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Abstract. Two bright spots shown by Voyager 2 images on Saturn’s north temperate belt are discussed
in terms of a simple photometric model in which the brightness differences are caused by obscuring
matter above the main cloud layer. In the ultraviolet light, in which scattering by small particles is very
effective, the spots are invisible. In the violet light they seem to be holes in the dark matter and there-
fore the brighter layer below it becomes visible. Also they could be rises in the bright matter. In the
green light the spots are more complicated since this wavelength interval contains very strong emission
spectra lines of ammonia.

1. Introduction

Dark and bright spots have occasionally been seen on Saturn’s globe during the last
hundred years, but the observations have only been visual while accurate measurements
and descriptions are lacking. The images used in this paper (Figure 1) were taken by
Voyager 2 on the 12th of July 1981 with a narrow angle camera having a resolution of
about 400km. Three different wavelengths were available: ultraviolet, violet and green,
having effective wavelengths of 346.0 nm, 416.0nm and 566.0 nm, respectively (Smith
et al., 1977). At that time there were two spots on Saturn’s north temperate belt. Even if
the images describe an instantaneous situation, some conclusions on the nature of the
spots can be made.

Although the spots were smaller and had much higher latitudes than the white spots
observed by Bemnard, Hay, Wright, Camichel and Botham (see Alexander, 1962), they
resemble each other. In particular, Hay’s spot, which was also observed by Wright (1933)
and was the only one of the above-mentioned spots which was observed through different
filters, behaved in the same manner. For ultraviolet it could not be seen except near the
central meridian. This indicates that the spots was situated below the upper atmosphere.
If one also takes into account its larger size at longer wavelengths, it is possible to assume
that the spot was only a hole in the darker clouds or a rise in the bright ones.

Therefore we are presently studying a model (Figure 2), in which Saturn’s atmosphere
is composed of a bright cloud layer and of darker matter above it. A simple calculation
provides the local variations in the optical thickness of the dark matter.

2. Theory

Let the angle of incidence and reflection be ¢ and e, respectively. If 7 denotes the local
optical thickness of the dark layer, the contribution of bright matter to the observed
intensity is
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Fig. 2. A schematic model of Saturn’s atmosphere.
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Iy being the intensity which would be found without the extinction. On the other hand,
according to Lommel-Seeliger’s law the single scattering in the dark layer produces the
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in which /p cotresponds to the intensity in the case 7 = oo, Adding both contributions we
obtain the expression
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for the observed intensity. Assuming 7 = O for the brightest regions at mid-latitudes on
Saturn’s globe and 7 = o for the darkest ones, we have a means by which to determinate
Ig and I, . The optical thickness can thereafter be calculated for each point,

f/ Tttt t Y+ //]
re o+ v ///
|+ ++ ++/
+ +/ 11 I
+ // ill IT
+/ TIIVVIAA
T £/ IIVVVVVAA
++/  TIITIIVVA?
T oLrrr ++/  IIIVIVVAANZ T symbol
IT I11 +++/ IL VVVAARH
1T 11 ++/ IVUAVVARY 0,0-0,2 BLANCO
TIT IITIILTI IIVVAAAVAAAA?
I ITIII+1il TIVVAAVAVIIVAA? 0,3-0,5
IITITIII+IIT IIVAAAAAL . IVA
I II4IIT+ +IT+1 IIIVVAZEREAV // IVAY 0,6-0,8 +
IIT ITIIIIIIIITIITY IIVVAA FHa /7 TVV]
IITILI4+T+4I+I4]44 TITAAAARTNY / 111 0,9-1,1 /
I ITILH4+4 betss VVERNAANERR IVVVVA
I I+I++I+IITI+I+ + AAAAARAZNNEAL  IVAAAA 1,2-1,4 I
FIHIL444I44 04 4ddt/ IAAVVVANSAAAYT IVVAAT A
ER S SO ARV I TVARNANAASAATALA] 1,5-1,7 v
[y DU SR 23V TAASAAANANIAJIN
I A Ny R AN NAV / VAAAAAARIAAANA| 1,8-2,0 a
ST+ 4/ /4 Tedv RAV/ . IVAAAVVAAIAIYHA
[/ 4V AVEE A2/ IARVVVVAVZARREH) 2,1-2,3 ]
JI7IIET+ & e AV / VVVVUVVVAYAVVAY
/77 7% Ut eevesvl AV VAAVAAVAAANINHH 2,4-2,6 I
111/ b ey [NV IIVVAAAAVVAA L
YV S T (AVVVUYYAAVARAVE. b 2,71- E
/L0 ¥ty Y ABAAAIAT DHHANAR

Fig. 3. The optical thickness of dark matter (a) in the ultraviolet, (b) the violet and (c) the green
light. The symbols are explained in the table.
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The resulting values of 7 are shown in Figure 3.

3. Discussion

The surrounding region of the spots in Figure 3 was selected to be large enough so that
the north temperate belt and the next bright zone to the north (see Figure 1) are visible.

In the ultraviolet image (Figure 3a) the spots are invisible. This can be understood if
the dark layer consists of small particles, which scatter short-wave radiation very effec-
tively, However, the dark belt also shows areas having 7 = 0, although the corresponding
spots are absent in Figures 3b (violet) and 3c (green). There might be two independent
layers acting at different wavelengths, but the small particles could also cover the entire
globe, both the dark belts and the bright zones, thus leading to an incorrect estimate for
Ig and 7.

In the violet image (Figure 3b) the belt has a high value of 7, while there is almost no
dark matter above the bright zone. The spots can be interpreted as holes which are free
of obscuration except in their central regions. The other possibility are rises in the bright
matter. The spots are covered by a partly transparent layer of dark matter. The bright
zone at the top of the picture behaves in a similar manner: for the most part the optical
thickness of the dark matter is small, but there are a few narrow streaks resembling the
centres of the spots.

In the green light the spots are larger and easier to observe than for shorter wave-
lengths. They are bright in Figure Ic, since both spots contain a few bright areas without
obscuration (blancos in Figure 3c). The centres, which are not as uniform as in the violet,
are covered by an opaque layer of dark matter, but the surrounding region is semitrans-
parent. The former phenomenon, which does not correspond to the obscuration in the
violet image, may be caused by NH; molecules. Their emission spectrum shows a strong
continuum near the effective wavelength (566.0 nm) of the filter (Robinson, 1974).

Acknowledgements

The Voyager image data was kindly provided by the Jet Propulsion Laboratory. We are
also indebted to the Tukisditio of the University of Oulu for supporting this work.,

References

Alexander, O’D. A. F.: 1962, The Planet Saturn. Faber & Faber, London.

Robinson, J. W.: 1974, The Handbook of Spectroscopy. CRC Press, Ohio, 783.

Smith, B. A., Briggs, G. A., Danielson, G. E., Cook II, A. F., Davies, M. E., Hunt, G. E., Masursky, H.,
Sonderblom, L. A., Owen, T. C., Sagan, C., and Suomi, V. E.: 1977, Space Sci. Rev. 21, 103.

Wright, W. H.: 1933, Publ. Astron. Soc. Pacific 45,236.



