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THESIS I 

THE BROADENING OF THE RESONAliCE LINES OF RUBIDIUM 

UNDER DIFFERENT HOMOGENEOUS PRESSURES OF ITS OWN 

VAPOR 



ABSTRACT 

The broadening of the resonance lines of rubidium in 

absorption under pressures up to 152 mmo Hg of its own homo

geneous vapor was studied by means· of a 21-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. (I.1he ~P.1. component 
2 

showed red, while the 2P3/2 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 Profo 

I 'I, Houston 1 s theory by a factor of~- '-

A narrow band was observed near the shorter wavelength 

side of the Z::. J.>½ component and a similar one near the longer 

wavelength side of the 2P3/2 component. 
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THE BROADENING O.&, :I1HE RES01JAUCE LINES OJP Rb 

UNDER DI F:B1ERENT PRESSURES OF 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( 1 ). The purpose of introducing foreign 

gas into the absorption tube was to prevent too quick 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( 2 l ( say, at 10-~ mm. Hg ) 

for the absorption tube could be heated only to s:ueh a tem-

pera tu:re that the effect of the vapor on the: windows did take 

place. 

The above experimental d ifficuli ty has been elimi

nated after the new corrosion-resistant MgO windows have been 

developed( 3 ). Also with the hel p of the MgO windows we can 

get a homogeneous absorbing vapor column of well determined 

thickness; thus it is feasible to determine the absolute 

absorption coefficient. 

(1) G. ;a. Harrison, Phys. Hev. 25, 768, l9t::5; 
Harrison and J. c . Slater, Phys . Hev. 26, 176, 192 5; 
B. Trumpy, Zeits. f. Physik 34, 715, 1925; 40, 594, 1926. 

{2} R. Minkowski, z. f. Physi k , 36, 839, 1926; 
w. Schutz, z . f. Physik, 45, 30, 192 7; 
s. A . Korff, Astrophys. J. 76, 124, 1932; Phys. aev. 38, 

477, 1931; 
w. Weingeroff, z. f. Physik, 67, 679, 1931; 

( 3 ) J. Strong and £t. T. Brice, J. o. s. A . 25, -207, 1935. 
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Hughes and Lloyd( 4 ) employed the MgO windows to observe 

the broadening of K resonance lines. Due to the small separa

tion of the components of the K resonance lines ( MA} and due 

to certain experimental diffiouli ties they had not yet over

come, the broadening of the lines was studied for pressures 

only up to 20 mm. Hg. 

~he resonance broadening has been investigated theo~e

tically by Prof. Houston< 5 ). His theoretical results are/;;n' 

times too small in comparison with the experimental ones, a 
I 

discrepa,oy which is too much beyond the experimental error. 
t 

In the present research the corresponding problem 

for rubidium was studied. With further improvement in making 

the absorption tube and with the help of much bigger sepa

rat i on of the components of the rubidium resonance lines 

(147 .R) observations· for pressures up to 152 mm. Hg. were 

made. More new results were obtained to call for further 

theoretical considerations. 

(4} Hughes & Lloyd, Phys. Hev. 52, 1215, 1937. 

(5} w. v. Houston, Phys. Hev. 54, 884, 1938. 
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II. THEOrlY 

Detailed review of the theories of the pressure broaden

ing of spectral lines can he found in several review articles( 6 ). 

Essentially the process of broadening of a spectral line 

can be divided into two main parts: I. Broadening when there 

are no external disturbers; this broadening process will be 

·independent of the dens its 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. Classically 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 decrease& with wavelength and has no apparent shift 

of the central maximum of the line. By assuming Maxwellian 

distribution 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. ~4, 1, 1933. 
ff. Margenau and w. w. Watson, Rev. Mod. Phys. 8, 22, 1936. 
p. Schulz, Phys. Zeits. 39, 412, 1938. 
p. E. Lloyd's unpublished Ph.D. thesis, General Library, 

ualif. Inst. of Teoh. 1937. 
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experiment the line width was calculated from the wings, the 

Doppler broadening was naturally neglected. 

~he broadening underlying the effect of the second 

part can again be divided into two classes (a} the influence 

of the atoms of the same kind (b) that of a foreign atom. 

'l'he 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 Waals forces. When an excited atom inter

acts with a normal one of the same kind at a rather large 

internuole·ar distance with a :potential of force proportional 

to l/R3 , the effect is said to be due to Hresonance forcesn. 

Approximately(?) the resonance perturbation energies are given 

as 

E :: (lj 

where m is the magnetic quantum number of the excited atom 

and f is the oscillator strength of the ·transition of natural 

frequency )1
0

• For the broadening due to the van ,.der Waals 

forces the corresponding equation can be written as 

( 2 ) 

where u is a constant of the transition. Although the van der 

••aals forces in the case of metallic atoms are large, they are 

small in comparison to the resonance foroes. 

The maximum of the intensity distribution Will corres

pond to the most :probable :perturbation value. At moderate 

(7) Formula (1) is proper at small pressures i.e. when only a 
single perturbing atom was considered; the simultaneous 
action of several :perturbers being ignored. 
See H. Margenau and w. w. Watson, rlev. Mo d. Phys. 8, 22, 193~-
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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 Lorentzrs 

theory. A correction in the formula for the optical mean 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 close multiple approaches is small. The influence 

of a single atom is predominant. So the wings of the line will 

take a.n asymmetrical extension according to the contribution 

of the van der Waals interactions. 

For an analytical discussion of the theoretical part 

of the problem the reader can best be referred top. E. Lloyd's 

thesis(B), to avoid repetition. All the theories dealing with 

effect of pressure broadening are different 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 as 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 breading due to $ tark effect for no charged 

particles were present in the absorption tube. 

(8) Obtainable from the general library of Calif. Inst. of 
Tech. Pasadena. 
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I I I • EXPE.ctI MENTAL 

The experimental arrangement was essentially the same 

as that used by Dr. Lloyd, so many points will be but briefly 

discussed. The rubidium vapor was evaporized in an absorption 

tube which was sealed in a vacuum furnace whose temperature 

could be controlled and measured. ~he broadened absorption 

lines of rubidium were registered by means of a Zl-foot grating 

spectrograph of Howland mounting with tungsten filament in 

candescent lamp as light source. 

IJ.'he rubidium metal was prepared by reducing very pure 

rubidium chloride with metallic calcium. It was then redis

tilled properly to remove as much as possible any impurities 

such as oxides, and was sealed in small pyrex tubes of con

venient size. 

The absorption tube was made of cop per w.li th 1.5 cm 

inside diameter and MgO windows on both ends. Three tube 

lengths were employed viz. 15, 7 .5, O .,::; om. 1!1or the two longer 

tubes both ends were cut into sharp edged rings, oo they could 

be made vacuum tight by pressing the sharp rings against the 

surface of the MgO windows. The construction of the short tube 

is shown in »ig. 1. The tube was ma.de of steel. The Rubidium 

D 

Fig. 1. 'J.'he 2 mm. long absorption tube 
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tube was placed inside the hole A whose end was closed by a 

copper tap screw 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 which worked 

as a gasket when the tube C was compressed on to the tube D 

at high te.mperatures. 11he copper ring w~s of course too hard, 

but it did not react with rubidium to produce almalgan as did 

aluminum{ 9 ). In this case the len.gth of the absorption tube 

could also be easily determined because the latter was the 

thickness of the sections. 

The tungsten filament lamp was built with a glass bulb 

13 cm in diameter with a glass plug having ground joint 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. ~rhe tungsten 

filament of about 1 mm. in diameter and 2 .5 cm long was sup

ported by two nickel electr.odes with two small holes at their 

ends. the latter were screwed into the copper rods attached 

to a glass plug . After the bulb was evacuated an 80 ampere 

current was drawn thro,ugh the filament giving a very intense 

and constant light source at a temperature of about 3400 K -

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 300 
U or higher, a silvery liquid almalgan of rubidium and alu
minium appeared in big amount giving no more rubidium ab
sorbing lines. 
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region of the rubidium resonance lines. The dimensions of the 

filament were designed to fill the slit of the spectrograph. 

The life of 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 . generate rs in West Bridge 

Laboratory using the voltage regulation, the temperature of 

the furnace could be maintained very constant. The constancy 

of the temperature o:f the; furnace depended not only on the 

electrical input but also 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. For every exposure the temperature was 

kept constant within 1° C as indicated by the chromel- alumel 

thermocouple. The thermocouple was very carefully calibrated 

" in situ» using tin, lead and zinc. 

With the help of two convex lenses the light fro m the 

inoandescent lamp was brought to pass through the absorption 

tube and to form an image of the tungsten filanent lamp on the 

slit of the speotrograph. 111he 21-foot grating had 14500 lines 

per inch and had an area 5 X 12 cm. 2 i'he resolving power was 

about 70,000 and the dispersion was 2.64 A/mm . for the first 

order. 
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.tirst order spectrum was us;ed throughout using vvratten 

F-filter to cut out all the higher orders. Eastman Kodak type 

I-R plates hypersensitized with amonia hydroxide were used. 

~he 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 sensi tometer and by photographic method. '.fhe 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 l!'-fil ter and water 

then by the D-filter and water. 

During experiment each time the absorption tube was 

cleaned by long pumping and heating. 'i'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. Finally it was ready to heat. 

Normally it took about 7 hours to heat the tube to a steady 

temperature. The absorption tube was set in alignment with 

the light source and the slit of the spectrograph. 11hen the 

newly sensitized photographic plate was moW1ted . . During each 

exposure the thermocouple readings were taken every hour. In 
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case the temperature was changed by 2 degrees or more the plate 

was discarded. The slit of the spectrograph was first set to 

20p, \\/hen the temperature of the tube was raised the absorp

tion lines were considerably broadened a wider slit was used 

( say 60µ) 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 tempe,ratures and the deposit of 

the alkali metal on the windows. '11he .former difficulty was 

especially bad when the tu be was made very short ( 2 mm.). The 

experiment was repeated eight times before the tube was made 

completely air tight and served to give the final spectrogram 

of the broadened rubidium lines at a temperature of 556° C, 

( pressure 152 (?) 10 mm. Hg). 

