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SUMMARY

Pulse amplitude distribution curves have been
traced for a number of elements from titanium to 1e§d.
The effect of various factors on pulse amplitude has
been estimated. Escape peaks have been found for the

heavier elements, and their relationship to the main

peak examined.
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INTRODUC TION

When the determination of hafnium in steels (1) and of lead and
tantalum in ores using the K radiation of the elements was investigatéd, .
it was found that second order lines were more satisfactory than first
order ones, which were masked in low concentrations by the intensity of
the continuum maximum near which they occurred. Background counts were
high even for second order lines so the pulse height analyzer was used to
try to improve the peak-to-background ratio. Pulse amplitude distribution
curves were run to determine the energy spectrum of the charactgristic
radiation. This was possible because the original 60V baseline of the
analyzer had been extended to 150V. Or;ce the investigation was begun, it
was enlarged to include a wide range of elements and to determine the
effect of various factors on pulse chHaracteristics. -

For simplicity, in this report, the eleme nts have been divided
into two groups based on the energy of their K radiation: the heavy
glements which gi\}e rise to an escape peak and the light elements which do
not. The heavy elements, by this definition, are those from barium to
uranium, atomic numbers 56 to 92; but the spectrograph is limited by
reason of critical potential to bismuth, atomic number 83 as the heaviest.
The light elements are those from titanium to cesium, numbers 22 to 55.

The scintillation counter is respounsible for the titanium limit because it is

insensitive to radiation from lighter elements.




Pulse amplitude diétributions of light elements are discussed in

Part 2 of this report, those for heavy elements in Part 3.

Abbreviations

PART 1 - GENERAL

The following abbreviations will be used in this report:

PHA -

PAD -

RP.

BP

pulse height analyzer

pulse a}mplitude distribution

peak of characteristic radiation, a orvﬁ

peak 'Qf background radiation from the COnfihu‘um
escape peak

EP of an EP

puige‘ amplitude

width at half-height

" counter voltage -

amplifier -gaih

RP-EP amplitude

_atomic numbeir

. Values for 20 and keV have been taken from ASTM tables (2).’

A Norelco 100kV spectrograph equipped with a tungsten X-ray tube,

a scintillation counter and a lithium fluorite analyzing crystal was used.

The receiving collimator was four inches long with nickel plates 0.005 inches

apart, while the exit collimator was one inch in length with 0.02-inch spacing. .

The PHA was modified making it possible to use a 60 or 150V baseline.

!




Operation of the Pulse Height Analyzer

PAD curves were derived by using a channel of 0.5V to scan the
characteristic radiation of an element as the baseline was varied from 60
or 150V to the beginning of noise pulses (3). Thus, only radiation within a
G.5V band was passed at any instant, though the voltage limits of this band
were constantly changing. From the resulting curve which showed the
intensity of the radiation with varying voltage, A and W were measured in
terms of baseline voltage and W/A calculated. .All peaks on a PAD curve
arise from radiation reflected from a single 2© setting, and are a measure

of the various energies in this radiation.

Plateaus

Plateaus to determine the proper operating CV were established
for a number of elements at three AG .séttings . They are shown in Figurel
from which plateaus for the intervening elements may be interpolated. All
were determined using Ko radiation and they show a shift to lower CV and

an increase in length with increasing Z. For the individual elements there

is a plateau shift to lower CV with an increase in AG.

Reproducibility

Reported values are not absolute, but relative. Actual values
may vary with a change of electronic components of the detection equipment.
A change of the photomultiplier tube of the counter prior to this wo'rk
caused a general plateau shift of 100V. Replacement of one of the tubes in

the pulse amplifier at the conclusion of this work changed the mean of D

for CV 850 from 37 to 42V,



Other facto:.;s can cauée variation in results. The respbnse of the
‘recorder pen is slow and can rnake a difference in A and W of one to three
volts depending on the baselin_e used. A .and'W have been‘estimated to thé
nearest 0.5V, 'T'he time required for the accumulafibn of these results is
also a factor'bec'aus'e the.’ciharacterifstics of.the components may change as

they age.

PART 2 - LIGHT ELEMENTS

Pulse Amplitude .

‘PAD curves for Ka radiation of a number c}f-light.elernents were
run with varying AG and CV. Typical curves are shown in Figure 2,which
shows thé effect of AG on the energy spread of FeKa radiation, and in
Figure 3, which shows the effgct‘ of CV:‘on SuKo energy. The aréa qnder.
the curves shéws_little change comparéd with the changeé in the shape of
the cur.ve‘s ‘anc;l. the vélués of A and W. The need for the extended baseline
is evident. |

Values of .A for se‘veral élernénts and_the effect of AG on these
valués are shown in Table 1, whil.e'Table 2 shows the effect‘of CV within
limits imposed by the platgaus. A .%val“ies directly with both AG and Cv
as repbrtéd by Kiléy (4.). Frofn values in Table 2, the effect of CV on the
relationship between keV and A was determined. Regression equations for
the variation of keV with A for CV’s of 800, 850, 900 .arid 950 at AG10 Q_ere v

calculated. The slopes of these lines were 1.059, 0.668, 0.422 and 0.279




respectively. Sir.nilarly, from Table 1 the effect of‘AG on this relationship
was calculated for CV 900. In this case the values were 0.433, 0.417,
0.351, 0.288, 0.233 and 0.190 as AG increased from 0 to 90. The slope
of the lines is plotted against AG and CV in Figure 4 and shows greater
change for CV.

