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This report describes the design, development and

applicationf of a neutron radiographic viewing system for

use innondestructive testing applications. The system

basically consists of a SEC vidicon camera, neutron

image intensifier system, disc recorder, and TY readout.

Neutron bombardment of the subject is recorded by an image

converter and passed trough an optical system into the

SEC v1dicon, The. vidieon output may be stared, or processed

for visual readout.

All requiromen.ts for the system as defined by the Scope
of Work :icy:-,rE been met or exceeded in tents 'ru g thus tar °on

the supplied equipment,
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1. INTRODUCTION

Contract No. NAS8-30070 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

television system into a neutron radiographic viewing system for

nondestructive testing uses. This was to have been accomplished

by (1) performing a comprehensive study of neutron radiographic

imaging by television; (2) modi fying Government-furnished equip-

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

fabricating or furnishing required items of the system (image

converter, image amplifier, lens system, SEC vidicon tube, connecting

cable:); and (4) performing a complete system integration and

checkout.

ThA	 final	 CNrcf-r^r y 	rA ► ac	 to mon ca t-	 tbn	 fnl 'l nuoy i nrr	 4- 11

-image converting device, used to convert thermal neutron flux into

light, was to have a minimum resolution of 0.01 inches, be com-

patible with theinput 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 volume of

three cubic feet or less;	 (3) the camera must be capable of imaging

from 11	 (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 10 5N/cm2/sec (moderated and collimated) and produce images
4^

of 0.010 ." diameter objects. 	 ^>

Tim F,

,f
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Due to difficulties in obtaining a calibrated neutron source,

completion of the 13-month program was delayed. The final-system

installed at Marshall Space Flight Center indicated, by tests rVn
to date, that it met or exceeded the requirements listed above.

y
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2. END ITEM DESCRIPTION

Ths.is section provides a description of the problem, a brief

introduction to neutron radiographic theory, a description of tte
system developed sander this contract, and information on each a nit

of the system.

2.1 St,tement of the Problem

The objective of the }grogram was to develop and fabricate a
neutron radiographic television imaging system to provide u;:eful
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 manufactured item.

Unfortunately, certain characteristics of the product are

impossible to inspect after assembly because of Opaque cases or

enclosures. Some items in which neutron radioaranhv may aid in

the solution of these inspection problems include,, , : -the bonding
of honeycomb materials used in missile and aircraft structures

explosive trains used in ammunition and explosive bolts, and--
to a certain degree ­-water-concentration and the position of

certain types of insulation and seals in hydraulic valves or

electrical connections.

The fundamental problem i q1 all the aforementioned structures

is that the contrast caused by the materi al under investigat ion

is insufficient to provide a usable image when using conventional.

nondestructive methods such as X-ray radiation. The present

approach used by Quality Assurance for this type of material
r	

_	 `

is to run a batch sampling plan in which a,number of items

t 	 hl

_	 2	 '--ll't

i
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in each manufactured 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.wrap

This approach, commonly used in industry, is a stop-gap type,
since a probability exists that accepted batches still contain

faulty or defective items, while rejected batches might
contain a large proportion , of acceptable ;items. This situation

has forced designers to add additional safety factors into

systems which must function without failure.
2.2 Neutron Radiog

A method which has been under investigation for 20 year's
A

and offers an approach by which some increase in the capabilities

for nondestructive testing of hydrogenous materials and materials

Cl ni.na siinh e,l cements as boron. lithium. cadmium and heavy

elements is neutron radiography. Although investigated prior

to World War II, it received a Large amount of attention only
after large-scale sources of neutron fluxes became available

from the nuclear reactor. A classic book on this subjectl
proceeded to bring under one cover most of the known material

in this area.

The principle of neutron radiography lies' =in the fact that
the absorption characteristics of X-rays and neutrons are

radically different,, in some cases almost opposi:;te. The

w
1 "Neutron Radiography", 11. Berger, Elsevier Publishing Co., 1965.

,,	 s
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attenuation of neutrons for a given material, in comUnation
with the classification of neutrons into an arbitrary but

predictable system of energy levels, provides the key to
e	

M

radiographic study: the capability for discrimination between
,.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.

iBas-ically, neutron radiography provides a useful complement
.Lo suuh 11uizcit:strucrive teszing nmunods as X-rays, infrared,

ultraviolet and ultrasonics.	 It can provide discrimination
ire heavy metals over a large range of thicknesses; high-
contrast resolution capabilities; a thermal neutron image in

R

the presence of high ganna radiation intensity; and extreme
% sensitivity to certain materials which, being neutron-absorbing,.
yield useful radiographic images. 	 These capabilities make
neutron radiography particularly applicable to such fields

as reactor, rocket and missile technology; biological studies;
and plastics and heavy matals inspection,	 -

t

Although commercial neutron radiographic services are

available to 'the public, they are generally , associated with'
a nuclear reactorrequire that the specimen under study„ and

y
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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 conversion 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 and usually require a large re actor source

if the radiograph is to be made in less than one hour.

The purpose of this program then becomes one of prov iding

a method of direct viewing of a neutron radiographic image

x

	

	 which is being generated by a small portable source. The

neutron source was to be supplied by the noncxestr'ut.tive test

research group at :Marshall Space F Ight Center, ^FS.A, Huntsville,

A16bama. The specific design goal., of "the programG were

described in Section 1.

2.2.1 The Neut ron .	 The neutron - can be thought of as a

fundamental particle in that it contains fiundamental properties

which are entirely its own. The mass of a neutron is now

accepted as being 1...00 3982 PI-IU (atomic mass unit)	 The neutron,

outside of the nucleus, is unstable and has a decay cycle in

which a beta particle plus a neutrino ' ,are.emitted, leaving a

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

being 12.8 minutes. Ileutrons have been classified by their
tl

f r	energy which, in turn, indicates their velocity.#

"	 {	 r	 t	 E. f

i
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2.2.1.1 Ultra-High-Energy Neutrons.. Neutrons with energies

in excess of 50 MeV are defined as ultra-high-energy neutrons.

Very little work has been done with particles in this area,

but sufficient effort in the 1 to 5 BeV region indicates that

fission and spallation of nuclei can occur in atomic numbers
be ow bismuth as well as above iti Most ,nuclei appear

transparent to neutrons in the BeV range. Cosmic radiation

and linear accelerators are sources of ultra-high-1energy

neutrons. Above 20 GeV, all neutrons are considered to be

relative

2.2.1.2 Nigh 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-
l.e... A A_i	 a—%'4. :­ .A. .r....w :... ^..1,.:.. 	 ^....^1.d ..,_7 .... ..

^.. ^. ^.. r. i ^... u.. ^,... rwvs.+ 4^,.1^^s 4 a.• Vii•r. i6.	 ^^.. ^w v, w^ V^••r u..^ ♦ %.& A-(_v rl riJ+. ^+J.41^.^. ,CIt L Q1 Lt^G' -

by radioactive decay.
Y

2.2.1. 3 E2ithermal Neutrons. This range of. neutron energies 	 3
i

is defined as being from 10 4 eV down to 0.3 eV. it contains

a, distribution of neutron vP]ocity which exceeds any permitted

by Maxwell distribution for the temperature of a-moderating 

material

2. 2.1. 4 Thermal Neutrons. 11han neutrons are traveling at an
3

average energy that'^'is equal to the average thermal energy

of the ,atoms of the mediums that they are in, the neutrons

are classified as thermal neutrons. The energy and corresponding

velocities depend upon the temperatures of the medium. At.
room temperature, this energy ois 0.025 eV and the range for

2-5
t
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EW
thermal neutrons is considered to vary from 0.01 to 0.3 eV.

I
2.2.1.5 Gold 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 05 MeV.

Finally,	 he "high" energies are listed	 sy,	 ,^	 rg	 1	 d ^	 running from

0.5 MeV to at least 10 MeV.	 The "ultra-high" energies are
above 50 MeV.	 It should be noted that neutron radiographic

f

techniques. used in this program are limited to neutrons of
Mia V4r .1..1t1.a.4•	 ♦rL . r..^r VR_.	 Va2'	 •

2.2.2 The Neutron Radiograph.	 The basic -philosophy used in
obtaining a neutron 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
the resultant effect is to pro'ide a spatial modulation of

r^

the neutron flux.	 This 'resultant spatial modulation is the
neutron "signature" of the subject. 	 An identical approach,	 t

• allowing radiation to penetrate the subject, is used in

X-ray radiography, where the X-ray quanta are either absorbed,

scattered, or converted by the atomic stricture ;cf the

I^ subject under investigation.	 The radiographer seeks to

collect-Only thosey	 primary quanta which bass through the
i

r

r	 2-6
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Subject. These quanta are then converted in some manner such

as film, image intensifiers or X-ray-sensitive television

tubes so that visual images can be seen. Contrast is required

to allow the determination of the shape of the subject

throughout the total area viewed. if the subject were made

o f , a homogeneous material, it would have no contrast, and no

shape or form could be determined by the radiographer. Thus,

it is necessary, if images are to be visible, to haver  variGaion

in the spatial absorption characteristics of the subject with

respect to the radiation being used.

The mass absorption coefficient for X-rays generally

increases with the fourth rower of the atomic nunber of

material. Thus, one inch of lead tends to stop far more X--ray

e hnt-nn,e than dnes nnP i nrh of h,u rc^cr n ^ r^^Pr tan^ar^ nnnrZi.^i ran

The mechanism, , for neutron absorption and scatter is entirely

different from that of X-rays since it is the nucleus and
not the atomic structure which interacts with the neutron.

It is not surprising, then, that the mass absorption coefficient

of many elements for neutron attenuation are far different

than for X-rays As an example i hydrogen, which is close to
being transparent with respect -to X - rays, has a mass absorption
coefficienu of aver 40 as compared to lead, whose thermal

 coefficient is only 0.45yneutron mass absorption „3 ti Thus, one
}

would expect that with a combination of lead and hydrogen

layers the hydrogen, effects; on neutrons would be much more,

visible than those caused by lead. Other materials which ,are

21,

r



highly sensitive to special thermal, neutrons include boron,

lithium, cadmium, indium, and gadolinium. Thus, the neutron
radiograph can be expected to give additional information

over that of X-ray radiographs for items, containing these

elements when enclosed in many materials such as steel, grass

and lead.

Neutron radiography can be considered to be complementary

to X-ray xa.:diography and generally should not be considered

as a substitute in the area of nondestructive testing. A plot

of the mass absorption coefficient of a number of elements

versus their atomic number with respect for neutrons is sho;vn
in Figure 2-1. Note that a line showing the 'X•-ray Mass'

absorption coefficient is ' quite different from that showing'
the ixeuLz6n.
2.3 System Considerations

As indicated previously,' the basic objective was to supply

hardware which would provide neutron radiographic images ''from }

a wide variety of neutron sources. 	 In many cases these

sources would 'have neutron fluxes ,less than 117 5 r1Jcm2/sec. E

Thus, the problem becomes one of not only converting the
image into a form which can be presented to an observer, but

one of, providing an integration capability so . that sufficient
•	 r,information can be collected to nrovid.e the resolutions!,.

necessary for nondestructive test interpretations.	 A block

diagram of the key system items to be investigated is shown~

in Figure 2-2.

U;,
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2.3.1 Neutron Conversion. The first problem area was that of
converting the neutron into some other form of energy which

,..	 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 of

a number of special elements. The energy state is changed

and the entire nucleus becomes unstable.
2. The decay of the nucleus by the . emiss.on of energetic

particles and energy emission, This radioactive decay
may be by fission in ''some reactions.

3. These particles and radiation from the decay process

may be used directly to initiate electrochemical
reactions (photographic film) or may be converted into

some other form of radiation.
4, Other forms of radiation may be generated in the visible

°	 or ultraviolet portion of the spectrum.
This light may then be used directly - or further converted into
electrons. The final form of the output of the converter will
depend on many factors, including the signal-to--noise ratio

of the system and the nature of the subject size with relation

to realizable har' dware implementation.
2.3.2 Light Coupling. ,Two methods are readily available today

for the - coupling of light between a light' producer and a

2-11
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telivision 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. giber optics has the highest Light--transmitting

ca0abilities, 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 image size. They

have a limitation in resolution of approximately 40 line pairs
per millimeter, and the overall diameter is usually under a
few inches.

Conventional optics suffer from a general light loss which

'	 can be predicted by the formula

C, D

I

1

In	 4T2 (1+M) 2 i

where; I0 light intensity out of lens
Y

T lens T-number,

M ratio of image to object size

Dote that for a magnification of 1 and a T number of l _ (which

is a relatively high-performance lens) , a factor. of only 111
z

or roughly 6% of the light can be transmitted through a single
lens. This high light loss can be reduced by utilizing a

dual lens s ystem using the collimating1	 ry	 g 	 ens and imaging' lens .
As much as 20% of the object brightness could be expected in
the image. This lens approach, moreo ,;;pr, has the advantage

of allowing demagnification and variation in amount of
r	 •	 111

1	 r

2 -1 3
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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 ea51ly selected. This

feature may prove useful.

