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THE CHARACTERISTICS AND MOTIONS OF JUPITER'S SPOTS
DURING 4 OHE-YEAR PERIOD

z Clark R. Chapman

Submitted to the Depariment of Meteorolozy on August 19, 1968, in partial

fulfillment of the requirement for the degree of lMaster of Science.

Abstract -- The statistics of the spots in the belts of the planet Jupi-
ter have been studied in the past only by visuel observations. This re-
port presents the results of the first phase of a pilot project utilizing
the photographic patrol plates taken at the New Mexico State University
Observatory. The beginning sections describe the earlier observing methods
and summarize the characteristics of Jupiter's spots and zonal currents
determined from the earlier techniques.

There follows a description of the N.}M,S5.U. plate collection and
the methods used to order the photographic data into useable form. Hine
synoptical photographic drift charis, showing the evolution of Jupiter's.
spots in nine zonal regions during the 1966-7 apparition, were constructed
and data were teken concerning spot motions, shapes, sizes, lifetimes, ete,
A computer was used to determine numerous characteristics of the spot
populations in the individuel currents and relationships between spot
parameters. The resulting lists of observed spots Torm the firsi reason-
ably objective and uniform data sample on Jupiter's spots and the derived
statistics and relationships form a source for comparison with theoretical
models Tor Jupiter's circulation., Numerical results ere presented herein
covering Jupiter's entire northern hemisphere, with the oxception of the
equatorial jet, for the period Hovember 1966 through November 1967 (but
June to Hovember 1957 is poorly covered because Jupiter was near solar
conjunction).

The region of zonal shear bordering the equatorial jet is P
charecterized by highly variable spot velocities and by shorter spot life-
times. Unfortunately, lifetimes can be determined reliably for only a
minority of spots, even in stable currents, and the apparent absence of
strong correlation between size and lifetime requires further study.
Smell spots and dark spots mey rotate more rapidly than large or light
_ spots in some latitudes. The apperent preferred length for spots of §

may simply reflect loss of completeness of smaller spols; latitudinal
widths of spots, generally about three-quarters of spot lengths are less
variable then spot lengths. IHany of the other potential correlations
between spot parameters were found to be wesk or absent. Tabulations of
all observed spots and surmaries of the findings concerning spot charac-
teristics are presented in extensive appendices.
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. IUTRODUQTION

The planet Jupifer is less fhaﬁ a mimite of arc in diasmeter as
seen from the Earth. Nevertheless the gross pattern of the general cir-
culation of the planet's atmosphere (at the height of the vresumed "tropo-
pause") has been ascertained to a degree not greatly inferior to our know-
ledge of the general pattern of the terrestrigi circulatioﬁ, at least until
recent times. Indeed the oblateness of the planet, due to its rapid rota-
tion, and the zonal cloud belts were recognized over three centﬁries agos
shortly after the invention of the telescope. In 1665 J.D. Cassini dis~
covered a large South Tropical 5p6t (probably the Great Red Spot; see Chep-
man, 1968a) and determined its rotation period. In subsequent‘yearé, Cas-
sini measured changes in the motion of the Red Snot and also discovered the

considerably more rapid motion of spots in equatorial latitudes (the equa-

torial acceleration).

Beginning about a century ago, amateur astronomers from man}
countries,vbut notably England, Segan to observe Jupiter regularly and to
issue systematic sumnaries about the planet's telescopic appearance and the
motions of spots in several well-defined zonal currents, based on visual
timings of spot traﬁsits across Juviter's central meridian. Such records

through 1948 have been summarized by B.M. Peek (1958) in his comprehensive

boolzy, The Planet Jupiter.

Despite the magnitude of the accumulated data from emateur as-

tronomers' observations, far less has been learned from such observations
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than is possible using modern techni&ues. First, the visual observations
of Jupiter suffer from their subjectivity and human errors: Secondly, the
data sample is highly heterogeneous and the data reductions to date have
been quite simple and in many ways incomplete and inadequate. The advan-

tages and limitations of the past visual work are discussed in detail later.

Since the initiation of the first regular photographic patrol of
Jupiter. now in about i;s sixth year at the New Mexico Stete University
Observatory in Las Cruces, there is for the first time a larée, uniform,
objective record of Jupiter which is of sufficient cuality to enable many
kinds of investigations never before possible to be carried out with rela-

tive ease., The present renort discusses an early phase of the first com-

prehensive analysis of a portion of the New Mexico photographic records,

The study is én outgrowth of an original investigetion planned
by Prof, Raymond Hide and the present suthor of the relastionship between
size. and lifetimes of Jupiter's spots. In order to investigate one part
of the lifetime spectrum (a few days to a year),~a series of photographic
charts were constructed from the New Mexico plates, designed to display in
an orderly fashion (to be discussed in detail later on) symoptical pictures
of Jupiter covering one appérition of the vlenet., (An epparition is a per-
.lod of about 13 monthé measured from one'solar conjunction to the next.)
However, the charts providé 2 ready{source of information on many other
cheracteristics of Jupiter's snots end its currents thén just the sizes
‘end lifetimes. The present analysis is an atiempt to learn.about many as-

pects of Jupiter's visible atmospheric surface from these charts.

The intent is to derive empiricel information concerning meny

characteristics of spots (including size, color, shepe, motions, location,



A

etc.) and on the cha?acteriﬁtics of tﬁé zonal currents. Some kinds c¢f -
information which sre gleaned frbﬁ the charfs simply refine cruder werk
already cccomplished by emateur astronomers for the same period'(e.g.’
Budine, 1968), Other characteristics which are investigated were suggested
by terrestrial analogues with meteorological implications. Still other
characteristicé investigated are intended to be useful in other projects
curreﬁtlyjunder way (for instance the size-lifetime study of Prof. Hide;
also the study of momentum transfer in the Jovian atmosrhere by Prof,.

Victor Starr and his collaborstors).

The scoﬁe of this renort is a limited one. By no means is it
intended to be the last word on the characteristics of Jupiter's visible
surface features. Rather, it is intended to be the preliminary first step
in the objective analysis of Jupiter patrol photogranhs -~ a pilot study.
The coverage could be extended considerably now thet several more years of -
patrol nhotographs have been taken, end belter moré automated technicues |
for analysing the photographic imagee are being devised (for instance by
Starr's group). Some of the kinds of informetion and correletions devel-
oped here will justify further study in the future, while still other kinds

of anaiysis can and will be nerlformed using the present charts.

There is no attem?t in this thesis to nrut forward physical hy-
potheses to help ?explain” the relationships which apnesr., It wouid be far
too preﬁature'to dorso. Our knowledge'of the physiCEi nature of the bells
end spots under investigetion is so rudimentary th:t the first task must
be to lay the emnirical foundations., It is the purvose of this thesis (to=
cether with the aiready‘extant and leng-term, though cruder, records of

amateur astronomers) to form this empirical foundation,



Fu?ther development in sevé;;i directions ié plenned, The pre-
liminary data on the size-lifetime relatiéﬁship presented herein will be
amplified upon gnd vresented, together with data -on rwore long-lived spots
and with a preliminary theoretical interpretation, in a revort currently ih »
preparation (Hide and Chapman, 1968). The present s£udies of the soot and
current métions will serve as the basis from which the more sovhisticated
technicues of Starr et al will be developed in a theoretical-empirical
'study of £he dynamical processes of Jupiter's general circulation. Another
paper is planned which will use the present study as a basis for suggesting
improvenments in the graditional methods vhich emateur asironomers have been
using for studying Juniter; it apvears iikely that aﬁateur date will be the
primary source for much of our information about Jupiter's srots for some

years to come,

Many of the cherecteristics of Jupiter‘s>appearance and ciréula-
tion appear to vary from year to year, but the present stuéy considers only
a relstively brief segnent of time. Therefore, to establish the context of
of the present results, it is necessary first to discuss the previous vork
by amateur aétronomers ~- both the resualts and the metheds -- in consider~
able detail, This is the purnose of Section II, Section III then de-.
scribes the techniques Tor obtaining the date used in the present study.
The results, mainlj tebular in natﬁre, are presented in Section IV, Some -

imnlications of the results are discussed in the concluding section.



II. PREVIOUS STUDIES OF JUPITER'S SPOTS

TelescoPic observationé by amateur and semi-professional asiron- 7
omefs‘form the basis-for most of our knowledge about the motions and char-
acteristics of Jupiter's spots and currents, Through a telescope, Jupiter
presents an elliptical disk aﬁout 40 seconds of‘arc in diemeter. Lying
varallel to the equator is a series of bright "zones" and dark "belts",
the most prominent of which are in sub-ironical latitudes. Although these
belts and zones very in both darkness and width, and slightly in latitude,
the major ones seem to have maintained their identity since Jupiter was
first studied in the 1600's. Thus a standerd nomenclature hes developed;
for instance from equator southward Equatorial Band, Ecuatorial Zone
(south vortion), South Equatorial Belt (north component), South Equaiorial
Bglﬁ Zone, South Equatorial Belt (south component), South Tropical Zone,
South Temperate Belt, South Temperat; Zone, South=South Temperate Belt,
South-South Temperate Zone, South-South-South Temperaste Belt, and so on,

with a similar nomenclature north of the equator.

Cassini's observetions in the late 17th century provided the
first evidence for the most importan£:§ﬁaracteristic of Jupiter's cir-
culation: the S-minute shorter rotationqperiod for spots within 10° of the

hSB%m rotation period typical for hicher lati-

ecuator compared with the 9
tude spots. More recently about 20 distinct zonal currents have been rec-
ognized which are more or less, but not exactly, correlated with the vis-

ible belts and zones. The cheracteristics of these currents are deseribed
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following a discussion of telesc0pic‘dbserving methods.

A. Observing Methods

The fypical telescove which hes been used during the past century
for accumulating dates on Jupiter is bétween 4 ¢nd 12 inches in aperture,
frecuently a portable backyerd reflector. (Occasionally large professional
observatories have been used; sometimes small telescopés‘have been used for
observing the largest spots.) Observers have been of all sges from early
teens up and of many nationaliiies. Iﬁ.experience, :eliability, and dedi-
cetion, observers have ranged from the very eble tﬁ the very casual, In
general, however, most of the published reports are based largely on the
extensive work by just a few devoted and experienced American and British
observers vho overwﬁelm the fer lagger ﬂumber of more casual observers by

the sheer quantity of their observatioms,

For about 3 monthé centered on soler éonjunctions,‘Jupiter is
guite unobserveble, During the next several months, itris“visible only
in eerly morﬁing hours when few observers can Tind the enthusiasm to make
regular observations, HNear times of solar 6pnosition, the nlenet is above
the horizon all night and meny more observations are made --’mainly in the
evening. As Jupiter again éppréaches conjunction, it is visible only in .
the evenings and usually is well-observed intil it is lost in the glare-of
twilight: wot all enparitions are equally favérable. For most obsérvefs.‘
but particularly for those in high latitudes such as in Eng;and, Jupiter's
l2-jear cyclical journey through the zodiac is crucial, and not just be-
cause of seasonel differences in the observing climate.r Vhen Jupiter is

in Genini, it can rise higher than 60° in the sty over Englend, and remain’

10
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above the horizon for over 15 hours. ﬁut 6 years later, when it is in
Sagittarius, Jupiter never attains 20° and even then swlftly sinks below
the horizon again. Since the small-scale turbulence in the terrestrial
atmosphere ("seeing"), which is so important for resolving spots in Jupi-
ter's image, is a strong function of zenith angle (mainly due to increased
airmass), it is very difficﬁlt to obtain good observations from England
during thoseryears wheﬁ Jupiter is iﬁ the southern constellations of the
zodiac. It is iﬁportant to recognize that these and otﬁer factors strongly
e2ect the uniformity of Jupiter observations; for instance, the similarity
between Jupiter's zodiacal period and the sunspot cycle renders uncertain

apparent correlations between the solar cycle and Jovian phenomena.

About four chief kinds of visual observations of Jupiter have
been made during the past century with some uniformitys drawings, descrip-
tive notes and‘photométry, latitude measufements, and centrel meridian
transits. We will be concerned chiefly with the last kind of observation

which yields information on longitudinal (zonal) motions of spots,

Drawiﬁgs. Hﬁndreds of pencil sketches of Jupiter are made each
apparition. They'are drewn in 10 to 20 minutes (before significant rota-
tion has taken piace) on blanﬁ disks of Jupiter's ellipticity. The human
eye is a more versatile detector than the cemers, chiefly becaﬁse it can
perceive small features during occasional brief ihterVals of good seeing;
photorraphs are usually taken at random intervals, and in any case they
integrate the 1nage over the exposure duratlon (usually a fraction of a se-
cond to a couple seconds). But although drawings by an able, accurate art-
ist are‘suﬁerior to photographs in some ways (especially in resolution of
small spoté), they rarely turn ouf that way in practise. Eény drawipgg-

fail becauée'qf subjectivity or carelessness, frequently on the part of

11



inexperienced observers. However, prio; to the recent establishment of a
photographic patrol, good ohotographs weré not generally taken et suffi-
ciently frequent intervals to form nearly as complete = reco;d of Jupiter's
appearance as that formed by the multitude of sketches; Fortuneately,
studies show (e.g. Chepmen, 1962) that when date teken from drawings made
by reliable observers cre corrected for ecch observer's systematic nosi-
tional errors, surprisingly hich precision can be obtained from drawings
(12° in latitude, 22° in longitude are typical errors at the center of the
disk). Hovever, drawings almost never have been\énalysed in an orderly

fashion and hence are not a source for reduced informaztion sbout Jupiter.

Descrintive noteé; Amateur astronomers frecuently write descrip-
tions of the planet each evening, including estimetes of the color and rel-
ative conspicuousness of the belts and zones, ;s well 2s comments on ncte-
%orthy snots end Quspectéd chenges from previous days. Sometimes atiempts
ere made to estimete the relative brightnesses of surface features on a

numerical scale; these estimates could be calibreted to yield useful nhoto-

metric date, but never have been in practise.

Latitude messurements. YWith rare exceptions, measurements of

letitudes heve been restricted to the latitudes of the edges of the belts

and zones so little datas is svailable on individueal sr»ots, Micrometers - =

were often used for these measurements, bul more recently measurements from

occasional photorraphs have usually sufficed for this purpose.

Contral meridien (M) trarsits, Probably the most useful data
to planetafy sciénce ascembled by amateur\astronqmers is informatiop ob-
tained on the }ongitudés of Jovian spots from severel million timings pf
passages ofrspoté_across the central mér;dian of the vlanet. The observing

procedure is cuite simple: the observer merely estimectes to the nearest

\

12
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minﬁte the time at wﬁich each gppt visible rotates across fhe vertical
meridian bisecting the 1luminated disk of Jupiter. ‘The observer records
each such tiﬁing along with a brief description of the spot (usually'lim-
ited to its approximaté latitude, relative to one of the visible belts,
and whether it is bright or dark). The longitudes of the spots are then
quickly determined from CM tables in an ephemeris such as the American

Ephemeris and Neutical Almanac (AENA). Lonzitudes are determined relative

to one of two longitude systems rotating with arbitrary periods which ap-
proximate the periods for equatorial spots (System I, 9h50m30.003s) or the

higher latitude periods (System II, 9h55m40.632s).

Longitudes deterﬁined from CM transits are subject to several
systemalic errors. First, different observers show differing susceptibil-
ities to "phase exaggeration" which yields a systematic longitudinal bias
that varies with the sun-Jupiter-earth phase angle. Secondly, observers
Have thelr own personal high or low biases, which ﬁay or may not be stable
with time. Both kinds of systematic biases can amount to more than 2° of
longitude. Reese (1962) has shown that the accidental error in longitude

‘(after correction for biases) is less than 1° for o good observer. Unfor-
tunately,»CM transits are rargly correcied'for systematic errors in ﬁub-

lished reductionse.

—— ————— ] St} At Gt U

Published reductions of CM transit data by such organizations
as the Association of Lunar and Plénetary Observers and the British Astro-
nomical Association are usually based on several thousand CM transits sub-

mitted by several dozen different observers during the course of an appari-

13
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tion. The Jupiter Directoré who Have perférmed the reductions are intel-
ligent and competent, but es unpaid amateur astronémers they‘havé usually
lacked the time to obisin more than the bare essentials from the data.
This is all the more unfortunate now since much of the original data has

been lost or thrown away;

The method of reduction is as folldws. From exnerience, the -
typical latitudinal extents of the several zonal currents are inown, so
a separate graph can be made for each current. All Clf transit longltudes
for the particular current (horizontal axis) are ploﬁted against date, (in-
creasing downwards), using different sywbols to distinguish dark spots
. from white ones and timings of'the’preceding or follovwing ends from those
of the centers. The prominent well-observed spots are immédiately/ident—
ifiable on such a graph as & string of points, perhaps slenting to the
right or left depending upon whether the spot is moving more slowly or
more rapidly then the aéoyted longitudé systém. Lines are drawn to conw=-:
nect the pointsrfor the identified spots. The idenﬁification of the more
inconspicuous or traﬁsient spots is more uncertain. There is the dﬁnger :
of connecting several points which do not refer to the same atmospheriec
feature. The dgtermination of whether saveral»points do represent a sine
gle feature rests on a numbgr of factors: the closeness of fit to a
straight drift line (indicctive of & uniform rotation peried), the sim-
ilsrity of the apparent rate of drift to other spots in the same latitude,
end the lack of possible ambiguity in connecting s»ots over a long observ-
aticnal gap. Compafisons of independent reductions of transit data during )
the same apvarition suggest that overly qptimistic identifications have
frequently been made. Blas is undoubtedly introduced by the subjectivity

of this kind of decision-making.

14



The published revértS‘uaually contain theAfollcwing information
for each identified feature: dates and longitudes Qhen first-and'last re-
corded, the mean longitudinal drift per 30 days, and the corresponding ro-
tation period. There is occasionally a brief description of the spot be-
yond the simple designetion of éark Qr bright, Mean drifts, and hence
\ meah rotation periods, are obbained Por each current, usually unweighted

averaeges of the drifts of all spots deemed to be in the current.

Without belittling these valueble reports, or their general re-
iability, it is neverfheless vorth noting thet ideally far more could

have been done, and still can be done for future apraritions and even for
past ones for which the originﬁl data still exists, For instance, in re-
cent years lergely independent reports have been issued by groups in many
aif Terent countries, including the United States, Japan, Englend, Switzer=
land, Italy, and others. It is unfortunate that attempts to pocl all the
data have so far failed. Secondly, few attempts have been made to elim-
inate observatioﬁs by unreliable observers, to weight or interpret data
to téke into account differing felescopes or seeing conditions, to deter-
mine and correct for personsl systematic erroré, or to use standard sta-
tistical procedures for determining the reliebility of spot identifica=’
tions, Thirdly, there has been little or no attempt to use other kinds of
data (such as drawings, existing photographs, or writien notes) in con=
junction with the trensit date. For instance, since spots occur in maﬁy
different shapes and sizes which are often stable, checking photogranhs or
dravings could improve the reliabiiity of spot identifications; they could )
even‘be used to fill in gabs in the oM transit coverage., Finelly, the
many o»her imﬁortant characteristics of spot motloﬂs be51des the average

. motion are 1ost, erceot in those relatively infreguent cases when the

15
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original drift charts have besn published.

I should repeat that to perform the kind.of fmproved enalysis
sucgested above wéuld teke much more time than even the most devoted am-
ateur astronomer could volunteer; in fact, it would take more time than
the analysis of the pho#ographs reporied on in thié thesis., Nevertheless,
it may well prove desirable %o Qerform such reductions on a pooled collec-
tion of emateur Jupiter observations plus existing photographs for eppari-
tions prior to the establishment of photogréphic patrols., I expect such
analyses could approximate the accuracy of the oresent preliminary reduc-

tion of the patrol photographs.

C. Characteristics of Juniter's Circuletion -- Early Results

The results of amateur astronomers'4observations of the motions
o2 Jupiter's spots have been nublished in numerous reports and journals -
during the past centﬁry, sone of them availeble in observatory,libraries;
but most of them small, sometimes wimeographed, publications of limited
distribution. éerhaps the chief sources for reduced Jupiter deta covering :
the period 1891 to 1948 are the reguler, orderly, and complete renorts of |
the Jupiter Section of the British Astronomical Association is:ued until

1043 es Memoirs of the British Astronomical Associstion end thereafter as

reports in the Journal of the B, A. A. 4in excellent summery of these ob-

servations has been given wide distribution es the book, The Planet Jupi-

ter by B. M. Peek; however, the original re-orts should be consulted for
‘serious investigstion of past work. For apparitions since 1948, a super-

$or source for Jupiter rotztion deta are the usuelly regulaer reports of

16



the Jupiter Section of the Association of Lunar and Planetary Observers,
published in the Journal of the Association ("The Sirolling Astronomer").
These reports, prepared until receﬁtly by ¥r. Elmer J. Reese, are of ex-

ceptional quality.

I now describe what.Irfeel are the peftinent cheracteristics of
Jupiter's motions based on my familiarity with the literature and on sev-
eral unpubiisﬁed enalyses I have made based on the above sources., Comper-
isons of inéependent reductions of spot date suggest that the published -
tables generally provide a relieble picture of the characteristicg of
Jupiter's circulation, even though misidentifications occur., The mean
rotetion period for a single épot can usually be determined to better than
1 second,ralthbugh spot motions frequently fluctueste about the mean by a

second or more,

If one nlots meen rotation period versus Jovian letitude; the
most obvious festure is thé equatorial accelergtion: within a degree or
two of both +10° and -10°, spots switch from a ;otétion period similer to
that of most higher latitude spots of aboub 9h55m to a period of about 95
SO%Q, which is cheracteristic (usually %o within %P) of 3po§s at all lati-
tudes between + and -10°, The non-equatorial regions of the plenet do not
rotaﬁe exactlyras a solid, .even in the long-term average (Chapman, 1968b).
The two hemispheres are not symmetric.. The shortest sverage periods are -
in south terperate latitudes (about 9h55m). Qith soﬁewhat longer periods
both peleward and equatorwa?d.A The loﬁgegt average periods are in north
temperate»latitudés, with shorter periods both equétorward and poleward,

In addition to this average pattern are two well-defined latitudes of

trensient, semi-periodic anomalous neriods: the longest occur in south

17



sub-trovical latitudes (about Qhﬁﬁm during the South Equatorisl Belt dis-

turbance) and the shortest in north sub-tropicsl lotitudes (around 9h49m).

