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. ' ABSTRACT .

* i .
g . ¥

This report describes the design, development and
application!of a neutron radiographic viewing system for
use in nondestructive testing applications. The system
basically consists of a SEC vidicon camera, neutron
image intensifier system, disc recorder, and TV readout.

/Neutron bombardment of the subject is recorded by an image
cenverter and passed through an optical system into the

SEC vidicon. The vidicon output may be stored, or processed

for visuel readout.
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Ali requiréments for the system as defined by the SCope4

™ of Work have been met or exceeded in tests rui thus far on.
w B ,‘ ' S

the supplied equipment.
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1. INTRODUCTION

Contract No. NASBQ3OO70 was issued by George C., Marshall
Space Flight Center to Zenith Radio Corporation on June 28, 1968.
The purpose of the contract was the modification of an X-ray
televisioﬁ’system into a neutron radiographic viewing system for
nondestructive testing uses. This was to have been'accémplished
by (1) performing a comprehensive study of neutron radiographic

imaging by television; (2) modifying Government-furnished equip-

" ment (television monitor and scan playback subsystem); (3)

fabricating or furnishing required items of the system (imagé
converter, image amplifier, lens system, SEC vidicon tube, connecting
cable); and (4) performing a complgte system inpegrat{on and
checkout. ﬁ

/

The final svstem was to meet tha fallnwina oriter
_ v :

!J-

[ (1) +h

i~ -

image converting device, used to convert thermal neutron flux into
1 :

light, was to have a minimum resolution of 0.0l inches, be com-
patible with the input requirements of the television camera, and
be integrated into a single unit with the camera for remote location

operation; (2) the television camera was to be enclosed in a

-
~

lightproof,‘electrically interlocked housing,‘with a volune of
three cubic feet or less; (3) the camera must be capable of imaging
from 1:1 (full-size) to 10:1 (reduction) for viewing large areas;

(4) the final system was to have been tested using a neutron flux

of 1 X 105N/cm2/sec (moderated and collimated)'and produce images

‘of 0.010" diameter objects. R

AN

R l.-‘-'l.'

. &]

NPT ey T TUCTICEREC B SRR

T T T e



o
-
9
PR S e

. m-*ﬂm

Due to difficulties in obtaining a calibrated neutron source,

completion of the 18-montl program was delayed.

The final system

installed at Marshall Space Flight Center indicated, by tests run

to date, that it met or exceeded the requirements listed above.
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2. END ITEM DESCRIPTION

This section provides a description of the problem, a brief

»

introduction to neutron radiographic theory, a description of the

system developed under this contract, and information on each 'mit
of the system.

2.1 Strtement of the Problem

The objective of the program was to develop’and fabricate a

neutron radiographic television imaging system to provide useful

information at low neutron flux levels. Quality Assurance personnel

are required to conduct tests on a wide variety of product proper-
ties in order to maintain the quality of the manofactured item.

.Unfortuna tely, certain cbaracteristics of the product are 4
impossible to inspect after assembly because of opague cases Or %”

enclosures. Some items in which neutron radiography may aid in

the solution of tliese inspection problems inclqda: the bonding

of honeycomb materials used in missile and aircraft structures,
explosive trains used in ammunition and explosive bolts, and~-
to a certain'degreeH-water-concentration and the:position of
certain types of lnsulatlon and seals in hydraullc valves or

"~

! - electrical connections.

The fundamental problem in all the aforementioned structures

is that the contrast caused by the materla] under 1nvestlgatlon

( /} 4 /u bt

is nauff1c1ent to provmde a usable mmage when using conventlonal'
nondestructive methoda such as X-ray radlatxon. The present‘
approach used by Ouallty Assurance for th1° typo of materlal

is to run a batch sampllng plan in whlch a. number of items , §
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in each manuvfactured batch are subjected to a destructive

test. In‘the event that the reject or failure rate exceeds

a certain predetermined limit, the entire batch may be rejected.
This approach, commonly"used in industry. is a stop-gap type, |
since a pfobability exists thaﬁkaéceptmd batches still contain
faulty or defective items, while rejected batches might

contain a large proportion of acceptable items. This situation

has Zorced designers to add additional safety factors into

systems which must function without failure.

2.2 Neut;on Radiogravhy

A method which has been under investigétion for 20 years
and offers an approach by which some increase in the capabilities
for nondestructive testing of hydrogenous materials and materials
cnm:ai,nipg sneh elements as boron. lithium, ”cadmium .and heavy
elements is neutron radiography. Although investigated prior
to World War II, it received a iarge amount of attention dnly
aftef large-~scale sources of neutron,flﬁﬁes became a&éilgble
from the nﬁclear reactor. A classic book on this subjectl
proceeded to bfing under one coverxmost of the gnown material
in this gfgé.

The principle of,néutron radiography lies"in the fact that

the absorption characteristics of X-rays and neutrons are

”“radically different, in some cases almost opposite. The

' \\: Yo :

s

1”"Neutron RadiOgrﬁth”, H. Berger, Elsevier Publishing-co., 1965.
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attenuation of neutrons for a given material, in combination

with the‘claésification of nehtrons into an arbitrary but

S predictable system of energy levels, provides the key to
radiographic study: the capablility for discrimination betwecen

gi different materials, This is primarily due to the probability

| that the larger the cross-section of a given nucleus, the

greater the chance that an approaching neutron will be

absorbed’or scattered. 'The detection of the pattern caused

by absorption or scattering, by photographic and non-photographic

methods, is called neutron imaging detection and provides the

operator with visible radiographic evidence of the test speci-

-

men's structure.

o+ <
e

Basically, neutron radiography provides a uséfﬁi complement
@?} to sucih nondestruccive tesn}ng métnbds as X-rays, intrared,
ultraviolet and ultrasonics:‘ It can proéide discrimination
in heavy metals over a large range of’thicknesséé; high-
contrast resolution capabilities; a thermal neutron image in
" the presence of high gamma radiation intensity; and extreme
$Sensitivigx to certain materials which; being neutron~absorbing,«
v © yield usefui radiographic images. These capabiliﬁies make
neuéron;radiography particularly applicable to such fimld;
as reactor; rocket and missile technology; biological studies;
‘é ' and plastics and heavy matals inspection. 7
; R Although commercial neutrcn-radiographig services are .
| ? availablé to the public, they are ggnerally'fssociatéd:ﬁﬁth,

- a nuclear rebcﬁor”énd require that the specimen ﬁqder study

H
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be brought to the reactor rather than vice versa. Almost all

neutron radiographs made in the past and at present are made
- by a conversion screen technique, Either a special conversion
screen is made radioactive due to bombardment by thermal
neutrons, or by a direct conversidvn technique where the thermal
neutrons are converted into some other form of radiation, such
as light or electrons,«and then are used to activate photo-
graphic film, Besides the problems of cost, these techniques
are time-consuming ahd usually require a large reactor source
if the radiograph is to be made in less than one hour.
The purpose of this program then becomes one of providing
a method of direct viewing of a neutron radicgraphic image

which is being generated by a $mall portable source. The \

neutron source was to be supplied by the nondestructive test
research group at Mars§all SpécenEiigbt Center, NASA, Huntsville,‘
i . o "

Alzbama. The specific design goals of the program were .

described in Section 1.

2.2.1 The ﬁeutron. The’neutron can be thoughﬁ of as a

fundamenta;‘particle in that it cohtains fundamental properties

which are entirely its own. The mass of a neutron is now M
accepted as being 1,008982 AMU (atomic mass unit). Tﬁe neutron,
outside of the nucleus, is'un6£able and has a decay cycle“in

'( . which a beta particlé pluS_a heutr;ng:%re“emitﬁéa, leaving'a

S proton. The half-life of the neutron has been calculated as

being 12.8 minutes. Nentrons“have been cldSSified-by-their

energy which, in turh; indicates thei; Qelogity.

. !”g:* L *
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‘transparent to neutrons in the BeV range.

" neutrons.

are‘cla551f1eﬁ ag thermal neutrons.

Neutrons with energies

2.2,1.1 Ultra-gigh-ﬁnergy Neutrons.
in excess of 50 MeV are'defined as ultra-high-energy neutrons.
Very little work has been done with particles in this aiea;
but sufficient effort in the 1 to 5 BeV region indicates that
fission and spallation of nuclei can occut in atomic numbers
below bismuth as well as above it. Most nuclei aépear
Cosmic radiation
and linear accelerators are sources of ultra-high-energy
Above 20 MeV, all neut@ons‘are\considered to be

relatlvem

2.2.1.2 High Energy Neutrons. High energy or fast neutrons

are considered to operate from approximately 20 MeV down to

10 kev. It Should be noted that many of the natural radio-

by
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by radioactive decay.
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2.2.1.3 Epithermal Neutrons. This rangefOf neutron energies

is defined as being from 104 ev downjto 0.3 eV. It contains

&:distribution of neutron ve*001ty whlch exceeds any permltted

by Maxwell dlstrlbutlon for the temperature of a mode:atlng

.
“
.

materlal

2 2 1.4 Thermal Neutrons. When neutrons are traveling at an

average energy that"is equal to the average thermal energy

kof the atoms of the medlums tnat thej are in, the neutrons

The energy and correspond:ng

velocxtles depend upon the temperatures of the medlum. At -

'room\temperature, this energyélszo.ozs'ev and the"range'foiﬁ,

v T
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thermal neutrons is considered to vary from 0.0l to 0.3 eV,

2.2.1.5 Cold Neutrons. Cold neutrons are neutrons whose

average energies lie below 0.01 eV. It should be noted “hat
they are not produced by refrigeration. Their energies are
well under those of the atoms due to thermal agitation at
room temperature.

"Slow" neutrons are usually considered to be those neutrons
with energies less than 1 keV and "intermediate" neutrons in
the energy range exiSting between 1,000 eV and 0.5 MeV.

Finally, the "high" eneréies are listed as running from
0.5 MeV to at least lb MeV. The "ultrampiqh" energies are
above 50 MeV, It should be noted that neutron radioqraphicv

techniques used in this program are limited tc neutrons of

P ey, | - -y g~ O-s"ov
b AN de ALy Nor A Ao b ﬁ-\al.-.l phoke ) @

2.2.2 The Neutron Radiograph. vThevbasic,philosophy used in
obtéining a neutroh radiograph of a specific subject is to
radiate the subject with a uniform thermal neutron flux.
The radiation flux level is attenuated by the subject and
t%e resui?ant effect is to pfovide.a~spati§1_modu1ation of
the'neuﬁrogxflux.vahis_;gsultant spatialqmodulation is the
neutron "signatureﬁ of the subject. An identical'approach,ﬂ
allowing radiation to penetratéwtheMSubﬁect, is used in
X—ray radiOgraphy; where the X-an quanta are either ébSOrbea,r
Vscéttered; or conVefted Ey»the atomic structure of the TR

subject under investigatidn. The radiographer seeks to

3

collééﬁvOnly'thOSé-primary quahta;Which pass throughﬂthék;j ;




T ——

subject. These quanta are then converted in some manner such
as film, image intensifiers ox X-ray-sensitive television
tubes so that visual images can be seen. Contrast is required

L

to allow the determination of the shape of the subject

throughout the total area viewed. If the subject were made

of. a homogeneous material, it would have no contrast, and no
shape'or férm could be determined by the radiographer. Thus,
it is necessary, if images are to be visible, to haveavariation
in the spatial absorption characteristics of the sﬁbject with
respect to the radiation being used.

The mass abserption eoefficient for X—fays generally
increases with the fourth power cof the atomic number of
material. Thus, one inch of lead tends to step far more X-ray
photons than does one inch nf hydrngnn nnder gfandarﬂ nnﬁﬂi+inen.
The mechahismf for neutron absorptipn and scatter is entirely
different from that of X—rays‘since it'is the nucleus and
not the atomic structure whichkinteracts with the neutron.

It is not Surprising, then, that the mass absorption coefficient
of many elements for neutron attenuation are far diffefeht

than for‘X:}ays. As an example, hydrogen, Which.ie close to
belng transparent w1th respect to X-rays, has a mass absorpteon

coefficien. of over 40 as- compared to lead whose thermal

i
[

neutron mass abeorptlon coeff1c1tnt 1s only 0. 45,; Thus, One °

would expect that WJth a comblnatlon of lead and hydrogen

layers the hydroqen e¢fects on neutrons would be much more

o

VlSlble than than caused by lead.k,Other_materlals*wh;chnare

kS ! ‘ ot v




highly sensitive to special thermal neutrons include boron,

lithium, cadmium, indium, and gadolinium. Thus, the neutron
— radiograph (an be expected to give additional information
over that of X-ray radiographs for items, containing these
- -—elements when enclosed in many maﬁerials such as steel, brass
and lead,
Neutron radiography can be considered to be complementary
to X-ray xadiography and generally should not be considered
' as.a substitute in the area of nOndestrqctive testing. A blot
of the mass absorption coeffiéientvof a number of elements
versus their atomic numba? with respect for neutrons is Shown
in Figure 2-1. Note that a line showing.the‘xwray mass‘”ﬂ
" absorption coefficient is quite different from that showing’

Liic neulion.

2.3 System Copsiderations
As indicated previoﬁsly, ﬁhé basic objective was to'supply
hardware which would pfovide neutfon radiographic’images"frbm
a wide variéty_of»neutron sources. In many”caSes these
SOQrces W9gld'have neutron fluxes leéé than l05‘N/cm2/sec;'
Thus, the péoblem becomes one of qot\bhly converting the
“image into a form which can be presented to anrobserVéf, but o L
One”bfaprOViding an integration capability so-thaﬁ sufficient
( | information can be collected to providé thekresdlutibna
k necessary for nondestructivévtest interpretations. A block
diagramﬂof the key systemkitems to-be’inVespigated is shown'

in Figure 2-2.

{
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35; 2.3.1 Neutron Conversion. The first problem area was that of
* converting the neutron into some other form of energy which
e is more easily used to display the information to the observer
(see Figure 2-3). Several approaches to this conversion problem
were to be considered. | .
"The conversion of thermal neutrons to other forms of energy
is generally accomplished in the following manner: |
1. Capture of the thermal neutron by the nucleus of one 2f
a number of spécial elements. The energy state is changed
and thé entire nucleus becomes unstable.
2. The decay of the nucleus by theréﬁission of energe?ic

particles and energy emission. This radiocactive decay

may be by fission in ‘some reactions.

3. These particles and radiation from the decay process
may be used directly to ihitiate.electrochemical
reactions (phétbgraphic film) or may be converted into
some other form of”radiation.»" o
‘4;'Othe£ forms of radgation may bevgenerated in the visible
or ulgraviolet portion of.theVSpectruma
N ; | This light may then be used directly or further converted into -
electrons. The»final form of the dutputﬁqf the converter will
depend on many factors, including the siénal—to—noise‘ratioh
Ofﬁhe system and the natuxe of thesubject size‘with re1ation

to realizable hardware implementation.

. 2.3.2 Light Coupling. -Two methods are readily available today L

a

. : ) . ) o

o

‘ ;E:, , 'fo; the coupling of light,betw;en a light‘ptqducer and a
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television pickup device: conventional optics in which a lens
structure or mirror structure is utilized, and fiber optics
in which light quanta is essentially piped from one source to
the other. Fiber optics has the highest light-transmitting
‘cdpabilities, with as much as 50% of the original energy being
transferred via the fiber bundle. However, these fiber'bundles
generally have the same input and output imaéeasize. They
have a limitation in resolution of approximately 40 line pairs
per millimeter, and éhe overall diameter is usually under a
few inches.

