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J. A. BEARDEN

The Johns Hopkins University, Baltimore, 3faryland

inconsistencies in accepted values (in x units) of x-ray reference lines have recently been demonstrated, although all
are supposedly based on "good" calcite crystals. Factors supporting the selection of the W E'a& line as the X-Ray 8'ave-
length Standard are critically discussed. A review is given of the experimental measurements which are used to establish the
wavelength of this line on an absolute angstrom basis. Its value is X W En~ = (0.2090100&5 ppm) L. This may be used to
define a new unit, denoted by A.*, such that the W Ko.r wavelength is exactly 0.2090100 A*& hence 1A'.*=1L&5 ppm. The
wavelengths of the Ag ICuj, Mo En&, Cu Eu&, and the Cr En2 have been established as secondary standards with probable
error of approximately one part per million. Sixty-one additional x-ray lines have been used as reference values in a com-
prehensive review and reevaluation of more than 2700 emission and absorption wavelengths. The recommended wavelength
values are listed in A. units together with probable errors; corresponding energies are given in keV. A second table lists
the wavelengths in numerical order, and likewise includes their energies in keV.
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INTRODUCTIO5'

' J.A. Bearden and A. F.Burr, Rev. Mod. Phys. 39, 125 (196't),
following article.

'S. Hagstrom, C. Nordling, and K. Siegbahn, Alpha-, Beta-,
Gamma-ray Spectroscopy, Kai Siegbahn, Ed. (North-Holland
Publishing Co., Amsterdam, 1965), Vol. 1, p. 845.

The higher energy emission and absorption x-ray
wavelengths provide energy reference standards for
nuclear P- and p-ray spectroscopy. Crystallographic
dimensions are usually measured with the MoEn~,
Cu Ea&, and other longer x-ray wavelengths. Accurate
relative values of the occupied atomic energy levels
have been calculated' by the use of all the emission
x-ray wavelengths of an element, and the absolute
scale can be derived from the wavelength of the
absorption edge, or more accurately from x-ray emis-
sion wavelengths, and electron energy measurements
from photoionization experiments. '

Wavelength values for more than twenty-seven
hundred x-ray emission lines and absorption edges
have been measured and remeasured over the last
Qfty years. Reviewers have published many critical
surveys, listing recommended values for x-ray wave-

lengths. The best known reviews are those of Siegbahn, 3

Cauchois and Hulubei, 4 and Sandstrom. '
A very serious discrepancy exists in each of these

tabulations (and all others): The shorter and longer
wavelengths are not on the same relative energy scale.
In general wavelengths less than 1.0 A are consistent
with a Mo E0,~=707.831 xu scale, and those of longer
wavelength with a Cu En~ ——1537.400 xu scale. Recent
higher precision measurements' of the Mo Eo.~ and
Cu Ea~ wavelengths, with carefully selected diGraction
crystals of various materials shows that the above
values are in disagreement by almost 20 parts per
million (ppm) or approximately twenty times the
previous estimates~ of the probable error. If we assume
the xu defined by the first-order grating constant
of calcite (dr ——3029.04 xu) the new measurements are
consistent with a Cu En~ value of 1537.400 xu. The
cause of the apparent errors in the Mo Eo.~ and other
short wavelengths is still unknown.

In addition to the above discrepancy in the relative
values of the wavelengths, the xu, ' which was intended
to be 10 ' A, differs from this absolute scale by more
than 200 ppm. Early measurements of x-ray wave-
lengths were made with NaCl crystals whose grating
constant d=2.814 A was calculated' from the crystal
geometry, molecular weight, density, and Avogadro's
number. The latter was evaluated from the Faraday
and the oil-drop value of the electronic charge which
was in error by more than 600 ppm. Siegbahn' noted
the superiority of calcite crystals to NaCl for spectro-

Siegbahn, Spektroskopte der Rogtgegstrokteg (Julius
Springer-Verlag, Berlin, 1931),2nd ed.

4 Y. Cauchois and H. Hulubei, Longueurs d'onde des Emissions
X et des Discontinlites d'Absorption X (Hermann et Cie., Paris,
1947).

A. E. Sandstrom, Bandblch der I'hysik, S. Flugge, Ed.
(Springer-Verlag, Berlin, 1957), Vol. 30, p. 164.

6 J. A. Bearden, A. Heninsp J G. Marzolf, W. C. Sauder, and
J. S. Thomsen, Phys Rev. 135, 899. (1964).

~ See Ref. 5, p. 161.
e M. Siegbahn and A. Leide, Phil. Mag. 38, 64'I (1919); M.

Siegbahn, Arkiv Mat. Astron. Fys. 14, Nr. 9 (1920).
9 H. G. S. Moseley, Phil. Mag. 20, 1024 (1913).
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scopic measurements, and therefore determined the
ratio of their grating constants. He assumed d~=
2814.00 xu for NaCl and obtained for calcite d~=
3029.04 xu, which has been the accepted definition"
of the xu. Thus the wavelength values in all previous
tables are neither self-consistent nor are on an absolute
A scale.

In practice most x-ray wavelengths have been
measured relative to convenient lines whose values had
been established on an x-unit scale by other experi-
menters. Beginning in 1960, work in the x-ray labora-
tory of The Johns Hopkins University was undertaken
on a precise remeasurement of the most used reference
lines relative to a selected primary standard" wave-
length, and also on new measurements to establish
the selected primary x-ray wavelength standard on
an absolute Angstrom scale. A further part of the
work was to make a critical review of all x-ray wave-
length papers and recalculate the published values on a
single absolute scale with explicitly estimated probable
errors for all adopted wavelength values. In the com-
plete report" on that work, original published values
are listed, changes due to reevaluation of reference
lines, and weighting with respect to other values is
indicated and recommended wavelength values ob-
tained. Since most of the review and analysis on the
shorter wavelengths had been completed on a Mo En~ =
707.831 xu reference scale before the discrepancy
between the Mo Eo.~ and CuEn~ wavelengths was
realized, the working data in the appendices of the
above report" was continued on a MoEa~=707.83
or its equivalent W Seri ——208.5770 xu scale. The final
recommended wavelength values of that report were
readjusted to a WEcri ——0.2090100 A* scale. These
are the values (except for minor corrected errors and
a few new wavelengths) listed in the present review.

A PRIMARY X-RAY WAVELENGTH STA5DARD

Inadequacy of the Calcite xu Standard

The x unit of length introduced by Siegbahn' con-
tains one serious Qaw: it assumes that every good
calcite crystal has the same grating constant. This was
recognized as a possible limitation by Siegbahn' in
1919 and has been under intermittent criticism ever
since. Double-crystal' spectrometer measurements in
1930 indicated a variation of 6 ppm between di6'erent
samples of the best crystals then available. A more
recent investigation" on a wider selection of clear so-
called "perfect" calcites gave a variation of approxi-
mately 20 ppm. A good calcite used by Merrill and

IM. Siegbahn, Nature 151, 502 (1943), and Ref. 2, pp. 42%7.
» J. A. Bearden, Phys. Rev. 137, 455 (1965).
»J. A. Bearden, X-Ray Saeelengths, NYO-10586 (Fed. Sci.

and Tech. Inf. , U.S. Dept. of Commerce, Springfield, Va. , 1964).
'3 J.A. Bearden, Phys. Rev. 38, 2089 (1931).
'4 J.A. Bearden, Phys. Rev. 13'7, 181 {1964).

DuMond" gave a value of the Mo Eo.~ 25 ppm greater
than the accepted value of '707.831 xu reported by
8andstrom. '

This Raw has been particularly criticized by
DuMond, " who suggested that an emission line or
lines would form a much better basis for dining a
unit of length than a species of crystal. He suggested
the use of the Mo Eej. line or, alternatively, an average
of five x-ray wavelengths. BergvalP' also voiced a
similar opinion and stated that the Mo Eaj line had
indeed become the working standard at Upsala. How-
ever, recent measurements6 have shown that their
adopted value for the MoEcri ——707.831 xu is in
serious disagreement with the calcite dy=3029.04 xu
de6nition and also as noted above with the xu value
of Cu En~=1537.400. Thus we have two xu standards
and a third, the Angstrom used in crystallography.
Any attempt to redefine the xu for use as a primary
standard would certainly lead to further confusion in
the x-ray wavelength and crystallographic literature.

CONSIDERATIONS IN THE SELECTION OF A
WAVELET GTH STA3%DARD

In principle any x-ray line could be chosen and
assigned an arbitrary value; for example, CuEce& ——

1.000000 Cu unit. Then in every calculation of the
properties of matter involving knowledge of atomic
dimensions, a conversion factor would be required.
Since the vast majority of such calculations do not
attain an accuracy better than 10 ppm, this procedure
appears to be unnecessary, provided, however, an
absolute wavelength standard can be dined whose
wavelength in centimeters or Angstroms is known
within a few ppm. Of course, for the most precise
calculations, e.g., atomic constants, a conversion factor
diBering from unity by a few ppm will be required,
and this factor will change slightly as the accuracy of
absolute x-ray wavelength measurements is increased.

Wavelength De6ned by Peak Intensity of Line

X-ray spectra are recorded by photographic, counter,
and ionization techniques. It would appear that the
asymmetry of a line mould inQuence the measurement
of its wavelengths by these diferent techniques. How-
ever, this was not observed in the measurements'
made on the E-series elements from titanium to ger-
manium. Increased precision in the measuring tech-
niques may make such effects observable, and hence
only highly syrrnnetrical lines have been considered
for a wavelength standard.

"J.J. Merrill and J. W. M. DuMond, Phys. Rev. 110, 84
(1958).

M J. ~. M. DuMond, Proc. Natl. Acad. Sci. (U.S.) 45, 1052
(1959).

'7 P. Bergvall, 0. Hornfeldt, and C. Nordling, Arkiv Fysik I'7,
113 (1960).

's J. A. Bearden and C. H. Shaw, Phys. Rev. 48, 18 (1935).
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For a symmetrical line, it is immaterial whether the
wavelength is defined by the peak (obtained by divi-
sion of chords") or the mean, i.e., centroid. In general
the peak position has been accepted as the wavelength
criterion for both symmetrical and asymmetrical lines,
aed has beerl, so emp/oyed im at/ measlremeets ie the

Johms IIopails x ray lab-orutory. In the designation of a
wavelength standard the peak of the line has been
recorrunended as the most precise indicator of its
wavelength. It should be noted that the use of a
symmetrical line as a standard does not eliminate all
problems involving diferent methods of measurement;
a great many lines are themselves asymmetric or have
been measured in terms of asyrrunetric lines.

Selection of a %'avelength Region

In selecting the wavelength to be used as a stand-
ard, primary consideration should be given to the re-
searches which require the highest precision and are
most aGected by errors arising in making the relative
measurements. The energy scale for the highly import-
ant P- and y-ray spectrum is very dependentm on
the use of short x-ray wavelengths. The most precise
p-ray measurements have been those of Knowles, "
who has measured the ratio of the third-order positron
annihilation radiation to the erst order of a p ray of
Ta"', and then compared the third order of this radia-
tion relative to the W En~ line. In this work the angles
were measured to the order of 0.01 sec, indicating the
precision that can be attained in the measurement of
narrow, symmetrical lines where the diGraction angle
is only of the order of a few degrees. Another recent
problem" which required high accuracy in the short-
wavelength region was the location of the lead absorp-
tion edge for use in the p,-meson mass determination.
In x-ray spectroscopy, shorter wavelengths have
frequently been used as reference wavelengths" for
the measurement of weak spectral lines.

It should be emphasized that the designation of a
particular wavelength as the x-ray standard does not
imply that all crystals and spectrometers must be
calibrated by direct comparison to this wavelength.
Convenient secondary standards with probable errors
of the order of 1 ppm are available which are adequate
for general use. The designated primary wavelength
will be of most value in the highly precise researches
whose objective is the establishment of new or better
secondary standards.

"J.A. Bearden, Phys. Rev. 43, 94 (1933).
»J. W. M. DuMond, Ann. Phys. (N.Y.) 2, 283 (1957);

E. L. Qhupp, A. F. Clark, J.W. M. DuMond, F. J. Gordon, and
H. Mark, Phys. Rev. 107, 745 (195/).

s' J. W. Knowles, Can. J. Phys. 40, 237 (1962). International
Conference on Nuclear Physics with Reactor Neutrons (AEC)
ANL-6797, F. E. Throw, Ed. , p. 165.

"A. J. Bearden, Phys. Rev. Letters 4, 240 (1960)."E. Ingelstam, Nova Acta Reg. Soc. Sci., Upsala 10, Nr. 5
(1937'.

Width and Symmetry Effects

The width of a line (E/AE) is of prime importance
in the precision with which its wavelength can be
measured. Gamma-ray sources, with narrow symmetri-
cal lines (10 —10 ' eV), would make ideal standards if
they could be produced at an intrinsic intensity com-
parable to that available from x-ray tubes. The width
of an x-ray line (in wavelength units) is approximately
proportional to its wavelength. In recent p-ray" and
x-ray measurements, the centers of the observed
symmetrical line pro61es were located to within 0.00i
of the observed width (not, of course the natural
width of the p-ray line) . Thus in principle the peak of a
narrow Le.g., W Ear in (2, +5) is 30 secj short-wave-
length line can be located with a higher precision than
its angular position can be read on the divided circle.
The error in the reading of the divided circle (approxi-
rnately 0.1 sec) is constant and hence its error in ppm
decreases with increased Bragg angle (the precision of
the interferometer angle measuring method" is 1 ppm
for angles from 3' to 30'). Disregarding other con-
siderations, this would suggest that the long-wave-
length symmetrical lines (e.g., CrEcrs) would be
measured more accurately with a divided circle than
the short wavelengths. However, this advantage is
offset by errors in large corrections due to index of
refraction and anomalous dispersion, " the effect of
surface treatment on the index of refraction correction, "
single-crystal diGraction pattern asymmetry, '~ geo-
metrical imperfection of crystals, " and the very
important shift in wavelength due to the chemical
state of the x-ray tube anode. These conclusions are
completely substantiated' in the precision evaluation
of the wavelength ratio of 6ve x-ray lines, W Eo.&,

Ag Eo.~, Mo Eo.~, Cu Eu~, and Cr Eo.2, with 6ve
selected crystals. A least-squares analysis of the meas-
urements showed that each of the wavelengths had
been measured with a probable error of approximately
1 ppm.

Source Requirements

The x-ray wavelength should be independent of
chemical and isotope eGects in the source. The Eo.~
lines of the elements of high atomic number are much
less affected by chemical combination than those of
low Z. Rogosa and Schwarz" were unable to observe
any shift in the wavelength peak of the Mo Eo.& for
separated isotopes of Mo", Mo", and Mo'~ greater
than 10 ppm, Shortly afterwards Wertheim and Igo"

24 J. G. Marzolf, Rev. Sci. Instr. 35, 1212 (1964)."See Ref. 5, p. 143."J.A. Bearden, Bull. Am. Phys. Soc. 7, 339 (1962).
27 M. Renninger, Acta Cryst. 13, 1067 (1960); J. G. Marzolf,

S. J., Bull. Am. Phys. Soc. 8, 313 (1963); also thesis, Dept. of
Physics, The Johns Hopkins University, 1963."J.A. Bearden and A. Henins, Rev. Sci. Instr; 36, 334 (1965).

G. L. Rogosa and G. Schwarz, Phys. Rev. 92, 1434 (1953).
~ M. S. Wertheim and G. Igo, Phys. Rev. 98, 1 (1955).
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TABLE I. Fe'~ Mossbauer wavelength in L* and keV units measured with calcite and quartz crystals.

Date Crystals Order d (A.* 25'C) Wavelength A.* keV

12/26/63
2/24/64
2/26/64
8/2/64
8/11./64

Calcite A, I3
Calcite A, 8
Calcite A, 8
Quartz U, U14

Quartz U„U14

(1, a1)
(2, a2)
(2, a2)
(1, &1)
(2 &2)

3.035528
3.035835
3.035835
3.336009
3.336412

0.860239
0.860241
0.860238
0.860223
0.860227

10.66533
10.66535
10.66532
10.66513
10.66518

Average 0.860234 10.66526

studied the problem and showed from theory that the
expected shift for Mo Eo.j was of the order of 5 ppm,
about half the minimum value detectible by Rogosa
and Schwarz. The shift for WA. o.~ should be sub-
stantially greater. However, as long as "natural abun-
dances" of the W or Mo isotopes remain constant
within 1%, either line should furnish a satisfactory
standard.

A high-activity concentrated p-ray source of dimen-
sions comparable to an x-ray focal spot yields inten-
sities of the order of 104 smaller than that emitted by
an x-ray tube. The use of a 200-mCi Fe' Mossbauer
source as a wavelength standard has been evaluated"
by measurement of the wavelength of the 14.4-keV Fe"
y ray with calcite and quartz crystals in the (1, &1)
and (2, &2) orders. The area of the source was ap-
proximately 10 mm X 10 mm, positioned such that its
projected area was approximately 2 DUn X 10 mm. The
adjustment of the spectrometer on the low-intensity
p-ray line was much more difhcult than in the case
of an intense x-ray line. The recorded intensities at
peaks ranged from approximately 0.1 counts sec ' to
approximately 0.6 counts sec ', requiring the utmost
precaution to reduce the background to less than 0.01
counts sec '. Two independent alignments of the spec-
trometer crystals and p-ray source were made. The
results in the (1, &1) and (2, &2) with each crystal
were in excellent agreement, but the results with the
two crystals differed by approximately 20 ppm. Be-
tween the two sets of measurements, which were
several months apart, the spectrometer, crystals, and
source were completely realigned. The results are
listed in Table I. Because of the large difference in
the two sets of measurements, no probable errors are
calculated.

From the experience with these measurements, it
could be seen that the source strength would have to
be increased by at least a factor of ten or one hundred
to make a p-ray standard experimentally feasible.
Imperfections present in most crystals would also
require that the source dimensions be even smaller
than those used. These experimental considerations

"J.A. Bearden, Bull. Am. Phys. Soc. 9, 387 (1964}.

eliminate, at least for the present, the use of a p-ray
wavelength standard.

Crystal Considerations

The index of refraction correction for all crystals
used in the first diffraction order (most used in previous
wavelength measurements) is of the order of 160 ppm.
Very few refraction measurements have been made
which are of sufficient accuracy to be the basis for pre-
cise correction of wavelengths in low orders. Theories"
are available for calculating the index of refraction,
but each leads to a signi6cantly different value.
Anomalous dispersion effects" may introduce errors
of the order of 20 to 30 ppm in the regions of crystal
absorption edges. In establishing a primary standard
or relating secondary standards to it, refraction effects
seriously limit the use of crystals of high atomic
number and also wavelengths greater than one or two
angstroms.

The index of refraction correction is reduced by the
square of the order of diffraction. "W Eo.& can be easily
recorded in the 5th to 7th orders with calcite or silicon
crystals; the refraction correction is thus reduced to
3 to 6 ppm. An error of 10%%u~ in the measured value
of the index then introduces an error in the wavelength
of less than one ppm. The short wavelength of the
W Eaj permits its use in transmission, and by proper
cutting of the crystal with respect to the atomic plane
such that the incident and diffracted beams make
equal angles with the crystal surfaces, the index of
refraction effect is zero.

Asymmetry in the Darwin —Prins" single-crystal
rocking curve affects the measured x-ray wavelength
to a much smaller degree than the index of refraction.
Its effect is wavelength-dependent and can be neg-
lected for low atomic weight crystals used at the
shorter (e.g., W Eni) wavelengths.

A more serious limitation to the accuracy of x-ray
wavelength measurements is due to the large scale

+ H. Kallmann and H. Mark, Ann. Physlk 82, 585 (1927);
J. A. Prins, Z. Physik 4'7, 479 (1928); H. Honl, Z. Physik 84,
1 (1933);J. A. Wheeler and J. A. Bearden, Phys. Rev. 46, 755
(1934).

"Reference 5, p. 138.



REvIEws oP MoDERN PHYsics ' JANUARY 1967

imperfection" of all natural and most synthetic crystals.
Large single crystals approaching geometrical perfec-
tion are exceedingly rare and, even in the best examples,
sharply bounded volumes occur whose planes differ
from the average orientation by as much as a second
of arc. Since all wavelength measurements, except those
made in transmission, require a rotation of the crystal
by (180'&20), failure of the x-ray beam to be dif-
fracted from exactly the same crystal volume in both
positions mayintroduce an appreciable error in the wave-
length measurement. Grinding and etching a crystal
surface parallel to the atomic planes, precise alignment
of the crystal parallel to and on the rotation axis of the
spectrometer, and„'the use of a narrowly defined x-ray
beam minimize this error. The present availability
of good synthetic crystals of silicon alleviates many
of these difhculties.

THE W Kcxy WAVELENGTH STANDARD

A wavelength standard should possess characteristics
which permit its ready redetermination in other
laboratories by diGerent techniques. Considering all
of the factors involved in the selection of a wavelength
standard, the WEO.& line is superior to any other
x-ray or p-ray wavelength. Its advantages as the
x-ray wavelength standard are:

(1) In diffraction measurements with WEni in
transmission, the correction for index of refraction p, is
negligible (0 for equal incident and emergent angles).
The anomalous dispersion correction is negligible (less
than 1 ppm) at this wavelength for either reflection
or transmission in crystals of low atomic number.

(2) The WEni line is highly symmetrical, and
any wavelength dependence on chemica1 effects or
variations in the natural isotopic abundance of tung-
sten is well below present experimental errors.

(3) The measurement of the diffraction angle for the
W Enj. line in transmission is affected by crystal
imperfections and asymmetries in the single-crystal
diGraction patterns considerably less than for lines
of longer wavelengths.

(4) The interferometer method" of measuring angles
is ideally suited to the transmission method; the re-
quirement of a high-precision divided circle is un-
necessary.

(5) The short wavelength of the W Eni can be used
directly to calibrate 7-ray lines if the latter are taken
in high orders. Hence nuclear energy level systems
can be calibrated.

(6) By secondary standards' (already determined)
x-ray wavelengths and parameters of individual crystal
samples can be placed on a precise scale relative to the
% En~ with probable errors of approximately 1 ppm.

The W Kn~ Wavelength

In order to complete the discussion of the WEn~
wavelength standard, use will be made of the result

obtained in a following section on the ratio of the
absolute wavelength of the Cu Enin2 (and to some
extent the Cr and Al Enin2) lines to their xu value or
&=X,/X, =1.002056X10 '. In the section on the in-
adequacy of the calcite xu standard, it was pointed out
that a value of Cu En~=1537.400 xu was consistent
with the calcite definition d~ ——3029.04 xu. Hence the
absolute wavelength of the Cu En~ is

Cu Eni=1.540562 A+5 ppm.

The precision (five crystals) measurement' of the
ratio of the Cu Ea~ wavelength to the WE+~ gave
7.370757&1.2 ppm. Dividing the Cu En~ wavelength
by this factor yields the wavelength in angstroms of the
W Eo.g line or

)W Eo.q =0.2090j.00 A~5 ppm.

This numerical value of the wavelength of the W En~
line is used to define the x-ray wavelength standard by
the relation

X(W Eni) =0.2090100 A*.

This is a new unit of length which may diGer from
the angstrom by &5 ppm (probable error), bgt as u

zva~elemgth, starIdard it has no error. In order to clearly
indicate that this unit is not exactly an angstrom, it
has been designated A*" and has been used for all
wavelength values appearing in this review. When
higher accuracyis attained in the absolute measurement
of the %En& line, a conversion factor slightly diferent
from unity will then be required for the extremely
precise calculations, for example in atomic constants.

SECONDARY STANDARDS

Secondary standards of wavelength are desirable to
provide suitable reference lines for various portions
of the x-ray spectrum. The recent study by Bearden
et al.' was designed to establish a group of such stand-
ards to the highest precision presently attainable.
This investigation consisted of a long series of high
precision measurements using a spectrometer with a
graduated circle calibrated by means of an angular
interferometer. '4 The lines studied were: Cr En2,
Cu Eo.~, Mo Ea~, Ag En~, and WEo.~. Five diferent
crystals (one calcite, two quartz, two silicon) were
used, some in all wavelength measurern. ents, giving a

TABLE II. Secondary stanckrds.

Primary standard 'A W En&=0.2090100 A.*

X Ag Zni (0.559407=5&1.1 or 5.2 ppm) L*

) Mo Eo.1=(0.709300%1.3 or 5.2 ppm) A*

X Cu Ea& = (1.540562+1.3 or 5.2 ppm) X*

X Cr Ram ——(2.293606&1.3 or 5.2 ppm) A.~
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Thsx,z III. New experimental values of emission lines in L units. The probable error is that of the last digit. The o.i of 47 Ag
is a secondary standard.

44 Ru 46 Pd 47 Ag 48 Cd 49 In 50 Sn 51 Sb

n2 ELzz
Ai ELzzx
P3 EMzz
Pi EMxxx
Ps E~zv.v
P2 E+xx,zzz

Pi Lxx~xv
Lxz&zv

ni LzxzMv

P~.is Lzxz&xv. v

4.62058+3

4.84575~3

0.53503+2
4.37414+4

0.510228+4
4.14622+5

4.36767+5
3.90887&4

0.647404~4 0.617630&4 0.589820&4
0.643083~4 0.613278~4 0.585449&4
0.573067~4 0.546200~4 0.521123~4
0.572482~4 0.545605~4 0.520520~4

0.563799&3
0.5594075
0.497685~4
0.497069&4
0.49306~2
0.487032a4
3.93473+3
3.52260~4
4.15443%3
3.70335%3

0.465319~7
3.73823+4

3.95635&4
3.51408~4

3.55530&4
3.16213~4
3.77192&4
3.33838&3

3.59994~3
3.17505~3

3.22567&4
2.85159&3
3.43940a4
3.02335~3

0.539422&3 0.516544&4 0.495052&3 0.474827&3
0.535001~3 0.512112~4 0.490599~3 0.470358&3
0.574728~7 0.455185~4 0.435871~5 0.417737~4
0.574106~7 0.454550~4 0.435231~5 0.417086&3

total of twenty different combinations, each one
yielding a value of X/d. There then resulted twenty
equations for nine unknown quantities (four wave-
lengths and Ave grating constants). This system of
overdetermined linear equations was solved by a least-
squares adjustment on an IBM t094 computer.

The resulting wavelength values are given in Table
II. Two probable errors in ppm are given; the erst is
relative to the W En& as the primary stamdard, and the
second takes into account the probable error of &5
ppm in the conversion factor A and hence is the prob-
able error of the wavelength in absolute angstroms.
These probable errors are borne out by the internal
consistency of the data in a p' test.

Additional Reference Standards

It was pointed out in the Introduction that most
x-ray wavelengths have been measured relative to a
few conveniently located lines whose values had been
determined directly. About sixty of these lines have
been remeasured in order to be able to reevaluate the
published values on a consistent wavelength scale.
These new values are the basis on which many wave-
lengths have been recomputed and hence are listed for
convenience in Table III.

The instrumentation and method of measurement
were basically the same as in the determination of
reference wavelengths. Naturally less time and effort
were devoted to each individual wavelength. In most
cases only one crystal was used for each line and only
one or two "runs" were taken. Each run consisted of
about six curves taken alternately in the (m+e) and
(m —I) positions of the double-crystal spectrometer.

The E-series measurements were carried out with
the same calcite crystal used in the previous study'; its
grating constant was known to about 1 ppm from the
least-squares computation. In the L-series work a
helium atmosphere was used to minimize absorption;
physical limitations of the apparatus then dictated the
use of two smaller calcite crystals. These were cali-

brated against reference wavelengths and grating con-
stants of standard crystals determined in the least-
squares evaluation. The resulting grating constants
for the small calcite crystals involved probable errors
of about 5 ppm.

Probablc errors of the measurements in the E series
were determined by the statistical Quctuation of the
data and by the average systematic error associated
with a single series of runs; the latter was estimated as
about 4 ppm. In most cases the resulting wavelength
errors ranged from 6 to 8 ppm. Errors in the I.-series
determinations were slightly greater, due to higher
statistical Quctuations and less accurately known
grating constants. For the most part probable errors
ranged from 8 to 10 ppm.

In many instances, these values were considered
suKciently superior to all previous measurements to
be adopted without change. However, there were also
numerous instances in which these results were aver-
aged with other high-precision data to obtain a "rec-
ommended" value.

X-RAY WAVELENGTH CONVERSIO5 FACTOR
~(~,/z, )

Two methods have been used for determining the
x-ray wavelength conversion factor: (a) the absolute
wavelengths of x-ray lines have been measured with a
ruled grating and divided by their known value in
x units; and (b) it has also been determined by com-
puting the absolute grating constant of crystals from
their density, molecular weight, and Avogadro's
number.

Two ruled-grating measurements have been made
with an accuracy sufhcient to be used in a precision
evaluation of the conversion factor: the early meas-
urements'4 on the n and P lines of Cu and Cr, and the
remeasurement of the Al E'n plates of Tyren by Edlen
and Svensson. "The value of the Al Eo. line in xu was

'4 J.A. Bearden, Phys. Rev. 37', 1210 (1931).
» 8. Edlen and I. A. Svensson, Arkiv Fysik 28, 427 (1965).
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taken from the work of Nordfors, '6 who used the L
lines of Ag as references. The Ag L series was, in turn
measured by Haglund" with respect to the CuE0.1.
The resulting values of A are shown in Table III.

Unless there is a serious error (greater than 50 ppm)
in Avogadro's number as listed in a recent analysis of
atomic constants, " the measurement of crystal proper-
ties aGords the most accurate method of evaluat-
ing the conversion factor. There is some question as
to the constancy of isotopic abundances in nature"
which needs further study. Precision density and
x-ray measurements" have been made on eighteen
high-purity silicon crystals obtained from various
sources. The results were highly consistent, and a
careful analysis of the errors in atomic weight, isotopic
abundance, density, and Avogadro's number gave a
6nal probable error of less than 5 ppm. In another
experiment" nine selected calcite crystals were used
and corrections made for the known chemical im-
purities in each crystal. The results were in excellent
agreement with the silicon values, giving some indica-
tion that the isotopic abundance question may not be
serious. Smakula et al.42 have measured the density
of seven crystals, Al, CaF2, CsI, Ge, TlCl, TlBr, and
Si. Powdered samples of these were then used to
measure the di8raction angles for Cu Ee&x rays and
hence to determine h.. Several older and less accurate
measurements4' have been made with Mo Ea1 radia-
tion and are included with the other values in Table IV.

The high-frequency limit of the continuous x-ray
spectrum Ve=hv may be rewritten

on Cu Erri 1——537.400 xu) is

A. = (1.002056&0.000005) A-kxu '.

RECOMPUTATION OF X-RAY WAVELENGTHS

Literature Data

In addition to the comparatively few measurements
described above, a vast amount of other x-ray wave-
length data covering a period of over forty years has
been reconsidered. Most of the measurements have
employed one of Ave experimental methods" —the
single-crystal spectrometer, the tube spectrometer, the
double-crystal spectrometer, the curved-crystal spec-
trometer, and the ruled grating (primarily in the soft
x-ray region) . In general, the double-crystal and tube-
spectrometer results are considered more accurate,
along with a few of the curved-crystal measurements.

If one measurement seemed clearly superior to all
others by a signi6cant margin, it was adopted without
change. %hen two or more values of comparable
accuracy were available, an average was taken. Such
an average can be computed on a rigorous basis in
comparatively few cases. This really requires a thorough

Experiment p e (ppm)

TABLE IV. Values of A. based on Cu En1=1.537400 kxu. The
mean value was calculated with statistical weighting and the
p.e. 4 is by internal consistency.

A= (l'z/e) c'/VX, A-kxu ',

where A is the conversion factor, k/e the ratio of
Planck's constant to the electronic charge, c the
velocity of light, V the x-ray tube voltage, and X, the
wavelength of the limit in xu. VX, has been measured44

using a mercury gas target x-ray tube in order to
avoid solid state fine structure at the high-frequency
limit. The resulting value of A. is lower than any of the
others in Table IV but there is no reason for rejecting
this value or increasing its probable error.

The final recoinmended value from Table IV (based

Crystal constants

Henins' (Si)
Beardenb (CaCOI)
Smakula' (Al, Si, Ge, CaF2, CSI,

T1Cl, and TIBr)

Various' Mo En~)

(CaCOS, Qz, C)

Ruled grating

Bearden~ —plain
Edlen'-Tyren —concave

1.002057
1.002055
1.00207

1.00205

1.00203
1.002060

5

15

20

30
20

'6 B.Nordfors, Arkiv I'ysik 10, 279 (1956).
'7 Ph. Haglund, Z. Physik 94, 369 (1935).
's E. R. Cohen and J. W. M. DuMond, Rev. Mod. Phys. 37,

590 (1965).
'QR. J. Allenby, Geochim. Cosmochim. Acta 5, 40 (1954);

K. Rankama, Isotope Geology (McGraw-Hill Book Co., Inc.,
New York, 1954), p. 272.

4 I. Henins and J. A. Bearden, Phys. Rev. 135, 890 (1964);
and I. Henins, J. Res. Natl. Bur. Std. (U.S.) 68, 529 (1964)."J.A. Bearden, Phys. Rev. 137, 181 (1965).

~A. Smakula and J. Kalnajs, Nuovo Cimento Suppl. 6, 214
(1957). Phys. Rev. 99, 1737 (1955); A. Smakula and V. Sils,
Phys. Rev. 99, 1744 (1955);A. Smakula, J. Kalnajs, and V. Sils,
Phys. Rev. 99, 1747 (1955).

4' See Ref. 40, p. 897.
44J. J. Spijkerman and J. A. Bearden, Phys. Rev. 134, SVi

(1964).

"hie exptl. "
Spijkerman&

Mean
1.00201
1.002056

26
4

4' See Ref. 5, pp. 94 to 129.

No&e: Atomic constants needed in calculation of the above values of h. are
taken from E.R. Cohen and J.W.M. DuMond, Rev. Mod. Phys. 37, S37 (196S).

I. Henins and J. A. Bearden, Phys. Rev. 135, 890 {1964).
b J. A. Bearden, Phys. Rev. 137, 181 (1965).
0 A. Smakula and J. Kalnajs, Nuovo Cimento Suppl. 6, 214 (19S7); Phys.

Rev. 99, 1737 (19SS); A. Smakula and V. Sils, Phys. Rev. 99, 1744 (19SS); A.
Smakula, J. Kalnajs, and V. Sils, Phys. Rev. 99, 1747 (19SS); see also Ref. a.

J. A. Bearden, Phys. Rev. 37, 1210 (1931).
o B.Edlen and I .A. Svensson, Arkiv Fysik 28, 427 (1965).
f J.J.Spijkerman and J.A. Bearden, Phys. Rev. 134, A871 (1964).
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discussion of both systematic and statistical errors
(the latter preferably supported by detailed data on
individual runs) by each of the workers involved. In
addition, it is desirable to have several measurements,
say four or more, so that the external consistency of the
data is subject to a meaningful check; it is particularly
helpful if the workers involved have all measured a
whole series of lines rather than an isolated one. In
such instances, one can form a weighted average with
reasonable con6dence. In the case of spin doublets, a
check of the consistency of the doublet wavelength
separation was helpful in estimating the accuracy of
the measurements.

However, for the majority of measurements, the
available information is less than complete. There are
often just two precision measurements, both with
inadequate error discussion or with error estimates
which are clearly overly optimistic. In such cases one
has to combine intelligent guesswork and indirect
evidence. The latter may include error estimates
obtained from comparison with other lines measured

by a given worker in the same report, or simply from
those errors normally encountered with the same
general design of instrument.

Two other types of indirect evidence have been used
in many instances. One is energy-level data, which

give a measure of the same energy difference by an
indirect series of transitions between the two levels
involved. This procedure rests on a rigorous basis,
although the indirect values are often less precise than
the direct ones. The second method is based on the
familiar Moseley diagram. Reasonably adequate data
are usually available to use this approach profitably.

In a few instances directly measured values have
been rejected entirely, and interpolated values, based
on the same line for neighboring elements, have been
adopted. Interpolated values are also given for some
cases where no direct measurements have been reported.

Conventions

%avelengths tabulated normally refer to the pure
element in its solid form. However, there are many
instances in which such data are not available. For
example, rare gases are of necessity almost always
used in the gaseous form, while the rare-earth elements
were customarily used in the form of salts. In many
instances the data are sufficiently crude or the partic-
ular lines are so insensitive to chemical eGects that the
distinction becomes of no practical importance.

In high precision work there is some ambiguity as to
exactly what feature of a line pro61e should be taken
to be the "true wavelength. " In double-crystal work
the line peak is usually employed. In crystallography
the centroid is widely used; in photographic work with
visual observation of the plates, there is involved
some subjective criterion of the observer which it is
4'&cult to de6ne precisely. In this survey the peak of

the line profile has been adopted as the standard
criterion. This is one reason for giving preference to
double-crystal values in most cases. Of course for the
majority of lines the data are not suKciently precise
and well-de6ned to make the distinction between the
various criteria at all meaningful.

The above criterion has been followed as consistently
as possible even in the case of rather broad emission
bands. In cases where the peak value could not be
established with any degree of certainty, a value
near the center of the band has been chosen and as-
signed a rather large probable error. In such cases the
peak is usually not the best-defined feature of the band.
The short-wavelength limit is often much sharper
and more reproducible. In such cases the original
experimental paper should be consulted to obtain a
better-detailed picture of the band structure.

Errors

Previously published x-ray wavelength tables have
usually not included any error estimates, except as
these were implied by the number of signi6cant 6gures
stated. However, in order to give the maximum in-
formation on any experimentally determined quantity,
it should be accompanied by a statement of estimated
error. Hence it has been decided to list a probable
error with each emission line in the accompanying
tables.

The error criterion used is that of probable error. This
term must emphatically not be misinterpreted as a
limit of error. It is merely a rather crude estimate such
that, in the judgment of the author, roughly half the
true wavelength values lie within the assigned errors.
In most cases there is no implication of a Gaussian
error distribution. In particular, the probability of
large deviations may be substantially greater than
implied by Gaussian distributions; for example, it is
likely that the chance of a discrepancy exceeding five
probable errors is substantially greater than one in a
thousand. As mentioned in the preceding section, there
are a few instances in which experimental errors are
fully discussed in the papers involved and in which
there are a suKcient number of measurements by
diferent workers to obtain a good check by external
consistency. In such cases a probable error can be
assigned on a reasonably rigorous basis. The greater
majority of cases fall short of this ideal. However, it
was considered more desirable to estimate probable
errors and risk some serious mistakes in judgment than
to omit this important information entirely.