Superimposed on this general picture are both spstial and temroral fluc-~

tuations,

I now define the vword "current” es I use it. Loosely, currents

are the various latitudinal zones possessing different mean rotation -

retes, More precisely, a current is a particuler rotetion neriod or
velocity which, for many years, is characteristic of a lerge fraction of
s~ots in a particulsr latitudinal zone. Thys a current is not defined so
much by the belt it is in, or even its latitude. as by its characteristic
rate., It often happens that sbots in closely adjacent latitudes {or even
the seme lagitude) follow the motions of two distinct currents. It also
happens that svots in a particular belt may follow the rate of one current
during some years and another current during others. Some currenté seen
more steble in letitude than ésome belts. Reese end Smith (1966) have
shown thet the rapidly-rotating spots in north temperate letitudes (about
24° N.) are menifested on periodic occasions when the Notth Temperate Belt
(TB) shifts southwerd intolthat latitude, On the other hend, there is
evidence thet the S. S; Temperate Current extended its influence equstor-
vard sround 1940 vhen spots on the scugh edge of the STB, which hed been
rotating about 15 seconds faster at period corressonding to that of the
S. 8. Temperate Current. The mean rotztion period of a current can differ
by seversl seconds from year to yeer; these cre real changes, not statis-’
tical fluctuations.) Sbme-currents; such as the S. S. Temperate Current -~
are more stable from yeer to year then others. For wmost currents the
rates are often similar frqm year to yesr followed by rapid écceleratiqns

or decelerstions vhich mark the start of a'new regime vhich mey last for

18
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several more years before a return to normali

Most currents have fairly sharp latitudinal bounéaries, and the
characterisfic rotation periodsvﬁsually differ by substantiaily greater
amounts than the tynical varietions from yéar to year or the deviations
from the mean of different spots within a current, That is, "currents®
seen to>be fairly well-defined entities end are not just arbitrary sub-

divisions of a smoothly varying latitudinal dependence of wind velocity.

The average rotation veriods for individual svots generally dif-
fer by on'y a few seconds from the mean for the current it is in, Some-
times there are tempo¥ary groups of spoté, separated.érom each other by
longitude around the same latitude circle, which move either somewhat

faster or slower than the meen for a current,.

Apart from the rotatioﬁ periodé for a current as a whole, or its
longitudinal sections,\individual spots heve their own cheracteristic be-
havior. Published gnd un-published drift charts for the N, Eq} Current
suggest that most North Equetorial spots undergo relatively rapid oscil-
letions about their mean longitudinal drift; though non-periodic, the os-
cillations result in shifts of as much aé 10° in a single month, The‘('-
present analysis of photographs shows that this behavior is specially ve~
culier to the N. Eq. Current. Published drift charts élso indicate occa-
sions when spots suddenly accelerate or decelerste and adopt & lasting new
meen rotation veriod which may differ by many seconds from the previous
period., Such chénges can occur either as part of a chenge in a vhole
currént*or sgctio&, or can be guite individual. Such rapid and unpredict-
“able changes in motion meke it difficult to trace apd identify spots

through even short gans in observations.
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‘ As discus;éd earlier 1nu§hi; séc@ﬁén, these finer aspects of

spot motions have never ﬁeen;systematically‘studied fiom‘either amateur

observations or from photographs, even thougzh suggestions of typical be~

havior can'be‘séen on the crude drift cherts based on OM transits., The

impbrtagt éoint of this section is that while there is regularity and un-

iformity in the chafacteristics of Jupiter's circulation over the past

century, orvlonger, it is also true that meny of the characteristics show

temporal variations., Therefore, the results of the nresent enalysis must

be taken as representative of Jupiter‘s4circulation only during the peri-

od under study. Certainly some gréss chgracferistics‘derived for one year

will exem»lify Jupiter's behavior at all times, AL least some of the fin-

er .aspects of the statistics may be expected Yo be approximately tyvpical

for a given current, but likely not to witﬁin the neasured statistical er-

ror since cther characteristics of.curreﬁts ere known to vary from year %o

year. Certainly the value of the present investigation will be enhanced if

it is reéeated for other apparitions so thal the nature and magnitudevof

year-to-year changes in the statistics can be ascertained.

A final word of caution\is necessary before descriﬁing ihe proj=-
~ect. This ig simply an empirical study; with no presumption to attempt a
physical explanétion et this time, and i} should be emphasized that ve are
uncertain yet as to just what we are meaéuring the motions of when we ‘ob-
serve "spots®. It would be naive to assume that the "spots“-aré dyname-
ically neutral "wind markers". Spectroscopic observations suggest that
the trué rotationgl velocity of Jupiter's strxosphere sbove the cioud sur-
face approximates the velocities obteined {rom spots, bup the precisionris
poor. Motions of terresirial cydlones and anti-syclcﬁgs, which may be the

anzlogues éf'Jupiter's spots, have been shown to duplicate in relative
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directions but not in absolute masgnitudes sote of the true dynamical el-

ements of the terrestridl circulation (Macdonald, 1967).

III. TUE METHODS USED FOR CBTALNING DATA OX JUPITER'S SPOTS

FROM THE PHOTOIRAPEIC PATROL -

A. Construction of Photogravhic Drift Charts

The early phases of plgnning the construction of the charts
vhich vwere eventually used as the basis for the »resent investigation,
although carried out maiﬁly by myself shall not be construed to be strict- ,
ly part of the work on this thesis, since much éf it was done prior to my
enrollment in 4. I. T. Nevertheless, since these charts form the basic
source for4the data used in the thesis, it is nebessary to discuss theig
format and‘preparation in some detail‘for background purposes., This is

the first such description of'the pfng:étipn of the charts.-

The Patrol Photographs

The origi;al sourée cf the ?hbtbgraphs is the plate collection
at the New Mexico. State University Obégrvatory on the cempus in Las Cruces,
New Mexico. The plate collection covers the period of the current decade,
but until abogt 1964 the ccverage was less complete and the nhotographie _

quality not as high es in leter years. Prior to February 1967, & 12-inch
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eperture reflector, located on Toriugas lountain, was used for the petrol
photography. lSince then, a 24-inch Boller and Chivens Cassegrain insiru-
ment has been.installed oanortugas Yountain as the patrdl felescope. Two
vhotographers work on alternate nights to obtein patrol photographs of Ve-
nus, Mars, end Jupiter, and rore irregulaf vhotogrephs of the other planets,
Photographs are regularly takén with filter-plate combinstions sensitive

tc red, green, and blue wavelengths. Occasional photogravhs are also taken

on ultraviolet or infrared sensitve plates and on panchromatic plates.

The Hew Hexico photographic patrol of Jupiter is not continuous;
there are the many gaps necessary because Jupiter is too near the sun, or
below ‘he horizon, or behind a cloud, or a particular Jovien longitude is /
not facing the earth. Also, because of the extreme rarity of perceivable
changes in Jupiter's surface features during the course of rotation across
the disk, it is only neceésary to phot&graph Jupiter once every 2 hours,
or so, to insure complete coveraze &s the plenet rstates beneath u;. But
mainly in the interests of econoﬁy, the New Mexico patrol is sqﬁewhat less
complete than ideal. Coveraze is often omitted in order to photozraph the
otﬁei planets, cr because tﬁe seeing conditions are rather poor, of be-
cause good coverage was acheived just the night before, or for a hos£ of
other reasons. There is a general attempt to cover a perticular Jovian
longitude at least twicé a weez. On the'aQerage, the coverage is this
good or better during the middle months of. an apparition. Sometimes &n
extra effortAis made - to ph&tograpb paftiéular surface features which

yields superior coGerage for certain Iongitudes compared with

others,

" The verious scheduling nrocedures plus unbredictable circun- .

22



‘5 !
stances such as cloudy weather occasionélly‘result in gaps in the cowérage
in one of the regulaf colors near a partieular longitude of up to a mbnth

even in the middle of an apparition, There cre also cases of nearly deily

coverage of a particular longitude for a week or two.

The paurol rhotogrephs ere not at all of equal guality. Tﬁe res-—
olution in the images is a function of many factors of which the most ine-
portant is the "seeing" condition -~ emall-scale turbulence in the terres-
trial atrosphere vhich either causes Poxcursion” ol Jupiter's image across
the plate during an exposure, or simply makes the whole image ‘uzzy.‘ The
seeing varies from second to second‘ thus many individual exposures must
be made to obtain zood images even though, as at the N.M.5.U. Observqtory,
the photographer i° monitoring the seeing visuelly al the seme t1me.1 A
typlcal N.}.S.U. plate has several dozen imeges taken during the ccul;e of

several minutes. (The time of each image is accurately recorded.) e

\
average seezng elso varies from day to d&j with changing weether and over

the course of an apoarition (early and late in an apparition Jupiter‘must
be observed when low in the sky where seeing is bad), All N.M.S.U. Qlates
are exenined end the better imaees on each are marked. Also a rating of
the average quality of the better images is made on en A, B,C,D,E scaie'

‘these ratings are found to correlate closely.with the photographers' es-

timates of the seeing conditions recorded during the observation neriod.

|

l

The Photographic Prints

I decided that the best way to order the lew ‘exico data wes to
construct "drift charts” analqgous to those used for the analysis of CM
transits, except to substitute photographic strips -- which convey full

inf ormation on not only spot lon~1tudes but also thezr sizes, shanes;
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brightnesses, relatiQe latitu§qs-:etc. - in'place of the simple symbols
used to fepresent Ci transit longitude determinations. By constructing a
separate chart for each latitudinal zone, and leying vphotographic strips
"h5rizontally on the chart, with left-right position determined by the long-
itude of the central meridian, end nesting them beneath each other with in-
creessing date, it is possible’to follow ét a glénce the development and ev-
olution of an entire zone during thé period coversd by the chart, This
technique, while less sophisticeted than the very difficult task of con-
structing time-lapse movies from the plates, and somewhat less nrecise and
objective than machine measurcement andAinterpretation.of the plates, is
well-suited for e reletively rapid, inexpensive pilot preject with the aim

of establishing the general characteristics of Jupiter's evolution during

an spparition.

I decided to construct nine charts covering Jupiter's entire
surface vwith nine slightly overlapping zones. Since maximum coverage was
desirable not only for the size-lifetime study but also for other general
studies of Jupiter such as those described in this thesis, all available
non-redundant.plates weré used during the yesr best covered by high qual-
ity pletes. Examination of several years of pa£r01 plates suggested that
the time ccverage during the latest cbmplete-apparition (1966-1967) was at
least as good for previocus apﬁaritioﬁs, end the quality éf the plates was
somewhat better, mainly due to the i#stﬁllation of tae lerger telescope
in the middle of the apvarition, The’period‘selédted included the entiro
1966-1967 aprarition plus the tail end of tﬁe pfevious anparition and the
eerly beginnings of the 1967-1968 apparition (19 months inc}uding the two\
léng geps near solar conjunctions). The cherts on which the present study

is based cover only the final three-q&érters of the 1966-7 epparition and
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the beginning of the next appé?itién,(oné ?8§¥y including one long gap);
charts for the earlier pﬁotographs, many of relatively poor quality, ere

not yet completed,

Photographs of Jupliter in different colors show substantially
different surface features. In order to avoid the confusion of mixing
photographs of different wavelength sensitivity, separate charis were made'
for long-wavelength phctographs (red and near infrared) and for short-wave-
length photographs (blue end near ultraviolet). Since green vlates show
features intermediaste in appearance betweén red and blue, redundancy was
reduced by omitting any charts based on green photogra@hs, but using green
photographs, when a§propriate, te £i1l1 in lenzthygaps in coverage on both
the blue and red charts, All the blue and red plates were used except
those for which the quality reting was D or less and excent for those which
provided only redundﬁnt coverage of a particular longitude alreedy covered
by adjaéent photographs teken the ssme night, Even poor quality rlates

were used when required to fill a gap in the coverage.

The - best images wére selected from the chosen plates and used
for making rositive prints on flat-lfiﬁg;semi-matte Cronapaque paper. Us-
ing the lmown rlate scales, the ephemeris for'the true angular diameter of
Jupiter from date to date (4.E.H.A.), and a new calibration of the mogni-
ifcation of the enlarger in the N.H.S.U. Observatory darlzroom; it was pos—
sible to print all the photographs to the seme scale -~ 5.45 cm to Jupi-
ter's polar diameter. A small exposure meter was used in a not-always-

successfu attempt to produce prints of uniferm average brightness.

By projecting the image onto the paper through a srecial photo-

éraphic slate overlay, it was -~ossible to supericwose on all prints an
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accurate outline of 3upiter and other identifying marks used later iny
rreparation of the charts. A fine white liné was supefimposed on all -
prints bisecting-the Jupiter outline to serve as a merker of the central
meridian for pasting nhotographic strips at the proper longitudes on the
charté. Also superimnosed on the prints were the meridians for tSSO frsm-
the Cii. Decause surface spots on Juplfer lose their contrast away from the
center of the disl,, I decided to use only the central 70° for placement on
the charts; hence the :350 meridians indicated where the ends of the strips
were to be cut off. Foreshortening results in a maximum displacenment at
the edges of the strips 202 in longitude -- sufficiently small to be easi-
ly taken into Fccount in analysing the charts., Also superimposed on each
print, exterior to the image of the planet itself, were series of merks
indicating the edgés of the nine chosen latitudinal zones to serve as
guidgs for the print-trirmmer. Since the nine zones are slightly overlap-
ping, two identical »rints were made'of each photograph for staggered cut-

ting.

A »rint of the plate overlay vas piaced in the movable paper-
holder so thaf Jupiter's image could be centered correctly before insert-
ing the unexposed paper and lowéring the vlate Qverlay (fastened to the
paper holder). Becauég of the non-syﬁmetrical brigﬁtness distriﬁution
ecross the image of Jupiter; except near opposition, causéd §y the sun-
Jupiter-eartﬁ vhase angle, sﬁme bias is necessarily introduced in center-’
ing the image (phase exaggeration). Mr. Elmer Rﬁege, who is familiar with
éorrecting for phase exaggeration, helped to guide the darkroom assistant
to make ap?ropriate though subjective corrections for phase exaggeration,

but long-term systematic bias of nerhaps two degrees is undoubtedly still
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present, Random err;r in cehte;igg prgbably amounts to less than one de-
gree. The oriéntation of the centered image of Jupiter was felatively easy
to accomplish because of the planet’s vrominent belts parallel to the é-

quator; in any case the precise orientation is not crucial.
; p

To minimize the effect of the discontinuity in longitude at the
left and right ends of the charts (Oo and 3600). all images with central
meridians within about 25° of either 0° or 360 were ‘printed twice (4 -

prints) so that they could be pasted at both ends of the charts.

The Charis

Approximately 700 separate images of Jupiter were used to con-
struct 18 charts which depict the evolution of Jupiter's surface features
in two colors (red and blue) for the nine different letitudinel regions.
The charis currently cover the 1966-7 apparition from November 2 through
its conclusion (last photégraph June 14) plus the very beginnings éf the
1957-8 aprarition during the period Sept. SO;November 14, Teble 1 pre-

sents the relevant information about the charts. The central latitude is

the zenographic latitude™, ap-roximately in the center of the latitudinal
region covered by each chari, for which thé longitude scale was chosen in
positioniﬁg the éhotographs. Clearly, because of the different lengths of
latitude circles, the adOptéé longitude scale on each chart is slightly too
expanded for spots poleward of that latitude. The choice of this centfal

1atitude in each zone was weighted towerd the latitude where spois were

3 ' _
Actually the latitude assumes that Jupiter's axis is exactly perpendicular

to our line of sight. In fect, Jupiter's north pole was tilted towards’
eerth during this period by a varying amount of somevwhat less than 1 .
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nmost prevalent, The-next column lists the sbbreviestions of the important
belts end zones covered by each chart. The remultinate column lists the
ratio in length of 1° in longitude at the central latiﬁude to 1° at the
equetor; this is useful bgcause leter analyses record srot lengthé in de-
grees ‘rather then absolute lengths. Note that the longitudinal scale on
the charts is such that 1° at the equafor = 0,20 inch, The vertical daily
sracing of the photographic strips is given in the last column in inches.,
Because of this wide spacing necessitated by the width of the strips, be-
tween 2 and 3 pieces of cardboard 30 inches long were required to cover

the 225 last days of the 19656-7 apparition for each chart.

The photographic prints were sliced into strips with a print-
trimmer. The foreshortened ends of the strins were cut of'f with scissors,
and the resulting parts rubber-cemented onto the white cardboard charts .
positioned with the aid of accurate longitude rules for each chart., 1In
caseé where two strips overlappea, some effort was mede to place the bet-
ter oné on top. The resulting charts are a montage of strips which when
‘viewed from a distence seem to show little uniformity in tone, few spots,
end guite ranaom spacing, Although it was not planned that the charts
would ever be striking pictorial éxhibits of Jupiter to the untrained eye,
the variable‘darkness of the strips is disconcerting and mekes any attempt
to ccpy the charts for illustration in this thesis quite impossible. The
vaeriable brightness of the strips is due partly to uneven darkroom procee~A
dures; partly due to poor guality control-by thé prhotograshic paper man-
ufecturer, and partly due to the imnate variability in the plate images
affected Sy observing cgnditidns, vlate characteristics. efé. To the ob;‘
~servgnt eye, however, these non—uniformities‘are_relatively unigpo:tant,

and hundreds of svots can be discerned and traced from day to day. Of
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more concern are the gans in coverage, caused either by poor photographic
quality usually caused by poor seeinz conditions, or else by a complete

lack of photographs of a particular longitude during a lengthy interval.

R

The proper sorting out of the real characteristics of the Jovian spots

from the bias due to such coverage problems is a difficult task.

The fol-

lowing sections describe my preiiminary attempt to obtain this infermation.

) Central
Chert yatitude
I 43°
I 27}
II1 | 18
W 5%
v o -9
VI a7
VII -24
VIII 34
IX —4832*’

TABLE I

Ratio 1° Long
at Central Lat Daily Sra-

Belts and Zones

B. Reduction of Spot Statistics from the Drift Cherts

Tracing Spots on Overlays

Before one can compile statistics on the spots, one rmust iden-

®Refers to unforeshortened longitudes near the central meridiaﬁ; 1° at
equator = 0.2 inches on the charts,
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Covered to 1° ¢t Eqat: cing (in.)
NPR (south), INTB, NNTBs 0.758 0.0350
WiTBs, NTeZ, NTB, NTrZn 0.899 0.0300
NTBs, 1TrZ, NEEn, NESZ 0,957 0.0300 -
NEBZ, NEBs, EZn, EZs 0.996 0.0417
Eé, EZs, SEBn 04990 0.0300
SEBn, SEBZ, SEBs ~ 0.961 0.0300
SEBs, §Trz, STB 0,929 0.0300
STB, STeZ, SSTBn | 0.851 0.0350
SSTB, SSTeZ, SPR (north) 0.688 0.0300
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tify the spots. In particular.xgnébmust uhémbiéﬁously trace -the spots
from day to dey if one is fo obtain any information on spot motions or ev;
olution., As suggested in Section II B, this is a difficult task, Fortu—~
nately it is comparatively easy to discern contimuity of spofs from the

numerous characteristics revealed in complete photographs of the spots,

Nearly every current has a variety of large, »rominent, rela-
tively long-lived spots whose drifts from day to dey are clear. ?hesq,
spots serve as markers, ana the motions and development of smaller spots-
can bé traced in relstion to the larger ones., Because of the lucid pre-
sentations of the evolution of & region on the charts, one quickly devel-
ops an impression of the qualitative characteristics of the spot appeér-
ances, motiong, and changes which allows one to form subjective but real-
istic decisions concerning the reliability of inierpreting a pair of Spgts
observed on different days as the same spot, A4s discussed earlier, this
approach is a substantial iﬁprovement dvér eéflier drif't charts, based on
largely heterogeneous data on spot longitudes only. Heve;theless, the
present techniques are iﬁferior to what can eventually be acheived by ob-
jective analysis of the patrol data. But in order to cstablish meaningful
criteria to serve as the basis for programming the objective decision-mek-
ing routine, it is nécessary to make a pilgt study such as the present one

vwhich provides an approximate basis for choosing realistic criteria.

Pencil liﬁes connecting identical spots were drawn on trans-
‘ ﬁarent matte-surface overlays, First a symbol was recorded on the over-
lays to sighify each visiﬁle spot. Subsequentiy, efter careful attention .
vas paid to all the details visible in the photographs, solid lines were

drawn comnecting the obviously-identical spots. Dashed lines were used to



i,

‘connect_sPofs deemed to be Eroﬁaﬁiz identicai. and .dotted lines used for
possibly identical spots. In doubtful cases, of which there were many
(pa:ticularly for smaller sp;ts), no lines werevdrawn. The process vas
then iterated to insure that 2ll spots dovn to & uniform stendard of re-
liability were marked snd that complete ond uniform construction of the
drift lines was achieved., The use of different symbols helped t6 dig-
tinguish spots of different sizes and coclors, Lines of diffeerent colors
were used to plot drifts for spots in adjacent but different latitudes

whichyfrequently heve different avefage drifts.

It was not easy to maintain uniformity and reasonaeble objectiv- .
ity when marking spots and then drawing drift lines. It is easy to see
smaell, rather vague snots on an otherwise featureless belt when épots of
equal or greater size or contrast can be missed amid the general confusion '
of such a belt as the NEB. Also, it is undoubtedly the case that an iso-
loted spot moving with a greetly different Qelooity from its neighbors |
(or rapidly oscillating in velocity or latitude) would be harder to de=-
tect than a similar spot moving in a normal fashiﬁn. Also there ié the
"sebra problen"; whether to call an assemblage of spots dark spots on a
light backzground or bright spots on a dull background. In meny cases
there is no doubt as to whéther the spots are mainly dark or light, but
in some regions where the spots are ill-defined (such es the wavy edges

of the SEB), my preference for seeing primarily dark spots might not be

shared by others,

Measured Information sbout the Spots

From the innumersble kinds of data which could be measured cone
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cerning each spot, I selected the following rgpresgntative characteristics
for the pilot study. They cover, in appréximate form, most of tﬁe charécu
teristics which can be obtained from the present charts in a reasonably
short time. The information for each spot was punched on two computer

cards,
Number: FEach spot was given a number, ranging upwards from 1.

