 ‘4024 | —'180 | "3003 ‘3554 | +'055 | 2740 5612 | —'855 | "4013
‘5620 | —'080 | 2893 ‘4056 | —'250 | ‘3059 ‘3572 | —'o10 | ‘2772 5625 | —'860 | ‘4036
5637 | —°135 | ‘2923 4068 | —*260 | ‘3080 3591 | —'042 | ‘2806 5638 | —'832 | ‘4059
5653 | —°I152 | ‘2051 ‘4082 | —'260 | ‘3105 3613 | —'092 | ‘2844 ‘5651 | —'80z | *4082
5667 | —'195 | "2976 ‘4093 | —'260 | ‘3124 3629 | —125 | 2873 5664 | —'845 | 4105
5681 | —'235 | "3001 ‘4108 | —'292 | ‘3151 3644 | —'145 | ‘2899
5605 | —'255 | "3025 4119 | —'325 | "3170 ‘3657 | —'185 | 2022 | 2433'3422 | —'o47 | 7791
‘5709 | —*282 | ‘3050 ‘4130 | —*312 | ‘3190 3672 | —'207 | ‘2049 3446 | —'002 | 7833
‘5723 | —282 | "3075 ‘4142 | —'325 | "3211I 3684 | —'240 | 2970 3467 | +ro07 | 7870
5736 | —'315 | ‘3098 ‘4155 | —'365 | "3234 3697 | —'265 | 2993 "3488 | +-005 | “7907
‘5749 | —'320 | ‘3121 4169 | —'377 | 3258 "3708 | —'305 | ‘3012 ‘3505 | +ro22 | 7937
5764 | —'312 | 3147 4182 | —'400 | '3281 3721 | —'322 | ‘3035 3523 | +'022 | "7969
5778 | —'330 | ‘3172 ‘4194 | —'410 | ‘3302 ‘3732 | —'347 | 3054 ‘3540 | +o17 | *7999
5795 | —'335 | 3202 4205 | —'415 | '3322 ‘3743 | —'365 | '3074 3561 | +-027 | 8036
5811 | —'337 | '3230 4217 | —'455 | "3343 '3755 | —'392 | "3005 3582 | +'042 | 8073
5823 | —'362 | "3251 ‘4229 | —°465 | *3364 3766 | —420 | ‘3114 ‘3603 | +-045 | ‘8110
5837 | —'352 | 3276 ‘4241 | —'475 | "3385 ‘3786 | —'455 | 3150 "3620 | +-o42 | ‘8140
‘5850 | —°387 | 3299 ‘4253 | —'480 | '3407 '3797 | —'492 | "3169 ‘3641 | +'o52 | 8177
5865 | —'362 | ‘3325 4258 | —'495 | "3415 3809 | —'495 | "3190 3662 | 4-'o47 | ‘8214
‘5878 | —*370 | '3348 ‘4278 | —'532 | "3451 3820 | —'530 | ‘3210 3682 | +o42 | ‘8250
5890 | —'392 | '3369 4294 | —'565 | '3479 3831 | —'550 | "3229 3703 | +078 | 8287
5903 | —'425 | '3392 4306 | —°592 | 3500 3841 | —'565 | 3247
"59I5 | —'407 | ‘3412 4315 | —'615 | '3516 3856 | —'605 | 3273 | 2440°3365 | +'o62 | ‘1183
5928 | —'437 | 3436 4328 | —'640 | "3539 3380 | +'o42 | ‘1209
‘5041 | —'460 | "3459 ‘4340 | —'665 | ‘3560 2432°4848 | +080 | *2665 3398 | 4018 | ‘1241
‘5953 | — 462 | '3480 ‘4352 | —°662 | *3581 ‘4865 | 4040 | .2695 3418 | 4052 | '1276
‘5966 | —°495 | "3503 4365 | —'680 | 3604 4881 | +ro25 | 2723 3432 | +'050 | "1301
‘5979 | —'517 | 3526 ‘4377 | —"715 | "3625 4898 | —r020 | 2753 3448 | +°105 | '1329
5992 | —'5I5 | ‘3549 4390 | —"745 | "3648 4913 | —'032 | 2780 ‘3615 | +°100 | 1624
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J.D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.