WAVELENGTH TABLES V Ago VI

In Table V all the emission lines of an element are
listed under the element heading. The line and level
designation are shown in the first column. The wave-
lengths in the second column are in A* units (i.e.,
relative to the primary x-ray wavelength standard
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TAsLE V. X-ray wavelengths in A. units and in keV. The probable error (p.e.) is the error in the last digit of wavelength. Desig-
nation indicates both conventional Siegbahn notation (if applicable) and transition, e.g. , pi LIIMIV denotes a transition between the
Lzz and Mzv levels, which is the Lp~ line in Siegbahn notation.

Desig-
nation p.e. keU p.e. keV

Desig-
nation p.e. keV p.e.

3 Lithium 4 Beryllium 19 Potassium (Cont. ) 20 Calcium (Cont ).
228. 1 0.0543 114.

5 Boron

3 0.1833 44. 7

0 TOg5 g LxxMz 47.2

ps

l LzrrMx 47-74
1, 2 LIIIMIV,V

3 0.277 MII,IIIEI 692

0.2625

0.25971

0.0179

40.46
35.94
40.96
36.33

525.

0.3064
0.3449
0.3027
0.3413
0.0236

7 Nitrogen 8 Oxygen 21 Scandium 22 Titanium

31.6

ay, 2 ELII,III ig. 32
pEM

4 0.3924 23.62

9 Fluorine 10 Neon

2 0.6768 14.610
14.452

12 Magnesium11 Sodium

3 0.5249 0.2 ELII 3.0342
a|ELyxz 3.0309t
Pi,3 EMxr, zzr 2.7796
p5 EMzv, v 2.7634

3
pi LIIMzv 31.0
l LxzIMI 35.59
0'&,2 LIIIMIV,V31 ~ 35

4.0861
4.0906
4.4605
4.4865
0.3529
0.3996
0.3483
0.3954

2.75216
2.74851
2.51391
2.4985

30.89
27.05
31.36
27.42

4.50486
4.51084
4.93181
4.9623
0.4013
0.4584
0.3953
0.4522

ay, 2 ELxz,zzz 11-9101
p EM 11.575
LII,IIIM 407-1
LzLII,III 376

9 1.0410 9.8900
2 1.0711 9.521
5 0.03045 251.5
1 0.0330 317

2 1.25360
2 1.3022
5 0.0493
1 0.0392

13 Aluminum 14 Silicon

ng ELzz
ay ELzzz
pEM
LII,III
LxLxz.nz

8.34173
8.33934
7.960

171.4
290.

9 1.73938
9 1.73998
1 1.8359
4 0.0915

9 1.48627 7.12791
9 1.48670 7.12542
2 1.5574 6.753
5 0.0724 135.5
1 0.0428

23 Vanadium

4.94464
4.95220
5.42729
5.4629
0.585
0.4535
0.5192
0.4465
0.5113
0.037

O.g ELII 2.50738
ng ELrzz 2.50356
pi, e EMzr, zrz 2-28440
ps EMrv.v 2.26951
Ps, 4 LIMII, III 21.19

LIIMI
Pi LIIMIV 23- 88
$ LIIIMI 27.77
ng, 2 LIIIMzv, v24. 25

MII,IIIMzv,v 337.

2.293606
2.28970
2.08487
2.07087

18.96
24.30
21.27
24. 78
21.64

309.

5.40551
5.41472
5.94671
5.9869
0.654
0.5102
0.5828
0.5003
0.5728
0.040

24 Chromium

15 Phosphorus 16 Sulfur 25 Manganese 25 Iron

6.160t
6.157~
5.796

a2 ELII
exp ELzzz
pEM
pg EM
p, EM
LII.IIIM 103 8
l~ g LII,IIIMI

1 2.0127
1 2.0137
2 2.1390

4 0.1194

17 Chlorine

4.7307
4.7278
4.4034

ELzz
ag ELzzz
pEM
p1,8 EMII,III
q LIIMI 67.33

67.90

1 2.62078
1 2.62239
3 2.8156

9 0.1841
9 0.1826

19 Potassium

2 3.3111
2 3.3138
2 3.5896
4 3.6027

~' ELzz 3.7445
ng ELzzz 3.7414
py, 3 EMII, III 3.4539
ps EMrv.v 3.4413

5.88765
5.89875
6.49045
6.5352
0.721
0.5675
0.6488
0.5563
0.6374
0.045

27 Cobalt

3.8860 2
55.9t 1
56.3t 1

3.1905 0.2 ELzz 1 792850
0.2217 a& ELIII 1 788965
0.2201 Pi, 3 EMII,III 1.62079

P5 EMzvv 1.60891

p3, 4 LzMzr, oz 14.31
g LIIMI 17.87

3.68809 pi LzzMzv 15.666
3.69168 / LIIIMI 18.292
4.0127 ag, 2 LIIIMrv, v T5.972
4 0325 Mrr. IIIMxv.v 214.

20 Calcium

3.36166 3
3.35839 3
3.0897 2
3.0746 3

6.91530
6.93032
7.64943
7.7059
0.870
0.694
0.7914
0.6778
0.7762
0.058

5.37496 8 2.30664 0.2 ELII 2.10578 2
5.37216 7 2.30784 O.i ELIII 2.101820 9

Pi,3 EMzz, zxx 1.91021 2
5.0316 2 2.4640 p, EMzvv 1 8971
5.0233 3 2.4681 P3 4 LIMII, III 17.19 2

g LIIMI 21.85 2
o 1487 p, L„M 19.11 2

l LIII3III 22 29
18 Argon ng, 2 LzrzMrv, v 19.45 1

Mzz. rrzMrv, v 273. 6
4.19474 5 2.95563
4.19180 5 2.95770

1.939980 9
1.936042 9
1.75661 2
1.7442 1

15.65 2
19.75 4
17.26 1
20.15 1
17.59 2

243. 5

28 Nickel

1.661747 8
1.657910 8
1.500135 8
1.48862 4

13.18 1
16.27 3
14.271 6
16.693 9
14.561 3

190. 2

6.39084
6.40384
7.05798
7.1081
0.792
0.628
0.7185
0.6152
0.7050
0.051

7.46089
7.47815
8.26466
8.3286
0.941
0.762
0.8688
0.7427
0.8515
0.0651
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TABLE V (Coltemtted)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

29 Copyex 30 Zinc 35 Bromine (Colt ). 36 Krypton (Colt ).
a2 ELzz
Al ELI»
p3 E3fzr
P&,3 EMII, III
P2 ENzr, »r
P5 EMIV,V

1.544390
1.540562
1.3926
1.392218

1.38109
p3,4 LzMzz, zzz 12.122
e LzrMx 14 90
p, Lzz3fzv 13.053
l L»IMI 15.286
ai, q LIIIMzv, v 13.336
Mrr, mM v.v 173

8.02783
8.04778
8.9029
8.90529

8.9770
1.0228
0.832
0.9498
0.8111
0.9297
0.072

31 Gallium

a2 ELII
ck'g ELIII
p3 E3fzr
Pl EMIII
P2 ENII, III
P5 EMzv, v
p4 LI3fzz
Ps LxMIII

1.34399
1.340083
1.20835
1.20789
1.19600
1.1981

9.22482
9.25174

10.2603
10.2642
10.3663
10.348

P3,4 LIMII, III 10
n L»MI 12.597

8
2
2
2-
1

1.197
0.9842
1.1248
0.9572
1.09792

33 Arsenic

A2 ELzz
ny ELzzz
p3 E3fzz
Ps EMrzz
P2 ENII, III
p5 E3fzv,v
P3,4 LIMII, III
g LxzMI

Pi LIIMIV
l LIII3fz

1.17987
1.17588
1.05783
1.05730
1.04500
1.0488
8.929

10.734
9.4141

11.072
i, 2 LIIIMIV,V

MVNIII

9.6709

10.50799
10.54372
11.7203
11.7262
11.8642
11.822
1.3884
1.1550
1.3170
1.1198
1.2820

35 Bromine

~2 ELII
~i ELzrx
Ps EMII
Py KMIII
P2 ENII, »r
Ps EMzv, v
P4 ENIV,V

P4 LIMxz

P3 LIMIII

1.04382
1.03974
0.93327
0.93279
0.92046
0.9255

11.8776
11.9242
13.2845
13.2914
13.4695
13.396

Pg Lxz3fzv 11.023
l LIIIMI 12.953
ay, g LzrzMzv, v 11~ 292

1.596
1.3396
1.52590

1.439000
1.435155

7.576t
7.279

1.6366
1.7031.29525

1.28372
1.2848

11.200
13.68
11.983
14.02
12.254

157.

1.2935
1.48043 7.817t

7.510
7.250

1.5860
1.6510
1.710

0.0672
0.0753
0.1133
0.1613
0.1089
0.1554
0.06488
0.0654
0.06437

32 Germanium

1.258011
1.254054
1.12936
1.12894
1.11686
1.1195
9.640
9.581

38 Strontium31 Rubidium

0.87943
0.87526
0.78345
0. /8292
0.77081
0.7764
0.76989
6.4026
6.3672
5.6445
7.5171
6.6239
6.2961
7.8362
6.8697
6.8628
6.519i

13.3358
13.3953
14.9517
14.9613
15.1854
15.085
15.20S
1.81771
1.82659
2.0507
1.54177
1.75217
1.83532
1.48238
1.69256
1.69413
1.77517
0.0859
0.1355
0.21/4
0.1282
0.2083
0.0970
0.0978

14.0979
14.1650
15.8249
15.8357
16.0846
15.969
16.104
1.93643
1.94719
2.1965
1.64933
1.87172
1.96916
1.S8215
1.80474
1.80656
1.90181

11.609
10.175
11.965
10.4361

34 Selenium

1.10882
1.10477
0.9926g
0.99218
0.97992
0.9843
8.321t
9.962
8.7358

10.294
8.9900

230.

0.1447
0.2416
0.1357
0.2313

85.7
51.3
91.4
53.6

0.1148
0.1140

108.0
0.0964 108.7

36 Kryyton

12.598
12.649
14.104
14.112
14.315
14.238
14.328
1.697
1.707

0.9841
0.9801
0.8790
0.8785
0.8661
0.8708
0.8653
7.304
7.264

39 Yttrium 40 Zirconium

0.83305
0.82884
0.74126
0.74072
0. /2864
0.7345

a2 ELzz
ag ELzzz
ps EMII
Pj EMIII
P2 ENII, III
P& EMIv,v

14.8829
14.9584
16.7258
16.7378
17.0154
16.879

0.79015
0.78593
0.70228
0.70173
0.68993
0.6959

15.6909
15.7751
17.654
17.6678
17.970
1/. 815

g. 61578 P3,4 LzMII, III
g 63gg6 g L»3fz 9.255

Py Lzz3fzv 8.1251

9.5720 »
9 65gp l LIII3fz 9.585

9 6501 ny, 2LIII3fzv.v 8 3746
1.1070 P6

P.906 LIIN»x

1 0347 MIMII 184.6
p. g84 MIM»z 164 7

1 0117 MIIMIv 109.4
P P79 MxzNx 76.9

MxzzMIv, v 113.8
79.8

$2 M~NII 191.1
9 85532 MzvNIII 189.5
9.88642 0i MVNIII 192.6

10.9780
10.9821
11.1008
11 p745 ag ELxx 0.92969
1.2861 i ELx» 0.925553
1 2941 P3 E3fxz 0.82921

Pg E3f»z 0.82868

1.0680 PI END, »z 0.81645
1.218S P& EMzv, v 0.8219

P362 P4 ENzv, v 0.8154
1 iggPP P4 LI3fzx 6.8207

pe LIM»z 6.7876
p2, 3 LINII, III 6.0458
g L»MI 8.0415

11.1814 Py LIIMzv 7.0759
11.2224» LzzNzv 6.7553
12.4896 l L»zMI 8.3636
12.4959 a2 Lx»Mrv 7.3251
12.6522 ~i L»IMv 7 3183
2- 595 P6 LIIINI 6.9842
1.490 MI3frzz 144 4
1.2446 MzzMIV 91.5
1.41923 MIINI 57.0
1 2044 Moxllfrv. v 96.7
1.37910MIQNI 59.5
0.0538 f2 MxvNII 127.8

MzvNIII

02 MIVNII, III
t j MvNIII 128.7
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TABLE V (Coltetttted)

DCSlg-

nation p.e. keV p.e. keV
DCSlg-

nation p.e. keV p.e. keV

39 Yttrium (Cont. ) 40 Zirconium (Colt. ) 43 Technetium 44 Ruthenium

0.72776
6.0186
5.9832
5.2830
7.0406
6.2120
5.8754

P4 ENzv. v
p4 LIMII
Ps LxMaz

V2, s LINII, III
g L»MI
Pi LIIMIV
Vs LIINI
vi L»NIV
~ L»IMx
~2 LxzrMxv

ni LIIIMV

P6 LarNI
P2sls

MxrMzv

MzzNI

MzzzMv

3/I»INI

MIIIMIV, V

7.3563
6.4558
6.4488
6.0942

81.5
46.48

48.5
86.5
93.4l MIv,vNII, III

&xv,vorr, ar

17.036
2.0600
2.0722
2.3468
1.76095
1.99584
2.1102

1.68536
1.92047
1.92256
2.0344

0.1522
0.267

0.256
0.1434
0.1328

41 Niobium

a2 KLzz
ni ELaz
Ps KM»
Pi EMIII
p II

P2 ENII, III
P4 ENrv, v
Psa EMIv
p,r EMv
P4 ENrv, v

0.75044
0.74620
0.66634
0.66576

0.65416
0.65318

16.5210
16.6151
18.6063
18.6225

18.953
18.981

2.3194
2.3348
2.6638
1.99620
2.2574
2.4066
2.4618
1.90225
2.1630
2.16589
2.3125
2.3670
0.1718
0.323
0.375
0.1582
0.305
0.356
0 ~ 1717
0.2002

M»M»
MzzNI

M»Nzv
M»IMV
MzrzNI

7 MazNxv, v
0 Mrv, VNa, xa
Mzv.vorr, lrz

p4 LIMII 5 3455
Ps LzMxa 5-3102
y2, s LINzr, zzz 4 6542

g L»MI 6.2109
pi L»Mzv 5 4923
ys L»NI
yi LaNIv 5.0361
/ L»IMI 6.5176
~2 LzzrMrv

ni LalMV 5.7243

P6 Lx»Nr 5.3613
P2, is LaxNzv. v 5 2379

72. 1
38.4
33.1
78.4
40.7
34.9
72. 19
61.9

17 994 n2 ELzz
ai ELzzz

2.2010 Ps EM».'
2 5p29 PiEMI»
1.87654 P2 EN». ax

2 1244 p,rr KM»
ps EMv

2.3027 P4

1 79201 P4 LxzMIV

2 0399 Ps LIMxxr

2.04236 72,s LINzr, llx

2.1712 g LIIMI

2.2194 pi LzzM»

0.1617 Ys LxzNz

vi LzxNrv

p. 1533 ~ Lz»Mr
~2 LarMxv
ai LzzzMV

0 1511 ps LazNx

p. 177 P2.is LIIINzv, v
M»MIV

zzNz

»Nzv

17 3743 M»IMV

17.47934 7 MIIINrv. v
19.59p3 0 Mrv, vNzz, ar
19.6083 Mzv, v'0». III
19.963
19.9652

5
3
3
3
3
3
3
3
3
3
2
3
3
2

3

2

6

9
9
5
2

0.68901
5.6681
5.6330
4.9536
6.6069
5.8360
5.4977
5.3843
6.9185
6.0778
6.0705
5.7101
5.5863

76.7

80.9

82. 1

70.0

42 Molybdenum

0.713590
0.709300
0.632872
0.632288
0.62107
0.62099

0.67932t 3 18.2508
0.67502t 3 18.3671
0.60188t 4 20.599
0.60130t 4 20.619
0.59024t 5 21.005

4.8873t 8 2.5368

5.1148t 3 2.4240

45 Rhodium

0.62708
0.62692
0.62001
5.0488
5.0133
4.3800
5.8475
5.17708
4.8369
4.7258
6.1508
5.41437
5.40655
5.0488
4.9232

68.9
35.3

74.9
37.5

64.38
54.8

0.617630
0.613279
0.546200
0.545605
0.53513
0.53503
0.54118
0.54101
0.53401

4.2888
4.2522
3.6855
4.9217
4.37414
4.0451
3.9437
5.2169
4.60545
4.59743
4.2417
4.1310

4 20.0737
4 20.2161
4 22.6989
4 22.7236
5 23.168
2 23.1728
9 22.909
9 22.917
9 23.217

2 2.8908
2 2.9157
2 3.3640
2 2.5191
4 2.83441
2 3.0650
2 3.1438
3 2.3765
9 2.69205
9 2.69674
2 2.9229
2 3.0013

19.771
19.776 ai EL»z
19.996 ps EMII
2.4557 pi EM»z
2 4730 p,zrEN
2.8306 P2 ENzz, zlx

2.1202 psrr KMIV
2 39481 p,r EMv
2.5632 P4KNxv, v
2.6235 Ps EMrv, v
2.01568 p4 LIM»
2.28985 Ps LxM»x
2.29316y2, s LxNxr, az
2.4557 g LxxMx

2.5183 Pi L»Mzv
0.1798 ys LIINz
0.351 pi LIINIv

~ Lx»Mx
0.1656 ~2 LarMzv
0.331 ~i LIIIMv

P6 L»INx
0.1926 p2, is LIIINIV.V
0.2262 Pio LIMzv

0.647408
0.643083
0.573067
0.572482
0.56166
0.5680
0.56785
0.56089
4.5230
4.4866
3.8977
5.2050
4.62058
4.2873
4.1822
5.5035
4.85381
4.84575
4.4866
4.3718

62.2

32.3
25.50
68.3
26.9
52.34
44.8

1
7

19.1504
19.2792
21.6346
21.6568
22.074
21.829
21.834
22. 104
2.7411
2.7634
3.1809
2.38197
2.68323
2.8918
2.9645
2.2528
2.55431
2.55855
2.7634
2.8360
0.1992
0.384
0 ~ 486
0.1814
0.462
0.2369
0.2768

0.589821
0.585448
0.521123
0.520520

21.0201
21.1771
23.7911
23.8187

0.510228 24.2991

0.5093
0.51670
4.0711
4.0346
3.4892
4.6605
4.14622
3.8222
3.7246
4.9525
4.37588
4.36767
4.0162
3.90887
3.7988

24.346
23.995
3.0454
3.0730
3.5533
2.6603
2.99022
3.2437
3.3287
2.5034
2.83329
2.83861
3.0870
3.17179
3.2637

46 Palladium
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TAuLE V (Continued)

Desig-
nation p.e. p.e.

Desig-
nation p,e. keV p.e.

pg LIMV

Mz&rr, zzz

MzzMIV

MIXE
Mz Szv
MxzzMv

MIXI+I
V MIII+Iv, v

59.3
28. 1

65.5
29.8
25.01

f Mrv, v&xr, xzz47 67
Mxv, V0rr, zrr

Q. 2090
0.442

0.1892
0.417
0.496
0.26Q1

0.303

47 Silver

0.563798 4
0.5594075 6
0.497685 4

~2 ELII
i ELIII
p3 EMzz
pi EMIII
p2 E&zz,zzr

ps KMrv.v
p«&zv, v
p4 LzMII
ps LIMDI
V2 LI+II
Y3 LI+xzz

g LIXMI

Pi LIIMrv
vs Lxz&r

vi Lxzx&xv

l LxzzMX

~2 LIIIMIV
o'I LIIIMV
p6 LIXED"I

21.9903
22. 16292
24.9115
24.9424
25.4564
25.145
25.512
3.20346
3.23446
3.7432
3.7498
2.8061
3.15094
3.42832
3.51959
2.6337
2.97821
2.98431
3.25603
3.34781
3.43287
3.43917
0.658
0.2295

0.497069
0.487032
0.49306
0.48598
3.87023
3.83313
3.31216
3.30635
4.4183
3.93473
3.61638
3.52260
4.7076
4.16294
4.15443
3.80774
3.70335
3.61158
3.60497

18.8
54.0

P2, is L~zSzv,v
pio LIMxv
pg LzMV'

Mr+XI, III
MIIMxv
Mrr&z
Mxr&zv

MIIIMV
MID1VX

V MIII+Iv,v
Mrvozx, zzz

0 Mzv, v&xr, xz

Mvgx
MVOXII

MXV,V0D,GI

0.600
0.2048
0.478
0.568

20.66
60.5
26.0
21.82

0.3117
0.509

z39.77
24.4

0.37033.5

49 Indium

ce2 ELII
ni ELxzz
Pe EMIX

0.516544
0.512113
0.455181

24.0020
24.2097
27.2377

45 Rhodium (Cont. ) 46 Palladium (Cont ). 49 Indium (Cont ).
0.4S4545
o.445oo
o.44374
0.45098
O. 45086
0.44393
3.50697
3.46984
2.9800
2.9264
3.98327
3.55531
3.24907
3.16213
4.26873
3.78073
3.77192
3.43606
3.33838
3.324
3.27404
3.26763

3.7920
20. 1
56.5
26.2
22. 1
62.9
27.9
23.3t
43.6
37.4

27.2759
27.8608
27.940
27.491
27.499
27.928
3.5353
3.5731
4.1605
4.2367
3.11254
3.48721
3.8159
3.92081
2.90440
3.27929
3.28694
3.60823
3.71381
3.730
3.7868
3.7942

48 Cadmium

0.539422
0.535010
0.475730
0.475105
0.465328

3.68203
3.64495
3.1377

4.19315
3.73823
3.42551
3.33564
4.48014
3.96496
3.95635
3.61467
3.51408
3.4367
3.43015

51 Antimony

0.474827
0.470354
0.417737
0.417085
0.407973
0.40666
0.41388
0.41378
0.40702
3.19014
3.15258
2.6953
2.6398
3.60765
3.22567
2.93187
2.85159
3.88826
3.44840

26.1108
26.3591
29.6792
29.7256
30.3895
30.4875
29.9560
29.9632
30.4604
3.8864
3.9327
4.5999
4.6967
3.43661
3.84357
4.2287
4.34779
3.18860
3.59532

52.0
22.9
19.40
58.7
24.5
20.47
30.4
36.8

50 Tin

0.495053
0.490599
0.435877

3.2696 Pi EMIII
0.616 P~ E&xx.xxz

0.2194 EoII,III
P,rx EMIV

0.56O psr EMv
0.1970 p4 KExv,v
0.445 P4 LIMrr
0.531 P3 LIMIIX
0.2844 y2, e Lz&xx, xzx

Q. 332 p4 LIOII,XII

q LIXMI

Pi LxrMIv

vs LIP'I
22.9841 vi Lxz&xv
23.1736 l LxzzMx

26.0612 ~2 LIIIMzv
26.0955 o.i LxrzMv
26.6438 Ps Lrrz&r

p2, is LIXED Iv.v
Pz LIII0X

3.36719Pio LxMzv
3.40145 p, LzMv
3.9513 MIIMzv

MIXE
2.9567S Mrz&rv
3.31657 MIIIMv
3.61935Mzxx&x
3.71686 y Mxzz&xv, v
2.76735 MzvoII, III
3.12691 f Mzv, v+II, III
3.13373MV0zzr
3.42994
3.52812
3.6075
3.61445 ~2 ELII

i ELIII
0.2384 Ps EMzx
0.54O Pi EMzxz
0.639 p~ E&zz, rzz

0.2111 EOIX,XII

Q. SO7 Pszz KMrv
0.606 Psz EMv
0.408 P4E&~.v
0.3371 P4 LIMXI

ps LXMzzz

0.403 y2, 3 Lx&xx, zzx

P4 LI0II,III
LzzM

pi LIIMXV

. vs Lxx&r
25.0440 yi Lrr&rv
25.2713 l LxzzMI
28.4440 ~2 LIXIMIV

28.4860
29.1093
29.195
28.710
28.716
29. 175
3.7083
3.7500
4.3768
4.4638
3.27234
3.66280
4.0192
4.13112
3.04499
3.43542
3.44398
3.'?926

3.90486
3.9279
3.9716
3.9800
0.2621
0.619
0.733
0.2287
0 ' 575
0.691
0.491
0.397
0.483

Q. 435236
0.42S915
0.42467
0.43184
0.43175
0.42495
3.34335
3.30585
2.8327
2.7775
3.78876
3.38487
3.08475
3.00115
4.07165
3.60891
3.59994
3.26901
3.175O5

3.1564
3.12170
3.11513

47.3
20.0
16.93
54.2
21.5
17.94
25.3
31.24
25. 7

52 Tellurium

0.455784
0.451295
0.400659
0.399995
0.391102
0.38974

27.2017
27.4723
30.9443
30.9957
31.7004
31.8114

3.04661
3.00893
2.5674
2.5113
3.43832
3.07677
2.79007
2.71241
3.71696
3.29846

4.0695
4.1204
4.8290
4.9369
3.60586
4.02958
4.4437
4.5709
3.33555
3.7588

50 Tin (co~t.)
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TABLE V (Continued)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

51 Antimony (Cont ). 52 Tellurium (Cont. ) 55 Cesium (Cont. ) 56 Tellurium (Cont ).

Pi LnrOI
Plo LzMIV

pg LIM
MIIMxv
MzzNI

MIINIV
MzzxMv

MznNx

7 MxrxNzv, v
MIVOII, III

3.0052
2.97917
2.97261

45.2
18.8
15.98
52.2
20.2
16.92

0 Mxv, vNzr, rzz28. 88
Mvonz

3.60472
3.9800
4.10078
4.1255
4.1616
4.1708
0.2743
0.658
0.776
0.2375
0.612
0.733

0.429

53 Iodine

n2 ELII
al ELzzz
P3 EMII
Py EMIII
~2 ENn, m
P4 LxMxr

P3 LxMnx

2,3 LINxx, n
v4 LIOII, III
v LnMz

Pi LzrMxv

v5 LnNz

V& LIINIV
~ LnzMx
~2 LnzMzv
~i LIrIMv
P6 LxnNx

P2,» LzrrNrv, v
Pi LIIIOI
Pl.o LIMIV

P9 LIMv

0.437829
0.433318
0.384564
0.383905
0.37523t
2.91207
2.87429
2.4475
2.3913
3.27979
2.93744
2.6S710
2.58244
3.55754
3.15791
3.14860
2.83672
2.75053
2.7288
2.72104
2.71352

28.3172
28.6120
32.2394
32.2947
33.042
4.2575
4.3134
5.0657
5.1848
3.7801
4.22072
4.6660
4.8009
3.48502
3.92604
3.93/65
4.3706
4.5075
4.5435
4.5564
4.5690

55 Cesium

0.2 ELxz
n~ ELIII
p3 EMII
P& EMIII
P2 ENn, xrz

EOzz, nz
p5'I EMIv
P.z EMV
P4 ENrv. v
p4 LIMII
P3 LIMxn
v2 LP"zx
v3 LINxn

0.404835
0.400290
0.355050
0.354364
0.34611

2.6666
2.6285
2.2371
2.2328

30.6251
30.9728
34.9194
34.9869
35.822

4.6494
4.7167
5.5420
5.5527

LxnMV 3-4394
p6 LxrzNI 3.115T3

P2,» LxzzNzv, v 3.02335

3.28920
2.97088
2.88217
2.8634
2.84679
2.83897

3.76933
4.1732
4.3017
4.3298
4.3551
4.3671

17.6 0.703

50.3
19.1
15.93
21.34
26.72
21.78

0.2465
0.648
0.778
0.581
0.464
0.569

54 Xenon

0.42087t
0.41634t
0.36941t
0.36872t
0.36026t

29.458
29.779
33.562
33.624
34.415

2.1741
2.9932
2.6837
2.4174
2.3480
3.2670
2.9020
2.8924
2.5932
2.5118
2.4849
2.4920
2.4783

v4 LzOn, nr
g LzxMI

Pl LnMzv
v5 LIINz

vi LIINrv
LnzMI

u2 LrzrMIV

~i LznMv

P6 LxrzNx

p2, l5 LIIINIV, V

Pi LIIIOI
Pio LIMzv

Pg LIMv
v MnzNzv, v
MzvOn

MIVOIII

f MvNnz
MvOrn
&zvOzr

NzvOzzr

NvOnz

188.6
183.8
190.3

5.7026
4.1421
4.6198
5.1287
5.2804
3.7950
4.2722
4.2865
4.7811
4.9359
4.9893
4.9752
5.0026

2.0756
2.8627
2.56821
2.3085
2.2415
3.1355
2.78553
2.77595
2.4826
2.40435
2.3806
2.3869
2.3764

12.75
15.91
15.72
20.64
16.20

0.06574 163.3

5'7 Laxzthanum 58 Cerium

5.9733
4.3309
4.82753
5.3707
5.5311
3.9541
4.45090
4.46626
4.9939
5.1565
5.2079
5.1941
5.2171
0.973
0.779
0.789
0.601
0.765
0.07590
0.07796
0.07530

3.0166t 4.1099

56 Barium

0.389668
0.38Slil
0.341507
0.340811
0.33277
0.33127
0.33835
0.33814
0.33229
2.5553
2.5164
2. 1387
2. 1342

31.8171
32.1936
36.3040
36.3782
37.257
37.426
36.643
36.666
37.311
4.8519
4.9269
5.7969
5.8092

A2 ELII
al, ELzxz

p3 EMII
Pg E31zrz
P2 ENrr, rzz

EOrz, nz
P,zz EMIV
Plr EMV
P4 ENrv. v
P4 LzMzz

P3 LIMIII
2 LyNn

Y3 LINIII
V4 LIOII,III
n LxzMI

Pl. LIIMIV

v5 LnNz
vi LxzNrv

&8 LnOz
lL
~2 LIIIMIV
ai LIIIMV

P6 LnzNz

P2,» LIIINIV

Pi LnIOx

Pio LIMrv
P9 LzMv

v Mzzz+Iv, v
P MrvNvz

0 MV+III
~ Mvgvz, vrz

0.375313
0.370737
0.328686
0.327983
0.320117
0.31864
0.32563
0.32546
0.31931
2.4493
2.4105
2.0460
2.0410
1.9830
2.740
2.45891
2.2056
2.1418

3.006
2.67533
2.66570
2.3790
2.3030
2.275
2.290
2.282

12.08
14.51
19.44
14.88

33.0341
33.4418
37.7202
37.8010
38.7299
38.909
38.074
~8.094
a8.828
5.0620
5.1434
6.060
6.074
6.252
4.525
5.0421
5.621
5.7885

4.124
4.63423
4.65097
5.2114
5.3835
5.450
5.415
5.434
1.027
0.854
0.638
0.833

0.361683
0.357092
0.316520
0.315816
0.30816
0.30668
0.31357
0.31342
0.30737
2.3497
2.3109
1.9602
1.9553
1.8991
2.6203
2.3561
2.1103
2.0487
2.0237
2.8917
2.5706
2.5615
2.2818
2.2087
2.1701
2.1958
2.1885

11.53
13.75
18.35
14.04

34.2789
34.7197
39.1701
39.2573
40.233
40.427
39.539
39.558
40.337
5.2765
5.3651
6.3250
6.3409
6.528
4.7315
5.2622
5.8751
6.052
6.126
4.2875
4.8230
4.8402
5.4334
5.6134
5.7132
5.646
5.6650
1.0749
0.902
0.676
0.883

0.06746 159.0
0.06515 164.6
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TxuLE V (Continued)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

5'7 Lanthanum (Cont. ) 58 Cerium (Cont ). 61 Promethium (Cont. ) 62 Samarium (Cont ).
MVOII, In
Nrv, vOrz, nz 152.6

14.39
0.0812 144.4

0.862
0.0859

59 Praseodymium 60 Neodymium

n2 ELzz
o.'i ELIzx
p3 EMII
pg EMrrz
P2 ENII, HI

P4 LIMII
p3 LzMxn

v2 LzNn

y3 LINnx

v4 LIOrr, nx

g LIIMI
PI LnMxv

vs LIINI
'Yl LnNIV

7s LnOz
/ LnxMz

n2 LxnMzv
~1 LIIIMV

P6 LnxNI

P2, is LzzzNxv, v
Pv LxnOx

Pi.o LIMzv

Pg LIMV

v MnxNrv, v

0.348749
0.344140
0.304975
0.304261
0.29679
2.2550
2.2172
1.8791
1.8740
1.8193
2.512
2.2588
2.0205
1.9611
1.9362
2.7841
2.4729
2.4630
2.1906
2.1194
2.0919
2.1071
2.1004

10.998

2
2
5

2

3

3
3

3

3
2

9
2

5
1

35.5502
36.0263
40.6529
40.7482
41.773
5.4981
5.5918
6.598
6.616
6.815
4.935
5.4889
6.136
6.3221
6.403
4.4532
5.0135
5.0337
5.660
5.850
5.927
5.884
5.903
1.1273
0.950
0.714
0.9292
0.1095
0.0908

0.336472
0.331846
0.294027
0.293299
0.2861~
2.1669
2.1268
1.8013
1.7964
1.7445
2.4094
2.1669
1.9355
1.8779
1.8552
2.6760
2.3807
2.3704
2.1039
2.0360
2.0092
2.0237
2.0165

10.505
12.44
16.46
12.68

107.
128.9

36.8474
37.3610
42. 1665
42.2713
43.33
5.7216
5.8294
6.883
6.902
7.107
5.1457
5.7216
6.406
6.6021
6.683
4.6330
5.2077
5.2304
5.8930
6.0894
6.1708
6.1265
6.1484
1.180
0.997
0.753
0.978
0.116
0.0962

61 Promethium 62 Samarium

a2 ELIz
i ELxzz

p3 EMII
Pi EMIII
p2 ENII, III
EOII,III
Ps EMrv, v
P4 LIMzz

p3 LxMnr
'Y2 LINII
Y3 LINIII

'Y4 LIOH, III
y LzxMz

Pi LzzMzv

Y5 LIINI
yi LIINIV
'Y6 LIIOIV
l LIIIMI

0.324803
0.320160
0.28363t
0.28290~
0.2759t

2.0421

2.0797

1.7989

38.1712
38.7247
43.713
43.826
44.94

6.071

5.961

6.892

0.313698
0.309040
0.27376
0.27301
0.2662
0.26491
0.27111
2.00095
1.96241
1.66044
1.65601
1.60728
2.21824
1.99806
1.77934
1.72724
1.6966
2.4823

39.5224
40. 1181
45.289
45.413
46.58
46.801
45.731
6.1963
6.3180
7.4668
7.4867
7.7137
5.5892
6.2051
6.9678
7.1780
7.3076
4.9945

p MIVNVI 13.06
g MVNIII 17.38
a MvNvx, vzz 13.343
NIV,VNVI,VII113.
Nrv. vOrz, nr 136.5

0'2 LIIIMIV
~i LnIMv
P6 LnxNx

p2, &5 LIIINIV,V

Pv LIIIOI
p5LIIIOIV, V

pio LIMzv

Pg LzMv
'Y MIIINIV, V

p MzvNVI

0 MVNIII

MvNvr, vxr

NIV,VNvr, VII

Nrv. vOrr, nr

2.2926
2.2822

1.9559

5.4078
5.4325

6.339

02 ELzr
~~ ICLIII
p3 EMII
pg EMIII
P2 ENn, zzz

EOII,III
p5 EMzv, v

p4 Lz3fzz

p3 LIMIII
v2 LINII
v3 LINxzx

Y4 LIOII,III
g LzzMI

pq LIIMzv

v5 LnNx

vi LnNrv
y8 LnOI
76 LzrOxv

& LnxMz
n2 LIIIMIV
ai LzzrMV

P6 LIIINI
p2, &5 LIIINIv, v
Pv LIIIOI
P5 LIIIOrv.v
pio LIMzv

pg LzMv

LxOxv, v
'Y MIIINIV, V

P MxvNVI

0 MvNnz
MVNVI, VII

Nxv.vOn, Ixx

0.303118
0.298446
0.264332
0.263577
0.256923
0.255645

1.9255
1.8867
1.5961
1.5903
1.5439
2.1315
1.9203
1.7085
1.65/4
1.6346
1.6282
2.3948
2.1315
2.1209
1.8737
1.8118
1.7851
1.7772
1.7993
1.7916

9.211
10.750
14.22
10.96

112.0

40.9019
41.5422
46.9036
47.0379
48.256
48.497

6.4389
6.5713
7.7677
7.7961
8.0304
5.8166
6.4564
7.2566
7.4803
7.5849
7.6147
5.1772
5.8166
5.8457
6.6170
6.8432
6.9453
6.9763
6.890
6.920

1.346
1.1533
0.872
1.131
0.1107

65 Terbium

n2 ELrz
0'& ELIII
p EMII

0.283423
0.278724
0.24683

43.7441
44.4816
50.229

63 Europium

2.21062
2.1998
1.94643
1.88221
1.85626
1.84700
1.86990
1.86166
9.600

11.27
14.91
11.47
98.

117.4

5.6084
5.6361
6.3697
6.5870
6.6791
6.7126
6.6304
6.6597
1.291
1.0998
0.831
1.081
0.126
0.1056

64 Gadolinium

0.293038
0.288353
0.25534
0.25460
0.24816
0.2468/
0.25275
1.8540
1.8150
1.5331
1.5297
1.4839
2.0494
1.8468
1.6412
1.5924
1.5707
1.5644
2.3122
2.0578
2.0468
1.8054
1.745S
1.7203
1.7130
1.7315
1.7240
1.4807
8.844

10.254
13.57
10.46

42.3089
42.9962
48.555
48.697
49.959
50.221
49.052
6.6871
6.8311
8.087
8.105
8.355
6.0495
6.7132
7.5543
7.7858
7.894
7.925
5.3621
6.0250
6.0572
6.8671
7.1028
7.2071
7.2374
7.160
7.192
8.373
1.402
1.2091
0.914
1.185

0.274247
0.269533
0.23862

45.2078
45.9984
51.957

66 Dysprosium
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Txsr.E V (Contfnned)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

65 Terbium

0.24608
0.2397~
0.23858

Pz EMIII
P& ENII.III
EOrz, rrr

Ps I Mrv, v
p4 LzMzz

Ps LIMaz
2 LINa

Vs LINIII
v4 LIOa, rzz

g LIIMI
Pi LaMxv
V5 LIINI
V& LIINIV

V8 LzrOr

6 LaOzv
L LmMI
0'2 LIIIMIV

Lrr

P6 LIIINz

p2, 15 LIIINIV,

P7 LzaOI
P5 LIIIOIV,V

Pgp LzMzv

Pp LIMv
LIOIV,V

v MIIINIv, v
P MxvNVI

MvNaz
MVNvz, vrr

Nzv, vNvr, vxz

NIV,VOII, Ia

1.7864
1.7472
1.4764
1.4718
1.4276
1.9730
1.7768
1.5787
1.5303
1.5097
1.5035
2.2352
1.9875
1.9765
1.7422

v 1.6830
1.6585
1.6510
1.6673

1.4228
8.486
9.792

12.98
10.00
86.

