saturn in 1995-°96

Richard McKim

A report of the Saturn Section. Director: M. Foulkes

BAA observations between 1995 April and 1996 February are reviewed. Highlights of the apparition were
observations of the phenomena of the triple ring-plane crossings by the Earth and the ring-plane crossing
of the Sun, the results of which show that the predicted times were correct to within a few hours.Transits
and shadow transits of Titan, Rhea, Dione and Tethys were observed. Several mutual satellite events were
also observed, either visually or by means of CCD cameras.White spot activity could again be followed in
the planet’s northern Equatorial Zone (EZ), though it was much reduced from 1994—'95: the long-enduring
white spot (WSI) had survived solar conjunction and continued to move with a rotation period close to
10h 22m, as did another short-lived feature. On the other hand, three other EZ(N) spots showed a
considerably faster period. Dark spot activity on the S. edge of the NEB(S) yielded a typical drift rate for the
belt, slightly faster then System |, and a similar result was found for white spots in the southern EZ.
Rotation periods were also derived for the SEB(N), NEB(N) and NTropZ.

Introduction

Saturn wasin opposition to the Sun in Aquarius on 1995 Septem-
ber 14, and during this memorable apparition — as had been the
casein 1966 - therewasatriplecrossing of thering planeby Earth,
in addition to which the Sun passed through the plane on Novem-
ber 19: thisisshown graphically in Figure 7.

The planet’snorthern declination (+5.6° at opposition) wasrela-
tively favourable for UK observers, and the added attraction of
the edgewiseringsdrew reportsfrom many contributors (Table 1).
Graham had the use of the Lick Observatory’s 36-in (91cm) refrac-
tor during August 7-14, and Biver thelarge Cassegrain tel escopes
of Meudon Observatory for the whole opposition. Gray was able
to observe on 57 dates and obtained a good number of Central
Meridian Transits (CMT). Asin 1994~ 95 most observationswere
visua, but CCD imagesweremadeby severd observers, with Parker
taking hisfirst experimental methane-band images of Saturn (Fig-
ure 19). Quarraet al. obtained a superb image on one night at Pic
du Midi. Miyazaki took an excellent series of 70 CCD images. Ob-
servations covered the period 1995 April 20 (Schmude) to 1996
February 21 (Proctor). The limiting solar conjunctionstook place
on 1995 March 6 and 1996 March 17.

Visua intensity estimates are summarised in Table 2 and belt
latitudesin Table 3. It isinteresting to compare this apparition with
BAA reportsfor 1966 and 1979-'80.2 Thisreport followsthe style
of earlier ones, being acontinuation of that for 1994~ 95, published
recently.3 It may also be compared with those by ALPO and UAI 4

Early notes about the apparition appeared in the form of are-
view of the expected ring phenomena in the Journal® as well as
some preliminary observational reports®-8 and notes in the
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Circulars.®-10 The Hubble Space Telescope (HST) took severa
images of theplanet (for examplein Figure 23), and theseled to the

Figure 1 (left). CCD images with 400mm refl. and Lynxx-PC CCD
camera, |. Miyazaki.

A. 1995 Apr 28d 20:28 UT, wy= 044°, wy= 033°. llluminated rings still
bright. EZ(N) white spot activity p. and f. the CM interrupts the EB.

B. 1995 Jul 5d 16:59 UT, uy= 096°, wy= 053°, red filter. Titan's shadow on
the disk; unilluminated rings very faint.

C. 1995 Aug 10d 15:47 UT, wy= 212°, w,= 087°, RGB composite. Rings
invisible on unilluminated side.

D. 1995 Aug 11d 15:31 UT, wy= 327°, w,= 170°, RGB composite. Illumi-
nated rings faintly visible again. Rhea is against the f. ansa and Rhea’'s
shadow is on the SEBn on the f. side. WS5 in the EZ(N) just f. the CM.

E. 1995 Sep 30d 13:31 UT, wy= 355°, wy= 026°, RGB composite. Illumi-
nated rings opened and showing details including ShGR. Note NEBs projec-
tion and EZ(S) white oval.
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discovery of more new satellites.!1 Of particular interest and im-
portance were the timings of mutual satellite phenomena: several
sources of predictions were available,12-15 and some reliable ob-
servations were made. Studies of atmospheric dynamics by
Sanchez-Lavega et al. were again of relevance to this report.16
Images around the time of ring-plane crossings by professional
observatories were posted on the internet, including some fine
work at Pic du Midi.17

Thewriter feelsthat several valuable BAA resultsarewell worth
presenting in this account, despite the regrettable long delay in
publication.

Table |I. Observers and observing groups

Observer Location(s) Instrument(s)
P. G Abel Burton on Trent, Staffs. 114mm refl.
R. M. Baum  Chester 115mm OG
S. Beaumont  Windermere, Cumbria 300mm refl.
N. D. Biver Meudon Observatory, France 310mm OG,
600mm & 1m Cass.
A. G Bowyer Epsom Downs, Surrey 300mm refl.
D. Bruton Texas A&M Obsy., USA 355mm SCT
R. Bullen Bognor Regis, Sussex 216mm refl.
J. S. Chapple Bristol 254mm SCT
E. Colombo  Milan, Italy 203mm refl.
P. B. Doherty Selsey, W. Sussex 390mm refl.
E. L. Ellis St Albans, Herts. 203mm SCT
M. Foulkes Cleethorpes, S. Humbs. 152mm refl.
Hatfield, Herts. 203mm SCT &
254mm refl.
Cambridge Univ. Obsy. 310mm OG
M. Giuntoli Montecatini Terme, Italy 80mm OG

D. L. Graham Richmond, N. Yorks. 152mm OG & 406mm refl.
(with T. Dobbins, S. J. O'Meara & W. P. Sheehan)
Lick Obsy., Cdifornia, USA  36-in (0.91m) OG

D. Gray Spennymoor, Co. Durham  415mm DK
A. W. Heath Long Eaton, Notts. 300mm refl.
N. D. James  Chelmsford, Essex 300mm refl.
J. Lancashire Cambridge Univ. Obsy. 203mm & 310mm OGs
L.T.Macdonald Newbury, Berks. 222mm refl.
R. J. McKim  Oundle, Northants. 216mm refl.
Chesterfield, Derbyshire 254mm & 457mm refls.
B. Manning  Kidderminster, Worcs. 260mm refl.
C. E. Meredith Manchester 215mm refl.
Salford Observatory 450mm refl.
R. Miles (with
A. J. Hollisy Manley, Cheshire 279mm SCT
1. Miyazaki Okinawa, Japan 400mm refl.
M.P.Mobberley Bury St Edmunds, Suffolk 490mm refl.
P. A. Moore  Selsey, Sussex 390mm refl.
S. L. Moore  Fleet, Hants. 355mm refl.
N. Morrison  Crawley, W. Sussex 203mm SCT
D. Niechoy  Gottingen, Germany 203mm SCT
D. C. Parker Miami, Florida, USA 410mm refl.
I. S. Phelps  Warrington, Cheshire 152mm refl.
T. Platt Binfield, Berks. 318mm Tri-Schiefspiegler
C. J. Proctor Torquay, Devon 203mm refl.
G. Quarra Pic du Midi Obsy., France 1.08m Cass.
(with L.Aerts & P.Tanga)
J. H. Rogers  Cambridge Univ. Obsy. 310mm OG
Linton, Cambs. 254mm refl.
R. W. Schmude Barnesville, Georgia, USA 90mm OG
Texas A&M Obsy., USA 355mm SCT
D.Storey Carterton, Oxon. 254mm refl.
Unione Astrofili Italiani (UAI; 15 observers)
various various
A. Vincent Worthing, Sussex 305mm refl.
D. Weldrake  Middlesborough 305mm refl.
J. Youdale Billingham, Cleveland 305mm Cass.

Abbreviations: refl.= reflector; OG= refractor (‘Object Glass'); Cass.=
Cassegrain; SCT= Schmidt—Cassegrain; DK= Dall-Kirkham Cassegrain.
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The globe

Global colours

Using the Lick refractor Graham (Figure 6) had afine view of the
relative global colours. He saw the SEB and NEB both as greyish
brown (sometimesjust grey). The STropZ and STeZ wereyellow-
ish, and the NTropZ and NTeZ yellowish grey. The SPR was de-
scribed as steel blue with the NPR grey: a dlight difference be-
tween the hemi spheres had &l so been witnessed in 1994~ 95 but it
was less apparent then. Graham saw the SSTeZ, SSTB, EB, NTB
and NNTB simply as grey. Observing with Graham, Sheehan &
O'Meara recorded the SPR as greenish, which accords with the
‘cold’ tint seen by Graham. They and many other observers de-
scribed the EZ ascreamy-yellow. Graham'sfellow observerslts de-
scribed the tint of the main belts as ‘ butterscotch’. Biver showed
theN. and S. hemispheresto have ageneral warm, yellowish tint.

