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Chapter I. Introductiom

The curve of growth of a star is a plot showing the measured intensity
of the ub:orpﬁion lines in _thQ star's spectrum as a function of the number
of sbsorbing atoms in the star's atmosphers. It will be shown that this
plot may be used to determine the kinetic temperature of the star's atmosphere
and other facts comcerning the conditions at the surface of the star. In
order to determine -a curve of grm it is necessary to have a high-dispersion
apectrogrmro!.‘"dn star. The low-dispersion spectra which are used in most
in'}eatigationc of stellar spectra do not show enough unblended lines to make
& curve 'ot"érwﬂz determinatian. As & result, curves of growth have bm )
determined for only & few bright stars. Nithin the next few years aﬂers
hope to determine curves of growth for all of the brightest stars, imcluding
at least one of esch spectral and luminosity oclass.

Gamma Cygni is a particularly interesting star because it hes e .
temperature approximately equal to that of tho sunr whereas its luminosity
is much greater. It is a supergimﬁ'rbnr having a redius more than ten
tines that of the sun and & mean density equal to less than 1f of the mean
density of the sun. Therefore a comparison between Gamma Cygni and the sun
shows the difference botnen a large rarefied supergiant ster and a relatively
dense dwarf star of the same temperature.

The mtoritl usad V:Ln the infostigation oon‘snilat:od of twu high &izperﬁvion
spectra of Gamma Cygni taken with the Couds spectrograph of the 82-inch

reflector of the McDonald Obserﬁtory. The data for these two plates ars



shown in Table I. normmt-r tracings were made of these plates with
the ion ‘Q{erophmat.r of the stmrd-ab'umtoq'. The tracings of ‘Cd 139
Auro nulo by the author and thou ot cd 88 uro -.ado by lr. Jay E. Trest.
The ugnificntion of the scale of the plate on the tracing was dotornhud
'by lukin.g e tmi.ng of m o,ccurato glul millimeter scale and was fmd to
be 42.9 times.

Table I
Plate = Date.  W. L, range Linear dup.rua |
L ‘ ' &o:t'.!.. : ng'l.!..cnd
Ca 139 1941, July 16 4000 to 4700 2.0 A/mm . B4 Afma

Cd ‘38 1940, Aug. 9 4400 to 6700 2.4 A/mm 16 A/mm

Bath phtn were providod with photometric standardization., Plate
Cd 139 was .occllpaniod by a spootrm made with the step spectrosensitometer
of tho Iebmld Oburntery. ‘Standardization Wingl were udo across tht
-top-:pectrm at ‘three phoal corrosyanding to m«lmgths mo, 4850. and
4650 ;pproxintdy. Plate Cd 38 was ntandardiud by means of two sets of
spots made vrlth ‘the tube unlitc-otor of the McDonald Obur'ntory. One
cot of spota was udo 'd.th a red !.‘iltor and tho other ti’bh & green filter.
Every measure »of & spectral line was compared ti_th_thq _;tp.nd_qdiutiqn
xtf&god‘ on the ;ﬁo dﬂfﬁwu wavelength was nesrest that of ‘the line,

The iiv’élonghh: and identifications of t?xe lincninthou spectra

- had already been meamsured by Dr. Roachl, From an inlgééﬁon of this wave~-

1. P. E. Roach, unpublished.



‘length table, two elements were selected for measurement of the curve of
growth, The lines of the oleneh_t T II were neaaur.d by the mﬁh@r.md“ths
lines of Fe 1 were measured by Mr. Jay E. Treat. |
 The i'_edudtiona_' of the measures were made in the usual way. . First
a characteristic curve was drawn of density as a function of the léoguritlm
of intensity fﬁr tho standardization .tncing.' The density is as usual .
defined as the logarithm of the ratio of the clear pluto scale reading to
~ the. reuding on the standard step or spot. All roadings were. mensured in
millimeters - from "tot:l darkneas", i.e., the poaitioa which is recorded on
the tracing when no light enters the photocoll of the micro»photmoter. The
values of the intensities of the standardizations are kmown, and were

