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ABSTRACT

The isotope shifts in the Cd I intercombination reso-

A 0 21 3
nance line A3261 A" (5s” "S_~-5s5p "P) were measured for seven
of the eight naturally occurring isotopes of cadmium using an
atomic beam light source together with a Fabry-Perot interfer-

ometer. The measured shifts between the even isotopes were

AV(116,114) = 9.3 x 107 %cm™t
AV (114,112) = 13.5 x 107 %cm™t
AV (112,110) = 16.5 x 10 Zem ™t

-5 =1

Ay (110,108) = 35.4 x 10 “cm

The position of 108 was not determined because of its low per-
centage abundance. The positions of the centres of gravity of
the odd isotopes relative to the evens were

AV (113,112) = 2.6 x 10™ Ocm ™+

-1

AY (111,110) = 1.9 x 10 %cm

The isotope shifts of the even isotopes decrease with increasing
mass number while the odd isotopes are "staggered' lying closer

to the next lighter even isotope.

The isotope shifts were corrected for the normal mass
effect and their ratios were found to be in good agreement with
the corresponding ratios determined by Kuhn and Ramsden for the
Cd II line A4416 A°, The agreement between the two sets of ratios
indicates that any residual specific mass effect is probably quite
small. The corrected shifts can then be interpreted as being due

mainly to the nuclear field or volume effect. The general features




of the ratios indicate that for cadmium g%g;g , the change of the
isotope shift constant Cgy, for a pair of isotopes with neutron
number, N, is negative, The square of the nuclear deformation
d? (N) then reaches a maximum in the neutron region 50 to 82. On
the collective model, the "staggering" of the odd isotopes can

be interpreted as even-odd nuclei being less deformed than even-
even nuclei. In terms of the shell model the "staggering" of

the odd isotopes of cadmium can be interpreted as a 3s3 neutron
only slightly increasing the shift caused by the addition of a

pair of 5g7/p neutrons to the nucleus.

The isotope shift constant, 3Csg exp, Was estimated for
the ground term of the single valence electron spectrum, Cd II
58 23%, for the isotope pair 112,114 sas
BCs5s exp(Cd 112,114) = 34 * 4 x 1073em™3,

The accuracy of this experiment was checked by comparing
the ratio of the nuclear magnetic moments of the odd isotopes
with the ratio determined by the more accurate nuclear induction
method by Proctor and Yu. The value determined in this experiment
was My13/M3131 = 1,041 £ 0,021 which is in good agreement with

nuclear induction value/ullg/JAlll 2 1.,0461 *0,.0001.

The nuclear magnetic moments of the odd isotopes of
cadmium were calculated using the appropriate intermediate coup-
ling formula of Breit and Wills and Were,blllg s =0,52 n.me. and
_lilll.z =0,50 nem, These values are about 16% lower than the

accepted values,Uﬁls = -0,619 and,lilll a =0,592 determined by




Proctor armdYu., This discrepancy can be accounted for by
allowing 10% for the screening of the 5s electron by the 5p
electron in the 5s5p 5Pl level., This 10% allowance is justified
as in similar electron configurations the s electron 1s screened
by the p electron by this amount. The nuclear magnetic moments
are then estimated as
Mi13 = -0.58 £ 0.03 n.m.
and U313 = -0.56 £ 0.08 n.m,
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CHAPTER I

INTRODUCTORY THEORY

1.1 Introduction

Under high resolution, many atomic spectral lines are
found to consist of a number of closely spaced components.
These_spectral lines are said to exhibit hyperfine structure
(hfs). Hyperfine structure can arise from isotope shif't or
from magnetic hyperfine structure or from a combination of

both of these.

1.2 Isotope Shift

Isotope shift, which is caused by differential shifts
in terms due to differences in nuclear properties of The isotopes
of the same element, can be subdivided into the mass effect and
the field or volume effect. Isotope shift in the lighter ele-
ments is completely accounted for by the mass effect while iso-
~tope shift in the heavier elements 1s completely accounted for

by the field or volume effect.

(i) The mass effect
The mass effect can be subdivided into the normal mass

effect and the specific masgs effect.

The normal mass effect explains completely the isotope
shift in one-electron hydrogenic spectra. In this case the

finite mass of the nucleus is accounted for by replacing the

I




mass of the electron with its reduced mass in the hydrogenic

term value so that

2
T = Ry 7 1-?2:513&1-?2 1.1
i (og)mGog) 0 aw

where T 1is the term value for a nucleus with finite mass my
Teo 1s the term value for a nucleus with infinite mass
m 1is the mass of the electron
Ry 18 Rydberg's constant for an infinite nuclear mass
Z 1is the atomic number
n 1s the principal guantum number
From this relationship it is obvious that the term value of
the heaviest isotope lies "lowest" in the energy level diagram,
The normal mass effect must be taken into account for every
atomic energy level. The separation in wave numbers AV between

the components of two isotopes is given by

M - °
AV L 2o (1.2)

Mp gy
where Ty, is the mass of the proton
My and My are the mass numbers of the two isotopes with
In = mpl where the mass defects have been ignored.

V is the wave number of the spectral line

The specific mass effect occurs in atoms with several
electrons and arises from the interaction of the elsctrons. It
may operate in the same or in the opposite sense to the normal
mass effect depending upon whether the electrons "move" predo-

minantly in the same or in opposite directions resulting in an




increase or decrease in the nuclear motion which is required to
keep the centre of gravity of the whole atomic system at rest,
While the calculation. of the normal mass effect is easily per-
formed, the calculation of the specific mass effect is very
difficult as it involves the evaluation of integrals which are
of the same form as those which arise in intensity calculations.
Both mass effects decrease with increasing mass number and they

become negligibly small for the heaviest elements,.

(ii) The field or volume effect

The field or volume effect arises because the nucleus
is not a point charge but has a finite volume within which there
is a departure from the Coulomb potential experienced by the
electrons. The departure from the Coulomb potential is least for
the isotope with the smallest nuclear radius so that the term
value of the smallest isotope lies "lowest" in the energy level
diagram, Figure 1 shows the potential energy V between an elec-
tron and a nucleus as a function of thelr relative distance apart
r, together with the corresponding energy level diagram. The
figure shows the potential energies of two isotopes of mass num-
bers M and M + 1 with corresponding nuclear radii ry and T+ g

where rM<r In general, if the nucleus is assumed to be

M+ I°
~ spherical its radius r is given by

r = p, /3 (1.3)

where M is the mass number of the nucleus and

13

r 1.2 to 1.6 x 10" *° cm.
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The corresponding term values of the two isotopes are Ty and

Ty + 3:While the term of a hypothetical point charge nucleus is
Tge ATy and ATy, 4, the deviations of the terms of the two iso-
topes from the term of a point charge nucleus, will be referred
to as the "displacements" in the term due to the nuclear field
or volume effect, while the difference in the displacements,
8AT, will be called the isotope shift in the term due to the

field or volume effect.