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



- 11 

y i g . 2 A sampl e micro Jhoto me t e r curve 



rv . .HEDUCTION OF OBSERVATIONS 

The line contour was traced by a Krliss microphotometer(ll). 

Phe magnification 39.8 1 was used fo,r rather narrow lines but 

when the line was very broad 6:1 or 2:1 ratios were set. 'l'he 

size of the microphotometer plate was 9 X 24 cm2 '1'he micro-

photometer was always adjusted so that it gave a large deflec

tion with greatest resolving power. In measuring the deflections 

of the microphotometer traces they were printed very carefully 

on a paper(l2 }. Pine parallel lines were drawn to divide the 

line contour evenly into strips. A sample picture is shown in 

.i!'ig. 2. .a zero line A:B was drawn from the deflection on both 

sides of the microphotometer trace. The deflection of the micro

photometer trace could be measured accordingly along the lines. 

'l!he 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 difference of 

the intensity distribution of the light source in that small 

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

(11) The microphotometer was located in Hoom 14A Astrophysics 
Building, Cal. iech . 

(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 
cul."ve due to wavelength sensitivitJ7 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. 'l1he mi.crophotometer 

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. 

So in determining the absorption coefficient of the 

line contours the microphotometer deflection d1 measured from 

the zero line AB should be substracted from the height d0 

measured from the zero line AB to the background line en. i'he 

net height d (or better call it " true height" ) of the micro

photometer deflection is actually the deflection caused by the 

absorption of the alkaline vapor or t he ste pweakeners. 

In this way the calibration curves for each plate were 

obtained from the stepweakener marks. Phe t wo calibration 

curves obtained from the two stepweakeners in their respective 

reg ions of the s pectrum should indeed be different on account 

of the difference of intensity of the background and the wave

length sensitivity of the plate. IJ.'o the first approximation 

the variation within the small spe·ctral region could be regard ed 

as linear. iio the corrected calibration curves for the region 

correspond ing to the absorption lines were found by interpola

tion. 21ig. 3 shows the sample curves for plate No. 34. 

1'he half-width of the line was determined by the help 

of the dispersion formula: 
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of.. x = ( 3) 

where ol x is the absorption coefficient = 2~ log10r 0 /I 

x, the length of the absorption column 

f , area under the absa.rption curve 

o = the half-width 

~).__ = 7\. - ~o 

Nfx 

A 0 being the wavel ength o~ 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 l 

is a constant. .so formula { ~) can be written as 

where 01 and 02 

S ince I = 
Io 

Solve for ( SA- )2 

= 

are constants. 

e 
01 

-o(x 
( ~ X. ) 2 = e 

+ 

log10 e u2 
G1(----- \ 

Io - ci-' 
loglO 

I 

( 4) 

02 
( 5) 

( 6) 
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So a plot with ( &~ )2 as ordinate against ( log10 1°)-l 

as abscissa, is a straight line with slope C = log10 e c1 ·and 

intercept 02· c2 was practically nil showing that the central 

maximum of the line exhibited. nearly comple te absorption. ]~ig. 

4 is a sample curve for plate N"o. 34. 

S'o c. = .( dX. )2log
10 

Io can be found experimentally. 
I 

While theoretically, 

or ( 8) 

where f = area under the absorption coefficient curve 

lirfx ( 9} 

where N denotes the number of atoms per cc. 

f, the oscillator strength of the transition of 

natural fr equency ·corresponding to -:\.
0 

and x , the length of the absorption column 

So O can be calculated theoretically giving 

(10} 

( 7} 
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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 C - the length of the absorption column and 

the temperatu re of the absorption tube. ~here was no difficu

lity in measuring the tube-lengths. ~be tube lengths varied 

from 15-0 6 cm. to o.196 cm., a factor of 76.8. 

'.l.'he temperature of the absorption tube was the measure 

of the satura·ted vapor pressure of rubidium in the absorbing 

column. 1he temperature vs. vapor pressure curve for rubidium 

has been studied by · s oott, Killian and others(lo}. From Critical 

(11} 

where pis the vapor pressure of rubidium in mm. Hg; 

T the absolute temperature. 

The formula was used over the entire temperature range although 

it was set to cover the range 250-370° G only. 

The number of a to ms per cc. is 

N = 9.70 X 1018 p/T (12} 

The temperature covered 1 36° u - 556° 0 correspond ing 

to pressures from -0019 to 151.4 mm. Hg., a factor of about 

80000 in N. 

(13) rlUff & Johannsen, Ber. d. deuts. lJhem. Ges. 38, 360, (1905) 
Hackspill, uo mptes Hendus, 154, 877, 1912. 
Scott, Phil. Mag . 47, 32 , 1924. 
Egerton, Phil. :Mag . 48, 1048, 1924 
Killian, Phys. nev. 27, 578, 192 6. 
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v . rl.ESULTS AND DISCUSSION 

Following the methods of calcu~ation discussed in the 

above chapter, all spectrograms were analysed. As shown in 

.il
1ig. 5, the lines were very symmetrically broadened when the 

vapor pressure was below about l mm. Hg. But for plates taken 

when the temperature of the tube was raised to about 290° c or 

more the lines exhibit more and more asymmetrical broadening, 

and a shadow of absorption was observed near the broadened 

line co mp onents. All results are presented under t wo 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 Broadening under Low Pressures. 

{a) '11es t of the formulas of resonance broadening 

According to Lorentz collision broa dening( l 4
) the half 

width 

where P is the optical collision diameter. 
J o -

.ii1or the modified Lorentz theory(l 5 ) 

2 ~ e Ao 
2 ) l'ff 

~n-mc 

ifor Ma rgenau and vva tson's a.erivation(l 5
} 

( 14) H· A . Lorentz, Proc. Arnst. Aa ad. 8, 591, 190 6-
(15) A . Kuhn, Phil ■ Mag . ,s, 987, 1937. 

( 13) 

(14) 

(15) 

(16) w. ~;. Watson & ff . Margenau , .rlev. Mod. Phys. 8, 22 , 1936. 
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'.i'.ABLE 

Plate T p 
lf 01 No. OK mm. Hg. 

Tube length = 15-06 ems. 

.A2 409 1.866x10-3 4.42x1a15 2 .s2x10-19 

A3 445 1.14 x10-2 2.44x1a14 4 .76xlo-18 

Tube length = 7.50 oms. 

B2 454 1.3 5 xio-2 2.asx1ol4 ~.2ax10-18 

J34 491 9 .ao xio-2 l.94xlo15 2 .llxlo-16 

BB 575 1-183 l -99xlo16 (r}l.48xlo-14(p) 

( v) ~ . 35xl o-14 ( g } 

B9 601-2 2 . 3 61 o.89xlo16 ( r) 6 .15Xl0-14( p} 

( v) 6 .79xlo-14 ( m) 

Av. 6.47xlo-14 

Pube length ;:: 0.2 om. 

34 56~ o.983 1.69x1016 ( r )2 .Q2xlo-16 ( m) 

( v) z .25x10-16 ( m) 

Av. 2 .14xlo-16 

35 600 2 . 32 3 .75x1ol 6 1 .. 5ox10-15 

36 621 s .s4 5 .67x1016 4.0 xlo-15 

37 651 7.57 1 .14xlo17 ( V )lQ.~lO-l5 

38 699 19.86 2 .75:x1017 { v )2 .~1x10-14( m) 

52 660 9.18 1.Mx1017 2.02x10-14 

Tube length = 0 -196 om. 

62 664 9.98 l -45xlo17 {v}1.1 xio-14 

63 721 2 9-58 3 -97xlo17 ( V }2 .54xlO-l4 ( g) 

64 766 62 .23 4- 7.87xlo17 (v)7.18x lo-14(g) 
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1 -13xlo..,l 9 

1.5ox10-18 

1.06x10-l8 

5.7 xio-17 

6 .. 5lxlo-15 

l.96xlo-14 

l.65xlo-14 

Q. 667:xlo-16 

Q.594xlo-16 

o. 63oxio-16 

4 .69xlo-16 

1 .32x10-15 

(r)3.7 xio-15 

( r) o. 7 6xl o-14 ( p} 

o.597x10-14 

( r )4 .13x10-15 

(r}0.95xlo-14 (p} 

( r} ~ .1ox10-14( p) 

3.40 

3 .. 21 

J.Q 

2 .8 

3 .04 

3.37 

~ -66 

2.67 

2.32 

- 21 b -

2 .16x10-47 

l.19xlo-47 

1.19x10-47 

l.68xlo-47 

0 .843Xlo-47 

1.2 ox10-47 

l .4Qxlo-47 

Q.892xlo-47 

o-344:xio-47 

1.2 1x10-47 

Q.6QOXl0-47 

o.1s5x10-47 

Q.133xl0-47 

3.46xlo- 47 

1.52x10-47 

l-53xl0-47 

1.s2x10-47 

.947xlo-47 

1 o50Xlo-47 

1.84:Xl0-47 

1.28:xlo-47 

.452x10- 47 

1.49x10-47 

o.9o£xlo-47 

o.276xlo-47 

.229:xlo-47 
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C = (16} 

If the above three tf 1 s were used: 

0 = (17} 

:&1rom (14) 

e4Ao5.log1oe 
11l:f2x ( cm2 } u = { 

4'fr'm2 c4 ) (18) 

.:H1r .om (15} 

( 
e4A0 5 loglOe 

l\J'2f2x ( cm2 ) v = } 
12 m2 c4 

(19} 

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

will be: from (17) 

Cl ( Al} 
4 f1 

1.86 = = 
Cz ¼ f2 

( ZO) 

and from ( 18) o,r ( 19) 

01 (Al) 5 (fl) 2 
:: :: 3.64 

Cz A-2 ~ 

when the oonven tional f-value f1 
2 f .., 1 

= - = 3 , ~ 3 

( '\._l = 7947.64, Az = 7800-29) were used. 

In 'l1able I are listed the experimental values of o1/c2 . 1.rhe 

mean values of the ratio are 3.2 for pressures below 1 mm. Hg. 

and 3.1 for all pressures observed. 