102.2

(Cont. )

50.382
51.72
51.965

6.9403
7.0959
8.398
8.423
8.685
6.2839
6.978
7.8535
8.102
8.212
8.246
5.5467
6.2380
6.2728
7.1163
7.3667
7.4753
7.5094
7.436

8.714
1.461
1.2661
0.955
1.240
0.144
0.1213

67 Holmium

0.265486
0.260756
0.23083
0.23012
0.2241t
0.22305
0.22855
1.6595
1.6203
1.3698
1.3643
1.3225
1.8264
1.6475
1.4618
1.4174
I.3983
1.3923
2.0860
1.8561
1.8450
1.6237
1.5671

1.5378

46.6997
47.5467
53.711
53.877
55.32
55.584
54.246
7.4708
7.6519
9.051
9.087
9.374
6.7883
7.5253
8.481
8.747
8.867
8.905
5.9434
6.6795
6.7198
7.6359
7.911

8.062

ng ICLIII
Ps EMII
Pi EMIII
P2 ENII, III
1&OII,III
P5 EMzv.v
p4 LIMzz

Ps LIMIII
V2 LINa

LINIII
V4 LzOa, zzz

y LIIMI
P& LIIMIV

Vs LIINI
vz LHNIv

Vs LxzOr

Vp LIIOIV
/ LarMI
~~ LIIIMzv
1 LIIIMV
P6 LIIINI
P2, j5 LIIINIV.V
P7 Lazox
Ps LxaOxv, v

1.44579
2. 15877
1.91991
1.90881
1.68213
1.62369
1.60447
1.58837
1.60743
1.59973

(Cont ).
52. 119
53.51
53.774
52.494
7.2039
7.3702
8.7140
8.7532
9.0195
6.5342
7.2477
8.1661
8.4188

8.5753
5.7431
6.4577
6.4952
7.3705
7.6357
7.7272
7.8055
7.7130
7.7501

8.144
9.357

12.43
9.59

83.
97.2

68 Erbium

1.522
1.3250
0.998
1.293
0.149
0.128

0.257110
0.252365
0.22341
0 ' 22266
0.2167t
0.21581
0.22124
1.6007
1.5616
1.3210
1.3146
1.2752
1.7566
1.5873
1.4067
1.3641

48.2211
49.1277
55.494
55.681
57.21
57.450
56.040
7.7453
7.9392
9.385
9.4309
9.722
7.0579
7.8109
8.814
9.089

1.3397
2.015
1.7955
1.78425
1.5675
1.51399
1.4941
1.4848

9.2SS
6.152
6.9050
6.9487
7.909
8.1890
8.298
8.350

66 Dysprosium

0.23788
0.2317t
0.23056
0.23618
1.72103
1.6822
1.42278
1.41640
1.37459
1.89743
1.71062
1.51824
1.47266

Pgp LIMzv

LzOrv, v
p9 LIMV
M aNrv
V MIIINIV, V

VMxzr v
p MIVNVI

1.5767.865

8.965 1.3830
1.0450
1.348

g MVNIII 11.86
0. MVNVI VII

NrvNvr

NVNVI, VII

69 Thulium

A2 ALII
ng ELIII
Ps EMII
P& EMrrr
P2 ENII, III
EOII,III
ps E;Mrv, v
P4 LIMII
Ps LIMIII
V2 LINxz

Vs LINIII
V4 LIOzz, az
y LaMI
Pi LzzMIV

Vs LaNI
Vi LIINIV

Vs LIIOI
8 LaOzv

/ LarMx
~2 LIIIMxv
O.y LIIIMv
P6 LazNx

p2, 15 LIIINIV, V

pv LrzzOI

Ps LarOIv, v
Pjp LxMzv

Pp LzMv'

LzOx

LzOxv, v
LIIMII
Lzroxr, xxz

~ LazMa
LzaOII, III
MaxNz

V MIIINV

P MxvNvz

MvNaz
~ MVNvr, vrx

NIVNvr

NVNVI, VII

0.249095
0.244338
0.21636
0.21556
0.2098~
0.20891
0.21404
1.5448
1.5063
1.2742
1.2678
1.2294
1.6963
1.5304
1.3558
1.3153

1.2905
1.9550
1.7381
1.7268t
1.5162
1.4640

1.4349
1.4410
1.4336

1.2263

8.249

8.48

49.7726
50.7416
57.304
57.517
59.09
59.346
57.923
8.026
8.231
9.730
9.779

10.084
7.3088
8.101
9.144
9.426

9.607
6.3419
7.1331
7.1799
8.177
8.468

8.641
8.604
8.648

1.503

1.462

71 Lutetium

0.2 ELzz
ag ICLnz

ps E'Mrr

0.234081
0.229298
0.20309~

52.9650
54.0698
61.05

O'7 Holmium (Cont ).
1.5486 3 8.006
1.3208 3 9.387

1.4855
7.60

8.346
1.632

7.546
8.592

11.37
8.82

72. 7
76.3

I.643
1.4430
1.0901
1.406
0.171
0.163

70 Ytterbium

0.241424
0.236655
0.2096t
0.20884
0.2033t
0.20226
0.20739
1.49138
1.45233
1.22879
1.22232
1.1853
1.63560
1.47565
1.3063
1.26769
1.24923
1.24271
1.89415
1.68285
1.67189
1.4661
1.41550
1.3948
1.38696
1.3915
1.3838
1.1886
1.1827
1.58844
1.2453
1.83091
1.3898
8.470
7.024
7.909

10.48
8.149

65. 1
69.3

51.3540
52.3889
59.14
59.37
60.98
61.298
59.782
8.3132
8.5367

10.0897
10.1431
10.4603
7.5802
8.4018
9.4910
9.8701
9.9246
9.9766
6.5455
7.3673
7.4156
8.4563
8.7588
8.8889
8.9390
8.9100
8.9597

10.4312
10.4833
7.8052
9.9561
6.7715
8.9209
1.464
1.765
1.5675
1.183
1.5214
0.190
0.179

72 HRfnlum

0.227024
0.222227
0.196861

54.6114
55.7902
62.98

68 Erbium (Cont. )

1.4941 3 8.298



J. A. BzAzDzN X-Pay 5'aoetestgths

TmLz V (Costtilled)

Desig-
nation p.e. keV p.e. keV

Design-

ationn p.e. p.e.

Pi &Mzzz

P2 &&zz,ur
+OII,III
Ps ZMrv, v
P4 LIMII
P3 LzMzu

72 LINII
» LINxrx
v'4 LrOzr

V4 LIOII, III
LIIM

pj LIIMxv
» LIINI
vi LIINIV

&8 Luoz
v6 LIIOIV
/ LxzxMI

a2 LIIIMzv
o'1 LIIIMIV
Ptt LIIINI
P~s L»INxv
P2 LIIINV

pz LIIIOI
Ps Lxuoxv, v
LzMI
Pio LIMxv
pgLIMv
LINIV

pj's LINV
LIOI
LIOzv

LIIMII
Plz L»Mxzz
LxrNv
& LuNvx

LIIOII,III
~ LIIIMII
s LIIIMzzx

Lur&rx
L»IN» rI LruNvx, vzx

Luxou, uz
Mzzr&z

v Mr»NV

fs
P MIVNVI

71 Lutetium

0.20231~
0.1969~
0.19589
0.20084
1.44056
1.40140
1.1853
1.17953

1.1435
1.5779
1.42359
1.2596
1.22228
1.2047
1.1987
1.8360
1.63029
1.61951
1.4189
1.3715
1.37012
1.34949
1.34183

1.3430
1.3358
1.16227
1.16107

1.53333

1.2014
1.'/760

1.34524

6.768

7.601

(Cost.)
61.283
62.97
63.293
61.732
8.6064
8.8469

10.460
10.5110

10.8425
7.8575
8.7090
9.8428

10.1434
10.2915
10.3431
6.7528
7.6049
7.6555
8.7376
9.0395
9.0489
9.1873
9.2397

9.232
9.2816

10.6672
10.6782

8.0858

10.3198
6.9810

9.2163

1.832

1.6312

1.5813
0.197
0.1886

73 Tantalum

a2 E'Lrx

ng E'Lxzz

Pg EMII
P& ™III
p, zr EN
P2 XXIII

0.220305
0.215497
0.190890
0.190089
0.185188
0.185011

56.277
57.532
64.9488
65.223
66.949
67.013

MVEvz, vu 7.840
NIVEVI 63.0
NVNvr, vzx

m (Colt ).72 Hafniu

0.19607t
0.1908t

1.39220
1.35300

1AAA 2
1.13841
1.10376
1.10303
1.52325
1.37410
1.21537
1.17900
1.16138
1.15519
1.78145
1.58046
1.56958
1.37410
1.32783
1.32639
1.30564
1.29761
1.43025
1.29819
1.29025
1.12250
1.12146
1.10664
1.10086
1.48064
1.43643
1.17788
1.15830

1.72305
1.66346
1.35887
1.35053
1.30165

7.887
6.544
9.686
7.303
9.686
7.539

74 Tu

MIIEIV0.213828
0.2090100
0.185181
0.1843/4
0.17960
0.179421

2 57.9817
Std 59.31824 MIIIEI
2 66.95I4 MIIINxv
2 67.2443 p MIIINV
1 69.031 Mzz Oz

7 69.101 3E~Ogr,v

+OII,III
2 64.98

pszz EMIV
ps' EMv

8.9054 P«NIV, V

5 9.1634 P4 LIMzx

5 10.8335 P3 LxMxzx

ip g9p7 y2 LINu

5 11.2326 » Lz&zu

5 11.2401 &'4 LzOzx

5 8.1393 74 LIOIII

5 9.0227 g L»MI

10.2011 Pi L»Mzv

5 10.5158» L»NI

10 6754 yi LzzNxv

5 lp. 7325 &s L»OI
5 6 9596 v6 L»OIV

7.8446 ~ Lz»MI

/ g99Q ~2 L»IMrv

5 9.Q227 & LIIIMv

5 9.3371 P6 LIIINI

5 9 3473 P&s L»rNzv

5 9 495g p2 Lzzz+v

9 5546 pz L»IO

9 8.6685 Ps Lzzz zv,v

9 9 5503 LzMz

9 9.6Q90 pio LIMIV

9 11.0451 Pg LzMv

11.0553 Lz&z

9 11 2034 LINIV

9 11.2622 7» LINv

9 8.3735 LINvz, vzz

9 8 6312 LIOI

9 10 5258 LIOzv, v

9 10.7P37 LrzMxx

Plz LIIMIII

9 7 1954 LzzMV

9 7.4532 Lzr&xr

9 9.1239 LIINIII

9 9.1802 Lzr&v

9 9 5249 0 L»XVI
L»Oxx

9 1 572 L»O»z

895 5 LIIIMzz

7 1.2800 ~ L»IM»r
1 1.6976 Lzu&zz

7 i.2gQQ L»I+III
1 1,6446 I LIIINvr, vzz

Lz»Ozz, III
MINIII
MI'AI, III

ngsten

0.188920
0.188757
0.18451
1.34581
1.30678
1.1053
1.09936
1.06544
1.06467
1.47106
1.32698
1.1729
1.13794
1.1205
1.11388
1.72841
1.53293
1.52197
1.33094
1.28619
1.28454
1.26385
1.2555

6
6

3
3
1

3

5
3
1
3
1
3
5

2
8
5
2
5
1

65.626
65.683
67.194
9.2124
9.4875

11.217
11.2776
11.6366
11.6451
8.4280
9.3431

10.5702
10.8952
11.0646
11.1306
7.1731
8.0879
8.1461
9.3153
9.6394
9.6518
9.8098
9.8750

1.2537
1.2466
1.11521
1.08377
1.08205
1.06357
1.06/71
1.06192
1.43048
1.3864
1.31897
1.1600
1.1553
1.13687
1.1158
1.11789
1.11693
1.67265
1.61264
1.3167
1.3086
1.25778
1.2601
5.40

9.889
9.946

11.1173
11.4398
11.4580
11.6570
11.6118
11.6752
8.6671
8.9428
9.3998

10.688
10.7316
10.9055
11.1113
11.0907
11.1001
7.4123
7.6881
9.4158
9.4742
9.8572
9.839
2.295

5.570
7.612
6.353
6.312
5.83
5.67

2.226
1.629
1.951
1.964
2.126
2.19

73 Tantalum (Cont. )
0.184031 7 67.370

74 Tungsten

0.178444
0.21592
0.183264
0.183092
0.17892
1.30162
1.26269
1.06806
1.06200
1.02863
1.02775
1.42110
1.281809
1.13235
1.09855
1.08113
1.07448
1.6782
1.48743
1.47639
1.28989
1.24631
1.24460
1.22400
1.21545
1.3365
1.21218
1.20479

1.0468
1.0458

1.0317
1.0250

1.3387
1.2728
1.1218
1.1149

1.0771

1.0792
1.6244
1.5642
1.2765
1.2672
1.2ig68
1.2211
5.172
4.44
6.28
5.357
7.360
6.134
6.092
5.628

(Colt.)
69.479
57.42
67.652
67.715
69.294
9.5252
9.8188

11.6080
11.6743
12.0530
12.0634
8.7243
9.67235

10.9490
11.2859
11.4677
11.5387
7.3878
8.3352
8.3976
9.6117
9.9478
9.9615

10.1292
10.2004
9.277

10.2279
10.2907

11.844
11.856

12.017
12.095

9.261
9.741

11.052
11.120

11.510

11.488
7.632
7.926
9.712
9.784

10.1733
10.153
2.397
2.79
1.973
2.314
1.684
2.021
2.035
2.203
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TABLE V (Continued)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

f2 ~IVNII
~IVNIII
P MzvNvz

~IVoZX

gl ~VNIII
~ ~VNVI, VII
a2 MvNvx
~1 MVNmz

MvOzzz

NnNrv
NIVNVI

NVNvx. vzz

Nv&vz

NvNVII

cv2 ELzz
a1 ELnz
p3 EACH»

P1 E~III
P2zz ENII
p2 ENIII
EOII,III
Ps» Ejtizv
Ps' EMV
p4 ENzv, v
P4 LIMII
P3 Lz~zzz

v2 LINII
v3 LxNxzx

7'4 LxOII

74 LIOIII
n LIIMI
Pi Lxz~zv
vs LIINI
71 LIINIV

3 LnOr
v6 LxxOrv

i Lnzi%
n2 Lzn3fzv
tx1 L~3fv
p6 LxnNI
P1s LnxNxv

P2 LIIINV

Pv LnzOI
Ps LznOzv, v
P10 Lz~zv
pg Lzjtiv
LxNx

LINzv

711 LINV
LxOx

Lxorv, v
LII~II
p17 Lzx~zzx

9.330
8.90
7.023
7.09
9.316
7.252

1.3288
1.393
1.7655
1.748
1.3308
1.7096

7.30 1.700

58.2
61.1

0.2130
0.2028

75 Rhenium

0.207611
0.202781
0.179697
0.178880
0.17425
0.174054
0.17308
0.17783
0.17766
0.17362
1.25917
1.22031
1.03233
1.02613
0.99334
0.99249
1.37342
1.23858
1.09388
1.06099
1.04398
1.03699
1.63056
1.44396
1.43290
1.25100
1.20819
1.20660
1.18610
1.17721
1.17218
1.16487
1.0420
1.0119
1.0108
0.9965
0.9900
1.3366
1.2927

59.7179
61.1403
68.994
69.310
71.151
71.232
71.633
69.719
69.786
71.410
9.8463

10.1598
12.0098
12.0g24
12.4813
12.4920
9.0272

10.0100
11.3341
11.6854
11.8758
11.956
7.6036
8.5862
8.6525
9.9105

10.2617
10.2752
10.4529
10.5318
10.5770
10.6433
11.899
12.252
12.266
12.442
12.524
9.2761
9.5910

73 Tantalum (Cost ).
8.993
8.573
6.757
6.806
8.962

1.3787
1.446
1.8349
1.822
1.3835

6.992
6.983
7.005

54.0
55.8

1.7731
1.7754
1.770
0.2295
0.2221

59.5
58.4

0.208
0.2122

76 Osmium

0.201639
0.196794
0.174431
0.173611
0.16910
0.168906
0.16798
0.1/262
0.17245
0.16842
1.21844
1.17955
0.99805
0.99186
0.96033
0.95938
1.32785
1.19727
1.05693
1.02503
1.00788
1.00107
1.58498
1.40234
1.39121
1.21349
1.17167
1.16979
1.14933
1.1405
1.13353
1.12637

61.4867
63.0005
71.077
71.413
73.318
73.402
73.808
71.824
71.895
73.615
10.1754
10.5108
12.4224
12.4998
12.910
12.923
9.3370

10.3553
11.7303
12.0953
12.3012
12.3848
7.8222
8.8410
8.9117

10.2169
10.5816
10.5985
10.7872
10.8711
10.9376
11.0071

0.9772
0.9765
0.96318
0.95603
1.2934
1.2480

12.687
12.696
12.8/21
12.9683
9.586
9.934

74 Tungsten (Cont. )

LnjIIv
LIINII
LIINz»
& LnNvx

LIIOIII
t LIII~II
S LIIIMIII
LnzNI
LznNnz
I LIIINvx, vxr

~INIII
MIINI
MzzNIv

llfznNI

~xnNIV
7 ~IIINv
f2 ~IVNII
~IVNIII
p MIVNVI

01 ~VNIII
n 3IIVNVI vzz

NrvNvz

NVNvz, vxz

n2 ELzz
u1 ELIzz
P3 ES7II
p1 E3IIIII
p2II ENzz

P2 ENzzz

EOn, zzz

Ps» Em»
Psz E~v
p4 ENrv, v

p4 LIMII
P3 Lz~zzz

72 LINII
v3 LINxxz

7'4 LIOII
74 LIOIII
g LII3fz
P1 Lxz~zv
vs LxzNr

71 LIINIV

3 LXIOI

vs LIIOIV
l L»PA
nq LIIIMIV
~1 LIII~V
Ps LI»Nx

P1s L»INzv

P2 LIIINV

Pv LIIIOI

1.2305
1.0839
1.0767
1.0404
1.0397
1.5789
1.5178

1.2283
1.1815

10.0753
11.438
11.515
11.917
11.925
7.8525
8.1682

10.0933
10.4931

5.931
5.885
8.664
8.239
6.504
8.629
6.729

2.090
2.1067
1.4310
1.505
1.9061
1.4368
1.8425

77 Iridium

0.195904
0.191047
0.169367
0.168542
0.16415
0.163956
0.163019
0.16759
0.167373
0.16352
1.17958
1.14085
0.96545
0.95931
0.92831
0.92744
1.28448
1.15781
1.02175
0.99085
0.97409
0.96708
1.54094
1.36250
1.3512g
1.17796
1.13707
1.13532
1.11489

63.2867
64.8956
73.2027
73.5608
75.529
75.619
76.053
73.980
74.075

2 75.821
3 10.5106
3 10.8674

12.8418
12.9240
13.3555
13.3681
9.6522

10.7083
12.1342
12.5126
12.7279
12.8201
8.0458
9.0995
9.1751

10.5251
10.9036
10.9203
11.1205

75 Rhenium (Cont. )

1.18977 10.4205

1.03973
1.0050
1.0047
1.5347
1.4735
1.20086

1.14537
4.79
5.81
4.955
6.89
5.724
5.682
8.359

11.9243
12.337
12.340
8.079
8.414

10.3244

10.8245
2.59
2.133
2.502
1.798
2.166
2.182
1.4831

6.267
8.310
6.490

51.9
54.7

1.9783
1.4919
1.9102
0.2388
0.2266

78 Platinum

0.190381
0.185511
0.164501
0.163675
0.15939
0.15920
0.15826
0.16271
0.16255
0.15881
1.14223
1.10394
0.93427
0.92791
0.89747
0.89659
1.2429
1.11990
0.9877
0.95797
0.9411
0.9342
1.4995
1.32432
1.31304
1.14355

1.10200
1.08168

65.122
66.832
75 ' 368
75.748
77. 785
77.878
78.341
76.199
76.27
78.069
10.8543
11.2308
13.2704
13.3613
13.8145
13.8281
9.975

11.0707
12.552
12.9420
13.173
13.271
8.268
9.3618
9.4423

10.8418

11.2505
11.4619

76 Osmium (Cont }.
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TaaLE V (Contt'ntted)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

7'7 Iridium (Cont ). 78 Platinum (Cont. ) 79 Gold (Cont. ) 80 Mercury (Cont ).
P& LIIIOIV,V
LIMI
P» LIM'zv

pg LIMV

LIMNI

LI+IV
ply LIEV
LrOrv, v
LrOI
LIOIV

LzOv

LIIMII
P&7 LIIMIII
LDMv
LIIXII
Lzr&rlr
v Lxzgvx

LIIOrn
t LnrMn
s LnrMnr
Lzzz&rr

LIIP nz
I LIII+VI,VII

LzrrOII, III
Mr&rrr
Mrr&rv
MIII+I
Mrrr+IV
v Mx P"v
MzzzOI

MIIIOIV.V

C2 MIV+II
MIV+III
P Mxv&vr

C& Mv+Ilz
n2 MVSVI
nI MVXvzr

MVOIII

&xv&vx

&v&vr, vrr

elf ALII
nI E'Lyzz

P3 EMII
PI EMzzz
p, E37„
P2 E+III
+OII,III
ELI
p5II E'Mzv

p5I EMV
P(i EMIV,V
p4 E'Xrv,v
p4 LzMrz

Pa LxMnz

1.10585
1.2102
1.09702
1.08975
0.9766
0.9459
0.9446
0.9243

11.2114
10.245
11.3016
11.3770
12.695
13.108
13.126
13.413

1.2502
1.2069
1.1489
1.0120
1.0054
0.97161
0.96979
1.4930
1.4318
1.16545
1.1560
1.11145
1.10923
4.631t
4.780
6.669
5.540
5.500

9.917
10.273
10.791
12.251
12.332
12.7603
12.7843
8.304
8.659

10.6380
10.725
11.1549
11.1772
2.677
2.594
1.859
2.238
2.254

4.869
8.065
7.645
6.038
8.021
6.275
6.262

2.546
1.5373
1.622
2.0535
1.5458
1.9758
1.9799

50.2
52.8

0.2470
0.2348

Gold

66.9895
68.8037
77.580
77.984
80.08
80.185
80.667
66.40
78.438
78.529

0.154224
1.1065i
1.06785

80.391
11.2047
11.6103

79

0.185075
0.180195
0.159810
0.158982
0.15483
0.154618
0.153694
0.18672
0.1S8062
0.157880

1.0724
1.16962
1.06183
1.05446
0.9455

0.9143

0.8995
0.8943
0.8934
1.213
1.1667
1.1129
0.9792
0.97173
0.93931

1.4530
1.3895
1.1310
1.1226
1.07896
1.0761
4.460
4.601
6.455
5.357
5.319
4.876
4.694
7.790
7.371
5.828
7, 738
6.058
6.047
5.987

48. 1

50.9

0.179958
0.175068
0.155321
0.154487
0.15040
0.15020
0.14931

0.15353
0.14978
1.07222
1.03358

2
2
2
2
5
3
9
4
9
5

9
8
5
8
1
4
3
1
9
2
1

11.561
10.6001
11.6762
11.7577
13.113

13.560

13.784
13.864
13.878
10.225
10.6265
11.140
12.661
12.7588
13.1992

8.533
8.923

10.962
11.044
11.4908
11.521
2.780
2.695
1.921
2.314
2.331
2.543
2.641
1.592
1.682
2.1273
1.6022
2.047
2.0505
2.071
0.258
0.2436

68.895
70.819
79.822
80.253
82.43
82.54
83.04

80.75
82.78
11.5630
11.9953

72 LP'n
v3 LP'm
v'4 LIOn
Y4 LzOnr

0 LIIMI
PI LIIMIV
v5 LIP"I
YI LII+Iv
vs LIIOr
v6 Lrrorv

LIIIMI
~2 LIIIMIV
O'I LIIIMV

P6 LIII+I
PI5 LIII+Iv
P~ -Llrl&v

p7 LrnOx

P5 LrnOrv, v
LIMI
P» AMIV
Pg LI3fV

LIMNI

Lr&rv
YI& LI+V
LIOI
LIOrv.v
LIIMII
P&7 LIIMIII
LIIMV
LIIEIII
~ Lrx&vz

LzxOn

LzrOrrz

t LIIIMn
s LIIIMrn
LIII+Ir
LIII+III
I LIIP'vr, vrr
I' Lnz&vr
0 LIII+VII
LIIIOII,III
Lnzorr
LIIIOIII
Llzz~zr, m
MIEIII
MIN IV

Mllr&r
MIII+Iv
7 MIIP"v
MrnOr
MzrxOIV. V

F2 MIV+II
Mrv&III
p MIVXvz|I MV+III
n2 MvEvz

0.90434
0.89783
0.86816
0.86703
1.20273
1.08353
0.95559
0.92650
0.90989
0.90297
1.45964
1.28772
1.27640
1.11092
1.07188
1.07022
1.04974
1.04044
1.13525
1.02789
1.02063
0.9131
0.88563
0.88433
0.87074
0.86400
1.1/08
1.12798
1.0756
0.9402
0.90837
0.90746
0.90638
1.41366
1.35131
1.09968
1.09026
1.04752

1.0450

1.03876
4.300
4.432
6.259
S.186
5.145
4.703
4.522
7.523
7.101
5.624
7.466
5.854

3
5

3
3
3
3
5

9
3
3
3
5
3
8
3
5
7
7
1
7
7
5
5
1
5
2
2
5
7
7
7
7
7

5

13.7095
13.8090
14.2809
14.2996
10.3083
11.4423
12.9743
13.3817
13.6260
13.7304
8.4939
9.6280
9.7133

11.1602
11.5667
11.5847
11.8106
11.9163
10.9210
12.0617
12.1474
13.578
13.999
14.020
14.2385
14.3497
10.5892
10.9915
11.526
13.186
13.6487
13.662
13.679
8.7702
9.1749

11.2743
11.3717
11.8357

11.865

11.9355
2.883
2.797
1.981
2.391
2.410
2.636
2.742
1.648
1.746
2.2046
1.6605
2.118

0.87544
0.86915
0.84013
0.83894
1.1640
1.04868
0.92453
0.89646
0.87995
O. g7319
1,4216
1.25264
1.24120
1.07975
1.04151
1.03975
1.01937
1.00987
1.0999
0.9962
0.9871
O. g827

0.85657
0.8452
0.8350
1.1387
1.0916

0.90894
0.87885
0.8784
0.8758
1.3746
1.3112
1.0649
1.0585

1.01769
1.01674

1.01558
1.01404

6.09

6.87
5.431St

14.162
14.265
14.757
14.778
10.6512
11.8226
13.410
13.8301
14.090
14.199
8. /210
9.8976
9.9888

11.4824
11.9040
11.9241
12.1625
12.2769
11.272
12.446
12.560
14.045

14.474
14.670
14.847
10.888
11.358

13.640
14.107
14.114
14.156
9.019
9.455

11.642
11.713

12.1826
12.1940

12.2079
12.2264

2.036

2.4875

1.805
2.2825
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TADxx V (Congnnod)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

81 Thallium (Cont ). 82 Lead (Cont. )

~1 %VXVII
~VOIII
&zv&vx

&v&vr.VII

n2 ELzx
exp ELIII
ps EMII
p1 E3fzrz
p,» Emu
par E&xrz
EOu.zu
EI'
Ps E~rv.v
p,» END
P,r E3fv
P4 EExv,v
p4 LI~II
P3 Lz~xxx

72 Lx&zx

vs LP'Iu
v'4 LIOII
v4 LzOzu

g L»MI
Pi Lzz~xv
vs Lzz&x

y1 LxzSZV

vs Lxzor

v& LIIOIv
Lu&z
& Lrzx~x
0;2 Lzrz~xv
ng L»I%V
P6 Lzu&z

Pl 5 LIII+Iv
Ps Lzzx&v

P7 LIIIOI
Ps Lrzxorv, v
LIMI
P1p LIMzv

Pp LIMv

LIMNI

Lx&rv

+11 LI+V
LISVI,VII

LxOz

LzOrv. v
Lxx~xx

P17 Lxz~zzz

Lzr~v
LII+II

5.840
5.767

46.8
49.4

2.1229
2.150
0.265
0.2510

81 Thallium

0.175036
0.170136
0.150980
0.150142
0.14614
0.14595
0.14509

70.8319
72.8715
82. 118
82.576
84.836
84.946
85.451

0.14917 83.114

0.14553
1.03918
1.00062
0.84773
0.84130
0.81308
0.81184
1.12769
1.01513
0.89500
0.86752
0.8513
0.8442

85.19
11.9306
12.3904
14.6251
14.7368
15.2482
15.2716
10.9943
12.2133
13.8526
14.2915
14.564
14.685

1.38477
1.21875
1.20739
1.04963
1.01201
1.01031
0.99017
0.98058
1.0644
0.96389
0.95675
0.8549
0.83001
0.82879

8.9532
10.1728
10.2685
11.8118
12.2510
12.2715
12.5212
12.6436
11.648
12.8626
12.9585
14.503
14.937
14.9593

0.8158
0.80861
1.0997
1.05609
1.00722
0.882

15.198
15.3327
11.274
11.7397
12.3093
14.057

'V9 Gold (Cont. )

5.6476t 2.1953

45.2t
47.9t

0.274
0.259

82 Lead

0.170294
0.165376
0.146810
0.145970
0.14212
0.14191
0.141012
0.1408

72.8042
74.9694
84.450
84.936
87.23
87.364
87.922
88.06

0.14512
0.14495
0.14155
1.0075
0.96911
0.8210
0.8147
0.78706
0.7858
1.09241
0.98291
0.86655
0.83973
0.82365
0.81683
0.81583
1.34990
1.18648
1.17501
1.0210
0.98389
0.98221
0.9620
0.9526
1.0323
0.9339
0.9268
0.82859
0.80364
0.80233
0.7884
0.7897
0.78257
1.0644
1.0223
0.9747
0.8585

85.43
85.53
87.59
12.306
12.7933
15.101
15.218
15.752
15.777
11.3493
12.6137
14.3075
14.7644
15.0527
15.1783
15.1969
9.1845

10.4495
10.5515
12.143
12.6011
12.6226
12.888
13.015
12.010
13.275
13.377
14.963
15.427
15.453
15.725
15.699
15.843
11.648
12.127
12.720
14.442

80 Mercury (Cont ).LaÃzz
Lan
& Lrz&vx

LIIOII
L»Ozrz
t LIII~II
s Lx»%III
Lxxx&xz

LIIP III
I Lzu&vz. vu
LIIIOII
Lruorzr
Luz&rr, x»
3fzEIII
3fzzEI
3IIIEIV
ger»SI
~III+rv
7 ~III&v
3fzuOI
~ IIOIV,V

f2 ~IV+II
~xv&xzx

p MIVSvr
~IVOII
gl ~V+III
a~ MvEVI
a1 MvSvzx
~VOru
&xv&vx

+v+vz, vrx

&vzOIV

&VIOv

+VIIOV

n2 ELzx
~l ELIII
Pa EMII
Pg EMIII
P2II ENII
P2I ESnz
EOrz, uz
Ps E~xv,v
P4 EÃrv, v
P4 Ly3fzz

P3 LI~III
v~ LP'Ix
va LP'zzx
7'4 Lzoxz

V4 LIOIII
p13 LI&xx,ru
n Lzx~x
P1 ~zz~rv
vs Lxz&x

0.87996

0.85048
0.8490

14.0893

14.5777
14.604

0.85192
0.8382
0.82327

14.553
14.791
15.060

1.34154
1.27807

1.0286
0.9888
0.98738
0.98538
0.97926
4.013

4.116
5.884
4.865
4.823

4.216
7.032

5.249
5.196
6.974
5.472
5.460

46.5
115.3
113.0
117.7

9.2417
9.7007

12.053
12.538
12.5566
12.5820
12.6607
3.089

3.013
2.107
2.548
2.571

2.941
1.763

2.3621
2.386
1.778
2.2656
2.2706

0.267

0.8200
1.30767
1.24385
1.01040
1.0005
0.96133
0.9586
0.9578
0.95118
3.872
4.655
3.968
5.704
4.715
4.674
4.244
4.069
6.802
6.384
5.076
5.004
6.740
5.299
5.286
5.168

42.3
45.0

15.120
9.48ii
9.9675

12.2705
12.392
12.8968
12.934
12.945
13.0344
3.202
2.664
3.124
2.174
2.630
2.6527
2.921
3.047
1.823
1.942
2.4427
2.477
1.8395
2.3397
2.3455
2.399
0.293
0.2756
0.1211
0.1237
0.1189

83 Bismuth 84 Polonium

0.165717
0.160789
0.142779
0.141948
0.13817
0.13797
0.13709
0.14111
0.13759
0.97690
0.93855
0.79565
0.78917
0.76198
0.76087
0.75690
1.05856
0.951978
0.83923

74.8148
77.1079
86.834
87.343
89.733
89,864
90.435
87.860
90.11
12.6912
13.2098
15.5824
15.7102
16.2709
16.2947
16.3802
11.7122
13.0235
14.7732

0.16130t
0.15636t
0.13892t
0.13807t
0.13438t
0.1341St

0.9475
0.9091
0.772

0.9220

76.862
79.290
89.25
89.80
92.26
92.40

13.086
13.638
16.0'?

