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ABSTRACT
A

In certain exponential absorption exporlmantaa notebly measurements of
cross-sections by transmission, it is important to achieve minimum statistical
error in a limited time,; or to minimize the counting time required to measure
the abgorption coefficient with a preassigned accuracy. The conditions required
te attain these ends, i.e. the poometry for optimum tranamisaioAg and the best
apportiomment of counting times among the incident and transmitted beams and
background, have been investigated for a wide range of relative backgrounds
(107% 1o ldz)p and for two geometries: I. Beam area fixédp absorber thick=
ness alone is varied. 1II. Beam ares and absorber thicknes; are both disposa-
ble parameters, while the total amount of absorber intercepting the beam re-
meins fixed. In both cases the incident flux density and the background rate
are ;asunod constant. The optimpm transmissions are shown to be, in general,
con;idorably smaller than those commonly used in absorption experiments. Thus,
in Case I, a useful rule is to employ a transmission of about 0.1 for low back=
grounds, 0.2 for moderate backgrounds, and 0.3 for high backgrounds. The fol=
lowing have also been determined: (&) minimum statistical error for a given
total counting time; (b) statistical error and the best distributiom of counte
ing times for non=optimum geometry; (c) sensitivity of the accuracy or total

counting time to deviations from optimum transmission.
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INTRODUCTION

fhers are many physical messureme-te of absorption cr transmissiou of
radiation in which the transmission is an exponential function of the ab-

sorber thickness. MNeasuremsnte of this kind ocour; for example, in the

fielde of optice, X=reys, anl nuclear physics. In the latter field the pur-

pore is upually to determine s total srogs=secticn.

=

Tu most meesurements of this type, the thickness of sbeorber can Le chosen
at will within reesonable limita, i.e. the transmission'is a disposable parametel .
Suppose for the sske of definitenoss that the detector is & counter. If a thick

abgorber is interposed in the team, the transmitted intensity is low; and & rel-

atively long time is required tc ccllect an adequate count. In fact, for sul-
fisiently low t?Ansngsaions” the trensmitted beem may beccme comparable in ma g
n}tudn tn the backgroundcv This obviously results in inefficient cmuntiﬁg Gn
Lhe other hand, if a very thin absorber is used, the intensity of the iranéﬁitted

besm approaches that of the incident beam. and again the geometry is gtatistical-

N

* 1 > : 1 . s ¢ -
ly unfavorable. Thersfore some intsrmediate value of the transmission should be
employed, and of course this is commonly done.

it may somotimes be desirable to know what value of the transmission 1is

best if the greatest accuracy is to be cbtained in a given time or if a pre=

R

2splgned ascuracy is to te attained in the least time. Moreover, the dependence

¢

. é L \ . s “ .
of this optimum transmissicn on background is essentisl. In addition, it ls im=

portant to determine the seniitivity cf the precision of measurement ¢r ths total

2

gounting time to deviaticna from optimm gsometry. Further questiong &re fons

nerned witl, the best apportiomment of the total pounting time awong incident

hmamj transmitted beams; and bsuckground, and its dspendence on the badkg!o;nd

/4
-




and the thickness of absorber. These questions become important when the total
availeble counting time is strictly limited by radiocactive decay of the absorb-
ing material, or by other considerations. They are also relevant in other sit-
uations in which high counting efficiency is desirable. The answers to these
queations depend upon the way in which the background varies, and upon certain
geometric properties of the beam, the absorber eand the detector.

The presont discussiun is based on the following assumptions. (a) The
flux density in the incident beam is constant in time and independent of geom-
etry. (b) The total background rate im likewise constant. (c) The detector
completely intercepts the beam. (d) The efficiency of the detector is the same
for the incident and transmitted beams. (o) The transmission is an exponential
function of the 'absorber thickmess; i.e,, the absorber thickness is small com-
pared to the scattering mean free path, To the extent that the optimum trans-
mission is significantly less than unity, which will almost always be true;
this also implies that the absorption cross-section must be much larger than
the scattering oross-section.

