
BULLETIN No. LXXXIX. 

"JRJT~ ROTATION 01v BYDIiOQEN ABHOBPTION MARKINGS AND THEIR 
BEIGEIT A730VX THE BURPACE OF THE SUN 

A6eif*orlt --Tho I e~ull,n in tlllh PRpOl' : L ~ Q  bn~ed  011 X0diUk~11111 Ha spectiohellogiams durlng the years 1926-1929 

Tho ~ p ~ e d  o i 1 d % t l  ou 0 l' I I Y ~ F O ~ G ~ ~  :L~*OX pi1011 nldl kingq ha4 be011 d e t ~ ~ ~ l l l l ~ d  by measurements near the centl 
for succcsslve io t~ t lona  of t l ~ ~  s.lrno illtit kulg New the  Q ( ~ L I ~ ~ Q I  ih0 h l d ~ r l d  1 ~ t d t 1 0 ~  18 14' 55 pel day, that 18, newly the same 
as for spots, but tha polru rctnl(lddiol~, although ~vldont ,  IS IQBH than spots (flee fig 1 and table I) The polal retdlddtIon 
evldcnces ltsel f by pH)groruivo rrinl otlho t l ~ o    lop of. 811 hb~olptl011 ~riarklrlg to the centla1 merldlan at each quccessrve 
lotiltlon (sea figs 2 .,cncI 3 cl C p1:ate). 

Tho heighta of hydrogon ~bqarpllou rn:llb1~lngs hnvo boo11 deduced flom tho irme requued foi a maik~ug to pass from the 
ofigtoln hnlb of  Ll~o sun to ilia ctmtrtll moi lt11nn or irom i t l ~  contrd ma1 dl cn to the western limb This time has heen termed 
tho quadla~lit~l t,~mo a f tho i~lntku~g 8mnc:o im i ~ b ~ o l p l ~ n  inmkrna usually cub the limb of the aun at  qulh definite latltuaes, 
the quadlnat;tl ilirne~ id t l l o ~ ~  lt~t,~tu(las c:nu bo tlotorm~ooil wrth oxnctneas If the height of an sb.colpt~on mark~ng above &he 
sun's sudsoe wara roi o, ICn quad1 nntal llma would he that ~ Q ( ~ U L I  ed f 01 a (1uater rotation (synodic) o f  the sun, but the qnaa- 

tlmcs illo t~ctut~'1Iy E O U I I ~  t o  110 1 ~ ~ 8  tht~n Zlha libtior R 10811lt of t11e height of the abgolptlon markings above the 
of the sun For tlm odgo of tllu nbaorpt~on rnnxhngs notbrer tho limb the average quadl antal tlme is 5 55 dngs, and far the 
edge farther from the Ilmb Sb(iCi clnya, compnr ecl w~t l l  6'82 days fol w qut~lteir rotntion (synodic) of markings The deduced 
heights of the two odga~ crru $3" 1, tkntl218"*6) r o ~ r ) o ~ l i v ~ l y ,  the werage height of the plominences (Ca) at  the lunb bemg 46". 
Consaquently 11 followrr thtlt Il~o l o v n ~ t  pni+t~ ol pr ornrnunaos do not show on the dlso by absorption The lowe~t  parts of 
promlnellctle aro bellovod ho ahow ozi tllo dlwc only by ornlsslon, bemg reprosenbed by the blight margms at the edges of 
absolption marlcnigs ntrd tho aonJGro O C  I~nghC n1:l.igm~ tLpponra to hnvo a ha~ght of about 12", deduced from the quadrantal time 
of 0 1 daya As tho wo14ngcl 1~algllta oP plomlvsnatls tLt the Iimk ~iioludes the finest d e t d  of prommenoes it 1s not slwpnmng 
tbut tllese belglxt~ axo greafm t].zn~r tlla Xi~~gl l t~  found fur the absolgtzon marhugs 

level of Ha sp~cirrnhalrogrunr~ 1~ found io Lo S1'*fJ, 01 4,590 hs d ~ o v e  the photosphere Tha 18 fhe level of the 
chromosphar~, dl tiha hsrglxts obt;iunotl 111 this papar 81 o consequently t o  be ~ ~ m ? e r ~ t ~ o a  as heights above +he chlomosphere 

The rotation of calotdlq. ab~r~ibl)Lion mai~ltillys (filaments) has been s t ~ ~ d i e d  by L d' Azambu~a' who 
mnterprctctl tho appnront H C C ~ ~ G ~ ~ L I ~ I L  OF rot~tlon 11tw the limb of the sun a4 an effect o f  the height of 
inarlcnlgti al~ovti t lx~  nurl'aoo of t h o  gun, ant1 ho eet~matod tl~elr h~lglghtg accordingly There can be l~tt le donbt 

that 111s ~ntorgrcikktion 1~ CO~*J IOC~ .  

