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SUMMARY

.

i

Pulse amplitude distribution curves have been

traced for a number of elements from titanium to lead.

The effect of various factors on pulse amplitude has,

been estimated. Escape peaks have been found for the

heavier elements, 4nd their relationship to the main

peak examined.
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INTRODUCTION 

When the determination of hafnium in steels (1) and of lead and 

tantalum in ores using the K radiation of .the elements was investigated, 

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 characteristic 

radiation. This was possible because the original 60V baseline of the 

analyzer had been extended to 150V. Once the investigation .Was begun, it 

was enlarged to include a wide range of elements and to determine the 

effect of various factors on pulse cliaracteristics. 

For simplicity, in this report, the elements have been divided 

into two groups based on the energy of their K radiation: the heavy 

elements which give rise to an escape peak and the light elements which do 

not. The heavy elen-ients, by this definition, are those from barium to 

uranium, atomic numbers 56 to 9Z; 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 responsible for the titanium limit because it is 

insensitive to radiation from lighter elements. 

•,!• 



Pulse amplitude distributions of light elements are discussed in 

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

PART 1 - GENERAL 

Abbreviations 

The following abbreviations will be used in this report: 

PHA - pulse height  analyser  

PAD - pulse amplitude distribution 

RP - peak of characteristic radiation, a or p 
BP - peak of background radiation from the continuum 

EP - escape peak 

EP Z 	EP of an EP 

A 	- pulse amplitude 

- width at half-hbight 

CV - counter voltage 

•AG - amplifier gain 

D 	- RP-EP amplitude 

Z 	- atomic number 

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

Equipmen.t 

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. 
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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 

0.5V band was passd 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 reflectedfrom a single 2G setting, and are a measure 

of the various energies in this radiation. 

Plate aus  

Plateaus to determine the proper operating CV were established 

for a number of elements at three AG settings. They are shown in Figure 1 

from which plateaus for the intervening elements may be interpolated. All 

were determined using Ka radiation and they show a shift to lower CV and 

an increase in length with increasing Z. For the in.dividual 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 work 

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. 
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Other factors can cause variation in results. The response of the 

recorder pen is slow and can make a difference in A and W of one to three 

volts depending on the baseline used. A and W have been estim.ated to the 

nearest 0.5V. The time required for the accumulation of these results is 

also a factor because the characteristics of the components may  change as 

• they age. 

PART 2 - LIGHT ELEMENTS 

Pulse Amplitude 

PAD curves for Ka radiation of a number of light elements were 

run with varying AG and CV. Typical curves are shown in Figure 2,which 

shows the effect of AG on the energy spread of FeKa radiation, and in 

Figure 3, which shows the effect of CV on SnKa energy. The area under 

the curves shows little change compared with the changes in the shape of 

the curves and the values of A and W. The need for the extended baseline 

is evident. 

Values of A for several elements and the effect of AG on these 

values are shown in Table 1, while Table 2 shows the effect of CV within 

limits imposed by the plateaus. A varies directly with both AG and CV 

as reported by Kiley (4). From values in Table 2, the effect of CV on the 

relationship between k..eV and A was determined. Regression equations for 

the variation of keV with A for CV' s of 800, 850, 900 and 950 at  AG 10  were 

calculated. The slopes of these lines were 1.059, 0.668, 0.422 and 0.279 
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respectively. Similarly, 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 beginnin.g of noise in Figure  2 shows, and 900V is on the plateau 

of most elements. 

Tables 1 and 2  also demon.strate that A varies with Z. This would 

be expected because A is a measure of the energy of the characteristic 

radiation of the ele.ments. 

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. 
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Energy Resolution. 

W/A, expreésed asperéentage, IS used  as a m.easure of cOunter 

resolution (3). StriaIler  values  for W,  and  hencé -  smaller.percéntagés, 

mean less spread of the energy entering the cotititer.• W Vàries ,  directly 

with A as the values for Fe and TiKa in Table 5  show. • 

W/A  for the Ka radiation of a number of .elements.•and the effect 

of AG on  this  ratio are  shown in Table 6. • Values are of the sam.e• order 

as  those reported by -Miller (3). The ratio deéreases slightly.with 

c asing AG.. 	 • 

The 'effect  of CV on the Spread of energy is shown in Table 7. 

