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Task Oroup ‘7.6, with asst~md responsibilities foe’ radiological bs.1~~
protection duri.og Operation ~~Mstcme, conduct d certain teats and mad obs.awatiomu
on fi.ld performanc. of a number of aiee.1len ~ous instrume nts tnsliid iiig O igsri.

losiler eurv.y instrument., ionization chamber uui~ ey instruments, and Integrating
douinsters.

This r.port contains obesryationa on the ‘~~I*rs end types of instrument,
required for operations- of a similar nature to Operation ?.ndstons. Certain design
dsfbots are not.d In the instruments used, an~ sons corrective recoumendations are
mede.

In genarat , the psrforee no. of the instruments used during the operation
zes ,ood. serious leakajre problems mere •ncount.red with pocket dosinsters, Soms
troubles mere anocuntered in the use of instruments in aircraft.

-

S

i 

Information is piven in Appendix B on the processing of. film badges used

fOr health protectIon,

U PRO~ 7~~~~IT OF INST~~~ NTS

Instrume nts capable of detseting and measuring tonidug radiation itU
have great bportenoe In future national dsfeni , aid since health protsotion required
osrtsin Instruments during the Atomic Weapon t..t. of Operation $?sMetome, it me.

S sousidered desirable to utilize the experience of th. operation to obtain tnformaticn
on fi.ld performanc, of ,arious instrument.. The radiological aafSty organimation,
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Task Group 7 6, was the logical organization to carry out th. studies, sid am
18 S p4~..bsr 1947 Colonel anss P. Cocney (E) USA appointed a ~roup consisting

of an
~IrI l L0Ad ‘i’~4’tT3 ~~~ ~. c. ~~~~~ ~~~ , ..M Dr. Ralph S. Lapp

JWS, t~~~~dy $he a ailab~JM’r of suitable survey Instruments aid to mak. certain
.0 A j A .~~~ A - ~it~I5Ct~M 1-’~~~r~s~ ~~~~~~~~

The group was war ned by Colonel Cooney that the instrument testing pPogima,

slthcogh hiphly desirable aid important, must not j .oi*rdi.e the math miadoc of

Teak Oroup “7.6 mbioh was the protection of the perio,m.l. of the Task Fozc• against

ewer-amposur. to radiation. With this thought in mind, sad sfter~ rather thoroe*

study of the then o~~ .zrcIal3y available tnetrumsnts, the group submitted Its
- S repce’t to C’lonel Cosmsy on 4. Cotobsr l9/.7. A cop~~of thi. rspoe’twiU be (u.~~~Ia

Appendix A. In sairing reooeme&aticm~ for procurement, the gr~~p edvias the parehaae

in grssteet numbers of’ those inetruments whiob yr. presumably Ia,,vu,.d medels of

previous reason ably reliable deelpn.. New relatively untrod Instiumsnta were rosa. .

mended in quantitie. sufficient for adequate t.stiog purpoesb only.

After oonfsrsncee with member s of the group, the Yletorein Instrument

- I Company agreed to supply a n&ifted ionization chamber instr ument capable of rusding

to 25,000 ar per hour, and the Nationa l Technical laboratories d..l ned and co~sthiitad

an entirely new ionisatton chamber instrument. This gr ap aloe ~~~~~~~~ ~~~ pro.

duction of pocke t doelneters, particularly in the 0..lO r aM 040 r ranges.

Instr uments mere purch ased ~~ the Instruments Dramli, ~~.hingtos Division

- 

S 

of Prodi~otios, U. ‘5. Atomic Energy C~~~ission, upon request of O.1~~ 1 Coumey.

t)elivery of the ss3ori~~ of the instruments was made to Taik Grasp 7.6 at the

Termiral leland Ravel ~~ipyard prior to the departure of the USS ~~tr*s for $uitvet *.
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In addition to the purchased instruments, the ~uresu of ship., U. S.

Davy, loaned a amiber of C.iger.Iuellsx surve y insth.snts and portable alpha

detectors whieh they ~~ been developing. These i~~thasuts, which were then

in the develoj aentel stage, mere taken for t.etin~ porpoise only sid ro met

issued to monito r. for use In radiation health pTotec~icm.

III FACILITUS ATAITI*~~I

Th. after reedy room of the U5S Ratr*o, C~S-ll5, was made available 1W
instrument storage, repair, antS testing. This room was an .ir-c~~~ittaned spais
of about 615 sq. ft. which allowed roam for storage racks , instrument repair t oiu.

ties, and the radiation counting laboratory, Instrum ents used by Task Unit 7.6.1

in limited quantities for hasith protection of the air operations from Swaja lath

were etor.d In a refrigerator with a veIns. of appromimately 165 cubic feet. The

refrigerator was kept at a temperatu re of 105° ? by means of a 150-watt 1i~ht beTh.

Silic, gel bags i~lao.d throughout the interior kept th. rela tive humidity r narally

in the range of’ 15 to 20 p.r cent . (sly minor rep air. ant’ adjus tuen ts mere ecoa~
pu shed at Kwajalein. All tv~jor work was taken to the laborator y on the U5$

Th. following personnel mere given full-time a.sigiaents to insti~~sut

repa irs anti testing and to the counting laboratorys

Andreva, Tiosard L., .CDR, USPRS

Pasto, Rioha•1, cEll, U~~
Eramer, Rarry, CEW, U~ I 

S

Dademann, Paul F., cETI , ~~~
tenser , Carl , civilian
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I L’L i
Murphy, Morris F., LT, U~ I

Murphy, Raymond L, civilian

Sebippacher, Robert N ,, Efla , U
S This group was supplemented by ereonnel having aelditioii.l duties to
S ~.rma1 aesi~iwants aid an occasiona l individual assigned from tine to t~~~.

Mr . Adrian H. Dahl, Chief , Instruments Branch, W AEC, although present tar a
peri od of tine, made a valuable written report on his obeerestiome on iiat~~~~t
performance (1).. At t,s3alein, Malcolm A. formats, Capt., USA?, and William S.

Matthews, Capt ., US~7, war, charged with the rea poneibility of tutiug instrument.
in the air. A chief electronics technician’s mete was asilgead .d’I’Irn.l de~$

from t ime to time for matht.nanoe of ins trtaente at EwaJal.in.

Instruments were aølibra ted in terms of radium sealed is the ~~t5 1 t
of 0.5 me of platima. Sources of nominal vA lues of 25, 50, 100, sid 250 millIgrams

mere available. Each of these )wl been ca librated by the latiomal Bureau of Standards

S within the previ ous year. The after end of the flight dealt of the 183 birch. was

used for calibration s. This provided a satisfactory ap~oe relatively free f~~
scattering, exoent on occasions when airplanes were stored close to the oalibra tt ,q

area

IV INSTRUVENTS AVAILABLE

The following instruments were delivered to the ~~S Baircko for testing

end for use in radiolo gical monitoring operations. Th. detailed ahnra.tsrist3ae of

some of these instruments are given in Table s I , II , and III. Figures 1 thr~~~ 9
are photogr’phe of the instruments , A tabulation of reabers aid t~pss of i t r~~~~ s
is given below.

in parentheses indicate refere nces on Pa ge 35 of this rep ast .
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FIGWG 1 - IN STRUMENT DEVELOPMENT LABCI~AT~~Y M~ZL 2610
This Geiger counter has a detachable probe mounted vertical ly
at one end of the instrum en~ case . The operating switch ii at
the opposite end of the case top from the meter.

- S  
-

~~~~~~~

FIGURE 2 - NATIQIAL TECHNICAL LAB~~ATORIES MOTEL MI—S

The probe on this Geiger counter instrument is housed hort-
sontal]y in a well along the top cover of the case . The
flexible handle covers the ear phone receptacle .
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FIGURE 3 - VICT .s~EEi~ INSTRUMENT C(I~PANY MODEL 263&

This Geiger counter has a detachable probe mounted verti-
cally along one end of the instrum ent case . The switch
and phone Jack are located mid-ca se under the handle .
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A GEIGEL.MUELtZR ~URv~T INSTTWM~ I7S

MANUFACTURER TYPM NUM)*R RANGES (sr/hz’)
Instrument 2610 25 0.2
Develu~ment 2.0

S L.boratorie.* 20

National MI..5 25 0.2
Techni cal 2.0
Laboratories 20

Vto toz’een 263k 100 0.2• Instrument 2.0
Cospa~~ 20

of A1/PDR4 15 (halogen 0.1 tabs)
Ships

AN/ffiR..$ 1 (halop!.n G.M bibs)

B I~~IZA-1’I~~ (~ A~~ R SDTW!T I1IST1W~~~~

MA FA~ThI~M $0I~L WUM~~R ~ NSIT1VR TO 3AI~~8 (sr/air)

National RE—2 10 x—ra y, gs~~~, 20
Teehni~øl bets 50
Laboratories 200

500
2000

81.6 20 x-ray, ge 5
50

500
5000

Raulaid Z-100& 20 x-ray, ga~~ 1
Manufacturing 4
Coupang

2—100 20 x-ray,_a2~hs, 1
S b.ts,ga & 4

20
200

~~~ 1 September 1943 the Instrument Dsvelojasut !*boratadne changed their ~~~~
to the ~Wuo1..r Instrument and Chemical Coupan~.’

S 
_ _ _  

ll!iCtASS1Ft~ _ _  - 

1

- - - - - - - - 
S_________

—5-— ~~~~~~~~~~~~~~~~~~~~~~ S5~5___S __S S 5~~ _-5~ -5S5 - — ~_-SS_ S
•
~ ~~~~~~~~~~~~~~~~ S - S ~ _~ 555 5 5 s -~-~~---~--- -- _ . V~ . s ~~~~--- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



JJNC[ASSiF1k 
____

• - 

- 

- T

• 
-

S 

t• 
-
.

-

~~

FIGURE 4 - NATI ONAL ~ECHNI CA L LABORATORIES MODEL MX-2

An ion chamber with a thin window capable of measuring beta
rays is shown, with gamma shield removed on the end of this
instrument .

S FIGURE 5 ‘NATIONAL TECHNICA L LABORATORIES MODEL 81-6

This instr ument con tains a sealed ion chamber located beneath
the meter. The control switch 1~ at stid-case . Full coals
ranges are 5, 50, 500, a~~,1~~O0;..r per hour.•~a.nL 
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FIGURE 6 - RAU LAND ZEUS

The Model Z-lOO shown here has movable shields on the bottas
of the instru ment which cover a chamber capable of alpha,
beta, and gamma measurements . The Model Z-lOoA is a chamber
for gamma measurements oz4y.

FIGURE 7 - VICTOREEN INSTRUMENT C(~APMZ! MO!EL 24?A

This instru ment contains a gamma chamber directly beneath the
meter. Switches under the handle are for battery check , range
set, and zero adjustment. The top reading on this instrument
ii 2500 ar per hour. The Model 247A(Special) was designed fee
$ top reading of 25, 000 mr ner hour.
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MANU?Aj~1bn~R TTPE NVV~~R SENS.LThvJ TO RANGES (ar,i *z’)
Viotoreen 247 12 x-ray, penis
Instrument
Compaq’ 247A 50 x-ray, ~~~~ 2.5

25
250

2500

2471 10 x-ray, i~~s 25(Specici) 250
2500

25000

356 10 x-ray,_alpha, 400 a]phed~ia.
beta, ya~~~ 40000 a1phm~~in.

C INTEG RA TDr~ T~~~ P~~~R

PANUFAC1I)R1R MCIZL N~ *ZR RANGE COLCR T*SCRIPTI~~
A. 0. Neebsan 50 0.2 r silver Direct reading qi*rts

- fibre ion chamber,
herestioaUy iei~1ad,
charged thr~~ h mow.
able diaphr ngm. S

Cambridge 200 0.2 r grey lessutlilly the camsInstrument ~~ 1-100.
S 

Zelley-Xostt 1-100 600 0.2 z’ black Direct reading quartsManufacturing fibre ion chamber.
Ccapmrq

1-150 113 lOr  blue Sa as l-lOO with
condenser to reduce
ssndtivitqy.

1-260 25 50z ’ red Se as l-300with
condenser to rsdmee

National 81.7 ?oskst intserstingTeehujoal ion ohs~~er ~~th emto.I4bOrato,ies catis andtb]s alarm
S at pesdstsrmirmd doss.

Viotoreen 300(Pz’otem. 20 200 sr mem.portsbla Late-Instrument i.*s’r) full scala gasting iom~shichii’S Conpsi~ ~~~ ~~~~~~~~~~~~ IMg~~~~~~ tQ~a1
eetpo~~~ at& ~ saI$aui .
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FIGURE 8 - GAMMA D~~IMETERS AND (2IA~~~R

S 

a. Lower left is a Xeliey-Koett Model 1-100 dosimeter
S having a full scale range of 200 ar. The size and

shape is identical to the Ielley-Koett Models 1-150
and 1-160 having full ecu . readings of 10 and 50 r.

b. The Cambridge Instrument Company 200 mr dosimeter is
shown at the lower right.

0. The Keiley-Ioett dosimeter charger Model 1-135 is
shown at the top of the figure. For charging, the
dosimeter is placed in the receptacla at the fur
left tap of the bar. Control of charge is maintained
by the large knob next to the charging receptacla.

_  -
S

S ‘ •
~ i •  •-J-~ 

5 _ _
. p.

,

—- - — ~~~- ___ — 
5 ‘~~~~- - — . S S -.

- 5
-, 

- -—S — S~~~S - - S - ____ - ____4__ 
~~~~~~~~~~~~~~~ ~~~~~~~



r 
— 5~~ 5 _~~~~~~~~~~~~~~~

_
~~~~~~~~~~~~~~~ 5

55 ~~~5 - 5 -  
•

~ 555 5 w~;- :  
~~~~~~~~~~~~~~~~~~~~~

UNC[ASSJFIED

S . SS 

S

- 

~-~‘~~:

~~~~ 

,

~~.

• 

- ;~
~

- S 5 ~~~~ ; ’ . .

FIG’D1~ 9 - A • 0. BECKMAN CC *~PANY 200 mr D0SIMET~R
(PIcTuRED WITH CHAI~ER)

This is a direct reeding pocket electroscope four
inches long and 0.5 inches in di~imeter .
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D OTBBR INSTRUMENTS

MA)WFACTIJRk~R WDEL NUMBER DESCRIPI’13

S 
1, 0 Beckman 5 Dosimeter Charger

Cambridge 10 Dosimeter Charger
Inst rument
Company

111 7-Moett 1-13 5 72 Dosimeter Charger
~~n’efsotu rixg
Company

Los Alamos 510-7 2 Modified Oatia..P1a
Area, ARC (!‘atts)

SPC-l3 2 ~arvsy aster insor’porating
(Pee.’~.e) a proportional c~mter detector.