A study of  th is  cllcct 11~s now bc3on rl~atlc rn~lring use oL tllo Kodaikan~l  spectroheliograms for the fonr  
year8 1926--lfi?!), talrr~l with t h o  Hm line The i not hod of l n e i l ~ u r ~ m e n t  from whloh the hhelghts of the 

absorption maxklngs tlrr doilucpd di Prrs horn  that of d' Asambula ~v110 lnec~sured the parylng longltades* of 
rn,u;kmgs as thuy crosgo(ltlm EILIII'R d ~ s c  I find that; louyituclcs mar the limb of the sun cannot be measured 
accurately auce a srnidl srror m i~, l~osil~on near  the llmb lrads t o  a con~lderable error 1n the deduced 
longitude. Uu l  ~t is helve, war the B I I ~ ' B  limb, whero the apparent acceleration of rotation 1s greatest and 
where it is most doslrilblc t o  know t l ~ c  loag~tndes and lust here where the longitudes are s n b ~ e c t  t o  the 
largest errors. Moreo-vcr with. AIIC~I measures i t 1s not simple t o  CO-ordinate the r@flulta of d~fferent mmklngs 
since they cannot be rneaaurod all at the eame selected longitude, but have to  be taken where they ape found 
on phnt~gra~phs tn;kcn genwally alti clmly intarvale 
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An exsrmnation of figg 4-8 of the plate accompanying this bulletin will show that hydrogen absorpw 
msrlungs at the limb ant the lstter at qruh definite latitudes I t  i s  a slmple matter to measwe tbU) 
lahtudes mth sufficient ~couracy The bme when these ldtatude~ reach the central merid~an of the sen 
oan be aocumtely dednoed from photographs taken when the absorphon maiking is near the cenM 
mendan ance the errors of lonstude are then small The method used in this paper hae oonsequenw 
beem to meamre the time Interval required for an absorpbon marlnng to tlavel from the east lmb of tPu 
gun to  the central meridian and from the central merihan to the west hmb It is convenient to hwe a 
for these tune intervals and they mll be referred to as quadrantal bmee rnnce they are the times reg&& 
t o  trsveae a quadrant of the sun The qwdmntal htimes tor d~f£orent mark~ngg in the same lahnde @## 
am be immebtely compared There are naturally aome iheadvantages m the method in that it does $kt# 

~ v e  m many chanoea of meaenrement as ere available on the &so new the limb but it possesses a very 
advantage that the necessary mmures can be made very rapidly and suffic~ent accuracy oan be ~b 
mth oompmahvme The mine of the method adopted in ths paper he8 in the fact that &bsorpidEp. 
ma;rlangg are g e n e d y  mchned to a mendm of the sun BO that photographs taken at mtf#%b 
mll generslly catch a marhng cutting the limb at one place or another dong the length of the iqspm 

u a ~ U y  the absorpho~ mulung cutB the limb (or o t h e m e  expressed the limb cats the marhng) in 
places on two or more WCCeBfilve dayg The only difficulty is with the few marlsnga w h ~ h  lie @ 
mendun of bhe sun such marlang~ neax the hmb on one clay wdl be completely p u t  it on the next b& 
the number of mmhnga not caught m tiha way le  mall and theu neglect mll not appreciably ede~f 
mdi 

The quadrantal tames so obtalned wdl be ab index of the helghta of the absorption mafingel 
he&$ above the snn s sufaoe i s  zero the q-tal time WIU be equal to the hme required for a 
rotahon of the san The greatm the height of the marhng the leas m11 be the quadrantal l a n e  

