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1. 
This invention relates to the quantitative and 

qualitative analysis of chemical elements and 
Compounds, such as metals, alloys, minerals, ores, 
liquids, etc., with respect to their elemental con 
stituents and, more particularly, to an improved 
Crystal Spectrometer for analyzing the fluores 
cence spectra of such elements or compounds 
When bombarded, for example, by X-rays. 
The theory of fluorescence analysis is based 

upon elementary concepts associated with radia 
tion spectra. When a material is bombarded 
by cathode rays, the resulting X-ray emission 
Consists of a general or continuous (“white') 
Spectrum and a superposed characteristic ray 
Spectrum extending over a range of Wavelengths 
from about 10-6 to 10-9 centirineters. The Con 
tinuous spectrum is independent of the target 
material and its general features preclude the 
possibility of directly associating it with its 
emission source. The monochromatic rays of 
the characteristic X-radiation, however, are 
grouped in simple series, with wavelengths de 
pending upon the atomic number of the emit 
ting element. 

Emission of characteristic X-rays is due to the 
inner electrons of the atom. According to 
Bohr's theory, these electrons are supposed to 
occupy shells, designated as K, L, M, etc., around 
a central nucleus and to whirl around it in the 
Sane Way that the planets revolve about the 
Sun. Thus, When an inpinging electron collides 
With an atom of the target and ejects one of its 
electrons, say from the innermost (K) orbit, the 
vacancy is filled instantly by an electron from 
the outer shells (L, M, etc.). As a result, a line 
of the K series will be emitted, its energy value 
depending on the source of the replacement 
electron. 
Wave lengths of the spectral lines comprising 

the K, L, M etc. series are inversely proportional 
to the Square of the atomic number. In other 
Words, the higher the atomic intriber of the 
target material, the shorter the wavelength of 
radiation and the greater its penetrative power. 
The Kenission lines represent the shortest Wave 
length group and are the most important of 
the various series in view of their coinparative 
simplicity and high intensity. The K series of 
all elements, except the lightest, consists of four 
principal lines, of which the a1a2 doublet is the 
most intense and closely spaced. By compari 
Son, the I series spectruin is more complex in 
view of the numerous lines (about thirty have 
been identified) of much lesser intensity than 
the K Series. 
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Chemical analysis by X-rays is made poSSud 

by the specific and distinguishing features of 
characteristic rays for each element in the tar 
get and by the direct, though not necessarily 
linear, relationship existing between the per 
centage of these elements and the intensities of 
their emission lines. These conditions will be 
satisfied also if a. sample is irradiated outside the 
X-ray tube, provided the primary radiation is of 
sufficiently short Wave length and the X-ray 
quanta have energies nearly approaching those 
of the electrons in the cathode beam. The fluo 
rescence spectra, i. e. the line radiation result 
ing from the excitation of an atom by the absorp 
tion of X-rays, can be then COInveniently iden 
tified with a crystal spectrometer. Secondary 
fluorescence spectra are of much lower intensity 
as compared to direct excitation. This is So be 
cause, when a sample is irradiated outside the 
X-ray tube, the intensity of exciting radiation 
per unit area falls off with the inverse Square of 
the distance from the focal spot. This draw 
back, however, is largely overshadowed by sev 
eral important advantages pertaining to the 
secondary fluorescence spectrum which make it 
the most practical source of radiation for chem 
ical identification purposes. 
There is now available to the art a fluorescence 

analyzer for use in quantitative analysis of ele 
mental Constituents in metals, minerals, and 
Ores. Some of the Outstanding features claimed 
for this analyzer are that (1) determinations 
may be made either on an absolute basis or a 
comparative basis on percentages up to 100%, 
with a reproducibility to better than 5%; (2) 
the unit does not require exceptional stabiliza 
tion of line potential; (3) determinations are 
independent of phase or structure; and (4) the 
analyses are Speedy and the unit does not require 
Specialized technical training for operation. 

Experimental work undertaken to evaluate 
this analyzer, from an industrial viewpoint for 
routine chemical analyses of metallic materials, 
indicates that the above claims are not substan 

5 tiated. For example, in 90 out of 100 tests, re 
producibility of results was only between 6% 
and 20%, or from 1% to 15% outside the claimed 
accuracy range for comparative analyses, and 
would be even further outside the claimed range 
if analyses Were attempted on an absolute basis. 
In the latter case, furthermore, exceptional tech 
nical skill and tedious procedures become 
mandatory for evaluation of many correction 
factors Such as crystal reflectivity, counter or 
detector Sensitivity, mutual excitation and 
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absorption of component elements of the Speci 
men, air absorption, and proportionality fac 
tOS. 

I have found further that the present, CO:- 
mercial analyzer cannot be usefully employed 
for routine analyses of metals and alloys With 
out exceptional stability of the line potential. 
In such routine analyses, the principal teghno 
logical requirement stipulates an accuracy and 
reproducibility of results to better than +1%, 
and this is possible only with special equipment 
assuring the highest degree of voltage stabilizar 
tion. 

I have also found that, contrary to the above 
claims, determinations are dependent on the 
structure and predominant phase of the specimen, 
and comparative analyses canngt be made bes 
tween samples which are chemically similar in 
more than one major constituent but structure or predominant phase. For example, 
a cast specimen cannot be analytically compared 
with a wrought Specimen, though chemically 
similar thereo in more than one major constitu 
ent. Nor can a fe; 
pared with a Solid Solution all . . .''... . Y. . . . 
though both specimens have One or more con 
stituents in the same amounts. Thus, a ferritic 
specimen containing 18% chromium can not be 
analytically compared with an austenitic speci 
men containing 18% chronium and also 8% 
nickel but can be compared with a ferritic 
specimen containing 9% chromium and 1% 
molybdenun. 
Considering these factors, the prior art ana 

lyzer is not adapted for routine chemical anal 
yses in the production or processing gf metallic 
materials and components. Accordingly, the 
present invention is directed to an improved and 
practical fluorescent analyzer, in which the fore 
going and other deficiencies of the prior art are 4 
eliminated, the invention analyzer being espe 
cially adapted for routine production analyses of 
iron, steel and other metallic materials. 

In order to afford a better understanding of the 
underlying principles of the inventi - - 
Scription of the operational procedure with the 
mentioned prior art analyzer will be of assist 
ance. This analyzer operates in the following 
manner. An unknown Sample is Subjected to in 
itense, shortwavelength primary radiation from 
a tungsten X-ray tube. The secondary flu 
cence Spectra of the sample are d threugh a 
Collinatoi and all to Strike a crystal anar 
lyzer. The latter acting as a diffraction grating, 
separates the component radiations and, by 
proper positioning, reflects them at a charac 
teristic Bragg angle. Individual quanta of radi 
ation are detected by a Geiger counter, which 
transmits the impulses received to an electronic 
Scaling and counting unit. Counts are totalized 
over a definite period of time and the percentage 
of the element under investigation is obtained by 
proportioning with similar data obtained from a 
Sample of known elemental content. 
A high Voltage generator is used to energize 

the X-ray tube, which has a tungsten target sealed 
off by a beryllium Window. The specimen is ir 
radiated outside the X-ray tube (50 kvp.; 20 m.a.) 
and is positioned at 45 degrees to the axis of the 
cone of incident X-rays. The sample is similarly 
positioned with respect to the collimator, which 
consists of a honeycomb of thin-walled nickel tub 
ing (is diameter; 0.002-inch wall; 4-inch, 8-inch 
or 16-inchiong) packed into an aluminum frame 
of rectangular cross-section. The collimator 

, a brief de 
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4. 
serves to transmit a nearly parallel bean of fluo 
rescence radiation to the crystal analyzer, Which 
is usually rock salt or calcium fluorite. 
The NaCl crystal is satisfactory for the K series 

of the elements ranging from about titaniuin. 
(Kais2.7468 A. U.) to Zirconium (Kal-0.7885 
A. U.), The spectra of elements above atomic 
number 30 decrease in intensity in proportion to 
the sine of the Bragg angle. To compensate for 
the diminishing dispersion in the spectra of Such 
elements, it is necessary to use crystal plaines with 
Smaller grating constant. This requirement is 
partially met by fluorite, whose atomic plane 
spacing, (220) plane, is 1.93 A.U. as compared to 

A.U. for rock salt, (100) plane. 
With this fluorescence analysis unit, it is pos 

sible to analyze that group of elements whose 
atomic number falls between about 22 and 50. 
The limited peak voltage (50 kilovolts) in the 
primary X-ray spectrum is insufficient to excite 
efficiently the K spectra of elements with higher 
atomic number. On the other hand, the wave 
lengths of the lighter elements suffer from serious 
air absorption with attendant great reduction of 
their K series intensities. -m 
The elements above atomic number 50 may 

be analyzed by their I, series lines, using extended 
counting intervals to compensate for the con 
paratively low intensities of these spectra, 
(La 1:Kas1:10). - wa- --. 