All the s electrons and to a much smaller extent all the

Pi electrons of the electron configuration contribute directly

to the displacement, while all the electrons of the configura-
tion affect the displacement indirectly through screening effects.
However, this total displacement is not directly observable in
practice. What 1s generally observed is the difference in energy
between the line-components of two different isotopes of the same
element. This will be referred to as the isotope shift in the
spectral line. Since a spectral line involves a transition be~
tween two terms, the isotope shift in a spectral line corrected
for the mass effect will be equal to the difference in S8AT bet-
ween the two terms. Under favorgble conditions the corrected
isotope shift may be very nearly equal to the field~dependent
isotope shift due to a valence electron in only one of the terms.
Thus in a transition of an electron from a p-state to an s-state
the corrected isotope shift of the spectral line is very nearly

equal to the field~-dependent isotope shift due to the s valence
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electron, where it is assumed that the electronic cores of the
two states are identical and that the smaller field-dependent
_isotope shift of the p electron is negligible. Isotope shift
studies are almost exclusively restricted to spectral lines
involving a transition to or from a term having one or two s

electrons in the outermost shell.

The information about the angular shape and size of
atomic nuclei which is obtained from the field-dependent isotope
shift can be summarized in one number Cexps the experimental iso=-
tope shift constant. CeXp is defined for two isotopes of the same

element for a single valence s electron as

Coxp = S§ATs = §0Ts (1.4)
1 3 2 d 3
Weoxa/z  Zol-K)/M

where 80Ty is the field-dependent isotope shift in the term for

two isotopes due to a single valence s electron

qghﬁ is the non-relativistic wave function of the s elec~

tron evaluated at the nucleus

is the Bohr radius

Z is the atomic number of the element

Z5, 1s the effective nuclear charge outside of closed
electronic shells

n is ﬁhe effective principal quantum number and is equal
to n =& where n is the principal quantum number and &
is the gquantum defect

(1 - %%) is the Fermi-Segré factor

If the screening of the s valence electron on the elec-




tronic core is taken into accouﬂt equation (l.4) must be written

as

?Cexp = — § ATaxp = PSA T, . (1.5)
Z,U-RYnd  2:0-8£)/n

where ﬁ is a screening factor equal to 1 - Ywhere SATexp

is given by (1 -Y) 8AT,
88Tcxp 1s the experimentally determined isotope shift in the
term due to the valence s electron.

The actual calculations of Cexp lnvolve many difficulties and

P
where they have been performed the accuracy is of the order of
about 20%. 1In contrast, relative isotope shifts, the ratios

of the shifts, can be determined more accurately and give Cexp

on a relative scale,?s1%,13

Furthermore the changes in these
~relative isotope shifts betﬁeen successive pairs of isotopes,
occurring either gradually or in "jumps", must be due to corr-
esponding changes in the nuclear charge distribution resulting
from the addition of neutrons to the nucleus, and therefore must

give ggexﬁ on g relative scale to a considerable accuracy.l3

Ir Cth is the theoretical isotope shift constant for a
pair of isotopes derived from a particular nuclear model, then
a comparison of Cexp with Cyn gives information about the val-
idity of that particular nuclear model regarding the change of
nuclear charge distribution due to the addition of neutrons to

the nucleus.

Irf Cth'is calculated on the basis of a standard nuclear




model of spherical, homogeneously charged, incompressible nuclei
with radius r proportionail to Ml/s, it is found that the values

of @Cexp are in general smaller than Ci, by a factor of between
1.5 and 7. Other evidence indicates that probably= 1 so that
this discrepancy cannot be accounted for by the screening effects

5,12 0f the other factors which could poss-

of the electronic cores.
ibly influence the isotope shift are the non-Coulombic inter-
actions between the electrons and the neutrons, and the polar-
ization of the nucleus by the orbifal electrons, but these have

been ruled out for wvarious reasonselz’

£l Apart from this general
discrepancy, a plot of ﬁcexp/ Ctn against N brings out certain
anomalies, and discontinuities at the "magic' neutron numbers,
which cannot be explained on the basis of this standard model.

Furthermore, the "staggeriﬁg" of the even-odd nuclei cannot be

explained on this model.

In general, the smallness of the observed isotope shifts
can be accounted for by nuclear compressibility and nuclear sur-

face phenomena.

Brix and Kopfermann (1947) and Wilets, Hill and Ford (1953),
have expressed the view that a large part of the field—dependent
isotope shift, expeclally most of its change with neutron number
N and atomic number Z is related to an "intrinsic quadrupole
moment @, resulting from a nuclear deformation o. They assumed
that even-even nuclei for which the spin I = 0 could have a charge

distribution which deviates from spherical symmetry just like a
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nucleus with I # 0. If I = O there is no preferred direction or

"axis of quantization" so on averaging the charge distribution
over all directions the deformation is detected as an increased
volume effect rather than an observable guadrupole moment Q. On
.the basis of the dynamical model A. Bohr has derived the following
relationship between @ and Qg for strong coupling

Q= I(21 - 1) Qo (1.6)
(T +1) (2L + 3)

where & is the cguantum mechanical guadrupole moment
Qo 1s the classical "intrinsic" quadrupole moment
I is the nuclear spin
The 'uadrupole' isotope shift can be calculated if the deformed
nucleus is approximated by a uniformly charged ellipsoid of re-
volution with the generating ellipse given by
r(0) = ' [1+ oL (3/2 cos®e - 2)] (1.7)
where r’ is the radius of the undeformed spherical nucleus of
equal volume
A 1is the deformation parameter and is equal to 2/3 £
where § is the ellipticity
© is the angle between the radius and the symmetry axis.
For a prolate vspheroidd)o and for an oblate spheroidaod 0.
The calculation indicates that the shift in a term value as com-

pared with its value for a spherical nucleus;sz is propor-

o 9
tional to<x?, This relationship has been shown to hold by A. Bohr
if « describes the root mean square of a deformation due to a
surface vibration rather than a static deformation. Experimentally

what is observed is not AT, but the change A T, for a change in o
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at constant Z so that sa.ig is proportional to 8(~*). The

"quadrupole"” isotope shift constant C, then has the following

relationships
Cox_ 8 (ox?) CQ8(%2) (1.8)
Cin, BN BN
and
Ploxp = Cu + K (1.9)
Cen Cyp :

where the "quadrupole” effect has beem added to the "normal®

shift to give the total isotope shift PCgyp/ Cyy. On the standard

model K = 1 but if the compressibility of the nucleus is also

considered K == 0.7»

The change in the relative isotope shift from isotope

pair to isotope pair, which gives BCexp on a relative scale, is
2 o BN

then proportional to g%& dng ) where the suggestion of Brix,

Kopfermann, Wilets, Hill and Ford has been invoked.