E4.o Lml of Ha &txtrobltogram 
We have lutherto spoken of the haghts of absorpbon marhnge above the enrfaae of the sun 

epeoIfymg whwh surface ezaotly is meant In d e m m g  the heights we have only used the central 
of the em whoh i s  the m e  for all levels and the limb of the wn in Ha light The level of tdl 
to be aon~idered 10 therefgre the level of the b b  of the mn in Ha light The heaht of th~g 
photosphere oan be measured by compenng the diameter0 of the sun ln Ha lqht and in hghf 
adjamat oontmuone spectrumt The bmetera found are 60 03 mm for Ha image$ and 59 64 
the conhuow spectrum The deduoed heuht la 6 3 or 4 590 lrms above the photosphere that ~1 

~denhoal m t h  the top of the chromosphere which in calaium light hae an average t h o h e 8 8  of 5i0 
Uomequentky the d a c e  of the sun whch ha been ~onardaed ~rtJmt-psyer ngper 8nrfaoe 
chrom~sphpre and &he heights wh~ch arldedwd f or~a6sorptzon marlanga etc me heighk~ ab 
chromoaphe~ 

Mean Rotatzonal 8ped qf Ea AZlsqtzon Marhnge 
phe true speed of rokhon of absorptaon markrnge can be obtaned from meaauremente near 

mendxm where tbe belght u ao much forwhortened that its effect ie inapprecleble Day to day ru 
effect of errorfi of mearrurement would be a 

8 &i 9th AS$. phpl 81 J ~rnd 32 36 1910 
Pdbelb how0 c6nd tb i h h q r  i th Vdmgn hrornsbper t o b e f r m 9 . t  l(r Ob n o t r y  49 89 1 
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I t  1s best thtbrefore to cans~cle~ only absorptloxl n~nrlnligs which have exlst~cl through a complete rotation of the 
sun a ~ l d  to find the txmes requiicd for a complete rotation from the ceilt;ral meridian to cential meridian A11 
markings in the year8 1926--1929 which have C ~ O S S C ~  the central me~icl~an mole than once were measured 
Measurcs were made on the western (or preceding) edge of the absorption markings tor the sake of defin~te- 
ness but no clifference to the result would be ca~~secl by tnklng the centre 01 the eastern edge of markixigs. 
From photographs showing an absorption rnarkiilg mar tlie central meridian the times of actually crosslug the 
contra1 mrneri(l1~11 were deduced for intervals of 5" of latitude, assnmilig the approximate value of 13' per day 
for synodic rotiation to roclace the po~itioiis iloar the centiaal meridian to  the actual time of crossing lt Not 
many measnrcs &re possibl~ In the belt betwoell O" and 5' Owing to the pauclty of rnmkings of long durat~on , 
beyoild latitndc 40" ~rlost markings $1 (2 parallel to the equator and tile speed of rotati011 of such markings 
cannot be measured. with accuracy The msults do not; vary gieatly from marking to marking 111 the same 
ldtxtnties, nor from year to yoai They are given below in table I 
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fig 1 &om the curve of variahon of slderial rotatlon mth lahtude compni*~d wlttll the rotation of sun- 
spots, tag3ng for the latter the nnweighted meana of Carrington, Spoerer and Mt~ulundcr~ It will be Been 

h t  although the rotatton of absorption marhngs in low latitudes approximatolg figrc3cs with that of smapottr, 
higher lahtudes theu rotahon i g  more rapld The retardabon af rotfit~on i l k  liigllrr lat~tlltleg i~ llowever 

clearly marked. This 18 well llluatmted in figs 2 and 3 of the plate Fig 2 ~hnwfl n long strnyht al)fiorption 

m b g  atretchng from latatude 7" NN. to 35' N near the central mendian oil 1937, August 2 at Sh 5Im (3 M.T. 
The central mendian ul indicated by a vertical !line, and a line iuclined to it tit ail iizungl~ of 400 1s roughly 
p d a l  to the mark4lg. If the hlgher latitndee are rotating more alowly thnn lower latitudoa, they will 
gradaally lag behind anbcrmf le  the inclinat~on of the mrlnng to s mericlinn. Thn# is neatly shown in 
&, a in which la reproduced the same mark~ng as fig 2 after one completo rohtlon nf tho gun, Rgtiln near the 
centrd meridzan on 1927, Ang 1929 , the hps d r a m  at 55" to the central rnerirhttii I I I ~ ~ C R ~ P R  how niach the 
incli~lahon of the marlnng has increased since August 2 on account of the rotiirdstion of rotatlou ln higher 
lahtndes 