TABLE II 

Plate N (Ll V½) 8 ( Ll J/½)l (4 ~_1.J IN (L.\ V ½)l/N (ilY.1.~ 
No. 2 s .,_ (LlYt)e 

xio-7 xio-7 

A2 4.42x1013 s.12x106 6 .2 5xlO 6 lo84 1.41 1.30 

A3 2.44xlo14 2 .58xl07 1.51x107 1.06 Q.62 1-70 

Bn 
iS 2.sax1014 3.02x107 1.a1x107 1.04 o-63 1-67 

B4 l-94xlo15 2.7ax108 1.5ox108 1.43 o.77 1085 

34 1 .69x1016 1.22x109 7 .15x108 Q.72 Q.42 1-70 

BS l -99xlo16 3.02x109 1 .67x109 1.51 Oo84 1.so 

B9 3-89xlo16 4.25x109 2 .37xlo9 1.09 0.60 1.so 

35 3.75x1016 3o99xlo9 2 .31:x109 1-06 0-61 lo'/2 

36 5 .67xlo16 6.74x109 4 .46Xl0 9 1.19 0-79 1.50 

37 l-14xlo17 8 .64xlo9 6 .21x109 o.76 0.54 1.40 

52 l -34xlo17 1-44xlo10 8 -53Xl09 1 .ao Q.63 1.68 

62 l.45xlo17 7.52x109 5 .2 5x109 Q.52 Q.36 1.43 

38 2.75xlo17 8.08xl09 5 . 33x109 0.29 Q.19 1 .51 

63 3.97xlo17 6.27x109 4.68xlo9 0.16 0.12 1 .34, 

64 7.87x1017 8 .93Xl09 7.69Xl0 9 0.11 0-09 1.16 
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TABLE III 

Plate log10N loglO(LlV½Js loglO( ~V½)l No. 

A2 13.6454 6 -9096 6. 7959 

A3 14.3874 7-4116 7-1790 

B2 14.4594 7.4800 7.2577 

B4 15 .2878 8.4440 8 .1761 

34 16.2279 9 -0864 8°8543 

BB 16.2989 9.4800 9.2227 

B9 16-5899 9.6284 9.3747 

35 16.5740 9.6010 9.3636 

36 16-7536 9.8287 9.6493 

37 17-0569 9-9365 9. 7931 

52 17-1271 10-1584 9.9309 

62 17 -1614 9.8762 9 -7~02 

38 17.4393 9.9069 9.7267 

63 17,5988 9.7973 9 .6702 

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 ex~rapolation of 

formula (11). They are generally too low in the graph and are 

not plotted In Fig. 6. 
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This result appears to be in favor of the theory of 

(21); whereas Hughes and Lloyd's result for K resonance 

lines was in harmony with the corresponding theory for (20). 

~~r ther check of the equations (18) and (19) was made 

by calculating the values 

and which ar e listed in 

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

quite close in agreement with the theory . . 

J _f_,./tf fl'- ,fc1~ 

(b) nelati on between -half- width and N 

The relation between the half width and N is shown in 

'1'ables II and III. .rlesul ts indicate that the broadening of 

the shorter wavelength component is greater than that of the 

longer wavelength component by a factor of 1 .6. .&1or low 

pressures 

These values will be still smaller if the data for 

higher vapor pressures were considered. ~he difference of 

the broadening of the two doublet components is. not what ex

pected from Pro,f. 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 t han is 
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~Fig. 6 The relation between ~ v,/2. and N 
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the corresponding one obtained by Drs. Hughes and Lloyd. Lloyd's 
5 

value showed a factor of--l-0----too high while in the present research 
I, °'I I, i...-

the values for low pressures are only~ and ~times higher 

for the two components respectively. If the values for all pres

sures were taken into consideration. 

(24} 

(25) 

These were only 3 and 1.7 times higher (for the two components 

respectively) than Prof. Houston's theoretical value. 

In Fig . 6 are plotted the values of log1 0 N against 

log10~v½) as given in Table III. A straight line of unit slope 

can be drawn through those points, showing the proportionality 

of the width with N. 

B. Obs~rvation of the Line Broadening under Higher Pressures 

(a) The asymmetrical line contour 

As mentioned before, when the temperature of the tube 

was raised to about 29o0 c or more (or for pressures higher than 

1 mm. Hg.} the lines showed more and more asymmetrical broad en

ing. The 2Pt component shows asymmetry towards the red; while 

the 2P3/2 component towards the violet. Pig. 8 is the coeffi

cient of absorption curve showing this circumstance . . Naturally 

the dispersion formula will no longer be valid. Consequently 

the former method of evaluating O will not be justified as no 
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2 lo -1 good straight line could be drawn in the (dA) vs. (log-} 
I 

plot, as before. A typical result is shown in l!'ig. 7. 

A test of the applicability of the dispersion formula 

used before was also made on these asymmetric al lines. rlesults 

showed that in general a fairly straight line for c ( as shown 

in Fig. 7) could be drawn for the shorter wavelength side of 

the 2P3/2 component and for the longer wavelength side of the 

2 P1 component. ~f.'hese values are also listed in '.l'able I. i'he 
2 

letters ( r ) or (v) written before the numerical values of C 

indicate that the values were evaluated according to the red 

or the violet wing of the lines. The letters (p). (m), (g) 

after the numerical values show .the quality of the curve in 

eyaluating O: (p) means poor designating that the experimental 

points did not yield a nice straight curve in obtaining the 

slope u.; ( 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 formula was found which 

will discribe completely these asymmetrically broadened lines. 

So the contours of the lines were presented in .l!'igs . 8 for 

Plate Nos. B9, ~5, and 64. Note the asymmetries of the com

ponent lines. 

The fact that the shorter wavelength s .i.de of the 2P½ 

component and the longer wavelength side of the 2P3/2 component 

do not follow the dispersion formula (3) is not only due to the 

asymmetry; a faint band W8JS observed near each of the component 
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lines at these very sides of the lines. 5:his phenomenon will 

be discussed in detaii under a separate paragraph. 

(b) The extension of the wid th of the line with press;ure 

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 Jfig. 9 are quite 

illustrative. i 'he 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 become strong enough to be perceptible in the spec

trogram ( see 1!1igs. 10 and 11), one on the red side of 2P3/ 2 and 

one on the violet side of 2Pt. ·vhen 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 .il'ig. 9o}. 11:hen when the pressure was again 

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 ]ig. 9d). The 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.(l?} 

(17} The intensity of the band is increased, because when the 
concentration of Rb vapor is increased, the probability 
of producing the band will be naturally raised. 
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The additional absorption due to the band results an increase 

in the steepness at that side of the line contour. Finally 

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 

It is interesting to note that the line contours for 

plates No. B9 and no. 35 correspond to nearly the same concen

tration N (60l°K) but with different tube lengths (7-50 om and 

Q.2 om, a factor of 38) . For the longer tube length one (Plate 

No. B9) the absorptiin is comparatively much larger than that 

of the shorter one. ~o in determining the line contour measure

ments were made at large d Yrs which will show more asymmetry 

according to the van der Waals distribution. While for the 

shorter tube length one (Plate No. 35} the absorption was muoh 

smaller, so measurement could be made at smaller d Y's. ~o 

Pl a te No. a5 showed much symmetrical contours. 

( o} Test of Kuhn's _;½ 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 frequency 

changes. do Kuhn's .LlV -~/2 law< 18 )1 of intensity was tested 

by letting 

(18) Kuhn's Ay-3/ 2 law. / 
..1.. 3 2 

o<. x = (27J'AN0 2 /3)/(v - v} 
2 0 

where A = ( 1.l'e jNfx 
mo 

N =no.of atoms per c.c . 
.x:.. = length of the absorbing column 
u is a constant of the transition. 
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(26} 

or (27) 

loglO [ 
2.3 Io ] loglO( \, - )) ) log10 I = -a 

const n2 f:x 

= -a loglO d V = -a log10( ~dX ) 

= -a loglO d ">... - a log10;2 

' ior certain particular temperature of the absorbing column 

of certa in length, ana certain line, Nfx are constants. 

Hence the for mula reduces to 

or 

( 29} 

The value of 1"air as obtained by finding the slope of the plot 

of log10 D vs. log10 ~A. is considerably greater than -3/2. 

Table IV gives some values of t'fan as obtained fro m different 

spectrograms. 

Table IY 

Plate 
N 

X a 
No. om for 2P..i. 2f3/ 2 

2 

:B9 3 .89 X 1016 7-50 ( r )t:: .oo ( r) 3.12 
(v)2.85 (v)2.50 

64 7 -87 X 1017 . 2 (r)2.85 ( r)3.92 
( v) 3 .47 (v) 2 .53 
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The above result i s hardly a oomfirmation of Kuhn's 

formula. This is also the case for K resonance lines as 

pointed out by Hughes and Lloyd(4). 

( d) The Band 

t he band appearing near the shorter wavelength side 

of the 2P½ component and near the longer wavelength side of 

the 
2

PJ/2 component calls for considerable attentiQn. Note 

1H g . 9c, Fig. 10, and 1.i'ig. 11. OWing to the fact that the 

bands are located quite near to the d~ublet lines the position 

of these bands could not be determined with good accuracy, 

but the violet side edge of the band n ear the 
2P½ component 

and the red side edge of the band near the 
2

P3/2 component 

could be easily located. The data were: 

The position of band . . 

'.Band a 
0 

7967.5 A 

The approximate width of the band 5 .7 X 
The biolet edge of band a at 7964.5 i 
The red edge of band bat 7817.6 i 

Band b 
0 

7812 .7 A 

10.2 i 

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 experi ment the bands 

appeared most clearly in Plate B9, 36, 52 and 62 . ~he ex peri

mental conditions for the respective spectrograms were tabu

lated as the following: 



Plate 
T p N Tube length IiJ'o • mm.Hg 

B7 530° K 0-306 5 .61 :x 1015 7-50 ems. 

36 621 3-84 5.67 :x 1016 Q.;::; cm. 

52 660 9.18 1.34 X 1017 0 • .2 cm. 

62 664 9.98 1-45 X 1017 o.196 cm. 

