Rodatkanal Ovscervatory

BULLETIN No CXI

A PROGRESS frVE CHANGE IN THE INCLINATION OF HYDROGFN
DARK MARKINGS TO THE MERIDIAN OF THE SUN
BY
T Royps s M SALARUDDIN

SUMMARY
The nchnat on of hydrogen dark m 1 ng tothesla m dan has been measur d at eacl uce sve otat n of th
fo wh h the ma L ig nay e dure The study mpnses all su table dark markmgs 1n th years 19231933 eof ,
onplet 11 year yle a recorded m tle Meudon chat It s found that th polar end fadakmakmgdnftgm :
dnoe atelyoftiee uatoralend t a h su cess e otat n f thesun the average hange f n Imat on of & da k mark
gn ¢ otaton of tte un am unt gt 0 47f rtl chmgemthectmgntuftbemglewhhthedukmahngm kes
w th a par 11 1 of latitude
The nlyad j t ewplanatonfo 1 pogress e change f linatonisthat it s duc to the polarretad t n f il
te fth s rotat n  The an unt ¢ be expected f om this theory 180 6l a ¢ pa dwththeabo e alu of 0 47

l'h e g 11a b g n tsfatry agreeme t

Sm 1 1 oog la & srega ded as be ng ad quately explain d by the r la retardaton ¢ se ms p ob bl that
th welpnato 1 ( wththe polarendnore &« d moreto the ¢t t)increase of lat tude m the sun a
f 1 hod kanalOb atryB UtnN 63)arealso 1 e toth pola retardation Inthiscasew aredn ntoa. ume
thi epe ally nlghe 1tt les the solar d turbance n whch the hydrogen markng origihates has already been 1n exs
te esm consde abl tnel fo tle dark ma king appears on the surface of the sun the only alternat e to this hypo
th  secms to be tl at t] gro onstt telthat the f rmat on f dark marhings mn direction othe than those pref rred

(@ 1lngt ol t ) 1ff ult

In kodul sl Obscry story Bulletm No 6311t was shown that hydrogen dark markings do not e arbitra
niv orented on the surface of the sun but have a tendency to he with therr polar cnds to the ewst of their
equatorial ends Thar mean mdmation towards the east vames with latitude It was sugge ted that the
¢ terly dnft of the 1 olvr end of dark markings was caused by the polar retardation of the sun 8 rotation which
mkes the more slowlv rotstmg higher Iatitude dnft to the east of the lower latitude If the polar retardaticn
of the sun s rotation 13 the sole cause of the mclmation of hydrogen dark markings to the east it follows that
the age of the dark mirhing must be sufficiently long for the observed mchnition to the eset to develop wnd
it w14 pointcd out m the bulletin referred to that the time requured for the dark marhings to develop tie
1 erved mdlmation 1n the lugher latitudes w vs much greater thin the observed ages of the marxings

Tt 15 the purpose of the present bulletin to mvestigate another possible effect of polsr retarlstion on L s
mukngs  If the polar retardation of the sun 8 rotation 18 the wause of the casterly mchnations of dark 1 r
m s 1615 to be expectcd that at each successive rotation of the sun the easterly mchnation of anv dark markm,
w!1ch persists should mcrcase by an appreciablo amount  An example of this 1s tlustrated m Kodammiidd

Ohgervatory Bulletin No 892 figures 2 and 3 which show the change 1 mclmation of & dark marking auter

one complcte rotation of the sun namcly from 40 between the meridisn and the marking to vo

Tn order to study & reasonable number of markungs a period extending over & complete 11 vear solar + lo
od has become amenable through the facilities afforded by the «f arts