Regressions were calculated for Ag 10 and CV 900 because in
general practice these are the settings used. AG 10 keeps the noise level
low, as beginning of noise in Figure 2 shows, and 900V is on the plateau
of most elements.

Tables 1 and 2 also demonstrate that A varies with Z. This would
be expected because A is a measure of the energy of the characteristic
radiation of the elements.

Reproducibility of A and W is shown in Table 3 which presents
these values for SnKa radiation with varying AG obtained on two clays. It
may also be seen in Tables 1 and 2 by comparing values at AG 10 and
CV 900.

While A varies with the conditions under which the PAD curve is
obtained, the energy it measures is constant for each element. It seemed
probable, therefore, that each AG; if accompanied by its mid-plateau CV,
should give the same value of A and W for an element. Three PAD curves
for FeKa radiation run at different AG’s with their mid-plateau CV’ s are
shown in Figure 5. Values from three similar PAD's for Mo and SnKa
are listed in Table 4. Results agree within experimental limits when it is

considered it is frequently difficult to determine plateau limits accurately.




Energy Resolution
W/A, 'ex‘pre'ss‘ed as-pe;‘c—’éntag‘e., i used é.'s a measure of .co‘untexj

resolution ‘(3A). Smé.ller values fp'r W, and heh‘_c.:e“ smaller pe r‘,c"eht:a'.ge's;
mean I1ess spi‘ead pf the energy ente ring the couh*;'er;'- W Vé.ries_ directly
with A as the values for Fe and TiKa in Table 5 show.

| W/A for the Ka radiat_iéﬁ of a-.'_numb_er of_eierﬁeﬁt's,‘and the effect
of AG on this raﬁo are shown in 'i‘able 6; Values are of 1:h§ s.arufnef:‘»'order
as those reporfed By Miller (3). 'T_he 1"atio decreases slivghtly:\.;vith in~
cx’eaéihg’ AG.. o | . |

o 3 ’I‘he"effe;c_t 6f‘C_V or.1. tilé..s;‘)reé.d of 'éne rgy is ’s'h(')'wn'ii'n' 'T'_:éb'le 7.

Agz;.in thé ratio'deg‘reases as the Qariablé' increas‘es'; ‘but the 'dec‘:rease is“
more marked than that dqé .to AG. V:;lues at the lowerfer;d of the plateau
‘ afe out of line with the rest‘.l | |
| The meaﬂé in'Tabil.e. 6 shé\_rv that W/_A varies inversély _a’é' Z. The
‘titanium mean is‘lnot'in.cluded bécat;Se a different CV was used for this
element. The expected increase in A with Z has already been shown in

Tables 1 and 2. The increase in W with Z is not nearly so i)ronounced.

This results in a ratj.o varying inversely with Z as shown in Figu'r.e. 6. W/A | \
for strontium is out of line with the others in this figure. The la.‘rg‘e‘i w

méasqregl for ‘this' elément is reflected in a much higher ratir.;. Both A

and W fvor molybdenum are low comparéd with those for théA other élerrienté,

but the resulting ratio‘is of the proper magnitude.



Amplifier Gain

On Norelco equipment the AG is continuously variable and graduat-
ed from 0 to 100. To estimate actual amplification of the pulse, from |
values in Table 2, the ratios of A for AG’s 10 to 90 to A for AG 0 were
calculated. These, with their means, are shown in Table 8 for CV 900.
Th;a last two ratios for tin and tellurium are low compared with the others.
If these are omitted, the means become 2.06 and 2.67 -~ not a significant
change. The means are in agreement with the slopes calculated above to
show the effect of AG on the relationship of keV to A. The amplitude of
the incoming pulse may be continuously increased to approximately three

times its original value by AG.

For light elements, atomic number 22 to 56, the pulse amplitude
vafies directly with the atomic numbef of the element and with the counter
voltage and amplifier gain used. . The effect of applied potential is more
pronounced than that of arn)_ﬁlification.

The width of the pulse at half-height varies directly with the
pulse amplitude and atomic numbezr.

| The ratio of the width of a pulse to its amplitude varies inversely

with the atomic number of the element and the pulse amplitude.