Again the ratio decreases as the variable - increases; but the decrease is 

more marked than•that due to AG. Values at the lower.end of the plateau 

are out of line with the rest. • . 

• 	The means  in Table 6 show that W/A varies inversely as  Z. The 

titaniuM mean  is notincluded becauée .a different  CV  was Used for this 

element. The expeéted increase in A with Z has already been shoWn in 

Tables  1 and Z. The increase in W with Z is not nearly so pronounced. 

This results in a ratio varying inversely with•Z as shown in Figure 6. W/A 

for strontium is out of line with the others in this figure: The large W 

measured for  this elément is reflectéd in a much higher ratio. Both À 

and W  for  m.olybdenum are low compared with those for the other elements, 

but the resulting ratio - is of the propér magnitude. 	• 
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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 90.0. 

The last two ratios for tin and tellurium are low com.pared 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. 

Conclusions 

For light elements, atomic number 22 to 56, the pulse amplitude' 

varies directly with the atomic number of the element and with the counter 

voltage and amplifier gain used. The effect of applied potential is more 

pronounced than that of amplification. 

The width of the pulse at half-height varies directly with the 

pulse amplitude and atomic number. 

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

with the a.tomic number of the element and the pulse amplitude. 



PART 3 - HEAVY ELEMENTS 

Pulse Amplitude 

As would be expected, thé A values of the heavy elements exliibit 

, the sam.e relationship to keV  as the light ones showed. This is demonstrat-

ed in Figure 7 for two CV's: the upper line at 900 and the lower at 850V. 

The A's for Ka.  radiation ofthe light elements are•in.cluded with those for 

both Ka. and Rp radiation of the heavy. elements . The lin.es were not 

calculated, but have been drawn.  in freehand to serve as guides. 

The values for the heaviest elements deviate from the lines. This 

may be caused by the low 20 an.gle used to obtain. them. The dotted line 

projected from 6° 20 emphasizes the deviation. That A' s frcm.higher Ze 

• angles do not deviate as greatly is shown in Figure 8 Which presents results 

from second and third order radiatio n of the heavy elements for a ,CV•of 850. 

The sarne guide line and 20 projection as were used in the preceding  figure 

are included. • • . 	. 

Figure 7 illustrates that A's of heavy elements are'affected by CV 

as were those of the light ones. A similar AG effect would also be expected. 

However, for the heavy elements, only the CV has been varied. All results 

have been obtained at AG 10. The high values for telluriurn in Table 1 

indicate that the A's of the heavy elements .s,,vould soon extend beyond the 

150V baseline at higher AG' s. 
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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. When the radiation striking 

the crystal has en.ergy 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 ionization. The residual energy of the 

radiation appears as an EP in the PAD curve. 

The keV of IK ab  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 BaKr3 of 36.37 keV. Therefore, the p radiation 

will produce an EP while the a. will not. Their 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 separated from the RP by an amount on the 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 
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separated by 4.18 keV. Therefore, separation. of the RP and EP in the case 

of iodine L ionization Would not ocCur. The EP might be indiCated by a 

slight broadening of the base of the RP on its low energy side.. 

Sodium atoms have a Kab energy of only 1.08 keV so any  contribu -

tion  from their ionization is negligible. None of the heavy elements have L 

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

Characteristics of Escape Peaks 

The A and W of an EP may be measured as are thosé of an RP. A 

values of both peaks for a number  of élern.ents at different CV' s are pre-

sented in Table 10 with the resultant values for D, which should be constant 

at each CV and equivalent to IK ab  energy. S in the EP column indicates 

that the EP appeared as a shoulder on the RE' as in Figure 10 for mercu.ry. 

In general, A increases with keV for both the RP and EP of elements and 

with CV, though the values for HgKa are low.  The difference in A between 

the a and p radiation of an element is not 'so pronounced at 800V nor at 

higher atomic numbers. 