Conventional optics suffer from a general light losskwhich
can be predicted by the formula

I

: 2 2
Iin 4? (1+M)

where: IO = light intensity but of lens
T = leis T-number
M = ratio of imaée to object size
‘.V'Noté that gor a magnification of l and a T number of l,(which
;ig a rela%ibely high-performance_leﬁs), a factor of‘Oniy;l/lG
or roughly 6% of the light can be grénsmitted through afsiﬁgle
iehs. This high light loss can'bg\rédﬁced gy utilizing a

R

~dual lens sYstem using the coiiimaéiné lens and imgging‘lens.
'Aa'much as 20% of the object brightness could be éxpeCtad in
’the image. This lens approach; moréo%er, has.thé advantage
of §11owing demagn}ficatioﬁ and variation in amount of

v
R
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magnification. Thus, larger subjects can be investigated with

a fixed size format photocathode in a pickup tube. In addition,
the lens structure is also sufficiently flexible so that |
various sized viewing areas can be easily selected, This
feature may prove useful.

In the event light is taken directly from a conversion
sc;een and sent through an optical System, some form of light
amplification would probably be necessary. The light image '
intensifier tube can provide amplification factors up into
the thousands. In addition, solid-state light amplifiers
are being developed which may become generally available in
the near future. The image intensifier can generally provide
adequate light gain and would probably have sufficient‘
resolution for the system. Potential noise problems are
considered in another section of this report. |

2.3.,3 Image Converters. An alternate approach to converting

the neutron image to a light image and then coupling via
optics to a TV pickup tube is through an image iné@j@ifying

technique. This approach uses a neutron image intensifier

tube which™has the following basic sections: photocathode,

accelerators, and output screen.
\ :

The photocathode converts the thermal neutron to electrons

which are emitted with only a few éﬂectronfvolts of energy.

Initial steps in this process are idehtical to thosc described

in paragraph 2.3.1, with tHe‘resultant radiation being in the
form of,visib;e light energy. A photoemissive cdatinq on top
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of the conversion material then captures the light photons
and emits electrons. |

At this time, the most effective material for thermal
neutron conversion in image intensifier tubes has been lithium
6 (LGF). 'Although its lincar absorption cross-section is
rayper modest (2 at a thermal neutron wavelength 6f 1.08
angstroms) the alpha and byproduct (tritium) of the reaction
is very efficient in tﬁe production of light photons in

phosphors.

Other possible'candidates for thermal neutron conversion
1nclude boron with a linear absorptlon coefficient of 60.
However, the partlcles resultlng from this rcactlon are fot
as effective in producing photons as those produced in the
lithium reaction. Other materials such as gold, plavinum,
cadimium and uranium either do not produce efficient by-
products for photon production, or have a decay cycle with
lgng time constants. The long time constant would prevent
dynamic imaging. | " ; .

One addltlonal tradeoff for consxderatlon is the thickness

6F neutron conversion

of the converslon layers. As the L
layer thickens, the conversion eff%clenCJ_lncreases. However,
the byproducts of the conversionlprocess are more readily
trapped in the thickgftiayer as are the photons, both of

which are very energetic and tend to be fairly effective in

producing photons in the cadmium sulphide. A particular

R

_problem arises in this mixture in that it becomes more
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efficient as it becomes thicker. However, the loss of photons
in the basic material finally causes diminishing retuxns in
the overall number of photons produced per neutrons. This
drop-off is generally found in thicknesses whirch vary between
0.005 and 0.020 inches. The thinner screen can lead té better
regolutions in the system, This process in either approach
seems to be the most promising. It should be noted that the
block diagram (Figure 2-~2) splits at this conversion point
with the output being either light or electrons. In tbe event
that a neutron-sensitive image converter is utilized, the
ultimate output after amplificaéion of the basic photo-emitted
electrons-is light. At this poiht} the probhlem then arises

as to how‘to couple this to some sort of sﬁbrage pickup
device, -This will now be considered. |

The conversion of the light image into an electron form

is an important problem in this program. Fortunately, the

vast amount of research in the television industry has
provided a wealth of performance criteria for the optimiziné
section of the‘syStem. Important items to take into

consideration in this conversion process are:

N

1. Efficiency of conversion \ & o

2. Repeaﬁability, ease of~maintéﬁance, ané ease of
operation of the pickup device ,%

| | £

'3, Faithfulness of reproduction, including such items
as grey shades; signal-to-noise ratio, fixed pattern

noise, and resolution
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4. Other advantages, such as variable scan rate, and

extended integration capabilities.
. 5. Compatibility with othexr items in the system.

Although a nunber of television camera tubes have been

developed in the last 40 years, only three basic types now

appear readily available and directly applicable to this

system. Such items as the image dissector tubes and various

types of flying spot scaaner photomultiplier systems have a
‘ basic flaw in that they are investigating only a single small
section of the image at ‘any one time and have virtually no

storage capabilities. This is such a fundamental necessity

for this system that they are immediately disregarded. -

The three basic types of standard commercially available
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vidicon, SEC vidicon and image orthicon. (The silicon target

et b 2 s

vidicon was not avaiiagle during the study phase of this
program and therefore was notuinciuaed.)k The smallest
physically, and the least sensitive lightwise, is the standard
vidicon tube. Figure 2-4 shows the light-operational
Yperformancexcharacten&stics,of the vatious tubes mentioned.
""" It should be noted thgt;the standard vidicons generally are -
fﬁ;ﬂ6; ﬁseful aé‘light 1évels‘uﬁder 0;1 féétecandies on their’
phbﬁocathodes. Vidicon tubes' can beya‘%aﬁped with resolﬁﬁiéh
!”»capabilities of l,OOO;teleVisionﬁ}ines'across the horizontal

[

- section of the tube.
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In addition, special~purpose vidicon tubes can be obtained
that have extended storage periods; however, the vidicon tube
is generally manufactured for a particular storage time and

not a wide range of storage times. The vidicon tube is quite

-rugged, tends to be rather simple for an operator to eperate

and maintain once set up, and tends to be the lowest cost camera
of any of the previocus menticned. The basic principle of
photoconduction utilized in the vidicon has allowed special
purpose X~ray-sensitive vidicons to be produced, and vidicoh
tubes wﬁich operate into the near-ipfrareéxregion. At high
light levels the vidicon tube gives a rather high signal-to-
nqise ratio, which is claimed to be in excess of 300‘td 1.

Oﬁe has to be very careful about the definition of signal-to-
noise ratios and their‘SLgnificahce in the performance Of this
system. The signaletp~neisé,ratio given for one type of tube
from one manufacturer mayﬁnet,be directly.comnarable to signals.
to-noise ratios of other typp of tubes produced by other

manufacturers, or eveﬁ the same manufacturer.

' The SEC. v1dlcon is larger ehan the stanoard v1d1con and uses

ean eh+1rely different prlnc1ple for the conver51on and storage

of light information. The readout principle, however, is

‘;éiMilar to that of a vidicon and probably is the reason that

lt bears the term v»dycon. Note that the’perfOrmanceﬂof the"

SEC v1d1con w1th respect to llGhL level is extendcd 1nto fhe

'freglon of 10 5 foot lamberts. The present SEC v1d1cons do

o]

not apoear Lo havc 51qnal to-n01oe ratios as great as vmdlconu
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at thelr best; however, they have a usoful characteristic in
that the readout can be selected over a w1de range of storage

intervals. The SEC vidicon thus has the capability of allowing

iLntegration of information on its storage elemént with a readout

rate selectable by an observer. The basic convetsion is by
a photoelectron emitter process in the imaging or front section
of the SEC vidicon. The photo-electrons are then accelerated
through an electrostatic potential which varies between 3 and
7 kV, and strike a specially prepared target. The energetic
photoelectrons then tend to provide a charge pattern'on the
target which is periodically read out by a Scanning beam
coming from the rear, or Scanning section of the tubes.
Although thesejtubes can use a number of photoemittiug
m@%erfals'in the ilmdginyg sectivu, theix pel fulmance id youesrally
1imited to the range between!the very near-infrared and the
ultraviolet. | o -

The most senultlve single tubes in today s market are

generally regaxded to be the 1mage orthlcOns. (The image

isocon ls 51m11ar to the image orthlcon except in the readout

section. In theory it should provnde superior performance
]

“to the image orthicon, buL it suffers from storage problems. )

These tubes have an’imaging section—sinilar*to'that of the

SEC v1dlcon, but use a spec1al target which Ltlll?GS secondary
electrons for electron galn., The readout process of the ‘image
orthicon, hoyever,‘ls dlfferent.ln that a_low velocxty beam is

used to recharge the target, and thendistreturned_tg,aufelebtfon

L%

. S

o = vttt

PO

o_,m._..u._,,‘_




RS %, 3 ]

multiplier stage where an amplification of approximately 300

to 500 occurs. The image orthicon is generally considered to be
the most fragile of the three types mentioned, and generally

is the lapgest, occupyihg twice or more the volume of the other
devices. In addition, a larger number of grids are associated
with the image orthicon, and the set-up of the’image orthicon
tube together with its control maintenance is more complicated
than the other tubes mentioned. The sensitivity under the best

of conditions is better in the image orthicon by at least oue

‘order of magnitude of light ievel; however, the'signal—to—noise

ratios at lower light levels leave much to be desired, and

special low light‘level image orthicons do not present the

»

high signal-to-noise ratios encountered in commercial television.

F.l

The resclubion in Lhe laryer imadge orllidcon tubes Can realls
1,000 lines. The image orthicon can also be purchased with
special targets which are Vefy;useful‘for long term integfation.
However; the integration time is pretty Specific,‘and though
one tube can be designed to provide storage for long periois
of time, Fbe éeriod of time is pretty well fiXedkand cannot
be vagigd. ‘

In summation, the medium sensitivity of the SEC vidicon

tube, coupled with the ?ariabili@y of the integrating

characteristics of this device, make it uniquely suitable for

‘this particular system. Although the signal-to-noise ratio

is not as high as vidicons under their best operating conditions.,

and the resolution is ‘not as high as either the vidicon or

P
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image orthicon when these tubes are operating under optimum
% conditions, the SEC vidicon appears uniquely suitable to this
- particular application

2.3.4 Pickup Device. Independent of the method of conversion

and initiel optical coupling is the problems of converting the
optical or radiation information into an electronic form.
Althoughiit is feasible to go directly from light to electronic
form by using some sort of etorage target system, the require-
ment. to produce hardware on this system generally indicates the
use of existing conversion devices. Fortunately, a number

of these devices are readily available on the present market.
2.3.4.1 vidicons. Considering the basic types of devices, the

least oeneltlve of any is the baolc vidicon camera tube. This

tube depenﬂs unon A vhotoconduction process for its operation.

The tubza contains a target made of photoconducting semicenductor
material, foeusing electrodes and an electron gun which provides
a relafively low energy seenning beam. The beam scanning the
target tends to deposit anelectron layer on the gﬁn side og“

the target. On the opposite &ide of the target is a trans-

parent “onductlnq coatlng which is connected to the target
voltage via a re51stor.s Under conditions of no light, a so-
called dark current appears, whlch is a leakage'current oetween the
‘electron 1ayer deposxtcd on the qun side of tne target ‘and
the target voltages passxng throuah the load resistor on the g
| front»sxde of the target, When;llgnt‘strlkeu‘the target,,'

‘charge carriers are induced inside the semiconductor region

2222
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and tend to drift under the influence of the potential difference
on the target to the"rear of the target, tending to neutralize
‘local areas of charge. Since the beam from £he electron gun

is scanniqg in the form of a reétangular raster, the charge
modification is not affected until it is rapidly replenished
by.the electron beam as it scans over the affected areas. The
displacement current génerated by this redistribution of the
charge upon scanning, is immediately translated to a curreﬂf

variation across the’' target load resistor. This voltage provides

the electrical signal which is proportionél to the intensity

of the light accumulated betweeﬁ two scans of the appropriate

position on the target. As a result, the current variation
across the target locad resistor is directly proportional to
P Y S POPN

vidicon.

Using the standard EIA scanning rates, the sensitivities

“of readily available vidicons vary from a maximum resolution _

of between 400 to 1,000 television lines, at faceplate

illuminatiohs‘varying from as high as 100 down to’' 1/10 foot~-

- ey
AN

candle. Advancements in vidicon ﬁechnology have provided units
calied piumbicons with sensitivities that can provide maximum
résolutions and ten shaQes of grey at levels pnfthe order of
162 foot—éandles; | '

@ In addltlon, other Speclal purpose v1d1cons can be so
designed as to allow clow scannlng technlques wh;ch allow .

J

1ntegratlon and approprlately increase apparent galn of the
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systeh. However, these tubes are not really versatile with
respect to wide variations in the Sscanning rates, and as such,
are generally designed‘for their particular applications.

The vidicon provides a splendid electrical signal in a small ;

package and is generally the least expensive of the various

approaches considered.

2.3.4.2 Image drthicon. Another readily avaiieble tube, beiné
used quite often in studics, is the image orthicon. The image
orthicon combines several basic principles of operation to . i
form a final transducer, ahd can be thought of as essentially

two separate and unique sections: the imaging section and : o

the scanning section. The imaging section converts light

photons to photo-electrons and proceeds to energize these

electrons~and focus them on a target. Thus the'pattern of the
original image is written upon the target iocated between the
imaging and the seanninq“sectien'ef”the tube, with electron
densities proportlonal to ‘the amount of localized illumination
on the photocathode of the imaging section.

The tarqet, which is common co both the 1mag1ng and scannlng

sectlonS, may operate under a number of different principlesy

The targetkitsei% is always verfgthin, ranging from 1/10000

of an inch,down to 500 to 600 angstroms in thickness. The

characteristics of these targets are such that the leakage

paseed through the Larget maLerlal from the front to the bacP

is of a reasonable amount; however, the lateral leakage@aIOng'

the target surface is held to a minimum. 'Likevthe<vidicon,
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the electron charge on the face of the target on the imaging j

side is allowed to léak through the target to the scanning side
of the target. 'The scanning section contains a relatively .

low VQlocity beam which travels from an electron gun through
various focusing sections of the tube and then strikes the
target with a relatively low velocity of under 1 or 2 eV.

This deposits an electron charge which i5 uniformly distributed
over the target by the’beam scan. The beam has sufficiently

" high density so that’a;normal dark current returns to the ‘gun

from which it was geﬂerated. The anode of the gun has the
first surface of an electron multiplier. Generally, the
return beam is amplified by a factor of 500, giving almost

noiseless electronic gain as delivered to an output electrode. ]

i}
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follows: The sScanning beam proceeds to place a charge on the

! .
back portion of the target. After this charge has been
deposited, further scans result in a full return of the
scanning beam to the first anode located at the electron gun

of an electron multiplier. The output of the tube, at this

.
™y

time, is a maximum current. This is called the dark, or
black, current, The scene, having,a variation in light

intensity, is focused on the phOtocéthode in the  imaging

(. ~ section of the tube. Light photons are used to generate photo-
electrons which are then accelerateé;thfough the imaging
focusing section of the tubekaﬁd,strike the front or iméging'

side of the target area.




%&,' Upon being struck by electrons, the target, generally
k\
\.

through secondary emission, accumulates a positive charge.

