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NOLSE SIGNALS AND CARRIER MODJLATION ARISING IN_ELECTRICAL CABLES
DURING NUCLEAR PULSE IRRADIATION

By Eberhord Both, Horst P. Bruemmer, Charles P, Lascaro, Joseph Fewberg and William Schlosser - -

Sunén% Electrical noise signals
coaxial and other cables by pulsed nuclear rsdia-
’ tion wore measured as a function of applied vol -
: tage and exposure history. 1In ¢onsecutive expo-
sures the signal magnitude and polarity was found
-’ to be strongly affected by "training® and "mamory”
effects., Unexpectedly large signals in the cable
shield were identified as the causs for oscillatory
signals in the center conductor and for the occur-
ence of parasitic leakage currents in nearby con-
‘. ductors. An RF gignal transmitted through ROA2
A/U cable undergoes a temporary attermation during
the radistion pulse " while it passes through R059
B/U without meaasurable degradation. Definits rules
are given for minimising cadble noise gignals in
naclear pulse radiation measurements, ’

‘ L . ’ Introduction

In measuring the performance characteriatics
of electronic parts, devices and circuits during
their exposure to nuclesr radiation pulses the
transnission lines connecting the test objects with
the remote instrumsntation require careful consid-
eration, Aside froa the fact that their length inm-~
posas certain restrictions upon tha aensitivity of

" the measuremsnts, unknown or unpredictable unoise

" signals gensrated in ths cable end inseparably euper-
posed upon. ths response signal of the test odjact
may render the observed results worthlese or even
misleading, In addition to the generatiom of noise
signals, ouclear pulse rsdiation mnay tezporarily

. affect the transnission characteristics of the cable
thereby causing amplitude end phase changes of trarm-
aitted RF carrier signals,. .

It has been the objective of ocur work toenta-
bliah the nature and nmagnitudo of these two types

. of cable effects and to develop guidelines for their
. minimisation in actual use, .

Cable noise measurements perforwmed in two pre-
vious experiments by our group have been reported
elaevherels ,and a detatled account of thoregults

A

of these experimenis were conducted.at the Sand

"+~ Pulse Reactor Fecility (SPRF) Albuquerque, K.X,

This reactor is a bare critical assembly ylelding

2 nmixed nsutron and gamma radiation pulseof approx-

inately 100 micro-second duration at an averagedose
. rate of 1017 n/cnl esec and 10 rad/sec respectively,
T By far ths greatest part of ovrwork was devoted

to two coaxial RF cable types, namely RGS59 BA/ smd -
R062 A/U sccording to MIL-C-17/294 and MIL-C-17/30°

" regpectively, In tha RG59 B/U cable the dielectric
is extruded onto thoe ¢enter conductor and fills the
entire space botween tho conter condustor and the

_ shdeld vhile in tha R352 A/ cable ca opentir speoe

- 19 naintained around the conter couductor by o
helically wound polyethlene specer filemnt,

- tho wall thisckness of tho dioloctric 4o roduced

~ ecoordingly, , o

' Tvo additional ceblo typoo for witleh co=d ro-

. T -
»!

U. 8. Arsy Elsctrouics Research & Developmat Lgboratery, Fort Moumouth,

generated in.

. Method ‘ "

‘ Experinental Plan

. three shots went through a cysle of no-voltage,ro-

and

New Jersey

-

" gults will be reported are the tri-coarial cable

. imown commercially as "21-527" and 8 commercisl

mlti-conductor xylar ribbon osble, Tbe tri-coax= -
121 cable consists of regular RGS9 B/U ocable with

- an added shield and outer jeckst, The rulti-oconduce’

© tor cable tontains eight copper conductors with a
cross-section of ,062% x ,0027" gpaced ,125centers
to-center which are molded between two layere of
zylar tape 1.125° x ,005", ' )

The length of the cable samples far the nolee
nreasurensnts was 50 ft, and those used in tho A
transnission experiment were 100 ft, long, In both
cases the cable samples sxtendsd to tm ocutgide of
tho reactor building ia order to avold the use of .
connectors within the radiation field.