The above llotecl increase in the inelinahon of absorption marking0 with iiicraaYing ugo 1141~1~  uppo port to 
the idea put forward in a previous bnllehns that the greater inclin[ttlon in higher l~ititucl~s i~ cnnsod by the 
retardabon of rotahon there 

33t~ghts  qf Hydrogen, Alrao~tion Ma7-hng,u 

We are now ready to proceed mth the determination and use of the quadrantal times of abflorpti~~ 
markings, d e h d  above as the reqmed for a point on a marking to  pass Gom tlie ewt llmb to the 
central merldian or from the c e n h l  merihan to the west limb. 

~n exmple of the methad of worhng may be glven from figs 3 and 5 of tlle glutc. The e a ~ t m  edge 
of the filament in fig. 5 cub the & hmb at Mitude 16' N at the time of the r~hotomplr, uauaely 3" 26m* 
G.M.T. on Augmt 23rd. The asme m k b  is shown near the central mericlim m Ago 3 at 3 q m  Q.M.T. 00 
Anguat 29th , mmurement f l h o ~ s  that latl t~de 16" on the eaatern edge of the markmg waa 3' W. of. the 
mntd men&sn at this kme and therefore would have been actnally on the central mevldinn 5 hour8 and 80 

-tea before the photograph was taken. Oonsequeutly the 
~nterval between the llmb and the central mendl&n waa from 2ad ah 
26m to 28d 21h 30m, that is 18qQm,  or 5n 75 for the quadraubl time 
at latitude 16' N 

In fig. 9, PBQ rcpreeonts the enat hull, of the sun from the pol@ 
P t o  t h e  e q ~ t o r .  OP is the central maridian of tho sun and 00 the 
equator Let A be a point above the limb at height h above the surface 
of the m, whom raaua 1s a A rotates wlbh a known speed until it 
reaches the lunb of the sun at the point Ij ,  and liaa still to rotate 
through an angle wbch a denoted by y before renching the point 0 on 
the central meniban 

, The angle A la memured by the qnandrantal time m days rnnlbplied 
8 by the angle throwh whch A rotatee (syno&cally) in 1 day. Denote 

FIG. 9, the latatnde of B by 9 We require an eqaatlon connecting h and 
Rime @ md c& me amall oompreed with U U ~ Y  for the heights to be considered, the relabon 

Bale, h&gruoa l  Jonrnal, Nos W,213,1908 
' w, Kohikal~trl O k ~ t a r y  Bulteb, NQ 63,1920 
*h tBs rpsrl w* 41 b e a  am redwed to B~lcimals of R day reokonlng from a aonvement zero hour Bin00 most 

$$&W&@ M * betreen @ and 9 L&T ,8 was made the aero hour u b a g  more oonvenlent than mldn~ght. 





apectzohehograms will show that the quadranbl tunes of the two edges of an absorpkon marhng are only 
dightly different. This result is not to be supposed as poesibly due to an erroneous value of the speed of 
rotation of abeorption markxnm. No rwonable mohficatlon of the law of rotabon can make the height of 
the edge of an abaorpbon marking which is farther from the limb approach to zero. Hence there can be no 
doiibt t h t  a hydrogen absorption marking does not represent the whole of a prominence from base to summit, 
nor does it represent the lowar portions only, but on the contrary only repreeents, in the average, a reglon 
of the prominence hetween 28'*0 and 33It'5 in height. Where then is the lower part of the prommnence when 
the rotation hae carried the prommnence on ta the face of the sun ? An answer to thls qnestlon is suggested 
In a Iatt~r paragraph . 

The above result that a hydrogen absorpbon marking represents snch a narrow section of a prominence 
at the limb accounts for two observed facts If the lowe& part of an aborption m a r h g  were really at the 
zero level, we should expect the maamurn height of the attendant prominence when .this lower edge of the 
marking cub the limb, Ae a matter of fact; the greatest height of a promlnence i g  nearly always one day earlrer 
at the east limb and one day later at the west limb, than when the absorphon mwhng outs the limb. The 
second h o t  explained a the absence af any close relatlon betwean the shape of an absorption m h g  near 
the limb and the ghape of the prominence at the limb. The reason is clear since the absorption marking 
proves t o  correspond t o  only a small section of the promlnence 

It wlll be Been from table I1 that the quadrantal b m e ~  do not vary appreciably with latitude but tihat the 
dednced he~ghts are eomewht smaller in higher htltudes. The deduood heights depend on the two faohre, 
cossh and coaa#, the latter of whioh is cluefly responsible for the vanation of heights wrth latitude. A modi- 
ficahon of the law of robtmn, of absorphon markinge would however alter the varlatlan of he~ghts w ~ t h  
latitude as the angle A would be decked. 

