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ABSTRACT

A combination densltometer and analog computer ls
described which determines radiation exposure of

photographic £ilm used in personnel badges., The

range of the instrument 1s O te 300 mr gamma and

0 to 300 mrad beta plus gamma. A novel photofube
circult 1s used to obtaln logarithms dlirectly.
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AUTOMATIC DOSE COMPUTER FOR RADIATION FILM BADGES

INTRODUCTION

Badges that contain dental X-ray film packets are worn by personnel in
areas where there 1s possible exposure toc gamma or beta radiation.
Darkening of the fllm 1s a measure of the integrated radiatlon exposure
(exposure dose) received by personnel while the badges are worn. The
film in the badges i1s replaced perlodically; then, the exposure dose 1s
estimated by measuring the optical density of the developed filma. The
conventional use of a densitometer and conversion tables to determine
the exposure dose, together with manual tabulatien and filing of the
data, is time consuming; in addition, the several steps involved are
subject to human error.

SUMMARY

To increase the speed of film reading and to eliminate sources of
error, a computer was developed to measure the optical density of the
film and to compute automatlcally the exposure dcse, producing the
inflormation as direct meter indications and electrlcal analog signals
sultable for input to automatle data-handling equipment.

The range of the computer 1s 0 to 300 mr for gamma and C to 300 mrad
for beta plus gamma. A novel circult that uses a vacuum photocell as
a logarithmic element greatly simplified the computer circult design.

DISCUSSION
FILM BADGE DESCRIPTION

Figure 1 shows the film badge that was in service durlng the development
of the Automatic Dose Computer. The fllm is Ildentified by numbers
placed on 1t by pressure from an embossed number plate on the back of
the f1lm badge. Wlithin the badge, the film package 1s shlelded from all
but gamma radiation except where an open window in the shlelding allows
beta radiation to expose one area cof the film.

BASIC REQUIREMENTS OF A FILM BADGE DOSE COMPUTER

An Automatic Film Badge Dese Computer must be capable of measuring the
darkening of the shielded and open window areas of films, and computing
the radlation exposure. Thls computation must take into account the
facts that a gilven number of mrad of beta exposure will not produce the
same amount of darkening as an equal number of mr of gamma, and that a
glven amount of gemma radlation will not produce the same amount of
darkening in the open window area as it does in the shielded area.




The relaticnships between dosimeter film optical transmissicn and the
corresponding exposure dose are given below for the open window and
ghielded areas on the fllm badge..

Ty o~ (AR + By + K) ‘(1)

t

T, = e-(CY + K) (2)

where:
Ty = Optical transmission of the open window area
T, = Optlcal transmlsslon of the shlelded afea
B, Y = Beta and gamma radiation dose, respectively

A, B, C Fi1lm darkenlng constants, which are a function

of the type and energy of radiation

1

K = Fllm foggling constant, which represents the
transmissivity of an unexposed film

Equations {1) and (2} are derived from the transmission-density
equation,

T = ceD
and the dose~density equation,

D = E x Dose

where:
E = Constant

These relatlonshlps are reasonably accurate with a single set of
conatants for doses hetween ¢ and 500 mr or mrad. Exsmples of beta-
exposed and gamma-exposed film are shown in Filgure 2.

The mathematical functlions performed by the computer to solve the two
transmisasion equations are shown in Figure 3. Electronic components
of the computer Ilnclude photocell logarithmle circults, DC-to-AC
converters, AC ampliflers, a transformer wired in series oppesition,
and AC-to-DC converters. Figure 4 1s the schematic diagram of the
computer, and Flgure 5 is the dlagram of the control and readout unit.
The DC output voltage 1s a linear functlon of dose and can easily be
converted to digital form for IBEM data recording. Figure 6 shows the
prototype, which used meters for readout.

J



EQUIPMENT DESCRIPTION

PHOTOCELL LOGARITHMIC CIRCUTT

Transmisgsions Ty and T, are éimultaneously measured by a palr of RCA

type 934 vacuum photocells. These are mounted in the small trapezoldal .

box shown in the left foreground of Figure 6. The photocells are
connected in a novel clrcult arranged so that they operate in a self-
generated retarding field (i.e., plate negative with respect to
cathode). They provide an ocutput current that 1s proportional to the
logarithm of the incident light in the light range from 0.3 to 0.2
lumen. The output current for this light range 1s 0.01 to Q.04 micro-
ampere. Filgure 7 gives the voltage output versus light intensity for
the photodlode.