Noiss Signsl Measuremsmts .

The prinmary noiss signal induced in the cadle
conasista usually of a current pulse stronglyrecen~
bling the radiation pulge in ehape and duratica, ~
Under the conditions of our experirsnte the nagale
tude of the signal peak values ranged over three do-
cades, namoly froa & fow nicro-arpere to about 10
nilli-axpere, . . o

The signals aro pozzured by neans of tho simpls
cirouit ghown in Fig. 1, It permite thoindependent
observation of the gignals gencrated in tin center
.conductor and ths shield leg with or without an

applied voltage by necns of the msasuring recistor
inserted in ocach leg.

o or 100 ol in tho shield, The signals are phts-
graphically recorded as eingle mmoep cscilloscope

traces triggered by ths burst initiation migmil fren
the resstor,

In all nolse signal measurements & puxber of
cable samples was grouped togethsr and cbserved
through 8 sequence of six consecutive exposures
within a ten hour peried, For allsamples tha first
three exposures were repetitive, 1,e, all condi -
tious were naintained unchanged;y those seaples which:
had carried an applied voltage during the firet - .-
applind voltage and "
fifth and sixth exposurs, The magnitude of the :
plied voltage was alwxys 268 volt, ap-

In ous group of moasurenents both cable 6ondcoe
tors were kopt at equal potentisal sbowe or belostls -
ground potential, while in ths gecond growp only m9 .

couductor, either th conter or tho shiocld oarried:

an applied woltago tims oroating a potential diffrre
once acroas thy cable dioclectris, Thaso two condie
tions were found to cwuno strong and ohercotorige
tic differences in ths aable responpe dehavior tima

providing a matural cd mosningful grouping fer t2s

_roview of our recilte,

This resistor was elweye P
- 1,000 o in the center conductor and either 1,000

rovorsed polarityin tho fourth, . .. .- .
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Results

Conductors at Equal Potential In this category
we consider first the elementary case in which no
voltage is applied to either conductor.The results
obtained in three consecutive osures of one sam-
ple each of RG59 B/U and RG62 A/U cable are compared
in Table 1 1in which the peak values of the current
signals observed in the center conductors and the

shields are listed in micro-ampere,

Several typical differences between the two ca-
ble types are readily apparent. The center conduc-
tor signal of the RGS59 B/U cable is so small that
we neecded additional preamplifiers for its measure-
ment, In three exposures it drifts from -5 ua to
smaller but positive signalse. At such.low signal
levels the change in polarity is not necessarily
significante. The RG62 A/U center conductor, onthe
other hand, shows a very strong signal of +750ua
in the first shot, but changes to much smaller and
negative values in the second and third exposure,

The shield signal of RG59 B/U remains unchanged
at =100 ua through all three shots, while that of
RG62 A/U mirrors the behavior of its center conduc-
tor in dropping from the strong initial signal of
=1,000 ua to a level below =200 in the subsequent
shots,

If we compare the signals from both cables in
the third shot with those in the first wenote that
the response of RG62 A/U is closely approaching
that of RG59 B/U, and if we make allowance for the
scatter of data wldch is commonly encountered in
measurcments of this type we conclude that the ca~
bles can no longer be distingulshed from each other

‘by their noise signals,

It should be noted that in both cables ths
shield signal excecds that of the center conductor
by approxirately two orders of magnitude. This dis~
parity is probably caused by the factthat the shield
braid by virtue of its much larger area and rela-
tively thin insulation is “coupled" much more close-
ly to the ionized environment than the center con-
ductor,

The drastic reduction of the noise signals in
consecutive exposures under unchanged conditions of
applied voltage exemplified by the RG62 A/U cable
will henceforth be called "training", A satisfac-
tory explanation for this effect and for the dras-
tically different behavior of the two cable types
with respect to training is still lacldng.

