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THESIS I

THE BROADENING OF THE RESONANCE LINES OF RUBIDIUM
UNDER DIFFERENT HOMOGENEOUS PRESSURES OF ITS OWN
VAPOR



ABSTRACDT

The broadening of the resonance lines of rubidium in
absorption under pressures up to 152 mm. Hg of its own homo=-
geneous vapor was studied by means of a 2l-foot grating.
Under pressures below 1 mm. Hg the broadening of the lines
was very symmetrical and the line contours could be described
by the dispersion formula, but when the pressure was high the
lines exhibited asymmetrical broadening. The ZP% component
showed red, while the 2?5/2 component showed violet asymmetry.
The broadening of the shorter wavelength component is greater
than that of the longer wavelength component. Both lines
showed the proportionality of the width with N. The experi-
mental half width is greater than that predicted by Prof.

1%

Houston's theory by a factor of 4. (-

A narrow band was observed near the shorter wavelength
side of the h?% component and a similar one near the longer

wavelength side of the “P3/2 component.
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THE BROADENING OF THE RESONANCE LINES OF Rb
UNDER DIFFERENT PRESSURES O ITS OWN VAPOR

I. INTRODUCTION

Previous experimental determinations of the broaden-
ing of»sPectral lines due to the influence of the atoms of the
same kind ( resonance broadening ) were found to be erroneous
because a certain amount of foreign gas was generally present
in the absorption tube(l). The purpose of introducing foreign
gas into the absorption tube was to prevemt too guick distill-
ation of the absorbing substances to its cooler part; the
windows had to be kept cold to prevent them from being attacked
by the alkali vapors. Otherwise, the broadening could be
studied only at very low pressures(z) ( say, at 10”9 mm. Hg )
for the absorption tube could be heated only to such a tem-
perature that the effect of the vapor on the windows did take
place.

The above experimental difficulity has been elimi-
nated after the new corrosion-resistant lg0Q windows have been
developed(a). Also with the help of the Mgo windows we can
get a homogeneous absorbing vapor column of well determined
thickness; thus it is feasible to determine the absoclute

absorption coefficient.

(1) G. R. Harrison, Phys. Rev. 25, 768, 1925;

Harrison and J. C. Slater, Phys. Rev. 26, 176, 1925;

B. Trumpy, Zeits. f. Physik 34, 715, 1925; 40, 594, 1926.
(2) R. Minkowski, Z. f£. Physik, 36, 849, 1926,

W. Schutz, 4. £. Physik, 45, 40, 19z7;

S. A. Xorff, Astrophys. J. 76, 1lz4, 1932; Phys. Rev. 48,

477, 1931;

W. Weingeroff, 2. £f. Physik, 67, 679, 19341;

(3) J. Strong and H. T. Brice, J. 0. S. A. &5, £07, 1935.



Hughes'and Lloyd(4) employed the Mgo windows to observe
the broadening of X resonance lines. DUue to the small separa-
tion of the components of the X resonance lines (344A) and due
to certain experimental difficulities they had nct yet over-
come, the broadening of the lines was studied for pressures
only up to <0 mm. Hg.

The resonance broadening has been investigated theore-
tically by Prof. Houston(s). His theoretical results are-%gﬁ;—
times too small in comparison with the experimental ones, a
disorepapy which is too much beyond the experimental error.

In the present research the corresponding problem
for rubidium was studied. With further improvement in mesking
the absorption tube and with the help of much bigger sepa-
ration of the components of the rubidium resonance lines
(147 ) observations for pressures up to 152 mm. Hg. were
made. More new results were obtained to call for further

theoretical considerations.

(4) Hughes & ILloyd, Phys. Rev. 52, 1215, 19&7.

(5} Ww. V. Houston, Phys. xev. 54, 884, 1938.



II. THEORY

Detailed review of the theories of the pressure broaden-
ing of spectral lines can be found in several review articles(s).

Hssentially the process of broadening of a spectral line
can be divided into two main parts: 1I. Broadening when there
are no external disturbers; this broadening process will be
‘independent of the density.of the gas in which absorption takes
place. II. Broadening due to external disturbances of neigh-~
bouring atoms; this broadening will depend strongly on the
density.

The first part includes two well known processes:
(a) natural damping, (b) Doppler effect. (lassically the
natural width is due to a vibrating charge continually damping
by the radiation of energy. The half width is approximately
independent of the wavelength and is of the order of 10'4 A
which is negligibly small in the present research. Doppler
broadening is due to random motions of the absorbing atoms.
The effect decreases with wavelength and has no apparent shift
of the centrsl maximum of the line. By assuming Maxwellian
disfribution of the velocities it is easy to show that the
intensity distribution decreases exponentially with the fre-

quency difference from the central maximum. In the present

(6) V. weisskopf, Phys. Zeits. 44, 1, 1933,
H. Margenau and W. W. Watson, Hev. Mod. Phys. 8, &2, 1936.
P. Schulz, Phys. Zeits. 39, 412, 1938.
P. B. Lloyd's unpublished Ph. D. thesis, General Library,
valif. Inst. of fech. 1937.



experiment the line width was calculated from the wings, the
Doppler broadening was naturally neglected.

The broadening underlying the effect of the second
part can again be divided into two classes (&) the influence
of the atoms of the same kind (b) that of a foreign atom.

Tthe broadening in the first class is mainly due to
the resonance forces and that in the second class is chiefly
due to the van der Wasls forces. When an excited atom inter-
acts with a normal one of the same kind at a rather large
internuclear distance with a potential of force proportional
to 1/38, the effect is said to be due to "resonance forces"”.
Approximately(7) the resonance perturbation energies are given
as

| E = ( e*ne/87%m v, ) (1/x%) (1)
where m is the magnetic quantum number of the excited atom
and f is the oscillator strength of the transition of natural
frequency Yo+ Hor the broadening due to the wvan der Wwaals
forces the corresponding equation can be written as

E = - ¢h/ & (2)

where U is a constant of the transition. 4lthough the van der
wagls forces in the case of metallic atoms are large, they are
small in comparison to the resonance forces.

The maximum of the intensity distribution will corres-

pond to the most probable perturbation value. At moderate

(7) Pormula (1) is proper at small pressures i.e. when only &
single perturbing atom was considered; the simultaneous
action of several perturbers being ignored.
See H. Margenau and W. W. Watson, nev. Mod. Phys. 8, Z&, 1936.



pressures the intensity distribution will follow the resonance
perturbations because of slower decay with the distance of (1)
in comparison with (2). The region can be described by Lorentz's
theory. A correction in the formulas for the optical mesn free
path produces a reduction of the values used for the optical
collision radii. At higher pressures, i.e. for the large fre-
quency changes of the highly broadened lines the probability
of sufficient c¢lose multiple approaches is small. The influence
of a single atom is predominant. So the wings of the line will
take an asymmetrical extension according to thé contribution
of the van der Waals interactions. !
For an analytical discussion of the theoretical part
of the problem the reader can best be referred to P. E. Lloyd's
thesis(8), to avoia repetition. 411 the theories dealing with
effect of pressure broadening are 4different points of view of
treating the same problem. They might be supposed to be equi-
valent or different approximations to the complete treatment
for they all lead to the same dispersion formula though with
different interpretations s to the half-width. Prof. Houston(5)
pointed out that there are in general three principal methods
of calculating the collision broadening which are merely three
approximations to the exact quantum mechanical treatment.
Obviously in the present research there should be no

worry about the broading due to wtark effect for no charged

particles were present in the absorption tube.

(8) Obtainable from the general library of C¢alif. Inst. of
Tech. Pasadena.



IIT. ExAPExIMENTAL

The experimental arrangement was essentially the same
as that used by Dr. Lloyd, so many points will be but briefly
discussed. %he rubidium vapor was evaporized in an absorption
tube which was sealed in a vacuum furnsce whose temperature
could be controlled and measured. %he broadened absorption
lines of rubidium were registered by means of a 2l1-foot grating
spectrograph of Kowland mounting with tungsten filament in-
candescent lamp as light source.

'"he rubidium metal was prepared by reducing very pure
rubidium chloride with metallic calcium. It was then redis-
tilled properly to remove as much a&s possible any impurities
such as oxides, and was sealed in small pyrex tubes of con-
venient size.

The absorption tube was made of copper with 1.5 cm
inside diameter and Mgo windows on both ends. Three tube
lengths were employed viz. 15, 7.5, 0.2 cm. »ror the two longer
tubes both ends were cut into sharp edged rings, so they could
be made vacuum tight by pressing the sharp rings against the
surface of the Mg0 windows. fThe construction of the short tube

is shown in #ig. 1. The tube was made of steel. The Rubidium

rC
Hi=

rig. 1. The £ mm. long absorption tube




tube was placed inside the hole A whose end was closed by a
copper tap scerew whose coefficient of expansion was higher
than that of the steel so the hole was always tightly closed
throughout the experiment. B was a copper ring whick worked
as a gasket when the tube C was compressed on to the tube D
at high temperatures. fThe copper ring was of course too hard,
but it did not react with rubidium to produce almalgan as did
aluminum(?). In this case the length of the absorption tube
could also be easily determined because the latter was the
thickness of the section S

The tungsten filament lamp ﬁas built with a glass bulb
13 cm in diameter with a glass plug having ground Jjoint to
support the filament, and a glass window waxed to the end of
the cylinder which projects about 20 cm from the bulb to prevent
the vaporized tungsten from depositing on it. #“he tungsten
filament of about 1 mm. in diameter and 2.5 cm long was sup-
ported by two nickel electrodes with two smsll holes at their
ends. fThe latter were screwed into the copper rods attached
to a glass plug. After the bulb was evacuated an 80 ampere
current was drawn through the filament giving a very intense
and constant 1ighf source at a temperature of about 3400 X.
It served to produce a continuous background of the absorption

spectrum with fairly uniform intensity distribution about the

(9) Aluminium ring was tried. When the tube was heated to 400
G or higher, a silvery liquid almalgan of rubidium and alu-
minium appeared in big amount giving no more rubidium ab-
sorbing lines.



region of the rubidium resonance lines. fThe dimensions of the
filament were designed to fill the slit of the spectrograph.
The 1life c¢f the filament depended greatly on the vacuum of the
bulb, and was about 8 hours. The filament could be replaced
within 10 minutes.