Gray made systematic colour notes with hislarge reflector. To
him the STeZ wasacreamy yellow-green, adjacent toamore grey-
ish or grey-ochre STropZ. The NTropZ varied from deep fawnin
the south to yellowish in the north, with agrey or dightly yellow-
ishNTeZ. The SEB wastypically brown, with the NEB grey-brown.
The EZ(N) wascreamy, and lighter thanthe EZ(S), the latter being
greyish-ochre (but with atinge of pink on Sep 24 and Dec 27). Gray
saw the SPR/SPB asolive or greenish brown, but the NPR/NPB as
dark date-blue or blue-grey. CCD filter images tend to show the
polar regionsand SPB darker in red light, which is consistent with
their having a greater blueness than adjacent zones. Filter images
also showed the SEB(N) darker in blue, confirming itswarm tone,
but inred light the SEB(S) wasthe darker of thetwo, asshown for
exampleby Parker’sRGB serieson Jul 4.

With smaller apertures, Foulkes and Heath saw the NEB as
brownish-grey, thewarm tint being more evident thanin the SEB,
as Gray had noted. Foulkes and McKim generally saw the EZ(N)
asyellowish white and the EZ(S) as greyish white. Heath described
theEZ(S) ashavinganivory tint. McKim saw the SEB and NEB as
‘warmgrey’, whilethe STropzZ/STeZ and NTropZ/NTeZ weregrey
with ahint of yellow or yellow-green.

In summary, there waslittle evidencefor any differencein col-
our between the two hemispheres, apart from agreater bluish tint
in the disappearing NPR compared to the SPR. Support for this
colder hueinthe N. hemisphere comesfromitsmuch greater dark-
nesscompared to the S. hemispherein Parker’s methane-band im-
age (Figure 19). It isbelieved that theimplied reduction of atmos-
pheric aerosols and ammonia clouds in the north has allowed the
underlying methane to absorb the longer visible wavelengths as
well asthe IR, asin the case of Uranus and Neptune.

South Polar Region

Thisemerging region darkened the S. limb, being very foreshort-
ened. Neverthelessit was considerably darker than the NPR. The
dusky SPR was bounded by a broad and even darker South Polar
Belt (SPB), which was often the darkest marking on the globe. A
narrow SSSTeZ was occasiona ly witnessed between SPR and SPB.

South South Temperate Zone

Very foreshortened, fringing the SPB. A drawing onAug 10 withthe
Lick refractor by Dobhins!8 showed the zone unusually light: recall
the high latitude white spot of 1994~ 953 which had been observed
to spread inlongitude. Intensity estimates and other high resolution
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Table 2. Visual intensity estimates, 1995-"96

Feature PA SB NB AB RB EC MF DGm DGy AH

Py
<
@]
<
2]
<
Py,
wn

DS UAI DW Ave. No.

SPR 55 45 57 45 46 33 34 51 43 30 41 - - 38 55 33 - 43 240
SPB - - 59 - - - - 58 52 - - - - 6.8 - - - 59 71
SSTez - - - - - - - 38 33 - 3.8 - - - 30 - - 35 67
SSTB - - - 45 - - - 50 39 50 - - - - - 35 - 44 62
STez 20 33 26 32 25 28 31 23 22 30 28 23 31 25 36 27 3.6 28 347
STB - - 48 - - - - 40 38 - - - - - - 39 - 41 99
STropZ 31 - 3.0 - = = 27 32 - 31 - - 2.5 26 - 2.7 173
SEB(S) - - 40 - - 40 - 40 45 - 41 - - 40 - 37 - 40 156
SEBZ - - - - - 35 - 30 38 - 40 - - 32 - 29 - 34 103
SEB(N) 4.7 37 46 37 48 34 44 40 47 41 43 34 41 40 40 36 55 4.2 360
EZ(9) 30 15 18 13 12 16 22 20 21 18 1.7 12 28 18 32 20 - 20 336

B - - 40 - - 2.7 - 26 29 - - - - 40 - 29 - 32 81
EZ(N) 30 15 09 11 12 12 15 15 14 10 13 10 1.8 15 20 1.6 - 1.5 347
NEB(S) 4.2 48 55 49 54 42 52 52 53 50 53 50 51 50 45 43 58 50 380
NEBZ = = = = = = = 39 39 - 48 - - - - 34 - 40 106
NEB(N) - - 52 45 - - 50 4.7 57 - 49 - 40 50 - 42 - 48 166
NTropB - - 45 - - = = = 37 - - - - - - - - 41 12
NTropz - 30 39 - - - - 27 33 - 33 25 - 37 40 29 - 3.3 245
NTB = = 50 - - = = 35 40 - - - - 48 - 36 - 42 95
NTez 20 31 39 40 30 31 33 32 34 35 34 32 35 37 40 30 3.7 3.4 347
NNTB - - - - - = = 38 44 - - - = = = 32 - 38 44
NNTez - - = = = = = 30 33 - - - - - - - - 32 34
NPB - - - - - = = = 51 - - - = = = - - 51 34
NPR 56 42 48 - 40 35 35 37 45 - 40 50 - 42 - 33 - 42 209
NPC - - - - - - - - 57 - - - - - - - - 57 38
Ringsy, - 38 - - - = = 40 - - - 40 - - 45 73 - 47 27
SRG 100 7.8 93 7.8 - 79 87 85 100 74 82 78 7.0 67 92 74 82 82 242
ShGR - 80 - - - - - 80 - - - - - - - 96 - 85 15
Total used 99 197 100 86 24 97 303 245 1314 135 256 291 27 45 216 968 33 4,436

Abbreviation: Rings,, denotes the intensity of the rings in general crossing the globe.
Key to observers: PA, Abel; SB, Beaumont; NB, Biver; AB, Bowyer; RB, Bullen; EC, Colombo; MF, Foulkes; DGm, Graham; DGy, Gray; AH, Heath;
RM, McKim; CM, Meredith; SM, S. L. Moore; RS, Schmude; DS, Storey; UAI, Unione Astrofili Italiani; DW, Weldrake.

drawings smply record adusky zone S. of the  aple 3. Saturnicentric latitudes, 1995-’96

SSTB.
Feature RB DGm DGy RM IM GQ UAI Average
South South Temperate Belt SPRn _ 550 583 551 548 617 613 -57.7
The SSTB was normally just a halftone sepa- gggs - —ig-‘; —gg-i - —géll-g 611 - —ggg

: : G - —49. —-56. - -51. -51. - -52.
rating thr—_z dusky SSTeZ from the light STeZ. o~ _ 470 545 _ © ~ 507 —50.2
Gray habitually found the SPB darker thanthe  sstBs _ _ _493 _ _ _ _46.2  -47.8
SSTB. However, Graham foundthe SSTB very ~ SSTBc = - 417 = = = 442  -46.0
SSTBn - - 461 - -  —43.0 -422 4338
da_nrk and a_sdark asthenearby SPB onAug 12 o N - C e —en o s
w!th the I__|ck refrf':xctor, irregular onbothedges  gtgc _ _ 347 _  _299 _ 348 -331
with the intervening SSTeZ shaded: next day,  STBn - - =327 - -28.6 - -32.4  -31.2
i i i SEB(S)s —24.4 —28.1 —26.0 -28.2 247 - 219 -255
at adifferent longitude, both belts were again SEB(9n o Shh b —he B e
resolved, butregular. OnAug10end 11Graham - ggg(nys - -18.9  -169 -169 -161 -146 -12.4 -16.0
had drawn just one broad belt in these lati-  sSEB(N)n -7.0 -15.8 -13.1 -11.5 -11.8 -10.0 -10.5 -11.4
tudes (Figure 6). To Schmude (on Sep 2) and to EES - - 5 - +g-g +§'2 +2-2 +3-§
: c - - +1. - +6. 5, +4. +4.

