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?HOTOMETRIC STUDY OP THE LINES OF HYDROGEN AND OF CALCIUM IN 
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$ UBI MARY. 

vv m~an% nf photngr&phlp photometry, tll@ rontoor. nf ~ore rn l  ~trntig 1111~~ 111 tlm 1l11n.u ~ p ~ r t r ~ ~ m  been ob fa rh~d  for 
vmlous poi tit^ of the 8un'~ ( 1 1 ~ ~  hotno@n tho cmtro fitld thp lindj, ~ l l d  the taqtllr a11.nt 111th.l ha1 r\ lnrql clcrlved from the contour 
oums. Tho llnoa itodto(1 wWo Ha, HfJ, Hy. f i 8 ,  tho ~ t l d  IC l l l l ~ g  of ionieod ~fllrl~lrn lmd t l u ~  42217 l ~ n e  of neutral calc~urn 

It rn foulid thnt tho i r~aiual  mtcnsltlits in ovwy pnrt of 1111 thc l r n e ~  utuc l~o~~  am ~ e n t o r  hs tho hnlb ~aanppmnched tlisn ~t the 
contm of :llt~ rli~c. Thia k t8nnairlc4nt ~ t h  (ulr provallin knou lotlpr of tip tenflonry of thr alllps of llnes to disappear towad8 tile 
srln's Ilmb, hut tho common trppr\nmnco of llnw ))WOII~IIIC: irltlor &kt 1110 l ~ m b  IR partlv tills to tlia rolat~ve msene~trvoness of tho 
eya t o  tho fwnt wmgtl, for a(-tuttllly both In tho cnro alld in t l ~ o  willge tho rmdunl int~nsrtg 14 slwa;).s (for the llnee studled) gwster 
towards tho limb. 

The midual intorla~tirs, c l q ~ n t a l ~ n t  mdtha and rorn~~pt~lkri~r~p; nrlr~lhor of atoim lying ahovc 1 enla of the sun's euface are p w n  
far cllffomnt p6inta on tho ~ ~ i n ' q  ( 1 1 1 ~  in Teblos I to VIT. 

It in of lnterogt fo vompttw tilt8 t+fftbcts of tlkcj grolrtur 1ncullrll1tiolk to t l ~ !  \ ibrtlcbal of t hp pnth tl~rorrph t h ~  atmnsphoro ft l r  thR 
cwa af tomtrial lmw protiucborl by tht- nnrtll'a ntmr)sphcbri~, w~tlr, t tic l ~ m b  offtbtbt fur ~r)lnr 11nrv JT~llny I) linen of the B band due to 

brr&rlal oxygen it WEW confirmed thnt thclir c~quivalet~t \t*ltlth ~ni~wwtw prcrportrunnti*ly to thtj squarer mnt of tho numbor of ab- 
gorbln~ molecules, tho reeitluul lntnn~~ty 111 tho ltnes bnirig cic~rn~uncbd at 4111 ~ l o l t l t ~  uf tilt1 cvorltaur M ~ t h  ~nrrcnwing zenlth d ~ t a n r n  
In t]lo sun tho effmt 1s in tho oppoeito direction LLF~ tllv 11lrl111~tlot~ of t l l ~  pat11 tllro\igh tlm I Y I I P F R ~ I I ~  l ~ y o r  incrcawa (as occllre 
toa& tho limb), and tho d~fforon~e is d t ~ o  to tho fwt that war t 11s limb uf thc sun tho c~ffcctlrro lrvel of t l~<~hotos~hero  XEI higher 
than at tho centre of tho duo, whomns vi tho cave uf t.c~rrestrial 1 1 1 1 ~  the background of con t l l~ua~~s  spectrum is unchanged for 
both high and low sun. 

Tho ahango m oontour of solar lilloe an tho limb s sppwachrrrl vl the comh~net~on of two nppibmtto offects, nsmoly (1) nn in- 
cmase m the numbor of rff@t*tn a stnms duo to the w r  le l l~ t l l  of 1~1th w\Fllnl it 1s incllncd to tho \ rrtlcal, tanrllng to stmngtlmn 
t,he line nxld m r c a ~ o  its equivalo~it wult 11, and (2) a ~~~o in t 1 1 ~  number of u t a m ~  duo t 0 tho f l ~ t  that  the nffectlve le% 01 of 
the photouphere u hlghor at tho limb, tonding tu weaken tho llnc n~ld f ~ w m e  its rqulvalcnt x l d t h  The first effect can be 
a h a d  for from geometric oolls~dc\rations ilo that the second effetlt env M meanurnl frum tho chn:~gre 1x1 tho contourn h a r d a  
the Irmb. Hemae we havo derrved tho conoontration of atoms st Jlffcn fit lov& in the sun's mlvtbrsing layer ss given m Table X. 