In the event light is taken directly from a conversion

screen and sent through an optical system, some form of light

amplification would probably be necessary. The Eight image

intensifier tube can provide ampli-fication 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 problem s are

considered in another section of this report.

2.3,3 Image Converters. An^alternate approach to convert- inc

the neutron image to a light image and then coupling via.

optics to a TV pickup tube is through an image in^^ n.v i fying

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 fear E'leetron-volts of energy.
Initial steps in this process are identical to-those described
in paragraph 2.3.1, with. the resultant radiation being in the

i

(	 form of visible light 'energy. A photoemissive coating on top
d	 ,.
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of the conversion material then captures the light photons

jro^:	
' and emits electrons

At this time, the most effective material for thermal
-A.

neutron conversion in image intensifier tubes has been lithium.

G (LGF)	 Although its linear absorption cross-section is

rather modest (2 at a thermal neutron wavelength of 1.08

angstroms) the alpha and byproduct (tritium) of the reaction

is very efficient in the production of light photons in

phosphors

Other possible candidates for thermal neutron conversion

include boron with a linear absorption coefficient of '60.
R

However, the particles resulting from this reaction are not
as effective in producing photons as those produced in the

lithium reaction. Other materials such zts gold, platinum,
cadmium and uranium either do not produce efficient by.-

products for photon production, or have a decay cycle with

long time constants. The long time constant would prevent

,dynamic imaging.

r	 One additional tradeoff for consideration is the thickness
j	 of the conversion layers. As the L6  neutron conversion,
I

Layer thickens, the conversion efficiency increases. However,L
the byproducts o f the conversion process are more _readily

((.	 trapped in the thicker layer as are the photons, both of
1

which are very ener Igetc and tend to be fairly e f tect i.ve in

w	 producing photons in the cadmium sulphide. A. particular

problem arises in this mixture in that it becomes more

2-15
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eff .cient~ as it becomes thicker. However, the loss of photons

in the basic material finally causes diminishing returns in

the overall number of photons produced per neutrons. This
, ..,m

drop-off is generally found in chichnes ses which vary between
0.005 and 0.020 inches. The thinner screen can lead to better

resolutions in the systemi, This process in either approach	
r
	

t

seems to be the most promising. It should be noted that the

block diagram (rigure 2-2) splits at this conversion point
with the output being either light or electrons In the event
that a neutron-sensitive -image converter is utilized, the

ultimate output after amplification of the basic photo--emitted
electrons is ,Light. At this point, the problem then arises

as to hole to couple this to some sort of storage pickup
R

device. This will now be considered.

The conversion of the light image into an electron form
T_

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 optimizing

section of the system. Important items to take into c
consideration in this conversion process are:

,t
1. Efficiency of conversion

i
2. Repeatability, ease of maintenance, and ease of

	

y	 ,,	 operation of the pickup device
'30 Faithfulness of reproduction, including such items	 j

as grey shades, signal-to-noise ratio, fixed pattern
noise, and resolution

t'

	

4Y	 r	 :,
f
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4 Other advantages, such as variable scan rate, and

extended integration. capabilities.
5. compatibility with other items in the system.

Although a number of television camera tubes have been

developed in the last 40 years, only three basic types now 	 1,

appear readily available and directly applicable to this

system. Such items as the image dissector tubes and various

.types of flying spot sca:&ner 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	 is

for this system that they are immediately disregarded.
r	 '

The three basic types of standard commercially available

e f1t/1 C`1 n„	 ^trl^vim 4. 1.1, 	 •.^L.^ -U L. .+.•. ... . .r. .. ..: .1^^.. 1.2 .
L.....r..... K	 ,....r	 r. a. v v A A u r. %A" J..	 a .L u ^..  t G'k

vidicon, SEC vidicon and image orthicon. (The silicon target

vidicon was not available during the study phase of this

program and therefore was not included,) The smallest.f

physically, and the least sensitive lightwi:se, is the standard

vidicon tube. Figure 2-4 shows the , light-operational'
performance character.a,,stics of the various tubes mentioned.

It should be noted that the standard -vidicons generally are

not useful at light levels under 0.1 foot-cand,l^es on their

photocathodes. Vidicon tubes , can be^, obta- ed with resolution
capabilities of 1,000-television lines across the horizontal
section of the tube.

r
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in addition, special-purpose vidicon tubes can be obtained

that have extended storage: periods; however, the vidicon tube
r	 r

is generally rLianufactured 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 operate

and maintain once set up, and tends to be the lowest cost camera

of any of the previous mentioned. The basic principle of

photoconduction utilized in the vidicon has allowed special

purpose X-ray-sensitive vidicons to be produced, and vidicon

tubes which operate into the near-infrareO, , region. At high

light levels the vidicon tube gives a rather high signal-to-

noise ratio, which is claimed to' be in excess of 300 td 1.
One has to be very careful about the definition of signal-to-

noise ratios and their significance in the performance or this

system.	 The signal-.to- noise ratio given for one type of tube

r'rom one manufacturer may 'n it be directly comparable to signal- ;

to--noise ratios of other type of tubes produced b yl other

manufacturers, , or even the same manufacturer,
The SEC,, vidicon is larger than the standard vidicon and uses

an entirely different principle for the conversion and storage:

of light information.	 The readout.' principle, however	 is.
'	 similar to that of a vidicon and probably is the reason that

j	
g

it , bears the term vid*60n .	 Note that the performance of the
^A

SEC vidicon with respect to light level is extended into the

region of 19-5 foot-lamberts.	 The present SEC vidicons do,
ill

not appear
r 

^o have signal-to-noise ratios as great as vidicons
45

2-19111

F
1	

1l



_	 ..*VAWIAk

at their best; however, they have a useful characteristic in

that the readout can be selected over a wide range of storage
r.;.. intervals. The SEC vidicon thus has the capability of allowing

A.ntegration of information on its storage eleindnt with a readout

rats: selectable by an observer. The basic conversion is by
a photoelectron emitter process in the imaging or front section

of the SBC 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 our by a scanning beam

coming from the rear, or scanning section_ of the tubes.

Although these tubes can use a number of photoemitting
r

llt l̂ ,-e 'ials in the Itactginy ot--utIvii, 'ie.+.1.	 Yt__xiG.LCX" y

limited to the range between'!the very near-infrared and the

ultraviolet.

The most sensitive s ingle tubes in 'today 's market are

generally regarded to be the image orthicons. (The image-

isocon is similar to the image orthicon except in the readout

section. In theo ry it should provide superior performance

"'to the image orthicon, but it suffers from storage problems.)

These tubes have an imaging 'section similar to that of the

SEC vidicon, but .>-use a special target which utilizes , secondary ►
electrons for electron f gain The readout process of the image

orthicon, however, is different in that a low velocity beam is

used to' recharge the target, and then is returned to an electron

2 . 20
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multiplier stage where an amplification of approximaCely 300

to 500 occurs. The image orthicon is generally considered to be

,_.	 the most fragile of the three types mentioned, and generally

is the largest, occupying 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 oi,e
order of magnitude of light level; however, the signal-to--noise

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

special low light level image orthicons do not piqesen,t the	 ri

highg signal-to-noise ratios encountered in commercial television.
mt.	

r^:^Gy u:.►.i^i`i ill	 %ice ict ycl:	 ^tcag	 ui i^it.vtl '(.u"u s can Y.'t.cx^:it

1,000 lines. The, image orthicon can also be purchased with

special targets which are very useful for long term integration.
However, the integration time is pretty specific, and though

one tube can be designed to provide storage for long perio Js
of time, the period of time is pretty well fixed and cannot

be varied.	 -	 a

In 'summation, the medium.-sensitivity of the SEC vidicon

tube, coupled with the variability 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 bestoperating conditions-,
and the resolution isr `not as high as either the vidic;on or

2-21
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image orthicon when these tubes are operating under optimum

tw	 crnditions, the SEC vidicon appears uniquely suitable to this

particular application

2.3.4 Pickup Device. Independent of the method of conversion
and initial optical coupling is the problems of converting the

optical or radiation ;information into an electronic form.
Although it is feasible to go directly from light to electronic

form by using some sort of storage 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 mrket.
2.3.4.1. Vidicon5. Considering the basic types of devices, the

least sensitive of any is the basic vidicon camera tube. This
l

tube rleppnris iipo-n a phot:oc-on(birtion proePss for its operation.

The tube contains a target made of photoconducting semiconductor
material, focusing electrodes and an electron gun which provides

a relatively lose energy scanning beam. The beam scanning the

target tends to deposit an electron layer on the gun side of
the target. On the opposite :side pf the target is a trans-

parent io4ucting coating` which is connected to the target
voltage via a resistor. Under conditions of no light, a..so--

called dark current appears,which is a leakage current between the
electron layer deposited on the gun side of the target and
the target voltages passing _through the' load resistor on the

front side of the target. When light strikes the target,

charge carriers are induced inside• the semiconductor region

„	 2_22



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 ofcharge. Since the beam from the electron gun

is Scanning in the form of a rectangular 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 generated by this redistribution of the

charge upon scanning, is immediately translated to -a current

variation across the target load resistor. This voltage provides
L:

the electrical signal which is proportional to the intensity

of the light accumulated betweeri two scans of the appropriate

position on the target. As a result, the current variation

across the target load resistor , is directly proportional to
L "	 1 .n L a w r +. .i,. • .^ .0 L 1n r^ :«^ n i. L	 ^...^ .^ ....^ r7 r «^ L .^ L nl.x V L	 {...ate L:Ga..u. ^.^.r....y ^..i.u.^ ►...w ^.. ^.r..v 6.4.i. ^^: v ^..:. r...+^..

vidi con .
Using the standard EIA scanning rates, the sensitivities

of readily available vidicons vary from a maximum resolution T
of -between 400 to 1,000 television lines, at faceplate	 i

illuminations varying from as high as 100 down to/1/10 foot-

candle. Advancements in vidicon technology have provided units

called plumbicons with sensitivities that can provide maximum
resolutions and ten shades of grey at levels oh, the order of
1('2 foot-candles.:

In addition, other special  purpose vidcons.can be so

designed as -to allow slow scanning techniques which allow
<<	 a

integration and appropriately increase a pparent gain of the
J	 i

.eft
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system. However, these tubes are riot really versatile with

respect to wide variations in the scanning 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 Orthicon. Another readily available tube, being

used quite often in studios, is the image orthicon The image
M

orthicon combines several basic principles of operation to

form a final transducer, and can be thought of as essentially

two separate and unique sections: 	 the imaging section and	 i

the scanning section. 	 The imaging section converts light 	 r

photons to photo--electrons and proceeds to energize these

electrons and focus them on a target.	 Thus the pattern oz the ' st

original image is written upon the target located between the

imaging and the scannin gj section of the tube, with electron	 ,a

densities proportional to the amount of localized illumination
•

o	 s_	 io	 r^	 on the photocathode of the imaging	 ect	 n.

The target, which is common ro both the imaging and scanning

sections, may operate under a number of different principleso

The target itself is always very thin, ranging from 1/10000
of an inch down to 500 to 600 angstroms in thickness. 	 The

characteristics of these targets are such that the lea?^age

passed through the target material from - the front to the back

is of a reasonable amount; however, the lateral Leakage., along

the target = surface is held to a Yninimum.	 Like the vidicon,
f	 _

_	 7
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the electron charge on the face of the target on the imaging
side is allowed to leak through the. target to the scanning side
of the target. -The scanning section contains a relAtively.

low velocity beam which travels from an electron gun through
k

various focusino 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 is 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 generated 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.
►f11n ATinr^ 1 '^ rrn ^i.^c• 1 r -th_c	 c r-thl c -̂-n

follows: The scanning beam proceeds to place a charge on the
a

back portion of the target After this charge has been

deposited, further scans result in a full return of the

scanning bean to the first anode located at the electron gun
o f an electron multiplier. The output of the tube, at this

..wi

tinge, is a maximum current. This is called the dark, or

black, current, The scene, having, a variation in light

intensity, is focused on the photocathode in the imaging'

!!	 section of the tube. Light photons are used to generate photo--
1

electrons which are then accelerated through the imaging

focusing section of the tube and strike the f ront or imaging

NIS,
side of the target area.

r
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Upon being struck by electrons, the target, generally`

through secondary emission, accumulates a positive charge.

..^-	 The secondary, electrons are then collected by a collector ring

around the target. Thus a potential exists across the target

created by the incoming light--created electrons in the imaging
section, as compared to the uniform negative charge distributed #
by the electron 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 beam are removed

and.used to neutralize the different charge levels. The
w

remaining portion of the beam J.s returned to the gun section

and the first anode of the electron multiplier is then

amp  fled, tote that as the or^tcal image becomes whiter

(higher light level) , the return beam to the electron multiplier
becomes less and the output of the related scanning section

becomes Iess. The general point of operation of this tube is

adjusted such that tlip return beam is zero at the highest
white:; levels in the system.

