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tions which ‘appear when the system goes into oscillation,
the parallel is evident. Iere, as for the familiar oscil-
lator, a threshold condition exists, and once it is“satisfied
the starting of the new oscillations, and their phases, are
dependent on some disturbanee, however small.

If, then, it were found possible to deseribe atomie tran-
sitions as the initiations of oscillations of this type in a
Newtonian system, the associated disturbances might pro-
duce significant effeets only at the transitions. Their
effeet eould then be adequately taken into account by as-
signing probabilities to the transitions and treating “the
system as non-Newtonian. (This of course leaves open
the question as to whether the behavior of the system be-
tween transitions can be described in Newtonian terms.)

Recently, however, it has been found desirable to as-
sume the existence of a randomly fluctuating electromag-
netie field in free space, of sueh magnitude as to produce
a small but not negligible effect on the behavior of the
clementary particles. Such a field would be precisely
what was assumed in the previous paragrapl, and should
provide a meehanism for controlling the apparently ran-
dom transitions.

We arrive then at the conelusion that the fact that it
has been found convenient to deseribe atomic phenomena
in terms of a non-Newtonian system characterized by
certain probabilities of transitions does not in itself con-
stitute evidence that the system in its detailed behavior
does not conform to Newtonian laws.
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An Analysis of Multiple Counter Technique

for the Measurement of Radioactive Sources
Independent of Geometry

Saul Hertz, Glenn E. Whitham, Allan MacLeod,
Louis Hanopol, and Arthur Miller'

Atomic Instrument Company, Boston, Massachusetts

This discussion is concerned with the mathematics of a
system -of multiple Geiger-Miiller counters for the meas-
urement.of radiations from a: point source within the-area
bounded by the counters. Graphs are presented from
which an area giving any desired accuracy of measure-
ment can be determined.

Similar multiple counter techniques (I, 2) have been
used by others over the past several years and offer con-
siderable promise for preeise physical, medieal, and bio-
logical measurement.

A sketch of the apparatus is given in Fig. 1.

Tor the purpose of analysis the following assumptions
are made regarding the geometry, source, and counters.

1 he authors wish to acknowledge the counsel, during dis-
cussions, of Dr. A. K. Solomon, Biophysics Laboratory, 1lar-

vard Medical School. They also wish to acknowledge the
work of . J. Edwards, who performed the computations.
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Fia, 1.

1. The radiation is emitted uniformly in all directions
about the source. There is no absorption in the medium
between the source and counters; or the absorption is
uniform in all directions.

2. The efficiency of the counter is proportional to the
solid angle subtended at the souree by the Geiger counter
cathode, and the solid angle is inversely proportional to
B2, where R is the distance from the source to the center
of the counter cathode. .

3. The efficiency of the counter is independent of angle
« between the normal to the counter cathode and the line
from the source to the center of the cathode.

4, All counters have identical eounting characteristics
(plateau and efficiency).

5. The source is a point.

6. The region of interest is limited to the plane con-
taining the centers of the four counters.

Under these assumptions the analysis is reduced to eval-
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e, 2. Efficiency contours: r versus § for constant e

(theoretical).
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uating the sum of 1/R® factors over all four counters
for a source position within the eircle passing through the
four counters. This yields the following expression for
the counting efficiency g*:

e K@D (2+1)
e = (5= 1)1 4z sin® (26) 1)
where
n Distance of source from center of counter cirele
47 Radius of counter circle

and K =a constant of proportionality containing such
factors as the solid angle subtended at the center by the
counters, and the energies of the gamma radiation emitted
by the isotopes being measured. By considering the rela-
tive efficiency ¢ (compared to the efficiency g at the
center of the counter cirele), the constant K can be elimi-
nated and the following expression results:
g* (2*+1) (2*+ 1)
E= L, T @ = 1) 1 4ot s (26) (2
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I'16. 3. e versus 2z (theoretical) ; ¢ and # same as of
Pigs. 2 and 4.

Solution of equation (2) for z as a function of 6 at
constant values of ¢ yields the curves shown in Tig. 2.
For £=1.05, i.e.,, for an eflicicney 5% greater than the
efficiency at the center of the counter circle, the curve is
approximately a ecircle of radius very nearly one-fifth
the radius of the counter eircle (x=0.2). Curves for
higher efficiency are also given and are seen to lie out-
side the curve for ¢ = 1.05. Thus, within this latter eurve
the efficiency is nowhere greater than 5% higher than the
efficieney at the center.

In Fig. 3 are shown curves of g as a function of @ at
two values of 8 (0° and 45°). The eurve of 0=0° (di-
rectly at one of the counters) is seen to rise much more
rapidly than the curve for §=45° (halfway between two
counters).

In Fig. 4 are shown curves of ¢ as a function of 6 for
several values of . These curves quite deseribe the ap-
paratus as defined or limited by the assumptions made
above.

With regard to the variations of g, it is of value to note
that these are all positive and that the variation over a

16, 4. e versus @ (theoretical) ; e:=relative efficiency
compared to efficiency at center.

distributed source is therefore gencrally less than that in-
dicated by the smallest curve of Fig. 2 or Fig. 4 that
fully contains the souree.

Also, one should note that assumption 3 listed above is
probably not fully justified when accurate measurements
are being made. Consideration of the varintion of g with
o, for the type of counters and shielding used, indieates
that considerably smaller variations of ¢ may be expeeted
than those indicated by the above analysis.