Table 111 ehowa that the quadrantal times hrmrush ~ W l y  from 1926 to 1929, i.e., the deduoed height8 
we inoreuiw. Whether this i e  a real effect or i ~ !  in some way due to the selection of mrksngs for measure- 
mmt omnot now be d B .  

TABLM 111.-V~RIATION OF QUADBANTAI~ TIMW OF Ha ~ ~ O I ~ P T I O N  MARKINM AND THEIR 
COBBWPONDING HmaaTs IN HUUOEBC3rWI YllbRB 

If, ad the a b ~  rpodlng hae  how^, a hydrogen absorption marhng repreaenta only an upper part of a 
&&&e;oe s%&' at hmb, it pertinent to enquire whetbet the lower parts of s prormnenoa st the 
limb are seen at all when on the face of the sun. The only featnre atteahed to s hydrogen abrsorpti& 
im&h&$ b&d& kh43 nha~b;l&g ifad$ is the bright mugm on eaeh side of the &k ~bsorpt~on. It hBB been 
d'z)%+h@kaq ph~tically hydrogen darg markrng ia acrcompamed by bright m g i m  on eaoh side. Zt 

%%% &Mt markme approaches the mn's lunb, the bright msrgin on the slde farther from 

$odah~ le l  Obemabory BuIleCm, No 63 

Udge nettrar the h b  Edge farther from the llmb 
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6 392 
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30 0 
982 
36 2 
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24 7 
28 3 
31 9 
36 6 



the limb becomes relatively brlgllter, whllst the blight margxn on the limb slde disappears through being 
hidden f~orn  v ~ c w  by the higher dark marking The method adopted at that time to glve the helght of the 
dark absolption above the brlght margin could not be expected to  give more than the order of magnitude of 
this height, and the difference of height found was 10" It la now found possible to determine the helght of 
the bright m w l n  somewhat more precisely from their quadrantdl times, exactly as has been done for the dark 
absorptlon Notwithstanding the fact t l~a t  most dark markings ale aocompanled by bright rnalgms, yet not 
often do the margiias rnalre a clear cut on the l m b  of the sun Not many can therefore be measured and the 
mea8u~es are not so dofinite as for absorption rnarlnngs An example is shown m Gg 5 of t l ~ e  plate , it 1s 
hoped, tlut the reproiluctioi~ will dlow tho b ight  maigin on the side farther flnm the limb, cuttmg the lattei 
farther north than the absoiptioil marking In the four yeais 1926--1929, only 20 bright margins were con- 
sider cd suitdble f 01 measui emcnt withou2, am blgulty Measurements were made on the middle of the place 
where the bright xnaigin touches the limb of the sun and the results are given below In table IY 

TABLE I V  -QUAURAN~I'AL TIMEB AND CORRESPONDING HEIGHTS OF THE BRIGHT 
MARGINS OF H(Y, ABSORPTION MARKINGS 

Tlzo iQoiLn helg11t ~10duc~il is  11" 6, ~ 1 :  about Itif' below the absoipt~on maxklng whloh may be compared 
with 10' far tho order af magnitude ilodnced 111 the provious bulletill referred to above Conslaering the fact 
that it is only pruclicable ta measure tlzo rnicldlo point of the width of the bilght margins and this has a helght 
of 11" (;, LC soexns ressonal~lc lo snppoae tillat the loweat POI ~ I O L I B  of the brlglzt margin must be almost, if not 
quite, on the surfiucr of tbe cl~~oznosphere 