S 

R.C.A. - A1I /PDR..11 2 Photosultipliar alpha detector.
Bureau of Ships

Tie torsen 356 20 Portable alpha air osiastios
Instrument (Zuto) chamber . 8000, 00,000 areadni
Ccmpsny dis/ain .

y fl~ flITS ~~~
‘ fl~ID ~ZftRIEH ~~ ‘~ITH RAD!OUX ICAL SUL JEY ~~ T~~~~RTS

S Careful records were kept of all repairs mede cm the survey instruments
S in order that statistics might be compiled showing the meek paLa te of the ven om.

S types. Practically every instrument showed the sane type of repair history. The

first field use showed week points which were then corrected for all tnstz~~~sts

of that t~rps. After the initial changes had been made , the tastonissi t psrMne s

ass, in general, satisfactory. S

£ ~~~ AND BEPAIR 81C~~U5

A .~~~ry of the repair records of the OcigersPUsiler and i~~~~tiis S

S wha~’ber survey meters which were used contiaronsly throughost this epuitios as.
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UNC[ASSIFIED ~ “-~J~
given below. The information on the length of time of use, as given in the. . dat.,
ic iub~.ct to some error in collecticm. Due to recording omiedana, the times
given are probably low; however, they give an order of magnitud. whisk shnuld be
constant bets.e~ instrument..

-
, 

1 CEIGER-MUELZER CCX~NTERS

a Instrument Developeent Laboratories Model 2610

(1) Usesge Reoord

Instrument. 15
‘1 Maui, of operation /78

Average hour. per instrum ent 32

(2) Repair Record for 25 Inst ruments

Replaced C-N tub e ~IDL 1) 12) 20

Replac.d 1~ v battery 5
Replaced 67~ v battery 4
CK-522 tube out of socket 

- 2
S Replaced all batteries (one 14 v, one 673 v,

S 

three 300 v) 1 
5

b Nat ionel Technical Laboratories Model MI~5

(1) Ue.age Record 
S

Instrument. 10

flour. of operation 654

Average hours per instrument 65

14~~

L 

~~~~~ S 
_ _  S S . - 

S 5~~~~~~~~~~~~~

- 
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(2) Repair flecor ~ fur 25 Iustn nts

Replaced G.M tube (ROL rki Mdl 20) 13

Replaced 45vbatteiy 1Q

Replaced 14. battery 7

Replaced 105 amplifier bibs 5

Replaced all batt eries (one 14w , tas 45.,

S 
three joo v) 5

Defectiv, power p1~g 4

Bent tubs shield 1

Replaced meter (lot) as) 1

o Tietoreen Instrument Company Model 263*

(1) Us.ag. Record

Instruments 55

flo~w. of operaton $80

Average hour. per instrument 16

(2) Repair Record for 100 Instruments

‘%xed amplifier unit 56

Modified with .0025 ufd range coupling

capacitor 56

Replaced meter MC 100 uld capacitor 55

Replaaed C4l tube 22

Replaced 14w betteriss 17

Replaced entire amplifier unit 14

Replaced 300v batteries $

_ _ _ _  

~~~~~~~~~ ::~; 
S

U 

_ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Be~l,1eed 67~~v batteries I

Rep1z~sd meter (50 as) 4

Rspla~~d .11 batteries (one 1~ v, one
(
~?4 ve thr,s 300 v) 3

Meter i~~mt land detlstivs 3

~~~~ VCItS (S c.bt. In iadoa ~~~~~~~~ 2

Replaced ~!I41A aultidbr stor tub. 1

Dsf.cttve pr~ibs connection 1

d Bureau at ~dp. ?ypss hN/PDk.1 sud AN/N*~.$

S The., instruments had not completed Imbosa tecy test ing prior to being
S 

sent on the operation, and certain difficulties developed widok prevented the

conduct of any field teats . Information am these Lnstri ats has been reported

separately (2) .

2 I~~IZATI~ I CHAM~~R SUnvL!

a Nationsi Technical Laboratories Model U 2

This instr ument, designed for laboratory ta,, ass fssiid not satisfactory

for field survey w~ lc~. 
S

b Natioiisl Technical Labora tories Model ltL 6

(1) Useage Record

Instr~~~nts 34

flours ad operation

kv.rags hours per instrument 51

~~~~~~~~~~~ 
-
~ 

-
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UNCLASSIFIED
(2) lepsir Rec ord for 70 Instruments

As received , the obenber voltage ass not sufficient to produce

satu rati on currents when exooasd to high rad iation inten sities.

This ass rsnedied b7 insta i14~~ an setr. ~ ) volts which cou].d

be ,e.dt1~ nlac.d inside the sese.

Repleend .11 bat teries (toni l~sv , one 3 v,

c.e 22j v, tuio 4S v)

Defis tive bstt.r’~ contact a
Replaeed a532 tabo 1
Short ja 2532 tubs bsse I

Replased l~ • battery 1

aepl.e.4 224 v b.tt.ry 1 -

e Reuland Iamufhc boring Corporation Models Z400 sod $ l 0~~ (Zeus)

This instrument ass ~.signsd far laboratory use and therefore was

S 
found unsuited for field sure,, eork ~

- 
d Tietoreen Instruma t Company yodel 247

The obselet. 247 ass sent to the operation as an i~’gsnsy seasure

to ese.r possibi. as1f ~mationimg of the as. and untried instruments. These inatru-

must, were meitber used in the timid operations, nor were any taste eosde tsd,

since the .xp.rteums of Operation Crossroads lndi.osted them to be unstable sod

sot desirable for field operations.

• Vietoreem Inst~~ ,nt Company Podel 247*

(1) U.esgs Record
Inst~~ sst. *
Me ..m at apsra~~as l1~~
Average honru p~’ in.t. ....emt U

1 
~~~~ 

~~~ 
__________ 17 -

s- ,. ‘ ~~~~~~~

- 
_ _ _ _

/ l -
-
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(2) Repair Record for 50 Instruments

The selector switch or the Vict3re en typ 747A ha~ etopi of
iiutdoqua ta etrsn~th so th et it was very eaey to set the
switch contacts to an incorrect position. Thu applied a

hi(’h voltat’. to the ftlaiuc t~t f the electrometer bibs which
p ronp Uy burned out , The repeirs requir ed were majo r ones

sinc, the tube was located inside the io~tsation chamber .

This detect wns easily corrected by ‘natalling positive stop
pies. A r*odj fj ed addition of a feaclb..t* circuit was wade to

all tnstniments upon reoorm~ertdation by the mmrnifactur.r .

Rep1i~c.d £5 v battery 2?

Repli~ced ohRnbe r 14

Repl~eed 22~ir v battery 12

Re~lacei~ all ba tte ries (?our 22~~v,

one 45 v) 6

Rro1~en ha ndle 3
Replaced meter (20 ua) I

S 

Replace d “—iIA—G tube 1

f Victoreen Instrument Company I~odel 267A (Special)

(1) Useage Record

Instruments

Hour. of operation

Average hours per instrume nt 24

(2) Repair Record for 10 Instruments

modify selector auitch stops

Replace 45 v battery 7

4

L__ —I
~ I ~~~~~~~~ ‘I

_ _ _ _ _ _ _
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Replaced 300vbettery 3

Replaced chamber 1

g Viotoreen Instrument Company Model 356

This instrument was included with those for Operation Seodatcas far

emergency use in th. event a serious hazard by elpha activity developed witbont

the presence of beta and ganc~~. The instrument received no use or forwal testisg.

3 INTEGRATING POCRET 0 A &  r~OS~~~TERS

a A . 0, Dsoicnen Company - 200 ar Full ecal.

(1) Useage Record

Number of instrument. 43
lumber of issues 36

(2) Maintenance Record for 43 Poaiaeters

Number of calibrations 32

8roic.~ fibres 1

- 

b Cambridge Instr ument Company 200 ur Full Seal

(1) Useag. Record

Number of instruments 6?

lumber of issues 91.

(2) Maintenance Record for 153 Dosimetsrs

Number of calibrations 110

Red lesbage 65
Umeble to focus on fibre 36

UNC LASS IFIE D
_
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Soale burned (by sun) 12

Failed to zero 9

a Xelley-Xo.tt Vanufscturinp Company Yodel X-lO0 200 ar Fu ll ‘7crl.

(i) USS*p~S Record

Number of instru ments 362

- Number of issues 1683

(2) Maintenance Record for /.57 Posim.ters

Number of o.1ib~ations 255

Scale berned (by sun) 13 S

Fibre broken 5
Red leaksg. 3
Failed to sara 3

d Relley-Io.tt Manufacturin~’ Company Model P~-l5O - 10 r Full Scale

(1) Use~ge Record

Number of inatr~iments 80

Number of issue s 160

(2) Vaintenence Record for 111 Posimeters

Number of calibra tions 309

E~oeaeive leeka,e 95

Failed to operate - cause unknown 16
S Scale ber ned (by sun) 4

~~peoitor separated from electrometer 3
Fibre broken 3

~~~~~~~
.j ~~JS~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S - ~
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C ~e1ley-Koett Msnufacthrtnp Company Yodel X-160 - 50 r Full. Seals

(1) Useage Record

Number of instruments 25

Number of issues 39

(2) Naj~tena~ce Record car 25 rosimeters

Number of calibr a tions 38

~cal. berne d (by sun) 5

Fibre broken 2

Ixoessive leakag. 1

Unable to focus on rjbr, 1

In practically every ease the instr uments tested èzring Opera tion Ssndstona

are being redesigned by the maaifacthr sr. There fore , these rep air statietios bais

been furni shed the maimfactu rers to assiet in their new designs.

B DESIGN DEFECTS

Important for future operations are the fundamenta l design defects whiob

way or may n~t m&e an instrument inoperable but which should be tapr o’wed in futum’.

designs. The most important of these defeats , ~which depend on observations rather

than the personal preferences of monitor s, are listed belows

1 GEIGER-&IUE LTZR ~wtvt T

a Instrument Development Imborstori.s Model 2630

G.M tubs eseil knocked out of holding clips cm front of tnst ~i~ int.

O.M tube mounting susceptible to spay with resulting diort circuit.

Meter seal. divi sions too close for rapid reading.

—- “
~~ UNC LASSIFIED

— 

_____________ S 
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b National Technical lebora torles Mod.’l WX .5

Non-rigid ha ndle net satlifectory.

Zero set knob too amail for operatio n with glove..

a Victoreen Instrument Company L!odel 263*

Narrow ass, too unstabl. for field operations.

Range switch poorly p3aoed.

2 I~1~IZATI(JI CRAMBER SURVEY IWST!WU}~JTS

a Na tiona l Technical Laboratorie s Model ~~—2

Non-rigid handle not satisfeotory ,

Instrument too hea vy f or field use.

b Nationa l Technic al Labora tor ies ~1ode1 1~ —6

Non-ri4d handle not satisfactory.

Zero set knob too small for op.ratian with glove..

I 
- Battery connections not sufficientl y rigid.

o RanY.arxl Meimfacturing Cci poration Kodela 2.100 aM 1-100*

Operation unsatisfactory because of moisture .ntert ng thr ~~~b end

-around the thin window.

ii Viotor een Instrument Company Models 247A and 247A(Spssial)

Instrument too heavy for field use.

Zero set knob located in a relatively inaccessible position end dtfflsclt

to opera te with ~ 1ove..

Narrow ease too unstable for field operation.. 
-

- 

- 
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UM LASSIFIEIJ L~
• Victoreen Instrument Company Model 356

Use. tisf~ctory for alpha measurements of fission pro~~~ts because of

- 
S substantial beta-game. responas.

3 INTffIRATDC DO~Z ~~~~~

a A. 0. Beckass Compaz~7 - 200 ar Full Scale

Pifficult to charge exactly to isv..

S 
Considerable g.otropic sffsct ,

Somewhat too fragile.

b Cambridge Instrument Company - 200 nr Pull Soils

Scale easily burned by the sun. S

Too such light required to read scala.

o X.l1.y4o.tt Manufacturing Comneny Vodel 1-100 • 200 sa’ Pull Soils

Seal. easily burn ed by the sun,

Instrument very sensitive to moisture .

Too such light required to read eøa]a.

6 NeUey-Koett ranufeo biring Company Model 1.150 • 10 r Tall ~os]s

Scala es.tly burned by the sun.

Very high leaka ge.

• Kellay-kostt Manufacturing Company Vod~l 1-160 - 50 r Tall °eale

Scale easily burned by ths sun.

High leakage.

_________ 
S
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f Net ion~l Technieni Laboratories ~odei VI.1 ( Po&eet Alarm )

Failure to trip alarm under field c3ndittone.

- 
- Aiim seldom heard under field conditions .

p Viotoreen Inst rum ent Company V,del ~)O

Instru ment satis facto ry but of little practica l use.

S VI TESTS ANT) RESULTS

A few staple tests were conducted to bring out vari ous specific charac-

teristics. Some of these , such as lifs tests , could not be co.ptet.d, because

it was not possible to start them unti l the main phases of the operation bad been

completed . A summary of detailed cha~~oteri stias is given of three type. of

CeigerJuell er survey instru ments in Table I , of four types of icutuatic. chamber

survey meters in Tibia II , and of five gamma pocket dceimet.re in Table UI.
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CI~ARA CTERISTICS ‘~F GEIGER-MUELLER SURVEY ~~TER

CHARACTERISTICS Instrum ent Natio nal Vietoreen
Ttsmlope.nt Technical Instrument
Labs. 2610 labs . V1-5 Co. 26~~

S A PHY SICAL

!eight (pounds) 11.6 9.0 13.4

Tilt fra,ii ’veptjeal to 28 40 1’?
tip—over (degrees)

Case dimensions - length x llxhx6(sxclus- 9jx/ -5ft 1.~~*]0(aelus—
width x height (inches) i’v. of probe) x5é ice of probe )

Probe.length x diameter 9xT~ Bxl ~ t11
(inches)

Case finish . smooth paint ooth paint smooth paint

Handle smooth paint hinged smooth hinged shiny
plastic Isather

B ElECT RICAL

Radiation detected beta gamma beta gamma beta g~~~a

G.M tube XDL D-12 RCL YI1, VG.13
Mdl 20H

Tube wall thickness (me) glese-30 glase-30 glau-30
plastic—i?

Ranges of game. sensitivity 0.2, 2.0, 20 0,2, 2.0, 20 0.2, 2.0, 20
(ar/~ir)

Headphones crystal megn. tie crystul

Ability- to mere in field none n~~~ some

Meter ing time constant 6 2 2
(seconds)

Viorophonios name Dams same

— 
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CHARACTET~ISTI~S Instr ument Natioe.l Yietorson
Pevelape~nt Tschetoal Iastr~~ at
lab.. 610 Tabs, ~~p5 Co. 26~

Zero f~~etha tic.s per second 0 0 0
(C-i tube deta ched)

Zero drift per bou~ 0 0 0

Temperature effbot s~~~ noted noted ames noted

Li ht sensitivity save C.~ tabs. n~~~ ~~~ C i  tube s

Wind sensitivity acne me.
Air pressure sensitivity me. ___ —

Useful operating liS (hour.) 230 200 85
%bu ation .ftbcts me.
Wai~.~p period 0 0 0

Smed.ttvity variation .08 0.2 .05
S 

(per cent per b~~~)

uNc s~~:~

S 
- -  — - 

~~~~~~~ - - S- - - 
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TABLE II

~ !ARACT1RISTI~~ ~~ IauzATt~~ CHM~E TR ~wwnY ~~TERS

CPJ~RAC~~RISTI~~ flat iomel Rational RaviaM Vt~. Victore s.
Tec)~ii.ai Ts.I’vtical Corp. 1.100 Instnaect
labs, ~~-2 labs. ~~ .6 and Z-100A Co. 2L?A and

247A (Special. )

A rn IbLCAL

Weipbt (pounds) 14,2 8.0 20.3 12.8

52 40 is
tip-over (degree.)