The :presence of these bands was p,reviously 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 ( 19 ) at the viol et side of the second do;ublet of cs 

principal series and some bands for Kz, Naz. Ny and the author( 20) 

have observed the corresponding band in the neighbourhood of' 1:tb 

second doublet of the principal series. These bands may be the 

corresponding polarization bands in the neighbourhood 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 phenomenon might be due to 

the coupling between the two doublet components. In Hughes and 

Lloyd 1 s paper the asymmetries of lines were observed only when 

-the pressure was raised to 20 mm. Hg, and no ban d was seen in 

the neighbourhood of Kl ines. If they have not overlooked the 

(19} H. Kuhn, Zeit. f. Physik, 76, 782 , 1932. 

( 20} N'Y Tsi-ze and Oh' en Shang-yi, Nature 138, 10 55, 1936; 
J. de Physique, T. 9, s. 7, 169, 1938. 



40 ... 

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 ob served was that shown 

in iHg. 9b. The central :parts of the strongly absorbed lines 

showed instead of complete clearness on the :plate a dark strip 

at the positi on corresponding to the central maximu. In Plate 

Nos. ~4 and 61 (temperatures were 563°K and 613°K respectivelvJ 

the phenomenon was most clear. 

:i:his phenomenon oan fw.e explained according to the idea 

of self reversal in emission lines. The frequencies of the 

radiation from the incandescent lam:9 correspond. ing to. those 

of the Rb resonance lines were all absorbed when they were 

passing through the absorption tube by Hb a to ms. The valence 

electron of Rb was excited during the process of absorption. 

Accordingly the excited electron has to return to its normal 

state, 
23 ½, 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 at oms- radiated in all directions; the 

part that could go into the a lit of the spectrograph was 

very small in comparisojn with the background light. So only 

in favorable conditions the frequency corresponding to the 

central maximum of the line showed the emitted energy. 
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(f) The Rb 2 band 

tlubidium band spectra observed from far infra red up 

to about 7800 J{. These bands have been studied by IVIatuya.ma ( 21 ) 

and others and are classified as due to the transitions of 

t rr -- 1~ and ' lI -- 2z for the red and infra-red regions. 

( g) '.1.'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 maxima ca:uld hardly be located. 1.'he following 

are the results of measurement: 

Plate T p t>hift in .R 
l~o. OK mm.Hg 2 P.1.. 2I!'J/ 2 

2 

62 664 9-98 -05(r} .96(v) 

63 721 29.6 .74(r) l.32(v} 

64 766 6~-2 2.8 (r) 4.99(v) 

Al though too much emphasis can not be put on the accuracy of 

the measurement, yet it is safe to say that the 2P1,_ component 
2 

shows a shift towards the red while the 2.P~;2 component shows 

a violet shift. This follows the general statement ( eo far 

(21} Matuyama, Tohoku Imp. Univ. Sci. tlep. 2o, 308, 19~4. 
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with only one exception( 22 )) 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 towa rds the same 

direction. 

(22) §or Os 3876 per turbed by N2, a red shift of the maximum 
of absorption is accompanied by a violet assmmetry , o. 
1Nlchtbauer and F'. G5ssler, Z . f. PhysU::: , 93, 648. 1935. 
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VI CONCLUSION 

The widths of the broadened resonance lines of rtb 

agree with Margenau and Watson's derivation. Under pressures 

below 1 mm. the lines are very symmetrical. 'l'he broadening 

of the shorter wavelength component is greater than that of 

the longer wavelength component. The half widths of both 

corrrponen ts are proportional to the: density and are greater 

than that predicted by Prof. Houston's theory by a factor of 

/1 ,s 

The lines exhibit asymmetrical broadening when the 
2:p 

:pressure is above 1 mm. Hg. 'l'he • ~ component shows red, 

while the 
2

P5/2 component shows violet asymmetry. ~he fact 

that the shorter wavelength s·ide of the 
2 P½ component and 

2 p , 
the longer wavelength side of the 3/ 2 component deviate 

very strongly from the dispersion formula is not only due 

to the asymmetry but also due to the faint band appeared 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 1 s - 3/ 2 law. The shifts of the lines could only be 

roughly estimated; results showed a violet shift of the 

violet asymmetrical 
2
P3;2 component and a red shift of the 

red asymmetrical 
2

P½ component. 
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TH:ESIS II 

THE BROADEf.HMG, ASDll11E1.rRY AND SHIFT OF RUBIDIUM 

RESONANCE LINES UNDER HOMOGENEOUS PRJ!BSURES OF 

HELIUM .AJ.lD .ARGON UP TO 100 ATMOSPHERES 



ABSTRACT 

The broadening. asymmetry and shift of rubidium 
resonance lines produoed under different pressures o.f :pure 
helium and argon up to 100 atmopheres were studied. The 

6 broadening is linearly pro.:portional to the relative densi
ies of these gases, and is different for different doublet 
components. The elopes of these half-width vs. relative 
density ourvea are .735 om-1 and .594· om-l ~er unit relative 
density of helium for 2P1½ and 2P½ oomponents respectively, 
and the oorresponding values for argon are ,: .855 om-1 and -1 .. ~ 

0627 om per unit relative density. Hel~~m produoes a violet , 
.. ~, 

while argon a red asymmetry~ The degree of asymmetry increases 
as the oonoentration of foreign gas increases, and is compara
tively muoh greater for argon. For argon the asymmetry of the 
2

P1½ aomponent is greater than that of the 2P½ component. while 
for helium the reverse is true. Argon produces a greater shift 
than helium. The former produoes a strong red, while the lat
ter a violet shift. For both gases the shift of the 2P½ com
ponent la greater than that of the 2P1½ oom9onent. For helium 
the shift appears to be proportional to the relative density. 
and the shift of the 2P½ component le about twice as great as 
that for the shorter wave-length oomponenti while for argon 
the shifts for the doublet components are quite close. and 
the relation between s.hifts and relative densities obeys in 
general the 3/2 power relationship. Optical collision dia
met~rs as oaloulated ,from the half-wt:dth data are 13.37j and 

7 •"'53 % for Rb-A and Rb-He respectiva-1.y. ,rom the measurement 
of the amount of total absorption of the line eon tours, f-values 
and the transition probabilities were evaluated . The f-values 
turn out to be .33 and . 66 for the 2p½ and 2P1t aomponents of 
the Rb resonanoe lines respeotivel"y . 
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THE :BROADENING. ASYUMETRY AUD SHIFT OF RUBIDIUM 

RESOMAI1CE LINES UNDER HOMOGEUEOUS PRESSURES OF 

HELIUM AND ARGON UP TO 100 ATMOSPHJiJRES 

I. INTRODUCTORY 

The effects of foreign gase s upon spectral lines, 

such as displacement. broad,ening and asymmetry, have opened 

up a new way for investigating the perturbations of the 

energy levels of the absorbing atom and consequently attraet

ed the attention of many experimental and theoretical phy

sioists. v. Weisskopf( l ) H. Margenau and w. w. watson< 2 }, 

and p. SohuJ.z ( 3) have given a general review on the subjec.t 

with an adequate bibliography. The extent of the work on 

the problem oan be briefly desoribed in the form of a table, 

( see Table I) in whloh the hoi-laontal ooLumn a t t h e top 

gives the nature of fore i gn a t 9ms that have been employed 

t o perturb . the absorption lines of the various alkalis given 

at the extreme left of the rows. The number of marks •t~u 

or " ✓ " indioate the number of researches that have been 

done on that specific oombina tion of absorbing and perturbing 

a tome. The mark " v " indicates the research done by the 

writer; while the mark n ✓ • , the work done by other experi

menters. 

(l} v. Weisskopf, Physik:. Zeits. 34, 1, 1933. 
(2} H• Margenau and w. w. Watson, Rev. :Mod. Phys. 8, 22, 1936. 
(3) p . Sohulz, Phys. Zeita. 39, 412, 1938. 
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Table I. Table of Researches on the Various Oombina-

tions of Perturbing and Absorbing A tome. 
-

A .Ne He 112 Na Xe Kr (ad.} (as) ( C) 
I i I 

Li 

Na ✓1/ .,/ ✓ ✓ i/✓✓ .,/,1/ ✓ J.;jJJ ✓ 

✓JJ ✓✓ ✓✓✓ ✓ v ✓✓ V .. 

✓ ✓ ,/ ,/ .I 
K 

✓✓ J ✓ ✓✓ ✓ .I j 

Rb vv "'v vv V 'V V "v V 

V V V V '\l 

Os ✓ ✓ v · ✓ ✓ 

v' V ✓ ✓ ✓ J 

N• B. (ad}= alkali vapors of different kind 

(as .) = alkali vapors of the same kini 

(C) = saturated hydrooarbons, suoh as methane, 
ethane and pl!'opene. 

"v " Researohes dotie by the writer of this paper 

" ✓ " Researohea done by other experimenters. 
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After the disoovery of the corrosion resistant 

Mg O windows ( 4 ) there is still a diffioult problem con

front ing ex.perimental physicists. The pro.blem is that of 

the construction of a high pressure abaorptio·n o.hamber whoae 

w.indows oould oontinue to be pressure tight after the 

absorption tube had been heated and then cooled. Margenau 

and Watson {s) mad--;e with oone.ider.flblt .t.rouble. an absorption 

tube. where windows oould be heated; but they confessed to 

• only partial success at overcoming the leakage. · With this 

absorption tube they studied nitrogen in potassium up to 30 

atmospheres. As yet no other high pressure observations 

w1 th more improved absorption tube had been made. Up till 

the present high pressure absorption tubes w.ere still made 

in the old form with water cooling on both ends16 ! But this 
(7) 

has several disadvantage • otherwise the whole tube and 

the windows had to be made of glass. so only low pressure 
(8} 

observations were possible • 

(4) 
( 5) 
(6) 

( 7) 
(8} 

See page 1 of the :first article 
H• Margenau and. w. w. Watson, Phys. Rev. 44. 92, 1933. 
For example: se-e experiments by 
Fflohtbauer Sohulz. and Brandt, z.f.phyeik, 90, 403. 19M. 
Ny Tsi-Ze and Oh' en Shang-yi , Phys • .Rev .. 51, 567 ,1937; 
54, 1045, 1938 . 
.Ftlohtbauer and Reeser z. :f .physlk, 113, 325, 1939. 
This problem will be discussed in detail in chapter II• 
For instance: see Ftlohtbauer and Gli>ssler, z.f.physik, 
87. 89, 1933. • 
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In the present reaearoh, an absorption tube was made 

whioh is :perfectly :pressure tight both at low and at high pre

ssures. So the :pressure effects o:f He, A, on the resonance 

lines of rubidium was studied under pressures up to 100 atmo

spheres ( also with hydrogen up t o 20. atmospheres) o Further

more, Mg o windows were used so that the length of the optical 

path in the rubidium vapor was known. The optical collision 

diameter·s, and the areas under the absorptioil line contours 

were determ.ined leading to the .evaluation of the oscillator 

strength of the atom and the transl tion probabilities. 
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II. EXPERIMENTAL 

(a) The absorption tube 

It 1s not hard n t all to make a vessel which is 

pressure tight. Also it should not bo di.ffioul t te, construot 

a pr_~ssure tight absorption tube with two transparent windows 

kept at a oertaln constant temperature. But .the problem of 

making an absorption tube, With w.indows pressure tight both at 

low and st high tem:peraturea has u:p till nov1 been unsolved. 
( 5) 

Mar.genau and Watson attempted to solve the pro-

blem by holding n glass windew on the ends of the absorp t ion 

tube b3 means .of overlapl)ing nuts threaded on to the tube. 

