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Abstract . 

Hew Dosimeter 

A new typ© of personal dosimetea? for measuring c*saul&t±ve 
exposure to gamma radiation has been developed* The new device, 
although only the size of a dollar watch, is rugged and accurate« 
It measures exposures äs small as about 5 roentgens (which is harmless) 
or as large as 600 roentgens—usually fatal« It appears almost ideally 
suited for use by military or civilian personnel in any situation where 
it is feasible- to use auxiliary reader instruments to show what the 
dosimeters read* 

In® device performs well under almost all circumstances« For 
example« it readily records radiation received instantly» as from an 
eir-burst bomb} .also it accurately records radiation received over a 
prolonged period, as from contamination produced by an underwater burst« 

the device resists temperature extremes well and has a useful 
life of perhaps % to 50 years» It uses little or no strategic materials» 
is well adapted to mass production» and should cost only of the order 
of $L when produced routinely in large quantity. 

The heart of the new dosimeter, known officially as -fee DT-60 
Sadiao Detector» is a small square of special glass'* This 

g, dissevered- by scientists at Pennsylvania State College and the 
Havel Research Laboratory, contains a smell, »spunt of silver phosphate, 
and has the remarkable property of becoming permanently flnoreseent 
rhsa sspesed tö gamma radiation« Since the intensity of fluorescence 
is essentially proportional to the dose, it is a Simple matter to 
evaluate the fluorescence directly in terms of roentgen dose* 

Sssldes the dosimeter itself, - a standard l£boratory*type 
reader for evaluating the dosimeter's response has been designed and 
produced« The reader contains a W lamp for exciting ths dosime ter*s 
fluorescence* also a photomultiplier tube for measuring the intensity 
of fluorescence« The result is indicated on a large meter, calibrated 
directly in röentgms end provided with two rängest a low range 
extending from 0 to 200 r» and a "casualty11 range extending from 0 to 
600 r* Thus any dose of military significance» from harmless to fatal» 
maybe measured«       ._  ' . 

The reader is compact» reasonably rugged, and easy to operate« 
It weighs h$ lbs« complete with carrying case» and operates off any 60- 
cyels, 110-125 volt line« Dosimeters may be read quickly«—at a rate of 
one evmey 5 to 2$ seconds« 
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Before using a reader routinely, its overall sensitivity 
must be checked. Ibis is easily done with tike aid of a "standard" 
which has the same general size and shape as a dosimeter, bat has a 
known, fixed fluorescence* Suitable designs of standards were worked 
out« 

Production 
WVHIBHMMaMK* 

vader the present research and development contract, only 
token production was attempted. A thousand dosimeters were produced} 
also six readers end several hundred standards. 

Separate programs have been established at Polaroid and 
elsewhere for true mass production* Large quantities of dosimeters 
are being produced) likewise a large number of readers especially 
designed for field use« These matters, however, are outside the 
scope of the present contract. 

Assisting Other groups 

During the last year, we have assisted various other Bavy 
and wavy ««ntractor institutions by (1) showing them how to get the 
best performance from the readers we had furnished to them, (2) pro- 
viding freshly-calibrated standards, and (3) advising them as to 
optimum design specifications, performance specifications, and test 
me&>3ä3. Also we served as the central clearing house for insuring 
uniformity among readers and standards« 

P^t^ayrovema^. 

Tfe have developed schemes which would make it possible to 
obtain better performance and at the same time reduce the size and cost 
of the dosimeter* One improvement consists of providing "all-around0 

shielding, so that the response to radiation entering the de^irstw? 
from the side would be the same as that from radiation entering öie 
front or back of the device* Another improvement consists of making 
the glass piece much smaller and at the same time improving the util- 
ization of fluorescent light* 

A model of the improved device ("Sype H~!£b desiga»«) «ss 
submitted to Buships, and recommendations for adopting' this design 

'S 

J 

''•A 

SIJ 

•\'$$'-i!'-y£!ti+~ 
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P&rt I«.   ParposQj, Factual Data, Conclusions 

Section 1»   Purpose 

$ 

The, general purpose of this contract was to develop ä new 
kind of personal dosimeter for aeasuring cumulative exposure to gsama 
radiation from atomic bombs. The new device was to employ a special 
kind of glass* mnely a glass üvhich becomes permanently fluorescent 
when exposed to gamma radiation» 

Ike program involved studying the glass, designing a dosim- 
eter around it, and designing a photoelectric device to "read" the 
dosimeter* 

B* Parpose as Regards Special Glass« 

It Was intended that first attention be given to studying 
the special glass itself« Its nradiGphotolximipescehtn property had 
been discovered only a few years previously, and little was known as 
to the intensity of fluorescence, or the effects of temperature, 
light, heat, moisture, age, etc» Some uncertainty remained as to 
the optimum formula to use in making the glass, and little informa- 
tion existed as to the uniformity of the glass from batch to batch« 

is as Regards the Dosime'Ser* ' 

P*op 
TShen and if w» found that the glass had eatisfaetory 
, we ware to design a dosimeter employing such glass« 

It was desired that the dosimeter be small, rugged, and 
inexpensive, so that it sight be worn ity all appropriate sdlitary 
personnel« The dosimeter was to measure cumulative exposure to 
gamma radiation either from an air-burst atomic bomb or from the 
radioactive contamination spread by an atomic bomb exploding under» 

or 

She dosimeter was to respond essentially equally to all 
wavelengths of gasps radiation, from 6»15 Angstroms (5Ö~kev) to 
0*0025» Angstroms ($ Mev)* It was to be able to detect a dose as 
small as 10 roentgcns, *hieh is relatively harmless, or as large 
as 600 rcentgens, -fshich is usually fatal* It was to operate over 
a wide range of; tempe^tur®, assd to be waterproof, shock-resistant, 
and easy to decontaminate* Other requirements are listed in Spec- 
ification ^d&teä 

Biese requirements posed many problems as to size, shape, 
and finish of the glass; also methods of shielding, mounting, and 

"ÖiJ 
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P. Purpose as Regards the Photoelectric Reader« 

A special reading device -was needed to read the dosimeter's 
dose» Dose could be read only in terms of intensity of fluorescence 
exhibited by the dosimeter j and to find the intensity of fluorescence 
required (l) exciting the fluorescence in the dosimster cisr means of a 
beam of W light, and (.2) measuring the fluorescent output by suitable 
means« 

At first it was hoped that .the eye could be used in measuring 
tile intensity of the fluorescent light} but it «as soon found thai this 
was impractical unless a very large piece of glass was used; or a very 
powerful DV lamp« 

CJonsequeatly we were required to put major effort into develop- 
ing a photoelectric type of reader. Designing such a device called for 
a knowledge of (1) optimum wavelength of the exciting UV radiation, (2) 
wavelength distribution of the emitted Hebt, (3) background fluorescence 
found even in glass pieces never exposed to gamma radiation« Choices 
had to be made among many types of W lamps, various W-pass filters. 
various systems for collecting the fluorescent light and filtering out 
any W light mixed therewith, various kinds of photoelectric detectors 
of fluorescent 2Xm%»   Attention had to be given to speed of loading 
and measuring the samples} also to the overall linearity and stability 

•of response« finally, fixed standards had to be devised for showing 
whether the level of sensitivity in the photoelectric reader had been 
set properly, so that the absolute accuracy of the readings would be 
hign« 

g« Miscellaneous Purposes« 

During the late? stages of the work several Companies were 
preparing to mass produce dosimeters and readers« We were asked to 
assist these companies by advising them on design matters, testing 
procedures, and steujdardization. 

Also we were asked to periodically issue freshly-calibrated 
standards to the various laboratories engaged in testing dosimeters« 
TSTe undertook also to repair and adjust the, readers which had been 
issued to those laboratories« 

."3 

•a: 

£f| 

m 

=*$ 
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Section 2« General factual Data 

A. Relation to Other types off Personal Dosimeters» 

Shere are, of course, many other tjypes ef personal dosimeters. 
Conventional film badges have been used very successfully, but are not 
well suited to field use. Ihey have to be developed and fixed, requiring 
specialized equipment which often -would not be readily available» 

Electrometer type devices, called pocket chambers, pocket 
dosimeters, etc», have been used also« These must be recharged period- 
ically; they provide no permanent record of the doses their cost is high 
($20.to 05O) e 

Colorrchanging liquids and color-changing crystals have bean 
tried, but suffer from several limitations relating to stability and 
sensitivltyj doses Isss than about J?Q r are difficult to detect, and 
some drift may occurs 

Self-developing film badges are being tested extensively! 
although successful in many respects (notably sensitivity, ränge, low 
cost, and elimination of any need for a photographic darkroom), they 
have shelf-life and storage limitations to be expected of photographic 
materials generally» 

Sie present device—the glass dosimeter—is outstanding in 
many respects, including: 

Small sleet About the size of a dollar watch» 

Wide range« Brom approximately I? to 600 r and beyond» 

High Accuracy* $ r or 10JS typically« 

Long Shelr-life» Little or no change up to one year; 
perhaps good for £ to 00 years» 

Always ready* No charging or servicing» Usable 
repeatedly} can be used, read, reused, 
etc», repeatedly and cumulatively, 

for years» 

Low costs Should cost only about $1 in routine mass 

A more complete list of properties is presented in a later section» 

She present device, in common with.most other personal dosim- 
s, is intended to measure gemma radiation, and is not suited to 

alpha^radiaC.en; beta-radiation, or neutron radiation» Also, 
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it is intended only to measure the dose received by the dosimeters this 
ioay be appreciably jess than the dope received by the user if the user's 
body intervenes between dosimeter and radiation source« 

B» Relation to Other Contracts on Glass Dosimeters« 

The initial work on silver phosphate glass was done at 
Pennsylvania State College and at the Naval Research Laboratory* %e 
radlophoteluminescent property of the glass was discovered by Weyl, 
Sehulaan, Ginther, and Evaa». See Reference N-l. 

The Naval Research Laboratory has advised and assisted in the 
glass dosimeter program since the outset. Its advice and encouragement 
has been most valuable» . 

The National Bureau of Standards has assisted the program in 
several ways* It studied the wavelength uejpfiwauue of Si® decimeters} 
also the directionality ef the device, the effect of various, changes in 
lead shielding«, and other matters« 

The Bausch and Lomb Optical Company provided most of the melts 
of silver phosphate glass -used;, in tlss early stages of the work«, ISore 
recently, operating under contract with Buships, it has been studying 
different formulations, etc», of radiöphotolnminescent Also, 

most helpful in making trial melts of special glasses, 
manganese glasses, suitable for use in the fixed standards 
checking the sensitivity of the photoelectric readers» 

it has 
including 
needed in 

Toe Kateriel Laboratory at the New York Naval Shipyard 
(Brooklyn) assisted in evaluating and testing the glass dosimeter, as 
did the Naval Radiological Defense Laboratory at San Francisco» 

Smail-acaie production of laboratcnry»^ype readers was under- 
taken at Polaroid Corporation under separate Navy contracts NObsr 0TOl|D 
and NObsr 57500. 

A small production lot of glass dosimeters was produced by 
Polaroid Corporation under Navy contract NObsr 57501. Polaroid Corporation 
is now engaged in a large scale mass production program (on glass dosim- 
eters) under NObsr 5?70U. 

seals 
is 

prpdüstion öf silver phosphate glass am the 
at the Corning Glass Workjs» 

The Admiral Corporation, Chicago, Illinois^ is 
production of photoelectric readers for field use» 

mass 

An experimental model of an extremely small f±eld=use reader 
was developed during the spring of 1952 by Vr. G.V/ork of the Naval 
Radiological Defense Laboratory. 
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Successful large scale production of the silver phosphate 
glass was worked out by the Pittsburgh Plate Glass Co., a principal 
supplier of special glass for the Polaroid Corporation's mass produc- 
tion program on dosimeters« 

Pilot Chemical Co. of Waltham, Mass., also supplied some of 
the special gloss to Polaroid Corporation. Pilot Chemical Co. produced 
glass having the highest sensitivity we have encountered, the sensitiv- 
ity being about three times the sensitivity now regarded as standard. 

Throughout the entire glass dosimeter program, the encourage- 
ment and leadership by Buships Code 85U has been of central importances 
That agency initiated the major programs, gave continuing counsel as to 
design and performance specifications, and generally coordinated the 
research, development, and production programs. We believe that Buships 
is to be congratulated on having perceived (as early as approximately 
three years ago) the unique poaodbilities inherent in the silver phos- 
phate glass, and in having pushed the proprem through to a successful 
conclusion« She program should be of value to all branches of the 
Armed Services, and to the civil defense effort also. 

The program covered by this final report is the central 
program of specifying the particular grade of glass desired, helping 
determine the design of the dosimeter, developing a photoelectric 
reader, and finding suitable calibration standards. Thus the present 
report summarisses the foundation on which the Various current produc- 
tion programs rest. It attempts to tell not only what designs were 
arrived at, but why they were chosen, how successfuTr8iey have proved 
to be, and what additional improvements lie wi'tRSn reach» 

C. Contract Dates, Amendments, etc* 

The present contract, NObsr-!i9257, Index No. NB-01&551, was 
initiated June 30* 19f>0, and was intended to be completed by June 30, 
1952. 

The contract was amaended from time to time* additional 
funds were provided, and the termination date was extended to 
December 31, 1?52. There were five ammendmsnts in all. 

D. Previous Reports» , 

The work performed under this contract has been reported in 
tironty-seven individual Monthly Reports, starting with the report for 
August J$$6*   These reports are listed in the bibliography appended 
to the present final report« 
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E« Technical Personnel» 

During, the period front August 1, 1950 through November 30, 
195?, the following technical persons worked en the contract to the 
approximate extents indicated below* 

Hame 

E. Ko Land, President and Director of Research 

E«. R« Blout, Associate Director of Research 

Vim A. Shurciiff, Senior Physicist; Project Leader 

P« Dc Bartlett, Engineer 

E. 0. Byrnes, Physicist 

A« 6« Carpenter, Kedel Shop Supervisor 

J* DeToung, Electronics Engineer 

!!. II. Fairbank, Eechanical Engineer 

L. Farney, Plastics Engineer 

S. i». Haskell, Optical Designer 

R. De gay, Kschanicai Engineer 

A. S. Makas, Physicist 

Cm Um Mats, Electronics Engineer 

C« Ce Rolando, Mechanical ^igineer 

A, Pe Sutton, Supervisor of Photometer Operation. 

E. W- Treuenfels, Ghesical Engineer 

G> Vi, Trumbour, Control Test Engineer 

Hoars 

No charge made 

No charge made 

2259 

2m 

1853 

, — —• 

257 

10li 

30 

22 

895 

362 

1562 

6k 

83 

1008 

65 

':  I 
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Section 3« Detailed Factual Data 

Introduction» 

Section 3 consists 

Section 3-A* 

Section 3-Ba 

Section 3-C: 

Section 3-Ds 

Section 3-E: 

Section 3-Fi 

Section 3-Gs 

Section 3-Hr 

Section 3-1« 

Section 3-J* 

 Section 3-K* 

Section 3-L* 

of several subdivisions, as follows% 

Properties of Silver Phosphate 

Dosimeter Design Considerations 

llonHFeasibility of Using a Visiial>«%pe 
Header 

Photoelectric Header Design Considerations 

Hie Problem of Providing Fixed Standards 

She DT-60CXM-3)/PD Dosimeter 

Other Specific Designs of Dosimeter 

pe CP-?5(23J-3)/PD Reader 

Other Specific Designs of Header 

Designs Of Fixed Standards 

Ifce H-Std« Pool 

Future Possibilities 

w 
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Seotion 3-A. Properties of Silver Phosphate Glass 

A. Introduction. 

The uniquely valuable property of silver phosphate glass TOS 
discovered about five years ago by Tfcyl, Schulman, Ginther, and Evans 
(Ref* W-l). They found that if the glass was exposed to gamma radiation, 
it acquired the ability to f luoresce when later exposed to ultraviolet 
radiation« Intense oraage-eolored fluorescent light resulted if the 
gssma-ray exposure amounted to several hundred roentgens. Furthermore, 
i&© intensity of fluorescence seemed proportional to the gamma-ray dose 
received.» Thus it became clear that the glass might be used as the 
sensitive &*®m%  or detecting element, of a gamma-ray dosimeter. The 
possibility TOS brought to the attention of the Bureau of Ships, and 
the present development program TOS soon launched* 

Detailed exploration of the properties of 'die glass confirmed 
tiie hopes tiiai a new 'and unparalleled detecting element TOS at hand* 
The range of flaörescenos, the linearity, and stability, and the homogen» 
eity proved to be excellent* 

Some points of weakness «ere found* These includes (1) var- 
iation in sensitivity of the glass, from one batch to another; unlssa 
suitable precautions are taken by the glass masafactsswi (2) vocation 
in the initial, or background fluorescence, unless suitable precautions 
are taken; (3) tendency of the fluorescence to change somewhat depending 
en tiie temperature at the time of exposing the glass and also the temper- 
ature at the time of measuring the fluorescence} (h) tendency of the 
glass to respond to long wavelength gamma radiation more than short 
wavelength gamma radiation, unless appropriate shielding is used* 

have been 
Altogether 30 or more different characteristics of the glass 

B« 

Ttesse are summarised briefly below* 

formula of the Glass. 