supplied by Dr. Elvey of the McDonsld Observatory.  They are recorded in

Table II.
Table II
Standardization Intensities

8tep or Spot ..+ Log Intensity . Log Intensity
of Step (Cd 139) of Spot (ca 38)

l 1. 75 © 1.95

2. . 1.59 1,81

3 1.46 o 1.87

4. 1.33 - 1.51

5 1.2} , 1.33

7 0.93 - 1.09

8 . 0.7 . e 0.87

9 0.66 ‘ 0.71

10 C 0.52 o 0,57

11 ’ , 0.38 ' 0.41

12 SR 0.24 - . 0.26

a8 : coes v 0.00.

To get the total intensity of a spectral li,ng, the tracing of
the line is measured at intervals of 1 millimeter along the dispersiom.

~The intensity ‘cbrrespondin.g to each measurement is obtained by entering



the donaity 1n the abnmtorhtio curve domi‘bod thm Th- uti” ef
mtonoities in the lino te the Menlif:y of thc contimut mw are
oxprouod in porctm ot tntmaity abwrbod M a curve h plo‘ctod of per
.cent ;‘b:orption as a t‘xmetion of distance ueng the dispordon. ﬂ;. ares
undor thircurvo 1; a measure of the intmity of the lm. The unit in -
which the area ia uprund is tho l.ru of a mtugal‘r lhurpticn line
which hu an o.hscrpticn of 100£ and a width of 1 nlli-mstm. ‘The
intcncity of a mctral line exprund in ‘bhou units is callod tho "tqninhat
width" in nlli—Ang:trau and is hereafter duignatod I. The areas were
measured vlth a plnninhr. , ’ |

l(olt of th: linn were messured -ﬁ‘.h rosput to the true mﬁm
bmkgro\md of the spestrum. For a few e.t tho li.nu. it was m yonibh to
do this; and the lines were measured vith rotyoct to a local background -
whose intcmity was below that of the trus background becsuse of the crowding
together of blsndo& spectral lines. For these lines, Thackeray* l-a ntio r
is littod. _ m quntity T is the rntio ef the intmnity of th. loctl bnkh
grcund to th;t or thc true ba.ckgromd. As !hackorty has chmm. the. trno
equiv;lent vidth of - tpoctral lhu is to a first gpproxiution ﬁu oquinlent
width mlurod "S.'kh ro:poct to the local bmkgromd dividcd by re -

In thn case or lines ixich were blondod on one lido, tho unblended
:1do was nsuurod n.nd 5.1:3 oqni.v;lcnt width mltiplicd by two. Por more
seriously blcndod linaa an esti.mtien was made of the proyortim of ubsorptien
due to tho difromt members of the blead, _

Fin nnos of 1'1 I1 which uppolrod on m trmingl show that the
probable OPI‘QI‘_‘ of a ”t_mr“nt of W is 13 milli-angstrems or sbout 4’_5

2. Thackeray, Ap.J., 84, 455, 1936.



On the other hand, twenty lines of Ti II betwsen A\4400 and 4700 whish
appeared on the overlap between Cd 139 and Cd 38 show a large systematic
error between the two pidzu.- The equivalent width measured on Cd 139
averages one-third high@r than that on Cd 38, ,

This sysvte:mﬁc error is almost certainly due either to a difference
in reciprocity f;iluro for the two plates or to the effect ‘e! comparing
inténtities- 1nt¢grited over a large wavelength range in the standard spots
with monochromatic intenoitrles in the epactm It is probably due to =
eubimtion of both of these causes. , | .' ' |