The image orthicon can be utilized- at lower light levels
than the vidicon and generally can provide pictures with light

levels down to 10 - Groot can 	 or better. Image orthicons have been
used in slow 'scan and integration modes, and" '' have been, used in
astronomy for year§iith very special cooling techniques in

t
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:	 the region of the photocathode. The image orthicon is generally
thought to be at least three magnitudes more sensitive than

g	 the vidicon, and in some cases can be used at levels as low asl0`8foot
candles. However, the signal--to-noise rat io from ;image orthicons

Is generally higher than that found in vidi:cons, and in addition,

tho, 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 mechanically and electrically, and is

more easily damaged by improper operation

2.3.4.3 SEC Vid.icon. The SEC vidcon has a perfomance

-	 w u n •+.J.... .^ .^ r J+	 . 	 • ..	 ...L.	 1.' ' 1 .w ;...	 .1w .... 1.....L . ........	 L ^.... 1...... J.. . ^ 1 :	 ... ...
CihAar .A V ^.i.r-A- v+ i.+ if L1+\dI ♦ A.*.&.L.A.0.0 Lcli6 4 # 1 44,r I.r^: vVY \: G► J b^^1. AI^N + V .a.i l i. ^ ►^/1I

and the best image orthicon. The SEC vidicon, like the image

orthicon, contains both an imaginer 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

vidicon is identical to that of the -image orthicon with the

possible exception that the potentials encountered are far

greater. Normally, the image orthicon has a-potential
1

di f ference b	 `'	 et^oeen photocathode and, target on ,'­ e order of
t

j

	

	 600V to 1,OOOV. The imaging potential between photocathode

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

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

F	 2-27
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the target structure itself by the bombardment of thy: high--

veloci f-y photoo lec;trons The term SEC designates Secondary
.,.	 ;plectron Conduction, and is a description of the target

material. The target, which is a very ,light form of potassium

chloride and is on the order of 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 chloritIe.
It should be noted that the -y Lass um chloride layer used

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

a great portion of the target is actually vacuum space-. An

electrical field buildup at the back of the target by a high-

'	 velocity scanning beam causes these induced secondary electrons.

to J rti fit 4-nU?Av-Ac -hn a r+a nnPA -, m- f,vnP of f-h p f• arcraf u , The

conduction of the secondary electrons takes place in the

;interstitial space vacuum and not in the charge induction band
of the potassium chloride. This process removes the possibil ity

of long persistence because of the release of trapped charge

carriers at the storage centers. These electrons drift towards

the charge, ` modifying the charge distribution on the scanning
side of the target and creating positive and negative 'patterns>
which in spatial `dis,tribution and intensity correspond to the

♦
optical image focused on the faceplate of the tube.

The extremely high resistivity of the target provides for:

very long periods of storage time on` the discharge pattern.
The,:,scanning beam periodically returns the target potential i 	44

^f 2-28
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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 amplifi.cation of the video signal from the equipment.

Thus a SEC vidicon provides a readout similar to that of a
vidicon 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

scenes at light levels of 10 3 foot-candles and are ' useful at
levels down to 5 X 14 5 foot-candles on the photocathode.

One of the most striking advantages of the SEC vidicon is

its capability of retaining stored charges over long periods

of time. This tube seems to have the unique feature of being

able to handle wide variations of -(-a,nnj rig ray	 . 	 C _z;

the present EIA scanning standards to storage times in excess

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

generally somewhat better , than the image orthicon, but poorer
3

than the vidicon When utilized at high light outputs

Mechanically, the SEC tube falls „midway between the ),size of the
vidicon and the image orthi con, and can be made in a relatively

"light, flexible package.-
i

2.3.4.4 Other Tube Types.	 Other tube types are available,'
4

including developmental work such as'the image,isocon which
(̂$

operates on much the same principles as the image orthicon,
3

i	 with the single exception that the return beam ;becomes higher

for peak whites and lowest blacks. 	 This phenomerIa mean	 that

Sv
-	 -
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the signal-to-noise ratio is far better at lower light levels

y`	 than in the image orthicon. The dynamic range of operation

--^	 is superior. However, the image isocon :requires rather
elaborate . focusing deflection sections and special auxiliary

t.
power supplies. As a result, Lt is even more complicated than

the ordinary image orthicon and requires special additional
features. In addition, the size , of the tube is approximately
the same as in image orthicon. 	 ~

Other tubes include-the incorporation of microchannel plates, 	 +

which are electron multipliers located in the imaging section

of the tube in front of a variety of ' storage target materials.

These devices appear to offer great potential for very high

gains in the future; however, few, if any, are presently
avails,"ale beyond the development pnaee. The target materials
also offer some problem in variable storage rates

2.3.5 Storage. Since rather low neutron fluxes are. ecpected

in this system, some means of storing video data appears

necessary. This is discussed in much greaterdetail later in

this report. The storage medium can occur in a`number of forms.

2.4 System Description

The Zenith Neutron ?tadiographic° Viewing System developed

for Marshall Space 'Flight Center under Contract NAS S--30070

displays the :neutron image of a test specimen on- a television

monitor. Although the image -is displayed at televisiogn' scan

rates of 30 frames per second to the observer, a controllable

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

The system consists of two sections; a camera head and a

control/processor. The camera head, located in the test cell,
is comprised, of a neutron-sensitive 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 mounted in a rack capable of being located

at least 75 feet from the test cell. This rack contains a
power supply, sync generator and test signal generator chassis,

TV monitor, video processor, and video disc-recording system.
'	 External to this rack is a remote control bo y: used to optimize

the performance of the neutron image intensifier tube. Figure

2-5 is a block diagram of the final neutron radiographic display
svc1-em,

Neither the thermal neutron source nor the specimen is supplied
with this system.	 The'remaining equipment is located. either'

J A.n 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 gain over a
conversion screen. 	 The light coming from the output,sereen
of the image intensifier tube passes through optics to the

SEC vidicon camera tube; which stores the light intensity of
each scintillation over an operator:-controlled period varying

from 1/30 of a second up-to several hours. 	 The video output
i

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

a 75-foot isolation° cable to the SI;C vi di con camera oontrol

«	 e
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unit. A second cable, connected to a bias control box from the

OV	 neutron image intensifier tube, alloy 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 vidcon camera head

is amplified, processed and nixed with a sync signal from the

sync and r-ontrol circuits in the camera control unit. The
outputs, located in the reraote control rack of the camera
control unit, are in the form of a composite video signal- and

a readout control signal. The sync and control c .rcui,ts

provide those signals required to insure proper operation and

synchronization of the total. system. The sync is normally

ai nea frnm Ri-Abl ez, 	 osr.i1ja-1-or cirr,:iii s

Under some forms of alternate usage, a line sync can also be

obtained from this equipment.	 y	 ^^
1

The purpose of the video disc recorder is to provide a

nondestructive readout storage for the neutron image istored
I.

'on the SEC vidicon. Since the total readout signal from the

SEC vidicon is only =one television frame- for a period of

approximately 1/30 second, a continual replay of this szngl
I

frame is essential to allow visual observation of the neutron

image;. The output of the video disc recorder is a composite

video signal which is sent to the video processor. The video
3i

processor allows the operator to expand the grey s{eale range;	 f

over a selectable,portion^'of the raster. The processing of  
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the video in this ;Wanner 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

system contains a 12.5-centimeter input image intensifier tube
with special dome and photocathode. The electron optic

demagnification is approximately 8, with an output image
diameter of approximately 1.5 centimeters. The resolution is

at ':east 40 line pairs-per inch, and'the output screen has the
characteristics of P20 phosphor. This tube'is placed in a
protective housing which contains a high voltage power supply.

A remote control box is provided to allow the operator to

maximize resolution of this component. This process of

inaximizaLlon is generally loo. r quLiad iaofe LIICLXI Unc:e )C.,1:
installation. Since the tube is irradiated by neutron and

gamma flux_, a dangerous environment for human beings, it is
necessary to remote this function. A 50-millimeter f/,1.4,

collimating lens is provided acs ► the output optical coupling

for the neutron image intensifier package
2.4.2 Secondary Electron Conduction (SEC) Vidicon Camera. The

SEC vidicon camera is. a low light level system especially
dc,'agned to store scenes at. very low-light levels, and uniquely

suited to . operating at different storage rates This modified
tlestinghouse STV/614 camera system operates at standard 525-line, 	 b'

2:1 interlade, industrial sync specifications, and is a

modified commercial item.	 1
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2.4.3 Control Circuits. The control chassis located on the

. operator's rack is the major source for control functr.ons in

the system. Besides providing a patch panel for the operator

to manipulate the signal path, switches allow the operator to

exercise control over the system. This unit allows the operator

to select the sync reference mode, control the operation of

the disc recorder, and . generate special functions required for
r

set--up of the equipment. A total of eight printed wiring
` 	 plus 	 Ppboards lus wiring are su lied in this chassis.

2.4.4 Dive 'Recorder. A 3600 rpm disc recorder was built to

Zenith performance specifications by the Data; Disc Corporation.

r	 This disc recorder has two read/write channels, and may be
used to store two interlaced video fields or one full frame

of 30	 n tcrn mot^ ff cy%

recordi^ig is made possible by a field toggle signal which
4

controls the write and read gates on alternate disc revolutions.

The operator has the capability of operating this recorder in

' a read mode, write mode, or automatic periodic write mode.

The selection of these modes is accomplished via a switch,on

the control ` unit. The upper frequency of this special disc

recorder, is 6 dB down at 6 PIFIz
,

2.4.5 Video",Processor. The ;,video processor accepts video from

either the disc recorder or directly from the SEC vidicon

camera, depending upon options selected by the operator, and

processes these signaas under the control of the operator.

The processes, selectable by the operator, increase the gamma

n	 ,^

2--3^
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in a chosen sector of the raster. The remaining portions of

the raster are unaffected by the video processor.

- 	 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 that 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 on an ordinary

monitor can be expanded to over 100 shades. With a low-noise
video signal, this enables the operator to 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" 12.5 millimeters in diameter.
With 100% contrast and a collimated thermal neutron flux of

10 5 N/cm2/sec, images of 0.010" in diameter are visible with the

25 mm viewing area. At laver flux' levels, the system is
capable of operation using the long--term integration mode.
With a 125 mm diameter viewing area, the' system -resolves at
least 40 ii:ne pairs per inch at high flux and contrast ratios.

Table 2-1 lists the size, weight, power requirements, and
environmental capabilities of the overall system.

f SM
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Table 2-l. system cnaracterist cs

Weight of rack (fully loaded) .........470 lb

Weight of camera head ................ 70 lb

Weight of external cables ............ 32 lb

Overall dimensions ...................(See Figures 2-6 and
1.	 2. ,7)

Rack pottier requirements ..............120 +10% Vrms
75OW
60 H2

Head power requirements ............ .1>20 +10% Vrms
l.0A: max.
6 0 IN

Temperature

A

Operating .............. .,..... ..50 °F to 105 ,DF(less than
20 0 H' change per hour.)

Non-operating ................. ...+20°F to +130°I"

Tumidity (operating).. ..............20o to 80% relative humidity
without condensation

Vibration.. ......... 	 ..:	 .O. l5g max fromt 3.0 to 60 Hz

Shock . ..	 . ,. .. ....	 .. ,.5g max in any axis

2.5.1 GFE and Purcrlased Equipment Specifications.	 !

2.5.1.1 SEC Viaicon. Refer to the Westinghouse Model STV/614

SEC Television Camera manual for specifications on this unit.

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

disc recorder system built for Zenith Radio Corporation for

specifications of the video disc recorder and subsystems.

2.5.1.3 Monitor. Refer to the Conrac Type; CQC Televit"sion Moni .or

 K4
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manual. for specificattonn. notice 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 Radiograpl•)-ic Viewing System displays
the neutron image of a test specimen on a television monitor. 	 i
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 tuk)e in approximately 1/30 of a second and transferredr
to 1 or 2 tracks of a video disc recorder.

This information is then react back from the video disc
recorder at a rate of 30 times per second, and is sent either 	 i

directly to a television morjito r. for display or first to a

video processor which operates on the data to enhance its
intelligibility, and then to the dismay. The sensing equipment 	 ;:

is a self-contained system in that only 115x, 60 Hz p&?er is

required for operate this system, together with a user-supplied	 i"

thermal neutron source. The equipment is normally allowed

to warm up for approximately 15 minutes.a

2.6.2 Neutron Image Intensifier. The neutron image intensifier

is-a vacuum diode composed-of a neutron-sensitive photocathode,

electron optical focusing assembly, and P20 phosphor screen.