The voltage equivalents of the fogging constant "K" are removed by
subtracting a reference voltage from the signal that appears across

the amplifier input resistor. Control of the reference veltage permlts
the amplifiler input to be adjusted to zero for an unexposed {ilm
reading wlthout driving the photocells out of the logarithmle range of
vperation.

AMPLIFIER

The amplifiers used in the computer are modified clrcults from milli-
voltmeters made by the Industrial Controls Company. They produce &
60-cycle output voltage wlth an rms value 100 times the DC 1nput

voltage. Thils circult was used because of its simplielty and
excellent stabllity.

SUBTRACTING THANSFORMER

A portion of the amplified signal from the photocell that measures the
shielded area of the film is applied to the subtracting transformer in
series opposltion to the signal from the open window photocell. Thils
operatlon corrects for the unequal £1lm darkening constants of beta and
gamma radiation, represented by "A" and "B" in equatlons (1) anad (2).

READQUT AND CONTROL

The readout and control unit is housed 1n a separate chassis. The AC
signals that represent gamma dose and beta-plus-gamma dose are sent
from the computer to the AC-to-DC converslon circuits 1Al the control
unlt through the cathode followers Vp and Vg shown in Figure 5. The
resulting DC voltages are filtered and read out as gamma dose on meter
M; and beta-plus-gamma dese on meter Mj.




—

LIGHT SQURCE

The light source used with the prototype computer is a General Electrlc
model 1323 incandescent lamp operated at 6 volts AC. Regulation of the
supply voltage, which determines light source intenslty and color, 1s
required for stable operation of the photocell circuit.

CALIBRATION

The instrument 1s calibrated with films that have been exposed to
known doses of beta and gamma radiation. The energy distribution of
the radlation from the calibration source should correspond as closely
as possible to the energles expected in the areas where doslmeter
films are worn. Typical values of calibratlion film exposures are 50,
100, and 300 mr gamma and mrad beta. The Instrument is adJusted to
zerce by lnserting a blank fllm into the reading head and adjusting
first R; and then R,. The beta-plus-gamma channel 1s then callbrated
for beta radiation by usling a beta fllm and adjusting Rs. A gamma
standard film is then inserted and R, is adjJusted to glve the correct
reading on the gamma meter. Rs 13 then adjusted to glve the correct
reading on the beta-plus-gamma meter. '

The meter clrcults are adjusted to have the same voltage calibration

by setting potentiometers Rp to glve ldentical readings on the two
meters when 1.5 volts DC 1s applled to both filter capacltors through
the connectors at J-2. Potentiometer Rp is located at the rear of the
control unit chassis. Potentiometer R», located at jack J-2 on the
computer chassls, is adjusted to permlt operation of the factor

control near the middle of 1ts range. Although net found necessary
during development work, it is possible. that some selectlon of choppers
may be required to prevent excesslve phase differences between outputs.
The error due to phase difference between the choppers is a function of
the relative amplitudes of the voltages applied to the primary cof the
subtracting transformer, and affects the beta-plus-gamma reading.

OPERATION EXPERIENCE
This computer was in routine service for more than a year and

performed satisfactorily. A similar computer that uses magnetic
amplifiers has since been designed and substituted for this ecircult.

£ p"“‘"/u.e
/7

J. E. Davis

Engineering Assistance Sectlicon
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FiG. 1 FILM BADGE
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1 Delense Atomic Support Agency, Wasghington
{ Department of the Army
L2Director of Defense Research and Engineering (OSD)

1
1
1
2
1
2
1
2
1
1
1
1
2
1
1
1
1
1
5
1
1 1
2
1
1
1
2
1
1
1
1
2
1
1
1
2
1
1
1
1
1
1
1 Division of International Affairs, Brussels

)
Division of International Affairg, Tokyo

e

- A

o 2 .

t*Edgerton, Germeshausen and Grier, Inc., Goleta
Electric Boat Diviston ’

un-raf—

o

Y

;

i
-

)
I

e

T,




—————

W

NUCLEAR TECHNOLOGY

Full Size
Coples

1

i

1
4
]
1
1
1
1
1
1
8
4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

r—m—-wt—o-—an-mt-lo-n-uu»uuu

OTIE
Microcard

[+

M-3679(25th Ed.)