has been taken  The study of 80 long & perx
ds K daik nsl Ob ervatory Bull tn \o 63 p 289
t) Royd: K 1a kanal Obscrvatory Billet n No 89
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Intemational Astronomical Union. On these charts, the dark markings are prosoutod for each rotation of the
sun, 5o that it becomes s practioabls proposition to study from thom the inclinations of persistent markings at
each succemive rotation of the sun for a long peviod. The method adopted bas been to Iay a transparent protractor
over the charis and to read off the inclinations of those dark markings whioh last for a complete rotation or moee.,
Anpmhmmmmdefwmhmoﬂmdhﬁmdeomwmehadmmmgmmtmm The
method of representation of the sun in Meecator's projection in the Meudon charts does not affect the inclina-
tions t0 the sun which are measnred in this way. Those markings with inclinations to the meridian® greater
than 70° have boen.neglected becsuse the tangsnt of the inclinations, which (as will be seen later) ix the factor
1o b studied, then inoresses so rapidly that any insccuracy in the messurement of the inclinations (or rather
smull frregularities in the inclinations) becomes of considerable effect. This elimination has also had the effact
of confining the latitudes studied to those between +40°, for the dark markings in higher Iatitudes are almont
{nvariably nearly parallel to the equator.
In this way, we have messured the inclinations of all suitable dark markings in the years from 1923 to 1938
inclusive. All markings lasting for one rotation or more have, as far as possible, been measured, but some mark.
ingu are too irregular in shape to have a definite direction assigned to them. In all, 86 dark markings have hesn
measured, yielding 257 values of the change of inclination after one complete rotation of the sun. A progressive.
Iy greater inclination with each rotation of the sun is clearly seen in the majority of markings (see, for example,
the marking illustrated in Kodaikanal Observatory Bulletin No. 89 airendy referred to) but naturally there are
many irregulariiies in different markings. Occasionally it happens that the inclination of & marking may, as
& certain rotation, have made a sudden jump (hackwards or forwards) compared with the normaj tendency.
Such, jumps have heen neglected whenever the life of the dark marking has been interrupted betwoen the sucoss.
sive rotations as recorded on the Meudon charts. Naturally interruptions may, without our knowledge have
oceurped whilst on the side of sun turned awsy from the earth. Such possibilities cannot be taken into sosouat,
In a study of this character where the quantity to be measured is subject to many irregularities, if no
exceptions to the goneral rule, it is desirable to avoid, as far as possible, P""J“d‘m due to preconceived ideas
of what general behaviour should be expected. In order to avoid any such biassed judgment ‘n Tieasaremente
of inolinations were made and completed before considering whether they were in aocordance with the effsct of
the solar rotation on the variation of the inclination of markings with sach mve n?u:tmn. But fou' togi-
cal presentation of the treatment of the data which has been adopted in this buﬂetm. it is necessary to duem
first the offect of solar rotation. According to d'Azsmbuja® the speed of rotation of hydrogen dark markings

varies with latitude according to the following law :
dE E = 14°-44—1°-60 sin®y

where £ is the angular rotation per siderial day. The change of
inclination to be expacted from the polar retardation of rotaion is
tharfors give by g = 00t 00t 8, a0 senin 65 1.0 wad o being
the inolinations of the dark markings t0 » parallel of latitude (com,
plement of the inclination to the meridian) for sucerssive davs. For
8 diﬁemnmdmmmimamnmlmmx?m charts,
the chsngs in inclination due to polar refandstion will b
Cot §'—a0b 0 = 1-523 sin & cos &.

(*) d’Azambujs, Cartes synoptiques. “wim 100 to the mevidian " ia uften wed wWhen 2o THONS RS SINY ouneEN .

. TR A
1) Footno ity, the expressaon inelination paealle! of Matsuwie.  Whea s e SoTaney kumveatva
enoqs i)nFun'ng :g'e chfpgx;‘eln{oﬂhin wsi!’._m{”g t?.mdied .ndt:);n the latter convention tho (usengest of the terdine.

used it is the tangent of the inclination
Hon. ' Fago. 1. 1934
{) d’Asambuja, Cartes synoptiques, Vol. I, o
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Lapre I—Examere or Marxivg No 3246 o $¢q Latrrups 20 —30°N

fotation N> 966 067 068 969 970 971
Inclination 60 50 47 42 S o 20
Cot 0 571 839 932 1111 1 600 2 050
Change in Cot() 262 l 0938 , 179 489 450

The mean value of the change in cotf for this marking 15 0 200 but the mean for all markmgs in latitude
%0 —30 18 0 >08 as seen 1 table II and the value to be expected from d Azambuja s law of solar rotation
for latibude 20 13 0 83

A summary of all our results 18 given below 1mn Table II

T4aBLe I —AveR4gr CHANGF IN THE OOTANGENT OF THE ANGLE OF INCLINATION TO A PARALLEL OF LATITUDR
FOR ONE SOLAB ROTATION

I at tude 0—10 | 10—%0" | 20 —30* | 30"—40"
A agech g n( th 0 424 0 364 0 508 g 1
No ofnal ¢ } 3 b 108 47

Ave g Ing f llatt 1s0—40 0 471

The average change of cot @ for one rotation of the sun for all mariangs studied between latitudes ¢ and
40 m the vears 1923 to 193315 0 471 Ther mean latibude 15 about 22§ and the polar retardataon of rotstaon
would give for this latitude the value 0 539 which 18 1n agreement as :los; : ;x lvlrml.ld9 expect Ths solar
retardation would give the value 0 471 m agreement with observatzon, 1or

We are therefore led o the conclusion that the effect of polar retardation ofmm »a luﬂm;::
complete explanation of the progressive change m the melmation of dark markings mendian.

