
THE SOLAR ROTATION AND SHIFT TOIVARDS RED MEASURED 
I N  PROblINENCE SPECTRA 

J. Everskd, F.R.S. 

(Received 1945 September 26) 

Summary 
Measures of the shifts of the H and K lines in prominence spectra have been 

continued from April 1935 to March 1939. The results confirm previous 
measures in showing that the prominences give values'of the angular speed of 
rotation in different zones of latitude greatly in excess of values derived from 
spectra of the reversing layer, or from the motions of sunspots. The mean 
d u e  of the daily angular speed in this period wiis 16O.9, which exceeds the 
equatorial speed of the reversing layer by over 2 degrees. 

The general shift of the H and K lines towards red in this series of measures 
only slightly exceeds the relativity shift of .oo81 A. 

A comparison of the results with previous measures shoars that the rotation 
values were about 2" per diem greater at times of maximum solar .activitg 
than near the minimum of 1933. The general shift has apparently decreased 
fmm +.o15 to +.oo9 A. in the whole period 1926 to 1939, in which estimates 
have been inade. The gene@ mean of all the measures is + -012 A. or -004 A: 
in excess of' the ,relativity shift. 

Continuing the series of measures of the H and K lines in prominence spectra, I have 
now to record the results obtained during the four years April 1935 to March 1939, 
covering the second period of maxixn~ sotar activity. 

The auto-collimating spectrograph, cansisting of solid glass prisms of 6-inch aperture, 
k i+e same as described in Monthly Notices.* The c'omparison spectrum is formed by a 
carbon arc containing traces of calcium, and giving the H and K lines of approximately 
the same width and intensity as the' prominence lines. Only !?rominences showing 
narrow undistorted lines have been chosen for measurement, and since it very rarely 
happens that suitable prominences me situateti at opposite ends of a solar diameter it is 
not possible to measure double shift, cast +west, as in the case of lines in the reversing 
layer. Each shift therefore of each individuai prorninence east or'west is tabulated after 
correction for the Earth's motion. The tabulated shifts are then segregated in ten:degree 
zones of latitude, east and west separately, The half sum and the halt difference of the 
totai shift of each zone + E)/z and (W - E)/2 give the mean rotation and, mean shift 
respectively of each rme. The rotation shifts are then corrected for the ,retarding effect 
of the Emh's motion in its orbit, and for the inclination of the Sun's axis, and the shifts 
pre c o m a e d  by adding 4017 A, which is  he meaa.prcssure shift of H and K for one 
atmomhere. The results are set out in Table I, 

l& mean daily angle of rotation E in column 4 of Table I has been computed from 
sv x 360" 

~ + f ~ u l a  f -znRcad (S=seconds in 24 hours, V~sidereal velocity in km.]rrec., , 

R-Sun's radius, expre&ed in kiloswims). In the computation tbe Sun's Adus is 
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Sti~unrnrj~ of .lfeanrres of Prominence Spectra, 1935-39 

\ c ) .  of hIc:ln v E 
3 !tam ~ourt~s  L.otitukic h.(sec.  P:ominences Reversing Layer Shift 

I, a 0 A. 
2.1) I 0  Z.sL j 17.7 144 + ,0071 
2 .; 2 0  aqo+x r5.o 14.1 +em86 
0 3  3 0  I ,826 I 4-6 13.7 +.0088 
0 j 5 0  1.829 19.4 12.g +'-oog I 

..-.- . - 
'frlt:11 183 Mean 16.9 Mean +-0086 

takt:n tlr 1 1 ~ '  (tOon f 30", the avcra,ge height in each zone, excepting the 50' zone, in which 
t h c  h1:l:r.tr.l (arc yl:nt 1 ~.,rrarhtd at an average height of 40". For comparison, column 5 
in  ' J ' i l i ~ i ~ ,  I qivcs thc values t r f  6 from nlcnsures of lines in the reversing layer bq Adams 
ut l i t .  \\'il.son irr [yo&, which agree v e q  closely with the rotation values derived fio'm 
s t .  I ,irt~'s ' i . i t l~l<*~,  houe>cr, by St. John and others, give about half a degree less 
i i i  c.,tcl! zoric. 

111 :ill rny estimates of rotation from prominence spectra there is no clear evidence 
elf ;in! tlciarc.asc in [ in the higher latitudes. 1 therefwe give the mean vduc of all the 
xr , i~cx.  \\ f+iqlitcct :~ccording to the number of measures, at the foot of column.4 in Table I. 
'l'iirl r t ' s~ i l~ s  ~ ~ o ~ l f i r m  previous measures in showing that the angular speed in each zone 
ol' l . i t i f ~ ~ r l c .  :11\viiy~ CSCCCJS the speid of that zolrc ill the reversiqg layer, and the mean of 
all t h c  zt trtc1s greatly escecds thc eq~~atarial spced of the reversing layer, which accarding 
ttt .\ti,tms i $  1,O.s. 

T ~ s m  I1 

So. of 
hlenvurcs Mean Shift Solar Activity 

0 

I 1>2O-28 381 18.1 -01.53 A. Maximum 192318 
11)21)-34 40 1 Is's '01 04 h~&WTl 1933 
1035-39 182 16.9 4 ~ 8 6  Masimum 193738 

I f r  'i'ill~lc I I  thc mcdn values of rotation spced and line shifts are compared with 
prcvit.,os ~ 3 1 ~ ~ s .  From this it appeas that at times of minimum solar activity the speed 
of r .o r ;~ t i t~n  ~ ) f  p r~ r~~ incnccs i s  lcwt, and increases perhaps by two degrees at times of 
grc:ltibut :tcr.ir'ity. 

'I'tlc shift of tiir: calcium lincs II and K has apparently diminished from +-0153 A. 
in rlv ti rat pcrit,d to 4 .ooSfi -4. in the last. This lowest value is close to the theoretical 
re1;rtivity stlift, which :lt 30" above the photosphere is +.oo81 A. As it is impossible to 
say wt~c:ti~c.r systematic crrors due to the random motions of the prominences affect one 
svrics ~ l~c ,~ .c  than anotltur, I can only give the gcnemt man of the whole series of 964 
spt*ctr;i r!lotopr:tphcd in the years 1926 to 1939. This is +.or27 A., and this would be 
rutit~~.cd to i. .or r c) A. i f  tllc less lvelbdefined spectra in the earlier series were rejected 
In rn~lncl nlirntzcrs, therefore, we may take the mean to be +-a12 A., an excess over 
relativity or "limb cffecf" of 404 A. 

Iltglrbrrbtrm, E w k r t ,  surrey: 
a 945 szpttnber 24. 
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