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A RAPIDLY MOVING SPOT ON JUPITER®S

NORTH TEMPERATE BELT

Elmer J. Reese
and
Bradford A. Smith
New Mexico State University Observatory
University Park, New Mexico

A very rapid drift in the longitude of a small dark -
spot on the south edgz cf Jupiter's North Temperate Belt

(KTBs} has been determined from measurements of 51 photo-

graphic plates taken ir Pluc and ultraviolet light at the

iew Mexico State Universiiy Observatory between 7 July 1964

NPBe spot made 7 corplete cireuits of the planet relative

-

to System II, i.e., the system which normally applies to

atmospheric currevts in the planet's temperate latitudes.

The mean daily drift cf the spot was -924056 relative to

System II, and - 1°7756 relative to System I. This cor-
respeonds to a mean rotation period of .‘1%?.‘)”’18?5e A more
ite motion disclosed a rnearly sinusoidal
diszlacement with respect tc its mean positiom. A pertoed
of 300 days and an amplitude of 4° in longitude would best
deseribe this oscillatery mction. The center of the spot
remained stationary rear zenographic latitude +24°, within
the probable errcr of the measures. This sclitary spot

apparently represents the fifth observed cutbreuk of
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activity in the well~known but rarely observed North
Temperate Current "C", a current wh{:h »as produced the
shortest rotation periods ever recordéd on Jupiter. There
is evidence that the outbreax cf rapidly rotating spots

in this latitude mcy be pertodic, as the spots tend to
appear at twelve-ycar intervals when the North Temperate
Beit lies nearest tc the pianet’s equator. An cutstanding
characteristic of the most recent NIBs spot was its almost
complete invisibility to the visual observer, and that it
could be'photographically recorded only on plates taken

in blue and uliraviciet ligit.

DESCRIPTION CF THE NTBs SPOT

in early November 1964, while comparing a pair of photographs
of Jupiter taken in blue light and separated by an interval of only two
days, cne of us (B. A. £,) noticed that a small dark spot on thé south
edge of the North Temperate Belt (NTBs) had shifted about 18° in longi-
tude rcirtive to a pair of round white spots in the North Tropical Zone
(Smath and Reese, 196%5). This unusual motion suggested that the dark
spot was in the well-known but rarely observed North Temperate Current
"C" which has produced the shortest rotation periods ever recorded on
Jupiter. The first outbreak of rapidly rotating spots in this current
was observed by W, F. Denning in 188C. Since Denaing’s discovery there
had been only thre. additional recorded cutbreaks. The NTBs spot was
immnediately placed on the photographic observing schedule, and a tnor-

ough .earch was made of earlier phutographic plates. As a result, it
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soon was found that the spot had been recorded regularly on biue and
ultraviolet plates since 7 July 1964, The derived votation period
definitely established its association with the North Temperate Current
e, *

Both the spot and the Nortn Temperate Belt were much darker in
blue light than in green light. Moreover, the spot and even the belt
were virtually invisible in red light (compare Figures 1 and 2), Thus,
these features werec obviously quite deficient in blue light; this was
confirmed by the deep orange color observed visually in the North
Temperate Belt by C. W. Tombaugh and one of the writers (E. J. ﬁ.)
with the former’s 16-inch Newtonian reflector. Time-lapse photographs
in blue and ultraviolet light indicate that the spot darkened more
ranidly than the North Temperate Belt as the limb of the ﬁlanet was
approached (see Figure 3). This would suggest that the spot was
situated at a relatively high level in the Jovian atmosphere.

The actual appearance of the NTBs spot on blue photographs
varied somewhat during the life of the spot (see Figure 4). The
appearance was sometimes that of a small, dark condensation--usually
somewhat diffuse--situated on the southern part of the North Temper-
‘ate Belt, and projecting somewhat into the North Tropical Zone. A
thin, dusky wisp or festoon frequently was recorded, extending south-
ward across the North Tropical Zone from the projecting spot. On
other occasions the spot did not appear darker than adjacent portions
of the belt, but appeared merely as a small hump on the south edge
of the belt, with or without an appended festoon. Frequently, on

dates when the spot was not dark against the belt as it crossed the




Fige=ls

Composite photograph of Jupiter in
blue light, 25 November 1964, 0637
U.T., w) = 340°, = 215°. The
rapidly moving darK spot (marked by
an arrow) along the south edge cf the
North Temperate Belf has just passed
conjunction with ons of the north
tropical white spots. The photo-
graphs on this page were taken at

the So-foot Cassegrain focus of the
12-inch Fecker reflector and are
oriented so that south is at the top.