The furnace consisted of a heating element placed in
a vacuum tight enclosure. ‘he heating element was made of a
porcelain tube wound by molybdeum wire with double layers. By
regulating the amount of current supplied to each layer a
uniform temperature of about 20 cm. long was used to heat the
absorption tube. With the D. U. generators in West Bridge
Laboratory using the voltage regulation, the temperature of
the furnace could be maintained very constant. The constancy
of the temperature of the furnace depended not only on the
electrical input but alsc on the vacuum of the furnace. When
the vacuum of the furnace was decreased more heat would be
conducted away resulting in a lowering of the temperature of
the absorption tube. Hor every exposure the temperature was
kept constant within 1° ¢ as indicated by the chromel- alumel
thermocouple. %he thermocouple was very carefully calibrated
"in situ" using tin, lead and zinec.

#iith the help of two convex lenses the light from the
incandescent lamp was brought to pass through the absorption
tube and to form an image of the tungsten filament lamp on the
slit of the spectrograph. ‘“he zl-foot grating had 14500 lines
per inch and had an area 5 X 1l& cm.2 The resolving power was
about 70,000 and the dispersion was £.64 A/mm. for the first

crder.



First order spectrum was used throughbut using wratten
#-filter to cut out all the higher orders. Hastman Kodak type
I-® plates hypersensitized with amonia hydroxide were used.

PThe plate was calibrated by means of two stepweakeners mounted
just before the plate on both sides of the absorption lines so
that the absorption lines and the density markings could be
recorded at once.

The stepweakeners were made from a high contract photo-
graphic plate, the density values of which were carefully deter-
mined by a sensitometer and by photographic method. $he trans-
mission of the stepweakner did not vary appreciably with the
wavelength over the range required because practically the same
densitometer readings were obtained when the light of the den-
sitometer lantern was first filtered by the p-filter and water
then by the D-filter and water.

During experiment each time the absorption tube was
cleaned by long pumping and heating. ‘‘hen metallic rubidium
was introduced into the absorption tube in a currentof nitrogen
gas. The absorption cell was evacuated immediately. The
absorption cell was then sealed off by pressing the mgo windows
against the end of the tube. rinally it was ready to heat.
Normally it took about 7 hours to heat the tube to a steady
température. The absorption tube was set in alignment with
the light source and the slit of the spectrograph. Then the
newly sensitized photographic plate was mounted. During each

exposure the thermocouple readings were taken every hour. In



case the temperature was changed by 2 degrees or more the plate
was discarded. ‘The slit of the spectrograph was first set to
20 p. When the temperature of the tube was raised the absorp-
tion lines were considerably broadened a wider slit was used
( say 60 u ) to shorten the time of exposure. The plate was
carefully developed by Eastman Kodak formula D-19 developer with
gentle brushing by camel hair brush.

The chief experimental difficulties were the leakage
of the absorption tube at high temperatures and the deposit of
the alkali metal on the windows. The former difficulty was
especially bad when the tube was made very short (2 mm.). The
experiment was repeated eight times before the tube was made
completely air tight and servéd to give the final spectrogram
of the broadened rubidium lines at a temperature of 556° G.

10

( pressure 152 (?)"° mm. Hg ).

(10) Obtained by too far extrapolation from the vapor pressure
formula (11).



*ig. 2 A sanple micronhotometer curve



IV. REDUCTION O¥ OBSERVATIONS

The line contour was traced by a Kriiss microphotometer(ll).
The magnification 3$9.8 : 1 was used for rather narrow lines but
when the line was very broad 6:1 or 2:1 ratios were set. The
size of the microphotometer plate was 9 X g4 cm®. ‘the micro-
photometer was always adjusted so that it gave a large deflec-
tion with greatest resolving power. 1In measuring the deflections
of the microphotometer traces they were printed very carefully
on a paper(lz). Fine parallel lines were drawn to divide the
lipe contour evenly into strips. A sample picture is shown in
#ig. 2. 4 zero line AB was drawn from the deflection cn both
gsides of the microphotometer trace. The deflection of the micro-
photometer trace could be measured accordingly along the lines.
The microphotometer deflections should be corrected with great
care for the intensity variation of the background which was
due to the variation of the sensitivity of the photographic
plate with the wavelength and due to the slight di fference of
the intensity distribution of the light source in that small

range of the spestrum. A spectrum was taken without the step-

(11) ‘the microphotometer was located in Room 14A Astrophysics
Building, Cal. ¥ech.

{12) Of course some errors due to the nonuniform contraction
throughout the whole area of the bromide paper and the
limitation of the accuracy of the pencil lines (accurate
within .1 or .2 mm.) will be introduced. But this error
will not be appreciable in comparason with those inherent
in the irregularities of the microphotometer deflections,
in the approximation of the corrections of the calibration
curve due to wavelength sensitivity of the background, and
in the uncertainty in getting the mean deflections of the
respective steps of the stepweakener.
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weakener and absorbing column in position. ‘the microphotometer
trace of the background was approximately a straight line indi-
cating that the slope of the resultant of the curves of wave-
length sensitivity curve of the plate and the intensity distri-
bution of the background is practically uniform in that small
frequency interval.

S0 in determining the absorption coefficient of the
line contours the microphotometer deflection dj measured from
the zero line AB should be substracted from the height dg,
measured from the zero line AB to the background line CD. #he
net height 4 (or better call it "true height™) of the micro-

photometer deflection is actually the deflection caused by the
absorption of the alkaline vapor or the stepweakeners.

In this way the calibration curves for each plate were
obtained from the stepweakener marks. £%he two calibration
curves obtained from the two stepweakeners in their respective
regions of the spectrum should indeed be different on account
of the difference of intensity of the background and the wave-
length sensitivity of the plate. 1o the first approximation
the variation within the small spectral region could be regarded
as linear. &o the corrected calibration curves for the region
corresponding to the absorption lines were found by interpola-
tion. sig. o shows the sample curves for plate No. 4.

‘he half-width of the line was determined by the help

of the dispersion formula:



PYn
(5n)% + ( %)°

where o X is the absorption coefficient = &% logyglo/I
X, the length of the absorption column

§©, area under the absorption curve

3 2 r X
= Txx adlsn) = lﬂ%;: Nfx
- 09 ne

the half-width

~
il

sk 2 A ")\-o

A, being the wavelength of the central maximum

The absorption constant is a function of wavelength and is
dependent mainly on the number of atoms per cc. in the absorp-
tion tube. So far for a given concentration of the adsorbing
atoms in the absorption tube and for a given line, the area
under the absorption coefficient curve is a constant, and )

is a constant. o formula (3) can be written as
01
()™ 4 Cg

where Cq and Cz are constants.

vl
o i - X S s e
X — - - | & -y
Since T e ® )" + o (5)
Solve for (8)\)%3
logl e ¢
- 0 7
AJ® = —
(5 ) G ( T Gy ) (6)
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S0 a plot with (§\)° as ordinate against ( logy, %0)"1
as abscissa, is a straight line with slope C = loglo e Gl and
intercept Cg. Cg was-practically nil showing that the central
maximum of the line exhibited nearly complete absorption. wig.
4 is a sample curve for plate No. 44.

So C. = (dl)zloglo %2 can be found experimentally.

Wwhile theoreticsally,

(an)® x 1ogld§ril¥~-

g = 10g109 C, =
= £L (2)%10g, e = £2 1og, 0 (7
2 /(sn)" Flogyg on g10° (7)
- &7C
or PV = "0 o (8)
10
where p = area under the absorption coefficient curve
4o
-~ xXx ()
-0
———2—9"“1\73‘.’1: (9)
me

where N denotes the number of atoms per cc.
f, the oscillator strength of the transition of
natursl frequency corresponding to 7\0

and X, the length of the absorption cclumn

So ) can be calculated theoretically giving

Y= & /(5108 0) (10)



Thus the final aim of the finding from the spectrograms was
the best determination of the value of C.

Two other quantities had to be determined in addition
to the value of ¢ — the length of the absorption column and
the temperature of the absorption tube. Yhere was no difficu-
1ity in measuring the tube-lengths. Yhe tube lengths varied
from 15.06 cm. to 0.196 cm., a factor of 76.8.

the temperature of the absorption tube was the measure
of the saturated vapor pressure of rubidium in the absorbing
column. #he temperature vs. vapor pressure curve for rubidium
has been studied by Scott, Killian and others(lb). From Critical
Tables

logyogp = -58.23 X 76/T + 6.976 (11)

where p is the vapor pressure of rubidium in mm. Hg;

T the absolute temperature.

the formula was used over the entire temperature range al though
it was set to cover the range £50-570° ¢ only.

The number of atoms per cc. is

¥ = 9.70 x 1018 p/7 (12)
The temperature covered 136° ¢ - 556° U corresponding
to pressures from .00l9 to 151.4 mm. Hg., & factor of about

80000 in N.

(13) nuff & Johannsen, Ber. d. deuts. Chem. Ges. 38, 60, (1905)
Hackspill, Comptes Rendus, 154, 877, 191&.
Scott, Phil. Mag. 47, 92, 1924.
Egerton, Phil. Mag. 48, 1048, 1924
Killian, Phys. mev. &7, 578, 1946.
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V. HESULTS AND DISCUSSION

Following the methods of calculation discussed in the
above chapter, all spectrograms were analysed. As shown in
dig. 5, the lines were very symmetrically brosdened when the
vapor pressure was below about 1 mm. Hg. But for plates taken
when the temperature of the tube was raised to about 290° ¢ or
more the lines exhibit more and more asymmetrical broadening,
and a shadow of absorption was observed near the brosdened
line components. All results are presented under two items,
viz. the broadening when the vapor pressure was low; and that
when the vapor pressure was high as follows:
A. Observations of the Line Broademing under ILow Pressures.