—REACTOR ENGINEERING AND TECHNOLOGY (Continued) C-44C

Standard Distribution

Franklin Institute of Pennsylvania
General Atomic Division
General Electric Company {ANPD)
General Electric Company, Richland
General Nuclear Engineering Corporation v 374
Gibbe and Cax, Inc.
HBanford Operations Office
Iowa State University
..Jé‘; Propulsion Laboratory
»H35hns Hopking University (ORO)
Knolls Atomic Power Laboratory
Los Alamos Scientific Laboratory
10wty Alr Force Base
wiarquardt Corporation
Martin Company
*Martin Company, Baltimore (BUWEPS)
s*Magsachusetis Institute of Technology {Evans)
Masaachuseits Institute of Technology (Thompson)}
Mound Laboratory
*NABA Ames Research Center
wsNASA Flight Research Center
w*NASA George C. Marshall Space Flight Center
+*NASA Langley Research Center
*NASA Lewls Research Center
LNillonal Aeronautics and Space Administration, Washington
«National Bureau of Standards
Na“t’lonal Lead Company of Ohlo
LNaval Air Development Center
Naval Air Material Center
L:Ni’}al‘Clvﬂ Engineer Corps Officers School
— Nival-Civi-Engincering-laboratory-

uﬂe’fa.l Medical Research Institute
1*Naval Ordnance Laboratory
(*Naval Postgraduate School
iNival Radiological Defense Laboratory
-Naval Regearch Laboratory
t»Maval Training Device Center
*New York Naval Shipyard
New York Operations Office
L*North American Aviation, Inc., Downey
Nuclear Development Corporation of America
\-Nuclear Materialas and Equipment Corporation
«=Nuclear Metals, Inc.
Oak Ridge Operations Office
Otfice of the Chief of Naval QOperations
Olin Mathieson Chem!ical Corporation
Patent Branch, Washington
Phillips Petroleum Company (NRT3)
Power Rsactor Development Company -
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Full Size OTIE
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Standard Distribution

Pratt and Whltnqy Alrcraft Division
*Princeton University
Public Health Bervice
«8af Francisco Operations Office
Sandia Corporation
Sargent & Lundy

—
*New lesting or change in old Usting.

Uﬁret&ry of the Air Force, R&D

rgeon General
Union Carbide Nuclear Company (ORGDP)
Union Carbide Nuclear Company (GRNL)
AF Headquarters (ODCE)
Univeraity of California, Berkeley
University of California, Livermore
alter Reed Army Medical Center
Westinghouse Bettis Atomic Power Laboratory
Westinghouse Electric Corporation
'Wﬁtngnouse Electrtc Corporation (Biondi)
“Wright Alr Development Division
Yankee Atomic Electric Company (NYOO0-222)
*Office of Technical' Information Extension

Delations from the 24th Ed.

AFPR, Boeing, Seattle

AFPR, Douglas, Santa Monica

AFPR, Lockheed, Marietta

Babcock and Wilcox Company (NYOQ-1040)
Continental Army Command

Hartford Areraft Reactors Area Office
Naval Engineering Experiment Station
Olfice of Naval Research

Space Technology Laboratories, Inc.
Bylvania-Corning Nuclear Corporation
UBAF Headquarters

USAF Project RAND
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TELEPHOMNE
UNITED STATES swausya S
raRk £431)
ATOMIC ENERGY COMMISSION
SAVANNAH RIVER OPERATIONS OFFICE TELRGAAM AD02EAS
r.O. BOX A AUGUSTA, GA.

AIKEN, SOUTH CAROLINA

M REPLY REFER TO:

TI:TBN:mep

J o _ August 31, 1961

Mr. W. P. Over eck, Director
gavannah River Laboratory

E. I. du Pont ge Neggurs and Company
Alken, South cdroliia

~

. '.' y
J. M. M , Director

Attention:
and Services Section

=% Separatio

“Dear Mr. Overbeck:
1961, letter from Dr. M. H. Wahl, the
ae guthorized release nf whe folluwing

In reply to the March 2k,
marking "Officiel Use iy’

Manager, savannah River, h
reports with the adminigtrativs

Report No. Author Title
DP-305 Acroprojects Ultrasonic Fuslon soining of
ointered Aluminw: Powder

Materials O Aluminum Alloys

U1trasonic Cleaning of jong

DP- kL Aeroprojects
Ar-Ciad Tabes
DP- ki E. R. Kussell Anion Exclhange Recovery of
Pu from Reductlon
pp- 4L C. 5. Schlea cff-Gas Control iu Ureniuws
nissalutllion
pE-47L J. E. Devis Automat - Lnow somputer for
Radlatlnn F:1lm badges
DP-453 A. 5. Ferrara Swaging ol Uranium Dloxide
Tubes - 1
DP-523 F. P. Calatl Neutron Spark Counter

In-Line Monitor of Nitric
Acid Concentmtlon

BEST AVNILABLE COPY

DP-531 D. W. colvin




)

Y. P. Overbeck -2 - August 31, 1961

The above reports should be distributed in sccordance with the most
appropriate category contained in M-3679, and should not be msde
available to the Civilian Application Progran. DP-S54l was released
to Du Pont by my letter of June 16, 1961.