The X-ray tube is mounted within a sheet metal 
housing into which the collimator extends, these 
elements being so arranged that the axis of the 
incident cone of X-rays and the axis of the col 
limator extend at 45° to the specimen. ihelat 
ter is mounted in a rotatable indexing type holder 
arranged to hold four specimens, one or more of 
Which may have a known analysis for comparison 
With the other specimens. The spacimen acts as 
a Secondary radiator of fluorescent radiation 
When exposed to an incident beam of X-rays. 
The total amount of fluorescence is a di 

function of the area of the secondary r - 
(specimen) which is exposed to the incident cone 
of X-rays. The intensity of radiation is also in 
fluenced by the geometrical arrangement of the 
Sample and the X-ray tube. On the basis of these 
considerations, the specimen holder of the ana 
lyzer is not only impractical but also is co - 
to analytical errors. Its impracticability stem 
from the tedious, hence costly, machining of speci. 
mens to the Specified dimensions in order to a 
variations in the amount of area exposed. 
thermore, the lead shield, which serves as a stop 
for the Specimen, may be easily deformed by the 
preSSUre exerted upon it while inserting thick 
Specimens in the holder. Resulting variation 
in the set position of the samples with respect to 
the X-ray tube, will produce changes in intensity 
which become critical-especialiy in the case of 
elements which are present in residual amounts. 
Another difficulty encountered in the practical 

operation of the unit results during changing of 
the Specimens in the holder. During these op 
erations, the housing must be opened to allow 
access to the Specimen holder. Consequently, to 
prevent hazardous exposure of operating per 
Sonnel to X-rays, it is necessary to deemergize the 
X-ray tube while the housing is open. Even 
though Such deenergization may be of a very 
Small duration, such as a few seconds for example, 
the restarting of the X-ray tube takes up to ten 
or more times the duration of the interruption to 
reach a stabilized condition. This seriously de 
lays the analytical procedure. 
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To Overcome the foregoing defects in the speci 
men holder and to eliminate such delays in the 
analytical procedure, one feature of the present 
invention is the provision of an improved speci 
men holder. This improved specimen holder 
comprises a flat, slide reciprocable longitudinally 
of the external surface of an apertured wall of the 
X-ray tube housing. The wall aperture is ar 
ranged Substantially at the intersection of the 
X-ray cone axis with the central plane of the 
collimator and has chamfered walls so as not 
to block any radiation. On its inner surface, the 
slide has a lining of lead, and means are provided 
to hold the slide firmly against such wall with 
the lead lining in smooth surface-to-surface iux 
taposition thereWith. 
The front or outer face of the side has two 

Or more longitudinally spaced recesses in which 
Specimens may be held by suitable camping 
means. At Substantially the center of each re 
cess, a hole is formed through the slide, these 
holes being selectively alignable with and form 
ing a continuation of the X-ray housing aperture 
by longitudinal movement of the side. The slide 
may be manually operated, but preferably is no 
tor driven under the control of indexing push 
buttons. Thereby, to align a selected specimen 
with the housing aperture, the operator presses 
the proper push button and the motor automati 
cally indexes the slide to the correct position 
for Such Specimen. A relatively large lead shield 
is hingedly mounted on the housing cover and, 
when the apparatus is in operation, is suspended 
therefrom in covering relation to the portion of 
the slide adjacent the housing aperture. 
The invention specimen holder permits a rapid 

Succession of analyses to be made Without de 
activating the X-ray tube. During movement 
Of the holder from one indexed position to an 
other, the housing aperture is sealed by the lead 
lining on the inner surface of the slide, prevent. 
ing exit of X-radiation from such aperture. The 
Specimens are quickly and easily positioned in 
the recesses from the front of the slide, when 
the recesses are out of alignment with the aper 
ture and either side of the external movable lead 
shield or cover. For any extended break in analy 
sis, an externally controlled lead curtain or 
shield, movably mounted within the housing, may 
be moved to a position blocking the Widow of 
the X-ray tube to cooperate with the external 
shield in blocking exit of radiation. 
AS Stated above, the unknown and the standard 

Specimens being compared must be closely repre 
Sentative of each other with respect to metal 
lurgical phases, major constituents, structural 
conditions, and Surface preparation. In most in 
dustrial analyses, this does not present any diff 
culty, as the approximate analysis of the sample 
being analyzed is known, and it is merely n2.ces 
sary to use a similar standard. However, with 
a Sample Whose approximate analysis is un 
known, it is necessary first to establish its identity 
qualitatively and, after the eleinental constitu. 
entS have been identified, to then run a quantita, 
tive comparison analysis With a siiniia Standard 
Specimen. 
A feature of the invention is the provision for 

making a simultaneously recorded quantitative 
and qualitative analysis rapidly aid automatic, 
cally. For this purpose, a Synchronous notor is 
used to drive the crystal Innounting artin CVeir tile 
goniometer Scale through the area, to be analyzed. 
A synchronous motor driven recording in St.Tur 
ment, such as a recording potentiometer, is con 
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nected to the frequency meter circuit of the 
analyzer. With the recorder and the goniometer 
initially Synchronized, the recorded quantitative 
and qualitative analysis can be carried out with 
Out manual attention. 
The analysis is depicted by a graph line on the 

recorder chart. Provided a properly calibrated 
chart is utilized, the quantitative analysis can 
be made on an absolute basis, i. e. without the 
USe Of a Standard Specimen for comparison anal 
ySes. This requires a differently calibrated chart 
for the different types of alloys or compositions 
being analyzed. For example, the calibration 
of the percentage scale for chronium in straight 
chronium (ferritic) Steels would differ from the 
calibration of the percentage scale for chromium 
in chroinium-nickel (austenitic) Steels. The 
calibrated charts may take any one of several 
forms. If quantitative analyses are being made 
solely for chromium, charts may be used which 
have a plurality of chronium percentage scales 
each calibrated for the chronium percentages 
in different types of chronium bearing alloyS. 
On the other hand, if quantitative and qualita 
tive analyses are being made for all the elemental 
constituents of selected specimens, the charts 
used will have calibrated percentage scales for 
all elements, such as iron, nickel, chromium, etc., 
of a particular type of alloy, charts having dif 
ferently calibrated percentage scales being used 
for each different type of alloy. To determine 
the particular type of alloy to which an unknown. 
specimen is germane, a rapid, qualitative and 
relatively quantitative analysis can be made be 
fore the final quantitative analysis. 
The elemental analysis to classify an unknown 

specimen may be greatly facilitated by the use of 
standard charts for corparison. With the recorded 
chart produced by the elemental analysis. For 
example, with standard charts prepared for 18-8, 
25-20, and other alloys, a comparison of the 
standard charts with the recorded chart Will pro 
wide an indication of the relative chart peakS 
and their relative locations. Thus, the magni 
tudes of the similarly located peaks inay be COIn 
pared to obtain an approximation of the relative 
intensities of radiation, thereby classifying the 
specimen as to type. 
To facilitate these analyses, a push button Coil 

trol of the scanning operation is provided. Ad 
ditionally, the specimen holder Inay be motor 
operated between its analyzing positions under 
the control of push buttons and lirit SWitches. 

Experimental analyses have further shown that 
an analyzer arrangement involving angles of 45 
between the sample and the axis of the incident 
cone of X-rays and between the collinator and 
the sample, thus providing an included angle of 
90° between the X-ray cone axis and the collina 
tor, is not always the best angular arrangement 
for optimum results. For instance, incident an 
gies, other than 45, in the range from 30 to 
60° produce better results with certain elements. 
Accordingly, the invention analyzer is capable of 
adjustment of the angular relationships. 