Biver (often) the SSTB/SPB complex wasthe -5~ _ _ ~ — +88 69 153 +70
darkest feature of the globe, asthe best CCD  NEB(S)s  +9.8 +16.3  +11.9 +142 +150 +158  +145  +13.9
images confirm. Gray on Dec 27 Caught anir- NEB(S)n - +19.7 +15.1 +19.5 +20.3 +20.5 +22.3 +19.6
; 02 NEB(N)s = +25.4  +19.8 +27.8 +25.0 +23.0 +25.5  +24.4
regularity on the belt near 280°. NEB(N)n +28.4 +29.8  +22.6 +20.7 +29.0 +28.0  +27.0 +27.8
NTBs = - +341 - +357 +335 +33.2  +34.1
South Temperate Zone NTBc - - +36.9 - +37.7 +36.6 +35.0 +36.6
; NTBn = - +39.7 - +39.7 +39.7 +36.8  +39.0
The STeZ was featureless, quite broad, and |\ 7gs _ _ _ _  446.8 +418  +47.4  +453
(atypically) lighter than the STropZ. NNTBc = - +451 — 4498 +44.8  +49.4  +47.3
NNTBn - - = - +52.7 +47.8 +51.5  +50.7
South Temperate Belt NPBs - - 4525 - - - _ 4525
. . NPB - - +55.0 - = - - +55.0
The STB was usually fainter and thinner than Npr, _ _ 1574 _ _ _ _ 4574
the SSTB. The average latitude found for its ~ NPRs = +57.3  +56.7 - +61.2 +655 +63.9  +60.9
centre (+33.1°, Table 3) wascloser totheequa- ~ NPCs - - +694 - - - - +694

neverthelessthe 1905-"96 beltwe.Sdose“nlatl_ Key to observers. RB, Bullen; DGm, Graham; DGy, Gray; RM, McKim; IM, Miyazaki
tudeto the STB thanto aS. Tropical Belt. (images); GQ, Quarra (image); UAI, Unione Astrofili Italiani.
The STB often seems to have been darker  All observers reduced their own drawings, and all the images were reduced by McKim.
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than the SEB(S) early in the apparition, and later this situation
persisted at certain central meridian longitudes (CML; w): thisto-
gether with a greater darkness of the STropZ at some CML con-
trived to cause occasional confusionin identity. Gray recorded the
STB throughout the apparition, and although to him narrow and
faint on thewholeit was sometimes seento rival the SEB(S).

SouthTropical Zone

As noted above, the STropZ was darker than the STeZ at most
longitudes. Graham’sAug 9-13 drawingsfrom Lick show that the
intensity of the STropZ varied considerably with longitude, and
thisvariation coupled with therelative proximity of the STB gave
him the appearance of atriple SEB (Figure 6).1° Thus on Aug 9
under w,= 219° the triple nature was becoming more evident to-
wardsthef. side, and on Aug 10 under w,= 246°, Aug 11 under w,=
270° and Aug 12 under w,=47°, the aspect wastriplefrom limbto
limb. OnAug 13 under w,=126°, the SEB(S) wasdarkest onthep.
sideto fade and mix with the central part towardsthef. side. Thus
the effect at that time was weskest from around A,~ 160-230°.
Biver’sdrawings (for instance in Figure 8) confirm thistriple ap-
pearance over amuch longer time period. At lower resolution one
sometimes received the impression that the SEB varied consider-
ably in width, as shown by McKim for example on Aug 6 and 17
(Figures5A, B).

Evidencethat the effect persisted throughout the apparition comes
from an excdllent 830nmimagetaken a Picdu Midi onNov 6, where
the STropZ was dusky for someway either side of the CM, making
the STB and SEB(S) impossibleto separate except near thelimbs.17
Thisappearancewasdso evidentinthe Pic du Midi imageby Quarra
etal. (Figure16) andin severa of Miyazaki’simages.

South Equatorial Belt

The occasiona apparent triple nature of the SEB has been ex-
plained above. In fact the SEB was widely double, with the N.
component darkest. Latitudes of the components were perfectly
typical. Overall the SEB wasfainter thantheNEB. The SEB(S) was
very regular, but ahandful of vaguely darker patcheswere caught:
far too few to derive rotation periods.

Occasional irregularities were observed in the N. component,
but more often the SEB(N) al so looked smooth and regular. A well-
marked dark spot (DS2) was reported by Schmude on Jun 13 and
sketched by Bullen on Jul 29. Itsdrift in decreasing System | longi-
tudeisconfirmed by atransit of thef. end by Gray onAug 6. Gray’s
drawings show dlight condensations in the SEB(N) throughout
the apparition. The chart indicates negative drifts for afew other
features. Tentative periods for two dark spots are quoted below:

Sot  Limiting dates No. obs. LimitingA; AA4(°/day)
DS1p 1995Sep 12-Oct 25 2 177-150 -0.62
DSlc 1995Aug 12-Sep12 2 211-194 -0.56
DS2c 1995 Jun 13-Jul 29 2 343-316 -0.59
Average: -0.59
SEB(N) average period: 10h 13m 34s

Note: AX inthesereportsisthe changein (System| or I1) longitude
on adaily or monthly (30-day) basis.

the angle of presentation and the presence of the rings or their
shadow). At highresolution (Biver, Miyazaki, Quarra) the EZ(S) re-
vealed afaint southern component of the Equatorial Band (EB).

The EZ(S) showed little activity in 1995-"96, and even upon
Biver’s drawings with large instruments details were rather fugi-
tive: most notable werethree bright areas seen by Graham onAug
12, one or more on the Sep 27 image by Quarraet al. (Figure 16),
one by Miyazaki on Sep 30 (which indented the SEB N. edge;
Figure 1E) and one by Biver on Nov 24. Severa different white
spots (WS) were identified and all had dlight negative drifts in
System |. Two were observed often enough to quote tentative
periods: though rather few, the observations lie on very good
straight lines.

Sot  Limiting dates No. obs. LimitingA; AA4(°/day)
WSIc 1995Aug 11-Dec28 4 073-033 -0.29
WS2c 1995Aug 12-Dec27 5 259-229 -0.22
Average: -0.25
EZ(S) average period: 10h 13m 49s

At thelast edgewise presentation in 1979-' 802 the EZ(S) had been
the brightest part of the EZ.

North Equatorial Zone: white spots Longitudes relative to WS1

Figure 2. Drift-chart for white spots in the EZ(N), 1995-'96. All longitudes are with
reference to a motion increasing by +10.65°/day with respect to System I, this being
the average period of the long-enduring white spot, WS1, during 1994-'95. The
average track of the long-enduring white spot (WSL) is represented by vertical col-
umns at longitudes 0 and 360°. Tentative identifications are indicated by broken lines.

Equatorial Zone

EZ(S): TheEZ(S) differed consderably inbrightnessfromthe EZ(N),
the difference being striking at first glance with the S. zone much
less bright (and also narrower for much of the apparition owing to
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Shadow of Rhea

Figure 3. 1995 Jul 20d 03:15 UT, wy= 038°, wy= 249°, 250mm Cass.,
%623, N. D. Biver. Pale unilluminated rings. Shadow of Rhea seen as grey dot
against the EZ(S).

Figure 4. 1995 Jul 30d 01:30 UT, wy= 141°, w,= 031°, 415mm DK Cass,
x348, D. Gray. Pale unilluminated rings. White spots in EZ(N).

EB: The main Equatorial Band was quite dusky, and was located
closely north of the rings crossing the globe. With large apertures
it was often seen to beirregular, appearing mottled to Graham at
Lick. It was interrupted by some EZ(N) white spots. The Pic du
Midi imagecited earlier — aswell asBiver’sdrawingsand images
by Miyazaki and Quarra— revealed afurther, fragmentary and faint
EB closetothe NEB S. edge.

EZ(N): The EZ(N) was considerably lighter than the S. part. A
number of white spots were seen during the apparition but they
were generaly less prominent than in the previous one. Severa
images suggested small-scale activity at thelimit of detection: thus
Quarraet al. on Sep 27 obtained asuperb image from Pic du Midi
which hinted at many tiny detailsinthe EZ(N) (Figure 16). McKim
on Dec 8 (Figure 21) saw awhite spot with adouble nucleus.

Thelong-lived EZ white spot from 1994~ 953 (WSL1) survived
solar conjunction (as Sanchez-Lavega et al.16 also concluded)
but became smaller and fainter. It was recognised upon an image
by Miyazaki of 1995Apr 28.853 (Figure 1A) near thep. limb at very
roughly longitude 016° (System I), at which time its calculated
position (based upon the observed (1994 Aug-Dec) drift of +10.65°/
day in System 1) should have been 006.3°,. On May 23.405 it was
ill-defined but clearly visible uponimagesby Parker around 262°:
WS1 should have reached 267.7°4 at that time: excellent accord,
given that the spot was found to oscillate somewhat in longitude
during thelast apparition.3 Few high resol ution observationswere
available for June and July and none covered the appropriate
longitudes.

WS1 was subsequently recorded asarather small whiteoval by
O'Mearaat Lick onAug 10, by Platt’'s CCD cameraonAug 12, on
Aug 16 by Biver (Figure8D) and Gray asadightly lighter but well-
defined areainthe EZ(N), and by Bullen (Figure 12) onAug 29. All
these data are plotted in Figure 2. Platt’'s Aug 12 image (though
only low resolution) appears to show it as two small white spots
close together against the NEB, the f. one corresponding to WS1
on the chart.
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Other EZ(N) white spots were again observed, but they were
fewer and mostly less conspicuous. The only really bright object
wasawhite spot (denoted WS5) whose centre was measured from
Jul 21 (Lancashire, visua) to Sep 13 (Mobberley, CCD; Figure 13).
Graham (Figure 6A, D) and O’ Meara both saw it well on Aug 10
and 13, and it wasreported by O’ Mearain AU Circular No. 6204,
asnotedin BAA Circular No. 747.10 WS5 can also betraced upon
Miyazaki’sAug 11 images (Figure 1D) and Schmude's Sep 2 pho-
tos. The spot seemed quite long to Lancashire on Jul 21, and al-
though reduced in extent by Aug 10 it was at the time larger and
more conspicuous than WS1. M cKim caught afeature which was
probably the f. end near the CM on Oct 8.