Lead rings were used, their lateral expansion when compressed 

being hindered by shor-t seations .of thin-walled a·tee). tubing 

whloh fitted tightly into the main tube and the end nuts. AB 

pointed out by themselves. o.onsiderable trouble was ex:peri• 

eneed in oo-nstruoting the gaskets and the leaking was not 

oompletely overcome. 

In using absorption tube with cooled windows not 

only is 1 t not possible to determine rna1;1y physical constants 

from the measurement of the absol.ute absorption aoef:fioients 

beoause the o:ptioal path of the absorbing vapor is 'unknown , and 

neither the absorbing n.o:r p.erturbing atom have a homo,geneo-us 

concentration in the tube, but also experimental troubles 

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

( 9) 'HY Tsi-Ze and Oh ·ten Shang-Yi, Phys. Rev. 54, 1045, 19380 
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A 

Fig. 1. The pressure tube 

A-- The pressure tube 
E-- Ending for the union joint 
I-- Inclined plane 6n~indow frame 
J-- Small hole Jsining the pressure tube 

and the inner absorption tube 
K-- Kovar cone 
P-- Pyrex glass window 
R-- Reservoir for condensed ~b va por 
3-- Side tube 
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~ig. 2. The pressure window 

ffig. 4. The water oooler 
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and later aonfirme.d by .Fttohtbauer and Heesen ( l () ). 

In the present researoh a thoroughly satistaotory 

high pressure absorption _tube was constructed.. This deve

lopment will · make feasible the solution of many physical 

problems, 

The :oonatruction of the tube ia shown in .Fig. 1. 

A ls s steel :pressure tube 1½ inoh in diame:ter w1 th 3/16 

inah wall thlokness. At the middle of· the tube was oonneated 

very strongly by iro-n soldering a side-,.tube S about 7 lnohes 

long wb0-e e end E wall x-eady to o-0nneo t by a unie-n with a cross • 

tube as Eahown in .!11g. 2. Inside the pressure tube was placed 

an inner absorption tube about 26 ems. long with Mg o windows 

l 1.noh in diameter and 1/8 inoh thick on both ends. At the 

oent'ra1 part of the tube there was a side tube thinner than 

s.. This thinner side-tub~ was ~.rewad on to the inner abserp ... 

tlon tube and o.ould be taken off ver1 easily by uneorewing. 

So the inner .abao r-_pt ic.>n tube oould be easily put in _position 

by f1'l'Bt lnserting it in the pl'aasure t uba, then connecting 

the side tube. -

~he esse!ltial d.~ffioul ty in oonstruoting the pre~ 

s.su:re tube was to make the .:pressure tight window whose con

ati-uotlon is shown in Fig. 2. The whole window frame v,as 

made of the same material as thst of the main pressure tube 

except the pyrex glass window P and the Kovar cone K holding 

(10) Q.]'tlchtbauer and w. von Reesen; z.£.physik, 113,323,1939. 
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the Window. So when the window frame was sorewed on to the ends 

of the ~reasure tube, the inolined 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

ssure sealing beosuse , the tube end and the window frame wouJ.4 

contract or expand equally at various temperatureso 

The thin Kovar oone was united with the steel f~ame 

by silver soldering. Before the glass window was put in po

sition th s Ko var cone was ground. so that it f 1 t ·very nicely 

with the polished aonioal glass. Then very thin aluminium 

rings were employed in the _ gasket (ll). The pyrex glass was 

:pressed into the Kovar 'oone when the whole thing was heated 

to about 25o0 o at whlob the aluminium ring became soft. As 

Kovar metal has nearly the same o.oeffiolent of expansion as that 

of the pyre~ glass, th~ window was always tightly fitted in the 

oone at different temperaturee. A Blight differenoe between 

the expans ions of the two material that might oeour aou.ld be 

oompensated by the elastioit.y of the thin oone. 

The pyrex glas.s window was 2 om. thick and t inch 

in diameter; the angle of the cone was about 5°. I.f the angle 

wer-e greater than 7° the window would leak sven w1 th the above 

method. Obvi.oualy • there will ·be no diffloul ty if the pyrex 

(11} Copper rings were tried. They did not work owing to its 

hardness. Gold rings would be even better th~n aluminium be

cause it is softer and has a still higher melting point. 
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.F1g. 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 C 
The place where the hot junction of the Alumel
Ohromel 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 
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glass is repl~oed by fused quartz v,hen obeervations are to 

•• be made in the ul travlolet region. 

{ b ) The :furnao e. 

The. construction of the furnace is shown in Fig. 3. 

The absorption tube A, which is only sohe)Df4tioally shown was 

heated by the furnace JP
1

• Th.e furnace was made by; winding 

ohromel wires on steel cylinders covered by asbestos paper. 

The whole furnace, F1 • o.o·nslsted of two seotl.ons whi.ch were 

connected at the position of the side tube. The windings 

were so made that when the Bide tube was heated by a small 

furnaoe, F2 , the mean absorption tube pould be heated uniform

ly to about 24o
0 o. · When the furnace had to be heated to still 

higher temperatures, additional furnaces, F
3

, were added on . 

the both ends. They were used to compensate the heat loss of 

the ends to the surroundings. 

The furnsae F2 was made by simply winding the re

sistanoe wire around the side tube proteoted by asbestos paper 

and mioa. The furnaces F3 were made by first winding the 

heating wire on a oylinder covered with asbestos then putting 

it inside another bigger cylinder forming a very compact heat• 

ing unit. 

The temperature of the absorption tube was measured 

by an alumel-ahromel thermocouple. The hot junotio.n was fas

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

portion T shown in . Fig. 3. 
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The whole :furnao"'8 was plseed in a box full of 

asbestos powder. As· the aide tube had to be put below the 

absorption tube (la), the whole box was laid on a wooden 

table with a big hole at the center. In th:is way the cold 

gas in the side tube will not now into the absorp·tion tube 

en aooount of its higher densi•ty than that of the hot gas in 

the ma.in tube. 

Water ooolings were applied. immediate!~ outside 

of the heating box to oool the side ·tube. The upper one 

composed of two sem1-oylindr1e~l veseels as shown in Fig 4o 

They oould be applied and talcen off muoh more conveniently 

than the lower water oooling oopper tubings. The .funotian 

of the water ooolings wa.s not only to keep the cross tube 

and the needle valves, V, oooled, but also to condense the 

rubidium vapor if it escaped out of the abso~tion tube A. 

when forei:gn .. g~s wa-s being inserted into the tube from the 

value v1 , or w:tien the tube was eoollng d0wn(l3 ). The ends 

of the absorption tube A were closet\ tightly by preeelng 

the Mg o windows on the sharp edges of the tube ends. 

(12) Otherwise if the s1de-tub.e was pointed upward, as soon 
as the hot gas coming from the main tu:t>e was cooled., 1 t 
would be displaced by new supply of hot gas. So there would 
be a oonveotictn and the side-tube wou].4: be too hot. • .. 

(13) When the tube was ooold.ng down the foreign gas outside 
of the absorption tube A would be oold first resulting in a 
high-er pressure inside the tube A. So the :foreign gas would 
oarry the alkal'i vapor out of the tube Ae 
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The joint between the inner side-tube and the tube A- was also 

very tight .• so the only way for the gas to flow frolll the inner 

absorption tube A to the pressure t-ube was to flo-w through the 

opening, J, in Fig 1. s-o this arrangement served to give a 

o'Onneotion. between the outer and the inner tubes fGl' the for

eign g,ae. net for the alkali vapor. 

{ o) The needle value, the pressure gages, eta,. 

'l'hree needle volves, v1 , v2, v3, were used., v1 led 

to the pressure tank containing foreign gas; v2 was oonneetecl 

to the pressure gage, and v
3 

;joined the high vaowm pum.p-, 

on the value, v1 , the nut joining the th ih copper 
\ 

tubing whioh led to the :pressure tank of foreign gas and Vi 

was shown on the Fig. 3. Betwe-en v1 and the pressure tank was 

the thiok walled copper tubing and a oondens-ing spiral as · 

shown in Fig. 5. The condensing spiral was made of thick 

~ To absorp-1:Lon 

tv.be 

Fig. 5 The o.ooling spiral 

walled oopper tubing about½ 

inch outside diameter. It was 

used ta fill baok the argon in• 

to the tank after the esperiment 

was through. When condensing 

BJ;>iral was dipped into liquid 

air. with value v1 opened and 

the tf,Jnk ol osed, the argon gas 

wae condensed and crystallized. 
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Oonaequently the pipe was filled up with solid argon. Then 

v1 was oloeed ~nd the tank valve was opened. By lifting 

slowly the oondensing spiral· out of the liquid air bottle the 

spiral was wa:rmed up ,. Then argon oonclensed 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 ln t~e figure. 

If the terminals were otherwise conneoted; and if the spiral 

were warmed up, the boiled argon aould hardly go through the 

lower {oooler) part of the spiral which would be elosei by 

the solid. -argon. So very probably a dangerously high pre-

ssure could be built up in the tubing. 