For accurate reproducibility of results, it is 
essential to constantly maintain a uniform at 
mosphere for the passage of the radiation from 
the specimen through the collinator and past the 
analyzer to the radiation detector. The afore 
mentioned air absorption may be reduced by using 
an inert gas, Such as heliun, for the uiniform at 
mosphere, or the System may be evacuated. For 
this purpose, the invention analyzer includes a 
gas-tight housing for the X-ray tube, into which 
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the collimator extends in sealed relation, and a 
flexible gas-tight hood interconnecting the radia 
tion detector and the outer end of the collimator 
and enclosing the crystal analyzer. The enclosed 
system may be connected to a suitable Source of 
an inert gas or may be connected to a vacuum 
pump, as may be necessary or desirable during 
a particular analysis. 

In an analyzer adapted for routine production 
analyses of metallic materials, the protection and 
mounting of the crystal analyzer are important 
in securing uniform results and in facilitating the 
analyses. To prevent any change in the reflectiv 
ity properties of the crystal analyzer, Such as 
due to hygroscopic action, the crystal analyzer is 
coated with an extremely thin coating of a pro 
tective material, such as "liquid envelope,' for 
example, which “weatherproofs' the surface of 
the crystal analyzer without affecting the charac 
teristics of the crystal analyzer. Also, in Setting 
up the apparatus, the crystal analyzer must be 
carefully adjusted both angularly and otherwise, 
to obtain the optimum reflecting relation to the 
radiation detector. This initial adjustment must 
be carefully made and requires a considerable 
amount of time. If the crystal analyzer is re 
placed, the time consuming initial adjustment 
must be performed again. To eliminate this un 
desirable re-adjustinent, the crystal holder of the 
invention analyzer is provided With micrometer 
adjustments, whereby a record of the optimum 
settings for different Crystals nay be made and 
Such settings rapidly reproduced. 
With the foregoing in mind, it is an object of 

the invention to provide an improved X-ray type 
crystal spectrometer or analyzer for analysis of 
compositions utilizing fluorescentradiation there 
from and which is particularly efficient in the 
accurate analyses of metals and alloys. 
Another object is to provide such an analyzer 

having an improved specimen holder capable of 
providing more accurate and speedier analytical 
results. 
A further object is to provide such an analyzer 

in which a suitable gas or evacuation is employed 
as a means of providing a uniform atmosphere, 
other than air, thereby eliminating absorption of 
radiation. 
Yet another object is to provide such an an 

alyzer including automatic specimen holder po 
sitioning means and automatic Scanning means. 

Still a further object is to provide such an 
analyzer including means for making direct quan 
titative analyses of the elemental constituents of 
unknown compositions of known types. 
An additional object is to provide such an an 

alyzer in which it is not necessary to interrupt 
the X-ray tube energization between analyses. 
Another and additional object is to provide a 

fluorescence Spectra, analyzer with which a quan 
titative analysis of an unknown specimen may 
be made by simultaneously analyzing the un 
known Specimen and a comparison or standard 
Specimen of the same type as the unknown and 
charting the differential intensities of radiation 
at common characteristic Bragg angles. 
These and other objects, advantages and novel 

features of the invention will be apparent from 
the following description and the accompanying 
dra Wings. In the drawings: 

Fig. 1 is a plan View of a fuorescence analyzer 
in accordance with the present invention, the 
drive for the Specimen holder being omitted to 
simplify the illustration; 
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Fig.2 is an elevation view of the analyzer, show 

ing improved Specimen holder and its drive; 
Fig. 3 is an end elevation view of the specimen 

holder and a portion of the X-ray tube housing: 
Fig. 4 is a Schematic Wiring diagram. Of the 

automatic positioning control for the specimen 
holder; 

Fig. 5 is a schematic wiring diagram of the 
automatic Scanning control; 

Fig. 6 is a reproduction of a calibrated chart; 
illustrating an actual quantitative and qualitative 
analysis performed by the invention analyzer; 

Fig. 7 is a Schematic plan view of the invention 
analyzer as arranged to simultaneously quantita 
tively, analyze a known and an unknown speci 
men, and record the differential intensities of 
radiations at common characteristic Bragg 
angles; 

Fig. 8 is a partial schematic plan view, corres 
ponding to Fig. 7, but using a single X-ray tube: 
and 

Fig. 9 is a partial schematic elevation view of 
the X-ray tube and Specimen of Fig. 8. 

Referring more particularly to Figs. 1, 2 and 3 
of the drawings, the analyzer is includes a base 
plate , of aluainlin, steel, or any desired mate 
rial, On which is mounted a housing 5, of suitable 
metal, having a removable cover 2. In plan, 
housing 5 and its cover 2 may, for example, be 
triangles, with the vertex angle being opposite 
the longer forward wall 3 which extends beyond 
the Gther walls 4, 6 of the housing at either 
end. The interior of housing 5 is lead lined, 
as indicated at , and cover 2 has a lead lining 
8 on its under surface. 
Within housing 5, adjacent Wall 3 and sub 

Stantially inidway of the latter, is mounted an 
X-ray tube 23 having water cooling connections 
as indicated at 24, 22. Fhe axis of the X-ray 
cone, in the angular relations shown in Fig.1 is 
directed at 45° to wall 3 and intersects the 
Collinator cone axis substantially at the outer 
Surface of wall 3 and at the center of aperture 
25. Collinator 38 comprises a honeycomb of thin 
Walled nickel tubing packed into an elongated, 
rectangular aluminuin frane. Alternatively, the 
frame may be transversely subdivided by closely 
Spaced, parallel longitudinal partitions to form 
a plurality of elongated slits extending through 
the frame. Within housing 5, collimater 39 
carries a pair of brackets 24, 23 which slidably 
Support a rod 25 extending through Wall 4 and 
having an operating handle 27 on its outer end. 
On its inner end, rod 23 Supports a lead shield or 
curtain 28 for longitudinal movement into and 
out of a position intercepting X-rays directed 
from tube 28 toward aperture 25 and essentially 
blocking the X-ray tube window. 

It has been found that maximum excitation of 
the characteristic spectra of certain elements is 
obtained when the element is bombarded by a 
primary X-ray beam at angles smaller or larger 
than 45 but usually lying between 30° and 60°. 
For this reason, tube 23 is mounted for adjust 
ment along an arcuate track 9 having its center 
at the intersection of the X-ray cone axis and the 
Collinator axis. 
The X-rays from tube 23 directed through 

aperture 25 impinge, at the selected angie, upOn a 
Specimen mounted, in a manner to be described, 
in flush relatin with the outer surface of wall 3. 
The resultant secondary fiuorescent spectra, from 
the irradiated specimen are directed through the 
Collinator 38 and allowed to strike a Crystal 
analyzer 35. The latter acts, as previously Stated, 

  



2,885,193. 
9 

as a diffraction grating to separate the com 
pOnent spectra, and, by proper positioning, to 
reflect them at a characteristic Bragg angle. The 
individual quanta of radiation are detected by a 
Geiger counter 40 which transmits the received 
impulses to an electronic Scaling and counting 
unit 45 (Fig. 6). 

For this purpose, and in accordance with the 
present invention, Crystal analyzer 35 and Geiger 
counter it are mounted on a 0-90 goniometer 50 
having one fixed radial arm 3 aligned with 
Collimator 30 and another fixed radial arm 32 
perpendicular thereto, the Outer ends of the fixed 
arms being interconnected by a quadrant 33 
having arcuate racks 34 and 36 along its radially 
inner and Outer edges, respectively, and being 
graduated from 0 to 90°. Crystal analyzer 35 
is mounted on the inner end of a movable radial 
arm 37 pivoted at the axis of goniometer 50, and 
Geiger counter 40 is mounted on another movable 
radial arm 38 likewise pivoted at the goniometer 
3XS. 

In the Operation of the apparatus So far de 
scribed, arms 37 and 38 are angularly adjusted 
along quadrant 33 to change the angle of crystal 
analyzer 35 relative to collinator 39 and the angle 
of Geiger counter 4 relative to analyzer 35. Dur 
ing Such adjustment, the angle between arm 3 
and arm 3 is substantially one-half (42) the 
angle between arm 38 and arm 3, with a toler 
ance of Several degrees of the Secondary arm 3. 
In other words the angle between the axes of 
Geiger counter 40 and collimator 38 is always 
substantially twice the angle between the plane 
of crystal analyzer 35 and the collinator axis. 
The characteristic Bragg angle for any particular 
element is the angle between arms 37 and 38 
When the Spectra, due to Such elements are at a 
maximum intensity as indicated by Geiger 
counter 4 and counting and scaling unit 45. 
The foregoing angular relations of the collinator, 
crystal analyzer, and Geiger counter are known 
to the art. 

in known fluorescent analyzers, arms 3,38 are 
manually adjusted over quadrant 33, a vernier 
adjustment being provided on one or both arms. 
In the present invention, and as somewhat sche 
matically indicated in Fig. 1, a Small reversible 
motor 4 is mounted on a bracket 42 on arms 3 
and includes a worm drive 43 arranged to drive a 
pinion 44 meshing with the outer rack 38 of quad 
rant 33. Similarly, a small reversible motor AS on 
a bracket 4 on arm 39 has a Worm reduction unit 
48 driving a pinion 49 meshing with inner rack 34 
of quadrant 33. To provide the described angular 
relation of arms 3 and 38, motor 4, and its drive 
43, 44, is arranged to operate arm 3 at Substan 
tially one-half the rate of operation of arm 38 
by motor 46 and its drive 88, 49. The described 
driving arrangements form part of an automatic 
scanning system which will be described more 
fully in connection with the schematic wiring 
diagram of Fig. 5. 