Silver phosphate glass is usually used at the so-called w3#n 

ccceaniraticsu   The 8& glass has the following fossmla, according to 
Rsfsronces K-l, ®-2,. and N-3# 

$0 parts by walght aluminum metaphosphate, Al(PQ-)3 

2£> parts by weight potassium 

2$ -parts by weight barium 

8 parts by weight silvar metaphosphate, AgfPO«) 

n 
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C«. ^Preparation, of the Glass» 

According to Reference N~3, the glass is prepared by melting 
in© constituents together at 12Q0°C» in a fused Silica crucible, casting 
the malt into a metal mold, annealing it, and then cutting, grinding, 
and polishing pieces of desired Size« 

Presence of certain impurities, such as iron, titanium, ohromits^, 
and perhaps several other elements« my cause considerable change in the 
initial fluorescence of the glass ("pre-dose fluorescence") and in the 
fluorescence resulting after exposure to gamma radiation ("post-dose floor» 
©scenca"). 

Bubbles, sts^ins, etc« may be found in th9 glass unless suit- 
able precautions are taken. Also, devitrification may occur unless the 
glass is cooled appropriately and rapidly* 

Much additional information of preparation of the glass has 
been accumulated during täte last year by the various glass manufacturers 
concerned« Presumably the Bausch and Iomb Optical Company is very fam- 
iliar with the situation, since they are working under a Buships contract 
specially focused on the technology of silver phosphate glass and related 
glasses« Sie Pittsburgh Plate Glass Co« and the Corning Class tiorks 
have also acquired much experience in this field« Pilot Chemicals, Ihc« 
Is familiar with the production of small melts of very high sensitivity« 

Information may be obtained also from.References N-l and KK3« ' 

D. TransMssibn of the Glass» 

The 8% glass, before being «exposed to gamma radiation, is 
essentially clear, colorless, and transparent« Transmission curves for 
the W and visual regions of the spectrum are shown in the Monthly Report 
for September 19£0 (Ref, P-2). me internal transmittance is essentially 
löO> for visible light, but falls to 50$ at 350 millimicrons (for a path- 
length of 1 cm.) and to 1£ Just below 300 milliMcrohs« In other words» 
the glass has a smooth W cut-off typical of common kinds of glass. 

flhen the glass is exposed to gamma radiation, the transmission 
—-  The transmission for light of wavelengths near ltDO milli- 

microns decreases! and the greater the dose of gamma radiation, the 
greater the decrease in transmission. Mien the dose reaches several 
hundred r|;/tfce-dssrsas#- in. transmission for-- -the.' h8Q milllaigron (blue) 
light is sufficient to give the glass a slightly yellowish appearance« 
I^Ä-th^/döe^apürös- to 50,000 '*y the glass appears strongly yellow 
colored« Illustrative transmission curves of dosed pieces are shown 
"iÄ-Bs*..'P*2.' 

H 

f *;'S 
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lf> for each wavelength, of li$it, the optical density of the 
glass in pre-dooe condition is subtracted from the density existing after 
dosing, a curve is obtained which represents the spectral absorption of 
the hew "colorant1» produced by gamma radiation* As shown in Ref. P-9, 
the absorption marfmum of the new colorant is found at about jtfiO to 360 
millimicrons» 

B*-. W Excitation of the QIaas«, 

Whether dosed or unclosed, the 6% glass emits a feeble bluish- 
white fluorescent light when exposed to ÜV radiation of wavelength below 
350 millimicrons* 2he mercury 25fc-«n line, for example, excites some 
bluish-white fluorescence* 

After tue glass has been ganma-irradlated, the situation is 
vary different« A strong fluorescence is observed whenever W radiation 
hear 360 millimicrons is incident, and the color of the fluorescent light 
is very different, being ©resge» 

2he situation is summarised in table 1* 

Table 1 

Intensity and Color Of Fluorescent Light 

Condition of Glass 

Never exposed to 
gamma rays 

Bkposed to 1Ö00 r 
of gamma rays 

Kind of W I&siting light Used 
Par W Near W Visible 

Weak bluish-white Very weak bluish- 
fluorescence     white fluorescence 

Weak bluish-white 
fluorescence 

orange 
fluorescence 

None 

None 

As indicated in Ref • P-9, the orange color is excited ^y wave- 
lengths from about 310 to about 1*10 millimicrons* Wavelengths near 360. 
mil 11 microns are perhaps more effective than other wavelengths if the 
glsss has been exposed to a large dose; wavelengths near $U0 millimicrons 
may be the most effective If the- 'dose has been small* 

Fv Pre-Oose Fluorescence* 

m 

op 

*ue pre=dose fluorescence ^ fluorescence which the glass exhibits 
before being exposed to gamma radiation) is usually small«» A typical batch 
of b£ glass has a pre-dose fluorescence amounting to aboait 1/3 of the fluor- 
escence crested by a dose of 100 r' of 1*3 Mev gassae radiation* 3nis figure 
assumes that the W excitation has the spectral energy distribution normally 
used in the laboratory-ttfpe reader specified in a later section* It assumes 
also that the measuring device (photocell) is covered by ah orange filter, 
so that only the orange component of the fluorescent light is measured* 
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%0 pre-dose fluorescence would appear considerably stronger 
if shorter-wave W excitation were used, or if. the blue and green com- 
ponents of the fluorescent light -were measured along with the orange 
componento 

The intensity of pre-dose fluorescence is abonit the same as 
that of a standard pyrex glass (Corning #77240)« It is only about Va 
that of ^typical window glass or plate glass» It is between l/lOO and 
1/1000 that of a Epical uranium glass and typical commssrcial plastics. 

The color of the pre-dose fluorescence is probably whitish 
or bluish-whitej the intensity is so low that the color cannot be 
evaluated visually, and indirect methods must be used» 

0« Post-Dose Fluorescence* 

fi 
it 

i. 

-4 

" J" 

S®,' 

As indicated above, when the glass has been exposed to 100 v 
of 1»3 Mev gamma radiation, it becomes fluorescent* More exactly, it 
acquires a permanent fluorescence-ability^ i»e», the ability to flnoresee 
steadily when illuminated steadily with W light« 

3b egress the amount of fluorescence is not easy* A rough 
estimate has been made of the absolute efficiency of fluorescence in 
Ref» P-7; it is estimated that of the order of 10*7 watts of fluorescent 
light is produced per watt of near W radiation incident, assuming cer- 
tain typical experimental conditions* Ihsre is no doubt that the fluor- 
eöceöce, even when referred to as "strong," is actually very weak as 
compared with commercial fluorescent screens, commercial fluorescent 
glasses, etc« 

For convenience, fluorescence intensity measurements are usually 
mad@ on glass samples exposed to just ICO r of 1*3 Mev gamma radiation« 

The fluorescence is orange in color? spectral radiance curves 
have been presented by Schulman and others« (References 1J-1 and N-3)« 
fee fluorescence includes, besides orange light, some yellow light, much 
red light, and & little hear-IR light* 

Of oouFse, once a dosimeter design has been froses» and once 
routine manufacturing and testing procedures have been srs&vid at, it . 
is logical to define a response scale, or post-dose fluorescence soale, 
such that a 100 r dose increases the fluorescence by just 100 units» 
(s«*-a~3Äter see ties«) 

It is a remarkable property of the 8? glas»—not only, that it 
becomes fluorescent when g*ui^-irracli&t^~lbut also that the fluorescent 
light- lies in a baud weJl separated from the- .exciting' 'band« For nearly 
all other iluors known, 4h© situation is quite different, the bands lying 

•'•?"';? ^IS^ZJL^-T %*/;,   ~ 
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very closely adjacent and even overlappisig tö the extent of perhaps 2$ 
to *$#• Having the tu© bands liell separated to •& great benefit to the 
present project, simplifying the problem of obtaining a sta&tw «*^i^ 
(orange light) essentially free from noise (W exciting light)» 

K. Sensitivity» ~ 

By nsen8itiyityn we mean» the increase in f luoresc-ence per 
roentgen of gamma-radiation dose» It is customary to compute the sen- 
sitivity by (1) finding the fluorescence before exposure, (2) finding 
the fluorescence after a 100 r exposure, (3) subtracting the fcrass? fron 
the latter, and (k)  dividing the differencejby 100« The absolute sen- 
sitivity is of the order of magnitude of 10""^ fluorescence-efficiency 
units per roentgen of exposure« 

Of course, once routine manufacturing and testing schemes have 
been established, it is easy to specify sensitivity precisely. The sen- 
sitivity of a typical sample is then expressed as, say, 100 indicated 
roentgens per 100 actual roentgens exposure» See a later section« . 

I« Non-Migration of ^uorasoencs^flbility» 

If only half of a piece of 8% glass is exposed to gamma-rad- 
iation, the other half being shielded lasr a thick block of lead, only 
the exposed half is made fluorescent« Even after storing such a specimen 
for a year in a desk draper, one half Kill continue to have fluorescence- 
ability, «bile the other half remains essentially non-fluorescent. See 
Reference F»&. (This is in marked contrast to the Situation found for 
sensitised alkali-halide crystals<===«h@re migration of the color proceeds 
rapidly«) 

3« , Fluorescence v@» Phosphorescence» 

• ''' 

m 

81". 

• 

Cathode ray oscilloscope tests show that the fluorescence of 
dosed 8% glass ceases essentially immediately (within 0»01 see« or less) 
after the W illumination is cut off« 2hus it is appropriate to refer • 
to the luminescence as fluorescence, rather than phosphorescence« (As 
explained in a later section, some manganese glass samples used in fixed 
standards appear phosphorescent, rather own fluorescent« Such disparity 
could lead to eifrors if the time constants of the measuring instrument 
components were Selected improperly. ) 

•Si9 
»-sjii <• 4ts1.1t \ja' 

She 8% glass shows excellent additivity* For example« fivü 
separate exposures, each of 20 r, lead to essentially the identical fiuor- 

' eseence-ability as a single dose of 100'r. See kef. F-- 
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MOBHt on Doaage Rate« 

The 8% glass shews excellent independence of the time-rst© of 
Essentially the same fluorescence results whether a 200 r dose 

is delivered to the glass in 20 seconds or 20 hours* See Kef« B-7* 
Informal communications from others suggest that the performance is 
excellent even when the dose is received in a fraction of a second« 

M* Linearity* . 

Ifae 8£ glass shows excellent li«e&r± ty of response throughout 
the range of interest (0 to 600 r) and even beyond» In fact the linearity 
extends beyond 10, GOO r* throughout this enormous range, a given increment 
in dose produces the same increment in fluorescence* See Raf• £-3| also 
Appendix 1 of Ref« P->16* 

Ha gogggs Rangs Covered* • 

The fluorescence of the 8% glass continues to increase even when 
the dose exceeds 100,000 r, but the rate of increase ceases to be linear 
when the dose exceeds about 20,000 r* See Ref* F-16* Using special cal- 
ibration charts, the glass could be used to measure doses up to 100, COO r 
(possibly 1*000,000 rj. 

It is obvious that the glass has a far greater range than is 
required in a 0-to-600 r personal dosimeter* 

0* Temperature^ifririn^Dosing Effect* 

If a sampl© of 8% glass is ganma-irradiated when at elevated 
temperature, the resulting fluorescence-ability (measured subsequently, 
with the sample restored to room temperature) is found to be Slightly 
greater than usual«» A 1*C rise in dosing temperature causes a 0*3% 
increase in the fluorescence-ability* As shown in Appendix 3 of Ref «P-o, • 
the flroresoenee-vs-temperatare curve is perhaps linear for temperatures 
near room temperature, but tends to flatten out at lower temperatures* 

Sie exact value of the temperature-during^osing coefficient 
has hot been determined accurately, and there is indication that it Varies 
somewhat depending on the quality of the particular melt of 8% glass under 
consideration* 

The effect should not be confused with a different kind of 
temperature effect—discussed in the following paragraph* 

Teaperat^re^uriim-4toadirig Effect* 

it-i   £  IS »sample of dosedBjSglassis read while at room temperature, 
«ad is then re-read after being brought to a higher temperature, the 
fluorescence will be found to be slightly less.* The temperature coefficient 

"* n^g 
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has approximately the value:   -0*7# per * C* 
from batch to batch of the glass e See Ref * Jf=3* 

The value nay vary slightly 

It will be noted that this effect is in the opposite direction 
from the tenperature^ürlfig-dösihg effect defined previously. Thus if' 
a sample is dosed and read at high temperature* the two sources of error 
tend to compensate to some extent» (However, the temperature coefficient 
of the fused standard employed affects the outcome also, as explained in 
a later section*} 

Q» BuiMjDjg Effect at Room Temperature« 

If a piece of B% glass is dosed very rapidly and then read 
immediately, it will read lernet than if allowed to age for a few hours 
before being read. For example, if a piece receives 100 r in ten 
minutes, immediately thereafter it might then read 10 to 3055 less than 
if allowed to age for four hours« 

Practically any increase or •«buU^up" which is isaainent will 
occur within the first four hours, assuming that the sample is stored at 
room temperature« A slight increase may perhaps occur during the next 
few days or weeks, but if such increase occurs at all, it is usually less 
than $% and is therefore difficult to detect reliably* 

If the dose is delivered in a few seconds instead of a few 
minutes the post-dose build-up may amount to a factor of 2* But again 
the difficulty is avoided by allowing the sample to age for a few hours» 

In general, the phenomenon appears to have a relaxation constant 
of the order of 10 to 20 minutes, at room temperature» 

If the dose is delivered over a 2lt-hour period, any build~up 
involved is practically complete by the time the exposure is terminated* 
The increase to be expected during the next four hours is, perhaps only 

If the dose is very small (less than 2$ r), the build-up effect 
is negligible or even non-existent* The effect is appreciable only for 
large doses»   

The effect depends strongly on the ambient temperature and -on 
the concentration of silver phosphate glass, as explained in 

r 
i '4 

it 

m 

M 
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fl. Baild-Up Effect at High Temperature» 

If the sample is stored at high temperature (immediately after 
the exposure' to gamma radiation has been completed), the build-up occurs 
more rapidly» 

' I'M 
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8. Latent Fluorescence-Ability« 

If a dosed piece of 8# glass is exposed to gamma radiation and 
is then heated to l£0°C for several hours, the fluorescence tends to be 
slightly greater than if the sample had been stored at room temperature« 
Thus high temperature appears to bring out a small amount of "latent" 
fluorescence-ability« Since there is no expectation ex using the dosim- 
eters at such temperature, this effect is perhaps of no practical impor- 
tance« See Ref« P-l? for farther details« 

T» Wavelength Dependence« 

If exposed while entirely unshielded, the &% glass shows 
considerable wavelength dependence« typical pieces of the glass may 
respond roughly ten tines as much to a given dose from a 150 kv x-ray 
machine as when exposed to an equal dose of 1«3 Mev gamma radiation 
from radio-cobalt« (See Ref« P-% P-6, and P-20«) Depending on the 
exact thickness of the glass and the exact wavelength of the radiation, 
the error may be more or less than a factor of ten« 

The error is large only for photon energies below about 2$0 
kev« It is small and perhaps negligible for energies exceeding about 
300 kev* 

Uhus in general the effect is small over the great majority 
of the photon energy range of interest» 80 to 5,000 kev« 

2he error existing for photon energies below 500 kev« is 
greatly reduced by use of appropriate shielding, as discussed in a later 
section concerned with the dosimeter as a whole« 

g. Angle-of-Incidenee impendence« 

A thin, flat sample of 8$ glass tends to respond slightly 
differently, for a given wavelength of gamma radiation* depending on 
tiie obliquity of the incident gamma radiation« The obliquity angle 
determines the relative importance of the primary beam of gamma . 
radiation and the secondary beam of Gocjpton recoil electrons accom- 
panying the primary beam« 

•Sie ang2e==ef^incidsnse dtepesdtess® is parlieulsrly iü^ortant 
if the sample is thin and is provided isith flat metal shields, as 
discussed in a later section« See also Ref« P-20« 
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V* Effect of Bub&Les« gto. 

Available evidence indicates that presence of a feir small 
(0«J> mm« dia«) bubbles in the glass sanple is not harmful. 

Sometimes small occlusions occur in the glass« These may 
fluoresee fairly strongly, and may be harmful« 

Often the glass pieces contain pronounced froeen-in strains, 
as may be seen by placing the glass piece between crossed polarizers« 
Ihis is usually not harmful« 

tm   Erasure of the Fluorescence« 

If a piece of Q% glass is dosed, so that considerable f lucres* 
cence is produced, the fluorescence may be almost entirely erased by 
heating the glass to 35ö*C« and holding it at that temperature for several 
hours« The glass may then be re-used in normal manner« 

Thus in principle, at least, the glass can be "erased" and re- 
used« Erasure is likely to be impractical for several reasons, including« 
nuisance, likelihood of melting the dosimeter shield and case, and like- 
lihood of contaminating the glase surface« 

X» Effect of Prolonged, Intense W irradiation» 

If an undosed piece of B% glass is exposed for many hours to 
intense W radiation from a quartz mercury arc, some fluorescence-ability 
«ill be created in the glass« 

ftm reverse effect may occur in a highly dosed sample« Thus if 
a piece of the 8% glass is exposed to 2000 r of gamma radiation and Is 
i&um exposed to intense near-W radiation, the fluorescence will decrease 
to a marked degree« It may decrease to a value corresponding to perhaps 
200 r| but it will not vanish entirely« See graph presented in Ref • P*2« 

' Weak W radiation, sudh m that provided in the photoelectric 
readers, has no detectable effect on the glass piece even if the piece 
is left in the path of the U7 beam for many hours« 

T» Effect of Daylight« 

If a dosed ploco of 8% glass is exposed to bright daylight or 
directstuilight for several hoars,., a- slight 'decrease, in fluorescence . 
may occur« However, an hour's exposure is usually without detectable 

of several weeks stay reduce the reading by 20 to 6G£« 
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2» Effect of HotrStorage» 

Storing undosed or dosed B% glass at tenroeraturea as high as 
l^O*"*.. for considerable periods appears to be essentially without effect« 

AA. Effect of Qold-Storage« 

KB «£preeiable effect has been found to result from storing 
undosed or dosed pieces of 8% glass at temperatures well below roes 
temperature, provided the glass pieces are free—not cemented to anything« 

BB» Effect of Hot Salty ratter. 

