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AN EXTENSION OF THE FORMULA OF ONO AND TSURO
FOR THE FLUX FROM A CYLINDRICAL SOURCE

ABSTRACT

A semi.analytic approximateformulafor the fluxat a point outside the radialand axial
extensionsof a cylindricalsourcew_than interveningslab shield perpendicularto the source
axis has been derived,based on the workof Ono and Tsuro. The requiredfunctiontables
areavailable,and a detailedanalysisof the erroras a functionof problemgeometryhas been
calculated,so that this formulahas a wide areaof application. No otherapproximate
calculationmethod for this case is availablein the literature,
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AN EXTENSION OF THE FORMULA OF ONO AND TSURO
FOR THE FLUX FROM A CYLINDRICALSOURCE

Hand calculationmethods involvingsemi-analyticapproximationsof exact flux
Formulascontinueto be useful in shieldingcalculationssince they enable shield
designpersonnelto make quick estimatesof dose rates, check calculationsmax:leby
more exactand time-consumingmethods,w'<l rapidlydeterminethe scope of
problems. Theyarealso a valuable teachingtool.

The mostuseful approximateflux formulaisthat for the fluxat a lateral detector point
from a cylindricalsourcewith an interveningslab shield. An improvedformula for
this caseis givenby OcK)and Tsuro in Reference(1). Furtherimprovementsand
extensionsof this formulaand tables of tt_ requiredfunctionsare givenin
References(2), (3) and (4).

The fluxat a detectorpoint outsidethe radialand axial extensionsof a cylindrical
sourcew_ an interveningslab shield perpendicularto the source axis is a case
treatedonlyin Reference(4). In this paper,a furtherextensionof this case will be
developed.

II. Flux at a LateralDetector Point from a cyr,_dricalSource witha Slab Shield
Perpendicularto the Source Axis

The semi.analyticformulaof Ono and Tsurois given in the References,along with
tablesof the requiredfunctions. This formulasubstitutesa sectionof an annulusfor
the cylindricalsource.

As shownin Figure1, a sectionof an annulusis also substitutedfor a cylindrical
source(withradiusR and height Z) in thiscase. The sector has height = 2R and
thickness 1. Equatingthe Volumes of theannularsectionand the cylinder gives

,,R'0 - 2R#. - h']' (1)

SOthat to preserve source volume,

R (2)
QI, O W -.-. ,-_ o2 2h*! '

IE

Then ifOo> 60° or "_"radians, this approximationdoes not apply. If #o "( 3'



" " " " , WAPC).T-3014
Page 2

Figure1. CylindricalSourcewith a Detector Point
Outside the Axialim(I RadialExtensionsof the Source
with Sectiono! an Annulus Used u in Approximation
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or R, q (2h.q. _ (3)

e. tan"_ (4)
h-!

e= . tan-1 ii.2R (S)h

and the fluxat the point P_ is approximatelygivenby

t,. Sve." 2..,. L, (,_ b) (G(_. b) - G(e_b. ,,,) (e)
-O(e=_b)• e (e=_b• ,.t))

where b is the shieldattenuationdistance in mean-free-paths,/i, as the sourceself-
attenuationcoefficient,and the functions1.0(#0, b) and G (#=,b) are definedan(I
tabulatedin the References.

Errorratiosfora wide range of problem parametersare givenin Table I, assuming
that the criterionof (3) is observed. The data in this table showthat this., J

approximationis useful for caseswhere *'--_'.;¢ 0.65 and jv=_; 0.1 or _-_', _ 1.5,
0.1 < #, < 0.5 and a/R > 1.0.

n n

For other cases a possiblecalculationtechniqueis to use superposition.Calculate
the fluxfrom a source of height I + t' and from that portionof the sourcedefined
by 1' andsubtractthe latter from the former. That is, for lhecases which fall outside
the abovecriteria,define a problem with source ol height ! + 1" and definethe
additionalangles

e, =tan"---E--= (7)h.l+r

es , tan" a • 2R (8)h.!

Then for this case,

®.._. L.(,. b) b)• G • (,)+o(o,.t)+ ,, (_+r)) - (e,.b ,,r)

This formulais new, and extendsthe work reportedin Reference(4).
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