In order to assure accurate reproducibility of 
results, it is absolutely essential that a uniform 
atmosphere be constantly maintained between 
the irradiated specimen and the radiation de 
tector. If an inert gas, Such as helium, is intro 
duced into the System, the air absorption of radi 
ations may be reduced. Furthermore, evacuation 
of the System. Will eliminate radiation absorption 
by air. in either case, the System must be sealed 
between the specimen and the entrance to the 
Geiger counter. 
The housing 5 can be made substantially air 
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tight due to the compressibility of the lead linings 
7, 8, or a sealing gasket can be used between 

the housing and its cover, and collimator 30 and 
rod 26 can be mounted in air tight relation 
through the Wall 4, aperture 25 being sealed by 
the Specimen holder and specimens, as will be 
described. A flexible, gas-tight sleeve 55, of rub 
ber or similar material, interconnects the outer 
end of collimator 30 to the inner eind of Geiger 
Counter 40, being sealed to both of these elements 
and enclosing crystal analyzer 35. A connection 
5 is provided on sleeve 55 and may be connected 
to a suitable source of an inert gas, or to a vacuum 
pump, dependent upon the desired conditions. 
Such Connection may, of course, be located else 
Where in the System, as at the housing 5. 

It should be noted, at this point, that aperture 
25 is Suitably chamfered or bevelled so that there 
is Substantially no obstruction to the X-rays en 
tering the aperture and, more importantly, to the 
fluorescent Spectra passing from the specimen to 
the Collimator 30. Also, the illustrated arrange 
ment of X-ray tube 20 and collimator 39 substan 
tially decreases the distance between the tube and 
the Specimen, as compared to prior arrangements 
in which the Specimens were mounted in an in 
dexing holder Within the housing 5. For exam 
ple, the X-ray tube is %' closer the specimen 
than hitherto possible. As the intensity of sec 
ondary radiation is inversely proportional to the 
Square of the distance between the X-ray tube 
and the Sample, any decrease in such distance is 
very markedly effective in increasing the inten 
Sities of the fiuorescent spectra. 
Another improvement is in the collimator. In 

known prior art analyzers, the coliimator is 
packed with 's' diameter nickel tubing. By 
packing the collimator with as' nickel tubing, or 
by providing it with closely spaced, slit-forming 
Separators of Suitable thickness, the resolution of 
the Spectra is greatly improved but at a small sac 
rifice in intensity. However, such reduction in 
intensity is more than compensated by the above 
mentioned decrease in the distance between the 
X-ray tube 20 and the specimen. 
To Weatherproof crystal analyzer 35, when the 

latter is hygroscopic, for example, the crystal an 
alyzer is provided with a very thin film of a coat 
ing, such as the one known to the art as "liquid 
envelope.' This coating when pl’Operly applied, 
does not interfere With the diffraction grating ac 
tion of the crystal analyzer. 
The construction and mounting of the novel 

Specimen holder 60 will be best understood by ref 
erence to Figs. 1, 2, and 3. The upper section of 
Wall 3 of housing i5 is reduced in thickness, by 
machining or the like, providing a shoulder 52. 
On the thicker wall portion below this shoulder 
are mounted a pair of railis 53, 53 extending ion 
gitudinally of Wall 3 and in vertically spaced re 
lation to each other. Rails 53 are secured by 
bolts 64 to Wall 3, and each rail has a longitudi 
nally extending, semi-cylindrical groove 56 in one 
horizontal Surface, the grooves Opening in op 
posed vertical directions as seen in Fig. 3. 
Specimen holder 60 includes a vertical panel 

6. Substantially aligned with shoulder 52. the 
rear Surface of panel 6 has a longitudinal chan 
nel 62 therein containing a lead lining 63, chan 
nel 62 and its lining being aligned with aperture 
25 and extending a substantial amount above and 
below the Same. The forward face of panel 6 is 
formed With a pair of longitudinally Spaced, Ver 
tically extending grooves 64, 64, the base of each 
having a chamfered hole 65, 65 each somewhat 
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larger than aperture 25. When the corresponding 
groove is longitudinally centered with aperture 
25 its hole 65 or 65' is aligned with the aperture. 
Holes S5, 65’ extend through lead lining 63. 

Grooves 6a, 64’ receive the specimens , , 
respectively, one of which may be an unknown 
and the other a standard, or vice versa. To hold 
the specimens against the bases of the grooves, 
bolts or studs 66, 66' extend outwardly on each 
side of each groove. Each pair of boltS Supports 
a bar 67, 62 having a stud 68, 68' centrally 
mounted therethrough and formed with a hard 
ened point ; , ; to engage a specimen. Nuts 2, 
72 mounted on studs 66, 63 compress springs 69, 
69 engaging bars 63, 67. When in position, 
specimens 3, ' rest on blocks 3, 3’, respec 
tively, set in the lower ends of grooves 68, 6á, and 
are held flush against the bases of the recesses by 
the pointed studs 68, 53. 
Specimen holder 66 is supported for longitudi 

nal sliding movement on tracks 53, 53 in the fol 
lowing manner. An elongated bar 3 has, in its 
upper surface, a semi-cylindrical groove 5 Com 
plementing groove 56 of lower track 53, and groove 
4 has secured therein plugs is retaining ball 

bearings engaged in groove 56. A block has, in 
its lower surface, a semi-cylindrical groove 8 
complementary to groove 56 of upper track 53 and 
having secured therein plugs SE retaining ball 
bearings in upper groove 56. Bar 3 and block 77 
have vertical inner surfaces engaged with wall 
13. The outermost surface 82 of block 7 is ta 
pered for cooperation with the tapered surface of 
a horizontally elongated wedge 83. Block 7 and 
wedge 83 cooperatively form a T-slot receiving an 
inverted T-bar 84. A vertical cover plate 86 is 
secured to the outer surfaces of bar 73 and wedge 83. 
The vertical panel 3 is secured to a rectangu 

lar bar 87 which is adjustably secured to the stem 
of i-bar 84 by studs 88. As these studs are 
tightened, T-bar 84 is drawn toward bar 87, but 
its upward movement is limited by the portion of 
the T-slot formed in block 77. A force is exerted 
downwardly on wedge 83 by bar 87, in turn forc 
ing T-bar 8: and bar 87 inwardly toward wall i S. 
This acts to force panel Si, and particularly lead 
lining 83, tightly against the surface of wall 3. 
To protect against the X-rays passing through 
specimens 70, 70', a lead shield 75, of substantial 
extent, is hingedly mounted on cover 2 in align 
ment with aperture 25 so that it covers whichever 
specimen is aligned With the aperture. 
Specimen holder 63 may be manually operated 

to selectively position specimens 78, 79 in front 
of aperture 25 for irradiation by X-ray tube 28. 
Preferably, however, the specimen holder is auto 
matically selectively positioned under control of 
push buttons and 2 (Fig. 1) which may be con 
veniently mounted on plate . For this purpose, 
a nut 80 is secured to the inner surface of plate 
86 and has a cylindrical bore receiving a re 
versely threaded screw 90 engaged by a pin 9 
in the bore of nut 80. As shaft 90 is continuously 
rotated in one direction, pin 9 travels alternately 
along each of the reversely directed threads to 
reciprocate holder 60. Shaft 90 is rotated by a 
motor 95 through the medium of reduction gear 
ing 9 serving to mount one end of the shaft. 
The opposite shaft end is rotatably supported in 
a bearing bracket 92 on plate . - 
The operation of the automatic holder posi 

tioning system will be clear from Figs. 3 and 4. 
A limit switch operator 93 is secured to plate 86 
and is arranged to open either of a pair of nor 
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2 
mally closed limit switches 94, 98, one at each 
limit of travel of holder 69 and both connected 
in series With notor 95. Switches 94, 96 are SO 
located as to open the circuit of motor 95 when 
ever one or the other of the specimens i, 10 is: 
aligned with aperture 25. 
For example, assuming that holder 6 is so 

positioned that specimen is aligned With aper 
ture 25. In such position, operator 93 will have: 
opened switch 94, breaking the motor circuit. To. 
position specimen 23 for analysis, push button 
2 is depressed to shunt switch 94. As holder 60 
moves toward the left, operator 93 disengages 
switch. 94, which closes so that the motor con 
tinues to operate even though push button 2 
is released. When specimen e' reaches the 
analysis position, operator 93 engages and opens: 
switch 96 to stop movement of holder 69. Posis. 
tioning of speciment in the analysis position is. 
effected by pressing push button f shunting 
switch $6. Holder 6) may be stopped in any 
intermediate position by operating push button 
9 which, while shown as a push button, may 
be an “on-off' snap SWitch. 
The automatic positioning control arranges. 