' PART 3 - HEAVY ELEMENTS

Pulse Amplitude

. As’wou.lc'lbb‘é. expe.ct'e'd; t};é-A'ya‘lués,o‘f‘thej ‘hea'.vy élementé exliibi't
. the. sa;me' re Latioﬂship tQ: keV as the light ones ‘s‘howAed. ) Tﬁis i.s de_njnon_vs.trall:—:
ed 1n Figlire 7 for two CV’ 5t 'AtAhe'u‘pp‘e"r ﬁne- é,t 9OQ}a.n‘d the .lcliwe‘r at 850V.
Thé A’ é';v‘for Ka ;‘gdiatio‘nbfAthe iight e'l:em'é.rits‘ é.ré "includéd with those fof
both Ka and 'Rﬁ_.radi‘ati'o.nv_of fh_g heavyelements The iinés were no'_vt
calgu.laféd:_,v Bﬁi:'ha;e :'b.eé\n‘ drawnm fx\"eéha:,ﬁd'}t’c') s‘e_r.ve"_ e;,é _gu‘ide',s

'The'valﬁgs for the heé.\(ieéf élerﬁents deviate from the lineé. This
may be c‘;'a.use‘d’ by the low:Z_e- '%ngl.ea;lsedl to obté}in them. 'i"he dotted line -
_pfo.jeptga f_rofn'. 6o ze en.n'lt)ha‘s:i-zes'v the déi.riatidh; ‘ That.‘A’ 8 fl_‘ém,h'igher‘ 28 | e
. a,ng.lAes ‘do ﬁot)' dév'i_%tel as' g;eatfy fis shq\.zv‘n in Figure 8 \théh i)'r'esrer;'ts résﬁlts
'frqnﬁ v.se:con'dva,n'd i:hiifd ofder' radiaéiéd ‘of the: heav&r elefnents for é,,,,CV‘of 850 ..
The sBame guide' liéxe 'a;nd 20 pi"ojec.;iori'aé were used in the ’prle’zcedti.ng' figg‘r_e' '
~are included. | ' o

F1gure "(Mi:llust.l;atés: ﬁi'a;'t'A’ 8 of héavy élements”a‘r‘éf a?fecée‘d by CV_ .
as \'_rv'ere: tl_llobsc_a gf tﬁé ‘ligbht’odes . A 3imila;r AG effect would é.lso‘ b'eA expectéd.
.Hdwevé r, fdr the héévy ele'rhéAt‘lts, only theCV _he;.s b ee”n‘ varied. All resuits :
héve been obtained at AG 10, A'.I‘he mgh _w;alues fo;(tellur.iurn"ih 'I"abie 1
indicate éhat i:he A’s of the héavy élefnenfs \.gvéul.d. soon extend fl.)‘eyzyom’i’ the

150V baseline at higher AG’s.




Resolution is presented in Table 9 which may be regarded as a
continuation of Table 7. It improves with increased CV as did that of the
light elements. The effect of Z on resolution may be seen by comparison

with Table 6. In the heavy elements it is less marked.

Origin of Escape Peaks

The scintillation counter consists of a thallium-activated sodium
iodide crystal affixed to a photomultiplier tube. Vi\lWhen the radiation striking
the crystal has energy in excess of.that of the iodine K absorption edge,
iodine atoms are ionized in their K shell and the entering radiation loses
the -energy required for this i(;nization. The residual energy of the
radiation appears as an EP in the PAD curve.

The keV of IK is 33.16 (5) and all elements having character-
istics energies greater than this produce an EP in addition to an RP. BaKa
has an energy of 32.19 and BaKp of 36.37 KeV. Therefore, the B radiation
will produce an EP while the a will not. Theix; PAD curves are reproduced
in Figure 9. The KP EP occurs at 9 baseline volts with CV 850 and partially
overlaps the noise pulses. All elements heavier than barium will have an
EP which will be sepgrated from the RP by an amount on thé baseline scale
equivalent to 33.16 KeV..

Ionization of the L shell of iodine atoms is also possible. There
are three L subshells having absorption energies of 5.19, 4.86 and 4.56

keV (5). These would give a combined EP only 4.87 KeV from the RP of

the exciting element. In Figure 9 the overlapping barium RP’s are



L -10-

sep'arated by _4..18 keV A’I‘herefore, :separation of. the “RP and EP1n the':case‘~
of iodine L ion‘ization Would not occur. The EP m1ght be 1ndicated by a
sl1ght broadenmg of the base of the RP on 1ts low energy s1de.,- ‘e

. Sodium atoms .have a--K_ab energy of only 1.08 keV S0 any contribu'—" .
‘tion from thei:r.ionization is negligibie . '_None'of the heavy :elernents haye L

radiation of sufficient energy to produce an 'EP by iodine K ionization. o

Character1st1cs of Escape Peaks ' '

The A and W of an EP may be measured as are those of an RP A
‘values of both peaks for a number of elements at dlfferent CV 8 are pre— '

sent-ed in Table 10 with the resultan_t valuesvfor D,_ wh1ch»should be _constant.

