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ABSTRACT

Photon and electron irradiation effects in cables and

connectors of ionization chambers wers investigated under

different experimental conditions by means of measurements
90

of the chamber sensitivity to a Sr standard check source

and radiation induced leakage current. Correction factors

for irradiation effects on cables and connectors were

obtained, as a function of the radiation energy, cable

length and exposure rate dependences.
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I. INTRODUCTION

Ionization chambers often exhibit a cable effect caused

by the interaction of radiation with dielectric materials
1-4

of the cables . These interactions contribute to the

apparent measured exposure.

In general ionization chamber calibrations are performed

in a prescribed geometry where part of the cable or connector is

exposed to radiation. When the chamber is irradiated in a

different geometry, with a different amount of exposed cable,

a correction factor may be necessary to correct the

measurements for a cable contribution to the chamber

response.

In this study, attention was focused exclusively on the

irradiation effects which are found in the chamber cables

and extension cable connectors, used at radiotherapy levels.

II. THEORETICAL BACKGROUND

Although the various types of radiation interact with

matter in different ways, the primary process is the produc-

tion of the ions and electrically excited states of molecules,

which in turn may lead to the formation of free radicals.

The subsequent chemical changes that are produced are

characteristic of the interactions and reactions of these

entities and of the chemical constitution of the concerned

material ' .

The permanent effects due to chemical reactions vary

with the absorbed dose and in some circunstances are dependent

on the absorbed dose rate. They result predominantly in the

deterioration of the mechanical properties frequently associated
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with significant electrical changes .

The temporary effects of irradiations appear primarily as

changes in electrical properties such as induced conductivity,

during and for some time after the irradiation. These

effects are primarily dose rate dependent *

The direct current conductivity observed during

irradiation is probably associated with mobilo electrons

excited by the absorbed radiation. The persistence of the

effect for a long time after irradiation is attributed to a

fraction of radiation-generated electrons,which, during the

irradiation, became trapped at sites of low potential

energy. These slowly escape from their potential wells and

recombine with oppositelly charged ions ' '

A. Radiation Induced Conductivity in Dielectrics

Following the absorption of an energetic photon by a

Compton or photoelectric interaction, the primary electron

will dissipate tho absorbed energy in a series of ionizing

and exciting interactions liberating electrons and leaving

behind positive ions. The free electrons can wander at rondem

throughout the material until trapping or recombination occurs,

either in the interior or at one of the surfaces. The

mobility and range are only slightly influenced by

temperature and the application of an external electric

field leads to a drift component in the direction of the

field5.

The behaviour of these electrons can be obtained from

the dependence of the observed conductivity on the dose rate.

Experiments havo shown that the induced conductivity (o ) is



usually proportional to the absorbed dose rate (D) by the
. .. 5,7-10

relation :

(1)

where & is smaller than unity.

The measurement of the induced conductivity is actually

quite delicate, since photoelcctrons and Compton electrons

in the electrode materials will tend to perturb the intrinsic

induced current of the material '

B. Compton Current

The Compton and photoeiectrons have a component of
12

motion in the direction of the incident photons . Conse-

quently, a unidirectional beam of photons can produce a

directional current in the absence of an applied electric

field.

With high intensity radiation sources this Compton

current can reach appreciable values. In some dielectrics it

exceeds the conduction currents produced under irradiation

by an applied electric field.

It is usually a negative current proportional to the

radiation intensity which is induced on the central

conductor.

The observed external current (I) at the electrometer

is given by


