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II. METHOD OF MEASUREMENT 

A. The Differential Metho.d 

Rutherford l2 first introduced in 1911 the differential 
tthod, which is well suited for the accurate deter­
ination of a. small difference ~A in the decay constants 
f two sources. ~A is determined from the variatio.n 
ith time of the differential current o.btained when the 
tcnsities of the sources 1 and 2 are compared in two 

ntially identical ionization chambers A and B con­
ptctcd to. co.llect ions o.f o.Pposite sign. 

The sensitivities of the chambers are defined as SA 
and Ss, with a mean sensitivity S= (SA+SB)/2= 1, 
10 that the intensities o.f the sources at t= 0 are SI I 
and SIs divisions o.f 10-le ampere o.n the reco.rder. The 
difference currents are 

(1) 

i2l=SA/~->'le-~>'I-SBIle->'1 (2) 

_hrn the sources are interchanged. (The disintegration 
constant A is associated with so.urce 1 and X+AA with 
IOUrce 2.) 

The average value of the difference currents at time 
lis 

Ai= (iu-i21)/2= S(/1- 12)e->.t+SI 2e->'IAAt. (3) 

The difference in the chamber sensitivities is obtained 
&om 
4i.-(iu+i2l)/2= (SA -s B) (I 1+ 12) e->' '/2 

-(SA-SB)/2e->'tAAt/2. (4) 

lD individual experiments o.n technetium the sensi­
tnities of the chambers SA and S B differed o.ver a range 
"0 to 10 parts in 10000 for the chambers used.ta 

B. Calculatio.n o.f 4.1/1 

Since ~i as given in Eq. (3) is not convenient fo.r 
wlysis, it is multiplied by e>.1 following the practice o.f 
5qr~ and Wiegand. The resulting equation in t 
Intglccting the adjustment fo.r chamber sensitivities), 
l'Ai=/I-I2+12AAt, can be fitted by a least squares 
lII.,lysis to. the linear fo.rm y= a+hx. Here y= e>.IAi, 
•• /, a=II-/2=io, the initial difference in intensity o.f 
tilt two sources, and b=/2AA, where 12 will hencefo.r.th 
btC\llcd 1o, the initial current o.f the so.urce with decay 
tIIII$tant ~+AX. The calculatio.ns fo.r a and b and their 
tUndnrd deviations (f .. and (fb were made by a procedure 
«Itlincd by Birge.le -• r.. Rutherford, Wien. Ber. 120,303 (1911). 

·SAI for source 1 in chamber A may differ from S.u for source 
Jill thamber A, and strictly 

I'AJ. (S.u+S 8.)lJ/2- (SAI+S BI)/I/2+ (SA2+SB2)/IAXI/2. 

:c, tmlr is introduced into the final result for AX by utilizing the 
li6td representation. II(SA:+SBM2-I,(SAt+SBt}/2 is 

IllUlred at 1-0, and II(SAI+Ss.)/2 is measured independently 
• that 1.(SAt+SBt)/2, required for the determination of /lX, is 
~. . 

• R. T. Birge, Phys. Rev. 40, 225, 226 (1932). ,I as used here is 
I 6745 times ,I in Birge's notation I since standard deviations, 
to rather than probable errol'll, are being evaluated. 

The standard deviatio.n16 of the difference current i 
is proportional to. (2N 0)1, where No 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= (i12-i21)/2 varies as Not 
and that of Yk, i.e., (fk, is proportional to (Noe>.I)I. The 
data were weighted with P,,=C/(fk2=ce->'tk where ci is 
the standard deviation of y fo.r x=O (making po= 1). 
The experimental data supPo.rt the assumptio.n implicit 
above that the main co.ntribution to. the final erro.r in 
the determination of AVA is the statistical fluctuation 
in the number o.f separate io.nizatio.n events which have 
o.ccurred during an observatio.n. 

With the quantities 10, X, and b, dlle can no.w cal· 
culate the desired result, 

AA/X=h/loX. (5) 

If y is measured fo.r two. values o.f x o.nly, x=o and 
X= w, the resulting error in h, 

(fb= cl(ew>,+ 1)1/ w, (6) 

has a minimum when (WA - 2) = 2e-"'\ i.e., for W = 2.22/A. 
However, considerably more than two readings were 
desirable in the actual experiments. If y is measured 
at equidistant points x=O, 1', 21', .. 'nT, where the 
mean life 1'= 1/:\, the coefficient K, defined by (fb= KCI/T, 
decreases with increasing n as shown by the open circles 
.in Fig. I, whereas K for only two. measurements at x=o 
and x= W is shown in the solid curve. In some experi­
mental runs on Tc99m it was possible to go through all 
the permutatio.ns o.f the sources in less than the interval 
1'; in o.thers involving four or more sources more time 
was required. 

In an actual experiment the duration D of a single 
measurement is ~looo seconds"'0.05T1. This cor­
resPo.nds to. a measurement o.f appro.ximately 4X 108 

io.nizatio.n events from a single so.urce o.f strength 1= 10C 
divisio.ns (,,-,100}.lC Ra equivalent) So that cl is equal 
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FIG. 1. The coefficient /C occurring in tlte expression for tlte 
standard deviation in b, <T!J=/C,t/.,.. The quantity ,1 is the standard 
deviation of the measurement at"%=O. The solid curve represents 
the case where measurements are taken only at %=0 and ,,=~. 
The small circles represent tlte cases where the measurement IS 
made at all integral multiples of .,. up to CAl. The crosses repres~nt 
the three cases of eleven equally spaced measurements termm­
ating, respectively, at ", 2.,., and 5". 

. liE. V. Schweidler, First International. Congress of Radiology 
:and Ionization (L1~ge, 1905). . . I • 
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