University of Windsor

Scholarship at UWindsor

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers

8-13-1966

Light sources for the excitation of resonance fluorescence in
cesium.

Dennis Hugh Burling
University of Windsor

Follow this and additional works at: https://scholar.uwindsor.ca/etd

Recommended Citation

Burling, Dennis Hugh, "Light sources for the excitation of resonance fluorescence in cesium." (1966).
Electronic Theses and Dissertations. 6418.
https://scholar.uwindsor.ca/etd/6418

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor
students from 1954 forward. These documents are made available for personal study and research purposes only,
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution,
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or
thesis from this database. For additional inquiries, please contact the repository administrator via email
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208.


https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F6418&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/6418?utm_source=scholar.uwindsor.ca%2Fetd%2F6418&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca

LIGRT SOURCES FOR THE EXCITAYION

BY
DENNIS HUGH BURLING

A Thesis
Submitted to the Paculty of Graduate Studies
through the Department of Physics in
Partial Fulfillment of the Requirements
for the Degree of Master of Science at
the University of Windsor

Windsor, Ontario
1966

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: EC52599

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform EC52599
Copyright 2008 by ProQuest LLC.
All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC

789 E. Eisenhower Parkway
PO Box 1346

Ann Arbor, Ml 48106-1346

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPROVED:

W

‘ﬁﬂ.""llﬂﬁﬁ'*ﬁU*Q&O‘QOQ

AN/ 40N
tb@%/b/ﬁﬁvzbtﬁlhﬁnb

b. Robinson

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The pexformance of the cesium radiofrequency
lamps designed in this lmﬂwxy was compared with that
of commercially available Osram lmpi with xupccﬁ »tn
their ability to excite xesomance fluorescence, and the

-\llhnifﬂamu and ‘«uammun of the emitted resomance
unn; The shopes of the resonance lines were studied
by means of a scanning Fabry-Perot imtexrferometer which
was built for this purpose. It was found that the radio-
frequency muzmu» enitted resonance lines of greater
pesk intensities, smaller degrees of self-reversal, and
m.licx half-widths than the corresponding lines pro-
duced by the Osram lamp. It was possible to resolve
the h.f.s, splitting of the ground state and of the
maﬁm« nuw 29,% and to resolve partislly the h.f.s,
splitting of the "“l‘% state. The measured intervals be-
tween the various h.f,s. components were in sutisfactory
agreement with much more accurate values obtained else-

where.

ii
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Recent interest in studies of atomic resonance
fluorescence and optical pumping has resulted in a demand
for suitable spectral light sources. In order to excite
resonance fluorescence efficiently, a lamp should emit re-
sonance lines of high intensity, small half-width and no
self-reversal, Nost of the radiated energy will thus be
aivailable for the excitatien of the atoms in the low den-

sity ‘vapwx.

The broadening of spectral lines may be due to several
factors. At temperatures where the emitting atoms have sig-
nificant thermal velocities, bopplex broadening increases
the widths of the lines beyond their matural ox ndugj.ou
damping breadth. At almost all pressures of pzlthqx' the
metallic vapour ox of a foreign gas, 4@113.:1@:# mm the
radiating stoms and other atoms cause collision broadening
which is due to phase interruptions @,s the emission Pkmsm
Collision broadening caused wm vapour pressure of thg
emitting atoms is always greater than that induced by col-
lisions with inert gas atoms because in the first case the

1.
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2.

ummm is of an mga type, with an -3 wmual
Vhereas in the second case van der Waals forces are imvolved
withu x¢ potential. M effect can also be a source
of line hroadening, where large electric fisld gradiemts are
produced ia the discharge.

uu«mmnx; which makes the centre of the line
less intense than the wings, u‘ caused by mxma:pma
of the light as it passes from the centre of the lamp w the
outside. Reabsorption is lassened bWy mh\m a low
vapour preasure of the metal producing the required emission
and by kesping the temperature comstant throughout the
volume of the dimrw. to prevent the formation of a
cooler ‘,hm of unexcited atoms at the walls of the lamp,

Nany attempts bave besn made t0 meet the various and
sometimes conflicting requirements. Commercially produced
Osxam lamps confine their a.c. discharge to a ssall cylindex
of alkali resistant glass. The path from the emitting atoms
to the outaide is small, as is the volume of the discharge,
The enitted resonance lines are strongly self-reversed.

Ermisch and Seiwert (1959) used a sodium lawp of
Houtermanns' design which incorporated the use of alkali
resistant glams to reduce the discolouration resulting

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

from the corrosive action of the alkali vapour. It was
z@m M the soft ylm cracked because of annealing ym-v
xm and of Iaxge qutm gxadiaau across the glua
mzm.

&uge curx«ta .in a8,¢. ai.mhu:go lamps, used to
pumt m-mm @t high mltm-paht mh. rnmu
in the broadening az :pwtxﬂ. lines. Cario and lochte-
kmltgrm (1927) a»m that » discharge lamp could be rus
atn MWthycummgme nacwwn
MWM&MMM mmvofhotvmum’
m the heated mtal. to prevent condeasation on the
window. Using a lamp of this type, Hoffman and Seiwert (1960)
cbtained s smaller self-reversal than with the Osram lamp
which, however, was accompanied by a smller msm
intensity.

The nmxnu ).m designed by mmuuya (1’35)
was also MM ‘by hlm and th (1960). The di.c-
‘clm:g- was uuw by a carrier gas whs,h m metal was
evaporated mear the hot cathode. RNelatively few metallic |
m-xmmmgmmmm-mmmsxm
of metal was obsexved. mzm and u&m found the self-
reversal in the péuuiut cataphoresis lamp much smaller than
with the Osram lamp. |
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Bell, Bloom and Lynch (1961) experimented with
slectrodeless xuiomuwy Ml operating at 30 Me.
Self-absorption was reduced to a minimum by means of the
skin effect, but the intensity of the lamp slowly oscillated
with & tims-constant dependent upon thermal capacity. This
instability was reduced by the use of heavier inert carrier
gases. @erard (1962) produced a design for an rf. lamp
that could be constructed in the laboratory, with the vapour
pressure of the alkali metal controlled by an extermal heating
coll, Gexard's design was modified and applied to the
construction of potassium and rubidium spectral lamps by
Atkinson, Chapman and Krause (1965) who carxied out a
systematic study of these ught sources and compared them
with commercially available units,

In the present imvestigation a pressure-scamning
Fabry-Parot interferometer was bhuilt and was used to study
cesium lamps. A light source, constructed according to the
design of Atkinson, Chapman and Krause, was compared with an
Osram lamp as to efficiency of exe¢iting cesium resomance
fluorescence, spectral line width and self-reversal, The
pressure scanning photoelectrie interferomster, which
supersedes the fixed imstrument with photographic recording,
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used in the previous studies, has been proven to be a
versatile tool for studies of spectral lime profiles.
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When light of wavelength )\ falls upon a pair of
mymwﬁ plates separated by an air gap t om, thick,
3 sories of concentric fringes is formed, #ince all the
light imcident alomg the surface of a cone of semni-angle
6 , formed by the incident light and the normal to the
plates, contributes to form a single circular fringe, the
condition for comstructive interference is
Anw 2.t cosC 1)
where n is the order of interference and .« is the refract-
ive index of the medium hetween the plates.
costis a maximum when © = 0 and the highest order
of interference occurs at the centxal fringe.  n decresses
by one with each ring, while moving radially outwards from
the centre of the fringe system. |
By &ifferentisting Bg. (1) it is found that an the
centre of the system, ) S
av = g, @
2.t | o
whete Yy is the frequency in em.’ Thus the spectral
range between two successive orders (Aa = 1) is