Fig.

o

Composite photograph of Jupiter in
blue light showing the NTBs spot as
very dark near the terminator, 25
November 1964, 0446 U, T., y = 273°
w, = 148°, The original plate
réveals detail on the planet as small
as 0V4,

L
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Fig, 4.

Composite photograph of Jupiter in
red light, 25 November 1964, 0646
Uisls oo = 3465 == The
NTBs spo% is quite Invisible in this
red light photograph--even on the
original negative.

A series of photographs of Jupiter
in blue light showing some of the
changing aspects of the NTBs spot,
which is positioned near the center
of each strip. The rapid motion of
the dark NTBs spot relative to a
bright spot in the North Tropical
Zone is shown on the photographs
for 4 September and 6 September,
The dark belt extending horizontally
across the middle of each strip is
the North Tewmperate Belt.

4
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central meridian, it would nevertheless appear quite dark against the
belt when near the limb of the planet,

The NTBs spot was darker and more conspicuous during August,
September, and October 1964 than it was later in the apparition; how-
ever, for a few days around 25 November the spct was nearly as con-
spicuous as it was at any time during the earlier interval. A
progressive fading or loss of contrast of the spot began in early
r December and r:sulted in the complete disappearance of the spot, first
in blue light -ad finally in ultraviolet, The last plate recording

the spot in blue light was taken on 17 January 1965. The final

record of the spot was made in ultraviolet light on 1 ‘April 1965.

| Because of the diffuse cutline of the NTBs spot and the difficulty
of resolving its northern edge against tne uark background of the

North Temperate Belt, determinations nof its length and width were sub-
ject to considerable uncertainties, both through measuring error and
the ambiguity of its boundary. However, it is believed that the
measured variations in its dimensions {(tabulated in Table IIIl) are
fairly reliable indications of real variations. The average length

and width of the spot were each about 6000 kilometers or a little

more than 5° of longitude and latitude respectivelyn1

The length and width of the spot were cumputed in degrees of

longitude and zenographic latitude respectively. Conversions from

degrees to kilometers made use of the following derived formulas:
1° of longitude (in kilometers) = 1266,2 cos B" - 21,7 cos 3 B8",

1° of zenographic latitude, B'", (in kilometers) = 1204.2> - 124,3 cos 2 8",

L_____________________________________________________________________________________________
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A few secondary features apparently associated with the NTBs
spot were observed occasionally., A very diffuse preceding end of a
slightly darker section of the North Temperate Belt, which preceded
the NTBs spcs “y about 25°, was observed visually and recorded on
photographs taken in green and red light, This feature persisted
from 9 November 1964 to 15 February 1965, Photographs taken in blue
light from 19 August 1964 to 2 September- 1964 recorded a short, faint
section of the North Temperate Belt immediately following the dark
NTBs spot. During February and March 1965, when the NTBs spot was
recorded as a dark spot only on plates taken in ultraviolet light,
photographs taken in green light revealed a short, lighter section
of the North Temperate Belt centered at the longitude cof the invisible
NTBs spot. ‘the longitudinal drifts of these secondary features

closely paralleled the drift of the NTBs spot.

DRIFT OF THE NTBs SPOT IN LONGITUDE
The longitudes of the NTBs spot have been measured with a Mann
measuring machine by H. G, Solberg and one of us (E. J. R.) on 51
blue and ultraviolet plates taken between 7 July 15064 and 1 April
1965 inclusive, The method by which precise Jovian longitudes and
latitudes are measured is described elsewhere (Reese and Solberg,
1965) . The results of these measurements are tabulated in Table I.
Because the drift was so rapid even in System I, it was found advan-
tageous to compute the longitudes (fourth column in Table I) in a
h,.m, .S

special system having a rotation period of 9749 18,491, which is

identical to the mean rotation period of the spot. The left side
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of Figure 5 shows the measured longitudes §lotfed in this special
system, and it is inmediately obvious that ;he drift-in‘ldngitudé h
was not linear. A

A preliminary analysis of the drift was made by dividing it f:
into a huﬁber of essentially linear sections and determining phefir
slope ahd'pOSitidn'of eachféeétionwsy é least squares solution,
Table 1I, which summarizes tiie results of‘éuchran anaiysisé shows -

" that the rotation period varied by a little less than 11 seconds.

A closer examination of the drift, howe?er, suggests the
presence of a regular oscillating component. Indeed, it was
foﬁnd thét a sine curve having a period of 306 u.ys and an ampli-
tude of 4° would fit the observed drift remarkably well, except
for one obvious anomaly centered on 29 November 1964, This sine
curve is shown as a broken line on the left side of Figure 5.