'l'hree pressure gagea were used. 1'hey servei to 

measure the pressure in three ranges _ 1 - ~00 lbs. 1 - 60·0 

lbs. and 1 to 3000 lbs. These gages were c-alibrsted by means ~:f 

a standard pressure gage {l4 ). T-he .first two gages were 

calibrated to read a pressure aeeurate to l lb. while the 

third one oould read to 10 lbs. 

( d) ~he Foreign Gasee 

Helium, argon and hydrogen were used as foreign 

gases. 

(14) !.ehe standard pressure gage was situated in 11eohan1oal 
Engineering Bu1lding,Oalt.eoh .. Thanks are due to Dr. B.H.Sage 
for hls permission to use the apparatus. 
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(15} 
'!'he helium gas was obtained originally from 

evaporation of liquid helium, and was once more purified by 

absorptlo.n method to eliminate contaminations by the seal

ing liquid· du!"ing storage. The total impurity at the source 

is estimated to be smaller than .01% The small trace of 

1mpuri ty would be hydro.gen. 

The argon t.ank was supplied. by the Ohio Chemical 

& Mfg. ao-. Cleveland. Ohio. The purity was 99.6 <J[, The 

impurity would be nitrogen. 

'l'he ·hydrogen tank was supplied by the Cryogenic 

Laboratory of this Institute. The gas was claimed to be 

about 99.5 ,, pure. 

The remaining parts. of the apparatus such as the 

tungsten light sourae, the preparation of metallic rubtdium2 

and. photographic photomet-rloal parts ar-e all the ssme as 

those in the fi-rst research. and thue. are omitted here. 

The dimensions of apparatus such as the thickness 

of tubs walls, of th:e -cropper tubings and of Kovar eoneJ3, the 

thread on the window frames, the thickness of the pyrex 

glass windows eto. ware carefully designed. The factor of 

safety was about 5. 

(15) Thanks are due to Prof. A. Goetz. the director of the 
oryogenio labo:,atory of this lnsti tute, for his most generous 
permission and help to use his .(precious) pure: helium. 
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Before using the apparatus, it was put outside the labora

tory and wae tested for pressure. During experiment the absorp

tion tube was fil'St oleruied and the oontained gas in the tube 

wall was removed by long pumping and heating. Then metallic 

rubidium was inserted into the absorption tube A in a current 

of nitrogen. The tube was then pumped again lmmedia tely. The 

absorption speotrum 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 so adjusted at eaeh pre-

ssure of the foreign gas so that the absorption was less than 

the total in the oenter of the resonance lines in order that 

true line contours would be registered. To oalibrate the den

Bi ty gradations in the absorption lines, the plate { Dstmsn 

Kodak Type I-R ) wa.s oall'brated by a step weakener placed in 

the :plate holder just on one side of eaoh absorpt.J.on line as 

shown in Fig. 10. An iron a:ro spectrum was supperposed on 

both sides of the mean exposure as a comparison. 

The method of measuring the broadening of the lines was 

in general the same as be.f'ore.lUorophotometer e.urves were re-
2 corded on bromide paper 43xl2 om in •a drum camera, From 

the step weakener marks. defleotions vs.density ourves were 

given for eaoh plate. Then the true line eon tours (density vs .. 

wave-length} were plotted, Figs. 12. Absolu.te a;beo.rp_tion 

ooeffioient oould easily be oaloulate4 f .r,om the values of 
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the density, D, and the well determined length of the optical 

path in the absorption vapor. The half width which is the 

frequenoy range in whioh the absorption oorffioient is a 

half of its maximum, oould be read off directly. The asym

metry of eaoh 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 respective areas under the red 

and the violet halves of the absorption oontour. as measured 

by a Polar planimeter. 

The amount of displaoement was determined from the 

miorophotometer ourve with a scratch made at convenient po

sl tions. All results were given in the next chapter. 



III RESULTS AND DISCUSSION 

{a) Broadening: 
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The half width of the Hb resonance lines broadened by 

different oonoentrations of helium, argon and hydrogen are 

tabulated in Table 11. In the first three columns are given the 

plate number, the pressure in atmosphere and the tem1rerature in 

absolute aoale of the foreign gas employed. In__ the fourth 110-

lumn the oonoentrations of the perturbing gas · are expressed in 

terms of "relative density," the unit being the density ef the 

same quan tity of a foreign gas as that used in the experiment, 

but . at o0 o and 1 atmosphere. The half widths are given both in 

terms of Angs tr8m uni ts and in wave number. In Figs. 6 and 7 . 

are given the plots of the values • . The half widths turns out 

to be linearly proportional to the relative densities of these 

gases, indicating the predominance of velooi ty broadening even 

ib this high pressure range. The slope of these curves are 

.735 om-1 and .594 om-1 :per unit relative density of he11U:m for 

2P3/
2 

and 2
P½ components respeoitively, and the corresponding 

values for argon are .ams om-1 and .627 cm-1 per unit rels ti ve 

density. 

The degree of aoouraoy of the determinations depends 

on the experimental a·ondi tions. ]"'or lower pressure the lines 

were narrow and the graininess of the plate (Type I-R) caused 

appreo!able irregularities in the mierophotometer curves. the 

:preoision in the determination of both the absorption maximum 

and the line contour were e,ppreoiably affeoted, while for high 
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-Table I I ,. The broadening of the resonance lines of Rb produced 
byt He, A and H2 

♦ 

Half v;idth 
Plate p T Helative ()...7947 ) 0, 7800 ) 

cm~1 No . Atmos .. ox density _g om-1 A 

(a) Rubidium/Helium 
He 14 3.95 447 2.41 l.019 1.613 1.086 1.?85 

He 1.3 8.98 455 5.39 l.937 3.067 2.242 3 .685 

He 4 20.48 461 12 .ll3 4;966 7-863 5.582 9.115 

He 5 41.10 463.5 24.2i 10-707 16.953 l0.389 17 .o75 

He 12 '17.29 569:!:"2 37.08 13-750 21.740 16-.916 21 .soa 

He 11 96.62 579.5 45.52 16.916 - 27.803 20.205 33.210 

He 9 98.79 581.5 46.35 20.968 ~-463 

(b) Rubidium/Argon 

Ar 1 2 .72 440:2 1.69 .818 1.295 0 "/38 1.213 

Ar .2· 6.12 515±1 3.24 1.'140 2 .755 1.920 3.156 

Ar 3 10.21 517.5 5.39 2.128 3.369 2.080 ~-419 

Ar 4 19.94 521±6 10.33 4.562 ., .22:3 4.437 7.293 

' Ar 5 41 . 16 552:1 20.36 90535 15-098 11 .839 19.459 

Ar 6 71.44 569±7 34.28 14.302 22 .646 19.'106 32 .389 

Ar 7 85.'73 576.o 40.63 15 .784 24.992 20.977 34.478 

Ar 8 97.98 576 46.44 17.680 27.995 23. 738 39 .016 

{o) Rubidium/Hydrogen 

H 2 20.00 462 11.82 4.53 7.7'/J 6.24 10.256 
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pressures the lines were so highly broadened that the irregu

lar!. ty oouJ.d be easily smoothed out without affecting the true 

shape of tho· line oontaur. Also when the temperature o:f the 

absorption tube was not suitably adjusted so that the absorp

tion at the center o1 the res.onanoes lines was too high or too 

low, the aoouraoy was naturally lowe:red. The degree o.f preol ... 

sion was -eet.imated a.nd is ahown in Figs . 6 and 7. 

It 1~ to be noted, that tha broade11ing by argon is 

greater than that b.y helium and the broadening of the shorter 

wave ... le.ngth oomponent is slightly greater than that of the 

longer wave-length one for beth gases. 

Watson and .Marg enau ( 1•6 ) tmd Hull ( l '/ ) have shown 

in their results for sodium {w.1 th H2 • N2 ana A) and potassium 

, (wl th N2 and A} that there is no algnifica.nt difference bf;t• 

tween the half widths of the doublet eomponents for resonano e 

lines and al so for the seoond doublet o-:r the potassium p1•in-

oi:pal aerie~. But petermaun CrB) found that the blue - Os 

ioublet and the oor:res-ponding :potassium doublet show about 20 

peraent greater broade.qing tor the s.ho.rter wave ... lengtb: oom-

:ponent when broadened by hydro.g:en. Ny and. the author. (19) 

(16} ii. Margenau and w. v1. Watson. Phys . Hev. 44, '92 • . ,44,1939. 
(17} 1}.F. Hull, Phye. Rev. 50, 1148, 1936. 
{18) Petermann, Zei"ts. F. Physik 87, 96 1 1933. 
( 19) lly Tsi-Ze • and . Oh• en Shang-y 1, Ph¥~. Rev. 52 ,1158, 1937. 
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found that for helium and neon the half widths of the 2p½ com

ponent of the second doublet of .db :principal series is greater 

than that of the 2P3; 2 component. while for argon the half 
2 • 

widths of the P½ component is slightly greater. In the pre-

sent research the results for argon are in harmony with those 

of the author's former experiment for the second member of Rb 

principal weries. The difference between the hal.f wid tbs of 

the doublet components deteoted 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 aooording to Margenau's 

theory, the half width should be proportional to the relative 

density of the perturbing gas as long as the velocity breadth 

is the predominant one, the statistical width grows with the 

square of the relative density. A point will be reaohed at 

which the two are equal, and a enrvature in the graph of~V½ 

vs. n should set in indioating a change to the statistical n~ 

law as we pass fro m this point to higher relative densities. 
2. 

This po int ooeurs when A 1 :::::::::: ..,,-7\,i 
2 .2.. • 

Where ~ = 3 'il'<A..2 n where o(is an interact ion constant. 

The departure from the linear relationship has been confirmed 

by Margenau for K resonance lines. But Ffiohtbauer, Joos, and 
, ( 20) 

Dinklaokl:!r have measured the broadening of Hg A..2537 

(20) :Fll.ohtbauer, Joos, and Din.kelaoker,Ann 9d.Physik, 71, 204, 
1923. 
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produced by pressures up to 50 atmospheres of. foreign gases. 