Two cases will be considered:

I. The total counting rate of the incident beam is fixed (i.e., the cross-
.octioﬁul area of the beam is fixed); the thicknass of absorber can be varied.
This is the usual situation. |

1I. The total counting rate of the incident beam is not fixed but disposa-
ble by changing the area of the beam; subject to the condition  that the total
amount of absorber in the path of the beam remains fii9d° Ad justment of the beam
area may be ndvantagooﬁ. whbn tﬁe amount of absorber availnblejfor the measure=
ment is small, and it is desired to expleit the absorber fully by placing all

of it in the path of the beam.
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CALCULATION OF OPTIMUM CUNDITIONS

-

By virtue of the assumption of counstant background & transmission measure=
ment consists in cbtaining three counting rates. This simplicity may not be
present in the case of individual experimental arrangements. For exampls, the
background may depend on absorber thicknesa, in which case at least one addi=
tional counting rate must be determined. However, such cases can easily be
treated by the procedure dascribed below. :

Designating the counting times for the incident and transmitted beams, in=
cluding background, by t, and t; respectively, and the counting time for the back=

ground by t,, we have for the counting rates

ry = o3/ty (1)

where oo S and cp 8re the total counts for these three measurements respec-
tively. The {lux densities in the incident and transmitted beams, exclusivs of

background, are denoted by s, and L2 respectively, so that

8, = (ry =rp)/a (3. 438)" - (2)

whoraig.ia the croass-sectional area of the beam. The transmission T can then

be written as

T = 51/85 = (ry = r3)/(r, = rp) = e * ’ (3)
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To evaluate p“,; we apply thse law of propagation of

using

.
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(ry = ¥a) (r, - ro )

Sinee the ervors-in measur iap the timea t; are almost invariably negligible,
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Here and in the following i takes on values O, 1 and 2. With (Acey) =

= s Mg

it foilows that

st

Substituting from (2), (3), sud (10) into (8),

) e
+ 3 = ) 2 .1““/ ) y e lo > : )
" ==L
& EQ ‘t.? gl &
3 '3
it is convenient o introduce the total counting tims T
- 4 & 1 + ta (i2)

N



and to replace the partial counting times t; by the relative counting

times o( ;3
ofs = &/t (13)
with
b7 RS (14)
i

Using (11) and (13), and multiplying both sides by 2, (7) can be

writtens

pz']: = (l/x lol)z (rz + 32;)/40 & (raaax - Derx)/Ql > (rzgzx - rz)/dg

As might have been expected, the total counting time is inversely proportional
to the asquare of the relative error in the crosa-=section.

We shall now inveetigate the optimum geomstry and apportionment of count-
ing times, treating in turn the two cases previously described.

de Cross~ Sectional Area of Bean Fixed

let the relative background m be defined by

m = rpf(r, =ry) =rofsm (16)




Substitution of this in (15) ylelds
e 2% x
PT = (1/fays) Em * 1o + (wa® + F)/3y + n(eP® o 1)/0!; (17)

From this it ie evident that whether it be required (a) to minimigze «
for a premssigned p or (b) to minimizs p for e fixed %, the optimum con-
ditlons ere the sames The adjustable parameters in either oase are X, which
refers to the geometrical arrengement, and the o ;. whioh refer %o the appor-
- tionment of counting times.

Requiremont (a) may ocour when thers is 2o sssential restriction om the

totsl gounting tlme, and an upper limi{ is prosssigned to the relative error

Be To be eure, p can then be made arbitrarily smell, regardless of geometry
or sapportionment of counting times. merely by counting long enmough. However,
it is sometimes worth while to select oxpsrimsntal conditions which will keep

P below the presoribed limit in the lgest time., For exemple, in & long series

of transmission measurements ths tims 2aved can be significant.

Reguirement (b) mpplies when the total evallable counting time ie limited,

0.gec, by radiosctive decay of the absarber x_nntérhla or in cosmic-ray experis
ments at high altitudes. Here p cammot be made arbitrarily small, but the ex-
perimental conditioms can be chosen so ag to minimize it,

For the caleculation it is convenient to ix_xtroduoc the notations

fi = (m+ 1)/x®
£ w (mF o KNt

£ o m(e?* e 1)/xE , (18)

\ , e : q
‘ X

——tr P



3 00

#a that :
' PP = (1) 2?' (ffl:}t) o (19)

Mimﬁng differentiation with respasct te % by primes, the soluticie
are given by |

/s
Winimising with respost to the G, end taking (34) inte account, we obtain
41”W§&° (21)
Substitution of (21) imte (20) gives
s
?fs. 5. {22)

or, more explieitly,

ma®*(1/2,) + (,1/:3)] + &~fegy-x Z{‘, £, =0, {22a)




«ile

It is seen that the optimum values of the paremeters = andocgi depend on the

relative background m alone.