ment of Fig. 4 is used in making analyses wherein 
an unknown specimen 3' is compared With a 
known specimen it having an analysis and pro 
duction history comparable to that of the un 
known specimen. Holder SG is positioned at an 
intermediate location with lead lining 63 effect 
tively sealing aperture 25 so that the X-ray tube 
may be activated to “warm-up' while the known 
and unknown specimens are being clamped in 
holder 6. Rod 26 is preferably moved inward 
to position shield 28 in front of the X-ray tube 
window to block X-rays from aperture 25. The 
specimens are preferably prepared with a flat 
ground Surface finished with enery paper. After 
the Specimens have been positioned, shield 28 is 
withdrawn, lead shield 75 is lowered over the 
holder, switch 9 is closed, and push button 
operated to position specimen 70 in front of 
aperture 25. 
Specimen 73 is then analyzed by shifting arms 

37, 38 over the quadrant 33, the counts from 
Geiger counter 48 being totaled over a predes 
termined time interval at each characteristic 
Bragg angle position. This operation may be 
effected manually or specimen may be auto 
natically Scanlined, as will be described in cone 
nection with Fig. 5. When analysis of specimen 
it is completed, push button 2 is operated to 
position unknown specimen 8 in front of aper 
ture 25, and Specimen a 3’ is analyzed in the same 
imanner. Comparison of the two analyses will 
provide a quantitative analysis of specimen 70' 
Within the accepted limits of accuracy and re 
producibility of results. To insure such accuracy, 
a sensitive voltage stabilizer is included in the 
energizing circuit X-ray tube 20, as there is a 
direct relation between intensity of fluorescence 
and the Voltage across the X-ray tube. With the 
usual line potential fluctuations common in in 
dustrial plants, such X-ray tube voltage stabiliza 
tion is of the utmost importance for accurate 
analyses. - 

Fig. 5 Schematically illustrates an automatic 
Scanning arrangement utilizing the motors 4 
and 36 driving arms 37 and 38, respectively, 
through the associated reduction gearings 43 and 
A8. As Stated, arm 38 is moved at substantially 
twice the Speed of arm 37 so that the angle be 
tween arms 3 and 38 is substantially twice that 
between arms 3i and 37. The counting and scal 
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ing unit 45, having its input connected to Geiger 
counter 40, has its output applied to a recording 
potentiometer le). The chart of the poten 
tion eter is driven by a motor 2, preferably 
synchronous, in such manner that, with the chart 
calibrated in Bragg angle degrees, its calibrations 
Will be synchronized with the characteristic 
Bragg angles as read froni goinioneter 50. AS 
arms 3, 38 nove over quadrant, 33, chart Of 
is correspondingly moved so that the movable 
needle cr pein (not shown) of recorder OO is 
always at a point on the chart corresponding 
to the Bragg angle determined fron goniometer 
5. The pen is moved in accordance With the 
intensity of fluorescent radiation, as registered 
by Geiger counter 4 and translated by unit 45 
for application to recorder O. Consequently, 
a graphic qualitative analysis of a specimen is 
quickly produced on chart by the automatic 
Scanning a rangement. 

If chart is suitably calibrated to indicate 
percentages of elemental constituents, a rapid 
quantitative analysis may also be produced by 
the automatic Scanning arrangement. Such 
quantitative analyses require individual charts 
for each type of composition, such as for a low 
Straight chronium alloy, a chrome-nickel aus 
tenitic alloy, etc. Additionally, the charts have 
independent percentage scales for each elemental 
constituent, such as a chromium scale, copper 
Scale, iron Scale, etc., dependent upon the type of 
alloy undergoing analysis. For analyzing quan 
titatively for a single element in an unknown 
Specimen, charts may be used having differently 
calibrated percentage scales for such element, 
each Scale corresponding to a particular type of 
alloy, or the like. These charts are prepared 
empirically by fluorescent analysis of specimens 
of known percentage compositions, and their use 
obviates the necessity for comparative analyses 
utilizing Standard specimens of known compo 
sition, 

Referring to Fig. 5, a Supply circuit is indicated 
as including conductors 63, 33. Operation of 
arms 3, 38 in a cockwise direction is effected 
by a relay CW which is energized by operation 
of push button 3. Closure of contacts CW 
completes a holding circuit for the relay through 
closed contacts CCW-2 of counterclockwise relay 
CCW, clockwise limit switch LS-i, and “stop' 
push button 3. Contacts CW-3 and CW-A close 
to energize all three motors 4, 8, and 2 for 
Operation of the System in the clockwise scan 
ning direction. the Scanning may be continued 
until limit SWitch LS-- opens, or may be imited 
to a particular area of interest by operating 
"stop' pushbutton 5. 
Counterclockwise Scanning is effected in a sin 

ilar manner by energizing counterclockwise relay 
CCW through nonentary depression of push 
button 4. It will be noted that contacts CW-2 
and CCW-2 interlock the irelay circuits so that 
Only one circuit can be closed at a time. While 
three motorS aire shown for the systein, if 
greater aSSurance of Synchronism of the chart 
novelinent With the goniometer movement is de 
Sired, chart it can be diriven by notor 4 or 
motor 6. Thereby, the chart operation is ne 
chanically locked to the goniometer operation, 
The automatic Scanning Systein provides for 

rapid qualitative and/or quantitative analyses 
Without the time conSuining mathematical com 
putations neceSSay With manual Scanning, thus 
greatly expediting the analytical procedure. 
An OutStanding feature of the apparatus is 
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4. 
that the size of the specimens is not limited by 
the size of grooves 64, 65. Should it be desired 
to analyze a Specimen which is too large to fit 
in One of these grooves, holder SG can be readily 
removed by loosening studs 88 and detaching 
bar 8 from i-bar 84. With bar 8 and panel 

removed, the outsize specimen can be clamped 
to Wall 3 directly in front of aperture 25, 
Should either specimen be Smaller than an open 
ing 65, 65, a sleeve or a shirin of appropriate size 
may be inserted in the opening. 

Fig. 6 is a reproduction of actual graphic 
analyses of two structurally similar alloys of the 
Sale predominant phase, both analyses being 
recorded on the Sarine chart. The Solid line A. 
is the recorded analysis of an alloy of 18.25% 
chrone, 3.78% nickel, balance substantially iron, 
While the broken line B is the recorded analysis 
of an alloy of 25.14% chrone, 20.28% nickel, 
balance Substantially iron. The respective curves 
Were recorded on a quadrilaterally ruled chart, 
having calibrated percentage scales for chro 
mium, nickel and iron, the abscissae correspond 
ing to characteristic Bragg angles. 
By reference to the chart, it will be noted that 

the Ni Ka point of the broken line B, representing 
20.28% Ni is a little over twice the magnitude 
of the Corresponding point of the solid line A 
representing 8.78% Ni. Similarly, the Cr Ka 
peak of the broken line B, representing 25.14% 
CT is about 4 higher than the corresponding 
geak of solid line A, representing 18.25% Cr. 
The tWo Fe Ka, peaks are likewise proportional 
to the respective Fe percentages. 
The depicted chart has calibrated percentage 

Scales ior nickel, iron and chronium in austenitic 
alloys of the cinromium-nickel type. For other 
types of alloys, differently calibrated percentage 
Scales are used. Alternatively, the chart, may 
have only chronium Scales, for example, each 
Calibrated for the chromium percentage in a dif 
ferent type of alloy. The latter type of cali 
brated chart is particularly useful in analyzing 
for a single constituent such as chromium, nickel, 
etc. Additionally, the charts are calibrated in 
accordance With the particular crystal analyzer 
used, such as rock Salt, fluorite, etc. 

