


Irne~b, nk& an, ao kz the beat available on the wbject, the meen dieplaoement of K, relative to & at  the oenbe 
of the diak is 0 04 A' t o d  the red, which oomp4dt3 to e relative veloaity of descent of approximately 3 km.1 
mo. for the bebeorb- *pour. IA faat, B*, John dednoee fiom his meammments e mean h d i ~  m o t h  of 1 a 14 
km/em. for the & vqu~ur and a mesn o s d i t a g  motion of 1 *97 kmlmc. for the K, wpour ova the g e n d  anrfwa 
of the sun. kr spite of the grmt importance of thew observations and their bearing on the oonaeption of turbulaos 
in the solor stmoephm no further r n ~ e n ~  of the &id movements of the K, and & lsyera appai to hovo 
been reparted in later literature. Nnmmue ~peotrogrm in the H end K region have reoently bean talc611 at the 
lXoddmd Observatory in cmneotion with the inmtigation of another problem ; as a number of these speotrogram e 
am quite mitable for the ~neammment of deal movement8 we h v e  thought it desirable to examine them from 
this int of view ae wall. Incidentally, we have ut-d t h w  pletes ~ B O  for a study of the widths of the HS, 
&, and & liaae over difkent pute of the undisturbed diag and over halee. The plates m180ted for defmitive 
meammments sw those eeuured in blue sky d under oonditiona of best possible dehitiop ; the results of the measuzle- 
menfs a ~ e  giveu in the prmmt paper. 

The s p e ~ ~  were obtained with a prim p o t m p p h  of the Litkow d&gn oonstruoted some years ago 
bx tba &st paned of the pmemt writer6 for obtaining maximum phofographio resolution aombined with high=&- 

in the, m@mlof ape- under oonsideration. The dispersive syetem onnsiste of thwe equilaterd gleee 
~ b n d  ~l'halfipdm said the Cohtar-Uamera lens haa a food length of approximately 14 feet, 80 fhat a seven- 
griam'd&p&h!~ m h b ~ ~ t h g  to 0-46 A0/mm. on the 8veqe is o b h d  in the H end K region with exoeUent deflaitim 
did sh'o'rf &phi& timee. The spdotrograph is rmmhbly  h e  h m  dzay light d the speotm obtained with ib 
ahow no aigne of astigmatism. 

+ha - waa fed by meam of a 12iPah P o n w ~ l t  Bidemfat through an Sinah t h a l  teleeoope objeative 
o i . ~ u t - l ~ a n d a n a r i ~ g ~ m t h s t t b e ~ e ~ r d t h e 1 3 o l e r ~ o n d b e s E t  tiewasap 

rimeteQ 4+ in&ea. The speotra ware taken a t  nine dehite points of the undietimbed di&, - e l y e  W, N 
~p ip fe ,  poipts w ~ y  btween them and the mtm (which, for brevily, we Wa oall  iE, W, +N awl #) ea Wen 
aa the 089- iM Facnlar speotra ware taka a t  E, aE, mfre, +W end W and the fa& osen were thoee whinh 

Waby h - t l i e  -mhaaof spofs. On some of the ofn,p&~~~ taken ova. the aente md the limbs iron ma oom- 
p-3- o$o impredmd for d o n l a f Q  the r1~01ute durn ofthe mvehgtbe of K, and &. 

Y-w oj asp- a d  Qia& of' th% 0~~ d e m ~ s i m  corn-ntd 

rnemrttunmrtr of wavelengtba have ben mrds normally with e Hilgea wavelength compar8tor. For the 
memwenta of'the displiwernenta of the oomponenta h m  oentre~ to limb plah wi th  iron mo oornpdmn speutra 
bars been assll: Pcn thb Ha and K, lines the crowhair has dmya been oed on the minimum of intensity m ac 
timeted 5y tb Alfl6mgh them linerr am f&ly npmm they am d m o u g h  to make the phyaio10gid efLso t 
of OQI)~W ( g ) . t & n ~ m t  ;'ad it ik believed that tlie, wavebngtb~ themeasured mpmw~t the mal.rniajms. of the b e e  
The wwelemgtbs of the m t m s  of the e d o n  lines H, end K, ham becm oomputed by making messmem o m  both 
the outer of em& line d taking the average ; thia pmoedure naturally impliea the aammptiam. t h b  the & 
tdbnlhd d'mtenmity in the ,bright lines ie spmeioa l  abut  their 08ptres. 