(a)  Optimum Trensmission. By mumerically solving equation (22a) for x
as 2 function of m, the cptimum transmission -gopt - ecxopt iz evaluated aa
& function of the realative background m. In Figure 1, .?npt is plotted over
a wide renge of m, fram 107 o 10°. It will be moticed that even for very
large backgrounds, Eopt does not exceed 0.31, and, in general, the optimum
transmissione are cousiderably smaller than those freguently used in ebsorp-
tion experiments.

The results in Figure 1 may be orudely summed up by the following useful
rule: From the point of view of counting efficiency, & tranamission of sbout
Q.1 should be employed for low backgrounds, 0.2 for moderate baokgrounds, and
0.3 for high backgrounds. The meaning of "low," "moderate,” and "high" will
be evident from Fig. 1. This rule 1s appliceble when the cross-sectiocnal
area of the beam in fixed and the n.hsofi:er thicknsss can be adjusted; morecver,
the conditions (a) to {e) specified in' the Introduction are assumed to hold at
least approximately., If the background changes ;ipﬂicmtly during en experi-
ment; and it is inoonvenient to chanige the absorber thiockness, then a fairly
good procedure is to wse a transmission sppropriate to an aversge baskground.
This is a consequence of the insensitivity of -'gopt
from the subsequent discuuion.‘ tamae rules have wider applicability than

3

4 )
(
i

to m. As will be evident

* See I(a} below; alsc Fig. 5.



When the Background is absent (m = 9), Ego (22a) reduves to

might he supposed at firat glante.

(z-3P = 54" (23)
wnd the solutiaen ia

“%
Q L] 3.” “ Oom

1
This spocial oase has beem previously comsidered by Reinwater and Havens.

(o) Optimum oounting times for pptimum trenmsmission. The best appor-

tionment of counting times fowr eny value of m is obbained by avbaSituting inte
(21) the poot of (22a) for that m, ;ogé,by putting the eptisum transmlasion
inte (21). Although the optimum fractional times ¢y are funetlons of u alone,
they can be pletied apimt;r.p' inomdofzg since to eanh m there correspands
& unique }qt. In Fipws B the 9!. are ';9 plotted. The ourve ubcladi. gives
the fractionsl time whieh should be dwotod to gounting the incldent beam, ?'i
the trensmitted beam, emd¢l, The bwm@do It will be recalled from Figurs §
that intreesing valuss of gmeonqpﬁn to dneressing me. Flgure 2 shows that
at low -gup'h {end therefors law buckMa} the background rats ¥, is relatively
wpimporiant snd need uet be messwred with gread predislon; moat of the time -
should bhe devoted to mossueing ¥y vhioch 'u smal} compared with &,. A8 the besk-

ground Anereases, ¥, pmirdbutes more siguificently $o the quantities ¥y = T

» Phys. Revi, 70, 146 (1946),




and r, - T, {the true counting rates for incident end transmitted besms). and
it becomes nescessary to meagure rp more and more accuretsly., The required time
is obtained mainly «t the sxpense of r;., which of courss increases with Enpt‘

#¢ that it can be sdequately measured in less time.

{c) Deviations from Uptimum Geometry: Optimum counting timea when ar=

bitrary transmission is used. In scme expsrimentz it may bq toce difficult or

even unwisea to employ the optimum transmissicns derived here. For any trans-

nission T which may be used, however, thera is still an optimum uppurtlénmant

-

of counting times. These o ; are given by (21), as bsfore. but they are now
functiong of ﬁ:g independent parameters. T and m, ipstead oflgvglone_(arlzg
alone). Accordingly. for all non-oplimum (as well as optimum) transmissious

2 family of curves can be plotied for eacitg,, as in Figures 3 and 4. Figure

3 gives .the fracticnal time 4 which should be devoled tc counting the incident
beam, as a function of T for various relative backgrounds correapond@q& to. the
vilues of m with wh:ch the curves are labeled. Figure 4 showa the fraclional
time for the transmitted beam. The. fractional background timed, is, of course.
simply 1 - 3 = da-

{d) Deviotions from optimum gsometry: bffeot cn p orT. It may now

bs asked; how zensitive is the relative error p or.the total counting time 7’ to
deviations from the - optimum thickness of absorber; i.e. what price is paid in

increased counting time or decroased eccuracy for a given departure from T-ptT

-

® For sxample, in spsctrometiy, where highsr-order effects in%roﬁéee errors
which are sometimes difficult to measure, the magnitudes of thess effecta
may be reduced by using higher transmissions. Another sxpmple iz given in
reference l; p. I47; _ga




The answer depends in part upon whether the best apportionment of times or

some arbitrary setqy, is used. Since situations in which the optimum:_x,_i should
not be used (when counting efficiency matters) are difficult to conceivse, ws
shall easume that this partial optimum conditiom is roalizedo. The sensitivity
can then be measured by the deviation of the ratio (pz’[,’)/(pa'g)opt from its ﬁina
imum value of unity. Large values of this ratio are of course undesirable, as
they imply large uncertainty or ean unduly long time required to attain a pre=
assigned accuracy.