The eleotmn pregmure derived from the rmho of neutnrl to ionued atoms, UJ about 2 x 10- atmoaphetes et the 1-a 
Oonridered. 
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No exut  expreeeion 
3 f  finite thicknew. Thtl 

lchuster ehowcd that if 

ha3 get been for t ~ e  mnhw at am abimption li'm prodtad by 
~ K * K ' N ~  that clan be done ie to uee approximations made under ~ i r n p l i f y i ~  ~ u m p t i o ~ ,  
we ~s8unle u cktbfinitz photoepheric surfm at the b~ of 8 homqpnrc,nu a*tkti*rg 

,oephere, the contour of thc resulting abnorption line will be Bven by 
1 

where i~ tho ratio of the i l l t r ~ i t y  the line t o  the intensity of the pl~otolrphuric radiatioll, 
a is the scattcri~lg coeficie~lt of the atmo~phcr~, 

and H i e  the hcigllt of thc atmosphere. 
Substituting Umiild'l~ tax~rp~fiiOn for the acatkring coefficient, it will be we11 that thr wntoar of an abuorp. 
tion line broadened by scattering will br of the form 

7 % ~  actual routours fou~ltl for Fraunhofer lines do not fdiow the ahve  form for 1. Spither thta rontu11r.r 
which arc rc:puMiahcbd in this bul1ihtin nor tllo~tb which have bern publiehed by othtbr?i nbwmble that gj.c 1.t) iy thv 
above equt~tion (4) U~~sdld  1\.11d others havth somrtimt~s intc.rprtak&d thrir nhrnltq by taking the witltl~v of J i l r a q  
at a certain virluch of r .  T h i ~  correq~onds to selecting a point on the a t b t u t r l  caontour w h t w  it id cbut Ig* t & i ~  t I i c h r , .  

reticti1 con lou~~  givrll by (3). ? ;1~ tu~l ly ,  tllih r t ~ ~ l l t s  obtair~tbd will depnd on t h ~  v ~ . l ~  of r fi4rctt1.d. 

Allso, tL1 i~ltrnrlity nt t hb cchntri. of absorption lintb pr~dict~ql by (quat ion (3) iq npt vtbrifftd in t h t h  at.&] 
meauurc~ of ul~sorption 1inc.s in  the YUII 1~11t l  ntar~. .\rcwtIing t o  tbquatio~i (1 )  thtb vcattcarinp r a b f f i c i c a r l t  at the, 

centre of thcb li~lv, wlrcbrr ( A  -A,) is ztbr.ro, ix  infi~litply largta ant1 t hrrthrp the xlrnnrj~t ion r lf photraphcfip niciifi. 
tion ~hould b4. (bomph9~, making thib ccntrrtl inten~ity zero. ,\ctu&lly it id found that thc nbntral intcr~,it 

in E'raur$oftbr 1inc.s :Irr c.o~~~iclcbrabltb, h i n g  of tire ortkr of at lraqt 10'pr ceat tbvc.n for ntnw liiw. It .circruld 
bcb mentioned, h(;w(bv(~, t.11 at ~i l iub  the work publixhtrl in this bul1t.t in wau compl14tui, Thnt4c.lrty.i u.rirly a 
monoclrmnattor in frr~nt of the  lit t o  & u c ~  wattlhring in thv spertrqraph has fount1 murh amJIrr tuarltmi 

iat~nuitit:~ purtic.ulllrl y for the rcso1ianre lirie of nt~utral tslrium, 423; if t h r n  nawl t 4  uf Thackrarzty Iirt* 

rorrdct, t h p j  rtbmain difficult, to clq-Jain. Somtl attemptn hare h w n  r n ~ t h b  K(nb11tb)- a and Striirn~rl a 2 
1 

to interprttt tllr alpprtbcit\\,k i,ltrnsititbx f ' o ~ n l  nt thr ctbntrtb of Frautlhoftar linchs w flt~fln*~~bnt~ tkffk.tfi in 1 I i i h  

