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ABSTRACT

A frequently important source of image del;Tadation in diagnostic radiography
•

,Jri~es from the~cattcringofradiation within the object itself. The re::ea;i:h presented in this

dis;;ertation is directed towards the ellkid~li.an-L1f this source 01" radiog'raphic image
I

degr'ldation.

The physical context selectfild is the passage of collimated thermal neutrons. .
throu.<;h an ohject 0f.radiographiC inter."s! while ,th'b mathematical context is that of neutr~n

~ \, < ~

transport. Th~ analytical dnd computational methods are selected to emphasize the-
.macroscopic i~age degradation effects of object scattering. Accordingly, isotropic neutron

s tering and thermal ol}e-groL1p neutron-nucleus macr~scopic cross-sections are employed

. aracterizatio~s of the relevant interaction physics. Calculations and experiments

undert~l5cnpertain pri~arily to homogeneous ohjects of planar ~eumetry.

iJ'
The ..:onceptual basis o~ this di,:;sertation is divided into two domain~.

,
First. the tra,.,.port of a collimated neutron beam through an object is modelled in

isolation to the image iormation domain with the goal of estimating the extent of object

scattering that occurs. This is accomplished initially for a one·dimensional homogeneous

intinite slab object using a one-group integral transport formulation based on the point source, . '.

• I .

diffusion kernel. An ori!linal solution to this particular form of the integral neutron transport

equation is developed. featuring the exact specification of a build-up factor function based on

th'e forward partial neutron current and admittin~an arbitrary degree of multiple sc,ttering.

Additionally, an l)rhdnul l'xten'sinn to the double· Pe method for 501\'ing-;'hc flne·

~rollp inte~r~-difTcrential neutron l.ransport Nlu;ition i~ dev?loped for calculatin'{ the t.wo·

dimensional trnn~portofcollimated neutron~ throul{h a rectan~ular object,

The second approach involves ~alculatinl( the distribution of obJect scattered

:lClllrfln~ I}O the image'formation plane I.hereby qllantifyin~ the incurred i".la~e ~cgradution.
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This is lI-ccomplished by incorporating both.probleIIj domains into a system transfer function

framework, involving the calculation of S<:.attering based spatia'lly variant point and line

sprea~~~cti~ns'which are apPli~ i~ the respo",~ determinati~nfor a homogeneous knife-
,

edged '!Jab object. Applicatfun~ to'ihe location of edges and" corners on blurred neutron
'l . . '

,radiog,.aphs :,re established. These shouid ultiIl)ately be useful in'the;accurate'radiographic

dimensioning of.nuclear fuel pins.

• One significant result of these calculations is the quantitative evaluation of
.

scatterin'g based distortions t~'l.t have previously been noted in neutron radiographic edge

. responses. The ·exist....ce and relative magnitude of this phenomenon" has been confirmed-....
~ here using an analog :\Ionte Carlo simulation. Experimental tests using, the neutron

radiography facility at the :Ylc:\laster :-Ouclear Reactor have also been undertaken. ij:ach of,

these confirmation techniques suggests that this scattering based edge distortion may possess
, .

" .

merit as a neutron beam diagnostic indicator. •
. ..

In summary, image degradation attributable to object scattering has been
, . .

V'- ,J

I quantitatively exam'ined and clarified for thermal neutron radiography,
\ . '(}[J ;'""~"'..or,"""","" ,....- ="-'"••h_....
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