While the nuclear deformation affords a satisfactory
explanation of the fluctuations of the isotope shifts and the
discontinuities in the isotope shifts at the "magic" neutron
numbers, it provides only a gualitative explanation of even-

21 ,12

odd "staggering". According to the theory of the "quad-

rupole' effect, the addition of a single neutron to a nucleus
of even mass number leads to a smaller Qog and, hence, to a
smaller isotope shift than the addition of two equivalent neu-

12

trons. BEven-odd "staggering" still presents a challenging
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problem to nuclear theorists and it may be that several other

effects, such as nuclear polarization contribute to it.zl’12

1.3 Magnetic Hyperfine Structufe
Magnetic hyperfine structure is caused by the inter-
action of the nuclear magnetic moment with the valence electrons
resulting in a splitting of the energy levels into a number of
hyperfine structure states. The nuclear magnetic momentléél
arises from the orbital motion of the protons and the magnetic
moments of the nucleons. The angular momentum of the nucleus
can be represented by a dimensionless vector I which gives the
angular momentum in units Of{;o The maximum possible component
of I in a fixed direction gives the nuclear spin I. Then
Mr - ez ly 1 (1.10)
where gy is the nuclear gyromagnetic ratio
Aly is the nuclear magneton which is Uy  where U, is the
1836
Bohr magneton.
Nuclear magnetic moments are usually expressed in units of
nuclear magnetons in which case
My = g I (1.11)
/&I is positive or negative depending upon whetherjgl and 1 are

parallel or antiparallel.

The magnetic field produced by an electron at the nucleus
arises from the electron's orbital motion which is associated with
its orbital angular momentum vector4£ and its intrinsic magnetic

moment which is associated with its spin angular momentum. The
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total angular momentum of the electron J is<g+—§. Where there are
sevefal electrons outside of closed electronic shells, there may
be LS coupling, jj coupling or some intermediate form of coupling
between the valence electrons. The total angular momentum of the
atom F is I + J. There are 2J + 1 or 2I + 1 hyperfine struc-
ture states depending upon whether J 2 I or I = J. The statis-
tical weight of a hyperfine structure state with gquantum number

P is 2F 4+ 1 so that the sum rule can be used to determine the
intensity ratios of the components. vThe sum rule states that

the sum of the intensities of all transitions originating or end-
ing on a hyperfine structure state is proportional to the statis-

tical weight of that state.

The interaction energy between the nuclear magnetic
moment and the field due to the valence electrons for a given
J level is

W (I, 3) = 35 [F(P+1) - I(I+1) - 33+ 1]  (L.12)
while the separation between two hyperfine structure statesAW,
of a given J level with quantum numbers F and F - 1 is the pro-
duct of the interval factor A; and the higher F value, that 1s

AW = AJ F (L.13)

Equation (1.13) is a statement of the interval rule.

For electron configurations with one electron outside
of closed shells, the interval factor as determined by Goudsmit,
\
Fermi and Segre, Breit and Racah is

for a non-s electron

aj = 81 AVD }(/Q"\'ﬁ N Fn (—L\z') (1.14)
i 183§ H(D,7))




]...J
[@X]

and for an s electron

8RoZiTo (1 — - 7. (1.15)
e S Tese (-5 RG.T)

where 8; and a  are the interval factors of a non-s and s

electron respectively in em™ L

g1 is the nuclear gyromagnetic ratio

is the effective principal quanbtum number.

Z. is the effective nuclear charge in the inner regilon
and is-equal to Z for an s electron. For a p electron
Z, can be obtained from the doublet fine structure
separation.

Zo is the effective nuclear charge outside of closed shells
and is 1 for a neutral atom and 2 for a singly ionized
atome |

R is the Rydberg constant, 109,737.31 cm™+

S
* T&7.04

Fy and Hp are relativistic corrections tabulated by

Kopfermann,lz

o is the Sonmerfeld fine structure constant

n is the principal quantum number
¢ is the quantum defect and is equal to n - ng

.

is the interval, in cm—l, between the two levels of

<

the doublet with the same n and,?0
For electron configurations with more than one electron outside
of closed shells, the various types of coupling must be taken
into account in determining the interval factor. The vector

model and the principle of energy sums enables explicit formulae
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to be derived for LS and ijcoupling. For the intermediate types
of coupling qguantum mechanics must be used. (See Kopfermann12
and Breit and Wills4). The interval factor A for a triplet level
BLQ by an intermediate coupling calculation for a two- electron

configuration nsnl is

AL, ) = 1 2+ 1)¢5 - 4cfTa. + (20+3)ca’ +
)7 oy LA Do Aot

(2d- 1) (A+1)65a” + 46,65, 4/ A4+ 1) a’”} (1.16)
where a is the interval factor of the s electron.
a’ and ayare two splitting factors for the A electron given by

a'l= a i—l :ﬂ(ﬂ‘l’l) AVM 1 ET Fr(;jszi_) (1.17)
a"} AT E JG7+1) 20 T E) 1836 Ep(y,27)

a" a splitting factor designated by sp4+ 2,8 = & given by

ue

a = 1 AVM &1 GI‘(I,ZL)
2(_2+ L) (R+35) Z{ 1836 Hn({,Z;) (1.18)

where Gr(Q,Zi) is a relativity correction tabulated by Kopfermann12

In equation (1.16) €7 and Co are coupling coefficients wh ich are,
for a Spg level

C; = sin (§, - Q) Co = cos (Qy ~ Q) (1.19)

where Q = tan"la/ £ (1,20)
T+1

and where ® is a measure of the deviation from Russell-=-Saunders
coupling and is given by

Sian = é_
D (1.21)

where A is the deviation of the term °

%ﬂ from its position in
Russell~Saunders coupling where the interval rule is
strictly obeyed.

D is the separation 5L£ - lLQ
A\g\is the fine structure multiplet splitting 5L/Q+l - Sl;qa 1
(See Pigure 2).
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CHAPTER II

DISCUSSION OF THE PROBLEM

There are eight naturally occurring isotopes of cadmium,
six even and two odd. Their relative abundances are given in

Table 1 (from Bainbridge and Nier, 1950)29

Table 1. Relative Abundances of the Isotopes of Natural Cadmium
Isotope 106 108 110 111 112 113 114 118
% 1.22 0.88 12.4 12,8 24,1 12,3 28.8 7.6
Isotope shifts in the intercombination resonance line
A3261 A° (532 lso = 5g8bp 3Pl) have been measured previously by
Brix and Steudel® who used the absorption of six atomic beams in
series., However, they were only able to measure the isotope
shifts between the three most abundant even isotopes 110, 112
and 114. They also reported that the odd isotopes showed a total
gplitting due to the 5P1 level of 0.214 cm“l and that the odd
isotopes lie unsymmetrically towards the even isobtopes with

smaller mass numbers but they were unable to determine the pos-

ition of the centre of gravity of each odd isotope.

