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Summary. During the years 1969 to 1973 photoelectric
observations of lunar occultations have been obtained
at the Hamburg Observatory with the 60cm f:15
refractor. A total number of 195 observations, including
four occultations of the Pleiades stars, has been recorded,

49 of which are reappearance events. For 11 stars a
duplicity is indicated and 6 angular diameter determi-
nations could be obtained.
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1. Introduction

Photoelectric observations of lunar occultations were
started in April 1969 as a routine program with the
60cm f:15 refractor of the Hamburg Observatory.
A pulse counting photometer with an on-line PDP 8/S
small computer for data storing and processing has
been used. The photometer head has been provided
with a special offset guiding equipment which permits
the observation of reappearance events. A detailed
description of the photometer, the electronics and the
operational modus has been given in (de Vegt et al.,
1968, 1970, 1971). During the observation period the
photometer was operated with different photomulti-
plier- and filter combinations which are indicated in
column 9 of Table 1. Since November 1971 a
RCA 4526V1-tube has been used which has proved to
be very satisfactory for this kind of work due to its high
quantum efficiency and broad spectral response.

A total number of 195 occultations, 49 of these being
reappearance events, have been observed, 11 stars have
been found to be doubles, and angular diameters could
be determined for 6 late-type stars (de Vegt, 1976).

II. Reduction of Observations
1. Method of Reduction

The occultation event of a single star can be described
in general by the usual (monochromatic) Fresnel
diffraction pattern F(w) of a point source at a straight
edge. The natural unit @ is expressed by the actual
parameters of interest such as w=arcl” v, - t(2d/A)*/?
where d denotes the moon’s distance from the observer
and A the wavelength of observation. For a detailed
discussion see (Dierks and Hunger, 1952; Nather and
McCants, 1970).

As actual observations will be obtained with an extended
spectral bandpass, the response S(4) of the photo-
electric equipment, including the transmission of the
telescope optics and atmosphere, together with the
stellar energy distribution I*(1) has to be taken into
account. Data for stellar energy distributions have been
taken from Lamla (1965) and O’Connell (1973).

For the observed occultation trace I(t;) we have then
the relation

189 =5, | S 1%0) Flare Vst~ 1) Qa7 di+ Yo
A1
A (1)

where ¢; is the time of observation at the i-th data point
and the four unknown parameters:

t,=time of geometric occultation,

Y, =sky background,

6, =scale factor proportlonal to 1ntens1ty of star,
v,=actual velocity at moon’s limb (see Section 11.2)

which are then obtained by a nonlinear least squares
adjustment procedure.

In the case of a double star the corresponding diffraction
pattern Ijt;) is the linear superposition of two point
source patterns; thus we obtain

I(t)=46, }2 S(A)I*(A) Flarc1”v,(t;— to,)-(24/2)/?] dA

+6, j S()IE(A)FLarc 1"v,(t,— to,)-d/A)Y?1dA+ Y,
2

which contains the additional two unknown parameters
to, and &, In the case of a previously unresolved

double star one has to make the approximation
IT(A)=15()=1*(J), where I*(1) denotes the stellar
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Table la: Results of photoelectric occultation observations