Ay = 3
2.t - ’ (3’

6.
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7.
At the contre of the fringe system where cos¢C = 1,
, o= 2uty. (4)
bifferentiation of RBq. (4), with / and t constant, gives
& = 2 tydu - (s)
In using the Fabry-Perot etalon as a spectrometesr, a
mm&i range is scanmed by Mm the index of re-
fraction of the air betwesn the plates which, im turm, is a
function of pressure,
If t = 1 cm. is used in a study of the sodium D lines,
a change of approximately 10 orders takes place at the
central fringe for a pressure change from vacuum to ome
atmosphere, since the corresponding change ia the refractive
index is 0.0003. Thus, if the 1ight at the central zzhgt
is observed with a photomultiplier tube, the shape of the
spectral line can be obtained as several successive orders
pass the centre of f.hc interference pattern.
Accoxrding w mhigh‘s enmm. the mn).vm
unit of a mmm is defined n !ouwn

‘V."V«ﬂ-%—-l (e

where é __ is the resolving power. The resolving limit
- a

is a direct measure of the instrument's ability to separate

two closely lying spectral lines. The resolving power changes

over the spectrum but the resolving limit remains constant.
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The resolving limit d ) at the centre of the fringe system
may be found as follows: (Tolansky, 1947)

B = n, cosO (cosd = 1) | (7)

Thexefore A = R, cos K , | |
($5 ®

vhere ¢ is the angular diameter of an interference fringe
of order p and n= R, -p o (9)
Thus |

R = Rno cos (%__)ano{lmz ‘uz(@}ino*‘o.%t.. (10)

The angular diameter (in radians) of the p™ rimg is

- (;!l;_:i . (11)

Since the order of interference at the centre of
the fringe system is usually not am integral value, let &
(whexs € < 1) be the fractiomal order. Therefore the
order of interference at the first fringe is n, & </

Since n,is the order of the first ring, the order

L
of the p'h ring is & -(LJ? ( (p=1) + 6,)%’ . (12)

If the interference fxringes, localized at infinity, axe
focussed with a lens of focal length £, the resulting linear
diameter of the p*” ring is

D, = ff= ((p-l) ve Y5, am

(ﬁ&) (tp-ﬂ + ér) . (14)
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€/ is found by measuring the fractional dismeters of any
two adjmcent rings.

B> - (S _4p=1) (1)

PHi =7 ”

and £, = B - . (16)
- -P

For two closely lying spectral lines with respective frac-
tional orders </ and €z at the 'eoutu of the interference
| pattern, the freguency difference between the two lines

is given by (_ &/ « &2 ),
2+¢

Yor adjacent rings of oxders p and p + 1 arising from the

first linme,
Y -8t~ (p+e) (17)
n/ :
Y -8 (-1+6), (8
n/y
and D, =D, = 8f7 = A, . (19)
n,

Since n, is the order of interference of the first fringe,
the difference of the squares of the two adjacent ring
diameters is a constant.

Similarly, for the second line

4%, -4, = 88" = AN |
n. (20)

whexe n o #mﬁn the ordex wt interference of the first
fringe arising from the second line .
Taking n, = a., ,ad A, =Dz =4, (21)
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€ = !gz_..__{.....z / E%.._ -p
”pf') »
and ﬁuu4,mq,”.*p - !u??,,m.‘ﬂ .
. aﬁ’f/ ap ; .
€ =Em Wi _Agw) -
But 0 AV m (€ =€) )"
H . R : R :zt( P AT
therefore {Porn-ds)) is a constant,
Since D,/ DL mBggiw A = 88"
n/ " ’
ay=_21 g?a/ ﬂ’éw | .

a 4a;, -4

(22)

(23)
(24)

(28)

(26)

(27)

Therefore, to calculate the resolving limit, it is

only mecessary to find the differences of the squares of
successive ring diameters corresponding to a given spacer
thickness.
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CHAPTER IIX
THE SHAPESOF THE SPECTRAL LINES OF CESIUM

A) Resonance Lines of Alkali Metal Atoms

Resonance radiation is emitted when an atom is
excited to a higher state from the ground state and, in
returning to the ground state emits a photon, with no
possibility of transitions to intermediate states.

In alkali metal atoms the ground state is the n™ 8§,
and the resonance states are the 1n ™ r,/;m RUP;
vwhere n = 3 for sodium, 4 for potassium, 5 for rubidium and
é for cesium. A doublet structure exists because of the
fine structure splitting in the F levels.

g = § + L =k+1=23/2
and T = 8§ 4+ L =<+ )lwdk whereJ, L, and 8
are the total, orbital, and spin quantum numbers respect-
ively. The selection rules are AL = + 1 andAJ = + 1,0,

Hyperfine structure results from the fact that the
nucleus may have a resultant spin and a corresponding mag-
netic moment., If X 4is taken as the nuclear spin quantum
nurber, then the total angular momentum is J + I = F whexe
P is the hyperfine guantum nunber that can have any value in
the range

g + Iz#>|3 = 1. If T = 1, there exist

11,
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21 + lvalues of ¥ ; for I> J there are 27 + 1 values,
The selection ruls A F = #1, 0 holds for transitions from
one hyperfine structure level to another, but ¥ = 0 ——>
P =0 is forbiddea, | |

| The energy diffexences between levels of a hyperfine
structure multiplet are given by the xatio (¥ + 1)
(T + X =1heieeenee =P =3 . The ratic of the sums of the
intensities of all transitions from two adjacent h.f.s.
states F,and F: are in the ratio of their statistical
weights (29, + 1) / (27, + 1). ¥When the h.f,s. splitting
of one of the levels, betwsen which an optical tramsition
is allowed, is negligibly mﬂ.. the intensities of the trans~
itions are in the ratic of the values (27 + 1) for the
R.£.8. of the level whose splitting produces the structure,
This situstion exists in the resonance lines of alkali or
alkali-like spectra in which the h.f.s. splittings in the
ground states are about tem times larger than in the
resonance states,

Hyperfine splitting alsc zesults vhea aa element has
ssvaral isotopes, each contributing its owa line. The limes
are separated by a small amouat dependent upon the charge

 and mass distributions in the atoms of the respective
isotopes,
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») Theoretical Calculations of Line Shapes

The &nmdty d‘zwxmikm of a spectral line may be
calculated maxatmuy; | The dasic shape, the resonance
distribution or natural line viml, results from the electron
configurations of excited levels in the emitting atoms.
Broadening effects caused by collisions with like or foreign
atoms add to the width of the lime, while self-absorption
of the emitted light by like atoms deforms the shape by
producing a characteristic dip in the centre of the line,

(i) »Radiation Damping

Mrﬁm to the classical description, excitation of
an atom occurs when the atom receives an impulse that displaces
one or more electrons from their equilibrium positions and
sets them into oscillation, An oseillating slectron radiates
according to the laws of dipole radiation, and is sudject to
an elastic restoring force, and to a radiation reaction force
acting when the acceleration is changing. Since the radia-~
tion represents a loss of emergy, the slectroa executes a
damped vibration and the total radiated power decreases ex-
ponentizlly. The exponential time constant is of the order
of 107% gseconds and is called the average lifetime of the
excited state of the atom. The spectral shape is found by a
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Fourier analysis of the distribution of radiated flux
density over the spectral range. The resonance distribution

function is

&
r (y) = 27 . (28)

(Y, =Y)- + (‘QI

) 2
The half-width ¥ , expressed in units of wave length, is
indepandent of the wave leagth of the line.