Case dtasnsj~~ 1~~~* 22fr7~ 6I 9jc4.7ft 12Iz7~~ 3o-31~ 5.31~2 width x height (i’i~h,s) x13

~~s finish smooth smooth ooth smooth
paint paint pinstie paint

hij~sd hinged rigid rigid
ooth .sooth an~dissd peb*tod

pbistie plamtio e.tal metal

I ElECTRICAL

~ ‘4ietion detested beta, •1~~~, bsta ga
p ,  and
~~~~~~~ on1~7

BaTes. of g..... . 20,50, 5, 50, 25, 100, 2.5, 25, 250,
wbIttivi ty’ (me/b) 200, 500, 500, 5000 500, 2500 2500 and 25,

2000 a~~, 2500,
25,000

Ability to sen in fl.U m~~~ e.tisf M. saUdi. .
tsm7 tmey

ietu~1eg tie.s sstu.I 0.5 1 ‘1 a(se)~~~~~
— me.

Zsmo flas~~~~~~~ psr 0 0 0 0

___-  - - 

I 
- 

I UNc1A
~I,im 

_ _ _ _ _ _

— — -——-5- 5-— S_S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



________  — 5- — 
—

~~~~~~~
--

~~~~ 
w_~‘

UNCLASSiFIED r 
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CRARJ’CTERV TICS National National Rau]nnd Efg. Victors.s
Technic al Technic*l Corp . 7.100 Instrument
Labs. MX .2 Labs , MX-6 and Z-100A Co. 247A and

247A(Spseisl)

S Zero~~rtft psr hour (p.r 4.1. .1 41 43
cent of - fu fl scale)

Tempers. thre effect none none moms none

4 Light sensitivity none none none fl~~~~

Wind sensitivity Dons non. bed name

Air pre ssure sensitivity sensitive reduced sensitive very
.en.itive

Seals linearity linear lins.r linear linear
(after
added
voltage) -

Useful operati ng life 400 200 200 30
(horn’s)

Ware-u p period (minutes) 1 1 1 8

Sensitivity variations less less less less
(per oent per hour) than~~05 than 0.1 than ,02 tban l.0

Satur ation effects noted name none none none
(after
added
voltage)

~~~~~~~~~~
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TABT.Z III

~ITARAC~~RISTICS ~~‘ GAMMA POCEET r,0cI~PETERS

S CHARAc~~EISTICS A .0~Beokman C~snbridgs Kelley.-Ko.tt Xe1ley-~oett lCellsy.’.Eaett
Company Inst . Co. Mfp. Co. Mfg. Co. Mit. Co.

K.100 X.150 E-lE~o
A PHYSICAL

~ei ht (ounces) 0,6 0.6 0.6 0.6 0.6

Length (inchee) 1. 5 5 5 5

~ateide diameter 0.5 0.5 0.5 0.5 0.5
(inches)

Case finish snooth anodized anodized anodized anodized
meta l meta l meta l metal metal

Clarity of scale excellent poor ~ood pood rood

Effect of sun none burned burned burned burned
on scale

Drop test unable to rood rood good poad
withstand 3-
foot drop

Spin stabili ty excellent some loose same loose same loose same loose

Ease of repair not with with with with
repairable difficulty difficulty difficulty difficul ty

B

Radiation detea- gamma gamma games gamma
ted

Pull-scale sensi.- 0.2 0.2 0.2 10 50
tivity (r )

Calibration -19 -2 -8 -~ .8
correction
factor (%)

a
~~~~~~~~~~~~~~~~~~
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~?~~fl ~T~~icb A . O .Re~k~an Cambrid ge kell.y—Xoett Kel]ey—Xostt KelleyJo ett
Company Ingt . Co. Mi p . Co, Mfg. Co. Mfg . Co.

K~-l00 IC-150 1-160

1 ar i ty of !‘rlls off good good good good
o~1ibra ticn N~ of full

scale from
mid—aca].e b,

S full ocale

“‘ave len~th suspected appears appears appea rs appears
ehar noter is- o~ hwving independent in~iependent inti.psndent independent
tics some depen-

dence

Charping ~ipacity 3.6 3.5 2.6 less than less than
shift (S full 1.0 1.0
scale)

H Cradna tian ahift 7,0 2.6 2~0 2~7 2~3 
S

due to ~)0~rotation (S of
S full scale)

t eakape zero 1~9 2.2 1~C) 1.0 less than
dri ft in 24 laO
h~ura (S at 

S

full scale )

‘Ta terpro ofirç excellent none none none none

.J_ UV..I

~
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A IJS}ZUL ~~ERATING LIFE

Fresh battari~u (and C-I tubes ) were insta lled and the meters pat in a

fixed geometrical relation to a radium source so thst about half scale deflection

wea obtained, The meters were left on cantjzsiouel until failure or the terai~~.

tion of th. test. The zero mes reset before each reading so that the curve s ~~omn

in Figures 10 through 16 represent changes in instrument sensitivity with lit.. It

shøuld be noted in Figure U that the tsst of the ~~-5 is not repre sentative beoeuse

of the failure of tb. G.M tube and 1~cJ~ of time to ecuiplete the tset..

Instrument P1~Ux~

Geiger -Mueller counters

Instroment r.welopment laboratories Yodel 2610 10

Natio nal Technical Laboratories yodel YX— 5 2.1

Victoreen Instr ument Compa ny Model 263A 12

Ionization chambe rs

Nation al Technic al laboratories I~odel 11—2 13

Natio nal Tschnioal L abor atories Model MX ..6 14

S 
- 

- Rauland Manufacturing Corporation Model Z.l00A 15

Victoreen Instrument Company Model 2A7A (Special) 26
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L B UNEABIYT

Veiny sta~*~ard sources of radium and carefull y measured distancei, each

scale rar we wt~ checked for linearity of .esponse. Tb. results are shown in

Figures 1? throu gh 22. After the tests were completed , the lack of linearit y in

the Type 263* ~~~ found to be “ne to a factory-installed long time constant .1...

tronlo circuit combined with a poor amplifier tube . Many ~f these tnsth~~~ita

were aeseabled in this fashion. ‘hen an amplifier tube of proper sensitivity wee
installed, the circuit tie, constant could be raduoed, and the rnp~~~e became
a~b more 14nmer. Unfartumt.ly, the data for the izprowsd- response curve a~~ met

available.

It ,ill also be noted in Figure 21* that the 11.6 as received from the

fictory we. quit. aon.Unse.r on the l1~per rarwss. This was corrected ~~ an addi-

tiomal qo volt battery as shown in Figure 21B.

Instrum ent fl ur.

Geiger counters
S 

Instrument !)evelcpment Labora tories P’odal 2610 17

National T.c)mjcal Labo~~tories Yodel P1.5 18

r Vietorewn Instrument Company ~ode1 263* 19

lonimetion chambers

Natiasel Technical Labaratories Model P1.2

Nsti~~~1 T elmlcal Labosator ies Model *1.6 21*
(a. received)

Jat tomsi Ysohaical Labora tor ies lodel P2.6 211

(90 added)

Yietorsen In.ti~~.at Company 2*7*
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C DIBECTICIAL RESPQ1~~

‘h. instr ument, were located at a fixed distamee from a point s.~~~~ nd
radium and rotated, and readings were taken at regular tntei’vale. The re.p~~ s
OUi- 5 are aho,n in Figures 23 tluouph 32.

Instr~~~nt Figers

O.igsr coentars

I1 tr%~~~ t Ds’e1c~~.nt 1a~~~.tories Model 2610

(aori..1 oriant.t icc) 23
Inst.- ient Devel~~~ nt Laboratories Model 2610

(on side) 24
1atj~~~l Technical Laboratories Model *1.5

(morsel orIentation) 25
National T cbnical Laboratories Model *1-5

(onsU ) 26
Vtotorssn Instriaei~t Company Model 2631

(normal orientation)

Viet cea. Instr ument Company Model 263*

lomization cMab.r.

M.ti~~ l T obnicsl Iaborato dae Model *14

~. (nowial orientation) 29

National T.elmi,*1 !mboratosis. Modal *14
(on sU )

Tietusm Imeth ..mt Cmupsi~ Model 24’7* and

247*(Spsstal) (noim.1 orientation)

T$atwj, a, 1 t...&nt C~~~ ny Model 247* and

-

, 

24*($pssial) (on aide)
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1) AT rITU PE EFFECTS

Using a standard radiun sour ce, instruments were calibreted in the air to
determine altitud e eff.cte. Due to space limitation, the radium source was attsc)~od
to a wir. so that it could be drawn from th. tail section of th. plans toward tnstra.
m.nt s in th. radio comparteent of a 3.17G. ‘ - 5

It should be noted that the Victoy.en 2L’7A ioniaation chamber survey meter

as received was useless for air monitori ng du, to severe distortions of ths plastic S

chamber w&ll. In order to nrevent chamber distortion, a 118 inch diameter 
S

was drilled through both the instrument ease end the ahasb.r cover so th*t the

instrument would react as en open chamber. This modification had two undesirable
results, (a) moisture was gilowed to enter the chamber, and (b) th. slops of the

- 
calibration curve of the open chamber ranted tnvere.ly with altitud e. These con-

dition. wars found to be far lass seri~ as than those result&ng fror pressure change.

on closed chambers.

Vari ation of result s from instr ument to instrument within a single model

and betasen models was such as to produce onb the couclusion tha t there is an
altitude effect. Push mars data i. required for intelligent interpretation. Figure
33 illustrates this point but should not be considered as repre sentative of this

type or of other types of instruments. The Air Instrumentation R.part of TaO Unit

‘7.6.1 (3) is on file in the Radiolo gical T efsnee Division of the Armed Forees ~~ssia1
!eapons Project .
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E SHOCK RESISTAN~~

Instruments were dropped a distance of one foot onto a eteel deck in norma l

orientation. If they were then operable , they were dropped in other orientations

and the height raised until failure occurred .

On Type 2631 the indicating meter broke loose from it. housing on the

firs t drop.

Type *1-5 survived all one-foot dro ps with variable shift. of mere and

sensitivity after eaøh drop.

Type 2610 survived all one-foot drops with not over 10 per cent of full

scale seru shift and no chan ge in sensitivity . Two-foot drops in normal position

sprung the probe clamps. A two-foot drop on the side bent the meter needle, bit

the inatriasnt was operable.

Type ~4 ’7A survived .11 one-foot drops with not more than 10 per cent

change in seno. A one and one-half foot drop on the top broke the handle, but the

instrument was operable .

On Type YI..6 the shock te.t. were not satisfac tory, because each drop .ho~~
loose the battery contacts. ~Vhen the contacts were flied, the instr ument was operable

after all one—foot drops ,

P

Only three survey instruments and one model of the dosimeter were suitable

for iain.r.ion testing. The others had ohviou~ leake.

Two asters of the National Technical L~~~~~tortes Model *1.5 were eu~~ rged

with the top about three inches below the surface of sea water . One meter feilsd

after 30 minutes and was restored to service by drying. The second meter operated

properly and was complete ly dry inside .
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The Victor sen Instrument Conpen7 Vodel 2/,’7A was submerged in sea water

S and fla tsd upside -dowo with about three inches of the bottom protruding. Aft.r

30 minute s of Inc’ereton the instr ument func tioned properly and was completely dry

S 
inside s

The Nation.l T,ch~ica 1 Laboratories Mod al VX.6 was mibeerged with the top

about three inches below the surface of a .  water. There wee no failure , and the
S instrume nt rema ined dry insida

Six of the A. 0. Beckman 200 mr dosineters were ii’mir.ed abou t au Inches
S below the surface of sea water . After two hour. two had leaked and failed; after

four hours th ree had leaked and fa iled; after eight hours four bed leaksd and failed;

after 10 hours five had leaked and failed ; sod ;fter 40 hours five bad leaked and

failed . One instrument was tight end serviceable .t the end of th . test.

C TILT ~‘RC~i VERTICAL

In determining thE tilt from the vertic al required to tip over the instru .

sent , the instrument was placed in a norma l operating position and then tilted from

the normal position to such an angle that the instru ment tipped over on it. .14. ,

This gnve an indication of the stability of the instr ument when standing on the

deck of a ehip or boat or on the bed of a truck. Results of this test are given

in Tables I and II .

B ~~TEBIWC TIPE C(J STAN’r

The metering time constant CRC) was determined by introducing appr oximately

a foil-scale meter reading and then asasuring th. amount of time required for the

meter to drop to approximately one-third of it. value when the radiatio n sour ce wee

renoved fro. the detector . The time constant wee also s~~~ied as the time required

to reach two-thirds of it. final average readi ng when a ra diation sourc e was saved
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from a distenos to a set point near the detector, The vaim. given in ?ablas I and

II is the average of the two observations.

I ECR0PR (~IICS

S Th. observations on instromsnt aicrophanlcs were mad. by allowing ~~~
iuathasnts to drop from ome to two inches onto a hard surfac e and then noting the

effec ts on meter readings. Mt examination was also made as to the response of the

instr ument to sharp raps on the side of the ease. Observations are tebelated 1*

Tables I and U.

J IIS~~UAI!IT3 1~STS CI ~iwtvsT ThST~~~~)ITh

Zero f]~~~~~tj~a~ per a ooed and sero drift p.r h~~~ were dstsraij~ d by

obser vati ons made over sppr~aImetel~ 1.0 hours of ecnt laious operation t ediat.Iy

following Inetallatian of new bstteria~.

The temperature, light, and wind sensitivities were .tadi. d only on the

basis of routine operation.

f14 Air pressur. sensitivity i. based on coensnts mad. by persoimet ix~wolvsd

in air operations and doss not represent the r qults of any formal study.

I 
The warm-np psriod was determin ed as the tins required for the 1nstr~~~ut

V 
to uta bilise to a point that the isro drift was less then one per cant of full seal.

per minute,

I TISTS CI POCBIT T’OSI fl~~

Table III list. chevscte ristla s of th, pocket eleotrosoopsa used tar 4.bsum-

(Rb
V individual doang.a of g~~~~ radiation. Certain observations hew. bess -

II1~1iIRr ~~~~~~~~~~~~
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which ar m obvious from their listing l.a the tables. Th. methods followed in o~~~
dusti ng other test. ere described below.

C~~~sst. on ruggednes, mare mad. on the basis of test. oo~~~otad at ~~~~.

fictu rer,’ plants pr ior to shipment to Operation ~~ndstan.. The rcpg ednsu test.
cnnstibited a drop and spin teat. The desimeters were .illousd t. drop fit. tiny

through three feet so that the dosimeter fell a mini~~~ of once on sch end and

onoe on th . aide . The spin teat consisted of rap idly rota ting the inetrr msnt between

th. palms of the operator ’s he.ds. An observation was then made as to whether s~~
mdt. of the assembly were moved from normal positions by these accelerating foree. .

The dosimeter calibratio n correction fictor wee determined by calibrating

40 or more instrument. by means of garna rays frous a radium source. After obtain.

tug the avera ge calibr ation curve of the inatriae~ta, a determination wee made us
to the average deviation from the calculated re.d~mg.

Duri ng Test Zebra , 50. r dosiastere and fil. badges mare orpo.ed to flash

radiation, Do.imetsre .nd film budges were located at stations at various distances

frs the detowetios. These instruments were placed In position on 2 ~~‘~‘a ~~~ 
S

an! recovered .t approximately I plus six hours. The results of these

exposures are tabulated in Table IV. Further information on the film badges mey

be found elsewhere (4),

It will be noted from the dat, in Table IV that with a tie sxoeptto

the dosimeter, rea d 10 p.r cent loser than the film badges. Since this is flirly S

~~ .fse. thr oughout the various stations, it can be c~~~luded that the diftirenos

between the film badge and dosimeter is a atter of spectral response. Ineh moss

sigeiflesut is the ta.t that the dosimeter. do not maturate at high flash intsseitl s,

The la.hags history of the dosimstsrs is ~~~h that one would Ims.diatslj

.ps.t that fictor to be responsible for the one high reading at Stati on ‘I’ sad

the reading for Station IF’.
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IV

7L~S1I ~~POiw~ES 0? ~ELtZ!s~I~~?T ~ UL 1.160 (50 r PULL 50*3)

CAMPIA i csmi~ fis A1t vzra 3ADG~~

7711 RA?I~~~~~

ST*T1~~ ~~ADI~G (r) ~~LT’I~Q Cr)

A 40 50
45 50

50
51

1 2? 31
30 31

‘4
‘4

C 15 17
1,
3.9

p 7 $ 6
10.5
10.5

I 28 6.5
6 6.5

6.0
6.5

7 5 4.5
4.’
4.’
4.5

0 near sero 2.0
— near asro 2.1

2.2
1.9
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VII C~~CIZSI~JS MID ~~CG!~~N1)AT7~ I5

On the wbøli th. instruments us.d for health protsctton at Oper ation
Sandstone were substantial improvements over those used at DiH~t during Operation
Cros sroads , ~~os the obvious design faults were corrected, all meters performed

well an! required only usoderate servicing. qeveral Iapro’ msnts in design sun be
made in every same to make the initrasute more serviceable for field test.. The
most serious defect. occurred in the pocket dosimeter . This 1. a most usefil 

/

Instrument an! is essential to oper ations of this type. Only hp intensive drying
/

by silios gel between issues ~~~ it possible to keep • ~~~ftciant quantity in

work ing order to meet the requirisen ts of the operation. Future designs mast be S