S The secondary electrons are then collected by a collector ring
around the target. Thus a‘potential exists across the target | i
created by the incoming lfght~created electrons in the imaging
section, as compared to the uniform negative charge distributed

by the electyon beam in the scanning section. The pattern on

the scanning side is then modified by leakage of the charge
on the scanning side.through to the positive portions on the
'imaging side of the target. When the scanning beam strikes
the section of the target whose charge density has been modified
by the imaging process, portions.of this beaﬁ are removed
and used to neutralize the different charge levels. The
remaining portion ot the peam i.sq returned tO the gun secticn
and the first anode of the electron mﬁltiplier is then
amplified. Note that as the bptiéalyimaqétbeCOmes whiter
(highe; light level), the return Eeam to the electron multiplier
becomes less and the output of:the related scanning section
becomgs,lggf. The general point of operation of this tube is
adjuéted such that the return beam is zero at the highest
white levels in the system. v DT .
The image orthicon can bé utilized at iower light lé;els'
than the vidicon and generally can provide pictures with light

6

levels down to 10~ ‘Poot caﬁdles or better. Image“orthiccme havé been

used in slow ‘scan and lntegratlon modes, and’ have been used in

~astronomy for yearo'WLth very upcc1a1 coollng techn:ques 1n
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the xegiop of the photocathode. The image orthicon is generally
thought to be at least three magnitudes more sensitive than
the vidicon, and in some cases can be used at levels as low asl0~8foot

candles, However, the signal-to~noise ratio from image oxthi.cons

‘is generally higher than that found in vidicons, and in addition,

the image orthicon is almost always larger than the vidicon.
In some cases, .the sizes of image orthicons reach over 4" in
diameter and tend to be up to 14" to 20" in length. The image
orthicon tends to have a more complicated power supply and
requires more correction in its operation. It is a more
sensitive'device both mechanicall§ and eléctrically, and is
more easily damaged by improper operation. . -

-<

2.3.4.3 SEC Vidicon. The SEC vidicon has a perfomance

“wT Vo manm Mo mee Ve i JYL
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and the best image orthicon. The SEC vidicon, like the image
orthicon, conﬁainé both an imaging and a scanning section.

The readout mode, however, is more on the nature of the vidicon
rather than the image orthicon in that there is no low-velocity

return beam to contend with. The imaging section of™the SEC

.,
N ¥

vidicon is identical to that of the image orthicon hith the
possible exception that the potentials encountered are far
greater. Normally, the image orthicon has a potential

difference’%etween photocathode and, target pnfﬂye order of

et

600V to,l,OOOV.~ The imaging potentiél between phctocathode

and target of the SEC vidicon varies from 3 kV to as high as

7 or 8 kV. Thus, a substantial gain can be accomplished in

"2-27




the target structure itself by the bombardment of the high-
veloci#y photoelecctrons. The term SEC designates £econdary
Electron Conduction, and is a description of the target
material. The target, which is a very light form of potassium
chloride énd is on the order «f 500 angstroms thick, when
bombarded by high~energy electrons will release a number of
secondary electrons into the interstitial space between the
lattice centers of potassium chlori(le.

It should be noted that the potassium chloride layer used

“in this target lias only 5% of the bulk density, and therefore

a great portion of the target is actually vacuum space. An
electrfcal field buildup at the back of the target by a high-~
velocity scanning beam causes these induced Secgndar§ electrons
to drift towarde the coanned qv%fanm nf the target . The
conduction of the secondary electrons takes place in the
interstitial space vacuum and not in the charge induction band
of the potéssium chloride. This process removes the possibility
of long persistence because of the release of trapped charge -

carriers at the storage centers. These electrons drift towards

.
™,

fﬁ; charge, modifying the charge distribution oh the scanning
side of the target and creating positive and negative'patterné,‘
whidh in spatial distribution and intensity ¢orresp0nd to the
optical image focused on the faceplate of.the tube. B

The extremely high resistivity of thghtargetfprovides for

‘very long periods of storage time on’ the discharge pattern,

Theascanning beamhperiodically returns the target potential “
) - : 5 Q .';‘
- o v o - , ;:D
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. scenes at light levels of 10

of five minutes. The noise level of the SEC vidicon is

‘operates on much the same principles as the image orthicor, |

e mEETEE

to that of the cathode of the gun, resulting in a displacement
current similar to a normal vidicon occurring at the target.
This current develops a voltage across the load. resistor and
produces amplificétion of the video signal from the equipment.
Thus a SEC vidicon provides a readout similar to that of a
yi@?con with the additional gain embodied in a sPecial’target
amplification phenomenon. Present 25mm faceplate tubes are
capable of providing up to 500 lines resolution on static

3 foot-candles and are useful at
levels down to 5 X 155 foot-candles on the photocathode.

One of the most striking’adﬁéntages of the SEC vidicon is
its capability of retaining stored chardes over long periods
of time. This tube seems to have the uniqueﬂfeature of peing
able to handle wide variations of scanning r‘:,_tgs f.-_fcm o) i:;zt

the present EIA scanning standards to storage times in excess

- generally somewhat better than the image orthicon, but poorer

- than the vidicon when utilized at high light outputs.

Mechanically, the SEC tube falls midway between the kize of the

vidicon and the image orthicon, and can be made in a relatively

1light, flexible package. P E

2.3;4.4 Other Tube Types. Other tubé types afé availablé,\

including developmental work such as the image isocon which

with the single exception that'phekretgrn beam becomes higher

D o

1

:  ’fbr peak whites and lqweSt blacks., This phénbméﬁg meansmthat
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the signal-to-noise ratio is far better at lower light levels
than in the image orthicon. The dynamic range of operation
is superior. However, the image isocon requires rather
elaborate focusing deflection seétions and special auxiliary
power supplies. As a resuft, it is even more complicated than
the ordinary imagé orthicon and requires épécial édditional
features. 1In addition; the sige‘bf the tube is épproximately
the same as in image orthicon.

Other tubes incluée;the incorporatioh 6f miérochannel plates,
which are electron multipliers located in the imaging section '
of the tube in front of a variety of storage target ﬁateri&ls.
These devices appear to offer great pdtentiél for very high
gains in the future; however,‘few, if any, are presently .
available beYoﬁd the develepnent phase. The target materials
also offer some problgé in variable sgdrage rates.

2.3.5 Storage.“ Sipge éather low neutgan fluxes are expected

in this system, some means of storing video data‘appears
necessary. This is discussed in mﬁch greatef detail later in
this report. The storage medium can occur in a*numbéf of'fofms.

2.4 System Description

.The Zenith Neutron RadiOgraphic‘Viewiﬁg System developed

for Marshall SpacefPlight'bentér under Contract NAS8-30070

displays the .neutron image of a test specimen on a television

monitor. Although the image is,disp}ayed at television scan

N

rates of 30 frames;ber second to the observer, a controllable

variable integration time at the sensor allows the use of
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very low flux neutron sources.

 The system consisés of two sections: a camera head and a
control/processor. The camera head, located in the test cell,
is comprised of a neutron-éensitive image intensifier system
and power supply, and a SEC vidicon camera head. Both systems,
with their optics, are housed on a test mount. The control/
processing section is mdunted in a rack capaﬁle of being located
at least /5 feet from the tést cell. This rack cogtains a
power supply, sync génerator and test signal generator chassis,
TV monitor, video processor, and video disc'recording system.
External to this rack is a remote control box used to optimize
the performance of the neutron image intensifier tube. Figure

-

2-5 is a block diagram of the final neutron radiographic display

Neither the thermal neutron source nor the specimen is supplied
oy

with this system. The remaining equipment is located either

in the camera head section or in the control rack section.

.

The neutron image intensifier tube converts the neutron flux

into light scintillations with considerable light gaih over a
* - .\\ ) o x
conversion screen. The light coming from the output, screen

of the image intehsiﬁier tube passes through optics to the

SEC vidicon camera tube, which stores the light intensity of
‘ . . ) ’ P : //4
each scintillation over an operator-controlled period varying

from 1/30 of aksecondiup‘to seve:ai hours. The video output

of the SEC vidicon is, at thepopefétér's discretion, sent over

a 75-foot isolaticn cable to the SEC vidicon camera control
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unit. A second cable, connected to a bias control box from the

neutron image intensifier tube, allows the operator to remotely
peak the performance of the neutron image intensifier tube. &
A high voltage power supply for the neutron image intensifier
tube is located in the camera head section of the system.
.The video signal emanating from the SEC vidicon camera head s
is amplified, proééssed and mixed with a sync signal from the E

sync and control circuits in the camera control unit. The

outputs, located in the remote control rack of the camera

e

contrql unit, are in the form of a composite video signal énd
a readout control signal. The éynq and control circuits

provide those signals required to insure proper operation and
synchronization of the total system. The sync ig normally ?

ohtained from s+ahle. acrvstal-controlled oscillator cireunits. .

Under some forms of alternate usage, a line sync can also be
obtained from this equipment.

The purpose of the video disc recorder is to provide a

N ¥
. “N

nondestructivé readout stofage for the neutron imége'storéd
on the SEC<vidicon., Since the total regdout‘signal from the
SEC vidiéégjis,onlyfane television frame for a period of
approximately 1/30 Second, a continual replay'bf‘this single
fréme is essential to‘allowvvisual observation of the neutron
image. The output ofjthe video disc recorder is aAcomposite -
 video signal which is sent ﬁo”the'Qideowprocessor; The vidé6

processor allows the operator to expand the grey scale range
o ’ : e '\;;

over é'selectabléyportioh%of1the raster. ‘Theuﬁr0cessing of

=
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A remote control box is provided to allow the operator to

, SEC vidicon damera is a low light level system eapec1allyk

sulted to operatlng at dlffexent storage rates.~‘Thls modlfled
'Westlnghouoe STV/614 camera bystem operates at standard 525 llne, L

- 2:1 lnterlace, lndustrlal sync speclflcatlons, and is a

-
-

-*

oot e TR A

the video in this :nanner may ‘allow increased ease in the
investigation of the neutron radiograph. The output is sent

to a standard 525-line 17" TV monitor.

2.4.1 Neutron Image Intensifier. The neutron image intensifier

. T

system contains a 12.5-centimeter input image intensifier tube

with special dome and photocathode. The electron optic i

demagnification is appfoximately 8, with an output image

diameter of approximately 1.5 centimeters. The resolution is
at least 40 line pairs per inch, and the output screen has the
characteristics of P20 phosphor. This tube is plééed in a

protective housing which contains a high voltage power supply.

maximize resolution of this'compohent. Tbis prpcéss of
ﬁaximizanidn is generally not required wore than uncé per5
installation. Since the tube is irradiated by neutron and
_ i . :

gamma flux, a dangeroué environment for human beings,vit is
necessary to remote this’function. A 50-millimeter f£/1.4 .
collimatiné lens is provided”ag“gﬁé output optical coupling

l
%ckage.

for the neutron image 1ntensmf er p

2.4.2 Secondary Electron Conductlon (SEC) Vidicon'Cam@ra; The

dc‘lgned to store Scenes at. very low,.light levela, and unlquelj

modified commercial item. - o Ry A o
. : , .. _
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2.4.3 Control Circuits. The control chassis located on the

operator's rack is the major source for control functions in

the system. Besides providing a patch panel for the operator

to manipulate the signal path, switches allow the operator to
exercise oontrol over the system. This unit allows the operator

to select the sync referﬁnce mode, control the operation of

.the disc recorder, and generate special functions required for

set-up of the equipmeﬁt. A total of eight printed wiring

© boards plus wiring ate supplied in this chassis.

2.4.4 Disc Recorder. A 3600 rpm disc recorder was built to

Zenith performance specifications by the Data Disc Coruoration.
This disc rerorder has two read/write channels, and may be

used to st@re two lnterlaced video fieléds or one full frame

of 30 f"‘v"’a”mc:a-pnr-qrannnﬂ vidao 'ih-Fr\-'nm::*"ir\n AMlenynprs £is12
i

recordlng is made 90551b1e by a field tOggle smgnal which

controls the write and read gates on alternatc disc revolutions.

Tbe operator has the capability of operatlnq this recoxder in

”/a read mode, write mode, or automatlc Derlodlc write mode.

The selectlon of these modes is accompllohed via a sztch on

A N

the control unit. The upper frequency of thlS special disc

.recorder is 6 dB down at 6 MHz. \

2. 4 5 Vldeo ‘Processor. TheaVLdeo processor accepts video from
» x_") \ . ] : St

either the disc recorder or directly from the SEC vidicon

camera, depending upon options selected by the operator, and

, o o =
processes these signals under the control of the operator. .

f‘.The processes, selectable by the OPerator,~increase the gamma

R : , e N ‘ P

¢
kT
~
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in a chosen sector of the raster. The remaining portions of

the raster are unaffected by the video processor.

e In the section, or window area, selected by the operator,
the video information is amplified by a factor of up to 10
times and then clipped so ghat only a limited voltage range

of 'signal is being viewed. In principle, therefore, the normal
9 or 10 shades of video which can be viewed oﬁuén ordinary
monitor can be expanded to over 100 shades. With a low-noise
video signal, this eﬁables the operator td discriminate between

very small changes in contrast in the neutron radiographic image.

2.5 System Spccifications
The system is capable of viewing a circular area of either

25 millimeters in diameter or 125 millimeters in diameter. -

- With 100% contrast and a collimated thermal neutron f£lux of
lO5 N/cmz/sec,‘images of 0.010"»in diameter are visible with the
25 mm viewing area. At lower flux levels, the system is
capable of operation using the long-term iﬁ;égration mode.
With a 125 mm diameter viewing atea,ythe‘system regolves at
least 40 ifﬁe pairs per inch at high flux and contrast ratios.
Table 2-1 lists the size, weight, power requirements, aﬁd

\

environmental capabilities of the overall system..

N ; 7 . V & ‘
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Table 2-1. System Characteristics

Weight of rack (fully loaded).........470 1lb
Weight of camera head ...ccceeoevseeses 70 1b

Weight of external cableS .eceveeseses 32 1b
Overall diMEenSiONS seeececscessessesss (See Figures 2-¢ and
2-7)

Rack power requirementsS ...ceeseeseess120 +10% Vrms
750%W
60 Hz

Head power requirements .eeeesseecssss.120 +10% Vrms
1.0A max.
60 Hz

A

Temperature

operating '......'....QQ.‘;".'...'....SOOF to 1050}:—‘(1e.ss than
20°F change per hour)

NON-operating ..ceeeecesscecvcosenssat20°F to +130°F

Humidity (operatlng)..................20r to 80% relative humidity
‘ ~ w1thout condensatlon

Vibratignogeeeecccn.r;:oiﬁiiiiiiiiiooooo 159 man J.JO"‘I. ]0 tO 60 EIZ

Shock ........;.......................Sg max in any axis

2.5.1 GPE and Purchased Equipmént Spe01flcatlons.

2.5.1.1 SEC vidicon. Refer to the Westinghouse Model STV/61.4
) ﬂ :
SEC Television Camera manual for SPecificationefénkthis'unit.

2.5.1.2 Video Disc Recorder. Refer to the manual for the video

dlSc recorder system built for”Zenith Radio Corporation for
specmflcatlons of the v1deo dlSC recorder and subsystems,

2.5.1.3 Monltor. "Refer to the Conrac Type CQC Telev;s;on Moniﬁor

v

7

X1
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manual for specifications. MNotice that the only modification
to the monitor has been a reduction of the line rate to 525
lines per frame.

2.6 System Operation

2.6.1 General. The Neutron Radiograpbic Viewing System displays
the neutron image of a test specimen on a television monitor.

¥n order to accomplish this presentation, the system first
converts the neutron flux to visible light flux, and then

stores the light image on a television pickup tube. After an
.integration time sufficiently long to allow the desired
resolution, the stored image is read from the television

pickup tube in approximately l/30gof a second and transferred

to 1 or 2 tracks of a video disc recorder.

This information is then read back from the video disc
recorder ét a rate of 30 times per second, and is sent either
directly to a television monitor for display or first to a
video processor which operates on ﬁhe data to enhance its
intelligibility, and then to the display. Thé sens%ng equipment
is a self-contained system in tha£ only 115V, 60 Hz ﬁgﬁéx ié
required éa“operate this'system,‘toéether with a user~su§plied
thermal neutron source. The equip@ent is nbrmal}y allowed

LN

to warm up for approximately 15 minutes.

2.6.2 Neutron Image Intensifier. The neutron image intensifier
is-a vacuum diode cdmposed~of a neutron-sensitive photocathode,
electron optical focusing assehbly, and P20 phosphor screen.