The right side shows the deviations of the measured longitudes
from the sine curve, These deviations are listed in the fifth

[ column of Table I. The standard deviation of the individual mea-
sures from the adopted sinusoidal motion is only + 0714 even when
the large anomaly of 29 November is included.

The longitude of the axis of the sine curve at any tiue, T,
(expressed in Julian days) can be computed in either standard
system of longitude by one of the following formilas:

A(System I) = 10835 = 157756 (T - 2438642,90)
A(System II) = 24778 - 994056 (T - 2438642,90)
The significance of a sinucoidal component in the longitudinal

drift of a Jovian spot could lie in the possibility that it reflects
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Figure 5:

Motion in lungitude of the NTUs Spot.

Agm e 137756 (20 - 2438704,0)

a) = deviations of tiw observed longitude frow tiw adopted
sinusoidal wotion (Jashed line, left side).
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: A S ;};NEA"“.PI"R(L)QIMATIONS OF THE LONGiTUDINAL DRIFT
: : % OF THE NTBs SPOT ’
. " ‘ (Least Squarés Solutions)
7 U limiting . , o
© +<7F Dates’ - - Limiting  Daily Drift in ] Interval
27 {(1964-65)  As. Special System* Rotation Pesiod (days)
. Jul. 7 a4 | h,m s s
S = T +02070 07004 - 974972103 £ 0716 118
. Nev. .2 +3.9
'v;:k,o-"’* 2 -e39] - Jh,.m, .S, s
o -0.110 + 0,008 974971471 & 0732 30
.bec. 2 +D.6 ' i
Dec. 2 +0.6 | , ' , e T
- +0.129 + 0.016 9"49725%7 + 0%6a 17
De£= 19 "‘2;8 R . T
S5 19 *2‘8- | h, m. s s
7 +0.007 t 0,012 97491878 + 0748 30
| - _Jan. 18 +3.0 | ,
“Jan. }8 * - +3.0] homs. s
-0,135 & 0.008 974971371 & 0732 31
Feb. 18 . -1.2]
Feb. 18 -i.2] W .
: -0.052 : 0.011 974971674 + 0744 a2
Apr: -'l "394_
MEAN®**  +0°004 9Mag™1gS7 268
DR SRR P 127756 (JD - 2438704,0)
]
** eighted Mean of the Six Least Squares Rotation Periods,
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an oscillation of the spot either in latitude or in depth. If the
naturz .of the spot would allow it to.be considered as a system con;
serving angular momentum, then it can be shown that a vertical oscil-
lagion having an amplitude of 3.1 kilomete.s, or an oscillation in
latitude having an ampiitude of only 00007 (3 kilometers) could
produce the observed oscillations in longitude. Thus, these observed
ogcillations in longi;ude could be caused by variations i; latitude
far smaller than the probable errors involved in oﬁr measures,

Tt is well knoin that many features in the atmosphere of Jupiter

do not behave as closed systers conserving angular momentum, at least

where relatively long-te:m latitude changes are concerned. The
Great Red Spot is a case in point (Peek, 1958$.pa 137). -Moreéver5
it is entirely possible that many of the spots visible on Jupiter
may not be clouds of matter floating im its ztmosphere, but are
perhaps manifestations of cyclonic or other secondary wind systems

naving considerable interchange of angular momentum with their sur-

roundings. With regard to small, rapid changes in latitude, however,
the question of comserved angular momentum remains open and rzquires

further investigation,

DRIFT OF TiiE SPOT IN LATITUDE
Measurements of 16 plates taken from 14 July 1964 through Z3
March 1965 do not indicate any significant variations in the zeno-
graphic latitude of the NTBs spot (Table ITI). The mean latitude
of the center of the spot for the entire interval was -24]15, with

a standard deviation of #0336 for the latitude on any single date.
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ZENOGRAPUIC LATITUDE, B", OF NORTH TEMPERATE BELT