Combining (19) and (21),

PPy = (1aalD2)? . (24)

pz‘r; depends on both m and T (i.0. on m and _x_)o The minimum of ng is

(_Pi_z__f_ )opt" and this is evaluated from the solution of (22a) for each valus of
mo

The ratioe pzf /(pzft; )op & is plotted in Figure 5 for varinus values of m
(numbers affixed to each curve) as a function of T. It is evident from the
flatness of the minims in Figure & that modsrate deviations from ..l:ppt are only
slightly disadvantageoua; i.e. , 1t matgers littls if the geometry used is not

very close to the optimum. On the other hand, the steep portioms of the curves,

¥ It should be noted that the best apportionment of of, for non-optimum T
is in general different from that shown in Figure 2, am discusse the
previocus section. The epportionment for say T is given in igures 3 and 4.

g\
.



and especially those for T < ?’Fahow that for large departures from _'{.‘0 s & Big-

pt
nificant and rapidfly rigsing increase in error or counting is time incurred.
Thus; from the curve for the smallest relative background, m= 10°3, it is clear
that a transmission as small as 0,01 is decidedly disadvantageous, as would be
expected. The same curve, however, also shows that using a transmission of 0.61
instead of the optimum (27 0.1), necessitates a éafold increase in the counting
time to% achieve a given accuracy; or, in a given counting time, increases the
relative error p by a factor /6.

In general, for low backgrounds, trensmissions exceeding 0.6 should be
avoided if possible, and even for very high backgrounds, it is unwise to exceed
0.75. Inspection of Figure 5 confirms the working rule previously deduced from
Figure 1; i.e. that transmissions of about 0:1; 0.2, and 0.3, respectively; are

suitable for use with low, moderate, and high backgrounds.

Figure 5 can be used to ascertain the permissible range of transmissions

if pz‘v is not to exceed (pzt)opt by more than some preassigned factor. For

example, suppose m = 0.1, and it is desired not to exceed the minimum counting
time (for a given accuracy) by more than a factor 2. From the curve labeled
0.1 in Figure § it is seen that the transmission should lie in the range
0.06 < T < 0.5.

The permissible range of tr‘ansmissions as a function of relative backgroumd
is shown more directly in Figure 6, for several maximum values, 1.2, 2, and 4,

2 2 '
of Pf/ (» t)opto The numbers on the curves are values of this ratio. Thus, if
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B e
PT/PT)

L is not to exceed 2, the hipghsst psrmisgible Lransmission ls
‘op

shown by the upper cusve “2", and the lowest by lower curve "2". For example,
if the relative backpround is 0,01, and it 3z desired oot to spend mora than
twice the minimum time in obtaining & given sccuracy, the sllowable range of
transmissions runs from 0.03 to 0.42. If the total counting tlie ia fixed,
the zelut;ve error in O will then exceed the minimum error by at mcst_wﬁ?‘

3 "‘ - »
(o) bvaluation of (p" T For a given relative background or a

)
_,,ij i/ &

riven T,ne» 1L may be dee}red te estimate quickly the valus of (p'1)

epu opt*® The
latter depends on the absolute backpround as wall as on m (or k}<
Case 1: Using (16 ), Equ. {24 ) cen be rewritten i
2, 2 :
Pl J £ e ™ P
o ARTERA N 6 i % (24a)

When for a given m the corrasponding ;kp? is substituted in the righthand

side of (248 ), this becomes

2

Vi b
Jd = ..g ) P, & ( ! i o
et JC PO PR E Y JON (24b)
The righlt-hand gide can be axpressed as 2 function of m alone or of T
1 ¥ r, - F.

alone, In ¥ig. 7; J is plotted against ?‘p*'