A potential 6f Z0,000V to 25,000V is appliéd betwgen the

2-40
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photocathode and the phosphor screen. In the particular image f% i

intensifier tube used for this system, the photocathode is at ;
. ground potential while the screen located behind the fiber optic i?' |
output plete is at a potential of approximately 21,000V,

An incoming neutron enters through the pfotective aluminum
dome to the photocathode.. This photocathode material is
composed of enriched lithium (Gii), zinc sulfide and a tri-
alkali photoemitting material. Thermal neutrons passing
through'the dome strike the photocathode material and some'are | ;g

absorbed by the 614 nuclei, which results in a prompt disinte-

grdtion of the nucleus into an alpha particle. These large

e

partlcles, contalnlnq ¢onsmderabie energy, arc then scattered

and strike the &nS afomo. Each contact causesma transfer-of

ml L o
s dd

-4 -
~J o -l

4]

e - - L -.‘q -\

results in the emission;of photons. The photons, whichaare‘@g

in +he visible Spectral range, are then converted to photofl

electrons, which are emxtted into the electrlcal fleld acroas N
the tube. ’

U At thlelpoint, with starting energies of a few-tenths of
an electroo;volt ~the electrons are then accelerated;through
a prlmary field of approylmately 21 OOOV During this process
two grlds, Gl and G2, whose volLages are externally controlled
are used to snape the path of the electron flight and cause

[

an 1mage revcroal -and demagnlf;catlon of appvoxlmately 8:1 at

'the phosphor plate. ' The electron strlklng the P20 phosékor

0 B

il

'plate\agaln generates llght, Wlth 11gnt galns of over 20 000 25 . %"
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as compared to conveqtional séintillation screens, The lignt
is then sent through a fiber optic faceplate and is picked up
by a collimating lens which is used to couple the light output
of the image intensifier to the next portion of the system,
The power supplies, tube méunting, and optical alignments are

factory-serviced items,

2.6.3 Control System. The control system is composed of eight

separate boards fitting into a central connector rack and a

‘ front panel. These circuits generate timing and control

signals in the system. - ' R W

2.6.3.1 Oscillator (8661-A8). The ciystalécontrolled oscillator

contains two common-emitter stages with feedback from a’

collector of the Second stage to the base of the first stage.

- #he feedback is through a crystal wnich is the only Irequency-

“controlling element in the oscillator. This oscillator

| |
provides the 31.5 kHz clock required by all portions of the

television system.

2. 603f. Afc Board*%8661~A7) The afc board pro&ides a power- ’_' R

system when the crystal mode 1s unacceptable. ' hls conductlon
occurs only when there is a sxgnlflcant hum in Lhe system whlch
can,be seen as horizontal barsvrolllng througq_the picture

when the crystal mode is being used. Test have shown that

the:disc’recorder system does not perfOrm well when the“édditiénal_‘

, afc loop is utlllzed, therefore,'tne disc recorder cannot be

used 1n thls moae of Operdtlon.. “he bablc prlnCLple of overatlon

™ [o=]
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+ 2.,6.3.3 525 Countdown Board (8661-A5).

2H pulqe,‘thejStagg'

of this oscillator ;s?that the reference 60 Hz line signal is
applied to a keyed diode gate. The keying signal is the internal
vertical drive pulse which is bnly a few hundred microseconds
leag. Thus, the keyed gate is opened once each 16.6 ms and
will pass'only a small portion of the 60 Hz reference signal.
Thig short sample is stbr@d on a reference capacitor which is
isolated by a very high impedance emitter-follower circuit.
The signal on the reference caéacitor is then used to control
a multivibrator for the next 16 ms. Depending upon the
am?litude of the 60 Hz geference siqnal during the sampling
period, the 31.5 kHz multivibrator will speed up or slow down,
When the frequency and phase of the internal vertical trigger -
and the reference 60 Hz signal are in synchronism, the voltage.
on the reference keyed capacitor circuit will remain constant
at the reference frequency.  The multivibrator is buffered by
additional gating circuits and then sentkéﬁroughOut the system
when the crystal oscillator is not béingséﬁected.

Tﬁé countdown board

is composed of'g‘lo-stage ripgle—through counter and controls
SN7400 tyﬁg“gates. ‘The 2H signal coming from the 8661-A8

board is fed into the clock terminals of ‘the first flip-£lop

.of the counter. This counter is a ripplé—through type counter

with the next stage changing each time the previous change

stage goes from a'high‘ﬁ@;é?;@w7céndition;- The initial state

of the counter is S@@&‘*qH ;di@g@mtputs arew;ow. ;At the.Slﬁth

7“‘.,"fiip;flopfgoés;fxﬁm‘a loy‘to, f"

R
£y -
. X : : : ' s - . o s
, . L . N
il a S e e \M : o
a . N . T Wy g : ) % :
K ; o o L ~ S s y .
— # : . 3 B o
o 2-43
.;L'W\.;,«;, .
g o Voo N
~ P




ii

1

C am

a high condition. This initiates the horizontal blanking

" period. Logic circuit in tthe form of gates and other flip-flops

cause all flip-flops to go low after the 525th pulse and this
ié the state that exists at the 526th pulse. Thus the counter
cOmpletes one full cycle every 525 pulses,

2 6 3.4 Sync and Blanking Generator (8661-A6) This board

prov1des all the sychronizing pulses utilized in the system

except for some signals generated in the SEFC vidicon camera.

. Generated on this board are vertical blanking) vertical sync

delay, vertical sync, horizontal blanking, horizontal sync
delay, and horizontal sjnc. The two lnputs of this board are
the vertical trlggcr in and the horlzontal trigger in, both
51gna1s coming from the countdown board. The logic components
are SN7402 NOR gates. The operation of the circufés on this
board are similar in that a number of one-shbt multivibrators
are utilized to generate all of the required pulses. The
leading edge of the 1ncom1nq pulse tends to trigger the
multivibrator gates which stay on for an adjustable perlod.

'l

The gate then recovers and 9oes backvtowits quia5cent level,

-

As a reoult, the various nulses are producea from the two

trigger pulses through a number of mlcroc1rcu1t gates. The
. \ :

_pulses are mixed to provide the necessary mlxed;bianklnq and

- mixed sync outputs. It should be stressed that NOR gates are

used rather than monostable mlcroc1rcults
‘\\

2.6.3. 5 Grey Shades Counter (866J"A2) | The grej shades. generator/

is supplled to orovlde a 51gnal source for settlng up the v1deo

TP VTt Py ) i Sanr I E i e b g .7
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?;P . processor and for use throughout the system. Three bhoards {
(A2, A3 and A4) make up the grey shades generator. The grey 2
shades counter board has two inputs: the 2H signal and the
verticgl blanking. Outgoing signals include a signal from

"¢
each of the binary counting elements in the ripple-through L

coﬁnter. The 2!l signal acts as a clock and the binarytcounterg
change state when the oext least significant count goes fromgmw
a high to low level. A total of six lines pass out of theyﬂz

board to the A3 board,iknown as the ladder board. The ribolo—

through courter is reset by the veértical drive pulse and starts

counting at the end of each vertical blanking périod.

2.6.3.6 Grey Shades Ladder Boards (8661-A3). The porpose of -

 the grey shades ladder boards is to take the seven high and low . ;*

sigual inputs from the A2 board and to weigh them in such a

manner as to provide a,uniform stepping function in synchronism
|

with one~half thefhorizontai line rate. This i§ accomplished

\

i by a ladder w&*work which properly welgha the fllp-flop smgnalo
W¢Lh reSpoo ‘gm *he significance of the source to provide a
uniform angxog changerof almost 120 dlffe:ont states. The
ladder is controlled by ;he stato,ofvsatuxated transistors in
the circuit. The bases of“oach of the control transistors ié
drlven by one of the 1nput signals from the A2 board The |

\\

! Ww‘;‘emltter of each of these transistors masses through a4 control
'

sw1tch looated on the front of the aoscmblv and tnen to‘

ground. Thus, if the control sw1tch is in a poaltlon that

’ grounds the trvn51 tor,*the translstor wxll saturapg,eacartlme

A
Ty

' . - . : i} > ‘ £y : . x‘ o '
: : ! o . SR ! . . ¢ -

o
}

W _ . . ' i W . : L. - . P ) -
T : L S . R . R : 245
: . . S - . . - EIR PO 5 .




P "‘;'m

that the input signal is at a high level. The ladder network
is a resistor combination which just doubles the effect of
each more significant bit binary input signal. The output
signal after the end of verticairdrive starts to increase at

a uniform rate in synchronism with one-half the horizontal line
rate. This signal is fed to the A4 board.

2.6.3.7 Shades of Grey Sync Mixer (8661—A4). This board'accepts

the video output of the grey shades ladder network (8661-..3)

and proceeds to add sync and blanking signal to provide a composite J

video signal capable of being utilized throughout the system.
The input video is first amplified and clamped to a selectable’
level. The black level of the composite video is established-

by a.clamping circuit keyed during the blanking period. The

- sync tip level is established by a second clamping signal keyed

only during the sync period. Thus, the final signal is composed
of the video signal with a black level and a sync tip level
added. hlskSLgnaJ is ampllfled and fed into a 75 ohm termlndtcd

line. This test signal can be utilized throughout the system.

-2.6.3.8 Disc Recorder Pulse Generator (8661-Al). The disc recorder

requlres some refercnce sync and control signals . to operate

. properly in the system. The Al board converts the horlzonﬁel

I3}
Y

and vertical sync pulses 1nto forms whlch can be utilized by the

oynchronlzlng circuits of the disc reccrder. In addltlon, the

i

dlSC recorder requires control signals which will select the

track for recording the new data and also provides the control

~'signal for the pérﬁpd in which data is actuallyﬁbeing w:itten:z
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The appropriate timing signals are initiated by the vertical

drive pulse and the 2H signal. Since these signals require
slight modification, gating circuitry together with -one-shot
multivibrators are utilized to érovide the exact form required
by the disc recorder. The-2H sigﬂal is made to be approximate
16 ms in the high condition and approximately 15.2 ms in the

low condition. The N reference occurring once per field is

4

approximately 16 ms high and is in synchronism with the 2H

- reference signal. A’ control signal selects either the A or

B channels on the disc recorder to be read . While one channel
is being read, there is a capability of wrmt:nq on the other
channel; however, a third control signal, the write llne, must
be high. 1In the event the write signal line ié not high, the
information on the disc will continue to read out altefnately.

It should be pointed out that normally a write signal leads to

the destruction of the!previdusly stored data. Since the disc

recorder will also be utilized to read enly\a single frame

from the SEC vidiCOﬂ in the integration/stbrage mode, board

Al w1ll accept a trigger pulse which determlnes the period in

qwhlch the SEL v1dlcon camera is supplled a comooalte signal

out. As a result, this signal is processed‘on the Al board
and utilized for control of the disc‘recorder:recording or
writing~sections.

2.6.4 Vldeo Processor.

Eos

2.6.4.1 deeo AmnlLfler (8661 Bl) The video amplifier first

ly

strips the sync tips from thegmnputecémposite;Qideﬁ&beingfsenti
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into the processor and amplifies the video information by an

" external controllable gain stage which can be varied from

approximately a gain of 2 to a gain of 10. A total of two
feedback amplifiers are utilized in this circuit with the gain
of the first amplifier being set ét approximately 3 and a gain
of the second amplifier being adjustable. | S

2.6.4.2 Level Selector (8661-B2). The purpose 6f'the level

selector circuitry is to take a selectable 1.2V segment out

. of the amplified video signal, which may be as large as 1l to

12 Vpp. The incoming video signal is passed through some
isolation buffers and then into a dc restoration circuit which
establishes a constant hlack level throughout the field, This

is important since the clipping level will essentially be a |

dc adjustment. Two backvto—back diodes have the output of this
| clamped signal tied to the center point. The diodesﬂthemselves

are attached to a large capacitor which may have its bias

voltage varied. Any signal voltage above or below the threshold

- “voltage to turn the diodes on,approximately 0.7V.diffe;ence

from the capacitor reference, will be shunted to the large

capacitor. "Since the reference capacitor voltage can be varied

by a control 1ocatedson the console panel, any level of the

incoming video signal voltage can pe passed through this

circuit to an output buffer while all the other levels are

shunted to the large capacifor.

2.674.3 Vertical and Horizontal Syncs (8661-B3). The vertical

fand,horizqntalfsignals are used in many circuits in‘the‘vidéofpro-'

cessor. e 5 Ry

i"! ..
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M special circuit provides a low-impedance output source for
these signals. These circuits are composed of a ground-emitter
amplifier and buffers.

The video mixer allows the

2.6.4.4 video Mixer (8661-B4).
substitution of the procesgéd video signal for the unprocessed
video signal ip the output video at times selected by the
operator. The composite output is a controlled combination

of both videos. An important performance factor is the matching
of white and black levels of the two video signals. Thus, the
video mixer, under control of other circuitry, decides whether
the processéd or unprocessed video shall be delivered to the
buffered output. In additicn, the black levels can be mixed
and some of the gains can,be adjusted, so that both signals
are equal. The only difference is that the processed signal
has been amplified and a specific level Selected, The output
of this board is fed through an emitter-follower back ihto the
case harness, |

2.6.4.5 Reverse Video and Cate (8661~B5). This board has a

two-fold purpoée; to reverse the video levels so that normal

black siéﬂal voltages become white’voltagqs and normal white
signal voltages become blaCk; and Fo,genefate the P and P
pulses required for selectingwﬁhe appropriate processed and
unproéessed video to be trans;itted

For video signal reversal the mixed video from board 8661 B4 %'

is fed.lnto ‘a direct~- counled phase reversal ampllfler. Thls

ampllfler feeds a buffer or emitter- follower stage. Note that

S
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the high-}evel whites have now been converted to blacks aﬁd
arter passing through the buffer, the reversed signal is now
clamped so that a black level is established. This clamping
operation is necessary to correctly establish the blanking
level. Remember that the input signal black level is now at
peak white; this is the point that the clamp is setting the
signal level. &2 second ground clamp circuit resets a correct
black level during blanking. This output video signal is
reversed except during blanking. After the keyed blanking
white level has been established, the output is buffered and

sent to a conérol panel switch which allows selection of the

normal mixed video or reversed mixed video.

The P and P pulses are essentially pulses which control
circuitry in the video procezser and determine when the proseseed

signal is used and when the unprocessed signal is used. The

actual determination is made by two one~shot multivibrators which

are ﬁriggered either once each horizontal line or once each
vertical field. When bhoth of these multivibrators are triggered,
the P pulse is initiated by a series of NAND gates and a
transxstorlzed drlver. Thus tne processed window, which lS

seen on the display, is either a rectangle or oquare. It is
generated by the mixing of thEue two one-shot mult1v1brator
signals. This mixing is done on board 8661-B5. |

~2 6.4.6 Sync M1x1ng~(8661 B6) . The sync mixer board (8661~ BG)

recelves the composite v1deo from either the v1deo mixer orx

L

'the v1deo reversal boards. The tlmlng pulses requlraﬂto provide

i il
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a composite video signal output are then added on this boaxd,

et

A\ The input video signal enters through an emitter-follower

isolator circuit whose output is sent through a capacitor and

ey

then a keyed clamped circuit. This keyed clamped circuit

B e L

the sync period a second transistor is saturated, going to a

preset. voltage level below the black level and establishing

the sync tip level, Thus during the blanking and/or sync part

the output video is establishéa by voltage levels on capacitoe*

and saturated transistors. During the active video period,
the path is established between the input and the output driw:
The combination provides the composite video needed for the «

i 2.6.4.7 Horizontal Oscillator (8661-B7). A keyed horizontal

@ : multivibrator is provided to trigger the horizontal window aa-
In the event of a loss of sync, this multivibratoxr will frec-
run. When keyed, this will provide a synchronized horizontal

gating period.