In the quantum representation, the natural line
width is a result of the fact that each of the two energy
levels X, and E: , between which a transition has the
possibility of occurring, is not infinitely sharp) each has
a finite width, AR, and A 2., . On the basis of the guantum
theory, Weisskopf and Wigner (1930) obtained the following
sxpression for the natural um pxéuh.

I (y) = (S )
Ton I+ (5% F] 7 (a9

which is equivalent ¢to Bq, (28). In Rq. (29), )., is the

Bohr frequemcy (Bz_= B, ) and ) , the half-width, is
given by " | R

F=livhs = 4‘:‘&' " (30)
On the basis of the quantum theory of radiation it is poss-
ible to obtain m following expression for the matural

half-width.

Y = L&*—z‘; (yu £, ) (31)
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where m 4ia the electronic nass and e the charge, and
£ o, is the oseillatoxr strxength of the transition from B -
to the ground state X, . Quantum theory predicts that
ahcmla' depend on ‘m oscillatox ntzmth' ‘a,f | the txmatmn
ﬁnd should no# h- mm zai uu';pactml lines.

{11) Doppler Broadening

tf.ﬁzﬁm madum of a spectral line may be
caused by the thermal motions of m gas atoms., If all
Mtun atoms were at rest a sharp l'tm Vo would be
observed. HNowsver, vhen the emittisg atoms have a velocity
component 1> in the line of sight of the observer, the
Doppler effect predicts that the observer will see a
frequency

Voer(l oxe ) (32)

The fractional number of these nmu within a range MZ is

B - G e

vhere N is m molecular weight of the gas. This also
represents the fraction of the total intensity that is

emitted at a frequemcy V.
Expressing o, in terms of )/ .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16.

e ”(37/"!‘% > ):(z X% y—y‘,ﬂ,

m: m mz« cﬂm p.rme” a lmnm azaummn for
t.ho Mmion or mﬁm line, |

The half-wideh u/.\y,a- 2 oy w— (3__;_,) b

or, hthomlmth m:l...A)\.u- . 2 Qleog 2) (zl@),‘o.
While the mtuxal line width on a wave length scale is

spproximately invariant with wavelength, Doppler broad-
ening decreases with wave leagth.

um Stark mmm

. The emitting atoms ox mnuunhmmomm
influence of electric fields produced by uptd:.r mvhg
slectrons and slowly moviag lons. According to the impact
theory, the smitting systems may be unperturbed most of the
time. The electrom impacts which create rapidly varying
fields are well separated in time. The quasistatic or
statistical theory, derived by Holtsmark, treats the slow
moving ions. %The pexturbation is considered nearly constant
ummdawumummmummzmmm-
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field distridution, Holtsmark divides the broadeners into
ions, dipoles and gquadrupoles. A cerxtain spatial configur
ation of the broadeners results in a field at the emitter,
mm&mumﬁhﬁmmwmummm
of the broandeners. The intensity distribution of a
mm;mmzm. @!Wm YV, 4is given by
1dy= dvf; (B,y) W (B) 4 B, (37)
wvhere W {E) is the fisld strength probability which de-
mda on the type and spatial distribution of the broad-
eners, and E is the electric field strength, (Noltsmark,
1919). |

For broadening due to ions the half-width is

Aym xB°, (mice, 1934) (38)

where Xk is a constant and N ias the density of ioas per
mg » This expression has been verified experimentally.
(See the xeview by Margensu and Watson, 1936) .

(iv) Collision Brosdening

In the treatment of collision hroadening two
basic postulates are made, which assume a constant fre-
quency mmmm~ and a finite radiation time, According
to the lorentz (1906) wmt theory, which is of historiecal
interast, an atow absorbs or emits a sharp frequency), during
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the time between collisions, A collision completely stops
the process of radiation, and the emréy of thin oscillating
dipole is changed into kinetic energy. |

By means of a Fourier m:tyair; the intensity
distribution is found to be
(39)

T {y) = _

Y~V V' * \Ze)”

which has the same ﬁm ‘as that of a natural spectral line,

T . is the mean time betwaen collisions. By normalizing
I {(y’) , the constant K is @nlmlaué to be. __L_,.. The
hau-width of the um is

Ays = 5=+«  (40)

«-%— , the number of collisions per “am, egquals 77 Qz 3 n,

from kinetic thmxy, whero v é.n the rmtmm-—oquam vel~
tmi.ty of impact, n,, which my be found zm the ideal gas
lm, is the number at um per un:i.t volume mﬁ C is the

optical wlnsm d&m&ar. From kmtm gas theory,

~é%%~’b | - (41)

vhere « is the reduced mass of the colliding atoms. %his
gives a result for the half-width of:s

=
Ay,= C9n, =470x10" C2p em. , (42)
[ VT
where P is the gas pressure in torr and T is the temp-
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erature in degrees X, All spectral lines are broadened to
a greater extent by pressure of like atoms than by foreign
atoms. The lorents :tham}y implies that the broadening is
caused by collisions of the second kind, which should be
accompanied by a 'mé@t;ien 4in the weax intensity of rad-
iation which, in fact, does not occur.

Lenz (1924), and Kellmann and London (1929) re-
tained the unntuh of the lLoxenmtz theory by \d:t.vi.nq Ca
new definition. Rather than assunming that the radiation
process is steppoahy the collisions, they suggested that
a phase change takes «pi&m upon colliision. They defined °
as the distance of geparation between two colliding atoms
at wh&ch the phtm of xaauts.m maaxrga“ a change of 77 .
ﬁui”kepf (3.932) m.mmud

@ -

wmn the pextuxbn: is a foreign atom, and

<m> -

when the patmbnr is a like atom, b is of the order of 10—32’

-3/

or 10 m‘( m while the xin-uin B coefficient is equal

-

to e- _£,o . 'The substitution of Bgs. (43) and (44)
87 *mY,
into the lorentsz nqmthm yhma, for bmndeuing by foreign

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



20.

gases, e
A)// 2 2;% > f‘”} ﬂ] . ‘ : , ‘45) |
ma ﬁm bxmaminw by x.:um umu,

Ay/"'477‘ B ( > \. (4-6)
2Wuy ‘

The results £@z(f ealeculated from ”q‘a {43)
and (44), agree as to order of magnitude with values taaad
by substituting experimental half-widths into O ¥ n, .
Howsver, there is poor agreement between the experimental
values themselves. e

{v) The Theory of Self-Absorption

~ When light is emitted from a source, it usually
must travel through an absorbing layer of atoms or molecules
before emerging to the outside. Self-reversal occurs if -
the resulting ahuézétiaa $u more pronounced at the centre
of the spectral line than in the wings. In formulating a
theoretical treatment of ;Qx:ega?nxnglfhéﬁv&a éind Dieke
(1$43} assumed a fxtqnangy Vo at tha.apntre of the spectral
line and an intensity distribution (()) , such that
@ {y) 4y was the energy radiated per unit volume in
the interval dy . The radiation was assumed to travel
with a velocity ¢ in the » x direction, According to their
thnary, the absorption in a given interval éx is proportional
to ( (V) , and it also depends on the number of absorbing
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atoms ﬁar uniﬁ volume. It follows thaca