13.447

0.1075 102.4
0.10968 100.2
0.10530 104.3
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TAsr.E V (Costenged)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

vi LIINxv

Vs LIIOI
va Lnorv
l LzrxMx

a2 LzzzMxv

ay LzrzMV

P6 LIIINI
P&& LIIINIV

P2 LIIINv
p& LXIIOI

Pn LDIOIV,V

LIMz
Pgp LIMxv
P9 LIMV
LzNz

LINxv

Y» LINV

LxNvr, vn
Lzorv, v
LnMrz

P» LxrMxn

LzzMv

LxzNxr

LIINIn
& LDNvz

LIIOXII
5 LIXIMII
& LDIMXD

LnzNn
LnrNnx
I LnzNvz vn
LIIIOII
LzzrOrn

LIII+II,III
MINXI

MxNnz

MDNIV
MXDNI

MIDNzv

7 MXIINV

Mznoz
MzzxOrv. v
f2 MIVNxr

MrvNIIX

P MrvNVI

Mzvoxr
Mzv&xx, xn

gi MvNxxz

a2 MvNvx
ag MvNvrz

NI+rr, nr
NvrOrv

Nvzxov

0.81311
0.7973
0.79043
1.31610
1.15536
1.14386
0.99331
0.95702
0.95518
0.93505
0.92556
1.0005
0.90495
0.89791
0.8022
0.7795
0.77728
0.7641
0.75791
1.0346
0.98913
0.94419
0.8344
0.8248
0.79721
0.79384
1.2748
1.2105
0.98280
0.97321
0.93505
0.9323
0.9302
0.92413
3.892
3.740
3.834
5.537
4.571
4.532
4.105
3.932
6.585
6.162
4.909
4.823
4.59
6.521
5.130
5.118

13.30
91.6
93.2

9
5
5
9
1
9
5
1
1
5
5
5
2
2

9
9

8
5
2
9
6
5
8
1
3
2

2
1

6
1
1

15.2477
15.551
15.6853
9.4204

10.73091
10.8388
12.4816
12.9549
12.9799
13.2593
13.3953
12.39
13.7002
13.8077
15.456
15.904
15.951
16.23
16.358
11.98
12.5344
13.1310
14.86
15.031
15.552
15.6178
9.7252

10.2421
12.6151
12.7394
13.2593
13.298
13.328
13.4159
3.185
3.315
3.234
2.239
2 ' 712
2.735
3.021
3.153
1.883
2.012
2.52SS
2.571
2.70
1.901
2.4170
2.4226
0.932
0.1354
0.1330

83 Bismuth (Colt.)

0.7645 2
1.2829 5
1.12548~ 5
1.11386 4
0.9672 2
0.9312 2
0.92937 5

16.218
9.664

11.0158
11.1308
12.819
13.314
13.3404

0.8996 2 13.782

84 Pononium (Cost. )

0.78748 9 15.744 a2 ELzx
ag KLDI
ps EMzz
Pg KMxzz

p2 ENII
P2 ENID
P~ LxMzn

Pi LIIMrv
'Y& LIINIV
a& I4IIIMIV

ag LnzMv

a2 ELXI
ay KLzn
P3 EMzx
Pl EMxzx
P~rr ENzr
p2I ENzzx

P4 LIMII
P3 LIMIII
v2 LINrz

v3 LxNxn
v'4 Lzon
v4 LXOnx

713 LI+XX,III
g LIXMI

PI LDMzv
LDNz

Vl LIINXV

Y8

va Lnoxv
LIIEI
I LIXIMI
an LIXXMxv

ag LIIIMV

P6 LIIINX

P&& LIIINIV

P2 LIDNV

Pv Lrnox
Ps LzzxOxv, v
Lzrz&z

pip LIMrv
Ps LXMV

LzNx

LzNxv

v» LINV

Lrorv, v
P» LDMzn
LIINIII
LzzNV

Lxx&r

85 Astatine

0.15705~
0.15210~
0.13517~
0.13432~
0.130724
0.13052~
0.88135~
0.89349~
0.76289~
1.09671~
1.08500~

2 78.95
2 81.52
4 91.72
4 92.30
4 94.84
4 94.99
9 14.067
9 13.876
9 16.251
5 11.3048
5 11.4268

87 Francium

0.14896~
0.14399~
0.12807~
0.12719~
0.12379~
0.12358~

3 83.23
3 86.10
5 96.81
5 97.47
5 100.16
5 100.33

0.82789~ 9 14.976

0.83940~ 9 14.770

0.71652~ 9 17.303

0.858 2 14.45

1.04230 5 11.8950
1.03049 5 12.0313

86 Radon

0.15294~
0.14798~
0.13155~
0.130694
0.127194
0.12698~
0.85436~
0.86605~
0.739281
1.06899~
1.05723~

81.07
83.78
94.24
94.87
97.47
97.64
14.512
14.316
16.770
11.5979
11.7270

0.14512~
0.14014~
0.12469~
0.12382~
0.12050~
0.12029~
0.84071
0.80273
0.68199
0.67538
0.65131
0.64965
0.64513
0.90742
0.81375
0.71774
0.69463
0.6801
0.67328
0.6724
1.16719
1.01656
1.00473
0.87088
0.83722
0.83537
0.8162
0.80627
0.8050
0.77546
0.76857
0.6874
0.6666
0.6654
0.6468
0.8438
0.7043
0.6932
0.6780

2 85.43
2 88.47
3 99.43
3 100.13
3 102.89
3 103.07
5 14.7472
5 15.4449
5 18.179
5 18.357
5 19.036
5 19.084
5 19.218
5 13.6630
5 15.2358
5 17.274
5 17.849
1 18.230
5 18.414
1 18.439
5 10.6222
5 12.1962
5 12.3397
5 14.2362
5 14.8086
5 14.8414
1 15.190
5 15.3771
1 15.402
5 15.988
5 16.131
1 18.036
1 18.600
1 18.633
1 19.167
1 14.692
1 17.604
1 17.884
i 18.286

88 Radium
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TASLK V (COetinued)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. keV p.e. keV

LIIOIII
LrrPII. III
LzrrNzz

LIIINIII
u LmNVI, VII

LIIIPII,III

ag ELzz
a& ELIII
p3 EMII
Pi E3fzzx

p, zr EN
P2I ENzzr
EOII,III
Ps EMrv.v
P4 ENrv, v
P4 LI3fxr
P3 Lz~zrr
V2 LIINII
Va LINIII
v'4 LIOII
'Y4 LIOIII
vi3 LIPzz, rrr

g LrxMI

Pi Lrx~zv
vs LxzNx

vi LIINrv
vs LIIOI
ve LxIOzv

LIIPI
LIIPzv
& Lzzz~x
9 LIII~IV
~i Lrrx~v
Pe LIIINI
Pis LIIINIV

P2 LIIINV

p7 LmOI
ps LIIIOrv, v
LIIIPx
LIIIPIV.V
Pio Lz~zv
p9 Lrsrv
LzNI
LINIV

v» LrNv
LINvx, vxr

LIOI
LIOxv, v
LIIMII
Piv Lzz~rrz
Lzr~v
LrrNrrz

Lrr&v

8'I Francium (Cont. )

89 Actinium

0.14141t
0.136417t
0.12143t
0.12055~
0.11732t
0.117iit

2 87.67
8 90.884
2 102.10
2 102.85
2 105.67
2 105.86

0.77822t 9 15.931

0.78903t 9 15.713

0.6/351~ 9 18.408

0.99178~ 5 12.5008
0.97993~ 5 12.6520

0.6764
0.6714
0.8618
0.8512
0.8186
0.8038

18.330
18.466
14.387
14.566
15.146
15.425

90 Thorium

0.137829
0.132813
0.118268
0.117396
0.11426
0.114040
0.11322
0.116667
0.11366
0 ' 79257
0.75479
0.64221
0.63559
0.61251
0.61098
0.60705
0.85446
0.765210
0.67491
0.65313
0.63898
0.63258
0.6316
0.62991
1.11508
0.96788
0.95600
0.82790
0.79539
0.79354
0.77437
0.76468
0.76338
0.76087
0.7301
0.7234
0.64755
0.62/6
0.62636
0.6160
0.6146
0.6083
0.8338
0.79257
0.7579
0.6620
0.6521

2 89.953
2 93.350
3 104.831
9 105.609
1 108.511
9 108.717
1 109.500
9 106.269
2 109.08
4 15.6429
3 16.4258
4 19.305
4 19.507
4 20.242
4 20.292
8 20.424
4 14.5099
9 16.2022
4 18.370
3 18.9825
5 19.403
4 19.599

19.629
9 19.682
4 11.1186
2 12.8096
3 12.9687
8 14.975
5 15.5875
3 15.6237
4 16.0105
5 16.213
5 16.241
9 16.295
1 16.981

17.139
5 19.146
1 19.755
9 19.794
1 20. 128
1 20. 174
1 20.383
1 14.869
4 15.6429
1 16.359
1 18.729
1 19.014

88 Radium (Colt ).
e LIINVI

LIIOzz

Lr?ozrz

LIIPII,III
t LIIIM I
s LIIIM Iz

LIIINII
LIIINIII
u LIIINvr, vzr

LIIIOII
LIIIOzrI

LIIIPzr, zzz

~INIII
MzOzzz

MIINI
~IINzv
~IIOzv

rrrNI

~IIINzv
7 M zxNv

~IIIOI
~IIIOzv, v

M VNzz

~IVNIII
P ~zvNVI
3IIIVOII

gj 3fvNIII
a2 MVNVI
Q.y MVNvrz

~VPIII
& Pzz
N Pzrz

NIIOzv
N zPI
NIIIOv
+zv+vx
NVNVI, VII
Nvzorv

NVIOv

&VIIOv

OIIIPIV,V

OIV,VQII, III

cog ELIII
p3 EMII
pi EMIII
P&zz +Nzr
P~' ENxzz

&Ozz, zzx

Ps E3szv,v
P4 ENzv, v
p4 LIM I
P3 Lz~zzz

89 Actinium {Cont.)

91 Protactinium

0.134343~ 9 92.287
0.129325t 3 95.868
0.11523t 2 107.60
0.114345t 8 108.427
0.11129t 2 111.40
0.11107t 2 111.62

0.7699 1 16.104
0.73230 5 16.930

0.64064
0.6369
0.6356
0.6312
1.08009
1.0112
0.8190
0.8082
0.77661
0.7713
0.7690
0.7625
2.934
2.442
3.537
3.011
2.618
4.568
3.718
3.679
3.283
3.131
5.340
4.911
3.941
3.808
5.245
4. 151
4. 1381
3.760
9.44
9.40

11.56
11.07
13.8
33.57
36.32
49.5
48.2

50.0
68.2

181.

9
1
1
1

9
1
2
1
5

1

8
9
9
2
5
5
3

9
3
5
5
1

5
2

7
7
5

1

3
5

19.353
19.466
19.506
19.642
11.4788
12.261
15.138
15.341
15.964
16.074
16.123
16.260
4.23
5.08
3.505
4. 117
4.735
2.714
3.335
3 ' 370
3.78
3.959
2.322
2.524
3.1458
3.256
2.364
2.987
2.9961
3.298
1.313
1.1319
1.072
1.120
0.897
0.3693
0.3414
0.2505
0.2572
0.2479
0.1817
0.068

92 Uranium

0.130968
0.125947
0.112296
0.111394
0.10837
0.10818
0.10744
0.11069
0.10780
0.747985
0.71029

4 94.665
3 98.439
4 110.406
5 111.300
1 114.40
1 114.60
1 115.39
1 112.01
2 115.01
9 16.5753
2 17.4550

90 Thorium (Coet.)
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TABLE V (Coeteuued)

Desig-
nation p.e. keV p.e. keV

Desig-
nation p.e. p.e. keV

91 Protactinium (Cont ).92 Uranium (Coul. ) 91 Protactinium (Cont. ) 92 Uranium (Cout. )

0.6239 1 19.872
0.6169 1 20.098

v2 LINrr

v3 LINxrr
v'4 LIOrr
v4 LIOzz. m
Yle

v LIIMI
Pl LIIMIV
v5 LnNI
'Yl LIINIV

y8 LnOI
vs LxzOrv

LIIPIV
~ LIIIMI
n2 LrzzMzv

al LnrMv
Ps ~IIINz
Pls LnzNrv
P2 LrnNv
P7 ~znox
P5 LLIIOIV,V

LnzPI
LIIIPIV,V
Plp LzMV
Pg LIMV
Lz&xv

yll LzNV

LIOrv, v
pl7 LIIMIII
LIINIII
& LIINVI
~IIIOLII
Lrx&rr, nr
& LIIIMzr
s LIIIMxrr
LIIINII
LIIINIII

LIIINvI, vxx

LrzrOzx

LIIIOIII
LIQPII, III
MINrz
MINIII
MIOIII
MIPIII
MIINI
MrrNxv

Mrrorv
MIIINI
MnrNIv
'Y MIIINV
MrrzOI

MIIIOxv, v
g~ MIVNII

MIVNIII

p MIVNVI

0.5937 1 20.882

0.8295 1 14.946
0.74232 5 16.702
0.6550 1 18.930
0.63358~ 9 19.568

0.6133 1 20.216

0.7737
0.7546
0.7452

1 16.024
2 16.431
2 16.636

0.7088 2 17.492
0.7018 1 17.667

3.441
2.910
2.527
4.450
3.614
3.577
3.245
3.038
5.193

5 3.603
2 4.260
4 4.906
4 2.786
2 3.430
1 3.4657
9 3.82
2 4.081
2 2.3876

3.827 1 3.2397

1.0908 1 11.366
0.94482~ 5 13.1222
0.93284 5 13.2907
0.8079 1 15.347

0.605237
0.598574
0.576700
0.57499
0.5706
0.80509
0.719984
0.63557
0.614770
0.60125
0.594845
0.59203
1.06712
0.922558
0.910639
0.78838
0.756642
0.754681
0.73602
0.726305
0.72521
0.72240
0.68760
0.681014
0.59096
0.58986
0.5725
0.74503
0.6228
0.6031
0.59728
0.5930
1.0347
0.9636
0.78017
0.7691
0.738603
0.7333
0.7309
0.72426
2.92
2.753
2.304
2.253
3.329
2.817
2.443
4.330
3.521
3.479
3.115
2.948
5.050
4.625
3.716

20.4847
20.7127
21.4984
21.562
21.729
15.3997
17.2200
19.5072
20. 1671
20.621
20.8426
20.942
11.6183
13.4388
13.6147
15.7260
16.3857

MrvOII

gl MVNIII
~2 MvNvz
~l MVNVII

NzOIII
NIPII
NIPIII
NIIPI
NrnOV

NrvNvr

NvNvr, vn
Nrvorv
NVIOv

NIPrv, v

9 16.4283
16.845
17.0701
17.096
17.162
18.031
18.2054
20.979
21.019
21.657
16.641
19.907
20.556
20.758
20.906
11.982
12.866
15.892
16.120
16.7859
16.907
16.962
17.118
4.25
4.50
5.38
5.50
3.724
4.401
5.075
2.863
3.521
3.563
3.980
4.205
2.4548
2.681
3.3367

p4 LzMII
P8 LI3fzzr

v2 LINzr

Pl LIIMIV
'Yl LIINIV

vs Lnoxv
l LrzzMI

0'2 LnzMrv
al LIIIMV
ps LIIINI
P15 LIIINIV

P2 LrrrNv

P5 LI:Ix~,v

P4 LIMII
P3 Lcm
v~ LzNII
v3 LINnr
7'4 LIOII
'Y4 LIOlI, III
n LIIMI
pl LII3Ezv

vs LnNz
LIINIV

Ys

vs LnOzv
1 LIII3EI
n2 LIIIMrv
al LIIIMV

Ps LIIINI
Pl5 LnrNxv

p2 LnrNv

P7 LIIIOI
Ps Lznorv, v
Plp LIMxv

P9 LI3fv
+ LnrNvr, vzr

3.691
5.092
4.035
4.022

3.359
2.4350
3.072
3.0823

O. 72671
0.68920t
0.5873
0.5810

17.0607
17.989
21.11
21.34

0.5585
0.7809
0.698478
0.616
0.596498

22.20
15.8/6
17.7502
20. 12
20.7848

0.57699
1.0428
0.901045
0.889128
0.769

21.488
11.890
13.7597
13.9441
16.13

0.736230 16.8400

0.70814 17.5081

95 Americium

0.68639
0.64891
0.5544
0.657655
0.561886

9
9

0.54311 2
1.0012 6
0.860266 9
0.848187
0.73418
0.70341
0.701390
0.67383

18.0627
19.1059
22.361
18.8520
22.0652
22.8282
12.384
14.4119
14.6172
16.8870
17.6258
17.6765
18.3996

93 Neytunium

3.576
4.946
3.924
3.910

10.09
8.81
8.76

10.40
12.90
31.8
34.8
43.3
42. 1
8.60

3.4666
2.507
3.1595
3.1708
1.229
1.41
1.42
1.192
0.961
0.390
0.357
0.286
0.295
1.44

0.70620
0.66871
0.57068
0.564001
0.5432
0.5416
0.7591
0.67772
0.5988
0.578882
0.5658
0.55973
1.0226
0.88028
0.86830
0.75148
0.7205
0.71851
0.7003
0.69068
0.6482
0.6416
0.7031

17,5560
18.5405
21.7251
21.9824
22.823
22. 891
16.333
18.2937
20.704
21.4173
21.914
22. 1502
12.124
14.0842
14.2786
16.4983
17.208
17.2553
17.705
17.9506
19.126
19.323
17.635

94 Plutonium
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TA'BLE Vl. Wavelengths in numerical order of the emission lines and absorption edges.

Wavelength
A.~ p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

0.10723
0.10744
0.10780
0.10818
0.10837
0.11069
0.11107
0.11129
0.111394
0.112296
0.11307
0.11322
0.11366
0.114040
0.11426
0.114345
0.11523
0.116667
0.11711
0.11732
0.117396
0.118268,
0.12029
0.12050
0.12055
0.12143
0.12358
0.12379
0.12382
0.12469
0.125947
0.12698
0.12719
0.12719
0.12807
0.129325
0.13052
0.13069
0.13072
0.130968
0.13155
0.132813
0.13418
0.13432
0.134343
0.13438
0.13517
0.136417
0.13694
0.13709
0.13759
0.137829
0.13797
0.13807
0.13817
0.13892
0.14014

92 U
92 U
92 U
92 U
92 U
92 U
91 Pa
91 Pa
92 U
92 U
90 Th
90 Th
90 Th
90 Th
90 Th
91 Pa
91 Pa
90 Th
89 Ac
89 Ac
90 Th
90 Th
88 Ra
88 Ra
89 Ac
89 Ac
87 Fr
87 Fr
88 Ra
88 Ra
92 U
86 Rn
86 Rn
87 Fr
87 Fr
91 Pa
85 At
86 Rn
85 At
92 U
86 Rn
90 Th
84 Po
85 At
91 Pa
84 Po
85 At
89 Ac
83 Bi
83 Bi
83 Bi
90 Th
83 Bi
84 Po
83 Bi
84 Po
88 Ra

E

EP4
EP,z
EP,»
EP6
EP,z

EP,»
EPj
Ep3
E

EP4
Ep2z
Ep2zx

EPj
Eps
Epg
Ep2z

EP,»
EPg
Ep3
Ep2z

Ep,xx

EPy
Ep3
Ep2x
Ep2xz

Epy
Ep3
Eng
Ep2z

EP,»
Epg
Ep3
E~I
Ep2z

EPg
Ep zz

En2
EP,
Eny
Ep2z

EPy
Ecx2

Ep,»
Epo
Eely

E

Ep4
Ecx2

Ep,z

E'pj

Ep II

EP3
Eag

Abs. Edge
Koxz.uz
ENzv, v
ENxzx
ENzx
E~xv,v
EN»z
ENzz
EMzzz
EMxx
Abs. Edge
Eozz, zzz

ENxv, v
ENxzz
ENzz
E'Mxxz

EMxz
E~zv.v
ENru
ENxz
E3fzzz
EÃxz
EN»r
ENxz
E3Ezxx
E'3fzz

ENzzz
ENxx
E~xxx
E3fzz
ELzrz

ENzzx
ENzz
E&xzz
EMxz
EL»z
ENzzz
EMzzz
ENzz
ELxz
EMxz
ELzxz
ENzzz
EMxzx
ELxx
ENxz
EMxx
ELzzz
Abs. Edge
Eozz, zzz

ENxv, v
ELn
ENzu
EMzzx
ENxz
EMzz
ELzzz

115.62
115.39
115.01
114.60
114.40
112.01
111.62
111.40
111.300
110.406
109.646
109.500
109.08
108.717
108.511
108.427
107.60
106.269
105.86
105.67
105.609
104.831
103.07
102.89
102.85
102.10
100.33
100.16
100.13
99.43
9g.439
97.64
97.47
97 47
96.81
95.868
94 99
94.87
94.84
94.665
94.24
93.350
92.40
92.30
92.287
92.26
91.72
90.884
90.534
90.435
90.11
89.953
89.864
89.80
89.733
89.25
88.47

0.1408
0.140880
0.141012
0.14111
0.14141
0.14155
0.14191
0.141948
0.14212
0.142779
0.14399
0.14495
0.14495
0.14509
0.14512
0.14512
0.14553
0.14595
0.145970
0.14614
0.146810
0.14798
0.14896
0.14917
0.14918
0.14931
0.14978
0.150142
0.15020
0 ' 15040
0.150980
0.15210
0.15294
0.15353
0.153593
0.153694
0.154224
0.154487
0.154618
0.15483
0.155321
0.15636
0.15705
0.157880
0.158062
0.15818
0.15826
0.15881
0.158982
0.15920
0.15939
0.159810
0.160789
0.16130
0.16255
0.16271
0.16292

2
2
2

1

3
3
1

82 Pb
82 Pb
82 Pb
83 Bi
89 Ac
82 Pb
82 Pb
83 Bi
82 Pb
83 Bi
87 Fr
81 Tl
g2 Pb
81 Tl
82 Pb
88 Ra
81 Tl
81 Tl
82 Pb
81 Tl
82 Pb
86 Rn
87 Fr
81 Tl
80 Hg
80 Hg
80 Hg
81 Tl
80 Hg
80 Hg
81 Tl
85 At
86 Rn
80 Hg
79 Au
79 Au
79 Au
80 Hg
79 Au
79 Au
80 Hg
84 Po
85 At

5 79 Au
7 79 Au

78 Pt
78 Pt
78 Pt

3 79 Au
1 78 Pt

78 Pt
79 Au
83 Bi
84 Po
78 Pt
78 Pt
77 Il

EP5
Eup
Ep4
EP,z
EPy
Ep zz

Epa
Eag
E
EP5z

EP~ I

Ecx2

EP4
EP,z

EPg
Ep2II

Ep3
EAy

EAg

EPg
E

EP4
EPg
Ep2x

Ep,zr

Ep3
EERY

En2
Eps
E

Ep4
EPy
Ep,z

Ep zz

Epe
Ecxg

EX2
Ep,r

Epn»
E

EP4
Epy
Ep2x
Epgzz

Epe
Eo.g
Et'
EP~x
EP~II
E

EI'
Abs. Edge
Eon. zrx

E3Ixv,v
EL»
ENzv, v
ENzxz
E~xxz
ENxz
E3fxr
ELzzz
Abs. Edge
EMv
Eozz, zrz

EMxv
ELzz
ENzv, v
ENzn
E~zrx
ENn

EL»r
ELzz

E~zv, v
Abs. Edge
Eozz, uz
ENzv, v
E~xzx
&Nxxz

ENxz
E~xx
ELx»
ELxx

E~xv,v
Abs. Edge
Eon, rzx

ENzv, v
EMxxz
ENux
KNzz
EMzz
ELzzz
ELxz
E3fv
EMxv
Abs. Edge
Eon, zn
ENxv. v
E~xzz
ENzn
EN»
E~zx
ELxzx
ELxx
EMv
EMzv
Abs. Edge

88.06
88.005
87.922
87.860
87.67
87.59
87.364
87.343
87.23
86.834
86.10
85.533
85.53
85.451
85.43
85.43
85.19
84.946
84.936
84.836
84.450.
83.78
83.23
83.114
83.109
83.04
82.78
82.576
82.54
82.43
82.118
81.52
81.07
80.7S
80.720
80.667
80.391
80.253
80.185
80.08
79.822
79.290
78.95
78.529
78.438
78.381
78.341
78.069
77.984
77.878
77.785
77.580
77.1079
76.862
76.27
76.199
76.101
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TABLE VI (COehmued)

Wavelength

p.e. Element Designation keV
Wavelength

A.* p.e. Element Designation keV

0.163019
0.16352
0.163675
0.163956
0.16415
0 ' 164501
0.165376
0.165717
0.167373
0.16759
0.16787
0.16798
0.16842
0.168542
0.168906
0.16910
0.169367
0;170136
0.170294
0.17245
0.17262
0.17302
0.17308
0.173611
0.17362
0.174054
0.17425
0.174431
0.175036
0.175068
0.17766
0.17783
0.17837
0.178444
0.178880
0.17892
0.179421
0.17960
0.179697
0.179958
0.180195
0.183092
0.183264
0.18394
0.184031
0.184374
0.18451
0.185011
0.185075
0.185181
0.185188
0.185511
0.18672
0.188757
0.188920
0.18982
0.190089

5
2
3
7
1
3
2
2
9
2
1
1
2
2
6

2

2
1
1

1
1
3
2

6
1
3
2
3
1

1
1
5
3
2
7
1
3
3
2
7
5
1
7
2
1
8
2
2
9

6
6
5
4

77 Ir
77 Il
78 Pt
77 Ir
77 II'

78 Pt
82 Pb
83 Bi
77 II'
77 Ir
76 Os
76 Ds
76 Os
77 Ir
76 Os
76 Os
77 Ir
81 Tl
82 Pb
76 Os
76 Os
75 Re
/5 Re
76 Os
75 Re
75 Re
75 Re
76 Os
81 Tl
80 Hg
75 Re
75 Re
74 W
74 W
75 Re
74 W
74 W
74 W
75 Re
80 Hg
79 Au
74 W
74 W
73 Ta
73 Ta
74 W
73 Ta
73 Ta
79 Au
74 W
73 Ta
78 Pt
79 Au
73 Ta
73 Ta
72 Hf
73 Ta

Ep4
Epj
Epg'
Ep,zz

Ep3
E1
ECLg

Ep,z

Ep,»
E

Ep4
Epg
Ep&z

Ep II

Ep3
Enj
Eo!g
Epsz
Epgzz

E

Epj
Ep4
Ep&z

Ep~rz

Eps
ICHOR

Eag
Ep,z

Ep,»
E

ICpj

Ep4
Ep,z

Ep,zz

Ep3
EAg

Etxy

Eps'
Ep Ix

E'

Epg
Ep4

Ephor

Eug
Ep3
Ep,zz

EAy

Epsz
Ep~zz

E
Epj

EOrr, zzr

E&xv,v
E~rrr
E&xzr
E&rx
EMzr
ELxxz
E'Ln
EMv
EMzv
Abs. Edge
Eozz, zn
E&xv,v

nr
E&rrr
EÃzz
E3Err
ELxzz
ELzx
Ega
E3Erv
Abs. Edge
Eon, zzr

E~xrr
E&zv, v
EEzrz
EEzr
E3frx
ELrr
ELxzz
EMv
E3frv
Abs. Edge
EOzx, nr
E~xrr
E&xv,v
E&xzz
E&xz
E3fzz
ELrr
ELnz
E3fv
E3fzv
Abs. Edge
Eon, nr
E3Exzz

E&xv,v
E+rzz
ELzr
EMrr
EErr
ELxzr
ELx
E~v
Egtxv
Abs. Edge
E~xzr

76.053
75.821
75.748
75.619
75.529
75.368
74.9694
74.8148
74.075
73.980
73.856
73.808
73.615
73.5608
73.402
73.318
73.2027
72.8715
72.8042
71.895
71.824
71.658
71.633
71.413
71.410
71.232
71.151
71.077
70.8319
70.819
69.786
69.719
69.508
69.479
69.310
69.294
69.101
69.031
68.994
68.895
68.8037
67.715
67.652
67.403
67.370
67.2443
67.194
67.013
66.9895
66.9514
66.949
66.832
66.40
65.683
65.626
65.31
65.223

0.190381
0.1908
0.190890
0.191047
0.19585
0.19589
0.195904
0.19607
0.196794
0.19686
0.1969
0.20084
0.201639
0.20224
0.20226
0.20231
0.202781
0.20309
0.2033
0.20739
0.207611
0.20880
0.20884
0.20891
0.2090100
0.2096
0.2098
0.213828
0.21404
0.215497
0.21556
0.21567
0.21581
0.21592
0.21636
0.2167
0.220305
0.22124
0.222227
0.22266
0.22291
0.22305
0.22341
0.2241
0.227024
0.22855
0.229298
0.23012
0.23048
0.23056
0.23083
0.2317
0.234081
0.23618
0.236655
0.23788
0.23841

1
2
2
2
4
2
1
3
4
2
2
8
3
3
2
1
3
2
2
3
3

2

3
2
2
2
3
2

2
1

70 Yb
69 Tm
74 W
69 Tm
73 Ta
69 Tm
68 Kr
68 Er
74 W
69 Tm
68 Kr
73 Ta
68 Kr
72 Hf
68 Kr
67 Ho
67 Ho
68 Kr
67 Ho
72 Hf
67 Ho
71 Lu
67 Ho
66 Dy
66 Dy
67 Ho
66 Dy
71 Lu
66 Dy
70 Yb
66 Dy
65 Tb

78 Pt
72 Hf
73 Ta
77 Il
71 Lu
71 Lu
77 Ir
72 Hf
76 Os
72 Hf
71 Lu
71 Lu
76 Os
70 Yb
70 Yb
71 Lu
75 Re
71 Lu
70 Yb
70 Yb
75 Re
69 Tm
70 Yb
69 Tm

Std. 74W

ICAg

Epg
Ep3
EAj,
E

Ecxg

Epg
EAy

Ep3
Epg
Epg
Ecxg

E

Epg
Eny
Epg
Epg
Ep5
ICag

E
Epj

Ep,
Epg
EGA

ICpg

Eo!&

Epg
E

Epg
Ep,
Eng
Eps
EAy

Epj
E

Ep3
Epy,

E(XQ

Eps
EcLy

Epj
E

E'p3

Epg
Eche

Eps
EA].
Epy
E

ELxr
E&xr,»x
EMzx
ELnz
Abs. Edge
EOrr, xxz

ELxr
E~xzz
ELxzr
EMxz
E&xz, rrz

E~zv, v
ELn
Abs. Edge
EOxx, xxx

EMrrr
ELxn
E~rr
E+zx, zzx

E~xv,v
ELxx
Abs. Edge
EMxn
Eorx, III
ELxzz
Egfrr
IC&n, rrr
ELn
E~rv, v
E'Lxxr

E~rzz
Abs. Edge
EOzx, xzx

ELz
E~rr
IC+Ix, zzx

ELxr
EMzv, v
ELxxr
EMrrz
Abs. Edge
Eon, zrz

E~xz
E&xz,nr
ELxz
EMxv, v
EL»r
EMrzz
Abs. Edge
Eon, rzx

EMxz
E+xr, xxx

ELxx
E~rv, v
ELxxr
E3frzr
Abs. Edge

65.122
64.98
64.9488
64.8956
63.31
63.293
63.2867
63.234
63.0005
62.98
62.97
61.732
61.4867
61.30
61.298
61.283
61.1403
61.05
60.89
59. /82
59.7179
59 ' 38
59.37
59.346
59.31824
59.14
59.09
57.9817
57.923
57.532
57.517
57.487
57.450
57.42
57.304
57.21
56.277
56.040
55.7902
55.681
55.619
55.584
55.494
55.32
54.6114
54.246
54.0698
53.877
53.793
53.774
53.711
53.47
52.9650
52.494
52.3889
52.119
52.002
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TasLE VI (Comtinged)

Wavelength
A* p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

0.23858
0.23862
0.2397
0.241424
0.244338
0.24608
0.24681
0.24683
0.24687
0.24816
0.249095
0.252365
0.25275
0.25460
0.25534
0.25553
0.255645
0.256923
0.257110
0.260756
0.263577
0.264332
0.26464
0.26491
0.265486
0.2662
0.269533
0.27111
0.27301
0.27376
0.274247
0.27431
0.2759
0.278724
0.28290
0.283423
0.28363
0.28453
0.2861
0.288353
0.293038
0.293299
0.294027
0.29518
0.29679
0.298446
0.303118
0.304261
0.304975
0.3064g
0.30668
0.30737
0.30816
0.309040
0.31342
0.31357
0.313698

3
2
2
2
2
2
1
2
3
3
2
2
3
2
2
1
7
8
2
2
5
5
5
3
2
1

2
3
2
2
2
5
1
2
3
2
4
5

2
2
2
3
5
2
2
2
4
5
5
2
2
1

62 Sm
58 Ce
58 Ce
62 Sm

65 Tb
66 Dy
65 Tb
70 Yb
69 Tm
65 Tb
64 Gd
65 Tb
64 Gd
64 Gd
69 Tm
68 Er
64 Gd
64 Gd
64 Gd
63 Eu
63 Eu
63 Eu
68 Kr
67 Ho
63 Ku
63 Eu
62 Sm
62 Sm
67 Ho
62 Sm
66 Dy
62 Sm
62 Sm
62 Sm
66 Dy
61 Pm
61 Pm
65 Tb
61 Pm
65 Tb
61 Pm
60 Nd
60 Nd
64 Gd
64 Gd
60 Nd
60 Nd
59 Pr
59 Pr
63 Ku
63 Eu
59 Pr
59 Pr
58 Ce
58 Ce
58 Ce
58 Ce

Ep,
Epy,

En2
Eny
EPg
E
Ep3

Ep,
En2
Eny
Ep5
Epg
Ep,
E

Ep2I

En2
Eny

Epy
Ep3
E'

En2
Ep2
Eng
Epg
Epg
Ep3
En2
E'

Ep2
Eny
EPj
En2
Ep,
E
ICP,
Eng
Eng
Epg
Epg
E
Ep2
Eni
En2
EPg
Ep,
E

Ep,r

EP,
Enq
Ep,z

Ep,zz

E~II,xzx

EMII
E+II,III
ELII
ELuz
E~xzz
Abs. Edge
EMII
EOII, III
E&zz, zzz

ELzz
ELnz
E~zv, v
E~xzz
EMII
Abs. Edge
Eon.nx
E+II,III
ELu
ELIII
E~zzz
E3fzz
Abs. Edge
EOII, III
ELzz
EEII III
ELnz
E3EIV,V
E3fzzz
E~zz
ELII
Abs. Edge
E&zz,uz
ELnr
E~III
ELII
E3fzz
Abs. Edge
E+II,III
ELIII
ELII
E~xzz
E~zz
Abs. Edge
E&zz, zzz

ELnz
ELII

nz
EMII
Abs. Edge
Eon, ur
E+Iv,v
E&zz, zzr

ELur
v
zv

ELII

51.965
51.957
51.68
51.3540
50.7416
50.382
50.233
50.229
50.221
49.959
49.7726
49.1277
49.052
48.697
48.555
48.519
48.497
48.256
48.2211
47.5467
47.0379
46.9036
46 ' 849
46.801
46.6997
46.57
45.9984
45. 731
45.413
45.289
45.2078
45.198
44.93
44.4816
43.826
43.7441
43.713
43.574
43.32
42.9962
42.3089
42.2713
42. 1665
42.002
41.773
41.5422
40.9019
40.7482
40.6529
40.453
40.427
40.337
40.233
40. 1181
39.558
39.539
39.5224

0.315816
0.316520
0.31844
0.31864
0.31931
0.320117
0.320160
0.324803
0.32546
0.32563
0.327983
0 ' 328686
0.33104
0.33127
0.331846
0.33229
0.33277
0.336472
0.33814
0 ' 33835
0.340811
0.341507
0.344140
0.34451
0.34611
0.348749
0.354364
0.355050
0.35'?092

0.3584
0.36026
0.361683
0.36872
0.36941
0.370737
0.37381
0.37523
0.375313
0.383905
0.384564
0.385111
0.389668
0.389'?4
0.38974
0.391102
0.399995
0.400290
0.400659
0.404835
0.40666
0.40668
0.40702
0.407973
0.41378
0.41388
0.41634
0.417085

2 58 Ce
4 58 Ce
5 57 La
2 57 La
2 57 La
7 57 La
4 61 Pm
4 61 Pm
2 57 La
2 57 La
3 57 La
4 57 La
1 56Ba
2 56 Ba
2 60 Nd
2 56 Ba
1 56Ba
2 60 Nd
2 56Ba
2 56Ba
3 56Ba
4 56Ba
2 59 Pr
1 55 Cs
2 55 Cs
2 59 Pr
7 55 Cs
4 55 Cs
2 58 Ce
5 54Xe
3 54Xe
2 58 Ce
2 54 Xe
2 54 Xe
2 57 La
1 53 I
2 53 I
2 57 La
4 53 I
4 53 I
4 56Ba
5 56Ba

52 Te
1 52 Te
6 52 Te
5 52 Te
4 55 Cs
4 52 Te
4 55 Cs
1 51 Sb

51 Sb
1 51 Sb
5 51 Sb

51 Sb
1 51 Sb
2 54 Xe
3 51 Sb

Epg
Ep3
E

EP4I
Ep2
Enj
En2
Ep5I
Ep~zz

Epj
Ep3
E

Eni
EP4»
Ep2
En2
Ep5r

Ep,zz

EPj
Ep3
Eni
E
Ep2
En@

EPy
Ep3
Eny
E
Ep2
En2
EPy
Ep3
En)
E
E'p2

En2
Epy
Ep3
En]
En/

E
Ep2
EPy
Eny
Ep3
Ene

E
EP4I
Ep2
Epgx
Ep~zz

En)
EPg

E~zxz
EMII
Abs. Edge
Eon, nx
E&zv,v
E&zz, zzz

ELnz
ELu
EMv
EMIV
EMzzz
E~rx
Abs. Edge
Eoxz, rn
ELI»
ESIV
E&zr, zzz

EL»
EMv
E~zv
E'3fzzz

EMII
III

Abs. Edge
E&zz, zzx

ELzz
E~zzz

zx

ELxzz
Abs. Edge
E&n, zzz

ZLzz
E~zzx
EMII

Abs. Edge
E+II,III
ELzz
E~zrz
EMzz
ELnx
ELzz
E~zz, zzx

Abs. Edge
E&zz, zzz

E&zzz
Lxzz

E3fxz
ELxz
E~xz, zzz

Abs. Edge
EEzv,v
E+II,III
EMv

Mxv
ELux
E~xzx

39.2573
39.1701
38.934
3g.909
38.828
38.7299
38.7247
3g. 1712
38.094
38.074
37.8010
37.7202
37.452
37.426
37.3610
37.311
37.257
36.8474
36.666
36.643
36.3782
36.3040
36.0263
35.987
3S.822
35.5502
34.9869
34.9194
34.7197
34.59
34.415
34.2789
33.624
33.562
33.4418
33.1665
33.042
33.0341
32.2947
32.2394
32.1936
31.8171
31.8114
31.8114
31.7004
30.9957
30.9728
30.9443
30.6251
30.48'?5

30.4860
30.4604
30.3895
29.9632
29.9560
29.779
29.7256
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TABLE VI (Coetinled)

Wavelength

p.e. Element Designation keV
Wavelength

A* p.e. Element Designation keV

0.417737
0.42087
0.42467
0.42467
0.42495
0.425915
0.43175
0.43184
0.433318
0.435236
0.435877
0.437829
0.44371
0.44374
0.44393
0.44500
0.45086
0.45098
0.451295
0.454545
0.455181
0.455784
0.46407
0.465328
0.470354
0.474827
0.475105
0.475730
0.48589
0.4859
0.487032
0.490599
0.49306
0.495053
0.497069
0.497685
0.5092
0.5093
0.510228
0.512113
0.516544
0.51670
0.520520
0.521123
0.53395
0.53401
0.535010
0.53503
O.S3S13
0.5365
0.539422
0.54101
0.54118
0.5416
0.54311
0.5432
0.545605

51 Sb
54 Xe
50 Sn
50 Sn
50 Sn
50 Sn
50 Sn
SO Sn
53 I
50 Sn
50 Sn
53 I

1 49 In
3 49 In

49 In
49 In
49 In
49 In
52 Te
49 In
49 In
52 Te
48 Cd
48 Cd
51 Sb
sf Sb
48 Cd

5 48 Cd
47 A'g

9 -47 Ag
47 Ag
50 Sn
47 Ag
50 Sn

47 Ag
46 Pd
46 Pd
46 Pd
49 In
49 In
46 Pd
46 Pd
46 Pd
45 Rh
45 Rh
48 Cd
45 Rh
45 Rh
94 Pu
48 Cd

45 Rh
94 PU

95 Am

94 Pu

Ep3
En/

E
Ep,z

Ep2
Ep&r

Ep n
En1
Ep1
Ep3
En2
E

Ep,r

E'p2

Epgz

Ep,«
En1
Ep1
Epl
En2
E
Ep2
En1
En2
Ep1
Ep3
E
Ep4
Ep2
En1
E'P5

En2
Ep1
Epa
E
Ep4
Ep2
En1
En2
Eps
Ep1
Epl
E
Ep4'
En1
Ep2
Ep,zz

Lz
En2
Epgz

Ep,rr
Ly4
Ly6
Ly4' .,

Ep1

EMzz
ELn
Eon, nx
Abs. Edge
K+IV,V

E&xz,nr
EMv
E3IIIV
ELzn
EMzzz
E3IIxz
ELn
Abs. Edge
EOxz.zzx

E&xv,v
K+II,III
EMV
EMIV
ELnz
EMxzr
EMxz
KLzz
Abs. Edge
E&xr, nr
ELIII
ELn
EMnz
EMxz
Abs. Edge
EEIV,V
E&xr,zrx

ELnx
EMrv, v
KLzz
EMIIX
EMix
Abs. Edge
E&zv.v
K+II,III
ELxn
ELIX
EMxv, v
EMIXX

EMzz
Abs. Edge
E&zv,v
ELnx
E&zr, rn
EEII
Abs. Edge
EL'
EMv
EMIV
LIOIII
LzzOxv

LIOxr
EMxzz

29.6792
29.458
29.195
29.1947
29.175
29. 1093
28.716
28.710
28.6120
28.4860
28.4440
28.3172
27.9420
27.940
27.928
27.8608
27.499
27.491
27.4/23
27.2759
27.2377
27.2017
26.7159
26.6438
26.3591
26.1108
26.0955
26.0612
25.5165
25.512
25.4564
25.2713
25.145
25.0440
24.9424
24.9115
24.348
24.346
24.2991
24.2097
24.0020
23.995
23.8187
23.7911
23.2198
23.217
23.1736
23.1728
23.168
23.109
22.9841
22.917
22.909
22.891
22.8282
22.823
22. 7236

0.546200
0.5544
0.5572
0.5585
0.55940/5
0.55973
0.56051
0.56089
0.56166
0.561886
0.563798
0.564001
0.5658
0.56785
0.5680
0.5695
0.5706
0.57068
0.572482
0.5725
0.573067
0.5/499
0.576700
0.57699
0.578882
0.5810
0.585448
0.5873
0.58906
0.589821
0.58986
0.59024
0.59096
0.5919
0.59203
0.5930
0.5937
0.594845
0.596498
0.59728
0.598574
0.5988
0.60125
0.60130
0.60188
0.6031
0.605237
0.6059
0.60705
0.6083
0.61098
0.61251
0.6133
0.613279
0.6146I
0.614770
0.6160

4 45 Rh
2 95 Am

94 Pu
5 93 Np
6 47 Ag
2 94 Pu
1 44 Ru
9 44 Ru
3 44 Ru
9 95 Am
4 47 Ag
9 94 PU

1 94 Pu
9 44 Ru
2 44 Ru

92 U
1 92U
2 94 PU

4 44 Ru
1 92U
4 44 Ru
9 92U
9 92U
5 93 Np
9 94 Pu
5 93 Np
3 46 Pd
5 93 Np
1 43 Te
3 46 Pd
5 92U
5 43 Tc
5 92U
1 92U
5 92U
2 92U

91 Pa
9 92U
9 93 Np
5 92U
9 92U
1 94 Pu
5 92U
4 43 Tc
4 43 Tc
1 92U
9 92U
1 90 Th
8 90 Th
1 90 Th
4 90 Th
4 90 Th
1 91 Pa
4 45 Rh
1 90 Th
9 92U
1 90 Th

Ep,
Lyg

Ln
L+4
En1
Ly6
E
Ep4
Ep,
LyI
En2
Lya
Lys
Ep,z

Ep,»
Lz

LyI3

LV2

EpI

Ep3
Ly4
L&4'

Ly6
LyI
Lya
En1
Ly2
E
En2
L+11

Ep,

Lrr

Ly4

Ly1

Ly3
Lyg

L+8
Ep1
Ep3
Lv

Ly2

Lz
LQI3

Ly4
Ly4'

Ly6
EnI

EMII
Lz&n
Abs. Edge
LzOrr, zrx

ELIII
L»Orv
Abs. Edge
E&zv,v
++II,III
Lzr&xv
ELzx
Lz&zzr

L»OI
EMV
EMIV
Abs. Edge
Lr&zz, rzz

Lz&zr
EMzzr
Lzozv, v
EMrr
LzOxn
Lzorr
Lzzoxv
Lxzgzv
LI+III
ELIII
LI+II
Abs. Edge
ELzz
LP'v
K+II,zn
LP'rv
Abs. Edge
Lxz&zv
LII+II,III
LzOxx. nz
Lzrozv
Lxz&zv

LnOxzx

Lx&nz
Lxz&x

Lnox
EMIII
EMII
Lzx+VI
LP'xr
Abs. Edge
Lz+xz, xzz

Lzoxv, v
Lzoxzx

LxOxr

Lnozv
ELnz
LzOI
Lzz&zv
LI+VI,VII

22.6989
22.361
22.253
22.20
22. 16292
22. 1502
22. 1193
22. 104
22.074
22.0652
21.9903
21.9824
21.914
21.834
21 ' 829
21.771
21.729
21.1251
21.6568
21.657
21.6346
21.562
21.4984
21.488
21.4173
21.34
21.1771
21.11
21.0473
21.0201
21.019
21.005
20.979
20.945
20.942
20.906
20.882
20.8426
20.7848
20.758
20.7127
20.704
20.621
20.619
20.599
20.556
20.4847
20.464
20.424
20.383
20.292
20.242
20.216
20.2161
20.174
20.1671
20.128
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TABLE VI (Continued)

Wavelength
A.* p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

0.616
0.6169
0.617630
0.61978
0.62001
0.62099
0.62107
0.6228
0.6239
0.62636
0.62692
0.62708
0.6276
0.6299
0.62991
0.6312
0.6316
0.632288
0.63258
0.632872
0.63358
0.63557
0.63559
0.6356
0.6369
0.63898
0.64064
0.6416
0.64221
0.643083
0.6445
0 ' 64513
0.6468
0.647408
0.64755
0.6482
0.64891
0.64965
0.65131
0.6521
0.65298
0.65313
0.65318
0.65416
0.6550
0.657655
0.6620
0.6654
0.66576
0.66634
0.6666
0.66871
0.6707
0.6714
0.6724
0.67328
0.67351

1

1
4

9
2
5

1
9
5
5
1

9

1
9

2
9
2

1
5
9
1
4.