lnrtnner s~ l3g~bst~~l  1 , ~  Kolssc~lnnd. Whrtfhtbr t l l t l ~ p  inttlrpnbtath~q are wtbii \)awl tlr not. it irr tiificmdt to mub rilj 
the wlciunl linci 422ti Hll~lllld h ~ y p  tjlcl l ~ ~ p ~ t  cac~ntral intpmitIy & ~ O U I L ~  1 ) ~  Thackpray.  at^^^^ ma!. I*' tiam 
proceq!rst18 in xtellar atld fi tmo~phpr~s rausp approciablo intpn~1tir.q in othrbr 1 1 ~ 4 ,  it i4 nift ~ * @ ~ y  tcr .ctub 

why A 42" line ,uhuultl hr un c~xccption. 

neglected. It is slloan lntcbr in tics bulletin tlmt thr li11i.s in tht. Frs~inlmft~ rpt4rum whirh arta mwt trttriltl! 
mnditioned ~ o l ~ l y  I,y purfh acatttbring anb linrv in thr tprnhstrial ban& dur to a w t i o n  by IVY* in thl. varth'r 
atmo8pherp. Tllkr for in~tnncp t h p  H band dllr to molecular oxygm. If  any linn in thr Pnunhlhfi*t rpqlrul~l 
should have thrl ztbro (bmtm] intttnaitv prdicM by t hc nrat Wing th tuq ,  t h ~ y  l i lw ~ & * h  44 thr H 

b&d, tbr photomptrilt rcNll]ts for Riven in 8 latrr &ion of this bulletin* . \ n t i r ' i ~ t i ~  tL4 mllltl 

there givm, wrb lnav  tat^ that the rrlltral inkwit it* of t h~ linm eramind of thp mkr Pr wtat d 

the continuoar; yppctnlm, Thix (levitition from t h t b  ptpdidrd W m  ~ ' d ~ f '  is &hfrbk' 
Lhm. iq 

no pmibi]ity of (bxplHining it an due to bf(~rtirr p~pfimPllt&I wMI~~~uM 8vl4'h 88 i n t m l  artt*w 
the ~npfit~nrnrrmh 





b *irlrirrt ittit nnily, Eyui tdcnl  tridfh, nnd Sumkr of dm# nbn9 1 rm2 r,f pfrf~arph rr . 
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N'II'I'P l l u '  I'~'~I r j l h  ~ I I I '  \'ii)li't rilU i+! 1 ~ ~ 9  confwd by foreign Em thsr the fittuar, i t  i d  ils,,firl ti,  drrllllll, 

h' f'l'1lI d b \ ' ( ' j l t  ( ' i ~ ~ l ~ l l ~ t  I l l b  rlary (lifF0rctnt on the two nib, The  imp$^^^^^ of thr trwrtrilletjo,l r l f  ljl,. ilry,, t 4 ,  

t J l f b  t r 11 ; qliii ; l l lb j l t  width lllllv be juulgod from the raqlb given in thv bblp8 I\' tlr \*I  l, ~ , , ~ , ~ , , i ~  ,/,, 
11Jlll l  1)tioll ill  tllp  wing^ i~ ~ r n ~ i l ,  the extent of tho wiw my iw ~ w , p a t  that 1 ,  a , , , , , , , ,  

hk { l ~ i v i ~ J ( b ~ ~ l  \trl'idt 11 I W ' C O ~ ~ W  conqidera'&Me. Looking at &bh IV for the Ha line, th. t..r:lpt ~ , ~ l t o ~ ~ r s  ;Ifla ,,I 

"1) f~ I O O  ut1it.i from t h b  achntre of the line, which is q u i v s b t  2.2 A. ~t tlljs p i n t  tllcb irrtp,l.ity 1 1 ~ ~ .  
lilw 1 I IS risvtl tlo XI? pur ficLllt. of the intensity of the continu* sptmm. Tho exact contour oft  tCcb lint. 1 ~ )  , l l r t  l 
Illis ~ ~ i l i ~ l t ~  iq iulitnpc~rtnnt but it is important to fix the totd nida of the linc. It ww fou~td to fit! dt~dirifant ? l t  

rb~t~~arnlincb thin totid width of the line independently of the oontonr of the oentral portion of tflo liiicl. 'l't1t. 

mint c bilr of t l 1 c 1  cz111tral portion of the line ws9 debmind  from s l q e  d c  photometric n ~ d ,  i.e., with t l ~ ~  
lsmi~l 11 i c  I t 1  1,sphr on which the record ie o b t a i d  ~110vlng at ito mximnm speed relative to the epml uf the ~ j l i t t ~ ~ .  