1 aCo) ~ﬁ.€°.._.u - & P, evmem. (47)
@ a4+t a»n

where Po (V,%) , which is normalized to unity, gives the
shape of the absorption line and k is a~eonqtnntw 1f
the energy distribution in the incident light is constant
over the absorption line width, then thpyxgdiatxon is ab-
sorbed at the rate : - o

% - -—ckj?q (V,x)C dy = ~kep= -Bhy, 2 (x)C , (48)
where € is constant and independent of V , B is the Einstein
absorption coefficient and m. {X) is the density of the
absorbing atoms, |

The effective intensity distribution X ()

in a self-reversed line is represented as follows:

X (YY) = X (W)\jﬁwneﬁ%} dx exp. [:i . (49)
r()/o

]

where I, is the peak intensity of the incident line, n.(x)
ia the d&usity>a§‘thnrimittiag ntcma,‘r‘ij the line profile
and p, the nbaarptihu'par&nnﬁdx, is represented by

<m9 () SM Dax .  (s0)
¢ : o

If n, is constant over the source, gqlgwtqvaxauiydaca not
occur. Whea true self-reversal occurs, the line shape haa

a definite minimum at )., with two maxima on either side,
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which may be found by differentiating Eq. (49). 1In this

case no is & maximum at some location in the source.

Ay 2Ly -1 . (s1)
4 Vo’ ; :

From Bq. (49) ,

) D
I (%) = TP m:jaamaxuxw t«-«.m (52)

m&:uomxfmx (M Mp (V) ,,‘ ©(53)
ST P {)/.@.); o
Again, from Bq. {49)

I 0 mgmxa dx o (1) . (34

Dividing Eqs. (54) and (M) gives

I W)mxm.L,(n 1 H'°> n.s.’ip/ ) »
I(Vo) P (88)

The separation of the two self-reversal maxima will depend
on the shape of the :memqmt line, X£ the incident line
is Doppler broadened,

P (») (%_)Z.) L& a-z'yb)(v )/)] (56)

Combining Bgs. (53) and (56) leads to

&y np |, |

Ay in 2 (57)
where 5y is the separation of the self-reversal maxima,
If the incident has a pure resonance shape due to radiation

dawping only,
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P () = (s8)
RO vy ) S £

combining Egs. (53) and (58) yiami

Sy Ve ooy
—A_‘)/_L; p~1. (59)

Yor either Doppler or resonance broadening, a
value of p may be found for which the original half-width

is equal to the separation of the maxima of the self-

reversed line,

Sy w1, (60)
A)/,%
In both cases thés occurs for p = 2, and
I ‘ V z,/g;'ﬁx - !:: = g = 1.36 (61)
T(v) P 2

1£ the half-width of the incident line is con~
stant with pressure, then, for a Doppler<broadened incident
line, a plot of (Jy )2' against p will be logarithmic,
whereas for a radiation~damped incident line a plot of
(5V )" against p will be linear,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



| The apparatus is shown schematically in FPig. (1).
Light from a spectral lamp is passed through lenses L and
L, and the diaphrags DV, and the resulting parallel Deam
is wade incident on the Fabry-Perot etalon im the pressure
tank. Pilters ¥, and F. are used to select a specific
spectral line for study. ¥he light from the fringes is
focussed by lens L: om the pinhole P, the image of which
is focussed by lens L, on the cathode of the photomultiplier.
The signal from the photomultiplier is amplified by the picomm-
eter and is registerxed with a strip chaxt recorder. The
entire optical system is mounted on an optical bench,

A) Cesium Vapour lamps

(1) The Osxam Iamp

An Oszam a.c¢, discharge lamp consists of a glass buld
containing two electrodes, » small quantity of an alkali
metal and an inert gas at low pressure. The central bulb is
surrounded by an outer glass mantle that serves both as a
protective device and as a m..u sgainst the loss of heat,.
the manufacturer specifiss, for the cesium lamp, an operating
current of 1.5 amperes at 8 volts. The starting voltage fox

24
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the lamp is, however, 200 volts.

(ii) %he Radio Frequeacy zm | “

This type of u:l.uet:mzou £f. lamp was domM by
Atkinson, Chapman, and Krause (1968) . It m&m of a
pyrex glass cylinder wamm a mx guantity of cesium
metal and argon at low pressure which serves to carry the
discharge, The bulb was mounted ia a coil which formed part
of a tank cireuit of the power oscillator showa schematically
in Fig. (2). The upper ¢ cm. length of the bulb had a
diameter of 1.8 om,, while the bottom 3 em. had a diameter
of 0.9 em. The thickness of the glass wall was approximately
2 mm, The discharge took place primarily in the upper
ssction of the lamp, vhile the narrower base served as a
resexvoir for the cesium and, during the operation of the
lamp, rested in a heater block whose temperature comtrolled
the vapour pressure of the cesium. The lamps coatained
batween 0.1 g. and 0.5 g, of cesium, and argon at pressures
varying from 0.5 sm, to 10 mm, Hg.

The oscillator, vhose circuit is shown in Pig. (2),
operated at a frequency of spproximately 70 Mo, The pmx
dissipation increased with the cesium vapouxr pressure, as the
impedance became smaller. %The power dissipation could be
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mmumry varying the screen grid currents by means of
the 10K rheostat. A Lambda Voltage Regulated Fower Supply
provided the th w&m of 320 volts, with a
current of 220 millismps. |

¥he heater block was located in ome corner of the
oscillator chassis, immediately bensath the eoil. It con-
sisted of a copper cylimder of 0.5 inches _6‘”.; around which
was wrapped a length of No. 28 chromel resistance wire,
having a resistance of 7 ohms., MMMWMWU
and seiled in a block of mmu&m-muh
No. 20 Refractory Cement.

_ %he temperature of the lwsp was measured with a
chromel-alumel thermocouple placed in contact with the buld
bese. The copper eylinder heated the base of the lawp
m&m:r. and hot spots, mmmm«m«um
nWMymmlmm. did not occur.

B3) The Interferometer

MWMWAMOIMQW
Wpuu-. »uhnmm. with the plane
surfaces of each phu mm an mh of saveral minutes
(upﬁanuzimn! 30) w&ﬁmm T™he plane sides
thm another were polished flat (to viﬂnh 0,01 wave —
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length of green light) and were silvered. The plates were
saparated amd held parallel by a quartz spacer with three
projecting studs at each end. The spacer wno‘yo comnstructed
that the stud surfaces, after being groumd, formed an almost
perfectly parallel plame, 7The plates were held im place by
a brass flange at ome eand, and three spring-loaded clamps at
the other, which kept them tightly agaiast the spacer. True
parallelism with respect to the imner surfaces of the plates
was obtained by means of fine spring-loaded adjusting screws
that nitnxod the temsion at three pointas on ome of the plates.
The aptieulrnzra:qamnnt is illustrated in Pig. (1).
Light from the source was focussed by lems L; oa the variable
diaphragm DV, which had am opening of approximately 1 cm,
This diaphragm, located at the focus of the achromat L.,
acted as a virtual source and the light from it was collimated,
passed through the window of the pressure tank and made
incident auktha Fabry~-Perot etalon. The fixed diaphragm,
with an opening of 2 om., restricted the illumination to the
centre of the Fabry-Perot plates and thus the effect of mom-
parallelism in the plates, if preseant, was reduced to a
minimum, The light frxom the frimges, after passimg through
the exit window of the tamk, was focussed by the achromat Lg
on the pimhole, which permitted light origimatiag only from
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mmuuntmumamm Mamtmmm
mmmmw¢g:mmwmmnmx¢ .
m phhu amm. which, in Ma wmn‘h squalled
mal m..mmwmltm“. m»m
mmzmummmmuwwwnm‘mma
aam..Mptwmmthmzmcumw
the photomultiplier m- (Jaxxett, .uca) |

m»mmaymmmukuuuamos
mumamtmummmmmm-uum
eloth,

Mmmu&tuunmuﬂwmuumm
components of m sesium doublet. A Jena 2G5 glass filter
ummmummmmm,uxwmuutw
6500 A . Two imterchangeable Schott Interference filters
mcmuwmmuwmamuxmnmtuw
the 8343 A or the 8521 A  1ime could be studied separately.
| The c¢ylindrical brass tank used to house the etalon was
fitted with an air inlet valve and an Autovac gauge head for
pressure measurements. The flat top of the tank was held in
place by eight bolts.