No appreciable effect, other than tendency for the glass sur- 
face to become slightly cloudy, has been found to result from immersing 
the glass for an hour in boiling salty water« 

CO. Bffeot of Age« 

little or no change has been found in polished pieces of undosed 
and dosed 6% glass stored in darkness at room temperature for a year« The 
accuracy of the tests was less than ideal, and it may be, for example, 
that some slight decrease in fluorescence (££, possibly) occurred» 

Slight change may occur occasionally in pieces which have a 
coarse-ground finish« 2he change tends to take the form of a prompt 
(2li-hour) increase in reading« However, the change is usually small 
and is probably to be attributed to the "curing" of the freshly-ground 
surface, rather than to any change within the body of the glass» He- 
grinding the surface tends to wipe out the increase« 

gp« Effect of Fingermarks« 

Contaminating the surface of a piece of 8% glass, as by pres- 
sing it firmly with a sweaty or greasy finger, tends to increase the 
apparent fluorescence hy a small amount, such as 2 to ID r.  However, 
such contamination can be washed off readily. 

SB» Explanation of the Fluorescence Induced by Qantea-Rayg« 
in.,  «•«•••—»••»——••«——• '.um..'  —ii_, in 11MU_ i IIII. Mi -iin [..in  » »II i——Jhr 

AB plained in Äppeäüut 2 of Bef• F-16, and also .in* lief« N-l 
and N-3, it is assumed by Schuiman and others (1) that gamma radiation 
liberates electrons; within the silver phosphate glass. (2) that these 
electrons migrate towards individual Ag ions, and (3) that each loose 
union of electron and Ag ion constitutes a fluorescence center« Such 
centers are capable of absorbing near-W light and emitting orange 
light; they can do so repeatedly, almost indefinitely« 

& 

el 

e 

SECURITY INFORMATION — RESTRICTED 

"^^il^w^>,^^",S:^PS^r^^! 



RT* 

M HOLAROID CORPORATION RESEARCH  DEPARTMENT 

RESTRICTED 

. -20- 

/.' 

Bef . P-16 lists eighteen properties of the &% glass ami shows 
that nearly all of these may he explained simply by the above-stated 
mechanism« 

gF« Batch-to^Bateh Variation in the Glass» 

Especially In the early stages of the present program, mach 
variation taas found between different batches of glass* The intensity 
of pre-dose florescence varied typically by perhaps $ to 10 r » Some- 
times it amounted to more than 200 r. 

übe sensitivity fluctuated also, varying typically by 10 to 
[, and sometimes by %0% of more« 

Much better uniformity nas obtained täten successive batches 
«ere made using the identical equipment and the identical lots of rar 
materials« 

15 

i 
1 

Now that control of raw materials and equipment has been greatly 
improved, the variations in question have been reduced to small fractions 
of the earlier variations« It appears likely that the manufacturers «ill 
be able to hold the variations to within 5 or 10% ordinarily. 

Some batch-to-batch variation in temperature effects, build-up 
time, stability, etc», may perhaps occur* Few tests of this nature were 
performed during the coarse of the work reported hare* 

00» Effect of Changing the Content of Silver Phosphate« 

The effect of changing the concentration of silver phosphate 
is discussed at length in Ref. F-8. 

She general conclusion is that the B% concentration is probably 
about the best compromise« It has a low pre-dose fluorescence, good 
sensitivity* and a rapid build-up of the fluorescence« 

Glass of lower concentration, such as 6%, has the attractive 
property of exhibiting ah even lower pre-dose fluorescence« It has the 
added attraction of consuming less silver phosphate, *aieh is the most 
«qpensiva ingredient. However, the t% glass seems to have a slower 
buii4-i«p^ 
at low temperature« 

and perhaps pstfcsrss ssESwisst poorly •cu gasana—lrrad&aceä 

A glass of higher concentration, such as 1$%, may have slightly 
greater sensitivity, and Shows a quicker build-up; presumably it performs 
slightly better than M glass when the 'dose- is received at low temperature« 
Bowever, th® 1$£ glass tends to have a high pre-dose reading and consumes 
an unnecessarily large amount of silver phosphate« 

' TV r« 4 ^Mm 

£ jJ 

1 
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Section 3Bt Dosimeter Design Consideratioiaa 

A» Srtroduction» 

The heart of the dosimeter is, of 'course, the piece Of 6% 
silver phosphate glass. But to produce a complete dosimeter ire need 
also a mounting and casing which will perform the following functions t 

Protection: Protect the glass from shock, light, dirt, etc* 

Handling: Permit handling the glass without danger of dropping 
it, getting fingerprints on it, etc» 

Shielding: Provide shielding for reducing the wavelength 
dependence» 

Identification: Carry identifying symbols (designation, serial 
No», etc») 

Attaching: Provide a loop for the cord or chain attaching the 
dosimeter to the user» 

B» Protection» 

She glass piece could he protected against shock, light, dirt, 
etc» by keeping it inside a case of rubber, plastic, or metal* Plastic 
is probably most favorable because of its long life« amenability to low-» 
cost mass production, and its non-nse of strategic materials» 

If plastic is used, a tough, flexible, plastic material must 
be selected» Ethyl cellulose is perhaps ideal« Materials such as 
Tenite H were tried, but were found to be too brittle» 

To exclude light, dirt, etc», in business-like majmer--even 
if the dosimeter is immersed in muddy water^requires asking the housing 
vmteirproof© Shis can be done by providing a screw cap which closes 
against a waterproof, compressible gasket» It is difficult to conceive 
of any other economical method of producing a Water-tight seal between 
plastic members subject tö some slight cold-flow and warping» 

If the screw-cap is to be easily and quickly screwed up or 
unscrewed, it must have a heavy, coarse thread» At least 2/3 of on© 
revolution thread engagement is necessary! one full revolution engage- 
ment would be preferable, as it would leave no part of the sorew-cap's 
periphery unsupported» 

I 

i 
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C» Handling* 

The glass piece is email enough so th£t> if unattached, it 
might easily slip oat of the fingers and become lostj also, it -would 
almost surely become fingermarked promptly» 

To avoid these difficulties, the plastic piece may be attached 
permanently to a larger, more easily handled, object» A plastic piece 
projecting out around the glass piece, and cemented to it, is presumably 
indicated« See the following sketches* 

glass gl&ss 

3 

glass r\ot receded glass recess's 
p*   Shielding* 

Extensive tests have been made by Polaroid, National Bureau 
©f Standards, and other institutions to see what shielding material and 
what shield thickness is optimum for reducing the glass piece«s wavelength 

W 

Shlelding suitable for special situation» In most tests, 
4 ~ nes made (at the request of BusTSps^ Code 853;) that only the assuuifwjkOu 

the upper and lower faces of the glass piece would be shielded, and that 
only radiation incident perpendicularly on the shields should be consid- 
ered« Acting in accordance with a suggestion made by WRL advisers (See 
Bef. P-6) each shield was made in the form of a lead plate having a small 
central Opening, the latter being intended to let through a little of the 
very soft (long wavelenguh/ radiation that otfeerskae would be cut- off 
almostentirely by the load« 

Tests carried out by Polaroid   the assistance of th© 
National Bureau of Standards, the High Voltage Engineering Corp», and 
tile Deaconess Memorial Hospital indicated that the energy dependence was 
corrected to a considerable degree using lead shields 1 ram. thick and 
containing a central hole 0.0? inches in diameter* 

id. 
m 
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3fests carried out later by other groups, but again with 
title help of the National Bureau of Standards, showed that a slightly 
greater thickness of lead--approximately 0*6l&n—izB&e bettor performance 
under the special conditions established by Buships Code 8£U. 

2» Shielding suitable for more general situations« life showed 
in January 1952 (JRef. P-iö; that perpendicular incidence of the radiation 
was far from Epical; simple calculations indicate that one radian (57 
degrees) from the perpendicular is the typical angle prevailing wKen rays 
of all directions strike a flat shield, Rays incident at 5>? degrees pass 
through the lead shield obliquely, experiencing a greater pathlength* 
Accordingly we pointed out that a thinner lead shield would be more 
appropriate with respect to typical rays; a thickness of 0.03« would 
appear to be close to optimum« 

Appendix 6 of Ref. P-18 ahosra that this general conclusion 
is valid for radiation from an air=burst atomic bomb (point-source situa- 
tion) and also for radiation from contamination (omni«M±Lrectional situa- 
tion) • 5he conclusions is valid, moreover, whether the man wearing the 
dosimeter (on his chest) is standing, sitting, or lying down. For each 
of these situations a slightly different "typical angle of incidence" 
is arrived at, the values ranging from about h& degrees to about 80 degrees 
from the perpendicular. A value of $7 degrees (or roughly 60 degrees) 
from the perpendicular is very representative. 

2hus for a great majority of field situations, a lead shield 
thickness of 0.03" would give better results than the 0.01*5" shield« Also, 
it would save weight and cost« 

Je Shielding suitable to.the most general situation. Jn 
September 1951, and March 1952, (Kef. 1^15 and P-20J we showed that a 
further improvement in shielding was needed—to take into äecoact radia- 
tioa striking the glass piece from an "edge" direction. TShen rays approach 
the dosimeter from all directions with equal probability, half of the rays 
strike at an angle of more than $7 degrees from the perpendicular. Approx» 
imately 2$% of ail rays strike the dosimeter in directions which are prac- 
tically 'w©dgsHls®.,, directions. 

If no shielding is provided for these edgewise rays, large 
errors can result* For example, tests reported in Ref. P-2Ö show that 
a dosimeter not shielded on the edges will read approximately five times 
too h$# if irradiated edgssise with 100 kev» x=rays. 

ühese same tests showed that the error is almost entirely 
eliminated by providing lead shielding oh the edges, as well as the faces, 
of the glass piece. (See sketches en a later page.) 

I 
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Of course, the spectrum of gamma radiation from an atomic 
bomb is a very broad spectrum, Tbm  the errors resulting from omission 
of the edge shielding may be small in those field situations where little 
soft radiation is involved. But where much soft radiation is involved, 
edge shielding appears highly desirable« 

(As explained in a later section, the present "H-ltfr'1 type 
of .lass-production dosimeter nr-60()/PD employs no edge shielding* We 
have proposed a type H-5>0b which includes complete, omni-directional 
shielding} see a later section«) 

E« Identification« 

4 

7* 

carry & serial number« 
•which dosimeter is his» 

designation symbol, each dosimeter should 
This makes it possible for each man to know 

ühe serial number should be attached either to the glass itself 
or to something else that is permanently attached to the glass« The 
obvious solution is to apply the serial number to the plastic base piece 
to -which the glass is cemented« 

Presumably a man could scratch his name or initials on the 
plastic piece also« 

•F« Attaching« 

The dosimeter may be carried on a ribbon or chain hung around 
the neck; or perhaps it might be carried in the pocket» In any case, it 
appears desirable to provide in the dosimeter a pierced ear for attaching 
a ribbon or chain« 

G. ierpgoofing« 

ühe dosimeter is likely to last longer, and give more accurate 
readings, if handled and opened as little as possible« Since the device 
can be read only by means of an auxiliary reader—-iHhich is ordinarily not 
immediately at hand«—there should be no occasion for the dosimeter wearer 
to open the device himself, or to inspect it himself« (It should be 
opened and inspected only by the man authorized to operate the reader*) 
This means that the dosimeter should be. constructed so as to be reasonably 
tsum>erproof. 

Tamperproofing is easily accomplished by recessing the plastic 
base slightly, so as to leave no convenient hand-hold, and by providing 
two small holes—-vouch may be engaged by a special Wench fastened to 
the photbelectaric reader« ^hiie not fully tamperproof, such a device 
would greatly discourage unauthorized opening of töte dosisseter« 
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Dosimeter designs have been proposed In the light of the general 
functions discussed above • Additional questions have arisen, however, and 
these are discussed below» 

H. Size of the Glass Piece* 

file Glass piece should be large enough so as to be capable of 
producing enough9 fluorescent Üght to be measured readily. At the time 
of a Buships conference in January, 19i>l, it was generally felt that a 
glass square 1" x 1" x 3/l6" would be the ndniraum satisfactory size» 
later, however, (February 19,61) it was decided that a smUer square 
(3/V x y/ktt x 3/16") would be adequate» An engineering drawing presented • 
in Ref* P-12 shows the tolerances proposed for such a square* Such squares 
are used in the DT-60( )/PD dosimeters now in mass production* 

Later, however, as our understanding of the glass and the readers 
improved, we found that an even smaller glass piece would be adequate—* 
for example, a disk $/Bn in diameter and S/32" thick« (Ref. P-20j Type 
&=£Öb 

probably even smaller pieces could be used—if there were some 
advantage to using smaller pieces* Unfortunately* the smaller the glass 
piece, the smaller are the permissible tolerances* Also, mounting very 
«mail pieces maybe inconvenient, and positioning than accurately may be 
difficult. It is probable that the 5/8" diameter, 5/32« thick piece 
represents approxtastely the optimum size. . 

I«, Shape of the Glass Piece. 

If the glass piece is large, the cost of fabricating it is 
perhaps lowest if it i£ rectangular-square, for example« The .straight 
cuts can be made quickly and cheaply using a glass cutter.. (Square 
pieces are used in the mass-produced dosimeter*) 

If the pieces were to be very small, then the tolerances would 
be small also, so that cutting might be impractical and grinding, or 
grinding and polishing, might be necessary* In such ease, a disk might 
be the optimum shape. 

IT the glass pieces could eventually be made by a raol< 
operation, disks: would probably be a favored shape. 

.WLsiiafc isR äste GIäS MajiA., 

fasts reported in Ref« P-12. show that it is not necessary to 
use glass pieces having polished faces* Rough-ground faces are adequate, 
and the amount of fluorescent light reaching the detector is almost the 
same for polished or rough-ground pieces. 
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Sou^i-ground surfaces have some minor disadvantages, however« 
They tend to lessen the precision of readings* especially for very snail 
doses» VSheh a large number of polished pieces are prepared from a given 
malt of 8% glass, their prs-dose readings seldom vary by more than X or 
2 rj and the readings remain remarkably constant from month to month. If 
a number of rough-ground pieces are' prepared from a given melt, the varia- 
tion is lik&Sy to be greater—perhaps 2 to h r. Piirthermore some increase 
in reading often occurs in the first day or tup after the rough surfaces 
were prepared, suggesting that some short-term "surface curingn oeeursi 
further slight increase may perhaps occur in the subsequent necks« (Such 
increases say be wiped Out by re-grinding the glass surfaces, indicating 
that the effect is a surface effect only.) 

in general, rough surfaces are probably best when the glass 
pieces are generousüy large (large volume-to-surface ratio), or when 
economy is important* Polished surfaces are preferable if the glass 
piece is very small, or if high accuracy is necessary even in Measuring 
small doses* 

K. Painting the Glass« 

If the W light is Incident on the glass piece on one face only 
(*W entrance face"), and if the fluorescent light measured Is limited to 
light issuing from one edge only ("exit edge") the remainder of the surface 
("unused surfsee*) may be painted« 

Painting the unused surf aoe¥ white may double the amount of 
fluorescent light emerging from the exit edge; but two disadvantages may 
result also« (1) The paint itself tends to fluorescei such fluorescence 
tends to increase the pre-dose reading, handicapping the dosimeter in 
measuring email doses« (2) One reflectivity of the paint may pe^aps 
change with time!, this would change the dosimeter's pre-dose reading and 
its sensitivity also, interfering with the measurement of all doses, 
•whether small or large« (See Ref • P-7«) 

\ • 

Use of black paint» rather than -shits paint, has much merit» 
Ihe reflectivity of black paint is pot likely to change appreciably, and 
the fluorescence of such paint is very slight indeed« A glass piece that 
has been painted black on fixe unused surfaces has ajsrery low pre-dose 

-r~feading"Änd is excellently suited to measuring very small doses (as well 
as large doses)« Furthermore, the black paint prevents the surf aces in 
question from being: contaminated; by fingermarks- ate* Fiaally, black« 
painted eurfScsa can be cemented to plastic holders, or the: like, with a 
mizrijnum chance that the holder itself, or the cement, wüi con tribute to 

. the' fluorescence« 

Experience has indicated that a black paint should be applied 
to all unused surfaces which are rough, or ere to be handled appreciably, 
or are to be cemented« 
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Many kinds of black paint are suitable«   Sea-Lac Black Lacquer 
(Duralac Cheraical Corp., Newark, N«J«) appears particularly satisfactory-* 
It shows almost no fluorescence« 

L»   She Plastic Base Piece» 