For the accuracy desired (better than 5%) it is also es-
sential to make corrections for the counting losses in-
curred by the ‘‘dead time’’ of the Geiger counters when
the counting rates are greater than a few thousand per
minute. Note, however, that these losses are smaller by
a factor of 4 at any given counting rate beeause of the
use of four Geiger eounters.

An apparatus deseribed by the analysis above was as-
sembled, an da series of measurements were made to de-

®: €« CENTER EFFICIENCY =593, ¢ 0.0034
-EFFICIENCY AT X=0.1;AVE= 1695, I 0.00!4
$«EFFICIENCY AT X=02,AVE= 1.619¢ * 0.00l¢
2-1.619 -1593 « 026 *.004°¢1.6%

P16, 5. ¢ versus 8 (experimental).
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termine its usefulness. A radium source was used and
the eounting rate, ie., the eflicieney in arbitrary units,
was measured at the center of the counter eircle and at
several values of @ for each of two values of 2. The re-
sults are shown plotted in Fig. 5, with arbitrary units for
the g scale. The bold circle drawn in indieates the value
of g ut the center of the counter eirele, and it is scen that
no value of g differs from this center value by as much
as 5%, indicating the validity of the analysis. Also, the
average value of ¢ over all the measurements taken at
the greatest value of # (0.2) is less than 29 greater than
the eenter value, and the average value of ¢ over the
smaller value of & (0.1) is practically the same as the
center value, i.e., within the probable statistical error of
the measurements. These averages are more significantly
related to the measurements of distributed sources than
are the single measurements made at particular values of
6. That these averages are appreeiably smaller than the
5% that might have been expected is probably due to
the variation of g with . This, by assumption 3 above,
is assumed to be insignificant. At large values of =
this variation is further increased by the thiek lead shield
wlose slit exposes the counter to the souree in a variable
manuner as & varies.

The probable statistical error of the measurements is
considerably smaller than the obscrved variations. The
asymmetry observed in Fig. 5 is almost certainly owing to
the fact that one of the counters in this run of measure-
ments does not have the same characteristie as the other
three and therefore is counting at a higher rate. Tig.
6 shows the summary of a statistical analysis of the data,
and it can be seen that the distribution of the statistical
deviations of the measurements is in reasonable agreement
with a normal error curve, as taken from the Handbook
of Chemistry and Physics (30th Edition, pages 203-208).

It is expected that with this apparatus measurements
of radiation dosage can be made to an aceuraey approach.
ing a few pereent, subject to variations of absorption that
may oceur from one (human) sample to the next. We
are attempting to determine the uncertainty fo be ex-

pected from the greater absorption presented by the pa-
tient’s neck to the counters behind the neck. Since the
body is mostly matter of low atomic number, we expect
the absorption will be low and very probably negligible
for clinical purposcs. We are also investigating the mag-
nitude of the variation of g with height of source above
or below the plane of the four counters.

In a subsequent communieation we plan to report upon
this latter aspeet and upon the clinieal appraisals of the
apparatus herein desecribed.

References

1. Davis, FRaNCIS J. J. Res. nat. Bur. Stand., 1947, 38, 513.

2. FREEDBERG, A. STONE, URELES, ALVIN, VAN DILLA, MARVIN
(introduced by HERRMAN L. BLuMGarr). Fed. Proc.
1449, 8, No. 1.

Isolation of a Steroid Hormone from the
Adrenal-Vein Blood of Dogs®

Don H. Nelson, Hans Reich, and Leo T. Samuels

Department of Biochemistry, College of Medicine,

University of Utah, Salt Lake City

Lipid soluble material which protects adrenalectomized
animals against cold has been demonstrated by Vogt (5)
in blood obtained by eannulation of the adrenal vein of
dogs. From the same source Paschkis et al. (8) have also
found material causing liver glycogen deposition. As is
well known, various active steroids have been isolated
from adrenal tissue (4). According to the recent work
of Haines et al. (1), the most abundant of these in fresh
adrenal tissue is 17-hydroxycorticosterone (Kendall’s
compound F). The actual compound or compounds ex-
creted by the adrenal cortex when stimulated by the pitui-
tary adrenocorticotropic hormone have not, however, been
identified. The development of a quantitative technique
for estimation of cortical steroids in adrenal-vein blood
(6) enabled us to isolate a steroid from this source.

The left adrenal vein of heparinized dogs, anesthetized
with nembutal, was eannulated. The dogs were then in-
jected with Armour’s ACTH? and blood was collected at
intervals for 2-4 hr. In some cases a second injection of
ACTIL was then given and the collection of blood con-
tinued as before.

The blood was diluted with an equal volume of water
and extracted four times with an egual volume of ethyl
cther or chloroform. These extracts were evaporated to
dryness, taken up in 70% ethanol, and extracted three
times with hexane. The ethanol fraction was dried, dis-
solved in chloroform, and clhromatographed on a mag-
nesium silicate-celite column, using progressively increas-
ing concentrations of ethanol in chloroform. A small

1'Phis study was supported by grants from the National
Cancer Institute, U. 8, Public ITealth Service; the American
Cancer Society ; and Ciba Pharmaceutical Products, Inec.

2The ACTH was supplied through the courtesy of Dr.
Idwin E. Hays and Dr. F. R. Mote of Armour and Company.