rig. (3) mmmumm”-umymm
system of the tank hich could be evacuated with the roughing
mhyahMMwGMMMnﬂamm Valves
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E and ¥ controlled the operation of the oil diffusion pump
which was only used to achieve a high vacuum for purposes of
calibrating the Autovac gauge. Closing valves A and 3 and
opening C isolsted the forepump from the tamk and permitted
alir o xm in alewly W s drawn gh« minuy coR=
uum Y gluuml m.m. m uumxw Andex MM
:I.i.mly with pressure, so that the ring system expanded
mmaymmmmmmmwmmnn
um-«muc-mmwmmmmxmm

€) The Light Detesction and Recording System

The 1ight originating from the interferance fringes
was detected by an I¥T FW 1180 photomultiplier tube which
was cooled with 1iquid air. As is shown schematically in
Fig. (4), the tube was operated at a potential of 1600 wvolts
supplied by a Fluke K.7. Power Supply. The output of the
PN m wvas amplified by a Keithley piconmmeter and xe-
gamvm:ammmmw»m:mmm
was matched to the picoammeter by a 100 N potentiometer,

A vacuum was maintained in the photomultiplier cxryostat
by means of an oil diffusion pump dacked with a mechanical
forepump. An autovac head was mounted immediately above the
photomultiplier tube to monitor the quality of the vacwum.
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4.

D) Apparatus for Measuring Fluoxescent Intensities

In oxdexr to assess the ability of the spectral lumps
to excite resonance fluocrescence, advantage was taken of
aother axperiment which was concerned with cesivwa fluores~
snce, In testing the lamps, the emitted light was separated
into the two £.s. components with a monochromstor and was
made incident on a fluorescencs cell containing cesium vapoum
at m& Wﬂmm The resulting resonsnce fluorescence
was detected with a cooled photomultiplier tube and was
registered with an slectrometer and a strip chart recorder
as a function of the lamp parameters. |
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. BXPERIMENEAL PROCEDUNE

A) mxwmy Mjm of m mmmm

in front of the interfercmeter and as far awvay as possidle
%, 7mumwmuwummum
disphrags n. m L, wvas then placed on the opposite side
of the dlaphragn DV at o distance equal o its foesl lemgth,
pernitting parallel light %0 enter the entrance window of
™he stalon was then set on the mount in the tamk,
vaich was adjusted o permit the light from the source %o
illwminate the plates. The fringes ware vieved through the
oxit window of the tank and the plates ware adjusted for par-
and the fringes were said to be in focus if the specing
between the rings ¢id not change, T™he adjusting scxews were
tightened in the direction in which the rings expanded, and
loosened in the @irection in which the rings contrasted.
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The pisha”u was then located roughly half-smy between
the etalon and the photomultiplier. ZXens L; was moved so
that an image of the fringes was formed on the frame on
the pinhole, which was t!ms adjusted until the image of the
central fringe coincided with the pinhole itself, @8ince the
pinhole was recessed approximately 2 mm. im its frame, a tiny
piece of paper was placed in the recess flat against the
pinhole, as a screen on which the fringe system was viewed,
Pinal adjustments were made with lens L: Dby imspecting the
image with a magnifying glass, The system was then covered
with a hlack cloth except for a small access port near the
cryostat, All lamps wera turned off axcept a desk lamp which
illuminated the face of the picoammeter. lLeas L, was next
adjusted to foous the bright image of the pinhole on the
cathode of the photomultiplier. A maximum reading on the
picoasmeter corresponded to the proper position of the leas.
In ordexr to obtain the correct height for the source, the
lamp holdexr was woved slightly in the vertical plane until a
mlwmm. A similar procedure was used
for the rf. lamp, It was found necessary to separate two
turns of the coil to prevent soms of the light from being
obscured. After the completion of these adjustments the
shutter was closed and the top of the tank placed in position.
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m&r the temm was una to evacuate l’-h& M
m:lag actual «wimnn, with the oil diffusion punp dis~
mmwem mmnyamwwuuumr, mmm
wnmtm. va.'t.na A and B were amad md € was closed, In
order to allow t:hn alr to Tesk u!mvly into the evacuated
tmk through the glass eapillary 1“!:, valves A and B ma |
quickly and .QMMuclr closed and C was opened
immediately. The pressure rose from 50 .  to one atmosphere
in amamu 90 minutes, The oil M.ﬁumvm.km&h
vas umwnoMuukuhmm for the calibration
of the Auntovac gauge, was connectad to the uysuuhy |
closing valve A M opening valves 2 and P,

B) Petermination of fSpectral Line Shapes

With the overhead lights off and the light-proof
shield in place, the etalon tank was evacuated. Air was
Bext allowsd to lesk into the tank, causing the index of
refraction to change, while the changing illumination of the
pinhole, cauved by the expanding fringes, was monitored by the
photomultiplier tube, A durk current of 1 x 10~'” amps. was
obtained with the pmmumm cooled by liquid air., The
photomultiplier signal, smplified by the picommseter, pro-
duced a trace of light intensity aguinst time on the strip
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chart recovder, A vliuwuy of 1,58 in the variation of
the refractive index with time over the first order was
obtained using the glass capillary leak. Using the 5,50 mm.
apm; thrae ordexs ware racoxded aﬁr a.mm of 63
minutes, while with the 2,60 mm, spacer, four ordsars were
scsnned in 356 nminutes. It was found mveaianﬁ to use a
chart speed of 0,20 inches / nin,

After each change in the operating conditions of a
lamp a period of time was allowed o elmpse until the lamp
discharge again became stabilized, With the tank evacuated
and the refractive index between the mirrors hald constant,
a steady stats was indicated by a eonstant plcosmeter

aignﬂi .
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DISCUSSION OF THE RESULTS

(A) Intensities of the Resonance Lines

The intensities of the resonance lines emitted by
the lamps were determined by using them to excite fluore
escence in cesium vapour at a constant low pressure. The
fluorescent light was observed at 90° to the direction of
excitation and its intensity was recorded by means of a
cooled photomultiplier followed by an electrometer and a
strip chart xecorder.