Date DM-No. Sa0-No. m,  Sp. Type Time[UTC] o(T)[ms] Slope[®] Remarks
1 2 3 4 5 6 7 8 9
1069
29. 4. - 4°3206 138832 6.18 gGO D 20"07"27%627 : 2 § @
19. 6. 16°2010 98717 8.3 Xo D 2106 43.413 7 42.8:14.9 Q)
2.8, 24°601 76368 9.0 Ao R 233010.768 3 7.0 2.9 [¢8)
2. 9. 24°603 76370 9.0 F8 B 23 45 13.800 200 visual
4.9, 27°858 77521 9.1 A B 231819.251 3 w
5. 9. 27°888 77625 5.52 gG7 D 00 31 48.200 500 visual
s.9. 21°888 77625 5.52 gG7 R 01 27 56.488 1 - 9.4 2.4 diameter a)
8. 9. 28°9017 77637 9.0 B B 0146 14.980 6 3.719.1 (e8]
5. 9. 28°920 77645 8.7 BS R 01 57 51.427 8 2.3 9.2 [eH]
30. 9. 23°516 76155 3.88 B7III D 02 22 16.300 300 visual
30. 9. 23° 495 76104 8.3 AS R 0227 50.706 9 17.5 27.6 @
30. 9. 23°505 76126 5.45 B7IV R 02 50 38.195 1 [¢3})
%30, 9. 24°547 76140 4.30 B6V R 03 23 03.191 1 2.6 6.4 double? (2)
30. 9. 323° 516 76155 3.88 B7III R 03 37 40.208 2 - 1.6 19.8 )
30. 9. 24° 553 76159 5.76 B8V R 03 48 56.426 1 8.2 3.0 ($3)
20.10. -15%6143 164868 6.6 Ao D 17 1543.519 - 2 -12.8 5.0 @)
%10.12. 19° 403 93062 5.66 AoV D 31 03 00.957 1 1.2 1.5  pAri,double (3)
28.13:  10°2153 99138 8.8 F¥S R 23 34 03.200 500 visual
20.12. 10°2160 99153 7.6 P8 B 00093065 4 9.0 4.9 )
29.12  10°2166 118355 3.85 BlIb D 02 11 47.870 200 visual
% 20.12. 10°2166 118355 3.85 BlIb R 03 30 01.040 2 -21.4 1.3 gleo,double (3)
. 1970
13. 1. 6° 105 109470 5.92 D 191611.238 2 - 1.9t 2.6 )
13. 1. 6% 107 109474 4.43 KXSIII D 19 33 27.066 1 6.4 8.4 dianmeter )
17. 1. 25° 678 76472 7.5 Ko D 1737 29.700 500 0.6 0.3 clock error,10 ms (3)
17. 1. 25° 682 76500 8.5 FS5 D 19 35 20.008 3 -5.1 0.8 10ms )
17. 1. 25° 685 76514 7.6 GS D 211346.418 3 -0.2 0.5 10ms 3)
6.48 ATV D 18 11 41.042 1 5.0 3.8 §f )
5.66 AoV D 19 09 04.649 1 0.9 0.4 phridouble (3)
7.8 G5 D 19 25 22.313 1 )
8.1 @S D 19 29 09.807 1 10 ms )
6.44 ar3 D 315419.882 2 10 ms,ADS 33538 (3)
6.44 arz D 215424234 2 1.9 1.2 10 ms,ADS 3383A (3)
8.7 a8 D 20 36 06.953 1 0.4 03 10ms ©)
7.5 Go D 21 28 01.65¢ 3 20.0 4.5 double ®)
7.5 Go D 21 28 01.881 1 5.0 3.3 double )
6.7 38 D 214014192 1 3.0 0.5 ()
6.39 KIIII D 23 53 07.857 1 -20 18 )
8.6 AS D 211121840 1 -3.1 0.5 10ms )
7.6 D 21 54 29.684 1 2.2 0.3 10ms ®)
%o D 23 38 21.521 1 0.7 0.4 10ms )
Azv D 22 07 25.428 1 -1.1 1.4 (s)
Xo D 21 47 32.211 1 10 ms )
x2 D 2128 18.773 1 2.5 0.2 10ms )
Xo R 221317.263 3 5.1-28.4 )
AoV B 234351000 3 2.2 1.4 uAridouble (3)
BSV D 03 18 04.600 500 visual
BV B 02 41 56.874 500 visual
Xo B 00 1418.910 4 - 0.7t 0.5 10ms )
¥ B 32 45 38.420 1 double? )
¥o B 000804.689 5 1.4 5.2 (6]
Xo R 004621757 4 -4.1 3.6 (3)
Xo B 00 57 19.142 1 1.5 6.2 3)
a0 R 01 20 23.347 2 )
Gs B 01 2528.555 4 - 7.646.0 )
] D 17 24 00.088 1 double? )
Eo D 1801 44.113 . )
8 D 19 40 34.983 7 -44.4 13.2 3
BTIV D 31321 49.700 500 visual
BSV D 321 37 51.500 500 visual
Az D 21 48 15,700 500 visual §8%
BTIII D 21 54 13.500 500 visual
BV R 22 49 06.202 1 152 6.4 [O)
UBTIII R 32 59 14.743 1 - 4.4 27 [6)
13.11. 24° 553 76150 B8V R 23 12 53.388 3 20.8 9.4 [63)
3.12, -15%6022 164144 GS .D 1805 29.322 3 0.3 0.5 10ms )
23.12. -14%3739 157998 o2 R 04 20 21.887 4 -7.0 5.1 )
51.12. -15%042 164591 D 16 18 38.500 500 visual
1971
2.1 - 2°5971 146730 8.7 X2 D 17 08 18.300 500 visual
2. 1. - 1°%4443 146735 7.1 Go D 18 01 12.674 1 0.0 0.4 10ms “
2. 1. - 1°%450 146756 6.46 gK1 D 18 54 40.976 1 100 1.8 “*)
2. 1. - 1°451 146761 8.8 F8 D 10 2457.545 2 -8.4 3.3 10ms [0
3. 1. 6° 40 109161 8.7 Xo D 1503 54.713 3 - 32.0:0.7 10 ms )
3.1, 8° 47 108171 9.2 Xo D 19 31 31.162 5 -18.9 4.0 10ms “)
1.2, 15°273 9263 8.2 Ko D 18 38 12.698 1 3.8 5.4 “)
3.2, 24°546 76137 5.65 BSV D 19 11 22.965 1 -0.513.9 “)
4.3 2°mm M 1.9 ¥ D 19 25 37.002 8 -22.4 2.7 )
4.3. 27°704 77266 7.9 Fo D 22 55 46.166 4 -12.118.8 ()
5.3, 26°870 77322 5.69 BSIII D 00 25 44.155 3 6.0 1.7 ADS 42084  (4)
6. 3. 24°1627 79308 8.8 K5 D 19 52 06.600 7 4.8 2.6 “
*29. 4. 251446 78778 7.2 X2 D 21 51 06.547 32 - 4.0 3.1 double )
*20. 4. 261446 78778 7.2 K2 D 21 51 07.001 1 -4.0 3.1 double )
30. 4. 23°1780 79607 6.05 K5 D 19 50 15.731 1 25.6 0.8 )
30. 4. 23°1790 79619 8.8 A7 D 20 14 38.974 3 -29.0 10.1 )
30. 4. 23°792 79621 8.1 Ko D 20 24 33.148 1 8.2 5.7 )
1. 5. 19°2047 97965 8.5 Ao D 22 07 47.364 2 11.210.5 )
1.5. 19°2049 97971 8.6 A2 D 22 20 11.483 2 21.9 14.3 )
3. 5. 10°2112 98964 4.43 K4III D 20 45 44.901 1 - 4.9 1.0 diameter (4)
3. 5. 10°2116 118138 7.5 Mo D 21 55 ¢6.362 2 -17.7 6.9 ®)
2. 9. -10°5921 163869 7.6  Fo D 21 20 18.052 1 10 ms )
2. 9. -19°5928 163887 6.8 D 22 14 25.644 1 -04 09 10ms ®)
7.9, 11°164 92351 8.9 G5 R 195852475 5 10 ms ®)
7.9. 12°169 92402 8.9 X2 B 22 29 23.619 3 -19 3.1 ®)
1. 9. 25° 710 76599 7.7 FS R 00 30 34.051 1 10.713.1 )
29. 9. -22°538¢ 189114 5.96 GBIV D 18 58 24.824 1 -1.5 0.3 ®)
6.10. 20° 484 75673 4.6 AV R 2320 50.614 4 5.4 2.9 4 mS;ADS 2257A (12)
6.10. 21° 357 75671 6.7 A3 R 23 52 85.768 2 4 nBADS 2253A (12)