They found the width to vary linearly with the density of the 

pei·turbillg gas. In the p1•esent work also, no deviation .from 

the linear law bas been observed .for the rubidium resonance 

lines for oonoentrat1ons of He and A up to 100 atmospheres. 
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{b} Asymmetry 

So far there is no generally aeoepte4 satisfactory 

way to figure out the asymmetry of the broadened lines. In Table 

II!are given the values both in the ratios of the red "half" to 

the blue"half" of the half-widths as listed in the third and 

fifth columns represented by {l) 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 tabl~• A value which is 

unity ind loates a s-ynunetrioallY broadened line, a value smaller 

than unity a violet asymmetry, and a value l _a.rge tha,n unity a 

red asymmetry. 

Helium produces a violet asymmetry, while argon a red 

asymmetry. The degree of asymmetry increases as the concentra

tion of helium or argon inoreaaea. For helium the degree of 

asymmetry is a little greater for the longer wavelength com

ponent, while for argon the degree of asymmetry for the shorter 

wavelength oomponent is greater. h"'or argon the degree of asymme ... 

try first ln~reases very rapidly with the inoreaae of conoentra~ 

tion. then attains a weak maximum around relative density 10. 

finally the asymmetry drops slightly to a neariy constant value. 

The degree of asymmetry produced by helium is comparatively much 

lower than that produced by argon. The asymmetry was Bl!lSll when 

the relative density was below 10, but increased gradually with 

the increase of oonoentration. The asymmetry produced by the 

hydrogen is quite small. 
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Table Ill. The asymmetry of the broadened .Hb 
produced by He, A and H2 

resonance lines 

Plate Relative 
i )Asymm~trff · • . ( 

No. density ( t7947 (2) )*7800 2) 

(a) Rubidium/Helium 
He 14 2.41 o.95 o.911 1.00 o.988 

Re i3 5.39 o.98 o.967 1.01 o.99o 

He 4 12.13 o.97 o.843 o.98 o.961 

He 5 24.21 0.1a 0.112 a.ea o.a?4 

He 12 37.08 o.a3 o.1a2 0-90 o.a3£ 

He 11 45.52 o.86 o.777 o.99 o.748 

He 9 46.36 

(b) Rubiitium/Argon 
Ar 1 1.09 1 .• 07 1.12a 1-41 1-538 

Ar 2 3.24 1.39 1-588 1.50 1-654 

Ar 3 5.39 1.56 l.661 1.50 1-702 

Ar 4 10.33 l-79 1.975 1.71 1-912 

Ar 5 20.36 1.42 l-387 1.60 1-641 

Ar 6 34.28 1.39 1.374 1.ao l.f:,25 

Ar 1 40 .63 1.33 1.395 1.58 1-658 

Ar 8 46.44 1.36 1.352 1.63 1-568 

(o) Rublc:tlum/Hydrogen 

H2 11.82 1.18 1.00 
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The values listed under the oolumns numbered (1) and 

(2} permit inter esting oomparison of the two ways o:f describing 

the nature J. of the asymmetry of the line oontoure. The first 

way ( the ratios of the halves of th,e half-widths as represented 

by (1)} gives in general the asymmetry at nearly the central 

portion o:f the line. The asymmetry at the far wings is not 

given. While the seoond way (the ratios of the areas under 

the line contour as represented by (2) ) ie a more sensitive 

way of measuring the asymmetry for the asymmetry of the line 

would ef.feot the area more oons:piouously than the half width •. 

The aeymmetles were most pronounoed. near the base of the line. 

The values of the last two oolumns for helium in table III give 

a good illustration. 

Al though three figures are recorded in expressing the 

degree of asymmetry, the last figure has very little signifi

cance as regards the aocuraoy of measurement~ The chief source 

of error is in the planlmetrio measurement near the end of the 

wings. The wing etreched very far on both sides of the wings 

especially the side \!}1loh showed asymmetry, a little error in 

traoeing the line contour would eff ect the area by a consider

able amount. 
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(a) Shi.ft 

The displaoe.ment o:f the central maxu:w. of the Rb re

sonanoe lines produced by helium and argon are given in Table 

! V , and are plotted in .t!'igs. 8 and 9. Argon produoe 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 2P½ ( ~ 7947 ) aomponent is greater than that of the 2p1½ 

( X 7800) oomponent. This phenomenon is shown very obviously 

in Figs. 10 and 11. 

In ~igs. 10 and 11 are given a direct comparison of 

the positions of the Rb resonanoe lines, with and without the 

effects of foreign gases. Fig. 10 (a) and Fig. 11 (s j are the 

speotra taken with the absorption tube oontainlng pure rubidium 

VSJ?Ol' at very low pressure (10-3 mm. Hg), Figs. 10 (b) and ll(b ) 

are those taken when the pure Hb vapor pressure was increased 

to 4 mm. Hg. and fflgs. 8 (o) and 9 (o) are the spectra taken 

when foreign gases were introduced. As pointed out in the first 

article, a.nd 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 knovm that the shift of the 

resonance lines produoed by foreign gases. is smallest among the 

series lines. The shift vs. series members eurve (21) shows 

( 21 ) For ins ta:no e, 
Jf"'flohtbauer, Sohillz and Brandt, Z. f ,.Physi ,k. 90, 403, 1934. 
Ny Tai-Ze and Oh'en Shang-yi, Phy&. Rev. 51, 567,1937; 
54. 1045 . 1938. 
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Table IV~ The displaoement of the resonance lines of Rb 

produced by He, A and H2 

Plate Relative 
i A ) 

Shift 
7947 _ i :\7800) -1 

No. density om-1 om 

Rubi<!ium/Helium 
( violet }(violet) (violet ) 

~ 
(violet; 

He 14 2.41 0.25 o.39 0.12 0.19 

He 13 5.39 1 .17 1-85 0.5a 0.95 

He 4 12.13 1.83 2.89 Q.92 lo52 

He 5 24.21 3.64 5.76 • 1.37 2.26 

He 12 37.08 4.77 7.54 1.59 2 .62 

He 11 45.52 6 .88 10.88 2 .68 4.40 

RUbi<lium/Argon 
(red) (red) (red) (red) 

Ar 1 l.69 0.52 o.s2 0.22 0-36 

Ar 2 3.24 o.65 1.oa 0.29 o.4a 
Ar 3 5.39 1.07 1.69 Q.81 1.33 

Ar 4 10-33 2.92 4.53 2.43 3.99 

Ar 5 20.36 6.96 11.01 5.86 9.64 

Ar 6 34.28 12-78 20.23 11-77 19.63 

Ar 7 40.63 15-26 24.17 15.81 26.04 

Ar 8 46.44 18.47 29.90 18.16 P.9.85 

Rubidium/Hydrogen 
{violet) (violet) (red) (red) 

H 1 2.07 o.si 1.32 o.a1 1.33 

H 2 11-82 1.03 1-63 o .98 1.61 
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~ig . 10 Pos i tions of rubidium resonance lines 

( a) Under 10- 3 mm . pressure pure vapor (r=. 180 0) 
( b) Under 4 mm . Hg _pressure pure vapor ( '.1.

1=. 347 ~) 
( c) Under 97 . 98 atmospheres argon ( 'l'=- 303 0) 

E" i g . 11 . Posi t ions of rubid i um resonance lines 

( a) Unde1 .. 10- 3 mm . pressure pure vapor ('.11
;: 1 80 G) 

(b) Under 4 mrn o Hg . pressure pure vapor (1':.: ~j4'7 U) 
(0) Under 96.62 atmospheres helium ( 'l':.: ~O6 . 5 c:; 1 
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that the shi~t first increases strongly with the ordinal number 

of the lines in the series, then attains a weak maximum and 

finally ap ::proaohes. a constant value for the lines near the 

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

so big a foreign gas pressure (100 atmospheres) the shift for 

higher series members would be as big as one hundred Angstrom 

uni ta. Hydrogen produoe a violet shift on the ],o.lil'ger wave-length 

oomporn~nt and a red shift on shorter wave-length .oomponent of 
• 

the .Hb resonanoe lines. 

It is to be noted from Ji'igs . 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. .lf1or argon the shifts for the two doublet components 

are ver•y nearly the same, while for helium the shift of the 

+onger wave-length oomponent ls about twioe as seeat as for the 

shorter wave-length oo.mponent. (see also Figs. 10 and 11) 

The differenoe of shifts of the two components has 

b d b 1' 1 t H 11 (£2 ) in already een :pointe out y Margenau nason & u 

their experiments on effeots of nitrogen and argon on potassium 

resonance lines and also by Ny and the autho/ 23 ) in their ex

perimen t on the effects of ra~~ gases on tbe second member of 

Rb absorption series. 

(22) f/fargenau and Watson . Phys . Rev. 44, 92, 1933 Eull Phys. 
Rev. 50. 1148, 1936. 

(23) Ny Tsi- Ze and Oh'en Shang-yi, Phys • .rlev. 52, 1158, 1937. 
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The relation between the shift and the relative density 

1s still an unsolved problem. Some theories hav.e identified the 

shift with the mean of the frequency d,l.stributions. ( v - v
0 

j . 

It wi11 be always st.riotly proportional to the relative dens 1 ty 

and depends in aensi ti ve manner on the distance ot <1loeest 
(24) 

approoh. But Kuhn pointed out that the meassured shift is 

not the mean but the displaoement of the maximum. So the shift 

should be proportional to the square of the density of the gas 

and ls largely independent of the distance of closest approach o 

In faot both the linear and the· quadratic relations' were ob s erved . 

In the present oase the shift of the lines produced by helium 

is in general linearly proportional to the relatiye density, 

but for argon the relation between shift and relative denai ties 

obeys in general the 3/ 2 power relatio,nahip. The aocuraoy of 

locating the positions o,f the maxima of these lines was esti

mated, the greatest possible error should not be more than 2% 
(25) • 

• although one oould regard that pressure region as corres-

ponding to b. =1r"-/ 26), in which the linear law gradually ohanges 

into the square law, yet further theoretioal oonflrmation of the 

existence of this change seems very desirable . 