A potential of 20,OOOV to 25,000V is appliEd between the

2 40
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photocathode and the phosphor screen. In the particular image

intensifier tube used for this system, the photocathode is at

,,..4	ground potential while the screen located behind the fiber optic

output plate is at a potential of approximately 21,000V.

An incoming neutron enters through the protect ive aluminum
dome to the photocathode.. This photocathode material is ,

composed of enriched lithium ( 6U), zinc sulfide and a tri

alkali photoemitting material. Thermal neutrons passing

through' the dome strike the photocathode t;taterial and some are

absorbed by the 6 L nuclei, which results in a prompt disinte-

gration of the nucleus into an alpha particle.	 These large

particles, eontaininc,r,`considerabie energy, are then scattered 	 ,....

and strike the nnS at"oms. 	 Each contact causes,.;a transfer--of

`.•.vL gy•	 J.aL	 e.L 4l1rL.v	 41.1	 -LA U.O ►-/A ► +3 4.	 L11.	 GJl	 CL c:	 v a.a I,..l,. t.t	 v 4C44\'. 	 "s 1141 ..-

results in the emission of photons 	 the photons	 which,•,are

in. the visible spectral range, are then converted to photo-

electrons, which are emitted into the electrical field across 	 s	 E

the tube •
At this point, with starting energies of a few tenths of	

1

an electron-volt, the electrons are then accelerated through

a' primary f elt' of appxox mately 21, 000V.	 During this process 	 I1

.	 two grids, G1 and G2, whose voltages are externally controlled,

are used to shape the path of the electron flight and cause

an image reversal and demagnif4cation of approximately 	 8 :1 at

the ,phosphor plate.	 : The -electron striking the r20 ^phospY or

late ,̀ a ai^n generates light, v ith light 	 airs of over 20,1 00g ^,	 ^.	 9	 5	 g

A

,rte
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as compared to conventional scintillation screens. The light

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. 	 ' ^ 1

The power supplies, tube mounting, and optical alignments are

factory-serviced items.	 i

2.6.3 Control. System. 	 The control system is composed of eight

separate boards fitting into a central connector tack and a

front panel.	 These circuits generate timing and control

signals in the system.

2.6.3.1 Oscillator 	 (8661-A8) .	 The crystal'-controlled oscillator

` contains two common-emitter stages with f'eedbac} ' from a'

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

he ` feedbaci	 is r-nrough a crystal .v'hIch i 	 the on.iy zrequency- "

- controlling element in the oscillator.	 This oscillator

provides the 31.5 kHz clock required by all portions of the	 r	 ^

television system.
a

2.6; 3.2 Afc Board '(8661--A7)	 The afc boardrovidc s a power-p	 P

line-synchronized 31.5 kHz clock pulse used to drive the entire

system when the crystal mode is unacceptable.	 This conduction

occurs only when there is a significant hum in the system which

can be seen as horizontal bars rolling through the picture

j
7i

when the crystal mbde is being used: 	 Test have shown. that

the disc recorder system does, , not perform well when the additional
Ik afc loop is iitilizel; therefore, the disc recorder cannot tie ,k

c used in this mode o f o erd'tion.	 The' "basis ^rinci le of operationP	 p	 ^.

^	
2.42r; t:J	 ,<
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of this oscillator is that the reference 60 Fiz line signal is

-,	 applied to a keyed diode gate. The keying signal is the internal

vertical drive pulse which is only a few hundred microseconds

long. Thus, the keyed gate is opened once each 16.6 ms and

w;.ill pass only a small portion of the 60 Hz reference signal.

This short sample is storr r d on a reference capacitor which is

isolated by a very high impedance emitter-follower circuit.

The signal on the reference capacitor is then used to control

a mtiltivibrator for the next 16 ms. Depending upon the
1.

amplitude of the 60 Hz reference signal during the sampling

period, the 31.5 kHz multivihrator will speed up or slow down,

When the f=requency 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 sent throughout the system

when the crystal oscillator is not being selected,
r

2.6.3.3 525 Countdown Board (88:01 -A5)	 Vie countdown board

is composed of a I0 - stage ripple--through counter and controls

1	 - SN7 4 00 type} gates . The 211 signal coming from the 8661-A8

board is fed into the clock terminals of the first fl ip--flop

of the counter. This counter "is a ripple-through type counter

witli the next stage changing each time the previous change

stage goes from a `high 1_,^A `.,ow condi tion. The initial state
l

of the counter , is sugb, th,st^ a+tl , tputs are ` low. At the 513th

P-. 
p g

2H pulse, the stagy., s x ,a.e .1^^. f'1i. flo	 oes from a low to

t	 r	 . 	 s

a
^:	 t. 2-41.a
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a high condition.	 This initiates the horizontal blanking

' period.	 Logic circuit; in the form of gates and other flip-flops
cause	 all flip--flops to go low after the 525th pulse and this

is the state what exists at the 526th pulse. 	 Thus the counter
completes one full cycle every 525 pulses.

m	 t

2.6.3.4 Sync and Blanking Generator	 (66" 61-P.6).	 This board
provides all the sychronizing pulses utilized in the system
except for some signals generated in the SEC vidicon camera.

r Generated on this board are vertical blanking, vertical sync1

delay, vertical sync, horizontal blanking, horizontal sync
delay, and horizontal sync. 	 The two inputs of this board are

the vertical trigger in and the horizontal trigger in, both

signals coming from the countdown board.	 The logic components

00
are SN7402 14OR gates.	 The operation of the circuits on this
board are similar in that a number of one--shot multivibrators
are utilized to generate all of the required pulses.	 The

leading e dge of the incomin gg	 g	 g poise tends to tugger the

multivibrator dates which stay on for an adjustable period.
r The gate then recovers and toes back to its quiescent level.

As a result; the various pulses are produced from the two

trigger pulses through a number of microcircuit gates. 	 The

pulses are mixed to provide the necessary mixed b^sanking and
mixed sync outputs. 	 It should be stressed that NOR gates are

used rather than monostable microcircuits.
2.6.3.5 Grey Shades Counter (8661.--A2 ) .	 The grey shades generator
is supplied to provide a signal source for setting up the video

t^
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processor and for use throughout the system. Three boards

(A2, 113 and A4) make up the grey shades generator. The grey

shades counter board has two inputs the 2H signal and the

vertical blanking. Outgoing signals include a signal from
I^

each of the binary counting elements in the ripple-through

counter. The 211 signal acts as a clock and the binary* counters

chance state when the next least significant count goes from

a high to low level. A total of six lines pass out of the 7,,^?2,.	 3
4

board to the A3 board, , known as the ladder board. The ripple-

through cour , er is reset by the vertical, drive pulse and starts

counting at the end of each vertical blanking period.

2.6.3.6 Grey Shades Ladder Boards (8661-A3). The purpose of
3

i

the grey shades ladder boards is to tare the seven high and low

sig,yal inputs from the A2 board and to weigh them in such a

manner as to provide a uniform stepping function in synchronism
t

with one-half_ the `horizontal line rate. This is accomplished

by a ladder tvor} which properly weighs the flip - flop-signals

with respi^ar.14¢,-	 f he significance of the source to provide a

uniform anU-Log change of almost 1_20 different states. The 4

j.

ladder is controlled by the state of ,,,saturated transistors in
1

the circuit. The bases of each of` the control transistors is 3

driven by one of the input signals from the A2 board. The
is

1
v

emitter of each of these transistor's oasses through a control
Ci

switch located on the front of. the assembly and t zen to
ground. Thus, if the control switch is ,, in a position' that

j	 g,^eounds the transistor;, =the transistor will sattirat . each time

,i	 u

,. 	 ,:.
	 `.	
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that the input signal is at a high level. The ladder , network
is c resistor combination which just doubles the effect of

each more significant bit binary input signal. The output

signal after the end of vertical drive 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 trey Sync Mixer (8661-A4). This 'board • accepts

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

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

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 ci;^:,cuit keyed during the blanking period. The
C)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. This signal is amplified and fed into a 75 ohm; terminated

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

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

requires some .reference sync and control signal ,,,-to operate

properly in the system. The Al board converts the horizontal

and vertical sync pulses into forms which can be. utilized by the

synchronizing circuits of the -disc recorder. In addition, the
disc re c& der requires control signals which will select the
track for recording the new data _ and also provides the control

	signal for the	 ' g	 poriod in which data i' s actually being written`.

:
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.The appropriate timing signals are initiated by the vertical x

drive pulse and the 2H signal. Since these signals require

slight modification, gating circuitry together with one--shot

multivibratcars are utilized to provide the exact form required

by the disc recorder. The%2H signal is made to be approximately

16 , ms in the high condition and approximately 15.2 ms in the
low condition. The N reference occurring once per field is

approximately 16 ms high and is' in synchronism with the 211

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 writing on the other
channel; however, a third control signal, the write line, 'must

be high.	 In the event the write signal line is not high, the
`information on the disc will continue to read out alternately.

It should he pointed out that normally a write signal leads to
the destruction of the'previously stored data.	 Since the disc,

recorder will also be utilized to read only a single frame

'	 from the Shy vidicon in the integration/storage mode, board

Al will accept a trigger pulse which d6termines the period in	 r

which the SEC vidicon camera is sutppIlied a composite signal {
out.	 As a result, this signal is processed on the Al board	 t

and utilized for control of the disc recorder recording or

i writing sections, 	 3

-
2.6.4 Video Processor.

2.6.4.1 Video Amplifier. (8661-B1)	 The video .amplifier first	 is

str .,,ps the sync tips from they ;i`nput composite V31 d—ab" being sent

u	f a
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into the processor and amplifies the video information by an

external controllable gain; stage which can he 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 at approximately 3 and a gain

of the second amplifier being adjustable.

2.6.4.2 Level Selector (8661-B2).  The purpose of the level
selector circuitry is to take a selectable 1.2V segment out

.of the amplified video signal, which may be as large as 11 to
12 Vpp. The incoming video signal is passed through some

isolation buffers and then into a dc'restoration circuit which
establishes a constant black level 'throughout the field. This

is important since the clipping level will essentially be a

do adjustment. 1`ao back-to-back diodes have the output of this

clamped signal tied to the center point. The diodes themselves

are attached to a largo' capacitor which may have its bias
i

voltage varied. Afiy-signal voltage above or below the threshold

voltage to turn the diodes on,approximately 0 7V.differencA	 r`
from the capacitor reference, will be shunted to the Large 	 a

capacitor. "Since the reference capacitor voltage can be varier 	 ?:

by a control located 'on the console panel, any level of the
incoming video signal voltage can be passers through this

circuit to an output 'buffer while all the other levels are
r	 •.shunted to the large capacitor.

2.6:,4.3 Vertical and Horizontal Syncs (866 11-B3). The vertical

eland horizontal signals are used in many circuits in the video-pro-

cessor.

I_:



A special circuit provides a low-impedance output source for

`-` 	 these signals. These circuits are composed of a. ground-emitter
amplifier and buffers.
2.6.4.4 Video Mixer ( 86 6 1-B4).  The video mixer allows the

substitution of the processed video signal for the unprocessed

video signal in 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 processed or unprocessed video shall be delivered ^o the

buffered output. In addition, the black levels can be ,mixed

and some of the gains can,be adjusted, so that both signals

are ectual. 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 into the

case harness,
F

2.6.4.5 Reverse Video and Gate (8661-B5). This board has a

li	 two-fold purpose; to reverse the video levels so that normal }
4

black signal voltages become white voltages and normal white

signal voltages become black, and to generate the P and''

pulses required for selecting the appropriate processed and i

f	

, ,	
^iunprocessed video to be transmitted.

For -video signal -reversal: the mixed video from board 8661-B44
is fed into A direct-coupled phase reversal amplifier. This
amplifier feeds a buffer or emitter-follower stage. Note that

r
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the high--level whites have now been conver ged to blacks and

after passing through the buffer, the reversed signal is not

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
0

peak, white; this is the point that the clamp is setting the.

signal level. A second ground clamp circuit resets a correct

black level during blanking. This output video signal is

reversed except dur.,ng blanking, lifter the keyed blanking
white level has been established, the output is buffered and

sent to a control panel switch which allows selection of the

normal mixed video or reversed mixed video.
The P and pulses are essentially pulses which control f

C; VMS.r	 4— 4.	 4 A CQ a	 n.. . rr !1N r7 rTni•raYZx+lr/^ ♦.th!]Y1 4-1,	 Y^r^1nnCCar^-^'	 ^ r V. VLM1 M 3 in. LMAe4 N`H V1rw •i LL•V '•.^tir Y-s w•	 nr s.tin wM

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

actual determination is made by two one:-shot multivibrators which

are triggered either once each horizontal line or once each

vertical field. When both of these multivibrators are triggered
the. P :pulse is initiated by a beries of - NA14D gates and a
transistorized driver. Thus the processed window, which is

seen on the display, is either a rectangle or square. It is

genokated by the mixing of these two 'one-shot . mul.tivibrator z

signals. This mixing is done on board 8661-B5.