Latitude: The spots were placed in one of the following 24 latitudes,

There are tw§ numbers corresponding to the south componént of the North-
North-Temperate Belt; number 22 refers Lo spots seen on the north edge of
the chart for the NTB, while number 23‘refers to spots seen on the south

edge of the chart for the NHTB. -

SSTeZ 9 SEBsn 17 NEBZ
SSTB 10 SEBZ 18 HNEBn
- , 11 SEBns 19 WTrZ
3 SSTBn | ;
4 STeZ 12 SEBn 20 NIBe
5 STB 13 EZs 21 NTB
14 EB 22 NNTBs
6 STBn -
7 strz - 15 EZn 23 NNTBe

8 SEBs 16 NEBs ' 24 NNTeZ

Humber of observations: This is the dﬁproximate number of dates on which

the spot was recorded.

Dates observed: The first and last dates on which the spot was‘definitely

recorded are giveﬁ. These dates are the same if the spot was seen only
once. The 225 deys of photographic coverage were nunbered consecutively

from 1 to 225 (1 = November 2, 1966). .
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Reasons why not observed before gi after: There are many reesons why a
>spot is not seen before or after certain cdates. Perhaps theJSpOt disap~-
peared, or perhaps the coverage vwas poor, or other reasons., NNine reasons,
or combinations of reasons, are listed below, For each spot, two numbers
were recoréed -- one giving the reeson why the spot was not seen eerlier,

one why it was not seen afterwards,

O = The spot definitely was not formed or definitely disappeared. This
includes the ceses when smaller spots either emerged from or merged into

larger sﬁots.

1 = The spot probably was not formed or probably disappeared (including
probable merges).

2 = The spot vas vague or small and was only marginally observed in an&
case. ‘ ‘

3 = There were lengthy gaps in the photographic coverage either before or

after the srot was observed rendering identifications uncertain,

4 = There vere many nearby similar spots, pethaps exhibiting rapid rela-

tive motions, rehdering the identification of the spot ambiguous.

5 = Combination of 2 end 3 above. The spot was vague and the QOVeragé was
poor,

6 = Combination of 2 and 4 above. The snot was vague and crowded by sim-

ilar spots.

7 = Combinetion of 3 and 4 above. There was poor coverage and the spot . = .
vas crowded, ‘

8 = The spot continued to exist but had substéntially changed its appear-
ance,

9 = The s»ot could not be followed because one end of its lifetime extend-
ed into the time either before or after the photographic coverage of the

19667 apparitién-

Dates definitqu not extants For those spots which were recorded as either
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definitely_not fbrmed or definitely disappeared, the previous or following
dates are given on which there is definite photographic evidence that the
spot was not extant. These dates help establish upper limits to spot life-

times,

Positicns at thirty-day intervalss The longitudes of the spols were re-
corded for days numbered 15, 45, 75, 105, 135, 165, and 195 if the spots

were extant on any of those days.

Typical deviation from uniform drifts Different spots show differing

tendencies to meander ebout a straight line drift. Tor each sﬁot which’
lasted at least 30 days, an estimate was made of the typical short-temm
deviation‘of the spot (in degrees) from its mean drift during a 30-day-
period, These are listed in the tabulations in the appendix in the colum

labelled “DEV“;

Dates of special prominence: Some spots are visible for a long time, but

have a period or itwo of unusual prominence. The beginning snd ending dates

of such periods were recorded vhen applicabie,

Svot descriovtion: In order to approximately identify spots by appearance,

the following classifications were applieds (1) Light or dark. (2) Fuzzy,
medium, or sgarp in.genefal outlingland distinctiveness, (3) Spoct propor=
tionss spot length about 3 times ;téiﬁidth or longer, spot.about 2 times
its width,\sﬁot about as wide as ii‘iéﬂloné, spot about twice ;s high as
it is 1o§g; and . spot much taller tﬁan-it is long (length here refers to
longitudinal extent). . Some Jovian sﬁfface features ere borders end are.
not cﬁarecterized by lengths or proportions -- this whg noted in such

cases, (4)\Sp6t type: round or oval, festoon, wavy edge or projection '



from a belt or zone (either dark of light), angular shaped spots, amorphous

spots, variable shape, preceding border, or following border.

Spot lengthss The maximum and minimum lengthé of spots were recorded in

degrees of longitude.

~

Svot continuationés It hes already been pointed out that for several rea-
sons, the coﬁtinuous drifts of spois are interrﬁﬁted by gaeps in the cover-
age or for other reasons, and that in such cases of doubtful drifts, dashed
lines were drawn on the chart overlays to indicate probable spot contin-
uetions end dotted lines to indicete possible continuations. In addition
there are ceses of merging or diverging spots, which themselves are either
dgfinite, probable, or possible. In all these cases, the continuations
were noted by punching the reference numbers of adjoining spots on the .
computer data cards. In any cases of ambiguous continuations of spots, no

more than one continuation is regarded as "ptobable®.

Physically related snots:s On some occasions, it is clear that several

spots are physically related to each other, For instance, in the north
edée of the WEB there wa; a small white spot surrounded by a muqh\larger
dark Spot.A I% is possible that such combinations are in no way independ«.
ent, The reference numbers of any closel& related spols weré punched on
the data cards, though no use of such relationships was made in this pre-

liminary study;

All of the above snot characteristics were recorded for the blue-
light whoto~raphs of all currents except the ﬁorth Equatorial Current. The
spots in the North Ecuatorial Current, unlike the remainder of the planet,

are ruch more érominenf in red light. In a subsequent study, the red
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light photographs of all belts, pius the rélatively featureless blue-
light photographs of the Equatoriai regions, will be analysed to determine
if there are any systematic differences in spot characteristics as a funce
tion of color. Partly in order to assure uniforamity of the data analysed
in 1‘;his thesis, and partly because of difficulties in computer storags of
the voluminous data on equatorial spots, discussion of thé WEB regions is

omitted from this report.

IV, COMPUTER ANTALYSIS OF THE CHARACTERISTICS OF JOVIAN SPOTS 4D CURRENTS

As.  Spot Characteristics

The nuaber of spots observed end the nmuserous computations nec-
essary to derive all the atatistics desired required the use of a comput-
er, A Fortran IV IB¥ 360 program of more than 1000 steps was written de~

signed to execute the following procedures.

Definite, Probable, and Possible Spots

The data cards contain information on spots with definitely ob-
served drifts or élse spots which wvere definitely observed only once.
Probable and possible spols were generated from series of definitely,obé

served spots using the continustion reference numbers end the following



conventions, Meany of the probaﬁléﬁand poséibie drift lines drawn on the
_chart overlays are of a branching nature -~ i.,e. they indicate either
merges or else aﬁbiguous continuations of which only one may be the correct
one, One could stgd& all possible combinations and permutations of spots
formed‘by the vrobable and possible drifts, but for our purposes this
wouldAbe mis-representativé. For insfance} in the case of the two pfomi-
nent merging Spofs in the ¥EBn, such a procedu;e would give iifetimes for
both of upwards of 6 months. But, since during the last 4 months of this
neriod thers was cenly one séot where there had been two, one clearly head
disappéared end both did not last 6 moniﬁs. Also, to fgllow both paths in
cases of ambiguity, clearly would not represent the real si%uation, vhereas
- to choose and follow jus£ one pvath in an ambiguous case at least may rep-.

resent wvhat reallyrhappened.

Therefore I have traced probable and possible spot drifts using
the seme convention in which rivers are‘usuaiiy named. At each juncture
‘of two spot drifts (whether due to ambiguity or real merges), only one is
traced pest the juncture and the other is regarded as either having dis-
eppeared {or appeered in cases of divergénce). Probable snots are teken
as those sihgly observed spots and definitely traced spots which are con-
nected by one or more probable drift lines. Possible svots are those
‘definite spots_and probable spots which are connected by one or more pos-

sible drift lines.

Some of the statistics compiled below are considered separately
for each péssible grouping of the observed spots. The statistics for def-
inite epots mey be regarded as providing the most relisble information on

spot drifts, pariicularly over short veriods of time. Ilowever, becsuse
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of the gaps in the photographic coverage, the possible spots probably
give the most realistic, though not most reliable, picture of the life-
times and evolution of spots. The bulk of the statistics are computed

for the probable spots only.

The second last column of the spot tabulations in the appendix
(lebelled "PART") lists the identification number for any probeble or

possible spot of which the tebulated definite or probable spot is a part,

) In addition to the data measured directly for each spoi, the

following characteristics were computed for, each definite, pfobeﬁle, and

possible spot.

Spot Lifetimes

‘

The observed lifetime of a spot ishequal to the last date on
which it was observed minus the first date (arbitrerily set equal to 0.5
days for spots observed cnly once), Howéver, these are clearly minimum
lifetimes. From thesc observed lifetimes and the recorded reasons why the
spots were not qbserved before or after'ihgse dates (see Sect. III B), -
more realistic lifetimes for each spot were computed (when possible) end,
in aﬁy case, the lifetimes were considered to be in oné of six categories

of relisbility.

Estimeted trﬁé lifetimez if both ends of a spot lifetime were considered

to have been delinitely determined (regsons not recorded both coded O as
described carlier), then an estimate of the true lifetime was made by av- :
eraging. the observed lifetirme and the time difference between the two
@gtes on which the spét vas definitely not extant {the latter dates are

recorded when ends of spot lifetimes were observed).



.
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Probsble lifetimes If one end &f @ spot lif'éetime was definitely observed

(0)s but the other was énly probably observed (i), or the spot changed its
aprearance drastically but did not necessarily disappear (8), the observed

lifetime was taken as the spot's probable lifetime.

Twice probeble half-lifefime: If one end of a spot life-time was definite-
1y obscrved (0), but the spot history exteiaded beyond the p;riod covered

by the cherts (2), a probable but by no means conclusive estimate of the
lifetime is twice the observed lifetime, Relatively few spots with life-.
times of many years would disappear or form during the short period under
observation. Host spots disappearing during the observed period probably
hed lives comparable to the period, especially since there was hot a large

vovulation of spots which survived the entire observed period.

Possible lifetime: If no definite end of a spot history was observed, but

the observed ends were for ressons 1 (probable disappearance) or 8 (changed
appearance), the observed lifetime was considered a poscible estimate of

the lifetime, -

Twice vossible half-lifetimes If one half of the snot history extended

outside the observed veriod and the other end was either probably observ-
ed (1) or due to changed apreerance (8), twice the observed lifetime was

considercd a possible estimate of the lifetime.

Yinimun lifetime: A1l other combinations of reasons why spots were not
traced either before or after their observed duration yield no meaningful
information concerning the true lifetime. If the spot history spanned the

entire neriod of obs<rvation (both reasons ©), we cen only say thet its -



observed history wes a,minlmum iifétlme fof thé spot -- the snot could ev-
en have been permanent, such as the Red Spot, If the spot was lost due to
gaps in the photographic coverage, ambiguity due 'to crowded ed jacent spots
end rapid motions, or any of the other reesons coded 2 through 7, there is
no reliable information on more than the minimum lifetime of the épot. Un-
fortunately, most spot lifetimes computed in this sﬁudy are of this type.
The only solution fér clerifying informetion on the lifetimes of many of
the smaller spots is to obtain improved photographic resolution and -~

nore importantly -- coversge.

One end only one kind of llfetlme was computed for each Spot.
These gre listed in the tabulations in the appendix in the order described
here. Asterisks fill the columns for the lifetimes not appliceble to the
spot. The following columm, lasbeled WiHY® gives the reasons why the spgt

could not be followed prior to and after iis observed period,

Spot Motions
It is customary fo reco}d‘Spot motions in terms of longitudinal
drifts relative toithe adopted lohgitude system in 30 days. If the 30-
day drift ofVa epot is called b, and the adopted 16ﬂgitude systen rétates
witﬁ e period P_ (minutes), then the rotation period of the spot is given
by

. 82
P=P + .(D)(Po)

: . 1)
15552000 '

Both the mean 30-&ay drift, computed between the observed lohgi-‘
tudes on the first. and lest days on whlch the spot was seen, end the rota~

) tion period are listed for. each snot in the tsbulations in the avpendix.



The longitude at Oppoéition, given in the fourth column of the tabuletions,
is computed from the mean drift for esch spot =nd is not the true lonvztude
of the spot on date of oppovition (dsy numbter 8C) when many o19 the spots

were not even extent.

Fprrthose snots lesting 1ong.enough to have measured positions>
at the ends of the six thirty-day intérvals, separate 30-day drifts were
cozputed Tor each interval. To provide a measure of the long~temn devi-
ation from uniform motion of the longer-lived spots, the average deviation
from the meen of these thirty-day drifts. ("30DEV") was computed for each
spot observed during at leest two of the periods. To provide some infor-
mation on systematic changgs in motion, the mean drifts during the first,
second, and last third of the observed pert of the apparition were com-
puted for each long-lived spot extant during those periods (these are cali-
ed "DRIFT1", "DRIFT2", and "DRIFT3" in the iebulations). In order to
trezce spots across tﬁe gap in coverage ceused by solar conjunction, the
projécted positions of s»ots on Hovember 1, 1967, were computed for all
Spot§ lost in June due to the ena of coverage (these longitudes are not .
tabuléted here). Comparison of these longitudes with the spots observed
in Wovember 1$67, when combined with knowledge of typical varistions in
spot motions computed here, help to identif'ly some larger spots with some

assurance, even after a gap of four months,

Spot Lengths

The maximum end minimum lengths measured for each spot yield not .
only the meen length for each spot, but zlso a crude estimate of the typi-

cal devietion in length for the snot. Tabulated in the column labelled
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"DL/L* is the quantity

DL/L = (Abax - kmin)/z | . (2)
N (NS Aj/ﬁv ‘ '

max mi

Since the’accuracy in measuring the lengths of most spots, perticularly the
fuzzy ones, i3 no better than a degree or itwo, the quantity DL/L is not
really representative of physical changes in sizes'of spots less than about
half a dozen degrees in length., Future investigations of the spots will

take such errors into account quantitatively.

B. Characteristics of Currents

Thq'mean 30-day dfifts for spots in each current were computed

in two vays, neither of éhich is exactly identical to the procedurés used
in reductioné Qf Qisual CH transits. First tabulated is the meeun drift for
all spots (except those observed only once), weighted by the number of ob-
servations of the spots. The weighting reduces the scatier caused by the
unrelisble drifts of very short-lived snots, but gives perhaps undue weight
to the prominent and long-lived svots. Horchompafable to the mean drifis
calculated by emateur astronomers are unveighted averéges of thé mean
drifts of all spots with observed lifetimes of 10 dayslor nmore. For both
types of calculgtion of meen current drifts, the average deviatién of the

individuel spots from the current mean is also tabulated.

Both weighted and unweighted mesn drifts (snd everage deviations)
were also computed for dark spots, light spots, long spots (length over

795), end short spots (less then 795) in each current separately.

42



A1l of the above comp&té%ions were mede separately-for three
groups of spots: the definite spotls, the definite and probable spots, and

ihe definite~-probable-possible spots,

Just the definite-probable sample of spots was used for calculat-
ing additional mean characteristics for each current. These include the
followings ‘the mean of the ldng-term deviations of the six 30-day drifts
from the spots' mean drifts; the meen of the typical short-term deviations
in degrees from the spots' mean drifts during‘SO;day inter%als; the mean
driftAof all of the longer-lived spots in the current during the first,
second, and last thirds of the apparition; £he mean lifetime of those spots
for which either definite or probable lifetimes were computed (the first
four(of the six lifetime categories); the meen proportion of spots in the
currenit; the mean length of spots; and the mean DL/L length-deviation ra-
tio of svots. Also presented are tables showing the distribution of spots
by type and the size-frequency relationship for spots in each current,

The numbers tabulated in each interval of iength are the sums of the ob=- -
;ervedllifetimes of spots of that size; this‘yields a good approximation -
to the size distriﬁution one might expect to see at any particular instent

in time.

C. Relationshivs between Spot Characteristics

~ In order fo test for any vossible relationship between the size,
shape, motion, color, or lifetimes of spots, all observed spots (without
regard to‘currgnt)‘were subdivided according to each characteristic and

the means of the other characteristics were computed,
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The mean chargcterisiics'whiCh were computed weres the mean of
the long-term deviations from the individual 30-day drifta; the mean of the
short-term deviations from mean drifts during 30 hays; the mean lifetime‘
for those spots having either probable or definite lifetimes computed; the
mean proportion; the mesn length; the meen ratio of length devietion to 4
length; the mean signed deviation of spot drifts from the means of the cur-
rents of which the spots are part; the number of dark and light spots; and

the distribution of spots by type.

The pépulations of spots for which the above characteristics)
were computed weres dark 5pqts; lizht spots; spots less than 5° in length;
spotls elongaied by a ratio near or exceeding 3; spotis longitudinally elong-
ated by a factor of about 2; approximately round spots; spots with latitud-
inal extents exceeding longitudinél lengths by a factor of about 2; épots
with latitudinal elongations near or over a.factor-of 3; spots drifting at
least 3° per 30 days faster than the mean of their currents; sﬁots noving
similar to tﬁeir currents; and spots moviné et least 3° per 30 days slower

than their currents.

D. Size-Lifetime Relationships

The preliminary numerical reéults of the size-lifetime relation-
ship under study by R. Hide.and the present author (for lifetimes measured
in zonths or less),. are presented in the final tables in the appendix.
Since it is uncertain whether spot lengths, or their total dimensions may\
be‘the physicallj ﬁost-meaningful parameter, the lifetimes are tabulated

both in relationship to the mean length and to the mean area, where spot
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" area-(in square degrees) was cogﬁuﬁéd apprakiﬁ&ﬁgiy from the crude propor-
tion estimates. The mear of each of the six lifetimes is entered for sev-
en subfdivisions'by léngth or area. Asterisks indicate no s§ots in a par-
ticular cgtegéry. It can be seen from the tables that it'i§ relatively

difficult to obtain reliable lifetimes for the sma11é¥ svots and that their
freqﬁeniiy shorter observed lifetimes are really just minimu lifetimes in-

pu-

terrupted by gaps in good quality photographic coverage.

V. SUMMARY OF COMNCLUSIONS

The empirical approaches described earligr have been applied, -
as a start, %o ail observed spots in the northern hemisphere of Jupiter
(exciuﬁing the equatorial jet).‘.The results, presente& in the apéendices,
are largelyvself-ex§lanatory and requireAlittle amplification here. Iv
will, however, summarize some of the more obvious conclusions, after
this word of caution: In assessing the sigﬁﬁficance of the differences in
characteristics between groups of spots, it is important tortake into
account the sizes of the spot data samples being compared. These nuﬁbers

are printed out exPlicitly only in Appeﬁdix C; however the complete tabu-

letions in Appendix B provide the same informatlion.

The comperisons of the spot populations of the three zonal
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regions containing statisticaily§s§gnificagﬁ nimbers of spots, the lIEBZ,
NTB, and H{EBn, reveal certain ﬁnéortant differences; For instance, whilé
the drifts of the individual spots in the HEBn generally vary from the
mean drift for the current by only a few secoﬁds. there is a substantially
larger deviation in the NEBZ. This is; perhaps,s to be expected since the
NEBZ is the location of the stroné latitudinal shear between the equatori-
al jet and the higher latitudes. Also, for the NEBZ and KTB, both dark
spots end smaller spols seem to rotate more rapidly than light spots and
larger spots. This may reflect some real variability of motion with
color, but it is also possible that it simply reflects a mall-scale
variation in drift velocity with latitude since white spols and dark -
spots (for instance) in any given region do not necessarily average to.

the precise seme latitude,

The size—frequepéy tables are similar Jor the three regions in
showing a peak frequency near 5 km. This may represent a true preferred
size for eddies on Jupiter, but more likely this simply reflects the
setting in of incompleteness in the tabulﬁtiong éf the less-well-defined
spots smaller than 5° due to resolutioﬁ limitations of th; photogrenhs.
The incremenial population index of the spot size distribution is ebout
' =3 in the renge 5 to 20 degrees; =3 is a diﬁensionally significant popu-
lation index and should be comparpd with other meteorological scale

distributions.

The mean sizes and mean proportions of the spots are similar in
‘the three regionsg however, the distributions of spots by type show

significant differences.

The sorting of spois in all latitudes into different groupings,



e .
presented in Appendix/C, demonshrekes surprigingly Tew strong correlations
between spot characteristics. Among the relaticnships vhich do seem
significent are the teﬁdency for darlc spots to be rounder in cqmparisoh

to more longitudinally-extended light spots, and the tendency for shorter
spoté to be rounder than the more longiﬁudinally elongatéd longer spots.
This last correlation may be expressed as a #endency for spots to be of
relatively const#nt latitudinal width despite the longitudingl ekténsion -
undoubtedly due to the strong zonality of Jupiter's atmosphere imposed by

the planet's rapid rotation. Note also that longer spots tend to vary

in length during their lifetimes more than do the shorter ones.

The results on the lifetimes of spots are, unfortunately, rela-
tively inconclusive in this preliminary reduction of the charts. The
size~lifetine tables show little relationship between those parametérs.
Appendix A would seem to suggest that the lifetimes of spots in the NEBZ
~(the region of strong shear) are less than in the other regions, as one
night expect, but observational bias renders the fact uncertain. 4s the

colurn labelled "WHY" in the spot tabulations indicates, the general
\complexity of the IEBZ and the highly variable rates of drift in that
'region, render difficult the rellable determination of 11feu1mes~ these
uncertainties would bias against reliable determinations particularly of
long lifetimes, Even for the relatively predictable NEBn, about half of
the spots have completely undetermined true lifetimes. Further éonsidera~‘
tion of the problems of determining spot lifetimes from the patrol photo-

graphs is in progress.

Preliminary comparison of the spot tabulations with the reduction
of amateur astronomers' data for the seme period (Budine, 1968), reveals

meny disagreemepts. Consideration of the recasons for these disagrecnents
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would be a fruitful direct?oh for :"uri('.her research, especially since
comp;'ehensive reductions of the photozraphic pa*.roi plates such as this
one are not being planned on a regular basis and the amateur reductions
will be the only published information on Jupiter's spots for some lyears

to come, -
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VIII. APPEIDICES

These appendices contain tab}es printed out by the computer and
comprise the quantitative results of the present study., The tables are

not numbered but come in 4 parts.

(A.) The first appendix lists the characteristics of the spot
populations in each of the currents studied. The tabuletions are self-

explanatory end are described in Section IV-B.