Fem

at each cv an‘d equiyalent to IK b..energy. S in the EP column indicates-..
that the EP. appeared as a shoulder on the RP as in Flgure 10 for me rcury
In general A 1ncreases w1th keV for both the' RP- and EP of elements and
' w1th cvV, though the values for HgKo. are low, The dlfference‘ in A between
A' the’ a and g rad1atlon of an element. is not B8O pronounced at 800V. nor at |
higher.atomic nurnbe r8 .
. ifallo\;/ing tor'errors in es'-timating‘A | D is constant for each CV

u‘sed; The mean value of D var1es d1rect1y, butnot 11near1y,i yV1th CV

Reproduc1b1l1ty of the peaks is shown in Table 11- using WKo.
radiation from steel samples. . Both f1rst and second order rad1atlon have
been used and reproducibility is satisfactory.

| From the or1g1n of an EP, it would be expected that its W vyould

dup11cate that of the correspond1ng RP and that its resolution would be
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poorer because its A is less. The W/A percentages for EP’s shown in
Table 12 prove that their resolution is poorer than that of RP’s given in
Table 9. The poorer resolution is due entirely to the smaller A’s because
W's are less than those of the corresponding RP’s as Table 13 demonstrates.
The ratio of the W of EP’s to that of RP’s is less than unity in most cases.
Each photon of radiation with sufficient energy to K ionize iodine
does not produce an EP, otherwise there would be no RP. The amount of
characteristic radiation represented in an EP has been evaluated by count-
ing the squares on the chart paper under the EP and RP of a PAD curve.
EP’s, as a percentage of the sum, are contained in Table 14 for first and
second order radiation. From this rough determination there would seem
to be no correlation with keV or CV. The mean of the first order estimates

is 15, that of the second order 24%.

Escape Peaks From Second and Third Order Radiation

For heavy elements with small 20 angles for their characteristic
radiation, second or third order radiation gave better A values than first
order did. This fact led to an investigation of the effect of higher ordexr
radiation on EP characteristics.

When first order radiation is used, the continuum background has
the same energy as the radiation and the BP coincides with the RP. When
second or third order radiation is employed, this is not the case. ’i‘hen the
background is of lower energy, and the BP is separated from the RP.

Table 15 lists 20 angles for first, second and third order radiation of a
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_number éf he‘avry ellenflenlts twith the kéV éf the radiation in the case of the
“firs't c;rde r, bu‘t"of the _béckg'ro;lndvfor' the- other ordér:s'. . Thev energy'of any
reéulting EP’s 1s also listed, e'xcept those .pos'si,:ble from first order EP’ s
of thé he.zavi’est el_éments or EPZ’ s

Cf{nside?ing bariqm féf s'_é.cqnd.vorder Ka ragiiatioh, there ,wog,'ld be

an RP and a BP at approximately half the A of the RP. For KpB radiation,

there would be an EP in addition. These curves are sh(?wvn in Figure 11 with -

the KB RP at 71, its BP é.t '36.’5 é.nd its EP at 14V ﬁsing CV 900
The ligﬁt élyeAm'e nts also give a BP With higher. orde r‘s“o‘f rad:i‘atio‘n -

aé ié':s'h.own férhsvtraco;id order SnKa m 'Figu"r.e ..12,‘ ‘Ir';:exp‘é'ri'e.nt‘:e' mlght ‘c;al‘i.s‘é
this’.BIVD to be 'rni‘s’tak;en for an’EP of for ’afn RP é.f ahothe'r e.le‘m'ent, in which
‘-case the tin 'wo;lld ll)é, judée'd 'imp'ure .

| With thé heavy eiéments; as Z in:c.:_reas.eAs theAsituation arises whére
the EP h'as ehe.rgy app.i'o acﬁing .Vth:at:of the EP and f;he two pe aks cannot l;e
resolved. 'Thig is _i»llvus.‘trated’by fi‘rsf_and flsAeAcAonAd‘ ordéf Hqu in figuré 13°
whé re the I#P has'_inblie ased tl;e size of the EPnn tfhe seco‘r';d orde'r. cufve‘.
Such peak cdincidence could‘ ca.L.u;s'e‘ a’As.puriQus éstifna.te of the é_nergy, in the
EP and ~.i's. reébo_nsible fof _the high second'ordgr ‘pe‘rc‘_'e;nta.ges iq Taj.blc% 14,
This disérepancy in éne rgy estimation is. m.agnifie:d if varying concentrations
oflan elern:evnt are coméared. The res.ult‘s in Table 16 _for tungsten in steel
cr:onfir._rn.this . .As the ’a:m’oqﬁt of tungsteln deéreased, the BP approached
. eqﬁivalence with thé RP a_.nd:, 4coincidir.1g with the EP, gre'atly in'c:‘l;eaSed the
apparent energy in the latter. f‘or first order r-egults, -th.e energy in the EP

