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AEFLY REPLY ALL FORWARD DELETE REFORT BRINT

Move to Folder

& Address Book

&9 Malltbox Manager
E¥ emall Options
7 Help

X Sign Out:

Deals on MP3 Players
LEARN MORE

Comcast Rhapsody
LESTEN TO MUSIC

(Comeast.

A5 SPAM
M MESSAGE CENTER INBOX; Emall 25 of 513 | pravious email | | next emai
8 INBOX (21)
W Draft From: - {Add to Address Book] [View Souice]
& Screened Mall To:,
{EMPTY) Subject: Re: hello|
M SentMall Date: Mon, 18 Apr 2005 07:11:01 +0000
8B Trash JEMPTY]
*+ My Folders [EDTT) Hi 1 didn't get o read my emsll untl this unseemly hour of the moming, but | shall ry to

check on it tomoriow, | assume that the emadl from refars fo the levels of radiation in a
repart In one of the packets that you sent. And i do recall that-when | read about the radiation in
Building 2, the tevels that were reported Just about scared me to death, 1 am amazed that | am stil
here at 84 years of age after all that exposure and after the subsequent exposure that | got working
with neutron sources. in any case, just reproducing that report in your SEC patition seems quite
adequate to me. As | recall, the building was abandonned and was {ater tom down to make
angther structure, but we can'check on that.

Good luck,

INBOX: Email 25 of 513 _previous emall | | naxtemail |
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FEOICPA RULLETIN NO.03-1l

Issue Date: November 19, 2002

Effective Date: November 19, 2002

Expiration Date: November 13, 2003

Subiject: Additional Cancers Considered as Primary Cancers

Background: 20 CFR 30.5 {(dd) (6) states that specified cancers are "the
physiclogical condition or conditions that are recognized by the Hational Cancer
Institute under those names or nomenclature, or under any previously accepted cor
commanly used names or nomenclature.” The Department of Labor (DOL) forwarded a
list of six medical conditions to the National Canpcer Institute (NCI) for their
review and classification to determine which conditions could be considered as
cancers under the BEQOICPA. The six medical conditions sent to WCI were:

myelofibrosis with myeloid metaplasia;

polycythemia vera with leukocytosis and thrombocytosis;
polycythemia rubra vera;

myelodysplastic syndromes;

carcinoid tumors or carcinoid syndrome; and

menoclonal gammopathies of undetermined significance.

On Cctober 8, 2002, DOL received a letter from Dr. E, G. Fiegal, thq)Actipg :
Dirvector of NCI’'s Division of Treatment and Diagnosis; detaziling NCI’s evalustion

.of .the above  mentionéd six medical conditioms.

According to Dr. Fiegei, NCI recognizes myelofibrosis with myeloid metaplasia,
polycythemia vera with leukocytosis and thrombocytosis, polycythemia rubra vera,
and myelodysplastic syndromes as reportable cancers. These hematological conditions
are not reportable as leukemia, non-Hodgkin's iymphoma, or multiple myeloma, but
have distinct categories (except in the case of pelycythemia rubra vera and
polycythemia vera with leukocytosis and thrombocytosis, which share the same
category). One of the functions of bone is to manufacture blood cells in the bone
nmarrow. Accordingly, myelofibrosis with myeloid metaplasia, polycythemia rvbra vera
and its variant polycythemia vera with leunkocytosis and thrombocytosis, and
myelodysplastic syndromel(s) should be considered as bone cancer for purposes of
having a "specified cancer™ as a member of the Special Exposure Cchort, since all
are malignancies of the bore marrow.

Carcinoid syndrome and monoclonal gammopathies of undetermined significance are not
currently recognized as malignant conditions by NCI. Consequently, these conditions

hitp://www.dol.gov/esa/regs/compliance/owcep/eeoicp/PolicyandProcedures/finalbulletinsht...  5/1/2005
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should not be considered as cancers.

Carcinoid tumors, except of the appendiz, are recognized as malignant conditions by
NCI and should be considered to be primary cancers of the organs in which they are
located. If the organ is one on the specified cancer list, the carcinoid tumor may
be considered as a specified cancer. Carcinoid tumors are found in greatest amounts
in the small intestine and then in decreasing freguency in the appendix, rectum,
Iung, pancreas and very rarely in the ovaries, testes, liver, bile ducts and other
locations.

Reference: Energy Employees Occupational Illness Compensation Program Act of 2000,
As Amended, 42 U.S.C. § 7384 et seg., Section 73841(17); interim final rule 20 CFR
Part 30, Section 30.5 (dd}; and a letter from Dr. EB. G. Fiegal, NCI, to R. Leiton,
DOL, dated October 8, 2002.