(I) A. Phy. Z a p  20, P. 1, 1948. 



h e  wavelength obt~ined in a o o o ~ o e  with the above paedum hem been oomoted for m b i a  mob and 
d i d  rotatiion of the earth using the nenal formule 

V = 0.- &IT T 008 a s O ,  where T =how angle of-, 8 = ddbatson and 9 =latitude d plam of 
observation. The wav8Iengtb *for the limb epeotre have been h t h m  oomted for ths mhtion of the son. In 
order to eliminate uncertaintie8 anbing &om tho vmiation of the rotational velooity albh h ~ g h t  latihde the 
means of the wevelengths of the mqwtive aomponente a t  pointa 1 mm. from the east and nest points of the h b  
haw been taken, so that the influenoe of s o h  rotation on the limb .rsvelen@h~ is &atiivelp W M .  The 
d u e s  of limb wavalesgths thus obtained and of the oenbre wa-he for the abmpion and e-on oam onents 
of H and K me oolleoted in Table I. It ie to be noted that abe edges of the emission oompo~8~,te of the dand K 
lines are often diffum sad irregulaz end therefom individual measumments on them m y  be mbjeot to d d m -  
able unwrbhties. The value8 of wavelength8 given in the table are, howam, meene of s e d  meaez~wmente d e  
at  difFbrent points of the d oen t h d m  be regarded as repore88z~tetive of aonditiom and h from 
8~10rs arhbg out of bod peouliaritiea 

Elhoe t~he reletivity e&at should be the same at the wntm and at the limb, the diffmae between the mtre 
and the limb wt~mlengths as given io. Table I oan be attributed to vertiod movwnnt, which is at p a e a t  the only 
known mu88 of the mntre-to-limb diqlaoemnte of B O ~  lines. vertiotil velooities doulated on thie baeis 
fiom the mve l e n g b  in Table I an, elso kroorporated in the seme table. The + sign befom the v b  for velooity 
denok redial motion towards the sun or ddwdndCng movement, while the -- a i p  repmats d i n g  motion. The 
valooitiea havG beon oomputed on the aeaumption h t  the " limb " speotra aomqmnd to longitude 809 

ds is well known, the measurement of the w i d h  of speotrum hes  p m t s  great Mdt i e s .  Theld%i~tiefi 
are pmtioulorly great when the widths t o  be mewmd are those of r e d  superposed u p  broad absorption and 
emhion lines as in the hs of the H and K UMe. The visual messoremat of the edgw of the H,, K,, Ha and &, 
lines is Imply inflwnoed by the effeot of oontratt and ia therefore greatly dependent upon the den* distribution 
in the mgiob of the negative d. It is prob0ble that meammments of widthe of b a s  made on negaiiiv88 d widely 
varying deneitiee would differ very oonaidembly. B thedm appeam very deeireble that the width r n w u m p ~ t a  
should be made by as objeotive method. Our meammmenta havb been made both by the vjrmel method m h g  a 
wamlm@h oompar&t;or and by an objective method tbe h o h & e  made by a wocn!ding photoeleotrio miomphoto- 
meter of the Clambridge type. The mewuree aa obtdned by both methode are given eeperately in Table IT. ' The 
epeotrum pbtes utiliaed in these mearsurementa do not ha to W m  greatly in Wty h m  eaoh other with the 
result that the widths obtained*by the vieual method from &?= e different pletes are oonoordant, asd so aleo me the valnee 
obtained by the miorophotometer. method. But the mean d u e s  given by the mim'otomekc method are ooneie- 
tmtly higher than those given by the visual method. The vdwr of width &oted #I Table 11 am the meass of 
mveral measures made on s number of plates and oan therefore be regerdsd as repemnfative offhirly amage oondi- 
tions. 

Raajtsond- 
A a o m p h n  d the radial velooities in Table I with tihoee obtained by St. John ahow t&t our value for the 

velooity of de smt  of the Ka layer ie digbtly higher than that me@ by a, John ; but our mwtmmemts ahow 
nothing like the high vdooity of 'asmt of the order of 2 kmldo. of the E, bym f w d  by Bt. John, elthough they 
indimto tur u p w d  mov8mmt of  about 0-3 km/ma. on the averrage. On St. John's -plates the ,meem difhemoe in 
asve le~tba  botween & and & at the cenh  of the diek is of the odm d 0-04'& wbDe gn our f i b s  the dif- 
ftm~08 fs only 0*02OA. This disao~epanoy we haw f&hm w*ed by msldng meeearemente oh mi-otome& 
tminga of W6U-e oaed speotmgrm semued an& e x d e n t  o k d n  aonditions on two nOp ; them measare- 
mmts an, oleo fn%ded in Table I. It m y  be noted that the Boale uf our apeotrs ia 00neWbly lar-t leest 
doubl-than that of the mgrw mawwed by 8t. John ; and it dam not seem poadble to awbute the dis- 
mpaaoy to m y  unmtaty in our rneeeuremmts, whioh extend o m  s number d apedm photo aphed on cliffemt 

in 1911 (8t. John's obmmtione were made abonf 1910) and still availobk~ at 
tx!m oocasiow. It is however 6 mentioning that we have sleo m o d  sfew ofthe s eotn,grams byMr. llhmhed & Okvatory ; these do 

a h w  a M e m m  of the oder of 0-04 A0 just as found by St. Job. The obaermtim on whioh the preeent pper 
is b d  mede during 1047-48. 