It is obvious that the glass piece nay be mounted on top of the 
(ethyl cellulose) plastic base piece, or may be recessed in it, as indic- 
ated in the sketch shown on a previous page«   The relative advantages of 
these two schemes are listed briefly below« 

1»   Recessed Mounting«   Mounting the glass piece in a. recess 
has the advantage of saving space; the resulting dosimeter is thinner« 
Using such a scheme it is necessary* of course, to cut away the plastic 
material by one edge, so that the fluorescent light may emerge; see the 
following sketch« 

orange 
fluorescent 

Hg*»* 
emerging from 

exit-eäge 
UV exciting lieht incident 
on UV-ent ranee face 

plastic thread cut away 
here, to let fluorescent 
liefeit' ©merge 

I 

Map, it is necessary to paint all the unused surfaces of 
the glass piece; otherwise the reflectivity and fluorescence of the 
enclosing plastic regions ^rf.11 play a part and will introduce error* 

The disadvantages of the scheme are as follows« (1) the 
thread is interrupted (by virtue, of the. .region cut msp to .permit egress 
OX Turns xx_QUf»j;$ taxes mpwa WJS.T& the clOsäre Ox tile device 1» ISSS sscur« 
especially if the plastic used is flexible« (2) It becomes difficult to 

for the four edges of the glass 
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2«   Nbn^Becesaed Mounting«    The glass piece may be mounted on 
top of the plastic base piece, as shown in the following sketch« 

Glass disk 
Lead shield for bottom face 

3«HPlastIe base piece 

Lead cup shielding 
the edges and also 
the UV entrance 
face 

The advantages of this scheme are as follows*   (1) The 
thread is not interrupted} thus the closure is positive over the entire 
360*»   (2) The edges of the glass piece are "free," and need not be 
painted at all} this saves one operation, and doubles the amount of 
fluorescent light emerging«   (3) It is a simple matter to provide 
shf«l«H«e £°* the edges of the glass piece as «ell as for the faces 
(see sketch)} the plastic base piece no longer gets in the way of the 
edge shield« 

There is a slight disadvantage, namely that the overall 
thickness of the,device tends to be slightly greater«   But the glass 
piece does not need to be more than 5>/32" thiok, so that the overall 
thickness of t&e entire dosimeter would still be only about one half 

•in*. 

its of the Boss H» Cementing the 

The base assembly consists of the plastic base piece, a lead 
shield, and the glass piece« These may be attached by any of various 
cements« In the work done under the present contact, the cements used 
were (a) "Miracle %pe M" cement produced by the Miracle Adhesive Co., 
and (b) "Cement i'ype K2-1D22" produced by the Minnesota Mining and 
SSSBiäffiGwägaSg COö    \avä nets ?—13/«. ' However,  xäbes  work Suüsed that 
these cements were not entirely satisfactory as regards shock resistance 
and resistance to low 

if- 
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N»   The Plastic Cap» 

The plastic cap is a cup-shaped plastic piece, also of ethyl 
cellulose, which holds and covers the base assembly» The plastic cap 
contains 0 lead shield (cemented ih)$ a pierced ear for the carrying 
röbbonj also a gasket* She gasket, which is waterproof and compressible, 
assists the closure between base assembly and cap» It is essential that 
tile gasket fee somewhat compressible in view of the fact that the plastic 
parts may not be perfectly formed, and may tend to distort slightly with 
passage of time* The gasket is cemented in place. Several types of 
gaskets were triedj 0.020" thick polyvinyl chloride was found to be mod- 
erately satisfactory* (See lief* P-13) 

0* Color of Dosimeter» 

A black color to the dosimeter seems preferable, primarily 
because black material is least likely to fluoresce and is least likely 
to reflect stray light* These considerations may be of importance if 
the optical design of the photoelectric reader is imperfect* 

A gray color would have two advantages: (1) the absorption of 
thermal energy, as. from an air-burst atomic bomb, would be reduced, and 

'Sie conspicuotisness of the desHaetep would be reduced« 

Until more is known about the field readers and the trouble 
which might be encountered therein from unwanted fluorescence and 
unwanted reflections, black seems to be the safest choice of color*. 

-Bsr "2£iggsl2saeous Considerations« 

The dosimeter case is given a smooth finish in order that it 
may be cleaned and decontaminated readily. For the same reason it 
should be reasonably free from cracks, crevices, etc« 

If the plastic base 'assembly is to be mounted in the photo- 
electric reader in a certain orientation, locating pins or holes may 
be provided to insure correct orientation« 

::} 

u 

I'-. 

RESTRICTED 

'^T~~^"5;»SWi,*?*MiW!^^ *3s isaa B£ 



I u 

r 

••;? 

KOL.AHOIO  COHPORVilON - — RE.9tASCH  DSPARTMSNT 

**€adcwr 

RESTRICTED 

••30- 

Sectlon 3Ct Ifon-Feasibility of tTsagjg a fisaal^ü^ps Sea 

A» Introduction. 

The contract called for a study of the feasibility of producing 
a reading device which would contain no photocell, but would rely on the 
human eye to make the measurement« In principle, visual-type readers 
could operate using either of two kinds of measurements! (a) measurement 
of the darkening produced in the glass by the exposure to gamma radiation, 
and (b) measurement of the fluorescence produced* 

For the reasons explained below, neither of these schemes proved 
practical«) 

B* Visual Reader Which Measures Darkening» 

is explained in a previous section, the silver phosphate glass 
teads to become darker^yeHower«-when exposed to gamma radiation* By 
judging the extent of darkening, or "tenebresoence, " we can evaluate the 

,„ It was soon found, however, that the amount of darkening was 
((0      *°o slieh* to detect visually unless the dose was of the order of j30O r 

(assuming a glass piece about one .inch long)* If the glass piece were 
Several inches long, if a well-designed visual photometering system were 
provided, and if a source of blue light were available, perhaps a dose 
as small as 2$ to 100 r could be detected visually; but the equipment 
involved would b§ gomewhat coia^licftej^ and far less preMaAJfeh««^«  
photoelectric reader* 

0* Visual Header jjhich Measures Fluorescence. 

A small reader built at the Naval Research Laboratory in 1£50 
demonstrated that the fluorescence of silver phosphate glass could be 
measured with some degree of success using the eye as the measuring 
device* Using an B-4 high pressure mercury arc as source, and using 
"test" and "comparison" glass pieces two inches long, this device per- 
mitted visual detection of doses as small as about 25 tc 50 r* 

However, the scheme entailed considerable equipment^ required 
use of long. polishedL glass pieces^ and afforded isuch less sensitivity 
than was to be expected using a photosultäplier tube as detector* 

It was concluded that visual-type readers were lees promising 
than photoelectric readers* Visual readers would undoubtedly be success- 
ful in measuring moderst© or large doses received by long pieces of the 
special glassj but photoelectric devices should be far more sensitive« 

j*w      and would permit use of smaller glass pieces« 
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All subsequent effort on reader design was devoted to photo- 
electric readers» 3h@ following section summarises the principal 
siderations governing design of photoelectric readers« con- 
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Seotion 3D» Photoelsotrlc Reads? Design Conaiderationa 

A. Introduction» 

Several different kinds of photoelectric readers have been made 
by the various institutions concerned in this programs 

1« The Naval Research Laboratory built a small, single photo- 
electric reader in 1950, to demonstrate that ^such readers were feasible* 

2» Polaroid Cbrjoration, under the present -ceatsact^ produced 
several types of photoelectric readers« The latest and most successful 
type, called the CP-S>5>(XN-3)/PI) radiac computer indicator, -or "labcratory- 
t^pe reader," has been in routine use in many industrial aad ailitasy 
laboratories» ibis reader is described in detail in a later section« 
Sum readers of this type have been adjusted with great care, and heve 
been provided with coajponsnis conforming to very close tolerates« Such 
readers, intended for use in the most accurate quality control testing 
of dosimeters, are sometimes referred to as "high-precision laboratory- 
type readers»" -•-.-••>•- -.-- r^" —• ^      

3« Admiral Csrgös^tion is making a reader wfcieh is to be mass 
psvdueed for use in the field. 

k»   A small, battery-operated reader has been designed at the 
Naval Radiological Defense Laboratory» Because of Its simplicity and 
small size, this device might be irwy useful as a field reader» 

P«e present section summarises t*s principal considerations 
governing the design of readers in general and the GP~9$(TI$~5)/PD 
laboratory-typs reidsr, 'in .particular» __ ^ :__=_ 

B» Geaagal Requirements of the tSS3S^SSS!SZBSJ^3^.m 

During t&a early stages of the present contract, no distinction 
was drawn between reader designs suited to lab^rato^-testlng of glass, 
dosimeters, etc«, and reader designs suited to routine field use»  It 
was assumed that one:'däsigjjn would serve both purposes« . " . \ "V 

Later, however, (February 1951j see Ref» F-7) the difference 
between laboratory-use function and field-use function was recognised* 
tm were then: aöked 'to design « &bo>atö:^-tfö» .v&a^st- ^9${M~3)/l$ 
ishich, besides being well suited to use in laboratory tests, «culd bs . 
useful in iiwtäiä ether'-appllca'ä.öns; also« in all, four different 
types of functions were to be served by this laboratory-type reader, 
as followst '•'A>  "-'.••-.. '"•• -'••'. ;• •• 

1. . Xi was to be excellently suited to ''routine' quality control 
testing of complex© dosimetersj also to routine' testing of glass melts, 
l«e«, testing smalÜL unmounted pieces of glass» 
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'2*   It was to be suited to reeearch studies of reader per- 
formance, intereliangeabilityof reader components, etc«; also to assist- 
ing in the selection of filters, photonnaltipliers, etc«, required in 
building additional readers» 

3*   It was to serve as the general basis of design of a field 
reader—to be designed in detail by Admiral Corporations 

km It was to be reasonably suited to field iise-*>in the interim 
period prior to the availability of regular field readers« 

C«   Specific fiegulrements of the laboratory-Type Reader» 

It was desired that the laberstory^type reader CäN^fp^3)/PD 
meet £he following specific reqjuj^en^nts« 

Bange«   0 to 6*00 r (high range)? also 0 to 200 r (low range}» 

Mnearlty:   Reasonably linear throughout this range* 

Sensitivity»   It was hoped that the reader would be sensitive 
yr-N to perhaps 2 to £ r for dosimeters exposed only slightly* and perhaps 2 
Vj to J> percent for dosimeters which had been exposed heavily* 

Accuracy« It was hoped that when properly adjusted, the reader 
would provide absolute accuracy of perhaps $ to 10 r, or 5 to 10#, which- 
ever is greater« 

Flaxibili.ty of seals t   It was desired that the reader be afete 
to acconacfete aljeost any legal of pre-dose fluorescence which might later 
be adopted, and almost any degree of glass sensitivity which might be 
adopted«   m other words, the aero setting and sensitivity setting should 
be ad^sstable over wide ranges« 

Direct reading:   Readings were, to be made directly in roentgens. 

'. Base of loadings   The design was .to. be- such that dosimeters 
could be loaded readily, and would automatically locate themselves 
propj^ly in the reeding station« 

Ease of verifying the accuracy*   £föviöion was to be msd» ^hersby 
fabssd standards could be measured periodically ia place of the "unknoscis,- 
to make sure that the instrument was perfornd^ if 

Electrical supply*   110 to 120 volts, 60 cycles« 

Base of operattefflj   It was'1 desired that- the controls bs -few ;aad 
siMplfii also: that the positioning of the samples in front of the W lamp 
should be seni-autosBtLoj also that exclusion of ambient light should be 
essentially automatic and aliould be complete enough so that the instrument 
would operate properly even in direct sunlight» 
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Miscellaneous t   The device «as to be staple, light, rugged} 
it V2&- to use only JAN-approved electrical parts» 

gg gsSigotioa. of Optical System Components» 

The individual components of the reader's optical systwn were 
selected aftsr waiting manor alternatives» Fluorescence measinrements 
are notoriously difficult, and large errors may enter from apparently 
minor changes in the W excitation system and the fluorescent-light 
measuring system» Selection of optimum components is essential (a) to 
insure reproducible performance from one reader to another, (b) to 
provide the maximum output of fluorescent light—in order to maximize 
the signai-to-nöise ratio, and (e) to avoid need of establishing 
fantastically close tolerances as to spectral response, position, 
angle, etc», of the various parts« • 

The principal components of the optical system are discussed 
separately below» 

1» TJ7 Larjp» The RP-12 cockpit lap?), a small fluorescent 
lamp containing sotre mercury and a small amount of rar» gas,' has been 
found to be very satisfactory« It öerves v4öcceliently as the source of 
W radiation for .«spiting lUuoraacance in gsmfi^irradiated pieces of 8% 
Silver phosphate glass» 2his lamp, recommended to us by !?RL scientists, 
consumes only about 5 watts, yet gives out much radiation in the near 
W region of the spectrum» It has a life of 1000 hours or more» Start- 
ing and stopping it does no bass» it.'wapsss up in a few seconds» It 
starts easily, ordinarilyj some lots, however, were found to be difficult 
to start» It is not critical as to voltage; a wide variation in voltage 
changes the spectral energy distribution only very slightly. Its output 
changes appreciably with temperafüire, however» If cold air is blown 
across tiw lamp, the intensity falls appreciably«, Also, this lamp must 
be wired up so that the correct jtölarity is observedU 

Other lamps have been tried» She H-^ mercury arc is 
egctreroaly rich in near^W light; but fortunately it dissipates 
much teat, and requires more power» Ordinary incandescent lamps 
could be used, but produce relatively little hear-07 light, as 
compared to visible light» 

£* jJFHBaag; 'jj&iteg« It is necessary to block off the orange 
ligit 'issuing IroBT^se'lÄB^s such light would tend to obscure the 
orange-colored fluorescent light originating within the glass piece» 
A XBSpasSi orangft-exel»ding filter must be placed between lae^" and glass 

-piece!.» •>"._•••,.,'• 

The £*m-thick Corning filter ^866 has been found almost 
ideal 'toar the purpose»   As shown in Refs» P«ll» and P^22, it has a pass- 
tand centered near 360 mji, and transmits almost no visible light»   use of 
.1 2#5 m% thickness might be even bsttssri it WüM pass twice as ranch W» 
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But it might possibly pass enough light near 600 mp. to hurt the signal- 
to-nolse ratio. Also, it would pass a little UV radiation hear 310 mjj, 
which tends to: increase täle amount of fluorescence originating even in 
tundosed glass| this also would hurt the signal«to-ncie© ratio* 

Various other Corning filters have been tried; but they 
transmit less tJV, or transmit too rauch light near 310 rap. or near 700 raj*. 

We have found that different melts of #5860 filter glass 
vary somewhat in concentration of colorant* %us to obtain a given 
transmission at 360 im* we have had to adjust the thickness slightly; 
in some instances a thickness of k mm. was used, rather than $ mm* In 
general, we have regarded it as a good precaution to adjust the thick- 
ness so ttiat the transmission of 360 mp, light will be approximately 
33# (more exactly: 33% plus or minus 8£, for a typical laboratory- 
type reader, and 33% plus or minus \\f> for a high-precision laboratory- type reader)« 

2he UV-pass filter is usually placed close to the lamp, 
and is housed carefully so that no radiation can pass around the edges« 
As an added precaution the filter edges are painted black*        - 

3he filter appears very stable* No appreciable change occurs in 1000 hours of use* 

the «cent Ljg 
course, Fluorescent 

all the 
3»   System for ___ .  

light issuing from the glass piece issues, of course, from all the 
exposed surfaces*   It seems best, however, to collect only the fluorescent 
light issuing from the edges (i.e., the slender lateral surfaces) of the 
glass piece*   Shis has three advantages t   (1) very little W radiatis© is 
collected, since little emerges here; any that did emerge might produce 
fluorescence elsewhere, and might hurt the signal-tc-noise ratio.   (2) 
Very little visible light is collected; this top «ould hurt the sijpaal- 
tc-hoise ratio«   (3) 2hs incident UV beam does not overlap the beam of 
fluorescent light collected, so that the diaphragming problems^ etc«, •,sea ei^raiy separated* 

The 
mirror, a lens, a 
very close to the 

to b® collected could be eoli ^*^A V__ 

Piece's eadLt edge. 

is very 
used' s: ' 
to the 

Ä concave ndrrbr seems best fros 

off-axsa?*XT ***.*»* *SB %d 

««eonxca^Lon, and with little distortion 

A concave, 
aperture 

If 
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Such ndrror has one disadvantage., however.   It actually 
images the glass piece's exit edge onto the detector, e«g«, onto the 
photocathode of the photomultiplier.   Uhus if the light emerging from 
the ©sit edge is ncn=rmiform in intensity, as is likely to be the case, 
the illumination of the photocathode is non-uniform also«   But the 
sensitivity of 4 typical photocathode varies from point to point over 
the. photocathode,,/wit& the result that the photeiTi^,tiplieres output 
signal may be siißhtly too great or slightly too snail depending oft 
the eaeact aatjyee of the non-tmiformity of the light emergihg from the 
exit edge*   If the concave. idrror is aligh-Uy out of focus, or is 
oriented slightly incorrectly, the error in question may be accentuated« 