2.6.4.8 Horizontal Window (8661-B8). The horizontal window

. ey

the processed video. Since the window boundaries can be secen

on the monitor, the operator has the capability, by varying

of the window, A trigger pulgé'réceived from the horizontal

. oscillator is used to energize a one-shot multivibrator. MNoxr

iy
X

& o a

establishes the black level for the final output signal. Dur:

circuitry selects the horizontal time period in which to dis;:.
panel-mounted controls, of adjusting the position of the wigi

the one-shot. multivibrator resets at the end of its adjuStdblu\

cycle; however, the horizontal sync pulses: are utilized to-rz.

s,

R
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this multivibrator when and if it has not reset during the active .
Fﬁ + period. It should be noted that the leadlng edge of the %
horizontal window is selected by controls on the panel and the f
B width of the window is selected by a second control. For each
horizontal line, both,mulqivibratoxs can be triggered., resulting 1
‘in the generation of the window. gimilar circuityry exists for ;
the vertical portion of the window and, except for the time
ronstants, is directly controllable from the front in which

, the beginning of the vertical window and the height of the

window can be established by the operator. ' #
2.6.4.9 Vertical Oscillator (8661-B9). The vertical oscillator ;
provides a synchronized gated signal that provides the vertical g

' i

references in the video processor. The operation, except for
E@ time constants, is identical to that described in the horizontal
oscillator (paragraph 2.6.4.7).

2.6.4.10 Vertical Window Generator (8661-B10). The vertical

window genewator provides the uppermost beginning of the

window and also the height of the window. Its operatioh, | %fg
except for time constants, is identical to that of the horizontal
window générator described in paragraph 2.4.6.8.

2.6.5 SFC:vidiﬂon Camera The SEC vmdlcon camera 1s a modlfled

\

STV/614 Westinghouge SEC vidicon unit. The modlflcatlons in

this unit include bringing the SEC vidicon forward in its
mounting assembly, and modifying the wiring at the rear of the
case to allow the readout pulse, durlng tho 1ntegratlon mode,

-~ to be taken off the ronnector in the rear. Flnally, two of o o =
N ; . | | o o : &
% : ’ | ‘ ‘ ) ! : o "-b : g‘f ‘
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the drive connectors in the rear are modified to accept incoming

horizontal and vertical drive pulses. In a normal operation
in the Neutron Radiographic Viewing System, boards 7703 and
o 7704 should be removed from the system, ¥Forxr the theo;y,of
operation of this system, see the Westinghouse manual on this

-camera.

2.6.6 video Disc Recorder. The video disc recorder utiliéed

in this system was custom-fabricaf d for Zenith Radio Corporation
by Data Disc, Inc. See the Data Disc¢ manuals on this recorder

. for theory of operation and troubleshooting.

e A"

2.6.7 Monitor. The Conrac Model CQC-17 televis;on monitor

{

utilized in this system has been supplied as Government-furnished

equiément. _Your attention is directed to the standard Conrac

monitor manual for the model CQC-1l7.

2.6.8 Power Supplies, .?he*power supplies'utilizedeor -16V,

)

A '+7V and +16V are standard Power-Mate power supplies (Models
"RC-15 and RB8-30). Your attention is directed to the Powexr-
Mate manual supplied -with this equipment,
: oy I
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EEZ 3. DESCRIPTION OF DEVELOPMENT

This section describes the design evolution of the system.
Included are initial concepts, ﬁblind alleys", and problen ﬁ
areas, all leading to the final design.

3.1 Proposed System

The Neutron Radiographic Viewing System origimglly proposed

by Z%enith was as follows. The basic units of the proposed

’ j 4

system are shown in the block diagram of Figure 3-l. The

thermal neutron source and the Specimen were to be supplied |
by NASA. The converter screen, lens;, SEC vidicon, long-~term 3%

storage device, video processor, and display were to be:either

N

purchased or fabricated by Zenith, or modified GFE equipment
. N ‘ Ve '

‘?:V, [3 ’ . [ ] ¢ ¥ (] [} B i
supplied by NAS2 and modified by 'Zonith., The conwvesrcion cf , g

thermal neutrons to 1ighﬁ was to be through a special screen 35

based on a lithium six-tritium conversion princ¢iple. The gain

4

of this screen was to be 10,000 photons for each neutron converter.

7

Efficiencies were expected to be as high as 30»percént. A . &

group of lenses to be suppliéd'for this system were to ke of

- .
-~

commercial éuality unless the results of the study phase )

indicated the economy of using speciaikradiation-resistant

glass. The SEC:vidicon, type 31189 orﬂequivalent matched with

an image amplifier, was to incorpordte a fiber-optic-coupled

image intensifier/SEC vidicon package. Scan conversion was
to be provided either by a GFE ITT industrial scan converter '/ .. 8
. system,. if practical

» or by a video disc storage system, The

-
P ’\\‘ \:-J - N o) 3 a ' . s ,“o . L o “ "r L . T : ' 18
éi%‘, Video processor contalns electronic cirxcuits fabricated by ‘ » .

v e B : : . L o R
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Zenith and was to be used to meet the contrast specification.
The d1591ay unit was to be the GFE monitor.

The sequence of events in the operation of the proposed
system were as follows: The object to be radiographed is
subnmitted to a radiographer; the radiographer evaiuates the
specimen's characteristics, including the basic materials,
pﬁysical shape, etc., and then determines the lens and the
screen distance to be utilized to obtain the best results.
The operator places the subject between the source of neutrons
and the converter screen in the orientation required to view
it. At this point, the operator leaves the immediate arearof
high radiation fields and goes back to the radiOgraphiq

control console which is positioned near the controls for the

“thermai neutron source.

After allowing a warm-up cycle for the SEC vidicon camera
and the thermal neutron source, the operator uses at least

one or two of the fgllowing approaches, to obtain the neutron

radiograph. The

specific storage

- After turning on

that it is up to

first is to adjust the equipment for a.
tlme cycle and select a single frame readout.
the thermal neutrOn source and ascortalnlng

l\

the desired flux leVel the operator 1n1t1ates -

the storage cycle. After a pre-tlmed storage cycle,  the data

is automatically

read from the SEQ target area to the long?

;term uLorage or sScan conversion dev1ce. The outputvls then N 48

v1ewed after paSSLng through the video processor.,
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If the ITT industrial slow scan converter system is utilized,
it may be necessary to add a tape ;ecorder to provide long
term storage. '

The second approach, if a videc disc)system is suyplied,'
would allow the SEC vidicqp to store the neutron image for a
short period of time and then to transfer the lnformatlon to
the disc and a display. The operator can then elect to run
a second storage cycle (whose output can be added with the first

storage cycle output) to-the video ‘disc recorder, which can

.continue to supply video information to the display without

destruction of this information. To improve the signal-to-
noise ratio, the operator can read out the contents of an

additional storage cycle. The signal information of the

kradiOgraph can be expected to be directly additive, while the

statistical noise, including the tube noise and thermal neutron
Qexiatign, can he expected to increase as the square root of
the sum of the squares of their value. As a result, the
signal’will grow more rapidly'than the noise.

3;2 Design Considerations

3.2.1 GFE Egunipment. The following‘GFE‘equipmeﬁt was to have

been made available for use and/or modlilcatlon on the progran.

hS

. a. Vidion camera manufactured by General Precmslon Laboratory
(Reference G-5381).

b. Camera remote control unit manufactured by Conrac
o . -/}.‘2‘“ ; . K b |
Division, ‘ L,

{
i
L

c. Television monitor manufactured by Conrac Division, Model

coc-17. ST .
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d. Scan/playback subsystem manufactured by International
Telephone and Telegraph Co., Fort Wayne, Indiana (NASA
Contract NASA-~11942).

Further information from NASA indicated that the GPL vidicon

camera took standard 6" vidicon tubes such as the 7735 type

and had a bandvidth of 12 MHz, allowing resolutions of up to

8 MHz, The basic scan rate could be operated at either 525

lines or 675 1ines, depending upon the user. The monitors,

conventional Conrac monitors, would be compatible with the

. vidicon camera, and the scan/playback unit. The scan/playback

unit, manufactured by ITT, basically used the storage tube

- principle system.

After an engineering evaluation of the GPL vidicon camera
and comparing its capabilities with the system requirements
in the scope of w?rg,‘it appeared that a modification of this
gamera.wguld_bg laas advantageous than for the Government to

purchase a new SEC vidicon camera. The reasons are as follows:

The SEC vidicon would require»a:different mechanical mounting

and power supply voltages up to 7.5 kXV. A different yoke

assembly:WBuld probably also be reduired. The 'video amplifier
of the standard’SEC vidicon is roughiy 7.5 MHz rather than the
12 MHz in the GPL unlt, because of the noise problems assoclated
with the SEC v1d1con output In addltlon, the standard SBC |
vidicon already had the capablllty of selectable sxngle»frame
readouts which could be varled from 30 frames per second through

a range of one frame every 70 seconds. Readout rates slower,

//
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than this could be generated by external equipmént. Next, the
size of the SEC vidicon, together with the required image
intensifier tube, which would take an additional 13 to 15 kV
power supply, would reQuire extensive mechanical redesign of
the GPL camera. Finally, the re-layout of this case would
require extensive rewiring of the present GPL camera case.
Be;ause of these factors, Zenith did not propose modification
of the GPL vidicon camera system, and very little, if any, of

this unit would be utilized. The GFE television monitoxr, on

_the other hand would be utilized as it exists. provided its

line rate is compatible with the performance required by the
present specification. The'scan/playback syséem appeared to

be feasible for a limited period of data display. The.
characteristics information on the scan/playback system were
et avallable to Zenith at this time; however, the ITT system
contained a scan éGﬁVéftéfﬁ£ube whose output should be degraded
with the readout time. Because of this characteristic, an

alternate method of providing scan conversion and playbacﬁ;

storage was also offered.

3.2.2 CoﬁGérter Screen. The size of thekconverter was determined
by the scope of work and the faCeplate of the image intensifier
used in front of the SEC vidicon. ‘The COmméfcial version of

the image amplifier (WX-30677) hés a 40 mm faéeplate,dwhicy
meansjﬁhat atta‘minimum 1:1 ratio, the diagonél of the converter
screen is 1.57 inches with a width of 1.26 inches and a height

of O.94'iﬁbhes. With a 10:1 ratio increase, the screen size

o1
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v becomes 1?.6 inches in width by 9.4 inches in height. ~§i
£ This conversion screen was to be composed of GLiF and 2nS B 'é %
lw” (Ag) with the enrichment in 6Li ahout 95 percent, The re5ponsiple ? ;

neutron conversion nuclear reaction isGLi+li~3H+4Hef4.8 MeV. , :% 1

- £ L3 [] : %

The resulting charge particles cause scintillations in the ZnS ¥
‘ « , ' k.
(Ag) phosphor. The light output of the sqgreen was to be §§
it

maximized: approximately 104 photons per absorbed neutron. . ;

The resolution of the Screen is approximately inversely

proportional to the neutron absorption of the screen. At 150
lp/inch resolution, the screen was to ébsorb approximately 20
percent of the incident thermal neutrons: The scintillation
decay time to 10% is less than 1 millisecond. The nuclear

reaction induced by the heutron is essentizlly clean, and no

. |
meacurakle residual radicactivity shruld bhe ohserved after

each use.: The depletioﬁ rate of the neutron converting material
at the flux rate of 107 N/cmz/sec is practically unlimited.
The screen was to be deposited on a thin, stiff, supportive
material which should have very low neutron absorption and

scattering characteristics, typically aluminum.

s

Testing of individual screens as well as the whole system’
was to be performed in a preliminary manner with x—rays,at
approximately 80 kV of eneréy.  The testing essentially consists

of resolution measurements. The neutron absozption characteristics

of the screens were also to be tested with a loWantensity»

nautron source.

gt: 0 3.2.3 Optics. The scope of work require@"an‘Object size variation
;} RS




‘Was pr0p0~ed.
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from 0.94" to 9.4" in height. This required an objecct-to-image
size range of variation ratio from l:1 to 10:1. The conservaticn
of light is extremely important in this system and careful

design of the optics was required. A basic formula for predicting

the light attenuation effects of a lens is
'
I ™
° t

T A£2(1 + m)2

Iin

where: = light intensity in

I

o

t = transmissivity of lens
£

1

f-stop of lens
m = magnificatioh of lens, .

Note that the magnification and,f-QEOp‘of the lens are the most

important contributors to the ratio of output-to-input light

intensities, The f-stop is defined as the lens focal length

divided‘by thé effective objectiVe lens diameter. Since the

cost, 1ncreases rapldly for a small £~ Stop lens with increasing

focal lengths, 1t was aﬁvantageous to keeo the lens focal

klength reasonably short. In addition, the object-to-lens

dlstance,er a long focal length lent-at the 10:1 object-to-

“image size ratic will become quite large. For the magnification

range varying from 0.1 to 0. 3, a lens wmth a 30 mm focal length

W

» a

The approx1mat9 lens to screen dlstance for a 0. 1 magnlflcatlon

is 12 lnches while the dlstance for a 0.3 magnlflcatlon 19

4 1nches. The 1nsertlon loss of the lens was exoected to be
%H L /
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0.07¢ for a magnification of 0.3, For a magnification of 1.0,
the transmission becomes 0.026 for a single lens system, which
is unacceptable.

These figures were obtained from the equation by wusing an

“£" of 1.5 and a "t" of 0.85. TFor a magnification of 1.0, a

two-lens system was suggested as shown in Figure 3-2. The

two~lens approach allows up to 0,08 of the input light to be

transmitted.

The object (screen) was to he located at the first focal

' point of the collimator lens (a) and all light rays passing

through the collimating lens to be parallel. The imaging lehs

then collects these rays and focuses them at its second focal

point, the location of the image intensifier photoc&thode.

3.2.4 Image Intensifiex-SEC Vidicon Package. The scope of work

specified that a Westinghouse SEC tube (type 31189) plus image
amplifier or eguivalent would be provided. For reasons indicated
in paragraph 3.2.1, Zenith proposed to purchase a modifiedi
Westinghouse STV/614 SEC camera. - This equipment would be
incorporated into both the camerﬁ housing and the control console.
One impofgght considération‘ﬁés to be the antiéipgted performance
of thé system under typical Operat;ng cOnditions;' Starting o
wiﬁh the SEC vidicon, the data .sheets for Lhe WL~30691 indicated
that TV line resolution- can be antmcxpated w1th a photocathodc
illumination 1eve1 of 0.02 foot-candles with a frame rate of

1/30 second.. The galn of a Wx—30677 1mage lntenSLfler is

specified as being 200 minimum, and assumlng a transmxssxon of

A
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: 20 pérceqt converalon efficiency. With a flux of 10

‘_ sy tem hasnmuif1c1ent gain. The maqnlflcatic

0.5 for the fiker optics, the package could be expected to

deliver 600 lines resolution, wi*h highlight levels of 2 X 10"4

foot~candles on the faceplate of the image intensifier tube.

0l6

Since there are approximately 3 X 1( photons/lumen/sec in

white light when unifoimly illuminated, there are:

3x10%6 (2 x107h 2 x 10t

o= = = 2,15 X 108 photons/cm2
' 30 (12 X 2.54)2 ; 930

required to obtiain 600 TV lines resolution. For a system having

a magnification of l 0, the lens transmltg up to 0.08 pcrcent

~of the 1ight seen at the converter screen. The screen 1tself

is asbumed to provide 104 photons per cenversion and to have

5 neutron/

cmz, 1he dntlvlpated time to obtaln tho 600- llne resolutnon
from the 1n+exvx1mer SEC qystnm beaomes_

N 2.15 x 108

Sy ) @ (m @o®) @oh) (0.2) (0.08)

i

= 13.4 sec.

whexe: N = numbﬂ of photons/cm requxxed at faceplate of tube

[

N ‘= neutrmns/cm ,ser fluh

= photons per. conver lon : o a

p
t\ |

P
E = efflcu@ncv of convorsxon

| 1 'é’lena Lran$m1351on o |
ﬁslnce thmgftlme 15 Well under the tlme réqﬁlred for 0 O]O-g
mll res olutxons due to quantum effects,itis apparent that the kﬁ
‘ n of 3"1" syst;m

b i
» p i

il

has am lmagi helght of 24 mm. The proposed \Freen wa to pave
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‘as a scan converter. | ey

k= ’@m

a resolution of lSO lp/inch, while the lens was to have center
resolutions in excess of 1900 lp/inch. The intensifiexr/SEC
vidicon combination was to have a possible resolution of 300
lp/inch on the vertical of the intensifier photocathode. The
expected resolution was:

1 1 1 1 1

’ , = —— 2 ._..._.._...é.-f- . 2+
Rif ' R? ~ (150) (300) (1900) 2

R, = 133 1p/inch

This appeared more than enough for the desired resoluticon of

'0.010 holes.