~~~e c~~~let.ly terproof,

Aug~ further operation of a similar nature should be equipped with a

grea ter number of icusisatiom chamber instruments, aM some of these instrt nts
should be capable of reading 50,000 sr/hr. 0ei~er.PneUer counters were avaiiabla

in suffic ient quantity to nest all requests with a goad reserve to nest any fuLler.. .
- S On severa l ocosstcm. sssry tontsattcm chamber instr~~~nt was issued, and
-

~ program adjuatosnts were nco.smazy to meat all requests.

- 

- Ions of the survey instruments tested were complete ly satisfacto ry for

air use except when placed in constant presmars..-.omat ant temperatur , chambers.

further study on Instruments for use during air aou1itortT ~ is nec~.s.er7. S

A questi~~~~tre submitted to th. worki ng monitors produced littI. In the

way of constructive suggestions. £11. wented a ama liar an! lighter instrument, ~~~
there is no doubt that the.. are desirable chareoteri ptics. It is also serbia,

~~~~~~ that ruggedness and depandahility mast not be sacrificed for c~ugs t~~~.

lest no~~tors agreed that the protestise covers d..I~~ed to pa,,snt tneti~~~st
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castssimtios were clumsy an! interfered with prop er nipel*tioss of the eantr.la.
There was a univers.l feeling on the part of the monitors that an Ltit~ t~atsd setsp
scale would be highly desirable. This was true even in an operatios cooduotsd

primarily in the open. It would, of courss, be nose desirable when monitoring ~~
interior of ships or structu res in an operation amok as Operation Creecrei ds.

In general, the instruments used during Operation Sandstone mere aattsfts.
tory frus a circuit standpoint or could be readily made so. Radical changes do met
appear necessary, lore rugged construetiom based on JAR speoiflaatioss and changes
in mscha,~4oa1 design should produce very satisfactory instruments for field 

S

= It should be noted that the monitors operating instrument. were of higher
oslibsr than those who will generally operate then with nilitsry field ~~~ts. Is
addition, the operation was of relatively short duration and had continued high
level maintenanse su~~*sis. Ai a result , the reader should be cautioned not to
anticipat, equal Instrume nt abuse during futvze opscations.

VIII ~~~~~~~~~

(1) Is.ulta of Plaid Test. on Rediatiom Petsction Insti snts,
Adrian I. Debi, ~O 3_s 194$.

(2) Task Group 7.6 letter to the Chief of the Bureau of ~~ipa,

‘bpsrlaental Mdl.. Xnstr_snts, Report on,’ dated S lay 194$.
(3) Inetz_sstatlos *nun $ to 7.6.1 Opersti_si Ripest, dahed

1 Ju ly 194$.

(
~) ~~ ~~44~~j~~ ~~~~

._s Diete_s,’ Pr.jsst 7.147,~~.1 hp
Reztsrt Ssovill , Jr., ~~t 1. 3. Ioffhen, ~~~, an! I~ I . C. ttears, ~~~,

dated Jo June 1948,
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APPE~DU A

TO, Colonel Jame s P. Coon.y

PR~~, (Dr . I. I. 1~ pp
(~ * I. L, Andrews
(L~ )* D. C. Campbell

~ 1BZICts Pimal. Report .f the Sabso~~~ttee on Radiate ~~ vs7 ImetiIJ4stI
DCZ~~UBIs B. Pine l Report

1. At it, first nesting on 1$ ~.pt.mber 1947, the RedsatS U Co ttt.e evthorl.ipd

th. formation of a nibs oneitt.. on instruments for the purpose at determining

th. types of radioloctcal instruments that night be procured. ~~ I Andz... (Ill),
Ia~I Campbell (178W?), and Dr. I. P . Lapp (3WB) were appointed to the ~~~~~~~~ ‘

ccndtte. an! were directed to submit an interim report as soon as poesible,

preferably within a week.

2. The cubeomaittee held it. first nesting on 20 September 1%’?. As .  result of
this meeting, the Sebconeitt.e ti*ted en interim report dated ~2 September

1947. It was decided that insufficient up-to-date informs tics was swai]abia

on which to base conolusiona in the inter im report .nd that a ccuwittee rsey

of the current developeent work in the Boston, Cleveland and Chiosgo Areas was
in order. -

3. Between 23 an! 27 September 1947 , Dr. Lapp end LC)R Campbell visited Boston,

Cleveland , and Chia.go and made $ quick survey of the Rad fS lasthasat sites.
and available

ti .., both with respect to inst rument . tmediat.1.y anilable,4tthln one ~uar.
Campbell an! Tapp elso made a -visit to one company In Arllnptia, Virglal*, as
1 Catcher 1947. Anir sus visited Philadelphia, Pa. on 27 Sspt~~~er 1%?.

4. Ia add ition to visiting instrument companies in the eastern ‘V. S. alias, the

~nbocsnittse hs* contacted companies In other part. of the countr y to dstslnd

I~~~~~~’ ~
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the statu s of their dsv.lopuent work In th. field of sur,s7 tmetr_snt.tios.

Contact has heist made with intireste d agsneies of the Aing, Wavy an! Air Fiane

as well a. the Atomic Xner~y C~~~tssion to determine what work .t related tere

is being pursued by these agenciss,

5. A fIna l meeting of the Bubc~~~ittee was held 4 Ostober 1%?, aid the Fina l

S Report, Snalonar. A, which covers i_sdlats rs r_s~ta, was prepared. longer

disislopuent. dli be reported separately.

left. L Lapp
L I L A ? ?

Mel, A • Final Report for the $sbs~~~ttse

sea ~~S L L . Aidrews
Dr. 1. 1. Lspp
T.~~~~D, C. Campbe2l (3)
CII? ?. I. ~lnent, Jr . (2)
Pa3oz Dausr
Ccl. Cooney (3)
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~LJ1SS!FIED
?ThAL RZPO~T (11 RADSAfl SURV!~~ I$SWoYi~JITS

1. Puruos. of the Benort

The purpose of thi s report is to i,rovide a schsdule ror tnsthamit pro.

curemsat, itemised by wanufacturer and type which way be obtained In the qwaati .

ties noted in Paragraph 2 prior to 15 Jesua”~ 1945. Some slipht modifications have

been made to the total quantities of peneral oatslo uss of i~iatrueast. which wars

determined by the fiadsat II Co tttss at its first nesting on 15 ~eptambsr 1947

and conteined in the interim report of 22 September 1947

2. Pindiiws of the Coasitti,

In order to arrive at its findings , tb. %bco~~~ttse considered the

cømpanies listed in Attachment I in order to asks the following schedule.

A. G.frsr-Wue 11cr survey. tastrtaent.

lodel Priot Qwanti~
a- Instrum ent D v.lopeent Labs. 2610 *250 25

b. VIotor..n Ins trum ent Co. 263* 200 100’

ca Nattanal Technical Labs. ~~•5 ~~~~~~

lay be obtained from 300 to be delivered to th. AIC by 15 November 1947.

B. Ion Chamber Server In.tromen~g

e~ Natio nal Tschnic~’1 Labe, ~~~2 ~300 20

1).. Tictore. n Instr~asnt Co 26’7A 250 50

a- VIator..n Instrument Co. 1od~ 247A’ 250 30

di. Reulmyd Co. Sins 2100’

~~ee Para,raph 5 below.

mcd, A
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C. Direct Raadinr Dosimeter, (P~c1cst S1.ctroscoms)

Madsi Price Qwant i~~
a- Tendu verk Zlectrciuetir Co. L.200 ~h3.20 300

b. Lan!~vsrk Electrometer Co. 1.4Cr 50.00’ 50

c. Taidsvsrk Electrometer Co. L.50r 75.00’ 10
d.. Instrument T~sv.lopuent Lab. 3360 30.50 200cc

a— Nation al Technical T abs. ~~~~ P_22~I~~~e

f- lendaverk Charging Boxes ‘~35.00 36
g- IDL Charging Boxes 3360 35.00 20

h. National Teohnic*l Tab. Charping Boxes 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~stiaat d price.
250 maj be obtained from the Atomic Mergy Commission from an order to

- S be delivered approximately 1. January 1948.

D. Direct Medine Do,lasters (Ysawa Tube Intearation)
-

~ Model Price Quan tit~
a- Victoresa Instrument Co. Protex laster 

_________

.~6,,75

3. Ilhile the ~ubccmmitt.e did not )vtvs sufficien t time to draw up s conpl.te set

of specifications for any of the subSsat mste~~, only the above noted asters

approached accept ance under the following broad consider atiostus

a- Portability (welqht not over 12 pounds; sims £~ l.0x10 inches;

carrying devicei eta).

b. Characteristic. of the sensitive element (C .W tube, rungs 0-0.1,

0-1, 0-10 r/dsyi or ion ohisaber ran~ss; 0.1, 0-10, 0-100, 0-3.000 s/day).

a. &ipgsdn s. (shock , vibra tiost test)

di- Contanimabili ty (diaposabi.. cover, emooth finish , not pelnt sd)

• 
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a- Temperature effec t on sensitive element and components (range

32_1350 P and lower if poesibi.).

f- Batt.ry lIfe (120 hr . at 8 hr./day minimum)

g- Tropioslination.

a. Numldft~ eflhet

i. Cireult stabiUty.

3. ‘~ ter proofing, lnesrsion proofing, eta.
k. TIme of ~soonss (less tha n 10 second.).

1— Accessibility for repair (easy battery replacement),

a. ~~1tbratioa-re1tabiUty,

a- lass of edjusheent (dial set, aero set, range change),

o. Photosensitivity.

p. Altitols effect (sealed tori chamber).

q- Quality of components (pro curability and utand ardisatiom) ,

4, Ponaible Pr~.c.... .mset Dtftieultia3
S is anticipatid in the preliminary survey, the only serious bott l.nsck Ia

with the La devert Electrometers. At the time of the Sebeommittee visit, ~~. 0. 0

was on the verg , of making a decision either to expand into a cv plant

in ~est Chtcago auc ! ret a in his awn facilities, or to j~in with some oth.r c~~~sng.

If he continues with his own business, it is po~eib1o that 500 L~~ Meters can be

obtainsd, from p rte on hand, by l5 Jeaiary, 0n t ’~s other hand , there is no pT I uIi

of delivery on 0.20.r or higher range asters, aid Tandsverk would want a deve1O~.Psat

or cost plus ~ontxeat to do this sork, Imnediats action is needed to ,wieeut this its.

from becoming a bott leneck . It is the Coxuiittee’s rec~susMation that an order lass
then 500 of th. 1..’? Meters be ordered , so that Lsxdeve* may de-vots bin tiMe to the

higher range meters.

UJUPJPU ’- ’~
- 
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T’.livery of the P~tiofla l Te~bnical laboratory electrometers b7 January 15

may not be possible , but in order ii reccemsided t, stimulate production saiross

more reliabl, than those of Lealaverk.

5. Ipstremsnt Modifications

The Viotereen 247* ion chamber meter ha. four isali ra nges’ 2.5 ar,4r
full seals , ]x, l~~, lOOx, and l000x. It is desired to obtain tan inatiemant.

modiftsd to have four scale rangess ~.5 mr/)*r full scale, 1(~~, l0~~, l0O~~, aid

lO,000x. Thus, the Company has agreed to do without additional cost.

The Raulaid Corp. Zeus is a portable alpha, beta, gamma meter, aid it 1.

the Subsoemittes ’ s rec~~~eidt tton that this inetiiasnt be modified to g~~~~ raiding

only. It is further recoimi.eided that the tnstrorient be plaiced in a etal ease.

Thee. modifications, especially removal of the alpbs-bst. feature, should simplify

the instrument a~d perhaps effect a reduction in price.

6. Additional ~urvsr Instruments for Aircraft

The quantities of survey instruments listed under Para gra ph 2 do not

include allowance for more than six mainied aircraft . rn ould more air cra ft be

involved, it is reccemealed that the following quantities and types of tuatriaenta

be procured for each airorafti

1- Ionization Chamber ~ rvey Peter

2. 0.iq.r-”ueller ~‘urvey Peter

1.. Protexlmeter or equiva lent

7. Alaha leaaurtr ~ ~irwey Instruments

It ii the Coraitt..’ a reconscidation that 1,0 alpha measuring inets~~~nt

S 

be pvoeursd. Twenty (unmodified) Rsuulaid Zeus, in addition to those aenttoe.d in

~jisr~’~1~ 
~~~~~ •., . 
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Parag ra phs 2 and 5, end that 20 J ’!C design Pluto Peters , Model 356,b. obtained

from a lot of 125 ~~‘~‘f eotured by the Vie toreen Company aid delivered appr lmat.17

Yuly 1q47 to the Atomic Znsr gy Ccmetsdon.