The second case of equipotential oconductars stud-
ied is that in which a voltage of 268 volt was ap-
shield simultaneously.
The observed response signals are reproduced sche-
matically in Fig. 2 for RG59 B/U and in Fige 3 for
RG62 A/Us The voltage schedule used in this six
series was the normal sequence of three shots at
+268V followed by one shot each at O volt, +268V
and —268Vo

In Shot L, the no-voltage shot, the signals were
snaller than had been expected and therefore the

sensitivity of the measurement was insufficient to -

determino their precise values, We can state, how-
ever, that they are compatible with the data listed
in Table 1 for the third shot. )

The strong positive response of the RG62 A/U

cent.er conductor in the first shot duplicates in
polarity sndmagnitude the behavior in the first no-

/A

- tor, however, vas at first quite puzzling.

voltage shot in Table 1, and its subsequent dras-
tic decrease follows also the pattermn of its coun-
terparts Ve note therefore that the training ef-
fect of the RG62 A/U cable occurs in both equi -
voltage cases. :

The remaining results shown in Figs. 2 and 3.
differ dramatically from those covered so far.The
signals from the center corductors are no longer
unidirecticnal pulses but single cycle sinmusoids
with peal=-to~peak values between 150 and 200 ua,
The shield signals maintain their single pulse na~
ture, but their peak values are increased to a range
from 3,000 to 3,500 ua, and their polarity is gov-
erned by that of the applied voltagee

The high values of the shield signals had been
more or less expected in view of results of earlier
measurements® in which the voltage had been applied
to tho shield, and they are also plausible because
of the relatively intimate contact between the

"shield and its environrent as mentioned before,

The oscillatory response of the center conduc-
While
signals of this type had been observed by many worle
ers in this field they were usually considered as
curious anomalies until an analysis in terms of
lumped=-circuit parameters pointed to a possible ex-
planation,

In Figse 2 and 3 our scale factors are chosen
in a ratio of 20 to 1 for the cemter conductors and
the shield signals respectively. In this presen~
tation, a typical oscillatory peak-to-peak center
signal of 150 ua is equal in size to a 3,000ua sig- -
nal from the shield, Since practically all of ths
oscillatory signals agree very closely in their
magnitude as depicted with their compamion shield
values we conclude that a fixed relationship be- -
tween these signals must exist such that 5 percent
of the shield signal are transformed into the os=
cillatory center response.

This relationship was identified as straight-
forvard differentiation., In Fig, L we have replot-
ted our circuit showing the cable capacitance of
1,6L0 wf and the measuring resistor Rg inthe shield
leg which was either 100 ohm or 1,000 ohme In the
analysis the shield current is represented bya sin-
gle cycle of a sine wave beginning and ending at
its negative peak value., The ratio of the differ-
entiated current in the center conductor and the
signal current in the shield becomes 5 per cent for
Rg = 1,000 otm and .5 per cent for Rg = 100 ohm
when the pulse duration ie about 200 us., This can
pares very favorably with the actual pulse duration
considering the oversimplification in the analysis
Direct electrical simulation measurements confirmed
the origin and nature of the oscillatory signal be-
yond any doubt..

If the contribution from
shield current to the cemter cconductor signal is
subtracted from the observed values, we obtain the
same response behavior as in the no-voltage case,
namely, very small values for RG59 B/U throughout
and equally small valuecs for RG62 A/U,but for this
cable only after it has gone through at least one
training shot with a very strong signal.

The bohavior of tho equipotential RG 59B/U
coauxdal cable was compared with that of its modi-
fied version, the tri-coaxial cable, type 21=527,
vhich differs from it by an additionalshield braid

the differentiated
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~ gram 1s shown in Fige S.