_Allowing for errors in estimating A, D is constant for each CV 

used. The mean value of D varies directly, but not linearly, with CV. 

Reproducibility of the peaks is shown in Table 11 using WKa 

radiation from steel samples. Both first and second order radiation have 

been used and reproducibility is satisfactory. 

From the origin of an EP, it would be expected that its W would 

duplicate that of the correspondin.g 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 correspon.ding 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 cou.nt-

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, th.at of the second order 24%. 

Escape Peaks From  Second and Third Order Radiation 

For heavy elements with small 2G 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 order 

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. Then 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 of heavy elements with the keV of the radiation in the case of the 

•first order, but of the background for the other orders. The energy of any 

resulting EP' s is also listed, except those possible from first order EP' s 

of the heaviest elements or EPZ,  s. 

Considering barium for second order Ka radiation, there woujd be 

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

there would be an EP in addition. These curves are shoven in Figure 11"with 

the K13 RP at 71, its BP at 36.5 and its EP at 14V u.sing CV 900. 

• The light elements also give a BP with higher orders of radiation 

as is shown for second order SnKa in Figure 12. Inexperience might cause 

this BP to be mistaken for an EP or for an RP of another element, in which 

case the tin would be judged impure. 

. 	With the heavy elements, as Z increases the situation arises where 

the BP has energy approaching that of the EP and the two peaks cannot be 

resolved. This is illustrated by first and second order HfKa in Figure 13 

where the BP has increased the size of the EP un  the second order curve. 

•Such peak coincidence could cause a spurious estimate of the energy, in the 

EP and is responsible for the high second order percentages in Table 14. 

This discrepancy in energy estimation is magnified if varying concentrations 

of an element are compared. The results in Table 16 for tungsten in steel 

confirm this. As the amount of tu.ngsten decreased, the BP approached 

equivalence with the RP and, coinciding with the EP, greatly increased the 

apparent energy in the latter. For first order results, the 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 

diverge while both have sufficient energy to cause EP' s of their own. 

Figure 14 exhibits two PAD curves for second order PbK(3 1 . Each curve 

has three peaks with the RP's occurrin.g 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 5 2 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 52V. Hence, the BP (42.33 keV) should 

occur at approximately 42V, the background EP at 9V and the EP 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 P_AD are the RP, EP and EP of PbKp(n= 2). 

Substitution of CV 800 voltages results in the same conclusion regarding the 

peaks of the second curve. 

Figure 15 shows curves for third order HgKa. In this instance, 

the RP an,d 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 

confirm.ed by Figure 16 where the EP of third order HfKr3 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 a and 3  radiation and the resulting D' s are 
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given in Table 17. Though its spread is greater, the mean. values of D 

agree well with those for first order in Table 10. 

Results Usine Pulse  Heht Analysis 

The effect of PHA settings on the regression characteristics of 

standards for the determination of hafnium in steels (6) is shown in  Table  18 

which lists the standard error and the covariance of the mean percentage of 

hafnium determined (7) for three thresholds. For the 6V threshold, which 

eliminated only the noise, and the 39V one, which eliminated all energy 

below the EP, these values are of the same order. For the highest threshold, 

which counted only the RP and higher energies, both figures improved 

significantly. This improvement was reflected in the background counts. 

With a 6V threshold, the mean  background was 3061 cps with a standard 

deviation of ± 22. With a 39V threshold these values became 2931 cps and 

+ 19, while for 75V they decreased to 1288 cps and 1'11. 

