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A nomenclature is suggested for describing the possible positions of the double

x-ray spectrometer. A position may be defined by (n.,I, ng) v here n.p is the order of

reHection on crystal A; ng the order on B. ng is to be considered always positive.

ng is negative if the position of crystal B for the reHection of a wave-length incident

upon it is such that by turning B through an angle of less than 90' the reHecting

surface of B can be made parallel to that of A, and the given wave-length be reHected

in this parallel position. If this convention be adopted it is shown that general equa-

tions for the instrument may be easily set up. Experiments on the separation of the

Api doublet of molybdenum at the position (2, 2) at 43—46 kv and 22 m. a. show that

if the line EP' reported hy Davis and Purks exists, its intensity is less than 1/10 that

of p1 at these voltages. An average of eight determinations of AX for MOE, pi p;; gives

0.572 +0.003 XtJ.
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'HE doublet character of the KP& line in x-ray spectra has been noted

by various experimenters. ' Allison and Armstrong obtained a con-

siderable separation of the doublet for molybdenum in the 5th order of a
single crystal ionization spectrometer, and found 6) = 0.563 XU. The
intensity ratio P'/P' was found to be 2/1. Larsson achieved a separation of

the doublet photographically and found AX =0.565 XU. Kellstrom investi-

gated the doublet in the second order and obtained good separations in

palladium and silver, and a very good separation was obtained by Enger and

photometered, for the case of rhodium. Davis and Purks, using a double

spectrometer, obtained a complete separation of the doublet with both
crystals reHecting in the second order. They report a new line Xt', 0.172 XIJ.
(24 seconds of arc at the dispersion used) to the long wave-length side of

KP', anrl of intensity about 1/3 t&i 1/2 that of P&. The voltage at which their

tube was operated was not stated in their report. The photographs taken

' 5'I, de Broglie, Compt. Rend. 1'70, 1053 and 1245 (1920};Duane and Patterson, Bull.
Fat. Res. Counc. USA X'ol. 1, part 6, p. 393 (1920); Crofutt, Phys. Rev. 24, 9 (1924); Allison

and Armstrong, Phys. Rev. 20, 701 (1925); Leide, Compt. Rend. 180, 1203 {1925);Thesis,
Lund {1925);Ehrenberg and von Susich„Zeits. f. Physik 42, 823 (1927); Larsson, Phil. Mag. 3,
1 136 (1927); Kellstrom, Zeits. f. Physik 41, 516 (1927); Enger, Zeits. f. Physik 46, 826 (1928);
Stenman, Zeits. f. Physik 48, 349 (1928); Edlen, Zeits. f. Physik S2, 364 (1928); Davis and

Purks, Proc, Rat. Acad. Sci. 14, 172 (1928); J. Valasek, Phys. Rev. 34, 1231 (1929).The same

author has also reported, in a paper read at the Dec. 1929 meeting of the Amer. Phys. Soc. ,

that attempts to find the fine-structure lines announced by Davis and Purks were unsuccessful.
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by Enger in rhodium were obtained at 50-60 kv and no such line is indi-
cated on them. An attempt has been made to study this new line in moly-
bdenum, using a double x-ray spectrometer.

APPARATUs

Several standard molybdenum target tubes supplied by the General Elec-
tric Co, for crystal analysis work were used in the course of the experiments.
These tubes were cooled by a pump circulating kerosene through the hollow
target; the kerosene after entering and leaving the target through insulated
glass tubes, was cooled by passing through a copper spiral immersed in run-
ning water. The target and the cathode of the tube were at potentials
above and below ground respectively. The focal spot was at a distance of
53 cm from crystal A, and the radiation used was taken oA' at an angle of 8'
with the target face. A description of the double spectrometer used has been
previously published. ' The horizontal angular width of the beam (angular
width in a plane perpendicular to the axes of rotation of the crystals) was
determined by the width of the slits of the instrument, which were 35 cm
apart. These slits were 1.5 and 1.8 mm wide in various experiments. The
voltmeter which measured the voltage across the x-ray tube was connected
between the cathode side of the tube and ground, and therefore measured
only half the total potential drop across the tube. It was found by trial that
the potential of the anode above ground was very nearly equal to that of the
cathode below ground so that the indication of the voltmeter needed only
to be multiplied by two. The tube current in all experiments was 22 m. a. ,

the voltage in some was 43 kv and in some 46 kv. In the course of the experi-
ments three different sets of calcite crystals were used.