OnAug 28 Gray reported white spot activity east of WS5, des-
ignated W4 in Figure 2, data from Schmude (Sep 2), Doherty
(Sep 3) and Gray (Sep 9) revealing a motion considerably faster
than that of WS1. W34 survived till Oct 23. During October, other
regions of spot activity appeared between the courses of WS4
and WS5. On Oct 27 Gray saw a series of inconspicuous white
spots stretching over 80° in longitude, but this did not appear to
develop further. The chart (Figure 2) also reveals several faster-
moving white spots, in particular apair first observed on Jul 20 by
Biver, designated WS2 and WS3. It may be significant that WS1
was in terminal decline as the faster-moving spots originated.

Rotation periods were thus derived asfollows, aswell as aver-
ages for the distinctive slower and faster currents:

Foot Limiting dates No. obs.  AA (°/day)
WSI(c) 1995 Apr 28-Aug 29 6 +10.67
WS2(c) 1995 Jul 20-Sep 27 7 +8.35
WS3(c) 1995 Jul 20-Aug 14 3 +7.65
WS4(c) 1995 Sep 2-Oct 23 6 +8.76
WS5(c) 1995 Jul 21-Sep 13 11 +10.73
Average (WSL and WS5): +10.70
EZ(N) average period (WSL and WSb): 10h 21m 53s
Average (W2, WS3 and WS4): +8.25
EZ(N) average period (W2, WS3 & W34):  10h 20m 04s

North Equatorial Belt

The dark NEB was easily seen to be double, though the compo-
nents were less widely spaced than those of the SEB, and more
equal inintensity. The S. edge of the NEB was again observed to
haveseverd small projectionsintothe EZ(N), particularly by Graham
withtheLick refractor in August (Figure 6) and by Biver and Gray
(Figure 4, 10B). McKim found the belt delicately mottled in an
excellent view onAug 17.

In 1994~ 95 it was considered that the s ow-moving EZ(N) white
spots must have disrupted any NEBs projections into the zone,
but in 1995-96 the white spots were much less active and HST
images showed avery tranquil zone even at high resolution. Tran-
sits by Gray were supplemented by some from the UAI, and by
measures off good drawings. All spots drifted in decreasing Sys-
tem | longitude, and nearly every observation could be fitted to a
line on the chart. The number of observations was just adequate
to makefirmidentifications, and the similarity in the derived drift-
ratesincreases confidencein the results. Periods may be givenfor
some dark spots (DS):

Spot Limiting dates No. obs. LimitingA; AA; (°/day)
DSlp 1995Aug21-Dec10 3 009-316 -0.48
DSlc 1995Aug21-Dec10 5 016-323 -0.48
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DS1f 1995Aug 15-Sep30 6 030-011 -0.40
DS2c 1995Aug 15-Oct24 3 048-021 -0.38
DS3c 1995 Jul 1-Nov 9 5 185-124 -0.47
DS4c  1995Aug 10-Oct 26 6 329-271 -0.75
Average: —-0.49
NEB(S) average period: 10h 13m 38s

TheNEB(N) again contained asmall number of elongated ‘ bars
or dark sections, as portrayed by Biver, Ellis, Graham (Figure 6),
Gray (Figures 4, 22), Heath, McKim and Weldrake. On Sep 16
Graham, Gray & Heath (Figure 14) all observed with Gray’s tel-
escope and recorded asmall northward projection from the NEBn
into the NTropZ. Periods could be derived for some of the dark
sections (DS), some of which were quitelong. Several other short-
lived features (not listed below) appeared to show the same aver-
agedrift. Theseresults (tentative for DS3c and DS4p) were compa:
rablewith 1994-95:

Sot  Limiting dates No. obs. LimitingA; AA; (°/day)
DSlc 1995Aug12-Nov25 4 058-329 -0.85
DS2c 1995Aug 12-Dec23 4 077-341 -0.72
DS3p 1995 Jul 8-Sep 24 4 154-089 -0.83
DS3c 1995 Jul 8-Sep 16 3 165-106 -0.84
DS4p 1995 Sep 29-Nov 27 2 202-134 -1.15
DS4c 1995 Aug 5-Nov 27 5 259-156 -0.90
DSAf 1995 Aug 5-Dec 25 4 282-165 -0.82
Average: -0.87
NEB(N) average period: 10h 37m 44s

NorthTropical Zone

The NTropZ showed little of interest. A NTropB was seen occa
sionally (Biver and Gray), especialy early inthe apparition: ahigh
resolution Pic du Midi image of Nov 6 does not show it. Gray
found theNTropZ darker totheS. of it thantotheN., and transited
the p. end of alighter section of NTropZ on two dates. If these
werethe samefeature (which appearslikely from past experience),
itstentative period istypical of recent years.

B b Pl 1 A SR

Figure 5. Observations from the UK before and after the 1995 Aug 10
ring-plane crossing by the Earth; 216mm refl., x232, R. J. McKim.

A. 1995 Aug 6d 00:20 UT, uy= 250°, wy= 276°. Unilluminated rings not
seen with this aperture.

B. 1995 Aug 17d 23:00 UT, wy= 258°, wy= 256°. Sunlit rings easy, evenly
illuminated; wide double SEB, shaded STropZ.
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Figure 6. Observations from Lick Observatory during the 1995 Aug 10 ring-
plane crossing by the Earth; 0.91m OG, x588, D. L. Graham.

A. 1995 Aug 10d 09:50 UT, wy= 002°, up= 246°. WS5 in EZ(N) near p. limb.
B. 1995 Aug 11d 07:50 UT, wy= 056°, w,= 270°. The rings are again visible,
appearing as a string of starlike points, especialy on the f. side.

C. 1995 Aug 12d 09:10 UT, wy= 228°, wy= 048°. The ring appears to stop
short of the limbs of the planet. Note the detail on the dark SPB and SSTB.
D. 1995 Aug 13d 08:45 UT, wy= 337°, wy= 126°. The ring appears as on Aug
12.WS5 in EZ(N) on f. side.

Limiting dates No. obs. LimitingA; AA; (°/day)
1995Aug 14-Dec 26 2 202-231 -0.46
NTropZ period: 10h 38m 04s

North Temperate Belt

The NTB was neither broad nor very dark; occasional irregulari-
ties were seen with large instruments, and Graham saw it closely
doubleonAug 12 (Figure 6C).

North Temperate Zone
Thedusky NTeZ revealed noirregul arities.

North North Temperate Belt

TheNNTB wassimilar totheNTB. TheNNTB wasnot visibleon
every dateto the Lick team in August, and most BAA observers
could not seeit at dl. It wasfainter thanthe NTB onthe Pic du Midi
Nov 6 (830nm) image.

North North Temperate Zone
The NNTeZ wasreported by Gray simply asadull zone.

J. Br.Astron.Assoc. 125,4,2015



North Polar Region

Seen obliquely asadusky zoneaong the N. limb, being less dark
than the SPR. Gray reported a darker edge (the North Polar Belt
(NPB)), aswell asadark capwithinthe NPR.

The ring-plane crossings

The circumstances of the triple ring-plane crossings were as fol-
lows, according to predictions (said to be accurate to £2 hours)
published on the Jet Propulsion Laboratory website and quoted in
BAA Circular No. 745:9

1995 May 22 05:18 UT 1st crossing by the Earth, from N. to S.
(duration: 24 min)
1995Aug10  20:54 UT 2nd crossing by the Earth, from S. to N.

(28 min)

1995 Nov 19  15:09 UT  Sun crossing thering plane, from N. to S.
(3.8 days)

1996 Feb 11  23:34 UT  3rd crossing by the Earth, from N. to S.
(22 min)

These phenomena were illustrated graphically by Grahams in a
very useful paper describing what could be seen at each stage: his
illustrationisreproduced again here (Figure 7 ). Here Do and D are
the elevations of the Earth and Sun respectively above the ring
plane, positive to the north and negative to the south. Graham
himself wasat Lick Observatory at thetime of the 2nd Earth cross-
ing and Sheehan & O’ Mearal® have described the impressions of
the observing team. Tables showing how thevisibility of therings
depended upon aperture were given by Heath for 1966 and by
Benton# for the current opposition.

As in previous observations of the unilluminated rings, there
were frequent reports of asymmetry between the two ansae, now
interpreted in terms of a slight warping of the ring plane. Bright
spots then marked the locations of sparse ring particle density,
particularly in the positions of the Cassini division and ring C.