- In line spectrophotometry it is customary.to ignore reciprooity.
:.nm.. Bpoct.u are taken at the. telescope with long exposures of mortl
minutes or hours depending on the brighthess of the star and the type of
~ emulsion and then are standardized by relatively short_expesnros of a few
seconds or minutes in the sénaitmetar depending only on the type of |
emulsion. The characteristic ourve obtained fren the ltandudi:atién is
then assmed o be upélicnble to the.spectrum, although students of photo-
graphic photametry know that it is in general not applicsble. A difference
in:the error introduced by this false procedure in the .me of the _lpoetro-A
sensitometer and tube sensitometer may explain our systematic error between
the two plates. , |

Since this error is probably a function of wavelength and since the
overlapping region for which it was determined is but 2 small portiom of;*l.she
entire spectral range, no attempt was made to reduce the measures of ome
plate to the scale of the other. For those linéa iﬁichmc Qmed on both
plates, the average value of W was used. The systematic error produces a

spuricus probable error of about 35 milli-Angstroms.



@,

Pubture investigators may avoid this errer by determining the extent
of reciprocity fallure of the emulsion used and applying & corresponding
correction to the charscteristic curve of the standard.

Tables III and IV show the measured results for Fe I end Ti II, respec~
tiva'ly’; ‘The excitation potentials end tamvﬁeaignatiens were cbtained from

Miss Moore's A Multiplet Tsble of Astrophysiosl Interest. The finmal colwm

in Tebles IIY and IV will be discussed in Chapter II.

Dr. Hoaeh's wavelength t&ble for Gamma Cygni contains visusl estimates

“of the strengths of the lines. Table V shows the aversge equivalent width

for each visusl intensity step up to 10, as determined by the FPe I and Ti II

lines. Figure I shows the same material in graphiocal form.
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Teble IV

Ti,II Intensitiea

W. L. W(ma) r ~Log W/A E. P. of Multiplet  LoghS8_-x0
o N Low Level | R zs

14028.35 365 1 4.04 1.884 bzsé, - yzrﬁ ‘

5053.83 224 1 4.26 1.885

4064.57 236 1 4.24 2.586 PPy - y2PY

4161.52 163 1 4,41 1.0 2Dy - 14D

4173.66 458 1 3.96 1.079 2

4184.31 308 1 4.12 1.076 1 2

4190,24 249 5% s.22. 1.079 1

4163.66 365 1 4.08 2.570  voFg - x%@  -0.53
4171.91 526 1 3.90 2,686 % 15 . -0.70
4174.08 219 1 4,28 2.586 2 2 =1.84
4287.89 441 1. $.99  1.07 %Dy - 1202

4294.10 420 1 4.01  1.079 2

4337.93 540 1 3.91 1.07% - 1 13

4344,29 570 1 3,88 1.079 1

4290.35 481 1 3.95 1.160  afpyy - 24 +0.29
4300.06 734 1 3,78 1.175 2 +0,56
4301.95 427 1 4.00 1.156 - 1 -0.11
4307.91 = 533 1 3.90  1.160 1 1 0
4312.88 a2 1 3.96 1.176 2 -0.10
4314.98 491 1 3.94 11,156 1=0,10
4320.96 588 1 3.87 1.160 1 -0.80
4330.71 345 1 4.10 1.175 14 -1.06
4316.80 319 1 4.14 2.039  b%P 3 - 22

4330.25 270 1 4.21 2,039 § B !

435084 377 1 406 2,052 1 1

434137 323 1 4.13 1.11 s?a5y - 5%

4367.68 399 1 4.04 2.579  B2Fg - y28%  -1.04
4386.86 303 1 4.16 2.586 ii 33 -1.15
4374.82 576 1 3.88 2,052 b2P,3 - y°D2

© 4421.95 290 1 4.19 2,062 1 :i
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~Table IV (c&t!d)