NOMENCLATURE FOR THE DOUBLE X-RAY SPECTROMETER

Since two crystals are used in the double x-ray spectrometer, we have
found it convenient to specify their positions by giving two numbers n~
and n& which represent the orders in which crystals A and 8 are reflecting
respectively. The corresponding glancing angles are 8~ and 8~. The sign
of n~ is to be taken as positive in all cases. The sign of n~ is determined as
follows. If the position for crystal 8 for the reflection of a given wave-length
incident upon it is such that by turning 8 through an angle less than 90' the
reflecting surface of 8 can be made parallel to that of A, and the given wave-
length reflected in this parallel position, n~ is negative. If an angle greater
than 90' must be traversed in order to bring the crystals to this type of
parallel position, n~ is positive. According to this convention, so-called
"parallel positions" (Ehrenberg and Mark' Case I; Schwarzschild' Case II)
are special cases of a number of positions in which n~ is to be considered
negative. Using this convention, we may write for the dispersion D,

' williams and Allison, J.O.S.A. @ R.S.I. 1S, 473 (1929).
' Ehrenberg and Mark, Zeits. f. Physik 42, 807 (1927).
' Schwarzschild, Phys. Rev. 32, 162 (1928}.
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d~B ~h Sg
D-= +

dX 2d cos Hh 2d cos 8g

in which d8~ is the angular range on crystal 8 corresponding to the wave-
length range dX, and d is the grating space (assumed to be the same on both
crystals).

If the absolute value of n~ is greater than that of nh and n~ is negative,
D is negative, and the sense of rotation of crystal 8 to pass from shorter to
longer wave-lengths is the reverse of that for cases in which D is positive.
This is the case, for example, in the position nh = 1, n~ = —2, which we desig-
nate as the (1, —2) position. Here the dispersion is negative, and for molyb-
denum E radiation its magnitude is only slightly greater than that from a
single crysta1 reflecting in the first order.

Using the conventions suggested here, Schwarzschild's equation' for
the "geometric breadth" 88~, in the case in which the two axes of rotation lie
in the reflecting faces of the crystals and are parallel, may be written

(2)

In the preceding equation, 68& is the angular range through which crystal
8 may be turned while reAecting the wave-length X. D is the dispersion de-
fIned by (1). p is one-half of the maximum angle between any two rays
incident on crystal A in a plane parallel to the axis of rotation of A. In
other words, if the only restraint upon the divergence of the x-ray beam is
that it must pass through two equal rectangular apertures separated by a
distance t., whose height, or dimension in a plane parallel to the axis of
rotation of the crystal is II, then p = fI/l. .

If the geometric width 88~ has been made small in comparison to the ob-
served width, and can be neglected, the following equation holds for the
width observed for any line in the spectrum at any position of the crystals:

W = (Wg'+ Ws'+D'WI. ') '".
In this equation TV represents the half width at half maximum in angular

measure of the observed "rocking curve, " Wh the half width at half maximum
in angular measure of the curve (assumed Gaussian error curve) representing
the intensity of reflection from crystal A as a function of the deviations from
the Bragg angle, 8'& is the analogous quantity for crystal 8, D is defined in

(1) and Wq is the half width at half maximum of the line in question in

linear measure.

ATTEMPT TO FIND THE LINE XP

Some of the curves we have taken which have the most direct bearing
on the intensity of the line EP' are shown in Fig. 1. These curves were all

' Schwarzschild expressed this equation in the form b8gy= j./2(tan 8~+tan Hg}p~ in which
the negative sign was to be chosen when the crystals are in a position where "the first incident
and the last reflected rays are on opposite sides of the first reflected ray. " This agrees with our
method of designating the sign of ng,
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taken in the (2, 2) position (both crystals in the second order, reHecting faces

not parallel).
Curve (a). This curve was taken at 43 kilovolts and 22 milliamperes. The

rate of deflection of the electrometer observed on a scale 225 cm from the
instrument was 0.744 mm per second at the highest point of XP&. At the
base-line point on the short wave-length side it was 0.163 mm per second,
The voltage sensitivity of the electrometer on the scale at this distance was

4.5 meters per volt. The capacity of the insulated system was not accurately
known but was of the order of magnitude of 10' cm. The width of the lines
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Fig. 1. Typical curves hearing on the intensity of Ep'.

to be expected from geometric sources may be calculated from Eq. (2). The
vertical adjustment of the two crystal faces was made by observing the
reflection of a beam of light from their faces. This beam as made horizontal
by passing through two narrow slits held on a cathetometer and was very
nearly perpendicular to the reflecting crystal surfaces. The crystal was then
tilted about a horizontal axis until the reflected beam was in the same hori-
zontal plane as the incident beam. This adjustment was accurate to 2
minutes of arc. P was calculated from the height of the focal spot (3 mm)
and the height of crystal 8 (18 mm) and the distance from the target of the
tube to crystal 8 (71 cm). This gives / =0.0147, b8~ =9.5 seconds of arc.
The half width at half maximum of the curve for P& is approximately 15.5
seconds of arc; the preceding calculation shows that this cannot be explained
as due to geometrical causes only. We do not wish to take up the question
of the width of x-ray lines here, leaving this for a later publication, The half
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width at half maximum of the curve at (1, —1) for these crystals was 3.1
seconds of arc.