> 2430000 Am phase | 2430000 Am phase 2430000 Am phase | 2430000 Am phase
d m P d m P d m P d m P

2440'3630 | +°'100 | ‘1650 | 2444'4333 | —'882 | '3457 | 2453'5113 | —°700 | ‘3609 | 2461°4534 | —'690 | ‘3722
*3645 | +095 | ‘1677 ‘4358 | —'885 | "3501 5136 | —'675 | ‘3650 4545 | —'702 | ‘3741
*3674 | +100 | ‘1728 4369 | —885 | "3521 5183 | —'692 | '3733 4558 | —'692 | 3764
36091 | +°145 | ‘1758 ‘4375 | —'872 | "3531 5203 | —'685 | ‘3768 ‘4571 | —"685 | 3786
‘3706 | +'140 | '1784 ‘4385 | —855 | "3549 5220 | —'685 | "3808 ‘4584 | —705 | 3810

‘4411 | —*852 | "3505 5246 | —688 | "3844 4597 | —'698 | ‘3833

2441°5611 | —°440 | 2787 ‘4422 | —'852 | "3614 ‘5293 | —°690 | 3927 ‘4624 | —*710 | 3880
5628 | —'478 | 2817 ‘4434 | —'848 | 3636 5314 | —"658 | "3964 4639 | —'712 | 3907
5645 | —'538 | 2847 4445 | —818 | ‘3655 ‘5334 | —"648 | 3999 4652 | —"708 | "3930
‘5664 | —'568 | 2880 ‘4463 | —'8oz | 3687 ‘4664 | —715 | *3951
‘5681 | —618 | 2910 ‘4477 | —*8o0 | 3711 2461°3418 | +'150 | ‘1752 *4676 | —*705 | ‘3972
‘5698 | —°658 | ‘2940 ‘4491 | —'8oo | ‘3736 ‘3442 | +°180 | ‘1795 ‘4692 | —*715 | ‘4000
‘5713 | —'690 | 2967 4503 | —780 | "3757 ‘3458 | +'160 | '1823 4704 | —"715 | ‘4022
‘5730 | —'712 | "2997 '4516 | —780 | 3780 ‘3474 | +'180 | ‘18352 ‘4714 | —'688 | ‘4039
5744 | —745 | ‘3021 ‘4529 | —782 | ‘3803 ‘3491 | +°182 | ‘1882 4730 | —'660 | "406%7
*5766 | —3812 | "3060 4541 | —762 | "3824 '3509 | +°198 | ‘1913 ‘4747 | —"708 | ‘4097
5782 | —825 | 3088 4554 | —"755 | ‘3847 3526 | +°182 | ‘1943 4762 | —'718 | 4124
‘5798 | —'845 | "3117 ‘4565 | —"748 | *3867 ‘3548 | +'205 | ‘1982

‘4581 | —718 | ‘3895 3573 | +°208 | ‘2026 2465°3299 | +°122 | 2106

2444°3596 | +°152 | ‘2157 ‘4594 | —718 | ‘3918 ‘3600 | +°'195 | ‘2074 3317 | +°182 | 2142
‘3604 | +°148 | 2171 ‘4613 | —718 | *3951 3623 | +°188 | 2114 *3332 | +°180 | 2168
3632 | 4140 | '2221 4626 | —710 | ‘3074 3646 | 4185 | 2155 3349 | +°182 | 2198
3649 | +°142 | ‘2251 4638 | —710 | ‘3995 3676 | +°142 | 2208 3366 | 4202 | ‘2228
3679 | +°112 | "2304 ‘4653 | —'715 | ‘4022 3705 | +°138 | 2259 3386 | +-155 | 2263
3693 | 4050 | 2328 3738 .| +°138 | 2317 3393 | +°165 | 2276
3704 | +°'110 | 2348 | 2453'3953 | +'112 | "1563 3763 | +'125 | "2361 3405 | +°202 | ‘2297
3716 | 092 | *2369 3973 | +'172 | ‘1598 3784 | +°128 | ‘2398 ‘3420 | +°162 | ‘2323
3730 | +'052 | 2394 3996 | +:148 | 1639 3799 | +°132 | 2425 ‘3440 | +°:188 | 2359
3744 | 028 | ‘2418 ‘4016 | +°158 | "1674 ‘3830 | +-115 | 2480 ‘3455 | +°165 | ‘2385
'3763 | +oo5 | 2452 ‘4053 | 4188 | '1739 3849 | +062 | 2513 3470 | +'155 | ‘2412
3777 | —'020 | ‘2476 ‘4076 | +°182 | ‘1780 3865 | +°0bo | ‘2541 3485 | +°142 | ‘2438
3784 | —052 | 2498 ‘4099 | +°200 | ‘1820 3888 | 4022 | 2582 3502 | +°128 | 2468
‘3804 | —'095 | ‘2524 ‘4117 | 4188 | 1852 ‘3919 | —-018 | 2637 3524 | 120 | ‘2507
3818 | —'150 | *2549 ‘4138 | 4160 | ‘1889 ‘3933 | —'052 | 2661 3539 | 4105 | 2533
3834 | —'182 | ‘2577 ‘4161 | 4200 | "1930 ‘3948 | —-078 | 2688 3553 | 4068 | ‘2558