.\* t l r ~  rarcdt contour in the wing0 is not impartant, tha,extmmewidth ofthewing0 w atimtad from mct~r(ln 

u~ L! lo wi tlh tll10 miniinurn speed of reoording so tbt 8 ~oniiiledde b@ of fie a p h m  on ~h of the 
1 i l l . h  cwc~ulrl h r r  included in the r e o ~ d .  EX& oontam w bhPa dnimd d y  for tho of thp 

l i l l  ~ t l l t i  npprovimnte contour8 used for the @ Wk ef & a r m i d  onm for dl for mwl 

I"] -ition on QO ~un's disc from OW photogrqh. NO q w  qnivabnt a n  lx4 
illtrr,tlllrdod in this procedure. Revding agsin IV fah H d W  &6qeqniml@ntddad&n2*30 
frolu t \lo centre of tho line ie 1 56 A bnf the egnfvht  byand @t amounts to O* @8 A* In  thp 

willg.: of tho  line it i u  no$ the e x ~ t  ehape of the ~ 8 n h  b i-6 rather the W exbnt tLb 

\yill!,r I,pfm thr ferble absorption o f f h k h e  

ttthlcs we adopt tho method of UW1d, Let ue lock W tt the mmlb for hydropa Tbcf d u r n  
f i r ~ t  3 Balmor linee were c ~ l a u l ~ ~  by Uneiild &g, 7.59 fm Ha, 0.881 for Hp ad 0* 191 h Mr. 
thr rosults for the higher membem of the 3dnW d e ~  d be negbt;ed in the end, it is not rurth while -1. 
r~l;\ting the f '  vtllues for H8, but it haa been tahan hdPg of the d r  oF0*1. 



u now t 111 n 1 ( thc vni latic f l~~lvalcnt wdth across the ~m 9 &qc iltholqgh we me takln 1 R 

form1 9 for (lfdll lnp; t h ~ .  nirmb r ot itoms in tho sun s rwerung r the rtu~lt* for t h  v m  ltlorl I 11 
( 1 ~ (  t i  llot r( ktll! mu( h d q ~ c ~ l d  on the parhaular fornula used but are rather d~ptndtnt  on the 5 IlmP 

tlon that tht ( { l u ~  d c  nt mdth of s, h 1s r m w w e  of fofa;l nnber  of ab~orb~ng atoms Th~rc  1 nlwh 
~1 o u ~ a l  t ( I t h c  rorrectness of tb m p h o n  th.n for mmpbo11 that ahorph~n bnfs are 