Isotope shifts in cadmium have also been measured by
several authors in the spark line Cd II \4416 a° (4d105p 2?3/2 -
2a%552 2D5/2)° The best resulbs are those of Kuhn and Ramsden’®

who used enriched isotopic samples in a hollow cathode cooled

186
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with liquid hydrogen and the high resolution of a double etalon.
They were able to measure the isotope shifts of all the stable

isotopese.

The purpose of the present Work was to redetermine the
isotope shifts in the Cd I intercombination resonance line
3261 A° reported by Brix and Steudel, using an atomic beam in
emission in place of the generally inferior absorption technique,
with the prospect of obtaining the isotope shifts of other even
isotopes and the positions of the centres of gravity of the odd
isotopes. Once the isotope shifts have been determined and corr-
ected for the normal mass effect, their ratios can be compared
with the corresponding ratios reported by Kuhn and Ramsden for
Cd II A4416 A®° to check the possible influence of a residual

specific mass effect,

As each even isotope of cadmium has a zero nuclear
spin, there will be no magnetic hyperfine structure due to the
even isotopes so that the isotope shifts of the even isotopes
will be determined directly in A 3261 A°, However, each odd
isotope has a spin of 3 and a negative nuclear magnetic moment,18
Therefore each odd isotope must give rise to two magnetic hyper-

fine structure compoments in the Cd I intercombination resonance

line \ 3261 A° (5s° lS@ - 5385p 5Pl), with the weaker component on

the high frequency side of the stronger component. (See Figure 3),

To determine the isotope shifts of the odd isotopes, it is then
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necessary to calculate the positiohs of the centres of gravity

of each pair of magnetic hyperfine structure components.



CHAPTER III
THE ATOMIC BEAM LIGHT SOURCE

3.1 Theory

A major problem in atomic spectroscopy is to obtain
spectral lines with sufficiently nsrrow line widths so that
the desired structure is not obscured. Every spectral line
has a natural line width due to the uncertainty in the energy
AE which arises from the finite lifetime At of an exclted state,
From Heisenberg's Uncertéinty Principle AE and At are related as
follows

AE At 2K (301)

Under ordinary circumstances it is estimated that the natural
line width of spectral lines is rarely larger than 0,001 cm'l,
In addition to natural line width, there are several other causes
of line width which are summarized by Tolansky.zo Among these
are pressure broadening, resonance broadening, Zeeman and Stark
broadening, and self-absorption broadening. However, the most
important cause of line width in atomic spectroscopy is Doppler
broadening which is due to the random thermal motion of the emit-
ting atoms in the light source such that the atoms moving towards

the observer have a higher frequency than those receding from him.

The Doppler half-width of a spectral line AVis given by

AY = 2‘\/log 2 \/ 2RT/Mc? v cm™+
= 0.71 21078 A /u VWV et (3.2)

20
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where R 1s the gas constant

T is the absolute temperature

M is the molecular weight

¢ 1s the velocity of light

Y is the wave number of the radiation
Doppler broadening can be reduced considerably by means of low
temperature light sources but especially by means of an atomilc
beam light source. In an atomic beam light source the emitting
atoms are made to travel perpendicularly to the direction of
observation so that the average value of the component of velo-
city in the direction of observation is small. The atomic beam
light source also reduces pressure broadening which is caused by

collisions between the atomse.

The essential features of an atomic beam light source
are given in Figure 4. An atomic beam light source consists of
a high vacuum chamber dividend into three sections, a furnace
section for the evaporation of the material under study, a water
cooled eentral section in which are mounted collimating slits,
and an upper section in which the atoms are excited and from
which the radiation is emitted. In the atomic beam light source
used in this experiment, the evaporated atoms of cadmium moved
from the furnace through the collimating slits to the upper cham-
ber where they condensed on the liquid nitrogen trap. The atomic
beam was excited by means of an electron beam passing perpendicu-

larly to the atomic beam. The emitted light was observed perpen-
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dicularly to both the electron and atomic beams. In Figure 4,
if o is the diameter of the oven aperture, s is the collimating
slit length in the direction parallel to the line of sight, h
is the distance between the oven slit and the trap,/Q is the
length of the spot collected on the liquid air trap, and 4 is
the distance between the trap and collimating slit, then the
largest deviation of the atomic paths from the axis of the beam

is given by the angle ol where

o = tan =8 - s =0+ 8 (3.3)
2d 2(h- 4d)
15
The collimation of the beam C is defined by
€= 1 (304)

ol
The collimation of the atomic beam is then given by the geometry
of the source as

c = 2(h = 4) (3.5)

This can be checked experimentally by

C = 2d o
exp T -5 _ (3.8)

The ratio of the half-widths of the spectral line from the beam
to that from vapor at the temperature of the oven is given by
A= 0.41/C (347)
The effective collimation depends also on the lens system used
to focus the image of the source onto the slit of the spectro-

7/
graph. If C is the collimation of the light beam, then the effec-

Vtive collimation Ceff is given by

/Copr = 1/C + 1/C° (3.8)
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3.2 Experimental Considerations
The main features of the atomic beam light source used
in this experiment are shown in Figure 5 and Plate 1. It is

similar in construction to that described by Crawford et al

(1950)&8,10,17

The furnace section was pumped by a MC 275 oil diffusion
pump in series with a Cenco Hypervac rotary forepump while the
excitation chamber was pumped through a side arm by a pumping
system consisting of a MCF 300 oil diffusion pump in series with
a Cenco Megavac rotary forepump., With this arrangement, press—‘

ures of~10"° mm. of Hg were obtained.

The electrically heated furnace consisted of an iron
core covered with "Sauereisen' cement in which was embedded the
windings of #19 nickel-chrome wire, The furnace was fitted with
an iron cover with a circular aperture. The furnace had a resis~
tance of 8,5 ohms at room temperature. A plot of temperature
against power input was obtained for the furnace with a chromel-
alumel thermocouple. The melting point of cadmium is 321°Cc. 4t
392% its vapor pressure is 1 mm, of Hg and at 455% its vapor
pressure is 5 mm. of Hg. A satifactory beam was obtained when the
furnace was operated at~23 volts and~3 amperes corresponding to

an operating temperature of 380° to 430°C,

The best operating conditions for the electron gun were
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Currenth(amperes) Potential (volts)
Anode 0,010 25
Grid 0,290 200
Filament 6.0

These conditions were arrived at by comparing the intensities

of photographic exposures of A3261 A° wmade under various oper=-
ating conditions. Higher filament and grid currents wouid have
given darker exposures but as the grid was not water-cooled there
was no way of dissipating the extra heat produced at the grid,.