1I. Peem of Variable Crogs-sectional Ares

B e

B e

When only a small sample of abmorber s aveilable for a cross=section

measurement by transmissicn; it may lLe sdvantageous to place all of it in the

path of the beam. We suppose that the -crcss=sectional area & of the beam and

the area of the absorbe: sample are sc ustabls so that the two can be kept

squat. It is further assumed that the total counting rate of the insidant bsam




unlike that in Case I, is not fixed,; but varies in proportion tc s subject to
the condition that the total smount of absorber in the path of the beam remains
fixed. This condition implies; of course, that the thickness of absorber varies
as 1/_&-0 The problem is whethsr to malte the absorber thick and the beam narrow,
or the absorber thin and the beam wide. Here again; to a given relative back-
'ground there corresponds an optlmum transmission; howaver, the latter now dee
termines not only the optimum ebaorber thickness but zlso the optimum bsam ares.
It is fairly evident that the velue of the best transmisgsion here will differ
from thet for Case L. It s true that in both cases the thickness of absorber
changes, but in Case II the beam area alsdo chanpges,; while the total numbsr of
atoms in the path of the beam remaing fixed, In Cese I the reverse iz truej
the beam area iz fixed, and the numbér; of atoms in the path of the bean variss
with the thickness.

The derivation of gopt is parallel to that in Case Is g{z ie again mini-
mized with respect to x and two of the dio It is coovenient here to introduce
& new paramster in place of m(ef. (18)). The b tter is sultable when s is in-
dependent of T, b;lt this is not true in Case 1l, wherse a choice of & at once d§=

termines T. .o define instead a new "relative background,”
k = rp/s N0 (25)

in which the product ¥ O”; which is constant here, tekes the place of a. which

is constant in Caec 1’,,3

©

Comparison of definitions (25) and (16) shows that m = lkx.



2.8 R
Replacing x 8 by NO~~ (ef. (4)). and introducing k., Eq. (17) cen be

rewritten
P =(1/a,80) Ek s 1/x)/d, + (k6" oo /x)/d, % k (2% » ;.)/rag, (26)

which corresponds to (17) in Cese I. Similarly, corrssponding to the ff

in (18), we define

9) = k % fx
o
2 2x :
?1 = ke i o"/x (27)

gg? = k(ezX + 1)

so that (26) can be written

& i 2
PP = (1fa o) 2 ¥ A e
Minimizing with respect to Xxs g, and e#lg subject to (14), gives
s
So% P4y - o (29)

gy SAELE (30)




and substitution of (30) into (29) gives the result

s

E?i = 0 (31)

which can be written explicitly as
2 ""2°21(1/‘P1 « 1/2) + o"/ﬁPl\}(x 1) =1 =0 (31a)

(a) Optimum Transmission. This equation in X and k has been solved

numerically, and the results are given in Figure 8. Hers o™ = is plet-

-T-opt
ted against k. The optimum transmissions are higher then those shown in Pigure
1 for all values of the relative background; in particular, they approach 1.0
rather than 0.31 for large k. The difference can be explained as followss

Az we have seen; e transmission is statistically unfavorable when either of

the true counting rates Ty=¥porr, -r) is too spmall. In both casea which
we have discussed & larger background can be partly offset by increasing r;

hence T

opt increases with relative background. In Case I, however, as ry in-

creases it approaches r  which is fixed (since & is fixed) so that beyond a
certain point {(which turns out to be T = 0.31), it is no longer advantageous

to inorease r;. In Case II; for larger relative backgrounds; ry is increased
as before by thinning the absorber. However, a is simultanecusly enlarged so
that the increase in the transmitted counting rate is automatically accompanied
by an increage in the incident rate. Thus, although (ro = rl‘y ro 8till de-
creases with increasing T, it does so more slowly than in Case I, and the de-=

cresse is offset by the increased counting rates of both incident and trans-



=20=

mitted beams. Hemoe, in Case II, it is adveatageous for very large back-
grounds to increase T up to the maximum velue allowed by expanding the beam
&roea.

hen the background is zero (k = 0), Bg. (3la) reduces to

i 3w AT - (32)

and the solution is

opt g 0922811

(b) Optimum Counting Timea when Topt ie used. Eq. (30) gives the

beat apportiomment of counting times for a given value of 'l':_;, provided that the
root of (3la) corresponding to that k is substituted in (30). Since there is

& one-to-one correspondence between k and lopta the cptimum fractional timee
dos 93, andg » can be plotted against the optimum transmission (instead of
against k). This bas been dome in Figure 9.

(c) Deviations from Uptimum Geometry. Optimum ¢X. for Arbitrary T.