kr emmination of the widths of the E&, &, and & M g i m  in Tebb-11 &om that there is 8 mmked 
inrneaaeineachesashmthemtiretothblimb.* % n t , f m a ~ p o s i t d a n o n t h 8 ~ b e i t o e a t r e o r l i m b , t h m  

W -=ti0 ahsnge in ddth of any g i m  lins i r v o t i i v e  of wbther the EIWJ L phofoepraphed o m  fwala or the 
undisturbed photosphere. The widthe of 8[1 aind & ars ay~t01~1&- lessl than those of K, md & repa t idy  
for a given position on the dkk, The relative wid* of th6 &p end fhe absorption oornponehb of both H and 
B am mumbly cmstmt crver $he whole diel, imaput iv~  of the prempoe of f h l m  ; in othm w d  

K g / E , = ~  = oonstast. 
K#.p&,=qE, = oonstestnti 

* T h e ~ ~ ~ t a k p s 6 ~ b o n ) f  mm.skelimb n h l o h f m & & d & o i ~ o d d ~ a t 8 p ~ t ~ 8 0 0  
Brom the 08ntre OftheJ d* 





St. John (loo. ~ t - )  has a h  measured the widthtr of H, end Ka st the centre of the diek and the limb and of H. 
and K, a t  the limb. For oompwrison we have hcilnded his mean values in Table IL. It iie seen that St. John'e 
values for the widths of Ha end Kg, both for the wntre of the dir9 and the limb, are oonsidembly 10- than our 
oorreaponding v i a d  measures, whih hia widthe for the H, and gj l i w  at the limb are muoh higher tihm the width 
meamred by IU by the Hams method. These diempnoies are paobebly due to  the fect thet St. John's plsteg wem 
muoh dewem than ours, &a he seem to have f o d  it neceemwy to mart to " mmfu l  timing of exposures Pnd s t f o ~  
dovelopmeat " for m&hg the E, and I& lines mesaureble. This appears elao to be quite mtural in view of the 
faot thet hie plates were tbken with a grating apeotrograph, whioh would give a g ~ a t  dm1 less oontreety ~peotmgrerns 
in thin region of the speotr~un than a prism apmtrogmph. Moreover, our prism a p e o h  had more than double the 
dispersion of St. John's grnting speotre. Our miorophotometrio maaeures of the widtha of H, arrd IG, st the limb ore 
huwover higher than tho80 obtained by St. John ; it is likely t lu t  mirnophotometrio measures are more dependable 
t b n  visnsl meaauros in owe like the pmaent. It ia worth noting thet in 0pite of the merked divergenoe between 
St. John's abbsolute rnwu1:ee of tho wid* of the lines ours the relative width K, JH, sad Ka/H, me praotioslly 
tho a w e  in both series of me~9urw, although from our meaenromenta we find &/Ha more nemly eqnal to K,/H,. 