" was followed,

- signals become very small,

ua Jiuted in Table
. RG

and jacket,
ted to the usaal six-shot cycle, The circuit dla-
In the first two shots

. *268V was applied to the center conductor and the
inner shield, in the third shot only to the center

conductor, and in the fourth, fifth and sixthshols -

. the normal routine of no-voltage, +268 aund A -248V
The inner shield was left floating
in the third shot, The measuring resistor in the
canter conductor was 1,000 olm endinboth shields,
100 ohﬂh ’ :

The two samples differed in one respect; while
one was electrically open at the exposed end, the
center conductor of the other one was connected to

the outer shield by means of a 100 kilo~ohm carbon

f1lm resistor so that a quiescent current of 2.7
rilli-ampere was flowing during exposure,

The observed signals are listed in Table 2,
Several facts deserve notice. The center conductos
of both samples agree in their signals as close as
we can measure them through all six shots, Their
magnitude is reasonably close to that of the regu--
lar RG59 B/U cable. In Shot 3 we see an oscilla-
tory #ignal possidly due to thes fact that the shield .
vas floating in this case, In Shots S and § the

In spite of the applied woltage of +268Y the
.8ignal from the inner shismld is below 100 ua in
magnitude, This remarkable difference from the

. behavior of the RGS59 B/U cable must be credited to

the preasence of the outer shield which appears to
provide electrostatic ‘protection from interaction
with the ionized environment,

. The polarity of the inner shield signsl cur-
rent is determined by that of the applied voltage,
but an interesting discrepancy occurs in Shot L
where the voltage is removed, For the two samples
the signal assumes values of +20 ua and +l5Suswhich
contrast sharply with the level of =100 ua to -200
as typical exarples for the
9 B/U and RG62 A/U configuration, Obvicusly,the
difference is being caused by the presence of the
outer shield in the 21-527 cable; quite possibly.
the small positive response signals reflect nore
closely the intrinsic behavior of the inner shield
than the larger negative values, but more data are
required for any such assertion,

The current values of the ocuter shield itsolf
are in most cases highly irregular, Only the -50
ua value for both sarples in Shot 4 without applied
voltage and ths <100 va to =200 ua values for sazple
21-527-2 in Shots 2, 3 and § are in keeping with the
shield behavior as we have described it before. Tha
remaining values, howsver, ranging for no apparent
reason from +700 ua to -800 va are quite cbvicusly
anomalous, We have been sble to identify the na-
fure and source of these erratic signals as para-
2itic leakage currents injected into the grounded
shield from nearby samples above ground potential,
This type of interaction {s discussed in more de-
tail in another aection below, b

Originally,the experiment with thstri-coaxial

cable had been plarmed for the purpose of monitore

Ang the 100 Kilowol carbon filn resistor through -

the rediation pulse. Wo find that the signals frwm -
both cable sarples are prectically indistinguishe
sble {or o&ny given ohot, 1, e.thair difforence does
Dot ofdoed ot wsasuring ocnoitivity of £ 5 ua,

Twvo samples of this cable were subjeo-

- with equal center and shield potentials,

_ This 1» true despite the fact that the sarple with

the attached resistor carried a quiescent current
of 2,7 ni1li~arpere, We oonclude therefore that

' this current flow did not change by more than £ §
. us and that conse

ontly the resistor maintained
its value within S ,2 percent during thd radiatiom
pulse. The practicsl usefulpese of this measuring
method is woll denonstrated by this first result
and farther refiversnte will irprove its sensitiviizy
Conductors at Different Potentials Ths multie
conductor ribbon cable noeforth referred to as
MCC) was briefly described 4in the fntroductiocm,
One sumple was exposed to ths usual six-shot se-
quencs and four of its eight conduotors werd in- -
dividually monitored., Conduotors 1 and 2 wers mle
ways kept at ground potsntisl, Conduotors 5 and 8
carrind an applied voltage of +268V and ~268Y re=
gpectively through the first three exposuresjthese
vere followed by a no-voltage ghot and by two finad
exposures where both oconductors were at the same
potential of #268V and =268V respoctively, Tha taxro
upper lines in Fig. 6 are a reproduction of theslp-
nala from Conductors 1 and 2, while the responses
of Conductors § and 8 are ghown in the recaining
two rows, In the first exposure, the signal mage-
nitude of both conductors with spplied potential
is very high, It drops considerably in the second
shot and stays at this level during the third repo-
titive exposurs, ' The polarity of the currents is
the saze as that of the applied voltage, Thp sharp
and apparently irreversible decline of the signal
magnitade after ths first shot is the familiar
training effect as already described for R062 A/U
Removal
of the voltage in Shot L resnlts in a currentpalm
of the same pise as in Shot 3, but its polarity is
opposite; re-application of the potential in the
fifth shot bringa the aignal back in polarity and
level to its response in Shot 3 where the gars vole .
tage was applied, Upon reversing the gign of tha
applied voltage in the last exposure the polarity