Another excellent means of ©ellec±4«g light is siljply to 
place the. detector very close to the glass piece«   Ibis makes for economy 
and has the further advantage that the glass piece »s exit edge is not 
imaged on the detector»   There are three disadvantages, however•$ (1) 
Less light is colleoted-«especialiy mieh it is isppaetical to situate 
«i« photocathode itself very close to the exit edge itself«    (If the 
photocathode is too close to the exit edge, the least vartatioh in 
distance from exit edge to photocathode may älter the efficiency of 
lig&t collection by, say, $%, tshich produces a. $% error ia the reading) • 
The amount of light collected is typically about 1/3 to 1/lD as great 
as when a concave mirror is used«   (2) Rays emerging from the exit edge 
in oblique direction tend to miss the photocathode altogether«   This 
assas that an. error «ill result whenever a ssnple has an exit edge 
which is especially diffusing or is tilted slightly«   (3) Troubia is 
likely to arise by virtue of the fact that the sensitivity distribution 
over the photocathode is often non-symmetric« 

Instead of using a concave mirror, we could use a lens« 
But 2*inch=diameter lenses of large, numerical aperture tend to be 
expensive«   (if a lens of plastic is to be used,, it is essential that 
the orange-pass, W-excluding filter is placed ahead of the lens j other- 
vise the plastic, itself will receive some W and «ill fluoresce, hurting 
the signal-to-noiseratio«)   Fresnei lenses might be used, but tend to 
collect dust«  ..,Iighitwpipe_a.;,offer.Jpme^^ • /' 

U« Qrangs-Faas Filter« It is essential to use an orange-pass, 
W-excludine filtier between glass piece and detector, to prevent passaj^s 
of aioy of the IJV exciting radiation ip the detente«*« 

A 3*-*^thick Corning #31*82 filter has been, found ideal« 
Here again some meiiwto-sneii variation.has been found, mt ine desired 
'spectrsl cut-off can be achieved by adjusting the thickness of the 
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As shown in Befs. P=13 and P-23, the #3UQ2 filter hau a 
sharp cut-off, eliminating all light of wavelength Ises than aboixt $30 
a** and transmitting freely light of wavelength exceeding about 570 m> 
We nave regarded a filter as being ideal if its transmission at 5&0 mjx 
is *>3g plus or minus 16$ (for laboratory-typo readers), or 53& pins or 
minus 8£ (for Mgh^precision laboratory-type readers)« 

Determining the transmission at f£0 mgi with sufficient 
accuracy is difficult, since the transmission curve is very steep heree 
It is essential that the determination be made with a specified, narrow 
hand-width of radiation, and with accurate wavelength calibration, all 
as explained in detail in Ref • P*23* 

Attempts have been made to use filters having cut-offs 
at shorter wavelength, Hiis was found to be undesirable, as it passed 
some of the bluisfe-^hite fluorescence produced even by the undosed flass, 
and thus increased (a) the pre-dose reading, and (b) the variation in 
pre-doee reading* Moving the cut-off wavelength towards longer wave- 
lengths, on the other hand, tended to cut off Some of the orange fluor- 
escent light, thus reducing the signal strength* 

•v 

• i 

-•• 'Kiecv 

Detector*   A photomultiplier tube has invariably been 
In the early stages of the project, the indiea- 

The #31(82 filter appears essentially unchanged after 1000 
use*   It Is *eil known that this filter's cut-off wavelength 

changes slightly v&«<n the filter's temperature is changed drastically} 
but ä 2Ö9F* change in temperature was found to affect the reader's 
ponöznuitBts only. a 

5* 
used as the detector* 
tlons were that other types of detectors rrould probably be insufficiently 
sensiüvee later, improved; W lamps were obtained, as well as improved 
filters end Improved light eellsction systems, so that it might ncsr be 
possible to use a vacuum phototube instead of a photomultiplier* 

The photomultiplier used is the 931-A tube (0»E*V E*0*A., 
or Westinghouse) with the usual S-4» photocathode* This tube was adopted 
because it was a common, inexpensive photomultiplier, and because it had 
good (although not peak) sensitivity to orange light* 

Sat all 931-A photomoltiplier tubes purchased were found 
satisfactory. A few showed insufficient sensitivity, or' were nio^ophonic* 

Wt*£Lthe greatest difficulty,, however, was tih§ difficulty' 
of selecting phbtomulUpliers having .the desired Shape; of .spectral response 
curve*.: <• 

,«.1 
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Host of the 931-Ä tubes have slight or negligible 
sensitivity to red lights as compared to bitte light« For some of the 
tubes, however, the sensitivity to red light is abnormally high* As 
explained in Refs. P-13 and P-U>, such abnormal spectral response is 
hsfafui in tiro trays: (1) it causes readings made on undosed dosimeters 
to be too lor, relative to readings of dosed dosimeters, since undosed 
dosimeters emit mainly bluislwrhite light whereas dosed dosimeters 
emit mainly orange light« (2) It causes readings made on fixed stand- 
ards to be in error, since those standards seldom give off light of 
just the same color as the light from dosed dosimeters« 

Part of the difficulty is eliminated, or at least reduced, 
by the use of the orange filter referred to on the previous page« ihis 
filter simplifies the situation by eliminating all of the blue light* 
However, a little green light gets through, and much yellow light—in 
addition to orasge and red light« 

Sie difficulty could be reduced further—in principle, 
at least—by placing just in front of the photomultiplier a sharp-cut- 
off, wide-angle, filter transparent to orange light but epaqas to red 
Hebt« If such a filter were used together with the orange filter, 
tibe shape of the photomultiplier »s response curve «ould be almost irrele- 
vante- unfortunately, no such red-eliminating filter is known» 

3b reduce the difficulty, advantage was taken of the fact 
toat many 931-A photoaultipiiers appeared to have very little response 
to red light« It was found, for example, that in a lot of 32 photo- 
multipliers, only about half had appreciable sensitivity to red light; 
by rejecting these tubes, we were left with a group all of which had 
roughly the sample spectral response, and in particular, very little 

Sensitive, non-microphönic, 931-A tubes having low response 
to iced light were given the name "Group 1 phötomultiplier8•», The exact 
criteria used in Selecting Group 1 tubes are explained in Ref • P-1S>» 
Selecting thesis tubes is one of the most important steps in producing 
readers which will read alike for any given dosimeter, Irhether dosed or 
undosed« - 

Some lots of 931-A tubes have been found to be largely 
unsatisfactory; which adds to the expense of finding good tubes« 

 "rr-  
response is partially reduced as better standards are found; if we 
could find fixed standards giving out orange light of just the color 
emitted by dosed dosimeters, the tolerances on the photomultipliers 
could be eased- «oniwhat. -' Insy -could' be eassd further if shiirper- 
cutting orange filters were found, or if a sharp-cutting minus-red 

if 
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Other types of photomultipliers could be used« Some of 
the newer nend-onM phqtomultipliera might be very convenient, especially 
as no auxiliary light-collecting means would then be needed« 

It might be advantageous to use a photomultipller having 
ä fiat response curve in the orange part of the spectrum« (The 931-A 
Group 1 tube has a response curve which drops rapidly at wavelengths 
exceeding 50C %u) However, there are no commercially available photo- 
multipliers having peak response in the orange or red part of the 
spectrum; we understand that experimental lots of tubes of this type 
have been made but have appreciable dark current and short she2f~li£e* 

She typical 931-A Group 1 tube performs excellently and 
lasts 1000 hours or more* Its output is very sensitive to change in 
voltage, but this is not serious since (a) considerable voltage regu- 
lation may be built into the electrical supply system, and (b) if the 
sensitivity should change, periodic re^neasurement of the fixed stand- 
ards reveals the error and permits readjusting the sensitivity 
control knob* 

Sie 931-A tubes also exhibit Various photo-fatigue effects, 
as explained in Ref • P-22 and P-26* But \itsr designing the reader properly, 
so that Öse photoeat&bde is at all times shielded from intense ambient 
light, excellent performance is achieved* 

,B» Selection of Electrical Components* 

It is necessary that the electrical supply system for the 
phctomultipiier be matched to the maximum current to be drawn from 
the photomultiplier* If the supply system if inadequate, a large 
voltage drop may occur when large current is drawn from the photo- 
mültiplier} if this happens, intensely fluorescent samples may 
produce readings smaller than those produced by less fluorescent 
samples* The danger of overloading the photomultiplier»s supply 
system is reduced by making sure that the W lamp intensity is not 
too great, and that the sensitivity of the photesad-tiplier itself 
i» not too great* In measuring extremely fluorescent Samples^ it 
may be worthwhile to place- a raask over the W lanp. to reduce- the 

of W li^ht reaching the sample* (See lief* P-2!»*) 

If, for example, the electrical circuit includes a full- 
TB3V© rsstifisr :eap2£ging:«., 6ftls=5 deu&le diori»., -special precautions 
may be necessary if overall electrical linearity ia-to be isaintaiaed* 
It may be desirable to operate the tube at abnormally low'-heater 
currentf negative feedback may be necessary! it msy eves bo necessary 
to «elect double' diode tubes' so as to retain only those- which are 
found empirically to give essentially *0B reading when measuring a 

iS» SKSUfUUB*   XX 

operation may be maintained even for samples ah 
the fluorescence exhibited by a typical, undesöidesinstsr* 
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For most purposes, . the indicating meter is adequate if it has 
a seals 3 inches long and if the deflection-vs-current relationship is 
linear throughout the scale to within about 3% of full scale* For 
readers to be used in precision testing, however, it is preferable to 
use a meter having a scale at least 6 inches long and have linearity 
better than l£ of full scale. (See Ref• P~2£.) 

In general, it is desired that rugged, standard, JAIJ-approved 
electrical parts be used« 

if« General Mechanical Design» 

It is desired that the reader components be arranged compactly, 
and so that the principal controls are accessible at the front of the 
instrument« 

The samples—and especially the fixed standasuö^^swuld be 
saoaatäd preferably facedown, so thai dust cannot collect on the W 
entrance faces« A W-illumination diaphragm should be included, to 
standardise the -sis© of the illuminated area of -the glass piece« 
An opaque barrier should be provided which -will prevent scattered 
07 light from reaching the detector« 

Provision should be made for leaving the fixed sttuidards 
more or less permanently housed within the instrument, protested from 
dust, yet ready at any moment to be swung into the instrument station 
to check the overall performance of the instrument«. 

Samples and standards should preferably be mounted on a 
»winging sector, since this entails less friction and less play than 
a straight-elidingholdes« - ..._'.-.'•: . 

To provide two ranges with only one meter, it is necessary 
switch, and to provide the meter with. «t? to have a 

scales« 

A suitable housing should be provided. It should contain 
louvres or grilles to permit some circulation of air and to prevent 
the temperature rise from exceeding about 20*F. In precision test 
work, an electric fan should be used to keep the temperature rise 
below 10aF. 

Ths reader should be 
an. on-of t 'switch,, a key to open the 
instruction manned adequate signs 
ahock.if ihe. instrument is opened» 

with- an electric 
proof) j^ssioster*. /an 
of danger from electrical 

a carrying -case« 

A later section describes the actual designs used« The 
present section has been concerned only with design principles« 
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Section 3Bi The Problem of Providing fixed Standards 

A» Introduction? Need for Fixed Standards» 

The entire glass dosimeter program depends on having suitable 
fixed standards available, meaning objects which are similar in form 
to dosimeters but which fluoresce tilth fixed, known intensity» 

Fixed standards are necessary because the photoelectric 
readers are, iii fact, only comparators. They can compare the fluor- 
escence of an "unknown" sample against the fluorescence of a "known" 
sample« But tb^ey cannot make absolute determinations in the absence; 
of any fixed standard» 

^» 
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The need for fixed standards derives from these circumstances? 
(1) The W output of ÜV lamps varies slightly from lamp to lamp and 
probably from day to day also—especially if the ambient temperature 
changes« (2) She sensitivity of phptcnultiplier tubes varies widely 
from tube to tube, and varies somewhat from day to day, depending os 
variations in 'lias- voltage, etc« (3) Various other components of the 
reader may vary* To evaluat® tbssa changes is impractical« Hn% 
easier course is to adjust the overall sensitivity of the instrument 
by trial and error until the correct reading is obtained for a sample 
whose fluorescence-ability has been evaluated previously* 

B* Permanently Fixed vs» Semi-Fixed Standards* 

Fixed standards may be permanently fixed or semi-fixed* By 
permanetly fixed standards w» moan öieödarua whose fluorescence remains 
essentially constant for years, regardless of whether they are exposed 
to gamaa radiation, daylight, etc* By semi-fixed standards we mean 
standards that remain essentially unchanged if kept in the laboratory 
and protected from gamma radiation, intense daylight, etc*, but are 
subject to some change otherwise* Obviously, field-use readers should 
be provided with permanently fixed standards* But laboratory-use 
spaders may perform excellently using semi-fixed standards, if suitable 
precautions'are exercised* 

Co Classes ofStandards* 

The most important standards -are. those whose fluorescence 
eerrssps®*» to thai of a topical dosimeter exposed to, .say.. 100 .to 
200 rj such standards are "calledtedium-fluorescent Standards,1* or 

- fftf-3tds." & • igss important class- of standards is 'the class- whose 
fluorescence resembles that of ä typical, undosed dosimeter j such 
standards are palled "low-fluorescent standards," or "L-Stds*" In 
addition, there are various special types of standards which may be 
used for special purposes, as in selecting reader 
ing reader defects, ate* '• 
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These three classes of standards are discussed separately 
below* 

D.   jfrStds» 

1» Purpose» An H-Std* Is used from minute to minute aM from 
day to day in adjusting the overall sensitivity of a reader» it is 
inserted in the reader in place of the unknown dosimeter, and th© aaeter 
reading is noted| the overall sensitivity is then adjusted until the 
meter reading has the value known to be correct for the standard in 
question« lha unknown dosimeter may then be evaluated with confidence* 

2» Design Requirements» M-Stds» must be designed so as to 
have approHmateiythe same size and shape as a typical dosi£»terf thus 
minor variations in reader geometry« etc»« will be of little consequence« 

the M-Stds» are designed to emit light of essentially the 
same color as that emitted by dosed dosimeters—-a dull orange color« 
Such similarity is essential if different readers have photomultipliers 
of unlike spectral response* 

The M-Stds* are designed also so as to have roughly the 
same W spectral excitation curve as a typical dosed dosimeter* Using 
wach owiad&rdö, variation in the spectral output of the W lamp, or in 
the spectral transmittance of the W filter» will be of little conseq- 
TSence» 

The M-ötds* are designed to have roughly the same trans- 
parency for W light that dosed dosimeters have» This insures that the 
geometry of production of fluorescent light within the standard will be 
comparable to that within the typical dosimeter* 

She transparency of the IS-Std* for the fluorescent light 
produced within it is designed to be comparable to the situation in a 
glass dosimeter, so that fluorescent light will in each case emerge 
wjitb essentially equal ease and, similar angular distribution* 

the temperature coefficient of fluorescence of the K-Stds» 
is intended to resemble that of the dosed dosimeter so that variations 
in room temperature will not greatly change the relative response of 
standard and dosed dosimeter«" 

«re.,». ii_S*y*a.. 4**4-*MA*SA   +>V lio.  aa   a&nWliH        ^^     ^^     wmm^-   ^ WWWAV 

respect to exposwspe to gas^-r&siaiaon^ 
tion= heat« age,, 'etc« 

S-radiatioa, daylight^ W yadia- 

r, the |l=3tde» are intended, to have an amount of 
.fluorescence corresponding to betsssn half and full scale deljlaeticu 
on the meter (using the 0 to 200 r rangijj" such a deflection makes it 
easy to adjust the overall sensitivity of the installment accurately» 
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If tiie fluorescence ware stronger, the meter indicator would go off- 
scale« If the fluorescence were weaker, errors due to dirt or finger» 
prints on the standard would be relatively more harmful«. 