(B.) The second appendix comprises the tabulations, $y current,
of all the individual spots measured or generated as probable or vossible
conglomerates, The columns are as follows. ?irst vage: (1) Spot refer-
ence number; (2) Limiting day nunbers on which snot was observed (Hov.z,
1966 = day 1); (3) Projected longitude on date of opposition (day 80); (4)
Humber of observations of the snot; (5) Mean 30-day drift (degrees); (86)
Rotation period; (7) Dark = 1, lizht = 2; (8) Fuzzy = 1, medium = 2, sharp
= 3; (é)’Spoﬁ proportions, 1 = long, 3 = round, 5 = tall, O = border; (10)
Spot types O = round or oval; 1 = festoon, 2‘= wave or projection, 3 =
angular, 4 = amorphous, 5 = variable shape, 6 = preceding border, 7 = fol-
" lowing border; (11) Length in degrees; (12) Ratic of deviation in length
to length; (13) Short-term devietion in drift (degrees). Second page: (1)
Spot reference number; (2-4) 30-day drifts during lsty 2nd, end last thirds
of veriod; (5) Hean deﬁiatioﬁ of succesive 30-day drifts; (6) Lifetimes;
(7) Reasons why spot not followed before or after observed period (see

Sect. III-B); (&) Days when particularly prominent.
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(C.) The third sppendix lists the mean characteristics of 12
sub-divisions of all the spots. These tabulations are also self-explan-

atory.

~ (D.) The last appendix is short and is a tabuletion of the life-

time-length and lifetime-zrea relationship, as described in Sect. IV-D.-

Notes Iﬁ these mppendices, asterisks are used in place of blanks. These
usually indicate that there were no computed numbers in the particular '
catégory, usually because of no data. Several cases.probaﬁly exist where
numbers are omitted because of computationel errors; the computer was
programmed to store mubers larger than permissible by the output format
for a varieiy of situations in which input data inconsistent witﬁ the
logical Plow of the program-would otﬁerwise hgve yieldéd incorrect reQI

sults.
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APPEIDIX A

Characteristics of Currents

Hote: As can be seen froﬁ the spot tabulations in Appendix 3, only
tnree currents (WEBZ, NEBn, NTB) have & sufficiently large population

of spots to permit meaningful intercomparisons of the mean characteristics .

given in Appendix A.
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THE NZBZ CURRENT

FOR DEFINITE SPOTS

AV. DEV= 22.22

DRIFT, ALL SPOTS, WFIGHTED BY NN. OF OBSERVATIONS = -31l.1

ALL SPOTS (OBSVD LIVES 10 DAYS 0OR MORE), UNWEIGHTED = -19.0 AV. DEV= 9.26
DARK SPOTS {(NVER 10 NAYS), UNWEIGHTED -30.1 AV. DEV= 19.21

LIGHT SPATS (OVER 10 DAYS), UNWEIGHTED = -14.8 Av., DEV=  5.06

SMALL SPOTS {UNWEIGHTED) = -20.8 AVe. DEV= 11.85

LARGE SPOTS (UNWEIGHTED) = -12.0 AV. DEV= 5.58

DARK SPOTS (WEIGHTED) = -37.4 AV. DEV= 21.28

LIGHT SPNTS (WEIGHTED) =29. 4 AV. DEV= 22,00

SMALL SPOTS (WEIGHTED)
LARGE SPOTS (WFIGHTED)

-324,9 AV, DEV= 25.93

it it o

FNR DEFINITE AND PROBABLE SPOTS

DARK SPOTS (WEIGHTED)=
LIGHT SPOTS (WEIGHTED)
SMALL SPOTS [WEIGHTED)
LARGE SPOTS {(WEIGHTED)

42.3 Av. DEV= 23.70
~-23.6 AV, DEV= 23,92
-21.5 AV. DEV= 9,02

ouwn

FOR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NO. OF OBSERVATIONS = -32.9
ALL SPOTS {QORSVD LIVES 10 DAYS OR MORE)y UNWEIGHTED = -30.4
DARK SPOTS (QVER 10 DAYS), UNWFEIGHTED -47.4 AV. DEV= 28,02
LIGHT SPNTS (OVER 10 DAYS), UNWEIGHTED = —21.2 AV. DEV=
SMALL SPOTS (UNWEIGHTED) = ~-?4.8 AV. DEV= 13.83

LARGE SPOTS (UNWFIGHTEN) = -31.1 AV, DFV= 21.79

DARK SPOTS (WEIGHTED)= ~44,7 AV. DEV= 24,62

LIGHT SPOTS (WFRIGHTED) = - -29.,2 AV. DEV= 20.85

SMALL SPOTS (WEIGHTED) = =34.2 ~ AV. DEV= 24.73

LARGE SPNTS {(WEIGHTEN) =23.5 AV, DEV= 12.07

AV. DEV= 22.137

DRIFT, ALL SPOTS, WEIGHTED BY NN. OF OBSERVATIONS = -32.1

ALL SPOTS (0ORSVD LIVES 10 DAYS OR MORE)}, UNWEIGHTED = -26.7 AV. DEV= 16.38
DARK SPOTS (OVER 10 DAYS), UNWEIGHTED =44 .6 - AV. DEV= 30.22 .

LIGHT SPOTS (OVER 10 DAYS), UNWEIGHTED = -16.7 AV. DEV= 3.30

SMALL SPOTS {UNWEIGHTED) = ~21l.4 AV. DEV= 10.25

LARGE SPOTS (UNWFIGHTED) = -14.7 Av. DEV= 2,88

AV. DEV= 23,19

9.34

B

AV. DEV= 19.79 =



THE NEBZ CURRENT

FCR DEFINITE AND PROBABLE SPOTS

MEAN CF LONG-TERM DEVIATIONS FROM SPOTS' MEAN DRIFTS=  1.50 :

MEAN OF TYPICAL SHORT-TERM DEVIATIONS (DFEG.) FROM SPOTS® MEAN POSITIONS= skt

MEAN DRIFT, ALL SPOTS, FIRST 3RD OF APPARITION= -14.4

MEAN CRIFT, ALL SPOTS, SECONC 3RD OF APPARITION=  sokkkssk

MEAN DRIFT, ALL SPOTS, LAST 3RD OF APPARITION= s ‘ ,
MEAN LIFETIME {DAYS), ALL SPOTS WITH DEFINITE CR PROBABLE LIFETIMES COMPUTED=  34.5
MEAN PROPORTION, ALL SPOTS= 2.3 \ ‘

MEAN LENGTH OF ALL SPOTS= 5.6 :

MEAN RATIO OF TYPICAL DEVIATIONS IN LENGTH TO LENGTH, ALL SPOTS, (WEIGHTED)= 0.26

DISTRIRUTION OF SPOTS BY LENGTH (DEGREES)
LENGTH= 0~ 1 1= 2 2- 3 3~ 4 4~ § 5=~ 6 . 6~ 7 7- 8 8- 9 9-10
N X LIFE= 0.0 0.5 17.5 30.5 49.0  199.0  94.5 1.0 0.5  45.0
LENGTF= - 10-11 11-12 12-13  13-14 . 14-15 15-16 16-17 17-18 18-19 19-20
N X LIFE= 0.0 0.5 104.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0
CLENGTh= 20-21 21-22 22-23  23=24  24-2%  25-26 . 26=27 271-28 28-29.  29-uk*
N X LIFE= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DISTRIBUTION OF SPOTS RY TYPE S
TYPE OVAL SLANT FESTOON WAVE  ANGULAR  AMORPHOUS VARIABLE PREC. END FOL. END

NUMB ER 28 . 0 2 1 14 2 -7 7
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THE NEBM CURRENT
FOR DEFINITE SPOTS

MEAN 30-DAY DRIFT, ALL SPOTS, WEIGHTED RY NO. OF NOBSFERVATIONS = -13.1 AV. DEV= 2.69

MEAN DRIFT, ALL SPOTS (0OBSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = -12.3 AV. DEV= 3.49
MFAN CRIFT, DARK SPOTS (OVER 10 DAYS), UNWEIGHTED -11.6 AV. DEV= 3.79
MEAN DRIFT, LIGHT SPATS (OVER 10 DAYS), UNWEIGHTED = -12.9 Av. DEV= 3,38

MEAN DRIFT, SMALL SPOTS (UNWEIGHTED)
MEAN DRIFT, .LARGE SPNTS (UNWEIGHTED)
MEAN DRIFT, DARK SPOTS (WEIGHTED)=
MEAN CRIFT, LIGHT SPOTS (WEIGHTED)
MEAN DRIFT, SMALL SPNTS (WEIGHTED)
 MEAN DRIFT, LARGE SPOTS (WEIGHTED)

-12.7 AV. DEV= 13,36

-12.4 AV. DEV= 3,08
12.6 AV. DEV= 2.69
‘13.3 AV. DEV= 2072
-13.1 *AV. DEV= 2,95
-13.3 AV. DEV= 1.83

tnon

[}

FOR DEFINITE AND PROBABLE SPOTS

MEAN 30-DAY DRIFT, ALL SPOTS, WEIGHTED BY NO. OF OBSERVATIONS = =13,1 AV, DEV= 2.47

s>~ MEAN. DRIFT, ALL SPOTS (0BSVD LIVES 10 DAYS NR MORE), UNWEIGHTED = -12.5 AV. DEV= 3,27
" MEAN DRIFT, DARK SPNTS (OVER 10 DAYS), UNWEIGHTED -11.6 AV. DEV= 3.79
"MEAN ORIFT, LIGHT SPNTS (OVER 10 DAYS), UNWEIGHTED = -13,1 AV. DEV= 3,01
MEAN NDRIFT, SMALL SPNTS {(UNWEIGHTED) = -17.8 AV. DEV= 2,97
_MEAN DRIFT, LARGE SPOTS (UNWEIGHTEDY = -12.6 AV, DEV= 3,27
MEAN DRIFT, DARK SPOTS (WEIGHTED)= -12.6 AV. DEV= 2.69

"MEAN DRIFT, LIGHT SPOTS (WEIGHTED)
MEAN DRIFT, SMALL SPOTS {(WEIGHTED)
" MEAN DRIFT, LARGE SPOTS {(WEIGHTED)}

-13.3 AV. DEV= 2,35.
-13.0 AV. DEV= 2.53
-13-8 AV. DEV= 1‘98

Woiou

FOR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

MEAN 30~-DAY DRIFT, ALL SPOTS, WEIGHTED RY NO. NF OBSERVATIONS =  ~13,1 AV, DEV= 2.47 o

MEAN DRIFT, ALL SPOTS {0QRSVD LIVES 10 DAYS NR MORE), UNWEIGHTED = -12.5 AV. DEV= 3.27 =~
MEAN DRIFT, DARK SPOTS {DVFR 10 DAYS), UNWEIGHTED -11.6 AV, DEV= 3,79 ' ;
MEAN ORIFT, LIGHT SPOTS (NVER 10 NAYS), UNWEIGHTED = -13.1 AV. DEvV= 3.01

MEAN DRIFT, SMALL SPOTS (UNWEIGHTED) = -12.8 AV. DEV= 2.97

MEAN DRIFT, LARGE SPOTS (UNWEIGHTED) = -12.6 AV. DEV= 3,27

MEAN CRIFT, DARK SPNTS (WFIGHTED)= -12.6 AV. DEV= 2.69

MEAN DRIFT, LIGHT SPOTS (WEIGHTED)
MEAN DRIFT, SMALL SPOTS (WEIGHTED)
MEAN DRIFT, LARGE SPOTS (WEIGHTED)

’13»0 AV. DEV= 2. 53
"13.8 AV. DEv= 1098

[T}
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THE NEBN CURRENT

FOR DEFINITE AND PROBABLE SPOTS

MEAN OF LONG-TERM DEVIATIONS FROM SPOTs‘ MEAN DRIFTS= 1.9
MEAN OF TYPICAL SHORT-TERM CEVIATIONS (DEG.) FRCM SPOTS' MEAN POSITIONS=

MEAN DRIFT, ALL SPOTS,
MEAN DRIFT, ALL SPOTS,
MEAN DRIFT, ALL SPOTS,
(DAYS),

MEAN LIFETIME
MEAN PROPORTI

MEAN LENGTH OF ALL SPOTS= :
MEAN ‘RATIO OF TYPICAL DEVIATIONS IN LENGTH TO LENGTH, ALL SPOTS, (WEIGHTED)= 0.28

LENGTH= 0- 1
N X LIFE= 0.0
LENG TH= 10-11
N X LIFE=  99.0
LENGTH= - 20-21
N X LIFE=. 0.0
TYPE OVAL

NUMR FR 21

DNy

SLANT FESTOON WAVE ANGULAR AMORPHOUS VARTABLE

FIRST 3RD OF APPARITION= ~-14.2

SECOND 3RD OF APPARITION= -13.8

LAST 3RD NF APPARITION=  sedodokkx
ALL SPOTS WITH DEFINITE OR PROBABLE LIFETIMES COMPUTED=

ALL SPCTS= 2.4

S 1i-12
133.0

21-22
0.0

0

5.3

DISTRIBUTION NF SPOTS BY LENGTH {DEGREES)

2- 13 3- 4  4- 5 5— 6
137.0 644.5 435,0 207.0 °

12-13  13-14  14-15 15-16
0.0 0.0 0.0 0.0

22-213 23=24  24-25 25-26
0.0 0.0 0.0 0.0

DISTRIBUTION DOF SPOTS BY TYPE

? 1 11

7

6~ 7
432.0

16-17
0.0

26~-27
0.0

0 .

7- 8
268.0

17-18
0.0

27-28
0.0

PREC. END FOL.

7

2.00

8- 9

36.0

18-19
0.0

28-29
0.0

123.4

9-10
41.0

19-20
0.0

29-%%
0.0

END

Y
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MEAN
MEAN
ME AN
MEAN
MEAN
MEAN
ME AN
MEMN
MEAN
MEAN

MEAN.
. MEAN

ME AN
MEAN
MFEAN
MEAN
MEAN
MEAN
ME AN
ME AN

MEAN

© MEAN
MEAN -
" MEAN

MEAN
ME AN
ME AN
MEAN
ME AN
MEAN

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,

DRIFT,

DRIFT,
CRIFT,
DRIFT,
DRIFT,

30-DAY

DRIFT,
DRIFT,
DRIFT,
NDRIFT,
DRIFT,
DRIFT,
ODRIFT,
DRIFT,
DRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
NDRIFT,
CRIFT,
DRIFT,
DRIFT,

THE NTRZ CURRENT
FOR DEFINITE SPOTS

DRIFT, ALL SPQOTS, WEIGHTED BY NN, OF<OBSERVATIONS = -14.3  AV. DEV= 3.87

ALL SPOTS (0OBSVD .LIVES 10 DAYS NR MORE), UNWETIGHTED = -11.7 AV. DEV= 0.0
DARK SPOTS (OVER 10 DAYS)y, UNWEIGHTED  dedkdeskiok AVe DEV= Skdedkx ‘ ‘
LIGHT SPOTS (OVER 10 NAYS), UNWEIGHTED = -11.7 AV. DEV= 0.0

SMALL SPOTS (UNWEIGHTED) desle e de ol o AV, DEV= s¥hkn

LARGE SPOTS (UNWEIGHTED) = -11.7 AV. DEV= 0.0
DARK SPOTS {(WRFIGHTEDN)= etk AV. DEV= ¥¥dkk%
LIGHT SPOTS (WEIGHATED -14.3 AV, DEV= 3.87
SMALL SPOTS (WFIGHTED) =21 .4 AV. DEV= 0.0
LARGE SPOTS (WEIGHTED) -11.7 Av. DEV= 0.0

ioilou

FOR DEFINITE AND PRNBABLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED RY Nf. OF NBSERVATIONS = -12.8 AV. DEV= 1.48
ALL SPOTS (DORSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = -13.3 AV. DFV= 1.67
DARK SPOTS (NVER 10 DAYS), UNWEIGHTED  dodwikoksk AV, DEV= crdokidokx :
LIGHT SPOTS (OVFR 10 DAYS), UNWEIGHTED = -13.3 AVe. DEV= 1.67

SMALL SPOTS (UNWEIGHTED) = -15.0 AvV. DEV= 0.0 '

LARGE SPOTS {(UNWEIGHTED) -11.7 AV. DEV= 0.0
DARK SPOTS (WEIGHTED)=  #oksidodok AVe DEV= dedkakk
LIGHT SPOTS (WEIGHTED) -12.8 AV. DEV= 1.48
SMALL SPOTS {(WEIGHTED) -15.0 AV, DEV= 0.0
LARGE SPOTS {(WEIGHTED) -11.7 AV. DEV= 0.0

T3 T}

FNR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

DRIFT, ALL SPOTS, WEIGHTEL BY NO. OF OBSERVATIONS = -12.8 AV. DEV= 1.48
ALL SPOTS (DBSVD LIVES 10 NDAYS NR MORE), UNWEIGHTED = -13.3 AV. DEV=1.6T7.
DARK SPOTS (DVER 10 DAYS),y UNWFIGHTED  deskmdoks AV. DEV= ik

LIGHT SPOTS (NVER 10 DAYS), UNWEIGHTED = -13.3 AV. DEV= 1.67

SMALL SPOTS (UNWEIGHTED) = -15.0 AVv. DEV= 0.0

LARGE SPOTS (UNWEIGHTED) = -11.7 AV, DEV= 0.0

DARK SPOTS (WEIGHTED)= itk AV. DEV= dokdeuk

LIGHT SPOTS (WFIGHTED)
SMALL SPOTS (WEIGHTED)
LARGE SPOTS (WEIGHTED)

-12.8 AV. NDEV= 1.48
-11.7 AV. DEV= 0.0

[T L
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THE NTRZ CURRENT
FOR DEFINITE AND PROBABLE SPOTS

MEAN OF LONG-TERM DEVIATIONS FROM SPOTS* MEAN DRIFTS= kdokk , : :
MEAN CF TYPICAL SHORT-TFRM DEVIATIONS (DEG.) FROM SPOTS' MEAN POSITIONS=  okdkaok
MEAN DRIFT, ALL SPOTS, FIRST 3RD OF APPARITION=  skdckdknsk :
MEAN DRIFT, ALL SPNTS, SECOND 3RD 0OF APPARITION= . djkskdksk

MEAN DRIFT, ALL SPNTS, LAST 3RD OF APPARITION=  dekdokkok

MEAN LIFETIME {DAYS), ALL SPNTS WITH DEFINTTE NR PROBABLE LIFETIMES COMPUTED=. kA

MEAN PROPORTION, ALL SPOTS= 2.4
MEAN LENGTH OF ALL SPOTS= S.1

- MEAN RATIO OF TYPICAL DEVIATIONS IN LENGTH YO LENGTH, ALL SPOTS, (WEIGHTED)= 0.08

DISTRIBUTION OF SPOTS BY LENGTH {DEGREES)

CLENGTE= 0- 1 1- 2 2- 3 3I- 4 4= 5 5- 6 . 6- 1 7- 8 8- 9

N X LIFE= 0.0 1.0 0.0 0.5 0.5 14.5 0.0 0.0 0.0
LENGTH= 10-11  11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19
>N X LIFE= 18.0 0.0 0,0 . 0.0 0.0 0.0 0.0 0.0 . 0.0
LENGTH= 20-21 21-22  22-23 23-24 24-25 25-26 26-27 2728 28-29

N X LIFE= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DISTRIBUTION 9F SPOTS BY TYPE

TYPE ~ DVAL SLANT FESTOON - WAVE ANGULAR AMORPHOUS VARIABLE PREC. END FOL.
‘NUMBER 5 2 | 4 0 1 0 T \ 7

9-10
0.0

19-20
0.0

29—k
0.0

END. .
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MEAN
MEAN
MEAN
MEAN
ME AN
MEAN
ME AN
MEAN
MEAN
ME AN

'MEAN
MEAN
ME AN

MEAN
~'ME AN

MEAN
MEAN
MEAN
MEAN
ME AN

MEAN
MEAN
MEAN
MEAN
MEAN
MEAN
ME AN
MEAN
ME AN
"MEAN

30-DAY
DRIFT,
DRIFT,

JODRIFT,

DRIFT,
DRIFT,
DRIFT,
DRIFT,
CRIFT,
DRIFT,

30-DAY

DRIFT,
DRIFT,
CRIFT,
NDRIFT,
DRIFT,
DRIFT,
DRIFT,
CRIFT,
DRIFT,

30-DAY

DR IFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
CRIFT,
DRIFT,

LARGE SPOTS (WEIGHTED)

THE NTBS CURRENT

FOR DEFINITE SPOTS

DRIFT, ALL SPOTS, wEIGHTED BY NN. OF ORSERVATIONS = 32

7
ALL SPOTS {NRSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = 32.7 AV. DEV= 0.0
DARK SPOTS {NVER 19 DAYS), UNWEIGHTED ki AV, DEV= dkxXox

LIGHT SPOTS (0DOVFR 10 DAYS), UNWEIGHTED = 32.7 Av. DEV= 0.0
SMALL SPOTS (UNWEIGHTED) 32.7 Av. DEV= 0.0

LARGE SPNTS {UNWEIGHTED) e e e e sl e AV, DEV= Xk

DARK SPOTS {WFIGHTEDN)= kddikk AV. DEV= k¥k&kxk

LIGHT SPOTS (WEIGHTED) 32.7 Av., DEV= 0.0

SMALL SPOTS {WEIGHTED) 32.7° AV. DEV= 0.0

Vg sfeafe e de 3K AV. DEV= sk

il ou

it

FOR NEFINITE AND PROBABLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NO. OF 0OBSERVATIONS = 32,7 AV. DEV= 0.0

ALL SPDOTS (0BSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = 32.7 - AV. DEV= 0.0
DARK SPOTS (NVER 10 DAYS), UNWEIGHTED kddkdkx AV DEV= hdedkdek

LIGHT SPOTS {NVER 10 DAYS), UNWEIGHTED = 32.7 Av. DEV= 0.0

SMALL SPOTS (UNWEIGHTED) 32.7 Av. DEV= 0.0

L ARGE SPOTS (UNWEIGHTED) =  edkedeosdex AV. DEV= X%
DARK SPOTS {(WEIGHTED)=  dkddesdksk AV. DFV= sddeksk
LIGHT SPOTS (WEIGHTED) 32.7 AV. DEV= 0.0
SMALL SPOTS (WEIGHTED) 32.7 AV. DEvV= 0.0
LARGE SPNTS {(WEIGHTED) P e Ao e AV. DEV= dededok

[ '}

FOR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NN. OF DBSERVATIONS = 32.7 AV. DEV=. 0.0

ALL SPNTS {0BSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = 32.7 Av. DEV= 0.0
DARK SPOTS (OVER 10 DAYS), UNWEIGHTED  xdoukkick AV. DEV= *k¥kk

LIGHT SPOTS {OVER 10 DAYS), UNWEIGHTED = 32.7 Av. DEV= 0.0

SMALL SPOTS (UNWEIGHTED) = 32.7 AV. DEV= 0.0

LARGE SPOTS (UNWEIGHTED) = ook AV, DEV= xdicikk

DARK SPOTS (WEIGHTED)=  dodokdoik AVe DEV= X¥sekok

LIGHT SPNTS {WEIGHTEN)
SMALL SPOTS (WFIGHTED)
LARGE SPOTS (WEIGHTED)

32.7 AV. DEV= 0.0
A B de e s o AVe DEV= dkidk

[T
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THE NTBS CURRENT
FOR DEFINITE AND PRNOBABLE SPOTS T

OF LONG-TERM DEVIATIONS FROM SPOTS' MEAN DRIFTS=  #okdokk

MEAN _ ,

MEAN CF TYPICAL SHORT-TERM DEVIATIONS (DEG.) FROM SPOTS' MEAN POSITIONS= kdkx

MEAN DRIFT, ALL SPOTS, FIRST 3RC OF APPARITION=  sohdsonsk ‘

MEAN DRIFT, ALL SPOTS, SECOND 32D OF APPARITION= sokksss

MEAN DRIFT, ALL SPOTS, LAST 3RD OF APPARITINN=  solskdon L

MEAN LIFETIME (DAYS), ALL SPOTS WITH DFFINITE NR PROBABLE LIFETIMES COMPUTED=  #skskik

MEAN PROPORTION, ALL SPOTS= 1.0 .