1 2 3 4 5 6 7 8 9
26.10. -23°15872 188737 7.6 A2 D 17 27 51.912 1 0.6: 1.5 (6)
26.10. -23°15870 188736 8.5 Ko D 17 39 51.624 6 -18.3 8.1 (6)
26.10. -23°15885 188756 8.9 Fo D 18 02 36.948 2 -5.8 3.7 4 ms 6)
27,10, -18° 5805 163975  5.91 gKo D 20 07 59.987 1 7.0 1.8 9
29.10. - 7° 5818 146186 8.5 Ko D 17 35 31.805 1 0.5 0.2 10 ms (9)
20.10. - 7° 5825 146227 8.9 G5 D 19 17 39.623 1 0.0 0.3 10 ms (®)
29.10. - 7° 5828 146233 8.9 G5 D 19 41 02.011 1 -1.3 0.2 10 ms 9
29.10. - 7° 5827 146232 7.1 Go D 19 53 07.834 1 -5.4 0.9 (9
29.10. - 7° 5830 146243 9.1 Go D 20 46 18.480 2 2.5 0.7 (9)
29.10. - 6° 6052 146247 8.6 Go D 21 01 39.883 1 -0.5 0.3 (9)
29.10. - 6° 6060 146264 9.1 Ko D 21 24 18.455 1 -3.0 1.3 (®)
29.10. - 7° 5839 146275 8.1 Ko D 21 48 06.939 2 -0.3 0.3 9
30.10. - 1° 4440 146725 7.8 F8 D 17 07 48.837 1 0.2 0.4 9)
30.10. - 1° 4446 146749 8.6 K2 D 18 29 46.789 1 -0.2 0.3 (9)
30.10. - 0% 4520 146744 9.0 X2 D 18 37 56.770 3 1.7 0.7 (®)
6.11. 25° 1406 78682 2.99 G8Ib D 22 23 51.800 500 visual
6.11. 25° 1406 78682 2.99 GBID R 23 26 10.581 1 -6.9 4.7 diameter (9)
24.11. -15° 5990 164410 9.2 Ko D 16 55 17.196 3 -1.8 1.2 10 ms (9)
24.11. -15° 5992 164420 9.0 Go D 17 36 13.445 4 0.9 0.4 10 ms 9)
20.12. 23° 507 76131 3.69 B6III D 00 40 29.893 1 (11)
20.12. 23° 505 76126 5.45 BIIV D 00 42 20.640 1 -8.2 1.8 (11)
20.12. 23° 516 76155 3.86 BTIII D 01 12 56.272 1 -2.4 0.5 (11)