(a) #“est of the formulas of resonance broadening

According to Lorentz collision broadening(l4) the half

width
Y= (NH5 T/e) (1)
where fa is the optical collision diameter.
For the modified ILorentz theory(15)
eﬁxob
= wivreeegens . (14
y : Zrme® ) )
. » B . . . (16)
For lMargenau and watson's derivation
= —————=) NI {18
¥ Y ) )
(14) H. A. Lorentz, Proc. Amst. Acad. 8, 591, 1906.

(14)
{(15) A. Xuhn, Phil. Mag. 48, 987, 1937.
) W. W. watson & H. Margenau, xRev. Mod. Phys. 8, &z, 1936.
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from (7)
2+ & §
C = -—————‘fzd/ logl e :7{‘8 Af) Nf }sX
& Y me< 27T

1f the sbove three J's were used:

Hrom (19)
eZ 104’ : k7 o - -
6 = zmeﬁfﬁ 1ogloe) ©ex (om®) (17)
From {14)
45 5.10 e
€™ o €10 o .
G = { = 'Néfx(mf (18
4'me o4 ) ) )
From (15)
34X05 logloe o O D)
¢ = e N°f“x (om®) (19)
12 me

So the ratio of U for the two components of the lines

will be: from (17)

S]:. = {_A_]_'. ‘ ﬁ: = 1.86
e - )w ft‘ - °
, “ o
and from (18) or (19)
U1 x1.5 f1 &
- - '—'—-) ( = 5.64:
02 lg fg)

when the conventional f-value fl =

& o

( xi = 7947.64, A, = 7800.29) were used.

(20)

(21)

il

L0 L

In Table I are listed the experimental values of C3/Cg. The

mean values of the ratio are $.& for pressures below 1 mm. Hg.

and 3.1 for all pressures observed.
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5.67x1010
1.14x10%7
1.34x10t7
1.45%10L7
%.75x10%"
3.97x10%"
7.87x10%7

(AV%_)S
8.12x10°

2.58%107

%.02x107

2 .78x10°
1.22x107
5.08x10°
4.25x10°
3+99x107

6.74x10°

8.64x107

1.44x1010

7.52%107

8.08x10°

6.27x10°

8.93x10°

TABLE II

A
( _{13._)1
6.25x106

1.51X107

1.81x107
1.50x108
7.15x108
1.67x10°
2 .37x10°
2 .31%10°
4.46x10°

6.21x10°

8.53x10°
5.85%X10
5.90X10

4.68x10

O W O 0

7.69x10

x10-"7 x10-7
1.84 1.41
1.06 0.62
1.04 0.63
1.43 0.77
0.7% 0.42
1.51 0.84
1.09 0.60
1.06 0.61
1.19 0.79
0.76 0.54
1.80 0.63
0.52 0.56
0.29 0.19
0.16 0.1&
0.11 0.09

Vi

(AV%.)S/N (AV%_)]_/N i &%‘Wﬂe

1.30
1.70
1.67
1.85
1.70
1.80
1.80
l.72
1.50
1.40
1.68
1.49
l1.51
1.54
1.16



TABLE III

Pég?e log, I 1og10(AV%)S 1oglo(AV%)l :
A2 13.6454 6.9096 6.7959
Ad 14.3874 7.4116 7.1790
Be 14.4594 7.4800 7.2577
B4 15.2878 8 .4440 8.1761
54 16.2279 9.0864 8.8543
B8 16.2989 9.4800 0.2227
B9 16.5899 9.6284 9.9747
35 16.5740 9.6010 9.3636
36 16.7536 9.8287 9.649%
317 17.0569 9.9365 9.7931
52 17.1271 10.1584 9.9309
6& 17.1614 0.8762 9.720<
38 17.4393 9.9069 9.7267
63 17.5988 9.7973 2.670s
64 17.8960 9.7509 9.8859

The last four points have very poor accuracy greatly due
to the error in getting the value of N by far extrapolation of
formula (11). They are generally too low in the graph and are

not plotted in Fig. 6.



This result appears to be in faver of the theory of
(21); whereas Hughes and Lloyd's result for K resonance
lines was in harmony with the corresponding theory for (20).

#further check of the equations (18) and (19) was made

by calculating the values

C1 . g
———— and & which are listed in
NZ flzx Né "géx

the last two columns of Table I. These values turn out to be

quite close in agreement with the theory.

AT LA 7 trprgnnne
(b) Relation between khalf width and N

The relation between the half width and N is shoﬁn in
Yables II and III. =xesults indicate that the broadening of
the shorter wavelength component is greater than that of the
longer wavelength component by a factor of 1.6. For low

pressures

7

(A ) 1.2 x 10 ' N sec™L (22)

8]

7 =1

(8Vg), = .77 x 100" N sec (23)
These values will be still smaller if the data for
higher vapor pressures were considered. The difference of
the broadening of the two doublet components is not what ex-
pected from Prof. Houston's theory but so far the relation
of the half widths and the concentration N is concerned, this

result is in much closer agreement with his theory than is
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the corresponding one obtained by Drs. Hughes and Lloyd. Lloyd's
5
value showed a factor of-10 too high while in the present research

F. 4 I 2.

the values for low pressures are onlyaznefandvzfé’times higher
for the two components respectively. If the values for all pres-

sures were taken into consideration.

(BY 96 x 107 N {24)

i

3ls

(Av%_)l = .55 % 10T N (25)

these were only 3 and 1.7 times higher (for the two components
respectively) than Prof. Houston's theoretical value.

In ®Pig. 6 are plotted the values of logjg N against
1og10@v%) as given in Table III. A straight line of unit slope
cap be drawn through those points, showing the proportionality

of the width with N.

B. QObservation of the Line Broadening under Higher Pressures
(a) fthe asymmetrical line contour

As mentioned before, when the temperature of the tube
was raised to about 290°C or more (or for pressures higher than
1 mn. Hg.) the lines showed more and more asymmetrical broaden-
ing. fThe 23% component shows asymmetry towards the red; while
the 2P3/2 component towards the violet. wig. 8 is the coeffi-
cient of absorption curve showing this circumstance. Naturelly
the dispersion formula will no longer be valid. Consequently

the former method of evaluating U will not be justified as no



‘n /10* -

(sn)*

42

40

3%

36

34

32

30

23

26

24

22

Pig. 7 (51)% vs. (loglOL/I)—l

(T = 766 X, p = 62.2 mm. Hg.)

OB and (0D are the curves corres-
poning to the red and violet
wings of the “Pyand “Py component
lines. QA and QOC the %OTTGSpOHd-
ing curves for the other sides of
the lines.
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good straight line could be drawn in the (dk)a vs. {(log %3)-1
plot, as before. A typical result is shown in rig. 7.

A test of the applicability of the dispersion formulsa
used before was also made on these asymmetrical lines. Kgesults
showed that in general a fairly straight line for ¢ (as shown
in #ig. 7) could be drawn for the shorter wavelength side of
the 2P5/2 component and for the longer wavelength side of the
BP% component. These values are also listed in Table I. The
letters (r) or (v) written before the numerical values of ¢
indicate that the values were evaluated according to the red
or the violet wing of the lines. #“he letters (p), (m), (g)
after the numericsl values show .the quality of the curve in
evaluating C: (p) means poor designating thst the experimental
points did not yield a nice straight curve in obtaining the
slope ¢; (m) means medium; and (g) means good showing that the
experimental points yield a very good straight line for the
determination of C.

Unfortunately no dispersion formuls was found which
will discribe completely these asymmetrically broadened lines.
S50 the contours of the lines were presented in sigs. 8§ for
Plate Nos. B9, 95, and 64. Note the asymmetries of the com-
ponent lines.

The fact that the shorter wavelength side of the <Py
component and the longer wavelength side of the 3P5/2 component
do not follow the dispersion formula (3) is not only due to the

asymmetry; a faint band was observed near each of the component
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#ig. 9 Photograms showing the broadening
of the lines at different temperatures

(a) Plate 22 T=180 ¢ (b) Plate 34 T=£90 C
(c) Plate 36 T=948 ¢ (d4) Plate 37 T=378 ©
(e) Plate 65 T=524 ¢
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lines at these very sides of the lines. 4$his phenomenon will
be discussed in detail under a separate paragraph.
(b) The extension of the width of the line with pressure

and tube length

The broadening of the lines can be described qualita-
tively by reviewing carefully the ¥9 plates both analysed and
unanalysed. The spectrograms reproduced in rig. 9 are quite
illustrative. 7The lines were quite symmetrically broadened
when the pressure was below about 1 mm. when the pressure was
raised the lines tend to broaden unsymmetrically; and at about
the same time the faint band in the neighbourhood of the doublet
components begome strong enough to be perceptible in the spec-
trogram (see iigs. 10 and 11), one on the red side of “Ps/y and
one on the violet side of 23%. When the pressure was again
raised the asymmetry and the increase in intensity of those
faint bands brought the line and the band together causing a
faint shadow (see Fig. 9e¢). 'Then when the pressure was agsain
increased the intensity of the band became much larger than
the wing of the line so a clear cut edge of density is shown
in the plate (see Fig. 9d). +“he edge should be still sharper
if the intensity of the background was uniform all over the
width of the spectrum.

Thus it is evident that it is the doublet lines whose
broadening is considerably increased with the increase of N,

the concentration; the band is not appreciably broadened.(17}

{17) The intensity of the band is increased, because when the
concentration of Rb vapor is increased, the probasbility
of producing the band will be naturally raised.



The additional absorption due to the band results an increase
in the steepness at that side of the line contour. FKinally
when the pressure was further raised the resonance broadening
of the component lines become so large that the band was com-
pletely masked, so only a strong asymmetry could be observed
(Fig. 9e).

It is interesting to note that the line contours for
plates No. B9 and No. 35 correspond to nearly the same concen-
tration N (601°K) but with different tube lengths (7.50 cm and
0.2 om,a factor of 38). For the longer tube length one (Plate
No. B9) the absorpti6n is comparatively much larger than that
of the shorter one. 5o in determining the line contour measure-
ments were made at large dVY's which will show more asymmetry
according to the van der Waals distribution. While for the
shorter tube length one (Plate No. 85) the absorption was much
smaller, so measurement could be made at smaller dV's. So
Plate No. 85 showed much symmetrical contours.