AND DARK SPOT

Page 12

Date Center Width Length S. Edge Center N. Edge
1964-65 _g" km, km. 8" g g™
Jul, 14  +2475#005 7000 8300 +23°0 +2554 +277%9
Aug.719 24.0 6300 6300 23.6 2S°6 27.6
Sep., 4 24,620.1 7100 6700 23,7 25.3 26.¢
Sep. © 24,0 6090 6700 2%.¢6 25.3 27.3
Sep. 17 23.9+0.1 5800 6800 23.4 25,2 27.1
Sep. 29 23.920.2 6300 6900 24,1 25.% 27.%
Oct, 8 24.420.1 4600 5400 >23.9 25,2 2?;2
Oct. 21 24.3 5700 - - <3.0 28,3 27.5
Nov. 6 23.9 5000 3500 23.5 25,32 27.4
Nov. 9 24.4 6500 4600 23.8 25,2 27.0
Nov. 18 - 23.9 5700 6700 3.4 25,1 27,0
Nov, 25 24,0 4200 6100 23.3 24.9 26.4
pec. 11 23.910.2 5000 6400 23,4 25.4 27,7
Jan, 10 23,6 4400 4000 2%,2 24,8 26.5
Feb, 4 24,5 6500 | - - 23,2 25,1 27.0
Mai. 28 24.6 5800 - - - -
MEAN +243715 5700 6000 +2304 +28%2 »2732
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A least squares solution, however, would indicate a very slight drift
from +24218 on 14 July 1964 to +24]11 on 28 March 1965; nevertheless,
the standard deviation for the latitude on any single date from the
least squares line was found to remain unchanged at #0736, Since the
probable error of the measured latitude for each date is of the order
of +0°2, we cannot be certain of any real variétions in the latitude

of the spot.

CONJWHNCTIONS WITH NORTH TROPICAL ZONE WﬁITE SPOTS
The rapid drift of the NTBs spot carried it completely around
Jupiter once every 40 days relative to several round white spots,
which nearly filled the entire width of the adjacent North Tropical
Zone, Latitude measures indicated that the yrojecting southern por-
tion of the NTBs spof and the northern portion of some of the larger
white spots should have overiapped when their differentizl motion brought

them into conjunction. Since observations of this phenomenon

would have provided an excellent opportunity tc learn something of

IRl A

the relative levels of two atmospheric features, an effort was made
to record several of these conjunctions photographically. 1t was
also hoped that photographs might show how the dusky festoon appended

; to the southern edge of NTBs spot woculd get from one side of a white

spot to the other.
Unfortﬁnatelya we did not succeed in recording the mid-point
of a single conjunction, In most cases, the NTBs spot would appear
to just barely touch either the north-preceding or the north-following

edge of a white spot without either feature being definitely obscured
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or distorted. However, on twoc occasions, 1 October 1964 at 1059 U.T.
and 21 December 1964 at 0054 U.T.,, the dark spot did appear to encroach
upon a white spot, thereby suggesting that the dark spot was at a higher
level than the white. Close conjunctions were recorded on 14 July,
6 September, 26 Septenber, 1 October, 3 October, 17 October, 9 November,
25 November, and 21 December 1964.

The behavior of the dusky festépn when very near a white spot
was rather unexpected. The festoon seemed to "avoid" the white spots
as though being repelled from actually encroaching upon their borders.
As thé NTBs spot approached a white spot, the festoon would slant
backwards, away from the bright feature. Later, after the NTBs spot
had passed, the festoon would be found inclined forward, well ahead
of the white spot! During the two very close conjunctions on 1 October
and 21 December, the festoon was quite invisible, except for a diffuse
duskiness in the North Tropical Zone, both preceding and following

the white spot.

PREVIOUS OUTBREAKS OF RAPIDLY MOVING SPOTS ON THE NTBs
An excellent account of observations of previous activity along
the south edge of the North Temperate Belt is given by Peek (1958,
Chapter 9).
As mentioned earlier, this remarkably rapid current was discovered
by W. F. Denning in 1880 when a number of dark spots were observed to

h48me Some pertinent facts

hove a rotation period of approximately 9
concerning the various outbreaks of rapidly moving spots are listed

in Table 1V,




TN-701-66-9
Page 15

TABLE IV

QUTLREAKS OF KAPLIDLY HOVING SPOTS ON <m|; SOUTi LiGL
OF JUPITEN'S NORTi! TEMPERATL BLLT

Max i mum

Average Nuawber  Limiting Uates Zenographic Obscerved
Rotation of of NTB . NTb Latitude Life

Outbreak  Apparition Period Lipots Obscrvation Color Intensity Center .78 of & Spot
1 1880 oMas™ --- --- -- - --- - ---
2 1891 oMay™, --- I .- - .- -—- .-
1592 oyt .- - .- - .- .- .- -
5 1920 PMag™s® 15 Jun-21 Sep  blue-gray  dark 42521 9g¢
1929-30 O ¥l 27 Sep-3 lar blue-gray very wide 25,2 1529

and dark

- _ ¥
1935v-31 st ay™10° 5 18 sep-21 Marx bluc-gray wide and dark +26.4 152
4 1939-40 oas™s7® i 25 sep-1d Feb  gray dark +26.4 1099
194u-41 T & 1 Jul-2 Mar arosn dark, marros  +24.5 200
1942-43 P a9806® 2 5 Oct-9 ar gray dark +27.0 155Y
5 1904-u5 y"49¥15°> 1 7 Jul-1 Aypr orange! narros, Gusky +25.2 268"

a. Paillips, T. b. R. {1950). Twenty-fiftin Report of tie Jupiter section. Jierwirs Jdrit. Astron, Assve. 29,
Part 3, v3-56. -

b. Paillips, T. E. R. (1937). Twenty-cigihth Report of the Jupiter Scction. zolrs Jrii. astrom. As3os. 32,
Part 4, 1-22.