W.L. W (ma) r  -Log W\ BE.P.of Multiplet Log®88__yp
o Low Level L

4301,04 283 4,19 1.228

1 :  wipyy - ot
4395.85 = 325 1 4.13 1.238 o
4411.9¢ 304 . 1 4.16 1.219 | |
4423,27 145 1 Y 4.49 ©1.228 S -
4427.92 156 1  4.46 1.238 | 1%
4394.07 402 1 40t L2186 afP3-ahly
4399,78 522 1 3.92 1,282 S - S
4407.86 . 383 1 4,08 1,216 £ -
‘4418,34 . 389 1 4,08 1.282 0 . 1 .
432,09 177 1 4.40 1.2382 S ? 3 |
4395.04  B20 1 3.92  1.07  a3Dg - s
. 4443.,81 608 1 3.87 1,076 , -
441108~ 280 1 409 2,081 ofpyy -
4456.64 224 1 4.50 3.110 ﬁ -
4488.33 327 1 4.13 13.110 2% g
LT M0 1 4.0 (1075 atpy - 2%%
4464.46 | 537 1 3.92 1.166 A S T
'4470.86 = 630 1 3.85  .1.160 1 1
4495,43 140 1 4.60  1.175 : %
4444.56 410 1 404 1an s?05 - o292 ~0.50
4468.50 . 546 1 3.91 1.126 § 3 +1.00
.4501.28 528 1 5.3 1.1 " 40,92
469,16 419 1 405 101  aly - s‘!ﬁ -
4493.63 214 1 432 107 1 -
406,74 - 212 1 432 126  afay - s
{4545,14 368 1 4.09 1.126 3 .
452469 557 1 .91  1.226 %3 - s2D81 -
" 4544.02 276 1 - 4.22 . 1,238 '
4568,35 258 1 4.25 1.219 - > I
4560.47 82 1 4.685 1,226 15 13
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Tadle IV (cont'd)
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Table IV (cont'd)

W. L. W(me) r -Log W/\ E. P, of Multiplet Log 888 _. 4
Low Level : Zs

5129.16 423 1 4.08 1.884  b20,3 - 2

§131.31 = 142 0.83 4.48 1.885 . , ‘

5183.74 755 1 3.8% 1.884

5185.91 421 1 4.09. 1.8865

5164.08 572 1 ' .3.95 1.559  %Dy3 - 2208}  .o.m.

5188.70 519 1 4,00 1.575 +0.42

5226.55 = 930 1 5.75 1.559 1 1 +0.24

5262.15 519 1 4.00 ° 1.575 22 . 15 -0.72
5211.54 173 0.89  4.43 = 2,579 b2py -  -0.68

5268.62 = 201 1 4.26 2.586 %i | | -0,.82

£336.80 432 1 4.09 1.675 2Dy - f2 +0.30

5381.03 356 1 4.18 1.560 ';§ +0.15

5418.78 321 1 - 4.22 1.575 | - =1.00

. 2.0
6491.69 888  0.98  3.85 2052 vy - %Gy
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Table ¥
L B  Average W .
: ' Cd 139 Number Cd 38 Fumber Both Plates
~ of Lines of Lines :
o ° m  on o,
2 - 63 1 93 | o 5 88
3 144 1 202 14 198
4 131 5 259 - 19 o vsa
5 . 245 5 322 o2& 309
6 501; B 16 357 '“22 . -
7 352 5 I 408
8 - 490 8 501 " . “7
° 488 3 858 1 525
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Figure 1, Equivalent width as a function of
Roach'!s intensity estimates.
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intensity as a function of the number of a.tus ;bm‘bln; the line; and the
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e _
ﬁro g is the mﬁ-t&.ux niét (23 +~1) of the lower 1m1_, B visv ﬁao
excitation energy, k 1s the Boltmmamn ccastant, and T s the temperature in
dcgrnl absolute. It ‘will be mvmimt h deal ﬁ.th t‘io common hgnrlth
of the number or atanl and tlurororo the abon oxyronion is rmtttu
' _g'o'l -Jld o

where ¥ is the exoitation potontid of the lower 1.v.1. and & has the velus
'5040/:. |