Tho abovo tlc(Luccd Iieighta for the (Xi ffercnt parts of an absorption marking do not glve a complete 
axplanatiol~ crS tho  rttlatloli botweo~l an ubsorption marking on t11e dlsc and the prcbmlnence aeen at the hmb, 
but they do throw cromo light 0x1 ~t We have prommences at the limb extending to an average helght oi,  
aay, 46" l'bu Biyhcst p r t  of the eorrcsponding absorption rnark~ng 1s 33'' 5 above the chromosphere and the 
lowest 28" 0, Tho lrgl~t used ID obts~ning the spcctra1~eliog;rraru i$ the centre of the Ha line whose flnctua- 
tians of inhen81 ty gkvc UB Cha wall-known features of Ra specblohellograms Theae Buctuatlona may be due 
to (1) fluctuatiolls m t11u pliotospl~cno light aeen thiough s partially transparent layer of hydrogen, (2) fluctua- 
tlons in the number of a1)sorbing atoms in tho partially transparent layer of hydrogen, or (3) fluctuations in 
the ernlasion and sbsorgtion of layers of hydrogen coinpletely opaque to the photosphere below Since 
the promlnencee on the clisc have no counterpart m the continuous spectrum we can exclude (1) above. 
Also, if (2) wore eEective, tho bnght margins of abaorptlon marking$ would have t o  be interpreted as due to 
lees absorpt~on of ~ihotosphonc light duo to the removal of absorbing atoms either bodily or by exc~tatlon 
It is ulweasonable to suppose thai the presence of a prominence clan lead to a d~minutlon of the number of 
atoms capable of al3gorbmg ill@ Ha line. We arc therefore dnven to (3), namely that the brightening of the 
Ha line m a bright margin IS due to brlght~r emiaslon of the hydrogen itself and that the absorption marlnng 
is due to the absorptlon of 11ght from t h ~ s  background by the cooler layer of hydrogen. The lowest part6 of 

prominence then correspond to the brlght emission seen at the margins of absorptlon markings but plobably 
also underlying the whole absorption marlt~ng They are radmting more strongly than the general surface of 
the sun (m Ba light) but are not much raised above tho surface of the chromosphere Smce the total mdth  

of the bright marglns (aseumcd to underlie the ab~orption marlung) 18 greater than that of the absorption 



mhw it foflom on the above mnterpretahon that the lower parts of the prominence are Inore oxten&$& 
than the app pm ~ h ~ h  is reasonable Absorphon of thie bnght background cm only be exerted hg 
am pohom of the promnence which are cool Thia absorphon be~nna at a helght of 28 0 (on 

ext:ends ta a helght of 33 5 The parts of a prominence above this height are supposed not b 
aonhn anfaaent abaorblng atoms to effect apprecubla absorption and axe therefore not represented la t b  
~~~p~~~ mmhng It must be stated neverthelese that the edges of an absorption marking are g e n d k  
palts w p  and n n l ~ e  we can see a reason why absorption ahonld wddo~ly begin at a definite height a 
to  m m  a b p  edge we mu& seek the cauee 1n the bwld or atruotnre of prominm ncea 

It mu,& not be supposed mthont fnrther exmnat~on thtit reenlts obtained in tlus bulletin for by&* 
d3gorphon markma apply equally t o  calcium abmphon p h n g 8  The two kinds of a 
my have eomewhat hfferent structme~ In Ohe flmt p1,laae I belleve I 8m correot in eeymg 
wkmga me not accompmed by bright W ~ W  smrla t o  those ipt QP b d m g ~ ~ t  
if not probable that the heights deduced from m w m s  of I(c R marlam would not & ideotw 
with those of Ha absorphon rnmhws Further Everehed  hat^ ' ghat in oalcinm promaepcea 
gnsee at 8 heqht of 29 are moving westwar& at ~ b n t  1 lrmlaeo &dt~r  t h  the prominenaes themselves if 
th18 movement 8 shared by hydFogen thm m an absorphon mazking such as that illuetrated in fig 8 9 
h m m  must have p ~ s e d  completely out of the marking in lesa than 2 hours The abeorption rn~w 
hstratd in fig 3 lqt~ a fslrly t y p l d  width 1n round figwee b 000 kpls and if the  hydrogen in it is rnovbjg 

WC!EW~I& at l b l a e c  it mll have passed out o f  the marlung in 6 000 aeca or lesa than 2 hou~e  M i&&&, 

above 8ince aborphon rnwhngs frequently last for monthe we would have to assume in such a egwas 
tbe absorbug hydrogen mwt be con~nuonsl y renewed from belov 

I ,  --- h i...- 
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