c. Paillips, T. E. R, (1937). Twenty-eigntis keport of the Jugiter Svetion. Memoirs {rit. AStron. Assoc. 32,
Part 4, 23-37. :

d.  Poeh, 6. 1. (1942), Thirty-first Zcporz of the Jupiter section. lemwirs Jrit, astrew, t3sce, 35, Part 1,

33-45.
e, Peek, B. A, (1944). Tairty-seconu Heport of tae Jupiter Sectioa. Hdgroirs srit. nstrom. issoc. 33, Part 5,
1~-41.

£, Peek, 3. de (1990). Tairty-second keport of tii Jupiter dectivi, lemolns Srii. adtron., Assoc. 35, Pari 4,
1-350.

Pefer-
ences
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The nean zenographic latitude of the center of the North Temperate
Belt for all apparitions between 1908 and 1947 was +27°8, with the val-
ues for individual apparitions varying between +2478 and +3272 (Peek,
1958) . It may be significant that the North Temperate Belt was near
its minimur }:titude north of the equator during each outbreak of
rapidly rotating spots. We might speculate on the existence of a limited
region of ascending verticai currents near latitude +24° which can lift
masses of dark-colored clouds into a rapidly rotating zonal current
well above the average level of the cloud deck. The periodic nature
of the outbreaks might then be directly relafed to the availability
of dark colored material., Such material might be available only at
those times when the south edge of the dark North Temperate Belt
approaches sufficiently near to latitude +24° to become involved in

the region of the ascending current,

POSSIBLE PERIODICITY

A possible periodicity in the appearance of rapidly moving spots
on the south edge of the North Tenperate Beit was suggested by W. F.
Denning in 1898, Peek (1958, p. 79) notes that a period of roughly
10 years would fit, without excessive elasticity, the eruptions of
1880, 1891, 1929-30, and 1939-40; but he believes that it Is quite
certain that the major phenonena were not repcated during the
apparitions between 1892 and 1929-30,

Outbreaks of activity during the present century do seen to

confirm Denning's suggestion; however, rather than the 1l0-year
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interval suggested by Peek, a period of almost exactiy 12 years s:ems

to be indicated in Table V.

TABLE V

CHRONOLOGICAL RELATIONSHIP BETWEEN THE LATITUDE
OF THE NORTH TEMPERATE BELT AND THE
OUTBREAKS OF NTBs SPOTS

NTB at Minimum

1 12 Year Period A Latitude South NTBs Spots Observed
1880 - - - - 1880
1892 - - - - 1891, 1892
1904 - - - - - - - -
1916 1916 (+2578) (see text)
1928 1928 (+25°%0) 1926, 1929, 1939, 193}
1940 1940 (+2478) 1939, 1940, 1941
1952 1652 (+25°1) (see text)
1964 1964 (+25%2) 19¢€4

it is just possible that the rapidly moving current was active in

1915 1917, and again in 1952 and 1953. In a report by the British

Astronomical Association dealing with the apparition of 1915, some
drawings by Phillips and Thomson clearly show typical dark spots on the
south edge of the North Temperate Belt (Phillips, 1917). In a later

report of the British Astronomical Association it is stated that some

dark spots were seen on the south edge of the North Temperate Belt
by Ainslie, Sargeat, and Phillips during August and September of 1917

(Phillips, 1923). The North Temperate Belt was noderately dark and
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bluish in 1915 and 1917 with its center near latitude +¢2673. Some
dark spots were seen on the south edge of the belt by Burrell, Adcock,
and E., J. R, between December 1952 and February 1953 (Alexander, 1954)
when the North Temperate Belt was rather faint and gray with its
center near latitude +2501,

Although we cannot be certain that every spot visible on the
south edge ;f the North Temperate Belt near latitude +24° must have
a rotation period much shorter than that of neighboring latitudes,
there seems to be no published record of such a spot possessing a
period even close to that of System II, If the implication is cor-
rect, it would seem even probable that a number of rapidly moving

spots did exist on the south edge of the North Temperate Belt in

1915, 1917, and 1952-53,
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