Inthefollowing notes, the p. ansaiscaled theW. ansa, foritisto
the W. of Saturn in the sky. (On the disk of the planet itself, the p.
side of any marking isalwaysto the E. under the |AU convention.)

The observations thusfall into a number of time periods.

Early observations, 1995 April-May
Refertoletter AinFigure7.

Few observations were made so early in the apparition. How-
ever, withtheir CCD camerasMiyazaki on Apr 28 (Figure 1A) and
Parker on May 15 captured the illuminated rings, and Schmude
sketched them on Apr 20. On May 20, two days beforethe Earth’s
ring-plane crossing, Biver could still see the rings well, as would
have been expected. On May 21 at 10:00 UT Bruton saw therings
asadimlineonly 19 hours before the crossing.

Observations during the 1995 May 22 ring-plane crossing
by the Earth
Refertoletter BinFigure7.

Observing from Meudon less than two hours prior to the ring-
planecrossing, Biver wasalready unableto seetheringson May 22
at 03:35UT. Nor could Bruton at 09:30 UT, some4 hours after the
event. Schmude observed on May 23 around 10:10 UT, 29 hours
after the 1st ring plane crossing by the Earth and found the rings
quiteinvisible, asdid Parker (CCD) at 09:36 UT. Lancashire (after a
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Figure 7. Diagrammatic representation of the ring-plane crossings (also see
text). The angle of opening of the rings has been exaggerated for clarity. Dg and Dy
are the elevations of the Earth and Sun respectively above the ring plane, positive
to the north and negative to the south. Originally drawn by D. L. Graham.
run of cloudy morningsand abortive earlier attempts) failed to see
the rings on May 24, but twilight interfered with all these early
observations. Biver on May 26 failed likewise.

It appearsthat the JPL predictions were very accurate: accord-
ing to Biver, HST datagave an observed time of May 22 05:38 UT
£3min.

Observations, 1995 June-August
Refertoletter CinFigure?.

Theunilluminated ringswere open to their maximum extent upon
the south face on Jul 1 (—-0.6°) and thishel ped their positive obser-
vation. On Jun 1 (03:00 UT) ring stubs were suspected on each
side by Biver (1m Cass.), and on Jun 5 and 9 the whole length of
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Figure 8. Observations from Meudon during the 1995 Aug 10 ring-plane
crossing by the Earth; 600mm Cass., x520, N. D. Biver.

A. 1995 Aug 10d 01:20 UT, w= 063°, w,= 318°. No sign of the rings.
Tethys and Mimas (right) are shown on the f. side.

B. 1995 Aug 11d 00:10 UT, wy= 147°, wy= 011°. The newly illuminated
rings have very faintly reappeared. Enceladus (left) and Tethys are p. the
globe and Mimas is f. it.

C. 1995 Aug 14d 02:15 UT, wy= 233°, wy= 358°. Rings are now very well
seen, with Tethys on the p. ring tip and Rhea just f. the globe, and Enceladus
beyond the f. ring tip.

D. 1995 Aug 16d 00:55 UT, wy= 075°, w,= 137°. Enceladus is near the globe
on the p. ansa and Dione near the tip of the f. one. (Rhea, f. Dione, is not
shown.) Long-enduring EZ(N) WSL1 just f. the CM. Notice the apparent
triple aspect of the SEB, and severa belts within the EZ, in A-D.

the rings could be made out. Gray on Jun 8 and 18 persistently
suspected aring stub on the f. side, and Niechoy drew both stubs
onJun 9. Theunlit ringswereagain just visibleto Schmude on Jun
13 (with thef. ansabrighter), to Lancashire asfaint stubson Jun 15
(which quickly vanished into the twilit sky background) and to
Bullenon Jun 19, with the latter finding thef. ansaalittle easier to
glimpse. However, therings were not alwaysvisible with smaller
telescopes: Ellis could not see them with 20cm on Jun 30 and on
several datesin July.

Biver on Jun 9 and 25 could aready see a brighter spot at the
Cassini Division and awidening of thering at the place of ring C.
OnJul 2 Gray could definitely seethefaint ‘rays' inthe position of
ring A and ‘stubs’ in the position of ring C; again the f. side was
dlightly brighter. A further small condensationinring B around the
B2/B3 boundary appeared to Gray on Jul 8 and 16. On Jul 4 Parker
caught the rings by CCD camera: in along exposure ring C was
very bright, ring B dull, Cassini’sdivision wasasmall light patch
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and ring A was seen but dull. Miyazaki alsoimaged theringson Jul
5 (Figure 1B). Biver had the advantage of alarge aperture, and his
drawings of Jul 6 to 30 (for example, asin Figure 3) all show the
foregoing features upon the unlit rings.

OnJul 7 Lancashirewas again at the eyepiece of the 30cm North-
umberland refractor: ‘ Fantastic view of gossamer-thin rings ex-
tending nearly a Saturn diameter on either side (f. brighter than p.);
f. sideshowed two ‘ knots' which | taketo befaint satellites.” Using
the same instrument on Jul 15 Rogers caught the ring stubs on
each side. OnJul 21 Lancashirefound thep. side brighter and more
extended than thef. side, and thiswas also the case on Jul 28, but
both extensions were shorter. Contrarily, on Jul 29 the p. sidewas
reduced to a mere stub, but the f. side showed its normal extent,
threaded by threefaint satellites. On Jul 23 (01:00UT) S. L. Moore
had also seen thef. ansaonly, but Proctor had suspected both ring
stubs 20 minutes earlier. Lancashire' slast observation prior to the
ring-plane passage on Jul 31 showed just the p. ansa, faintly.

By thistimeit wasexceptionally difficult to seeany trace of the
rings. Miyazaki’s cameracaught the unlit ringson Jul 28 but it did
not capture them with ashort exposureon Aug 2. On several dates
fromAug 2-9 McKim (Figure 5A), Meredith and Storey likewise
failed to seetheringswith 22—-25cm apertures, but on the morning
of Aug 5 (at 02:15 UT) Morrison succeeded in seeing both ansae
asa‘smoke-grey’ line.

Onthe morning of Aug 6 with the advantage of alarge aperture
Gray again succeeded in catching the unlit rings. They wereagain
symmetrically brighter in two places, but excessively faint, much
more so than during hislast view on Jul 30 (Figure4). Thiswasto
be the last BAA observation of the unlit rings prior to the ring-
plane passage.

The HST imaged Saturn on Aug 6 (Figure 23A), at adifferent
hour to Gray, revealing the faint rings in some detail as well as
several of the smallest satellites. Graham could not see the rings
fromLick onAug 8at 10:30 UT nor onAug 9 at 09:05-11.45 UT.
Indeed it is thought that no ground-based observers observed the
ringsduring Aug 7-10, with Miyazaki taking many images on the
|atter date between 15:22 and 15:59 UT (Figure 1C), providing a
useful limit in the timings to be discussed below.

Observations during the 1995 Aug 10 ring-plane crossing by
the Earth

Refertoletter DinFigure?.

Observation of the second ring-plane passage wasinhibited by
the presence of the Full Moon on Aug 10 (18:16 UT), which had
risen several hoursin advance of Saturn. From around Aug 16 it
would no longer pose a problem.

With newly coated optics on the 60cm Cassegrain at Meudon,
Biver failed to see any sign of theringson Aug 10 at 00:50-01:35

Figure 9. 1995 Aug 11d 23:30 UT, wy= 248°, wy= 080°, 390mm refl.,
%400, P. A. Moore. Newly illuminated rings well seen.
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Shadow of Dione Shadow of Rhea

Figure 10. Two near-simultaneous drawings of satellite transits by differ-
ent observers.

A. 1995 Aug 16d 03:30 UT, wy= 166°, wy= 224°, 600mm Cass., X520, N. D.
Biver. Shadow transit of Rhea observed; shadow transit of Dione glimpsed.
B. 1995 Aug 16d 03:40 UT, wy= 172°, w,= 230°, 415mm DK Cass., %348,
D. Gray. Shadows of both Rhea and Dione seen. Details on NEBs. Compare
with A.

UT (Figure8A), and nor could any UK observer. Graham & Dob-
binsat Lick on Aug 10 at 09:50 UT had no success asyet. Also
observing from Lick,18 O’ Meara & Sheehan had felt the rings to
have been glimpsed on Aug 9 and 10, but their colleagues could
not confirmthis: thereisalwaysagreat tendency for eyeand brain
to prolong the line of the ShRG and EZ out towards the nearby
satellites. The writer experiences the same illusion by looking at
suitable CCD images.