* 20,12, 23° 522 76172 4.16 BEIV D 01 36 47.459 1 1.1 0.2 (11)
20,12, 23° 536 76192 8.1 Ao D 01 44 48.374 1 8.1 4.1 an

* 29,12, 23° 541 76199 2.86 B7III D 01 48 36.821 1 1.1 0.6 double (11)
29.12. 23° 553 76216 6.6 Ao D 02 13 26.501 2 -5.0 9.9 (11)
29.12. 23° 558 76229 5.09 BSp D 02 29 12.182 1 (1)

* 29,12, 23° 557 76228 3.62 BSIII D 02 34 47.193 1 -17.3 0.8 doudble (11)

) 1972

* 20. 2. 21° 397 75671 6.7 A3 D 17 41 38.061 2 - 2.1% 4.4 ADS 22538 (10)

* 20, 2. 21° 397 75671 6.7 A3 D 17 41 39.065 2 -5.2 4.9 ADS 2253 (10)
20. 2. 21° 396 75670 8.4 Ao D 17 56 28.670 3 -17.6 57 )
22, 2. 26° 783 76955 6.6 BS D 19 §6 53.762 1 7.1 3.6 (10)
22. 3. 26°789 76970 7.58 GSIV D 20 52 25.714 2 2ms (10)

15° 251 92588 7.6 Xo D 19 03 44.433 1 1.2 1.9 (8)
19° 409 75545 8.6 Ko D 19 47 21.462 2 (9)
20° 458 75558 8.0 Ao D 20 19 29.799 1 2 ms (9
23° 507 76131 3.69 BEIII D 101255572 2 -9.2 0.5 double (1)
23° 510 76145 8.1 A3 D 19 24 11.870 1 -22.0 11.3 (8)
23° 517 76158 8.0 Ao D 19 35 06.224 1 -9.126.6 (8)
23° 522 76172 4.16 B6IV D 19 47 39.927 1 8.2 1.5 2)
23° 523 76173 D 20 03 28.514 1 -3.5 1.6 (8)
23° 541 76199 D 20 16 41.072 1 -3.0 2.9 double? (11)
23° 540 76200 D 20 30 55.637 1 -3.8 1.1 (8)
23° 557 76228 D 2056 18.98¢ 1 double  (12)
23° 558 76229 D 320 57 39.527 1 (@)
23° 569 76251 D 21302051 1 -20.8 3.3 8)
23° 570 D 3139 28.120 2 20.3 1.9 8
28° 734 76760 D 19 11 09.705 1 8.5 1.6 10 ms 9
21°1688 79698 D 19 05 41.924 4 1.7 0.9 10 ms (9)
21°1690 79701 P 19321570 5 -0.5 0.7 10ms 9
17°1914 98061 D 20 33 25.985 1 1.4 4.8 10 ms (9)
24°1326 78550 D 321 04 49.2%4 2 -15.6 20.4 )
24°1328 78557 D 21 23 50.087 1 -5.7 0.2 9
24°1332 78572 a3 D 213632197 1 -11.0 0.9 ADS 5270 (9)
18° 1047 97833 FS D 19 51 20.257 4  11.6:11.6 (9)
8° 2332 118126 8 D 21 35 03.817 3 5 ms,ADS 7652 (9)
8° 2322 118126 8 D 21 35 05.771 2 5 ms,ADS 7652 (9)
8° 2327 118147 r2 D 23 18 39.349 1 19.6 4.2 5 ms (9)
8° 2328 118153 rn D 23 33 24.064 2 5 ms (9)
- 1° 2541 138283 » D 19 51 50.204 1 6.6 1.3 S ms (9)
- 1° 2540 138280 Ko D 20 01 55.561 1 S ms (9)
- 1° 2542 138287 Fo D 20 36 57.824 2 23.4 1.5 Sms (9
14° 2025 98348 8.9 Ko D 21 22 23.961 1 26.9 7.8 (9
14° 2030 98374 8.9 x2 D 22 28 49.701 1 -1.958.8 ()
- 0% 2437 138182 8.9 Xo D 21 18 31.821 4 -25.513.4 (9
-18° §738 163779 5.10 M2III D 23 24 22.778 1 (13)
22° 563 76215 5.44 B8V R 22 06 02.084 1 1)
23° 563 76244 6.16 BSV R 23 40 08.317 1 2)
24° 1040 77770 8.3 Ko R 23 50 33.139 6 (9)
24° 2045 77790 7.6 Gs R 00 16 25.283 L] ()
-24°15209 187947 .7 Ao D 19 41 41.862 7 ®)
-23°15276 187961 8.4  Xo D 19 52 42,431 1 (9)
24° 897 77345 9.1 Go R 22 09 31.144 3 (9)
24° 940 77485 8.3 -3 B 00 30 43.500 1 ®)
20° 1895 79668 9.2 G5 R 01 04 24.113 7 )
17° 1903 98033 7.8 ¥o R 01 52 19.851 1 )
16° 1705 98045 8.7 R 02 13 44.758 2 (9)
16° 1803 98062 7.8 Ao R 03 45 15.726 1 (9
17° 1922 98078 9.2 R 0301 19.407 4 -20.5 6.7 (9
-21° 5540 188610 9.1 Xo D 18 29 46.660 3 24.415.7 3 ms (9)
5855 146023 5.4 B8 D 17 08 13.736 1 6.5 2.7 Q2)
- 85857 146038 9.1 X2 D 17 45 12.351 2 13.8: 5.1 10 ms (9)
- 895858 146043 9.0 M2 D 18 04 53.362 1 16.0 2.4 4 ms (9)
- 8°5862 146056 7.7 A2 D 18 36 14.027 3 22.2 1.3 6 ms (9
- 7°5765 146062 6.1 Ko D 19 21 04.492 1 2.3 4.8 2 ms (10)
- 9°5896 145823 8.9 Ko D 18 11 46.126 1 26.2 4.7 9
- 9%5899 145827 9.0 KXo D 19 15 08.235 3 4.3 4.9 (9)
19°1896 97463 6.9 Ao R 21 51 89.218 4 -7.5 3.5 (12)
24.11, 18°1011 97537 6.08 BO.5V R 23 59 18.818 1 13.7 8.6 (11)
1873