The results for both resonance lines 8943 A and
8521 A , emitted by the Osram lamp, are recorded in
Table (1) and are represented in Fig. (5) which shows
plots of the fluorescent intensity againet lamp current,
The two curves have besn arbitrarily adjusted to a common
pesk intensity and the variation of the inteasity ratio is
also shown, Both the 8943 A and the 8521 A lines reach a
maximum intensity at 0.5 amps, which decreases rapidly to
a steady low value at 2.2 amps . This may be explained by
the fact that, as the lamp current increases, the vapour
pressure of the cesium also increases producing a pro-
gressively more self-reversed line with correspondingly
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Table (1)
Resonance Fluorescent Xntan#itinu of Resonance
Lines excited by the Cesium Osram Lamp .

All intensities are given in arbitrary units .

amm I (8521) = I (8943) 1_(es21)
(Amps) . | T (8943)
0.3 6.3 7.3 0,86
0.5 8.5 1 0.77
0.6 7.5 10 0.72
0.7 6.2 9.0 0.68
0.8 5.3 80 0.66
0.9 40 6.0 0.66
1.0 .1 50 0.62
11 2.2 34 0.64
1.2 1.7 2.7 0.62
1.3 1.2 1.9 0.63
1.4 0.85 1.4 0.60
1.5 0.65 1.2 0.56
1.7 0.43 0,76 0.51
2.0 0.26 0.50 0.52
2.2 0.26 0.50 0.52
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less intensity available for the excitation of the

fluorescence., The ratio of the intensities, B! R
I (8943)

falls slowly from a maximum of 0,86 at 0,3 amps to a
mininmum ot 0.51 nt. 1.7 amps . The inunuiﬁu me tho two
mmmtl. 8521 A tud 8&43 JL p nhonu be hl t.hh ratio of
the m&i:ticu wiqhts et the m.iw ﬂm:“ ?3 ] “» 'L
or 432 , I:I.am this value is never z«chcd mtmuuy.
it must bc assumed tlm: »u-\nbmxptkm is ammm each
line to a different degree, Mhﬁ {2), (3).‘ (4), anad ‘

(5), and Pigs, (6)‘ and {7) show similar plots ﬁmf m

8943 A and 8521 A components respectively emitted by the
rf. lamps. A series of these was prepared, each containing
the awx.;l.w gas {(argon) at a d&!tﬂﬁ&t pressure. The
fluorescent intensity produced by the lamp was studied as
a function of the lamp temperature and it may be seen that,
as the pressure of argon decreased, the i._numity of both
resonance lines, 6943 A and 8521 A , increased. The
mayimum Anumiking also occurred at decreasing temperatures
for increasing pressures of atm, For both resonance lines
at pressures of 0.5 torr , 1.0 torx , and 3 torr of
argon, the intensity curves fell rapidly as ﬁh& temperature
was increased to 160 'C . The curves for 10 torr of argon
fell more slowly, !nnwm closely the intensity curves
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Pable (2)

Resonance Fluorescent Intensities of Resonance
Lines excited by the Cesium Radiofrequency
Lamp at an argon pressure of 0.5 torr .

All intensities are given in athitxuty units .

Temperature I (8521) I (8943) I (8521)
e) f 1 (8943)
86.0 64 42 1.50
102 57 46  1.24
109 40 38 1,08
116 20 21 0.95
128 4.8 5.2 0.92
134 2.8 32 0.87

148 1.1 1.3 0.84
157 0.63 0.78 0.81
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Table (3)
Resonance Fluorescent znzkuuiuiun of Resonance
Lines excited by the Cesium Radiofrequency
 Lamp at nny@reaa‘pxianar« of 1.0 torr .
All intensities are given in arbitrary units .

Temperature I (8521) I (8943) 21)
© - T (s943)

80.0 48.4 35.0 1.40
87.0 48.4 26.5 1.26
94.0 46.6 42.3 1.10
99.0 42,2 40.0 1.08
107 30,0 31.0 0.97
113 21.0 22,0 0.95
122 7.65 8.47 0.87
132 2.81 3.30 0.85
141 1.23 1.54 0.80
153 0.56 0.680 0.82
166 0.326 0.410 0.79
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Table (4)
Resonance rlnoxnneoat Intdn§it1¢a of Resonance
Lines excited by the Cesium Radiofrequency
Lamp at an argon pressure of 3 torr .

All intensities are given in arbitrary units .

Temperature I (8521) I (8943)

(°e) I (8943)
6.0  26.4 27.5  0.96
68.0 - 37.0 4.1 1.08
73,0 . .8 33.0 1,06
85.5 33.0 3.30 1.00
92,0 24.6 26.4 0.93
98,0 19,3 21,0 6.91
108 13,0 14.3 0.90
114 6.77 7.60 0,89
131 1.94 2.30 0.84
142 0.88 1.10 0.80
165 0.34 0.43 0.80
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Table (5)
" Resonance Fluorescent Intensities of Resonance
‘Lines excited by the Cesium Radiofrequency
Lamp at an argon pressure of 10 torr .
All intensities are given in arbitrary units .
h??omtm:a I (85211) X (8943)

<) xﬁ£a943)
66 14.0 154 0.1
75 8.80  9.95 0.88
o1 5.90 6.80 0.86
103 4.10 4.85 0.8
122 2.16 2,60 0.83
139 0.97 1.20 0.87
158 0.44 0.55 0.80
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OSRAM LAMP CURRENT (AMPS.)
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excited with the rf., lamp as functions of the lamp
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excited with the Osram lamp is also shown.
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OSRAM LAMP CURRENT (AMPS.)
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for the Osram lines vhich were plotted on the same graph
for the sake of comparison. |

#he shape of the intensity curves may be explained
as ﬁem m muw tm puumm of thq mwrux qn.
thc mxhr mm be the effect of prum. m:m;.
In th- case nz' m W muininy 1 tmz: o! ugon. u ‘
the J.uup tupextwm rose from sa @ to 95 ‘c , the “w\w
Wumu Wnuﬁ and the nmux of muihlo m&ttorn

: uw i.nm'nm, with a Wﬂ&lﬂ ﬂ.tn in intensity.

'mvox?, as ths Wr&tm anéd vapour pressurs continued
to rise, mluﬁm mnmm and self-reversal rapidly
became mw& ﬂmma determining the shapes of the
spectral lines. This becomes quite Wrmt from the traces
w'm mmu lines shown in !‘iqm\ (ﬁ) and (m). It
would seem that m» mm_ unmg ugm sources are mu
with a minimal pressure of the carrier gas and the pro-
auct.inu of a mﬁiﬂt_aétnxy light source is a futur of com-
ptmn between an argon pxumm as low as wn!.hh and
yﬂ: bs.gh enough to amt xud maintain a Mln Mwharga. |

mu mmuty rntma LM for the x£, lamps,
I (8943) ‘ ‘

plotted in Fig. (8), also show a marked dependence on the

pressure of the carrier gas. All the cuzves of %
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approach the lowest value of 0.8 at the operating temp-
erature of 165 °C , The theoretical intensity ratio 4:2
was most closely approached at an argon pressure of 0.8

torr and a temperature of 85°C . The ratio then decreased
with decreasing argon pressure to a value of 0,91 at 65°C .,
Mniﬁ, this would indicate the presence of sslf-absorption
in the lamp, wvhich increases not only with increasing cesium
vapour pressure bhut also with the pressure of the carrier

gas.
{(8.) mxtﬂi&ma of the Resonance Lines

The half-widths of the resonance lines were obtain-
ed by direct measurement of the interfercgrams. The dis~
tance between the maxima in the imtexferograms, arising
from the same spectral component, was assumed equal to the
spectxal range, This distance in wave nusbers was equal
‘to ome-half the reciprocal of the etalon spacer thickaess.
Yor example, for the cesium rf, lamp, the spacer measured
0.860 cm., and the spectral range therefore was 0,581 .
Por the cesium Osram lamps, with a 0,550 om, spacer, the
spectral range was 0,909 cu . Thus the half-width was
determined by taking the ratio of the half-width of the
intexferogram peak to the measured spectral range and mult-
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iplying it by the spectral xuﬁge in wave numbers, Three
scans of the resonance lines, 8943 A and 8521 A, for both
the £, and the Osram lamps, were taken at each value of
the operating parameters. Por example, in the case of the
8943 i line, with a chart speed of 0.20 inches / minute,
three orders were recorded over a pariéd b! 63 minutes
using the 5,50 mm. spacer, while with the 8.60 mm. spacer, .
four orders were scanned in 56 minutes,

