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ABSTRACT OF THE DISCLOSURE 
A crystal monochromator for diffracting X-rays which 

is in the form of an elongated strip bent so that its sur 
face is part of a logarithmic spiral. The elongated strip 
may be a single crystal, or flexible carrier material such 
as sheet steel laminated with substances which reflect 
X-rays. 

This invention relates to a device for making a spectro 
chemical analyses with X-rays, and in particular to an 
analyzing crystal which is used in a device employing 
X-rays for making spectrochemical analyses. 

Spectrochemical analyses with X-rays is based on the 
diffraction of X-rays through crystals. Thus, any crystal 
will diffract X-rays in accordance with Bragg's Law 
which states: 

(1) 
A set of lattice planes of the crystal lattice, with mutual 

distance d, will be capable of reflecting the X-ray beam 
with wavelength X only at angles of incidence 9 which 
satisfies this equation. 

In a device for making a spectrochemical analysis using 
X-rays an analyzer is employed which generally has the 
shape of an elongated strip consisting of a single crystal 
plate provided with parallel surfaces. This plate will here 
inafter be termed the "plate of incidence' for X-rays. 
When the plate of incidence for X-rays of a given wave 
length is arranged at the correct angle 6, rays originating 
from a source of a small cross-section will be reflected 
by a given zone of the plate of incidence. When using 
a flat plate of incidence only a small part of the in 
cident rays is reflected. In order to use a wider beam 
of the emitted radiation, a focusing arrangement is used 
in which the reflecting surface of the plate of incidence 
is curved. The most favorable arrangement is obtained by 
bending the plate of incidence in the form which cor 
responds to the curvature of the logarithmic spiral. This 
shape of the plate of incidence enables the active surface 
used for the X-ray deflection, to be as large as possible. 
Furthermore, rays starting from a source of finite, al 
though none too large proportions, and of a given wave 
length can be collected in a sharply bounded focus after 
reflection. As a result of this a high intensity of the re 
flected radiations is obtained. 

Actually the plate of incidence is an X-ray mono 
chromator which need not necessarily consist of a single 
crystal. It may be a carrier which is coated with a mate 
rial which reflects the radiation. In that case the carrier 
has a surface curved to the desired shape. 
When using thin rectangular crystal plates, the re 

quired shape can be obtained by clamping the plate be 
tween two moldings which are curved in the correct 
manner. In another solution having the advantage that the 
curvature is adjustable, the ends of a rectangular crystal 
plate are clamped in a holder of such a construction that 
unequal bending moments can be exerted on the two 

nX=2d sin 6 

2 
ends. The resulting curvature of the crystal plate is a good 
approximation of the logarithmic spiral and the shape 
can easily be adapted to various distances between the 
ray source and the plate of incidence. 
The invention relates to a plate of incidence or crystal 

monochromator for X-ray diffraction which has the shape 
of an elongated strip, which strip, when deflected, assumes 
the shape of a part of a logarithmic spiral. According to 
the invention the surface of the plate of incidence is 

0 bounded by four sides joining one another, two opposite 
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points of intersection of which are located on a symmetry 
line of the surface. The remaining two points of inter 
section determine the largest width of the strip. Further 
more the sides which meet in one point of intersection 
with the symmetry line are curved concave with respect 
to the said line, and the sides which meet in the opposite 
point of intersection are curved convex with respect to 
the said line. Such a plate of incidence may be made 
from flexible single crystal plates, bounded by parallel 
surfaces, but may alternatively consist of flexible carrier 
material, for example, thin sheet steel which is laminated 
with substances which reflect X-rays. 
The invention will now be described in greater detail 

with reference to the accompanying drawing, in which: 
FIG. 1 shows the arrangement for an X-ray spectrom 

eter with logarithmically curved plate of incidence. 
FIG. 2 diagrammatically shows the manner of deflec 

tion of the plate of incidence. 
FIGS. 3 and 4 show embodiments of plates of inci 

dence according to the invention. 
FIG. 5 shows a mounting structure for supporting a 

deflection plate of incidence. 
The logarithmic spiral has the characteristic feature 

that any radius vector from the origin O encloses equal 
angles with the surface of the curve A-B, as a result 
of which the origin O also is the focus of reflected rays 
of equal wavelengths. 
The radius of curvature in any point of the curve A-B 

differs from the radii of curvature in adjacent points but 
these radii have the common property that they are the 
diameters of circles passing through the origin O. There 
fore, the radii of curvature are determined by 

R-OB/sin (9 (2) 
Starting from the radius vector ro through point P the 

radius vector through an adjacent point is 
r= ro-rod cotan 6 (3) 

(4) 
wherein x is the distance between two points of incidence, 
it becomes 

r=r (1+. COS 9) 

O 

rod (p=x sin 6 

ro (5) 
The associated radius of curvature becomes, 

-- - - ) accos 0 
sin GTsin 9 (1+ 20 ) (6) 

and if ro/sin 6 is indicated as Ro, 
a cos 6 R=R (1 ) na (1+. (7) 

The general equation for the radius of curvature of de 
flection lines of small curvature is: 