Purpose: To notify District Offices of the classification of six additional medical
conditions as primary cancers for eligible SEC claimants under the EEQICPA.

Applicability: All staff.

Actions:

The CB should consider: (1) mvelofibrosis with myelold metaplasia; (2) polycythemia
rubra vera; {3} pelycythemia vera with leukocytosis and thrombocytosis; and (4]
myelodysplastic syndrome({s) to be bone cancer, which is & specified primary cancer
per EEOICPA Section 73841(17)(B}.

2. Carcinoid tumors, except of the appendix, are recognized as malignant conditions
by NCI. If the organ is one on the specified cancer list, the CE should consider
the carcinoid tumor as a specified cancer (per EEOCICPA Section 73841{17)).

3. Carcinoid syndrome and monoclonal gammopathies of undetermined significance are
not currently recognized as malignant conditions by NCI., Consequently, these
conditions should not be considered cancers by the CE. If no other medical
conditions are claimed that quallfy the employee as_having a covered -condition; the -

“clamm should be denied.

The CE must look for any other cases of the medical conditions discussed above that
could make the claimant eligible for benefits, either as a member of the SEC or
through dose reconstruction. A preliminary review of the ECMS is upderway to
determine which cases may have already been denied or sent to NIOSH. That list will
be forwarded to each District Office under separate cover. Using that 1ist, the
District Office must pull any cases for review in accordance with this bulletin. If
modification orders are required, the District Office should send the case to the
National Office.

The CE must conmtinue to distinguish these medical conditions from bone or other
specified cancers, as appropriate, using the appropriate ICD-% codes on all
paperwork and in ECMS.

For the conditions to be considered as bone cancers, the ICD-9 code for a myeloid
metaplasia is 289.8, polycythemia rubra vera and its variant polycythemia vera with
leukocytosis and thrombocytosis is 238.4, and myelodysplastic syndrome is 238.7.
The ICD-9 code for malignpant neoplasm of the bone iz 170.

Carcinoid tumors, except of the appendix, should be recorded by the organ of the
specified cancer. For exsmple, the CE should use the ICD~% code of 176 for a
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carcinoid tumor in the small jintestine.

Disposition: Retain until incorporated in the Federal (EECICPA) Procedurxe Manual
PETER M. TURCIC

Director, Division of Energy Employvees

Occupational Iilness Compensation

Distribution List MNo. 1: Claims Examiners, Supervisory Claims Examiners, Technical
Bhssistants, Customer Service Representatives, Fiscal Officers, FAB District
Managers, Operation Chiefs, Hearing Representatives, District Office Mail & File
Sections

hap:;/Www.dol.gov/esa!regsfcompliancefowcp!eeoicpl}?oﬁcyandProcedm-es/ﬁnalbuﬂeﬁnsht... 5/1/2005
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Public Health Service : i

;ﬂ" DEPARTMENT OF HEALTH & HUMAN SERVICES
> : doc Az "
"&%
Natioral Institute for Oceupational
Safety and Health \
Robert A, Taft Laboratories

4576 Columbia Parkway, MS C<45
Cincinnat, OH 45226-1998

Phone: 513-533-8423
Fax: 513-533-6840
Case Status Report  March 15, 2005 :
Individual Claim Status -
Energy Employes:
NIOSH Tracking Number:
Cancers Verified by Department of Labor (DOL):
Cancer Diagnosis
Description Date
Myelofibrosis with myeloid metaplasia
. E.mptt:'fyment and Exposure Information:
Employer(s) Empioyer Accepts Date Raquest for Date Exposure
Verified by DCOL Request for Exposure { Exposure Monitoring | Monitoring Response
Monitoring Information| Information Sent Recaived
National Bureau of Standards, Van Ness Street No Not Applicable Not Applicable

Continued on Next Page



' Case Status Report (March 15, 2005}

Individual Claim Status{continued)

Claim Recsived from DOL:
Acknowledgement Letter Sent to Claimant:

Telephone Interview Conducted with Claimant:
Report from Interview Sent to Claimant:

Confiict of Interest Letter Sent to Claimant:
Dose Reconstruction Started:

Draft Dose Reconstruction Sent o Ciaimant:
Close Out Interview Conducted with Claimant:
OCAS-1 Returned to NIOSH:

Final Dose Reconstruction Sent to DOL:

12/19/2002

12/08/2004
12/09/2004

Not Completed
Not Completed

Not Completed
Not Completed
Not Completed
Not Completed

NiOSH Tracking Number:

Page 20f2
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\ IMPROVED RADIO METEOROGRAPH ON THE OLLAND
PRINCIPLE