S. Imeineerina aid Production of Existine AEC ~~~~ -vwr Inetrue.ntj

It is known that there are in existence at the various sites of the £t.~~~~
Energy Commission survey instruments which are more eatist.cto~y than those listed

uidsr Plragraph 2 above. Por example, Los A lamoe has developed the ?atts metes end

Sandia has a modification of his ster , but to date thi s has not bean engineered or

produced by any c~~puny. It is not believed that the.. ters can be .ngineez’sd

aid placed in production in order to meet the present needs.

9. Additio nal Laboratory In.t.~~~nts

It obould be noted that this report a avers survey instr~a.nts and doss
not includs any instrument, required for laboratory purposes.

/sJR. 1 , l.4pp
R . L M P P
for the ~ubec ittee

• Attacha.~t Is
List of Rad iological Instr ument Companies

L J  V

_ _ _  
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~~ CC~ PAIIUS ~!CSE PR(X*JCTS ‘~1~~ c~~SIr1~~p IN IWI?33 BZP.~~~

Applied Phy sics Corp. 40 S. Oak End Pasadena, Cal.

Atomic Instrument Co. 160 Cha rles St. Boston, Bass.

Berk.ley ~otenttfic Co. 601 Nevin Ave. RIebeund , Cd.

Ceabridga Instr ument B.. Grand Central Stmtion lea ba , N. I.

Cyclotron Specialties Poraga, Califaz’ida

Pormi tur Elect. & Pfg, Co. 782 Coraonwsalth Ave. Cambri dge, 
S

Alan B. dulont labs. Passaic, I i .
Edgerton, Ger.eahau.en & Grtsr 17 Mass. Ave. C.nbrtdg e, Mass.

Electr onic , Control Corp. 1573 E. Forest Ave. T etroit , Blob.

General Radio Cc. 215 )laaa . Av e Cambridge, Mesa.
Geophysical Inst rum ent Co. 1820 1. Rash St. Arlington, Ta.

Renson Co. , Fred Pasadena, Cel.

Herbach and Rademan Co. 517 Lodlow ~t. Philadelphia, Pt..

Instr ument l’evelopment Labs 223 !~. Erie 3t. Chicago, Ill.

Xelley-Xoett ‘~fg. Co. 0Owin~t~~~ Ey.

?andsyerk Eleotrauastsr Co. 6030 Elli s Ave. Chicago, EU.

MacLeod and Ranopol 10 Joinsr St. Charleston, Mass.

Nationa l Technical Labs. 814 Mission Ste S. Pasadena, Cd.

llorth America n Phi llips Co. 100 E. 4~~~ St. Rev York 17, M Y ,

Radiation Counter t*bs. l84L~~ 21st St. Chicago, EU.
Rauland Corp. £245 N. Enon Chicago, Ill,
Raytheon Pfg. Co. 160 Sttte ~t. 3~.tZ, lass.
Sylvania Electric Prod. Co. 70 For sythe St. Boston, Mass.
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Technical Associ*te,, Inc. 3736 ~an Fern ando Rd . Glendale, Cal.

Tra cerlab, Inc. 55 Oliver St. Boston, Vase.
Viotoreen Instrument Co. 58% Sough Avs• Cleveland, Chic

The following additiona l companies are listed for futu re reference s

Bendix Aviati on Corp. Special Products Di~ . Detroit, h u b ,
Fisher Bldg.

Consolidated !nginesr1~~ Pasadena, Cal.
Corne ll Fngineeri~~ Boffal., N. 7.
Gililan Ra dio Las Pj~ elae , Cal.
Hewlett Pack ard Co. Palo Alto, Cs].
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APPENDII B

PHcYroG1
~
AffiIc Fu Ll LABORATORY

The photographic film labora tory for proces sing file badges was housed in the

reuu]ar photographic laboratory of the U. S,S. Bair *o. This space of abost 600 sq. ft.

- is air conditioned, and the processing tanks were installed in temperabirs controlled

bath.. Personnel consisted of part -tb . assistance b7 Bejor 3. ?. Brennen (IC) ~~A,

sad the following photographers matess Fletcher, Jam es S., AT 3* Lieb., Ernest B.,

PB 3; Rhenish , Edward 3., AT 3; aM V~irnna, Jsass I., AF~I ,

All processing was don. with packaged developers to avoid the erro rs inherent

in wsl,hinp and mixing. Calibrs tiome were made with the stand ard radium sources said

by the instrument laborstozy. Two ‘reston Electric al Instrument Cc.psiq phot~~rsipbis

densitometers were used for measuring the processed f ilm. These densitometers ~~~~
pr.production models built to AEC specifications. They differed from production

model. in the design of the case .

The operation of the file laboratory was uneventful, but a few c~~~enta may be

of help in future operations. -In an oper ation of this sort the film badge iced has

very high peaks, and a short rirooessing and reading time is essential. The personnel

assigned to this 3ob were not adequate to handle the peek losdi. Cs oecaaiaos they

were required to work as much as 36 hour. without relief. Tht~ was dons wil14~igl~ ,

but under these extended working psrt od,, errol ’s are ve17 apt to occur. In. f~ature

operation of comparable magnitude, six men should be assigned , and one of thsse should

be a chief netty of ficer.

Th. routine film badges had two films with maximum ra nges cC 1.5 aid 10 r iv.-

peetivslp. It is f.lt that in future operations the routine badge should eossbela
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a third fi lm sensit ive to perhaps 100 r~ This will rarel y be nsed.d,but on a fsw

at thi s third fi lm could have been used to advantage,
Consider able time was c,nsumed in the laboratory in marking the films before

processing, This was done by pencil on the films. The greatest care must be
taken to avoid errors in identifi cation, and this point should be caref~aUy studied
before a~otber operation. Undoubtedly better method. can be devised.
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CRYSTAL DOS ThIEThRS

I ABSTRACT

A variety of crystal s and Vycor glasses , which indicated the

amount of r adiation to which they had been exposed by their degree of

coloration or color changes, wer e exposed at several levels of gamma

radiation . Coloration varied fr om that which was bare ly perceptible

visually, to a very pronounced and deep rich hue . A preliminary esti-

mat e of result s obtained indicate that this method of radiation exposur e

measurement shows promi.se of practical application and merit s consider-

abl e attent ion to effects its perfection . Current pr oblems present ed by

the use of untreat ed crystals are : (a) crystal coloration lacks stability

and i. affec ted by time and expo~nre to light ; (b) visible color changes

occur within a range of exposures which is above the lethal dosage for

S personnel and hence has no value as an indicating device in effecting

radiolog ical safety for human beings.

11 OBJECTIVE

The object of this project was to field test various crystals

for use as dosimeters to determine by visual observation of color changes

the radiation exposures in the lethal and sub—lethal range and to det ermine

the degree of exposure to gamma ra diation of various biological samples.

111 HISTORICAL

One of the prospective problem s in radiological defense after

an atomi c bomb attack will be to determine rapid ly and wit h a fair degree

of accuracy, the ext ent of radiation exposure of personne l. This knowledge

~: ~~~~~
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will peri~it the most efficient use of medical supplies and talent during

recov ery operations. It is possible that when efficacious medical tre at—

ment is developed the treatment may dep end upon the extent of exposure.

The reqtd.rements for an indicat ing device to measure this ex-

posure, are that it be light , easily carried , relatively inexpensive, op-

erate under field conditions , and be capable of being read by relativel y

inexperienced personnel with little or no auxiliary equipment . Such

contradictory speci.L.~ ations are not f ulfilled by any devices now in use.

The coloration of various crystals and glasses by x—rays has

been known for a number of years. Some preliminary -work was carried out

on several glasses by the ~aval x~esearch Laborato ry for the Naval Medical

Research Institute prior to operation CROSSROADS. Vycor glasses seei~ied to

be the most practical of those used to determine the dosage received by

animals exposec at Bikini . Because of the saxull dosage received by these

animals, completely satisfactory results were not obtained. These glasses

have since been investigated f urther by the naval ~edical i-tesearch Institute

~nd calibrated . At present they are read by me~ins of a photoelectric densi-

tometer . i’~aval Research Laboratory continued work on several other crystals ,

particularly sodium chloride and lithium fluoride and Naval Medical Research

Institute has conducted some preliminary studies on activation of potassium

bromide to increase its sensitivity . 4. rep ort on these materials will be

— given ~t a later date of this report .

IV tXPLRI1~~NTAL

The following crystals were exposed :

28 Lithium Fluor ide.
18 Sodium chloride.

— 2 — 
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6 Potas sium bromide.
10 Pota ssium chloride . -

56 Vycor glass rods.
5 Sodium chloride and Langaneaö chloride .
3 Sodium chloride and Silver chloride .

15 Potassium Bromide act ivat ed . S

In addition , the following materials were packaged in transparent

capsules in a powdered or granulated form and were also exposed.

8 Zn2SiO4
4Z n Ba SiO4
2 Zn Ge04
5 NaC].

3 KC1

3 ZnS

2 Silver phosphorous glass.
S 

The crystals were art ificially grown and most of them were not

polished sufficient ly high to obtain the best optical effect. They are

quite uniform in size being 1” ~ 1/16” long and 1/2 ” ~ 146” square and

were all colorless and transparent prior to exposure. Two crystals were

placed in a 1/8” thi cs aluminum tube with a screw cap seal for field ex— S

posure. The capsules were similarly mounted except that they were pack-

aged three to a tube. The Vycor g]~ase rods, optically polished , 3/8” in

diameter and 3” long, were packaged in corked aluminum tubes. The acti-

vat ed crystals were 3/8” cubes. These were imbedded in a clear plastic

circular disc about 11” in diameter and 5/8” thick ,

Approximate calibrat ion colors for the more abundant crystals

were prepared by ~RL and forwarded to the test area but they were never

received . In lieu thereof , an attempt was made to calibrate standards

aboard ship by exposing some crystals to a 250 mg radium source but this

— 4LL
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met with little success. Very light coloration was secured at exposures

of ]L~O r to 5U) r . L ith direct comparison it would have been very difficult

to dete rm ine the gradations of exposure. The lightnes s of color has since

been det erxuizAed to have been due to the rapid fad ing that takes place with-

in the f irst few hours after coloration. ~7ith the radium source it was not

practicable to secure a rate of uniforui exposure of much greater than 20 r

per hour . The Vycor glass dosimeters were individually calibrated by ex-

posure to known quantities of x—rays at the ~aval k edical ~esearch Instit ute.

Their coloration is determined wit h an accuracy of 1~ by photoelectric

means.

.~1though it was not possible to secure a satisfacto ry calibration

it was desired to test the crystals for unif ormity and r.p roduceability S

S against the mixture of gamma rays and neutrons produced by the bomb . C~
test h—ray one of each of the several type s was mounted at 14(40 yard. and

at 8(A.i yards from point zero to obtain a check on their reaction . The

crystals , ~xce~t ~or the lithium fluoride , appeared to be saturat ed in

color at t~~. ck ser distance and to have just begun to show coloration at

the 1400 yard station . The crystal s were recovered and examined at. about

plus thirty—six hours. i~t the second t•.t the cryatals were exposed and

a large number recovered at about plus eight hours. It was desired to ob—

tam a permanent record of their color change. so an att empt was made to

photogr aph them in color . luring the short interval of several minutes

that was required to arrange them in the sunlight many faded completely.