was constant regardless of the concentration.
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At still larger values of Z, background and EP energies again
dive rge while both have sufficient energy to cause EP’s of their own.
Figure 14 exhibits two PAD curves for second order PbKp@;. Each curve
has three peaks with the RP’s occurring at 83 and 49 baseline volts. From
Table 10, for an RP of 83V at CV 850 an EP of 46V would be expected.
Similarly, an EP of 27V would be expected for an RP of 49V at CV 800.
Both EP’s are higher than expected, occurring at 52 and 31V respectively.
However, if energies alone are considered, then 84.91 keV of the RP occur
at 83V and 51.75 keV of the EP at SZY. Hence, the BP (42.33 keV) should
occur at approximately 42V, the background EP at 9V and the EPZ at18.5V,
The continuum from lead is much smaller than that from many lighter
elements because of the high absorption of X-rays by the metal. Any BP
from it at 42V would be insignificant compared with the EP at 52V. Thus.;
the three peaks of the 850V PAD are the RP, EP and EPZ of Ppr_‘Tn: 2).
Substitution of CV 800 voltages results in the same conclusion r.e'garding the
peaks of the second curve, -

Figure 15 shows curves for third order HgKa. In this instance,
the RP and BP occur as expected, but the EP is displaced from the expected
42 to 54V. There is no ready explanation for the EP displacement but it is
confirmed by Figure 16 where the EP of third order HfKp is displaced to
become a shoulder on the RP,

In many cases it is not possible to measure W of EP’s from
second order radiation, but A can usually be estimated. Values of A for

RP and EP from second order o and p radiation and the resulting D’s are
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given in T’able 17. Though its "spre ad is greater, the mean values of D

agree well with those for first order in Table 10.

Results Using Pull"s/e He.igA].rit.Ayn.alysivs

|  The effect of PﬁA settings’ on the regvre'ss‘ion characteristics of
standards for the dete_rminafio‘n of hafnium 1n steels V(_G) is S’hewn in VT,a‘ble 18-
which lists the statrdard error and the coYeriance of th:e’rrllean .pervcentage of. V'
hafnium determined (ér') for three threshdlds. For tﬁe 6V".thres]&‘101d wlrich
ellmmated only the noise, and the 39V One, Whlch ellmlnated all energy
’below the .EP, the.se 'v.alue_s‘a.,re .of the same orde r‘. For the hlghest threshold
which counted only" tiue RP »and higher ene rgies; -both figures 1rnproved
51gn1f1cantly. This rmprevemeut was reﬂected in the ba;c.kground -counts |
. With a 6V threshold the mean background was 3061 cps w1th a standard
dev1at10n of t 2.2. Wlth.,a‘ 39v threshold 'Athese yalues-became' 2931 cps and
'f19, while for 7JY ’tlrle'y. decreaSed to 1288 eps' afnd"flll . |

For the dete rminatiou of Ir"afniurh in niobi.um, tlre PHA aigain pro‘ved

.effective . Five synthetlc powde red staudards, prepaled by dlssolvmg
hafnlum. and n10b1um in hydrofluo rlc and mtrlc acxds, taklng the golutions
to drynes.s and powdermg the resudues were counted in dupllcate at HfKo.
(n 2) w1th the background measured at 15° 2.9 L1F Counts were»made using
80 kV, Z.OrnA, AG 10 and‘CV 9_0_0 Three PHA Settlnés were used: a6V
't_hreshqld and iufrnite channel te elim_inate_the’noiSe, a 45V th'reshold "and
30V c}rannel t'o‘pass only the EP ene_rgvyl'aud‘_a 75V threshold \;/ith a G;OV‘
channel to eouut the. RP oniy. | The‘c]uaracfvser‘isti’cs of the resulting r.egression

lines are shown in Table 19. Both total and net counts were used. All gave |




—_—

- 15 -

the same results:within the limits of error of the methods. For this deter-
mination background-counts are unnecessary. The contribution of the
background is shown'by the values of the intercept '"a' and the counts
obtained from the blank, The sensitivity is of the same order whether the
total radiation or only the RP is used as slope 'I'b” shows, but the use of the
RP alone decreases the error. The use of the EP decreases the sensitivity
as would be expected. It is decreased by a factor of six while the error’is
doubled.

Figure 17 reproduces lscans gf NBS steel standard 841 made over
second ‘and-third orddr WK pe‘\aks with diffe rent PHA settings. Whemn: the-
PHA is set té ppss KPEF pubses only, the KBRP is almost eli-m&h.-amd’ and
the Ka greatly reduced. RP set'tings.have no effect on the tungstén:peaks.
The combination curve is the sum of thé other two. For analytical purposes,
the RP curve gives a bette.rl siénal-to-'néise ratio for second order radiation,

The combined curve gives greater sensitivity for third order energy.

Conclusions
For heavy elements the amplitude of the radiation peak varies
directly with the keV of the radiation until 2O angle approaches 5°.
For eleﬁenté having 20 less than 6° for first order radiation, the
second or third order gives better values for the amplitude of the raciation
peak.