3843 | —248 | 2503 ‘4188 | +182 | ‘1977 ‘3962 | —'100 | "2713 3567 | +o52 | ‘2583
3864 | —280 | 2630 ‘4213 | +°178 | 2021 3979 | —'128 | ‘2742 ‘3580 | 4070 | 2606
3875 | —'338 | 2649 4238 | +°148 | 2065 3997 | —'180 | 2774 3594 | +'022 | ‘2630
3886 | —°382 | 2669 ‘4261 | 4155 | ‘2106 ‘4010 | —*2I2 | ‘2797 ‘3610 | +°018 | ‘2658
‘3914 | —'470 | ‘2718 ‘4284 | 4165 | 2147 ‘4024 | —'230 | ‘2822 3627 | —oo5 | ‘2688
3928 | —'550 | 2743 4311 | +°138 | 2104 ‘4042 | —'272 | 2854 3643 | —'038 | 2717
3940 | —'540 | "2764 ‘4335 | +'118 | 2237 4059 | —'310 | 2834 3658 | —'045 | ‘2743
3951 | —'572 | ‘2783 ‘4360 | 4115 | 2281 ‘4072 | —'332 | ‘2907 3671 | —'o70 | 2766
3964 | —"610 | ‘2806 ‘4393 | +-080 | 2339 ‘4086 | —'362 | ‘2031 3688 | —'135 | ‘2796
3976 | —'640 | ‘2828 ‘4413 | +°0bo | ‘2374 ‘4101 | — 382 | '2958 3703 | —'132 | ‘2823
3087 | —"655 | 2847 4436 | +045 | 2432 ‘4121 | —°392 | 2993 ‘3719 | —'160 | "2851
3999 | —'685 | 2868 ‘4459 | +'010 | "2455 ‘4140 | —'395 | "3027 ‘3722 | —'220 | 2874
‘4011 | —v700 | "2889 4470 | —'052 | 2475 4159 | —'392 | "3060 3745 | —'242 | 2897
‘4029 | —"748 | ‘2921 4503 | —'115 | "2533 ‘4178 | —'405 | "3004 "3758 | —'320 | 2920
‘4040 | —"782 | '2940 4526 | —'170 | *2574 ‘4197 | —398 | ‘3127 3780 | —'352 | 2974
‘4054 | —"795 | 2965 4548 | —202 | 2612 ‘4212 | —'400 | ‘3154 ‘3801 | —"352 | 2995
‘4066 | —'808 | *2986 ‘45609 | —*270 | ‘2649 ‘4227 | —°395 | ‘3180 3813 | —362 | '3017
‘4077 | —818 | *3006 ‘4590 | —°325 | ‘2686 ‘4253 | —'420 | ‘3226 3827 | —°362 | ‘3041
‘4097 | —'842 | "3041 4612 | —°'372 | "2725 4267 | —'435 | "3251 "3841 "350 | ‘3066
‘4112 | —'852 | ‘3007 4635 | — 418 | ‘2766 4281 | —'452 | 3275
‘4125 | —'855 | "3090 4659 | —"480 | ‘2810 4301 | —'485 | 3311 | 24783722 | +'145 | 2199
‘4136 | —850 | "3110 4680 | —'532 | 2845 4317 | —'492 | "3338 3775 | +°'135 | 2292
‘4153 | —'880 | 3140 ‘4708 | —'530 | ‘2895 4330 | —'510 | "3362 3809 | +098 | 2352
‘4167 | —'895 | "3164 ‘4729 | —'570 | 2932 4347 | —'518 | '3392 3827 | +'080 | 2384
‘4182 | —'892 | 3191 ‘4751 | —'570 | "2970 ‘4367 | —'548 | "3427 3848 | +ro50 | "2421
'4193 | —'895 | ‘3210 ‘4779 | —'588 | ‘3020 4382 | —'552 | "3453 3868 | o025 | ‘2456
‘4206 | —'898 | ‘3233 4301 | —'588 | "3059 ‘4399 | —'575 | "3483 3800 | —'005 | ‘2495
‘4217 | —'908 | 3253 4822 | —'630 | ‘3006 4408 | —'500 | "3499 ‘3907 | —'045 | ‘2525
‘4245 | —'018 | 3302 ‘4847 | —645 | "3140 ‘4422 | —'590 | ‘3524 ‘3922 | —'058 | 2552
4259 | —'922 | "3327 ‘4870 | —650 | '3180 ‘4435 | —'608 | "3547 3933 | —'082 | "2571
‘4274 | —'912 | '3353 ‘4892 | —'655 | 3219 ‘4448 | —'635 | "3570 ‘3946 | —08o | "2504
‘4284 | —'910 | 3371 ‘4913 | —°665 | ‘3256 ‘4461 | —°645 | "3593 3961 | —°122 | ‘2620
4206 | —'890 | '3392 "4943 | —'688 | ‘3309 ‘4476 | —'660 | 3619 3973 | — 168 | 2642
‘4306 | —'898 | 3410 4976 | —665 | "3367 ‘4506 | —'675 | "3672 3984 | —'205 | 2661
‘4319 | —'890 | "3433 4998 | —692 | 3406 ‘4520 | —"700 | "3696 ‘3998 | —215 | '2686
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Z‘I
=4 .D. Hel. J.D. Hel. J.D. Hel. J.D. Hel.