3« Kinds of Glass Available« Many different kinds of glass 
have been tested in the hope of obtaining an almost ideal lW3td« Ihe 
work has been summarised in Ref • ?~l6, where eleven different t^pes of 
glass 

»jus**» 
--compared v&th respect to the ten major criteria of excellence« 

The best types of glass for use in M-Stds» appear to be 
several tapes (B-9530, B-9686, E-9272, E-9631, and C-1109) formulated 
and prepares specially for this purpose in 1951 and 19£2 by Dr.N.J« 
Kreidl of the Bausch and Xomb Optical Company. Previously, several 
less-satisfactory types had been used, as follows: 

Pittsburgh Plate Glass Co«°s commercial "flesh 
tint15 glass« mis emits light which is much 
too reddish in color« 

Tfatagr white plats glass« Ms emits light which 
is too whitish in color* She amount of light 
tends to be too little, and depends critically 
on the- amount of W light in 1he wavelength 
region below 330 im> 

»S-4|Ln glass, which is a manganese-containing 
glass prepared by B and L| slightly too reddishf 
moderately opaques to its own fluorescent light* 
Se© lief. ?«aJ*« 

Sis B*yS>30 glass proved to be superior to the -glasses" 
listed above« It emits light of approximately the desired color and 
i& Approximately the right quantity* Its principal weakness is its 
tendency M undergo small surface-changes, so that the fluorescence 
may change by $ or 10/8 over a period of several months« Also, its 
transparency to its own fluorescent light is somawhat low. 2his glass 
contained a small amount of manganese, and probably a small amount of 
iron also, to partially quench the overly-intense fluorescence of the 
manganese« See Bef• P-16 for further details« 

The B-9686 glass is very similar to the E-95>30 glass^ 
having the same good and bad features« 

The B-9272 glass, discussed in detail in Kaf. P-16, was 
found to be satisfactory in all respect» except one: it fluoresces 
much too strongly, corresponding to about 1$00 r« unless stopped down 
suitably, it gives readings which are off-scala and even tend to over- 
losd ths photomultiplier system« But by covering the glass square's 

RESTRICTED 

g^ *m*mmmm Wm^m**«•*•3^ 



F«O(.,ARO;D coRnanATfo?j.~ RE-SEARCH DEPARTMENT 

RESTRICTED 

s 

W entrance face with a suitablemask^ it is & simple matter to reduce 
the intensity of fluorescence to approadraaiely l£0 r* Standards of 
this type are described in a later section* 

The E-963I glass is very similar to the S-9272 glass, 
having the same excellent features» 

The C-1109 glass also is very similar to the E-9272 glass 
and has the same excellent features; melt C-U09 has the added advantage 
of being a large melt—i4D0 lbs, sufficient to wü:* several thousand 
standards if this should be desired« 

Of course, a dosed dosimeter (dosed to* say* ISO r) may 
itself be used as an H-Std. of semi-f iaced type* Such device is ideal 
in that it ^automatically" resembles a dosed dosimeter in all principal 
respects» However, it is by no means stable ssith respect to gamma 
radiation and various other influences» 

Finding a glass trail-suited for use in IS-Stds» has been 
one of the .major difficulties of the entire project» The three glasses 
mentioned in the three preceding paragraphs represent excellent, 
although not quite perfect» solutions to the problem» It seems likely 
that even more ideal glasses could be formulated if necessary» 

_i 

'1 

«fcft%4>-  OiAf 

h»   Roojiireaents as to uniformity» It is convenient, although 
sr.tiai, ^Äßä-st^e mate'from a given melt of glass have the 

same fluorescence» In the various groups of H-Stds» made to date, such 
uniformity has not be achieved; variations of perhaps 10? have been found» 
Such variations are of little consequence, however, if each of the M-Stds» 
is evaluated separately and marked accordingly» 

ff», .Jlalibrating the M-Stds» The M-Stds» must be calibrated by 
a central group serving as a "standards laboratory" for the entire glass 
dosimeter program* 

If it is thought that the standards may change somewhat 
from month to month, the standards should be re-calibrated at suitable 
intervals, such as every month* Alternatively, the old standards may 
be discarded and new ones used in their place» * 

The standards laboratory responsible for «calibrating 
standards must have two basic tools« (1) a master reader, and (2) a 

\ jr»',wwA /.»• reader must- so vxsz on« 
reader »hieh is declared to be "perfect* as rsgsrds spectral properHes 
of pnotosültiplier, filters* W lamp, and in all other respects also» 
The lfi-Pool must be the best available collection of 13-Stds* representing 
a variety of glass .$i|pee>. assembly methods, eie* (so that it is not nec- 
essary to assume blindly that any one type of glass or any one type of 
assembly will give expiate constancy from- month to month and year- to year«) 
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Ey assuming the M-FooT values to be known and constant« 
by assuming the master reader to be perfect, and by comparing the 
IWPool readings with the readings obtained for the K-Stds. to be 
calibrated, the desired calibration is effected* 

It is a basic weakness of th© present program that no 
Dteans exists at present for demonstrating whether the K-Pooi itself 
remains constant» %is pool, which has been maintained by the Polaroid 
Corporation« Research Department for the better part of a year, has 
perhaps changed by no more than $ or 10£ per year; but it is at present 
impossible even to estimate just hotr great the change has been, or in 
which direction. (See Ref. P-21, P-26) 

$o provide a sound, fixed basis for calibrating K-Stds., 
an absolute fluorimenter must be built« General designs of such 
fluor&seter have been proposed (Ref • P-26), and construction of such 
an instrument has been Urged (Ref. P-26). An absolute fluorimeter is 
one of the greatest seeds of the entire glass dosimeter program« 

Even assuming that the present M-Pool is perfect, some 
diff lenity rsmaiss in calibrating M-Stds. Ihe reproduoibility of 
mounting and reading the M-Stds. is perhaps no better than about 3% . 
(for the two-eiga» variation). Also* some elicit changes in the 
master reader ale occasionally unavoidable, as when the photomultiplier 
fails and aast be replaced by another photomultiplier--4diich is almost 
certain to have slightly different spectral response« 

3. I*=Stds« 

1. Purpose. L-Stds. ("lo»-fluoresceat standards'*) may scsae- 
tlmes be needed."such a standard may be needed, for example, la finding 
whether a reader reads correctly when measuring dosimeters which are 
undosed, or have received ohly smell doses, lb» need for an L-Std. is 
great in two situations* (i) the reader is hot linear, or (2) the 
«peetral response of the optical system is incorrect« 

As regards non-linearityt use earliest of the CB«9!>(XN-3)/PD 
readers were linear over most of the 0-t©-£GGp i«»ge; but were somehwat non- 
linear near the lew «ad of the range. %us it was hot sufficient merely 
to achieve the correct general level of sensitivity in the reader) it was 
necessary also to adjust the "sere knob1» by trial and error so that an 
Ir-Std. of known, fixed fluorescence would read properly. (Ihe readers 
produced after »ovember, l>5l, «apley an improved electrical assign, usi^ 
negative feedbacki they are almost perfectly linear. For such readers. 
L-Stda. are superfluous ordinarily.) 

As regards spectral response: If for example the photo- 
TTBiltipller used in a particular reader had a slightly too-low response 
to shprM^elengffc light, undosed dosimeters would tend to read too 
low« To compensate for such tendency, the operator could insert an 

m 
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£»Std« of known, fixed fluorescence, and adjust the sero knob until the 
correct reading was obtained« Such compensation would be required also 
if the spectral properties of the filters, W lamp, etc«, were incorrect« 
(In readers produced since November l$$l,  especially great care -was 
taken in verifying the properties of all principal components« Thus 
the need for L-Stds« -was greatly reduced«) 

L-Stds« nay find sese use also in adjusting readers so that 
they «iH read directly in roentgens« A typical, undosed dosimeter 
exhibits some fluorescence} but by adjusting the zero knob appropriately 
this fluorescence can be virtually eaheelleä out, so that an undosed 
dbaiaeteg -will read aero (0 r). (2here is, however, a better method 
of accomplishing this end. as explained in Kef • P-2U, Appendix 2.« That 
method requires no L»3td«) 

2« Design Requirements« It is required of an L-Std« that it 
resemble an undosed dosimeter in all principal respects, but roost be 
unaffected by gamma radiation, li^it, age, etc« It is especially inpor-» 
tant that it resemble the undosed dosimeter as regards» spectral excita- 
tion curve, spectral emission curve, and amount of fluorescence« Other 
desired properties are indicated in Ref e B-20« 

3» Rinds of glass Available« Very few types of glass are 
available for "use in L-Sfeds« alase few types exhibit as little fluor« 
essence as undosed B% silver phosphate glass« Ordinary window glass 
and ordiBary plate glass, for example, were found to fluoresee several 
tines as strongly as the 8% silver phosphate glass« 

However, two kinds of glass were found to be generally 
satisfactory* Byr$ss glass of Corning type 77hOfi  and 0% silver phosphate 
glass« The pyres f&ass was tried out fairly thoroughly and found to 
meet the requirements of an L-Std« glass rather well, as explained in 
detail in Ref* B-20.« 3he glass Jbesla to fluore^e som^Äiat. tee. littlej. 
but it was found, that the fluorescence maybe increased sliffrily, as 
desired, by exposing the glass for several hours to the intense W 
radiation from, a Banovia Luxor quarts mercury arc situated at a distance 
of a few inches« 

Probably the 055 silver'phosphate glass would make as 
excellent L-3td» glass also« This glass, which has the same formula as 
the 8jb glass but contains no silver phosphate, has a very low fluorescence 
and is reasonably stable with respect to most influences^ including gamma 

/ Of course* undosed dosimeters can be us*d as I*-Stdsj but 
they can scarcely be said to be stable against #amraa radiation or pro-» 
longed exposure to OT light« 

i • 
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ll»   Calibrationof I^Stfls* The I»*3tds. must be calibrated 
using the master reader^ arid With respect to th© K-Std. pool» For 
best results, they should be re-calibrated frequently. 

ff.. Fundamental Weakness of k-Stda« It seems clear that 
L-Stds. have the fundamental weakness of instability. Fingermarks, 
for example, may increase the reading ay perhaps 2 to 10 r. Aging 
of the glass surface may increase the reading by 0 to ID r if the 
glass surface is rou^i-^nd if it is not rough, it is scarcely com- 
parable to the glass squares ordinarily used in dosimeters* Aging 
of the black paint, and perhaps some tendency for the cement to 
diffuse through to the (back) Surface of the glass, may cause an 
increase in reading. 

The point is that such inoreases are relatively serious 
in a sample resembling an undosed dosimeter; they may represent inoreases 
of | to f£& in the reading. (For an ?*-5td., an increase of 2 to 10 r 
is far less serious.) 

Thus it appears unwise to place any long-term reliance 
on L-Stds. It is better to use an W-Std., and rely on the linearity 
of the electrical circuit to interpolate to small readings* 

Even if an elaborate L-Pool were set up, it is likely 
that the pool itself would show considerable drift and thus would 
fail to perform a useful function. 

F. Miscellaneous Types of Standards. 

Various other types of standards may be useful ±a 

b-tf&M 

R-Stds. (highly-fluorescent standards) corresponding to about 
500 r may be useful in verifying the performance of readers near the 
upper Unit of their high range. If highly-dosed dosimeter tend to 
saturate the photomultiplier system, er if the range-change system 
associated with the meter is imperfect, an E-Std. may prove helpful* 
No formal standards fulfilling this function have been ssde, but thsy 
undoubtedly could be made readily using the B-9272 glass referred to 
on the previous page» 

Probably the glass piece would have to be masked down some- 
what, to prevent its giving an off-scale reading. 

An opaque standard (for exmple9  small square of aluminum 
painted black) permits verifying that the reader performs properly when 
no light at all issues fro«!, the standard. 

Standards differing in fluorescence by exactly 3 to 1^ say* 
permit determining whether the reader is linear. It is only necessary 

k 
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to measure both of the Standards using various different seasitivity 
settings* and see that for each setting the resulting reading* are 
exactly in the ratios   3^to-*X*   auch stäuääi?&ß are useful also in 
verifying the correctness of the 3~>to=l rangs=change sacfaanicm» 

Ä 

Standards having very abnowaai spectral excitation or 
spectral emission characteristics nay be useful in revealing any 
abnermelity in spectral response of the reader« Tie have found it 
useful to use (a) a ^VW«» standard, consisting of e square of water- 
«hit« plate glass and emitting -a- bluish^shits light and (b) an 
"FES? standard» consisting of a square of flesh tint glass and 
emitting a very reddish light* If, for example, the ratio of the 
readings of these two standards is near 1.5 to 1.6 for a given photo- 
multiplier» this constitutes evidence that the phctomultiplier he a 
a typical spectral responses a ratio of only 1*0 indicates that the 
phctomultiplier is too red-sensitive and Should be rejected« 

To verify the focal setting of the light-collecting concave 
mirror» it is convenient to use standards having (1) highly polished 
exit edges and (2) vary rough exit edges* If the mirror setting is 
correct* the ratio of readings of such standards will have a certain 
veins; but if the setting is incorrect, the ratio will be abnormal* 

1 
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Section 3F»    3he PluftXmafoSEP 3 illM^An 

«ft*i tiöu« 

Plate 1 Shows the appearance of the !?P-60(XN-»3)/H) dosimeter, 
or radiac detector« This design, scsüstimes referred to as the- Tf-Ij? 
design, is Ifte design according to "which several hundred dosimeters 
were produced and shipped to Baships for test» Fusröiermorep this 
design closely approodmates the design of the OT-60()/PD glass dosim- 
eters now in mass production by two different maxrafacturers (Polaroid 
Corporation and Corning Class Works) • (A later section describes a 
smaller, better design, known aa the H-30 design, worked out subsequently 
to the ft-lfl design«) 

Bo Design» 

The DT-60(XK-3) A© design was based ea considerations discussed 
ouS sections« 

TI * 

• i\ 

She device employs Q% silver phosphate glass such as was produced 
in 1°5Ö by the Bausch and Lomb Optical Co« 3he sensitivity level of the 
glass was chosen arbitrarily and is perhaps 30 to 6Ö# greater than that 
•typical of the dosimeters now being mass produced. The pre-dose fluor- 
escence of the glass is perhaps comparable with that of the dosimeters 
now being mass produced.« 

The glass piece is a square approximately 3An x 3A" x. 3A6n, 
and has a matt finish on all sides« The unused surfaces are painted 
black with Sea-Lae black lacquer« See Refs« P-8 and P-12 for further 
details« 

Sie square lead shield is 3A" x 3A" x P« 
cental hole 0»i0* in diameter« 

and has a 

The plastic base piece is of black Tenite II (see footnote 1)« 
As indicated in the drawings presented in Ref« P«8, the plastic base 
piece includes a central cavity or recess to receive the square lead . 
shield and the glass square« Also, it contains two holes for fixing 
the asimuth of the device when inserted in the laboratcry-typc reader^ 
it is threaded to accommodate the plastic cap described below« On the 
back surf ace there is a pair of holes for the special wrench« 

This description applies to the BT=60(XW-3)/PD dosimeters 
l°5l, under the present contract« Using our 

(, as summarised in previous sections, the 
could- be made subtly bettor« 

Footnote Is 
in 
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Use glass piece is cemented to the lead square by means of 
Miracle Type ]£ cement, and the lead square is cemented to the plastic- 
base piece similarly* Üw resulting assembly is known as the base 

The plastic cap, also of black Ofcn&te II, is threaded and 
contains a circular lead shield 0*03Un thick and with a central hole 
OwlO* in diameter* Sie. plastic cap includes a pierced ear to receive 
the carrying ribbon or chain* A gasket, consisting of a 0*020" thick 
vinylite sheeting, is included alsoe 

When the cap is screwed onto the base assembly, the device 
is ccsplete« 

1 : 

i 

'i 
i 

'0 

C» Performance. 

The DT-6Q(XN-3)/PD device performs rather «rail* It has a range 
from 0 to 600 r and beyond; It is linear; its additivity is good, and 
its freedom from integratien-rate-dependiBce likewise* If used under 
typical conditions and measured on a perfect reader, it provides a "tso 
sigoa" accuracy of perhaps $ r or 20%* whichever is greater* 

It is about the size of a dollar watch, and is smooth, rounded, 
warm to the touch, and non-allergic* It can stand elevated temperature 
and high humidity well,, and is almost unaffected by five drops from a 
height of k ft» onto a steel deck* It is reasonably waterproof* (2» 
slightly revised design now in mass production has better shock resis- 
tance and is entirely waterproof«) It is reasonably temperprcof, and 
can presumably be decontaminated rather readily« 

It tends to read slightly too low if raised above room 
temperature just before reading, or If held at low temperature Just 
duxing exposure to gap» radiation« (See Ref* P-!» and P-6«) It tends 
to read slightly too low if dosed very rapidly and read within a haif= 
hour thereafter* (Ref* P-170 

Its wavelength dependence is good with respect to gamma 
radiation produced by an air-burst bomb and received in direction 
perpendicular to the W-entranoe face of the glass square 'Befs* P=6 
and P-i$)* But considerable errors must be expected if the radiation 
includes an appreciable soft eosponeat and if the radiation enters 
the class souare diagonally or through the edgss» (Kefs© P-18. P-15« 
and P-#.) 

In general» and at the time when it was produced (mid-15Sl), 
it «as perhaps the best existing personal dosimeter that was 'small, 

and stable* 

Of course, it cannot be evaluated without recourse to a 
reader device* 

'9' . 
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•D*   Production. 

Several hundred units tüsre prcdbloecl under the present 
contract ana tmre seilt to Cods 8S& p£ Bsiships in 3P5>1<>    (As explained 
elsewhere, mass production of the rather similar device DI-6G( )/PD 
Is undeswssr at two industrial coäosrss») 
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Section 30» Other Designs of Glass Dosimeter« 
Trim~TTTf*iin-TTT^ rri—~7 -• -*^-i ~- —^ i~ — rr ~r -—«T • n  n -   -   TTTII 

A» Introduction« 

v*e previous section describes the DT«60(X!J"-3)/PD, or "Type 
H-i»??,H design of glass dosimeter* »hich is excellent in roost respects 
and is almost identical to the D!M>0( )/PD device now in mass production, 

_      A better design has bees worked out, however« This is the 
H-SO design described below« 

Several other designs have been worked out, but appear 
superseded by the H-U7 and H-£o designs. 

