
BULLETIN No. XYIII. 

PRESSURE IN THE BEVERSING LAYER. 

THB publioation bg: Hnmphreys of measures of the displaoementa due to pressure of the prinoipal lines of 
many of tho elements * has made it  po~ ib le  to ostimatle prossures in the sun on the assumption that the 
speotra of tho mixed metsllio vaponrs m tbe reversing layer ale mbjeot to the same lino diaplwements as 
ooanr in avo speotra when indhidu.1 metallia elements are subjeoted to pressure in sir. 

The tables of line displacements published by Humphmys, and later by Dofield,? indioate a very wide 
range of variation in the amount of the displaoements at a given pressore, both for different elements and 
for different lines of the same element. Thus the mod rtffeated linoa of soma elmenta are subjoot t o  a 
" preaanre ehift " over five times greater than that of the lcaat affooted lines, 

The meaeurement of thi~ relative shift of the diffoxent liaerr of an element afforde by fe;r the most 
promising method for estimating pressures in the 0 u ,  for the absolute shifts cannot with my oertainty be 
aaaigned to preaeure alone ; there may be other onuees of dieplaocmont suoh as motion of tho souroe of light, 
or of the observer. But the relativo displaooments of tho most and loaat affectod lines will give a value of 
the pressure free from any unoertsintios srhing from possible Doppler shifts due to rnot~on of the s o h  gages. 
Nor is it neoessary to take a o o o w t  of the shifts due t o  the elliptio and diurnal motions of the earth. Bven 
aooidental ahifts due to an instability of tho apparatus duriug the exposue of s. plate will have no afloat on 
the reeult. I n  short any osuse whiah gives sn egusl  eft to all the lines aan have no influonoo. 

In the abaenoe of vory aoonrato wave-hngth b b l c ~  for terrestrial speotra it is uot at prosent pusuible to 
obtain an exaot estimate of pressure in the general revorsing layer of the Bun, but a oompdson of 
values of the iron lines in  the arc at normal pressure, olld the oorrespond~ng values in 
Prelimine~ Table of the solar spaotrum is of interest ae indiartung the probability that the pressure is 1 0 8 ~  

than one atmosphere. 
In tho following table I have entered in tho oolnmus hpded " U o ~ t  Affeoted Linm " all the lines from 

K ~ t . ~ s e r ' ~  lid, whioh havo a pressure shift exoeeding 0b026 A for 10 abospheres, and ~owlkndje values of 
these lint. in the sun. I n  the oolamns headed Lesst affooted Linw " eimilar entries are made of d l  linee 
o m m i n g  in the same regions whioh have a pressure shift 108s t han  0b02? for 10 atmospheres. The preewre 

given in the laet colomns hesded H aud L) are from those given by Humphrer a and by DufRold rospot+ 
ively, sad are reduoad to 10 atrnoepheres preseure. In deriving these values Bumphreya' rneaewes 42 

and Duffield'r at 40 atrnoepheres were used, and eaoh mdumd to  10 atmoaphoms. In  Duf'Ealdss 
tablee two seta of determinations are w e n  and the valves I have entered are from the mean of &e two. 
the  values in the laet three oolnmns of eaoh seC of knee me in thou~andths of angetroma. 



IRON LIKES I N  BUN AND ARO. 

An apparent displaaement to the violet is ahown in a large proportion of the solar lines, hut it is to be 
observed that the  average shift of the lines most nffeoted by pressure is greater than that of the l ines  l e d  
affected, so that there appears a small relative shift to tho vlolet of the most affected lines amounting to 
0-0058 A. 
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The pressure shifts determiued by I.MEeld me in f m l y  good agreement with those of Eumphreys'  but 
the mean values are deoidedly larger for the most affeoted lines, \he relative shift of the most affeoted l i n c ~  
ia theref me comderably greater m ~uffield's determinations than m Humphreys'. If we take the former as 
a basis for the caloul~tion, the 1lresBure in the reversi~g layer aorresponding to a relative stuft of 0.0058 A t o  
the violet would be ocly Oa18 atmospheres, assumng that for pressures below 1 atmosphure the shift i s  
Prnporhonal to presame. If H m p b e ~ s '  values are taken, tho reslilting preesure is a mmw quantity. 

Leee t nffeoted linee 

Rowland, D. 

It is well known that ~ ~ s t a m a t i o  error8 of greater magnitude than t h e  quantities here dealt with d3eot 
both the aolar ana sro ware-~en@tbs. Rowland's aolar wave-lengths aere  e n p ~ i o d g  oonneoted with his 
standards, upon whioh Kayeer's measares were based, and by the  procees sgstematio errors were iotroduoeda 
The wave-lengths in am and are in the above table are therefore both subjeot to these errors, afEeoting the 
relative posltioos of llnee in widely separated regions of the spootrnm For this reason I have selected from 
the lines lcaet aff eoted by pressure only those whioh ooour in the same ~peotral regions as the ; n o d  afEeoted 
lines, omitting sU the reet m order that thi dutnbbution m the apeohurn of the two sets of lines be 
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nearly the same. Thus the systematio errors whlch are the same for the sun and am wave-lengths will 
have no appreoiable eff eat on the result. 

The omitted lines, over a hundred in number, have s mean dlsplaoement, am-am, of -0-001 9 and 
their inolnsion would merely have the effeot of slightly increaeing the relative shift of the most affeoted lines 
to  the violet. 