MEAN LENGTH OF ALL SPOTS= 6.0 :

MEAN RATIO OF TYPICAL DEVIATIONS IN LENGTH TN LENGTH, ALL SPOTS, {WEIGHTED)= 0.17

DISTRIBUTION OF SPNTS BY LENGTH [(DEGREES)

LENGTH= . 0- 1 1- 2 2- 3 3~ 4 4- 5 5 6 6-1 7-8 8- 9  9-10
N X L¥FE= 0.0 0.0 0.0 0.0 0.0 22.0 0.8 - 0.0 .. 0.0 0.0
LENGTE=" 10-11  11-12 12-13  13-14 14-15 15-16 16-17 ~17-18 18-19 19-20.

N X LIFE= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
. LENGTH= 20-71 21-22 22-23  23-24  24-25 25-26 26-27 27-28  28-29  29-%%
N X LIFE= 0.0 . 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0

#:;;‘( -
DISTRIBUTION OF SPOTS BY TYPE
TYPE DVAL SLANT FESTOON WAVE  ANGULAR  AMORPHOUS VARIABLE PREC. END FOL. END

NUMBER 2 0 2 0 1 1 7 7
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MEAN

MEAN
ME AN
MEAN
ME AN
ME AN
MEAN
ME AN
ME AN
ME AN

MEAN
ME AN
MEAN

"MEAN
ME AN

MEAN
MEAN
MEAN
MEAN
MEAN

MEAN
MEAN
ME AN
MEAN
MFE AN
MEAN
MF AN
MEAN
MEAN

. MEAN

30-DAY
DRIFT,
DRIFT,
DRIFT,
CR1FT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
BRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,

DRIFT,

DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,

30-DAY
CRIFT,
DRIFT,
CRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,

'SMALL SPOTS [UNWEIGHTED)

THE NTB CURRENT

FOR DEFINITE SPOTS

e

AV. DEV= 10.10

DRIFT, ALL SPOTS, WEIGHTED RY NO. OF OBSERVATIONS = = 18.0 »
ALL SPOTS (ORSVD LIVES 10 DAYS 0OR MORE), UNWEIGHTED = 21l AV. DEV= 6.74.
DARK SPOTS {OVER 10 DAYS), UNWEIGHTED 20.6 AV. DEV=. 8,22 ‘
LIGHT SPOTS (OVER 10 DAYS), UNWEIGHTED = 23.1 Av. DEV= 2.62

SMALL SPNOTS (UNWEIGHTED) 20.8 AV. DEV= 6.93

Wt

LARGE SPOTS (UNWEIGHTED) 22.3 AV. DEV= 5.82
DARK SPOTS (WEIGHTED) = 16.6 Av. DEV= 11.24
LIGHT SPNOTS (WFIGHTEDN) 2344 AV. DEV= 3.74
SMALL SPOTS. (WEIGHTED) 17.6 AV. DEV= 11.21
LARGE SPOTS (WEIGHTFD) 19.9 AV. DEV= T.26

W H

FOR DEFINITE AND PROBABLE SPOTS:

20.5 AV. DEV= 7.23
LARGE SPOTS {UNWEIGHTED) 2?.1  AV. DEV= 5,85
DARK SPOTS (WEIGHTED) = 16.7 AV. DEV= 11.30

LIGHT SPOTS (WEIGHTEN) 23.4 AV. DEV= 3,52 -
SMALL SPOTS (WEIGHTED) 17.0 AV. DEV= 11.79
LARGE SPNTS {(WEIGHTED) 19.7 AV. DEV= 7.38

TR |

FCR DEFINITE, PRNORABLE, AND POSSIBLE SPOTS

AVe DEV= 10.04

DRIFT, ALL SPOTS, WEIGHTED BY N0, OF OBSERVATIONS = 18.1

ALt SPOTS {(ORSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = 21.1 AV. DEV= 6.84
NDARK SPOTS (OVER 10 DAYS), UNWEIGHTED 20.3 AV. DEV= 8.33 -
LTGHT SPOTS (NVER 10 NAYS), UNWEIGHTED = 23. 4 Av. DEV= 2.48

o
. 0

DRIFT, ALL SPOTS, WEIGHTED BY NO. OF OBSERVATIONS = 18.1 AV. DEV= 10.05
ALL SPOTS (NBSVD LIVES 10 DAYS NR MORE), UNWEIGHTED = 21.2 AV. DEV= 6,73 -
DARK SPOTS (QVER 10 DAYS), UNWEIGHTED 20.4 AV. DEV= 8.19 : ‘
LIGHT SPNOTS (NVER 10 DAYS), UNWEIGHTED = 23.4 AV. DEV= 2.48

SMALL SPOTS {UNWEIGHTED) = 205 AV. DEV= T7.23

LARGE SPNTS (UMWEIGHTED) = 22.3 AV. DEV= 5.82

DARK SPOTS (WFIGHTEN) = 16.7 AV, NDEV= 11.29

LIGHT SPOTS (WEIGHTED) = 23.4 AV. DEV= 3.52

SMALL SPOTS (WEIGHTED) = 17.0 AV, DEV= 11.79

LARGE SPOTS [WEIGHTED) = 19.6 AV. DEV= 7,50



THE NTB  CURRENT
FOR DEFINITF AND PROBABLE SPOTS

MEAN OF LONG-TERM DEVIATIONS FROM SPOTS*' MEAN DRIFTS= 2.23 '
MEAN OF TYPICAL SHORT-TERM DEVIATIONS IDEG.) FROM SPOTS?' MEAN POSITIONS=  sokkk
. MEAN CRIFT, ALL SPOTS, FIRST 3RN 0OF APPARITION= 16.3
MFAN DRIFT, ALL SPOTS, SECCND 38D 0OF APPARITION= 22.6
MEAN DRIFT, ALL SPOTS, LAST 3RD OF APPARITINN=  kdxcdsikx
MEAN LIFETIME {DAYS), ALL SPOTS WITH DEFINITE OR PROBABLE LIFETIMES CGMPUTED‘ 88.2
MEAN PROPCRTYION, ALL SPCTS= 2.2
MEAN L ENGTH OF ALL SPOTS=  kdkokx
MEAN RATIQ OF TYPICAL DEVIATIONS IN LENGTH TN LENGTH, ALL SPOTS, (WEIGHTED)= 0.23

DISTRIBUTION OF SPNTS BY LENGTH {DEGREES)

"LENG TH= 0~ 1 -2 2= 3 3- 4 4- 5 5—- 6. N 7- 8 8- 9 9-10

N X LIFE= 0.0 0.0 23.0 63.0 296.5 663.0 395.0 391.0 ..297.0 58.5
CLENGTH= 10-11 11-12 12-13 13-14 14-15 15-16 16-17 t17418v -18-19 19-20
N X LIFE= 15.0 5.0 59.0 0.0 0.0 0.0 46.0 71.0 0.0 0.0
L ENG TH= 20-21 21-27 22-23 23-24 24-25 25-26 26-27 27-28 | 28-29 29-%%

N X L IFE= 0.0 0.0 0.0 0.0 0.0 0-0 ( 0.0 0.0 0.0 0.0

DISTRIBUTION NOF SPOTS 8Y TYPE

TYPE ~ OVAL SLANT FESTOON WAVE ANGULAR AMORPHOUS VAR!AéLE PREC.:END FOL, END
NUMB ER 28 0 21 2 19 1 8 T
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MEAN
MEAN

ME AN

MEAN
MEAN
MEAN
MEAN
MEAN
MEAN
ME AN

ME AN
MEAN
ME AN
MEAN
MEAN

" MEAN

MEAN
MEAN
MEAN
MEAN

MEAN
MEAN

MEAN

MF AN
ME AN
MEAN
ME AN
MEAN
MEAN
MEAN

30-~DAY
DRIFT,
DRIFT,
CRIFT,
DRIFT,
NRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,

DRIFT,

DRIFT,
DRIFT,
DRIFT,
DRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
CRIFT,
DRIFT,
CRIFT,
DRIFT,

THE NNT8S CURRENT
FOR DEFINITE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NN. NF OBSERVATIONS = -3.3 AV. DEV= 4,82

ALL SPOTS (ORSVD.LIVES 10 DAYS OR MORE), UNWEIGHTED = -1.2 AV. DEV=" 5.76?
DARK SPQATS {OVER 10 DAYS), UNWEIGHTED 0.8 Av. DEV= 6.82
LIGHT SPQTS (NVER 10 DAYS), UNWEIGHTED = -3.6 AV. DEV= 4.31

SMALL SPOTS {UNWEIGHTED) -1.2 AV, DEV= 5,91
LARGE SPOTS (UNWEIGHTED) -4.,3 AV. DEV= 3.39
DARK SPOTS (WEIGHT.ED)= -3.0 AV. DEV= 4.89
LIGHT SPOTS (WEIGHTED) -3.8 AV. DEV= 4.36
SMALL SPOTS (WEIGHTED) -4.2 AV. DEV= 6.22
LARGE SPOTS {(WEIGHTED) -3.3 Av,. DEV= 2.85

FOR DEFINITE AND PROBABLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NO. 0OF OBSERVATIONS = -3.3 AV. DEV= 4.82

ALL SPOTS (0OBSVD LIVES 10 DAYS NR MORE), UNWEIGHTED = ~-1.2 AV. DEV= 5.76;
DARK SPOTS {0OVER 10 DAYS), UNWEIGHTED 0.8 AV. DEV= 6.82 o~
LIGHT SPOTS (OVER 10 DAYS), UNWEIGHTED = ~3.6 AV. DEV= 4.31 -

SMALL SPOTS (UNWEIGHTED) -1.2 AV, DEV= 5.91
LARGE SPOTS (UNWEIGHTED) 4.3 AV. DEV=  3.39
DARK SPOTS (WEIGHTED)= -3.0 AV. DEV=.- 4.89
LIGHT SPOTS (WFIGHTED) ~3.8 AV. DEV= 4,36
SMALL SPOTS (WEIGHTED) ~4 .2 AV. DEV= 6.22
LARGE SPOTS (WEIGHTED) -3.3 AV. DEV= 2.85

o

FCR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NN. OF OBSERVATIONS = ~-3.3 AV. DEV=  4.82

ALL SPCTS (0OBSVD LIVES 10 DAYS NR MNRE)s UNWEIGHTED = ~-1.2 Av. DEV= 5,76
DARK SPOTS (OVER 10 DAYS), UNWEIGHTED 0.8 AV. DEV= 6.82 s -
LIGHT SPOTS {NVER 10 DAYS), UNWEIGHTED = -3.6 ' AV. DEV= 4,31

SMALL SPOTS {(UNWEIGHTED) -1.2 Av. DFV= 5,91
LARGE SPOTS (UNWEIGHTED) ~%e3 Av. DEvV= 3.39
DARK SPOYS (WEIGHTEC) = -3.0 AV. DEV= 4.89
LIGHT SPOTS (WEIGHTED) -3.8 AV. DEV= 4.36
SMALL SPOTS (WEIGKTED) 4.7 AV. DEV= 6.22
LARGE SPOTS (WEIGHTED) -3.3 AV. DEV= 2.85

non

oo
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THE NNTBS CURRENT

FOR DEFINITF AND PROBABLE SPOTS

MEAN OF LONG-TERM DEVIATIONS FROM SPOTS' MEAN DRIFTS=  2.06

MEAN OF TYPICAL SHORT-TERM DEVIATIONS (DEG.) FROM SPOTS' MEAN POSITIONS=  3.43

MEAN DRIFT, ALL SPOTS, FIRST 3RD OF APPARITION=  —6.6

MEAN DRIFT, ALL SPOTS, SECOND 3RD 0OF APPARITION=  =5.0

MEAN DRIFT, ALL SPOTS, LAST 3RD OF APPARITION= #okfownt .

MEAN LIFETIME (DAYS), ALL SPOTS WITH DEFINITE OR PROBABLE LIFETIMES COMPUTED= tokskkx

MEAN PROPDRTION, ALL SPOTS= 2.5 :

MEAN LENGTH OF ALL SPOTS= 6.1 , .

MEAN RATID OF TYPICAL DFVIATIONS IN LENGTH TO-LENGTH, ALL SPOTS, (WEIGHTED)= 0.18
DISTRIBUTINN OF SPOTS BY LENGTH [DEGREES)

LENGTH= 0= 1 -2 2-3  3-4 4-5 56 6-7 T-8" 8-9  9-10
N.X LIFE= 0.0 0.0 3.0  46.0 149.0 92,0 57,0 142.0  86.0 0.0
LENGTH=  10-11 11-12 12-13  13-14 14-15 15-16 16-17 17-18 - 18-19. 19-20
W X LIEE= 205.0° 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
LENGTH=  20-21 21-27  22-23  23-24 2425  25-26 26=27 27-28. 28-29 29—

"N X LIFE= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
| DISTRIBUT INN OF SPATS BY TY2E
TYPE OVAL SLANT FESTOON WAVE ANGULAR  AMORP4OUS VARIABLE PREC. END FOL. END
7

NUMBER 12 2 2 0 3 0 T



MEAN
ME AN
ME AN
MEAN
MEAN
ME AN
ME AN
MEAN
MEAN
MEAN

MEAN
ME AN
ME AN
ME AN
BE AN
MEAN
MEAN
MEAN
ME AN
MEAN

MEAN
MEAN
MEAN
MEAN
ME AN
MEAN

MEAN

MEAN
MEAN
MEAN

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
NRIFT,
DRIFT,
DRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,
ERIFT,
DRIF T,
DRIFT,
DRIFT,
DRIFT,

30-DAY
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
DRIFT,
CRIFT,

THE NNTEZ CURRENT
- FOR DEFINITE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NO. OF OBSERVATIONS = AV. DEV=

“908 3094

ALL SPOTS (0OBSVD LIVES 10 DAYS DR MORE), UNWEIGHTED = -10.3 AV. DEV= 3.62
DARK SPOTS (OVER 10 DAYS), UNWEIGHTED -T7.9 AV. DEV= 1.40 ' .
LIGHT SPOTS {OVER 10 DAYS), UNWEIGHTED = -17.5 AV. DEV=" 0.0
SMALL SPOTS (UNWEIGHTED) = -17.5 AV. DEV= 0.0
LARGE SPOTS (UNWEIGHTEN) = -10.0 AV. DEV= 0.0
DARK SPOTS (WETGHTED)= -7.2 AV, DEV= 1.46
LIGHT SPOTS (WEIGHTEN) = -17.5 AV. DEV= 0.0
SMALL SPOTS (WEIGHTED) = -17.5 Av. DEV= 0.0
LARGE SPOTS (WFIGHTED) = -10.0 AV. DEV= 0.0

FOR DEFINITE AND PROBABLE SPNTS
DRIFT, ALL SPOTS, WEIGHTED BY N0O. OF NBSERVATIONS = ' -9.8 AV. DEV= 3.94
ALL SPOTS {(OBSVD LIVES 10 DAYS OR MORE), UNWEIGHTED = -10.3 AV. DEV= 3.62
DARK SPOTS (OVER 10 DAYS)y UNWEIGHTED ~T+9 AV. DEV= 1.40
LIGHT SPOTS (OVER 10 DAYS), UNWEIGHTED = -17.5 Av. DEvV= 0.0
SMALL SPOTS (UNWEIGHTED) = -17.5 Av. DEV= 0.0
LARGE SPOTS (UNWEIGHTED) = -10.0 AV. DEV= 0.0
DARK SPOTS (WEIGHTEM = -Te2 AV. DEV= 1.46
LIGHT SPOTS (WEIGHTED) = -17.5 AV, DEV= 0.0
SMALL SPOTS (WEIGHTED) = -17.5 Av. DEv= 0.0
LARGE SPOTS (WEIGHTED) = -10.0 AV. DEV= 0.0

FOR DEFINITE, PROBABLE, AND POSSIBLE SPOTS

DRIFT, ALL SPOTS, WEIGHTED BY NN. OF OBSERVATIONS = ~-9.8 AV. DEV= 3.94
ALL SPOTS (ORSVD LIVES 10 DAYS NR MORE), UNWEIGHTED = -10.3 AV. DEV= 3,62
DARK SPOTS (OVER 10 DAYS), UNWEIGHTED ~7.9 AV. DEV= 1.40 . ' C
LIGHT SPOTS (OVER 10 DAYS), UNWFIGHTED = -17.5 AV, DEV= 0.0
SMALL SPOTS (UNWEIGHTEN) = ~-17.5 AV. DEV= 0,0
LARGE SPNTS (UNWEIGHTED) = -10.0 AV. DEV= 0.0
DARK SPOTS (WEIGHTEN)= ~-T7.2 AV. DEV= 1.46
LIGHT SPOTS (WEIGHTED) = ~-17.5 AV, DEV= 0.0
SMALL SPOTS (WEIGHTED) = -17.5 AV. DEV= 0.0
LARGE SPDTS {WEIGHTED) = - —=10.0 Av. DEV= 0.0
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THE NNTEZ CURRENT
FCR DEFINITE AND PROBABLE SPOTS

MEAN CF LONG-TERM DEVIATIONS FROM SPOTS' MEAN DRIFTS= elokkx

MEAN OF TYPICAL SHORT-TERM DEVIATIONS (DEG.) FROM SPOTS' MEAN POSITIONS=
MEAN DRIFT, ALL SPNTS, FIRST 3RD (OF APPARITION= ekdkioiok

MEAN DRIFT, ALL SPOTS, SFCOND 3RD NOF APPARITION=  edkkodkdk

MEAN DRIFT, ALL SPOTS, LAST 3RD QF APPARITION= kdslokk

MEAN LIFETIME (DAYS), ALL SPOTS WITH DEFINITE OR PROBABLE LIFETIMES COMPUTED=

MEAN PRNOPORTION, ALL SPOTS= 2.0
MEAN LENGTH NF ‘ALL SPOTS= 6.5

MEAN RATIO OF TYPICAL DFVIATIONS IN LFENGTH TO LENGTH, ALL SPOTS, (WEIGHTED)= 0.05

DISTR [RUTION OF SPOTS BY LENGTH (DEGREES)

LENGTH= 0- 1 1- 2 - 3 3- 4 4-5 .5-86 - 6= 17 7- 8 8- 9
N X LIFE= 0.0 0.0 0.0 0.0 53,0 0.0 0.0 12.0 0.0
LENG TH= 10-11 11-12 12-13  13-14 14-15 15-16  16=17 17-18 18-19
ﬁ x LIFE"" . 0.0 0.0 | 000 000 . OOO 000 000 000 0.0
LENGTH= 20-21 21-22 22-23 23-24 24-25  25=26 26-27 27-28  28-29
N X LIFE= 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NISTRIBUTION OF SPOTS BY TYPE
TYPE OVAL SLANT FESTOON WAVE  ANGULAR - AMORPHOUS VARIABLE PREC. END FOL.
NUMB ER 3 _ 0 2 0 2 0 7 7.

e ol de e 3¢

9-10

0.0

19-20
0.0

29—t
0.0

END
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APPEIDIX B

Tabulations of All Observed Spots

Note: Tabulations for definite-and-probable and for definite-probable-~
possible spots are omitted in this appendix in those cases when they are
identical to the tabulations which would heve irmediately preceded ithem

(i.e. when there are no additional probeable or possible spots)..
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THE NEBZ CURRENT. NOV 1966-JUNE 1967.
DEFINITE SPOTS