The amplitude of the escape peak also varies directly with the keV

of the characteristic radiation.
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. .I’Béc_ape peaks from eecond 6rder radiation must'b'e caref_ully
iht.erpreted because background radial;ion may have similar ene rgy and
thus af.fect the escape pe aks’-vri_dth_ at half-height and the appar.eni: amount
of ene rgy they contain. | | | |

-Esdape peaks from,i_:hird orde r. radiation do not occur at the |
exi)e cted ‘arnpiit'u_l.de . |

: Escape peaks corrtain appro#irnat'ely 15% of thevene gy in the first
order characteristic radiation; | |

"V'I‘he difr'erenee between the amplitudes of rthe radiatior’x an‘.‘de‘scape 4

, pea.ks is constant for'eaeh'cduhterivoltage if the ainplifier gain is u‘nchariged.
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TABLE 1

Effect of Amplifier on Pulse Amplitude

A at CV 900
AG Fe Zn Se Sr Mo Sn Te
0 11 14,5 21.5 29 32 55 58
10 11.5] 15 22.5 30 33 57 60.5 .
30 14 18 27 36 40 67.5 72.5
50 17.5] 23 34 45 49.5| 84 88.5
70 23 30 44 58.5 72 105 111
90 30 39 56 76 94 131.5 | 136.5
TABLE 2
Effect of Counter Volt:.age on Pulse Amplitude
A at AG 10
CcV Ti Fe Zn Se Sr Mo Sn Te
700 8 8
750 7.5 13 14
800 8 11.5 112.5 |22 22.5:
850 9.5 14 19.5 | 21 34.5 | 37.5
900 11.5 | 15 22,5 |31.5 | 33 57 ¢ 59.5
950 12.5 | 17.5 | 24.5 36 48.5 | 53 86 b 94
keV | 4.51| 6.40| 8.64 11.22 114,16 17.48 (25.27; 27.47
. : |
TABLE 3
Replication of Measurements
A for 5nKa at CV 900G
JFirst Day Second Day
AG A w A w
0 55 16 52.5 16
10 57 16.5 54,5 16
30 67.5 ] 19 66 19.5
50 84 23 81 22.5
70 105 26 100.5 26
90 130.5 | 28 126 27
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TABLE 4

A add w uéing CV at Mid-Aplateau

. SnKa S . ' MoKa
AG |l CcVv | A |W cV | A W
10 | 840 |32 |10.5 | 80 | 26 10.5
150 | 790 | 28 10 | 810 24 10
190 | 740 | 28.5 |10 .| 750 | 22 9
TABLE 5

"~ A and Wof Fe and Ti'at CV of 950 - -

- FeKa - . TiKa
AG | A WA | W ‘
10 | 175 |11 12.5 | 8.5 -
30 20 . |12.5 | 15.5 |10 .,
70 ~ | 33,5 (20 | 25 |16
TABLE 6

Effect of Amplifier on Energy Resolution

~ "Resolution: W/A

Element | Z | CV| AG0| AG10| AG30 | AG50 | AG70 |' AG90 | Mean

B 221950 |. | 68 65 - 64 E
Fe. |[.26 | 900 | 64 65 | 61 | 63 | 63 | 62 63
Zo | 30| 900 | 55 53 | 54 52 . 53 49 - 53
Se | 34900 |44 | 44 | 44 44 43 | 41 - 43
Sr 381900 | 48 46 42 40 38 | 36 | 42
Mo - | 42| 900 | 36 35 -35 | 34 | - 33 32 . 34
Sn 50 | 900 | 29 29 287 | 27 25 21 27
Te |52]|900 (28 |.28 | 27 27 | 24 20 26
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TABLE 7

Effect of CV on Energy Resolution

Resolution at AG 10
Element CV 700 CV 750 CV 800 CV 850 CV 900 CV 950
Fe 73 67 63
Zn 56 53 52
Se 50 46 44 43
Sr 56 46 44 37
Mo 47 40 36 35 34
Sn 75 50 . 36 32 29 27
Te 88 54 40 30 28 27
TABLE 8
Effect of Amplifier on A Ratios
Ratio of A to A at AG ¢ with CV 900
AG Fe Zn Se Sr Mo Sn Te Mean
0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 1.04 1.02 1.05 1.03 1.03 1.04 1.04 1.03
30 1.25 1.24 1.26 1.24 1.26 1.25 1.25 1.24
50 1.58 1.56 1.58 1.55 1,55 1.54 1.52 1.55
70 2.09 2.04 2.05 2.02 2.09 1.91 1.91 2.02
90 2.72 2.67 2.60 2.62 2.76 2.39 2.35 2.59
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'TABLE 9