It was therefore decided to bleach all the remaining crystal , out by pr o—

longed exposure to sunlight and re—expose them on the third test. .4fter

recove ry, accoirplished at about eight hour., they were brief ly examined

- ~~~~~~~ 
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ar~d ~~~~~~~~ visually then sea~1ed in their tubes for return to the Naval

Research Laborato ry and precise exajnination.*

The Vycor glass and activated crystals were ret urn ed to the

Naval L~edical R ese~irch Thstitu t~ for readi.n~ f the do- .age received .

Visible color change s were noted.*

Table 1 lists the distances at wnicn cry stals were exposed in

Teat X—ray and Yoke and recovered wit h a description of the color change.

In Table 2 the locdtion for the Test Zebra samples are listed.

V CO~C~USION S AIJD R’C0~1L!~ND~TICN Z

.-~rtificial crystals offer a promising method of deter mining de-

grees of exposure wit h what should be a fair degre c~ of accur acy. :.lthcu ;h

the reiults indicated in Tabl e 1 are shown roughly, within each categor y or

color inten5i ..y a gradation could be discerned and the groupir~ w~s i~ur~1y

ar bitrary . hen several crystals of the same m at erial were exposed at the S

same distance no visible color difference was noted . ~t the tin -es of ~~
-

covery sodium chicride app eared to be the most sens~t1ve anc l ithi uia f~~cr•- S

ide the least , Lithium ficuride seemed to attain th e most ~ri’anent c:l ’i ,

th ,.. remaining crystals fading completely in a few minute s upon exposur e to

sun.Li ght . - -

Continued invest:i g~tion at the Naval Re3e.Ar ch Laboratory ha~ ~~
pr oved the sensit ivity and permanency of several of tr ie cr~,sta1s enp1 - ~, -- d S

on these test s ar 4 they will be reported upon in the near fut ure. .h~~.

these are develo~.ed to a practi ca ole stage they £houli be tested in the

field in a systel 4tic manner.

~ 1~ihen analysis of the results are obtained a su~-~lez ientary report will
be submitt ed.
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The foll~~ing recommendation s are made: (a) The sensitivity of

- 

- 

the crystals should be increased so that the one half maximum color density

exposure should occur at about the beginning of the lethal range. (b) The

crystals should be coated -with a clear plastic to prevent sensitivity to

moisture. (c) Calibration of the crystals to Last and slow neutrons should

be accomplished. (d) At future test s only the most promising types of

crystals upon which complet e calibration s are furnished should be exposed .

(e) The degree of color permanence should be as great as practicable to

achieve. (f) The crystal should be highly polished to obt ain the best

optical surface possible with the mat erial used .
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TABL~~l

P~ ter ial and Test and Dist ance Color
Characteristic color (Yards) Int ensity Exposure

J r )

Li! Yellow y—600, Y—700 medium 25,000-l00)~J00
Y—500

Y—l000, Y—900 light 5,3C~C~~15~, S X/..

~—800 -- -

Y—U-J0, Y—1250, Y—l300 very light 1,000—3,000

.~mber Y—1400, X—1400 none visible 8L~~1—COO , Y—l000 very deep 3,U — ~,L~~Y—llo0
Y— ...50, Y—1400 deep 800-1, ~ 0

light 800

i~C1 Blue ~—8Ci0, Y—900, Y—l000 very deep 4,CCc - —9,C~5C
Y—llOO, Y—l250 deep
Y—l250, Y—l300 medium l,Cu.~—1 ,300

S KBr Purple k-800, Y—1000 very deep 4,0C~-5, -! ~~ .
Y—1l00, Y—1250, Y—1400 deep 800 -~,000

— — 
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EXI’O3URE TEST ZEBRA

TABLE 2

Number and Material
— D nce (Y~~) _~~~~~~~~_ NaC1 KBr KC1

400 4

-

, 500 4

600 2

700 2

800 2 1

1 1. 1 1

1000 2 1 1

1100 2 1 1

1200 2 1 1.

1300 - 2 -  1 1

140~~~ -
• • 2 1 1

1500 - - 2 
- 

1

1600 2

The r emainder of the crystals wer e not recovered or -were damaged

‘~n previous tests, Coloration chart s and color decay curves -will be for—

warded In a supplementary report ,

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  _ _ _ _
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REPORT ON NAVY RADL&C ~~1~RS

Introductory Romarks —

The Navy }~o~~ls AN/PDR—l(XN..l) , AN/PDR—8 (x) and AN/PDR-.ll(X )
Radiac Sets repr esent the first of the ir class to be designed by ~ fbr
a branch of the military service for radiological survey purposes in the
field. A. such , each has enbodi.ed some radical departures from ~i,d1ar

instrument., which were designed purely for c~~~ercial or research work in

the lab orato ry.

Parts I through VI of this report consist of all technical data
obtained to date on subject meters as well as the general concensua of

opinion on same by person nel who have had th. opportunity to use or observe
one or- more of the original e~~er1mental models shipped for test and
evaluation purposes to Project Sandstone.

* * * *C *
*

Part I Model PDR—l Portable Beta.-Ce.nina Survey Meter
1.. Case and Physical features

2. Probe and probe housing
3. Indicator

(a) hicroanineter
(b) Audio output and headphones

4. Electrometer circuit
(a) Fundan~nta]. c ircuit features
(b) Electrometer tubes
(c) Metering circuits
(d) Components and controls

5. ~ t Tubes
(a) High senaitivl ty, type RS—
(b) Lev sensit ivity, Type 6C—

--
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Ind~~ (Continued)

6. Paver Supply
(a RF oscillator circuit
b Filter network
o Component.; accessibility of
d VR tube, cor~~ discharg. type
• Batteries

7. Calibration procedure and curves

8. Field te.t results and conclusions

9. Inc losures — Charts , Calibration Curves, Plateau Cur-vs.

Part Il—Model P~ —l — Suggestions and roe aneendations for improvement of

1, Case

2. Probe

3. Indicator 
S

4. ~lectrcmeter and met.ring circuit

• 5. G.M. tubes

6. Pever supply

Part III - Model PDR—8; Portable Beta—Genoa Survey Meter

1. Case, probe, indicator, (~L tubes and VR tube subject to
sam. remarks a. for Model PV~—l

2. Pulse and metering circuits
a F~~1~~ ntal circuit
b Tubes
c Multivibrator and meterin g circuit
d Components and controla

3. P~~er Supply S

a Vibrator
b Filter
o Component. and aoc.esthilit~ of
d Batter-i.e

i~, Calibration and procedures and curves

5. Field tests — None to date

Part IV — Model P~~—6; Suggestions and rsc~~~sndations for impru,e. .nt of

1. Case, probe, indicator, (~L tub .., poser supp ly and yE tube
subject to sams remarks as for Model PDB..l,

- 
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~~~~ (Continued)

2. Multivibrator and metering circuit. -

Part V - Model PDR~.U P~rtabl Alpha Survey Meter

1. Case and physical feature.

2. Prob.

3. Indicator

4. EleCtrOnic circuit

5. Photemaltiplier tubes

6. Poser supply

7. Calibration — None

Part VI — Model Pa—U; Suggestions and rec~~~endationa for iap~-ov~~~ t of

1. Genecal reaarlm

/i •
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R~~~RT ON NAVY RAD IAC ~~T~~S

PA~~ I - Model AIVPDR-l(XN-l)

1. (a) Case and physical features. The carrying cas. and weight of

subjec t meter head the list of ur4esirable features. The shape of the case

alone invites criticism even fr-cm the casual observer-. From the standpoint

of portabilit; the case is strictly out of proportio n, bulky and poorly

balanced. The latter defect i. due prl rily to the location of the shoulder

strap .

(b) A comparison of the eeight of subject meter with that of

several similar camnerc ial made].s imlicatee a negligible difference in the

actual weights , yet the former has the effect of being several pounds heavier

after a relati~rely short time of use in the field or in a v~ssel. C*i board,

it i. noted that to carry subject meter in relatively close places such as on
- ladders or in passagewaye results in considerable shocks and jars both to the

man who carries same and to the meter itself . To transit a ladder or an

eacapc hatch is equivalent to blocking either off during the time of such

transit.

Cc ) In addition to the major defect noted , several minor defects

are ment ioned for future reference:

(1) End plate screw hole. do not coincid. with the tapped

holes of the case proper. ‘.Ihile it Is realised that a different method of

securing these plates i. contemplated, it seems inemcusabls for a reputable

manufacturer to allow this condition to ~~ist even in a prototype model.

(2) The center screw and it. nut which holds the battery

compartment terminal board in place both require grinding off to allow for

inata l.lation of the Eveready No. 412 battery.

~~LL -..
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PART I Section 1 Continued:

(3) The cowbinatiom clioping and contact making screw which

holds the Eveready 412 battery in place requi res the use of a pair of needle

nose plier. to tighten. Not even an sff—s.t screw driver will suffice to

turn this screw.

(4) The shoulder strap location cause. the bottom of the meter

to project from the users body by appremi te]y 15 degrees, ttms increasing

the space requirement in transit as well as throwing to. entire meter off

balance.

2. (a) Probe and prob. housing. Both the dimension, and the weight

are prohibitive.

(b) Method of Insuring watertight integrity are imdequate.

(a) Screw threads str ip easily in the micarta piece which supports

the outer end of the ge tube .oimting and terminal board assembly. Thi. is

a contrihoting factor in the lack of watertight integrity. 
S

(d) Full 360 degree rotation of the beta shutter likely to lead S

inadvertently to leaving the aperture. open. S

(e) The necessity for the aperture at the end of to. low sensitivity

ge tube is not apparent in actual use. It will be noted th&t this tube has

no mica window and is not sensitive to beta particle. due to the thick glass

envelop.; it is ~~~nt.d in the opposite end of the probe housing which

Increase, the distance fr-cm the aperture by approximately A on; and finally S

the axis cf th , tube is perpendicular to th. plane of the aperture. As a

consequence no beta particles have been detected by this tube to date.

(f) Th. probe housing and cable invite adverse c~~~ent from all who

have observed same. The entire arrangement is aw~~ard and impracticable for

I

— __________ 
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PART I Section 2 Cantia~e4:

.ffici.nt hax~i1.ing of the probe. With to. probe unhcused and the cable

extended through the hole in the l~~sr end of the cover , the meter will

not seat squa rely if it is desired to seat use down dur ing a localised

survey.
3. (a) The microum*ter Indicator with the range dial shift

mechanism has received favora ble o~~~ent from all sour-cs.. A direct

reading indicator dial is highly desirable, ~~~ever , on the bas is of

ass lgr.~41g a time limit to per.ccmel on a given mission, it is preferred

that the calibration be in terme of ar/hr rather than the existing r/24 ha .

rating. The method of .cconpl.ishing range shift in this case lu quite

practical with the two exceptions noted in the following: -

(1) The open slots In the sid.s of the indicator case allow

for- entrance of Iron filings and other forme of foreign matter which may

cause sticking of the pointer . It ii noted that each of the meters has
S required the disassembly of the indicator and its sechani for removal of

from fii 4ng~. Not all of same have been adequately removed.

(2) Insulation on rear of the range dial plates i. not
-
~ adequate. Thi. results in contact of the dial plate with the magnet of the 

- 
-

indicator with consequent shorting of the plat. supply voltage and violent

overthrow of the pointer.

(b) Headphones. Too heavy and lacking in sensitivity for this

application.

4. (a) Electrometer Circuit. Reference circuit sch atic, Fig. 1.

The circuit employed in subje ct meter is a conventional balanced direct

current amplifier. This type of circuit is ocemonly used where the input

‘ ~~~~ ~~~~~~~~~~~~~~~~~~
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PART I Section 4 Continued:

volta~~ and current are of extrsmel.jr —~sU value such that RC or impedance
~ouplrcg cannot be used and wherein direc t coupling of the input to the
firs-i grid is required as in the Zeus and si~i-l&r ioni.ation chamber type
instrument.. Although the circuit appears to be a simple, straig ht forwurd
amplifier, it Is noted that e.ny form of direct our-rent amplifier is subjec t
to Inherent disadvantages not encountered in other type. . This is
particularly true with regard to its instability and tendency to drift due
to leakage and to the use of tubes which do not have ~ 1~~i1~~v characteristic..
Considerably more care smast be taken Sn the original manufacture and in
subsequent maintenance wort to assur e proper operation. Highest q~.ality
components are required and the interior of the meter emat be maintained
absolutely moistor. free at all times if Instability and drift are to be
prevented.

(b) All that has bien aid of thu circuit has been coot imsd on
each of to. 35 meter. shipped for this operation,, Drift and Instability were
apparent from the very beginning. In’eatjgation revealed that th. cause of
both was due to poor insulation and poor components in the grid circuit of
the input tube. Practically all insulation material used in the grid cir cuit
jr ov.d to be defective with the resistance varying from 100 megohas to as
low as 20 aega~~~, It can be demons trsted that the resistance of this 

SA circuit to ground and to other potential.. must be of the order of 109 or
higher, depending cm the input resistance, it isekags is to be sl1~ b~ ted
for practical punposes~ In practice, the Insulating material of to. input
grid circuit must have a resistance at least 100 times greater thin that of
the input circuit to incur. that it least 99% of the input our-rent flows
through to. grid resistor. Any appreciable current which flow’s through a

UNCLASSIFIED
S 
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PART I Section 4 Ccntimasd*

15.1mg. path ‘sill decrease the sensitivity of the circuit as well as change

to. calibration.

(e) Th. following material, and component, were four)d to be

defective for this application:

(1) AU clear -ta or composition terminal boards.

(2), The fiber insulation bushings on the 3ackn between the

battery compartment and th. chassis Compartment.

(3) AU calibrat ion (Gr id circuit a) pot.nti~~~tere. The

potentiometer. are of very poor quality even if we neglect the 1.k~ge

factor.

(d) In addition t. the foregoing, an apparent saturation effect

has been noted Shove the mid-scale point of the 0-3.0 scale. It is possible

that leakage is also causing this effect sinc, it i. possible to effect an
S 

~~~~~~~~~ by thorough drying of the unit prior to use. Additional t..t.

will be ade to determine the ource of trouble.

(e) The metering portion of to. circuit is not entirely satisfactory.

The ~~ time constant of 1. .eocnd in this circuit permit. fbictuatiora on the

order of 30% to 50% of full scale on the most sensitive rang. at or near back-

ground counting rat..

5. (~I Tubes — Reference Charts 1 to 17 Inclusive.
(a) Th. type BS, high sensitivity, mica window ga tub. Is considered

to be physically superior to the average of this class. For field use the

core rugged construction of th. type 88 tube is preferred over the more

conventional thin_ walled glass tubes presently uaed in the coemercial models.

Reference to Chart 16 reveals that three of the 83 tubes have been broken in

handling; two had the mica window ruptured In some nner, possibly by tb.ab

-
~~: ~~~~~~
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or finger; one was broken by applying excessive pressur. on the 6-32 scree
on instaliation. The end mica window- constitutes the weakest point in this
tube from a pbysical standpoint. The value of the mica window for ordinary
field sur vey work is subject to question in vIes of experience gained on the
present project. For localized survey work such &. in close places in a ship
or plane or for point source determinations such is undoubtedly requi red .

as noted in Section 2, the present method of counting the tube will
net permit efficient use of to. mica wiz4ow.

(b) Reference to Chart. 3. to 16 inclusive reveal, that the plateau
on subject tubes is on the average quite poor. A slop, of 40% per 1.00 volt.
is noted on two In particular while none have a slope of less than 1.0%,

(c) Reference to Chart 17 reveals that the voltage pals . svelcped
on the center electrode of subject tubes is on the average considerably
higher than on several conventional c~~~ercial type tubes . The voltage
noted on several. in particular was unbelievably high and a close recheck was

S made to confirm same. As a means of further confirming this fact , the
current was measured sinailtanuous]y in the circuit shown in Figure 2. In
aU cases the sas~le used to excite the tube was placed equidistant from the
tube under test .

(d) ~~pe 6c, low sensitivity (I( tube . Reference to Chart 16
indicates the disposition of subject tubes from a physical standpoint. This
tub. is characterized by its relativel.y small d1~ui*ter and in particular by
the relatively small cathode of sens itive area . It is also not.d that the
possibility of obta ining a very rugged tube in this typ e offers much hope for
ita adcption in fiel4 tj’pe~~~~~ ,~~~+,~,, Aa noted GrI the chart , h~~~~ r, at
least two of the babes were cracked in normal handling of the meters In which

S _ __________
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PART I Section 5 Cont laaeds

each was located. It is assueed that Improper annealing is the cause of

this trouble since none of the tubes were dropped or otherwi se subj .cted to

S undue shock.

(e) Several of th. type 6C tubes were too l.ong to fit the clip

holder on the mounti ng board assembly in the probe hous ing. This necessitat ed

alteration of the location of the clip. It is assumed that future production

of this tube contemplates the sealing off of same at a point near the cathode

si—11~~ to the two which were received with two respective meters . -

(1) Attention is invited to the apparent electr ical effect created

by the exteided Insensitive end of this tube in to. following and on the

plateau curve sheets. The latter will. also reveal that practical ly- none of

the 6C tubes had what might be termed a plateau on the initial count versus

anode voltage checks. Instead the counts increase on a re lative ly straight

line with an increase of voltage . In no case is there a plateau in excess

of 50 volta. In some cases a state of almost continuous discharge is reached

at or near the operating potential as fixed by the VR tube in the circuit .