5

5
5
1
2
5
5

1
3
5

1
9

1
2
3

2
1
1

5
9

93 Np
91 Pa
45 Rh
42 Mo
42 Mo
42 Mo
42 Mo
92 U
91 Pa
90 Th
42 No
42 Mo
90 Th
90 Th
90 Th
90 Th
90 Th
42 Mo
90 Th
42 Mo
91 Pa
92 U
90 Th
90 Th
90 Th
90 Th
90 Th
94 Pu
90 Th
44 Ru
88 Ra
88 Ra
88 Ra
44 Ru
90 Th
94 Pu
95 Am

88 Ra
88 Ra
90 Th
41 Nb
90 Th
41 Nb
41 Nb
91 Pa
95 Am
90 Th
88 Ra
41 Nb
41 Nb
88 Ra
94 PU

88 Ra
88 Ra
88 Ra
88 Ra
89 Ac

Ly5
Ly3
Ea2
E
Ep4r

Ep,
Ep II

LV2

L+11
Ep,x

Ep II

LII

Epi
Ly6
Ep3
Lyj
Ly5
LV3

Ly8
Le
Lpg

Ly2
Eng
LX

LPI3

EA2

LpI p

Lp,
Ly4
I /

E
L Vl

Ep4
Ep2
Lys
LpI

Lvu
Epg
Ep3

Lp,
Lu

Ly6
Lyg

LIINI
LINIIX
ELxr
Abs. Edge
EÃxv, v
ENII, III
ENzz
LIINIII
LINzz
LzNv
EMV
EMIV
LINIV
Abs. Edge
LII+zv
Lxr+II, III
Lxr&z
E3fzzx

Lzxoxv
E3fzz
LIINXV

LzzNz

LINIII
LuOrrr
LuOu
LuOX

LxxNvx

LIMV
LINII
ELxxr
Abs. Edge
Lz&xz, ru
Lxozv, v
ELxz
LINI
LIMzv
LIMzzr
LIOIII
LIOII
LuNv
Abs. Edge
LzzNxv

E&zv,v
ENzx, rzr

LxrNz

LIIMxv
LIINIII
LxNv
EMIII
E3fzz
LINzv
LIMIII
Abs. Edge
LII+rr, III
Lzr&x

LuOzv
LIINIV

20. 12
20.098
20.0737
20.0039
19.996
19.9652
19.963
19.907
19.872
19.794
19.776
19.771
19.755
19.683
19.682
19.642
19.629
19.6083
19.599
19.5903
19.568
19.5072
19.507
19.506
19.466
19.403
19.353
19.323
19.305
19.2792
19.236
19.218
19.167
19.1504
19.146
19.126
19.1059
19.084
19.036
19.014
18.9869
18.9825
18.982
18.953
18.930
18.8520
18.729
18.633
18.6225
18.6063
18.600
18.5405
18.486
18.466
18.439
18.414
18.408

0.67383
0.67491
0.67502
0.67538
0.6764
0.67772
0.6780
0.67932
0.6801
0.681014
0.68199
0.68639
0.6867
0.6874
0.68760
0.68883
0.68901
0.68920
0.68993
0.69068
0.6932
0.69463
0.6959
0.698478
0.7003
0.701390
0.70173
0.7018
0.70228
0.7031
0.70341
0.7043
0.70620
0.70814
0.7088
0.709300
0.71029
0.713590
0.71652
0.71774
0.71851
0.719984
0.7205
0.7223
0.72240
0.7234
0.72426
0.72521
0.726305
0.72671
0.72766
0.72776
0.72864
0.7301
0.7309
0.73230
0.7333

2

3
5

2

1
3
1

8
5
2
1
1
5

5
9

2

1

5
1

9
1

9
3

2
1

2
2
2

2
6
9
5
2
8
1

5
1
5
5
9

5
5
4
1

5
1

95 Am
90 Th
43 Tc
88 Ra
88 Ra
94 PU

88 Ra
43 Tc
88 Ra
92 U
88 Ra
95 Am
94 Pu
88 Ra
92 U
40 Zr
40 Zr
93 Np
40 Zr
94 PU

88 Ra
88 Ra
40 Zr
93 Np
94 Pu
95 Am
40 Zr

Lps
Lys
E(xy

Ly3

Lpg

En2
Lvs
Lpg

LV2

Lp4

Lzzx

Lpio
E
Ep4
Lpe

Ep,
Lps

Lyg

Ep5
Lpg

Lp7
Lp,

94 PU

95 Am
88 Ra
94 Pu
93 Np
91 Pa
42 Mo
92 U
42 Mo
87 Fr
88 Ra
94 Pu
92 U
94 Pu
92 U
92 U
90 Th
92 U
92 U
92 U
93 Np
39Y

LN

Lpg

Lp4

Lpl
Lpco
Eo.'y
Lpg

Ea2

Lys
Lpg

Lpy

Lpjs
Lxn

Lpg

Lps
Lp4

39 Y
90 Th
92 U
91 Pa
92U

Ep2
Lpj.o

Lp3

91 Pa Lpg
40 Zr Ep3

LIIIOIV,V

LzzNX

ELxzz
LxNzxz

LuOru
LIIMIV
LIIOII
ELIX
Lzroz
LIMV
LzNzx

LIMII
Abs. Edge
LzNI
LIMzv
Abs. Edge
ENzv, v
LXMIII
ENII, IIX

LznOxv, v
LzrNv
LzzNxv

EMIV,V

LIIMIV
LzzxOr

LIIXNv

EMrrr
LXMv

EMII
LznNvr. vxr

LIIXNIV

LrrNxzz

LXMII
Lux Orv, v
LIMzv
ELxn
LIMIII
ELxz
LrrNzv
LXXNX

LxrzNv

LXIMIV

LznNzv
Abs. Edge
LIIX+IV,V
LIMv
Lzxx&zx, nz
Lzxz&x

Lxxzozv, v
JzMzx
Abs. Edge
ENIV, V

ENxz, nr
LXMIV

Luzozrz
LIMIXI
Lxxrorr

18.3996
18.370
18.3671
18.357
18.330
18.2937
18.286
18.2508
18.230
18.2054
18.179
18.0627
18.054
18.036
18.031
17.9989
17.994
17.989
17.970
17.9506
17.884
17.849
17.815
17.7502
17.705
17.6765
17.6678
17.667
17.654
17.635
17.6258
17.604
17.5560
17.5081
17.492
17.47934
17.4550
17.3743
17.303
17.274
17.2553
17.2200
17.208
17.165
17.162
17.139
17.118
17.096
17.0701
17.0607
17.038
17.036
17.0154
16.981
16.962
16.930
16.907
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TABLz VI (Continued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

0.73418
0.7345
0.73602
0.736230
0.738603
0.73928
0.74072
0.74126
0.74232
0.74503
0.7452
0.74620
0.747985
0.75044
0.75148
0.7546
0.754681
0.75479
0.756642
0.75690
0.7571
0.7579
0.75791
0.7591
0.7607
0.76087
0. /6087
0.76198
0.7625
0.76289
0.76338
0.7641
0.7645
0.76468
0.765210
0.76857
0.769
0.7690
0.7691
0.76973
0.7699
0.76989
0.77081
0.7713
0.772
0.7737
0.77437
0.77546
0.7764
0.77661
0.77728
0.77822
0.77954
0.78017
0.7809
0.78196
0.78257

2 95 Am

I 39Y
6 92U
9 93 Np
9 92U
9 86 Rn
2 39Y
3 39Y
5 91 Pa
5 92U
2 91 Pa
I 41 Nb
9 92U
I 41 Nb
2 94 Pu
2 91 Pa
9 92U
3 90 Th
9 92U
3 83 Bi
I 83 Bi
I 90 Th
5 83 Bi
1 94 Pu
1 90 Th
9 90 Th
3 83 Bi
3 83 Bi
2 90 Th
9 85 At
5 90 Th
5 83 Bi
2 84 Po
5 90 Th
9 90 Th
5 88 Ra
1 93 Np
I 90 Th
I 92U
5 38 Sr
1 91 Pa
5 38 Sr
3 38 Sr
1 90 Th

84 Po
91. Pa

4 90 Th
5 88. Ra
1 38 Sr
5 90 Th
5 83 Bi
9 89 Ac
5 83 Bi
9 92U
2 93 Np
5 82 Pb
7, 82Pb

Lp6
E'p5

Lp,
Lp2
LQ

Lyj
Epg
Ep,
Lpg

Lpi~

Lps
Eni
Lp4
Eo!2
Lp6

Lpz

Lpm

Lp,
Lpjg

Lpga

Lx

Lg
Lzu

Ly4

L+4

Ly6
Lps
Lps
Lp9
Lp6

E'

Lp4

Ep4
Ep,

Ly2

Lp2

Lpz
Lpyp

Epg
Lu
Lpll
Lp&

Ly
Lz

LxxzNx

Mrv, v
LrrrOx

LzrzNv

LzzzNvx, vrz

LzrNrv
E3fxzz
E3Ezz
Lxr~xv
Lzx~zrz
LxrxOxv, v
ELzrz
Lz~zz
ELxr
LxxxNx

LznOx
LnzNv
Lz3fzrr
LzzzNzv

Lx&zx.zrx

Abs. Edge
Lyg3fv

Lzozv, v
LzrMz
Abs. Edge
Lzrr-Pxv. v
LxOnr
LzOn
Lrxr-Pzx, xn
LzrNxv

Lxzr&x

LzNvr, vzz

LxzOxv

LxzxOzv, v
Lzz~xv
Lg3fv
LxxxNx

Lxxxoxzx

LxrxNzn
Abs. Edge
Lz~rz
ENxv, v
ENxz, zzz

LurOn
LxNn
LxzrNv

Lrzror
Lz3fxv
E&xv,v
LznNvr, vzz

LrNv
Lz~zzr
LzNzv

LzzzNxx

Lzz3fz
Abs. Edge
LxOzv, v

16.8870
16.879
16.845
16.8400
16.7859
16.770
16.7378
16.7258
16.702
16.641
16.636
16.6151
16.5753
16.5210
16.4983
16.431
16.4283
16.4258
16.3857
16.3802
16.376
16.359
16.358
16.333
16.299
16.295
16.294/
16.2709
16.260
16.251
16.24i .

16.23
16.218
16.213
16.2022
16.131
16.13
16.123
16.120
16.107
16.104
16.104
16.0846
16.074
16.07
16.024
16.0105
15.988
15.969
15.964
15.951
15.931
15.904
15.892
15.876
15.855
15.843

0.78292
0.78345
0.7858
O. l8593
0.78706
0.78748
0.78838
0.7884
0.7887
0.78903
0.78917
0.7897
0.79015
0.79043
0.79257
0.79257
0.79354
0.79384
0. /9539
0.79565
0.79721
0.7973
0.8022
0.80233
0.80273
0.8028
0.80364
0,8038
0.8050
0.80509
0.80627
0.80/9
0.8081
0.8082
0.80861
0.81163
0.81184
0.81308
0.81311
0.81375
0.8147
0.81538
0.8154
0.81554
0.8158
0.81583
0.8162
0.81645
0.81683
0.8186
0.8190
0.8200
0.8210
0.8219
0.82327
0.82365
0.8248

2
3
I
I
7
9
2
I
I
9
5
I
I
3
4

3
5
5
3
9
I
I
9
5
I
7
I
1
2
5
I
I
I
5

38 Sr
38 Sr
82 Pb
40 Zr
82 Pb
84 Po
92 U
82 Pb
83 Bi
89 Ac
83 Bi
82 Pb
40 Zr
83 Bi
90 Th
90 Th
9,0 Th
83 Bi
90 Th
83 Bi
83 Bi
83 Bi
83 Bi
82 Pb
88 Ra
88 Ra
82 Pb
88 Ra
88 Ra
92 U
88 Ra
91 Pa
81 Tl
90 Th
81 Tl
90 Th
81 Tl
81 Tl
83 Bi
88 Ra
82 Pb
82 Pb
37 Rb
37 Rb
81 Tl
82 Pb
88 Ra
37 Rb
82 Pb
88 Ra
90 Th
82 Pb
82 Pb
37 Rb
82 Pb
82 Pb
83 Bi

Epy
Ep3
Ly4
Eny

I

Lyg

Lpe

Lzx

Lpj.
Lya

EtX2

L+6
Lp4

Lpjz
Lp2

Lpga

Ly2
Lv

Lps

Lyu
Lpi
Lxxx

Ly
Lpg

Lp6

Lx

Ly4
Ly4'

Lyi
Lpj
L+3
Lrr
Ep4

LV2

Ep5

E~xzz
IDIIzz

LzOxxx

ELxzz
LxOxz

LzzNzv

LxxxNx

LxNvx. vzx

Abs. Edge
Lxzjfzv
LzNxxr

LzOz

ELrr
LxxOzv

Lz~zx
Lxx~xzz

Lxzz~v
Err Our
LzzzNIv

LxNxx

LzrNvr
LzzOx

LxNr
LzN
Lz~zrz
Abs. Edge
LxNrv

Lzrx~xr, uz
Lzzr+I
LrzMr

Lxzxoxv, v
LxzrNx
Abs. Edge
LxzxNxzx

LzOrv. v
LzMz
Lxonx
Lxozz
LxxNxv

Lzz~xv
LxNrzx
Abs. Edge
ENrv, v
Abs. Edge
LxOx

Lxz&z

LnzOr
ENxz. xu
LxzOzv

LxzxNvx, vxx

LrxrNxx

LzxOxu

LzNzx

E3fzv,v
LxrNvz

LzzOr

LnNzzz

15.8357
15.8249
15.777
15.7751
15.752
15.744
15.7260
15.725
15.719
15.713
15.7102
15.699
15.6909
15.6853
15.6429
15.6429
15.6237
15.6178
15.5875
15.5824
15.552
15.55i
15.456
15.453
15 AAA9

15 dna

15.427
15.425
15.402
15.3997
15.3771
15.347
15.343
15.341
15.3327
15.276
15.2716
15.2482
15.2477
15.2358
15.218
15.2053
15.205
15.2023
15.198
15.1969
15.190
15.1854
15.1783
15.146
15.138
15.120
15.101
15.085
15.060
15.0527
15.031
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TAsLF. VI (Continued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

0.82789
0.82790
0.82859
0.82868
0.82879
0.82884
0.82921
0.8295
0.83001
0.83305
0.8338
Q. 8344
0.8350
0.8353
0.83537
0.83722
0.8382
0.83894
0.83923
0.83940
0.83973
0.84013
0.84071
0.84130
0.8434
0.8438
0.8442
0.8452
Q. 84773
0.848187
0.8490
0.85048
0.8512
0.8513
Q.85192
0.85436
0.85446
0.8549
0.85657
0.858
0.8585
0.860266
0.8618
0.86376
0.86400
0.8653
0.86552
0.86605
0.8661
0.86655
0.86703
0.86752
0.86816
0.86830
0.86915
0.87074
0.8708

9

7
2
5
1
3

7
1

9
2

1
5
5
2
'?

5
9
3
7
5
4

1
2
2
5
9
1
5

2
7
9

7
2
3
9
1
5
5
2
1
9

5

2
7
5
2

87 Fr
90 Th
82 Pb
37 Rb
81 Tl
39 Y
37 Rb
91 Pa
81 Tl
39 Y
90 Th
83 Bi
80 Hg
80 Hg
88 Ra
88 Ra
82 Pb
80 Hg
83 Bi
87 Fr
82 Pb
80 Hg
88 Ra
81 Tl
81 Tl
88 Ra
81 Tl
80 Hg
81 Tl]
95 Am

81 Tl
81 Tl
88 Ra
81 Tl
82 Pb
86 Rn
90 Th
81 Tl
8Q Hg
87 Fr
82 Pb
95 Am
88 Ra
79 Au
79 Au
36 Kr
36 Kr
86 Rn
36 Kr
82 Pb
79 Au
81 Tl
79 Au
94 Pu
80 Hg
79 Au
36 Kr

LP3
Lp6

EPl
Lgll
Enl
ICP3

Lg

Enm

Lz

LPg

LP]5

Ly4
Ly5
LPl
Lgl
L+4
Lp4

Lys
Lrr
LP17

L&6

Lyg
Lnl

Lv

Les

Lp,
Ln

L+11

Lp,

Ln2

Lz

Ep4
E
LP1
Ep2
Lye
Ly4

L+l
L+4
Lnl
LV3

Ep6

Lr~zzz
LIII+I
LIMNI

E3EIII
LINv
ELIII
EMII
Lrrilfx
LP'zv
ELn
Lzr~rr
Lrr&zr
LzOxv. v
Abs. Edge
Lrrz&v
LIII+IV
LIINv
LIOnr
Lxr&r
LIIMzv
Lzr&xv
Lzorr
Lr&rr
Lz&III
Abs. Edge
LII3fzn
LxzOxv

LxOr
LP rr
LnzMv
LxzOxr

Lrz&vr
LIIP'xrr
LnOr
Lrz&zzr
LI3fzzz
LII3rr
LIEI
LzlVv

LIIP'v
LIP'zz
Lxxx~xv
LIII+II
Abs. Edge
LzOzv. v
E&xv.v
Abs. Edge
Ln~rv
E+II,III
LIP"I
LzOxn
LII+Iv
LIOn
Lr II'
LP'xrr
LzOI
E~zv, v

14.976
14.975
14.963
14.9613
14.9593
14.9584
14.9517
14.946
14.937
14.8829
14.869
14.86
14.847
14.842
14.8414
14.8086
14.791
14.778
14.7732
14.770
14.7644
14.757
14.7472
14.7368
14.699
14.692
14.685
14.670
14.6251
14.6172
14.604
14.5777
14.566
14.564
14.553
14.512
14.5099
14.503
14.474
14.45
14.442
14.4119
14.387
14.3537
14.3497
14.328
14.3244
14.316
14.315
14.3075
14.2996
14.2915
14.2809
14.2786
14.265
14.2385
14.238

0.8/088
0.8722
0.87319
0.87526
0.8'?544

0.8758
0.8784
0.8785
0.87885
0.8790
0.87943
0.87995
0.87996
0.88028
0.88135
0.8827
0.88433
0.88563
0.8882
0.889128
0.8931
0.8934
0.89349
0.N43
0.N500
0.89646
0.89659
0.89747
0.89783
0.89791
0.8995
0.8996
0.901045
0.90259
0.90297
0.90434
0.90495
0.90638
0.90742
0.90746
0.90837
0.90894
0.9091
0.90989
0.910639
0.9131
0.9143
0.9204
0.92046
0.9220
0.922558
0.9234
0.9236
0.92413
0.9243
0.92453
0.9255

88 Ra
80 Hg
80 Hg
38 Sr
80 Hg
80 Hg
80 Hg
36 Kr
80 Hg
36 Kr
38 Sr
80 Hg
81 Tl
94 Pu
85 At
80 Hg
79 Au
79 Au
81 Tl
93 NB
78 Pt
78 Pt
85 At
78 Pt
81 Tl
80 Hg
78 Pt
78 Pt
79 Au
83 Bi
78.Pt
84 Po
93 Np
79 Au
79 Au

79 Au
83 Bi
79 Au
88 Ra
79 Au

79 Au
80 Hg
84 Po
'?9 Au
92 U
79 Au
78 Pt
35 Br
35 Br
84 Po
92 U
83 Bi
77 Ir
83 Bi
77 Ir
80 Hg
35 Br

Lgll

LP6
Ln
L+6
Enl,
Ly2

EP1
Ls
EP3
Eng
L+8

Ln2

LP3

Lnl
Lz

LPl

Ly5
Lyl
L+4
Ly4'

Ly3
LPg

LP5
Ln2

Ln
L+6
Ly2

LPlo

Lg

Le

LP,
Lys
Lnl

Lgll
E
EP2
LP1
Ln2

LIII
Lz

L+5
Ep6

LIIP'I
Abs. Edge
LIIOrv
ELIII
Lz&zr
Lnorzr
LrrOrr
E~xzz
Lzr&vr
EMzz
ELzz
Lzror
LII+III
Lrzr~xv
Lz~zxr
LIMNI

LID
Lz&zv
Ln~zr
Lzrz~v
Abs. Edge
Lzov
LzrMzv

LIOIV
LIP'I
LII&rv
LzOrrr

LIOII
LP nz
LIMv
Lzor
LznOzv, v
Lzrr~zv
Abs. Edge
LzrOzv
LP'zz
LIMxv
LIIOIII
LIIMI
LnOzz
Lrr&vz
Lzr&zrr
LIMIII
Lzrox
Lrrx~v
LzlVI

LI37v
Abs. Edge
E&rz, nr
Ln~zv
Lzn~zv
Abs. Edge
Abs. Edge
Lzn&rr, nr
Lzoxv, v
LIP'I
E~zv, v

14.2362
14.215
14.199
14.1650
14.162
14.156
14.114
14.112
14.107
14.104
14.0979
14.090
14.0893
14.0842
14.067
14.045
14.020
13.999
13.959
13.9441
13.883
13.878
13.876
13.864
13.8526
13.8301
13.8281
13.8145
13.8090
13.8077
13.784
13.782
13.7597
13.7361
13.7304
13.7095
13.7002
13.679
13.6630
13.662
13.6487
13.640
13.638
13.6260
13.6147
13.578
13.560
13.470
13.4695
13.447
13.4388
13.426
13.423
13.4159
13.413
13.410
13.396



J. A. BEARDEN X-Ray 8'avelengths 107

TABLE VI (Comt&mged)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

0.925553
0.92556
0.92650
0.9268
0.92744
0.92791
0.92831
0.92937
0.92969
0.9302
0.9312
0.9323
0.93279
0.93284
0.93327
0.9339
0.93414
0.9342
0.9342'?

0.93505
0.93505
0.93855
0.93931
0.9402
0.9411
0.94419
0.9446
0.94482
0.9455
0.9459
0.9475
0.95073
0.95118
0.951978
0.9526
0.95518
0.95559
0.9558
0.95600
0.95603
0.95675
0.95702
0.9578
0.95797
0.9586
0.95931
0.95938
0.96033
0.96133
0.9620
0.96318
0.9636
0.96389
0.96545
0.96708
0.9671
0.9672

9
3
3
1
3
5
3
5
1
2
2
2
2
5
5
2
5
2
5
5
5
3
5
2

5
2
5
2
2
3
5
7
9
1
4
3
1
3
5
7
5

3
1
5
8
8
7
1
7
1
7
3

1
2

37 Rb
83 Bi
79 Au
82 Pb
77 Il
78 Pt
77 Il
84 Po
37 Rb
83 Bi
84 Po
83 Bi
35 Br
91 Pa
35 Br
82 Pb
78 Pt
78 Pt
78 Pt
83 Bi
83 Bi
83 Bi
'?8 Pt
79 Au
78 Pt
83 Bi
77 Il
91 Pa
78 Pt
77 Ir
84 Po
82 Pb
82 Pb
83 Bi
82 Pb
83 Bi
'?9 Au
76 Os
90 T}1
76 Os
81 Tl
83 Bi
82 Pb
78 Pt
82 Pb
77 Il
76 Os
76 Os
82 Pb
82 Pb
76 Os
92 U
81 Tl
77 Ir
77 Il
77 Il
84 Po

E1
Lps
LV1

Lpg

L+4
Lyo

L+4
Lp2
Etx2

Lp15

Ep1
Ln1

Ep3
Lp1 p

LII
L+6
LV2

Lp,
Lu
Lp3
Lv

Lvs

Lpll
Lo!2

Lp4

LIII

Lp1
Lp6
Lp2

L+5
Lx
L0.1

Lpg

Lp16

Ly1

LV3

Ly4

L+4
Lu
Lpz

Ls
Lp1 p

L+2
L+6
LII
Lp6

ELxxz
LxxxOrv, v
LnNxv
LI3EV

LIOur
LxNnx
Lzon
LurNv
ELII
LIIIOIII
LIIINxv
LxuOzr

nx
LxrI~V
E3EII
LIMIV
Abs. Edge
Lxzoxv
LINII
LIIIOI
LIIINvr, vu
LIMIII
LIINVI
LIINIII
LnOI
Ln3fv
LzNv
Lrlz~zv
LzNI
I Phv

Mxz
Abs. Edge
LIII+II,III
LIIMIV
LIIIOIV,V

LurNv
LzINz
Abs. Edge
Lzlz~v
LxOzv, v
Lr&v
LIIINIV
Lux Orzz

LIINIV
LnzOrz
LINzzx

LxOuz
LIOII
LIIINVI, VII
LzrzOI
LIOI
Lzu~zzx
LIMlv
LrNxx

Lzxozv
Abs. Edge
LzuNz

13.3953
13.3953
13.3817
13.377
13.3681
13.3613
13.3555
13.3404
13.3358
13.328
13.314
13.298
13.2914
13.2907
13.2845
13.275
13.2723
13.271
13.2704
13.2593
13.2593
13.2098
13.1992
13.186
13.173
13.1310
13.126
13.1222
13.113
13.108
13.086
13.0406
13.0344
13.0235
13.015
12.9799
12.9743
12.972
12.9687
12.9683
12.9585
12.9549
12.945
12.9420
12.934
12.9240
12.923
12.910
12.8968
12.888
12.8721
12.866
12.8626
12.8418
12.8201
12.820
12.819

0.96788
0.96911
0.96979
0.97161
0.97173
0.97321
0.97409
0.9747
0.9765
0.9766
0.97690
0.9772
0.9792
0.97926
0.9793
0.97974
0.97992
0.97993
0.9801
0.98058
0.98221
0.98280
0.98291
0.98389
0.9841
0.9843
0.98538
0.9871
0.98738
0.9877
0.9888
0.98913
0.9894
0.9900
0.99017
0.99085
0.99178
0.99186
0.99218
0.99249
0.99268
0.9933i
0.99334
0.9962
0.9965
0.99805
1.0005
1.0005
1.00062
1.00107
1.0012
1.0014
i.004'?

1.00473
1.0050
1.0054
1.00722

2
7
5
6
4
5
3

3
2

3
2
5

5
5

3
7
5
3
7

1
5
2
5
2

5

1
5
3
5
5
3
5
5
3
5
2

5

9
3
5
6
1

5
2
3
5

90 T}1
82 Pb
77 Il
77 Il
78 Pt
83 Bi
77 Ir
82 Pb
76 Os
77 Il
83 Bi
76 Os
78 Pt
81 Tl
81 Tl
34 Se
34 Se
89 Ac
36 Kr
81 Tl
82 Pb
83 Bi
82 Pb
82 Pb
36 Kr
34 Se
81 Tl
80 Hg
81 Tl
78 Pt
81 Tl
83 Bi
75 Re
75 Re
81 Tl
77 Ir
89 Ac
76 Os
34 Se
75 Re
34 Se
83 Bi
75 Re
80 Hg
75 Re
76 Os
82 Pb
83 Bi
81 Tl
76 Os
95 Am
76 Os
76 Os
88 Ra
76 Os
77 Iz'

81 Tl

L(x2

Lp3

Ls

L+s

L+11

Lp4

Lnr
E
Ep2
Ln1
EA1

Lps
Lp2

Lp1
Lp15

ICa2

Ep5

Lpg

LpQ

Lu
Lp1z

Lx

Lpz
Ly1
L(x2

Ly3
Ep1
L+4
Epa
Lpp
Ly4'

Lp1 p

Ly2

Lp3
Ly6
LI
Lzz

Ltx1

Ls

LIII~IV
Lz~xn
LIIOIII
LrrNvr
LuNux
LIIINxzz
LIIOI
Lxg3EV

LINV
LzNz

Lz~xr
LxNzv

LIINzz
LIII+II,III
Abs. Edge
Abs. Edge
ENII, III
Lzxx~v
ELxxz
Lrrzoxv, v
LzrxNv

LIIINII
LIIMzv
LnrNxv
ELII
E3fzv v
LIIIOIII
LIMV
LzuOzr
LnNI
LIIINVI, VII
LII~III
Abs. Edge
LIOrv, v
LIIIOI
LIINIV
Lull v
LINIII
E'3fxzx

LIOnr
EMII
LIIINI
LIOzz
LIMzv
LIOr
LINII
LIIINIII
LIAN
Lr~zzz
LIIOIV
Lz II'
Abs. Edge
LIIOrxr
LzII~V
LxxNvr

LrxNxzx

LzzMv

12.8096
12.7933
12.7843
12.7603
12.7588
12.7394
12.7279
12.720
12.696
12.695
12.6912
12.687
12.661
12.6607
12.660
12.6545
12.6522
12.6520
12.649
12.6436
12.6226
12.6151
12.6137
12.6011
12.598
12.595
12.5820
12.560
12.5566
12.552
12.538
12.5344
12.530
12.524
12.5212
12.5126
12.5008
12.4998
12.4959
12.4920
12.4896
12.4816
12.4813
12.446
12.442
12.4224
12.392
12.39
12.3904
12.3848
12.384
12.381
12.340
12.3397
12.337
12.332
12.3093
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TAsr.z VI (Contf'sued)

Wavelength
A* p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

1.0075
1.00788
1.0091
1.00987
1.01031
1.01040
1.0108
1.0112
1.0119
1.0120
1.01201
1.01404
1.01513
1.01558
1.01656
1.01674
1.01'?69
1.01937
1.02063
1.0210
1.02175
1.0223
1.0226
1.02467
1.0250
1.02503
1.02613
1.02775
1.02789
1.0286
1.02863
1.03049
1.0317
1.03233
1.0323
1.03358
1.0346
1.0347
1.03699
1.0371
1.03876
1.03918
1.0397
1.03973
1.03974
1.03975
1.04000
1.0404
1.04044
1.04151
1.0420
1.04230
1.0428
1.04382
1.04398
1.0450
1.0450

5
1

7
3
7
1
1

2
3

4
7
5
7
7
7
7

5
1

5
2
5
7
3
7
1
3
5
3
5
2
7
9
1
9
1
7
3

5
2
7
5

7

5

2

5
2
1

82 Pb
76 Os
80 Hg
80 Hg
Si Tl
82 Pb
75 Re
90 Th
75 Re
77 Il
8i Tl
80 Hg
81 Tl
80 Hg
88 Ra
80 Hg
80 Hg
80 Hg
79 Au
82 Pb
77 Ir
82 Pb
94 Pu
74 W
74 W
76 Os
75 Re
74 W
79 Au
Si Tl
74W
87 Fr
74 W
75 Re
82 Pb
80 Hg
83 Si
92 U
75 Re
75 Re
79 Au
81 Tl
75 Re
76 Os
35 Bf
80 Hg
79 Au
75 Re
79 Au
80 Hg
75 Re
87 Fr
93 Np
35 Bl
75 Re
79 Au
33 As

Lp4

L+8
LIII
Lps
Lp2

Lgll
Ls

Lpls

Lpl

Ln2
Lu
Lu'

Lpy

Lpg

Lp6

Lp$
Lpl7
Ll
LI

Lyl
L+3
Ly4

Lplo

L+4
Lnl

Ly2

Lp,

Lt
Lp{j
LII

Lp4

Enl
Lp2

LIII
Lu

Lpg

Lpl5

LAg

L/
XA'2

L+8

E

Lz~zz
LIIOI
Abs. Edge
LIIIOIV,V

LznNv
LIIINn
LINV
LIII~III
LINIV
LnNxx
LzzxNzv

Lzrzonz
LIIMIV
Lrrxorr
Lrn~zv
LxnNvn
LrzzNvz

Lznor
LIMV
LrnNr
LIINx
Lxx~rzz
LIII~I
Abs. Edge
LxOzv, v
LzINzv
LzNzxx

LIOIII
Lri&v
LzrxNzn

LIOII
Lzn~v
LxOr
LINII
LIMI
LI~III
Lz3fzr
Lxxz~zz
LxxOxv
Abs. Edge
LIII~II,III
Lxx~xz
LIIOIII
LnNnx
&Lzn
LxnNv
Abs. Edge
LIINvx
LnzOIv. v
LnINIV
LINz
Lnz~xv
LIII~I
ELII
LxzOI

Lnxozz, xzz

Abs. Edge

12.306
12.3012
12.286
12.2769
12.2715
12.2705
12.266
12.261
12.252
12.251
12.2510
12.2264
12.2133
12.2079
12.1962
12.1940
12.1826
12.1625
12.1474
12.143
12.1342
12.127
12.124
12.0996
12.095
12.0953
12.0824
12.0634
12.0617
12.053
12.0530
12.0313
12.017
12.0098
12.010
11.9953
11.98
11.982
11.956
11.954
11.9355
11.9306
11.925
11.9243
11.9242
11.9241
11.9212
11.917
11.9163
11.9040
11.899
11.8950
11.890
11.8776
11.8758
11.865
11.865

1.04500
1.0458
1.0468
1.04752
1.04868
1.0488
1.04963
1.04974
1.05446
1.05609
1.05693
1.05723
1.05730
1.05783
1.0585
1.05856
1.06099
1.0613
1.06183
1.06192
1.06200
1.06357
1.0644
1.0644
1.06467
1.0649
1.06544
1.06712
1.06771
1.06785
1.06806
1.06899
1.07022
1.07188
1.07222
1.0723
1.0724
1.07448
1.0745
1.0756
1.0761
1.0767
1.0771
1.07896
1.0792
1.07975
1.08009
1.08113
1.08168
1.08205
1.08353
1.08377
1.0839
1.08500
1.08975
1.09026
1.0908