When & nom-optimum transmission is used, the best 2-1 are, ag might be expected;
identical with those deduced for Case I. Thess 9y could be obtained by sub-
stituting into (30) the relevant value of x (i.@., =1nT) and k. But it is no
longer necessary or even useful to employ k; since T, and therefore a, is now

fixed (k was introduced in place of m in deriving Topt because the latter




contains a, which in Cese II dopsnds om T)o It 1a botbter instead to revert to
m &8 & messure of ths rslative baokgrc;md;.t Hareover, Eq- (2 ) is identical
with Eq. (30) for a given valus of ¥. This cen be seen by rcpluings with
m/x in (27), sud substituting the resulting ¥, into (30). Thus, for nom-optimum
trmnici‘im» the best gy are the same regnrdless of whether the experimentul '
oonditions u; those of Cage I or Cage II. Two of the o, mre platted, es we
have .(»np in Figures 3 and 4, respeutively, and the third is obtained by sude
trsotin; tho fgia?:to from 1 (of. (34)).

{(d) Deviations from Optimum Geomstr'y. s£ffect on p or? . As in Case I

the semsitivigy of p or 3’ to dopnﬁu-u from optinum geometry can be deduved
from the variation of the ratie p’T ,((p"%:)opt with transnission. In the present

case pf_'g ie evalusted from (28) mnd (30) with the result:
2 2
P = (We o NP, ) | (3%)

(f_‘g)m for a given k 23 evaluated by subatituting in (38) the solution ol

(31a) for that value of k. Ego (33) can be used to computs the permissible range
of transmissions 1if gz’c’ is not to excesd its minimum value (gzt' ) M‘b’ more
then some presssigned factor. In Figure 10 (the enaloguo of Figure 6) this per-
aisaible rangs of T ia given as a function of k fop the veluss 1.2, 2, and 4

of plz'/(pzwwop ¢ As in Pigure 6, there are %wo curves for each of these values;

% fo determine m, anly Tpo and ¥p neqd be meagsuredy to determine k, on the other
hand, r, must be msasursd es well, as is evident from the defimitlons of these
guentities. In fagt; by Eqs. (16), (28), and (3),

P 3
o 2
k= N
3 o= T2) In (rz, - "z)
& Fg = Fa




=28 =

the upper curve showing the upper limit om T, and the lower one ghowing the

lower limit.

(e} Evaluation of (pT )‘pto in the sams way as in asotion I(s). but

now using (25), ¥g. (33) can be rewritten

(p%z Jopt Fp = ki 971)24, (258)

and substituting x pt’ cbtained from (31), this becomss

= (o2 2 2 '
G = (p c)opt s k(z:"?i).f:npt o (25b)

In Figuro 11; G is plotted againgt I‘thl:

DISCUSSION

The utility of this investigation depends largely en the insensgitivity of

pz'f vo moderate deviations from ¢> e shown by the flatneas of the minmims in

Zop
Figure 5. This is evident from the followiag considerations: : z.opt depends on
@ in Cese I, and on k in Case II. A kuowledge of m, however, depends on the
messurement of r, eud ¥, (ef. (18)); 5 depends on these two parameters and
on ry ae wono‘; Thus we are confronted with the paradoxical requirement of
measuring two (or; in Cese II, all three) of the counting rates from which 3
is deduced before we can calculate the statistically favorable comditions for

making these very measuremsnis. BHMorecver, in order to choose the optimum ab-

sorber thickness;,; once _I_'th has been determined, the cross-section (or, more




generally, the sabsorption coefficient) must bs known, Since the latter de-

pends on T, all three of the counting rates must be known in advence even in
Case I. In practice; however, this is not a real difficulty. It has been

shown that(gi!; changes so slowly in the neighborhood of Ebpt that moderate

deviations from T

Iopt are unimportant. Thues 8 rough preliminary measurement of

the counting rates sufficez tc give anm estimated abasorber thickness which can De
used for practical purposes. The time consumed by these prelimipary measurements
should in general be gquite short compared with that for the final measurements,
since the time required for a count is inversely proportional to the square of
the permissible error, and the latter may be fairly large without leading to =
significantly poor estimate of Typg-

The results presented here apply when the primary considerations are the
statistical cnes described a&bove. It is rescgnized that cirsumstances may arise
in which other cvonsiderations are important. It may then be desirable or even
necessary to use non-optimum transmissionz. The foregoing remarks about devia-
tions from optimum geometry indicate to what extent this may be done without
incurring uwnduly large statistical errors. In addition; regardless of what
transmission is used; the optimum apportionmnnt\of counting times given in

Figs. 3 and 4 will still be applicabls.
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