S-1/Y' (8) 
wherein Y' is the second differential coefficient of the 
CtWe 

A deflection line of this type is found in a carrier which 
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is loaded between two supporting points located at the 
ends. In a slightly curved strip-shaped plate of equal 
thickness, it can be shown that 

wherein M is the bending moment in any cross-section, 
J. the moment of inertia at that point and E the modulus 
of elasticity. 
For a rectangular cross-section 

in which as is the width and h the thickness of the ma 
terial. 
The arrangement of FIG. 2 shows such a plate and in 

the figure a number of data are denoted by letters which 
will be used in the description below. 
The bending moment M between the pressure point p 

and the support point Po is 
M=P (BB-x) for x 2 0 (11) 

and between the pressure point P2 and the support point 
Po 

M=P (B-x) for x > 0 (12) 
In order that the curve of bending have the same shape 

as the logarithmic spiral, it follows from (9) that 

a cos 6Y E.J. R. (1+1)=E, (13) 
and it further follows: 

a=A(1-a/B) (1+. g e) for a Do (14) 
and 

a.=A(1+...) (1+1) for ago is 
wherein A is the largest width of the strip. 
The shape of a strip-shaped plate shown in FIG. 3 

results from these equations. 
When Such a plate is used, a deflection is possible such 

that diffraction X-rays the wavelength of which satisfies 
Bragg's formula for a given angle 0, takes place without 
aberration. This adjustment can be found in a compar 
atively simple manner. It is assumed that the ends of the 
plate of incidence are clamped in sliding members of a 
holder movable at right angles to the surface. This holder 
also comprises fixed stop members against which the 
plate of incidence engages at both sides of the symmetry 
line at the area of the largest width. Radiation which is 
reflected by the plate of incidence and which has the 
wavelength for which the angle 0 is associated which has 
been taken into account in shaping the plate of incidence 
is received on a fluorescent screen which is provided at 
the area of the focus. By moving the sliding members, 
the curvature can be varied and adjustment can be found 
at which the definition of the focusing is largest. 

It would be cumbersome, however, if for every wave 
length a separate plate of incidence had to be used as it 
follows from the Equations 14 and 15 that a, the local 
width of the crystal, depends upon the reflection angle 
0. Except for the angle 6, for which the shape fully satis 
fies the logarithmic shape, other angles 6 involve Some 
aberration. For an admissible aberration an angular range 
on either side of 0, within narrow limits may be con 
sidered a useful working range. It has been found that the 
aberration increases more rapidly when the associated 
reflection angle for rays of other wavelengths is larger 
than when the said angle is smaller than the angle 0. For 
a plate of incidence consisting of mica, it has been found 
that the shape which satisfies an angle of incidence for 
the rays of which cos 0-0.9 is the most favorable for 
use as a monochromator for rays of which the reflection 
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4. 
angle varies between 0 and 30°. The greatest aberrations 
occur at 14°45' and 30 and are equal to one another. 

In addition to mica all other known materials suitable 
for reflection crystals which can be curved for making a 
plate of incidence according to the invention, may be 
considered. 

If the plate of incidence is used as a carrier for the 
reflecting layer, substances may be used which are pro 
vided in thin layers on the surface and have properties 
useful for the reflection of rays. 
The arrangement of the ends of a strip of material 

which tapers to points may present difficulties when the 
plate has a low mechanical strength. Since the ends of the 
plate of incidence do not contribute substantially to the 
reflection of rays, the plate of incidence may be extended 
at the ends as shown in FIG. 4, by laterally projecting 
wings which afford the required rigidity to the supported 
parts. 

X-rays from a source are deflected by a mono 
chromator 2, which is an elongated strip of a flat crystal 
plate the central portion of which bears against two up 
right right angle members 3 of a rectangular frame 4 
while the end portions rest on contact members the height 
of which is adjustable by screws 5 so that by turning 
knobs 6 the ends of the strip may be raised. The de 
flected X-rays are received by a counter 7. 
While the invention has been described in connection 

with specific examples and applications thereof, other 
modifications will be apparent to those skilled in the art 
without departing from the spirit and scope of the inven 
tion as defined in the appended claims. 
What is claimed is: 
1. An X-ray crystal monochromator, the reflecting Sur 

face of which is curved in the shape of parts of a loga 
rithmic spiral the smallest radius of curvature of which 
is adapted to be placed closest to the Source of X-rays by 
bending an elongated strip of a flat crystal plate having 
a central portion and end portions, the opposite end por 
tions of which are deflected in the same direction with 
respect to the central portion, which strip is bounded by 
four sides joining one another in pairs, two opposite 
points of intersection of said sides being located at the 
end portions and the remaining two points of interSec 
tion being located in the central portion and determin 
ing the largest width of the strip, said sides meeting in 
one point of intersection at the end portion placed closest 
to the source being curved concave with respect to the 
central portion and the sides which meet in the opposite 
point of intersection being curved convex with respect to 
the central portion of the strip. 

2. An X-ray crystal monochromator as claimed in 
claim i, in which the sides are curved in one direction 
from the largest width according to the equation 

A(1-2/B)(1+. COS !) 70 

and in the other direction according to the equation 

A(1-5) (1+d) 
wherein A is the largest width, B and 6B the length of 
the strip on one side an on the other side respectively of 
the largest width, ro is the average focus distance, 6 the 
diffraction angle and X is measured positive and nega 
tive respectively from the largest width in both direc 
tions. 

3. An X-ray crystal monochromator as claimed in 
claim 2, in which the monochromator is constituted of 
nica, and the elongated strip has a shape such that upon 
deflection the curvature of the strip corresponds to the 
curvature of the logarithmic spiral for reflection angles 
of which cos () equals 0.9. 
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4. An X-ray crystal monochromator as claimed in OTHER REFERENCES 
claim 2, in which the monochromator is constituted of "High Intensity X-ray Monochromator' by P. Kirk 
a carrier of metal coated with a thin layer of a subsance patrick from The Review of Scientific Instruments, vol. 
which reflects X-rays. 12, November 1941, pp. 552-554. 
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