The values given above were found to be quite satidfactory.

The anode was water-cooled. The darkest‘exposures were
obtained with low anode voltages. This arises from the fact that
the probability of excitation of s triplet state by electron coll-

isionhas a fairly narrow pesk at low potentials,

The cadmium beam was collimated sharply by the system of
slits. This was evident from the clearly defined image on the
nitrogen cold trap and from the cadmium beam itself which appeared

bluish in the region of the space charge.

Using T = 430+ 273 = 703 OA and M = 106, the maximum
temperature and the minimum atomic mass number in equation (3.2),
the maximum possible oven half-width of a hyperfine structure
component of A\3261 A® ig

AV, = 0,066 cm-1
For the atomic beam light source used in this experiment the

following values were obtained,,?: 1,339, 0 = 0.154, s = 0.867,
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d =38, and h - d = 9.5 incheée From equations (3.5) and (3.6)
Cgeom =z 18.6 and Cgoxp = 16.1

The value of Cgxp is smaller than Cgeome This can be explained

by the scattering of the cadmium atoms from the walls of the

source, the lips of the slit and from the gun. The scattering

of the cadmium atoms causes a slightly larger.{ in equation (3.6)

than would be expected on theoretical grounds and consequently a

smaller Cexp'

The half-width of a hyperfine structure component of
A3261 A° emitted from the source, from equation (3.7) is

AV = 0.0017 eml,
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CHAPTER IV
THE OPTICAL SYSTEM

4,1 Theory

The Fabry-Perot interferometer is a high resolution in-
strument consisting of two pmrallel optical flats separated by
a fixed spacer. The theory of the Fabry-Perot interferometer
is discussed by Tolansk;¥) Williamsjaaand Kopfermannjnghe €ss=

ential results are summarized here.

Concentric interference fringes are formed at infinity

and are given by the formula
nA = 2ut cos @ (4.1)
where t is the separation of the partially reflecting coatings

of the optical flats

n is the order of the interference

A ls the wavelength of the incident light

M 1is the refractive index of the medium between the optical

flats
€ is the semi-angle of the cone along whose surface the
incident light fravels
If d¥ is the wave-number change corresponding to the change in
order dn, then at or near the centre of the fringe system when

moving from one fringe to the next in the adjacent order

AV = 1 (4.2)
AT

where equation (4.1l) has been differentiated and dn = 1 and

29
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cos & = 1, and dy xA¥have been substituted. By varying t the inter-

order separation can be varied at will., In air the interorder sep-

aration AV is given by %E°

vThe intensity distribution in the fringes of a Fabry-Ferot
interferometer is given by Airyt's formula

I=1 e 1 (4.3)

©
1 -R2 14 sin’Y
(1- R

where I is the intensity
T is the intensity in the absence of the interferometer
is the phase difference between successive beaus

is the reflection coefficient

== &

is the transmission coefficient
A is the absorption coefficient
Furthermore
8 = &g%QE 2 Lt cos © (4.4)

and
R+T+4 = 1 (4.5)

The "half-width"™ b of the fringe is

b=zgsintl<R .. L=R (4.6)

T 5 NR ~ TANR

The theoretical tingtrumental width" &Y of the interferometer is

$Y=- bAV = 1 - R

27t Y R (4.7)
The theoretical resolving power A of the interferometer is
A""__Y_:_I_l__,zEt
SY b T RAb (4.8)

As the theoretical resolving power contains A it is usual to speak
of the theoretical resolving 1imit 4}’ of the Fabry-Perot inter-

ferometer which is defined as
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1 1
2t XN

where N is the "effective number of interfering component beams"

ay ~

(4¢9)

and is equal to 1/b, i.e.X¥R/ 1 - R
It is clear from equations (4.7) and (4.9) that §Vand gy are

equale.

Airyts formula was derived assuming a monochromatic light
source; reflecting planes infinite in extent, exactly parallel,
and perfectly plane; and neglecting the small influence of the
optical flats on the reflection and absorption coefficients. As
these conditions are not met in practice, the theoretical "instru-
mental width" and hence the theoretical resolving limit can only
serve as a lower limite. To find the actual "instrumental half-
width", the fringes must be photometered. Kuhnl? reports that
the smallest fraction of an order which has been resolved in the
red region with silver films is 1/50, while the smallest fraction
of an order which has been resolved in the near ultra-violet

region with aluminum films is 1/15.

4,2 Experimental Considerations

AS the Cd I intercombination resonance line A 3261 A® is
in the ultra-violet region of the spectrum, all optical apparatus
must be of quartz. A Hilger Medium GQuartz Spectrograph (f/10)
was used to isolate A 3261 4% from the other spectral lines. The
high resolution was supplied by a Fabry-Perot interfenometer with
crystalline quartz plates. The plates were separated with quartz
spacers. The plates were coated with spectroscopically pure alum-

inum-by vacuum evaporation. The Fabry-Perot interferometer was
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mounted externally to the spéctrographe (See Plate  2)

Two quartz lenses were also used in the optical arrange-
ment. The focal lengths of the two lenses were 107.5 cme. and
53.5 cme. in the visible, Using the '"lensmaker's equation" for
a thin lens in air,

1/f = (n - 1) K (4.10)

where f 1s the focal length of the lens

n is the refractive index of the material of the lens

K is a constant depending upon the radii of curvature of

the lens

and Nggng = 1.547 and ng,,0 = 1.570, the focal lengths of the
lenses at A3261 4° were estimated to be 103 cm. and 5l.3 cme
The 103 cm., lens was placed so that the excited part of the atomic
beam was at the focal point of the lens so that parallel light
beams entered the interferometer. The Fabry-Perot fringes were
focused on the slit of the spectrograph by the high quality 51.3
cu, lens. The final focussing of the 51.3 cm, lens was made by
photographing the very fine off-centre fringes for a series of
1 mm. positionings of the lens, and then selecting the lens posi=-

tion which corresponded to the exposure with the sharpest fringes.

The atomic beam source was carefully positioned on the
axls of the spectrograph. The 103 cm., and 51.3 cm. lenses were
then properly positioned. Finally the axis of the interferometer

was aligned by viewing the fringe’system through the spectrograph.
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The interferometer piates were adjusted for parallelism
by observing the fringes of the mefcury green line. The light
source was a water-cooled Hgl98 discharge tube which produces
lines with a small half-width. The green line was isolated with

a Wratten No. 77 filtere.