.of the observed noise signals reverses accordingly

while thair absolute nagnitude 1o about twice thzt
of the previcus response,

The behavicr of the cable during the sequence
of spplication, removal, re-application, and re=-
versal of the voltage is strongly reminiscent of a
bi-~stable mepory. Using computer terminology 4m
describing this behavior, a "write® process, i.e.
a storage of charges in the ocadle, would occur dom

.ing the 4initial series of three exposures with thy

potential applied; in the subsequent no-voltage
shot theso astored charges are released and appear
as a "readout” gignal. This model is consiatont
with the dependence of tha readout gignal polarity
on the sign of the potential in the preceding expoe
sure, the repetition of the writs signal upon re-
spplication of the voltage, and its doudling in ad-
solute magnitude when tho applied woltage 12 ro-

" vorsed,

The panory offect is by no meang limited to tho
MCC but 4t ocours likewise in ths RGS9 B/U and RO
62 A/U oadbles whenever the applied potential undere..

' " goee the appropriste changes betweon guccosgive

shota, This fast 15 illustroted in Pig, 7, whioh

r:gnnnuncummofmremwondlm :
¢able types, Thd valvegs of tin odoerved peak cure

rents aro plotted worgus ths shot member, end 4ha .

!
3
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" woltage scheduls is 11isted in the table at the bot=
_tom of the diagraa,” .

In order %o compare these valuea we plotted

" all response signals obtained in the first shot in

the "up” direction and thogse reversing their polar-

" 41ty in later shots in the "down" direction. Rurther -

more, the acale factor on the left ordinate is one
hundred times larger than that on ths right hand
side, The first scale applies to both the RG62 AU
and the MCC and the second one to RG59 B/U.

It 18 indeed remarkable how all these values
group themselves into the typical training and mem~
ory pattern discussed for the MCC before, namely
the reduction of the signal magnitude in the repe-
Utive thres-shot series followed by ths readout,
write and reversal signals in the subsequent shots

"with changing potential.

The physical mechanisa involved in the storage
and release of the *impressed information" is not
known, It could be hypothesised, however, that
under the combined iufluence of an existing elec-
trical field and a radiation pulee a space charge
is formed at ‘the interface of the conductor and the
sdjacent dielectric which persists after cessation
of the irradiation. By removing the field in the
subsequent exposure the radiation causes equalisa-
tion of the charges by allowing & current to flow
io either direction between the surface of the di-
electric and the conductor; the direction of this
current i{s dsterzined by the polarity of the char-
ges trapped at the interface, and this depends on
the field direction in the preceding voltage shot,

‘We return to Fig, 6 in order to discuss there-
spopss of the MCC Conductars 1 end 2 which were
kept at ground potential in all exposures, As.ex-

. pected ths signals ars considerably smaller than
" those in thy voltage carrying conductors, but they
> show glaring anomnlies in magnituds and polarity,

Instoad of naintaining a given signal level or ex-
hibiting a monotonic decline they drop abruptly in
Shot 4, return to their previous magnitude in Shot
S and reverse their polarity in Shot 6, It is fair
ly obviocus that this pattern is nothing but asce-