3

2
5
5
1
5

5
7
5
5
2
5

3
5
1
7
9
6
9
2
2
3
2
3
2
9
9
3
5
3
5
7
1
2
5
1
2
3

5
2
7
9

7
3
7

5
5
7
1

33 As
74W
74W
79 Au
80 Hg
33 As
81 Tl
79 Au
78 Pt
Si Tl
76 Os
86 Rn
33 As
33 As
80 Hg
83 Bi
75 Re
73 Ta
78 Pt
73 Ta
74W
73 Ta
82 Pb
81 Tl
73 Ta
80 Hg
73 Ta
92 U
73 Ta
79 Au
74W
86 Rn
79 Au
79 Au
80 Hg
78 Pt
78 Pt
74 W
74W
79 Au
78 Pt
75 Re
74 W
78 Pt
74W
80 Hg
90 T11

74W
78 Pt
73 Ta
79 Au
73 Ta
75 Re
85 At
77 Ir
79 Au
91 Pa

Xp,
L'|t11

Lu
Lpl
Ep5
Lp6

Lpv

Lpg

Lplv

Lyg
Lcll

EPl
EP3

Ln
Lyl
Lz
Lplo

L73

L74

Ll

Lp3
Ly2
LO,'2

Lpg

Lp»
Lp4

LIII
Lpg

Ly6
Lxz

Le
Lu

Lp6
Lt
L+8
Lp,
L711
Lpl

Lal
Lpg

L/

+Nxx, III
LINv
LxNxv

LnrNvx. vn
Lxr~xv
&~rv, v
LxrxNI

Lrnox
LIMV
Lrx~zrx
LxzNz

LIII~V
XMnr
EMII
LIIINIII
Lrx~r
LnNzv
Abs. Edge
Lx~rv
Lzozv, v
LINrrz
LxNvr, vzr

Lxr~zr
LIMI
LxOrrz

LIIINII
LIOII
LxrI~I
LxOI
Lr~rxx
LxNII
LIII~IV
LIIINV
LIIINzv
LI3EII
Abs. Edge
Lrnozv, v
LIIOIV
Abs. Edge
Ln~v
LIIIOzr, III
LIINzrz
LIINVI
LznNvr, vzr

Lzroxrx
LzrzNr
LIII~II
LIIOI
LxrzOz

LINV
LrI~IV
J-z%v]
LIINII
Lxrz~v
LIMV
LznNzrz
Lazar

11.8642
11.856
11.844
11.8357
11.8226
11.822
11.8118
11.8106
11.7577
11.7397
11.7303
11.7270
11.7262
11.7203
11.713
11.7122
11.6854
11.682
11.6762
11.6752
11.6743
11.6570
11.648
11.648
11.6451
11.642
11.6366
11.6183
11.6118
11.6103
11.6080
11.5979
11.5847
11.5667
11.5630
11.562
11.561
11.5387
11.538
11.526
11.521
11.515
11.510
11.4908
11.488
11.4824
11.4788
11.4677
11.4619
11.4580
11.4423
11.4398
11.438
11.4268
11.3770
11.3717
11.366
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TAsx.E VI (Comtieged)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

1.0916
1.09241
1.09388
1.09671
1.09702
1.09855
1.09936
1.0997
1.0997
1.09968
1.0999
1.10086
1.10200
1.10303
1.10376
1.10394
1.10477
1.1053
1.1058
1.10585
1.10651
1.10664
1.10882
1.10923
1.11092
1.11145
1.1129
1.1137
1.11386
1.11388
1.11489
1.1149
1.11508
1.11521
1.1158
1.11658
1.11686
1.11693
1.11789
1.1195
1.11990
1.1205
1.12146
1.1218
1.122SO

1.1226
1.12548
1.12637
1.12769
1.12798
1.12894
1.12936
1.1310
1.13235
1.13353
1.13525
1.13532

5 80 Hg
7 82 Pb
5 75 Re
5 85 At
4 77 Ir
3 74W
4 73 Ta
1 81 Tl
1 72 Hf
7 79 Au
2 80 Hg
9 72 Hf
3 78 Pt
5 72 Hf
5 72 Hf
5 78 Pt
2 34 Se
1 73 Ta
1 77 Ir
3 77 Ir
3 79 Au
9 72 Hf
2 34 Se
6 77 Ir
3 79 Au
4 77 Ir
2 78 Pt
1 73 Ta
4 84 Po
3 73 Ta
3 77 Il
2 74W
4 90 Th
9 73 Ta

73 Ta
5 32 Ge
2 32 Ge
9 73 Ta
9 73 Ta
1 32 Ge
2 78 Pt
1 73 Ta
9 72 Hf
3 74W
9 72 Hf
2 78Pt
5 84 Po
6 76 Os
3 81 Tl
5 79 AQ

2 32 Ge
9 32 Ge
2 78 Pt
3 74W
5 76 Os
5 79 Au
3 77 Ir

Lpj7
Lg
Lys
Ln2

Lp10

Lyg

Lys

Lx

Lp,
L74
Ly4'

Lps
EcLl

Ly2
Lzxx

Lps
Lp4

Ea2

Lp6
Lu

Lxx
Lo.y
L+8
Lp,

Ll

Lv
E
Ep2

Eps
Lpy

Lvs
Lpga

Ln2

Lp9
Lg
Lpjv

Epl
Eps

Lys
Lp10

Lp2

LIIMIII
LzrMx
LXINI

LIIIMIV
LzMXV

LIINxv
LINxzx

LXIMII
Abs. Edge
LlzzNxx

LIMX

Lzorv
LznNv
Lzoxn
LIOxz

LxMxrr
ELIIX
LINn
Abs. Edge
Lnrozv, v
LzMxr
Lzor
ELxz
Lxzroxr, xzz

LXXINr

LIIINVI, VII
LIIMV
Abs. Edge
LIIIMV
LnOxv
Lxrzox
LIINIII
LIIIMI
LINI
LzrNvx
Abs. Edge
ENzx, xrz

Lzzozn
LIIOII
EMXV,V
LnMrv
LXIOX

LzNv
LIINII
LINxv
LnxNxzx

LzrxMrv
LIMv
LIIMX
LIIMIIX
EMzrz
EMxz
LIIINII
LnNx

,xMxv

LIMI
LIXINV

11.358
11.3493
11.3341
11.3048
11.3016
11.2859
11.2776
11.274
11.274
11.2743
11.272
11.2622
11.2505
11.2401
11.2326
11.2308
11.2224
11.217
11.212
11.2114
11.2047
11.2034
11.1814
11.1772
11.1602
11.1549
11.140
11.132
11.1308
11.1306
11.1205
11.120
11.1186
11.1173
11.1113
11.1036
11.1008
11.1001
11.0907
11.074S
11.0707
11.0646
11.0553
11.052
11.0451
11.044
11.0158
11.0071
10.9943
10.9915
10.9821
10.9780
10.962
10.9490
10.9376
10.9210
10.9203

1.13687
1.13707
1.13794
1.13841
1.1387
1.1402
1.1405
1.1408
1.14085
1.14223
1.1435
1 ~ 1435S
1.14386

1AAA2

1.14537
1.1489
1.14933
1.1548
1.15519
1.1553
1.15536
1.1560
1.15781
1.15830
1.19m
1.16107
1.16138
1.16227
1.1640
1.16487
1.16545
1.1667
1.16719
1.16962
1.16979
1.1708
1.17167
1.17218
1.1729
1.17S01
1.17588
1.17721
1.1773
1.17788
1.17796
1.17900
1.17953
1.17955
1.17958
1.17987
1.1815
1.1818
1.1827
1.1853
1.1853
1.18610
1.18648

9 73 Ta
3 77 Il'

3 73 Ta
5 72 Hf
5 80 Hg
1 71 Lu

76 Os
1 76 Os
3 77 Ir
5 78 Pt

71 Lu
5 78 Pt
2 83 Bi
5 72 Hf
7 76 Os
2 77 Ir
8 76 Os
1 72 Hf
5 72 Hf
1 73 Ta
1 83 Bi
3 77 Il'

3 77 Il'

9 72 Hf
2 73 Ta
9 71 Lu
5 72 Hf
9 71 Lu
1 80 Hg
4 75 Re
5 77 Ir
1 /8 Pt
5 88 Ra
9 78 Pt
8 76 Os

/9 Au
5 76 Os
5 75 Re
1 73 Ta
2 82 Pb
1 33 As
5 75 Re
1 75 Re
9 72 Hf
3 77 Il'
5 72 Hf
4 71 Lu
7 76 Os
3 77 Ir

33 As
1 75 Re

70 Yb
70 Yb

1 70 Yb
2 71 Lu
5 75 Re
5 82 Pb

Lpll
Lvs

Lpga

Lx

Lps
LIII
Lp,
Lp4

Ly4
Lp6
LAy

LV2

Lu

Lp,
Lxx

Ly6

Lap

Lpj
Lv

L9
Lpg

Lpxv

Ll

Lp,

Lpis
Lpl0
Lys
Lng

Eai
Lps
Lxxr

Lp6

Lys
Lps
Lp4
ECl.'2

Lu
Lr

Ly4

L+2
Lp7
L0.2

LIINV
LnxNzv
LIINxv
LrNxzz

LIIMxz
Abs. Edge
LIIIOIV,V
Abs. Edge
LIMIII
LIMII
Lxon, rrx

LxrrNI
LrnMv
LrNxr

LxzxNvz, vzz

LnMv
Lzrzox
Abs. Edge
Lnoxv
LnNxzr
LnzMzv
Lxn&nz
LxzMxv

LrrNvr
LIINII
LrNv
LnOI
LINIV
LzzMI
LIMV
LrxrNrx

LzxMzzz

LzzzMI
LXMz

LnrNV
LzrMn
LrxxNXV

LXMxv

LIINX
LzrzMv

ELIII
Lznorv, v
Abs. Edge
LzxNv

LznNx
LIINIV
LxNnr
LXMzxz

LzMzx

ELXI
LIIINVX, VII
Abs. Edge
Lzorv, v
LzOxr, nz
LINXI
Lrrxox
LXIIMIV

10.9055
10.9036
10.8952
10.8907
10.888
10.8740
10.8711
10.8683
10.8674
10.8543
10.8425
10.8418
10.8388
10.8335
10.8245
10.791
10.7872
10.7362
10.7325
10.7316
10.73091
10.725
10.7083
10.7037
10.688
10.6782
10.6754
10.6672
10.6512
10.6433
10.6380
10.6265
10.6222
10.6001
10.5985
10.5892
10.5816
10.5770
10.5702
10.5515
10.54372
10.5318
10.5306
10.5258
10.5251
10.5158
10.5110
10.5108
10.5106
10.50799
10.4931
10.4904
10.4833
10.4603
10.460
10.4529
10.4495
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TAmz VI (,Coetieged)

Wavelength
A.* p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

1.1886
1.18977
1.1958
1.19600
1.19727
1.1981
1.1985
1.1987
1.20086
1.2014
1.20273
1.2047
1.20479
1.20660
1.2069
1.20739
1.20789
1.20819
1.20835
1.2102
1.2105
1.21218
1.213
1.21349
1.21537
1.21545
1.2155
1.21844
1.21868
1.21875
1.22031
1.2211
1.22228
1.22232
1.22400
1.2250
1.2263
1.2283
1.22879
1.2294
1.2305
1.23858
1.24120
1.24271
1.2428
1.2429
1.24385
1.24460
1.2453
1.24631
1.2466
1.2480
1.24923
1.2502
1.25100
1.25264
1.2537

7
1
2
7
2

1

7

3

7

2

4
2

5
5
2
1
3

5
5
3

5
5
3
5
2

5

1

3
1
7
2
1
2

70 Yb
76 Os
31 Ga
31 Ga
76 Os
31 Ga
71 Lu
71 Lu
76 Os
71 Lu
79 Au
71 Lu
74W
75 Re
77 Ir
81 Tl
31 Ga
75 Re
31 Ga
77 Ir
83 Bi
74 W
78 Pt
76 Os
72 Hf
74 W
74W
76 Os
74 W
81 Tl
75 Re
74W
71 Lu
70 Yb
74 W
69 Tm
69 Tm
75 Re
70 Yb
69 Tm
75 Re
75 Re
80 Hg
70 Yb
70 Yb
78 Pt
82 Pb
74W
70 Yb
74W
73 Ta
76 Os
70 Yb
77 Ir
75 Re
80 Hg
73 Ta

E
Ep,
Lpg

Eps
LII
Ly6

Lg
Ly8
Lpg

Lp2

Lpgz

Lny

Epj
Lp15

Ep3

Ls
Lpjo

Lp6

Lyg

Lpg

Lzu
Lp4
LN

Ln2

Lpa

Lyg

Lya
Lp7
Lr

Ly2
Ly4

Lpj
Lnj
Ly6
Lzz

Lg
Ls
Lp,

Lp15

Lpg

Lpiv

Lya

Lp6
Ln2

Lpm

LIOz
LxzMv
Abs. Edge
ENxr, xn
LzrMzv
EMzv, v
Abs. Edge
LzrOrv

LIIINII
LnOzz, nz
LzrMr
LzzOI
LIMv
LrnNv
LIIMxn
LzrzMv
EMIII
LIIINzv
EMII
LzMz

LIIIMII
LxMzv

LxzMxz

LnxNI
LuNI
LnzOxv, v
Abs. Edge
LIMII
LIIINvr, vrz

LznMzv
LzMzzz

LIIIOII, III
LxrNxv

LINxn
LzzxOI
Abs. Edge
LzOxv, v
Lux Nnr
LzNu
LIOn, nz
LxrMv
LzzMzv

LxrzMv
LzxOzv
Abs. Edge
LzzMI
LIIIMIII
LznNv
LxrOzz, uz
LIIINzv
LzMv
LIIMIII
LxxOI

LIIMII
LIIINI
LIIIMIV
LIMzv

10.4312
10.4205
10.3682
10.3663
10.3553
10.348
10.3448
10.3431
10.3244
10.3198
10.3083
10.2915
10.2907
10.2752
10.273
10.2685
10.2642
10.2617
10.2603
10.245
10.2421
10.2279
10.225
10.2169
10.2011
10.2004
10.1999
10.1754
10.1733
10.1728
10.1598
10.153
10.1434
10.1431
10.1292
10.1206
10.110
10.0933
10.0897
10.084
10.0753
10.0100
9.9888
9.9766
9.9761
9.975
9.9675
9.9615
9.9561
9.9478
9.946
9.934
9.9246
9.917
9.9105
9.8976
9.889

1.254054
1.2553
1.2555
1.25778
1.258011
1.25917
1.2596
1.2601
1.26269
1.26385
1.2672
1.26769
1.2678
1.2706
1.2728
1.2742
1.2748
1.2752
1.27640
1.2765
1.27807
1.281809
1.2829
1.2834
1.28372
1.28448
1.28454
1.2848
1.28619
1.28772
1.2892
1.28989
1.29025
1.2905
1.2927
1.2934
1.29525
1.2972
1.29761
1.29819
1.30162
1.30165
1.30564
1.3063
1.30678
1.30767
1.3086
1.3112
1.31304
1.3146
1.3153
1.31610
1.3167
1.31897
1.3190
1.3208
1.3210

9
1

9
5
1
3
5
5
2
5
2

2
2
1

2
3
2
5
9
5
1
2
3
2

5
3
1
7
9
2

2

1
5
9
5
9
5
1

32 Ge
73 Ta
73 Ta
73 Ta
32 Ge
75 Re
71 Lu
73 Ta
74W
73 Ta
74 W
70 Yb
69 Tm
68 Er
74 W
69 Tm
83 Bi
68 Er
79 Au
74 W
81 Tl
74 W
84 Po
30 Zn
30 Zn
77 Ir
73 Ta
30 Zn
73 Ta
79 Au
69 Tm
74W
72 Hf
69 Tm
75 Re
76 Os
30 Zn
72 Hf
72 Hf
72 Hf
74 W
72 Hf
72 Hf
70 Yb
73 Ta
82 Pb
73 Ta
80 Hg
78 Pt
68 Er
69 Tm
83 Bi
73 Ta
73 Ta
67 Ho
67 Ho
68 Er

En~
Lxrz

Lps
LN

En2
Lp4

Lys

Lp3

Lpv

Lyg

Lya
Lz

Ly2
Lt
L74
Lny

Ls
Lpj
L/

E
Ep2
Lg
Lp,
Ep5
Lp)5
Ln2

Lzz

Lp,
Lpg

Ly6

Lpcv

Epg 3

Lnx
Lpg

Lp10

Lp4
Lu
Lpv

Lys

Ls
Lni
LV3

Lyj

LI

ELzn
Abs. Edge
LIIIOIv, v
Lxxx&vr, vrz
ELzz
LzMzz

LnNz
LxnOn, xn
LzMzzr

LrzrOr

LIII+III
LIINIV
LINIII
Abs. Edge
LxrMv
LINzz

LzzzMII
LIOu, zn
LIIIMv
LIIINzz
LIIIMIII
LIIMzv
LIIIMI
Abs. Edge
ENxr, zrz

LnMI
LIIINv

Mzv, v
LzxxNzv

LIIIMzv
Abs. Fdge
LIIINI
LrMv
LnOxv
LnMrn

IIMII
EMII, III
Abs. Edge
LIIIOzv v
LzMzv

LIMII
LzrxNvz, vzr

LznOI
LxxNI

LzMxzr

LzrzMrz

LIIINIII
LIIIMIII
LzzxMv

LzNnz
LIINxv
LxxxMI

LznNn
LIIMv
Abs. Edge
LIOIV,V

LINzz

9.88642
9.8766
9.8750
9.8572
9.85532
9.8463
9.8428
9.839
9.8188
9.8098
9.784
9.7801
9.779
9.7574
9.741
9.730
9.7252
9.722
9.7133
9.712
9.7007
9.67235
9.664
9.6607
9.6580
9.6522
9.6518
9.6501
9.6394
9.6280
9.6171
9.6117
9.6090
9.607
9.5910
9.586
9.5720
9.5577
9.5546
9.5503
9.5252
9.5249
9.4958
9.4910
9.4875
9.4811
9.4742
9.455
9.4423
9.4309
9.426
9.4204
9.4158
9.3998
9.3994
9.387
9.385
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TABLE VI (,Cont&sued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

1.3225
1.32432
1.32639
1.32698
1.32783
1.32785
1.33094
1.3358
1.3365
1.3366
1.3386
1.3387
1.3397
1.340083
1.3405
1.34154
1.34183
1.3430
1.34399
1.34524
1.34581
1.34949
1.34990
1.35053
1.35128
1.35131
1.35300
1.3558
1.35887
1.36250
1.3641
1.3643
1.3692
1.3698
1.37012
1.3715
1.37342
1.37410
1.37410
1.37459
1.3746
1.38059
1.38109
1.3838
1.38477
1.3862
1.3864
1.38696
1.389S
1.3898
1.3905
1.39121
1.3915
1.39220
1.392218
1.3923
1.3926

2

5
3
5
7
8
1
3
1

2
3
9

5
7
2

9
3
5
7
9
3
7
5
2
9
5
2
2

2
3
1
5
5
5
7
2
5
3

3
1

67 Ho
78 Pt
72 Hf
73 Ta
72 Hf
76 Os
73 Ta
71 Lu
74 W
75 Re
68 Er
74 W
68 Er
31 Ga
71 Lu
81 Tl
71 Lu
71 Lu
31 Ga
71 Lu
73 Ta
71 Lu
82 Pb
72 Hf
77 Ir
79 Au
72 Hf
69 Tm
72 Hf
77 Il
68 Er
67 Ho
66 Dy
67 Ho
71 Lu
71 Lu
75 Re
72 Hf
72 Hf
66 Dy
80 Hg
29 Cu
29 Cu
70 Yb
81 Tl
70 Yb
73 Ta
70 Yb
78 Pt
70 Yb
67 Ho
76 Os
70 Yb
72 Hf
29 Cu
67 Ho
29 CQ

L'jt 4

Ln2

Lp2

Lpi
Lpis
Lg
Lp6
Lpg

Lzr
Lpiz
Ly6
Eni
Lxzx

Lt
Lps
Lpi p

En2

Lp4

Lpz
L/

Lni
Ls
Lp8

Lys

Ln2

Lyi
Lve
Lr
LV2

Lp2

Lpis
Lg
Lp?
Lp6

Ly4
Lt
E
EP2
Lpg
Ll
Lux
Lpiz
Lps
Ls

Lxx

Lnj
Lplp
Lp4

Epi 8

Ly6
E'p3

LIOII, IIX

LzzzM?v

LIXI+V
Lz?M?v
Lzzx&zv

LIIMI
LIII+I
LIMV
LIMI
Lx?Mn
Abs. Edge
Lr?Mzzz

LIIOIV
&Lrzr
Abs. Edge
LrnMxz
LIIIOIV,V

LzMzv
LII

LIIIOII, III
LIMII
Lruor
LnrMr
Lrzx&uz
Lr?IMV
LnrMrn
LIMIII
Lxx&x

Lrzx&u
LIIIM?v
Lzr&zv

LIMNI?x

Abs. Edge
LrÃr
Lzrx&v

LIXED xv

LIIMI
LxrM?v
LIII+I
LxOrr, zn
LznMII.
Abs. Edge
EM?v.v
LIMv
LIIXMI
Abs. Edge
LrX~XXI

LznO?v, v
LIIIMXIX

LxxzOxr, nr
Abs. Edge
LXXXMV

LXMXV

LIMII
+MIX,III
LIIOIV
EM?X

9.374
9.3618
9.3473
9.3431
9.3371
9.3370
9.3153
9.2816
9.277
9.2761
9.2622
9.261
9.255
9.25174
9.2490
9.2417
9.2397
9.232
9.22482
9.2163
9.2124
9.1873
9.1845
9.1802
9.1751
9.1749
9.1634
9.144
9.1239
9.0995
9.089
9.087
9.0548
9.0Si
9.0489
9.0395
9.0272
9.0227
9.0227
9.0195
9.019
8.9803
8.9770
8.9597
8.9532
8.9441
8.9428
8.9390
8.923
8.9209
8.9164
8.9117
8.9100
8.9054
8.90529
8.905
8.9029

1.3948
1.3983
1.40140
1.40234
1.4067
1.41366
1.41550
1.41640
1.4174
1.4189
1.42110
1.4216
1.4223
1.42278
1.4228
1.42359
1.4276
1.43025
1.43048
1.4318
1.43290
1.4334
1.4336
1.4349
1.435155
1.43643
1.439000
1.44056
1.4410
1.44396
1 ~

AAA5

1.44579
1.45233
1.4530
1.45964
1.4618
1.4640
1.4661
1.47106
1.4718
1.47266
1.4735
1.47565
1.4764
1.47639
1.4784
1.48064
1.4807
1.4835
1.4839
1.4848
1.4855
1.48743
1.48807
1.48862
1.49138
1.4930

1 70 Yb
2 67 Ho
5 71 LQ

5 76 Os
3 68 Er
7 79 Au
5 70 Yb
7 66 Dy
2 . 67 Ho
1 71 LU

3 74W
1 80 Hg
1 65 Tb
7 66 Dy
3 65 Tb
3 71 Lu
2 65 Tb
9 72 Hf
9 73 Ta
2 77 Ir
4 75 Re
1 69 Tm
3 -69Tm
2 69 Tm
7 30 Zn
9 72 Hf
8 30 Zn
5 71 Lu
3 69 Tm
5 7S Re

66 Dy
7 66 Dy
5 70 Yb
2 78 Pt
9 . 79Au
2 67 Ho
2 69 Tm
1 70 Yb
5 73 Ta
2 65 Tb
7 66 Dy
2 76 Os
5 70 Yb
2 65 Tb
2 74W

64 Gd
9 72 Hf
3 64 Gd

68 Er
2 64 Gd
3 68 Er
5 68 Er
2 74W
1 28¹
4 28 Ni
3 70 Yb
3 77 I1'

Lpz
L78
Lpg

Ln2

Lys
Lt
Lp2, is

L73
Lyi
Lpa

Lg
L/

Lz

Ly2

Lp?
L+4

Ls
Ln?
LXII

Lpg

Lps
Eni
Lpiz
En2
Lp4

Lpip
Ln2

Ln
Ly6
Lpg
Lt
LI
Lys
Lp2, is

Lp6
Lg
Lye
Lvc
Ls
Lp?
L+2
Lni
Lz

Lxu
L+4
Lps
Lpg
Ln2
E
Eps
Lp4
L&

LIIIOI
Lzzox
LIMIIX
LIIIMIV
Lzz&r
LIIIMXI
Lrzz&zv, v
LI+III
Lz&'zv
Lrzx&z

LIIMz
LIIIMI
Abs. Edge
Lz&n
Lz Ozv, v
LIIMzv
Lzon, xu
L?MI
LzzM?r

LrrxMxn
LuxMv
Abs. Edge
LIMV

LIIIOIV, V

&Lzxx

LzrMrn
ELII
LIMII
LXMxv

LrXI~XV
Abs. Edge
LIIO?v
LIMzzz

Lzx?MIX

LzrrMz
Lzz&r
Lz?P zv,v
LIXED'I

LIXMX

LI+III
Lzz&xv

LxnMnr
LIIMIV
LI+II
LrnMv
Abs. Edge
LIXMzz

Lzozv, v
Abs. Edge
LXOn, nx
Lzrrorv, v
LXMV

LnzMzv
Abs. Edge
EMXV,V
LzMn
LzzzM

8.8889
8.867
8.8469
8.8410
8.814
8.7702
8.7588
8.7532
8.747
8.7376
8.7243
8.7210
8.7167
8.7140
8.714
8.7090
8.685
8.6685
8.6671
8.659
8.6525
8.6496
8.648
8.641
8.63886
8.6312
8.61578
8.6064
8.604
8.5862
8.5830
8.5753
8.5367
8.533
8.4939
8.481
8.468
8.4563
8.4280
8.423
8.4188
8.414
8.4018
8.398
8.3976
8.3864
8.3735
8.373
8.3575
8.355
8.350
8.346
8.3352
8.33165
8.3286
8.3132
8.304
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TABLE VI (COIItINNed)

Wavelength

p.e. Element Designation keV
Wavelength

A* p.e. Element Designation keV

1.4941
1.4941
1.4995
1.500135
1.5023
1.5035
1.5063
1.5097
1.51399
1.5162
1.5178
1.51824
1.52197
1.52325
1.5297
1.5303
1.5304
1.53293
1.5331
1.53333
i.534'?

1.5368
1.5378
1.5381
1.540562
1.54094
1.5439
1.544390
1.5448
1.5486
1.5616
1.5632
1.5642
1.5644
1.5671
1.5675
1.56958
1.5707
1.5779
1.5787
1.5789
1.58046
1.58498
1.5873
1.58837
1.58844
1.5903
1.5916
1.5924
1.5961
1.59973
1.6002
1.6007
1.60447
1.60728
1.60743
1.60815

68 Er
68 Er
78 Pt
28 Ni
65 Tb
65 Tb
69 Tm
65 Tb
68 Er
69 Tm
75 Re
66 Dy
73 Ta
72 Hf
64 Gd
65 Tb
69 Tm
73 Ta
64 Gd
71 Lu
76 Os
67 Ho
67 Ho
63 Eu
29 CQ
77 Ir
63 Eu
29 CU

69 Tm
67 Ho
68 Er
64 Gd
74 W
64 Gd
67 Ho
68 Er
72 Hf
64 Gd
71 LQ
65 Tb
75 Re
72 Hf
76 Os
68 Er
66 Dy
70 Yb
63 Eu
66 Dy
64 Gd
63 Eu
66 Dy
62 Sm
68 Er
66 Dy
62 Sm
66 Dy
27 Co

Lpv

Lplp
Ll
Epi, s

Lxx

Ly6

Lp3

Ly8
Lp2, 15

Lp6
Ls
L+5
Lni
Lg
Ly3

Lpi
Ln2

Ly2

Lt
Lnz
Lps
Lx
En]
Ll
Ly4
En2
Lp4
Lpip

Lpa
LII
Ls
Lyp

Lpa, is

Lpp

Lni
Lys
Lg
Lys
Lt
La2
Ll
Lpi
Lp5

Lye
Lxn
Lyi
Ly2

Lpg
Lz
Lp4
Lp7
L+4
Lplp
E

Lxnox
LIMIV
LxnMx
EMIX, III
Abs. Edge
LnOIv
LxMrn
Luor
LIII+rv, v
LIIX+I
LIIIMIII
LIINI
LIIIMV
LXXMI

Lz&xzz

Lzr&rv
LxzMrv
LIII~IV
Lz&xr
LnMn
LIIIMII
Abs. Edge
Luzorv, v
Abs. Edge
ELnr
LIIIMI
LIOII, III
ELzz
IzMzr
LzMzv

LrMzn
Abs. Edge
LIIIMIXX

Lnoxv
Lxxz&zv, v
Lzxz&r

LIIIMV
Lnox
LzxMr
Lrz&z
LnzMxx
LrrxMIV

LIIIMI
LIIMIV
LIIIOIV,V

LxzMxz

LP"zzz
Abs. Edge
Lzx&rv
LP"zz
LxMv
Abs. Edge
LIMzz
LnzOI
LIOII, III
LzMIv
Abs. Edge

8.298
8.298
8.268
8.26466
8.2527
8.246
8.231
8.212
8.1890
8.177
8.1682
8.1661
8.1461
8.1393
8.105
8.102
8.101
8.0879
8.087
8.0858
8.079
8.0676
8.062
8.0607
8.04778
8.0458
8.0304
8.02783
8.026
8.006
7.9392
7.9310
7.926
7.925
'? .911
7.909
7.8990
7.894
7.8575
7.8535
7.8525
7.8446
7.8222
7.8109
7.8055
7.8052
7.7961
7.7897
7.7858
7.7677
7.7501
7.7478
7.7453
7.72'?2

7.714
7.7130
7.70954

1.60891
1.61264
1,61951
1.6203
1.62079
1.6237
1.62369
1.6244
1.6271
1.6282
1.63029
1.63056
1.6346
1.63560
1.6412
1.6475
1.6497
1.6510
1.65601
1.6574
1.657910
1.6585
1.6595
1.66044
1.661747
1.66346
1.6673
1.6674
1.67189
1.67265
1.6782
1.68213
1.6822
1.68285
1.6830
1.6953
1.6963
1.6966
1.7085
1.71062
1.7117
1.7130
1.7203
1.72103
1.72305
1.7240
1.72724
1.7268
1.72841
1.7315
1.7381
1.7390
1.7422
1.74346
1.7442
1.7445
1.7455

27 Co
73 Ta
71 Lu
67 Ho
27 Co
67 Ho
66 Dy
74W
63 Eu
63 Eu
71 Iu
75 Re
63 Eu
70 Yb
64 Gd
67 Ho
65 Tb
65 Tb
62 Sm
63 Eu
28 Ni
65 Tb
67 I-Io

62 Sm
28¹i
72 Hf
65 Tb
61 Pm
70 Yb
73 Ta
74W
66 Dy
66 Dy
70 Yb
65 Tb
62 Sm
69 Tm
62 Sm
63 Eu
66 Dy
64 Gd
64 Gd
64 Gd
66 Dy
72 Hf
64 Gd
62 Sm
69 Tm
73 Ta
64 Gd
69 Tm
60 Nd
65 Tb
26 Fe
26 Fe
60 Nd
64 Gd

Epg
Ls
Lai
Lp,
Epi 3

Lp,
Lp2, i6

Lt
LII
Ly6
Ln2
Ll
Ly8
Lg
Lys
Lpi
Lxn
Lps
Ly3
Lyi
Eai
Lp,
Lp4

Lyg
En2
Ls
Lpio
Lz
Lai
Lt
Ll
Lp6

Lp,
Ln2

Lp2, is

Ln
Lq
Ly6
Ly5
Lpi
Lxrz

Lps
Lp7
Lp4
Lt
Lpa

Lni
Ll
Lpip
Ln2

LI
Lp6
E
Eps
Ly4

Lp2, 15

EMxv.v
LrrzMxn
LxnMv
LIMIII
EMzr, ur
LIXED'I

LIII+IV,V
LIIIMIX
Abs. Edge
LIIOXV

LIIIMIV
L,nrMx
Lnoz
LIIMX
Lxz&r
LIIMIV
Abs. Edge
LxuOrv, v
LP'III
LzzlVIV

ELxrz
LuxOr
LIMII
LISII
ELzz
LIIXMIII
LzMzv
Abs. Edge
LmMv
LIIIMIX
LzxxMI

Lxxx&z

LIMIII
LrnMrv
Lxxx&xv, v
Abs. Edge
LIIMz
Lrxozv
LII+I
LnMrv
Abs. Edge
LzxxOzv. v
Lmor
LzMxz

LnxMn
LIMv
Lxx&xv

LIIIMV
LIIIMI
LxMzv
LzzzMxv
Abs. Edge
LIII+I
Abs. Edge
EMrv. v
LIOII, III
Lxxx&rv, v

7.7059
7.6881
7.6555
7.6519
7.64943
7.6359
7.6357
7.6324
7.6199
7.6147
7.6049
7.6036
7.5849
7.5802
7.5543
7.5253
7.5153
7.5094
'?.487
7.4803
7.47815
7.4753
7.4708
7.467
7.46089
7.4532
7.436
7.436
7.4156
7.4123
7.3878
7.3705
7.3702
7.3673
7.3667
7.3132
7.3088
7.308
7.2566
7.2477
7.2430
7.2374
7.2071
7.2039
7.1954
7.192
7.178
7.1799
7.1731
7.160
7.1331
7.1294
7.1163
7.11120
7.1081
7.107
7.1028
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TABLE VI (Continued)

%'avelength

p.e. Element Designation keV
Wavelength

A,* p.e. Element Designation keV

1.7472
1.75661
1.7566
1.7676
1.7760
1.7761
1.7768
1.7772
1.77934
1.78145
1.78425
1.7851
1.7864
1.788965
1.7916
1.792850
1.7955
1.7964
1.7989
1.7993
1.8013
1.8054
1.8118
1.8141
1.8150
1.8193
1.8264
1.83091
1.8360
1.8440
1.8450
1.8457
1.8468
1.84700
1.8540
1.8552
1.8561
1.85626
1.86166
1.86990
1.8737
1.8740
1.8779
1.8791
1.8821
1.8867
1.8934
1.89415
1.89643
1.8971
1.89743
1.8991
1.90881
1.91021
1.9191
1.91991
1.9203

2
2
1
5
1
1
3
2
3
5
9
2
2
9
3
9
2

9
3

2
2
5
2
4
2
9
1
1
2
1
2
9
2
5
2
3
3
3
2

2
4
3
2
5
5
5

7

3
2
1
3
2

65 Tb
26 Fe
68 Er
61 Pm
71 Lu
63 Eu
65 Tb
63 Eu
62 Sm
72 Hf
68 Er
63 Ku
65 Tb
27 Co
63 Eu
27 Co
68 Er
60 Nd
61 Pm
63 Eu
60 Nd
64 Gd
63 Eu
59 Pr
64 Gd
59 Pr
67 Ho
70 Yb
71 Lu
60 Nd
67 Ho
62 Sm
64 Gd
62 Sm
64 Gd
60 Nd
67 Ho
62 Sm
62 Sm
62 Sm
63 Eu
59 Pr
60 Nd
59 Pr
62 Sm
63 Eu
58 Ce
70 Yb
25 Mn
25 Mn
66 Dy
58 Ce
66 Dy
25 Mn
61 Pm
66 Dy
63 Eu

Lps
EP1,S

Lq
LII
Lt
Lzn
Lp1
Lps
Lyg
Ll
Ln1

Lpz
Lp4
En1
Lpg
En2
Lng

Ly3
L+1
Lp10

Ly2
Lp6

Lp2, 15

Lz
Lps
L+4
Lg
Lt
Ll
Ln
Ln1
Lzrx

Lp1
Lpg

Lp4
Lvs
Ln2

Lpy

Lpg
Lp]0
Lp6
Lye
L+1
LV2

Lp2, 15

Lps
Lz
Ll
E
E'p5

Lg
Ly4
Ln1

&P1,S
LIII
Ln2

Lp1

Lx~xxz
E~II,III
Lxzjfx
Abs. Edge
Lzrr~rx
Abs. Edge
Lzr~zv
LIIIOIV,V

Lzr&x
Lzzz~r
LIIIv
Lrnor
LIMII
ELIII
Ly3fv
ALII
Lzxz~zv
Lz+III
Lxr&zv
LINzv
Lr&xz
LXIINI
Lzn&zv. v
Abs. Edge
LI3fzzz
LIOII, III
LIINI
LIII~II
Lzr X~I
Abs. Edge
Lzr I~V
Abs. Edge
LII~IV
Lxzxorv, v
LIMII
LxzOI

Lzxx~xv
Lnzoz
Ly3fv
Lr~zv
Lzzx&z

Lx&xzx

LxP'zv
Lz&xr

Lxxr&xv, v
LI~III
Abs. Edge
Lzrz~r
Abs. Edge
E~zv, v
Lxz~z
LxOxx, nr
LIIX~V
+~II,III
Abs. Edge
LxII~XV
~XI~IV

7.0959
7.05798
7.0579
7.014
6.9810
6 ' 9806
6.978
6.9763
6.968
6.9596
6.9487
6.9453
6.9403
6.93032
6.920
6.91530
6.9050
6.902
6.892
6.890
6.883
6.8671
6.8432
6.834
6.8311
6.815
6.7883
6.7715
6.7528
6.7234
6.7198
6.7172
6.7132
6.7126
6.6871
6.683
6.6795
6,679
6.660
6.634
6.6170
6.616
6.6021
6.598
6.586
6.5713
6.548
6.5455
6.5376
6.5352
6.5342
6.528
6.4952
6.49045
6.4605
6.4577
6.4564

1.9255
1.9255
1.9355
1.936042
1.9362
1.939980
1.94643
1.9550
1.9553
1.9559
1.9602
1.9611
1.96241
1.9730
1.9765
1.9780
1.9830
1.9875
1.9967
1.99806
2.00095
2.0092
2.0124
2.015
2.0165
2.0205
2.0237
2.0237
2.0360
2.0410
2.0421
2.0460
2.0468
2.0487
2.0494
2.0578
2.0678
2.07020
2.07087
2.0756
2.0791
2.0797
2.08487
2.0860
2.0919
2.1004
2.101820
2.1039
2.1053
2.10578
2.1071
2.1103
2.1194
2.1209
2.1268
2.1315
2.1315

63 Eu
59 Pr
60 Nd
26 Fe
59 Pr
26 Fe
62 Szn

69 Tm
58 Ce
61 Pm
58 Ce
59 Pr.
62 Sm
65 Tb
65 Tb
57 La
57 La
65 Tb
60 Nd
62 Sm
62 Sm
60 Nd
S8 Ce
68 Er
60 Nd
59 Pr
58 Ce
60 Nd
60 Nd
57 La
61 Pm
57 La
64 Gd
58 Ce
64 Gd
64 Gd
56 Ba
24 Cr

6 24 Cr
3 56Ba
5 59 Pr

61 Pm
24 Cr
67 Ho
59 Pr

25 Mn
60 Nd
57 La
25 Mn
59 Pr
58 Ce

2 63 Eu
2. 60Nd
2 63 Eu

63 Eu

Lp4

LII
Lyg
En1
L+8
En2
Lpe
Ll
Ly3
Lp2, 15

Ly2

Lp3
Lg
Ln1
Lz
L+4 .