*13. 1. 19° 403 93062 5.66 Aov D 19 06 34.193 2 -12.8 0.7 HATL,2 ms,double (7)
13. 1. 19° 405 75531 7.8 G5 D 19 27 35.748 2 39.4 55 2ms
7. 4. 23° 824 76931 8.5 Xo D 20 46 13.892 1 -11.3 10.2 (14)
7. 4. 24° 745 76957 8.9 rn D 21 30 15.713 '3 -32.6 4.9 2 a8 (14)
7. 4. 24° 750 76964 8.6 Ao D 22 01 59.973 6 -1.4 51 2nms (14)
7. 4. 24° 755 76974 5.41 B2V D 22 18 38.548 1 -12.2 1.1 (15)
9. 4. 21°1524 79117 8.5 Ao D 21 15 27.376 2 0.9 2.3 2ms (14)
9. 4. 21°1528 79131 6.33 dG7 D 21 31 00.384 1 21,7 1.1 (14)
9. 4. 21°%1542 79174 7.8 G5 D 22 47 54.558 2 -83 0.7 2ms (14)

* 12, 4. 8%2285 117979 7.1 G5 D 21 54 57.974 1 double? (14)
12. 4. 8%2280 117997 6.7 Ko D 23 12 54.119 2 16.2 3.3 e)
15. 8. - 395539 146412 6.21 G5 R 23 13 56.332 1 5.9 12.9 2 ms (16)
16. 8. 2°4709 128374 5.30 No R 23 43 57.218 1 -0.2 0.1 TX Psc,diam, (17)
31.12. 2%4709 128374 5.30 No D 18 14 52.079 10 11.5 1.1 Tx Psc Q7)

Remarks: Observations marked by an asteric are discussed in Section IIL In column 9 figures in brackets refer to Table 1b.
§ A correction of —10 seconds to the quoted contact time may be possible.

§ The contact time may be uncertain because of electronic failure.
§8§ The identification of the star is uncertain.

energy distribution of the unresolved double. From
the least squares solution for the six unknowns one
then gets the separation of both components in scan-
direction: @"=(to,—to;)v, and the intensity ratio
0,/6, of both components.

The above quoted relations (1) and (2) are only valid
in the case of negligible angular diameter (D,< 07001),
small telescope apertures (Dr<80cm) and short inte-
gration time scales (4t-v,<5-107%), where At denotes
the integration time for each data point.
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\ Table 1b. ‘Photomultiplier and filter combinations. In the cases
(13)—(17) special interference filters have been used

(1) RCA 1P21

() RCA1P21+BG1

(3) EMI9781B

(4 EMI9781B+GG 18

(5 EMI9781B+BG 1

(6) EMI 62568

(7) EMI 62568+ BG 12+ GG 385

(8) RCA 4526V1

(9) RCA 4526V1+GG 18

(10) RCA 4526V1+VG9

(11) RCA 4526V1+BG 12+GG 15

(12) RCA 4526V1+BG 12

(13) RCA4526V1+SF1  (A,=72604, 44=230A)
(14) RCA 4526V1+DTGR (o= 53804, 41=7004)
(15) RCA4526V1+K2  (Ao=4300A, 44=5004)
(16) RCA4526V1+K6  (1,=6650A, 41=5004)
(17) RCA4526V1+K7  (lo=71004, 41=5004)

The results of the reductions are summarized in
Table 1, the main ones being the time of geometric
contact and the local slope angle together with their
formal mean errors obtained from the least squares
solution. The quoted contact times are adjusted to
UTC by use of the time-signal from HBG (Pragiens,
Switzerland), and a correction of +4ms has been
added to allow for the propagation delay of the HF
signal. Observations which are discussed in detail are
marked by an asterisk.