For the determination of hafnium in niobium, the PHA again proved 

effective. Five synthetic powdered standards, prepared by dissolving 

hafnium and niobium in hydrofluoric and nitric acids, taking the solutions 

to dryness and powderin.g the residues, were counted in duplicate at HfKa 

(nr= 2) with the background measured at 15° 20  LiE. Counts were made using 

80 kV, 20 mA,  AG 10 and CV 900. Three  P1-IA  settings were used: a 6V 

threshold and infinite channel to eliminate the noise, a 45V threshold and 

30V channel to pass only the EP energy and a 75V threshold with a 60V 

channel to coun.t the RP only. The characteristics of the resulting regression 

lines are shown in Table 19. Both total and net counts were used. All gave 
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the same resultià.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 "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 scans of NBS steel standard 841 made over 

secondlandthird orddr WK peaks with different  P1-IA  settings . When the 

PHA is set te pass KpEP: putses only, the KpRP is almost elitrukrated and 

the Ka greatly reduced. RP settings have no effect on the tungstetypeakb: 

The combination curve is the sum of the other two. For analytical purposes, 

the RP curve gives a better signal-to-noise 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 20 angle approaches 5°. 

For elements having 20 less than 6° for first order radiation, the 

second or third order gives better values for the amplitude of the radiation 

peak. 

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

of the characteristic radiation. 
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Escape peaks from second order radiation must be carefully 

interpreted because background radiation may have similar en.ergy and 

thus affect the escape peaks' width at half-height and the apparent am.ount 

of energy they contain. 

Escape peaks from third order radiation do not occur at the , 

expected amplitude. 

• 	Escape peaks contain approximately 15% of the energy in the first 

order characteristic radiation. 

The difference between the amplitudes of the radiation and escape 

peaks is constant for ea.ch counter voltage if the amplifier gain is unchanged. 
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TABLE 1 

Effect of Amplifier on Pulse Amplitude 

	A at CV 900 

AG 	Fe 	Zn 	Se 	Sr 	Ivlo 	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 Z 

Effe.ct of Counter Voliage  on Pulse Amplitude 

A at AG 10  

CV 	Ti 	Fe 	Zn 	Se 	Sr 	MO 	Sn 	Te 

700 	 8 	8 
750 	 7.5 	13 	14 
800 	 8 	11.5 	12.5 	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 	94 

keV 	4.51 	6.40 	8.64 	11.22 	14.16 	17.48 	25.27 ! 	27.47 
.--...... 	 _L_ 

TABLE 3 

Replication of Measurements 

A To-FS-reci. ai  CV 90t 

First 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 and W  usina  CV at Mid-plateau  

SnKa 	 MoKa 

AG 	CV 	.A. 	W 	CV 	A 	W 

10 	840 	32 	10.5 	860 	26 	10.5 
50 	790 	28 	10 	810 	24 	10

•  90 	740 	28.5 	10 	750 	22 	9 

TABLE 5 

A and W  of Fe and Ti at CV of 950 

FeKa 	 TiKa  

AG 	A 	W 	A 	W 

10 	17.5 	11 	12.5 	8.5 
30 	21 	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 	AG 0 	AG 10 	AG 30 	AG 50 	AG 70  'AG  90 	Mean 

. 	Ti 	22 	950 	68 	65 	 64 
Fe 	26 	900 	64 	65 	61 	63 	63 	62 	63 
Zn 	30 	900 	55 	53 	54 	52 	53 	49 	53 
Se 	34 	900 	44 	44 	44 	44 	43 	41 	43 
Sr 	38 	900 	48 	46 	42 	40 	38 	36 	, 	42 
Mo 	42 	900 	36 	35 	35 	34 	33 	32 	34 
Sn 	50 	900 	29 	2 9 	28 .  ' 	27 	2 5 	21 	27 
Te 	52 	900 	28 	2 8 	27 	27 	24 	20 	26 .  
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TABLE 7 

Effect of CV on Enern 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 atA.G 0 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 Eneriy_Resolution  

Resolution at AG 10 

800V 	 850V 	 900V 	950V 

Element 	Ka. 	Kp 	Ka. 	KI3 	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 
Er 68 	25 	30 	23 	29 	. 	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 	30 
Pb 8Z 	 35. 	• 	37 	 31 

TABLE 10 

Amplitudes of Radiation and Escape Peaks of Various Elements 

'ne-Tr• 	-8-00V 	 850V  	900V 	 f 950V  
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 
• Kr3 	 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 

	

Kp 	39.5 	19 	20.5 	67 	31.5 	35.5 	104.5 	50 	54.5 

	