"SPNT  DATES OBSVD LONG NO. DRIFT - ROT PERIOD T LENGTH DL/L DEV

D,L S P
44 81 185 42, 27 -17.6 9HS5M16.5S 2 2 1 0 12.5 0.36 3
45 - 89 91 121. 3 -165.0 9H51MS54. 7S 2 2 30 5.0 0.0 ok
46 89 90 129. 2 -150.0 9H52M15.3S 2 2 2 0 4.0 0.0 Aok
47 103 104 141, 2 -60,0 9H54M18.5S 1 1 3 4 7.0 0.0 ok
48 103 104 135. 2. -30,0 9H454M59, 55 1 2 4 4 4.0 0.0 x4
49 ° 103 104 122. 2 0.0 9H55M40. 65 1. 3 &4 1 2.0 0.0 A%
50 113 113 oo ok K 1 e e e Yook AH A MA A S 1 1 3 4 3.0 0.0
51 121 121 sk % 1 et Heodeok A de M ket ke § 1 2 3 4 4.0 0.0 %%
52 128 130 148, ? -30.0 9H54M59,5S 1 2 3 4 3.0 0.0 %ok
53 126 130 104. 3 7.5 “9H55M50.9S 2. 23 0 3.0 0.33 ek
54 121 128 180. 3 -34,3 9HS54M53, 7S 1 3 3 '3 3.5 0.14 Hok
55 140 140 - ksl 1 Aok Ao A Kk e ek Mook ek § 1 3 2 3 5.0 0.0 - %k
56 145 145 Hodok ok 1 e e Ao e ek e 2 9 M ke ok § 1 2 2 0 5.0 0.0 o
57 151 151 . 1 e s e He e A H AR MK S 1 3 2 0 5.0 0.0 Aok
58 159 161 344, 2 -120.0 QH52M56.3S 1 2 2 4 5.0 0.20 Fk
59 121 128 195, 3 -30.0 9H54M59.,55 1 1 2 4 5.5 0.27 Aok
60 121 128 212. 2 -38,.6 GHS4M4 T RS 2 2 3 0. 4.0 0.25 ok
‘61 121 128 ?233. 2 -47.1 9H54M36.1S 2 2 3 0 3.5  0.14 ek
62 143 186 181. 8 -18.8 9H55M1 4 .85 1 3 0 6 okt dokolon %
63 114 143 275. 9 -30,0 9H54M59,5%S 2 1 3 0 " 5.5 0.27 hox
64 165 184 247, 4 -12.6 9H55M23, 35 1 1 2 0 7.0 . 0.0 Ak
65 5 19 197. 3 -6.4 9H55M31 .85 2 2 2 4 13.5. 0.1l o
66 30 32 130. ? -45,0 9H54M39,0S 2 1 2 0 5.0 0.0 ok
67 41 43 198. 2 N.0 9H554 0.6 S 2 2 3 0 4.0 0.0 L
. 68 58 66 . 185, 2 -11.2 9H55M25.2S 2. 2 2 4 7.5 0.07 =~ *%
69 71 90 178. 6 -7.9 9455M29,8S 2 2 ? 0 4.0 0.25 = %k
70 58 65 . 167. 2 -21.4 9H55M11.35 2 3 .3 0 4.0 0.25 ke
7\ . 80 90 167. 4 -172.0 91{55M24.2S 2 3 '3 5 3.0 0.33. . . %%
.72 11 15 260, 2 -15.0 9H55M20.1S 2 1 2 0 B.5 0.06 & . *x%
73 27 76 261, 1?2 -12.2 . 9H55M23,8S 2 1 2 0 6.0 - 0.7 2
74 - 11 73 273, 13 -16.5 9H55M18,.15 ? 1 2 0 5.5 0.27 2
75 76 83 318. 5 -90,0 9HS3M3 7.4S 2 2 2 4 7.0 0. 14 deok
76 91 91 e o s e 1 2 2 1 4 12.0

e e e e e R b e M sofe ke ok § 0.0 #e4e

Rk
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SPOT
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"NERZ {CONTINUED)

SPOT DATES OBSVD LONG NO.  DRIFT  ROT PERIOD D,

S p T LENGTH DL/L DEV
77 71 73 294, 2 ~75.0 9H53M57.9S 2 3 3 0 . 3.0 0.0 Aok
.78 11 13 229. 2 -60.0 9H54M1 8,55 2 1. ? 4 6.0 0.17 = %=
79 30 37 321. 3 -21.4 9HS5M11,. 38 2 ) R 4 5.5 0.09
80 105 134 279. 9 -15.5 9H55M19,.45S 2 1 3 4 4,5 0.56 - 1
81 141 148 286. 3 -17.1 9H56M17.1S 2 1 3 4 6.0 0.17 *ok
82 127 134 . l4. 4 -64.3 AH54M12,.6S 2 2 2 5 10.0 - 0.40 = %x¥..
83 141 143 5. 2 -60.0 9H54M18,55 2 2 2. 0 6.0 0.0 ek
84 113 115 20. 2 -75.0 9H53M57. 95 2 ? 2 0 6.5 0.08 %%
85 115 144 20. 8 -59,0 9HS54M19 .95 1 3 2 0 6.0 0.17 = kx
86 127 139 326. 5 -12.5 9H55M23,5S ? 2 2 4 5.5 0.27 L S
87 103 105 321. 2 -30.0 9H54M 59,55 2 1. 2 4 4.5 0.11 ek
a8 104 104 etk 1 2 e e ok e 3 KHHRMA KRS 2 2 2 0 5.0 0.0 L
© 89 121 121 4 e 2K 1 e e e ok ook AeH ek Mok ek § 2 3 ? 0 8.0 0.0 ok
q0 144 144 seajoledk 1 3 e S ofe e ke Aepf e M A ek G- 2 2 3 0 3.0 0.0 %k -
91 144 144 A 9z 2 3¢ 1 e ek e A e R Mk Ak S 2 2 3 0 4.0 0.0 ok
.92 146 146 e e e ok 1 et o e ok ke Al s Mok e § 2 2 3 0 2.0 0.0 ¢ Ao
- 93 146 146 e Fe e ok 1 sete s Aok RO M A ReAES 2 3 3 0 5.0 0.0
" 94 151 151 . etk 1 sk e e Aok Fep] sk Mpledte ek § 2 2 2 0 7.0 0.0 e e
‘9% 158 158 e ek 1 e e etk e A R AM kxRS 2 3 2 0 5.0 0.0 sede
iR-T.) 155 155 “dedefek 1 #edeokolok ok Aok Mo Aedok § 2 2 3. 4 3.0 0.0 ok
97 155 155 she ol #e e 1 e A e e ol S kA MRk § 7 3 2 0 5.0 0.0
98 160 160 ek 1 Holeole de ek KA MR IR xS 2 2 3 0 3.0 0.0 ek
© 99 174 174 Fede ok 1 e ot e ek Ao b e Mt ke § 2 2 2 0 8.0 0.0 AR
1000 175 175 st o e ok 1 ste e e e Aok HHARM& RS ? ? 2 4 9.0 0.0 Sk

L

1

*k

fee



SPOT

77
78
79
.80
81
82
83
84
85
86
87
88

“ 90
91
92
93

o5

97
98
99
100

DRIFT1

& sk e o o ke
e e sk ok e
e e e e ok ok

ETITEY]

e dk e e S 3k
e ek e ole %
B e e v e ok

- dededk Aok de

ot e ok ok e ok
e o e e e e
ot e e e e e
eole e sl ok o
st e A ofe e e
e e o e ok ok
e e e e 3
e i e s e e
e oo e e e
e oo ok e 3k

« e dedle e ke

e e e e o ok
e Ao K 3k o
e o oole ok e
sl koo s ok ok
o e e e ok ke

DRIFT2

e e e e sle e
e e e ok e v
e e A ok e ok
e o e e e
¢ e sl dle dle dle
e s e aje e e
e 3tk e ok e
sle oje vie e oe dle
o kol sk ol ok
e e ofe ofe e o
ok oz dje ok e ke
e e ole e Fe e
e dfesie e e
ke el e ek
% Fe sk A e ole
ek e ek
e el ok A o
e sie ol o ok
ole e e e Aeole
ok ol de e e
o ok e ofe o ok
o ofe e o ook
e ksl ke iz
e sealedledlele

DRIFT3

e e e Ao e

e e Ao e e de

st ool o koo
A ek ok Ak
i e e e o ¥k
e ofe e o e e
ke ook S o e
e sl e e Hx o
s oo e e ok
ohe o ot S o e
e s e A e
s ok e o ok ke
e e e e e e
s sk e e ek
ook A ook
e e e e e e
sfe s e e e e

Aol Rk

e ool e e ok

e e A Ix sk

o e e e Aok
oo ok ok
e e e e ok o
slesle e A e A

‘NEBZ

30NEV

e sete o o
e sk o Sk
% fosk e e
0.0
Ao dooe ok
e el o A
Hedek koot
He e e e oke
A e de Ak
A e ook
He s v e e

o ke ek

dle ok 3 e
e e Heofe
o e de e
ek ¥ e

ekl Hek

ste oo e e
Aotk sexk
e ek e ke
e e e e ¥
e et ok e
seole e el
s #e 3 ek

{CONTINUED)

LIFFTIME {(SEE TEXT)

st st i e e B e e e ot e ot she e oo ool ek
s s o o o e o ok e ok o o sl e et o e e ok
e s ek st ¥ e e o e s e ot st e e o ok 3K
e sk e o 3k e ok oo o ok e e e sk gk o
e e e e o i o e o ok ok ok e e e oo o e e
st i s sk o s ot e e ol e e e ofe e o ofe ok
st ot ofe i ik o o o ok ot e ol ofe ok ke ok el o ke
st e st ok ok oKl kol e e e et ol o ok
e et o e o e e e s o ofe o o ek e ook
st s Aot e o sl ol oot e e e ook e e
ste sl oo A e e o 7k o st o e sheofe sfe e e ke
e sk ok e sk fe e sk o e ok e st e ok o ke
e e e e e S o e e s e ale e ke ke ok o
st e e e o e ol o e ¥ ol e ofeode ke ol
st s ofe sk o e e ot e A ofe sk sle e e e e e
ke sheok ok sk o ade e ekl 3 i ook ek
e e e e e e st e ok st ok o e ek ool sk ke
¢ e e ot o s ot e i e e ool ok ok g o e o o
st st ol 7 ot ote ot e ol e et ol ok ol ok o e e
el ool s ok S e o ook o o o e s ok ok S le

Aol dekeole o e ot e sk ofe o o e e e kol ok

e ok sleode o e v e o ode ok ote ok ol oo o ok e ok
i e sfek s e ok e v o e o o ik ol ot ke e ke e

st i ot e o e ole st ok e ke e i ofe ok o o Aok

2.

2.'

[

29.

7.
Te
2.
2.
29.
12'
2.
1.
1.
1..
l.

l.
1.

1.
l.
1.
1.

1.
1.

1.

WHY

1,1
2+3
3,0
394
443
T4
4,3
1,7
3,7
Ty 4

3,1

3,3
3,7
3,4
354
407
4,7
T4+3
7¢3
bedy
4ol
4,3
3,7
3,1

PART

A e e
221
221

222
222
233

233
ek g

e e g K
e e e vk

B ook
e e ok
e e ol e
e ok e e
oo 0o e
He Aok %
ol e ok
%o ke ek
e e e
e ok ok
e ke ke
s e e %
ke e ok o
e fe o o

DATES PROMINENT -

Rk e Rk
e de— Je Aok
A ole e AW
e e B e e
s oK o Aok 3K
¥ e 8¢ e 3 B A
R e
e e ok K K
e e e — ot e ke
B e e e A
35 o At o0 e
e ok ol ok
o e e e K
e Ao e = e e e
o0 2 ok = e B e
e B 3k e e A
el ok — e e %
e e o = e HOK
e A e e 03K
e e Fe ol
e s e — o ek
e e e = e K
e ¢ ol o o 3 O
e e s — e ale o

*#*~***a
% 3t 3K e g e e

e e e e
e e e e
s o i o o0 0

e ag— e

e s ok e el
e e e e Ao
e e e — 3 e

e e de— el |
o ek

¢ fe ok e e A
¢ 5 o e e K
% e 2o et de e
e o e SR Sl K
e sl mm 3 e
ke o e — e e e
e oo ke — e e ke
o ok
e o e 02K S
e e e g K
e e e R e
ootk e

e e e K

72



THE NFBZ CURRENT. NNV 1966-JUNE 1967.
DEFINITE AND PROBABLE SPOTS

SPOT DATES OBSVD LONG NO. DRIFT ROT PERIOD DL S P T LENGTH DL/L | DEV

44 81 185 42, 27 -17.6 91HS5M16.5S 2 2 1 0  12.5  0.36. 3
45 89 91 121. 3 -165.0 IH51M54, 7S 2 2 3 .0 5.0 0.0 ¥
46 85 90 129. ? -150.0 9H52M15,3S 2 2 2 0 4.0 0.0 *x
47 103 104 141. 2 -60.0 9H54M1 8,58 1 1 3 4 7.0 0.0 Ak
48 103 104 135. ? - =30.0 9H54M59 ,5S 1 2 4 4 4,0 0.0 Ak
53 126 130 104. 3 7.5 9HE5M50.95 2 2 3 0 3.0 0.33 ok
S4 121 128 180, - 3 -34,3 9454M53,7S 1 3 3 3 3.5 0.14 | *x
59 121 128 195. 3 -30.0 9H54M59, 55 1 1 2 4 5.5  0.27 L
60 121 128 212, 2 -38.6 9H54M47.8S 2 2?2 3 0 4,0 0.25 #ox
61 121 128 233, ? -47.1 . 9HS54M36,1S 2 2 3 0 3.5 0.14 Aok
62 143 186 181. 8 -18.8 9H55M1 4.8S 1 3 0 6 EEEA AREE L Kk
63 114 143 275. S © =30.,0 9H54M59, 55 2 ‘1 3 0 5.5 027 *%
64 165 184 - 247, 4 -12.6 9H55M23,3§ 1 1- 2 o0 7.0 0.0 ok
70 58 65 167. ) -21.4 9H55M11,3S 2 3 3 0 4.0 0.25 = %%
71 80 90 167. 4 -12.0 ° 9H55M?4.2S 2 3 3 5 3.0 0.3%3 Ak
T4 11 73 273. 13 -16.5 9H55M18. 1S 2 1 2 o0 5.5 0.27 2
75 76 83 318. 5 -90.0 9H53AM3 7. 4S 2 2 2 4 7.0  0:14 ek
16 91 91 e e ok 3k 1 e vk e e ek A AR Mk kxS 2 2 1 4 12.0 0.0 ok
77 7173 294. 2 -75.0 9H53M57,95 2 3 3 0 3.0 0.0 ok
82 127 134 14. 4 -64.3 IH54M12.6S 2 2 2 5 10.0  0.40 *x
83 141 143 5. 2 -60.0 9H54M18.55 2 2 2 0 " 6,0 0.0 * s
84 113 115 20, 2 -75.0 9H53M57.9S 2 2 2 0 6.5 0.08 *x
85 115 144 20, 8 -59.0 9HS54M19,9S 1 3 2 0 6.0 0.17 = *x
86 127 139 326. 5 -12.5 9H5%M23,58 2 2 2 4 5.5  0.27 %k
A7 103 105 321. 2 -30.0 9H54M59,55 2.1 2 4 4.5  0.11 | k=
88 104 104  wkkx - Rk Rk SRR BTN 2 2 2 0 5.0 0.0 *
89 121 121 ok de e 1 A e Ak At Motk % § 2 3 2 o0 8.0 0.0 HoH
90 144 144 Hok e 1 oot e o e AH s Mt deoke S 2 2 3 0 3.0 0.0 *k
91 144 144 ke Aok 1 e AR HREEUES TN 2 2 3 0 4,0 0.0 %ok
92 146 146 = oakx 1 kkroRk Ak Mt dee § 2 2 3 0 2.0 0.0 e
93 146 146 ek 1 KA IA A MAolotoe § 2 3 3 0 5.0 0.0 %k
9% 151 151 e s ok 1 ¢ A A ofe sl e H etV ok ol ok § ? 2 2 0 7. O 0. 0 Lk
95 158 158 Rk 1 oot e e e e & HOR M KKK 2 3 2 0 5.0 0.0 Hok
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NERZ (CONTINUED)

SPOT DATES 0OBSVD LONG N DRIFT ROT PERIOD P T LENGTH DL/L DEV

DsL. S

96 155 155 e 4 s e 1 ge e ¢ e e ok A HEAME R RS 2 2 3 4 3.0 0.0 k%
97 155 155 e de fe o 1 teote e e Fe ke EET T ET LN 2 3 2 0 5.0 0.0. feke
98 160 160 e o A 3k 1 e e e e e o B ok M At 2k § 2 2 3 0 3.0 0.0 4o e
99 . 174 174 e e e Fe 1 s o St ek Ao by M ok e ke § 2 2 2 0 8.0 0.0 e ke
100 175 175 e e e 5 1 e e 3 % o A K M Ak S 2 2 2 4 . 9.0 0.0 Aot
216 103 130 142. 6 ~26.7 9H55M 4,18 1 2 0 4 wAckdk  dokxok Kk
217 140 161 305. 5 -105.7 9H53M15,95 1 2- 0 0 Aol He e e Fe e Aeode
218 - 5 43 183. 7 -11.8 OH55M24, 45 2 2 1 4 9.5 0.58 o ke
219 58 90 181. . 8 -16.9 9H55M1 7.5$ 2 2 1 4 5.5 0.45 A
220 11 76 261. 14 -14.8 IH55M20. 45 2 1 1 0 7.0 0.29 2
221 11 37 327. 5 -17.3 9H55M16.95 2 1 1 4 6.0 0.17 3
2722 105 148 277. 12 -13.13 9H55M22 .5S 2 1 1 4 4,5 0.56 1
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THE NEBZ CURRENT. NOV 1966-JUNE 1967,

DEFINITE, PROBABLE, AND POSSIBLE SPNTS

L2 3

SPOT DATES NBSVD LNNG NO. DRIFT RNT PERIOD DL S P T LENGTH - DL/L DEV
44 .81 185 42. 27 -17.6 9H55M16.5S 2 2 1 0 12.5 0.36 3
45 . 89 91 121, 3 -165,0 9H51M54.7S 2 2 3 0 5.0 0.0 %%
46 89 90 129. 2 -150.0 9H52M15.38 2 2 2 0 4,0 0.0 e e
47 103 104 141. ? -560.0 9H54M18,5S 1 1 3 4 7.0 0.0 i
48 103 104 135. 2 -30,0 9H54M59,.5% 1 2 4 4 4,0 0.0 *ox
53 ° 126 130 104. 3 7.5 9H55M50.9S 2 2 3 0 3.0 0.33 L
59 171 128 195. 3 -30.0 9H54M59,5S 1 1 2 4 5.5 0.27 . Ak
60 121 128 212. ? -38.6 9YH54M4 T, 8S 2 2 3 0 4,0 0.25 ek
61 171 128 233, 2 -47.1 9H54M36.1S . 2 2 3 0 3.5 0.14 #k
(¥4 143 186 181. 8 -18.8 9H55M14.8S 1 3 0 6 Aok e o e e KA
53 114 143 ?75. 9 -30.0 9HB4M59,5S 2 1 3 0 5.5 0.27 ok
64 165 184 247, 4 -12.6 9H55M2 3 .35 1 1 20 7.0 0.0 1
74 11 73 273. 13 -16.5 - 9H55M18, 1S 2 1 2 0 5.5 © 0.27 2
75 76 83 318. 5 -90.0 9H53M37.4$ 2 2 2 4 7.0 0.14 ek
76 91 91 He e sle e 1 e ok A e el Ak Mok stk § 2 ? 1 4 12.0 0.0 ek
77 71 73 294, 2 -75.0 9H53IM57 .95 2 3 3 0 3.0 0.0 ook
84 113 115 20. ? -75.0 9H53M57.9S 2 2 2 0 6.5 0.08 ok
85 115 144 20. 8 -59,0 "9H54M19,9S 1 3 2 0 6.0 0.17 = %%
86 127 139 326. 5 -12.5 . 9H55M23.5S 2 2 2 4 5.5 0.27 . ]
87. 103 105 321. 2 -30,0 9HS4M59,55 2 1 2 4 4.5 . 0.11 *%

-~ 88 104 104 e e e e 1 e e e ok ook e AR Mk deokedz § 2 2 2 0 5.0 0.0 . &
89 121 121 e e oAt 1 et e ek e e fe M A Ak § 2 3 2 0 8.0 . 0.0 N
90 144 144 A Aok 1 e e e ok IEE L N 2 2 3 0 3.0 0.0 %k
91 144 144 s ol 7 S 1 e ot & e stk ERSEE IV T3 2 2N 2 2 3 0 4,0 0.0 e

.92 146 146 Aok ok % 1 #e ke ol ok A H ok ok Matedeste ke S 2 2 30 2.0 0.0 Aok
93 146 146 Aotk 1 e e deode e Bk Motk § ? 3 3 0 5.0 0.0 ok
94 151 151 ke 1 R e 4 A2 ek del s kRO S 2 2 2 0 7.0 0.0
95 158 158 e kok 1 Hoole fe A e 4 #e (ke e Mok e A kG 2 3 2 0 5.0 0.0
96 155 155 e o e 1 seole e e ek ] Ao stttk § 2 2 3 4 3.0 0.0 %
97 155 155 Hedg e e 1 Hede ol et Ak Mtk 2 3 2 0 5.0 0.0 ek
98 160 160 Ao ko 1 ookt ek kM Bkt § 2 ? 3 0 3.0 0.0 ek
99 174 174 seode e ok 1 e e e sl e AeH A Mt e e e § 2 2 2 0 8.0 0.0 AH

100 175 175 o oA de ok 1 e o e e e ok Held e e Mkote ek § 2 2 2 4 9.0 0.0 ek
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THE NTRZ CURRENT; NOV 1966-JUNE 1967.
DEF INITE: SPQOTS

LENGTH DL /L DEV 

. SPOT DATES DOBSVD LONG NQ. DRIFT ROT PERIOD DyL S P T
36 2 9 12. 3 -21 .4 9H55M11, 35S 2 1 2 2 5.5 0.09 ook
37 16 16 Hesjeote e 1 e e e e ok RHA A ME R RS 2 2 2 2 7.0 0.0 . %xx
38 70 70 Ao o e 1 o e e o e e HH e AME AR 2 ? 3 0 2.0 0.0 Aok
39 104 104 Aok Fe 1 Heole ek e e Hok e Mt dokk S 2 2 2 Y 5.0 0.0 Hok
40 121 139 76. 8 .=11.7 OH55M24, 65 2 1 1 0 11.0 0.09 ok
41 158 158 Aok Joie 1 Ao o ek Ao MaoRx S 2 1 2 0 6.0 0.0 Ak
42 103 103 AAxk ] e e e e ok R LT N 1 2 4 1 2.0 0.0 Ak
43 145 145 e ot 1 Aef etk fHAO MR K S 1 2 4. 1 440

0.0 Ll
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NTRZ  (GONTINUFD) ‘
SPOT DRIFT1 DRIFT2 NRIFT3  30DEV LIFET IME (SEE TEXT)  WHY PART DATES PROMINENT

36 dedolookak dofokolokok olokdokokok lokdoled olollolok kofoiddokokokdeokok okl T, 992 215 ke dkdok  deodof—dkodkok
3T okdksdedoksk ool dedokdoleolc ookl ofosksolokokoofololollslolololok ke ], 2,1 215  oxdooskks ook
38 - kokkokg dokdokokd ddokokoksk dokookok oRsoloRolobsoloRokooRoRIoRoRk 1, 542 R%kk kokeokak dededk—dokk
39 ckdedok kol dkololedokdr dolokoko kookdolololoiolokodokdookaokdolkk ], 5,5 okdokok kdok—adokk ok —dokk L
40  dolokokh dolokdoRd kool doRkoiok doRdokdolopRokolok ook Roloklok 18, 1, 1 ik dookedokdk ik
41  Rdokdohk dckolololol sokdokdok ohoolokk dkodoololobkooliokdokkolokdok ], 0 2,1 dokk® okdok—dokk dokk—dokok
42 kdkdedokd kdolokokok ookl slololkolok kaksiojolololololosikiokdalolololeolok 1, 1, 1 dkokk gokokedolok slokok—dolok
473 kdcokckdk  doiofokokdk dokdokokk o dokskokok dokookaokokdoksokdeololokskadelok 1, 1,5 ook sokde—doiok  lokok—dkokok
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THE NTRZ CURRENT. NOV 1966-JUNE 1967.