OnAug1023:45UT-Aug 11 00:35 UT Biver (Figure 8B) could
just make out the newly illuminated rings, particularly onthef. side
(near the position of Mimas), an impression shared by Weldrake
onAug 11 at 02:12 UT. Despite hissmall aperture, Baum could also
see them by averted vision from 23:15 UT on Aug 10 as stubby
extensions, while McKim occasionally glimpsed very faint stubs
at 23:50 UT. From the USA Graham succeeded in seeing therings
easily onAug 11 (Figure 6B), and at 07:25 UT henoted: *...in best
moments the ring appears as a string of starlit points, especialy
the f. ansa. Magnificent — adelicate thread-like apparition, a soft
haunting glow inthedark.” The Lick observersfound thetapering
rings to have a coppery tinge, and now witnessed them brighten-
ing with timewith thef. sidestill the brighter according to Graham.
Dobbins!8 at 10:05 UT saw avery faint extension of ring material

Figure 11. 1995 Aug 25d 01:00 UT, w;= 118°, wy= 248°, 300mm refl.,
x190-318, A. W. Heath. Brightening at the position of ring B1 upon both
ansae. Two satellites in conjunction off tip of E. ansa.
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on the p. side beyond ring A as far as Mimas. Some of Biver's
drawings occasionally suggest faint extensions, too.

Miyazaki’simagesof Aug 11 from 15:17 UT onwards captured
theringsfaintly and equally with Rheaagainst the following ansa
(Figure 1D). OnAug 11 at 23:20 UT McKim saw theringsto their
full extent. At the sametime Bullen saw both ansae, the p. one most
prominent, being brighter at its inner and outer edges, but the f.
ansa‘ seemed to bein many small segments' . Patrick Moore' sdraw-
ing of Aug 11 (Figure 9) at 23:30 UT also showsthe p. ansato have
been dlightly the brighter of thetwo. OnAug 12 at 01:15 UT Ellis
agreed, and saw a string of starry points along both ansae. On the
same morning Heath also found the p. ansadlightly brighter: two
bright spotswere seenin the approximate place of ring B by Hezth,
thef. one confirmed by Morrison.

OnAug12around 09:10UT and onAug 13 at 08:45 UT Graham
was again at the eyepiece of the Lick refractor, and the rings then
appeared silvery grey, appearing to stop short of the globe on each
side, perhaps dueto glare from the planet (Figure 6C). McKim saw
theringswell ontheevening of Aug 12, when they appeared brighter
nearer theglobe. EllisonAug 14 at 02:20 UT and Bowyer at 03:30 UT
found the p. ansa longer than the f. one, the former again seeing
lots of tiny points of light. Proctor on Aug 14 at 23:15 UT saw the
ansae of equa length but the p. one only looked brighter in the
position of ring B.

On the evenings of
Aug 15 and 16 Baum also
found that the rings ap-
peared to twinkle, and he
generally found the p.
ansato be the brighter of
the two on Aug 10-19.
However, the combined
work of Biver, Ellis, Lan-
cashire, McKim (Figure
5B), Meredith, S.L. Moore,
Phelps, Rogers, Storey
and Weldrake on the
nightsof Aug 14/15-18/19
showed the ansae equal.
This was also S. L.
Moore’'s impression on
Aug 15 and 16: with his
large aperture he also no-
ticed aslight break between the globe and the start of the p. ansa.
Youdale likewise found the rings weakened near the planet on
Aug 17-26. Most observations continued to show the ansae as
identical. By Aug 15-16 Gray was ableto see brighteningsin the
position of ring A aswell: see Figure 10B.

We conclude that the rings reappeared between 16h and 23h on
Aug 10, in perfect agreement with predictions. The inequality be-
tween the p. and f. ansae seemed to gradually disappear as the
viewing angleof the sunlit ringsincreased over the next week or so.

Another superb image by the HST on Aug 10 was published in
the Journal .20

spot in EZ(N).

Observations 1995 August to November
Refertoletter EinFigure 7.

By late August the rings had opened somewhat, and there were
more consistent reports of their being equal on each side and with
a brightness maximum at the position of ring B (Figures 11, 12).
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Figure 12. 1995 Aug 29d 00:23 UT, wy= 233°,
wy= 236°, 216mm refl., x216, R. Bullen. White

Figure 13. 1995 Sep 13d 22:06 UT, wy= 343°,
wy= 192°, 490mm refl., CCD image, M. P. Mob-
berley. WS5 in EZ(N) p. CM.
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Figure 14. 1995 Sep 16d 21:20 UT, w;= 329°, w,= 082°, 415mm DK
Cass., x262-348, A. W. Heath. NEBn projection into NTropZ.

Figure 16. 1995 Sep 27d 22h 30m, w;= 298°, w,= 054°, 1.08m Cass.,
More and more detail could be made out with each passing week 780nm IR filter, 1SIS CCD800 camera, G.Quarra et al. Detail in EZ(N)

until late October when they began to fade without closing asthe ~ '"9/uding WS2 p. the CM, and many befts.
next ring-plane crossing approached.

On Sep 10, four days before opposition, the Earth and Sun
attained precisely the same elevation north of the ring-plane, so
no shadow of the rings on the globe (ShRG) could be seen. In
practice the shadow was absent for longer: for example, between
Sep 7 and 14 D and D¢ differed by 0.2° or less. On Sep 9 Gray saw
theringscrossing the globe asadusky haftone. McKimon Sep 11,

Dione .
Tethys/Rhea Shadow of Tethys
.
Titan Figure 17. 1995 Oct 22d 19:35 UT, w;= 063°, w,= 096°, 600mm Cass.,
01:11:40

x520, N. D. Biver. Shadow transit of Tethys seen against EZ(S) p. the CM.
White spot and other activity in EZ(N).

® Mobberley on Sep 13 (Figure 13) and Heath on Sep 16 (Figure 14)
found asimilar situation. From thelast week of September, ShRG
01:16:09 mid-eclipse began to appear conspicuously dark once more, and now tothe N.

of the rings crossing the disk (Figures 16, 17). The fading and
recovery of the ShRG wasanaysed graphically by thewriter inthe
. 1979-'80 BAA Saturnreport.2

During this period the rings were very well seen and the
traditional details observed, albeit much foreshortened. On Oct
17 for example McKim could see that ring B1 was obviously
crescent-shaped and that the p. ansawas slightly brighter than
T SN P thef. one. It required amoderate aperture to glimpse the Cassini
. . _ division. Gray could already make out its location on Aug 28
Ak e e | ' %5 % ;] and Sep 8. Graham had a good view of it on Sep 16 and 28: it
- ' 1" Y appeared darker on thef. side on the earlier date. It wasimpos-
sibleto usering B1 asabright reference for the intensity scale
during the apparition, but it was still clearly the brightest part

i | [ = 1 : [ 1 of the sunlit rings.

* At suchalow angle of opening ring C wasrelatively bright when
el i f { - | f . seen at dl. A moderate aperture wasrequired to separateit fromring
B, or ring C from the globe. A superbimage by Miyazaki on Sep 30
1.5 | { { { ! : { . showed the gap between ring C and theglobevery clearly (Figure 1E).
Gray couldjust seeit on Sep 9, and it became progressively easier to
i L . { | | , { _ spot until the ringswere fading by early November.

On Sep 3 Doherty managed to record the ShGR visually, Quarra

et al.imaged it on Sep 27 (Figure 16), Graham caught it on Sep 24—

Oct 10, Miyazaki imaged it on Sep 30 (Figure 1E) and Macdonald

J , | | | i | notedit on Oct 30 and Nov 15. Thiswasof courseadifficult feature
° 100 200 200 400 se8 600 7ee throughout the apparition, and even more so upon the unlit rings.

Seconds after 1995 September 24 21:l@:@08 UTC Pal’kel’ SeCUI’ed agOOd |m@e§]oW| ng the ghOSﬂy I’I ngs On NOV

Figure 15. 1995 Sep 24d, 300mm refl,, CCD camera, N. D. James. 12 including one through amethane band filter alone (Figure 19),
A. Images showing eclipse of Rhea by Tethys (the two satellites were not resolved).

B. Lightcurve showing eclipse of Rhea by Tethys; ratio of the two satellites and theHSTvaUi redanim"?geon Nov 17 (Figure23B) just prior to
combined light relative to Dione. the Sun’s crossing of the ring-plane.
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Figure 18. Observations from Meudon during the 1995 Nov 19 ring-plane
crossing by the Sun. A—C, 600mm Cass., x520; D 1m Cass., x735, N. D.
Biver.

A. 1995 Nov 6d 20:10 UT, wy= 148°, w,= 056°. Sunlit rings fading; shadow
of Tethys against EZ(S) near the following limb.

B. 1995 Nov 16d 19:10UT wy= 275°, wy= 22°. Sunlit rings very faint.

C. 1995 Nov 17d 19:10 UT, wy= 040°, wy= 313°. Fading rings now mottled.
D. 1995 Nov 19d 19:20 UT, wy= 294°, wy= 142°. Typical aspect of the
unilluminated side of the rings.