(¢c) Test of Xuhn's -9/5 law

At these high pressure, the line was considerably
broadened. Thus measurements of the line contours were actually
made at the wings of the line corresponding to large fréquency

changes. o Xuhn's Av'b/z 1aw(18), of intensity was tested

by letting
(18) Xuhn's a9/ law. e
i /e
XX = (8»3N02[5)/(v0 - V)
where A = lﬂ'eﬁ)NfX
me

= no. of atoms per c.c.
= length of the absorbing column
is a constant of the transition.

CR =



olx = const (szX) (Vo —V)-a (26)
or 2.3 loglo %2 = const N8rfx (\6 --'V)'a (&7)
logqq [ F o logjg -j-."-o-] = -a logjglyp-Y)
const NRfx I

= -a logjp dv = -8 1og10(§%dx)

i

-a logjg dA - a log10§%

-a 10go AX + K (28)

rfor certain particulsr temperature of the absorbing column
of certain length, ana certain line, Nfx are constants.

Hence the formula reduces to

loglO(loglO %2) = -a loglodx.+ K (29)

or logyg D = -a logjg dX + Ky (80)

The value of "a" as obtained by finding the slope of the plot
of logjg D vS. logjg S\ 1is considerably greater than -9/5.
Table IV gives some values of "a" as obtained from different

spectrograms.

Tgble IV
Plate § X . a
NO . cm for ‘3% 2Pb/g

B9 5.89 x 1016 7.50 £.00 (r)5.12

2.85 (v)&£.50

.85 (r)3.98

64 7.87 x 1017 .2 Z
3.47 (v)2 .53
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The above result is hardly a comfirmgtion of Xuhn's
formula. This is also the case for K resonance lines as
pointed out by Hughes and Lloya(%).

(d) The Band

ithe band appearing near the shorter wavelength side
of the 23% component and near the longer wavelength side of
the 2P3/2 component calls for considerable attention. Note
rig. 9e, rFig. 10, and rig. 11. Owing to the fact that the
bands are located guite near to the doublet lines the position
of these bands could not be determined with good accuracy,
but the violet side edge of the band near the 23% component
and the red side edge of the band near the 2?5/2 component

could be easily located. The data were:

Band & Band b

o} o)
The position of bgnd . . . . . . . 7967.5 A ; 781l2.7 A
The approximaté width of the band 5.7 2 2 10.< X

The biolet edge of band a at 7964.5 %
The red edge of band b at 7817.6 4

In order to obtain these bands it is advisable to use
a long absorption tube and to adjust the time of exposure
(not the time of development), so that the density of the
spectrum is not too high. In the present experiment the bands
appeared most clearly in Plate B9, 46, 52 and 6. 4Yhe experi-
mental conditions for the respective spectirograms were tabu-

lated as the following:



Plate D

Xo . ;s tHg N ‘fube length
B7 - 530° K 0.506 5.61 x 1015 7.50 cms.
36 621 5.84 5.67 x 10°® 0.2 cm.
52 660 9.18 1.54 x 1017 0.z om.
62 664 9.98 1.45 x 1017 0.196 cm.

The presence of these bands was previously unknown.
These bands might be due to loosely bound molecules formed
by polarization forces during the time of collisions. A band
interpreted as due to polarization molecules has been observed
by Kuhn(lg) at the violet side of the second doublet of Cs
principal series and some bands for Kz, Nag. Ny and the author(<0)
have observed the corresponding band in the neighbourhood of b
second doublet of the principal series. 7These bands may be the
corresponding polarization bands in the neighbourhoccd of the
resonance lines. Nevertheless, the positions of the bands here
observed (one on the shorter wavelength side and the other on
the longer wavelength side of the doublet lines) were irregular.
As suggested by Prof. Houston this phehomenon might be due to
the coupling between the two doublet components. In Hughes and
Lloyd's paper the asymmetries of lines were observed only when
-the pressure was raised to 20 mm. Hg, and no band was seen in

the neighbourhood of X lines. If they have not overlooked the

(19) H. Ruhn, Zeit. f. Physik, 76, 78&, 193Z.

(20) Ny Tsi-ze and Ch'en shang-yi, Nature 138, 1055, 1956;
J. de Physique, T. 9, S.7, 169, 198. ;



the phenomena, one might draw the conclusion that it might be
more»pronounced for those doublet lines whose fine structure
intervals are large.

(e) %“he reversal of the lines

Another interesting phenomenon observed was that shown
in #ig. 9b. ©he central parts of the étrongly absorbed lines
showed instead of complete clearness on the plate a dark strip
at the position corresponding to the central maXimu. In Plate
Wos. 94 and 61 (temperatures were 565°K and 615°K respectively)
the phencomenon was most clear.

This phenomenon can be explained according to the idea
of self reversal in emission lines. #The frequencies of the
radiation from the incandescent lamp corresponding to those
of the Rb resonance lines were all absorbed when they were
passing through the absorption tubé by b atoms. The valence
electron of Rb was excited during the process of absorption.
Accordingly the excited electron has to return to its normal
state, 23%, by the emission of the same frequency. But all
light from the incandescent lamp passed through the absorption
tube was used to fill the slit of the spectrograph, while the
light emitted by the atoms radiated in all directions; the
part that could go into the slit of the spectrograph was
very small in comparison with the background light. So cnly

in favorable conditions the frequency corresponding to the

central maximum of the line showed the emitted energy.



(£f) The kb band
gubidium band spectra observed from far infra red up
to about 7800 2. These bands have been studied by Mﬁtuyama(zl)
and others and are classified as due to the transitions of

tIT -~ 12 and 'L -- 8% for the red and infra-red regions.

(g) ‘"he shift
The displacement of the absorption maxima of the lines
could not be determined with good certainty. ©The lines cor-
responding to high vapor pressures would show more shift, but
due to their great increase in width and asymmetry, their
positions of maximes could hardly be located. fThe following

are the results of measurement:

Plate P P 2Shift in 3
o . °K mm . Hg 7y P/
6 664 9.98 .05(r) .96(v)
63 (A 29.6 J74(r) 1.82(v)
64 766 6% .& 2.8 (r) 4.99(v)

Although too much emphasis can noct be put on the accuracy of
the measurement, yet it is safe to say that the 2P% component
shows a shift towards the red while the :@%/2 component shows

a violet shift. This follows the general statement (8o far

(21) Matuyama, Tohoku Imp. Univ. Sci. rep. 28, 308, 1944.



with only one exoeption(zz)) about the relation between the
shift and the asymmetry for pressure effects on spectral
lines by foreign atoms that the shift of the maximum of
absorption is accompanied by a asymmetry towards the same

direction.

(82) for Cs 3876 perturbed by Ng, a red shift of the maximum
of absorption is accompanied by a violet asymmetry,cC.
Michtbauer and . G8ssler, 4. f. Physik, 93, 648, 1945.
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VIl CONCLUSION

The widths of the broadened resonance lines of xb
agree with Margenau and VWatson's derivation. Under pressures
below 1 mm. the lines are very symmetrical. 7“The broadening
of the shorter wavel ength component is greater than that of
the longer wavelength component. f©The half widths of both
components are proportional to the density and are greater
than that predicted by Prof. Houston's theory by & factor of
51,5

The lines exhibit asymmetrical broadening when the
pressure is above 1 mm. Hg. ¢The 23% component shows red,
while the zfﬁ/g component shows violet asymmetry. <the fact
that the shorter wavelength side of the ZP% component and
the longer wavelength side of the %Pﬁ/g component deviate
very strongly from the dispersion formula is not only due
to the asymmetry but also due to the faint band appesred at
the respective sides of the lines near each component of the
doublet.

At the wings of the lines corresponding to large
frequency changes, the intensity distribution does not follow
Kuhn's -9/g law. fhe shifts of the lines could only be
roughly estimated; results showed a violet shift of the
violet asymmetrical 2?3/2 component and a red shift of the

2
-red asymmetrical Py component.
2
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THESIS II

THE BROADENING, ASYMMETRY AND SHIFT OF RUBIDIUM
RESONANCE LINES UNDER HOMOGENEOUS PRESSURES OF
HELIUM AND ARGON UP TO 100 ATHMOSPHERES



ABSTRACT

The broadening, asymmetry and shift of rubidium
resonance lines produced under different pressures of pure
helium and argon up to 100 atmopheres were studied. The

6broadening is linearly proportional to the relative densi-
ies of these gases, and is different for different doublet
components. The slopes of these half-width vs. relative
density curves are o735 em~1 and .594 cw™l per unit relative
density of helium for 2P1 and aP% components respectively,
and the gorresponding values for argon are  .855 em™1 and
627 cm- per unit relative density. Hel;%h produces a violet,
while argon a red asymmetry. The degree df asynnetry increases
as the conceentration of foreign gas increases, and is compara-
tively much greater for srgon. For argon the asymmetry of the
Pl component is greater than that of the 2? component, while
for helium the reverse is true. Argon produces a greater shift
than helium. The former produces a strong red, while the lat-
ter a violet shift. For both gases the shift of the EP% coln-
ponent is greater than that of the 2Plé component. For helium
the shift apoears to be proportional to the relative density,

and the shift of the 2? component is about twice as great as
that for the shorter wave-length component; while for argon

the shifts for the doublet components are quite close, and

the relation between shifts and relative densities obeys in
general the 3/2 power relationship. Optical eollision dia-
meters as calculated from the half-width data are 13.37% and
7.753 J for Hb-A and Rb-He respectively. From the measurement
of the amount of total absorption of the line eontours, f-valueS
and the transition probabilities were evaluated. The f-values

turn out to be .33 and .66 for the 2P% and 2P1§ components of
the Rb resonance lines respestively.
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THE BROADENING, ASYIMMETRY AND SHIFT OF RUBIDIUM
RESONANCE LINES UNDER HOMOGENEOUS PRESSURES OF
HELIUM AND ARGON UP T0 100 ATMOSPHERES

I. INTRODUCTORY

The effects of foreign gases upon spectral lines,
such as displacement, broadening and asymmetry, have opened
up a new way for investigating the perturbations of the
energy levels of the absorbing atom and consequently attract-
ed the attention of many experimental and theoretical phy-
sigists. V. Weisskon(l) He Margenau and We We watson(z),
and P Sohulz{s) have given a general review on the subject
with an adequate bibliography. The extent of the work on
the problém can be briefly deseribed in the form of a table,
{see Table I) in which the horizontal column ai the top
gives the nature of foreign atoms that have been employed
to perturb. the absorption lines of the various alkalis given
at the extreme left of the rows. The number of marks "¢ "
or "/" indicate the number of researches that have been
done on that specific combination of absorbing and perturbing
atoms. The mark "y ™ indicates the research done by the
writer; while thé mark " /", the work done by other experi-

menters.