The crystalline guartz plates of the interferometer were
coated with a film of spectroscopically pure aluminum in the
evaporator constructed for this purpose and described by Suther-
landle,A Initially several evaporation trials were conducted with
glass plates to obtain a plot of transmission in the blue against
the time ofvevaporation t. Evaporator pressuresof the order of
107° mm, of Hg were obtained. The transmissions in the blue were
measured with a commercial light meter and a blue filter in con-
Junction with a white light source. After a selection of an
appropriate evaporation time, an evaporation was performed for
the gquartz plates with p~40 (in units of 10~° mm. of Hg.) and
t~0.06 (in minutes) giving pt~2.5. The average transmission of

the two films in the blue was measured to be 0.,03l. From the

R 7
curves of Burridge et al T3261 = 0,060 and R3261+'T5261 = 0.916

giving R5261 = 0.86, With this reflection coefficient it was
estimated that about 1/18 of an order could be resolved. The
quantivy pt is a measure of the optical quality of the films. The
lower the value of pt, the lower is the probability of an impurity
atom striking the plates during the evaporation. However, in

order to evaporate in a shorter time a higher current must be used



thus increasing the probabili%y of releasing absorbed gases from
the vacuum chamber. Films of optimum quality are produced if a
proper balance is obtained between these two effects. It has

been shown that if ptd{3 the films are of good opticeal quality.7
The value of pt = 2.5 indicates that the films produced in this

experiment are of good optical quality.

Temperature and pressure variations cause displacements
of the fringe system through variations of M in equation (4.1).
The interferometer and spectrograph were accordingly housed in
a separate room where the temperature variation was controlled
to about 0.01°¢, by means of an ether-mercury thermostat with an
electronic relay connected to several small electric heaters moun-
ted on the walls of the room.? The refractive index of ordinary
air is about 1.0003 and A= 1 is proportional to the density of
the air, so that a change in pressurelAp causes a shift in the
interference pattern AY given by

AY'= 0.0003 (Ap)y, cm™t (4.11)
D

A rise in pressure of 1 mm. has the same effect as a drop of
0.5606 in the temperaturee26 The pressure and temperature must
be so controlled that any broadening does not mask the structure
which is sought nor introduce an appreciable error through broad-
ening. The temperature in the room was so controlled that the
change in temperature of the interferometer was 0,01°C (which
corresponds to a change in pressure of less than 0.03 mm.) while
the exposures were taken so that the pressure did not fluctuate

by more than 0.1 mm. of Hg. Taking p~70 cm. in equation (4.1%)
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the shift of the fringes in wave numbers is

AY = 0.0013 cm. "
If the temperature effect is taken into account the total shift
could not be greater than 0,002 cm.'l which is much smaller than

any of the separagtions measured,

The Cd I intercombination resonance line A3261 4% was
photographed on Eastman 103a = O spectroscopic plates with expos-

ure times varying from 10 to 60 minutes.

The collimation of the light beam from the source to the
spectrograph depends upon the 5l.3 cm. lens. The aperature of
the lens system was controlled by a mask placed behind the inter-
ferometer., The diameter of the opening in the mask was 4 cme. SO
that the largest deviation ol of the light rays from the optical
axis is

ol = 4 = 0,39
2 X 5le3

/
Then the collimation of the light beam C is
/

C - é >~ 2506
ol

The effective collimation Geff from equation (3.8) is then

1/c = 1 1
off =~ 7517 T 353

C 16

eff =
The half-width of a hyperfine structure component of A3261 4%
from the source 1s then, from equation (597),

A¥g/0,066 = 0.41/10
AV = 0.003 em™t
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The theoretical ”instfumental half-width" of the inter-
Terometer is calculated from equation (4.7) for a 5 cm., spacer
to be

SV:}: l - 0086
2 x5 x 3,14 x A/0.86

SV X 0,005 em~1

The half-width of a hyperfine structure component of
AS261 4° was estimated by taking the sum of the instrumental
half-width and the line-width from the source and was found to
be 0,008 cu™t., The actual line widths of the hyperfine struc-
ture components of A 3261 AQ can only be determined from a micro-
photometer trace of the Photographic exposures. These traces
could also provide an objective check on the visual measurements
of the photographic exposures. However, a microphotometer was

not available for this experiment.



CHAPTER V
RESULTS

5.1 Experimental Observations

The hyperfine structure of the Cd I intercombination
resonancecline A3261 A° was studied with a 5 cm. (4.999 cm.)
and a 3 cme (3.010) spacer. The patterns obtained with the 5
and 3 cm. spaces are shown in Figure 6. The interorder separ-
ations for the 5 and 3 cm. spacers are 0,100 cm-l and 0,166
cm"l respectively. Since the average magnetic splitting of
the strong (s) and weak (w) components of the odd isotopes is
0.214 em™t (from Brix and Steudel6), these components are over-
lapped one order in the patterns. Thus the weak components are
properly associated with the evens in the next order on the low
frequency side while the strong components are properly associated

with the evens in the next order on the high frequency side.

The components due to 1186, 114, 112 and 110 were clearly
resolved with the & cm. spacer. The positions of 1138, 111w and
1115 + 113w were determined with the 5 cm., spacer. The position

of 1lls relative to 113s was determined with the 3 cm. spacer so

that the position of 113w can be determined by a centre of gravity

calculation. The measurements for 110, 112, 114, and 116 for the
3 cm. spacer were rejected as these components were not clearly
resolved and because 11lw and 113 w were superimposed on the even

components., The relative position of 106 was determined with the

37



38

| |

- IHw s+ 3s e 12 4 e

113w

<
-

y

RELATIVE  POSITIONS OF THE HES
COMPONENTS WITH THE 5CM SPACER

L | |

s 113s 106 1O 12 H4+ {16+
Hw 113w

RELATIVE POSITIONS OF THE HES

COMPONENTS WITH THE 3CM SPACER

FIGURE— 6




Ia

112
oce. |,ce
MW 113w 106 [ ER I s 1|3
|
| | l I |
54| - 198~
214.0
. 2056
= 3 i
Y X107 oM

POSITION OF THE ODD ISOTOPES IN Cdl N\ 3261A°

FIGURE -7

6¢



40

3 cm. spacer. It was thoughé that 108 was observed with the 3
cm. spacer but because of its low percentage abundance no con-

clusive evidence was obtained as to its position.