DEFINITE AND PROBABLE SPOTS

SPOT DATES 0OBSVD LONG NQ. DRIFT ROT PERIOD DsL S P T LENGTH DL/L DEV.
1g 70 70 ek Aok 1 ol oK e e e Kok MRk S 2 2 3 0 2.0 0.0 o
39 104 104 e ek 1 et e e o ke M kMol kR S o2 2 ? v 5.0 0.0 % i
40 121 139 T6. 8 -11.7 9OH55M24 .68 2 1 1 0 11.0 0.09 Fei
41 158 158 ok 2ok 1 ot e SH Rk MRk S 2 1 2 o0 6.0 0.0 x|
4? 103 103 ek ok 1 L Xk KHXRMAERKS 1 2 4 1 2.0 0.0 %k
43 145 145 et de ok 1 e e e g et Macote e § 1 2 4 1 4.0 0.0 = =

215 2 158 29. 4 -15.0 GH55M20, 18 2 1 1 2 6.0 0.17 ok

€9
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SPOT DATES 0BSVD

190 5 27

LONG

}319.

THE NTBS CURRENT. NOV 1966-JUNE 1967.
DEFINITE SPOTS
NO. DRIFT  ROT PERIOD DL S P T LENGTH DL/L  DEV

4 32.7 OH5AM25.45 2 2 1 5 6.0 0.17 b

31
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- ) THE NTB CURRENT. NIV 1966-JUNE 1967,
DEFINITE SPOTS

DRIFT AT PFRIOD

SPOT DATES OBSVD LONG  NO. Dyt S P T LENGTH DL/L  DEV
101 37 52 60. 6 34.0 SH56M?7. 25 1 2 2 2 5.5  0.27 = %%
102 47 52 43, 3 6.0 9H55M48.8S 1T 1 2 2 9.0 0.11 %%
103 60 69 72. 4 40.0 9HS56M35, 45 1 1 2 2 7.0 0.43 A%
104 78 .79 © 59, ? 30,0  9H56M?1.7S 1 1 32 4,0 0.0 Hox
105 80 82 63, 2 15.0 9H56M 1.15 1 2 3 3 3,0 0.0 "
106 72 87 34, 9 2240 9H56M1 0. TS 2 2 3 o0 6.0 0.17 % %
107 88 94 23. 0 20.0 9456M 8,0S 1 2 o0 7 Baehek ok #x
108 87 160 41. 15 31.6 9H56M23.9S 2 2 3 0 7.0  0.43 2
109 172 174 137, 2 0.0 QH55M40. 65 2 2 2 0 6.0 0.0 . Tk
310 186,196 32. 3 33,0 9H56M25,85° 2 3 2 O 6.5 0.23 xk
211 46 49 57. 3 10.0 9H55M5%4.3S 2 1 2 o0 6.5 0.23 ok
112 28 30 32, ? 0.0 9HHSM40. 65 2 1 2 4 6.5 0.23 ke
113 6 16 - 66, 6 18.0 9H56M 5.35 1 2 3 2 4.0 0.25 fek
114 28 49 71. 11 18.6 9H56M 6.0S 1 2 1 2 10.0 ~ 0.20 Aok
115 58 58 dek e ke 1 e e e ke A HAM A ek § T 1 2 2 5.0 0.0 *ok
116 65 80 86 6 28.0 = 9H56M18.9S 1 2 2 2 7.5 0.33 %k
117 82 82 - ko 1 e e e e HH Aok Motk ek § 1 2 2 0 5.0 0.0 xk
118 87 104 86 6 21.2 9H56M 9.65 11 2 2 5.5 0.27  F¥%x-
119 113 186 89. 14 20.5 9H56M 8.7S 1 3 2 3 7.0 0.43 2
120 6 13 82. 4 17.1 9H56M 4.1S 2 2 0o 71 Rk AKX %
121 11 16 99. 4 30.0 9H56M21. 7S 2 1 3 0 5.0 0.20 4o
122 1 21 108, 9 19.5 9H56M 7. 35 1 1 3 4 7.5 0.33 ek
123 35 65 112. 7 24.0 9H56M13.5S 1 1 2 4 8.0 0.0 LMk
124 50 77 140. 5 22.2 9HS56M11.0S 2 1 1 s 9.5 0.26 %
125 72 82 144, 4 33,0 9HS56M? 5, 8BS 1. 2 2 0 3.5 0.14 ke
126 65 96 90. 10 2542 9H56M15.15 2 2 3 0 5.5 0.27 ok
127 72 104 96. 11 2607 I56M 16, 65 1 1 3 4 6.5 0.23 %
128 79 130 . 67. 13 25.9 9H56M16.0S 1 3 3 3 4.5 0.11 %%
129 143 160 53, 4 . 33,5 9H56M?26. 55 1 1 3 4 4.5 0.11 ok
130. 7 96 158. 27 25.6 9H56M15.7S 1 2 3 2 4,5 0.33 2.
131 28 110 165. 20 24.1 945AM13.7S 1 2 3 4 6.0 0,33 2
132 77 90 177. 6 23.1 9H56M12.2S 1 2 3 0 2.5 0.20 #exe

7 1 2 2 2 9.0

133 2 28 178. 23.1 9H56M12, 2S5 0.22 ek
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NTB (CONTINUFD)

SPOT DATES OBSVD LOCNG NGO,

DRIFT ROT PERIOD DsL S P T LENGTH OL/L
134 65 104 190. 6 25.4 9H56M) 5.4S 2 3 0 6 e e v ke Aok e
135" 126 175 185. 7 22.7 9H56M11.6S 2 3 0 6 Aok ok
1356 104 175 200, 11 22.0 9H56M10.7S 2 3 1 0 18.0 0.28
137 36 95 226. 11 22.9 9H56M11.95 1 ? 2 2 12.5  0.36
138 87 95 242, 3 11.7 9H55M56, 0S 1 2 2 0 4,5 0.11
139 15 19 214, ? 7.5 9HS55M5C, 65 1 1 3 4 8.0 0.25
140 32 32 #ose Feo 1 Heveofe e s e AHAKMK KRS ] 1 2 4 - 10.0 0.0
141 5 5 Ao Rk 1 esle e e Heole e ek M ok § 1 3 2 2 4,0 0.0
142 15 19 243, 2 15.0 9H56M 1.18S 1 2 3 0 3.0 0.0

143 37 58 265, 6 34,3 OH56M27.65S 1 2 0 7 e e e e e g ok
144 76 202 245, 26 24.0 91{56M13.5S 1 2 3 2 7.5 0.33
145 76 80 255, 2 45,0 9H56M42, 25 1 2 2 0 3,0 0.0
146 71 134 257. 19 - 272.4 9456M11 .25 1 2 2 0 5.5 0.27

: 157 49 49 e e 1 e o o e e s H Ml ko S 2 31 0o 6.0 0.0

e 148 59 95 267. 11 2245 IH56ML ] . &S 2 2 2 0 6.5 0.23

2. 149 105 110 260, 2 30.0 9H56M21, 7S ? 2 3--0° 4.0 0.0

: 150 5 225 219. 43 N.0 9H55M40.6S 1 1T 2. 2 6.0 0.33
151 5 39 . 283, 6 22.1 9H56M10.8S 2 2 2 .0 7.5 0.20
152 69 105 290. 8 1647 9H56M 3,48 1 2 2 0 5.0 '~ 0.20

L1583 37 88 313, 14 25.3 9t156M15,2S 1 1 2 2 8.5 0.29

154 69 73 336. 2 30,0 9H56M21.7S 1 2 3 ‘2 . 2.5 0.20
155 64 202 327. 36 0.0 9H55M40.6S 1 3 2 2 6.5 0.23
156 64 134 341, 24 0.0 9H55M40.6S 1 1 2 2 6.5 0.23
157 1 16 354, 3 12.0 SHS55M57.06 1 1 2 4 ' 11.0 0.09
158 30 43  357. E! 13.8 9H55M59 .65 1 | 4 10.0 0.30
159 64 105 355, 19 0.0 9H55M40, 6S 1 2 2 4 8.0 0.13
160 1 79 348, 24 0.0 9H55M40.6S 1 2 0 7 e A e e i e
161 15 20 7?85, 2 30.0 9H56M21.7S 2 3 1 0 11.5 0.04
162 115 152 4. 14 30.8 9H56M22.8S 1 2 2 0 6.0 0.17
163 127 140 353, 0 13.8 9H55M59,6S 2 2 2 0 6.5 0.23
164 152 188 338, 9 20.0 9HS5EM 8.0S 2 1 3 0 8.5 0.18
165 113 212 351, 25 0.0 9HE5M4 0,65 17 3. 3 ? 6.0 0.17

166 113 183 339, 17 0.0 9HS5M40 .69 1 2 2 4 9.0 0.11
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NTB  (CONTINUED)

SPOT DATES OBSVD LONG  NO. DRIFT ROT PERIOD P T .LENGTH OL/L  DEV -

DsL S

167 122 181 340, 15 30.5 QHBAM22.4S 1.2 2 2 6.5 0.23 4
168 209 209 o e e e 1 s s e e Aok A H YOk Mk § 1 2 3 0 5.0 0.0 L2
169 - 166 181 330, 4 40.0 T 9HB6M35, 45 1 1 2 4 9.0 0.0 %k
170 130 152 23, 5 30.0 9H56M21.7S 1 1 3 4 7.5 0.20 %X
171 121 155 55. 6 2T .4 OH56M18, 1S 1 1 2 2 8.0 0.0 "ok
172 121 160 79. 8 23.8 9HS56M13,3S 2 3 1 0 8.5 0.53 ]
173 121 155 110. 7 203 T9HS56M 8,4S -1 3 2.0 5.0 0.20 ok
174 160 184 97, 5 21.7 9HS6M 9,78 2 2 3 0 5.0 0.20 Ak
175 160 184 100. .6 22.5 OHSAHM11.4S 1 2 3 0 6.0 0.33 % d
176 121 174 115. 11 21.5 GH56M10.18S 2 2 2 0 7.0 0.43 0
177 165 174 126, 4 16.7 " 9H56M 3,45 1 1 3 0 5.0 0.0 Ll
178 121 140 119. 5 34,7 9H56M28.2S 1 1 2 4 8.0 0.13 ]
179 121 131 88. 4 63,0 IHHTM 6,95 1 1 2 4 5.0 0.0 - Heok
180 121 184 170. 9 11.4 GH55M56. 23S | S 0 6 ek o 3k e % de ke 2
181 140 158 - 157, 6. 30,0 9H5AM21.7S 2 2 1 0 10.0 0.10 F
182 114 175 210. 12 22.1 9H56M1 0.9S 1 1 3 4 9.0 0.44 4
183 104 134 227 7 ?8.0 9H56M18.9S 1 1 2 4 9.0 0.0 %%
R4 120 146 226. 4 31.2 9HS56M23,.38S 1 2 3 0 4.0 0.25 Ak
185 - 144 173 230, 5 ?5.9 9H56M16.0S 1 2 2 ? 7.0 Qalsd - %%
- 186 139 185 263, 8 23.5 TQH56M12,88 2 2 1 0 17.0 0.12 L3
187 132 144 309. 4 12.5 9H55M57, 7S -1 1 2 2 4,0 0.0 e ke
188 103 166 307. 13 19.5 AH5AM 7. 35 1 2 0 7 Xk ARk 5
189 193 209 215. 4 1 2 3 4 6.0 0.33 Aok

20 .6 9H56M 8.8S
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THE NTR CURRENT. NOV 1966-JUNE 1967.

NEFINITE AND PROBABLE SPOTS

SPOT DATES '0BSVD LONG  NO. DRIFT ROT PERIND O,L S P T LENGTH DL/L  DEV
101 37 52 60. 6 34 .0 9456427, 2S 1 2 2 2 5.5  0.27 *H
102 47 52 43, 3 6.0 9H55M48.8S 1 1 2 2 9.0  0.11 ke
103 60 69 72, 4 40.0 9456M35.4S 1 12 -2 7.0 0.43  *x%
104 78 . 79 59. 2 30.0 9H56M21.7S T 1 3 2 4.0 0.0 %k
105 80 82 613. 2 15.0 9HS6M 1.1S 1 2 3 3 3.0 0.0 %ok
106 72 87 34. 9 22.0 IH56M10.7S 2 2 3 .0 6.0 0.17 e
107 88 94 23. 0 20.0 9H56M B.,0S L 2 O 7 HEAE ARFE o
111 46 49 57. 3 10.0 9H55M54.3S 2 1 2. 0 6.5 0.23 Aok
112 28 30 32. 2 0.0 9H55M40. 65 2 1 2 & 6.5 0.23 ok
120 6 13 82. 4 17.1 9H56M 4,15 2 2 o0 7 AR Aok ok
121 11 16 99. 4 30.0 9H56M21.7S 2 1 3 0 5.0 0.20 ok
122 . -1 21 108. 9 19.5 9H56M 7.3S 1 1 3 4 7.5 0.33 ok
123 35 65 112. 7 24.0 9H56M13.5S 1 1 2 4 8.0 . 0.0 ok
124 50 77 140, 5 22.2 9H56M11,0S 2.1 1 5 9.5 0.26 ok
125 72 82 144, 4 33,0 9H56M25, 8S 1 2 2 o0 3.5 0.14 o
126 65 96 . .90. 10 25.2 9H56M15,1S 2 2 3 0 5.5 0.27 k=
127 - 72 104 . 96. 11 26.2 SH56ML6.6S 1 .1 3 4 6.5 0.23 i
130 7 96 - 158. 23 25.6 9HS56M15, 7S 1 2 3 2 4,5 0.33 2
131 28 110  165. 20 - 26,1 . 9H56M13.7S 1 2 3 4 6.0 0.33 2
132 77 90 177. 6 23.1 . 9HS56M12.2S 1 2 3 0 2.5 0.20 woke
133 2 28 178. 7 23.1 9H56M12.2S 1 2 2 2 9.0 0.22 ke
136 104 175 200. 11 22.0 OH56M10.7S 2 3.1 0 18.0 0.28 0
137 36 95 2?6, 11 22.9 9H56M11.95 1 2 2 2 12.5 0.36 4
138~ 87 95 242, 3 11.2 9H55M56.0S 1. 2 2 0 4.5 0.11 i
139 . 15 19 214. 2 7.5 9H55M5N. 95 1 1 3 & 8.0 0.25 - ¥x
140 32 32 demokx 1 ok HH HHM KRS 1 1 2 4 10,0 0.0 *x
143 37 58 265. 6 34,3 9H56M27.6S 1 2 0 7 kwkk kkkk . kx
144 76 202 245. - 26 24,0 9H56M13.5S 1 2 3 2 7.5 0.33 . 3
145 76 80 255. 2 45 .0 9H56M42.25 1. 2 2 o0 3.0 0.0 ok
146 71 134 257. 18 22.4  9HS56M11.2S 1 2 2 o0 5.5  0.27 2

150 5 225 219. 43 0.0 9H55M40,6S 11 2 2 6.0 0.33 4
151 5 139 283, 6 27241 9H56M10.85 - 2 2 .2 O 7.5 0.20 = ®*
152 69 105 - 290. 8 16.7 9H56M 3.4S 1 2 2 0 5.0 0.20 "3
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‘NTB  {CONTINUED)

SPOT DATES OBSVD LONG  NN. DRIFT ROT PERIOND  DslL

S p T LENGTH DL/L OtV
- 153 37 88 313, 14 25.3 9H56M15.2S 1 1 2 2 8.5 0.29 3
154 69 T3 336, 3 30.0 9HS56M21. 7S 1 2 3 2 2.5 0.20 * %
155 64 202 327, 36 0.0 GH55M40.65 1 3 2 2 6.5 0.23 4
156 64 134 341, 24 0.0 IHSS5M40. 6S 1 1 2 2 6.5 0.23 4
157 1 16 354. 3 .12.0 - 9H55M57,0S 1 1 2 4 11.0 0.09 *k
158 20 . 43 357. 3 13.8 9HS5M59,6S 1 1 3 4 10.0 0.30 %%
159 . 64 105 355. 19 0.0 GH55M40.6S 1 ? 2 4 8.0 0.13 .5
160 1 79 - 348, 24 0.0 9HS55M40,6S 1 2 0 7 bkt e e ke 5
161 15 20 285. 2 320.0 9H56M?21. 7S 2 3 1 0 11.5 0.04 COE%
162 115 152 4o 14 30.8 9H56M?27.8S 1 2 2 0 6.0 0.17 ¥k
165 113 212 351. 25 0.0 9H55M40, 65 1 3 3 2 6.0 0.17 2
166 113 183 339. 17 0.0 GH55M40.6S 1 2 2 4 9.0 0,11 0
167 122 181 340, 15 © 30.5 9H56M22.4S 1 2 2 2 6.5 0.23 4
163 209 209 e de 1 e de e ek W H M Aok ok S 1 2 3 0 5.0 0.0 *¥
169 166 181 330. 4. 40.0 9H56M35,4S 1 1 2. 4 3.0 0.0 ¥k
170 130 152 23. 5 30.0 9H56M21.7S 1 1 3- 4 T.5 0.20 ks
171 1?1 155 55, 6 274 GHSAM18.1S 1 1 2 2 8.0 0.0 ek .
172 121 160 . 79. B 23.8 9HS56M13.3S 2 3 1 0 8.5 0.53 @ %x
173 121 155 110. 7 20.3 9H56M 8.4S 1 3 2 0. 5.0 0. 20 Sk
174 160 184 97. 5 ?l.2 9HS56M 9.7S 2 2 3 0 5.0 0.20 * %
175 160 184 - 100, 6 22.5 9H56M11, 4S 1 2 3 0 6.0 0.33 e
176 121 174 115. il 21.5 9H56M10.1S o2 2 2 0 7.0 0.43 Y
177 165 174 126, 4 16.7 9HS56M 3.4S 1 1. 3 0 5.0 0.0 %%
178 121 140 119. 5 34.7 9H56M28.23 1 1 2 " 4 8.0 0.13 %ok
179 121 131 88, 4 63.0 GHH5TM 6,95 1 1 2 4 5.0 0.0 %ok
180 121 184 = 170. 9 11.4 IH55M5 6. 38 1 2 0 6 e 3o 3k A ok L 2
181 ‘140 158 152, 6 30.0 9HSAM21.7S 2 2 1 0 10.0 0.10 Rk
182 114 175 210. 12 . 22.1 gH56M10.99S 1 1 3 4 9.0 O.44 4
183 104 134 222. 7 $ 2840 9H56M18,98 1 1 2 4 9.0 0.0 Rt
184 120 146 226, 4 31.2 GH56M22, 35 1 2 3 0 4.0 0.25 #&x%
185 144 173 ?30. 5 ?5.9 9HS56M1 6. CS 1 2 2 2 7.0 O.14 Ao
186 139 185 263, 8 23.5 9H56M12.8S 2 2 1 0 17.0 0.12 e
187 132 144 309. 4 12.5 GH55M57.7S 1 1 2 2 4.0 0.0 . ‘: ek
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THE NTB CURRFNT. NAOV 1966-JUNE 1967.
DEFINITE, PROBABLE, AND POSSIBLE SPOTS

SPOT DATES 0OBSVD LONG NO. DRIFT ROT PERIOD

DyL S P T LENGTH DL/L DEV
101 . 37 52 60. 6 34,0 GHS6M2T.2S 1 2 2 2 5«5 0.27 ok
107 . 47 52 43, 3 6.0 9H55M4 8. 8S 1 1 2 2 9,0 0.11 A
103 60 . 69 72. 4 40.0 9H56M35.4S 1 1 2 ? 7.0 0.43 sk
104. 78 . 719 59, 2 30.0 9H56M21. 7S 1 1 3 2 4.0 0.0 #%
105 80 8?2 63. ? 15.0 9H56M 1.1S 1 2 3 3 3.0 0.0 Rk
106 72 87 34, 9 22.0 9H56M10,.7S 2 2 3 0 6.0 0.17 %%
107 88 94 23. 0 20.0 SH56M 8.09 | B 0 7 ek e e o e ok Ak
111 46 49 57. 3 10.0 9HS55M54, 3§ 2 1 2 0 6.5 0.23 Aok
112 28 30 32, 2 0.0 OH55M40.6S 2 1 2 4 6.5 0.23 ke
120 6 132 82. 4 17.1 9HSHM 4,1S 2 2 0 7 ook de % e s ok 5
121 11 16 99, 4 30.0 9H56M21.7S 2 1 3 0 5.0 0.20 Ao
122 . 1 21 - 108. 9 19.5 gH56M 7.3 S 1 1 3 4 7.5 0.33 ok
123 35 65 112. 7 24.0 9H56M13,.5S 1 1 2 4 8.0° 0.0 #ooke
124 50 77 140, 5 22 .2 9H56M11.0S 2 1 1 5 9.5 0.26 %%
125 - 72 82 144, 4 33,0 9H56M25,.8S 1 2 2 0 3.5 0.14  *x
126 65 96 90. 10 25,2 9HS6MI5,.18 2 2 3 0 5.5 0.27 L
127 72 104 96, 11 26.2 9H56M16.6S 1 1 3 4 6.5 0.23° ok A
130 7 96 158. 23 25.6 9H56M15,.7S 1 2 3 2 . 445 0.33 2
131 28 110 165, 20 24.1 9H56M13. 7S 1 2 3 4 6.0 0.33 2.
132 77 90 177. 6 23.1 9H56M12. 2S 1 2 3 0 2.5 0: 20 ke
133 2 28 178, 7 23.1 9HS56M12.2S 1 .2 2 2 9.0 0.22 = %%
136 104 175 200.. 11 22.0 GHS6M10. 7S 2 3 1 0 18.0. . 0.28 0
137 36 95 226. 11 22.9 9HS6M11 .95 1 2 2 2 12.5 0.36 4
138 87 95 242, 3 " 11.? 9H55M56.05 1 2 2 0 4.5  0.11° *ok
143 37 58 265, 6 34,3 GH56M?T7.6S 1 2 0 7 o3 % ke deder - Ak
144 76 20?2 245, 26 24,0 9H56M13,5S 1 2 3 2 7.5 0.33 3
145 76 80 255, ? 45,0 IHB6M4L 2, ?S 1 2 2 0 3.0 0.0 ke -
146 71 134 257. 19 22 .4 9HEAMY 1. 25 1 2 2 0 5.5 0.27 2 .
150 5 225 219. 43 0.0 IH55MA 0. AS 1 1/ 2 ? 6.0 0.33 4.
151 5 39 283, 6 22.1 9H56M1 Q. 8S 2 2 .2 0 7.5 0.20 *k
152 69 105 290. 8 16.7 9H56M 3,4S 1 2 2 0 5.0 0.20 3
153 37 88 313, 14 25.3 SH56M15,2S 1 1 2 2 8.5 0.29 3
154 69 73 336. 3 1 2 3 2 2.5