FigS. 7, 8 and 9 schematically illustrate the 
invention analyzer as arranged for making com 
parative analyses by simultaneously irradiating 
both the Standard and unknown specimens from 
a. Single Source of primary radiation and record 
ing the differentials of the percentages of the 
constituents to quantitatively analyze the un 
known Specimen. In these figures, the appa 
ratus elements have been given the same refer 
ence nuiferals, pIriined or double-prinned when 
duplicated, as used in Figs. 1 through 5. 
in the arrangement of Fig. 7, the known speci 

men 78 and the unknown specimen G', both 
Inounted in Specimen holders SC (not shown) on 
Outer Wall Surfaces of housing 5 are simultane 
Ously irradiated by a single source of primary 
radiation, Such as an X-ray tube 2 having two 
WindoWS 23' and 23. The resulting character 
istic Secondary radiation from specimen 7 is rec 
tified by Collimator 39, diffracted by crystal an 
alyzer 33, and the component spectra, at selected 
Bragg angles detected by a Geiger counter 4. 
The latter, and analyzer 35, are mounted on arms 
38, 37, respectively, movable over quadrant 33 
by Synchronized motors, as previously described. 
The characteristic secondary radiation of speci 
men i G' is rectified by collimator 30, diffracted 
and detected in the Same manner, the corre 
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sponding elements bearing the same reference 
character's prinned. 
The output of detector $3 is applied, through 

leads is to a scaling and counting unit 45 ent 
ergized from source (7. Similarly, the output 
of detector A' is applied through leads 35’ to 
scaling and counting unit 5' likewise energized 
from source ed. The outputs of units 55, is 
are applied, through leads 58, 38', respectively, 
and in opposition, to the grid of an electronic 
valve . The latter has an anode 3 con 
nected to 3+ through a recording potentionetter 
$33' energized from source is and having its 
chart movement coordinated with the movements 
of the gonion eter arras, as described in connec 
tion With Fig. 5. Cathode 3 of valve : is 
schematically indicated as grounded, with the 
grid bias being derived by an adjustable resist 
ance. 5. 

In operation, the goinioninete's 5), E' aire 3d 
justed to known corresponding points where the 
outputs of units 85, 85’ are balanced, and re 
sistance f4 adjusted until the recorder in OVaibie 
element is on the Zero percentage difference line 
of the recorder chart. The two specirnens i , 9' 
are then simultaneously irradiated, and Scanned 
in the nanner described for Fig. 5. She differ 
ences between the outputs of units 35, 5 is re 
corded, on a properly calibrated recorder chart, 
as percentage differentials at characteristic 
Bragg angles with the quantitative analysis of 
specimen 9 being known, that of Speciaen 5' 
is readily Computed from the graphic representa 
tion on the chart. 

FigS. 8 and 9 illustrate an alternative arrange 
ment for simultaneously irradiating both Specia 
mens froin a Single Source, Such as X-ray tube 
23 having a Single WindoW 23. he specimens 

, is are arranged one above the other, in front 
of but at Substantially different angles to Win 
dow 23, a 90° relation being shown by Way of 
example. A horizontal lead shield 5 keeps the 
characteristic Secondary radiation beams sepa 
rated for rectification by appropriately directed 
collimators 3 and 3G'. The remainder of the 
arrangement, and its operation, are identical to 
those of Fig. 7. 
While an X-ray tube has been referred to as 

the Source of primary radiation, this has been by 
Way of example only. To obtain the primary 
radiation incident upon the specimen, radiation 
Sources other than an X-ray tube may be used, 
Such as, for example, radium or a suitable iso 
tope of a radio-active material. 
While Specific embodiments of the invention 

have been ShoWn and described in detail to illus 
trate the application of the invention principles, 
it will be understood that the invention may be 
embodied otherwise without departing from such 
principles. 
I claim: 
1. In a fluorescent Spectra analyzer of the type 

comprising a radiation source for directing pri 
nary radiation onto a specimen to irradiate the 
Sarne, a collinator for resolving the resulting 
characteristic Secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the colli 
nator in the path of the characteristic secondary 
radiation and operative to separate the same into 
its component Spectra, a radiation detector ar 
ranged to receive characteristic secondary radia 
tion from the grating, means mounting the grat 
ing detector for angular adjustment relative to 
each other and to the incident secondary radia 
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6 
tion for detecting the component spectra at Sea 
lected 3ragg angles; a lead lined housing enclos 
ing the radiation source and the entrance end of 
the coilinator and having a side wall, said wall 
having an aperture therethrough and the radia 
tion source and collimator being so arranged that 
the axes of the primary and Secondary radiation 
beams intersect substantially adjacent the Outer 
starface of said wall and at the center of the aper 
ture; a panel naovably mounted on the outer Sur 
face of said wall, in surface-to-surface engage 
ment therewith, and having a lead lining On its 
wall engaging Surface of an area, greater than 
that of the aperture; said panel having an open 
ing therethrough alignable with the Wall aper 
ture; and means operable to position a Specimen 
on the outer side of said panel and overlying the 
opening therein; said panel being movable on 
said wall between a position in which its lead 
lining covers the wall aperture and a position in 
which the opening is aligned with the aperture. 

2. In a fluorescent spectra analyzer of the type 
comprising a radiation Source for directing pri 
mary radiation onto a Specimen to irradiate the 
same, a collinator for resolving the resulting 
characteristic secondairy i'adiation emanating 
from the irradiated specimen, a diffraction grat 
ing arranged adjacent the exit end of the colli 
shattoi" in the path of the characteristic Secondary 
radiation and operative to Separate the same into 
its coinpoilet Spectra, a radiation detector air 
ranged to receive characteristic secondary radia 
tion fron the grating, ?neanS 1ounting the grat 
ing and detector for angular adjustment relative 
to each other and to the incident Secondary ra 
diation for detecting the component spectra, at 
Selected Bragg angles; a lead lined housing en 
closing the generator and the entrance end of 
the Coliiinator and having a Side Wail, said hous 
ing being Substantially airtight and said colli 
nator extending in Sealed relation through a 
Wall thereof; a fiexible air-tight enclosure con 
necting the outer end of the collimator to the 
detector and enclosing the diffraction grating; 
and lineans operable to constantly maintain a 
uniform atmosphere other than air in said hous 
ing, Colinator, and enclosure to minimize or 
eliminate absorption of fluorescent spectra be 
tween the specimen and the detector. 

3. In a fluorescent spectra analyzer of the type 
comprising a radiation source for directing pri 
nary iradiation onto a specimen to irradiate the 
Sairie, a collinator for resolving the resulting 
characteristic Secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the colli 
mator in the path of the characteristic secondary 
radiation and Operative to separate the same into 
its component Spectra, a radiation detector ar 
ranged to receive characteristic secondary radia 
tion from the grating, iiaeans mounting the grat 
ing and detector for angular adjustment relative 
to each other and to the incident secondary ra 
diation for detecting the component Spectra at 
Selected Bragg angles; a lead lined housing en 
closing the radiation Source and the entrance 
end of the colliiinator and having a side wall, said 
Wall having an aperture therethrough and the 
radiation Source and coilinator being so arranged 
that the axes of the primary and secondary radia 
tion beams intersect Substantially adjacent the 
Outer Surface of Said wall and at the center of 
the aperture; an elongated panel mounted in 
Surface-to-Surface engagement with the outer . 
Surface of Said Wall and reciprocable longitudi 
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nally thereof, and having a lead lining On its 
wall engaging surface of an area, greater than 
that of the aperture; said panel having longitu 
dinally spaced openings therein Selectively 
alignable with the wall aperture; and means op 
erable to position specimens on the outer Side 
of Said panel and each overlying an opening 
therein; Said panel being movaile on Said Wall 
between positicins in which its lead lining covers 
the Wali aperture and positions in which the 
Openings are Selectively aligned with the aper 
ture. 