Some twenty exposurés with each spacer were measured five
times with a comparator by each of two observers and the results
averaged, The relative separations of the components were cal-
culated from these measurements by the on-centre "rectangular
array" method of reduction described by Tolanskyg:0 The average
values of these relative separations together with their pro-

bable errors are listed in column 4 of Table 2.

Table 2. Relative Separations gf the Ho F. S. Components of
X 3261 A9 (5s< 1s, - 5s5p 3pq)

Number Etalon: Overlap @' Corrected
Isotope Pair of Fringes Spacer Separ%tlo? Corregtigg bepar%tlo?

Measured (cm.) (x10~ ) (x10 “em ) (x10~ )
116,114 81 5 9.1 0,3 + 0.2 9.3%0,3
114,112 30L 5 13.5%20.4 13.5*0.4
112,110 98 5 16.3%0.5 16.3% 0,5
112,113s 88 5 26,0t 0.4 R 26,1 % 0.4
112,111w 69 5} 51.3x0.4 2 51.5* 0.4
112,113w+111s 69 5 44.0£0.4 44,020.4
112,106 24 3 5l.7x 1.7 51.7%1.9
113s,111s 164 3 19.8%10.3 19,8 10,3

Theoretical intensity curves were plotted so that the pulls
of the closely spaced components could be estimated. The correc-
tions are given in column 5 of Table 2 while the corrected separ-

ations are listed in columm 6.

5.2 Isotope Shift In A\3261 A°
The isotope shifts of the even isotopes in A3261 A° are

given directly in column 6, Table 2, and are indicated in Figure 8.
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The isotope shifts of the odd isotopes in A3261 A° are
given by their centres of gravity which can be calculated using
the data of column 6, Table 2. As the strong and weak components
of the odd isotopes in the patterns (see Figure 6) are properly
associlated with the evens in the adjacent orders, the positions
of the components which are properly assoclated with these evens

must be calculated first. Thus

AY (112,111w) = 100 + 51.5 & 151,5¢t 0.4

and AV (112,111s) = &Y(112,113s) - AV(113s,11ls)

so AV (112,111s) = (100 = 26.1) = 19,8 = 54.1F 0,7
Therefore AV (111w,111s) = 205,6+ 1.1 x 1072 op~l
Furthermore AV (112,113s8) = 100 = 26,1 = 73,9t 0.4

And AY(112,113w +111s) = 44.,0£0.4

Also AY(112,111s) = AV(112,113s)+ BVY(11ls,113s)

So | AY(112,111s) = 26,1 + 19.8 = 45,9% 0,7

Therefore 1lls is 1.9t 1.1 on the high frequency side of the
centre of gravity of 113w + 1lls. The position x of 113w is ob-
tained by a centre of gravity calculation, weighting 1lls and
113w according to the known relative abundances and statistical
weights,

2/3 x 12,8 x 1.9 = 1/3 x 12,3 x X
Therefore X = 3,9% 2.3 on the low frequency side of the centre
of gravity of 113w+ 1lls and so 113w is 40,1 on the high fre-
quency side of 112, Then AY (112,113w) = 140.1F 2,7 and finally

AV (113w,113s) = 214,0% 3,1 x 10”5 em™L
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The two separations AY(1llw,11ls) and AV(113w,113s) give the
magnetic hyperfine structure splittings of the two odd isotopes

of cadmium. (See Figure 7).

The positions.of the centres of gravity of the odd iso-
topes can now be determined using equation (L.13)« Thus the

interval factors are A115 = 142,7T 2.1 and A = 137.,1%0,7

111
Then A¥Y(coge 113,1135) = 341, = 71.3F 1.1
But AY(112,1138) = 73.,9% 0.4
So AV (112, co. of go 113) = 2.6 1.5 x 1072 cm—I
Furthermore AY(c.g. 111,111w) = 137.1%0.7
And AY(112,111w) = 1851.5%0.4
Therefore AY(c. of g 111,112) = 14.4F1.1
or AV(110, c. of geo 111) = 1.9% 1.6 x 10”2 cm

Figure 8 shows the isotope shifts in €4 I A3261 4°, It

is clear from Figure 8 that the isotope shifts of the even iso-

topes decrease with increasing mass number while the odd isotopes

show a pronounced even-odd staggering (the atomic number of cad-

mium is 48), that is the centroids of the odd isotopes lie closer

to the next even isotope with the smaller mass number.

5.3 Relative Isotope Shifts
The isotope shift in A3261 A° is due to the mass effect

and the field or volume effect. The shifts can be corrected for

- the normal mass effect with equation (1.2). The corrected shifts

are given in column 4, Table 3.




44

Table 3. o '
Isotope Shifts In_K326l A~ Corrected For The Normal lMass Effects

. Uncorrected .Normal Iass Corrected Isotope
Isotope Pair Shift BEffect Shift _

(x 1079 em1) (x 107°% em™t)  (x 107° cm l)
116,114 9.320,4 + 2.5 11.8* 0.4
114,112 13.5¥0.4 T 2.6 16,1 ¥ 0.4
112,110 16,3x0.5 + 2.7 19.0Xx0.5
110,106 35.4 2.2 + 5.4 40,8+ 2.2
113,111 17,0 2.6 “+ 2.7 19.7x 2.6

The corrected isotope shifts are then due to any residual spec-
ific mass effect and the field or volume effect. The relative
isotope shifté corrected for the normal mass effect in A 3261 A°
are compared with the corresponding ratios determined by Kuhn
and Ramsden13 for A4416A§n Table 4 and Pigure 9. The 1lsotope

shift of the pair 110,112 has been taken as unity in both cases.

Table 4. Comparison of Relative Isotope Shifts
Isotope Pair : : Relative Isatope Shift
In 23261 4° In A 4416A
(186,110)% 1.07 1.04
106,108 1.07
108,110 ’ 1.00
110,112 1.00 1.00
111,113 1.04 1.03
112,114 0,85 0,93
114,116 0.62 0.65

A comparison of the relative isotope shifts corrected
for the normal mass effect for two different spectral lines hav-
ing different electron configurations should give an indication
of the effect of any residual specific mass effect on the rel-

ative isotope shifts since the field or volume effect should be
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the same for both sets of ratios. The agreement between the two
sets of ratios in Table 4 indicates that the effect of any resi-
dual specific mass effect on the relative isotope shifts is pro-
bably quite small as all the ratios agree within the experimental
error except for the isotope pair 112,114. Here the difference

in the ratios is 9% whereas the sum of the errors in the two
experiments is 7%. This discrepancy may be due to some systematic
error in the visual measurements. A systematic error of this sort
can sometimes be eliminated using microphotometer traces of the
interference patterns rather than visual measurements. However,

no microphotometer was available for this experimenty

The main portion of the corrected isotope shifts (see
column 4, Table 3) can then be interpreted as a nuclear field or
volume effect and can be fitted into the pilcture of the collective
model. The relative isotope shifts in Table 4 and Figure 9 give
Cexp‘x §§£2 on a relative scale., Much of the change in the iso-

tope shift with neutron number N at constant Z is due to a nuclear

deformation . The change in the relative isotope shift from

, 2,2
isotope pair to isotope pair gives S8Cexp 80« B”(o") on a
pe P be pair & SN €L Ew - *ERe

relative scale. From Table 4 and the general features of Figure 9

it is clear that 3Cexp < 82&«?) is negative in the neutron region

8N BN“
N =58 to N = 68, If a zero deformation is assumed at the magic™
2 2
neutron numbers 50 and 82 the negative value of §§§%;l indicates

that the square of the deformation,cLQ(N), reaches a maximum.