Observations during the 1995 Nov 19 ring-plane crossing by
the Sun
Refertoletter FinFigure7.

A particularly fine series of visual observations was made by
Biver at Meudonat thecritical time. To himtheringsvisibly dimmed
between Oct 22 (Figure 17) and his next observation on Nov 4.
Having witnessed the nor-
mal sunlit appearance on
Nov 6 (Figure 18A), Biver
found the rings very faint
(though still showing de-
tail)onNov 16a 19:10UT
(Figure18B).OnNov 17 he
found the fading rings
mottled (Figure 18C), as
though reverting to the
dark side aspect, and
brighter on the f. side on

Figure 19. 1995 Nov 12d 01:03-01:20UT UT,

W= 221-231°,

wp= 320-330°, 400mm refl., Lynxx-

PC cooled CCD camera at /19, D. C. Parker.

A. Fase colour composite made from single frame
Methane band (890nm), red and green filter images

(exposure times 4.3s for red, 6.7s for green, and 5
min (!) for Methane band).
B. Methane band (890nm) filter image.
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both Nov 16 and 17. On
Nov 19 (19:20 UT; Figure
18D) the rings had faded
and their mottled surface
now showed the typical
dark side aspect, with the
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p. ansastill the brighter of the two.

Other observers could not see so much detail on therings. Abel
could still see them with asmall reflector on Nov 17 but they had
vanished completely to him on Nov 19. To Beaumont they faded
greatly during Nov 16-18. To Colombo the dimmed rings on Nov
14 1ooked dark brown. With a30cm apertureon Nov 19 at 20:52 UT,
some 5 hours after the ring-plane crossing, Weldrake confirmed
Biver in seeing the typical dark side aspect with abrighter part of
thering near the planet (ring C), agap, and then atiny faint spot in
the position of Cassini’s division/ring A. Gray’s near-simultane-
ous observation and drawing showed these points and some other
subtleties.

Once again the prediction for the trangtion from the lit to the unlit
rings seemsto have been correct to within afew hours.

Observations 1995 Nov to 1996 Feb

Refertoletter GinFigure7.

On Nov 20 therings were already open to their maximum ex-
tent on the newly unilluminated face, at an angle of +2.7°. This
made their observation much easier than during the previous
unlit phase when the maximum angle of opening had been just
0.6°. From Nov 19 onwards Biver would continue to draw much
the same pattern on the rings until the viewing angle became too
low, after 1996 mid-Jan. During Nov 19till Dec 28 he considered
the p. ansa dlightly brighter than the f. one. Biver described the
changeintheringsasfollows. Ring B seemed the brightest until
Nov 17 or 19, whereas the locations of ring C and of ring A/
Cassini’s division became almost as bright from Nov 19. From
Nov 30 the situation had become more obviouswith ring C bright-
est from 1.15 to 1.5 Saturn radii (with two bright parts), then
another (but slightly lower) brightness peak occurred at 1.9 Sat-
urn radii (Cassini’s division and the beginning of the A ring).
Another faint patch was noticed in the mid-A ring at 2.1 Saturn
radii and another between ring C and the Cassini division. The
ShGR could just be perceived upon the brighter ring C on some
dates, apoint confirmed by Gray on Nov 19.

With smaller apertures the rings remained invisible, but those
with larger telescopes mostly continued to see them faintly.
Meredith saw the ansae faintly on Nov 26 (22cm refl.) with the p.
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Figure 20. 1995 Nov 18d, 300mm refl., CCD camera, N. D. James. Lightcurve
showing eclipse of Dione by Rhea; ratio of Dione's brightness relative to Tethys.
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Tethys

Figure 21. 1995 Dec 8d 19:30 UT, wy= 140°, 02: 095°, 457mm refl.,
%200 (approx.), R. J. McKim. Dark side of rings well visible, and brighter on
the p. side; double white spot in the EZ(N).

Shadow of Rhea Mimas

Figure 22. 1995 Dec 20d 17:00 UT, wy= 102°, w,= 033°, 415mm DK
Cass., x262, D. Gray. Detail in unilluminated rings. Shadow transit of Rhea.

sidethe easier to see. McKim saw theansaewell on Nov 27 (22cm
refl.) and the brightening at the place of ring C, but they did not
seem quite to extend up to the disk. On Dec 8 he saw the
unilluminated rings very well with a46cm refl. and had the same
impression, as well as noting they were brighter on the p. side
(Figure 21), a point confirmed by Rogers and Graham (the latter
catching the p. side only). On Dec 9 with a 25cm telescope he
could trace only the p. ansa. Foulkes on Dec 9 (25cm reflector)
also only caught the p. ansa. Heath caught both sides as stubs
on the same date. Meredith on Dec 14 and McKim on Dec 20
saw both ansae with the p. one the easier to see. Macdonald
and Meredith saw both ansae on Dec 24-27 and (like Biver
during thistime interval) considered the p. ansa a bit brighter.
On Dec 25 Proctor could see both ansae, and noticed
brightenings at the positions of ring C and the Cassini division/
ring A; at the same time Gray caught some additional smaller
bright areas and found the p. ansa to be the brighter one. On
Dec 27 Graham (40cm refl.) caught the brighteningsat ring C. To
Meredith on Dec 28 and Giuntoli on Jan 2 only the p. side of the
steadily narrowing unlit rings could be detected, but Graham on
Dec 28 saw both sides. After having caught the unlit rings oc-
casionally in November, Niechoy sketched faint ring stubs on
Dec 12,29 and Jan 5.

It will be seen that the observations of the unlit rings con-
sistently point to their being brighter on the p. side.

By the time of hisfina observation on 1996 Jan 31 (with the
Meudon 60cm Cassegrain), Biver could see only undifferentiated
pale streaksin the place of ring A/Cassini’sdivisonand ring C.

Observations during and after the 1996 Feb || ring-
plane crossing by the Earth

crossing was on the night of Feb 11/12. Fortunately Beaumont
wasableto observejust after thecritical time. OnFeb 1318:15UT
faint streaks of light were glimpsed on both sides, more promi-
nently onthef. one. On Feb 14 18:00 UT (but through light haze)
she saw stubs of rings on both sides, and ShRG was glimpsed. On
Feb 16 at 18:15 UT Graham & McKim observed with the latter’'s
216mmrefl. and saw theringseasily to their full length; ShRG was
not seen. Heath, Macdonald and Proctor all had asimilar view and
found the p. and f. sidesidentical. On Feb 18 in twilight McKim
repeated the observation of theilluminated ringsaswell asseeing
the thin ShRG. On Feb 19 and 20 Beaumont again saw the rings
well. Finaly on Feb 21 Proctor found the outer parts of the rings
(ringsA/B) brighter, and the f. side brighter than the other.

Bicoloured aspect of the rings

The differencein brightnessbetween the p. (W) andf. (E) ansaein
white light has been recounted above. Heath continued his obser-
vationsof comparativered (Wratten 25) and blue (W44A and W47)
filter intensity estimates upon the sunlit rings. On Aug 16, 25 and
Sep 3 hefound no difference between the W. and E. ansaein white
light or with colour filters. Schmude on Sep 2 (ca. 04.30 UT) found
the ansae equal in whitelight but the p. side wasthe brighter with
both W25 and W47.

The satellites

In addition to the much improved chance of observing Saturn’s
faint, inner moons without the distracting presence of the rings,
many satellite phenomena (including numerous mutual events)
occurred. Predictions of mutual phenomena observable from the

Figure 23. HST images (E. Karkoschka [LPL] and NASA.)

RefertolettersH and | inFigure 7.

On Feb 3 McKim could see the ShRG but not the rings:
likewise Proctor on Feb 4 and Foulkes on Feb 8, but poor weather
and twilight hindered the observations now. The ring-plane
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A. 1995 Aug 6d. A shadow transit of Titan is in progress. From W. to E. the satellites are
Enceladus, Janus, Tethys, Mimas (W. ansa) and Titan (E. ansa).

B. 1995 Nov 17d. Dione is S. of the W. ansa and Tethys N. of the E. one. According to
WINJUPOS the image must have been taken around 08:25 UT, and (remarkably) the
streak crossing the p. ansa is actualy the shadow of Dione rather than an image fault. As
ever, the composite colours in A and B are only an approximation.
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UK were highlighted by Asteroids & Remote Planets Section Di-
rector R. Milesin several BAA Circulars,10 while the Handbook
carried predictions of occultations, eclipses, transits and shadow
trangits for Tethys, Dione, Rhea and Titan as well as eclipses of
Dione and Rhea by Titan.12

Longer setsof mutual event predictionswere published by Arlot

McKim: Saturnin 1995-96

& Thuillot,13 and by Asknes & Dorneau.14 These predictionst3.14
were partly summarised by Nicholson in Sky & Telescope.15
Both the BAA12 and the UAI2L published details of planned
observing campaigns for mutual phenomena. R. Miles summa-
rised some of the successful observations at a BAA meeting.22
The UAI intended to follow up the previous PHEMU campaign

Table 4. Observations of satellite phenomena

Date UT Observer  Remarks

1995

Jul 2 Gray Enceladus well seen.