4. In a fluorescent Spectra, analyzer of the type 
comprising a radiation Source for directing pri 
mary radiation Onto a Specimen to irradiate the 
same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated specimen, a diffraction grat 
ting arranged adjacent the exit end of the col 
limator in the path of the characteristic sec 
Ondary radiation and Operative to Separate the 
Same into its COinponent Spectra, a radiation de 
tector arranged to receive characteristic sec 
Ondary radiation from the grating, means mount 
ing the grating and detector for angular adjust 
ment relative to each other and to the incident 
Secondary radiation for detecting the compo 
nent spectra at selected Bragg angles; a lead 
lined housing enclosing the radiation Source and 
the entrance end of the collinator and having 
a side Wall, said Wall having an aperture there 
through and the radiation Source and collimator 
being so arranged that the axes of the primary 
and Secondary radiation beams interSect Sub 
stantially adjacent the Outer Surface of Said Wall 
and at the center of the aperture; an elongated 
panel mounted in Surface-to-Surface engagement 
with the outer Surface of said Wall and recipro 
cable longitudinally thereof, and having a lead 
lining on its Wall engaging Surface of an area. 
greater than that of the aperture; Said panel 
having longitudinally Spaced Openings therein 
selectively alignable with the Wall aperture; 
means Operable to position Specimens on the 
outer side of said panel and each overlying an 
opening therein; mechanism, including an elec 
tric motor, operable to reciprocate Said panel 
along Said Wall; control means Operable to en 
ergize Said motor; and means automatically op 
erable to deenergize said motor whenever an 
opening is aligned with the aperture; the lead 
lining of Said panel sealing the aperture in in 
termediate positions of Said panel. 

5. In a fluorescent spectra, analyzer of the type 
comprising a radiation Source for directing pri 
mary radiation onto a specimen to irradiate the 
same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
limator in the path of the characteristic sec 
ondary radiation and Operative to separate the 
same into its component spectra, a radiation de 
tector arranged to receive characteristic Sec 
Ondary radiation from the grating, means mount 
ing the grating and detector for angular adjust 
ment relative to each other and to the incident 
secondary radiation for detecting the compo 
nent spectra, at Selected Bragg angles; a lead 
lined housing enclosing the radiation Source and 
the entrance end of the Collinator and having 
a side Wall, said Wall having an aperture there 
through and the radiation source and collimator 
being so arranged that the axes of the primary 
and Secondary radiation beams intersect Sub 
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18 
stantially adjacent the outer surface of Said wall 
and at the center of the aperture; a slide mount 
ed for longitudinal reciprocation on the Outer 
Surface of Said Wall; an elongated panel disen 
gageabiy Supported on Said Slide in Surface-to 
Surface engagement With the outer Surface of 
Said wall, and having a lead lining oil its Wall 
engaging Surface of an area, greater than that 
of the aperture; Said panel having longitudinally 
Spaced openings therein Selectively alignable 
With the Wali aperture; and means operable to 
position specimens on the outer side of said pan 
el and eacin overlying an opening therein; Said 
side being movable between positions in Which 
the lead lining of Said panel covers the aperture 
and positions in Which a panel Opening is Se 
lectively aligned With the aperture. 

6. In a fluorescent spectra, analyzer of the type 
Comprising a radiation Source for directing pri 
mary radiation onto a specimen to irradiate the 
same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
imator in the path of the characteristic second 
airy radiation and operative to Separate the Same 
into its component Spectra, a radiation detector 
arranged to receive characteristic Secondary ra 
diation from the grating, means mounting the 
grating and detector for angular adjustment rel 
ative to each other and to the incident Secondary 
radiation for detecting the component spectra, at 
Selected Bragg angles; a lead lined housing en 
closing the radiation Source and the entrance 
end of the Collinator and having a side wail, said 
Wall having an aperture therethrough and the 
radiation Source and collimator being so ar 
ranged that the axes of the primary and second 
alry radiation beams interSect Substantially ad 
jacent the Outer Surface of Said wall and at the 
Center of the aperture; a slide mounted for lon 
gitudinal reciprocation on the outer Surface of 
Said Wall; an elongated panel disengageably sup 
ported on Said slide in Surface-to-surface en 
gagement With the Outer Surface of said wall, 
and having a lead lining on its Wall engaging sur 
face of an area, greater than that of the aper 
ture; Said panel having longitudinally spaced 
openings therein selectively alignable with the 
Wall aperture; means operable to position speci 
mens on the Outer side of said panel and each 
Overlying an opening therein; and wedge means 
cooperable with Said slide to force said panel 
into tight Surface engagement with the outer 
surface of Said wall; Said slide being movable 
between positions in which the lead lining of said 
panel COverS the aperture and positions in which 
a panel opening is Selectively aligned with the 
aperture. 

7. in a fluorescent spectra analyzer of the type 
comprising a radiation source for directing pri 
mary radiation onto a specimen to irradiate the 
Same, a collinator for resolving the resulting 
characteristic. Secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
linator in the path of the characteristic second 
alry radiation and operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic secondary ra 
diation from the grating, means mounting the 
grating and detector for angular adjustment 
relative to each other and to the incident sec 
Ondary radiation for detecting the component 
Spectra at selected Bragg angles; a lead lined 
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housing enclosing the radiation source and the 
entrance end of the collimator and having i.a. 
side wall, said wall having an aperture there 
through and the radiation source and collinator 
being so. arranged that the axes of the primary 
and secondary radiation beams intersect Sub 
stantially adjacent..the outer surface of Said. Wall 
and at the center of the aperture; a Slide 
imounted for longitudinal reciprocation on the 
outer surface of said Wall; an elongated panel 
disengageably supported on; Said:Slide,in Surface 
to-surface engagement with the outer Surface 
of said wall, and having a leadlining on its wall 
engaging Surface of an area, greater than that 
of the aperture; said panel having...longitudinally ill 
spaced openings therein selectively alignable 
with the wall aperture; longitudinally spaced re 
cesses formed in the forward face of the panel, 
each surrounding one of the openings therein 
&ndari'an: 
in and overlying the opening, and gripping means 
associated with each recess to engage a Specimen 
and retain...it in the recess; said slide being mov 
able between positions in which the lead lining 
of said panel covers the aperture and positions 2: 
in which a panel opening is selectively aligned 
with the aperture; said panel being disengage 
able from saidslide to provide for an outsize 
specimen, to be clamped directly to the outer sur 
face of said wall overlying the aperture. 

8. In a fluorescent spectra analyzer of the type 
comprising a radiation source for directing pri 
mary radiation onto a specimen to irradiate the 
same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
limator in the path of the characteristic second 
ary radiation and operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic secondary ra 
diation from the grating, means mounting the 
grating and detector for angular adjustment 
relative to each other and to the incident sec 
ondary radiation for detecting the component 
spectra at selected Bragg angles; a lead lined 
housing enclosing the radiation source and the 
entrance end of the collimator and having a 
side wall, said wall having an aperture there 
through and the radiation source and collimator 
being so arranged that the axes of the primary 
and secondary radiation beams intersect sub 
stantially adjacent the outer surface of said wall 
and at the center of the aperture; a panel mov 
ably mounted on the outer surface of said wall 
and in surface-to-surface engagement therewith 
and having a lead lining on its wall engaging 
of an area greater than that of the aperture; 
said panel having an opening therethrough 
alignable with the wall aperture; means opera 
ble to position a specimen on the outer side of 
said panel and overlying the opening therein; 
said panel being movable on said wall between a 
position in which its lead lining covers the wall 
aperture and a position in which the opening is 
aligned with the aperture; a lead shield mounted 
within said housing for movement between a re 
tracted position and a position blocking x-rays 
directed from the tube toward the aperture; and 
operating means for said lead panel disposed 
outside said housing. 