Figure 8 shows that the even-odd "staggering" is extreme-
ly large in cadmium. The "staggering" effect has been ascribed
to a tendency of odd-neutron nuclei (even-odd nuclei) to be less
deformed than even-neutron nuclei (even-even nuclei). In terms
of the shell model, the even-odd "staggering" in cadmium can be
interpreted as a 3si neutron only slightly increasing the isotope

shift caused by the addition of a pair of 5g7/2 neutrons.t?

5.4 Estimation Of The Isotope Shift Constant

Equation (1.5), which is defined for a single s valence
electron, is not directly applicable to the 532 lSO or 5sd5p sPl
levels because of the screening of the valence electrons. How-
ever, if it is assumed that calculations on spectra similar to
that of cadmium are transferrable to the spectrum of cadmium,
then an estimation of [3Cg4 exp for the ground term of the single

valence electron spectrum, Cd II 5s 25%, can be made.

Following Brix and SteudelG, the normal mass effect for
the cadmium isotope pair 112,114 from equation (1l.1l), is 0,0062

1 for the ls, level and 0.0036 cu™

cmn” for the EPl level of cad-
miume. In the Hel and Li II spectra, there is no specific mass
effect in the l§0 level but a specific mass effect in the 3Pl
term which is roughly one half the magnitude of the normal mass
effect and is in the opposite sense to the n.m. effect. Assuming
an analogous situation for the corresponding cadmium levels, the

total mass effect which is to be applied to the isotope shift
for the isotope pair 112,114 in the Cd I A3261 4° line is 0.0044
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em™t, The isotope shift for the isotope pair 112,114 is 13.5 x
1072 cm™! and the corrected shift is 0.0179 em™t. 1n the mercury
spectrum, which cadmium resembles, the ratio of the corrected iso-
tope shift in the analogous transition (lso - 3Pl), toFBSATS in
the ground term of the one electron spectrum, is 006506’12
Applying this ratio to the cadmium spectrum, PS8 AT, is 0.0275
em™1, Using 45 = 2, ny = 1.794 and (1 - %gL) = 1,16 G,Hkn equa-

tion (1.5)

=3 -
BCss oxp (0d 112,114) = 34+ 4 x 1072 cul,
The error is estimated by allowing an error in the estimated
specific mass effect of the same order of magnitude as the esti-

mated specific mass effect in the 5Pl level of cadmium,

The isotope shift constants of the other isotope pairs
are related tonCSS exp (Cd 112,114) as the relative isotope

shiftse

5.5 Ratio Of The Nuclear Magnetic Moments

The calculation of the actual value of a nuclear mag-
netic moment from spectroscopic measurements involves theoretical
difficulgties. The ratios of the nuclear magnetic moments of the
isotopes of an element, however, can be determined much more
accurately from the direct measurements of the magnetic hyperfine
structure splittings. From equations (1.11) and (1.13) and the
fact that the interval factor is proportional to the muclear gyro-

magnetic ratio (See equation (1.16)), the ratio of the nuclear
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magnetic moments are proportional to the ratio of the magnetic

hyperfine structure splittings.

In section 5.2 the magnetic hyperfine structure splitt-

ings of the odd isotopes of cadmium were calculated to be

AY(113w,113s) = 214,0% 3.1 x 1072 ot

AV(11iw,111ls) = 205.,6%1.1 x 10™° cem™L,
Consequently,

M1z M111 = 1,041 20,021

The accuaracy of this experiment can be checked by a
comparison of the ratio of the nuclear magnetic moments as
determined optically in this experiment with the ratio deter-

mined by the more accurate muclear induction method. The ratio
“u115/j1111 = 1.,041E0.021 determined in this experiment is in
16

good agreement with Proctor and Yu's nuclear induction value

of 4113/4111 = 1.0462 +0,0001.,

5.6 Estimation Of The Nuclear Magnetic Moments
The interval factor for the 3P1 level can be calculated

from the intermediate coupling equation (1.16).

The relevant term values for cadmium as given by Bacher

and Goudsmitl are

585p 1Py 28846.6 cm™t
5s5p Spg 40711.5

5Py 41882.6

5P, 42424.5

From equation (1.21) @, the deviation from Russell-Saunders coup-

. s /
ling is 2° 42, From equation (1.20), Q4 = 35° lGC Therefore
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Gl = 0.5383 and Cz = 0.8428 frém equation (1.19). Thus eqguation
(L.186) becomes

; / / 14
A(sPl) = $(1.130 a_+ 1.450 a+1.420 a+2.566 a )

gy = 0.4186 gy from Sutherland.t®
a’ = 0.00686 gy and a% = 0.04171 gy from equation (1.17)
a” = 0.00216 g1 from equation (1.18)

Consequently

(3
A( Pl) pavd 09151 gI

Using the magnetic hyperfine structure splittings from
section 5.2 in equation (1l.11) and (1.13)
Ai15 = =0.52 n.m.
AMy17 2 =0.50 nom.
These values are about 16% lower than the values glven by Proctor
and Yu§16j“115 = ~0,619 anq}illl = -00592. However, the values of
”“115 andjulll determined by the intermediate coupling calculation
are subject to a number of possible errors. The value of a5, Was
determined from Cd II data whereas in fact the 5s electron is
screened by the 5p electron. For the similar configuration in the
Hg I spectrum which resembles the Cd I spectrum, the p electron
screens the s electron by about 10%,,3';’2 Reducing agg by 10%,
A3 = =0.57 n.m.
Myq1 = ~O°55vn¢mo
Allowing 2% for the finite size of the nucleus
| Ai13 = -0.58 £ 0,03 nom. |
A1 = -0.56 £ 0,05 n.m.

The experimental errors in/UilS and 417 were estimated by allowing
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a 50% error in the estimate of the screening of the 5s electron

by the 5p in addition to the errors in the magnetic hyperfine

structure splitting.
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