The only noise mentioned to this point in the discussion
has beem quantum noise. Possible noise sources included thek
converter screen, gamma and other types of radiation, imagé
intensifier, 8RC widicon tnhe Anring both storage and readout
cycles, and SEC vidicon camera electronlc ampllfylng circuits. "
Preliminary calculations lndlcated;that the lmage intensifier
could prove the worst source of noise in the system, and that,uf“

a special low—noxse unit might be required for long 1ntegratlon

periods. Thls problem was to be lnvestlgated fully durlng

the System Analy51 .and Design Phase. After a preset storage
cycle, the target of thn SEC v1d1con tube was to be scanned
and a single frame of composite v;deO'sent from the camera to

the scan conversion unit. The STV/614 camera had the capablllty

of pr ov1d1ng elther a 2: 1 Lnterlace or a sxngle frame readout.

kThe t"pe of readout was to depend sonewhat on the devxce used

ey

ot 1 s
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3.2.5 Scan_ Converter. The single frame readout from the SEC

vidicon cannot be studied by a human observer. Thus, a device

to present the data for a much longer period of time ias

required. The GFE scan/piayback subsystem appeared to accomplish

this and was proposed for tHis system. NASA advised Zenith that
the ‘device waé‘a tube-type scan converter system. The single
frame of input video data is written on a storéée surface

which has a long decay time constant. This surface is either
optically or electronically scanned; not necessarily at the
input scanning rates, and generates a composite video. Stdrage
times from a fgw seconds to several minutes were obtained

from equipments of similar deSign. NASA indicated that this
sub-unit had sufficient storage, banéwidth, and shades of grey
pérformance to meer all specifications tor scan conversion in
this system. | U

3.2.6 Alternate Scan Converter. yﬁhe Storage tube-type scan

converter system suffers from several problems such as

destructive feadbut leading to a limited playback period,

loss in grey shades, and additional noise and shading effects.
In addition,idata procéééinq‘at the storage tube is not easily
accomplished. Because of thése deficienciés, Zehith offered
an oPtioﬁal alternate épproachtpzthe pre.lem in the fbrm of
a combined storage'éeriod and_éétéﬁpEOCessing magﬂétié disé

scan conversion system. The incoming video is stored on one

 channel of a magnetic disc wﬁiéh also providesiiheysystem

synchronizing pulses. The'video may then be read outTaskmanyﬂ

N
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times as desired since the readout process is nondestructive.

Although rarely done, a change in scan rates could be obtained

t

by changing the rotational frequency of thp disc. Standard

broadcast quality video Wlth over 6. 0 MHz 1andw1dths are now

'/ D & N .
readily available.

+Figure 3-3 shows the basic components-of the proposed disc

' storage system. The write ampiifier accepts the single frame

composite video from the SEC camera and stores the information

»

"on the appropriate channel selected by the master controller.

The video-in channel storage is then read out by the "read"

head and amplified. The output of the read amplifier is added,
if so desired by the operator, to the output of other channels
and then sent to a sync mixer where the output composite video

18 generated. 9his video can thien be displayed or processed

by the contrast enhancement circuitry.

|
The adventage of the multi-channel storage approach can bhe

appreciated when it is realized that fixed signal amplitudes

such as thé neutron radiograph are directly additive, while-/:

a great many random noise signals increase only as the square

. root of the sum of the squares. This system then gives a method

of increasinq'the’signal-to~noi5e ratio of the composite'

- video by taklng a number of short neutron radlographg instead

of oneg. In addltlon, one disc channel can store the shadlng

“and 1mperfectmon signature of the’ SEC tube, image 1nten51fler,

and converter screen. ThlS Slgnal can then be reversed

electronlcally and added to the other data 51gnals, greatly

Vo
~
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improving the quality of the image. Since the readout is
nondestructive, the operatér has time to examine tge radiographic
image, and investigate the effects of contrast enhancement

video processing. The system operaticn with disc storage would
be as follows: .,

. a. The operator selects the SEC target storage cycle period
and the number of disc channels to be used. (A total
of five storage channels were proposed.)

b. Upon initiation of the radiographic cycle, the SEC
vidicon target starts to'accumulate the neutron radio-
graphic image, all'discvstoraqe channels are erased,
and the input composite video path to the recorder is
set up for the first channel. |

¢c. Upon completing the first SEC. tarqet storaqe perlod,
51ngle frame readout of the target is 1n1t1ated by the
master controller. Note that all synchronlzatlon of
sWweep signals in the system comes from the disc timing
circuits. |

| d. Upon combletion of the firsr readout cycle, the SECk
targgt starts to accumulate éata fron,thé'seCOnd cyclef"
The input composite Videovpath»is Changed from the first
to the second disc channel. The contents of the flrst
channel are now avallable for lmmedlate v1ewzng.

e. This process is continued until al; channels selected
by the operator contain inputs from the SEC vidicon

camors.
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3.2.7 Contrast Enhancement. It was assumed that the arbitrary

*

pcrtion of the raster to be selected for video processing_could be

rectangular in shape. A simple counter would then be associated

with both the horizontal and vertical scanning rates (see Figure 3-4).

With logic gates, a preselected count on each axis would generate

a gate pulse for the area selected. Assume that 1% control of

the.area is desirable. Two decades (100 counts) would be necessary

for “he horizontal, and the same amount for the vertical. A
switch which selects a decoding gate would then be set to deter-
mine the start of the area and another to determine the end of
the processed area. The same procedure would be accomplished in

the other axis. Gate signals woqu be generated to control the

processing of the data in this area on each scan and would ‘continue

to do so until the system is shut off or until the"boundartes are
changed. :
Because of the great~variety and low cost of presently availa-
ble integrated circuits, this system could be implemented at mo- " -
dest cost. This system would also be very reliable and requlre
v1rtually no malntenanoM because of its almost total dependence
on logic cmrcults. |
After the gate puls es have been generated the v1deo processxng
is'somewhat more difflcult in that analog gates must be used.
Since the processed signal must appear w1th unprocessed v;dco, a
great deal of attentlon nust be pald to the dc stablllty of the
circuits used 1n.proceselng : BandWLdth must be malntalned not

only in the v1deo c1:cu1ts, but also in the analog gates so that .

.

'sw1tch1ng tran51ents and loss~of data can be mlnlmlzed. Two

basic 0perat10ns arc*1nvolved. firsgt, changlng the galn and/or

dc p051tlon1ng of the processed sector of the v1deo line, and sec-

R
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ond, expanding a selected range of grey, to full-scale video.
The first is accomplished quite readlily since it involves two
amplifiers, one of which is gated on when the other is gated off.

One of these requires gain and level controls. The second requires

a little more circuit technology in that an infinite clipper with
adjustable level must be uged. The remaining signél must then be
amplified so that full-range video is available. This signal
must also be gated through the analog gates sdlthat it can be ob-
served in the selected sector along with the unprocessed video.

It was’planned to’uge integrated circuit operational amplifiers
such as the Fairchild 709 for ﬁost of the video processing. Good
bandwidth could be obtained with these devices even with gating.,

A functional block diagram of this discussion is' shown in Figure 3-~5,
3.2.8 Monitor. It appeard that the GFE Conrac Model coC-17

monitor would be satisfactory for the system.;

3.2.9 Mechanical Considerations. The proposed system was to be

contalned in two units (Figure 3-2 suows an artist's concept of
the system) If space was llmlted,la vertlcal rack would be
supplled The  intensifier SEC vxdlcon amera was to be clamped

/:

in a metal Jframe attached to a GFE wheeled tripod or other type |

‘of support. The metal frame was to be connected to four tubular’m

.....

rods with linear motion assemblles. The camera was to be attached
to a bellows with ayiight~tight‘seal, while the sclntlllator sqreen
would be attached to a pure aluminumxor other.loﬁ-neutron-gbsoﬁb4

SR

ing material protective shield. The front of the bello%s would

kbe attached to thc protective shleld whlch would be supported by

bearlng rldlng-on rods aLtached to the frame sunportlng the camera. -

‘The bellows could be varied over a range of 12 inches, allp@;ng

; ~
. '{,‘7__ . AR ‘ ] . . : : el ® é(\

bl ‘ : )




. n..”M
* N
R i
- ‘wexberd 300Td ITNOITD JUDWDOURUI ISPIJUOD *G-€ SINBTI .
ID3713S
TIADT o
e . i
- -03AIA i
: 7 g1V
- 0IAIA v
; N ‘l_ . — O maﬂw .o L,'
N\ SVIRION ] . . ey Dl |
. , OIAIA
/ : o \.
) ) . i
i i |
- -



soare S

b ] e e TR P wt.q.ﬁwﬁ,a..:wa:!miq,.ue..n. o T
v C e T - b e - . v . E . wr i

, , .
B (s}
v ) . - m & ’
ISR A RS S . *




A s

S .y

BT <

the set-up of a range of magnifications from 0,3 to 0.1. The
camera, screen, and bellows assembly would contain a microswitch

which opened the input power circuits wherever the possibility

of a light leak to the intensifier/SEC tube existed. The pro-

posed lens would be changed and adjusted at the camera, although,
if later required, a remotg lens selector and focus-adjust system
option could be added, A control cable of at least 75 feet length
would be provided with the system. The control console would
contain the monitor, intensifiex/SEC control unit, scan converter
unit and gate proceséing circuitry, The bhulk of this electronic
circuitry would be contained under the opgrator's table, with

only the display and essential operatoxr's controls located above

“the table.

3.2.10 Change to Scope of Vork. Zenith proposed the followin

change to the specification: a. Paragraph 3.1 of fxhipit "A"
specified that the converter screen shall have a minimum resolution
of 600 TV lines per inch. Tests conducted at the Rauland Division.
of Zgnith showed an increase in neutron conversion efficiency
with‘én increase in sciﬁﬁlilation film thickness. However, a
thicker fiym also leads to & ?obrer’sgfeen resolution figure.

Since the efficiency of the system in light émplification has

only a small safety factor, Zenith cguld'not at that time guaran-

o

tee a 'scintillation screen that would have 600 TV lines per incﬁ’

resolution and neutron conversion efficiencies of 20%. Zenith

‘therefore requested that the requirements of this paragraph be

\

. _ . , ]
construed as ‘a design goal.
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3.2,11 System BEquipment. The following comprises the equipment

make~-up of the system as n<fered and alternates. Documentation,

dr~wings and a study program were to be included in each program.

I. Proposed system.

Item 1.
Item 2.
“Item 3.
Item 4.

Item 5.

Item 6.

Item 7.

9.4" X 12.6" neutron converter screen.

ﬁeqs system. ; . .
Modified Westinghouse Image Intensifier/SEC Vidicon
camera, coﬁtaininq a WX-30677 and WL-30691 tube com-
bination: |

GFE écah/piaybackﬁsubsystem, ﬁASA/MSFC, Contract
NAS8-11942. | S

Contrast enhéncement system to be developed and fa-
bricated by 79n1th

GFE -Monitor, Conrac Model CQC ~17.

Miscellaneous racks and frames, controls and cables.

II. First alternate system.

Same as proposed system, except that the SEC vidicon is a Class' 1l

7)

Type WL~31189 ‘and the image lnten51f1er tube is a WX3677.

III. Second M1ternate system.

Same as..proposed system except Lhat ‘Item'4 is changed. to a

video disc recorder and signal processing c;rc i's.

Iv. Third alternate system.‘«¢/

/!)

A combination of the first and second alte;nates.

3.3 Desicn Development/' | N | @ ‘”"T’J

{

s

3.3.1 thcrature oearch Upon contract award, chlth lnltldted[

a llterature search on neutron radlogranhj tecnnlques to ensure_

_max1mum utlllzatlon oL exmstlng tnowledge. The pr;me\§ource of

, kY . , Q : . o : . "' 7
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information appeared to be Berger and Curtiss, but a complete
bibliography of all material examined is included in Section 6
of this report. * :

3.3.2 SEC Vidicon Camera System. Shortly after contract award,

”

Zenith purchased a Westinghouse image intensifier/SEC vidicon
caﬁéra. The camera was bought to avoid an impending orice in-
crease, and since there were indications that thé-standard West-~
inghouse WX 30677 Class A image intensifier would be too noisy -
for extended (mor. than a few seconds) integration, the‘camera
was delivered without SEC vidicon or image intensifier. NASA

was to provide an improved SEC vidicon tube from among. those

under evaluation, and available image intensifiers were exgmined.’

When all physical components of the cémera system ware known,
design of the mounting system procegged, together with a new de-
sign,cf.the'NASA=suppliéd vidicon and lens mounts. Following
acceptance testing of the Westinghouse camera, the unit was modi-
fied to accept the combination image intensifier/SEC vidicon.

These modifications‘included‘maéhining of the lens—holdiﬁg»bulk—

)“\ .

head, puréhhse of a tube-holding bulkhe%d,'modification of the

G4 wiring, changing the SEC VidiCOh‘central flange structure in-

sulation (because of the G4 changes) and potting the vidicon ;‘;
central structure to prevent lead flexing. Following tube inﬁ“

'staliation,'teStsweré‘ pe?formed'and the camera prdvided'fairf'
results: a standard 525-line scan with 350s1ines_of-hbrizontal

) i

resolution and 6 to 7 grey shades. However, seve;eanntlineari-‘

ties wereé present and oscillations appeared in the video chain.
R = L E < (I s - : N : B ; . o k :
:"’. .. - : . Q-
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‘dles and 100% contrast. The ion spot in the SEC vidicon (the

PSS =5 4 3 i

.Purther effort was expended to eliminate these problems, while

maintaining awareness that the NASA-supplied SEC vidicon was

a reject tube and performance in excess of 450 lines of horizon-
tal resolution were not to bhe eXpected. |

. Further effort included:some minor repairs and an increase
in'pandwidth from 4 to 6.5 MHz. This, together with additional
data obtained from Westinghouse on optimum target and G5 voltages,
initially resulted in 550 lines of resolution with a static

test chart and photocathode light levels of 1.25 X 10—3 foot-can-

T

cause for its rejection) appeared to.degrade low COntraét images
to a certmain extent, making tests of the single fens systgm.in-
conclusive. It should be noted thét these results were also in-
conclusive because of the difficulty in close iné?ection of the
TV raster in the storage mode; low contrast information is not
féadily evaluated in bursts of one frame every 1§ESeconds such
as are obtained in the storage mode.

Tests were run soon after this using the SEC vidicon camera
in conjunctioﬁﬁﬁith two types of fadiation detectors using X-ray
and gammaffﬁdiation., The first was»a 0.003" P26 phbsphor excitéd
by photons from an 0.5 mm foCél.Spqt X-ray sourée located 36" )
from the SECVidiCthfaceplaté} At highwradiatibn levels, reso-

lutions of up to 60 lp/in were obtained. A?sécondcte§t9involvéd'

an 0.06" cesium iodide crystal, which yielded, ;%jieve15~of exci-

tation %esshthan 100 mr/sec, resolutions greater than 20 lp/in.

e
ey

The 60-mil thickness of the crystal pre&luded any higher resolutlons.ﬁ
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The second set of tests using gamma radiation from a cobalt 57

source (approximately 165 microcuries) at a distance of 6" from
the test specimen showed no radiation indications when used with
the P20 phosphor, probably due to the SEC vidicon ion spot mask-

ing low contrasts. However, the cesium iodide responded quite

‘well, providing good images of the crystal defects.