Ln2

Lxn
Lp1
Lp4

Lp,
LII
L/

Lpg

Lys
Lys
Lp10

Lp2, 15

LVI
Lpe
Ly2
Ln1
L+1
Le
Ln2

Lz
E
Eps
L+4
LIII
Lp1
Ep1,3

Ll
Lp7
Lpg
En1
Lp6

Lxx

En2
Lp10

Lve
Lp2, 15

Ln1

Lpe
Lg
Ln2

LIMII
Abs. Edge
Lzr&r
ELIII
Lzzox
ALII
Lzzx&x

Lzzrz
Lz&III
LIII+IV,V
Lz&rr
Lzr&zv
Lz~xzr
Lrx~z
Lzrz~v
Abs. Edge
Lzon, zn
Lzrx~rv
Abs. Edge
LII~IV
Lr~rx
LrnOz
Abs. Edge
Lrzx jfr
LI3fv
Lrz&x
LXIOI

LIMIV
LIII+IV,V
Lx&III
Lz~zrr
LP'xz
LIIX~V
LzxÃv
Lzx~r
LIII~IV
Abs. Edge
Abs. Edge
E3fzv, v
LIOxr, xxx

Abs. Edge
LxX~XV

E~rx, xxr

Lzzz~x
Lznor
LIMV
&Lxzr
LnP'I
Abs. Edge
E'Lzz

LIMIV
Lzr&z

LIXED IV,V
LzII~V
LI~III
Lxr~x
Lxzxjfxv

6.4389
6.439
6.406
6.40384
6.403
6.39084
6.3693
6.3419
6.3409
6.339
6.3250
6.3221
6.318
6 ' 2839
6.2728
6.268
6.252
6.2380
6.2092
6.2051
6.196
6.1708
6.161
6.152
6.1484
6.136
6.126
6.1265
6.0894
6.074
6.071
6.060
6.0572
6.052
6.0495
6 ' 0250
5.996
5.9888
5.9869
5.9733
5.963
5.961
5.94671
5.9434
5.927
5.903
5.89875
5.8930
5.889
5.88765
5.884
5.8751
5.850
S.8457
5.8294
5.8166
5.8166
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TAsr. z VI (Cont&sued)

Wavelength
A* p.e. Element Designation

Wavelength
A* p.e. Element Designation keV

2.1342
2.1387
2.1418
2.15877
2.166
2.1669
2.1669
2.1673
2.1701
2.1741
2.1885
2.1906
2.1958
2.1998
2.2048
2.2056
2.2087
2.21062
2.2172
2.21824
2.2328
2.2352
2.237i
2.2415
2.253
2.2550
2.2588
2.261
2.2691
2.26951
2.2737
2.275
2.282
2.2818
2.2822
2.28440
2.28970
2.290
2.2926
2.293606
2.3030
2.304
2.3085
2.3109
2.3122
2.3139
2.3480
2.3497
2.3561
2.3629
2.3704
2.3764
2.3790
2.3806
2.3807
2..3869
2.3880

2
2
3
7
1
3
2

5
2
2
3
4
5
2
1
4
2
3
3
3
2
2
2
2
6

3
1
1
6
1
3
3
3
3
2
2
3

56 Ba
56 Ba
57 La
66 Dy
58 Ce
60 Nd
60 Nd
55 Cs
58 Ce
55 Cs
58 Ce
59 Pr
58 Ce
62 Sm
56 Ba
57 La
58 Ce
62 Sm
59 Pr
62 Sm
55 Cs
65 Tb
55 Cs
56 Ba
92 U
59 Pr
59 Pr
57 La
23 V
23 V
54 Xe
57 La
57 La
58 Ce
61 Pm
23 V
24 Cr
57 La
61 Pm
24 Cr
57 La
92 U
56 Ba
58 Ce
64 Gd
55 Cs
55 Cs
58 Ce
58 Ce
56 Ba
60 Nd

2 56Ba
4 57 La
2 56Ba

60 Nd
56 Ba
53 I

LY3

LV2
L'|t l
Ll
Lnz
Lp4

LP1
Lz

LPz
Ly4
LPg

Lp5
LP10
Lul
Lzz

L+5
LP2, 15

Lu2

Lp3

Lg
Lvs
L/

Ly2
Lgl

LP4

LP1

Lzzx

E
E'p5

Lx
LPz
Lpg

LP6
Lul
EPl 3

Eul
LP10
Lu2
Eu2
LP2, 15

L+5
Lp3
Ll
Lzr

Lp4

LPl
Lzzz

Lul
Lpg

LP0
Lpz
Lu2

LP10
Lr

Lx+xxx
Lr+xx .

Lxx+xv
Lzrz3IIr

Abs. Edge
Lz3fxx

Lzz~rv
Abs. Edge
Lxzxox

LrOxz, rzr

Ly3fv
Lxxx&r
Lr3Sxv
Lrzz~v
Abs. Edge
LzzXx

Lzzx+zv, v
Lxxx~xv
Lz~xzz
LzzMx

Lz&zrx

Lzzx~x
LiSn
Lr&'rv
~z&zzx
Lz3Exz

Ln~rv
Abs. Edge
Abs. Edge

zv,v
Abs. Edge
LxrxOz

LzMV

Lxn&z
Lrrr~v
&~xz,nr

Lxxx

Lx~zv
Lxxx~xv
ELxr
Lrxx+zv, v
~rOrzr
Lz&'x
Lz~xrr
Lx rex
Abs. Edge
Lxx+xv
LzMxx

Lzy3fxv
Abs. Edge
Lxxzjfv
Lz3fv
Lxrx+x
Lrngx
Lrzr~zv
Lx~rv
Abs. Edge

5.8092
5.7969
5.7885
5.7431
5.723
5.7216
5.7216
5.721
5.7132
5.7026
5.6650
5.660
5.646
5.6361
5.6233
5.621
5.6134
5.6090
5.5918
5.589
5.5527
5.5467
5.5420
5.5311
5.50
5.4981
5.4889
5.484
5.4639
5.4629
5.4528
5.450
5.434
5.4334
5.4325
5.42729
5.41472
5.415
5.4078
5.405509
5.3835
5.38
5.3707
5.3651
5.3621
5.3581
5.2804
5.2765
5.2622
5.2470
5.2304
5.2171
5.2114
5.2079
5.2077
5.1941
5.192

2.3913
2.3948
2.40435
2.4094
2.4105
2.4174
2.4292
2.442
2.443
2.4475
2.4493
2.45891
2.4630
2.4729
2.4740
2.4783
2.4823
2.4826
2.4849
2.4920
2.49734
2.4985
2.50356
2.50738
2.5099
2.5113
2.5118
2.512
2.51391
2.5164
2.527
2.5542
2.5553
2.5615
2.5674
2.56821
2.5706
2.58244
2.5926
2.5932
2.618
2.6203
2.6285
2.6388
2.6398
2.65710
2.66570
2.6666
2.67533
2.6760
2.6837
2.6879
2.6953
2.71241
2.71352
2.7196
2.72104

2
2
6

3
2
1
9
4
2
3
5

3
1

2

2
2

2
5
2
2
2
1
2
2
3
2
2

5
2
2
2
5
3
8
1
2
5
4
2
1
2

9
5
2
5

2

2
6
9
5
9

53 I
63 Ku
56 Ba
60 Nd
57 La
55 Cs
54 Xe
90 Th
92 U
53 I
57 La
57 La
59 Pr
59 Pr
55 Cs
55 Cs
62 Sm
56 Ba
55 Cs
55 Cs
22 Tl
22 Tl
23 V
23 V
52 Te
52 Te
55 Cs
59 Pr
22 Tl
56 Ba
91 Pa
53 I
56 Ba
58 Ce
52 Te
56 Ba
58 Ce
53 I
54 Xe
55 Cs
90 Th
58 Ce
55 Cs
51 Sb
51 Sb
53 I
57 La
55 Cs
57 La
60 Nd
55 Cs
52 Te
51 Sb
52 Te
53 I
53 I
53 I

Ly4
L/

LP2, 15

Lg
Lpe

L+5
Lzz

LY2,3

LP4

LPl
Lul
Lu2

Lzzx

Lpg
Ll
Lpo

LPz
LPlo
E
Ep5
Eul
Eu2
Lz
L+4

LP2, 15

Ln
EPl 3

Lp3

Ln
Lp4
Lul
LY2,3

LPl
Lu2

Lyl
Lzzz

Lp6

Lg
Lpa

Lz

Ly4

Ly5
Lul
LP4
Lu2
L/

LPl
Ln
LV2, 3

L71
LPg

Lzzx

LP10

LzOxz, Irz

Lzzx~r
Lrrr+Iv, v
Lzz3IIz

Lx~zn
Lzz&x
Abs. Edge
~zOzxx
~zzOxv
Lr&rr, nz
Lz3Exz

Lrzxv
Lrrr~v
Lzrr~zv
Ab. . Edge
Lzilrv

Lrrrr
Lzrr&z
LrnOz
LrMzv
Abs. Edge

3Ezv, v
Lxxr

ELzz
Abs. Edge
Lzon, rn
LrrP zv, v
LrzMx
E3fzz, zrz

Lr~xrr
~zxOxv
Abs. Edge
Lr~zr
Lzxxv
Lz+zz, rzz

Lzr~rv
Lrzz~zv
Lrz&zv
Abs. Edge
Lrrr+x
~rrOzv
Lrrur
LxMxrr
Abs. Edge
LzOxz, zrz

LrrEr
Lrrr~v
Lz&zz
Lzzx~zv
Lrrrz
Lzr&rv
Abs. Edge
Lr+rz, rrz

Lrr+zv
Lrjtfv
Abs. Edge
LrMzv

5.1848
5.1772
5, 1565
5.1457
5.1434
5.1287
5.1037
5.08
5.075
5.0657
5.0620
5.0421
5.0337
5.0135
5.0113
5.0026
4.9945
4.9939
4.9893
4.9752
4.96452
4.9623
4.95220
4.94464
4.9397
4.9369
4.9359
4.935
4.93181
4.9269
4.906
4.8540
4.8519
4.8402
4.8290
4.82753
4.8230
4.8009
4 ' 7822
4.7811
4.735
4.7315
4.7167
4.6984
4.6967
4.6660
4.65097
4.6494
4.63423
4.6330

. 4.6198
4.6126
4.5999
4.5709
4.5690
4.5587
4.5564
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TAsra VI (Cogt~mNed)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

2.7288
2.740
2.74851
2.75053
2.75216
2.753 .

2.762
2.7634
2.77595
2.7769.
2.7775
2.7796
2.7841
2.78553
2.79007
2.817
2.8294
2.8327
2.83672
2.83897
2.84679
2.85159
2.8555
2.862/
2.8634
2.87429
2.8821'?

2.884
2.8917
2.8924
2.9020
2.910
2.9120/
2.92
2.9260
2.9264
2.93187
2.934
2.93744
2.948
2.97088
2.9/261
2.97917
2.9800
2.9823
2.9932
3.0003
3.00115
3.0052
3.006
3.00893
3.011
3.0166
3.02335
3.0309
3.0342
3.038

3
3
2
8
2
8

3
5
1
2

4
5
9
2
5
2
9
9

53 I
57 La
22 Tl
53 I
22 Ti
92 U
21 Sc
21 Sc
56 Ba
50 Sn
50 Sn
21 Sc
59 Pr
56 Ba
52 Te
92 U
51 Sb
50 Sn
53 I
52 Te
52 Te

3 51 Sb
1 S2 Te
3 56 Ba

52 Te
9 53 I
8 52 Te
5 92U

58 Ce
2 S5 Cs
2 55 Cs
2 91 Pa

53 I
92 U
49 In
49 In
51 Sb
90 Th
53 I
92 U
52 Te
51 Sb
51 Sb

2 49 In
50 Sn

2 55 Cs
51 Sb
50 Sn
51 Sb
57 La
52 Te
90 Th
54 Xe
51 Sb

1,21 Sc
1 21 Sc

Lpv

Lg
Eay
Lpg, 15

Ea2

E
Ep5
Lag
LI
Ly4

EP1,3
Ll
La2
L+5

LII
Lyg, 3

Lpg

Lpg

Lp10

L+1 ':
LIII
Lg
Lpv

Lp,
Lp2, 15

Mur
LL

Lal
La2

LI
Ly4

Ly5

Lpg

Lpg

Lpl0
Ly2 3

LII
Lv
Lrzx

Lpl
Lpy
LI
Lp3

Lal
Lp2, 15

EG'l

EcE2

LruOr
LuMx
ELzzz
Lrzl+IV, V

ELxx
MzXxzr
Abs. Edge
E'3IIxv, v
LurMv
Abs. Edge
LzOxr, ru
EMxl, rrx

LIIIMI
LrrrMrv
Lzz&r
MxrÃv
Abs. Edge
Lx+zI, III
Lzr reer

LzMv
Lx3frv
Lzx&zv
Abs. Edge
LzxMz

LurOx
LIMIII
Lxr&'xv, v
Abs. Edge
LIIIMI
LxzxMv

LIIIMIv
Mr&'zv
LIMII
MzExz
Abs. Edge
LIOI?, xrx

'

Lrz&x

Mx&rxr
LIIMIv
MruOzv, v
Lrxx&x

Lr3fv
LrMzv
Ll+lx, zrr

Abs. Edge
LxzMx
Abs. Edge
Lr&'xv
LruOx
LzuMz
LIMIII
Mxr&rv
LzrzMv

Llxz+IV, V

ELrrr
ELir
MzxIOIv, v

4.5435
4.525
4.51084
4.5075
4.50486
4.50
4.489 .

4.4865
4.46626
4.4648
4.4638
4.4605
4.4532
4.45090
4.4437
4.401
4.3819
4.3768
4.3/06
4.3671
4.3551
4.34779
4.3418
4.3309
4.3298
4.3134
4.3017
4.299
4.2875
4.2865
4.2722
4.260. .
4.2575
4.25
4.2373
4.2367
4.2287
4.23
4.22072
4.205
4.1732
4.1708
4.1616
4.160S
4.1578
4.1421-

4.1323
4.13112
4.1255
4.124
4.1204
4.117
4.1099
4.10078
4.0906
4.0861

.4.081

3.04661
3.068
3.0703

.3.0746
3.07677
3.08475
3.0849
3.0897
3.094
3.11513
3.11513
3.115
3.12170
3.131
3.1355
3.137'/.

3.1473
3.14860
3.15258
3.1557
3.1564
3.15791
3.16213
3.17505
3.19014
3.217
3.22567
3.245
3.24907
3.2564
3.2670
3.26763
3.26901
3.27404
3.27979
3.283
3..28920
3.29846
3.30585
3.30635
3.31216
3.3237
3.324
3.3257
3.329
3.333
3.33564
3.33838
3.34335
3.346
3.35839
3.359
3.36166
3.38487
3.42551
3.43015
3.43606

9
5
1
3
6

52 Te
90 Th
20 Ca
20 Ca
52 Te
50 Sn

1 48 Cd
2 20 Ca.
5 83 Bi

50 Sn
51 Sb
92 U
50 Sn
90 Th
56 Ba
48 Cd
49 In
53 I
51 Sb
50 Sn
50 Sn
53 I
49 In
50 Sn
51 Sb
82 Pb
Si Sb
91 Pa

9 49 In
1 47 Ag
2 55 Cs

49 In
9 50 Sn

49 In
53 I.
90 Th
52 Te
52 Te
50 Sn
47 Ag

9 47 Ag
1 49 In

49 In
48 Cd
92 U

5 92U
6 48 Cd
3 49 In
9.50Sn
5 81 Tl
3 20 Ca
5 83 Bi

20 CK
50 Sn
48 Cd
48 C.d
49 In.

Lp4

MIII
E'

Ep5
Lpl
Ly5
Lr
EP1,3
3fr
Lpg

Lp6

L/

LV2

Lzr

Lp3

Luz
Lpv
LO.'2

Lyl
Lp2, 15

Lp4

Mx
Lp,

Ly5
Lz
LI
Lpg

Lp6
Lp10

Lg

Ln1

La2
Lp3,
L73
Ly2
LII'I .

Lp,
LII .'

3frv
Lyl
Lp2, 15

Lp4
Mz
Eal
3fxz
ECE2

Lpl
L+5
Lpg

Lpg

Lr3frr
Abs. Edge
Abs. Edge
&Mxv, v
LuMzv
Lr&'x
Abs. :Edge
EMII, III
Abs. Edge
Lx3fv
Lxrx+z
Mzuoz
LrMxv

MIIIOIv, V

LrIIMI
LP'xx
Abs. Edge
LzzrMv

LIMIII
Abs. Edge
LrzrOz

LIIIMzV
LzzÃv
Lzrr&zv, v
LxMzr
Abs. Edge
LzzMzv

MiuOx
Lll+x
Abs. Edge
LrxrMz
Lz3fv
Lzx&"z

Lj3fxv
LzzMx

MruOr
LurMv
LurMrv .
LrMrxr
Ll+Ill
LzXzz
Abs. Edge
LurOr
Abs. Edge
3frrlVz
Abs. Edge
LxxÃv
Lzxx&rv. v
LiMxx
Abs. Edge
ELxxx
Abs. Edge
ELzr
LuMzv
Llx+z
LxMv
Lxu&x

4.0695
4.041
4.0381
4.0325
4.02958
4.0192
4.0190
4.0127
4.007
3.9800
3.9800
3.980
3.9716
3.959
3.,9541
3.9513
3.9393
3.93765
3.9327
3 ' 9288
3.9279
3.92604
3.92081
3.90486
3.8364
3.854
3.84357
'3.82
3.8159
3.8072
3.7950
3.7942
3.7926
3.7868
3.7801
3.78
3.76933
3.7588
3, 7500
3.7498
:3.7432
3.7302
3.730
3.'?280

.3.724
3.720
3.71686
3.71381
3.7083
3.705'

3.69168
3.691
3.68809
3.66280
3.61935
3.61445
3..60823
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TABLE VI (CoÃtimmtd)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation

3.4365
3.4367
3.437
3.43832
3.43941
3.441
3.4413
3.44840
3.4539
3.46984
3.478
3.479
3.4892
3.492
3.497
3.5047
3.50697
3.51408
3.5164
3.521
3.52260
3.537
3.55531
3.557
3.55754
3.576
3.577
3.59994
3.60497
3.60765
3.60891
3.61158
3.614
3.61467
3.61638
3.616
3.629
3.634
3.64495
3.679
3.68203
3.6855
3.691
3.6999
3.70335
3./16
3.71696
3.718
3.7228
3.7246
3.729
3.73823
3.740
3.7414
3.7445
3. /60
3.762

19 K
48 Cd
46 Pd
52 Te
51 Sb
91 Pa

4 19K
6 51 Sb
2 19K

49 In
80 Hg
92 U
46 Pd
82 Pb
92 U
48 Cd
49 In
.48 Cd
47 Ag
92 U
47 Ag
90 Th
49 In
90 Th
53 I
92U
91 Pa
50 Sn
47 Ag
51 Sb
50 Sn
47 Ag
91 Pa
48 Cd

5 79 Au
5 45 Rh
5 81 Tl

48 Cd
90 Th
48 Cd
45 Rh
91 Pa
47 Ag
47 Ag
92 U
52 Te
90 Th
46 Pd
46 Pd
90 Th
48 Cd
83 Bi
19K
19 K
90 Th
78 Pt

E
Lplo
Lx
Ln
ix)

Eps
Lag
Xpg, s

Lpl
Mr
My
L+2,S

Mrz
Mv
Lzrr
Lp4

Lpg, 15

Lxx

Lpg

Mzv
Ll

My
Lng

Lpg

Lg
L0.2
Lp).o.

Lp,
Lyg
Mz
Lz
Mu
Lpl
My. ;

Lp4

Ly2, 3

Lxu
Lp2, is

Mp
L/

Lu
L+1
Mv
Lpg

Mz

Abs. Edge
LxMzv
Abs. Edge
LzrMz

LzxrMv
Mxxrz
&Mxv.v
LuzMxv
&Mxr, zrr

LxMxu
Abs. Edge
MzzxNv

Lz&xx, uz
Abs. Edge
Abs. Edge
Abs. Edge
LzMxz

Lxzx&zv, v
Abs. Edge
Mxxx+xv
Lxr+xv
MrxNz

LzxMrv
Abs. Edge
LzzzMz

Mxvoxr
MxxzEv
LrzzMV

LxMv
LzzMx

LzzxMzv

LzMrv
MxxxNzv

Lzxx&z

Lxr&z
Abs. Edge
Abs. Edge
Abs. Edge
LxMxxx

MxxrEv
LxMzx

LP"rx,ur
Mxvou
Abs. Edge
LxzzNxv, v
MxvNvz
LxrrMr
M~xxx+xv

Abs. Edge
Lx&'zv
Abs. Edge
LxzMxv

MzNxrz
+Lxu
ELxz
Mvt'rrx
Abs. Edge

3.6078
3.6075
3.607
3.60586
3.60472
3.603
3.6027
3.59532
3.5896
3.57311
3.565
3.563
3.5533
3.550
3.545
3.5376
3.53528
3.52812
3.5258
3.521
3.51959
3.505
3.48721
3.485
3.48502
3.4666
3.465'?

3.44398
3.43917
3.43661
3.43542
3.43287
3.430
3.42994 ;

3.42832
3.428
3.417
3.412
3.40145
3.370
3.36719
3.3640
3.359
3.35096
3.34781
3.3367
3.33555
3.335
3.33031
3.328'?

3.325
3.31657
3.315
3.3138
3.3111
3.298
3.296

3.77192
3.78073
3.783
3.78876
3.7920
3.7988
3.80774
3.808
3.8222
3.827
3.83313
3;834
3.835
3.87023
3.87090
3.872
3.8860
3.88826
3.892
3.8977
3.904
3.9074
3.90887
3.910
3.915
3.924
3.932
3.93473
3.936
3.941
3.9425
3.9437
3.-95635

3.96496
3.968
3.98327
4.013
4.0162
4.022
4.0346
4.035
4.0451
4.047
4.058
4.069
4.0711
4.0'/1

4.07165
4.093
4.105
4.116
4.1299
4.1310
4.1381
4.14622
4.15i
4.15443

91 Pa
47 Ag
83 Bi

5 44 Ru
5 47 Ag
5 18 A

82 Pb
18 A
51 Sb
83 Bi
44 Ru
83 Bi
46 Pd
46 Pd
92 U
77 Ir
92 U

3

5
2

83 Bi
47.Ag
79 Au
90 Th
45 Rh
45 Rh
48 Cd
48 Cd
82 Pb
49 In
81 Tl
46 Pd
91 Pa
46 Pd
91 Pa
45 Rh
82 Pb
43 Te
82 Pb
46 Pd
76 Os
50 Sn
78 Pt
83 Bi

4 81 Tl
5 45 Rh
2 45 Rh

90 Th
5 46 Pd
2 90 Th
3 47 Ag

49 In
49 In
80 Hg
50 Sn
46 Pd

2 46 Pd
9 47 Ag
4 . 90Th

Lny

Ln2

Mxx

Lg
Lpg

Lpio
Lp,

Lyg

Mp
Lp3

Lz
Lp4
E

EPJ,3

Ll

LV2.3

Mrzr
Lxu
Lp2, 15

Me)
Mz
Ma2

Lpj
Mxz

Mp
Lxr
Lyj
LtXQ

LA2

Lp6
Map

Lpe
Ma2
Lys
Muz
Lz

Lp4

Mz
L/

Mrr

Lxzz

Lp2, 15

Map

Lpy

3fa2
Lag

LuzMv
LxuMxv
Abs. Edge
LzrMx
LzMv
LzMxv

Lxxz+x

Mzvozz
Lrr&r
MxvÃvx

LzMzzx

MxxNzv
Abs. Edge
LrMxr
Abs. Edge
Mr&zrr
&Mrz, zzx

LzxxMr

Mezz
Lx&zx, xxx

Abs. Edge
Abs. Edge
LrzxNzv, v
Mv&vzr
Abs. Edge
MvNvr
Mxxzoxv, v
LuMxv
Abs. Edge
MzvNvr
Abs. Edge
Lxx&xv

LxrxMv

LxzxMxv

3IIzrNzv

LuMr
Mx&xxr

LzrrNz

MvNvrx
LzMxxz

MvNvr
Lrx+x
Abs. Edge
Abs. Edge
Mzxzozv. v
LxMzz
Abs. Edge
LzzzMz
Abs. Edge
Mxxzox

MzrNzv
Abs. Edge
LruNrv, v
MvNvxr
LzzMzv

MvSvr
LuzMv

3.28694
3.27929
3.277
3.27234
3.2696
3.2637
3.25603
3.256
3.2437
3.2397
3.23446
3.234
3.233
3.20346
3.20290
3 ' 202
3.1905
3.18860
3.185
3.1809
3.176
3.17298
3.17179
3.1708
3.167
3.1595
3.153
3.15094
3.150
3.1458
3.1448
3.1438
3.13373
3.12691
3.124
3.11254
3.089
3.08/0
3.0823
3.0730
3.072
3.0650
3.0632
3.055
3.04/
3.0454
3.045
3.04499
3.029
3.021
3.013
3.0021
3.0013
2.9961
2.99022
2.987
2.98431
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TABLE VI (Coetzeued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

4.16294
4.180
4.1822
4.19180
4.19315
4.19474
4.198
4.216
4.236
4.2417
4.244
4.2522
4.260
4.26873
4.2873
4.2888
4.300
4.304
4.330
4.355
4.36767
4.369
4.3718
4.37414
4.37588
4.3800
4.39/1
4.4034
4.407
4.4183
4.432
4.433
4.436
4.44
4.450
4.460
4.48014
4.4866 .

4.4866
4.518
4.522
4.5230
4.532
4.568
4.571
4.572
4.575
4.585
4.59
4.59743
4.601
4.60545
4.620
4.62058
4.625
4.630
4.631

47 Ag
44 Ru
44 Ru
18 A
48 Cd
18 A
81 Tl
81 Tl
75 Re
45 Rh
82 Pb
45 Rh
77 Ir
49 In
44 Ru
45 Rh
79 Au
42 Mo
92 U
80 HR
46 Pd
44 Ru
44 Ru
45 Rh
46 Pd
42 Mo
17 Cl
17 Cl
74W
47 Ag
79 Au
76 Os
43 Te
74 W
91 Pa
78 Pt
48 Cd
44 Ru
44 Ru
79 Au
79 Au
44 Ru
83 Bi
90 Th
83 Bi
83 Bi

L0.2
Lxz

Lyg
Eo.'y
Lg
Ecx2

Mzzz

Mz
Lps

Lp3
Mrz
Ll
Lys
Lp4

Lx

Mxn
Lo.g
Lxrz

Lp2, 15

Lpg
L0.2
L72.3
E
Ep

z

Ln

xz

Lxx

Ll
Lps
Lp6
Mzzz

Lp4

My

Mzv
Lx
Mz

41 Nb

45 Rh
78 Pt
45 Rh
75 Re
44 Ru
92 U
43 Tc
77 Ir

L0.2
Mzz

Lpg

Lxn

5 73 Ta
2 83 Bi

LznMxv
Abs. Edge
LrzNxv

&Lzzx
LxrMr
ELzz
Abs. Edge
MzzzOrv, v
Abs. Edge
LxzxNx

MzzxO,

LzMzxz
Abs. Edge
LrxxMx

LzzNx

LzMzx

MzNzxz
Abs. Edge
MzrzNz
Abs. Edge
LzxxMv
Abs. Fdge
LzIINIV, v

zv

LzzrMzv

LzNxz, nz
Abs. Edge
EM
Abs. Edge

z

MzzNrv
Abs. Edge
Abs. Fdge
MzOrr, rn

rxrNr

MrNxn
LnzMz
LzMzzx

LrxzNz
Abs. Edge
Mzrzozv, v,
LxMzz

MznNv
MrnNz
MrnNzv
Abs. Edge
Abs. Fdge
Abs. Edge
Mrv+rr, zrz

LxnMv
MzzNrv

LxxxMzv
Abs. Edge
LnMrv
MzvNrzz
Abs. Edge
MzNxzz

2.97821
2.9663
2.9645
2.95770
2.95675
2.95563
2.9535
2.941
2.927
2.9229
2.921
2.9157
2.910
2.90440
2 ' 8918
2.8908
2.883
2.881
2.863
2.8469
2.83861
2.8377
2.8360
2.83441
2.83329
2.8306
2.81960
2.8156
2.813
2.8061
2 ' 797
2 ' 797
2.7948
2.79
2.786
2.780
2.76735
2.7634
2.7634
2.7439
2.742
2.7411
2.735
2, /14
2.712
2.711
2.710
2.704
2.70
2.69674
2.695
2.69205
2.684
2.68323
2.681
2.6780
2.677

4.6542
4.655
4.6605
4.674
4.686
4.694
4.703
4.7076
4.715
4.719
4.7258
4.7278
4.7307
4.757
4.764
4.780
4.79
4.815
4.823
4.823
4.8369
4.84575
4.85381
4.861
4.865
4.869
4.876
4.879
4.8873
4.909
4.911
4.913
4.9217
4.9232
4.946
4.952
4.9525
4.9536
4.955
4.955
4.984
5.004
5.0133
5.0185
5.020
5.0233
S.031
5.0316
5.0361
5.043
5.0488
5.0488
5.050
5.076
5;092
5.1148
5.118

41 Nb
82 Pb
46 Pd
82 Pb
78 Pt
78 Pt
79 Au
47 Ag
82 Pb
42 Mo
42 Mo
17 Cl
17 Cl
82 Pb
83 Bi
77 Ir
76 Os
74W
83 Bi
81 Tl
42 Mo
44 Ru
44 Ru
77 Ir
81 Tl
77 Ir
78 Pt
40 Zr
43 Tc
83 Bi
90 Th
42 Mo
45 Rh
42 Mo
92 U
81 Tl
46 Pd
40 Zr
76 Os
82 Pb
80 Hg
82 Pb
42 Mo
16 S
73 Ta
16 S
41 Nb
16 S
41 Nb
76 Os
42 Mo
42 Mo
92 U
82 Pb
91 Pa
43 Tc
83 Bi

Ly2, 3

Lg
My
Mzxz

Ll

Lzr

Lyy
E'aj
Ecx2

3fzv
Mv

Mzz

My
Lyg
Lng

Lo.2
Mnr

Lx
Lpg

Mp

Lnx
Ly
Lp2, 15

Mgg

Mzv
Ll
Ly2, 3

Mv
My

Lpo
E
Mzz
Ep.
Ln
Epg
Lyg

Mxxx

Lp4

Lp6
Mg,
Mp
Mgj
Lay
Mng

LxNzz Ixx

MrrNz
LrzMz

MrnNv
Abs. Edge
MznOzv, v
MxxxOx

LxnMz
MzrxNxv
Abs. Edge
LrxNzv

&Lzzx
XLzz
Abs. Edge
Abs. Edge
MzrNxv

MxNxzx
Abs. Edge

xvOn
znNv

LnNz
LnrMv
LxxxMxv

Abs. Edge
MznNzv
Mnzorv. v
MxxxOx

Abs. Edge
LzrMxv

MzvNvr

MzvNrzx
Abs. Edge
LzrMx

LrzzNrv, v
MVNxrz
Abs. Edge
LxxxMx

LzNn, xxx

MzzNxv
Abs. Edge
MrrzNv
MxvOxx

LxMnz
Abs. Edge
Abs. Edge
EM
Abs. Edge
EM
LrxNxv
Abs. Edge
LxMzz

LrzrNz

MzvNn
zvNvr

MvNzzz

LzxrMv
MvNvxx

2.6638
2.664
2.6603
2.6527
2.6459
2.641
2.636
2.6337
2, 630
2.6274
2 ' 6235
2.62239
2.620/8
2.606
2.603
2.594
2.59
2.575
2.571
2.571
2.5632
2.55855
2.55431
2.5505
2.548
2.546
2.543
2.541
2.5368
2.5255
2.524
2.5234
2.5191
2.5183
2.507
2.504
2.5034
2.5029
2.502
2.502
2.4875
2.477
2.4730
2.47048
2.470
2.4681
2.4641
2.46404
2.4618
2.458
2.4557
2.4557
2.4548
2.4427
2.4350
2.4240
2.4226
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TAsrz VI (,Coett'sued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

5.130
5.145
5.1517
5.153
5.157
5.168
5.172
5.17708
5.186
5.193
5.196
5.2050
5.217
5.2169
5.230
5.234
5.2379
5.245
5.249
5.2830
5.286
5.299
5.3102
5.319
5.340
5.3455
5.357
5.357
5.36
5.3613
5.37216
5.374
5.37496
5.378
5.3843
5.40
5.40655
5.41437
5.4318
5.435
5.460
5.472
5.4923
5.4977
5.500
5.5035
5.537
5.540
5.570
5.579
5.584
5.5863
5.59
5.592
5.624
5.628
5.6330

9
2
5
3
1
5
3
5

3
1

81 Tl
44 Ru
39 Y
45 Rh
41 Nb
75 Re
41 Nb
90 Th
81 Tl
39 Y
82 Pb
82 Pb
41 Nb
78 Pt
90 Th
41 Nb
74 W
78 Pt
80 Hg
41 Nb
16S
79 Au
16S

1 40 Zr
3 40 Zr
2 73 Ta

42 Mo
42 Mo
80 Hg
74 W
81 Tl
81 Tl
41 Nb
40 Zr
77 Ir
44 Ru
83 Bi
77 Il
73 Ta
40 Zr
79 Au
40 Zr
78 Pt
38 Sr
79 Au
74 W
40 Zr

83 Bi
79 Au
41 Nb
81 Tl
80 Hg

9 82 Pb
74 W
42 Mo
79 Au
91 Pa

3fn2

3'
Ly5
3fv
3fxv

Lg
Lr
Ll
LIII
3fIII
Lp2, 15

3f&1

3fp

3fn1
3fn2
Lp3

3'
3fg2
Lp4

3fv
Lp6
Enl
3fzv
En2
Lxx

Ly1

Lnl
Ln2

3fp
3fzzz
3fn1
3fn2
Lp1
Ly5
3f7
Ll

Lnz
3fv
Lp2, 15

3fzv
LI
3fp

Lp,

3fvNVI
3fzzzNv

LzrNI
Abs. Edge
Abs. Edge
3fvozzz
3fzNzrr
Lzx3fxv

3fuzNxv
3fzvNII
3fIVOII
Lu3fr
Abs. Edge
Lzzx3fz
Abs. Edge
Abs. Edge
LznNxv. v
3fVNIII
MzvNvz

LINn, uz
3fVNVII

3fvNvz
LI3fIII
3fzzyNV

3fzvNxr
LI3fII
3fuNxv
3fzzzNxv
Abs. Edge
LIIINI
ELxn
Abs. Edge
ELII
Abs. Edge
LIINxv
3fINIII
Lzn3fv
Lxlz3frv
3fzvNvr
Abs. Edge
3fvNvzr
3fvNvx
Lu3fzv
LnNI
3fzzzNV

Lzu3fx
3fnzNr
3fzxzNzv

3fzxNIV
Abs. Edge
Abs. Edge
LxzzNIV, V
Abs. Edge
Abs. Edge
3fIVNVI

3fzxxox

LI3f III'

2.4170
2.410
2.4066
2.406
2.404
2.399
2.397
2.39481
2.391
2.3876
2.386
2.38197
2.377
2.3765
2.3706
2.369
2.3670
2.364
2.3621
2.3468
2.3455
2.3397
2.3348
2.331
2.322
2.3194
2.314
2.314
2.313
2.3125
2.30784
2.307
2.30664
2.3053
2.3027
2.295
2.29316
2.28985
2.2825
2.2811
2.2706
2.2656
2.2574
2.2551
2.254
2.2528
2.239
2.238
2.226
2.2225
2.220
2.2194
2.217
2.217
2.2046
2.203
2.2010

5.6445
5.6476
5.650
5.6681
5.67
5.682
5.704
5.7101
5.724
5.7243
5.7319
5.756
5.767
5.784
5.796
5.81
5.81
5.828
5.83
5.83
5.8360
5.840
5.8475
5.854
5.8754
5.884
5.885
5.931
5.962
5.9832
5.987
6.008
6.0186
6.038
6.0458
6.047
6.05
6.058
6.0705
6.073
6.0778
6.09
6.092
6.0942
6.134
6.1508
6.157
6.160
6.162
6.173
6.2109
6.2120
6.259
6.262
6.267
6.275
6.28

3
9
5
3
3

8
3
5
2
3
1
9

2
2
1

2

3
1

3
3
3
8
2
5
1
3
9
5
3

3
1

3
2
5
3
2
3
3

3

1
8

3
3
9
1

3
2

38 Sr
80 Hg
73 Ta
40 Zr
73 Ta
76 Os
82 Pb
40 Zr
76 Os
41 Nb
41 Nb
39 Y
79 Au
15 P
15P
76 Os
78 Pt
78 Pt
73 Ta
77 Ir
40 Zr
79 Au
42 Mo
79 Au
39 Y
81 Tl
75 Re
75 Re
39 Y
39 Y
78 Pt
37 Rb
39 Y
77 Il'

37 Rb
78 Pt
77 Ir
78 Pt
40 Zr
76 Os
40 Zr
80 Hg
74 W
39 Y
74 W
42 Mo
15 P
15 P
83 Bi
38 Sr
41 Nb
39 Y
79 Au
77 Ir
76 Os
77 Il
74W

Ly2, 3

3fn1
3fIII
Lp4

3'
Lp6

Ln1
Ln2

LII

E
Ep

3fv
3fp

3fzv
Lpl
3fn1
Lg
3fn2
Lyg

3'
Lxu
Lp,

Lz
Lp4

3fp
Ly2, 3

3fn1
3fv
3fn2
Ln1

3fzv
Ln2

3f7
Lp6

Ll
En1
En2

Lu
Lg
Lp1.