2.6.4.6 Sync 'Mixing (8661--B6)	 The sync mixer board (8661--B6)
receives the -composite video from either the video mixer or
the video reversal boards. The timing pulses requirea to provide 	 }.t ,

1
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a composite video signal output are then added on this board.
r

Thy: input video signal enters through an emitter--follower

isolator circuit whose output is sent through a capacitor and
then a keyed clamped circuit. This keyed clamped circuit
establishes the black leve-1 for the final output signal. Dur ,

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
the output video is established by voltage levels on capacitc-

and saturated transistors. During the active video period,

the path is established between the ,input and the output dri _*
The combination provides the composite video needed for thr; c}

2.6.4.7 Horizontal Oscillator (8661-B7). A keyed horizontal,
multivibrator is provided to trig ger t.hp horizontal Vyinclow aa-

In the event of a loss of sync, this mul.tivibrator will free-
run. When keyed, this will provide a s ynchronized horizontal

gating period.	 .. J

2.6.4.8 Horizontal Window (8661- 58) . The horizontal window
circuitry selects the horizontal time period , in_, ,whidh to disyI.^*.'

the processed video. Since the window boundaries can be seoi

f	

.r	 to
on the monitor, the operator has the capability, by varying

panel-mounted controls', of adjusting the position of the wiCo:'.
of the window, A trigger pulse received from the horizontal

1	 oscillator is used to energize a one-shot multivibrator. No-­ :*
f

the one-shot~ multivibrator resets at the end of its adjustc:ibl...

cycle however, the horizontal sync	 s^	 - y	 pulses ,are utilized t^^ r,

,	 t
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this multivibrator when and if it hai not r9pat during the active

period. It should be noted that the leading edge of the
horizontal window is selected by controls on the panel and the

width of the window is selected by a second control. For each

horizontal line, both multivibrators can be triggered., resulting
in the generation of the window.	 S imilar circuitry exists for

the vertical portion of the window and, except for the time
constants, 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,

I..

references in the video proces sor.	 The operation, except for

time constants,, is identical to that described in the horizontal.

oscillator	 (paragraph 2.6.4.7)

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

window e ei ator	 °g	 provides the upperr^Qct beginning of the.

window and also the height of the window. 	 Its operation',
except for time constants, is identical to that of the horizontal

window genbr•ator described in paragraph 2.4.6.8.

2.6. S SEC vidicon Camera	 The SEC vidicon camera is a modified

5TV/614 Westinghouse SEC vidicon unit.	 The modi fications in
is

this unit include bringing the SEC vidicon forward in its
a

mounting assembly, and modifying the wiring at the -,rear of the

case to allow the readout pulse, during the integration mode,

to be taken off the Connector in the rear.	 Finale-],y, two of
i

t
r
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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

7704 should be removed from the system. For the theor y of

operation of this system, See the Westinghouse manual on this
t

camera.

2.6.6 Video Disc Recorder.. The video disc recorder utilized

in this system was custom- fabricai ;d for Zenith Radio Corporation

by Data Disc, Inc. See the Data Di;;sc manuals on this recorder

for theory of operation and troubleshooting.

2.6 .7 Monitor. The Conrac Model CQC-17 television monitor

utilized in this system has been Supplied as Government-furnished

equipment. Your attention is di..:eected to the standard Conran

monitor manual for the model CQC"17.

2.6.8 Rower Supplies, The "power supplies utilized for 16V,

+7V and +16V are standar4 Power-Mate power supplies (Models	 -
is

RC--15 and RB 8- 30) . Your attention is directed to the PoweY

Mate, manual ,suppl ed.,trith this equipment.

I
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'	 3. DESCRIPTION OF DEVELOPMENT
a

This section describes the design evolution of the system.

Included are initial concepts, "blind alleys", and problem 	 4
areas, all leading to the `final design.
3.1 . Pro2osed System

The Neutron Radiographic Viewing System origir,,cilly proposed

by Zenith was as follows. The basics units of the proposed }
system are shown in the block diagram of Figure 3-1. The

thermal neutron source and the specimen were to` be supL,%Lied

by NASA. The converter screen, lens_; SEC vidicon, lonog--term

storage device, vid6o processor, and display were to be- either	 {

purchased or fabricated by Zenith, or modified GFE _equipr,lent

supplied  by M AS It, a fi mo i f i e'^ ti- r Z cn A...h,	 m1.	 .... ,,,.._,. _ .. ._ + r

	

'-.a.	 .......	 •	 ww....^«.	 ^.. .•^	 v ► ..+. 4•L •	 A..&&	 vela v.	 ►i •,ul.uii	 A.

thermal neutrons to Light was to be through a special screen
based on a lithium six'trit.ium conversion principle. The gain 	 1

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

Efficiencies were expected to be as high as 30

	

p	 g	 percent.	 A	 fi
r

igroup of lenses to be supplied'for this system were to be of
3

commercial quality unless the results of the study phase
Y

.indicated the economy of using special radiation-resistant

lass. The SEC vidicon, t ypeype 31189 or equivalent matched w i th
an image amplifier, was fo r incorpor&te a fiber-optic-coupled
image intensifier/SEC vidicor package. Scan conversion was

to beprovidl?d either by'a GFE ITT-industrial scan converter 	 r/

system,;' if practical, or by^ a ;video disc storage ystem ? The
vkdeo processor contains electronic circuits 'fabricated by

o	 s
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Zenith and wa y to be used to meet the contrast specification.

The diaplay 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

submitted to a radiographer; the radiographer evaivates the
{

s
specimen's characteristics, including the basic materials,
physical shape, etc., and then determines the lens and the

screen distance to be utilized to obtain the best results, z

The operator places the subject between the source of neutrons i

and, the converter screen in the orientation required to view

it.	 At this point, the operator leaves the immediate area 'of

high radiation fields and goes back to the radiographic

'. control, console which is' positioned near the controls for the ,e
therma`. neutron source.

After allowing awarm-up cycle for the SEC vidicon camera

-' and the thermal neutron sources the operator uses at least r'
t

one or two of the following approaches; to obtain the neutron

radiograph.	 The first is to adjust the equipment fora

specific storage time cycle and select a single frame readout.
M

After turning on the thermal neutron source and ascertaining

that it is up to the desired flux level, the operator initiates

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

is automatically read from the SEC target area to the long-°

term storage or scan conversion device.	 The output is then

viewed after passing through the video processor.
O i

`r IP
j r	 I)
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If the ITT industrial slow scan converter system is utilized,

it may be necessary to add a tape recorder to provide long

term storage.

The second approach, if a video disc system is supplied,

would allow the SEC vidicon to store the neutron image for ar'
short period of time and then to transfer the information to

the disc and a display. The operator can then elect to run
F

a second storage cycle (whose output can be added with the firstrst

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-

t

noise ratio, the operator can read out the contents of an,
additional storage cycle. The signal information of the

radiograph can be expected to be directly additive.., while the
statistical noise, including the tube noise and thermal neutron

variation roan be expected-to-increase as the square root of

the sum of the squares of their value. As a result, thb`
signal will grow more rapidly than the noise.

3.2 Design Considerations

3.2.1SFr Equipment. The following GFE equipment was to have i	 1

been made available for use and/or` ' modification on the program.-

`a. Vidioon camera manufactured by General Precision Laboratory

(Reference G-5381).

b. Camera remote control unit manufactured by Conrac

Division.

c. Television,  monitor manufactured by Conrac Division, Model

CQC-17	
;

u 3-4



d. Scan/playback subsystem manufactured by International

Telephone and Telegrapli 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
ki

and had a ban&idth of 12 MHz,, allowing resolutions of up to

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

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

conventional Conrac monitors, would be compatible with the
V

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

unit, manufactured by ITT, basically usedthe 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 work, it appeared that a modification of this

camera would be less 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 kV. A different yoke

assembly .would probably also be required. The 'video amplifier

of the standard SEC vidicon is roughly 7.5 24Hz rather than the

12 IlHz in the GPL unit, because of the noise problems associated

with the SEC vidicon output. In addition, the standard SEC

vidicon already had the capability-of selectable single,,frame

readouts _which could be varied from 30 frames per second through,

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

z	 3_5
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than this could be generated by external equipment. Next, the
Y

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 GYM, camera case.

Because 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 monitor, on

,the other hand would be utilized as it exist v̂ - provided its

line rate is compatible with the performance required by the

present specification. The scan/playback system appeared to

be feasible for a limited period of data dis play. The

characteristics information on the scan/playback system were

#'^ t available to Zenith at this time; however, the ITT systerv.

contained a scan converter tube whose output should be rlegraded

with the readout time. Because of th$,s characteristic, an

alternate method of providing scan conversion and playback 	 ;;r

storage was also offered.

3.2.2 Converter Screen. The size of the convertor was determined

by the scope of wort and the faceplate of the image intensifier

used 'in front of the SEC vidicon. The commercial version of

the image -amplifier (VII-3 0677) has a 40 mm faceplate, which'

means that at a minimum 1:1 `ratio, the diagonal of the converter
:e

screen is 1.=57 inches with a width of 1.26 inches and a height

of 0.94 inches. With a 14:1 ratio increase, the screen size

=^ 3-6'



becomes 12.6 inches in width by 9.4 inches in height.

This conversion screen was to be composed of 6 U and Z nS

a^a	 (Ag) with the enrichment in 6Li about 95 percent, The responsible

neutron conversion nuclear reaction s 6 ^,,i^+ 1 ^- 3H+ He+4.8 MeV.

The resulting charge partibles cause scintillations in the ZnS

(Ag) phosphor. The light output of the screen was to be

maximized: approximately 10 4 photons per absorbed neutron.

The resolution of the screen is approximately inversely

proportional to the neutron absorption of the screen. At 150

1p/inch resolution, the screen was to absorb approximately 20

percent of the incident thermal. neutrons. The scintillation

decay time to 10% is less than, l millisecond. The nuclear
reaction inducers by the neutron is essentially clean, and noi	 .

xy+ ►̂ 	 meL,..r •si.	 4 r..rcsi fdt,lal a....,.^^.^.....,r w... •.^^ chn i i iA. he n}lsn7'11Ar.1 aff:P.]"

each use.- The depletion rate of the neutron converting .material

at the flux rate of 10 7 N/cm2/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.

Testing of individual screens a5 well as the whole system,r

was to be performed in a preliminary manner with X-rays at

approximately 80 kV of energy.	 The testing essentially consists

of resolution measurements. The neutron absorption' characteristics

of the s creens were also to be tested with a low-;-intensity
i

neutron source.

3.2.3 Optics. The scope of work require,r! ' an object size variation

3-7
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from 0.9 4" to 9.4" in height. This required an object--to- image
. size range of variation rat o from 1:l to 10:1. The conservation

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

Io

Iin	 4f2 (l + m) 2

where; 1  = light intensity in

t = transmissivity of .ens

f	 f-stop of dens

m - magnification of lens.

Note that the magnification and f-stop of the lens are the most

important contributors to the ratio of output-to-input light
intensitles. The E-stop is uei . teu as t ic lens focal length
divided `by the effective objective ].ens diameter. Since the

r

cost 'increases rapidly for a small f--stop lens with increasing
focal lengths, it was advantageous to keep the lens focal

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

distance for a long focal length len f- at the 10:1 object-to
y.

image size ratio will become quite large. Por the magnification

range varying from 0.1 to 0.3, a lens with a 30 mm focal length

was proposed,.

Th e approximate lens-to-screen distance far a 0.1 magnification

is 12 inches while the distance for a 0.3 magnification is 	 i

4 inches. The insertion loss .:of the lens was expected -to be	 is

Jf	 _	
r
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0.0711 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 using an

'I f" -o of 1.5 and a "t" of 0 .oBS . For a magnification of 1.0 , a
two7l,ens system was suggested as shown in rigure 3--2. The

.two-lens approach allows up to 0.08  of the input light to be

transmitted.

The ob 'ect (screen) was to be 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 lens
then collects these rays and focuses them at its seconc! focal

:	 point, the location of the image intensifier ,photocathode
342.4 =mace intens ifier.-SEC Vi,dicon Fackacte. The scone of word:

specified that a Westinghouse SEC, tube (type 31109) plus image
t

amplifier or equivalent would be provided. For reasons indicated

in paragraph 3.2.1, Zenith proposed to purchase a modified s
Westinghouse STV/614 SEC camera.;, This equipment would be

incorporated into both the camera housing and the control console

One important consideration was to be the anticipated performance
of the system under typical operating conditions. Starting

with the SEC vi,dicon, the data ,sheets for the WL--30693: indicated

that TV line resolution , can be anticipated with a photocathode

illwnination level of 0.02 foot-candles with a frame rate of

1/30 second.. The gain of a WX- 30677-image intensifier is

specified as being 20D . minimum, and assuming a 'transmission of

'rI.T
3.g
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0.5 for the fiber optics, the package could be expocted to

deliver 600 lines resolution, with highlight levels of 2 X 10- 4

foot--candles can the faceplate of the image intensifier tube.