Hf Ka. 	40 	19 	21 	68 	33 	35 	103 	50 	53 

	

KI3 	41 	1 9 	22 	70.5 	36 	34.5 	112 	56 	56 

	

Ta Ka 	46 	23 	23 	74 	37 	37 	115 	58 	57 , 

	

Kp 	46.5 	23.5 	23 	76 	38 	38 	118.5 	60 	58.5 

	

W Ka. 	48 	24 	24 	76.5 	38.5 	38 	124 	64 	60 

	

Kp 	49.5 	26 	23.5 	 126 	S 

	

Pt Ka 	50 	29 	21 	83 	46 	37 

	

Kp 	51 	28 	23 	83 	46 	37 

	

. Hg Ka 	49 	S 	 81 	s 
Mean.   22 	 37 	 57 	 86-  
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TABLE 11

Reproducibility of Measurements ` Tungsten in Steel

750V 800V 850V 900V

% W
Ka

Peak RP EP D RP EP D RP EP _ D RP EP D-

18.5 n= l 28.5 15 13.5 48 24 24 79 40.5 38.5 122 - 64.5 57.5

18.5 n=2 29 14.5 14.5 45.5 23 22.5 75.5 38.5 37 118 61.5 56.5

13.0
7.8

7 8

n= 2

n=1
2

29

529

15

515

14

14

49 25 24 80.5 41 39.5 124 65 59
124. 66 58.5

.
2.8

n=
n2

.
29.5

.
15.5 14 49 25 24 79.5 41 38.5 123 64 59

TABLE 12

Resolution of Energy in Escape Peaks

Resolution

800v 850v 900V 950V

Element Ka Kp---} Ka K(3 Ka Kp Ka ( K(3

Ce 66 76 90 60 81 51

Nd 1 00 59 77 50 66 48

Gd 48 50 61 46. 42 37 36

Er 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 Escape Peak to that of Radiation Peak 

800V 	 850V 	 900V 	950V 

Element 	Kci. 	Ki3 	Ka 	Ki3 	Ka 	K13 	Ka 	Kr3 

Ba 	 0.62 	 0.65 
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 	 0.88 	0.75 	0.83 	0.71 	0.83 	0.71 
Er 	0.83 	0.87 	0.78 	0.69 	0.85 	0.69 
Hf 	0.85 	1.00 	0.82 	 0.82 	1.00 
Ta 	0.83 	0.93 	0.82 	0.91 	0.92 	0 • 82  
W 	0.81 	 0.79 	 0.79 

TABLE 14 

Energy in Escape  Peaks 

First Order 	 Second Order 
	• 

	

Radiation 	800V 	850V 	900V 	950V 	800V 	850V 	900V 

	

Ba Kf3 	 ZZ 	10 	 11 

	

Ce Ka 	 ' 2 2 	19 

	

Kr3 	 18 	21 	19 	. 

	

Nd KI3 	 17 	ZO 	16 

	

Gd Ka. 	 16 	13 	24 

	

K13 	 12 	14 	16 

	

Er Ka 	 19 	16 	16 

	

Kf3 	16 	17 

	

Hf Ka 	 11 	13 	11 	 21 	 2 1 
' 	Kr3 	12 	 12 	 30 

	

Ta Ka 	 13 	11 	11 	 24 	21 	21 

	

K[3 	12 	13 	 25 	25 	25 

	

W Ka 	 14 	12 	 21 	21 	21 

	

Kr3 	 23 	21 	.21 

	

Pt Ka 	 21 	21 	20 

	

Kr3 	 30 	2 8 	23 

	

Hg Ka. 	 25 	2 6 

	

K.' 	37 
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TABLE 15 

Characteristic Radiation and Background Energies  

First Order 	 Second Order 	 Third 0 rde r 

20 LiF 	keV 	EP 	20 LiF 	bg keV 	bg EP 	20 LiF 	bg keV 

Ba 	Ka 	10.97 	32.19 	 22.05 	16.10 	 33.34 	10.73 
Kp 	9.71 	36.37 	3.21 	19.49 	18.18 	 29.41 	12.13 