(24 ) 
(25) 

(26) 

H. Kuhn, Phys. Rev. 52, 133, 1937. 
As estimated from the measurements of the magnification 
ratlos on the miorophotometer, the location of the line 
maximum, the inaoouray of measurement on the serateh mat,e 
on the plate , -and the density readings of foreign gase.s 
Msrgenau and Watson, rlev. l.Jrod. Phys, 8, 4'1, 1936 • 
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In order to approach as muah as possible the theore

tioal assumptions it is desirable to use low preecures and high 

atomic weight so that the infiuenoe of atomic motion is elimint-
(£7 ) 

ed. But due to the wide spread of the lines the tempera-

ture o.f the absor·ption tube had to be raised to too high a value 

s.o that the absorption of the line oould be easily meassurable. 

{217) Since the area under the absorption line oontour depends 
on the .number of absorpting atoms. the line will be 
diffused when 1 t is broadened. 



( d) The ureas under the absorpti-on line contours and the 

evaluation of f-values and transl tion :probabilities 

The amount of the total absorption. i.e .. f(.,a(n k:) a. JI ~ 
for- eaoh line was determ.ined. n ><; is the electron theory absorp

tion ooef.fioient wlieh is o-onneoted wi th the usual absorption 

coeff iolent by the relation 

( 1l k) %:. KV 

so that 

n K = ~ log· I /I 
4 77'1 ° 

where l is the absorption path length . Therefore t he value of 
t,O 

the integral fo (n K) d Y oan be oo-mputed from the area under the 

line oontour ( log
10

I/I vs .. ~>.. ) curve by mul tip-lying 1 t by a 

faoto r 2 . 303 :x: c / 4 1rL \ . where )\_ is taken as the wa.ve--1 eng th 
, 

o-f the oentral maximum. In the present work the line contours 

ware plotted with l og 1. /1 or Das ordinate a.nd the distance lo • 
ln mm • . from the central maximum o! the micro:photo.meter ou:uve as 

abscissa ., a.s shown in Figs . 1,2 •. The areas A under the line 
2 contour were measured by a planimet.er in ~m • 1 cm in ordinate 

eorres ;,onding to ~02 in density and l om in abscissa correspond

ing to 26 ,.4/ nm ~ wh-ere m is the magnifioation ra tic o.f the 

micro photometer- traae~ and n the magn ification r& tio on the 

where l = 25.6 ems.; m = 19.04 and 6.71 or 6.65 depending upon 

the ratios used and the th iokness of the bromide paper. 



- 3 7 -

Table v. The f-values of :rubidium resonance lines under 
different pressures of .foreign ga.aes 

Pl8.te T p 
f no. K nun. Hg n ]. n. f 

$ l 

(a} Rubidium/ helium 

He 14 447 1.25x10-2 2 . 71x1014 2.41 -780 .467 
P. 

1 . 79xlo-2 3 .. 81:xlo14 He 13 455 fS-39 .614 . 323 

Be~7 4 461 2.32.xlo-2 4.88xlo14 12.13 .463 .253 

He 5 463 . 5 
-2 

2 .. 58:xlO 5 .4o4xlo14 24 . 21 -307 -186 

He 12 569-±2 1.00 1.,'70 :x1ol6 37.08 .202 .. 152 

He .11 579 . 5 _ 1.337 2.238:xlo 
16 

45 . 52 .. 0884 00742 

~b) Rubidium/ argon 

Ar 1 44 O:ii;2 9 •OOxlo-3 1 . 9ax1014 1 . 69 ., 595 . 281 

Ar 2 515¢1 1 . 58:xlo-l l . 98xlo15 3 . 24 -582 .3Ql 

Ar 3 517 - 5 2.023:xlo -1 3 . 792xlo15 _,a9 -503 . 264 

Ar 4 - 527:;k6 2 . 78:xlo-l 5 . 12:x1ol!1 1$-63 .511 .253 

At;_ 5 552±1 6 .. osx10 -1 1 . 07x101 6 2Q.36 .378 . 2i::0 

Ar 6 569±7 1.00 1. 70:x1a16 34 .28 .. 253 . 172 

Ar 7 576 - 0 1 . 214 2.Q44xlo16 
40-63 .3Q4 . 194 

Ar 8 ~76 1.214 2.04:xlo 
16 

46 .44 ... 305 -197 

( 
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2 A= area under the line contour in om. 

From the amount of the total abaorption , osoillator stren

gths and transition :probabilities oan be obtained. According to 

radi~tion theory the oscillator strength of the atoms, the !-va

lue ~ is ,' , 

f::; 4 Y m j"° --2 ll lf ) 
n e 

6 

and the transition probabill ties, At 

4 
7t ( ~n k; ) d v 

c n h /> 
_ ( 1i' e2 / oh Y m j f 

The value of n oan be foll.t'1d from equa tlon ( 12} on :page 18 of the 

:preeeeding 

and 

article . Subs ti tu ting 
\ 

108 
f::: 102 _2_ 

22.75 X 
.A n 

:: 6.086 X 106 1/n 

= 5.974 X 106 1/n 

At ; 1•050 X lOlO f 

: 1.070 X l Ol O f 

the numerical 

f.~< n 1<) d v 

vO 

f (n k ) d v 
d <-<> 

i (n k ) d Y 

constants 

for >--78 00 

for A'"/947 

for A78 00 

for A.7947 

In Table V are listed the f-values wben the lines were 

broadened by foreign gases .. :p and n stand for the vapor pressu

re and the oonoentration of the -alkal1 vapor and R· n. the 

relative density of foreign gas. The f-values of the resonance 

lines without the presence of .foreign gases were found by extra

polating to zero density of foreign gas as show.m in Figs 13 and 

14. 2 · 2 The results are .33 and .66 for the P½ and P1½ oom:ponents 
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respeatively. and the eorresponding transition probabilities are 

6.93 109 and 3.53 109 . These results agree with the resultf of 

Na. 2: and 1 • d b l<f i k • i t • ( 28 ) us resonance 1nes as measure . y ~ n owsK. ea. . 

As shown in Fi gs. 13 and 14 readings for low foreign gas 

oonoentrations w·ere not so acourate owinm to the inaccuracy in 
"° 

obtaihing J: ( n K: J d Y • Also the read.ings for argo.n in Fig. 14 

are not so good as those for helium.. 1.i'his might be due to the 

fact that argon was not so pure as helium; impurities euoh as 

oxygen would remove some alkali vapor oausing a decrease in 

abeor~tion. 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 ,vas reoovered after the vapor being condensed by oold fore

ign gas or oaught by impurity atoms. 

(28) Minkowski ,, z~ f ., Physik. 36 839, 1926 
v. Solfiltz, ibid o; 45 , 30. 1927" 
J. Weiler. a1m. d. 2hysik, 1, J61, l~i2St. 
Minkowski and lluhlenbruok, z .. f. Physik, 63, 198, 1930• 
we ing e ro f .f,, i b id • 6 7 , 6 7 9 , 1931 . 
Ladenburg and Thi el e . ibid . ?2, 697 , 1931. 



44 -

( e) The optical oollls ion diameters-

The optloal collision diameters oan be computed from 

the observed line half widths. 

Where m and Mare the masses of the absorbing and that of the 

perturbing atoms respectively . 

Taking 

,6 ).) J.. 
2 = .665 om- 1/ r .. d. for helium 

ll 

::; . 741 -1; -. om r. •• for argon 

which are the mean values for the two doublet compon

ents. Then for argon and Rb 

While 

( 
85 .4 ( 39. 9 ) , )· ½ 

Z3 
(85.4+39.9) 6.Q6Zl0 

.f = 13.37 : 

for helium and Rb 
3.14 ( .665) X 3 X lOlO 

.f2= 
2 ( 2. '1xlo19 ) ( 2x5.14x-l .37xlo-16 x 273) 2 

( 85.4 (4.00) ) ½ 
(a5.44+4.oo) 6.06xlo23 

0 .f = 7.75 A 
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Iv. Conalusio,n 

A new absorption tube was oon.struated. which made 

feasible the study of the broadening~ asymmetry, and shift 

of rubidium resonance lines :produoed under different homo

geneous :pressures of :pUTE, helium and. argon u:p to 100 atmos

:p·heres. 

'l'he lines exhibit veloetty broadening e ven in this 

high pressure range a.s. the half-wld th vs . relative density 

our·ves were linear. The· broadening by argon l s grea t er than 

th-at by helium and the b1•oadening of the shorter wave-length 

component ie slightly greater than that of the longer wave ... 

length one for both gases. 'l'he difference between the half 

widths of the doublet components detected both by the author ' s 

former e.xpeTi ment on t'he second member of Rb prina i.pal series 

and by the present researches suggests again that the perturb

ing effect of neighbouring atoms {similar or dissimilar) may 

be different for different j-values. 

Helium produees a violet while argon a red asymmetry. 

The degree of asymmetry increases as the conoentratio,n of :eor

eign gas increases, and is greater fo r argon. For argon the 

asy~netry of the 2P~;
2 

component ia greater than that of the 
2 

p½ oomponent while for helium the reverse .ts true. :Po des-

oribe the degree of asymmetry of the line conto ur by the r a

tios of the areas u_r1d.er the line oontcur i s a more sensitive 
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way of measuring the asymmetry of tbe line than to d .esoribe 

, 1 t by the ratios of the red half to the violet half of th.e 

half-widths. 

Argon produoes a greater shift than helium. The 

former produoes a strong red, while the later a violet shift. 

2 For both gases the shift of the P;i.. eomponent is gr.eater than 
2 

2· 
that of the pl½ one. b1or helium the shift appears to b _e pro-: 

portional to the relative densl ty., while for argon the shift 

increases in general with the 3/ 2 power of the relative den-

el ty. For argon the shifts for the doublet components are 

nearly the same, while for helium the shift of the longer 

wave-length oomponent is about twice as great as that for 

the shorter wave-length component. 

The areas under the absorption line oontour(log10 
1 . / 1 vs. ) for each line were measured. The f-values turn out 

2 2 
to be ~33 and .66 for the Pt and Pl½ oompo~nts of the ~b 

resonanqe lines respectlvely. and the corresponding transition 

probabilities are 6.93Xlo9 and 3~53x109 • The optical collision 

diameters estimated from the half-width data are 13.37 ° for 
A 

Rb-A and Rb-He respeot1 vely. 
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