0t
conclusion strengthens the supposiion that not only 15 the change of mdhnation with fume due to the poler

conse If davk
retardation but also the mclmations themsel es as found on the sun are attnbutable to the same

tos of lattede &y
markings were oriented with equal frequency 1n all durectaons th:,o am zcg;l?:m parnllel b

the procedure adopted 1 this and m previous bulletms referred beorvatary Bulism \0 63 that the sverags

hemispheres twhen separately It was found in Kodad 0 1 all Istztodes, with ther polar end to the

inchnation of dark markings 1n the pertod January—June 1913 was e b
east of their equatorial end the amount varyng with latitude To obtamn more acourste longer pensod

more scoarately
has now heen taken namely 1928 501930 and the melmataons have bee; read oi\fob‘;s p'ﬂ;l‘b?! i
than the approuumate procedure adopted in kodaikanal Observatorv Bulletin followmg

values have been obtaied
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These values are consistent with those found in the previous bulletin, taking into account the less acourate
procedure there adopted which has the greatest effect in high latitudes. Tt was then pointed out thas if these
inclinations were caueed by the polar retardation, a supposition which is strengthened by the progressive change
found in the present hulletin, it necessitated a certain age of the iarkings in order to allow the obwerved incdling-
tion sufficient time to develop, and it was shown that the ages so deduced* increased with latitude more rapidly
than the actual durations of dark markings (although it is difficult, from the nature of the case, to determine the
duration of markings with any aceuracy). Now it is to be noted that, at any rate in the higher Iatitudes, the mark-
ings already prosent an castward position of their polar ends when the markings first appear. Indeed in the
high latitudes, they almost invariably lie along a parallel of latitude at their first appearance and do not gradnal
ly develop into this orientation. If their inclinations are due to the polar retardation, & view which is streng-
thened by the evidence in this hulletin, it follows that the retardation must have been operating (st Jesst for high
Iatitudes) beforo the dark marking appears at the surface of the sun, i.e., the marking is already old when # firsé
appears at the solar surface, and the origin of the dark marking must have been in existence soms comsidecable
time before its appearance at ithe surface with a large inclination to the meridian of the sun. It is therefore to
be supposed that the solur disturbance in which the dark marking originates is opersting below the surface of
the sun before the marking comes up to the surface for a period which is greater in higher latitudes. There
is one alternative to this supposition, namely, that the sun is so constituted that dark markings, instead of keing
originally distributed arbitrarily in any direction, are difficult of formation except in the preferred direction in
which they are observed to lie on the surface of the sun at their first appearance.

We must not fail to mention two considerations which are, at first sight, unfavourable to the view that the
progressive change of inclination is solely due to the polar retardation of the sun’s rotation. The progressive
change might have heen investigated by comparing the average inclination of all markings at their first apgear.
ance on the sin with all markings at cach successive appearance. If this is done, the evidence is mot quite
clearly favourable to the hypothesis. As will be seen from the following table there is a progressive change only
for the first, few rotations and no regular change thereafter.

TABLE IV.—INCLINATION OF ALL DARK MARKINGS CLAS§FIED AS ENDURING MORE THAN ONE
) ROTATION.

5th 3 6th th 8th ‘ gth
1

——

Rotation. \ st 2nd 3rd 4th

443°| 4 39=‘ w\ 5°

Tndlination to parallel of latitudo g0 | Bee | B1°| 4

V—

aikana, i jon in the reversing
1) Kodai ion No. 63. The ages were deduced taking the polar retardation in
ltyei. ) It d‘Azm{)\?jg?: rr‘::zog' golgf?:&rdzﬁon for dark markngs 18 taken, the ages deduced sre still greater.
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\ppwently the rosson for the failure of the inchnation to decresse after & few rotations 18 that when all
moarkin  ue onsuderad the number of now birthe m the same longitude as ¢ previous markmg overbalances
sp b s the onder of rotation mereasces) the eftect which 1s found by considering only mdividual dark mark

thet huwe undeubtedly contwucd unnterrupted  And secondly we have the fact seen from Table V
th ¢ uth uch the werie chanee is sufficicntly ne w the value expected from the rate of palar retardation of the

unt  totwtion the v urndion with Ltude 1 not so near the expected varmation Ths 15 evident in the follow
iy, tible ¥

Ll

TABLE V —VARIATION OF PROGRESSIVE CHANGE WITH LATITUDE

Moan latitude 5 15 35 1.3
Aerage Ia g (v ml tell) 0 424 0 364 ¢ 508 0 81
Change accordiig t lav f polar retardation 0 132 0 881 0 883 0718

Naturally the cxpoctcd vamafion depends on the law of solar totation sdopted T 3 wot s very aumple
matter to dotermme the 1uw of rotation of dark markings partly on sesount of theer bang often extended dver
v wide nd v uyin, e of sol longitude In our procedure wehave sumply adopted d Azembuja 8 Jow ax
the best ay ulable cu¢ wd one which bas been determmed quite distanctly aperé from it sutalulity to any
pt ceonception of what would suit any partioular theery
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