Effect of CV on Energy Resolution’

o : Resolution at AG 10 .
800V - 850V ' 900V" 950V
Element- Ka | Kp Ka KB - | Ka Kp Ka Kp
Ba 56 : 27 24 .
Ce 58 30 |26 25 | 22 24 | 20
Nd 60 26 |25 23 | 23 21 18
Gd 64 24 | 28 23 |23 23 | 21 17
| Ex 68 25 | 30 23 129 21 23 '
Hf 72 24 | 34 22 20 | 29
Ta 73 26 | 31 23 |30 21 28
w 74 - 27 | 34 25 , 19 | 25
| Pt 78 32 | 31 - | 28. |29 |
Hg 80 31 | 32 28 130 ,
Pb 82 35. 37 31
TABLE 10

Amplitudes of Radiation and Escape Peaks of Various Elements

"800V

850V

- 950V

n=ltoe - _ _ 900V

Radiation| RP | EP D | RP |EP D| RP | EP D | RP {EP|{D

Ba Kp 47.5 9 |38.5| 71 14 57 | .

Ce Ka 44 | 6 |38 67 10 57- {105 |16 |89
- Kp 51 13 |38 77 | 20 57 |119 |32 |87

~ Nd Ka 49 10 |39 73 15.5 | 57.5|113 |25 |88
" Kp. ; 55 17 |38 83 26 57 |127 |42 |85

Gd Ka |37 [15.5 | 21.5(55,5 |17 |38.5| 80 25 55 .|142 |62 |80
Kp (38 |15 23 |60 23 |37 99 | 40.5 | 58.5|

Er Ka (36 [14.5 | 21.5]61 25 |36 97 39.5 | 57.5

KB |39.5[19 20.5]67 31.5[35.5]104.5| 50 | 54.5

Hf Ko [40 |19 21 |68 33 |35 |103 50 53
Kp |41 119 | 22 -|70.5 |36 .[34.5]112 56 56

TaKa |46 |23 | 23 |74 37 |37 |11s 58 57 .
KB {46.5|23.5 | 23 |76 38 |38 |118.5] 60 58.5

W Ko [48 |24 24 [76.5 |38.5[38 |124 |64 |60,
KB 49.5|26 - 23.5 126 S

Pt Ka |50 |29 21 |83 46 |37 -

0 Kp |51 |28 23 |83 46 |37

. Hg Ka 49 S ‘ 81 S

" Mean 22 ' 37 - 86|

57
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TABLE 11

Tungsten in Steel

750V 800V 850V 900V
Ka
%W |Peak| RP| EP D RP EP D RP EP D RP | EP D
18.5! n=1 | 28.5] 15 13.5( 48 24 | 24 79 40.5138.5]122 . [64.5(57.5
18.5! n=2 | 29 14.51 14,51 45.5 23} 22.5| 75.5 38.5]37 118 |61.5156.5
13.0! n=2 ! 29 15 14 49 25 | 24 80.5 | 41 39.51124 165 59
7.8 n=1 124.5 66 58.5
7.8 n=2 | 29.5{ 15.5; 14 .
2.8 n=2 | 29.5} 15.5] 14 49 251 24 79.5 | 41 38.5]123 |64 59
TABLE 12
Resolution of Energy in Escape Peaks
Resolution
800V 850V . 900V 950V
Element Ka KB Ka Kp Ka Kg Ka KB
Ce 66 76 90 60 81 51
Nd . 100 59 77 50 66 48
Gd 48 50 61 46. 42 37 36
Exr 52 55 44 42 43 33
Hf 43 30 39 35 53
Ta 43 57 ! 38 55 38 45
W 44 39 30
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TABLE 13

Ratio of W of Escapé Peak to that of Radiation Peak

' 800V 850V 900V | 950v

Element |- Ka | KB - Ka KB Ka Kg Ka Kp
Ba . o , 0.62 - 710.65 .
Ce ; ] 0.67]0.74 | 0.54 |0.71 |0.52]0.68

. Nd : 0.77 | 0.74 0.71- {0.68 | 0.61 {0.87
Gd o : 0.88 | 0.75 0.83 {0.71 0.8310.71
Er 0.83 | 0.87 [ 0.78 | 0.69 0.85 1.0.69
Hf 0.85 1.00 ©0.82 0.82 .11.00
Ta 0.83 0.93 0.82 | 0.91 0.92 0.82 .

W | 0.8l 0.79 ] 0.79
TABLE 14

Ene rgy in Escape Peaks

o First Order , Second Order
Radiation 800V | 850V | 900V | 950V - 800V 850V " 900V
Ba KB 22 ‘10 - , : 11

Ce Ka : 22 19 '
Kp : 18 21 19
Nd Kg ' 17 20. 16
Gd Ka 16 13 24
Kp 12 14 16
Er Ka 19 16 16
Kp 16 17 _ E .
Hf Ka 11 13 11 21 ' ’ 21
" KB 12 12 ' : 30
Ta Ka 13 11 11 o 24 21 21
Kp : 12 13 | 25 25 25
W Ka 14 12 , } 21 21 . 21
Kg ' _ ' 23 21 - .21
Pt Ka i , ' ' 21 21 .20
KB ’ 30 28 23
Hg Ka _ ‘ 25 26
KB - . 34 37
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TABLE 15