30.0 9HS5EMP1. 7S 0.20  *%
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. , NTR  (CONTINUED)

P T LENGTH DL/L  DEV

SPOT DATES OBSVD LONG NO. DRIFT RNAT PERIND DsL S
155 64 20?2 327. 36 0.0 9H55M40.6S © 1 3 2 2 6.5 0.23 4
156 64 134 341. 24 0.0 9H55M40 .65 1 1 2 2 6.5 0.23 4 .
160 1 79 348, 24 0.0 GH55M4 0.6 1. 2 0 7 Aok ok e 5
161 . 15 20 285. 2 30.0 QHS5AM21,7S 2 3 1 0 11.5 0. 04 ook
162 115 152 4q 14 30.8 9H56M22 .8S 1 2 2 0 6.0 0.17 Kk
165 113 212 351, 25 0.0 GHS55M4 0. 65 1 3 3 2 6.0 0,17 r 3
166 113 183 339, 17 0.0 9455M40.6S 1 2 2 4 9.0 0.11" 0
169 166 181 330, 4 40.0  9H56M35.4S 1 1 2 4. . 9,0 0.0 ok
179 130 152 23, 5 30.0° ‘9H56M21, 7S 1 1 3 4 7.5 0.20 LEE
171 121 155 55. 6 27 o4 9H56M1 8.1 1 1 2 2 8,0 0.0 Ll
172 121 160 79. 8 23,8  9H56M13,3S ? 3 1 -0 8.5 0.53 %
173 121 155 110. 7 20.3 9H56M 8.4S 1 3 2 0 5.0 0.20 Aok
174 160 184 97. 5 21.2 9H56M 9 .TS 2 2 3 0 5.0 0.20 ok
- 175 160 184 100, 6 22.5 9H56M11.45S 1 2 3 0 6.0 0.33 e xe
176 121 174 115, 11 21.5 9H556M10. 15 2 2 2 0 7.0 © 0.43 o]
177 165 174 126. 4 16,7 GH56M 3.4S 1 1 3 0 5.0 0.0 ok
. 178 121 140 119. 5 34,7 9H56M28.2S 1 1 2 4 8.0 - 0.13 ke
179 - 121 131 88. 4 563.0 IH5TM 6.9S 1 1 2 4 5.0 0.0 Aok
180 ‘121 184 170. 9 11. 4 9H55M56.3 S 1 2 0 6 A e e sk ek 2.
181 140 158 152, 6 30,0 9H56M21 . TS 2 2. 1 0 10.0 0.10 *k
182 114 175 210. 12 22.1 9H56M10.9S 1 1 3 4 9.0 0.44 4
183, 104 134 222. 7 28.0 OH56M18.95 1 1 2 4 9,0 . 0.0 %k,
184 120 146 226. 4 31.2 9H56M23 .35 1 2 3 0 4,0 . 0.25 Aok
185 144 173 230, 5 - 25,9 9H56M1 6. 0S 1 2 2 2 7.0 0.14 Hedk
186 139 185 = 263, 8 23.5 91456M12.85 ? 2 1 0 17.0 0.12 ke
- 187 132 144 309. 4 12.5 = 9HS55M57.7S 1 ) 2 4.0 0.0 ok
188 103 166 302. 13 . 19.5 9H56M 7438 1 2 0 7 e e e e e e e e 5
189 193 209 215. 4 20.6 9H56M 8.8S 1 2 3 4 6.0 0.33 ok
223 87 196 . 41. 2¢C 30.8 9H56M22.8S 22 .0 0 e e o A ek 2
224 6 49 T4, 17 © 20.9 9H56M 9, 3§ 1 2 0 2 e gk ool e e ok
225 58 186 - R2. 28 - 22.7 9H56M11.7S 1 2 0 2 Aok dokdok 2
226 79 160 67. 17 28.1 9H56M19.15S 1 2 1. 3 4,5  0.11 ok
2 3 1 6 e de ke 0.0 2

227 65 175 188, 13 21.8 "9H56M10.5S
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SPOT
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0.0
30.7

{CONTINUED)
ROT PERIOD
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THE NNT8S CURRENT, NOV 1966-JUNE 1967,
DEFINITE SPOTS

P T LENGTH DL/L  DEV

SPIT DATES 03SVD LONS NO. = DRIFT ROT PERIOD DsL S

191 - 17 21 C24. - 3 -22.5 9H55M 9 ,8S 1 1 4 1 3.5 0. 14 L
192 3 208 163. 31 -1.9 9H55M38,0S 1 3 1 O 10.5 0.33 6
193 88 182 295, 16 ~-7.3 9H55M30.6S 1 2 2 0 8.0 0.13 4
194 104 190 36, 20 0.0 9H55M40 .65 1 1 2 .0 9.0 0.11 -0
195 126 130 159. 3 -27.5 91554 9.8S 1 1 4 1 5.0 0.0 2%
196 127 145 322, 4 11.7 9H55M56.6S 1 2 0 6 L LI T2 ok
197 2 12 144, 4 0.0 9H55M40.6S 1 2 2 0 6.0 0.0 %k
199 28 31 103. 2 10.0 IH55M54, 3S 2 2 3 0 3,0 0.0 Ak
200 130 159 358, 5 10.3 9H55M54, 8S 1 2 3 4 4.0 0.0 k%
201 123 15?2 26. 5 1.0 9H55M42, 0S ? 2 2 0 6.0 0.0 . k=
202 104 161 39, 10 2.6 9H55M44 .25 2 1 2. 0 7.0 0.14 4

© 203 83 96 77. 3 -6.9 9H55M31. 1S 2 2 2 0 4,0 0.25 Aok
204 105 158 302. 9 -7.9 9H55M29 . 8S 2 1 3 0 6.0 0.17 5

9 -8.1 9H55M29, 5% 1 2 3 4 8.0

205 103 151 l4.

11
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sPOT

206
207
208
209
210

DATES NBSVD
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83
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17
28
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144
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16.
99,

173.

271.

THE NNTEZ

NO.

HO DWW

CURRENT,

DEFINITE SPNTS

DRIFT

"7.9
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=17.5
_1000

NOV 1966~JUNE 1967,
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N e P s

N s PN 10 pest

NNOOO

HOONO

LENGTH

L3 L3
e el e
e
5.0
8.0

DL/L

e e ok
Aok ek
e e
000

0.13

DEV
o
f?-*

%ok

113



SPOT

206
207
208
209
210

DRIFT1

doledededed

e e sk 3 o ok
R e e e e
e ofe e o ok e
e afe e sk e ok

DRIFT2

e ol e o Mok
e e e e e o
oo ke e
ook ek o
e e e e o e

DRIFT3

e oo A ok
Heoleofe e o ok
e o ot e ol e

Aedededek K

e e % e Ak

' NNTEZ (CONTINUED)

INDEV

e ool e K
Ao o 2 e e
0.0

N.0
He eoe e X

LIFETIME {SEE TEXT)

e o e e ok ol kodokokok ek 1 9,
o ook sk ROk ek ok ook R O,
e heote A e oo ook ook ok e kol ek G 7,
Bk e e Aot Aol A e ok ok ke okk 53,
e e A Aoole ok ok ek ok doloteokoleeokok ] D,

WHY

242
242
242
242
292

PART

kRRk

e % o ke

e ol e e

A A
ek ¥

DATES PROMINENT

ok e e oK
Ao e ke
oot — e ok

o dealkde oo B

o A o e

e e ot e e
s Aot e S
o5 ot e e
¢ e st e ek
A ol e o0

114



APPENDIX-C

Relationships Between Spot Characteristics
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DARK SPOTS

MEAN LCONG-TERM DEVIATIONS FRCM MFAN DRIFTS= 2.12 N= 16.
'MEAN SHORT-TERM DEVIATIONS (DEG.) FROM MEAN PNSITIONS= Okkédk  * N=
MEAN CF DEFINITE DR PRCORABLE LIFETIMFS= 103.4 DAYS N= 19.
"MEAN PROPORTION= 2.5 N= 78,
MEAN LENGTH= 6.4 N= T78.
MEAN RATIQ OF LENGTH-DEVIATION T0 LENGTH= 0.16 N= 78,
MEAN SIGNED DEVIATION OF DRIFT FROM CURRENT MEAN {NEG=SLOW) 1.41
NUMBER QF DARK SPOTS= a3 ’
NUMBER OF LIGHY SPDTS= 0
DISTRIBUTINN NF SPOTS BY TYPE
TYPE OVAL SLANT FESTOCON WAVE ANGULAR AMORPHOUS VARIABLE

NUMBER 22 4 21 4 ( 31 0

32.
N= 67.
"PREC. END

5

FOL. END
6
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LIGHT SPOTS

MEAN LONG-TERM DEVTIATIONS FRCM MEAN DRIFTS= 1.98 N= 14,
MEAN SHORT-TERM DEVIATIONS (DEG.) FROM MEAN POSITIONS=  doksok N=
MEAN CF DEFINITE OR PROBABLE LIFETIMES= 93.0 DAYS N= 13.
MEAN PROPORTION= 2.1 N= 85, '

. MEAN LENGTH=  kkxk N= 85.
MEAN RATIO CF LENGTH-DEVIATION TO LENGTH= 0.17 N= 85. "
MEAN SIGNED DEVIATION OF DRIFT FROM CURRENT MEAN {NEG=SLOW) ~2.05
NIJMBER OF DARK SPOTS= 0

NUMBER OF LIGHT SPOTS= . 87

TYPE

 DISTRIBUTION NOF SPOTS BY TYPE

OVAL SLANT FESTCCN WAVE ANGULAR AMORPHOUS VARIABLE

NUMBRER 65 0 ‘ ? 0 14 4 -

27.

N= 46,
PREC. END

1

FOL. END
1

17



SPOTS OVER 10 DEG LONG

MEAN LONG-TERM DEVIATIONS FRNM MEAN DRIFTS= 3.36 N= 6.

MEAN SHORT-TERM DEVIATICONS (NDEG.) FROM MEAN PNSITIONS= 2.57 N=
MEAN OF DEFINITE OR PROBABLE LIFETIMES= 170.0 DAYS N= 3,

MFAN PROPORTION= 1,3 N= 12, '

MEAN LENGTH= %%k N= 12.

MEAN RATIO OF LENGTH-DEVIATINN TN LENGTH= 0.18 N= 12.

MEAN SIGNED DEVIATION OF NRIFT FROM CURRENT MEAN (NEG=SLOW) -0.36
NUMBER NF DARK SPOTS= 5 )

NUMBER CF LIGHT SPOTS= 7

DISYRIBYTION OF SPOTS BY TYPE
TYPE OVAL SLANT FESTOON WAVE  ANGULAR AMORPHOUS VARIABLE 
NUMB ER -6 0 1 0 4 0

Te

N=

PREC. END FOL. END

1

10.

0
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SPOTS 5 TN 10 DEG LONG

MEAN LONG-TERM DEVIATIONS FRCM MEAN DRIFTS= 1.53 N= 15.
MEAN SHORT-TERM DEVIATIONS (DEG.) FROM MEAN POSITIONS= edokdok N=
MEAN GF DEFINITE OR PRNBABLE LIFETIMES= 90.4 DAYS N= 18.
MEAN PROPORTION= 2.2 N=101. '
MEAN LENGTH= 6.8 N=101.
MEAN RATIO OF LENGTH-DEVIATICON TN LENGTH= 0.18 N=101.
MEAN SIGNED DEVIATION NF DRIFT FROM CURRENT MEAN (NEG=SLOW) =0.12
NUMBER OF DARK SPOTS= 52 ‘
NUMRER OF LIGHT SPNTS= 49
" NDISTRIRUTINN OF SPOTS BY TYPE
TYPE OVAL SLANT FESTOON WAVE ANGULAR AMORPHOUS VARIABLE

NUMBER  §1 1 15 0o - 31 3

36.
N= T1.
PREC. END

0

FOL.
0

END

.
«
-




SPOTS LESS THAN 5 0EG LONG

MEAN LONG~TERM DEVIATIONS FRCM MEAN DRIFTS= 1.76 N= 5.

MEAN SHORT-TERM DEVIATICONS (DEG.) FROM MEAN POSITIONS= kdokkk N=
MEAN GF DEFINITE DR PROBABLE LIFETIMES= 130.9 DAVYS N= 4,

MEAN PROPODRTION= 2.7 N= 50,

MEAN LENGTH= 3.4 N= 60. .

MEAN RATIC CF LENGTH-DEVIATION TO LENGTH= 0,12 N= 50.

MEAN SIGNED DEVIATION NF DRIFT FROM CURRENT MEAN {NEG=SLOW) =-2.22
NUMBER OF DARK SPOTS= 21

NUMBER 0OF LIGHT SPOTS= 29

TYPE

DISTRIBUTION NF SPOTS BY TYPE

OVAL SLANT FESTOCN WAVE  ANGULAR  AMORPHOUS VARTABLE

NUMBER 28 3 5 4 9 1

= PREC. END

0

FOL.
0

END
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TALL SPOTS

MEAN LONG-TERM DEVIATIONS FROM MEAN DRIFTS=" olokik N= 0.

MEAN SHORT—=TERM DEVIAT ICNS (DEG.) FROM MEAN POSITIONS=  kdkokokk N=
MFAN GOF DEFINITE OR PRABABLE LIFETIMES= ki DAYS N= 0.

MEAN PROPORTION= 4.0 N= 5.

MEAN LENGTH= 3.7 N= 5,

MEAN RATIOQ OF LEMGTH-DEVIATION TN LENGTH= 0.03 N= 5.

MEAN SIGNED DEVIATION 0OF DRIFT FROM CURRENT MEAN (NEG=SLOW) ek

NUMBER OF DARK SPOTS= 5
NUMBER OF L IGHT SPOTS= 0
DISTRIBUTION NF SPOTS BY TYPE
TYPE  OVAL SLANT FESTOON WAVE  ANGULAR  -AMORPHOUS VARIABLE

NUMB ER 0 4 0 0 1 0

0.
N= DO.
PREC. END

0

FOL. END
0 '
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RCUND SPOTS

MEAN LONG-TERM CEVIATIONS FROM MEAN DRIFTS= 1.46 N= 9.

MEAN SHORT-TERM DEVIATICNS (DEG.) FROM MEAN POSITIONS= 2.44 N=
MEAN OF DEFINITE OR PROBABLE LIFETIMES= 115.0 DAYS N= 11.

MEAN PROPORTION= 3.0 N= 59, '

MEAN -LENGTH= 4,9 = 59,

MEAN RATIO OF LENGTH-DEVIATINN TO LENGTH= 0.16 N= 59,

MEAN SIGNED DEVIATION QOF DRIFT FROM CURRENT MEAN {(NEG=SLOW) -0.39

NUMBER 0OF DARK SPOTS= 29
NUMBER NF LIGHT SPOTS= 30
DISTRIBUTION NF SPOTS BY TYPE
TYPE " DVAL  SLANT FESTOON WAVE ANGULAR AMORPHCUS VARIABLE

NUMB ER 33 0 5 3 17 ' 1

l16.
N= 30.
PREC. " END

0

FOL. END
o

122



LONG SPOTS

MEAN LONG-TERM DEVIATIONS FRNM MEAN DRIFTS= 1.92 N= 10.

MEAN SHORT-TERM DEVIATIONS (DEG.) FROM MEAN PNSITIONS= 2.78 N=
MEAN OF DEFINITE OR PROBABLE LIFETIMES= 109,2 DAYS N= 12.

MEAN PROPORTION= 2,0 N= 73,

MEAN LENGTH= 6.6 N= 73, :

MEAN RATIC CF LENGTH-DEVIATION TO LENGTH= 0.15 N= 73,

MEAN SIGNED DEVIATION 0P DRIFT FROM CURRENT MEAN (NEG=SLOW) 1.07

NUMBER OF DARK SPNTS= 41
NUMBER OF LIGHT SPOTS=  3?
’ & : " DISTRIBUTION NF SPNTS BY TYPE
" TYPE OVAL SLANT FESTOON WAVE  ANGULAR  AMORPHOUS VARIABLE

NUMBER 38 0 14 0 20 1

23,
N=. 105;
PREC. END

0

FOL. END
0
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VERY LONG SPNTS

MEAN LONG«TERM DEVIATINNS FRCM MEAM DRIFTS= 2.79 N= T.
MEAN SHORT-TERM DEVIATIONS (DEG.) FROM MEAN POSITIONS= kdokkxk N=

MEAN OF DEFINITE OR PRORABLE LIFETIMES= 4?2.5 DAYS N= 2.
MEAN PROPORTION= 1.0 N= 26. : ‘

MEAN LENGTH= k%X N= 26,

MEAN RATID OF LENGTH-DEVIATION TO LENGTH= 0,24 N= 26,

MEAN SIGNEND DEVIATION QOF DRIFT FROM CUPRFNT MEAN (NEG=SLOW) -3.68
NUMBER CF DARK SPOTS= 3

NUMBER OF LIGHT SPNTS= 23

DISTRIBUTION NE SPOTS BY TYPE

TYPE OVAL SLANT FESTOON WAVE ANGULAR  AMORPHOUS VARIABLE
NUMB ER 14 0 2 1 6 2

13.
N= 24.
PREC. END

1

FOL.
0

END
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SPNTS ROTATING SLNWER:. THAN CURRENT

MEAN LONG-TERM DEVIATIONS FRNAM MEAN DRIFTS= 1.99 N= 7.

MEAN SHORT-TERM DEVIATIONS (DEG,) FROM MEAN POSITIONS=s  kdkkksk N=

MEAN CF DEFINITE OR PROBABLE LIFETIMES= 103.2 DAYS N= 11.

MEAN PROPORTION= 2,0 N= 34, '

MEAN LENGTH= 6.5 = 34,

MEAN RATIO OF LENGTH-DEVIATION TO LENGTH= 0.22 N= 34,

MEAN SIGNED DEVIATION OF DRIFT FROM CURRENT MEAN (NEG=SLOW) -8.72

NUMBER OF DARK SPOTS= 24

NUMBER OF LIGHT SPOTS= 16

DISTRIBUTION DF SPOTS BY TYPE

e TYPE OVAL SLANT FESTOON WAVE ANGULAR AMORPHOUS VARIABLE
[

NUMBER 14 0. 6 1 14 0

17.

N= 40.

PREC. END FOL. END
2

3
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SPOTS ROTATING SIMILAR T0O CURRENT MEAN

MEAN LONG-TERM DEVIATIONS FROM MEAN DRIFTS= 224 N= 15. »
MEAN SHORT-TERM DEVIATIONS (NEG.) FROM MEAN PNSITIONS= okkdok N=
MEAN CF DEFINITE OR PROPBABLE LIFETIMFS= 80.5 DAYS N= 10,

MEAN PROPORTION= 2.0 N= 41.

MEAN LENGTH= ok N= 41. .

MEAN RATIO OF LENGTH-DEVIATION 7O LENGTH= 0.23 N= 41,

MFAN SIGNED DEVIATION OF DRIFT FROM CURRFNT MFAN (NEG=SLOW) -0.39

NUMBER CF DARK SPOTS= 25
NUMBER OF LIGHT SPOTS= 21

DISTRIBUTION NF SPOTS BY TYPE

TYPE OVAL - SLANT FESTOCON  WAVE ANGULAR AMNRPHOUS VARIABLE
NUMBER ~ 23 . - 0 7 0 11 2

22,
N= 46,
PREC. END

2

FOL.

1

END
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SPOTS ROTATING FASTFR THAN CUQRENT

MEAN LONG-TERM DEVIATIONS FRNM MEAN -DRIFTS= 1.77 N= 8,

MEAN SHORT-TERM DEVIATICONS (DEG.) FROM MEAN POSITIONS= eokdekx N= 20.

MEAN OF DEFINITE OR PROBABLE LIFFTIMES= 170.9 DAYS N= 7.

MEAN PRMOPORTION= 2.2 N= 24.

MEAN LENGTH= 6.8 N= 2?4,

MEAN . RATIO OF LENGTH-CEVIATION T0O LENGTH= 0.21 N= 24,

MEAN SIGNED DEVIATINN OF DRIFT FROM CURRENT MEAN {NEG=SLOW) 13.59 N= 27.
NUMBER OF DARK SPOTS= 18 ‘
NUNMBER CF LIGHT SPOTS= 9

DISTRIBYTION NF SPOTS RY TYPE

TYPE OVAL SLANT FESTOON WAVE ANGULAR AMORPHOUS VARIABLE PREC. END FOL. END
NUMBER 13 0 5 0 7 0 1 N 1
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APPEIDIX D

Lifetime-size Relationships
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4

LIFETIME-LENGTH RELATIONSHIP

LENGTH WITHIN 2 DEGREES 0OF o2 6 10 14 18 " 22 26
LIFETIME 1 = 9. 17. A, S Fe gk ok
LIFETIME 2 = e e 40, . 38, doledede 46, #e o % 3k ddekd
LIFETIME 3 .= . 298, 160, 232, ¢ ot e ol seol ek ohe o ke e ek
LIFETIME 4 = | '**** o e A st o ofe ok e o % o ok 3k ok e ofe I e *#**
LIFETIME 6 = ' ' 52, 104. 180. 208, ki skokdok L dokdon
LIFETIME 6 = | ’ C 24, 36, 29. a0, T1. kdokox o e ek
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LIFETIME-AREA RELATIONSHIP

AREA WITHIN 5 SQ. DEG. oF 5 15 25 35 45 55 65
. : | »
LIFETIME 1 = ~ 13. e e e e #e3¢ %e o e e e F o e e e e e ek ok o e 3¢
LIFETIME 2 = - 34,  40. 39, RKER RARR 46,  HREE
LIFETIME 3.= = L67. 190,  232.  dokkk mkkE kkRE ases
LIFETIME 4 = : JRRE REER RRER RRE RERE RRRR AKEX
LIFETIME 5 = 198. 107,  122.  208.  ewss ****f’;ﬁ#***
LIFET IME 6 = © 26.  35. 52, 49.  wxxx T #w*"
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