B» fee S»60 Design of Olasa Dosimeter« 

The B-£0 design was intended to overcome three lisdtaticns of 
-the 0T-6O(2O}-3)/PD, or H«U?, device described in the previous seotlon« 
übe limitations ore as follows t 

1. Energy Dependence for Oblique Rays« The lead shield 
system used in töe H-U7 design is suitable only- for radiation incident 
perpendicularly« It performs poorly for soft radiation incident at 
ii5 deg« from the perpendicular and very poorly for soft radiation 
incident at 90 dog« In certain laboratory tests, errors of 500# have 
been found« (Ears P«^, P~l£, P-19, P-2Ö«) Such error is to be 
expected since no shielding is provided for the sdges of the glass 
pieces« 

2. , Large Sise» It has been found that the 3/V square glass 
piece used in the H-iiV device is unnecessarily large« It could be made 
considerably smaller» and in fact the entire dosimeter could be made 
much smaller« 

1. Id 
piece is recessed 

ted Thread Closure« In the H-U? design the glass 
necessitates using an interrupted thread (see 

w<% 

Plate 1), and leaves part of the lip of the base assembly unsupported, 
so that danger of leakage* warpage, etc. is increased and a greater 
burden is put on the gasket and on the plastic base piece itself« 

These limitations are overcome in the H-5Ö design* sketched 
on the follcsiag page **& described in detail in Ref. Pvgp. The heart 
of the &-& design is. an 8% silver phosphate glass disk 5/8" in diameter, 
5/32M öiickj and po&ahs&'on öie edge'« ' It is mounted in non-reeeased 
manner, so that the thread of th© plastic base piece does net have to 
be interrupted« The lead piece, included in the plastic cap is not 
flat, but is cup-shaped so as to shield the edges of the glass disk 
as mil as the face» 
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wrench hole 

gasket 

continuous thread 

glass disk 

lead 

V*= 

5/8« dia, 

« 

thick 

Scale;    About 
twice actual size 

120 grit; unpäinted 

~-      polished; unpainted 

120 grit; painted 
black 

Actual 
size 

of Glass Dosimeter 

— -^sgraaa -s=ggt»mmym iw» 
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She fr*£Q design is only about half the sis« and weight of 
the %4»7 design» and in addition provides m rgsre secure closure«   It 
should be lass expensive to produce«   Its principal advantage, however, 
is that it is äbnost free of energy dependence for. all angles of inoid» 
enoe of {herd or soft) fauna radiation»   Sec Ref • P-2Ö for the experi- 
mental results* 

Several models ware made and submitted to Code 8J>U«   Bo 
attempts have been made, however« at email or large scale production* 

5he earn© reader used for the H-U7 .device would serve for 
the B-^0 device, provided a minor change were made in the swinging 
sector, as explained in Ref. P-20» 

It appears to us that the H-SÖ design should represent the 
best personal dosimeter developed to date under a military contract» 
It has almost every desirable feature other than a self-re&Atne 
capability«   of course» like all other dosimeters which have been 
announced publicly, it necessarily reads incorrectly if the user's 
body .iatervsnee between radiatipn source and dosimeter« 

\Se recommend that serious consideration be given to mass 
P*0^0^-01* '**&* dJg8iff?#   Jt should be appreciably better than 13» 
HX*Oö(}/PD designrnow^siiie mass prodöeed^ 

e. 'UOOVMXt •fc»- zjoSa 

ib October 19#) a lookat-t^pe of holder «as made for holding 
a disk of silver phosphate glass«   The 'holder was largely male of 
alssinum, sad c©atai&5d lead shiel&s«   it_was suitable only for- an 
earlier tjpa of reader—1&e t^^${is^l}/m reader*   Also, li was 
«*p*JM«iv© to produce and had certain other -disadvantages«   For .further 
details see Bef« P»3. 

a».  Other Types of Dosimeter« 

. tarieus other types of glass dosiLaetsass were tried«  'Some of 
these consisted; of little more than an äluMtiuf ^pili-box* in which 
the glass piece was housed-^onpainted, uneemented, and unlabeledi 
thin lead shield?- were included, however«   Others consisted steply 
of a rubber pouch oont&iidng a loose glass disk«   A photograph of 

**rA* '-tfes3#r,||fiss#.i is- •is^udeä'ilin »*£=• Pa4» 

• Perhaps the 
is t&at the 

so that different 
accidentally«. 

geltest disadvantage of these vm^t a 
piece could hoi be identified 
•pieces might become in 

RESTRICTED 

.i 
1 

If.; 

ii^Bm^K^»w^m»^i^^mm^im 



m 
fSLMOta tQR.-i'PAilx-H    - i-;r- !''.;.-£ mvArtTMENT 

Ä 
RESTRICTED 

Section JB*   The CP-»^(XM-3)/PD Iaboratos^%gss S 

A*   Introduction«. 

m 

m 
:tA am 

m 

The GP-92HXtf-3;/H> Radiac Computer Indicator, or laboratory- 
type reader, lfas intended mainly for laboratory üs©, es In s&king 
control tests on dosimeters or unmounted glass squares«. Bat, as 
explained in Section 3-0, it was intended also to serve as the basis 
of design of a field reader (to be designed in detail by Admiral 
Corporation)« 

B* Pesigp* 

A photo/graph of the laboratory-type reader 
Plate X« 

shown in 

A detailed description of the design is presented in Ref• P-2U 
ss -s 2t=page sppendix«   Ref« P-ll contains Bracing C~75c>73. «&ica ahosrs 
the principal features of the mechanical design,   Ref* F-2U pTss^ats the 
electrical tdring diagram (ßraning C-82S506 issued August 1U,*1«^) 

In summary, the device is a "black box« slightly larger and 
heavier than a Standard typewriter*   Samples are leaded and unloaded 
at Htm front end« the -aster and control knobs are located here also« 

The samples are mounted^-eae at a tin», and face dcia-^oa a 
clanging secure To read a sample, the operator swings the sector to 
the left as far as it will go*   The ü^t-eselaäing door closes into» 
raatieally and the sample is positioned automatically in the path of 
the beam of W radiation*   A 2"-focal length concave mirror collects 
the fSsereeoent light and delivers it to the Group 1 931-Ä phctoroul-. 
tiplisr, «hose output is amplified, rectified, and fed to a si**«- 
aaneter calibrated d&^Üy in- roehtgens* 

The W lamp, an RP-12 tape F-SDOO cockpit lamp, is covered by 
a speoiaJJy-sel^cted $ mm* Corning $660 OT«paas filter*   Betsraen the 
concave mirror and the photoaultiplier there is a epecialJy-eelected . 
3 on* Corning 3Jti82 orahge»pass filter*   (Reasons for choosing these 
components, and their exact specific&tioas, are indicated in Section 

The photo^tipHer-eTriUefflp^l fier system provides for a v»sry 
v Q& .'©<3wow.'u*yi.Tgr w^wtwHtwi coarse <sujii57s<@nv -ana iJUS« «ajuöc* 

ment &sobs are provided*   Also, 4 sero adjustment is provided, t© permit 
cancelling out any specified amount of pre-dose fluorescence*   Electrical 
linearity is assured7 % appropriate application of negative feedback« 

The output 
scale, calibrated 

is indicated on the raicroammeter'a three-inch 
in rcentgens in two ranges»  0 to 200 r and 
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The dwiee accommodates dosimeters of XHV60(X»-3)/FB type 
or equivalent type« It operates off 60 cycle, ÜCK125 volt supply, 
and includes  considerable voltage stabilisation. 

The device includes two fixed standards t an U-Std« and an 
L-Sta. lh© former inoludes a square of manganeaa-cmitaiMag glass 
(from melt 95>30, say) which has a fluorescence corresponding to about 
15b r; the exact value is clearly sacked directly on the standard 
itself« 2he L-Std« includes a square of Pyreac 7?2|0 glass» and has 

•a. fluorescence corresponding to about 5 rj the esset value is indic- 
ated ca the stäadasd itself\   • 

The device is provided §äso wi&j a sturdy carrying case, 
« wapyljr ^&^, a key f6r-opening the dosimeter« and as Instruction 

•C« Operation. 

Detailed operating instructions are presented in Ref * P-2h» 
She instructions may be summarised as follows§ 

3b find what a sample reads in roentgens* («.) turn the, 
instrument on ^ad allow it to warn up for five minutes} (b) insert 
the L-Std. and 12-Std. in the swinging sector's stations A and S| 
(c) swing the$sctor until each of these standards is in gse measure» 
ment position, and at the same time adjust the "Zero" and "CaHbarate0 

knobs until each of the standards produces the reading inscribed on 
it} (c) now insert the «unknown" sample in the sector*.« third station, 
swing the sanple into the measurement position, and note the meter 

Shis is the reentgen reading Of the unknown sample» 

Da Operation in the "üaü. jggtSSsr 

Headingsmay be made in the usual "roesfcgen" system or In 
an arbitrarily^efined "Sew Units* or !iN.t7»n system« the roentgen 
system is, of course, the system to be used in the field, and is^ the 
only system which shows directly the nominal dose received by the 

In qualify control testing, the IS? system has been found 
to have some advantages, notably the advantage that negative values 
are avoided«., usingthe roentgen.s^tern, an -..un&sed das^&^.iäMöh 
has abnorraally little background or *'pre^pse* fluorescence miSt 
read.less than 0 rj but in the W .system,, which corresponds -essentially 
to rcKJn£gen value plus 37. negative values cannot exist* Für 
an undosed sample having abnormally little fluorescence might read 
>7 r$: but the W3 reading would be *30« A sample having no fluorescence 
whatsoever (e«g* a completely opaque sample, s»rfs as a block of metal) 
would be read .as -3? r, or as 0 ffl9 
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To find what a sample reads in the W system, (a) torn tiss 
instreasat en and allow it to warn up for five ininutas j (b) insert 
an K-Std« in the sector*s central stations (c) swing the sector until 
the K-Std. is in the measurement peeitienj (d) torn the aero adjust- 
ment entirely off (all the way to ühß right)} (e) adjust the nGalibraten 

knob until the meter reading agrees with the MO value (or r values plus 
37) assigaad to the £&-5tdj (f) now insert the "uiikncssn" sample in the 
sector« swing the sandle into the roeasuresant position« and note the 
reading»   Ibis is the NU reading of the unknown sample»   for & more 
detailed account« see Ref« P-lB© 

«8   The origins« definitions« and applications of the 
MJ system and certain other systems are described in detail In Ref« 
P-18«   Ihe earüer« non-linear readers used the roentgen system and 
also an "arbitrary fluorescent? units" (AFU) system«   The earliest 
linear readers«->operated prior to the Buships January 15» 1552 
meeting standardising the target values for pre-dose reading and 
-Sfssitiv&tgj, used the roentgen syetsas and also a "linear units" 
(US) system*   During the last year« however« all principal readers 
have been linear in character and have been operated with respect 
to the target pre-dose and sensitivity values adopted at the 
January 16« 19BZ meeting,   ühe present "roentgen" and "MÜ" systems 
refer ia dosimeters complying with the conventions adopted at that 
meeting*) 

Eg   Performance« • 

Kef • P-1D summarizes the principal performance characteristics 
of the laboratory-tg?p© reader«.   Ref* P-l? discusses the electrical 
linearity, and Refs« P-22 and P-27 discuss errors: relating to photo- 
multiplier fatigue and nrirror adjustment* 

Ref* P-22 'lists- au principal sources' of error« es^ls&äs 
how these errors may be minimised« and provides a check list which 
may assist in making weekly checks of the overall performance«. 

Generally speaking« 'ale laboratory-type reader performs 
well and requires little maintenance«   If maintained properly and 
used isith ©orreetly^alibrated standards], it affords a precision 
of approximately 2 r or 2%y whichever is greater« and a "two Sigma" 

• 4 

il 

.accuracy or 5'r or %9 whichever is greater« 

«fa*». soy may be Isss than *£&s if the standards used 
have not been calibrated recently« or if they have been calibrated 
incorrectly«   Ref« P«26 explains why calibration difficulties era 
uaav&idabio—aal will continually ihcrease^uhless a suitable 
"absolute fluorimeter" is made avallabl&e 
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Accuracy may decrease also if the mirror adjustment deteri- 
orates, if the CK-1022 regulator tube begins to fail, if the photo- 
multiplier tube fails and is replaced by one having incorrect spectral 
response, or if certain other troubles appear« Eefs» P-22 and 
list tiie factors of greatest iimwrtance« 

F» Production» 

Six of the laboratory-type readers CP-?5(XB-3)/PD wer® 
produced under the present contract. They were eompieted prior to 
November 1, l$$l*   Five ware shipped to Buships Code 85U» Most of 
thsse w»5© later returned to Polaroid so that the improved, linear 
electrical circuit could be installed* 

•na «OOAVAWtsafet iyaau ***•«*  vx>   *a*jyi«iV04.-jr—t^jx7 rowwi's TSSs ssun 
%• Polaroid fear Buships sMMr Forces bet??een November 1951> and 
«tanuasy 1952, under NObsr 570UÖ«   Another lot was made in ncvember 
and December 1952, for Buships and Air Forces* under NObsr 57500» 

0»   n^^»l>ge9iaiona Xaboratory-Type Reader» 

Institutions engaged in routine, large-scale quality-control 
testing or acceptance testing of dosimeters need extremely accurate 
readers«   Ref • F-2ii explains how readers may be adjusted with especially 
grsat eanfrM&nd provided with parts selected according to especially 
close fesleranceiJ—«o -«sat- unusually high accuracy results*   Accuragjr 
is improved also by using a substitution method of employing M-Stds*j 
as explained in Ref« P-2JU 

It cannot be stressed too often, however^ that the accuracy 
achieved still lesres much to be desired as regard» control laboratory 
purpose!»   Errors of 2 r or 2$, whichever is larger;, are common»   Con- 
stant vigilance is needed to prevent the errors from amounting to 3? 
or 3$> or even more«   Such errors are, of course, far larger than are 
encountered in most other branches of technology»   Bse difficulty stems 
from the fact that fluorescence measur&ntnts are difficult, involving 
two sets of wide-cone, broad-band* radiation distribirticas, one set 
involving the W input and the other involving the orange-light output» 
Ko standard routines are available--even at the national Bureau of 
Standards—-for evaluating absolutely the fluorescence from translucent 
Parallelepipeds«   She present program required trail-biasing in a 
difficult field that has been Consistently shunned previously« 
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Section 31»   Other Specific ggglgw of Readers ~--~-~-—-~-^—^M:—. , m*fm   .^^_—^^.—.——^M^-— n| lir1TlirM. irmmu 

Before the CP»9£CX&°3)AD design, of reader was conceived, 
Se^spal •other -£»pe9 ©f readsrs- had been tried" öufc© 

Ref. P«8 describes an "XK-O" reader completed on October 1?« 
l«Sö» Siis reader was Suited only to measuring glass disks mounted ia 
locket-type holders, and had various mechanical and optic«! limitations* 

As explained in Ref • P-ö, an nXN-ln reader« generally similar 
to the HM? except for having a sloping panel and certain outer minor 
improvements, fas completed on October 31^ 195&. Details of the dasign 
are presented in Ref« P-3. (A snail quantity of readers resenbling the 
X8HL reader was produced by Aäairal Corp» in Janmary 1951.) 

The <(3P»95(Ift»5}/R) reader« described in the previous section, 
is eozeidsrably better than the XW-0 and XJML readers in all principal 

Sj, and the latter readers are now entirely obsolete» 
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Section gJ#   Designs o£ PJxcd Standards 

A»   3&trodnetione 

Section JB explained the need for fixed StangsräBj asä $te 
various problems encountered in designing and producing than*   The 
present section describes the standards aotually produced* 

B. Il-Stds. 

The Type &»; Standard«- In 1°.$! mach use was made of some 
TjPStds«) of Type 1E-1Ö2|> This- type, which aediUQofluorescent 

is* described in detaü. in Hef • P-llt, is of hybrid design, employing 
fee pieces of glass« One piece, of Beuach and UsS> manganese glass 
type 3-4tf* produced intense fluorescence« but «as rather opaque to 
its own fluorescent light« The other piece« of Corning 077hP pyrex 
glass, was transparent and essentially non~flaöreseent| it «as used 
merely- as a light-conduit for the fluorescent light issuing from the 
3°4fL piece« The glass pieces ware elanped in place, instead of being 
cemented, so that they- could be removed and cleaned. The standard 
performed reasonably «ell, but was expensive to make and was reliable 
only if the incident beam of W radiation was uniformly intense over 
the entire cross section« She standard carrying the serial number 
1KL0U served as the basis of the AFTJ calibration scheme mentioned 
on a previous page} see Ref. F-17« B-18U 

She Type K-121 &*std. was very 
that the piece of pyres glass was 

K~I21 Standard. 
»IM type, «ritailar to 

omitted« an air-space being loft in its place«   This'type was less 
than Öse V-30i type, but perhaps performed less reliably« 

The 
uoHae 

^ypo M^2öl ^taadard.   The type K-201 standard resembled 
aeter, but l.ncluflea a glass square made from Bausch and 

manganese glass of type K-9S30.   The standard performed well, 
although some ©light aging effects were observed« 

The Type> M-£li Standards   The Type 1I-30L1 standard was rest 
similar to tne U~dOl standard, except that (a) the manganese glass 
used «as from a different batea, namely E*9686, and (b) the glass 
square was clamped in place, rather than being cemented in place, in 
crder- to reduce tale danger of drift due te contamination by the cement 
sxdt© permit taking.the. standard aoart fo» ci«eininff. 