Curve (b). This curve was taken with the same arrangement as that of
curve (a) except that a vertical stop 7.5 mm high was introduced at a distance
of 48 cm from the target. This gives 60~ = 5.2 seconds of arc from Eq.
(2). The voltage was 43 kv. The rate of deflection of the electrometer (scale
and sensitivity as for curve (a)) at the highest point on the peak was 0.398
mm per second; at the lowest point shown on the short wave-length side it
was 0.093 mm per second. The half width of the peak at half maximum is
about 14 seconds. An accident to the x-ray tube prevented continuing the
curve to cover J33.

C33rve (c). This curve was taken on a different set of crystals and with a
different target from that used in curves (a) and (b). The voltage was 46 kv.
The rate of deflection of the electrometer (same arrangement as for (a) and
(b)) at the highest point of tI& was 0.475 mm per second; at the lowest point
on the short wave-length it was 0.162 mm per second. The value of P and
consequently of 3833 was the same as that for curve (a). For various un-
known reasons the curve (c) is less reliable (as indicated by the scattering
of the points) than curves (a) and (b). The half width at half maximum of
the curve at (2, —2) for the crystals used was 1.5 seconds of arc.

The vertical arrows in Fig. 1 show the angular positions at which P'
should appear (24 seconds of arc to the long wave-length side of p3) according
to the results of Davis and Purks. ' In curves (a) and (b) the total intensity
here is about 1/5 of that at the maximum. In these curves, the vertical dotted
line represents the center of the line Xp3', the horizontal dotted line its width
at an angular distance of 24" from the center. It is evident that within the
accuracy of the readings the curve is symmetrical in this region about an
ordinate through its maximum. We can therefore obtain no positive evidence
for the presence of the line ICP' at the voltage used.

A rough estimate of the maximum possible intensity in the form of the
line XP' which could be present in our curves may be obtained by assuming a
Gaussian error curve for P' symmetrical about the position indicated, and
of the same half width as that for p3. The distortion of the symmetry of p~

which would be thus produced can be plotted by adding up the contributions
from p3 and the supposed p' at various abscissae. Proceeding by this method
the conclusion was reached that the curves (a) and (b) could not have failed
to show evidence of a line in the specified position of intensity 1/10 that of p3.
Our conclusion is therefore that there is no line at this position of intensity
greater than 1/10 that of p3 under the conditions of the experiment.

DETERMINATION OF THE WAVE-LENGTH SEPARATION OF THE DOUBLET
EP3~ P3 IN MOLYBDENUM

In the course of the investigation many curves have been taken of the
doublet in question in various positions of the double spectrometer. Eight
of the most reliable of these have been selected for the purpose of obtaining
an accurate value of AX for this doublet. The results are shown in Table I.



S. E. ALLISON AND J. H. S'ILLIAMS

TABLE I. Obsereations on the mate-length separation of pg p3.

Position
ng

Dispersion
from Eq. (1)

68.46"/XU

103.8

140.7

139.2

176.0

dttg
obs.

39.1"
61.0
61.2
59.5

78.5
77.0

101.5

Av.
d8g

39.1"

80.0

77.8

101.5

calc.

Q. 5711XU

.5835

.5687

, 5587

.5766

AVeigh t

The weights assigned in the last column of Table I are the products of
the number of observations for a given position by (n&+ns) for that position,
since it was supposed that higher dispersion gave more accurate results.
The weighted mean of the measurements shown in Table I is

2) =0.572+0.003XU

in which the probable error has been computed according to the usual
methods. ' This value is slightly higher than the values 0.563 XU observed

by Allison and Armstrong' and 0.565 XU observed by Larsson. ' In general
the eHect of greater resolution of a close doublet should be to increase the
estimate of its wave-length separation. The errors in the value quoted must
be mainly due to two factors (1) the uncertainty of the electrometer readings,
and (2) the fact that a change of temperature of the crystals might have
taken place between the time of reading one peak and the time for the next.

' For instance, Birge, Phys. Rev. Supp. 1, 1 (1929), pp. 5—6.