(1) V. weisskopf, Physik. Zeits. 34, 1, 1933.
(2) H. Margenau and W. W. Watson, Rev. lMod. Phys. 8, 2, 1936.
(3) P. Schulz, Phys. Zeits. 39, 412, 1938.



Table I Table of Researches on the Various Combina-
tions of Perturbing and Absorbing Atoms.

A Ne | He | Hp | HNg | ZXe Kr (ad)|(as)|(ec)

Li
galvo/| v |V V|| Ve v\ v
JVJ| VYV VWYV VvV
% v |vvv o
wil v IV v v S
R|VY| vV |Vvv|vYy| ¥ v 4
v v v v v
os| v " v v
v v v 4 " o
Ne Be (ad) = alkali vapors of different kind
(as) = alkali vapors of the same kind

(G)

saturated hydrocarbons, such as methane,
ethane and propene.

i

"y" Researches done by the writer of this paper

v /"  Researches done by other experimenters.



After the discovery of the corrosion resistant
Mg O windows (4) there is s8till & difficult problem con-
fronting experimental physicists. The problem is that of
the construction of a high pressure absorption chamber whose
windows could continue to be pressure tight after the
absorption tube had been heated and then cooled. lMargenau
and Watson (5) made with considerable trouble, an‘absorption
tube, where windows could be heated; but they confessed to
only partial success at overcoming the leakage. ith this
absorption tube they studied nitrogen in potassium up to 30
atmospheres. As yet no other high pressure observations
with more improved absorption tube had been made. Up till
the present high pressure absorption tubes were still made
in the old form with water cooling on both ende{sz But this
has several disadvantage (7{ Otherwise the whole tube and
the windows had to be made of glass, 20 only low pressure

(8)

observations were possible

See page 1 of the first srticle

H. Margenau and W. W. Watson, Phys. Rev. 44, 92, 1933.
For example: see exXperiments by

Flichtbauer Schulz, and Brandt, Z.f.rhysik, 90, 403, 1934.
Ry Tsi~Ze and Ch'en Shang~yi, Phys. Rev. 51, 567,1937;
54, 1045, 1938. :

Mlchtbhauer and Heeser Z.f.Physik, 113, 583, 1939 .

(7) This problem will be discussed in detall in chapter II.
(8) PFor instance: see Flichtbauer and Gdssler, Z.f.Physik,

87, 89, 1933.

oy — 2~y
O O
N Coat®



In the present research, an absorption tube was made
which is perfectly pressure tight both at low and at high pre-
asures. So the pressure effects of He, A, on the resonance
lines of rubidium was studied under pressures up to 100 atmo-
shheres (alsc with hydrogen up to 20 atmospheres). Further-
more, Mg O windows were used so thet the length of the optical
path_in the rubidium vapor was known. The optical collision
diameters, and the areas under the absorption line contours
were determined leading to the evaluation of the osecillator

strength of the atom and the transition probabilities.



II1. EXPRERIMENTAL
(a) The absorption tube

It is not hard at all to make a vessel which is
pressure tight. Also it should not be &ifficult to construct
a preassure tight absorption tube with two transparent windows
kept at a certain constant tempsrature. But the problen of
making an absorption tube with windows pressure tight both at
low and at high temperatures has up %ill now been unsolved.

(5)

Margeneu ané Watson at tempted %o solve the pro-
blem by hélding a gless window on the ends of the absorption
tube by means of overlapping nuts threaded on to the tube.
Lesd rings were used, thelr lateral expansion when compressed
being hindered by short ssetions of thin-walled stecl tubing
which fitted tightly inte the main tube and the end nuts. As
peinted out by themselves, considersble trouble was experi-
enced in constructing the gaskets and the leaking was not
gompletely overcomne. |
In using absorption tube with cooled windows not
only is it not possible to determine many physical constants
from the measurement of the absclute absorption coefficients
because the optical path of the absorbing vapor is unknown, and
neither the abéorbing nor perturbing atom have a homogeneous

goncentration in the tube, but also experimental troubles

arise of the kind pointed out by Dr. Ny and the author (9)

(9) Hy Tsi-~Ze and Ch'en Shang-Yi, Phys. Rev. 54, 1045, 1938,
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Pig. 1. The pressure tube

A-~- The pressure tube

B-- Ending for the union joint

I-- Inclined vlane on window frame

J-- Small hole joining the pressure tube
and the inner absorption tube

X-~ Kovar cone

P-- Pyrex glass window

R-- Reservoir for condensed Rb vapor

3-- Side tube
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Fig. 2. The pressure window
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rig. 4. The water cooler



(10)

and later confirmed by FMlichtbauer and Heesen e

In the present research a thoroughly satistactory
high pressure absorption tube was constructed. This deve-
lopment will make feasible the solution of many physicsal
problems.,

The sonstruction of the tube is shown in Fig. l.
A is a steel pressure tube 1% inch in dlameter with 3/16
inch wall thickness. At the middle of the tube was connected
very strongly by iron soldering a side-tube S about 7 inches
long whose end E was ready to connect by a union with a oross -
tube as shown in Fig. 8. Inside the pressure tube was plaeced

an inner absorption tube about 26 cms. long with Mg O windows

2 inch in dismeter and 1/8 inch thick on both ends. At the
eentral part of the tube there was a side tube thinner than

S. This thinner side-~tube was serewed on to the inner absorp-
tion tube and could be taken off very easily by unsorewing.

3o the inner absorpticn tube could be easily put in position
by first inserting it in the pressure tube, then connesting
the side tube.

The essential d.fficulty in constructing the pre-
asurevtube was to make the pressure tight windows whose con-
atruction is shown in Fig. 2. The whole window frame was
made of the Same material as that of the main pressure tube

exgept the pyrex glass window P and the Kover cone X holding

(10) C.Flichtbauer and ﬁ. von Heesen, Z.f.Physik, 113,383,1939.



the window. So when the window frame was sorewed on to the ends
of the oredsure tube, the inelined part,I, of the frame will

be pressed very tightly on the round and smooth end of the
pressure tube, This would always serve as an excellent pre-
ggure sSealing because, the tube end and the window frame would
contract or expand equally &t various temperatures.

The thin Kovar cone was united with the steel frame
by silver soldering. Before the glass window was put in po-
sition the Xovar cone was ground so that it fit very nicely
with the polished conical glass. Then very thin aluminium
rings were omployed in the gasket (11). The pyrex glass was
pressed into the Xovay ‘cone when the whole thing was heated
to about 250°C at which the aluminium ring became soft. A48
Xovar metal has nearly the same coefficient of expansion as that
of the pyrex glass, the window was always tightly fitted in the
cone at different temperatures. A slight difference between
the sxpansions of the two material that might occur could be
compensated by the elasticity of the thin cone.

The pyrex glass window was 2 om. thick and % ineh
in diameter; the angle of the cone was about 5°. If the angle
were greater than 7° the window would leak sven with the above

method. Obviously, there will be no difficulty if the pyrex

{11) Copper rings were tried. They did not work owing to its
hardness. Gold rings would be even better than aluminium be-
cause it is softer and has a still higher melting point.



Pig. 3. The furnace

The pressure tube

Water coolings

The long furnace for heating the pressure
tube

The furnace for heating the side tube

The heating unit for guarding the excess of
heat loss from the end of the furnace when

the temperature of the tube was heated above
250 ¢

The place where the hot junction of the Alumel-
Chromel thermocouple was fastened by a steel
ribbon

The needle valve for inleting foreign gas

The needle valve led to the pressure gage
The needle valve connected to the vacuum pump



glass is replaced by fused quartz when observations are to
“be made in the ultraviclet region.

(b) The furnace.

The construction of the furnace is shown in Fig. 3.
The absorption tube A, which is only schematically shown was
heated by the furnage E&. The furnace was made by winding
chromel wires on steel gylinders ooveréd by asbestos paper.
The whole furnace, ¥y consisted of two sections which were
connected at the position of the side tube. The windings
were 8o made that when the side tube was heated by a small
furnace, Fy, the mean absorption tube gould be heated uniform-
1y to about 240°C. - When the furnace had to be heated to still
higher temperatures, additional furnaces, Fz. were added on.
the both ends. They were used to compensate the heat loss of
the ends to the surroundings. i

The furnace Fa was made by simply winding the re-
gistance wire around the side tube protected by asbestos paper
and mica. The furnaces Fa were made by first winding the
heating wire on a eylinder covered with asbestos then putting
it inside another bigger cylinder forming a very compact heat-
ing unlt;

The temperature of the absorption tube was measured

by an alumel-chromel thermocouple. The hot junction was fas~

tened tightly by a steel ribbon on the pressure tube at the

portion T shown in Fig. 3.



The whole furnace was placed in a box full of
asbestos powder. As the side tube had to be put below the

absorption tube (12)

, the whole box was laid on a wooden
table with a big hole at the aentér. In this way the cold
gas in the side tube will not flow into the absorption tube
on acoount of ite higher density than that of the hot gas in
the main tube.