9. In a fluorescent spectra analyzer of the type 
comprising a radiation source for directing pri 
mary radiation onto a specimen to irradiate the 
same, a collimator for resolving the resulting 
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characteristic secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
linator in the path of the characteristic second 
alry radiation and Operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic secondary ra 
diation from the grating, means mounting the 
grating and detector for angular adjustment 
relative to each other and to the incident sec 
ondary radiation for detecting the component 
Spectra, at selected Bragg angles; a lead lined 
housing enclosing the radiation source and the 
entrance end of the coilimator and having a 
side Wall, said wall having an aperture there 
through and the radiation source and collimator 
being so arranged that the axes of the primary 
and Secondary radiation beams intersect sub 
stantially adjacent the outer surface of said wall 
and at the center of the aperture; a panel mov 
ably mounted on the outer surface of said wall 
and in surface-to-surface engagement therewith 
and having a leadining on its wall engaging sur 
face of an area greater. than that of the aperture; 
Said panel having an opening therethrough 
alignable with the wall aperture; means opera 
ble to position a specimen on the outer side of 
said panel and overlying the opening therein; 
said panel being movable-on said wall between a 
position in which its lead lining-covers the wall 
aperture and a position in which the opening is 
aligned. With the aperture; and a leadshield mov 
ably mounted on said housing for positioning 
over the portion of said panel adjacent the aper 
ture. - - - - - - - - - - - - - - - 

10. In a fluorescent spectra analyzer of the type 
comprising a radiation.source for directing pri 
mary radiation onto a specimen to irradiate the 
same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated specimen, a diffraction grat 
ing arranged adjacent the exit end of the colli 
mator in the path of the characteristic secondary 
radiation and operative to separate the same into 
its component spectra, a radiation detector ar 
ranged to receive characteristic secondary radia 
tion from the grating, means mounting the grat 
ing and detector for angular adjustment relative 
to each other and to the incident secondary 
radiation for detecting the component spectra at 
Selected Bragg angles; a lead lined housingen 
closing the radiation source and the entrance end 
of the collimator and having a sidewall, said 
Wall having an aperture therethrough and the 
radiation source and collimator being so ar 
ranged that the axes of the primary and second 
ary radiation beams intersect substantially adja 
cent the outer surface of said wall and at the 
center of the aperture; a panel movably mounted 
on the outer surface of said wall, in surface-to 
surface engagement therewith, and having a lead 
lining on its Wall engaging surface of an area, 
greater than that of the aperture; said panel hav 
ing an opening therethrough alignable with the 
Wallaperture; means operable to position a speci 
men on the outer side of said panel and overlying 
the opening therein; said panel being movable 
on said Wall between a position in which its lead 
lining covers the Wall aperture and a position in 
Which the opening is aligned with the aperture; 
and means mounting the radiation source for 
angular adjustment relative to the aperture about 
an arc having a radius centered at the intersec 
tion of the primary and secondary radiation 
beams. 
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11. In a fluorescent spectra, analyzer of the 
type comprising a radiation source for directing 
primary radiation onto a specimen to irradiate 
the same, a collimator for resolving the resulting 
characteristic secondary radiation enlanating 
from the irradiated specimen, a diffraction grat 
ing arranged adjacent the exit end of the Col 
limator in the path of the characteristic second 
ary radiation and operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic secondary 
radiation from the grating, and means mounting 
the grating and detector for angular adjustinent 
relative to each other and to the incident Second 
ary radiation for detecting the component spectra 
at selected Bragg angles, the mounting means 
comprising a pair of radial arms relatively ad 
justable about a center adjacent the exit end of 
the collimator, one of said arms supporting Said 
grating for angular adjustment relative to the 
axis of said collinator and the other arm Sup 
porting said detector for angular adjustment 
relative to said grating and the axis of Said col 
limator; an automatic specimen scanning System 
including a movable chart recorder having its 
chart calibrated in Bragg angles; means operative 
to apply the output of said detector to the indi 
cating mechanism of said recorder; and driving 
means associated with each of Said arms and 
with said chart and operable to drive Said arms 3G 
and said chart in coordinated relation with each 
other to produce a record of the relative intensi 
ties of secondary radiation at characteristic 
Bragg angles. 

12. In a fluorescent spectra analyzer of the 
type comprising a radiation Source for directing 
primary radiation onto a specimen to irradiate 
the same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
limator in the path of the characteristic Second 
ary radiation and operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic Secondary 
radiation from the grating, and means mounting 
the grating and detector for angular adjustment 
relative to each other and to the incident Second 
ary radiation for detecting the component Spectra 
at selected Bragg angles, the mounting means 
comprising a pair of radial arms relatively ad 
justable about a center adjacent the exit end of 
the collimator, one of said arms supporting Said 
grating for angular adjustment relative to the 
axis of said collimator and the other arm Sup 
porting said detector for angular adjustment 
relative to said grating and the axis of Said col 
limator; an automatic specimen scanning System 
including a movable chart recorder having its 
chart calibrated in Bragg angles; means operative 
to apply the output of said detector to the indi 
cating mechanism of said recorder; driving means 
associated with each of said arms and with Said 
chart and operable to drive said arms and Said 
chart in coordinated relation with each other to 
produce a record of the relative intensities of 
secondary radiation at characteristic Bragg 
angles; and a conjoint control System for Said 
motors including manually operable circuit clo 
sure means, automatic circuit breaker means op 
erative at the limits of movement of the arms, 
and manually operable circuit breaker means. 

13. In a fiuorescent spectra, analyzer of the 
type comprising a radiation source for directing 
primary radiation onto a specimen to irradiate 
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the same, a collimator for resolving the resulting 
characteristic secondary radiation emanating 
from the irradiated Specimen, a diffraction grat 
ing arranged adjacent the exit end of the col 
limator in the path of the characteristic second 
alry radiation and operative to separate the same 
into its component spectra, a radiation detector 
arranged to receive characteristic secondary 
radiation from the grating, means mounting the 
grating and detector for angular adjustment 
relative to each other and to the incident second 
alry radiation for detecting the component spectra 
at Selected Bragg angles; a lead lined housing 
enclosing the generator and the entrance end of 
the collinator and having a side Wall, said hous 
ing being Substantially air-tight and said col 
limator extending in Sealed relation through a 
Wall thereof; a flexible air-tight enclosure con 
necting the outer end of the collimator to the de 
tector and enclosing the diffraction grating; and 
means operable to constantly maintain a vacuum 
in Said housing, collimator, and enclosure to 
minimize or eliminate absorption of fluorescent 
Spectra between the specimen and the detector. 

4. In a filorescent Spectra, analyzer of the 
type comprising a radiation Source for directing 
primary radiation onto a, Specimen to irradiate 
the same, a collimator for resolving the result 
ing characteristic Secondary radiation emanat 
ing from the irradiated Specimen, a diffraction 
grating arranged adjacent the exit end of the 
colinator in the path of the characteristic Sec 
Oradary radiation and operative to separate the 
Same into its component spectra, a radiation 
detector arranged to receive characteristic Sec 
Ondary radiation from the grating, means mount 
ing the grating and detector for angular ad 
justinent relitative to each other and to the in 
cident Secondary radiation for detecting the 
Component spectra, at Selected Bragg angles; a 
recorder chart calibrated in characteristic 
Bragg angles and having percentage Scales for 
elemental constituents calibrated in accordance 
With knoWin relations of Spectral intensities to 
eleinent percentages; and means constructed 
and arranged to indicate on said chart at each 
characteristic Bragg angle the spectral inten 
Sity; Whereby an unknown specimen may be si 
multaneously quantitatively and qualitatively 
analyzed. 

15. For use in a fluorescent spectra, analyzer 
of the type comprising a radiation source for 
directing primary radiation onto a specimen to 
irradiate the same, a collimator for resolving 
the resulting characteristic secondary radiation 
emanating from the irradiated specimen, a dif 
fraction grating arranged adjacent the exit end 
of the collimator in the path of the character 
istic Secondary radiation and operative to sepa 
rate the Sane into its component spectra, a 
radiation detector arranged to receive charac 
teristic Secondary radiation from the grating, 
means mounting the grating and detector for 
angular adjustment relative to each other and 
to the incident Secondary radiation for detect 
ing the Component Spectra at Selected Bragg an 
gles, the mounting means comprising a pair of 
radial arms relatively adjustable about a center 
adjacent the exit end of the collimator, one of 
Said arinS Supporting Said grating for angular 
adjustment relative to the axis of Said collimator 
and the other arm supporting said detector for 
angular adjustment relative to said grating and 
the axis of Said Collimator, an automatic speci 
men. Scanning System including a movable chart 
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recorder, means operative to apply the output of 
said. detector to the indicating mechanism of 
said recorder, driving means aSSociated With 
each of said arms and with Said recorder and 
operable to drive said arms and said recorder in 
coordinated relation with each other to produce 
a record of the relative intensities of Secondary 
radiation at characteristic Bragg angles; a chart 
for said recorder calibrated in characteristic 
Bragg angles and having percentage Scales for 
element constituents calibrated in accordance 
with known relations of spectral intensities to 
element percentages, to quantitatively determine 
the composition of the test Specimen. 

MARCEL A. CORDOWI. 
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