Typical interferogram traces are shown in
Pigs. (9) and (10), In one order there are two main
maxima caused by the h,f.s. splitting of the ground state,
Each maximum, in turn, consists of two smaller peaks pro-
duced by the h.f.s. splitting of the P states. ‘aj the
current increases in the Osram lamps, the iel!~r¢vuxanl
and width of the lines both increass rapidly, so that the
lines and the orders merge with one another, with only
the self-reversal minima being readily identified., As
the tempexature éf the metal increases in the rf, lamps,
the lines become broader and more self-reversed, and, in
the case of the 8943 A components, at high temperxatures
three peaks appear in each maximum arising from the ground
state h.f.s., splitting,

The optically allowed transitions and their relative
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intensities nxd presented in Figs. (11&) and 11!). The
transitions 2?%;"*€"%Qé, AP = 4,3;2.~§>t~3) and 2{£7€>
zﬂé; (r ~'4,3.~~&>!~3) are referred to anvthc A com-

ponents of the 8521 3 and 8943 A 11a¢sbtopp¢ntiv¢1y.
Similarly, the erunnitiona‘zrg - 2&; (fws 4, 3~4@>!~45 and
22;-~€> 8. (rw4 3 w=wd> =i} are called the roupoativn
» eonponcntm of thn 3521 ‘A ana &948 A 1&&&:.

ﬂkt hmlzawidthu of the A ana B components of the
8521 A and 8943 A lines emitted by the Osram lamp were
considerably larger than those produced by the rf. lamps.
They are listed in Tebles (6) and (7) and are plotted

 against operating current in riga.“(iz} and (13). The

corresponding jcpukutian of the au1£~r¢vnrnni peaks are
also given in Tables (ﬁ) and (7) and u#a plotted in Figs.
(12) and (13). |

The half-width of the entire 8521 A line ranged
from 0.450 aif at 0.5 amps to 0,706 mﬂj at 1,0 amp, At
higher currents, the line became broader than the spectral
range of the instrument and its half-width could no longer
be measured, The balf-widths of the components A and B
varied from 0,154 cm. and 0.171 eu:’ , respectively, at 0.5
amps, to 0.275 cm. and 0,316 cm, at 0.8 amps. Again,

beyond this point, the two components merged and could no
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fable (6)
Half-Widths and nmmigm of the Self-Reversal
Maxima in the Cesium 8521 A Component emitted
by the Osram Lamp

Current Half-width (cm.) Sapaxation of Maxima (mi./}
(amps) Entire Component Component Component Component
A B A ]

0.5  0.45  0.154 0.171 0.061 0.067
0.6 0.486  0.195 0,208 0.071 0.076
0.7 0.516 0.246 0.2%8 0.087 0,092
0.8 0.591 0,278 0.316 0.097 0.108
0.9 0.670 - ———— ot 0.109 0.125
1.0 0.706  =mmem ——— 0.117 0.131
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Curxrent
(amps)

0.3
0.6
0.7
0.8
0.9
1.0
1.1

s8.

‘!'ahin (?)
mz-—uum m ﬁmaumu of tlu huumvozul
Baxime ia the @ltim mx A Momt emitted
by m Osram Lawmp

Malf-width (em.) Separation of Maxima (om.)
Entire Mmut mont Component = Component
A »

0.453 0,133 0,149 ——— U
0.465  0.148 0.174 S— S
0.496  ©0.177 0.206 S 0.067
0.525  0.199 0,236 0.077 0.099
0.561  0.2%0 0.273 0.099 0.112
0.603  0.276 0.329 0.114 0.12%
0.798  <mmem — 0.159 0.177
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‘Beversal Maxima, SU , in the Cesium 8943 A components
smitted by the Osram lamp, Whe curve marked Entire dascribes

the shape formed by the wexging A and B components.
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laagot be dintinguishua. The 8943 a line ahawud niuilnz
bchnviaur as the lnnp aurxont was incrausaa.

The 8943 A and 3&21 A 11»09 unittad by the
Osram lamp were more self-reversed than the corresponding
1in¢s produced hy‘th§ x£. lamps, For thi,3943«3 ‘line; the
distance between th¢‘301£«xov§xualypoika #nxind !éum
0.077 cii’ at 0.8 amps and 0,067 cii.at 0.07 amps for the A
and B components respectively, to 0.159 cm. and 0.177 cum. at
1.1 amps . The values for the 8521 A line were slightly
1@:9@&. |

The haldeiﬂtha of the h.t.t. components of both
the 8521 h and 8943 l lines amitted hy the x£, lnup are
listed in Tables (8) and (9) and are plottmd in rigs. (14)
and (15) as £unatians of thc Iaup ton@orntura. The hyper-
f£ine structure arises frum the h.f.s. splitting of the ’s,
ground state; the splitting in the “P states is much
smaller and was aniy partly resolved, ,ﬁhﬁ spparations of
the self-reversal maxima are also plotted in Figs. (14)
and (15).
| The half-width of the A component of the 8521 A
line varied from 0052 ca- at 80 € to 0,185 ca. at 160°C
while the half-width of the B component of the 8521 A line

- § -/ o
ranged from 0.051 cm. at 80 °C to 0.204 cm. at 160°C.
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Table (8)
Half-Widths and Separations of the Self-Reversal Maxima
in the Cesium 8521A Gomponent mitud |
by the Radiofrequency Lamp

Temperature Half-Widths (cm.) hyazution of mm (m.
< c) onent Q@Tnmt Comy
80 0.052 0.051 S ———
90 © 0.083 0,083 - ——
100 0.055 0.085 0.013 0.019
110 0.061 0.062 0.024 0.026
120 0.065 0.070 0.029 0.030
130 0.072 - 0,074 0.038 0.040
140  0.094 0.104 0.052 0.058
150 0.126 0,147 0.069 0.080
160 0.185 0.204 0.012 0.091
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Table {9)
Balf-Widths and Separations of the Self-Reversal Maxima
in the Cesium 8943 A component emitted
by the Radiofrequency Lamp
Temperature gn - Widths nnl.w wqunn#wwou of Maxima (cm, v
ﬁo@ om : ; = nts gws |
Peaks 162 Peaks L&3 Peaks "1e2 Peaks 1&3