“what reduced mirror image of the signals from Con-

ductor 5, We assume therefore that during the ra-
diation pulse a leakage path is created between tim
conductors thus permitting a considerable portion
of the signal current flowing in Conductor 5 to re-
turn to ground via Conductors 1 snd 2,

The parasitic interaction of sifnal currents

' was observed in several other instances, Its affect

on the behavior of the outer shield of ths 21-527
ceble was already meniioned, and whenever shlelds
of neighboring cablea carried differedt voltages &
fairly strong leskage current was ugually detect-
able, Quite possidly the nagnitude of the paresi-
tic interaction may have been enhanced by & metal
strap ecross the wooden tray used to hold the ca-
dle sarples in their groowas,

We have yet to discuss the response of the
coaxisl cable shiclds when the potential is epplied
ei;}wr o the center conductor or to the ghield it-
self, ’ . )

In the firat case the shield signals of the
RG59 B/U cable are alwayn negative regardless of

.the polarity of tho applied voltage and the expo~

sure hMetory, . In the first throe npotitiw'lhott

— ifholr magmitnds s constent at sbout =150 uas Iu

’

the subsequent removal,re-application and reversal .

of the potential the shield current undergoes minor . -

fluctuations which reflect the changes caused in
. the canter conductor by the memory effect.,

The shield signals of the RG62 A/U cable are
much more strongly influenced by ths application of
a voltage to the ceuter conductor. Both conductors
yield signals of equal magnitude and opposite po-
larity in any given shot; whenever ths center con~
ductor signal changes its magnitude or sign on ac=-
count of the training and memory effect the shield
signal changes accordingly., The shield signalramge
roughly from 2,500 ua to =2,500 ua as compared to
the range from =50 ua to =200 na in the RGS9 B/U
cable, L

If the voltage .source is applied to the shield
itself the shield response signals increase greate

. 1y for both cable types, namely to values between

1,000 ua and 8,000 ua, and the polarity is deter=
mined by the applied potsntial, This behavior 1s

very similar to that encountered inthecase of equal -

voltage applied to both conductors.In RG59 B/U the

similarity extends also to the behavior of the cen- .-

ter conductor which is dominated by the contridu-
tion from the differentiated shield current, Al-
though this contribution must be also prerent in

the RG62 A/U ceble it is completely swamped by the
ordinary center conductor signals, These sifnals are
of the same magnitude as those observed when the

voltage is applied to the center conductor itself, '~
" . Their polarity is govermed by the sign of the po=-

.tential gradient across the dielectric,

‘The difference in the response of the two cadble
types is believed to stem directly from the diff-
erence in their construction, It is assumed that
the air space swrrounding the center’ conductor of
the RG62 A/U cable becomes conductive by 1cnization
during the radiation pulse, thereby causing a larpe
capacitance incregse in the exposed part of thacsbh,
In the presence of a voltage source on either om-
ductor this will cause charging currents to flowin *
both conductors., . . ' - ’

RF Carrier Modulation

The first measurements on RF transmission through
cables exposed to nuclear radiation were made in an
earlier experiment,] An unmodulated carrier signal
of about 1 Mc/s and 1 volt amplitude was found %o
pass through RGS9 B/U cable withoutnnoticeable de-
gradation but %o suffer a pronounced temporary at-’
tenvation when transmitted through RGF2 A/U cable,

Meaguroments at a signal level ranging from 35 mv: -

to L3I0 nv were included into the present experimen-

_ tal series in order to determine whether an effect

would becoms observable in the RG59 B/U cable and
whether the magnitude of the effect in RG62 A/U ~
would change at the lower gignal level, T

The measurements were limited to one 100 N

ple of each of the two cable types,Their ceuter pan
tion, about 20 ft, in length, was woundinto &’ flat

" spiral coil and nounted for maxirum exposure close

to the reactor surfece; an additional total of 30
ft, waa inside the resctor roca forrming straight

leads to and from tho spiral portiocs, Thacableswee

terminated at ths input end output by resistorsr=.
ching their characteristic impedance, The elimina.
tion of guperpoced low froquency aoise signals was
attaxpted in soce poasuromento by imoortion of o -