Ce 	Ka 	10.18 	34.71 	1.55 	20.43 	17.36 	 30.86 	11.57 
Kp 	9.00 	39.25 	6.09 	18.05 	19.62 	 27.22 	13.08 

Nd 	Ka 	9.45 	37.35 	4.19 	18.97 	18.67 	 28.63 	12.45 
Kp 	8.35 	42.27 	9.11 	16.75 	21.13 	 25.24 	14.09 

Gd 	Ka 	8.21 	42.98 	9.82 	16.47 	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 
K13 	6.34 	55.68 	22.52 	12.70 	27.66 	 19.09 	18.56 

Hf 	Ka 	6.32 	55.80 	22.64 	12.67 	2 7.92 	 19.05 	18.60 
Kr3 	5.57 	63.38 	30.22 	11.15 	31.70 	 16.76 	21.12 

Ta 	Ka. 	6.13 	57.54 	24.36 	12.28 	28.75 	 18.48 	19.18 
Kr3 	5.41 	65.21 	32.05 	10.83 	32.75 	 16.28 	21.74 

W 	Ka. 	5.95 	59.30 	26.41 	11.92 	29.66 	 17.92 	19.76 
Kr3 	5.25 	67.23 	34.07 	10.51 	33.63 	0.47 	15.79 	22.38 

Pt 	Ka. 	5.28 	66.83 	33.67 	10.57 	33.43 	0.27 	15.88 	22.2.8 
K13 	4.66 	75.76 	42.60 	9.32 	38.00 	4.84 	14.00 	25.26 

Hg 	Ka 	4.98 	70.79 	37.63 	9.98 	35.37 	2.21 	14.99 	2 3.60 
Kp 	4.40 	80.23 	47.07 	8.80 	40.13 	6.97 	13.22 	26.74 

Pb 	Ka 	4.71 	74.98 	41.82 	9.42 	37.45 	4.29 	14.15 	25.01 
Kp 	4.16 	84.91 	51.75 	8.32 	4 2 .33 	9.17 	12.49 	28.31 

- 

TABLE 16 

Energy in Escape Peaks - Tungsten  in Steels 

Energy in Ka EP 

ToW 	n=1 	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 Escape Peaks of Second  Order Radiation  of Elements 

750V 	 800V 	 850V 	 900V 

Radiation 	RP 	EP 	 RP 	EP 	D 	RP 	EP 	D 	RF' 	EP 	D 

	

Nd Ka 	 47 	10.5 	36.5 

	

KP 	 54.5 	17.5 	37 •  , 

	

GdKa 	 55 	19 	36 

	

Kp 	 62 	30.5 	31.5 

	

ErKa 	 60 	30 	30 	94 	46.5 47.5 

	

KP 	 41 	21 	20 	67 	34.5 	32.5 

	

Hf Ka 	 40 	19.5 	20.5 	68 	36.5 	37.5 102 	51 	51 

	

Kp 	 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 	6 9 	58 

	

W Ka 	28.5 	15 	13.5 	47 	23.5 	23.5 	77 	39.5 	37.5 

	

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 Ka. 	33 	17.5 	15.5 	55.5 	28.5 	27 	88.5 	46 	42.5 136.5 73.563 

	

Mean 	 14 	 24 	 37 	 56. 5-  

TABLE 18 

Hafnium in Steels - Regression Characteristics for Second Order 
Ka Radiation 

Threshold 	Energy Passed 	Error 	CV  of '7 

	

6V 	 all - noise 	+0.013 	+11.06% 

	

39V 	 EP+ RP 	 i:  0.014 	11: 11.91% 

	

75V 	 RP only 	 +0.006 	""1- 	5.11% 
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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 	+0 24 _ 	. 	 25 	20 

RP total 	-1.78 	0.007208 	+ 0.9995 	+0 24 _ 	. 	245 	245 

6V net 	-0.015 	0.007397 	+ 0.9987 	4:0.39 	20 	20 

6V total 	-8.46 	0.006911 	+ 0.9990 	±0.32 	1224 	1252 
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