Since there are approximately 3 X 10 1 photons/lumen/sec in

white light whon un 4 for'mly illuminated, there re
6

3-X 10 1, 6 	 ( 2 X 10-4)	 2 X 101,
11_..._,,..	 -	 = 2.15 X 10 8 photons/cm2

` •	 30	 (12	 X 2. 54) 2	 930

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

a magni f';ic:s,t '.on of 1 1 0, the Jens transmits up to 0.08 percent

of tli,o Iight seen at the converter screen.	 The screen itself

is astlbumed, to provide 10 4' photons per conversion and to ha, e

4v pc,rcent	 conversion efficiency. 	 With a flux of 10'5 neutron/

cm2 , i.he anticipated tame to Obtain the 600--line resolution 	 r

I from the i,ntensif ier SEC system becomes

rip	2.15 X 10 8	 r
- ^..	 - _.^.,._._ ..

1-41	 (E)	 (1)	 tic 5 )	 (10 4 )	 (0., 2)	 (0.	 8)

	 =	 13.4	 sec.	 ,.
z

whei,^e:	 N	 number, o f photons/cirt required at faceplate of tube	 M

Td4 ,,	 - r^eutx`^ ►rxs/cm2 r'sec	 flue..

1	 == photons per convers ionI	 p

E	 - effic.c,ncy of conversion`
E

t	 -: timei	 L 
r

^

:..	 1	 ::.	 lens	 trs,nsmi.ssi.on	 JI

40

Since t1 a"s', 'time; is Well to dar the time" .required for 0. 01.0-

nmi,1. resolut:'I,ans due to quantum effects',itis al?pare	 t'	 .-	 -	 ent. that tY",
. •	 • "c, n of	 'l „	 s. steams^^^,tent has ^I slui'£icient gain.	 The ma^nificati	 a	 Y-`	 ;^	 {

" ha,s! a;5i i_maa i height of 24 mm.	 The proposed ^'A screen wary to ^k^ave

^	 :'S:
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a resolution of 150 Winch, while the lens was to have center

resolutions in excess of 1900 1p/inoh. The intensifier/SEC

vidicon combination was to have a possible resolution of 300

1p/inch on the vertical of the intensifier photocathode. The

expected resolution was

1	 1	 1	 1	 •1

2	
^2 + _t 2 +	

2Rt	 R	
(15 0) 2
	 (1900:)

Rt = 133 1p/inch

This appeared more than enough for the desired resolution of

0.010 holes.

The only noise mentioned to this point in the discussion

has been quantum noise. Possible noise sources - included the

converter screen, gamma and other types of radiation, i.mag6
a

(374.
a,ntensa fi er r AFC'. Nri rl,i con t-tihe. rbirincr hoth storage and readmit

cycles, and SEC vidicon camera electronic amplifying circuits

Preliminary calculations indcated.that the image intensifier

could prove the worst source of noise in the system, and that

a special low--noise unit might be required for long integration
x

periods.- This problem was to be investigated fully during

the System l nalysis1,^ and Design Phase. After a preset storage f

cycle, the target of the SEC vidi con tube was to he scanned

and a single frame of composite video sent from the camera to

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

of p.prroviding either a 2:1 interlace or a single frame readout.
The type of readout was to depend somewhat on the device used

as a {scan converter.
5

1
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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 Vas

required. The GFE scan/playback subsystem appeared to accomplish
this and was proposed for this system. NASA advised zenith that

the 'device was 'a tube-type scan converter system. The single
frame of input video data is written on a storage 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. Storage

t I

times from a few seconds to several minutes were obtained
from equipments of similar design NASA indicated that this

sub-unit had sufficient storage, bandwidth, and shades of grey
F perfoa;i lance to wee-c aU Specifications kor scan conversion in

this system. c
3.2.6 Alternate Scan Converter. The storage' tube-type scan
converter system suffers from several problems such as
destructive readout lea.dinq . to a limited playback period,
loss in grey shades, and additional noise and shading effects.

In addition, data, processing at the storage tube is not easily
accomplished. Because of these deficiencies, Zenith offered

an optional alternate approach to the ppc,._ 1em in the form of
a combined storage period and data processing magnetic disc

scan conversion system. The incoming video is stored on one
I	 channel of a magnetic disc which also provides the system

synchronizing pulses, The video may then be read out as many

>	 3--1,3



times as desired since the readout process is nondestructive.

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

by changing the rotational frequency of thn, disc. Standard

broadcast quality video with over 6.0 DlHz ! ?andwidths are now

readily available.

-Figure 3-3 shouts the basic components-of the proposed disc

storage system. The write amplifier 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

x5 genexa.tc..a.	 .^his video can L uen uN disp layed or poces5eci
by the contrast enhancement circuitry. L

r

The advantage of the multi-channel storage approach can be

,

appreciated when it is realized that fixed signal amplitudes
such as the 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 systemthen gives a method

.:_of increasing the signal-to-noise ratio of the composite

video by taking a number of short neutron radiographs instead
t

of one,	 In addition, one disc channel can store the-shading

and imperfection signature of the'SEC tube, image intensifier,

and converter screen.	 This signal can then be reversed

electronically and added to the other data signals, greatly

3-14`
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improving the duality of the image. Since the readout is
nondestructive, the operator has time to examine the radiographic

image, and investigate the effects of contrast enhancement
video processing. The system operation 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
.a

graphic .image, all'disc storage channels are erased,
and the input composite video pathto the recorder is

set up for the first channel.

c;. Upon completing the first SEC .target Storage period,

single frame readout of the target is initiated by the
master controller. dote that all synchronization of

sweep signals in the system comes from the disc timing

circuits
d. Upon completion of the first readout cycle, the SEC
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a gate pulse for the area selected.
the area is desirable. Two decades

1 
^jn

Assume that 1% control of
	

•

i

(100 counts) would be necessary 	 -E

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

J

3.2.7 Contrast Enhancement. It was assumed that the arbitrary'	 S

A1'',	 pertion of the raster to be selected for video processing could be

rectangular in shape. A simple counter would thenhe associated

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

for the 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 would be generated to control the

processing of the data in this area on each scan and wouldcontinue
•

to do so until the system is shut off or until the boundaries are

changed.

Because of the great variety and low cost of presently avails-

ble integrated circuits, this system could be implemented at no-
	 n ^

Test cost. This system would also be very reliable and require

virtually no maintenancit-, because. of its almost total dependence 	 3
on logic-circuits.

i

After the gate pul3es have been generated, the video processing

is somewhat more difficult in that ,analog gates must be used.

Since the processed signal must appear with unprocessed video, _a
great deal of attention must be paid to the do stabliity of the

circuits used in processing._ Bandwidth must be maintained, not

f	 only in the video . cix: cuits , but also in the analog gates so _ tha

switching transients- and loss of data can be minimized. Two

basic operations are-involved: firs&, changing the gain and/or

do positioning of the processed ,sector of th`e video line, and sec-
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ond, expanding a selected range of grey , to full--scale video.
The first is accomplished quite readily 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 used. The remaining signal must then be

amplified so that full-range video is available. This signal
must also be gated through the analog gates so that it can be ob-

served in the selected sector along with the unprocessed video.
a

It was planned to use integrated circuit operational amplifiers

such as the Fairchild 709 for most of the , video processing. Good

bandwidth could be obtained with these devices { even with gating.

i
	 A functional block diagram of this discuss-ion is ^ shown in Figure 3--50

I	 3.2.8 Monitor,	 It appear!d that the GFE Conrac Model CQC-17
}monitor would be satisfactory for the system.

3.2.-9 Mechanical Considerations.	 The riroposed system was to be-.	 F

contained in two units (Figure 3-2 s)pows an artist ' s concept of

the system). If space was limited, a vertical rack wou ld be

supplied. The intensifier SEC vidicon Ramera 'Baas to be clamped

in a metal , ,frame attached to a GFE wheeled tripod 'or other type

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

rods with linear _motion assemblies The camera was to be attached 	
t
i

to a bellows with a light-tight seal, while the scintillator screen
would be attached to a pure aluminum : or other lour-neutron-absorb--	 ('

-ing material, protective shield. The front of the bello T ^s would

bd attached to the protective shield which would be supported by 	 }'

bearing riding-on rods attached to the frame supporting the camera. 

The bellows could he varied over a range of 12 inches , allo4ing

3-19
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the :Yct--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
r

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

posed lens would be changed and adjusted at the camera, although.,
if ]rater required, a remote 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, intensifier/SEC control unit, scan converter

unit and gate processing circuitry, The bul)c of this electronic

circuitry would be contained under the operator's table, with

orrlly the display and essential operator's controls located above

the table.

3.2.10 Change to Scope of Wor} . Zena th proposed the follo vi .^;c^
Cox change co the Spec:.-If .cation. a, P aragraph s.i of Exhibit A,

specified. that the converter screen shall have a minimum resolution
of 600 TV lines per inch. Tests conducted at the k auland Division.

of Zenith showed an increase in neutron conversion efficiency

with an increase in scint AW.;Uation film thickness However, a

thicker film also leads to a poorer s ii.11en resolution figure

Since the efficiency of the system in light amplification has

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

tee a scintillation screen that would have 600 TV lines per incF,

resolution and neutron conversion efficiencies of 20%. Zenith
I

therefore requested that this requirements of this paragraph be

construed - as 'a design :goal

r,
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3. 2.11 System Equipment. The following comprises the equipment

make-up of the system as offered and alternates. Documentation,

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

I'. Proposed system.
Item 1. 9.4" X 12. 6" neutron converter screen.

Items 2. Lens system.

Item 3. Modified Westinghouse Image Intensifier/SEC Vidi con

camera, containing a WX- 30 6 77 and IIL- 30 691 tube com-

bination.

Item 4. GFE scan/piaybac}tl subsystem, NASA/MSFC, Contract

NAS8-11942.
"	 I

Item 5. Contrast enhancement s*stem to be developed and fa-

bri,cated by Zenith

Item 6	 GFE -Nonitor, Conrad Model C C--17.

Item 7. Miscellaneous racks and frarnes controls and cables.

II. First al Lernate system. 	 i'

t..	 Same as proposed system,, except that the SEC vidicon is a Class l

Type WL-31189 and the image intensifiear. 'rube is a WX3677. 	 s

III. Second - ternate system.

Same as i proposed system except that `Item '4 is changed,to a
ter;video disc recorder and signal. processing ci.rcuxxlLs •'

IV. Third alternate system.

A combination of the first and second alternates.

3.3 Des ian Development	 }^	 ;

3. 3.1 Literature Search. Upon contract award, Zenith initiated

a literature search on neutron radiography techniques to ensure
Ao ft.

maximum utilization of existing 1,Cnowledge. The prime source of
Z
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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,
o

Zenith pMrchased a Westinghouse image intensifier/SEC vidicon

camera. The camera was bought to avoid an impending price in--

crease, and since there were indications that the -standard West -
inghouse WX 30677 Class A .image intensifier would be too noisy-

, for extended (more, 0an 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 examined.

When all physical components of the camera system were known, 	 •^

design of the mounting system proceeded, together with a new de-- {

sign of the ASk-supplied vidicon and lens mounts'. Pol.loN ing

acceptance testing of the Westinghouse camera, the unit was modi-

fied to accept the combination image ` intensifier/SEC vidicon.

These modifications included machining of the lens-holding bulk -
head, purchase of a tube-holding bulkhead, modification of the

G4 wiring, changing the SEC: vidicon central flange structure in-

sulation (because of the G4 changes) and potting the vidicon
central structure to prevent lead flexing. Following tube in-

stallation, tests were performed and the camera provided fair
results a standard 525-line scan with 350, lines of horizontal

resolution and 6 to 7 grey shades. However, severe non-lineari

ties < were present and oscillations appeared in the ,video chain.
J	
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.Further 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 be expected.

Further effort included-, some minor repairs and an increase

in bandwidth from 4 tea 6.5 !M Hz. This, together with additional

data obtained from Westinghouse on optimum target and G5 voltages,

cause for its rej ection) appeared to degrade low contrast images ` 	!

to a certain extent, making tests of the single lens system in-

conclusive, It should be noted that these results were also in-
conclusive because of the difficulty in close inspection of the

TV raster in the storage mode; low contrast information is not

readily evaluated in bursts of one frame every 15 'seconds such
as are obtained in the storage mode.