I regret the delay in ansvering Dr. Wahl's letter.
Very truly yours,

Paul J. Hagklston, Director
Technical & Production Division
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o CC: J, S:jstu}helt
TPO File

! INTER-OFFICE MEMORANDUM

SAVANNAH RIVER PLANT

February 23, 1960

0 ——ﬁ‘l‘o: TECENICAL INFORMATICN SERVICE, 773-A
. S. W. O'REAR

FROM: TECHNICAL PROCEDURES OFFICE, 703-A
T. E. ABBOTT

',"' TP REPORT BY J. E. DAVIS

The accompanying report is to be issued as a DP report. It has Deen
approved by T. C. Evans and W. P. Overbeck.

River Plant. If any questions concerning the report arise, please

ﬂ The author of this report, J. E. Davis, 1s no longer at the Savannah
i
i call me or J. 8. Stutheit.

TEA ;mhin
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Date 5// 2 ')/ A,

TO: Print Shop and Document Section
FROM: Edlting Group

INTERNAL ISSUE OF DP -4%7/ s c@

Rerun pages listed below.

Bind and issue 3 ) copies of DP - 47 witn
Distribution page 1lncluded.

Give the flrst bound copy to Editing

Give unbound File Record Copy (Special Cover) to
Document SecPion

Rerun pages:
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" . CC: F. A. Robertaon, SROO
Y s. AC nﬂn@ight > wilm.

r OBR-24-ANT ”. H. Smith, WIIIII.
CUU pﬂND L. C. Evans - H. worthington, Wilm.
W= Oowmremyr -~ J. W, Morris -
ridscn . S. W. 9'Rear - TIS File
E. I. ou PoNT DE NeEMOURS & COMPANY T. ¢. Evans

AIKEN, SouTH CAROCLINA

LtTEL. & TEL. ADDREBS, AUGUSTA, GA.)

EXPLOSIVES DEPARTMENT July 28, 1961
SAVANNAH RIVER LABORATORY

Wr. P. J. Hagelston, Diractor {(2)
Technical and Production Divigion
Savannah River Operations 0™ ce
U. S. Astomlc Bnor:y Comnlunton
Fost Oifice EBox A

Alken, South Carolinra

Dear VNr. Hapelston:

PROPOSED PUBLICATION - DP-4T}

Or Apueil €7, 1060, the {ollowdn;: report was san. ta you tor
veview as Lo clasaificatiocn and patent matiar:

Auiomatic Dose Computer for Radiation Film Rad:es,
| oy Jonn B, Davis

As 2 popsible aild to you 1in your patent review, we gre
attaching a prepublication review by J. E. Daach.

Very truly voura R

Sfodl (1l Moo

Hood Worthingtorf, Direetor
Technical Division

SWO'R:pa




TECHNICAL DIVISION
SAVANMAH RIVER LABORATORY

NEMORANDUN | July 27, 1961

TO: ¢, ¥, J. VENDR _
yROM: J. B, mn§[r9 .

i e
CATION: ég#‘ DA
Document t - Roport llt§71 af. mfwf
Title: S Autonlttﬂ Doze Capgfuter for@‘:”;igiea,“
. :° PilnPhoges T By
Author: | J !‘ R X I. Davis . ﬂ
contraotual Origim: - _N!(ﬁ?ba)-l

%

PFreaent clasaifioltion: 'Uhnlasaitiol

[
-F,l

© AECL-3Q2, June 196@{
{(2) wWilhelmssn et at

Antomatic Fi e Reads %'f
Nuclaonlics Vol lé No. 4, pp Bizagtd%pril 1965'

1 have noted no item in the report which, in my opinion, has:'
sufficient novelty to justify calling it to the aitention of :
the AXRC, ?

The dose computer was desoribed in reference (1}, A similar
device developed at Idaho Falls was described In refepenoc {2).

A

. JEB:pa

:l?\ .

v
i,
- “‘;?' .

References: (1) Bancrof$, L. C., Aﬁmlmntio Filmﬁ!ldge Proceasing,
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