'.!he rolu.tivo probabiliti.o of Mtient obeying !u:al-&nmdon .
coupling have becn ompntqd. . For g line this qmnti.ty may bc designated as

aSs
kLl

The theoretical strength of the multiplet of which the line is a member is a8
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mdh.nbmomputodbyﬂoldmga m:muey.sum. strength of a
multiplet in terms of the qmw az, a function of the total and orbital
quantum numbers of the tmsiﬂon ulootrm. Although th.c sbsolute value of

c- 18 in gmnl not hwm 11: is . omntmt fm' any given trmitian array
'ﬂhich mey includa unnl uul.‘kiplme The rohtivo mm-uy of the line in
the multiplet is s, which has been mmm by White mi Ellasont. The
- relative mtmcity dividod by the sum of lll the rohtrn intensities s
| for the multiplet gives ﬁu Wﬁml M of tho mltiplot strength W
tributed by the line. sm- the mltiyht mcnguu are relative, aSs
_givn only a rolativo valus for the umm uf »mb.’mg atoms. However, -
this muld be given in gbuoluto terms 11‘ th. M%y ou, ‘mentiened tbm.
were knm. | ‘ ’

In plotting e ourn or grmrth tha mskmry abscissa 1- log ¥ r morc '

N is the number of atoms in the Imr lml por unit ares ot the -'m- and

£ is olllod the "ouoilln.tar :tr‘ugth It has the nature of a truuition
probability, but mey be thought of as the atom's sbility to absorb the lime,
expressed in terms of the absorptive power of a classiocal escillator. For
most atoms £ is not known and it is therefare . inponibh %o obtain the actual
number of utom-. For a number of linos of Fe I. hmr, abwluto nlml of
" £ have ‘been determined by KingS,

If two lines of Fe I have the same intensity, their values of ¥ £ must

be equal. We know that N is proportionsl to g . 10'-',;9 Therefore if the

3. ﬂoldborg. Ap.d., az. 1, 1935, ‘and’ 84 11, 1936.
4. White and Eliason, Phys. Rev., 44 ""rsa. 1933.
5. King, Ap.J., 87, 24, 1938, and 55, 78, 1942.
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values of £, g, u;a_)& for mhlim are known, the temperature may be
computed. The temperature dé&miged-in’ this way is oal}.od thu "Bxcitation
_temperature®, | | |

An excitation t@peruture, for Gsmma Cygni was determined by this method
using all the lines 6: Fe I for which the f values were available. For some
lines not in King's table, the £ values were determined from a plot made by
- Dre Rotohl which shows f as a fmﬁion of % for Fe I lines in the sun.

To determine the excitation temperature log »I/ ) was plotted as &
runotion of log gt for dl lines. '!he‘l»l'mn aross from seven different lower
levels. A curve -lru drawn through the points representing the lines arising
t:m each level. The horiszontal d;aplmmnt‘ of ons of thess seven curves

with respect to another: equals (%, = ¥;) . Table VI shows the intersection

of these seven curves with the horisontal line log WA = -4.4.

Table VI. |

Determination of the excitation temperature of Gamma Cygni

Lower Level ¥ - log gf (log w/);' = -4',.4)>
a5p ~ 0.026 | - -3.60 - |
o ~ 0.983 » R '-z.sov
oSr 188 | 2.2
a’p -_ S -~ =1.80

e L 2z B | ~1.28
R S 2.8 | 0 A1.%0
e 297 -0.80

1. F. E. Roach, unpublished.



Pigure II lhm y platm as & mtim of -
o _ leg gf = 7‘9-!' constent }
m :lopa of m bast :tnight line through theu paintl 1: 1/9 « A
lﬁnb-sqwu solutitm yields |
| o 9=o.sos+ o.ooa.
Therefore -ﬁm gxéifutiqa tmplntnro is |
Tox ® % = 6800° K. |

'me curve of growth may now be plattod with cblcism eqnd. te
log gf -,7‘9 . Let us first see what the nature of the curve wi}.l N..'
Minnaert gnd m‘do;l‘s‘ nf_o the first to explain the form of the curve of
growt. _ _