Characteristic Radiation and Background Energies

First Order Second Order Third Order

20 LiF keV EP 20 LiF | bgkeV | bgEP 2O LiF | bgkeV

Ba Ka|10.97 32.19 22.05116.10 33.34 10.73
KpB 9.71 36.37 1 3,21 19.49118.18 29.41 12.13

Ce Ka|1l0.18 34.71 1.55 20.43117.36 30.86 11.57
KB 9.00 |.39.25 6.09 18.05119.62 27.22 13,08

Nd Kal 9.45 37.35 | 4.19 18.971}18.67 28.63 12.45
Kp| 8.35 42.27 | 9.11 16.75121.13 25.24 14.09
Gd Ka 8.21 42,98 9.82 16.47 1] 21.48 24 .81 14,33
Kp 7.24 48.72 |15.56 14,52 | 24,34 21 .85 16.24
Er Ka] 7.19 49,09 {15.93 14.41 | 24.52 21.68 16.38
KBl 6.34 55.68 | 22.52 12.70 | 27.66 19.09 18.56

Hf Ka 6.32 55.80 | 22.64 '12.67127.92 19.05 18.60
Kp 5.57 63.38 | 30.22 11.151{ 31.70 16.76 21.12
Ta Ka| 6.13 57.54 124,36 12.28 ] 28.75 18.48 19.18
Kp 5.41 65,21 {32.05 10.83132.75 16.28 21.74

W Ka| 5.95 59,30 | 26.41 11.92 1] 29.66 17.92 19.76
KB| 5.25 67.23 34,07 10.51 | 33,63 0.47 15,79 22.38

Pt Ka 5.28 66.83 133.67 10.57 1 33.43 0.27 15.88 22.28
Kp 4,66 75.76 1 42.60 9.32 ] 38.00 4,84 14,00 25.26
Hg Ka| 4.98 70.79137.63 9.98 | 35.37 2.21 14,99 23.60
KB| 4.40 80.23 {47.07 8.8040.13 6.97 13.22 26.74

Pb Kal} 4.71 74.98 | 41.82 9,42 37.45 4,29 14,15 25.01
KB{ 4.16 | 84.91 |51.75 8.321(42.33 9.17 12.49 28,31

TABLE 16

Energy in Escape Peaks - Tungsten in Steels

Energy in Ka EP

% W T na=l n=2
18.5 10 24
13.0 27
9.7 10 30
5.7 38
1.7 10 49
0 10 66
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TABLE

17

Radiation and Egcape Peaks of Second Order Radiation of Elements"

‘ Hafnium in Steels - Regression Characteristics for Second Order

- Ka Radiation .

Threshold Energy Passed Error CV of ¥
6V all - noise +p.013 | t11.06%
39V - EP+ RP 10.014 +11.91%
BV RP only +0.006 t 5.11%

. 750V 8oov . 850V 900V
Radiation| RP| EP| D | . RP| EP| D | RP|EP| D| RP| EP| D
Nd Ka 47 |10.5|36.5

Kp 54.5(17.5|37
GdKa 7| 55 |19 |36
Kp 62 |[30.5]31.5
ErKa . ' . 60 |30 |30 | 94 [46.547.5
Kp 41 |21 |20 67 |34.5|32.5
Hf Ka 40 [19.5]20.5| 68 |36.5|37.5/{102 51 |51
KB 44 |18 |26 | 75.5]43.5]38.5|112.5/60 [52.5
| TaKa 46 |23 (23 | 74 (37.5[36.5[115.5{60 |55.5]
- Kp . : : 49 [25.5{23.5| 81.5({43.5|38 [127 (69 |58
W Ka 28,515 13,5 | 47 {23.523.5| 77 |[39.5|37.5| B
Kp 29 |15.5|13.5 | 55.5{29 |26.5| 85.5(45.5{40 |136 [75.560.5
Pt Ka : 55 |28.5(26.5| 86 |46 [40 |134 '|73.560.5
Kp . | 57 }31.5]25.5} 90 |50 |40 141 |81 |60
Hg Ko 33 |17.5|15.5 | 55.5(28.5 27 1 88.5 |46 |42.5{136.5[73.563
Mean 14 ' 24 37 56.5
TABLE 18
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TABLE 19

Hafnium in Niobium - Regression Characteristics for Second Order

Ka Radiation

Correlation 0% Hf cps

Method a b Coefficient Error calc. obs.
EP net -3.31 0.052676 +0.9974 +0.55 63 65
EP total |-35.59 0.043791 + 0.9974 +0.54 813 828
RP net -0.19 0.007694 +0.9995 t0.24 25 20
RP total | -1.78 0.007208: + 0.9995 t0.24 245 245
6V net -0.015 | 0.007397 +0.9987 +0.39 20 20
6V total 18.46 0.006911 + 0.9990 t0.32 1224 | 1252
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