‘E% ! { 2430000 Am phase 2430000 Am phase 2430000 Am phase 2430000 Am phase
o
=t d m P d m P d m P d m r
24784009 | —‘242 | ‘2705 24784320 | —765 | ‘3254 24863052 | +°'142 | 2151 24863607 | —"692 | "3130
‘4021 | —°265 | ‘2726 ‘4331 | —762 | "3273 ‘3073 | +°125 | 2188 3629 | —'740 | ‘3169
4032 | —'279 | ‘2746 4345 | —788 | ‘3208 ‘3092 | +'140 | ‘2221 3646 | —'758 | 3199
‘4046 | —'322 | ‘2770 ‘4356 | —812 | '3317 ‘3124 | +°105 | ‘2277 3666 | —*760 | ‘3234
4061 | —'342 | 2796 4366 | —815 | ‘3335 3144 | o075 | 2313 3683 | —762 | '3264
‘4071 | —'395 | ‘2814 4378 | —828 | ‘3356 3165 | +'0b62 | '2350 ‘3700 | —*780 | ‘3204
‘4081 | —'412 | '2832 ‘4396 | —'832 | *3388 3187 | +o12 | 2389 ‘3720 | —*768 | ‘3329
‘4092 | —'412 | 2852 4406 | —'812 | ‘3405 "3203 | +'000 | 2417 3739 | —"772 | '3363
‘4103 | —'430 | 2871 ‘4410 | —850 | ‘3413 ‘3224 | —'035 | 2454 3761 | —'772 | ‘3402
4118 | —°452 | 2897 4429 | —'852 | 3446 3245 | —'002 | ‘2491 3779 | —788 | 3433
‘4129 | —°'475 | 2917 ‘4440 | —862 | "3465 3264 | —'087 | ‘2525 ‘3799 | —"772 | "3469
‘4140 | —'472 | 2936 ‘4453 | —'855 | "3488 3282 | —'142 | "2556 3814 | —"772 | "3495
‘4151 | —'510 | "2956 4464 | —'845 | ‘3508 3299 | —'165 | 2586 3837 | —"765 | 3536
4163 | —'538 | 2977 ‘4475 | —'828 | '3527 3320 | —'242 | '2624 3857 | —"758 | "3571
4186 | —'555 | 3017 4485 | —'828 | '3545 3338 | —292 | 2655 3873 | —"755 | 3599
4197 | —'585 | '3037 ‘4497 | —828 | 3566 3360 | —'332 | 2604 3889 | —755 | "3627
‘4208 | —*600 | ‘3056 ‘4507 | —'822 | '3584 ‘3380 | —°360 | ‘2729 3908 | —747 | 3661
4218 | —'630 | '3074 4518 | —'835 | "3603 3403 | —'425 | "2770 3924 | —"732 | 3689
‘4229 | —'652 | "3003 ‘4529 | —'835 | '3622 3439 | —'438 | 2833 3940 | —"747 | '3717
‘4239 | —'662 | '311I 4543 | —'832 | '3638 3458 | —'500 | 2867 ‘3958 | —"732 | "3749
‘4249 | —'662 | 3128 ‘4554 | —'825 | ‘3658 3476 | —'485 | 2899 ‘3974 | —"708 | 3777
‘4259 | —'682 | "3146 4567 | —835 | ‘3681 3500 | —'550 | ‘2041 '3992 | —708 | ‘3809
‘4269 | —'692 | ‘3163 ‘4578 | —*815 | ‘3700 ‘3521 | —'580 | ‘2978 ‘4020 | —'682 | '3858
‘4280 | —705 | '3183 4588 | —808 | *3717 3536 | —'612 | *3005 ‘4036 | —'678 | 3887
4290 | —"725 | ‘3201 "4594 | —"788 | '3737 ‘3556 | —"622 | ‘3040 ‘4054 | —'672 | '3918
"4300 | —742 | ‘3218 4610 | —'798 | ‘3757 3573 | —'658 | ‘3070 ‘4076 | —'670 | '3957
‘4310 | —*752 | *3236 ‘3589 | —*680 | ‘3008 ‘4091 | —'662 | ‘3984
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