A neutron-sensitive image intensifier tube-was then coupled
to the SEC vidicon through collimating lenses, and resolution

measurements were made during X-irradiation. This was done in

an attempt to optimiée coupling through the system and remove

the -optics rearrangements necessary when the light-sensitive
image intensifier (normaily used with the SEC vidicon) is not
utilized. X-ray results were encouraging, but attempts to use
this set-up with cobalt 57 irradiation indicated that the tube's
capability LU colvert Zeray Ladl aL.Luu was Lualdeyuate. Tueielule,
a nuclear medical tube sensitive to gamma radiation*was substi-
tuted, and images were detected at dosage rates of 2000 gamma
photons/cﬁ ‘sec (roughly 1 1p/in), which is standard for this
type of tubea However, . since operatlon wrtn thermal neutrons

yields resolutlon in excess’ of 20 mils with 100% contrast fur—

‘\

ther effort 1n +this area was lndlcated It was noted tha{ the

- SEC vldlcon, ;nhthe 1ntegrat1ng mode, should.allow extremely low

thermal neutron rates to be used to obtain data.
A second SEC vidicon tube was recelved from ﬂASA to replace
the unit Wlth the ion spot. The second tube aopeared free of

1on spots, but eyhlblted lower sen51+1v1ty although 700 1xnes

'*~resolutlon were cla:med by the manufacturer, less than 500 were

obtained. Also, 1ess than 10 grey shades were obtalned and 1t
‘m

was felt that thls tube should be used for neutron tests and

iy




| checkout, but not for acceptance.

qu Sufficient data has been obtained to confirm the desirability

of the more expensive neutron image intensifier approach, and

s Zenith submitted a formal technical discussion and cost eummary
to NASA for this alternate approach to the conversion of neutron
flux to light energy. Thié approach was substantiated through
extensive tests at Aréonne National Laboratory, during which use-
ful information of at least 16 lp/in was obtained in the inteégra-
tion mode at flux levels under 5 X 103 N/cmz/sec Concurrent
testing indicated that (1) a grease-coupled, neutroﬂ~sensitive
conversion screen would proy}de the neceesary resolution, and
(2) a'double~lens/neutron conversion screen approach was not
promising. .

Following approval of the neutron image intensifier approach,

(R 5)
o, B
h pins

Zenith commenced modification of existing hardware and drawings

to incorporate the new system,rand ordered the SEC‘vidicon camera

conversion kit from Weetinghouse. ‘ y
ﬂ'Upon'receipt of two new SEC vidicon tubes from NASA and the

Westinghouée modification kit, camera system modification was

completed.. No further problems were encountered except for those
A I »

Y

H
J

associated with the high humidity environment encountered dur-

N ‘?L -

ing storage at MSFC. : e

3.3.3 Scan Converter. Upon receipt and checkout of the GFE scan

~converter system (Scan/PlaybacP System, ITm Contract NAsu 11942),

1t was found that a nunber of defectlve components were present

Six boards contalneo faultj‘components and, most 1mportanti~the

' flood gun section 6f the Iatron tube contained an intermittent

vf:_'\' o

KV " filament to cathode leak. , EEE




-their scan/playback systeﬁs. Demonstrations and inspections

problems with the system made an alternate system even more

- the ITT unit versus alternate system costs and advantagea was

LA . Eing 'Km

2cause of the potential seriousness of this last problem,
Zenith obtained permission from NASA to examine other methods' i
of image storage as possible alternatives. A Thorn Electric
image retaining panel was purchased and evaluated, and infor-

mation was obtained from Sony, Ampex, MVR and Data Store on

s g
PN A,

of ‘equipment from these companies was held at Zenith. A Sony

e o R TP e

WRS5-100 magnetic tape recorder offered at leaet 1) grey shades,
but reduced horizontal resolution. In addition, problems with
vertical sync were abparent. MVR's portable disc recorder ]
system yielded nine grey ehades with reduced horizontal resolu- é

tion. On the whole, this system appeared quite promising, re- ;

quiring only optimization of certain parameters such as band-

width and electronic triggering to provide a usable system.

Concurrent with the examination of possible alternatives,
Zenith attempted a rumber of methods of<repairin§ the GFE scan
conversion unit. Attempts were made"to clear the Iatron tube
leak by;raiSing the filament voltage past normaltlimits for a
short time;‘literally "burning" the leak out. Ohmmeter moni-
tors 1nd1cated the procedure to have been satlsfactory, but
vhen the tube was reinstalled, the same problens existed. The

tube belng consxdered unusable, the manufacturer (ITT) was con-~

tacted for a replacement but the hlgh COot and possible future
desirable. A'cost*effectiveness,comparisen‘of repair‘ooate‘for

prepared,and submltted to NASA; The study offered the following

£

: ‘v/;‘
i
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points’ for consideration.

l. The ITT GFE unit malfunctions prevented evaluation of
the complete system, and incurred extensive delay in the

.+ completion-'of Phase I. ‘

2. Only one Iatron tnbeﬂreplaccﬁent’was availaole; others
would have to be custom-fabricated by ITT at higher costs.

3. The inherent fragility of the tube is such that replace-

ment tubes could suffer damage in shipment or during the

malfunction of ‘control circuits, the latter indicating

’ additional costs to attempt transient protection.

4. If the unit fails again, the system will be out of commis-
sion until a replacement tube is procured (or fabricatec)

5 The estimated repair cost was $5,183,50,

" In view of the above. Zenith recommended the alternative route

of using a video tape or disc recorder instead of the ITT unit.
NASA authorized the purchase of a video disc recorder- and

Zenith returned the GFE unit. Zenith prepared a set of perfor-

" mance specifications and initiated the purchase of a new system.

The v1deo recorder from Data Disc, Inc. was received and

.
evaluated Some problems were encountered in the unit, notably

* in the single- and double loop servo system opcrational ampli-

fiers, and inexnlicable Splkes at the end of a frame folloWing
blanking. = The former was corrected‘by amplifierﬁreplacement
and the latter, with the assistance of a Data Disc engineer,

through circuit changes. Interconnections between the video re-

corder and other uﬁitstof the system“were designed and.fabricated.'

O )
During preliminaiy acceptance testing at Argonne National

V

:Laboratory, the Video recorder failed ‘and ‘was returned to Data

i

e o e ' e -
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Disc for repair.

MSFC and checkout with the SEC vidicrn indicated satisfactory

- operation.

oS A

Following repair, it was shipped directly to
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4. GYSTEM TESTING

mii This section contains information on test facilities, ncu-
,w; 3
tron test sources, and preliminary and final acceptance testing.

- 4.1 MSFC Neutron Test*Facility
The neutron saurce was located in building 4623 in the MSFC
laboratory area. Neutrons were generated by a 2.5 MeV deuteron/
beryllium action. Figure 4-1 shows a sketch of the major com-
ponents in the test facility. On the left is the tank housing

the Van de Graaff generator, the left end of which was brought

to a posmtxve potentlal of 2.5 million volts. ‘Deuterium

gas was injected into an ionization ohamher where it was ionized
by an rf field. At the positive potential of{Z.S MeV the deu-
teron was then repelled into the drift tube'where the field is
controlled by a series of resistors. Under the irifluence of

*

this high electrostatic field, the positive deteriuwn ious

were accelcrated through the full 2.5-million-volt potential
to the rlght side of the Van de Graaff generator. The length
of the Van de Graaff generator was approxxmately,z meters and

at an accelerating potential of only 2 million volts, the deu-

teron egited from the right end of the Van de Graaff generator
at a velooity.of approximately 1.39 X lO7 meters per‘eecond.
kAt this velocity, the time of transiﬁhw throhg% the:drift tube
from the output end of the Van de Graaff to tne berylllum
) target located in the test cage was approx1mate1y 430 nanOoeconds,

‘assumlng no change in the velocxty of the deuteron.v ‘The reason-

- ably high velocxty of this charqe partlcle resulted ;n some

)

dlsplacement due to the earth S magnetlc field; thls was
| ﬂ
T corrected by a steering magnet'prov1dlng a’deflectlon fleld

N a
. ) . A
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over a small region of the drift tube.
The energetic deuteron struck a beryllium target located ;
in the center of the moderating water tank. The nuclear reac- ;éy
- tion is one in which | beryllium 9, when struck by a dev- ég
tron, produces boron 10. This causes a neutron to be expelled fa
—-at a reasonably high ené§g§ level. Reference 1, pages l4 to %;
16, discussecthis particular reaction and‘shows the %%?

energy spectrum of necutrons that might be expected from the

reaction.,

BR %

Most of the resultant high energy neutrons then entered the
water moderating tank and by collision with the hydrogen atoms,
proceeded to become thermalized. A horizontal collimator,

with between 1-1/2" and 2-1/2" of water, located between the

targer and the collimator, then picked up the thermalized neu-

trons. These neutrons, now traveling in reasonably straight

lines, proceeded to paés down the collimator to the target and
subsequently to the neutron image intensifier. The light

output of the neutron image intensifier)yas then picked up by

the SEC vidicon camera.

Note that extensive neutrén and radiation shielding in the
form of a ld" boric.acid—loadgd water wall and a 6" lead brick
wall shieldéd the‘ﬁest facility from".3 uﬁéesirable gamma
’ and stray neutron radiation.  The_horizontal collimator vas :

,'approximately 18" long between input and exit ports, and was

]approximafely §-3/8" in diameter‘atﬁhejexit port. It was in

’1;.‘7’

. R . . e . o5
the form of.a conic section with an entrance diameter of N 1

f!tk - apprcxihaéely‘l". The collimator was an aluminum casing with
& -
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a cadmium insert. During the testing period, a superioxr colli~

. mator had been constructed and used as a vexrtical collimator, ji

providing great flexibility in movement and adjustment. Unfor- j§ 
tunately, the SEC vidicon system cannot normally be used moun- |
ted in a downward-pointigg position and insufficient time re-
nmained to install the vertical collimator in a horizontal posi- %

tion. The vertical cellimator had a superior 1/q ratio and

in addition, with its larger entrance aperture, provided at

NG LB SECRSRY e

least 10 times the flux density of the horizontal collimator.

mgate e

In addition, a lead cadmium sandwich structure was used on
the inside which reduced background noise.

4.2 Source Characteristics

The characteristics of most neutron sources are generally

defined in terms of flux density in neutrons per centimeter ‘

squared pex second (N/cmz/sec), flux quantity as a comparison
of‘the faster=-than=thermal neutrons versus the number of ther-
mal neutrons,and 1/d ratp which indi?ates the geometty'and
resclution characteristics that can be expected in the neutron

¥ .
source. In addition, noise or background radiation level 1s

0
X

also ot'importance.
‘The foil activation technique is generally accepted as gn"
appropriate method of determ@niné the thermél flux density.
In this approach, a known quantity of pure material is subjec-
N ted to the field over a known‘beriod of time. The resultant

decay radiation count can then be utilized to determine the

flux density. Unfortunately,‘no usable foil counters could be

TR . : ' ' + 4“4
e : 5 :
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obtained during the acceptance test period and an altexnate 5%
technigue was utilized to estimate the flux densi.ty. §

A Victoreen Type BF3 neutron probe was obtained. This probe
was placed inside a cadmium liner which in turn was enclosed
by 6" to 12" of paraffin. The cross—-sectional area of the
probe was approximately ; square centimeters, and with the ther-
'mallzlng shielding, it was ascsured that all thermal neutrons

entering the probe on a path whlch paralleled the axis ionized

the BF, gas and we?e counted. A paraffin plug 2" long with

a 0,060" cadmiumﬁsheet located next to thg_sensing tube backed
by a 0;001" lead paper, were utilized to determine the back-
ground.cbunt. A 1" paraffin plug with a cadmium lihé% 6n the,
outside was utilized to indicate the fast neutron flux.

Table 4 l shows the readlngs Laken at the test location in

N/cmz/ sec. A plot of this data is shown'ln Flgure 4-2, It
is interesting to note what appears to be a change in slope
someplace around 2 million volts. This méy'be due to chanées
in the location whereuthe'beam strikes the target. Tests have
indicated thatwthe neutron flux'is directly pféportional to
the beam -current proélaed the voltage is malntalned constant
Tlie second column doesynot 1nd1cate a cadmium ratio of 40.1,
-but indicates that the faster ngttrons arelconsiderabl} less

than the tharmalized neutrons from this collimator. - No more

than. a 135 to lfiﬁérease is experienced when the thickness of

paraffln ls reduced -from 3" down to 1" with the cadmium shleld

on. the out51de.; Thus, no large loss 1n thermalized neutron e
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occurs in the paraffin itself. Illowever, ithe distribution of

§E#1 the thermalized neutrons with respect to the direction of en-
e try as compared to the final area of exit may be reduced. If

o one assumes a uniform distribution of thermalized neutrons

of a solid sphere whoée radius is approximately 1.0", the
surface area of the senégr in this simplified geometric model
‘suggests that at least 20 times as many higher than thermal.
energy neutrons exist as are indicated in Table 4-1. Although
neutrons with energy leveis above the thermal levels are not
readily detected b§ the neutron image iﬁtensifier, they may'
well be moderated by the subject being investigated and in tﬁrn
generate scattering thermal neutrons which tend ﬁo redﬁce re-
solution and increase background noise. |

TABLE 4-1

TEST LOCATION READINGS

; (current:50 na)
: ‘Accel ‘ ~CaariTR SRYeTd Gadm Lum
i Voltage | - o Shield on
f Mev TqﬁalEElux‘N\on Outside Inside
‘ v L 166t 4.7 3.2
1.75 332 11,7 7.2 .
2.0 | 610 5.6 10 |
2.1 | 720 20 1122
22 | s | 22,2 1 134
2.3 | 940 24,3 5 rs.ef
, ’ 2;4; 1050 | 28.3 e '“17,8 ‘‘‘‘‘ | :
Loy as [ 1220 | 32.2 | 20
- o o N

G// ey




Another parameter of source quality is the apparent
1/d ratio. One technique used to obtain this number is by

using a neutron image intensifer/photographic combination with

a test pattern and determining the reduction of the observable

resolutioﬁﬁas the distance between the image intensifier sens-
ing area and the test pattern is varied. Over 40 line pairs
per inch resolution can be photographically obtained with an
extremely thin cadmium test pattern attached directly to the
face of the image intensifier tube. The distance from the
face of protective’ dome cf this tube to the photocathode of
the image intensifier tube'is approximately 0.,2", When the
test pattern to‘pbotocathode distance‘ie inoreased to approxi-
mately 1.5", the best resclution can be observed on 5 photo-
graphic positive visually is about 16 line pairs per inch.

This is a bar of 0.020" and A sfaoa of 0.030" Using 2 straight

geometric lnterpretatlon indicates an 1/d ratio of 20. | AlthOugh

”not closely measured, the 1/d ratio of the vertical collimator

appears to be at least twice as good Thls is to be expected

"because of an increase in length, hlgher flux levels whlch re-

duce the-effective stray flux, and what appears to be a’better

shleld deSLgn.

4 3 Preacceptance Test at Argonne Natlonal Laboratorles.