The reaulte of the preseut work show tihat the high-level oeloium vapour (E,-B;, layer) haa a desoeadiug r n o t b ~  
of &boat 2.6 kmlmc., while the l o r n  Ha-E, layer hw a slight upwmd velocity probebly of the order of 0.3 
ktnlsec. This &@WH very oloaely with Jewoll's mmwurement of the rcldid velooities of the Ea and E, lagere iu 
lfl00, bnk rlnring the ir~hrvening ywe the only m e ~ m m e d t s  uv~~ilable, nemoly thorn of Ahme in 1906 aud of St. 
.Jolu~ iu 1M LO, gave tliverydnt ro.+ult#. From thbim moszre dat+ it iu impo~sihle tn my whether the obaervetl va~in- 
tiow in rwU11l velocities have any correlation with the aycslo of ~alclr mtivity ; but the faot that these v~r i~ , t ioaa  do 
ocmr ig lciguifio~nt. J~wtdl  interpreted  hi^ re~u1t;Ec ~ 1 9  an intlimtion that the H8 and I&, Lines were produoad by 
meteuric mt~tter falling iuto the soln atmoephem md thbt the emhion aomponente Ea end Ka were oa~~sed by the 
rke of tompor~tum dm tfi tho i r n ~ ~ w t  betweon tho dowlbrwlling ~njteorio m ~ t t e r  and tho 11l)-raqhiu5 ohromo~pherio 
nut~ricll. Aoomdkq to un ost;inautcg by H. N. R~wedl(@), howevor, the totd quautity of mrjteorio m ~ t t e r  f,slling illto 
the clnn i ~ ,  tb t   noa at, 60 t o ~ w  por woond lrnd " the whoh kirs~tio euorgy whioh thk uaa carry in ccmouuts to  2 e1wby3/ 
cma Hen. tw ag~binrt 6 - 2  X 1 org~/om~ aeo. of pl~oto..rphurio r,%~\it~ti~m ". J ~ m l l ' a  hypothesis does not therefore 
seoln tn he i?fip&bb of ~)rodnoi~g G1io riw of tempnr.bturn atlvi~n,gm€ by him. On the other hand, Dedandres(7) nlrettdy 
in hii~ o~il'li~ut m r k  I~td l~ttributwl tlra brightnw~ of Kp tO plheaomrtw of ' eleatriatrl lumineaoence '. St. .John, 
who l i b  Jumll rugmhd t l ~ u  u~nbsioa of I& ~ u i  HI probably duo to t l ~  higher temperature of tho conuclr~md 
Layer, ~i11ggo8bd kh~ht i ,  tho pit30 nf ttlmj~ertbture WIW nnn~ed by tho ooliv~rsion into heat of the meohaniclbl energy 
lodt by the up-goit% find down-rueliing mwuos of mloium vapow throi~gh oolliaion a d  internth1 friotion Howevm, 
in tho proms imsyilwd by him tlle rim of tompmature should be sxpaabrl tr, be most in the hyer where the I U ~ ~ X L .  
mum conv~wion of mnt9hu;niml emgy into thurm~d elulrgy would h k e  plsee ltld this ~liould t~lso be the layer where. 
tlie vurbiorbl movonlunt woald ha the lewt. But St.  john'^ ow4 oheorvntione ehow a high rrpwurd velooity in the 
&-HI bgar. On tho other hblujl ,  our u b d r v a t i o ~  ~w well aa the mrly obmrvtltiorlrc by Jowoll, whioh #how littlo 
or vorticd vvalor3ity in tlin &-& hyor, &re oomhtBnt with the i r b  of ~nm'hfini~tbl e~mrgy boing oonverted i i lh 
therrnd onorgy HIUI nbisiugr the t e m l ~ m s t n ~  of the &Hs Itayer, But' tho faot thst  the K,-& layer has e higher 
rdirativa pomr rogt~rd1ww of wlmth~r t1~3 v e r t i d  velooity in the layor is high or prc~oliid1.p nil mguos sgeimt 8t. 
John's thwry id Uglrer bln~lerature being w~pomiblo for the highor r d i t i v e  power of the Ka-HH, l w r .  W e  
sho~~ltl tl~oli b v e  to fall b ~ o k  on Dr#lbnti;rer;r' idolt of i~lootrioal lumi~wsooaw or on wme other meohpnirrtn for ex. 

lniniw tl~u smilwiun of t h o  I(;I 1bnr1 I& anerr. Thm is e vory ettranrtive ~uggwtion by Woolle~y(~) bawd ou Rosae- 
&ud,'tj tl1oor-y of oyolid trawitiona in e field of tzilute tempratoctr rwliiation aooording to whioh the emiRHi011 of 
Ka ~ n d  H, m ~ y  l ~ o  u o w  of flur~rwmaoe. Although firom ab~erwtin~nel m~tmieh so far avdhble i t  is not posrrilde 
to wrive fit IL ~ L B O ~ H ~ V U  (~o~wlwion in fevour of fluowwiim or olocutrid lumiz~fi,ewnoe as the oau8e of the emiesion 
of tlre K, ~ u l .  Ha HWH, fluor~~~wnm through Roa~elfinfl tiransftiom i~ onpable of exphining suoh e variety of nolar 
~ t a b r  phe~wmom that it appw8 to be the most likely oawe of the triple ~trtruuture of the H and K lines end indeed 
of Pra~luhofm Zino~ in ~ f a ~ l o r ~ l .  

A. K. DA9, 
N. RAJESWARA RAO. 

ln thb owtio~i, it may be mentioned thak our mfcmphotometer r m &  show e faint abamptio~ lino a t  about 
3093mgU) doh  does wti seem to h.ve been observed by aqy of the pviom workem. h t h i ~  line hlls on the red 
wing of & nsar ita edge, it might hsve dwted the n m a s u m t s  of th p r d o u a  workem. 

(3 Ap. J., 69, P. 49, 108C). 
(7 0. R., l l7 ,  P. 716, 1888. (1) mv.ue., or. P. 681, lor*. 
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