. observations,

SO ke¢/s high-pass filter,

The oscilloscope traces and the data obtained
are shown in Fig, 8, In all four shots the pesk-
to-peak amplituds of the RGS9 B/U output signal in.
mains unchangad, In thesignal transmitted through

the RG62 A/U cable, howsver, attenuation occurs in

a1l cases and its amount varies between 13 and 18
per cent, As much as can be determined from the
available results the percentage of attermuationdoes
not depend on the signal amplitude and there is also
no change due to training effects in repetitive
shots, The cormplete suppression of the regularnciss
signal by the filter insertion is evident,

These results are in keeping with the earlier
We believe that the attenuation 4s
caused by a temporary change in the transmisaion
characteristics of the cable, possibly by the in-
crease in effective cable capacitance by the ion-
ization of the eir around the center conductor,

A direct measurement of the impedance changsin
terms of arplitude and phase shift was attermptedby
means of the circuit and formulas shown in Fig. 9.
The two resistors at the input end of the cable are
chosen s0 that together they match its characteris-
tic impedance; the one used as current msasuring re-
sistor was kept as small as possidble 4in oarder to
preserve the constant-voltage characteristicsof the’
source. The RF voltage is coupled into the test ein
cuit by a transformer, thus permitting the oscill-
ator, the cable and the oscilloscope tobe groundsd,
The high~pass filter for the suppression of the or-
dinary cable noise signals was used in these rean-
-urments also,

Measurements were attempted on cables with var-
ious terminatiorsas listed in Figure 10, For the
phase measurement the current and voltage signals
are expanded so that only one cycle appears on the

. oscilloscope; the amplitude 4s displayed over ap-

proximately five times the pulse duration, The re=-
solution of ths measurements as established by ta-

libration was found to be quite poor for the inten- .

ded purpose; {t was lirmdted to sbout % 15% for the
resistance values and to about & 20f or even % LOT
for the cepacitance changes, It is therefore not
surprising that we were unable to find any devia-
tion exceeding our sensitivity threshold, We hope,

" however, to refine the mathod by parameter optimi-

tation and to demonstrate ita-capabilities and use-

fulness in future experiments,

- Conclusions

The noise signals arising inthe individual con-
ductors of RG59-B/U, RG62 A/U and multi-conductor
ribbon cable during nuclear pulse irradiation were
found to depsnd in a rather complex fashion on the
cable type, ecircuit parameters, applied voltage,
potential gradient, and exposure history, Several
processes affecting the nature and magnitude of the
respons® signals were separatsly identifiesd for the
first time; they are: training, memory, differen-
tiation, parasitic leakage and, possibly, oapaci-

. tance changs by air ionization,

. Kovel methods utilized in these exporirsnts in-
cludos do measurement of resistance changes by con-
parison with a durxy cable, RF measurexsnt of ine
padance changes by monitoring phase and arplitude,
and the gupprossion of superposed noigo signals in

RP measurements by filtering. .
On the basie of the results obtained in th.ill
work the following rules were established for mini-
nizing the contribution from cable noise signals in
the measurement of transient effects on other test
objects: )

Use short_straight cable runs pointing radially

toward the radiation source, )

GSpace cables uniformly spart avolding inadvertsat:
leakage paths betwsen cables and to the ground
(mota) stands, holders, plates, etc,)

Provide low resistance ground comnection for all
cable shields,

Use minimum operating voltage or tri-coaxial ca
ble with outer shield grounded, T
Use high-pass suppression filter in RF measure-
monts, "

Pre-expose the ceble without the test object at
least once with ths appropriate voltage applied
befare making a measurement.

Record cable exposure history and use cable only
under counditions for which they have been trained,
When using compensation by dumzy cable,trainbdoth .
cables togethor and monitor their signals inde-
pendently during ths training shots snd the mea-
surement,
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