Jul 5 Miyazaki  Shadow of Titan imaged in transit. (Figure 1B)

Jul 6 03:10 Biver Dione's shadow suspected in transit (250mm Cass.)

Jul 8 01:10 Gray Enceladus seen on E. side.

Jul 16 Gray Annular eclipse of Dione by Tethys predicted at 01:02.2—-01:14.5UT. Dione fade began 01:04 UT; Dione invisible by
01:09 UT; Dione= Tethys by 01:14:40 UT; Dione brighter than Tethys by 01:15:05 UT.

Jul 16 03:14 James Dione and Tethys still very close after the above event, appearing as short streak on CCD image (300mm refl.)

Jul 16 03:00 Gray Mimas glimpsed midway along W. ansa.

Jul 16 02:15 Ellis Tethys and Dione in conjunction E. of the planet, too close to resolve (203mm SCT).

Jul 19 Gray Enceladus well seen near E. Elongation.

Jul 20 01:45-03:15

Biver Shadow of Rhea seen as grey dot against the EZ(S) (250mm Cass.)

Jul 21 24:00 Proctor Titan hanging upon p. limb against EZ(N) just leaving transit. (mid-Egress predicted at 23:38 UT in the Handbook).

Jul 30 01:30 Gray Mimas seen off the W. ansa with Enceladus off the E. one.

Aug 2 15:35-15.41

Miyazaki Rhea's shadow imaged in transit.

Aug 4 00:00 Foulkes Enceladus seen W. of the rings (203mm SCT).

Aug 5 Foulkes Reappearance of Rhea from occultation predicted at 01:15 UT but satellite not visible even by 01:30 UT despite
transparent sky and use of occulting bar.

Aug5 23:15 Foulkes Enceladus near E. Elongation (254mm refl.)

Aug 6 01:50 Gray Mimas seen off the E. ansa.

Aug 10 00:00 Meredith Mimas and Enceladus appear as an unresolved point to the E. of the rings (215mm refl.).

Aug 10 01:30 Ellis Enceladus glimpsed near E. Elongation (203mm SCT).

Aug 10 23:30 Foulkes Tethys and Dione too close to separate (254mm refl.).

Aug 11 00:05 S.L.Moore Mimas seen on E. side.

Aug 11 15:17-15.46

Miyazaki Rhea's shadow imaged in transit (Figure 1D).

Aug 12 03:17 Platt CCD image shows Mimas and Tethys too close to be resolved to W. of rings.

Aug 15 04:00 Gray Enceladus at the tip of the W. ansa.

Aug 16 03:30 Biver Shadow transit of Rhea seen; shadow transit of Dione suspected (600mm Cass; Figure 10A).

Aug 16 03:40 Gray Shadow of Dione as a tiny grey dot in EZ(S) near CM, with Rhea's shadow as a larger grey dot on the following side at
the SEB N. edge. Rhea seen upon E. ansa. (Figure 10B)

Aug 16 23:15 S.L.Moore Mimas seen on W. side.

Aug 19 00:05 Foulkes Transit of Dione not visible (254mm refl.)

Aug 23 23:00 Foulkes & Rogers Enceladus visible near E. elongation (310mm OG).

Sep 3 Doherty  Total of 8 satellites visible (390mm refl.).

Sep9 23:30 Gray Mimas off tip of E. ansa

Sep 16 21:20 Graham, Gray & Heath Enceladus seen off the W. ansa (410mm DK)

Sep 24 James Partial (annular) eclipse of Rhea by Tethys predicted for 01:13.4-01:19.4 UT. An event definitely occurred between
about 01:13:40-01:17:40 UT (Figure 15). The observations were previously published in BAA Circular No. 75110

Oct 15 21:30 Ellis Tethys very close to Rhea off the W. ansa.

Oct 22 19:35 Biver Shadow transit of Tethys against EZ(S) followed up to 5 min before its egress at the p. limb. (600mm Cass.)

Nov 2 Chapple  Predicted partial eclipse of Enceladus by Tethys 22:34:37-22:36:03UT. Observer did not detect fall in light of Enceladus
due to unsteady seeing.

Nov 6 20:10 Biver Shadow of Tethys just off f. limb (600mm Cass.).

Nov 9 21:55 Meredith Glimpses of Enceladus on the E. side, but its eclipse by Titan not observable due to sky conditions.

Nov 9 Miles & Hollis Total eclipse of Enceladus by Titan predicted for 21:54:08-22:08:14 UT. Observed eclipse (lightcurve from Starlight
Xpress CCD, with unfiltered 10s exposures) from 21h 54m 00+5s to 22h 09m 10+5s. Predicted mid-eclipse at 21h 01m
11s; observed at 21h 01m 35s.

Nov 18 Foulkes Eclipse of Titan by Rhea predicted at 18:43.018.53.7 UT, but no noticeable brightness drop by end of observation at
19:00 UT (254mm refl.) due to poor seeing. Enceladus seen to W. of rings.

Nov 18 Rogers Partial eclipse of Dione by Rhea predicted for 20:23.0-20:26.7 UT (and thus minimum brightness at 20:24.85UT).
Observing began at 20.10 UT; Dione seen to disappear but timings affected by bad seeing and thickening cloud. Rhea was
always too close to the planet to be visible.

Nov 18 James Partial eclipse of Dione by Rhea predicted for 20:23.0-20:26.7 UT (and thus minimum brightness at 20:24.85UT).
Imaging commenced at 20:20UT; notable drop in brightness of Dione (relative to Tethys) began at 20h24m02+5s,
reached a minimum at 20h25m08+5s (thus within 20s of the predicted mid-event time), and returned to normal
brightness at 20h26m23+5s (Figure 20).

Nov 1920:50 Gray Mimas against the rings near the E. ring-tip.

Nov 26 Foulkes Tethys eclipse reappearance predicted at 18:55 UT; not seen, even with occulting bar, until 19:25 UT. Mimas seen W. of
the rings (254mm refl.)

Nov 27 Manning Total eclipse of Enceladus by Rhea predicted at 20:14:50-20:25:10 UT. Notes from selected cooled CCD camera frames,
not precise limiting timings: Enceladus 1st fade 20:15:54 T; gone at 20:17:55 UT; 1st reappearance 20:23:43 UT.

Dec 20 17:00 Gray Shadow of Rhea seen against EZ(N). Mimas near tip of E. ansa (Figure 22).

Dec 27 19:30 Foulkes Titan and Rhea too close to be resolved (152mm refl.)

Dec 27 17:05 Meredith Enceladus on E. side.
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(for * phénoménemutuels', organised by the Bureau des L ongitudes
of Paris Observatory) for Jupiter’s satellites.23

In contrast to 1979-'80, transits and shadow transits of Titan
were not favourably timed for observation from the longitude of
the UK, but Proctor just caught the end of a Titan transit at mid-
night on Jul 21. Miyazaki imaged Titan’s large shadow on Jul 5
(Figure 1B): wasthisthefirst timeit had been captured by aCCD
camera? OnAug 2 Miyazaki caught Rhea s shadow in transit, but
not certainly that of Tethys. OnAug 11 (Figure 1D) heagainimaged
the shadow of Rhea. The HST image of Aug 6 (Figure 23A ) beau-
tifully shows Titan’s shadow in transit, while on Nov 17 it caught
Dione’s shadow against the p. ansa (Figure 23B). Benton* notes
positive observations of Titan's shadow by Walter Haas from the
USA in 1995 December.24

The reported phenomena are listed in Table 4, together with
somerare sightings of theinner moonswith ordinary instruments.
Mimas and Enceladus were naturally easy objectsat Lick.

Asfar asthe usefulness of thesetimingsgo, it isclear that there
are dlight differences (from a few seconds to a few tens of sec-
onds) between some of our results and the predictions, and the
CCD datafor 1995 Nov 9, 18 and 27, involving eclipses by Rhea
and Titan, may be significant.

Foulkes remarked upon Titan's orange colour on Aug 19 and
Oct 8, and Youdale resolved its disk on Aug 26. On Oct 22 using
the 600mm Cassegrain at Meudon (x520) Biver saw Titan with a
large orange disk, much larger than that of Rhea (whose disk was
alsoresolved). Graham from Lick inAugust (x1175) also distinctly
saw Titan’'s orange disk.

Conjunctions

Beaumont supplied photographs of the attractive conjunction of
Saturn with Venus, whose closest approach (1°) wason 1996 Feb 2.

Address: 16 Upper Main Street, Upper Benefield, Peterborough PE8 5AN.
[richardmckim@btinternet.com]
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