(g) Of particular Interest is the apparent change in counting rate

of the type 6C tube after a few minute s of operation . This increase was

noted only at or near the threshold voltage point, the latter of which did

not change with repeated rechecks. This character istic did not become

apparent in time to check a great er number of the babes for more conclusive

confirmation; however, four were noted particularly. Two of thes e were

stabilized in normal counting and during the rechecking as indicated on their

respective curves. It was recaUed that to. halogen gases do not mix as

readily as other more cccm~on1y used gases, therefore it was apeumed that such

was the case here particu larly In the “dead” or insensitive end of the tube,

C
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PART I Section 5 Ccntinued i

Also to. type 83 tube, with practically its entire volmme catçriaing the

sensitive area, did not exhibit this characteristic. Working on this

assumption, two of the tubes were subjected initially to a flashover voltage

of apprn~4~~tely 100 volta In excess of their normal operating potential for

a period of ten seconds, Repeated checks of the count rate at the threshold

voltage were made thereafter with no change occuring at any point.

(h) In the course of Investigating the saturation effect previously

referenced, one of the type 6C babes flashed over in a field of relative

high int~~~ity (with in 1 meter of the 2~ ) mg 1~ source). The tube was

removed from the meter and tested on ths bench with various potentials

applied . It continued to discharg e caratiasiously even with the voltage

reduced to a vabi e 200 volt. lees than th, normal tlireehold potential. It

was assumed that to. halogen qnencb5ing gas had been absorbed by the 
S

consequently the tube would continue In a state of dIscharge as long as the

voltage was applied.

(i) Reference to (2~art 17 also Indicate , that the current drawn by

the type. 83 aM 6C tubes is considera bly higher than that of other types of

tubes. It is noted that the indications for the 6C type ehow cmly that

current drawn at the same intensity of ~~~~ radiation as was used with the

more sensitive type 83 tube and the o~~~ercial types. With higher

Intensities the 6C tube draws o~wrent, which suggests an answer to the

trouble szperiemed with the VR tubes as detailed in Section 6. Thi.s can

be said alao of at least one of th. Bs tubes. It ia alao nated tbat ttw type

6C tube can be direct connected to a microa ter of ~ )/uk fundamental

sensitivity rat ing aid made to Indicate ~~~ i~~~~~ & ray intensities on the orde r

of 2 to 40 r/24hr. The ~~~oeure figure. have not been fully confirmed, nor

— --
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PART I Section 5 ContInued:

baa the linearity of the indications ; however, it is suggested that the

possibility of de’- -eloping a detector based on this idea warrants consideration.

It is realized that to do so the tubes themselves would have to be standard-

ised to a closer degree than now exists.

(3) With reference to the voltage characteristic, of the 6C aid 83

(31 tubes, the relative ly high pulses developed on the central electrode can

only be explained in terms of a m~ich higher distributed capacity of the

electrode. It is noted that this electrode is considerably larger than that

normally used in the conventional type tubes. The sis. of the voltage pulse

appearing on the central electrode Is determined by the distributed capacity

of the center wire and anything connected electrically with it as well a.

to the mm~er of charges arriving thereon.

(Ic) It is noted that all of the type 6C tubes have a higher count—

ing efficiency than would normally be expected considering the projectea cross-
sectional. area of the sensitive portion of this tub. as cespared to that of

the type BS tube. This condition results In a count ing rate which it not

proportional to that of the type 85 tube. A limited amount of compensation

for this condition was effected in the PDR—8 by changing the sensitivity of

the high Intensity circuit.

6. !ow.r Supp~y.

(a) The R? power supply operation is satisfactory for normal use.

Scne R7 voltage is introduced into the el.ectrosmter circuit when the chassis

is removed from the case and the battery extension lead.. are not properly
S placed. This leads to a perceptabla amount of dr ift in the indication. of

S 
the microamaeter indicator which can be the cause of unnecessary work unl.us

the trouble is recognized. No trouble has been experienced in this connection

with the chassis in the case in a normal operat ing cond ition.

— -- -- - - S — 
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PART I Section 6 Contlzzieds

(b) No appreciable ripple voltage is apparent in the alt—put of

the filter network.

(c) AU a~~~onents appear to be satisfactory for this application

and they are reasonably accessible for replacement or test p~n posee.

(d ) VR tub., corona discharge type. Considerable difficulty has

been ~~~erienced with several of thes e tubes. As indicated on chart 16 at

least two have failed while one was inoperative upon receipt . The latter

did net show an~y indication of tak ing aver control at potential , well below

aid above the normal regulating point. It is also noted that several have

experienced a decrease in the value of the control voltage to a point

below the thres hold voltage of the (31 tube s. One in particu lar has decreased

from its former rating of 640 volts to a value of only 590 volts. This

placed the regulating point below the (31 tubes with which it was used.

(e) It is recalled that mention was made at NRL of the apparent

change in frequency characteristic of the E~F p ower supply with a resultant
P change of voltage . This condition has not been confirmed in a single case

and it is submitted that the change in the output voltage of the power

supply Is due to the erratic characteristics of the VR tube . As suggested

in Section 5 (i) it is possible that the current used by the (IL tubes is

excessive for the VR tube . No information is available at present on the

cur rent rating of the corona discharge type of VR tube . however, this may

find confi~ iation In the fact that the only VR tubes which have failed

while in use are thos e which have been ~sed with meters exposed to

relatively high Intensity radiations while ohecldng the latter on the 0.11)

r scale.
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S PART j~~.ction 6 Continued:

(f) Batteries — Reference Chart 1.8. AU batteries are satisfactory

fer th. application, however, the method of securing same In the battery

F 
ccapartment is inadequate.

7. (a) Calibration Procedure. One cnly of the original (15) units baa

been calibrated with any degree of ewecees, This one was overhauled t.

eliminate the leakage referenced In Section 4. This was accomplished by boiling

all, of the fiber insulators in bees wax; replacing the micarta terminal boards

with lucite boards; isolating the anode connection of the typ. 6C (IL tube

from the terminal board in the probe aid finally by replac ing all four of the

S calibration potentiaa.ter. with A1~I~ n & Bradley or equivalent. This elbainat.d

l.a1~ ge barring the entrance of moisture which was periodically dried out
r . prioz to a calThration check.

(b) It was not conaidered practicable to treat additional units In

the preceding manner due to the tact the potentiometers required were not

available except from the spares for other meters.

(c) Calibration was effected by using two standard Ba sources,

48.7 mg aid 231.7 ag respectively at distances of ~) meters to 0.5 ester.

As noted on the calibration Chart 19-22 satur ation was indicated on the

upper por tion of the 0 to 10 r/24 hour range at distanc e of 1. miter aid

closer. Continued investigation is be~ng conducted to determine more

accurate ly the ~~ ct cause of same.

8. (a) Field test results. The one unit In ~~eratIng ociditico was

field tested with three ~im41ar cann ercial models namely, the Vlstoreen

~ode1 267A, the Zena aid Bec~azmn’s Itodel 111.6. Since the respective rang..

of the three meter s do not coincide aver a very wIde range it was not

possible to obtain more than appr~~Iaat.l~y six resdth~.that o~~
f
~~.

~
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PART I Section ~ Ccntinu.d:

s~~~ar.d. The results ir~iicatid the PIE—I. to be within app.~~~~ t.3y 10%
of the readings of the other tere.

(b) No tr~abl. of any kiM was ~ q~ieri.nc.d with the model ~~~-l
on this initial fisld tilt . There was prsctieally no asro drift after the
initial wai~ ap period of abGzt five minutes which ii quits normel fur this
typ. of circuit. Since this ii the only operating unit, It was dees.d

advisable. to p~~,Iot the poasibility of oontamb*tion as ench as pcs.ibla.
Con.equsntl.y the entire unit was k~~t Inclosed in an. of the plastic c~~er
provided fos one of the ccme.rc iii t.yp. isateve, It is noted thet We of

the plastic catrying strap. were assd by tee of the party as belt, with the
intentio n of checking for possible coataminction of same. Nan. was observed;
however, additio~a1 tests of this net~w. wiU be sad. d~~ing future field
test. of the aster.

I

I

— 
__________  -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
—~~~~ -~~~~~--~—~ ~~—~ — —---~--——-~ --______ -~~ ~—-—



UNCLA SSIFIED
17

~~~CRT ON N&VT RADflC ~~~~ S

PART II Model PIE—l(X)~.l) ~~ggest tame aM R.co~~~Matioms for la~~~iVI snt Of.

1. (a) ~~~e — ~~ the basis of the objections noted In Part I Section 1

aM in viai of .~~erisnoes gair’sd on the current proj ect , it is rec~~~~ndsd

that the entire case be red ignsd. The revised design to Include reviiic~
of the probe aM poser supply as noted in their respective section.. The

latter will mahe it possible to redu ce ths over all dimens ions by at least

25% wbile the probe revision will result In an additional 30% reduction. The

weight will be reduced 25 to 30% aM an I~~rov snt will be gained in a

better balanced aster.

(b) FI gur ee— 3 t o e ’  ~icate (2) suggested revisions ,

2. (a) Probe — No effort will be made to revise the existing probe

as such. The necessity far replacing the type 60 tube In the isob. Is

seriously questioned In view of the fact it is not sensitive to beta particles

aM ~i11 detect g1~~& rays of relatively high Intera .ty only. It is rac~~~ Msd

that the type 6C tube be mounted psrmansnt]y on the chassis of the electron ic

unit , This will. have the added advantag , of ci 4 1n&ting the three oo~~~~tcr

cable presently need with th. probe *M m~fring possible the nec of a wach lighter

and i1mr tee-conductor eabi. or a single ccmductor with a 54i~ M.d shield.
(b) Slime the type ES, eisa wI~~~~ ~ t tube is of relatively rugged

ocn.txuction, it is considered that a prob. far same can be reasonably light

and certainly not as large as tim aM..tiag probe. It seses that this tube

is or can be more readily adapted tO $ stream lined housing than s~~~ of

tim more c~~~an-types. Tim provision or using a 6. 32 so~~~ In the connect-

ing sod to the central electrode suggest, the possibility of screwing a

•t lavd type b~ iai~ p3mg therein so th~~ the unit way then be plugged

Into the probe ~~~.ing. This would k. it poesibl. to have a c~~~1ctaly

V 
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PART II Section 2 Continued:

in~lssed probe with the rear end well scaled against water and moisture and
the ~cpo.od end with a acr ~~ .cn typs of conbination cap and beta shutte r.

(c) It is further reccmmndsd that the entire subject of probes
be more thoroughly revi ewed before ~~~iticta3. radiac meter s for general use
in the field are .iusigned,

3. (a) Izxticctor — ‘L1cr~,e~~~ter — Provide suitable means for sealing
of the slots in the side, A auggested method Ia the nee of f.lt ~~~~~~~~~~~
meterial to be cemented on both sides of the slots so that foreign material
will be effectively filtered out. This i~ the more important In view of the
relatively strong magnets used in the Westinghouse microsemmter, It cannot
be too strongly urged that acme means for preventing the entrance of iron
filings be provided if this arrar.gwaent of scale shifting is retained.

(b) The question of headphones is subject to additional review.

‘~There urgency d~~anda a qui-tker imthcd of determining the existence of high
intensity fields of radiation and when it is not necessary to saks a
quantati ve analysis of this field, the use of headphones or audible signals
seeme adequate, At the same time it hard ly se~~~ necessary to have both
visual and audible signals, particularly when tim latter generally entail.
the use of separat. headphones. In view of the developasnt currently in progress
on several types Of audio meter , which can be very easily carr ied in the
poeket of the user, it is suggested that headphones be onitted fron future
models of meters di. igned for general field survey use,

4. (a) ~ .ect~cm.ter and Metering Circuit — The inherent difficulties
emootmt.red In the d.c. type amplifier should serve to discourage it. use
where input pulses of sufficient magnitude. are available for s iting the
input pid of a ccnva~tional ~~ coupled ty~,s. It is noted that the pulses

~~ ~~~~~~~~
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PAB? U Section 4 ContInued:

frcm the type of (~ tubes used in the FVR—l are far above average. In fact

the value of the voltage pulse. frea the halogen tubes suggests the use of

a single tube amplifier for the acre senaitive ranges while the amount of

cu~~ent drawn by thes. tubes suggests the use of a direct—coupled micro-

ameeter for the higher Intensities, In any event, it is certain that a more

ruggsd type of meter will result from the use of the halog~ ..~thes jr tow

of the possibilities of using a less sensitive indicating meter such as a

0-1 Mi movement with a conventional type of amplifier circuit to drive sam..

(b) If it is desired to ooubine the use of a (21 tube and an

icnisaticn chamber in a single survey meter, then it i. suggested that the

d.c. type of circuit be retained. Otherwis. it is strong ly rec~~~ended that

the circuit pre.ent].y used in the PI)B—l be replaced in the future production

models.

5. (a) (21 Tube. — In the absence of qualifications on the subject ,

no effort i. made herein to suggest methods for the Impr ovement of subject

tubes. It i. submitted, h.~ever, that ccnsidereb].e isprov~msnt of both type.

is required to effect standardisation to the point where reliable replacements

can be stocked for general issue,

6. (a) Poser S~~~l.y — It to rec~~~snded the B? poser supply be

replaced with either batteries or a vibrator and single battery for use in

subsequent models. The latter can result in a saving of space and weight

only in th. event it is deal~~md to pr ovide B supply to meet .1.1 requir ~~~nt.

• Of the circuit. This includes both the (21 tubes and the electronic eIi~~it,

This i.e quit. feasible as noted in the Model PER-U.

(b) Where relati vely l~~ivo1tags ~~ tubes, 600 volts or less, are

used, it can be dunonetretid that a power supply consisting of all batteries 

— 
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PART II Section 6 Conthmsd:

throughout occupies no more space, and the weight will not ~~eatly ~~~esd,

th, vibrator or B? Oscillator type.

Cc) It is also rec~ v,ienied that the various battery mennfacthreri~
ing firm. be extended s~~~ iMuc~~~nt to ~~~ert ake the d.sige of batteries

solely for use in (~ tube circuits. It is not unreascushle to maim.. that

the size of an Individual cell can be reduced to the appromi~~t. size of a

shirt button thus .alr ing possible the const ruction of a ~~0 volt battery,

foe Inetamee, appr~~ aately one third th. present size. Noted also is the

fact that the .~lnl~ature and w’~—ini~tuis fi.ld is but in its infancy and

with the ath~nt of printed circuit. ther. will be an ever increasing d .and

for s Ll l~ r batteries.

_ _ _ _  _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~
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PAR? XII - Model AN/~~~~~(X) Pcrtabl BsteJ ~ ’~~ 5w,., Meter ,

1. (a) The case, probe, (21 tubes, VR tube, Indicator and general

I physical feature. of the PIW—8 are all subject to tb. sam. r * .  as

in Part I and II for the PDR-l.

2. Meltivibrator and Metering Circuit.

(a) The first stage of the electroni.c circuit of this aster

consist. of a ~ iltivIbrator which can be said to be a circuit for e ,mting

re’~’c’~ pulse. Into pulses of uniform width and amplitnd.. Tb. .sc~~~ and

output stags of the circuit consists of a frequency tering circui t wherein

the average of the number of pulses received is Indicated on a d,o. type

meter. The meter has a relative ly high capacitance shented across its

terminals in order to damp the ~~v~~~nt of the meter sensitive .l~~~nt. The

latter action is a function of the tim. constant or the product of 1~ In

the circuit which in this case Ia 2 seconds.

(b) The type 3*5 dual triode tube appears to be satisfactory for

this application although the fi1~~~nt current required, as Indicated in

Section 3(d), automatically limita the lit, of the fi lkI. *nt battery to a

relative ly short period as caapsred to the Life of the B” battery in the

circuit . Tb. pentod e section of the type 135 tube operates in a satisfacto ry

meimer as the frequency meter tube and to drive the headphone. .

(c) Considerab le difficulty baa besn experienced in maintaining

the circuit in operating c~~~ition due to m~~rous mince defects. Frequent

failures have occured with the result that calibration and field test have

been limited in scope. After the mincr defects were remedied , the sensitivity

was still poor. This was due in considerable part to the fact that both the

plate and screen supply were varied to effect sensitivity control. It is
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PA~~ UI Section 2 Conti~~~d:

considered that this was the result of an error In wiring, consequently a

change was effected as 4iwl 4~ated in Sscticn 2 of Part IV.

Cd) AU oos~cnsnts are satisfactory for this application. The

value of RU was cbangsd fron 15 to 2 Magcha. to Impr !ve the

indication of the sensitivity adjuet nt as detailed in Section 2, Part I!.
• 

It I. also noted that the coupling of the ~~~~~~~~~ to the screen p’id of

• the type 135 tube through C5 result. in adequate vob on all rang.. and

r.p~eeent. considerable improvement over that of the PIE—i.

3. I~~sr &gv1~.

(a) Vibrator -batteries as porer supply foe this application is

satisfeotcey wubj set to the remarks on .a in Part II. No trouble has been

~~~erienced with the vibrator proper nor the output of sam.. It is noted

that with iuadeçmts sbiebiing the audible c~~~onent of th . vibrator contacto r

can be detected in the headphones.