3fn1
3fp
3fn2

LINzr, ur
3fvNVII
Abs. Edge
LI3fzz
3furOzv, v
3fzrrNv
3fzrzNr
LzuNr
3fzuNxv
Lxrz3fv
Lzzz3fzv
Abs. Edge
3fVOIII
Abs. Edge
E3f
3fzzNI
Abs. Edge
3fzvNvz
3fzxzOI
Abs. Edge
LII3flv
3fVNVII
Ln3fx
3fvNvr
LzrNr
3fzxzNI

3flxzNV
3fIIINIV
Abs. Edge
Lz3fxzz

3fvozrr
Abs. Edge
LI3fxr
3frvNvr
LxNxr, ux
3fvNvrr
Abs. Edge
3fvNVI
Lnx3fv
Abs. Edge
Luz3fxv
3fzzxNI
3fuzNV
LzuNI
3fzzzNIV
Lux3fr
ELxxz
ELxr
3fzvNzu
Abs. Edge
Ln3fx
LII3fIV

3flzlNI
3fvNvxz
3fIVNVI

3fvNvz

2.1965
2.1953
2.194
2.1873
2.19
2.182
2.174
2.1712
2.166
2.16589
2.1630
2.1540
2.150
2.1435
2.1391
2.133
2.133
2.1273
2.126
2.126
2.1244
2.1229
2.1202
2.118
2.1102
2.107
2.1067
2.090
2.0794
2.0722
2.071
2.063
2.0600
2.0535
2.0507
2.0505
2.048
2.047
2.04236
2.042
2.0399
2.036
2.035
2.0344
2.021
2.01568
2.0137
2.0127
2.012
2.0085
1.99620
1.99584
1.981
1.9799
1.9783
1.9758
1.973
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TABLE VI (Co'Itinged)

Wavelength
A.* p.e. Element Designation kev

Wavelength

p.e. Element Designation

6.2961
6.30
6.312
6.33
6.353
6.3672
6.384
6.387
6.4026
6.4488
6.455
6.4558
6.47
6.490
6.504
6.5176
6.5191
6.521
6.544
6.560
6.585
6.59
6.6069
6.6239
6.644
6.669
6.729
6.738
6.740
6.7530
6.755
6.757
6.768
6.7876
6.802
6.806
6.8207
6.83
6.862
6.8628
6.8697
6.87
6.87
6.89
6.9185
6.959
6.974
6.983
6.9842
6.992
7.005
7.023
7.024
/. 032
7.0406
7.0759
7.09

3 38 Sr
76 Os
73 Ta
75 Re
73 Ta
38 Sr
82 Pb
38 Sr
38 Sr
39 Y
78 Pt
39 Y
36 Kr
76 Os
75 Re
41 Nb
38 Sr
83 Bi
72 Hf
75 Re
83 Bi
74 W
40 Zr
38 Sr
37 Rb
77 Il
75 Re
14 Si
82 Pb
14 Si
37 Rb
74 W
71 Lu
37 Rb
82 Pb
74 W
37 Rb
74 W
37 Rb
38 Sr
38 Sr
73 Ta
80 Hg
76 Os
40 Zr
35 Br
81 Tl
74 W
37 Rb
74W
74W
73 Ta
70 Yb
81 Tl

37 Rb
73 Ta

v
My
Mzv

LnI
Lp4
Lni

Ln2

Lz
Mn
Mp
Ll
Lp6
3ffg
My
Mv
3fg2
3fzv
Lg
Lpj
Lxr

3fn
I|

Lys
3EP
My
Lp,
&$2

Lp4

v
LIII
Lny

Ln2

Mxv

L/

Lz
3fgj
3fnj

Lpg

LIP'I
Abs. Edge
~IIINV
Abs. Edge
~xxxNIV
Lz~zzr
~IVNIII
Abs. Edge
LIB' z
LIIIMv
3EIIINz
Lzrz~zv
Abs. Edge
~v+vr, vxl

zvNVI

LIIIMI
Lzi&'I
~vNIII
~IIINV
Abs. Edge

IVNzr
Abs. Edge
Lxx~z
LxI~IV
Abs. Edge

nxNI
~v&vr. vrx
Abs. Edge
~VNIII
E3f
LIINxv
3fIVNVI

~znNV
Lx~xxz
~IVNII

xvOxr

Lr~zr
Abs. Edge
Abs. Edge
LIIINv
Lrrx~zv
Abs. Edge
~IVNIII

zrrNI

Lrxxjfr
Abs. Edge
~VNrrx
~VNVII
LxnNI
MVNVI

~VOxn
~rvNvz
~rzrNv
MIVNII
LIIMI
LII~IV
~IVOII, III

1.96916
1.967
1.964
1.958
1.951
1.94719
1.942
1.9411
1.93643
1.92256
1.921
1.92047
1.915
1.9102
1.9061
1.90225
1.90181
1.901
1.895
1.890
1.883
1.880
1.87654
1.87172
1.8661
1.859
1.8425
1.8400
1 ~ 8395
1.83594
1.83532
1.8349
1.832
1.82659
1.823
1.822
1.81771
1.81.4
1.8067
1.80656
1.80474
1.804
1.805
1.798
1.79201
1.781
1.778
1.7754
1.77517
1.7731
1.770
1.7655
1.765
1.763
1.76095
1.75217
1.748

7.101
'?. 11
7.12542
7.12791
7.168
7.250
7.252
7.264
7.2'?9

7.30
7.303
7.304
"/. 3183
7.3251
7.3563
7.360
7.371
7.392
7.466
7.503
7.510
7.5171
7.523
7.539
7.546
7.576
7.60
7.601
7.612
7.645
7.738
7.753
7.767.

7.790
7.817
7.8362
7.840
7.865
7.887
7.909 .

7.94813
7.960
7.984
8 ' 021
8..0415
8.065
8.107
8.1251
8.144
8.i49
8.239
8.249
8.310
8.321
8.33934
8.34173
8.359

v
Eny
En2
LII

Mn
Lpg

Lys

Mp

Lni
Ln2
LI

LIII
Mgg

Lx

Lp6
Ln
Mg,
3En

Lu
Lp3, 4

3',

Lzxz

Mgj

Lx

34 Se
13 Al
13 Al
76 Os

Lp3 4

Eight

Eng
3fg2

73 Ta
9 14 Si
9 14 Si

36 Kr
36 Kr
73.Ta
36 Kr
36 Kr
73 Ta
72 Hf
36 Kr
37 Rb
37 Rb
39 Y
74 W
78 Pt
36 Kr
79 Au
34 Se
36 Kr
38 Sr
79 Au
72 Hf
68 Er
36 Kr
68 Er
71 Lu
73 Ta
77 Ir
78 Pt
35 Br
35 Br
78 Pt
36 Kr
38 Sr
71 Lu
67 Ho
/2 Hf
70 Yb
13 Al
13 Al
35 Br
77 Il
37 Rb
77 Il
33 As
35 Br

9 66 Dy
5 70 Yb
8 75 Re

69 Tm
76 Os

~zvNxzr
Abs. Edge
&Lxxx
&Ln
Abs. Edge
LIINrzz
~VNVI, VII
LI3fzzx
LIINI
MVOIII

IVNvr
LI3flx
LzII~V
Lzzz~zv
LxII~I
~znNI
~IVNIII
Abs. Edge
3fvNzzz
Abs. Edge
LIIINI
Lzr~z
~zvNII
~VNvr, vzr

~IIINV
Lrz-tM Iv
3fzzzNzv
JjtfIVNV I
iVIIINr
~IVNIII
~VNIII
Abs. Edge
Lz~zz, zn
~IVNII
LIII~IV,V

LIII~I
~V VI,VII

~IIINlv, v
~IIINI
MIVNvr
Abs. Edge
E3E
Abs. Edge
3EVNln
Lrr~r
3fIVNII
Abs. Edge
Lxr%IV
~IIINIV, V

~vNvz, vzz

~IVNIII
~ivNVI
MVNIII
LI~II,III
+LIII
ALII
~IVNIz

1.746
1.743
1.73998
1.73938
1.7297
i. /10
1.7096
1.707
1.703
1.700
1.6976
1.697
1.69413
1.69256
1.68536
1.684
1.682
1.6772
1.6605
1.6525
1.6510
1.64933
1.648
1.6446
1.643
1.6366
1.632
1.6312
1.629
1.622
1.6022
1 ~ 599
1.596
1.592
1.5860
1.58215
1.5813
1.576
1.572
1.5675
1.55988
1.55745
1.5530
1.5458
1.54177
1.5373
1.5293
1.52590
1.522
1.5214
1.505
1.503
1.4919
1.490
1.48670
1.48627
1.4831
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TAEI.E VI (Ceetieued)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

8.3636
8.3746
8.407
8.470
8.48
8.486
8.487
8.573
8.592
8.60
8.601
8.629
8.646
8.664
8.7358
8.76
8.773
8.81
8.82
8.844
8.847
8.90
8.929
8.962
8.965
8.9900
8.993
9.125
9.20
9.211
9.255
9.316
9.330
9.357
9.367
9 40
9.4141
9.44
9.5122
9.517
9.521
9.58i
9.585
9.59
9.600
9.640
9.6709
9.686
9.686
9.792
9.8900
9.924
9.962

10.00
10.09
10.175
10.187

5
1
9
1
9
5

3
7
5
4

5
5
7
1
7

9
5
2
1
4

5
5

2
9

4
5
6
1
7
8
7

5
2
2
1
2
9
2
8
7

6
2

1
2
7
1
1

37 Rb
35 Br
34 Se
70 Yb
69 Tm
65 Tb
69 Tm
74 W
68 Er
92 U
68 Er
75 Re
34 Se
75 Re
34 Se
92 U
32 Ge
92 U
68 Er
64 Gd
68 Er
73 Ta
33 As
74W
67 Ho
34 Se
74W
33 As
67 Ho
63 Eu
35 Br
73 Ta
73 Ta
66 Dy
33 As
90 Th
33 As
90 Th
12 Mg
31 Ga
12 Mg
32 Ge
35 Br
66 Dy
62 Sm
32 Ge
33 As
72 Hf
72 Hf
65 Tb
12 Mg
32 Ge
34 Se
65 Tb
92 U
32 Ge
32 Ge

Ll
Lo.g, 2

Lxz

Ma
My
Mv

MP

Mzv
Mgg

Lxxx

Mg,
LPg

Lx

Ma
My

v

Lps 4

Mfg
MP
Lng, 2

M/2

Lxx
Ma
My
Lg
Mgg

Mg,
MP
Lrzz

LPi

E
Lr
EP
Lpg
Ll
Mn
M7
LP4
Lcm', 2

M/2
Mfj
Mp
EA],o

Lxx

Lg
Mn

LPj
Lxxx

LzzzMx

LzxzMxv, v
Abs. Edge
MxrxNx

MvNvr. vzx

MxzxNzv, v
Abs. Edge
MxvNrzr

MzvNvx

NzPzv, v
Abs. Edge
MvNxxx
Abs. Edge

xvNxx

LrzMzv

NrPzzr
Abs. Edge
NzPzz
MvNvz, vzz

MxzzNzv v
Abs. Edge
MrvNxrz

LzMxz, xzx

MVNxzx

MzvNvz

LxzxMzv, v
MzvNzz
Abs. Edge
MvNvx, vxx

MzzzNzv, v
LxzMz

MvNzzz

MzvNzz

MzvNvz
Abs. Edge
NxPzzr
LxzMzv

NxPxz
Abs. Edge
Abs. Edge
EM
LxMzzz

LrzrMz
MvNvr. vzx

MzzxNxv, v
LrMzz
LzzxMxv. v
MzvNzz

MVNzzz

MzvNvx
ELrr, zrx

Abs. Edge
LzzMz

MvNvx, vxx

Nxozzr
LzzMzv
Abs. Edge

1.48238
1.48043
1.4747
1.464
1.462
1.461
1.4609
1.446
1.4430
1.44
1.4415
1.4368
1.4340
1.4310
1.41923
1.42
1.4132
1.41
1.406
1.402
1.4013
1.393
1.3884
1.3835
1.3830
1.37910
1.3787
1.3587
1.348
1.346
1.3396
1.3308
1.3288
1.3250
1.3235
1.319
1.3170
1.313
1.30339
1.3028
1.3022
1.2941
1.2935
i.293.
1.291
1.2861
1.2820
1.2800
1.2800
1.2661
1.25360
1.2494
1.2446
1.240
1.229
1.2185
1.2170

10.254
10.294
10.359
10.40
10.4361
10.46
10.48
10.505
10.711
10.734
10.750
10.828
10.96
10.998
11.013
11.023
11.072
11.07
11.100
11.200
11.27
11.288
11.292
11.37
11.47
11.53
11.552
11.56
11.569
11.575
11.609
11.862
11.86
11.9101
11.965
11.983
12.08
12.122
12.131
12.254
12.43
12.44
12.459
12.597
12.68
12.737
12.75
12.90
12.953
12.98
13.014
13.053
13 ' 06
13.06
13.122
13.18
13.288

6
1
9
7
8
3

9
5
1
7
5
3
9
5
2
1
7
1
7

5

1
3

5
5
1
2
2

9
2
3
4
3

3
2
2
5

2
5
3

64 Gd
34 Se
31 Ga
92 U
32 Ge
64 Gd
70 Vb
60 Nd
63 Eu
33 As
63 Eu
31 Ga
63 Eu
59 Pr
63 Eu
31 Ga
33 As
90 Th
31 Ga
30 Zn
62 Sm
62 Sm
31 Ga
68 Er
62 Sm
58 Ce
62 Sm
90 Th
11 Na
11 Na
32 Ge
30 Zn
67 Ho
11 Na
32 Ge
30 Zn
57 La
29 CU

30 Zn
30 Zn
66 Dy
60 Nd
60 Nd
31 Ga
60 Nd
60 Nd
56 Ba

9 92U
31 Ga
65 Tb
29 CQ

3 29 CQ

59 Pr
30 Zn
59 Pr
28 Ni
29 Cu

MP
Ll

Lps, 4

Lng, 2

Mn
Mg
My
Mzv
L~
Mp
Lxr
Mn
My
Mv
LPx
Ll

Lxzr

Lp3 4

Mp
Mzv
Lag, 2

Mg
3IIa

My
v

E
Ep
Ly
Lxz

Mg
EA$, 2

Ll
Lpj
My
LPI, 4

Lxxx

Lay, 2

Mg
Mp
Mzv
Lg
Ma
Mv
My

Ll
Mg
Lxx

LPj
Mp
Lz
Mxv
Lp3, 4

Lxzx

MxvNvx
LxxzMz

LzMzz, rxx

NzzPr
LzrzMzv, v
MvNvr. vrr
MvNzzr

xxxNxv, v
Abs. Edge
LzxMz

MxvNvz
Abs. Edge
MvNvx, vxx

zzzNrv. v
Abs. Edge
LrzMzv
LxxrMr

NxzPz
Abs. Edge
LxMxr, zzx

MzvNvr
Abs. Edge
LxzxMzv. v
MvNzrz

MvNvr, vzr

MzrzNIV v
Abs. Edge
Nrzozv
Abs. Edge
EM
LzrMr
Abs. Edge
MvNrxx

ELrr, zzx

LzzxMr

LzrMzv
MxxrNxv. v
LrMxr, zzz

Abs. Edge
LxzxMzv. v
MvNxxx

MzvNvr
Abs. Edge
LxzMz

MVNvx, vzx
Abs. Edge
MxxxNxv, v
Nxxxov
LzzzMx

MvNzzr
Abs. Edge
LxxMxv

MxvNvr
Abs. Edge
Abs. Edge
LzMzz, zzz

Abs. Edge

1.2091
1.2044
1.197
1.192
1.18800
1.185
1.183
1.180
1.1575
1.1550
1.1533
1.1450
1.131
1.1273
1.1258
1.1248
1.1198
1.120
1.1169
1.1070
1.0998
1.0983
1.09792
1.0901
1.081
1.0749
1.0732
1.072
1.07167
1.0711
1.0680
1.04523
1.0450
1.04098
1.0362
1.0347
1.027
1.0228
1.02201
1.0117
0.998
0.997
0.9951
0.9842
0.978
0.9734
0.973
0.961
0.9572
0.955
0.95268
0.9498
0.950
0.9495
0.9448
0.941
0.93306
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TABLE VI (Coetinged)

Wavelength

p.e. Element Designation keV
Wavelength

p.e. Element Designation keV

13.30
13.336
13.343
13.394
13.57
13.68
13.75
13.8
14.02
14.04
14.22
14.242
14.271
14.3018
14.31
14.39
14.452
14.51
14.525
14.561
14.610
14.88
14.90
14.91
15.286
15.56
15.618
15.65
15.666
15.72
15.89
15.91
15.915
15.93
15.972
15.98
16.20
16.27
16.46
16.693
16.7
16.92
16.93
17.19
17.202
17.26
17.38
17.525
17.59
17.6
17.87
17.94
17.9
18.292
18.32
18.35
18.8

6
3
5
5
2
2
4
1
2
2
2
5
6

3
5
5
5
5
3

5
2
4
9

5

8
9
1
5
5

6
5
5
3

9
1

5

5

5
2

3
5
1
8
2

83 Bi
29 Cu
59 Pr
59 Pr
64 Gd
30 Zn
58 Ce
90 Th
30 Zn
58 Ce
63 Eu
28 Ni
28 Ni
10 Ne
27 Co
58 Ce
10 Ne
57 La
28 Ni
28¹i
10 Ne
57 La
29 CU

62 Sm
29 Cu
56 Ba
27 Co
26 Fe
27 Co
56 Ba
56 Ba
56 Ba
27 Co
52 Te
27 Co
51 Sb
56 Ba
28 Ni
60 Nd
28 Ni
24 Cr
51 Sb
50 Sn
25 Mn'

26 Fe
26 Fe
59 Pr
26 Fe
26 Fe
52 Te
27 Co
50 Sn
24 Cr
27 Co
9 F
58 Ce
51 Sb

Lny, 2

Mn
Mv
Mg
Lg
Mp

Ll
Mn
Mg
Lxz

Lpi
X
Lp3, 4

Ep
Mp
Lnz
Lng, 2

+nI, 2

Mn
Lg
Mg
Ll
Mzv
Lxr

Lpl, 4

Lpl

Mv

Lzn
My
Lnl, 2

Ly
Mg
Ll
Lz
My

Lp3, 4

Lxz

Lpl
Mg
LIII
Lnl, 2

Lg
My
Lrx
Ll
Ecx
Mt-

NI~II, III
LIIIMIV, V

MvNvr, vn
Abs. Edge
MVNIII
LIXMI
MzvNvz

NIIIOV
LIIIMI
MvNvx, vn
MvNzn
Abs. Edge
LIIMrv
Abs. Edge
LI~XI,III
Mvozr. zn
EM
MxvNvr
Abs. Edge
LnrMzv, v
&Lzz, nr
MvNvr, vzz

LnMz
MvNxzr

LznMr
Abs. Edge
Abs. Edge
LIMrr, nx
LxzMzv

Mrvonr
Abs. Edge
MIVOIX
Abs. Edge
MIIXNIV, V

LxzrMzv. v
MrzNxv

MVOIII
LIIMI
MVNzzz

LIIIMI
Abs. Edge
MIIINIV, V

MnNzv
LIMII, III
Abs. Edge
LnMzv
MVNIIX
Abs. Edge
LnzMxv. v
MxrNX

LzxMx

MnxNIV, V
Abs. Edge
LznMX
XL
MvNxzz

MXINX

0.932
0.9297
0.9292
0.9257
0.914
0.906
0.902
0.897
0.884
0.883
0.872
0.8706
0.8688
0.866889
0.870
0.862
0.8579
0.854
0.8536
0.8515
0.8486
0.833
0.832
0.831
0.8111
0.7967
0.7938
0.792
0.7914
0.789
0.7801
0.779
0.7790
0.778
0.7762
0.776
0.765
0.762
0.753
0.7427
0.741
0.733
0.733
0.721
0.7208
0.7185
0.714
0.7074
0.7050
0.703
0.694
0.691
0.691
0.6778
0.6768
0.676
0.658

18.8
18.96
19.11
19.1
19.40
19.44
19.45
19.66
19.75
20.0
20. 1

20. 15
20.2

20.47
20.64
20 ' 66
20.7
21.19
21.27
21.34
21.5
21.64
21.78
21.82
21.85
22. 1
22.29
22.9
23.32
23.3
23.62
23.88
24.25
24.28
24.30
24.4
24.5
24.78
25.01
25.3
25.50
25.7
26.0
26.2
26.72
26.9
27.05
27.29
27.34
27.42
27.77
27.9
28.1

28.13
28.88
29.8
30.4

2
4
2
1

5
1
5
4
1
2
1
1
7
4.

7
1

5
1
5
1
3
5
7
2
I

2

3

3
5
3
2

9

9
1
1
2
9
1
2

3
2
1
1
2
5
8
1

1

47 Ag
24 Cr
25 Mn
52 Te
48 Cd
57 La
25 Mn
53 I
26 Fe
50 Sn

Lpe, 4

Lpg

Mg
Lny, 2

Mrv, v
Lg

56 Ba
47 Ag
24 Cr
23 Va
24 Cr
52 Te
50 Sn
24 Cr
52 Te
47 Ag
25 Mn
46 Pd
25 Mn
48 Cd
80
46 Pd
80
23 Va
23 Va
50 Sn
24 Cr
47 Ag
48 Cd
24 Cr
45 Rh
50 Sn
44 Ru
50 Sn
47 Ag
46 Pd
52 Te
44 Ru
22 Tl
22 Ti
23 Va
22 Tl
23 Va
46 Pd
45 Rh
48 Cd
51 Sb
45 Rh
48 Cd

Mg

Lnz
Lpe, 4

Lpg

Lng, 2

My

E
My
E'n

Lpl
Lng, 2

Mxv.v
Lq

Ll
My

Mg
My
Lpl
LII,III
Lg
Lny, 2

Ll

Mrv. v
Mg

46 Pd
26 Fe Ll
51 Sb
48 Cd

MINzz, nz
LXMn, nz
LnMzv
MIIINI
MIINIV
MvNnr
LrzzMrv, v
Abs. Edge
LIIMX
MnNz
MINrr, xxx

LnzMX
MnzNx
MrrxNrv, v
MvNzzz

MIINIV
Abs. Edge
LIMII, III
LnMzv
Mzvozr, nr
MIIINI
LnzMrv. v
Mvonz
MrrzNzv. v
LIIMI
MnNzv
LxzzMz

MIINX
Abs. Edge
MIIINrv, v
XL
LzzMxv

LnrMrv, v
Abs. Edge
LzrMz
MVNI
MxrzNX

LxzrMz

MxnNxv, v
MIVOII, XII

Max NXV

Mvoxzz
MnxNx
MzzNz

MXV,VNII, III
MnxNrv, v
LxzMrv
Abs. Edge
LzxMz

LIIIMIV.V

LIIIMI
MIIINI
MzzNr
Abs. Edge
Mrv, vNxr, xxx

MIIINI
Mzv~n, nr

0.658
0.654
0.6488
0.648
0.639
0.638
0.6374
0.631
0.628
0.619
0.616
0.6152
0.612
0.606
0.601
0.600
0.598
0.585
0.5828
0.581
0.575
0.5728
0.569
0.568
0.5675
0.560
O. SS63
0.540
0 ' 5317
0.531
0.5249
0.5192
0.5113
0.511
0.5102
0.509
0.507
0.5003
0.496
0.491
0.486
0.483
0.478
0.474
0.464
0.462
0.4584
0.4544
0.4535
0.4522
0.4465
0.445
0.442
0.4408
0.429
0.417
0.408
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TABLE: VI (Continued)

Wavelength

p.e. Element Designation keV
Wavelength

A* p.e. Element Designation keV

30.8
30.82
30.89
30.99
31.02
31.14
31.24
31.35
31.36
31.60
31.8
32.3
33.1
33.5
33.57
34.8
34.9
35.13
35.13
35.3
35.49
35.59
35 ' 63
35.94
36.32
36.33
36.8
37.4
37.5
38.4
39.77
40.46
40.7
40.9
40.96
42. 1
42. 1
42.3
43.3
43.6
43.68
44.7
44.8
45.0
45.2
45.2
46.'48

46.5
46.8
47.24
47.3
47.67
47.74
47.9
48. 1
48.2
48.5

1 48 Cd
5 47 Ag

22 Ti
7N

21 Sc
47 Ag

9
3
2

50 Sn
21 Sc
22 Tl

1 92U
2 44 Ru
2 41 Nb
3 47 Ag

90 Th
92 U
41 Nb

2 21 Sc
1 20 Ca

42 Mo
20 Ca
21 Sc
20 Ca

3IIzv

Lg
E
LPg

Mv
Mg
Latg, ,2

L/
EKE

My
Lq
LII

LIII
L/

Ln, in
LPr

9
2
1
2
2
3

90 Th
20 CR

48 Cd
46 Pd
42 Mo
41 Nb
47 Ag
20 Ca

Lng g

2. 41 Nb
2 45Rh *

2
2
1
2
2

1

20 CR
92 U
19 K
82 Pb
92 U
46 Pd
6C

L/

Ln, zzr

44 Ru
82 Pb

3 80 Hg
1 51 Sb

9
1
3
2
1

2

45 Rh
19K
80 Hg
78 Pt
90 Th
39 Y

Mg
L/

81 Tl
79 Au

2 19 K L/

1 50 Sn

Mvorri
Abs. Edge
LziMI
Abs. Edge
LzzMzv
Abs. Edge
Mzv, vNn, zrr

LIIIMIV, V

LIIIMI
EL
NivNVI
MzzNI
3IIIINIV

Mzv, vozr, rn
NrvNvr
NvNvr, viz
MinNrv, v
LzzMI
Abs. Edge
MIINI
Abs. Edge

Abs. Edge
LIIMIV
NVNVI, VII
LIIIMIV, V

MIV,VNII, III
MIV,VOII, III
MrnNI
MzrNz

Miv, vNzz, nx
LxxMI
MIIINI
MIV,VOII, III
LnrMI
NvzOv
Abs. Edge
NIVNvx

NviOzv

MIV,VNII, III
Abs. Edge
EL
Mzv, vOn, zn
NvNvr, vrr
NxvNvr
MzzMIV

MzzNI
NvNvr, vrr
NzvNvz

LzzMz

MzzMzv

Mrv, vNzr, zn
LznMx
NvNvr, vxr

NivNvz
NvzOV

MIIINx

0.403
0.4022
0.4013
0.4000
0.3996
0.3981
0.39.7
0.3954
0.3953
0.3924'
0.390
0.384
0.375
0.370
0.3693
0.357
0.356
0.3529
0.3529
0.351
0.34931
0.3483
0.34793
0.3449
0.3414
0.3413
0.3371
0.332
0.331
0.323
0.311:7
0.3064
0.305
0.303
0.3027
0.295
0.2946
0.293-
0.286
0.2844
0.28384
0.277
0.2768
0.2756
0.274
0.2743
0.267
0.267
0.265
0.2625
0.2621
0.2601
0.25971
0.259
0.258
0.2572
0 ' 256

49.4
49.5
50.0
50.2
50.3
50.9
51.3
51.9
52.0
52.2
52.34
52.8
53.6
54.0
54.0
54.2
54.7
54.8
55.8
55.9
56.3
56.5
57.0
58.2
58.4
58.7
59.3
59.5
59.5
60.5
61.1
61.9
62.2
62.9
63.0
64.38
65.1

65.5
65.7

67.33
67.6
67.90
68.2
68.3
68.9
69.3
70.0
72. 1
72.19
72.7
74.9
76.3
76.7
76.9
78.4
79.8
80.9

9
3

17 Cl
5B

17 CI
90 Th
44 Ru
42 Mo
70 Yb
40 Zr
41 Nb

9, 41Nb
68 Er

1 42 Mo
7: .68 Er

40 Zr
35 Br
41 Nb
35 Br
40 Zr

79 Au
90 Th
90 Th
77 Ir
52 Te
78 Pt
38 Sr
76 Os
48 Cd
51 Sb
44 Ru
77 Ir
38 Sr

2 74W
1 47 Ag

50 Sn
76 Os
42 Mo
74 %
18 A
18 A

1 -46 Pd
37 Rb
73 Ta
74 W
48 Cd
45 Rh
74-W
37 Rb
47 Ag
73 Ta
41 Nb

1 44 Ru
1 46 Pd
5. 71 Lu
7 42 Mo

70 Yb
45 Rh
71 Lu

0.2510
0.2505
0.2479
0.2470
0.2465
0.2436
0.2416
0.2388
0.2384
0.2375
0.2369
0.2348

NvNvx, vzr

Nvxoiv
Nvnov
NzvNvr

MxizMV

NVNvz, vzr

MIINI
NrvNvi
MzrMzv

MIIIMV
MIV)VNII, III
NvNvz, vzr

MrirNI
NnlV rv
MIIMIV
MIIIMV
NvNvz, vir
Mz'v, vOII, III
NxvNvr

LzzMI
LIII3fr
MIIMzv
MIINz
NxvNvr

NvNvrr

MrzrNx

MIIIMV
NVNvz, vzr

Mxv, von, zrz

MizMzv
MrriMv
NzvNvr

Miv, vNn, in
NzvNvr
MnzMv
NvNvz, vn
LzzMI
EL
LzzzMI

Orrx&zv, v
MnxMv
3/IIIMzv

NvNvr, vrz

Mzv, von, zix

MrrMIV
MIV,VNII, III
NzvNvz

IIIMV
NvNvz, vzx

MzrMzv
MnNI
MIIIMV
MIIINI
MIIIMv

0.2313
0.2295
0.2295
0.2287
0.2266
0.2262
0.2221
0.2217
0.2201
0.2194
0.2174
0.2130
0.2122

0.2083
0.2048
0.2028
0.2002
0.1992
0.1970
0.197
0.1926
0.190
0.1892
0.1886
0.1841
0.1833
0.1826
0.1817
0.1814
0.1798
0.179
0.177
0.1718
0.1717
0.171
0.1656
0.163
0.1617
0.1613
0.1582
0.1554
0.1533

MIIIMV 0.2111
MiiMrv 0.2090
NvNvx 0.208
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TABLE VI (Coetirsged)

Wavelength
A* p.e. Element Designation keV

Wavelength

p.e. Element Designation keV

81.5
82.1
83.
83.4
85.7
86.
86.5
91.4
91.5
91.6
93.2
93.4
94.
96.7
97.2
98.

100.2
102.2
102.4
103.8
104.3
107.
108.0
108.7
109.4
110.6
111.
112.0
113.0
113.
113.8
114.
115.3
117.4
117.7
123.
126.8
127.8
128.7
128.9
135.5
136.5
137.0
142.S
143.9
144.4
144.4
152.6

39 Y
40 Zr
66 Dy
16S
38 Sr
65 Tb
39 Y
38 Sr
37 Rb
83 Bi
83 Bi
39 Y
15P
37 Rb
66 Dy
62 Sm
82 Pb
65 Tb
82 Pb
15 P
82 Pb
60 Nd
38 Sr
38 Sl
35 Br
29 CU

4 Be
63 Eu
81 Tl
59 Pr
35 Br
4 Be

81 Tl
62 Sm
81 Tl
14 Si
37 Rb
37 Rb
37 Rb
60 Nd
14 Si
59 Pr
30 Zn
13 Al
30 Zn
58 Ce
37 Rb
57 La

3'
L/, g

3'
LII,III

3fgg

3fgg

3'
E

En

Lxx, rn

3',
3Igj

Mxx

Lz

~XII

MIX3IIzv

~IV,VNII, III
NIV, VNvz, vn
LII,III~I
3EXI3fzv

Nzv, v&vr, vn
~III~IV,V

~IIX3IIV,V
3EIIAEzv

NvzOrv

Nvxxov
~IV,VNII, IIX

Abs. Edge
~III~IV,V

NIV, VOII, III
Nzv. vNvr, vn
NVXOV

NIV, VOII, III
NvxOxv

Lxz,XII~
NVIIOv
NIV, V+VI,VII
~IVNII, III
MVNyzz

~zr~zv
Abs. Edge
Abs. Edge
NIV, VOII, III
NvzOv

Nzv. v&vr, vn
~IIX~XV,V
EL
NvxOzv

NIV, VOrx, zrx

NvxxOv
Abs. Edge
~IVNIII
~XVNII
~VNIII
NIV, VOII, III
LII,III~
NIV, VOII, III
Abs. Edge
Abs. Edge
Abs. Edge
NIV, VOxr, zn
MIMIIX
NIV, VOII, III

0.1522
0.1511
0.149
0.1487
0.1447
0.144
0.1434
0.1357
0.1355
0.1354
0.1330
0.1328
0.132
0.1282
0.128
0.126
0.1237
0.1213
0.1211
0.1194
0.1189
0.116
0.1148
0.1140
0.1133
0.1121
O. iii
0.1107
0.10968
0.1095
0.1089
0.1085
0.1075
0.1056
0.10530
0.1006
0.0978
0.0970
0.0964
0.0962
0.0915
0.0908
0.0905
0.08701
0.0862
0.0859
0.0859
0.0812

157.
159.0
159.5
163.3
164.6
164.7
166.0
170.4
171.4
173.
181.
183.8
184.6
188.4
188.6-
189.5
190.3
190.
191.1
192.6
197.3
202.
203.
214.
224.
226. 5
227.8
228.
230.
230.
243.
249.3
250. 7

251.5
273.
290.
309.
317.
337.
376.
399.
405.
407. 1

417.
444.
525.
692.

30 Zn
56 Ba
29 Cu
56 Ba
56 Ba
35 Br
29 Cu
13 Al
13 Al
29 Cu
90 Th
55 Cs

3 35 Br
1.28Ni

55 Cs
35 Br
55 Cs
28 Ni
35 Br
35 Br
12 Mg
27 Co
16 S
27 Co
53 I
3 Ll

34 Se
3Li

34 Se
26 Fe
26 Fe
12 Mg
12 Mg
12 Mg
25 Mn
13 Al
24 Cr
12 Mg
23 V
11 Na
35 Br
11 Na
11 Na
17 Cl
53 I
20 Ca
19K

Mxx

~III
LII,IIX

3Eg,
3IIgj

L
~ZI, III

Nzv, v
E
Mv
Ida

LII
Lux

Nz

LII,III

Mx

oz

~zz, zzx~zv, v
NIVOIII
Abs. Edge
NrvOrr
Nvozrz
MIMrrr
Abs. Edge
Abs. Edge
Ln.zzz~
~II,III~ZV,V

Oxv, VQII, III
NxvOzn
3fzMII
Abs. Edge
NxvOzr

~IVNIIX
NvOrrr

~II,III~IV,V

3EIVNII
~VNIII
Abs. Edge
Abs. Edge
LzLzr, zn
~II,III~ZV, V

Abs. Edge
Abs. Edge
Abs. Edge
EL
3IvNzzz
Abs. Edge
~II,III~IV,V
Abs. Edge
Abs. Edge
LII,III~
~II,III~IV,V

LILII,III
~ZX, III~IV,V
LILxr, nr
3III,III~XV,V
LxLzr, nz
Abs. Edge
Abs. Edge
Lxr, XII~
Abs. Edge
Abs. Edge
3Izx, rzx&x

~rr, rzzNI

0.079
0.07796
0.0777
0.07590
0.07530
0.0753
0.0747
0.07278
0.0724
0.072
0,068
0.06746
0.0672
0.06581
0.06574
0.0654
0.06S15
0.0651
0.06488
0.06437
0.06284
0.061
0.061
0.058
0.0552
0.05475
0.05443
0.0543
0.0538
0.0538
0.051
0.04973
0.04945
0.04929
0.045

-0.0428
0.040
0.0392
0.0368
0.03299
0.0311
0.0306
0.03045
0.0297
0.0279
0.0236
0.0179
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W E'err ——0.2090100 A*) and the probable errors in the
third column, which apply to the last listed figure, are
based on the error in the wavelength relative to the
WEn~ line. The probable error on an absolute scale
(angstroms) can be easily calculated by converting
the listed error into parts per million and adding
statistically an error of five ppm which is due to the
uncertainty in the wavelength of the primary W En&
standard. In more than 98% of the listed wavelengths,
the errors shown in the third column are so large that the
added error due to the primary standard is insignifi-
cant. The energy of the lines in keV (VX=12398.10&
0.13 eV —A*) are shown in column four. This probable
error includes that of the primary wavelength standard,
and hence this ten ppm error combined with that in
the last figure in the wavelength values yields the
absolute probable errors in the keV energy values.
The values for a second element are likewise shown in
columns five, six, and seven. Data for other elements
follow in a similar format.

In the study of the x-ray literature, the wavelengths
of a number of lines were noted which appeared in-
consistent with the remaining data. A Moseley-type
diagram was constructed, and if the value was clearly
outside estimated probable error, it was assumed that
an experimental or typographical error had occurred,
and the interpolated value was listed in the table.
Such cases are marked with a dagger) as a superscript
to the wavelength. For elements of atomic number
85 through 89 and 91, there are no measured lines of
the E series and very few of other series except for
88 radium and 91 protactinium. Likewise there are
very few measurements for 43 technetium and 54
xenon. In these cases, interpolated values are listed
for the more prominent lines and marked with a
dagger f. More recent measurements" of the L lines of

~ G. D. Deodhar and R. C. Karnatak, J. Sci. Ind. Res. 158,
615 (1956).

61 samarium have been brought to our attention.
Since these appear to be substantially more accurate
than all the L data previously used for samarium~,
they are listed in Tables V and VI (corrected to A*
units) in place of the former values. A few misprints
and incorrect line designations, discussed in the ap-
pendices of Ref. 12 of the succeeding paper, have been
corrected in Tables V and VI.

For the convenience of those interested in x-ray
chemical analysis and nuclear conversion problems, the
x-ray wavelengths of both the emission lines and
absorption edges are listed in numerical order in Table
VI. The wavelengths are given in A* units, together
with their energy equivalents in keV. The probable
error applies to the last wavelength figure. The inter-
polated lines and edges have not been marked by a
dagger t in this table.
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