Water eoolings were applied immediamtely outside
of the heating box to cool the side tube. The upper one
composed of two semi-cylindricsl vessels as shown in Fig 4.
They could be applied and taken off much more conveniently

than the lower water cooling copper tubings. The function
of the water coolings was not only to keep the cross tube

and the needle valves, V, gooled, but also to condense the
rubidium vapor if it escaped out of the absorption tube A4,
when foreign gss was belng inserted into the tube from the
value V;, or when the tube was cooling down‘ls). The ends
of the absorption tube A were olosed tightly by preesing

- the Mg O windows on the sharp edges of the tube ends.

(12) Otherwise if the side~tube waes pointed upward, ss soon
as the hot gas coming from the main tubs was cooled, it
would be displaced by new supply of hot gas. 8o there would
be a convestion and the side-tube would be too hote

(13) vwhen the tube was cooling down the foreign gas outside
of the absorption tube A would be cold first resulting in a

higher pressure inside the tube A. So the foreign gas would
sarry the alkali vapor out of the tube A.



Phe joint between the inner side~tube and the tube A wsas also

very tight, sc the only way for the gas to flow from the inner
absorption tube 4 teo the pressure tube was to flow through the

epening, J, in Fig 1. So this arrangement served to give a
connection between the outer and the inner tubes for the for-

eign gae, not for the alkall vapor.

(e) The needle value, the pressure gages, etae

Three needle volves, Vy, Vg, Vé’ were used. v, led
to the pressure tank containing foreign gas; Vé was oconnected
to the préssure gage, and vs joined the high vacuum pump.

Oon the value, Vi, the nut joining the thin ecopper
tubing which led to the pressure tank of foreign gas and Vq
was shown on the Fig. 3. Between V; and the pressure tank was
the thick walled copper tubing and a condensing spiral as
shown in Pig. 5. The condensing spiral was made of thick

walled copper tubing about %

o ({ To absorption '

tube ineh outside diameter. It was
\ - used to fill back the argon in-
to the tank after the exXperiment
wag through. Vhen condensing
epiral was dipped into ligquid
air, with value ¥V, opened and

the tank oclosed, the argon gas

was condensed and orystallizede

>/

\_/

Fig. 5 The cooling spiral



Oonsequently the pipe was filled up with solid argon. Then
V; was closed and the tank valve was opered. By lifting
slowly the condensing spirsl out of the liquid air bottle the
spiral was wermed up. Then argon condensed at the top of the
spiral vaporized first and went back to the tank as soon as
the pressure was raised high enough. Care must be taken to eon-
neat the ends of the spiral in the way shown in the figure.
If the terminals were otherwise connected; and if the spiral
were warmed up, the boiled argon could hardly go through the
lower {aooler) part of the spiral whioch would be closed by
the s0lid avgon. 8o very probably a dangerously high pre-
ssure could be built up in the tubiag.

Three pressure gages were ussd. They served to
measure the pressure in three ranges 1 - 300 1lbs, 1 - 600
1bs, and 1 to 3000 1lbs. These gages were calibrated by means of

(14). The first two gages were

a standard pressure gage
calibrated to read a pressure accurate to 1 1b, while the

third one could read to 10 lbs.

(d) The Foreign Gases
Helium, argon and hydrogen were used as foreign

gases.

{14) The standard pressure gage was situated in Mechaniocal
Engineering Bullding, Caltech,Thanks are due to Dr. B.H.Sage
for his permission to use the apparatus.



15)
The helium gas ( )was cbtained originally from

evaporation of 1iquid heljum, and was once more purified by
absorption method to eliminate contaminations by the seal-
ing liquid during storage. The total impurity at the source
is estimated to be smaller than .01% The Bmsll tiace of
impurity would be hydrogen.

The argon tank was supplied by the Ohlio Chemical
& Mfg. Co. Clevsland, Ohlio. The purity was 99.6 % The
impurity would be nitrogen.

The hydrogen tank was supplied by the Oryegenis
Laboratory of this Institute. The gas was claimed to be
about 99.5 % pure.

The remaining parts of the apparatus such as the
tungsten 1ight sourse, the preparation of metallle rubidium,
and photographiu photometrical parts are all the same a=
those in the first ressarch, and thues sre omitted here.

The dimensions of apparatus such as the thickness
of tubs walls, of the copprer tubings and of Xovar conese, the
thread on the window frames, thé thickness of the pyrex
glass windows ete. were carefully designed. The factor of

safety was about 5.

(15) *Phanks are due to Prof. A. Goetz, the director of the
sryogenic laboratory of this Institute, for his most generous
permission and help to use his (precious) pure helium.



Before using the apparatus, it was put ocutside the labora-
tory and was tested for pressure. During experiment the absorp-
tion tube was first oleaned and the ocontained gas in the tube
wall was removed by long pumping and heating. Then metalliec
rubidium was inserted into the absorption tube A in a current
of nitrogen. The tube was then pumped again immediately. The
absorption spectrum of rubidium was taken when the pure foreign
gas was admitted into the tube and the tube was heated to a cer-
tain temperature. The temperature was sg adjusted at each pre-
ssure of the foreign gas so that the absorption was less than
the total in the center of the resonance lines in order that
true line contours would be'registered. To calibrate the den-
gity gradations in the absorption lines, the plate ( HEastman
Kodak Type I-R ) was calibrated by a step weakener pléced in
the plate holder just on one side of each absorption line as
shown in ®ig. 10. An iron are spegtrum was supperposed on

both sides of the mean exXposure as a comparison.
The method of measuring the broadening of the lines was

in general the same as before.Mierophotometer curves were re-
gorded on‘bromide paper 43x12 cmg in a drum camera, . . From
the step weakener marks, deflections vs.density curves were
given for each plate. Then the true line eontours (density vs.

wave-length) were plotted, £figs. 128. ADsolute absorption

coefficient could easily be caleulated from the values of



the density, D, and the well determined length of the optiecal
path in the absorption vapor. The half width which is the
frequency range in which the absorption corfficient is a
half of its maximum, could be read off direetly; The msym-
metry of each line was both expressed in terms of the ratio
of the "red™ half to the "violet" half of the half-width and
in terms of the ratio of the respeciive areas under the red
and the violet halves of the absorption contour, a8 measured
by a Polar planimeter.

The ampunt of displacement was determined from the
miorophotometer curve with a seratch wmade at convenient po~

sitions. ALl results were given in the next chapter.



III RESULTS AND DISCUSSION
(a) Broadening:

The half width of the Rb resonance lines broadened by
different concentrations of helium, argon and hydrogen are
tabulated in Table II. In the first three columns are given the
plate number, the pressure in athosphere and the temperature in
absolute scale of the foreign gas employed. In the fourth eo-
lumn the concentrations of the pertﬁrbing gas are exXpressed in
terms of "relative density,” the unit being the density of the
same quantity of a foreign gas as that used in the experiment,
but at 0°C and 1 atmosphere. The half widths are given both in
terms of Angstr8m units and in wave number. In Pigs. 6 and 7
are given the plots of the values. The half widths turns out
to be linearly proportional to the relastive densities of these
gases, indicating the predominance of velocity broadening even
in this high pressure range. The slope of these curves are
« 735 cmfl and .594 em~1 per unit relstive density of helium for

2P5/2 and 2? components respecitively, and the corresponding

values for afgon are .855 om™% and .627 emt per unit relative
density.

The degree of accuracy of the determinations depends
on the experimental conditions. For lower pressure the lines
were narrow and the gralniness of the plate (Type I-R) caused
appreciable irregularities in the mierophotometer curves, the

precision in the determination of both the absorption maximum

and the line contour were appreciably affected, while for high



Table II. The broadening of the resonance lines of
by, He, A and H2

Rb produced

| Half width
Plate P T  Relative (7947 ) _ (A\7800) _4
No. Atmos. oK density om A om
(a) Rubidium/Helium
He 14 3.95 447 2.41 1.019 1.613 1.086 1.785
He 13 8.98 455 5.39 1,937 3.067 2.242 3.685
He 4 20.48 461 12.13  4.966 7.863 5.582 9.175
He 5 41.10 463.5 24.21 10.707 16.953 10.389 17.075
He 12 77.29 569-2 37.08  13.730 21.740 16.916 27.803
He 11 96.68 579.5 45.582 16.916 ‘27.808 £20.205 3%.210
He 9 98.79 581.5 46.36 20.968 34.463
(b) Rubidium/Argon
Ar 1 2.72 44072 1.69 .818 1.295 o738 1.213
Ar 2 6.12 51541 3.24 1,740 2.755 1.920 3.156
AT 3 10.81 517.5 5.39  2.128 3.369 £.080 $.419
Ar 4 19.94 52756  10.33  4.562 V223  4.437  T.293
Ar 5 41.16 55871 20,36  9.535 15.098 11.839 19.459
Ar 6 71.44 569%7  34.28 14.30%2 22.646 19.706 32.889
AT 7 B8B5.73 576.0 40.63 15.784 24,992 £0.977 34.478
AT B 97.98 576 46,44 17.680 27.995 23.738 $9.016
{e) Rubidium/Hydrogen
H 2 20.00 462 11.82  4.53 7.73  6.24 10.256
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pressures the lines were so highly broadened that the irregu-
larity could be easily snoothed out without affecting the true
shape of the line contaour. Alse when the temperaiure of the
absorption tube was not suitably sdjusted so that the sbsorp-
tion at the center of the resocunances lines was too high or too
low, the accuracy was naturally lowered. The degree of preci-
sion was estimated and is shown in Pigs. 6 and 7.

It is to be noted that the broadening by srgon is
greater than that by helium and the broadening of the shorter
wave~length component is s8lightly greater than that of the
longer wave-length one for hoth>3ases.

Watson and Margensu ‘3®)ana mui1 17) have shown
in their results for sodium (with Hg, Ng and A) end potassium
{with Np and A) that there is né significant difference be~
tween the hslf widths of the doublet components for resonance
lines and also for the second doublet of the potassiun prin-
gipal series. But peteimann (18) found that the blue Os
doublet and the corresponding potassium doutlet show about 20
percent greater broadening for the shorter wave-length com-

ponent when broadened by hydrogen. Ny and the author (19)

(16) H. Margenau and W.W. Watson, Phys. Rav. 44, 99, 44,1939,
(17) G.F. Hull, Phys. Rev. 50, 1148, 1936.