2. Definition and Computation of Local Slope Angles

If 6, denotes the position angle of the moon’s velocity
vector v, 0, that, at which the star is occulted, and 6, the
local slope angle (see Fig. 1), the observed velocity of
the limb normal to itself is

v,=R=|v| cos(8; — 6, — 0) 3)

where the parameter v, has been obtained from the least
squares solution of (1) or (2). The rate R, published in
the occultation predictions assuming a spherical moon
is:

R,=|v|cos(0, —0,). @

If we introduce the contact angle y, which is given by
w=0,—0, (if p< —180° one has to add 360° in order
to restrict the interval to —180°<y<+180°), and
combine the Egs. (3) and (4), we get the followmg
ambiguous relation:

03 =vy+arccos(R-cosy/R)) ®)]

where arccos denotes the principal value of the
cosine.

According to the convention adopted by Evans (1971)
the smaller positive result of the expression (5) has to
be assigned to the slope angle if |[R/R,|> 1, otherwise
the negative result. This definition leads to different
directions of the slope according to whether vy is
positive or negative.

Fig. 1. Geometry of slope angles

We have therefore used a different convention. Consider
the normal N; at the local slope (Fig. 1); if N, is directed
towards a position angle 6, and 6,> 0, then the positive
solution of (5) is assigned to the local slope angle. In the
case of two positive solutions—following Evans—the
smaller value is assumed to be the more probable. This
definition gives an unambiguous relation between the
sign of 6, and the direction of the slope at every position
angle 6,+6; of the occultation event including re-
appearances. In accordance with the aforegoing defi-
nition the slope angles in Table 1 have been computed
from the relation

p+0
p=0.

The adopted sign convention for the case p=0 is
arbitrary. In those cases where the argument of the
arccos term has come out >1 due to the observational
uncertainty of the involved parameters no slope angles
have been derived.

{q) —sign(y) arccos(R-cosy/R,);
3 =

larccos(R-cosy/R,); (©)

III. Discussion
1. Limiting Magnitude and Timing Accuracy

The information, which can be obtained from photo-
electric occultation observations depends substantially
on the brightness of the occulted star and the amount
of scattered moonlight present at the moon’s limb. In
the following some results will be presented from our
observations, obtained at a relatively unfavourable
observing site due to its low altitude above sea level
(44 m).

About one quarter of all observations have been
obtained using a RCA 4526V1 photomultiplier together
with a Schott GG 18 filter, yielding a total spectral
response according to Fig. 2. In Fig. 3 the amount of
scattered moonlight at the dark limb measured through
a 10” diaphragm is plotted versus the moon’s illumi-
nation, which shows that on normal nights a background
level of 100200 kHz is present, nearly independent of
the phase of the moon. This limits the detection of an
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10 In the following, details of observations of those stars
are presented which are recognized to be double or
08 7 turned out to have a diffraction pattern deviating
g significantly from a point source pattern.
506 - -
g BD 24°547=19 Tau
T 04| 7 The observation on the 30. 9. 1969 is disturbed either by
seeing effects or irregularities at the moon limb.
02 . Representations of the occultation trace by a single or
double star are not satisfactory in both cases. If one
00 adopts the double star solution, a second component

4000 6000 8000
wavelength (A1

Fig. 2. Photometric response of RCA 4526V1+GG 18, No. (9) in
Table 1b

occultation event to stars not fainter than m,=9 with
our telescope aperture. For a detailed discussion see
(de Vegt et al, 1970). However, although details of the
diffraction pattern are not present in such occultation
traces, a timing accuracy of better than 0301 has been
regularly obtained. Adopting v, & 0”5/s, this figure would
correspond to a formal angular error of about 07005.
The present uncertainty in the star positions and local
limb profile is 071-076 and 073 respectively; therefore
even a larger timing error would be acceptable. To
perform a detailed analysis of the occultation trace
arising in connection with the resolution of close
doubles or angular diameters, the spectral bandwidth
should be restricted to less than 1000 A, thus decreasing
the limiting magnitude to about m,=7.5.

2. Analysis of Pleiades Occultations

The occultations of the Pleiades were observed in
Hamburg on the following dates: 30.9.1969, 13.11.1970,
29.12.1971 and 19.3.1972. The observations on
13.11.1970 were disturbed by a large amount of
scattered moonlight since the occultation occurred
only a few hours before full moon.