Tests were run soon after this using the SEC vidicon camera

in conjunctiorv,,. 'with two types of radiation detectors using X--ray

and gamma radiation. The first was a 0.003" P20 phosphor excited

by photons from an 0.5 gun focal .spot X-ray source located 36"

from the SEC vidicon ,faceplate. At high radiation levels, reso -

lutions of up to 60 1p/in were obtained. A , second test involved
,an 0.06" cesium iodide crystal, which yielded, at-levels- of exci-

tation less than 100 mr/sec i resolutions greater than 20 1p/in.

The 60-mil thickness of the: crystal pre++uuded any higher resolutions.l^

3- 25

initially resulted in 550 lines of resolution with a static

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

•dles and 1,00% contrast. The ion spot in the SEC vidicon (the

F



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 Tenses, and resolution

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

an attempt to optimize coupling through the system and remove

the optics rearrangements necessary when the light-sensitive
image intensifier (normally used with the SEC vidicon) is not

utilized. X-ray results were encouraging, but attempts , to use

C this set-up with cobalt 57 irradiation indicated that the tube's

capaBl 'LULLY, CU L)dIVCC'l. !,'"r. y 1"u U1. c1 .:LV1L Was inaUCt4uaLe.	 A,,%.itt.LuIe

a nuclear medical tube sensitive to gamma radiation was substi-

tuted, and 'images were detected at dosage rates of 2000 gamma

photons /cm2L sec (roughly 1 1p/in) , _which is standard for this

type . of tube." However, , sip,ce operation with thermal 'neutrons

yields resolution in excess - o f . 20 mils with 100% contrast, fur-
ther effort in , this area was indicated. It was noted thug - the

SEC vidicon, in the integrating mode, should allow extremely low

thermal neutron rates to be used to obtain data.

A second SEC vidicon tube was receivlpd from NASA to replace

the unit with the ion spot. The second tube appeared free of,I
ion spots, but exhibited lower sensitivity: although 700 lines

resolution were claimed by the manufacturer, less than 500 Caere

obtained. Also, less than 10 grey shades were obtained,and it

was felt that this tube should be used for neutron tests andr{

3-26



checkout, but not for ,acceptance.

(C Sufficient data has been obtained to confirm the desirability

of the more expensive neutron image intensifier approach, and
Zenith submitted a formal technical discussion and cost summary

to NASA for this alternate approach to the conversion of neutron

flux to light energy. This approach was substantiated through

extensive tests at Argonne National Laboratory, , during which use-

f ul information of at least 16 1p/in was obtained in the integra-

tion, mode at flux levels under 5 X 103 N/cm2/sec 	 Concurrent

testing indicated that (1) a grease-coupled, neutron-sensitive

conversion screen would provide the necessary resolution, and

(2) a • double-lens/,neutron conversion screen approach was not
_promising.	 .

FolloAng approval of the neutron image intensifier approach,

Zenith commenced modification , of existing hardware and drawings

to incorporate the new system, and ordered the SEC vidcon camera
W

j_	 conversion 'kit from Westinghouse.

Upon receipt of two new SEC vidicon tubes from NASA and the

Westinghouse modification 'kit, camera system modification was

completed.. , No further _problems were encountered except for those1

_	 associated with the high humidity environment encountered dur-

ing storage at 14SFC.

?	 3.3.3 Scan Converter. Upon receipt and checkout of the GrE scan

converter system (Scan/Playback System, ITT, Contract NAS (P-113 2 )' ,

it was found that a number of defective components were present.

Six boards contained faulty components and, most important; the

flood gun section'bf the Iatron tube contained an intermittent

filament to cathode.leak.
r

:a
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Bcause of the potential seriousness of this last problem,

Zenith obtained permission. From NASA to examine other methods

of image storage as possible alternatives. A Thorn Electric

image retaining panel was purchased and evaluated, and infor-

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

their scan/playback systems. Demonstrations and inspections

of'-equipment from these companies was held at Zenith. A Sony
WM-lop magnetic tape recorder offered at least 10 grey shades,

but reduced horizontal resolution. In addition, problems with

vertical sync were apparent. MVR's portable disc recorder

system yielded nine grey shades with reduced horizontal resolu-
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 witty the examination of possible alto.--natives,

Zenith attempted a number of methods of: repairing the GFE scan 	
L.

conversion unit. Attempts were made„to clear the Iatron tubs

leak by raising the filament voltage past normal limits for a

short time, literally "burning” the leak out. Ohmmeter moni

tors indicated the procedure to have been satisfactory,, but

whenthe tube was reinstalled, the same problems existed. The

tube being considered unusable, the manufacturer (ITT) was con-

tacted -for a replacement, but the high cost and possible future
problems with the system made an alternate system even more

desirable. A cost-effectiveness comparison of repair costs for

the ITT unit' versus alternate system costs and advantages Was

prepared and submitted to NASA. The study offered the following ;
y
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points' for consideration.

	

'	 1. The ITT GFE unit malfunctions prevented evaluation of

the complete system, and .incurred extensive delay in the

.' completion•'of Phase I.
2. Only one Tatron tube " •replacement ` was available; 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 fabricated) .
a The estimated repair cost was $5,183.50

	

9	 In view of the above. Zenith recommended the alto.rnata_ve ro^arp
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 GPE unit. Zenith prepared a set of perfor-

mance specifications and initiated the purchase of a new system.

The video recorder from Data Disc, Inc. was received and 	 {
evaluated. Some problems were encountered in the utit, notably

in the single and double-loop servo system operational ampl i-
fiers, and inexplicable spikes at the end of a frame followings

blanking. The former was corrected by 'amplifier replacement

and the latter, with the assistance of a Data Disc engineer,
through circuit changes. Interconnections 'between the video 're-

corder- and other units of the system were designed and fabricated.

	

vt	 During preliminary acceptance testing at Argonne Rational

Laboratory, the video recorder failed and 'was returned to Data,
1

	

.	 1
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Disc for repair. Following repair, it was shipped-directly to

MSFC and checkout with the SEC vidicnn indicated satisfactory

operation.

r



4. SYSTEM TESTING

t

This section contains information on test facilities, neu-

tron test sources, and preliminary and final acceptance testing.
F

4.1 MSFC neutron Test Facility

The neutron source was located in building 4623• in the msrc
r

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 endof which was brought

to a positive potential of 2._5 million volts. Deuterium

gas was injected into an ionization chamber where it was ionized
by an rf field. At the positive potential of;( 2.5 MeV the deu-

teron was then repelled into the drift tube where the°field is
controlled by a series of resistors. Under the I fluence of }
this nigh electrostatic field, the positive ueLvi:1.uat luiis

were accelerated through the full 2.5-million-volt- potential
to the night side of the Van .de Graaff generator. The length

• of the Van de Graaff generator was approximately 2 meter: and

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

teron exited from the ri ght end of the - Van de Graaff generator
Y

at a velocity of approximately 1.39 X 10 7 meters per second.	 }

At this velocity, the time of transit through the drift tube

from the output end of the Van de Graaff to the beryllium

target located in the test g	 _	 t cage was approximately '430 nanoseconds,

_assuming no change in the velocity of the deuteron. The 'reason-
1	 !?
I	 ably high velocity of this charge particle resulted in some

f

r	 displacement's due to the earth's magnetic field; this was

corrected by a steering magnet providing a deflection field

4-1;e	 .	 1
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ovar 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-

-°	 lions one in which	 beryllium 9 f when struck by a dev=
A

heron, produces boron 10. This causes a neutron to be expelled
31

R
--at a reasonably high energy level. Reference 1, pages 14 toR 3 .

16, discusser-this particular reaction and shows the

energy spectrum of neutrons that might be expected from the

reaction.
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
target,: and the colli~n ator; then picked up the thermali-zed neu-

R

trons. These neutrons, now traveling in reasonably Straight	 k

1

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

r
outgtit of the neutron image intensifier 'has then picked up by	 .
the SBC, vidicon camera. f

Note that extensive neutron and radiation shielding in the
form of a 10" boric acid-loac ed water wall and a 6" lead brick

wall shielded the test facility from	 undesirable gamma
and stray he-utron radiation. The horizontal collimator was
approximately 18" long between input and exit ports, and was

approximately 5-3/8" in diameter at the;ex t port It was in
the form of ',a conic section with an entrance diameter of

approximately 1". The collimator was an aluminum casing with

r
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a cadmium insert. During the testing period., a superior col,li-

mator had been constructad and used as a vertical ' collimator,
providing great flexibility in movement and adjustment. Unfor-

R xkas:

tunately, the SEC vidicon system cannot .normally be used moun-

ted in a downward- Pointing position and insufficient time re-
viained to install the vertical collimator in a horizontal posi-

tion. The vertical collimator had a superior l/d ratio and
in addition, with its larger entrance aperture, provided at

least 10 times the , flux density of the horizontal collimator.
4• 

In addition, a lead cadmium sandwich structure was used on
the inside which reduced background noi'se.
4.2 Source Characteristics

The characteristics of most neutron sources Are generally
defined in terms of flux density in neutrons per centimeter

squared per second (/cm 2/sec), flux quantity as a comparison
of the taster-than=thermal neutrons versus the number of ther-

mal neutrons ,and 1/d rate which indicates the geometry and
resolution characteristics that can be expected its the neutron

source. Tri addition, noise or background radiation level is
also off' importance.

The foil activation technique is generally accepted as an 	 i
x	 ,,

appropriate method of determining the thermal flux density.
In this approach,, a known quantity of pure material is 'subjec-

ted to the field over a known period of time. The resultant

decay radiation count can then be utilized to determine the

flux density. Unfortunately, no usable_ foil counters could be
r

.. 
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obtained during the acceptance test period and an alternate

technique was utilizers to estimate the Flux density.

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 theJ
probe was approximately 3 square centimeters, and with the ther-
y`

malizing shielding, it was assured that all thermal neutrons

entering the probeon a path which paralleled the axis ionized

the BF, gas and were counted. A paraffin plug 2" long with

a 0.060" cadmium sheet located next to the sensing tube backed

by a 0.001" lead paper,xwere utilized to determine the JDack-

ground count. A 1" paraffin plug with a cadmium liner can the,

outside was utilized to indicate the fast neutron flux.

Table 4-1 shows the , , readings-taken at the test location in
07	 t1/cm2 /°jee.	 A plot of this data is shown' in Figure 4-2. It

is interesting to note what appears to be a change in slope

someplace around 2 million volts.This may be due to changes

in the location where the beam strikes the target. Tests have

indicated that the neutron flux is directl 	 'y. proportional to

the beam'•current provided the voltage is maintained constant.

Tale second column does, not indicate a cadmium ratio of 40:1,

but indicates that the faster neutrons are considerably less

than the the y?malized neutrons from this- collimator. No more

'.	 thar, ,. a 1.5 to 1 increase is experienced when the thickness of

paraffin is reduced =from 3" down to 1" with the cadmium shield

on. the outside. Thus, no large loss in thermalized neutrons

_	 r
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occurs in the paraffin itself. However, the distribution of

the thermalized neutrons with respect to the direction of en--x
try as compared to the final area of exit may be reduced. If

j	 p--	 one assumes a uniform distribution of thermalized neutrons

r	 of a solid sphere whose radius is approximately 1.0 11 , the
surface area of the sensor in this simplified geometric model
tuggests that at least 20 times as many higher than thermal..'
energy neutrons exist as are indicated	 in Table 4--1.	 Although

neutrons with energy levels above the thermal levels are not

readily detected by the neutron image intensifier, they may

well be moderated by the subject being investigated and in turn
generate scattering thermal neutrons which tend to reduce re-
solution and increase background noise. 	 .

i TABLE 41

TEST	 LOCATION	 READINGS
(current ; 50 uA)

Accel Cadmium Shield ° ^a0pI umVoltage Shield on j
Meth Total Flux on Outside Inside

1.5 166 4.7 3.2

1.75 332 11.7 7.2, i

2.0i "	 610 15.6 10

2.1 720 20 12.2

22 834 22.2 13.4

2.3 140 24.3 1x5.6

2.4 1050 2a. 3 17.8

2.5 1220 32.2_ 20.5 ;

y, n
i

y .i4..
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Another parameter of source quality is the apparent

1/d rat.,o. 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
resolution as the distance between the ima ge intensifier sens-

ing area and the test pattern is varied. Over 40 line pairs
per inch resolution can be photographically obtained with .an

Y

extremely thin cadmium test pattern . attached directly to the
face of the image intensifier tube. The distance from the

face- of protective' donee of this tube to the photocathode of

the image intensifier tube-is approximately 0.2 0 . When the
test pattern to Y pYptocathode distance is increased to approxi-

mately 1.5 "0 the best resctution.can be observed on a photo

graphic positive visually is about 16 line pairs per inch.
This is a bar of ( . ow, and a warp of I1-. (130 . T7c - r a straight
geometric interpretation indicates an I/d ratio of 20. Although

not closely measured, the 1/d ratio , of the vertical collimator
appears to be at least twice as good. This is to be expected

because of an increase in length, higher flux levels which re-

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

shield _design.