(18) Petermann, Zeits. F. Physik 87, 96, 1935. |

(19) Ny Tsi-Ze' and Ch'en Shang-yi.Phys. Rev. 52,1158,1937.



found that for helium and neon the half widths of the “By com-
ponent of the second doublet of Kb principal series is greater
than that of the sz/z component, while for argon the half
widths of the 2P% component is sllghtly greater. In the pre-
sent research the results for argon are in harmony with those
of the author's fqrmer experinent for the second member of Rb
principal weries. The difference between the half widths of
the doublet components detected both by the former'and by the
present researches suggests again that the perturbing effect of
neighbouring atoms (similar or dissimilar) may be different for
different j-values.

It is interesting to note that according to Margenay's
theory, the half width should be proportional to the relative
density of the perturbing gas as iong a8 the velogcity breadth
is the predominant one, the statistical width grows with the
square of the relative density. A point will be reached at
which the two are equal, and a ceurvature in the graph ofAvé
v8. n should set in indicating a change to the statistical =
law as we pass from this noint to higher relative densities.
This point ocours when AY: = AL |

t

Where 7\°(= %%\ n wheredis an interaction constant.

The departure from the linear relationship has been confirmed

by Margenau for X resonance lines. But Flchtbauer, Joos, and

{ 20)
Dinklacker have measured the broadening of Hg A2537

(20) Flichtbauer, Joos, and Dinkelacker,Ann,d.Physik, 71, 204,
1923. :



produced by pressures up to 50 atmospheres of foreign gases.
They found the width to vary linearly with the density of the
perturbing gas. In the present work also, no deviation from
the linear law has been observed for the rubidium resonance

linee for concentrations of He and 4 up to 100 atmospheres.



" (b) Asymmetry

So far there is no generally accepted satisfactory
way to figure ouf the asymmetry of the broadened lines. In Table
IIl are given the values both in the ratics of the red "half" to
the blue™half" of the half-widths as listed in the third and
fifth columns represented by (1} and in the ratios of the areas
under the red half to these under the violet half of the line
contour as represented by (2) in the table. A value which is
unity indicates a symmetrically broadened line, & value smaller
than unity a vioclet asymmetry, and a value large than unity a
red asymmetry. '

Helium profuces a violet asymmetry, while argon & red
asymmetry. The degree of asymmétry increases as the concentra-
tion of helium or argon increases. Foi helium the degree of
asymmetry is a little greater for the longer wavelength com-
ponent, while for argon the dégreé of asymmetry for the’shorter
wavelength component is greatar. For argon the degree of asymme=
try first increases very rapidly with the inorease of concentra-
tion, then attains a weak maxXimum around relative density 10,
finally the asymmetry drops slightly to a nearly constant value.
The degree of asymmetry produced by helium is comparatively much
lower than that produced by argon. The asymmetry was small when

the relative density was below 10, but increased gradually with
the increase of concentration. The asymmetry produced by the

hydrogen is quite small.



Table II1. The asymmetry of the broadened Rb resonance linss
produced by He, 4 and Hg

Moo demsity (d3reen (] Ym0y,
(a) Rubidium/Helium
He 14 2.41 0.95 0911 1.00 0.988
He 13 5.39 0.98 0.967 1.01 =~ 0.990
He 4 12.13 097 0.843 0.98 0.961
He 5 24.21 0.78 0.772  0.88 0.874
He 12 37.08 0.83 0.782 0.90 0.832
He 11 45,52 0.86 0777 0499 0.748
He 9 46.36 |
(b) Rubidium/Argon
Ar 1 1.69 1.07 1.128 1.4l 1.538
Ar 2 3.24 1.39 1.588 1.50 1.654
Ar 3 5439 1.56 1.661 1.50 1.702
Ar 4 10.33 1.79 1.975 1.71 1.912
Ar 5 20.36 1 .42 1.387 1.60 1.641
Ar 6 34 .28 1.38 1.374 1.80 1.825
Ar 7 40.63 1.33 1.395 1.58 1.658
8 46.44 1.36 1.352 1.63 1.568

AY

(¢) Rubidium/Hydrogen
11.82 1.18 1.00

.-
0
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The values listed under the columns numbered (1) and
(2) pernit interesting comparison of the two ways of describing
the nature! of the agymmetry of the line contours. The first
way (the ratics of the halves of the half-widths as represented
by (1)}}gives in general the asymmetry at nearly the central
portion of the line. The asymmetfy at the far wings ie not
given. VWhile the second way (the ratios of the areas under
the line contour as represented by (8) ) is a rmore sensitive
way of measuring the asymmetry for the asymmetry of the line
would effect the area more conspicuously than the half width.
The asymmeties were most pronounced near the base of the line.
The values of the last two columns for helium in table IIlgive
a good illustration.
- Although three figures are recorded in expressing the
degree of asymmetry, the last figure has very little signifi-
cance as regards the accuragy of measurement. The chief source
of error is in the planimetric measurement near the end of the
wings. The wing streched very far on both sides of the wings
especlally the side which showed asymmetry, a little error in
traceing the line cgontour would effect the area by a consider-

able amount.



{(ec) Shift

The dispiacement of the central maxtma of the Rb re-
sonance lines produced by helium and argon are given in Table
IV , and are plotted in figs. 8 and 9. Argon produce a greater
shift than helium. The former produces a strong red shift,
while the latter a violet shift. ‘For both gases the shift of
the 31@% ( A7947 ) component is greater than that of the 21?1%
(X\7800) component. This phenomenon is shown very obviously
in Figs. 10 and 11l.

In Pigs. 10 and 11 are given a direct comparison of
the positions of the Rb resonance lines, with and without the
effects of foreign gases. Rig. 10 (a) and Pig. 11 (a) are the
spectra taken with the absorption tube containing pure rubidium
vapor at very low pressure (10™% mm. Hg), Figs. 10 (b) and 11(b)
are those taken when the pure Kb vapor pressure was increased
tc 4 mm. Hg, and #igs. 8 (¢) and 9 (¢) are the spectra taken
when foreign gases were introduced. As pointed out in the firsi
srticle, snd also shown here, the shift of Rb resonance lines
due to the pressure of its own vapor is very small. Dut the
large shift of the lines produced by foreign guses is strik-
ingly illustrated. It is well known that the shift of the
resonance lines produced by foreign gases is smallest among the

gseries lines. The shift vs. series members curve (21) shows

(21) Por instance,
Mishtbauer, Sehlllz and Brandt, Z.f,Physik. 90, 403, 1934.
Ny Tsi-4e and Ch'en Shang-yi, Phys. Rev. 51, 567,1937;
54, 1045, 1938.



Table Iv. The displacement of the resonance lines of Rb
produced by He, A and Hp

Plate Relative Shift
' A7947) §K7800) 1
No. density om~1 ‘ om™
Rubidium/Heliun
(violet)(violet) (violet) (violet)
He 14 24l 025 039 0.12 0.19
He 13 56359 1.17 1.85 058 0.95
He 4 12.13 1.83 2.59 0.92 1.52
He 5 24.21 3.64 5.76 - 137 2.26
He 12 37 .08 4,77 7.54  1.59 2.62
He 11 45 .52 6.88 10.88 £ .68 440
Rubidium/Argon

(red) (red) (red) (red)
Ar 1 169 0.58 0.82 0.22 036
Ar 2 3.24 0.65 1.03 0.29 0.48
Ar 3 5 .39 1.07 1.69 0.81 1.33
Ar 4 10.33 2.92 4 .63 24P 3.99
Ar B 20.36 6.96 11.01 5.86 9.64
Ar 6 34 .88 12 .78 20.23 1177 19.68
Ar 7 40.63 15.26 24 .17 15.81 26 .04
Ar 8 46.44 18.47 29.90 18.16 £9.85

Rubidium/Hydrogen -
(violet) (violet) (red) (red)
H  § 2.07 0.83 1.82 0.81 1l.3a

H 2 11.82 1.03 1.63 0.98 1.61
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Fig. 10 Positions of rubidium resconance lines
(a) Under 10 3 mm. pressure pure vapor (%= 180 C)

(b) Under 4 mm. Hg pressure pure vapor (i= 347 C)
(¢} Under 97.98 atmospheres argon (1= 308 C)

#ig. 11. Positions of rubidium resonance lines

(a) Under 10-9 mm. pressure pure vanor (T= 180 C)
(b} Under 4 mm. Hg. pressure pure vapor (1= 847 C)
()

) Under 96.62 atmospheres helium (L= 506.5 G,
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that the shift first inereasss strongly with the ordinal number
of the lines in the series, then attains a weak maxXimum and
finally approaches a constant value for the lines near the

limit of the series. Thus it is easy to imagine that under

so big a foreign gas pressure (100 atmospheres) the shift for
higher series members would be as big as one hundred Angstrom
units. Hydrogen produce a violet shift on the lowmger wave-length
component and a red shift on shorter wave-length component of
the‘ﬁb resonance lines.

It is to be noted from Ligs. 8 and 9 that for helium
the shift appears to be proportional to the relative density,
while for argon there is noticeable departure from linear rela-
tion ship. For argon the shifts for the two doublet components
are very nearly the same, while for helium the shift of the
longer wave-length eomponent is aboutl twice as pgreat as for the
shorter wave-length component. (see also Figs. 10 and 11)

The difference of shifts of the two components has
already been pointed out by lMargensu Watson & Hull (22 ) in
their experiments on effects of nitrogen snd argon on potassium
resonance lines and also by Ny and the author(23)1n their ex-
periment on the effects of rare gases on the second member of

Rb absorption series.

(22) Margenau and Watson. Phys. Rev. 44, 92, 1933 Eull Phys.
Rev. 50, 1148, 1936.
(23) Ny Tsi-Z%e and Ch'en Shang-yi, Fhys. dev. 52, 1158, 1937.