1000 T T T T

would yield Am=a3™4 at a distance of about 0701,
position angle 266°5. The reappearance observation on
the 13.11.1970, near full moon, shows no deviation
from the diffraction pattern of a point source, although
obtained at nearly the same position angle (270°7).
Other observations by Berg (1969), Evans (1971) and
Bartholdy et al. (1975a) are negative or doubtful.
Abt et al. (1965) found 19 Tau to be a single lined
spectroscopic binary with a period of 1313% The
duplicity from occultation observations must therefore
be questioned at present.

BD 23°541=# Tau
This star was observed twice, on the 29. 12. 1971 and

- the 19. 3. 1972. On the first date the diffraction pattern

obtained is not that of a single star. The result of the
analysis yields a double star with Am=1758+0728
and ¢=070017+070002, P.A.=114°1 (Fig. 4a). The
second observation is affected by seeing or irregularities
at the moon’s limb, but the representation by a double
star gives a slightly better result. The computed
parameters are: Am=1720+1700 and ¢=070010+
070004; P.A.="72°8 (Fig. 4b). The duplicity is quoted by
another observation of Bartholdi et al. (1975b).

BD 23°557=27 Tau=Atlas

Atlas has been observed twice in Hamburg on 29.12.1971
and 19.3.1972. Since the first measurement was heavily
disturbed up to 30 ms before the occultation event, only

counts/ms
n
o
o
T

100 |- H .
1 S 1 s &

H H
L]
o -

o [
1 K el 3w

10 20 30 40

50 60 70 80 S0

%, sunlight

Fig. 3. Intensity of scattered moonlight at the dark limb versus moon’s phase
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Photoelectric Occultation Observations
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Fig. 4a. Occultation trace of BD +23°541 (double star fit)
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Fig. 4b. Occultation trace of BD +23°541 (double star fit)

a small part of the trace has been analyzed. The model

fit results in a double star with Am=1739+0732 and .

0=0700224-070005; P.A.=128°7 (Fig. 5a). The second
observation, although partly affected by seeing effects,
results in a double star with Am=172+073 and
0=070025+070004, P.A.=9327 (Fig. 5b). The order of
occultation is faint-bright. Fortunately, there is a
simultaneous observation of Atlas on the second oc-
cultation date by Bartholdi (1975a), yielding Am= 1763,
0=070074, P.A.=124°, and the order of occultation is
bright-faint. Combining these data we have computed
a true angular separation and position angle of

¢=070191 and 0=19172.

Adopting a distance of the Pleiades-cluster of 127 pc
(Allen, 1973) this angular separation would correspond
to a linear distance of 243 AU. Whereas a previous
observation by Evans (1971) gave no clear indication
of duplicity, a further observation, obtained by McGraw

249
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Fig. 5a. Occultation trace of BD +23°557 (double star fit)

2122 -
210

2098

2086

BD +23°557
19.3.1972

COUNTS/DT

2074 -
2062 +
2050 |-

2038 | 4
] 1 1 1

0 10 20 30 40 50
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Fig. 5b. Occultation trace of BD +23°557 (double star fit)

et al. (1974), clearly indicates the duplicity. Their
Am=1751+0.1 is in good agreement with the above
quoted results.

BD 23°507=17 Tau

The observations were obtained on 19.3.1972. The
model-fit yielded a slightly better result when the trace
was fitted by a double star pattern. The resulting
parameters are: Am=374+073, ¢=07010+ 07001,
P.A.=52?2. A previous observation by Berg (1969)
clearly resolves the double star. Other observations by
Evans et al. (1971), Eitter and Beavers (1974) show no
evidence of duplicity.

BD 23°522=23 Tau

The observations of 23 Tau were obtained on 29.12.1971
and 19.3.1972. Both traces deviate strongly from that
of a point source. However it was not possible to
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Fig. 6a. Occultation trace of BD +27°1122 (double star fit)
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Fig. 6b. Occultation trace of BD —12°6209 (double star fit)

perform a satisfactory double star fit. Additional
observations by McGraw et al. (1974), Eitter et al. (1974),
and Bartholdy et al. (1975b) do not confirm a duplicity.

3. Analysis of Other Occultation Observations

BD 26°731=ADS 3353

The occultation, observed on 13.3.1970, of both
components of this visual binary could be measured,
the analysis yielding Am=0737+0710, ¢=2"117+
07045, P.A.=77°7. Since the components have been
classified as dF 2 and dF 3 (Hoffleit, 1964) there should
be only a small difference in brightness which is
confirmed by our result.

BD 10°2166 =9 Leo
This star, observed on 29. 12. 1969, is found to be a

close double star with Am=0704+0709 and g=,

070029 4+ 070001, P.A.=276°5.

BD 24°1805

The occultation trace, obtained on 13.4. 1970 is clearly
resolved into two components, and the star has not
been known to be a double star until now. The analysis
of the measurements yields Am=0787+07"11, o=
07074+ 07005, P.A.=150°1.