f lrrnpcl b~ PUI c sr tt t t rr 11- Whatever may be fhs COI&~OI~S m the 8 Jayer camng the Fraun 
Imft r l~nc t IN 1)row.l~nt d beyond then t~0-w -a1 m a  & hef efi& of then vanahon in mdth 
~ c r ~ ~ g  tllc surl ( 1 1  c muet be t h e v a i n e t a o n m t b e m b e r d ~ ~ ~ ~  ~ f e v m r o l e w o g ~ v e  to other 
~~~~e~ of brozdc iutq iu the sun s revmmg layla bada, d p.re sm* ~ role wJ1 be played to a 
\lmihr mtcnt at all pzrts of the eun e d m  &xm&q gy &- &om thw  othcr C&US of 
$~adnuna as 3 re6ult of the fa& that nsar ths lab d t& Q formed at s higher effehve level 
tlizn ~ . t  tho centre of the im s dxqc but in 8 ht ol* pohh re aJ1 neglect these effect4 For 
tht 1 ~ 0 ' 1 ~  tl$cr~fort WB md!rn&e no other cll*OlpQ.n(FQ%hfmm of sbsorphon llnee than that 
tht c 1 n i ~  nlc n t  M ltlth mt asurea the n u m k  ot Jar O u  r hw d scattennq mert lv for r on 
inic urc not I ~t 1111 afft rting the nature of t h ~  mdb 

( oln, inti t o  t l~c  ra c of t h  H bond f mygenhmmbg-anmtbe  earths atm, ph re we 

9 In t llrt allcn tho ptth througl~ the atm I 11c re u, lnt11Md to thc I Prhd tbs &&lm mdth d the llms m 
1 lud thc inknqty 3t the ct ntm of t blu bmta a r thc 1 1 ~  bepomr kmbr and Rtrongr in 
t l l  .r t of the sun r re\ ersing layer tbe 111 111lat n of the path f t h I 11 t o  thc vtdaal  becomes greakr 

q p p ~ ~ ' a c h  tho sunskmb m d w e q h t  lraw tul 1td.n eff ( t  i ln~lir tc tfr t w  of theB band hdltnot  
b c ~ n  n tll  k n o ~ n  that tho o h d  e&et 19 in the ( I , wtr ( l ~ n  tion It 1 r 1 t k  been kmwn that the 
sun hml, the 11 i~ulhoftr 11- bmme d e r  that thor ainr n the rc r l t r ~ n  hc me d e r  md the mnM 
abeorption l~eromc m qkpr at once &m that t h  mt thnd of fc rm ~~~ of the ~ u n h d e r  kmg m the 
sun s rcvcming layer is dlrslrmlw to that of tb t+rrestnd o l \ g m  ~~~ 4 WIN durr that 
the essc ntlal &ffirtnco in the two casm 1 in the & f i ~ m e  the ~~0~ of* betgmcud In 
the CR ( of the scttmp, Bun the IackpUILd of 0 0 p t m ~ ~  ~ p b d r a m  19 fh *n th u orerhea& 
This (Iota not applv In th t zue of i l a o h d  d M c d I  fmm @ d m  tW ah 6 mvcrslng 
lavrr In tlus ra ( tll nut1 of the t m k p u d  if c *m HI r t b  *t hmb of the sun a 

h.;c than at the ocntrt tilt p h m e ~  1 the b * ~  lmb uf 

phc no ncnon h a  b n  x p l m d  mth UIUWHSI a~ptancq  a dw to llAmrl the run $-rmq 

la\ cr to t l l p  k m v t u r p  *dent  UI th4 BW the l ~ h -  d * W 8  *ntinwug q m m  

rrc asps toaarda the hmb of thp. sun tho i n k ~ ~ h l t ~  t l  tht ~ ~ l l t m ~ l u  -W dueehon 

o ~ ~ r v c r  ilctomt8 wcakm by pencrsl aht~rptlcjn tlpnund d* dhh't L ~ t '  p d  
absorptlonir lughor at thr limb than at tht iintr ( f th c h  * ~ * @ - d t b * f C B l ~ n r e ~ m *  

I* thc bun thc tm~sslonfrom hlghrt k b c l  m r * r t k ~ ~ t ~ t ~ ~  I- - q o f  
the sun hml, 1.1 the kt& cv~denm wt ha\ c d a f d b  *c m ~ m m  prdbd rrtL mt tb *M 

Wo mrv t laboratc t b ~  pint furtht r twhnl, at t hc NBT~ 8 duc ra tbt b@# d t)r ~ ~ W W  

1~ ok through thp Run stmcwpht n t l  wn tn n dt pth dhtr nt to t)c w m  to bas ud Ur 

t l ~ u  nr q~c c trnm 19 of qn intcmlt) c cm ptnld~n~, to thc tc m l ~ h m  d tb 8- W h  * m 1 t 

t h  llrnt, romplctc opocitt ~ ~ n ~ ~ h l ( t & t  L I I$ t~ h ~ l  f & L . t t ) V ~ l f n  ~ ~ L O ~ ~ ~ Q O ~  61nt 
( f tll Io~bc r path to thp g~t l r t t r  ln illlaticnl c f t h  lath tn thr b i d ,  ?f *@ t b  . t m w e  dml l 

, hllc a st l i  ( 1  c trb~l rptlon in addrtlt n to ihc gc n 1 
iuuld -*I t tht *hrwq ttlm 

9 ? c t f ntc jr ln  OW thr clt pth i 4 t mplt f~ O ~ W ~ I  hi a -mb tbdcm th b 
srr fit f 4 11 r l l  1~ thr  f l k ) ~  ~11t1011 1111 l \ t  to 1 4 ylkq tk* *a (w *t ibt lrrnh 

r t /to (11 i on tht  , hand #IN u t r rut hu Of tht mpfi to tb@ e r c d  m b l l  wp 'tr 

t. r i m  1 ~ ~ 1 )  t f  t i l c  wcln lrrtr r f t l ,  fl 4 ttt ~ ~ k r  ~f 
vmmd ttr mr 
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