(b) Filter flvtww-k satisfactory.

—ii.- ~-i i--i. -~._i_~__~ii, _ 
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PART IV - licd~~~PDR-8(~1 Suggestions and R.ocmasndations for iepro,sasIIt of.

1. (a) As noted in the Index.

2, Electronic Circuit,

(a) As indicated in Part I Section i~, an ~~ or Impedance coupled

amp1tfi~~ is to be preferred In this app lication in vies of the characteristics
• of the ~~ tubes which it is proposed to use in both the PIE—i and PIE-8 . In

spite of the rnmeroua defects referenced previously, the circuit used in the

4 latter promises to give ~ ich aore troubl e free servic, in the long run than the

forme r,

(b) The defective control of sensitivity was remedied by changing

th. circuit in a ~~m’~sr to vary only the screen grid voltage of the metering

tube. At the same tim. the “B” battery voltage check ~~ov1aian ma. changed

to Inclnde only that voltage which appears on the screen gild thea providing
• an L,~-ov.d ans of establishing a reference point for the proper adjustment

of the sensitivity control. This control was thought to be further improved

by substitution of the 2 inegoba resistor for the 15 sagoha in the meter

circuit for sasain”ing th. screen voltage. This result, in appreximately full

scale deflection for the proper adjust ment of the screen voltag, and can be

used also as a check of the “B” voltage proper.

(C) The Improvement noted in (b) Increased the sensitivity; bouevsu,

on the l.ou scale. there was still more required. Further tests Indicated that

the grid bias on V]D2 and V]D3 mas excessive. A value of 101 volt. was

determined to be the most satisfactory, in lieu of the original valu e of 1.5 v,

(d) In view of the versatility of thi. type of circuit as well as

the .ccn~~~ of construction and iminteiwnes, it is rec~~~eMid that additional

d.ve1op~~~1t work be oomlucted on thi, or a .4
~~~

41
~~~1 circuit with a view to

effecting addition&l Improvements for a model which can be prodused In q~iant1ty.
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!..A!? IV. Secticc2Cont1nu~L:

• The emltivibratcr tube, jyps 3A5 with it. high fUement .wu’aut requir ~~~~t

should be replaced. It is fur ther espheaiesd that with the relatively hI#

value of voltage pulse available from the halogen tjpe ga tubee, thee. is

~~~~ indication that a single tube meter or a dual purpose tube can be usid

with satisfactory results.

3. YR Tube.

(a) Additional experinonts with the YR tube in the circuits of

both the PIE-i and the PIE-8 .nd with same removed, Ind icate. that thee.

tubes are undoubtedly causing some of the trouble experi enced in the

calibration of the neters. Reference to Chart. 20 to 24 inclusive demonstrates

ths apparent results most graphically. ~~ the 0-ID scale curve of Chart 24

it mey be noted that the in~%icated reading still does not nest. the linearity

requir~~ nt; however, the trouble was apparently In the low sensitivity tube

itself as it has failed altogether, subsequent to the last calibration.

(b) In at least one instance it was found necessary to change the

voltage control va lue of one of the corona discharge type of YR tube. in order

to bring same into coincidenc. with the plateaus of both the high .M the low

sensitivity (21 tubes in the circuit. This ma. done as Indicated In FIg. 3

thro ugh the use of a sh~~t rssistanoe net across the YR tube proper. A decreese

of appromiimtely 50 volts we. required. it was found that the circuit used

gave exsellent results. Further t..t. (u 44eate that a decrease of a t’m~~ed

or more volta 1. possible with no apparent effect on the control oh.raot.ristia

of the YR tube at the revised cont rol value.

Cs) Omeponents used in p~ ,er .upply are satisfactory ~~~.pt for the

YR tube which has been discussed in Part II. Additiomel Infcrimtion on the
• YR tubes will be outlined In Part IV S.otion 3.

- .  • 1
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PAJ~ IV Section 3 Continued:

(d) Batteries — “B batteries consisting of two Eveready fV~67,

67~ volta, in series considered satisfactory In view of the relatively ll,gk*.

current drain of approximately 4 WL. The MAC batteries, with a drain in
• excess of 270 MA even when connected in parallel will seriou sly limit the

period of time the meter can be In oper ation without having to replace same.

If a min.limsa of 1.2 volts is set as the low voltag. limit, the lit. of the

“A” battery will hardly exceed 1.6 hours of Intezwiittent duty . The “C” battery

voltage was found to be ~~~eesive for this application with a resultant

decrease In sensitivity that required adjustment by changiz~ the battery proper.

4, Calibration — In view of the difficulties involved in correction of

the circuit proper, calibration of this meter has been spotty and generally

unsatisfactory. Two curves have been drawn, however, which will. indicate to

a limited extent the improvement effected In the sensitivity and linearity

as indicated on Chart . 23 and 24, The first was made after the corrective

measures wer, applied , the second was made after the removal of the YR tube .

The improv~~ nt i. evident In the case of the second particular ly; hou,qer,

the final isprovement will require an improved low sensitivity (21 tube since

this is apparently th. weakest spot in the circuit.

4
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PART V and VI - Model A1(/P!1~-11 Portable A]~ha Survey Meter ,

General Remarks — The c~~~actness aid relative ly light weight of the

P~Z—U make for an ideal type of field ma vey meter. The extended probe with

a remote indicator built In is also a desirable feat~ne although there seems

to be cona litersb].e question as to the reason for th. odd shaped probe head.

Th. latter is due to the necessity for the light concentrating system. The

relative merit. of the light collecting system will net be discussed herein;

howev i , suffice it to say that any such system is subject to a re]*tively

large loss of light by vir tue of the distance fron the source of the light

proper aid the final collecting plate or cathode of the pbotcuailtiplier tube..

• In general , the engineering of the PDR-U is considered fair to good.

Th. desire to make the whol. a very conpact unit result. in sacrifice of

accessibility of ccoponenta; however, it i. thought that testing and replace-

ment of parts could be effected without too mach ices of time, The present

model leaves such to be desired in the way of ruggedness aid durability but

it is thought that the production model would m c d .  proper corrective

measures .

The principle of detecting alpha particle, by a photcmultip].inr tube

has been demonstrated successfull y by a nunber of authorities en the subject .

The detection of a re lative ly small. n*mi,er of alpha particles by this means

has not been demonstrated in a practical sense. That the latter statement is

• true is d cnstrated in the poor sensitivity characteristic of the PDR-ll. It

can be demonstrated that this meter is not capable of detecting less than on.

to several hundred thousand di. intergraticns per minute as compared to the

• Model DI.4/PD which ~iU detect and indicate with a fair degree of accuracy a

few hundred di. int.rgrations per minute,
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In his paper on the subject of a scIntil lation counter for the detecti on

of alpha partic le., Shea r states that calibration of hi. instr~~~nt , which

formed the bas is for the Model PIE—il, showed that 1 ua of current was

equivalent to 300 alpha particle pulses per second. Under the same conditions

the dark current was 0.5 ua so that 150 alpha pulses per second result in a

current equal to background. Using the latter figure as a minilma, the pulses

which can be counted per minute amount to 9000. This figure does not take

into account the relative ly poor efficiency of the light system nor the poor

sensitivity of the amplifier circuit of the PIE-il. Disregarding all other

factors aid accepting the 9000 counts per minute still leaves the instrument

less sensitive than the top of the most sensitive range of the 131—4/PD.

The difficulty in using the photosiultiplier tube as an alpha detector

is due to a basic weakness of the tube itself . That is the presence of the

dark current or the emission of photo ns In the absence of any light on the

cathode and dynode surface., While the dark current is given as cif..y a very

email fraction of the cur rent acca.sioned by Incident light on the cathode ,

it aa swees considerable proportions with the amplification necessary to raise

the incident photoelectrons to a worksble level. The net result is that the

most energet ic alpha part icles aid those appearing in relatively heavy

concentrations can be detected by thi s means. Through the ues of a cooling

agent such as liquid nitrogen aid an elaborate electronic system it is possible

to detect the heavier less energetic particles; however, such a method could

hardly be considered practical for a portable survey meter such as is desired

here ,

To date no alpha particles hay, been detected by either of the two

unite shipped for the current project. It is noted th.~. the screens on both
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PART V and VI Continued:

have developed light lea1~ , In both cases the screen seeme to have

deterio rat ed due to the effect of moisture ~~ age. A z*pthalene screen was

prepared for one of the units using 100% pure nepthalene with no improvement

noted. The circuit of the amplifier wa~ thoroughly checked with no trouble

Indicated unless the threshold voltage was increased excessively in which

case oscillations occurred. Under normal operating cciditio~s the only
• indication. appearing on the grid aid plate of the input tube were the

voltage pulses which were apparently due to the dark ct rL unt . These appeared

in the form of ~hash~ on the screen of an oscill-~~cope and would not appear

with the excitation voltage removed frem the photcemitiplier tubes. ~~ the

two referenced units it is also noted that the indicator meter was still in

the plate circuit of the pr’eeaspli.f ier stags. This was adaittedjy a mistake

if for no other reas on than that of having to read the meter in reverse,
that is, zero set was effected at full scale deflection. 1

In viow of the preceding aid equal ly as important , the relative minor p
role of alpha particle detect ion In initial field survey work, it is reccemenimd

that production of the PIE. .U be suspended pending further deve1o~mients and

improvement, of the photemultlp]ier tubes.
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TO IlLUSTRATIONS

Chart. 1 to 15 Plateau (~irves for C~I Tubes

Chart ]6 M V R Tube HlstOr7

Chart 17 (II Tube Current aid Voltage Characteristics

Chart 18 Battery Ocmp1em~nt for PIE—i

Chart 19 to 22 Calibration Curves for PIE-i

Chart 23 to 24 Calibration Curves for PIE—8

Figure 1 Basic Circuit of PIE— i

Figure 2 CIrc uit Sch~~~tic of PIft—8

Figure 3 Circuit far Li’iwerlng VR rube Rating

Figure 4 to 8 Suggested Des igu for PIE—i aid PIE..8 Case
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aid VU tube hiatcr 7 aid plao ot data

PD&-1 VR~~ b. ~~ z 6C 83 R rks
Ser. No, No, No, No.

8 Z 640 6 26

44 16 640 32 *3]. ‘B~cksn in handling-mica wiedem
collapsed.

23 22 650 13 23

1.6 9 640 *10 30 *~d life reached in ssrvlne.

30 7 640 9 36

47 26 640 U 29

48 1.8 6 6 0 8  25

38 *33 640 15 28 ‘Cracked envelops-IC.

36 21 650 7. ~~
34 24 640 *1 34 ‘Cracked .n~e3op. near eath ods seal.

18 23 640 5 24

12 32 640 34 *37 ~~~~~~ In installation at anode
e~~~.cticn seal.• 3 25 620 2 35

II 15 640 3 32
• 25 none 450 10-57 A—U

Spars ~14 r~~. 4 *33 ‘Broken during handling.
4NO control on rec.I$.

460 450 515 *A,..].1 * p j~~~ ~~ service.

Note : (IL tubes have been removed frem their respective meters for further
I and U t..t. and f or additicne]. plateau studies emeept in the case
of PtIt—l, Sir. No. 30 aM PDR—8 both of which are in operating
ccndition aid to be used in futu re field aurvu ~w.

I 
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~URT l7
l’abls of oonpezi.cn. of ~ I Tube current aid voltage

charsctiriatics.

flTh &ip~.ied U
B S # 2 3  5u A 15 6I~5

29 13 51,
34 3 10
32 3 9
35 2,5 7 I

30 0.5 3
6C# 14 3. -aL 39 645

12 3 69 U

ii 3 69
3 0.75 32
2 2 74 -

VG-3.3 345 3 945
HS Mart.In 3 7
RCL.MK1, Nod. 208 L lage across base of tubs-not satIsfactory

FIGURE 2— Circuit For Detezmining U aid I Values

_ ~ r i r e 1
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Batter y cempl~~~nt for Nodel P~B—1

___ U Rating L.~~~~a Us. in Circuit

IV, #467 (2) 67.5 v, 8 NA Two in sin e, for osc. plate
supply in RP poser supply.

Burg.#47 (1) 1.5 w. 3.50 ML AU filaments

IV. #412 (1) 22.5 -v. 0.2 K* Plate siqply for (2) type
CK5’~ AI triodes In elactx~~~t.rsisosit.

Burg. #2 (2) 1.5 v. Ns~ligIb1a Bias supply to elastacmeter
tubes.

Note 1- Weight of ~~iating batteries ocubinod .qr~a1. 3 piw,~~~ *
2 osnees.

Weight of batteries required to supply cli poser direct
is equel to 2.5 pounds t 2 ~u~ es, The spac. require-
ment wili be apprcmiemt.].y the same for both.

11~ latter provision for supplying poser contemplates
the use of KY. #493, 300 v. batteries far the (I( tubss;
(1) IV. #412, 22.5 v. battery for .l.ctr~~ tes tube 8+;
(2) Mallory Bias cells, aM (2) V&U’ry type ~~ rcusy
cells In pe.rslied. for filament supp3y to e1sctr~ mter
tubes. It is noted that in the ~~ atIng circuit the UP
Oec. poser supply tube requires appe’oziemtely 4/5 of the
current used In the f41~~~~ nt circuit.
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