The atoms in th. ahaosphou ot a star are not stationary but move with
volocitiol which dcpond on the temperature xccording to the kimtic theory
_of geses. Therefore because of Doppler effect sn ebsorption line formed by
these atoms has ‘8 width proporticnal to the dispersion in velocity. As the
mgﬁcr of absorbing atm in ;nmfn»d the line win becoms desper but not
appreciebly wider; and thainerem in W) will be directly proportional
to the n@gi of _abmb'izig‘utqg:. Az thocmtrﬂ absorption @pro’uahur.lm.
the curve or grmﬂ:h finttoim out u 10; K/)\ ipprmhu a attm-l%ien valwe..
Here nnothar effect ‘hich tond: to t.tdm the li.nnl bccma imrmt. This
‘ offcct is known ae rtdistian éanping. Mttien Ming may bc d-mib.d in
tmx ef the chuical uscillator . whiah. as 11: absorbs light, vihrates with

tx-oquonc:lu other than tb.e ftmdmntal In thh case the inoresse in WA is

6. Zoitschrift fir Astrophysik, 1, 192, 19350, and 2, 165, 1931.
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pregortimi to the square root of the number of absorbing atoms., For a
small number of atoms this effect is negligible compared with the thermsl
Doppler effect; but as the latter becomes saturated, the radiation demping
continues to increase the intemsity of the line.

A typical curve of grmh-iherofar,e starts with a -alcpa of 45° where -
W/ )\ is directly proporﬁohal to ‘If. ‘Then the alepa‘ decreases as ®/\
approaches saturation. Finally the slope increases ﬁggin to a maximum slope
of 2295, where ‘u/;\ is proportiml to {i? - 1t 1s easy to ses that for
a star with a high temperature the 45° por‘kion of the curve will be leng
whereas for a low tcmpontm‘e it will be short.

Fi.gurc III shows t!no curve of growth for Ganma cygni ' The “two ltrd.ght
lines are the llinen of thow Doppler e!‘:act and x('a.dia_.ti.un duping drawn
from Miss Rubenstein's curve of gro'th.for‘ the sunl The vgux_'vas_otf growth for
Fo I (ﬂlléd circles) and for Ti II ‘(upon_circlu) were adjusted horizontally
until they were made to fit within the lines. . The solid curve is the curve
of growth for Gemma Cygni. Fof gonpnr'isron,- the dotted curve '“ that ofrtho
sxm. E;vidently Gamna Cygni has a higher vteﬁper;tm'e' then the sun.

It is unfortunate that the lines of Fe I and T4 II for which relative
intensities were available did ﬁot -includ;_ lines very far fra# the flat
portion 61‘ the curve of grmrth The ruﬁlts can be strongfhenod if enother
element or other elements are muurod which huvo lines on the two straight
pertions of ‘the curve. N o

Five pointo on tho ourve were chosan fur a determination of the velocity

temperaturs. Menzel® has shm that the eqution tor the flat portion of the

7. P. d. Rubonntein. Ap. J., 92, 114, 1940.
8. Mengel, Ap. J., 84, 462, 15%6.
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Figure 1II. The Curve of Growth of M Cyent




ourve of growth can be writtenm:

Iog (“{_

¥ 2

N

Iog /og (X )"“',"% (H'X)-‘ z lo

1415 e
- where X, = the centrd :I.ntendty of line (Harvard's abscissa for
the curve of ngh"’B)
‘g = thermal velocity in units of velooity of light
-iE =1l.7x 106 (detamined fcr *Ehe sun by Mias Rubnnstdinﬁ

Table VII ahows the ﬁ.ve points that were used and the romltlng vnluos

of v/c. Bince lensel‘s equation fits the middle portion of the curve best,

-
o]

x

only the three middle points were used in tha dstcmimtion of the most probable

lelo Vil

!he velocity temperuturo of Gm Cygni

Log W/ . Log X v/o _average of win !,d.;
o - niddle $ m/sec
-4.6 0.8 0.955 x 10°5
-4 1.2 1.513 o _
-4.2 1.8 2.24 2.5 x 105 6.9  160,000°K
-t.1 2.2 .16 | |