~System tests were run at Argonne Natlonal Laboratorles

Juggernaut IV reactor prior to shipment to MSFC. It should be‘

‘noted that the maximum flux availability was approxlmately

-

2 X 10 N /cmz/sec with l/d ratlos in excess of 100: l.lyThe

"l

kcadmlum ratlo was better than 3. 6 l

i
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i
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Preliminary 'testing of the system with this reactor X
showed a really good'32 line pair resolution to be: seen at
television scan rates with a neutron flux of 2 X 107 N/cmz/SEC
through the entire system of image intensifier, SEC vidicon,
disc recorder and TV monitor. When the disc recorder was
removed from the System,zehe TV readout exceeded 40 line pairs
per inch. |

When the flux was reduced to 10° N/cmz/sec, the image in-
tensifier/SEC camera/disc recorder system was capable of pro-
viding a good 32,line per inch resolution at an integration
time of 1.6 seconds. It became apparent that as the flux level
was lowered, the video voltage output of the SEC vidicon camera

'started to increase and there was indication of target satura-

tion which precluded long integration periods. A correction

was made by increasing the f~st0p‘of the imaging lens from

f2.8 to as high as f16. This change then alloved increasing

5

of the integration pefiod at fluxes of 10 N/cm /sec. At the

' 1ower'flux levels the picture seemed to become grainier and

it should be recognlved that the resolution degrades more glowa
than predlcted by the 1ntegratlon period neutron flux product.

One problem that became apparent at low flux levels was the

serious increase 1n background noise levels due to the flla—

ments of the SEC v1d1con tube. It appears that a special pro-

cedure in which the filanentS'are turned off during the inte-

f gratlon perlod as requlred for perlods over 15- second lntegra-wﬂ

»

tions if a reasonable contrast is to be maintained. Success—

ful radlcqraphs were made in the 1ntegrat1ng mode at 'levels of"

\‘;

"'capprox1mately 100 to 500 N/cm /sec w;th resolutlons in excess

%
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Inch
of 16 line pairs per-mrnute~ At these levels it was necessary

SRR S i i

\txg ' to insert a neutral density 1.0 Wratter number 96 filter into

the light path in order to prevent saturation of the SEC tube.

With respect to the high'resolution configuration, a 0.,010"

thick 6LiF/Cd_ mixture was placed on an sluminum disc. An Argonne

s awﬁqw'%%mmmm ‘J‘me e

neutron test strip containing five 0.010" holes in a row was
placed approximately 3/8" above the back of the disc. Thfs

combination was then tested at TV rates and separation could

7

be distinguished with neutron fluxes to 2 X 10 N/cmz/seca

A neutron test wedge block was tested and at least 5 grey

shades could be determined through.the total system at TV rates ?5‘

and 2 X.lQ7 N/cmz/sec.

4.4 Van'de Graaff Acceptance Test

@% As indicated in paragraph 4.1 the fluX‘strengtn from the

present Van de Graaft generator conflguratlon was approylmately
two orders of maqnltude lower than ant1c1pated In addition, |
the 1/4 ratlo was also somewhat less than antlcapated ' Witn
SEC v1d1con 1ens f-stops of 1.4 to 2.0, the characterlstlc
bouncmng "plng—pong ball" erfect such as exists with all low
quantlty quantum systems was noticeable. This condition occur;
‘rlng at TV readout rates, only large ltems such as 1" cadmlum
/élSCS could be observed In all cases 1ntegrat10n modes were
;requ1red to plck up usable neutron radiographss |

| The SEC vidicon camera together with the disc recorder
’were Opthlzed with Optlcal test patterns and the flnal 1nf1n1ty

focqubn the lmaglng‘lens was madedv1sually on water towers

N
ST approximately three miles away. The best focus of the neutron

;<ﬁ77¢.

ff;jé;lo '
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image intensifier required a dynamic operating system in which
both tﬁe SEC camera and recorder would be required. A cadmium
wedge pattern was used and integration single field readouts
were made at a rate of approximately once every 10 seconds.
Thus, several changes were allowed before an adjustment in |
either the E) or k2 foeusing voltage of the imagetintensifier
was made. Under these conditions the image intens@fier resolu-
tion was optimized. This process was confirmed byfdirectly

hotogrqphlng the screen of the neutron image 1nten51£1er.

Resolutions of 40 line pairs per inch were notﬂd and there appecared

to be some streaking at 50 line pairs per 1nrh It should be
stressad that this test pattern was a very ‘thin pattern, and

attached to the neutron image intensifiéf tube. These tests

t maw 1msvm NATIAY
- e - > whese L e N

g’

were nerformed with +he horizontal gq;{[limator

~of 2, 5 mv and 100 pA of beam curren An f-stop of f/11 was

used with 5.0 mlnute »of lntegratyon time. Polaroid type 52
film was utilized to obtain th%/v image. It does not appear
tanat lncreaseﬂlntegratlon tlmes at higher f-stops improve the
neutron reaolutlon of the 1mage..

A‘e;rles of pbdtographs of the monlter were taken when
the test pattern was mounted on the dome of the 1mage ;nten31-l
fier tube. The 1mag1ng lena on the SPC camera was at f/16 and

the recerding was made onea fleld by*f;eld basis with epprox1-

ﬁately 45 seconds integration time. A good 32 mesh was detected

under these conditions and some.streaklnguwas noted at 40, mesh

. .

with integratien times of 45‘secondé.;'0ne\prob Yem was the

 still~large noise level due to the neutron quantum effects,

.~ over and above the teleV1510n ‘camera initiated noise.

. vl
oy . s :
Dy . iy
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longer integration times, which would have required larger

f%k f-stops and possibly insertion of neutral density filters in
th¢ light path would be reqeired to obtain neutron radiographs

_— with less quantum noise. Integration times at this flux level

might reach two or three minutes per field (see Figure 4-3).
Additional tests were made with a test wedge coupled with a
‘test bar. Holes of 0.015"diameter could be observed but
streaks between 15-mil holes could not. Again, the 1/d ratio
coupled with the short integrating time contributed to the re-
duction of resolution in the system. |

6LiF and CdS was attached directly

The thin disc containing
to the SEC vidicon tube and a test strip was utilized. Wh.n
this strip was examined, 50~mil holes could be observed, but

the dlstance between tle strip and the dlsc, together with the

1/4 ratiu anu.ruw Fiuxes, precluded high resolulion radioyrapus,
.. The quality of this radiograph was far poorer than those obtained

in the earlier test at Argonne and was probably due to the

change in sources. No neutron radiographs could be made at thie

“facility in less than 15 seconds integration period, and all re-

guired a spec1a1 test cycle in whlchwthe fllaments of the SEC

vidicon tube was turned off,

Several test valve switChesewere used as specimens. :Photo—
graphs of the TV monitor are’shown in Plgurea 444 and pigdre 4F5
nylnce the bulk of the soeCLmens caused some of the. 1nternal parts
to be as far as 3" from the faceplate of the image lntenalfler

tube, resolutlon was badly reduced probably not exceeélng 12

, N \
line palrs per 1nch However, the basic hydrogenous and cadmlum,i

vy

parts could be observed.
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4,5 Test Coneclusions

_The neutron tests made with the Van de Graafi generator

indicated that the resolution of over 30 line pairs per inch

can now be made directly from.the image intensifiexr/SEC vidicon

system. The photograph%c approach uséd in the neutron image
intensifier tube indicat;d that long-term integrations of five
minutes at maximum flux were capable of producing 40 and per-
haps even 50 line pairs per inch directly from the tube +#jth
the source and very thin targets. The television camera and
disc recorder using light and in the storage mode produced
over 450 lines TV'horizontal.resolution.‘ Thus it appears that
thg TV system could display 40 liné pairs per inch. The
neutron quantum noise may be causing the problem. Iérshould
be stressed that much more experimentation must be done ‘with
the system and the Van de Graaff generator before an optimum'
set of operating conditions is determined.

| The second (vertical) collimator, which has at least 10
times the flux density and perhaps‘éﬁice the 1/4 rgtio, undoubt~
edly would provide far better neutron radiographs éﬁd should
be incorporated in the present system. The high resolution
system in which an aluminum-coated disc is used requirés that
the’test specimen be very close to the disc, and in.general,

one can expect high resolution separations to be observable

/only in rather thin objects which' can be closely attached to

the viewing screen. Obtaining quality grey shade rendition

‘may be a problem when hydrogenous materials are used because

~of the rather lérge scattering coefficient of hydrogen as

compared to rathexr low absofptibn:gogfficient.‘JTheﬁscatterinq

, 4fl§-

<)
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~function.

'iigorvthe»chénée in reciprocity of the system.

A - E P ;ﬁﬁ&m -

cozfficient should produce a high level scatter flux which
would hawve the advantage of spreading the apparent specimen

or targi:t size. There would be a disadvantage in reducing

the clarity of small separations between objects. 'The scatter-

ing effect would also tend to produce an increase in the back-

»

ground noise of _he neutron radiograph.

e

With regard to the image-enhancing equipment, although
it did display over 100 different shades of grey, an important

factor is the quality of the signal being analyzed. In some

¥

cases a noisy signal gives no more information when processed
by the contrast enhancer. Thus it is important that the sig-

nal have relatively low noise levels. The quantum effects

. on the signal due to the limited amount of neutrons ihdicates

that if more information is required, longer integration

timeS:must.be used. The observed neaessity‘to xeﬁucé the light
1QVel froﬁfthe neutrey image iﬁ%ensifier to the SEC vidicon
raises some questions as to what causgsjéhe non-reciprocity
Previous experiments with the image intensifier have
showr th%t it is a linear device well over 1_08 N/cmz/sec .

The electronics of the SEC vidicon camera are somewhat con-

trolled by an automatic light control whlcn changes the vol-

tage over Lhc imaging section of the SEC v1dlcyn. It appears'
that it is thlS CerULtry that may be stewhat responsible

| » The SEC vidicon
camera has “a destruétive ;eadou#, and thefefore;\the first field

comes out at a reasonably strong strength while the second fleld
Y

is almost completely obllte:uted since the f;rst readout beam

Oty

~
»
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- to be manipulated. It appears that an automatic filament on/off

i.sequencer should- be provided if integration time is in excess

- several thousand times faster thah conventionalmfilm‘screen>r

i w1th the image intensifier tube. This advantage is' quite badly

i . , . :?!ﬁm

’

removed all the information. In actual practice it is quite
suitable and preferable to put the camera on sequcntxal fleld
readout in which only one field is read cut after each Lnte;
gration period. Although this approach takes twice as long
to turn out a full frame, it produces a static plcture with
full resolution and greyluhede renditions. Pramea obtalned
ih this manner are superior to the other condition of one full ' ?
frame readout each time.

‘One modification that can lead tp 1mmediate improvemeut

is an the installation of the vertical coilimatorein a hori— %
zontal position., The increese in flux by at least one decade
will allow a reduction in the integration time by at least |
10. The long period inﬁegration cycle requiresxa ratﬁer com-

plex sequence of switch operations, with at least four switches

of 15 seconds will be commouly required in the system use.
A second alternative is to use a photocathode in the SEC vidi-
conuwhich'is”insenSitive to the filament raéiarion.

Mughxwork has to be dohe in the ectual'utilization of this

equipment. One advantage of this equipment isnspeed, being&

combinations and at least 5 to 20 times faster than fllm coupled

conpromlsed by the present procedure requlred to change a sPe—'

01men posrtlon. The Van de Graaff generator must be cut off o

then the operator must pass through several . 1nterlocked doors,

”change the epec1nen oosrtlon or conjlguratlon, relock the doors,

ST X ' ,'».‘* W ’

I\

(,Q?and then re start the Van de Graaft generator. ‘The:minimumf;,'

g
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‘that is not already prcgent in the

- effects must be reduced. Sy RIS

§
%
-t

iy

' ’ 3

I

§
time of this cycle is approximately five minutes, and it is ‘¥
conceivable that under adverse conditions, it might take 15 ,§

or more minutes. Thus, to obtain full utilization of this

equipment especially when increased flux is made available,

it is important to supply remote manipulating equipment.

»

} E]
As in X-ray radiography, a whole area of radiographic tech-

nique development will be reallred. Thus, a Bucky—like neutron
screen and a spe01a1 mask-off reglon may provide invaluable

aid in 1mprov1ng both contrast and resolutlon of the neutron radlo~

graph.

The contrast enhancement equipment works with reasonably
quiet signals and has provided some aid in evaluation of the
actual television neutron radiographs. However, it must be

stressed that the contrast enhancement picture can show nothing

signal and tends to accan-

tuate noise in the plcture. Thus, the present d@sign is an
aid to rapid evaluatlon of some tvpe of picture detail rather \
than beling able to give any really new information on the pic-

ture content, To become really effective, the quanﬁﬁm noise

of

4
h
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5. RECOMMENDATIONS
gﬁt' The present neutron radiographic viewing syst.em is now
operational; however, the actual application of this egquipment
to nondestructive testing still requires a considerable.ahount

of testing and evaluation, On this basis, the following sugges-

»

tions are made: :

| 1. Improvement in the collimation,and flux densities of
£he system. It appears that fluxes of at least 106 N/
cmz/sec wiﬁp l/d ratios of 50 to 100 are theoretically
possible with this éarticular Vanwdé'Graaff system.
This involves some experimental work with the collima-
tor, together with the physical location of the colli-

‘mator, moderator and target.

2. A more exact or conventional determination of the

quality qnd quantity of the neutron flux available.
This will réquiré'the use of foil activation and film
techniques. A COmplete mapbing of the flux field,
including the areas immediately in the'vicinityﬂof
}the beam is important. | |
3. Qtudles using practical specimens to reduce %he effect
wbv'j.,of scatter radlatlon from the upeCmen 1tself. ”hese
'g‘: would include special fleld.llmltlngﬂequlpment,.Bucky 
** sereen types of arrangements, etc., which have been |
in reasonably common ﬁse iﬂ X-ray radiography and may
requlre some modification and tcchnlques for neutron~, ,@

| &radlography This requlres a good bit of experlmen-»

tatlon by personnel famlllar w1th x-ray radlographj

techn;ques..

.
ot
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4, An investigation of the apparent failure of the reci-
procity effect of the time-density product. It is
suggested that the effects of the SEC vidicon camera
automatic light control be studied closely, and, in
the event that.this is the main offender, that the SEC
vidicon image section be operated at lower Voltages.
Normally a lowering of the voltage leads to a lowering

4

of the noise signals.

5. Since it appears that very long integration times will'"

¥ 1

be required in the system, it is suggested that a special éi;

cuit be devised which will a’low an operator to enter
a specific time, such asithree minutes or more, thereby
taking care of the integration automatically.

'6. The installation of remote specimen handling and mani-

. &

pulating equipment so that the time advantage gained
by this viewing system Can.be fully utilized and not
“compromised by the long periods rejuired to having humans

enter and manipulate the componenti This will have

2

Alevels, in that it

a further advantage of high #

-

<
is quite possible that thé“@ﬁmpohent can be shown at

. television rates. Again, it is stressed that automatic

. ' \ E . . . S
remote component-manipulation:-of the equipment is a
must for the system.

7. The dévelQp@gntiof a whole-series of tables in whf@ﬁk;@fg'; :

‘the radiographer can determine integration times versus

2 Kl .

I

flux densities, specimen thickness, material, etc.,

* - . N . .
i N iy
oy S . .
. ~ F L :
= : A% : 5 . E
. . w i .
: g, N o R o
S w [
. e
e K . ¥ ’ v
[ : :
: e B
t ~ 5-2
€ S ® g
SR 1 B RIS : L R _ . X B e vt oy
« 3 : DI - y SRR .
4 . R . R . PR . ] . § ; PR P ) .
: R . : : L)
= L e -




"G

so that neutron radiography reaches the point of being

as routine a piece of equipment to utilize as is hormal
X-ray radiographic equipment. It would also be interest-
ing to see what the change in the spectrum due to in-
creased voltages does to a wide range of neutron radio-
graphs. As in X-ray radiography, it may be found that
the change ih the energy of the prime radiation has

some effect on the final resultant neutron flux.
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