The Type iMiOO Standard«   The Type M-ljOO standard, _ 
cö'iäsis'lsci;11 essentially- of a regular dosimeter whieh 
to * .gamma radiation dose of 1QÖ to 1$Ö r« 

of semi- 
had 
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The liype K-lflOl Standard» Ihe l^ree M-1001 standard was of 
"masked" typo. It is described fully in lief» P«*2$« ühe glass squar© 
used is from Bausch and Lösb glass C-HQP* which is exeeJlesat öxöept 
for having en overly-intense fluorescence« A mask containing nine 
emsll holes is placed ismediately In front of the glass square's W 
entrance faee? t© reduce the amotaat of fluorescent li^st produced« 

Sallbgatlng the B-St&j> ©is standards produced since April 
%S$2,  have been calibrated on the Serial #12 master reader and using 
the K«Std. Pool described in a later section (Section 3*0 » See 
Section 33 for further details» 

Production of M-Stdai* 
ards have been produced. Of 

3& all, perhaps $00 individual stand- 
i, about half are of 2yp» 

no>sed dcsiseter" %pe. Standards have been supplied by us with all 
readers produced by us». Also« frsafeJ^-callbrated standards have been 
sent periodically to most of the isstltQti©n# participating in the 
glass dosimeter program« 

Performance of the imstda« The K-Stds« have performed 
reasonably well, although not well enough to satisfy all the demands 
of quality control laboratories» Even when freshly calibrated by 
us, the standards may be in error by perhaps 2 or 32>« In routine 
use the standards often change slightly with üroef the causes of 
the changes are not fully understood but are probably related to 
surface "curing," surface contamination, and changes produced by 
prolonged exposure to daylight, W, etc« There is a great need for 
producing more and better standards, for establishing a central 
laboratory for re-calibrating standards periodically, frequently, 
and authoritatively; also, an absolute fluorimeter is needed, as 
explained elsewhere, to find to what extent, If any,, the ©nii^i 
basis of calibrating the standards is drifting« 

IfStds. 

oeen 
Design« . Nearly all low-fluorescent standards (&»Stds?) have 
using Corning #77i*0 pyrex glass, the glass square being 

If the standards tend cemented to a plastic hoMsr in täte usual way« 
to fluoresoe slightly less than desired (l«e«, slightly less than. 
3? W' or 0 r), the fluorescence is increased by exposing the standards 
for a few hours to the W radiation frbm a quarts mercury are« 

Some (semi-fiaed) L-Stds« have been provided merely by using 
uudesed dosimeter« 

5s2J.bra-b3.on»   L-Stds. produced since April 1S$2 have been 
mum. *he Serial fflZ master reader and the Ü-Std« Pool« 
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Production«   la all,, p«&ep9 200 Z^Stdä. have been 
An L-StöY hasTeaTTbcluded with each reader shipped* 

Performance«   The L-Stds« have performed reasonably ireU« 
$mtm®fi since '^asss"staadardB exhibit f&eh very weak fluorescence, 
the effects of surface changes, fiiigermarks, ctö* are relatively serious, 
so that the standards most he handled with- care and re-calibrated freq- 
uently If nicest accuracy Is desired«   (As.explained eleewnere, there 
is little occasion to use L~Stds« if the readers in question are linear») 

B»   Qthsr Types of Standards« 

Perhaps S>D standards of other types have b<ssn made«   Some of 
these have been Intended to use in evaluating the spectral response of 
photaniultiplier tubes»   Others have been used in testing linearity of 
readers* esr in demonstrating hoar wsll the reader® perform on dosimeters 
having extremely weak or extremely stareng fluorescence« , 

G> 
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Section 3£» !8» M-gtd. Fool 

a. Introduction* 

Since April 25£2 th® basic of aE calibration work has 
the «li-Stc'.c Pool" establish«! and maiatained at Polaroid Corporation 
under the present contract* All quality control tests and acceptance 
test« performed at Polaroid fjorperatien or at the various oäier instit- 
utions coöcernea bare depended on the existence Of. the IMPool, and on 
its. cos» tansy« * 

Section 3B explains in detail why ah 2M>ool is nsedsdi 
present section tells what the IE-Pool consists of and how it .pesftsBBr« 

pitmen of the B-Pool« 

is& K-Pooi- established by PolgygAd Oca'poration on April 8, 
consists cf a ecileötion of apprcaäm&tejy fift^ M-Stds«, dosed 

i, and Unmounted glass squares • More eacaetüyp the pool consists 
of sibc categories of items« .dosed dosimeters* unmounted squares of dosed 
silver phosphate glass, lype 1S-10U standards (containing manganese and 
pyrex glass pieces)» fljpe 11-201 and K-211 standards (containing osssntsd- 
in pieces of manganese glass), 2ype M-301 standards (containing elsigted 
pieces of manganese glass), and a miscellaneous collection of glass 
pieces of widely differing composition, finish, color of fluorescent 
light, etc* 

P-21. 
A more detailed description of the pool may be found in Ußf• 

Obviously the pool is intended to include Such a great Yrariety 
of sample types that its validity •sin not be wiped out if some one type 
of glass proved to be unstable, or if some one type of mounting tended 
to introduce spurious fluorescence* 

All Items of the psol are kept in a special felt-lined box» 

d«   Performance of the l£-Pool* 

During the sight-month period in. which it 
the U-Fool has performed modaratsly well*   Na mn 
appears to have changed drastically (in intensity of 
Sore to «Another member*  • 

been in csdsienee, 
of the pool 

fluorescence) rela- 

Bat the perfon&aneo has by no means been perfect* .For wuu^u»f 
the average fluoreseense of the dosed dosimeter madbers appears to have 
decreased slightly but definitely trbugbly $%) relative to the average 
fluorescence of the dosed, unmounted wqtfaxm of silver phosphate 
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I£ no such change had. occurred, ire rot^it have assumed with 
seme confidence that the average reading of the pool members had remained 
constant,   ait "when we find that one member has changed relative to  N 
another, ©2? that on© entire group has changed relative to another, we 
are embarraeseds   we do not know which p«©up> if either, has remained 
constant*   Tie see that some general uncertainty, or drift, has entered? 
and we have no means of dgterartirfog thii sign of the drift or its 

It is perhaps reasonable to suppose that the present IMPool 
may have drifted up or down by %, possibly mor% since it was set up. 
See <&£• P-26. 

Drift can be eliminated only by providing a suitabiy^esigned 
absolote f2MO±aets^P such as has been proposed in H@f« P-26»   No W-Pool, 
no matter how large, can sufficss äi^^ äss-öld always be the possibility 
**•_-* the entire pool had drifted« 
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Secticn 3L»   Katars Possibilities 

A*   Introduction« 

Sections 3ft through 3F. inclusive ha*e discussed the 
considerations, components, etc», «hieb affect the design of dosimeters, 
ap«aö^«, and standards; Sections JF through 35 have desorlbed -äse actual 
designs used in the principal dosimeters, readers, and standards pre- 
dussd «snder ths^ prsssnt oontract* 

It appears appropriate to suwHrise the various improvements 
toe made % exploiting em» present accumulated toowledge and 

a improvement could be made in dosimeter 
JOS^/FD dssign) fey .psÄsüsg lead 

lbs 

is*., •3igB»iagHB8ftt3- in l^imetera« 

Shielding; 
snWMnnMHM frelEffie" io the BUN 

shielding for tiss edges of the lead piece, as well as for the faces* 
$tyP9 B-J>0 design, described in Section 3G> would a^eraplish this* 

ganger Shielding»   Additional improvements could be made by 
using a sMeM SSSi appropriate to radiation incident at topical 
angle (about 5? dog* from the perpendicular), rather than special angle 
(perpendicular direction} *   See Section 3B* 

Smaller Overall Size* The entire dosimeter could be made 
«a tertight hy using an unintexv smaller, lighter, "and mor& _ 

rapted thread*   3he H-$0 design described in Section 3d accomplishes 
ads« 

Better Glass» It is likely that a slightly revised fetmulatioa 
of the glass would give a better performance* As explained in Section 3A, 
the present °8#» glass lias various undesirable characteristics^ such as 
temperature «eetfioisnt, baiM«su©,. latent fluorescence, appreciable pre» 

It is entirely possible that a glass of slightly lower 
concentration (6 or 7%, Say), or of slightly higher concentratics (9 or 

" would be found to be appreciably superior« 

3,5 
ine experimental basis for choosing the present o% formulation 

«*t overly substantial.   Also« recent experience has proven cenclus- 
_. _V that the glass suppliers could readily supply glass having cousin» 
erajSy greater sensitivity than is currently specified*   A sensitivity 
increase of 90% to WQ% should perhaps be feasible, and without any 
increase in p^-dos© reading» 

Clearer Statements of ^toran^es«,   Some uncertainty exists as 
to the toXssapc«9wm.ca are '$Affiata3BEF&L the size, shape, and finish 
of the glass squares»   Some of the tolerances (such as those on th» 
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thickness of the glass «qua*») should be left very wide, to permit the 
manufacisisw to males adäusimeats which «ill permit obtaisdfig good restate 
ef«n with glass batches of Slightly off-target seiiaitivity*   Other toler- 
ances ahouM perhaps be tightened» to eaas the requirements on reader 

Setter Uhdersf of Dosiaetar Parf©nuance*   There Is a 

9 

need to learn sTWS more about c*ooäkoier psrfbrmance* "fror 
would be well to learn more about» 

Bssponse to ganma ray» (of various waveleai 
Incident obliquely* 

7ariabiM% of. toaperature effeot© tees, am 
batch of glass to another* 

Rate of laaild-ng; for doses of different magnitude 
and for different post-dose storage tsn^eratures* 

Constancy of sensitivity of an undosed dosimeter 
when newly made, 1 month later, 1 year later, etc* 

.       Constancy «? fluorescence in a dosed dosimeter 
one hour after eoapleising -"äse «spcssrej also one 
month later; also one year later*   Several different 
Storage temperatures should be used* 

Effect of etoring undc&ed and dosed dosimeters 
at 120 deg* F* for several months« 

Mechanical properties (sbcck-reaiatunce, water» 
tightness, etc») after several months* storage 
under various conditions of temperature and humidity* 

Berfcrmanoe in actual use in the field, in 
naval veeseOa, in airplanes, etc* 

C*   3^revemantsria Readers» 

eon 
Small improvements should be made (in the interest of quality 

aboratosfies} in the laboratory-*^ reader«   apedficaltys 

Better ssaana for. adjusting the asimath and focal 
setting of the concave mirror should be w&rised ofctf 
also a stsndtrlsed procedure for determining whsa 
these, settings are correct* 
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A nor« psrmass&t. seherns for aeleeti^ Grcssp I 
photcsialiiplier tubes should be worked out* Ufa» 
preesnt scheme depends on use of certain arbitrailly- 
seleeisd oemplrn,  «hich might become lost or broken, 

The tolerances ©biferved in selecting Group I 
photcraultipliers should b© re-eaeandnied« Son» 
relaxing of tolerances nay be appropriate« Perhaps 
a test should be arranged for UJ© uniformity of 
response across the surface of the photooathode» 

As experience is gained^ improvement should 
be made in the procedures and schedules for cheek- 
ing the perf orasaace of reader components« 

A study should be made of toe VArlability of 
readings obtained on supposedly-identical readers« 

Zx&v is a vesy great need for developing an absolut® fluoriseter 
as stressed in Hef • B-26* 

Hew that dosimeters are in routine mass-production^ the need for 
field readers has increased. Presumably too or pore types might be needed, 
including» standard field reader; very light-weighty battery-operated 
reader» 

D« in Standards« 

There is considerable need for finding how stable the present 
M-etandards are« Her© aging taste should be made, and an effort should 
be made to find Just «by" the sasg&ss tend to change slightly with tisss« 

Additional quantities of standards will be required «vary few 
weeks by the qualify control laboratories concerned« SOES appropriate 
group smst design and build the*© standards« Moreover, some competent» 
authoritative group must calibrate täasa» 

An absolute fluorimeter is badly needed; and until such exists, 
the present H-pool should be maintained and improved« 

•a 
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SectionIf   Concluaiogs 

The prsssat work has brought the "glass dosimeter* from the 
stag« of being an int®festing possibility to the stage of feeing -a 
proven reality»   2he device has a psTfosssance unmatched by any. ecapet» 
lag product, and yet should cost only about &• in mass production* 

2h© silver phosphate glass Itself is excellently suited to 
use as the detecting eleraant*   Sje so-called "Sg" formulation is a 
very good ones psffhaps a slightly different fortailation wouldb© even 
better» 

JL'«'JJrpe B-&7*3 design was worked oat for tide couplets dosln- 
©tw^ or"pimtiO'(xi9-3)/n) radiao detector,   %is design is snail, ragged, 
«»tartights and ecoass^cal.   It provides lead shielding for ifee faces, 
bat not the edges* of the glass piece*   Several hundred units «ere 
:pg©db©«ä and delivered to Boships* 

later« an ä%roveä design Known as B-£0 «as worked out» 
Besides beleg ••smelieg^ ' the improved' design- fields. ths glssi ptsca 
on all sides, so that good. psÄPcg^sss^.is achieved even if the 
radiation approaches froa the side* 

A lafeorataey-taroe reader« or CP-9£(XB=3)/PD radlae eoaputer 
indicates, w«s designed, tested, and f 0?s» to psrfora #t>il.   Sfee ' 
units wars produced* 

Several tgppes of fixed standees, required in adjusting the 
ssasi&vlty of the la^ratory-»i9pe read®ps were dssignecU   Several 
hundred tinits were oede and supplied to the various institutions 
using the laboratory-igpe readers« • 

KA «sü»..1!-! '.<&& S.X-...Ä•; .. ÄviäiYf.-.  ^•••^^«j^U- -i>i t-. ~*m*A-:- 
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Fart XII 

G^ 

App»niSbc 1«   Plats 1*   tfcpor Hwtogröph:   The xyp© H«4tf design off 
iÄ«60(XN-3)/PD radü» detector, or glass 
dOSlBBtffl?« 

fcopsr Hiptpgs^ht   She C&-$£(r*-3)/F0 
radiac eqrnattfcfflp iBdicatal»- or laboratory» 

— -— tgn?e reader'» 

Asspendbta,   Bib3iie£?apfcy. 
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RagaamsadatLona 

1«   The glass dosimeter should be pat to tödSspread use»   It performs 
eqaellontly, lasts for years, yet should cost onäy about §i» 

2«   The K-5Ö desiga of dosimeter should be ussd instead of the H«4tf 
design«   lit should provide greater accuracy and at the seme time 

. should be smaller, more watertight, and less expensive»   See 
Section 30« 

3»   An absolute fiuorimster should be made»   Until it is rasas, there 
can be 330 assurance that our basis for calibrating standards is 
constant»   See Sections 3® and 3K« 

l».   Bern, competent laboratory should be designated to eaiw en gfis 
fraction of calibrating standards, Maintaining the master reader, 
and generally serving as a central standards laboratory«   unlike 
other branches of technology, fluorescence desimetry is without 
any ready-made foundation or standardizing agency»   See Section 
3B. 

$m   Slany minor ia^rovements should be reads in dosimeters^ readers, 
and standards»   See Section 31» for a list of iraproveoente which 
appear within reach» 

6.   More should be learned about the performance of the .glass dosim- 
eter' now in mass production»   Seji^eöJ&cas- 32» .WE;;ä'S^ of per- 
formance characteristics about vniich more in£ets&i&m"isseeded» 

© 
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-8 1«   Plate 1*   upper Itotarijpht   The Typ© E-4&7 design of 
OT-60(XN-3)/PD radiac detector, or glass 
dosimeter« 

Lower Photograph*   She CP-^CXS-aj/PD 
radiac oaqprater indicator, or laboratory»«, 
type reader» 

1 

(3 

Appendix 2«   Bibliograph 
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BibHo, 

Various pertinent references n?9 listed below, arranged 
according to the institution concerned*   H stands for Naval Research 
laboratory»   P stands for Polaroid Corporation. 

19-1      W.AcT/eyV J«H-SchuJanaxs, R.J»Glnthe«Y LeYkErone, "Fluorescence 
of Silver in Glasses»n   J. Eleotreohea«. So«», 9jj>, 70, (19lj£). 

!J-2      J,H»ächM2man, «Dcsimstsy of X«Raya and Öanaa-Rays,n   -ZRL 
..._._. __     Report 373Ö, Sept* 2©^ 39£0. 

S-3      £*H*Schalsaa, R.J.Giather, CCiOick, H.SsAlgsr, and R.A.Lavy. 
"Dosimetery of X-Rays and Genoa Rays by Ti^ä^o^oxsSsss^mBom^ß»1* 
NRL Reprint .Ho« 7-52»   (Also*   J«AppH,ed ffcysies, 22, p* tk799 
(1951)« T" 

o ***** 
P-l      Monthly Report by the Polaroid Corporation» a ^easaroh Department 

on w)rk perfcsnaed under contract NCfoer=£92i>T»   Covers werfe dons 
during August 25>SÖ«>   VErittsn by W.A.ShurclAff • 

P-2 •As- -afcove^ but covering the month of September 1950 

Pi-3 N ...   n ti tt « n • October 1950* 

. P-4& is       n M It :» tt " November 195Ö« 

P-5 tt        n n It n w » Bseesber 1950« 

*-©* tt        a -St- H a B * Jsssary 1951« 
\ 

p-f H            Ö-- il It u a •• February 19$L 

P-Ö a        B n It a N " Hareh 2951. 

B-^ it        it tt It it n * April 2951« 

-- F*3> •.«'•'          w « f! 8 N 0 ifey 2££U 

p«ax H           It tt n N K *» Jus© 3951« 

©• " P-S2 ft           It N »j " a tt « July 3911« 
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W3 As sbcvs, bat eotferiag i&s month of August 2£51» 
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*-2? n tt tt ft t« ft *  October 1S£2* 
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