-4.0 2.8 1.78

‘thermal ielocity. This velocity was found to be 6.9 km/sec. This value

is in good sgreement with the velocity of 7 km/sec which Struve snd Elvey®

found for Alpha Persei, ‘& star similer to Gminn Cygni in spectral type and

8. Struve and Elvey, Ap.d., 79, 409, 1934,



. luminosity. - -
From the equation o
R vae Z5 - whers u = 55.8 (Fe)
the velooity temperature cam be camputed. The value of T which results
~.1s 160,000°K. | |
mtm“wwma a star's tupm.mummmd 1s the
; mpn:riaon of the lpntul energy distribution of the star's radiation with
| a blwk-body diotribﬂtim. The tmm 80 defined is called the
"offective temperature®. Kuiperl® has made a table from which the effective
tenpordmro of a stu' is obﬁtmd as 'o. fmﬁ& of spectral type smnd |
lminosity.v Gm Gygni 1. a gi.ut Fg M; Kuiper's table gives an
:'approxi—.to nluc Of sm ﬂu ouitntim tmorttm is slso $5600°%,
m mloudy usn value of m wlocity temperature which eccurs
in' aou stars has been crgldud nthfsctorﬂy by Struve snd Elvey as being
7 duo to tnr’oulm«.. That is, there are ucrosoopic mass moticns of the gas
- which mekes up the star's sﬁesphor'.' and this turbulent motion produces
- the effect of staporttmof 160,000&. - The actual temperature at the

surface of Gemma Cygni is approximately 5800°k.

0. Kuiper, Ap.d., 88, 464, 1938.
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Chapter III. The Abundance of Fe I in Gemma Cygni

The determination of absolute f-values for Fe I by King® makes it
possible to dotéminé the ﬂmndmo of Fe I in stars for which the curve of
growth is known. Tho nwiber of atoms of m mm»a elemont in a sqmo

emtinter colm of thn atu": aﬁaspb&ro is .

k&
ZE x 10 xi = ui
g x 10"1' )

where ,.!1 is the nusber of atoms in the 1.701 i. or _
| | 10510-3@534»1%11 - log 1.
The summation of g + 10" "P {5 found to be 29.25.. xrlogxrumrmn
the cwrve of growth, each line of Fo.I yields a ssparkte determination of 'a'
The line in!:oésitiea were fitﬁd to a curve of' growth with abscissa
log Xo7*8. The Harvard formula-fér X, is

X, = 1.162 x 1076 )f_f}__ S
%ctituting thc sppropriate uluecz |
\ = 5000 (an average value)
M= 55.8 (Fo)
T= 1so;ooo°x '
then: | : '
| log K £ = log Xo+11.97. | |
 Bince the curve of growth yislds log %o as a function of log W '+ Bg may be
mutod. | |

Table VIII shows the romlts of this computation for all unblended Fe I



limes for which f-velues are available. The uvcﬁgo value of Ny in
| ) ¥, = (4.422.6) x 2018 .
Roach and Phuup-n and m“ u-m awmimd ¥o for the sumn. The
valus by Roach and Phillips which was computed from the Harvard curve of

R | _
’ N, = (5.1%0.35) x 1019

ﬂu:e nlms indicate that the umnk of unioni.ud iron in a one
square ocntimtor oolmm of the ttmphm of Gemma Gmi is o.ppmaduhly
the same as thet of the sun. Bincc ﬁ. ‘temperature of mmmish&gha‘
than that of tho sun, um tho pressure lwer. m effectz of both Woraturo
and pressure must be to imrmu the nurber of ionized atoms of Gamma Cygni
as compared wiuz the sun. Mofou the total number of iron atoms m be

higher inGmmCygnithminthom.