BD 27°1122

The occultation was observed on 22.9.1970. The
occultation trace of this star, assumed to be a single one
up to now, is affected by seeing effects, but the first
maximum is too low for a single star without a
measurable diameter (¢ <070002). The fit by a double
star yields 4m=079 +0%7and 9= 07003407001, P.A.=
268°7 (Fig. 6a).

BD —12°6209

The noisy observation obtained on 7. 11. 1970 has been
fitted by a double star yielding Am=0761073, o=
07004+ 07001, P.A.=74°8 (Fig. 6b). This result must be
quoted as doubtful.

BD 25°1446

This star, observed on 29.4.1971, is clearly resolved
into two components with Am=1%15+0710, o=
07250+ 07010, P.A.=69°.

BD 21°397=ADS 2253

The occultation traces of both components could be
observed on 20.2.1972, yielding Am=070240711,
0=07352+07024, P.A.=107°8.

BD 8°2322=ADS 7652

The disappearance of both components of this visual
binary, observed on 22. 4. 1972, yields Am=0735+0712,
0=07891+07026, P.A.=107°2.

BD 8°2285

This observation, obtained on 12.4. 1973, could be
fitted slightly better by a double star than by a single
star. The result is Am=—07011+-0754, ¢=070020+
070004, P.A.=116°3.

BD 19°403 =ADS 2062 = u Ari

The occultation of ADS 2062 A has been observed
four times in different spectral bands under very
different sky conditions (see Table 2). The reappearance
trace on 18.9. 1970 has been obtained under very bad
weather conditions, but all four observations clearly
indicate the duplicity. Three occultation traces show
evidence for a third component somewhat fainter than
the other two (Fig. 7). The derived parameters have
been compiled in Table 2.
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nless frequency Q2=2.85, and the symmetric
polar) mode has R, =28.37 and Q=3.47 (both
=5, M=16).
the preceding section, 1 have listed the magnetic
ds numbers and frequencies in Tables 7 and 8
me accuracy—not because this accuracy reflects
wledge of the solar dynamo, but in order to
fite the convergence, and thus the very existence,
,‘ arious solutions. The frequencies found are of
he magnitude, or slightly smaller, as the frequencies
fdynamos; a similar value of the (turbulent)
ftic diffusivity, say 10® m?/s, is therefore necessary
Ipt the models to the real solar cycle. According to
£(1976) the magnitude of R, in the Sun should also
parable to R,, the Reynolds number describing
fffect. Thus, the Sun should easily be able to reach
cal magnetic Reynolds numbers of Tables 7 and
S0 to generate oscillatory o x j-modes.
br o x j-dynamo has, however, a few problems:
pth Models 7 and 8 the symmetric mode is excited
jller Reynolds numbers, whereas the solar mean
s predominantly antisymmetric. And as far as
rical surfaces of isorotation are concerned, field
ion seems to be entirely impossible when the
pient a in Eq. (16) is positive, i.e. when the equator
more rapidly than the poles.
interesting to note that the field generated by
1.8 propagates towards the equatorial plane when
yor<0O (Fig. 4) and towards the poles when
§/0r>0 (Fig. 5). Since B, should always be positive
br,"1976) this means that a solar o x j-dynamo
fadial shear must have an angular velocity which
ses with increasing depth. Whether this is a
il result of Model 8 or a more general rule for
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j scillatory dipolar magnetic field generated by Model 8, for >0, dw/0r>0. See also legend of Fig. 1

oscillatory @ x j-dynamos is not yet clear. Since, in
contrast to the aw-dynamos, the analytical treatment
in cartesian co-ordinates does not yield oscillatory
modes at all (Gubbins, 1974), the confirmation of such
a general rule seems to be more difficult.

IV. The Phase of the Poloidal Field

In this section I will return to the concept of a solar
aw-dynamo. In a local cartesian system of co-ordinates
the governing equations then essentially describe waves

(Parker, 1955; Yoshimura, 1975b). Using Parkers
notation, and correcting misprints in his Eqgs. (118)
which correctly reads A,= — B, (l]j_ D Q} d (121),
we may write these waves in the form

B=B, exp (Q— ;) ]exp Li(ké+Q1)], (18)
and

A=— Bok (1+1)exp[<{2—£—2)

where k is the wave number, H the shear, Q=
the frequency and I' the cyclonic strength.
The poloidal field component, corresponding to B, in
the spherlcal geometry, is B,=0A/0¢, ie.

-2

The direction of propagation of the wave described by
expressions (18) to (20) depends on the product of the
shear, H, and cyclonic strength, I" (or «); the upper
signs are valid for kHI' >0, and the lower for kHI" <O.

\kHT /2!

B,= BO — (1 +i)exp tlexp[i(k&+Q0)]. (20)
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