The relation between the shift and the relative density
is st111 an unsolved problem. ©Some theories have identified the
shift with the mean of the frequency distributions, (“V":’ﬁE?.
It will be always strictly proportional to the relative density
and depends in sensitive manner on the distance of closest
approch. But Kuhn {24)pointea out that the meassured shift is
not the mean but the displacement of the maximum. So the shift
should be proportional to the square of the density of the gas
and is largely independent of the distance of closest approach.
In fact both the linear and the quadratic relation® were observed.
In the present case the shift of the lines produced by helium
is in general linearly proportional to the relative density,
but for argon the relation between shift and relative densities
obeys in general the 3/2 power relationship. The accuracy of
locating the positions of the maxXima of these lines was esti-
mated, the greatest possible error should not be more than 2%
(25)although one could regard that pressure region as corres-
ponding to A =77, (26) in which the linear law gradually changes
into the square law, yet further theoretical confirmation of the

- existence of this change seems very desirable.

(24) He. Kuhn, Phys. Rev. 58, 133, 1937.

(25) As estimated from the measurements of the magnification
ratios on the microphotometer, the location of the line
maximum, the inaccurcy of measurement on the scratch msge
on the plate, and the density readings of foreign gases

(26) Margenau and Watson, Zfev. llod. Phys, 8, 47, 1936,



In order to spproach as much as possible the theore-
tical assumptions it 1s desirable to use low pressures and high
atomic weight so that the influence of atomic moticn is elimint-
ed. But due tc the wide spread of the lines (27) the tempera-
ture of the absorption tube had to be raised to too high a value

g0 that the abscorption of the line ¢ould be sasily meassurable.

(27) Sinee the area under the absorpiion line contour depends
on the number of sbsorpting atoms, the line will be
diffused when it is broadened.



{d) The nreas under the abvsorption line contours and the
evaluation of f-values and transition probabilities

The amount of the total absorption, i.e.l(“?nkj dy,
for each line was determined. n XK is the electron theory absorp-
tion coefficient which is connected with the usual absorption

coefficient by the relation

(nk) = K,
So that
A
nkKs= ‘
= log I,/1

where 1 is the absorption path length. 7Therefore the value of
the 1ntegral/£w(nki dv can be computed from the ares under the
line contour ( loglol/l vS. S\ ) curve by multiplying it by a
factor 2.30% x ¢ / 471\ , where X\ is taken as the wave-length
of the gcentral maximum. In the present work the 1iﬁé gontours
ware plotted with loglo 1./I or D as ordinate an& the distancge
in mm. from the central maximum of the micropho tometer curve as
abscissa, as shown in Pigs. 12. The areas 4 under the line
contour were measured by a pvlanimeter in cmz, 1 em in ordinate
gorresyponding to .02 in density and 1 em in abscissa correspond-
ing to 26.4/ nm % where n is the magnification ratic of the

micerovhotometer trace, and n the magnification ratic on the

gravh, Se

ii

00 v
2+ 303 1¢
¢ e X § O
(nk) av IS5 X% x10 ﬁoglo L /1 sX

[

25308 10 g 1078
LN BN - oo .08

‘where 1 = 25.6 cms.; m = 19.04 and 6.71 or 6.65 depend ing upon

the ratios used and the thickness of the bromide paper.



Table

V. The f-values of rubidium resonange lines under
dlfferent pressures of foreign gases

s
. ey, T RAY

P%ﬁfe E = Hg n Re D £ £5
(a) Rubidium/ helium
He 14 447  1l.2sx10”% 2.7mx10 2.1 780 467
He 13 455  1.79x10° 3.81x10%%  5.89  .614  .523
He. 4 461  2.32x107° 4.88x10* 12.13  .463  .25%
He 5 463.5 2.38%10 °  5.404x10%% 24.21 .307 186
He 12 56942 l.oo 1.70 x10® 37.08 .202  .158
He 11 579.5 1.337 2.288%10°° 45.52  .0884 .0742
¢b) rRubidium/ argon
Ar 1 440:2 9.00%x107° 1.98x10%*  1.69 .595 .281
Ar 2 515.1 1.58x10°1  1.98x10™®  s.24 .82 501
AT B 517.5 2.028x10°0 3.792x10%° .39 .506  .264
Ar 4 527:6 2.78%x10"1 5.12x10%5  10.8% .511  .253
AY 5 552:1 6.08x10"% 1.07x10%®  20.36 .878  .220
AT 6 5697 1.00 1.70x10+®  34.28  .253  .172
AT 7 576.0 1.214 2.044x10%° 40.65 .304 194
AT 8 576 1.214 2.04x10°0  46.44  .505  .197
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n = 2, and A=z area under the line contour in cmz.

From the amount of the total absorption,oseillator stren-
gths and transition probabilities can be obtained. According to
radl&&ion theory the oscillator strength of the atoms, the f-va-

luey, is o
4vym

. ——— {nw) @ar
ne -

and the transition probabilities, A

oo

t

4 7
AT T A

= (M™e2 / chym ) £
The value of n can be found from equation (12) on pasge 18 of the

pregeeding article. “Substituting the numerical constants
- 108 ‘ o
£2 200 x 108 L [(nk)d)/
(]

s w7
= 6.086 x 10° 1/n f(nk) av for X800
= 5.974 % 10° 1/n [tax) av for A7947
and -
10
A= 1.050 x 10 3 for A\7800
= 1.070 x 10%0 2 for A7947

In Table 7V are listed the f-values when the lines were
broadened by foreign gases. p and n stand for the vapor pressu-
re and the concentration of the alkali vapor and R. D. the
relative density of foreign gas. The f-values of the resonsnce
lines without the presence of foreign gases were found by extra-
polating to zero density of foreign gas es shown in Pigs 13 and

14. The results are .33 and .66 for the 23% and 2P1% compohents



respectively, and the sorresponding transition probabilities are

6.93 109 and 3.53 109. These results asgree with the resul tg of

Na, £ and (s resonance lines as meamnured by Minkowski, etc.=(283
As shown in Pigs. 18 and 14 readings for low foreign gas
eoncentrations were not so accurate owing to the inaccuracy in
obtaining }/ nKj} dy « Also the readings for argon in Pig. 14
are not so good as those for helium. This might be due to the
fact that argon was not so pure as helium; impurities such as
oxygen would remove'some alkali wvapor causing a decrease in
absorption. Great care was taken to heat the absorption tube
for a long time after foreign gas was inserted, in order to be
sure that the saturation of the alkali vapor in the absorption

tube was recovered after the vaper being condensed by cold fore-

ign gas or gaught by impurity atonms.

(28) Minkowski, %. f. Faysik, 36 839, 1926
We SeHitz, ibid , 45, 30, 1927.
Jde Weller, dnn. d. “hysik, 1, 3861, 1929.
Minkowskl and Iubhlenbruck, 7. £. Physik, 63, 1986, 1950.
weingeroff, ibida , 67, 679, 1931.
Tadenburg and Thiele, 1ibid , 72, 697, 193l.



(e) The opticsl collision diameters
The optical collision diameters can be computed from
the observed line half widths.

hed ’-TA)/.L; J 'é‘
= (mM)
o 2n ( 27rk T )% mg M

Where m and I}l are the masses of the absorbing and that of the
perturbiné atoms respectively.
Taking

A)}% "
n

665 om i/ r. d. for helium

i

= 741 om Y/ r. . for argon
which are the mean values for the two doublet compon-

ents. Then for argon and Rb

e B.14 (.741 ) 3x101
) (2.7:10“’) (2x3.14 x 1.37 x 1074° x 275)ﬁ'
85.4 (39.9) ®
( s )
(8504+39.9) 6.06x10
£ = 13.37 §

While for helium and Rb
fz_5.14 ( 665 ) x 3 x 10

2 (2.7x10%7) (2%3.14%1.37x10"1% x 273)
85.4 (4.00) ) %
(85.4444 .00) 6.06:1025

0
P =778 ;

10

%

(




Iv. Conclusion

A new absorption tube was constructed which made
feasible the study of the broadening, asymmetry, and shift
of rubidium resonsnce lines produced under different homo-
geneoug pressures of pure helium and argon up to 100 atmos~-
pheres.

The lines exhibit veloeity broadening even in this
high pressure range a8 the half—width vs. relative density
gurves were linear. The broadénimg by argon is greatef than
that by helium and the broadening of the shorter wave~length
gomponent is alightly greater than that of the longer wave=-
length one for both gases. The difference between the half
widths of the doublet components detected both by the author's
former experiment on the second member of Rb prineipsl series
and by the present researches suggests again that the perturb-
ing effect of neighbouring atoms (similsr or dissimilar) may
be different for different je-values.

Helium produces a violet while argon a red asymmetry.
The degree of asymmelry increases as the concentration of for-
eign gas increases, and is greater for argon. For argon the
asymnetry of the 2P5/2 edmponent is greater than that of the

P% component while for helium the reverse is true. To dese
gribe the degree of asymmetry of the line contour by the ra-

tics of the aress under the line eontour is a more sensitive



way of measuring the asymmetry of the line than to describe
.1t by the ratios of the red half to the viclet half of the
half-widths.

Argon produces a greater shift than helium. The
former produces a strong red, while the later a viclet shift.
For both gases the shift of the BPﬁ ecomponent is greater than
that of the 2Pi% one. #or helium the shift appears to be pro-
portional to the relative density; while for argon the shift
inecreases in general with the 3/2 power of the relative den-
sity. TFor érgon the shifts for the doublet components are
nearly the same, while for helium the shift of the longer
wave-length component is about twice as great as that for
the shorter wave-length component.

The areas under the absorption line contour(logl0
1./1 vs.) for each line were measured. The»f—values turn out
to be .33 and .66 for the 22§ and EPI% conmponents of the Rb
resonance lines respsctively, and the corresponding transition

9 and 3:53x10°. The optical collision

probabilities are 6.93x10
digsmeters estimated from the half-width data are 13.37 K for

Rb-A and Rb-He respectivelye.
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