It is a pleasuwre to thank Dr. F. B. Rouch for the suggestiom of the
problem and for his guidance during its completion. I also wish to thenk
Dr. Otto Struve of the McDomsld Observatory for the use of the plates and
pr. E. F. Carpenter of the Steward Observatory for the use of the Moll |
microphotometer. Special thanks are dus to Mr. Jay E. Treat for his share in

mk:lng ‘the tx‘mingi and for his moasuremeuts of the Fe I lines.

11. Rosch and Phillips, unpublished
12, Iing. Bpo Jo. 95’ &. 1942,



Maltiplet
oOr - y3po

PP - #%°

3P - uipo

1»”? - Qﬂyé -

2%p -~ 3%°

a%p - s7?°‘

»de - y3°

adp - ySpo

a%p - 450
adp - 5p0

;'A -

4132,09
4143.88

4044.60
4062,.43

4091 .57

4109.83

4114,.47

4132.92
4134,85

4154.50
4184.91

4202,.12

'4250,78

4271,78

4307.88
4325.75

4216.17

4291.50

4647.40

4661.70
 4691.43

4710.26

7 4720,99.

4924.84

5049,73

-.5141.68

5273.29

5012.05

5171.62

~ Table VIIT

3.98
S.94
4.01

4.24

" 4.87
4.18
4,40
4.38
4.14

4.10
4.30

3.92
- 4.03
3.98
- 3.94
3.96

4.21
4.42

' 4.41
4.85

- 4,88 -
4.%8

. 5.06
4.852
4.17
4.89
4.46
4.07

4.14

2.21
2.21
2,01
3.30
3.5%
3.30
5.58

" 3.30

3.30 '

 3.30
3.30

1.84

2.01
~1.84
2001.'

2.31

0.52

0.67

3407

3.20

3.20

3.32
3.20

2.7

2.7

- 8416

3.69
1.20

1.84

_ Abundance of Fe I in Gemma Cygni
. -Log W)

4071.72

0.85
1.39
1.43

1.48
1.48

‘2.0

0.58

- 0.80

1.08
1.68

1.60
1.18

1.78
1l.62

1.30

1,06

0.85

3.1

4.92
"B.82

2.51

2.24

2.23
3.50

2.80

2.06

. 3058" :

1.97

3.78

2.69

logB -legf leg ¥,

18.17
18.87

118.25

18.45

19.00

18.32

17.98
17.30
17.83
18.84

18.08

17.80

18.983

- 18.12

18.30

Bty

17.39
18.74

18.47
19.07
18.84
18.20
'18.80

- 18,99

18.74

18.71
19.22

18.51

¥, x 10~18

1;“.,
T.41
1.78

2.82
10.00

2.09
0.98

0.68
6 0’1

11,22
0.79

- 1.78

1.32

’ 10”
1.62

0.286
5.50
2.95
11.74
~2.19

- 1.58
6.30

" 9,97
5.49
1,10
5.13
16.59

3.28
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Tsble VIIT (cant'd)

Multiplet N -Log W/\, " Log B ‘-Log f Log ¥, ¥, x 10718
o¥r - 25p°  5328.29 5.28 1.3¢ 2,62 15.85  .0.01
537166 4.05 1.48  2.69 18.62 = 4.7
5397.14 4.11 1i3¢  3.07 18.51 - B.23

5405.76 4.15  1.66 2.65 18.25 1.78
5429.74 - 4,06 ' 1,48 °  2.87 18.72 5,28
" 5434.62 ' 4,09 - 1.90 2.69 = 18.80  6.30

4446.84 4,08 - - 1.66  3.80  19.07 - 11.74
| 5465.68 ©  4.10 1,90 = 2.65 18,70 §.01

a%8 - 13%° e136.88 432 .2.72 2,31 18.456 2,82
' . 6191.48 - 4.3¢ - ‘2,81 2.30 18.27 1.86

£474355
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