Accidental errors of individual lines will of oourse have a muoh more serious eff eot. Almost all of tho 
lines oompmed are single lines in the solar spsotrnm and for the most pert well isoletd from others, so that 
errors due to diffioulties in measurement of  the solar line8 should not be m a t ,  however, in view of the 
unce*omties in the estimates of pressure ahift and the wide divergenoies in some of the lines in the table 
very little weight oan be given to the numericnl value of the pressure above deduoed. What I wish eapeai- 
ally to emphasise is the faot that, on the reasonable asallmptlone mentioned at the outset, it does n o t  seem 
possible that the pressure in the reversing lay or can exoeed one atmosphere. If, for iustanoe, a pressure of 
one atmosphere above normal pressure is asaumed then instead of dat ive  shift of 0.0058 towards the 
violet, the most affeotsd lines would be displaued towards the red with referanoe LO the losst sffeoted 0m0066 
if the menns of DuBeld's measures are relatirely correot. 

Nlckel appears to be the only other elemeut giving a, su£€iiont number of widely differing pressure ehifts 
to make a comparison with the sun desirable, unf ort~nnt~oly tho aro wam-1eng.ths are not nearly so well 
determined as thoso of iron, and the linea most affoctod by preRsure oaour in a limited region ol speotrnm 
where no hnes of small shift have been meaaurcd. A oompnrison whioh will bo free from the syatemstia 
errors of Rowlmd is not therefore poesible. 

The very low preesnre thus doduoed in the reversing layer con,fliote with previous eatimatee bnsod on the 
abeolute differ~noes of position of the lines in solar and terrestrial epeotra. Mesars. Fabry and Buisson, in e 
reaent paper,* deduoe s pressure o l 4  to 6 atmoaphems above normal pressure, from the absolute displaoements 
towards the red, observed by interferono~ mothods, in oertain eeleoted iron lines when passing from the am to  
tho sun. No mention is made, however, of oorreotiona to the observed displaooments depending on the elliptio 
and diurnal motions of tho earth, the sum of whioh may equal or exooed the quantities measured. &om this, 
and from the abaenoo of information as to the exaot part of the sun's diso observed, it is not possible to judge 
of tho reliability of thb  result, evon if it is asaurned that no part of the obaervod shift wm duo to a motion of 
desaent of the absorbing gases on the sun. 

The same rem& apply also to a previons estimate by Jowell, Humpbreys, and Mohler,t who dodnoed 
pressures ranging from 2 to 7 etmosphc?loa, but appear to have: made no ooneotions for movements of the 
earth. 

Mnssrs. E'ahry and Baisaon distinguish botwerm 'L normal $l" linea, $.a,, thoso whioh widen symmetrioally 
on increasing the ourrent in tho mo, and abnormal linos, whioh widon nnsym.metrioa3J.y, either towards the 
red or violet, and their eatimatee of prewnre are dorivod from the displaoements of the normal lines only, 
which me uot eubjeot to so large a pressure shift as aro the abnormal lines. 

Booording to theso observore, the lines most sffeoted by pressrue (Dnflield's Group III.) two those whioh 
widen towards the rod on ~norees~ng the ourrent in the sro, and for these lines they find a smdll or negative 
displacement on passing from the aro in sir to tho sun, that la e relative displsoement towards tho violet 
 omp pared with the normal  line^. 'l'his ie  in agreement with the results of the abovo oornpariaon of Eayser'e 
and Rowland's wave-lengths ; bat Messrs. h b r y  and Buisson do not interpret this faot aa I have done. They 
oonsider that Humphreys' and Ddield's m e m o s  of preseure ehifts for t h e  abnormal lines may be subjeot to 
ermr '' &is 1eur d6plaoement par la pression peut oomporter une emeur : aux prossions BlevQes, 1'61mgi~se- 
ment dissym6txique do cos raies deviont t d s  grand ; la mesnre du d6plaoem~nt dolt &re bsiertaine, ot le 
d 6placement apparent eat aorru par l'dlergiseement vers le rouge. "$ 

+ Oompfee Itendas, 15th Maroh 1009 t Aaarophpeiqel Joprnel XII., 138. $ OompOee Bendnu, 10th May 1008. 



~ q a m  to me h t  , if the large ehi f i e  observed under preseure are partly due to unaymmetriod  deni in g, 
*&F effeots might be expeoted in the sun, so that these abnormal lines would still appear relatively shlfled 

the red, oompared with the normal lines, if the presaare in the reversing layer excee& one 

sbospherb 

Messre, Fabry and BBnisson have also observed the am in a partial vaouum. Under a pressure of a, few 
*lEmeters the abnormal lines are reduced in width, and altltored in pog~tion in suoh a manner that the general 
dieplaoernent towards the red in pasmng from the nro to the sun is the enme for all the lines. In other words 
the width and rel~tive pos1tiom of dl the lines in the aro under reduoed preesure approximate much mom 
olosely to the solar speotrum than is the m e  with the lines of the aro under normal pressure. But the obvious 
3 e r e n ~ e  that the gaaea in tlhe mn are subpot to a oorreapondingly low pressure doea not. seem to  have been 

by Fabry and Buisson, presumably because of tho general shift towards the red of all the lines 
1% is not ole=, howevar, how this can be distinguished from a rnot~on shift. 
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