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II. METHOD OF MEASUREMENT
. A. The Differential Method

Rutherford' first introduced in 1911 the differential
sethod, which is well suited for the accurate deter-
nination of a small difference AN in the decay constants
{ two sources. AN is determined from the variation
«ith time of the differential current obtained when the
atensities of the sources 1 and 2 are compared in two
wsentially identical ionization chambers 4 and B con-
sected to collect ions of opposite sign.

The sensitivities of the chambers are defined as S,
wnd Sp, with a mean sensitivity S=(Sx+S5)/2=1,
w that the intensities of the sources at =0 are SI,
and I, divisions of 10~ ampere on the recorder. The
difference currents are

t19=Sal1eM—SpleMe—8M, )

and
i1 =Sal2e~Me M —Spl e (2)

when the sources are interchanged. (The disintegration
constant A is associated with source 1 and A4+AM with
wurce 2.)

The average value of the difference currents at time
lis :
Ai=(f19—121)/2=8(I1— I)e '+ 8L,eMAN. (3)

The difference in the chamber sensitivities is obtained
from

Sig=(inatin)/2= (SA—SB) (Ii+1I5)e/2
—(Sa—=Sp) e AN/2. (4)

In individual experiments on technetium the sensi-
tivities of the chambers S4 and S differed over a range
ol 0 to 10 parts in 10 000 for the chambers used.”®

B. Calculation of A%/2

Since A¢ as given in Eq. (3) is not convenient for
analysis, it is multiplied by e** following the practice of
Sqgré and Wiegand. The resulting equation in ¢
ineglecting the adjustment for chamber sensitivities),
¢Ai=I,—I,+I,AMN, can be fitted by a least squares
amlysis to the linear form y=a-+bx. Here y=eMAi,
1=, a=I,—I,=1,, the initial difference in intensity of
the two sources, and b=I,A\, where I, will henceforth
b called 7, the initial current of the source with decay
onstant A4-AN. The calculations for ¢ and b and their
sandard deviations o4 and o5 were made by a procedure
wtlined by Birge.1

* E. Rutherford, Wien. Ber. 120, 303 (1911).

* S for source 1 in chamber 4 may differ from S, for source
I chamber A, and strictly

P lim (Sart-So)11/2= (SastSp2) [2/2+ (Sart Szo) [LAM/2.

-‘Mjmr is introduced into the final result for A\ by utilizing the
w=plified representation. I1(Sa:+Sp1)/2—I2(Sas+Sgs)/2 is
neasured at #=0, and I;(Sa1+Sa1)/2 is measured independently

:r‘br;l Iy(Sax+S5s)/2, required for the determination of AM, is

*R.T. Birge, Phys. Rev. 40, 225, 226 (1932). ¢} as used here is
106745 times ¢t in Birge’s notation, since standard deviations,
* nather than probable errors, are being evaluated.

The standard deviation'® of the difference current <
is proportional to (2No)?}, where Ny is the mean number
of ionization events occurring from a single source
during the duration D of a single determination of i.
Hence, the deviation of Ai= (i13—121)/2 varies as N}
and that of yy, i.e., oy, is proportional to (Ne*?)}, The
data were weighted with pp=c/o)?=ce>* where ¢! is
the standard deviation of y for x=0 (making po=1).
The experimental data support the assumption implicit
above that the main contribution to the final error in
the determination of AN/ is the statistical fluctuation
in the number of separate ionization events which have
occurred during an observation.

With the quantities Io, A, and &, one can now cal-
culate the desired result,

AN/A=b/Io\. )

If y is measured for two values of « only, x=0 and
x=w, the resulting error in b,

ap=c}(e* 1) w, (6)

has a minimum when (wA—2) =2¢~“\i.e., forw=2.22/X.
However, considerably more than two readings were
desirable in the actual experiments. If y is measured
at equidistant points x=0, 7, 27, ---nr, where the
mean life 7= 1/}, the coefficient «, defined by op=rxc!/7,
decreases with increasing » as shown by the open circles

in Fig. 1, whereas « for only two measurements at x=0

and x=w is shown in the solid curve. In some experi-
mental runs on Tc%™ it was possible to go through all
the permutations of the sources in less than the interval
7; in others involving four or more sources more time
was required.

In an actual experiment the duration D of a single
measurement is 7221000 seconds=20.057";. This cor-
responds to a measurement of approximately 4X108
ionization events from a single source of strength 7= 10*
divisions (~100uC Ra equivalent) so that ¢! is equal
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F16. 1. The coefficient x occurring in the expression for the
standard deviation in b, op=~xc!/r. The quantity ¢! is the standard
deviation of the measurement at x=0. The solid curve represents
the case where measurements are taken only at =0 and z=w.
The small circles represent the cases where the measurement is
made at all integral multiples of 7 up to w. The crosses represent
the three cases of eleven equally spaced measurements termin-

ating, respectively, at 7, 27, and Sr.
8 E, V. Schweidler, First International Congress of Radiology

‘and Tonization (Lidge, 1905). ‘