4.3 Prcacceptan ce Test at Argonne =National 'Laboratories.

System tests-were -run at Argonne National Laboratories

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

noted that the maximum flux availability was approximately

1	 2 X 10  N /cm2/sec with 1/d ratios in excess of 100:1. TheI
cadmium ratio was better than 3.6:1.

4-8U
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test-in of the system with this reactor	 '`'Preliminary ;testing	 Y	 ,h,

showed a really good 32 line pain resolution to UF, seen at
¢., 	 a 7	 2

television scan rates with a neutron flux of 2 Y 10 N/cm /SEC

through the entire system of image intensifier, SEC vidicon,

disc recorder and TV monitor. When the disc recorder was

removed from the system, the TV readout exceeded 40 line pairs
per inch.

When the flux was reduced to 10 5 N-cm2/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 precl=uded long integration periods. A correction

was made by increasing the f--stop of the imaging lens from

f2.8 to as high as 0.6. This change then allowed increasing

of the integration period at flutes of 10 5 N/cm2/sec. At the	 }
lower flux levels the picture seemed'to become grainier and

it should be recognized that the resolution degrades more slowly
than predicted by the integration period neutron flux product.

One problem that became apparent at low flux levels was the	 1

serious increase in'background noise levels due to the fila-	 }

ments of_ the-SEC vidicon tube. It appears that a special pro-

cedure in which the filaments are turned off during; the rote
gration period as required for periods over 15-second integra-

tions 'if a reasonable contrast is to be maintained. Success-
ful radio~_graphs were made in the integrating mode at levels of
approximately 100 to 500 N /cnl2/sec with resolutions in excess

4-9,



of 16 line pairs per _mi=A,; -. At these levels it was necessary

^	 to insert a neutral dens;Lty 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 6luminum disc. An Argonne
neutron test strip containing five 0.010" holes in a row was

placed approximately 3/3" above the back of the disc: This

combination was then tested at TV rates and separation could
a

be distinguished with neutron fluxes to 2 X 10 7 N/cm2/sec.
•

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

shades could be determined through,the total system at TV rates

and 2 X_ 10
7
 N/cm2/sec.

4.4 Van de Graaf f acceptance Test

Ot
As indicated in paragraph 4.1 the flux strength from the

present Van de Graaft generator configuration was approximately 	
{

two orders of -magnitude lower than anticipated. 	 In addition,

the 1%d ratio was also somewhat _less than anticipated. 	 With
3

SEC •vidicon lens f-stops of 1.4 to 2.0 	 the characteristic

bouncing "ping-gong ball" effect such as exists with all low

quantity quantum systems was noticeable. 	 This condition occur-	 4,
lring at TV readout rates, only large items such as 1" cadmium

discs could be observed.	 in all cases integration modes were

jj required to pick up usable neutron radiographs:

The SEC vidicon camera together with the disc recorder

infinitywere optimized with optical test patterns and the final ,infinity

focus 'ion the imaging lens was made visually on water towers 
. 'approximately three miles away.	 The best focus ' of the neutron

4-10



image intensifier roquired a dynamic ope rating system in which

	`^ 4	 both the SIC 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 El or E2 focusing voltage of the image. in^tensi f i er

was made. Under these conditions the image intensifier resolu

tion was optimized. This process was confirmed, by directly
photogra?hing the screen of the neutron image intensifier.

w

Resolutions of 40 line pairs per inch were noted and there appeared

to be some strea}cing at 50 line pairs per inch. It should be
stressed that 4rlis test pattern was a very thin pattern, and
attached to the neutron image intensifi/4r tube. These tests

P Tf? n^rf rrrr'	 t^^o	 P r 1, t-h +-he 1, r1 7nnta 1 c- 1	 1` Tnof-nr '^ *r^av-i rn^ m rr.,.,.^W ..,. ,.. ,.... .... ... 	 ..	 ^..^^....+... ...^.. ^ M. yam..

of 2.5 my and 100 pA of beam curren" . An f- stop of f/11 was	
^q

used with 5.0 minutes of integratj'on time. Polaroid type 52

film was utilized to obtain this :image.. It does not appear
that increased integration tines at higher f-stops improve the 	

>

neutron resolution of the" image.

A series of phtographs of the monitor were taken when

the test pattern was mounted on the dome of the image-intensi-

fier tube. The imaging lens an 't-he SEC camera was ` at f/16 and
the recording was made on a field by-field basis with approxi-
mately 45 seconds integration time. A good 32 mesh was detected

	

! a	 under these conditions and some streakin g was noted at 40,mesh	 }

wi th integration times of 45 seconds. One problem ' was the

still large noise level due to the neutron quantum effects,

~- over and above the television 	 initiated noise.

4-j^
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Longer integration times, which would have required larger 	
t

f-stops and possibly insertion o f neutral density filters in

the light path would be ryquired to obtain neutron radiographs

with less quantum noise. Integration times at this flux level

might reach two or three minutes per field (see Vigure 4-3).
R

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 lfd ratio
R

coupled with the short integrating time Contributed to the re-
duction of resolution in the system.

I
The thin disc containing 6 LiF and CdS was • at.tached directly

to the SEC vidicon tube and a test strip was utilized.	 Whin

this strip was examined, 50--mil holes could be observed, but

the distance between the strip and the disc, together with the 	 g

i/	 lutw	 fl uxL y ,.	 Vj:t;v1 uc.iecu	 high	 i'^:sui LRL'.i vti	 :L cX4.liu^ l: d^1lt

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.	 Tao neutron radiographs could be made at this

`-faci ity in less than 15 seconds integration period, and all re-

quired^a^specal test cycle in which the filaments of the SEC

vidicon tube was turned off.

Several test valve switches were used, as specimens. 	 Photo-	 ?'

graphs of the TV monitor are .-,-shown ^n Figures 4-4	 and Figure 4--5

Since the bulk of the s pecimens caused some of the .inte`rnal parts

to be as far. as 3" from the faceplate of the image inten iffier

tube, resolution was badly reduced, probably not exceeding 12	
Z.;
ZA

;a

- line pairs per	 hydrogenous	 s
inch.	 However, the basic h dro enous and cadmium

LA parts could be observed.

-	
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r4.5 Test Concl.usiots

The neutron tests made with the Van de Graf is generator
>..

indicated that the resolution of over 30 line pairs per inch

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

system. The photographic approach used in the neutron image

intensifier tube indicated 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
the source and very thin targets. T}1e television camera and
disc recorder using' light and in the storage mode produced

over 450 lines TV horizontal- resolution. Thus it appears that
the TV system could display 40 line pairs per inch_. The

'	 neutron quantun, noise may be causing the problem. It should

be stressed that much more experimentation must be done # "%pith
a	 the system and the Van de Graaff generator before an optI'I Iua

set of operating conditions is determined.

The second ('vertical) collimator, which has at least 10

times the flux density nd perhaps twice the 1 d ratio undoubtY	 p	 p	 l	 ^	
_P

edly would provide far better neutron radiographs and should

be incorporated in the present system. The high ;resolution
system in which an aluminum-coated disc is used requires that

the test specimen be *vary 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 attach ed to

the viewing screen. Obtaining -quality grey shade rendition
May be a problem when hydrogenous materials are used because }

of the rather large .scattering , coefficient of hydrogen as
pMpared to rather low absorption 4-oefficient. The ;scattering

q
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cor,;fficient should produce a, high level scatter flux which

t
	 would have the advantage of spreading the apparent specimen
t

or targ6:wt siz;,e. 	 There would be a disadvantage in reducing
R °- the clarity of small separations between objects'.	 The scatter-

.	 ing effect would also tend to produce an increase in the back-
5

ground noise of ,he neutron radiograph.

With regard to the .image-enhancing equ .pment, 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-

R nal have relatively low noise levels. 	 The quantum effeepts

on the signal due to the limited amount of neutrons indicates
that if mare information is required,	 longer integration
times must be used.	 The observed necessit	 to re-duce the light

?_Y vel, frora the neut,ro.tN image intensifier to the SEC vidicon
raises some questions as to what causes ,the non--reciprocity

function.	 Previous experiments with the image intensifier have
, shown that ^r;,t is a linear -device well over 10	 N/cm2/sec

The electronics of the SEC vidicon camera are somewhat con-

,.trolled;trolled by an automatic light control which changes the vol-
tage over	 he imaging section of'the SEC . vidicr .	 it appears
that it is this circuitry that may be somewhat responsible
fox the chance in reciprocity of the system. 	 The SEC vidicon
camera has ^,a destructive	 eadoui:, and therefore; ,the first field
comes out at a reasonably strong strength while the second field

ti is almost completely ' obiiterKated s.nce the first readout beam

>	 . 	 17
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removed all the information_. In actual practice it is quite

suitable and preferable to put the camera on sequential field

readout in which only one field is read otit after each inte-
gration period. Although this approach takes twice as long

to turn out a full frame, it produces a static picture with

full resolution and grey shade renditions. games obtained

in this manner are superior to t-he other condition of one full
frame readout each time.

One modificat3., ori that can lead to, immediate improvement
is in the installation of the vertical collimator in a hori-

zontal position_. The increase in flux by at least one decade

will allow a reduction in the integration time by at least

10. The long period integration cycle requires ,a rattier com-

plex sequence of switch operations, with at least four switches

p	
_ 

pp-^	 to be manipulated. ^t appears that an automatic fi.lameni. on /off
;sequencer shoulc,,be provided if integration time is in excess

of 15 seconds will be commonly required in the system use. 	 - t

j

	

	 A second alternative is to use a photocathode in the SEC v di--

con which is insensitive to tthe filament radiation.

Murk work r as to be done in the actual utilization of this

equipment. One advantage of this equipment is speed, being
s i

several thousand times faster than conventional film screen	 r

combinations and at _least 5 to 20, times faster than-film coupled

with the image intensifier tube. This advantage is' quite badly

compromised by the present procedure required to change- a spe-

cimen pos ition. The Van de Graaff-generator must be cut of f,

then the operator must pass through several.interlooked doors,

change the specimen position or coigurati'on, relock the doors,
1

:and then re-start the Van de Graaf.f generator. The, minimum
1	 z 4 ri,$

", f
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a
time of this cycle is approximately five minutes, and it is

j	 conceivable that under adverse conditions, it might take 15

or more minutes. Thus, to obtain full utilization of this	 a
-a	 equipment especially when increased flux is made available,

it is important to supply remote manipulating equipment.
As in X-ray radiography, a whole area of .radiographic tech-

pique development will be required. Thus, a Bucky-like neutron
screen and a special mask-off region may provide invaluable
aid in improving both contrast and resolution of the neutron radio-

t
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S. RECOD'L ENDATIONS

The present neutron radiographic viewing system is now

operational; however, the actual application of this equipment

to nondestructive testing still requires a considerable amount

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

tions are made:

1. Improvement in the collimation and flux, densities of

the system.	 It appears that fluxes of at least 10 6 N/
a:

' cm /sec wi th 1/d ratios of 50 to 100 are theoretically

-	 possible with this particular Van de 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

-  011	 quality and quantity of the neutron flux available.
This will require the use, of foil activation and film

techniques.	 A complete mapping of the flux field,
including the areas immediately in-the" vicinity of t,^

the beam is important.

3.,-Studies using practical specimens to reduce the effect

of scatter i.adation from the specimen itself.	 These
'	 would include special field limiting equipment,, Bucky

s

r'
screen, types of arrangement's i , etc., which have been

in reasonably common use it _X- ray radiography and may
>	

require some modification and techniques for neutron

radiography.	 This requires a good bit of e.^:perimen-;

' a !	 taton by personnel familiar , with X-ray radiograph
r

technyiques ,

s M



4. An investigation of the apparent failure of the reci-

procity effect or" the time-density product. It is

suggested that the effects of the SEC vidcon camera

automatic light control be studded closely, and, in

the . event that this is the main offender, that the SEC

vi.dicon image , section he operated at lower voltages.

Normally a lowering of the voltage leads to a lowering

of the noise signals.

5. Since it appears the.t very long integration-times will

be required in the system, it is suggested that a special ci.,_

cuit- be devised which will a ;'.low an operator to enter
a specific time, such as,+-thrt4•e 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 required to having MmiarM,

enter and manipulate the component,t This  will have	 ,'?

a further advantage of hi y	¢ levels, in that it

-s quite possible that the ifg wpor.ent can be shown at

television rates. Again, it is stressed that automatic

remote_, component-manipulation-of the equipment is a ,a

must for the system.	
j

7. The development of a whole-series of tables in wh ch' -=

the radiogra7h`d'r can -determine integration times versus

flux densities, specimen thickness, material . , etc.,

fu

_	 y	 ^
c ,

0
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so that neutron radiography reaches the- pointof being

as routine a piece of equipment to utiliz' o as is normal

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 in the energy of the prime radiation has

some effect on the final resultant neutron flux.

t
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