80 0.064 0.071 0.034 —— 0.034 ———
90 0.062 0.067 0.036 —— 0.037 = ————e
100 0.060 0.066 0.035 — 0.037 ———
110 0.075 0.075 0.036 ——— 0.034 s
120 0.077 0.079 0.035 . 0.029 = ~emme
130 0.079 0.086 0.039 —— 0.030 S
140 0.083 0.094 0.040 ———— 0.033 0.064
150  0.111 0.009 0.044 0.072 0.036 0.077
160 0.158 0.172 0.054 0.095 0.050 0.104
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The pesk separations for both the A and B com~
ponents of the 8521 A begin at 100°C in both cases, and
range upwards from 0;913 cm. and 0.019 cm. at 100°C to
0.072 cm. and 0,091 cm. at 160°C , for A and B respectively.
The corresponding half-widths for ma» A and B cmpoaénta
of the 8943 A line range from 0,064 cm. and 0,071 ca.at
80 °C , to 0,155 cw. and 0,172 cm. , respectively, at
160°C . The peak separations within the A and B compon-
ents of the 8943 A resonance line rose fxom values of
0.034 cm: and 0,034 em. , respectively, at 80°C , to 0.054
i’ and 0.050 cii. at 160°C . Above 140°C for the A
component or 150°C for the B component, a second dip
appeared in the line profile, which was due to true self-
reversal,

{ C) Byperfine Structure

The ﬁm:r:fino structure due to the ground state
splitting was easily resolved in both the Osram and xf,
lamps. The value obtained for both the 8521 A and the
8943 A 1line of the Osram lamp was 0.300 cm, The precise
value obtained by the method of radipfrequency spectroscopy
is 0,30661 cm. (Millman #nd Kusch, 1940), which differs by
2.2% from the value obtained in this experiment, The values
of the ground state splitting for the 8521 A and the 8943 A
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components emitted by the rf. lamp were 0,303 i, and 0.307
cm,, which differed by 1.17% and 0.46% respectively from
that of uillﬁnn and Kusch,

The hyperfime structure arising from the
splitting in the P states was poorly resolved ia the
lines produced by the Osram lamp. However, the rf, lamp
yielded values of 0,013 cn! and 0.019 cm, for the splitting
in the A and B ecmponigin, respectively, of the 8521 A
lime. The total hyperfime structure separatioa for the 6 23,
as measured by Jackson (1934) is 0,018 cnfm However, the
energy separatiom betwaen the transitions Pe5-->P=# and
P=3->P=4 is 0.0135 am., while batween r~4~@>r~3 and Fa2-F=3,
the value is 0.0105 cm, (K@pfcrahn and Kruger, 1936).
Therefore it may be seem that the splittinmg im the s?g;i
level was only pirtially xtsaivnﬂ. In the 8943 A line, the
total h.f.s. for the Qkééuvni was measured as 0,034 cni, im
both the A and B compomeats. These values agree withia
8% with the value of 0.037 cu. found by Gramath and Stramathaa
(1935).

(D) Self-Reversal

The ratios, L.z, of the heights of the self-

xye
reversal peaks to the line centre, are plotted against the
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operating parameters of both the Osram and rf, lamps in
Figs. {16) and (17) .

Self-reversal is much stronger in the Osram lamp
than in the xf£, lamp, This is probably due to the fact
that, in the volume discharge, most of the emitting atoms
are concentrated about the axis of the discharge which is
surrounded by slightly cooler vapour capable of absorbing
the emitted radiation., In the radiofrequency lamp, on the
other hand, a skin discharge is established near the wall
of the lamp so that, viewed from the top, the wall of the
lamp seems to glow brightly while the central part is
dark., At higher temperatures, and thus Mqlut vapour
pressures, this effect is even more noticeable,

Atkinson (1964) suggested that light emitted in
the excited layer near the back wall of the lamp is readily
absorbed as it passes through the central, unexcited
volume, Also, absorption may take place near the walls
because of the presence of cooler vapour immediately
adjacent to the walls, as the discharge tube was not shielded
from air currents in the room, and also because of a higher
concentration of atoms in an umxéim state, having
previously lost their enexgy by collisions with the inmer
wall of the lamp. This was demonstrated by Atkinson when

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I max

of——— — — — . _

I | l | I L 1

05 0.6 0.7 0.8 0.9 1.0 1.1
OSRAM LAMP CURRENT (AMPS.)

Pig. (16) Ratios of Intensities of Self-Reversal Pesks to Central
m&mmzsmmzamumemwm
Onxram

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



70

|max

1(Ve)

34— 8521 A

32—

Wpr ©>

_...__
———
—%—
—p

: o
8943 A

28| —

2.6—

2.2 —

20—

I I R R I e e

80 90 100 11O 120 130 140 I50 160
Fig- (/7) RF  LAMP  TEMPERATURE (°C.)
Ratios of Intensities of Self-Reversal Peaks to Gemtral
Niniwn of the 8521 A asnd 8943 A components emitted by
the z£, lamp,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71.

he treatnd cn&union from different ueﬁtioat of thu radio~

zrﬁqucéay ﬁiadhatgq ﬁﬁbi;‘
{(E) f%he Broadening of the Cesium Resonance Lines

The th»axy a£ niitéubuorptiuﬁ; as danexibo& iu
éhapﬁax XE. St‘tlllﬁhlt tﬁd uqynﬁn of ﬁﬁa jtpgratibn of
the i&itmzoviruul ﬁkﬂk& i&nulé vnxy either iinﬁn:ly or
lognriuhuiﬁnlly uitk the iﬁuotptibﬁipariuatar p‘;kproviacd
that the half-width of the incident line is constant with
pruniuru, o | o | | |

The appraﬁxiate curves were plbttod for hhnrh and
B aaupanentn‘az each cesium resonance line excited with
both the Qsram and rf. iam»u.' ﬁhny a@piux in rigs. (19),
(19), (20), and (21). Bach curve demonstrated a linear
rather than a logarithmic variation, indicating that the
xaumnanaé ﬁmonéaazas was more important tﬁta Dopplexr
broadening. However, it is difficult to interpret the
points at the upper limits of the operating conditions,
as the :tiwulﬁt&an that the half-width of the incident
line in «amatnnt‘uith pressure no 1an§¢t‘hmlda in this
region. 8Since the éﬁnuity é!.axqan 1@ the lamps remained
the same, Stark broadening and collision broadening by
argon ions would be nﬁaxly a constant,
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CONCLUSBIONS

A determination of the relative usefulness of
Osram and rf, cesium lamps was carried out using a scan- _
ning interferometer built in this laboratory. Measurements
were made of the half-widths and the degrees of self-
reversal of the resonance lines. The lamps were alsoc rated
as to their ability to excite resonance fluorescence in
cesium wapour.

Xt was found, for both the 8521 A and 8943 A
lines, that the rf. lamps containing the lowest pressure
of argon were able to excite resonance fluorescence of the
highest intensity. With an argon pressure of 0.5 torr,
the maximum resonance fluorescent intensities were about
10 times larger than those produced by the Osram lmmp,
while at one torr of argon, the ratio was only about 8:l.
With both Osram and rf. lamps it was possible to observe
the h.f.s. aplitting of the ground state. Although the
total hyperfine splitting of the “P, states could not be
resolved in the lines emitted by the Osram lamp, it was
readily measured for the sharper lines produced by the rf.
lamps.

The radiofrequency cesium spectral lamps are by

far superior to commercially-produced spectral laups for the
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purpose of exciting resonance fluorescence in cesium
vapour,

The Fabry-~Perot scanning interferometer built
in this laboratory has proven itself to be a useful instru-
mnt in studying the shapes of spectral lines, It is hoped
that even better resclution will be achieved by the use

of etalons of a higher reflectance.
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