ByL.F.Cuxﬁs&A.V.Aan.L.L.Stockmmn.andB.W.Brown

—————
'
13

ABSTRACT

A descri%ion is given of the consirnetion and tests of & radio telemeter of
pigh precision built according to the Oland pnn?e, in which all indieating
rotate OB & COLIOT e, e od with & 0 meter e e e
h-pull 3 provides & jo me! whi
g;szedp undeyrpg;:tua-l working conditions snd found to mable and scourate
in ite indieations. Since it gives relatively strong signals with & good stability
in frequency, it is easy to operste and very litile rettming during an gbeervation
1§ required. Special attention has been given to the thermal msalation of the
compartment containing bafteries an transmitter so that no failures due t0
drop in battery temperature have been observed even at altifudes above 60,000
feet. The cosh of menufacture compares very favorably with that of other
models recently developed in this country.

CONTENTS Poan

I IntrodEetion ——————eecoccemmmmnmommmmeammereasnsn s SmmmTmm T e a7
IF. Radio telemeter oo« am-mmmemmameeossnssmmssssnsno oo T IR o8

1. INTRODUCTION

In September 1935 the authors described ! the results of their pre-
liminary investigation into the possibilities of develoral:g 2 gra,c’uoal
system for observation of _tgng%)gzgtyrg,  pressure, and relative
radio-equipped sounding balloons: ~Ag
there reported, the radio problems involved are very simple, and by
using the Olland principle, which requires the transmiiter to be in
operation for a very small fraction of the observation period, relatively
strong signals of 5-meters wave length can be obtained at all attain-
able altitudes and for distances of a bundred miles or move. .

Attention has since been turned to the development of a radio
telemeter which would be sccurate in its indications and conveniend
to attach to & sounding balloon. In this period many models have
been tested both in the Jaboratory snd in the air. The chief problems
encountered were those of: (1) Relisble keying contacts; (2) con-
sistent indicating system for the gensitive elements; (3) adequate
ventilation for the sensitive elements; (4) stable entenma position
during flight; (5) meintenance of battery temperatures; and (6)
dependable snd uniform operation of the driving mechanism. The
modet hers described has shown in repeated tests that these problems
heve been solved to the extent that they no longer inter&re with
relisble and accurate operation of the instrument.

VL. F. Curtics and A. V. Astin, T. Asron., 85, 3, 36 (1905).
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The preliminary experimenta were made with clock-driveniequip. &
ment, Theso trials served a very useful purpose in testing the ranps 4
and stability of the redio signals, but it soon bocame evidext tha
eacapement orrors introduced by the clock movement seriously limited
the aceuracy. Furthermore, even slight decrensez in température
frequently eauaed the olockwork to atop, especielly if the pressure on
the contaoct arms oarried by the motor was sufficiont slways to give
dependable signals. Tests were therefore made of small dire
current motors,* which convinced ug that they would provide g mo
sa.tlsfaotorly drivmg mechanism. Slow changes in sg‘oed cotild b

; or automatically ? in reading the record. Through coap.

eration of manufacturers small electric motors wore made availably
These waifhed lesg than 50 grams and required about § millinmperes
et 1.5 volts for their operation. Tests of their speed fuctiations
rovenled that the elow variations present could be kept to Joss than
fow porcent. In addition, these motors rarely stop in ﬂiﬁht singe they
operate without lubricants and haye about 100 tmes the power of a
spring-driven clock of the samo weight, . -
. 'To protect tho batteries and transmitter from excessive redyetions
in temﬁerature, a thermally insulated inclosure is required. . Like-
wise, the mofor and electrical contacts for keying the transmitter %
should ba protectod from leing and other unfavorable conditions, We &
have found that a box with cellular wails made up of saveral layam |
of corrugated paper is best for this purpose, This inclosure is built 3
up of soveral layors of corrugated paper glued-togesher.  The thermsl
insulgtion secured in this WRK is far superior to that provided by balss-
wood containers. This is shown by the following values which give
the intorior temporatures et approximately §-minute intervels after %
surrounding the outside of the thermal inclosure with dry ice, —78°C.
An inclosure with ¥-inch balsa-wood wells will drop to dry-ice tempers-
ture in about 12 minutes under the same conditions. .

98

3

Inalide tamper-

Tlene aure per
a c H

117 23
l:aa 25
130 [
1:38 2
1340 -0
o3
2:00 -1

It should bo pointed out that Cellophane inclosures of the tygs
desoribed previously ¢ aro in every way superior for maintaining the
temperatare of the battery inclosure a$ & high level in comparison
with the extornal temperatures at the higher altitudes when the sun
is above tho horizon. ~For this reason Cellophsne inclosures ate still
used by the authors * for cosmic-ray bslloon equipment, which is

1 Fi °!L'§"¢.“.:§‘in’aa¥aﬂ.‘“b?‘ﬂ: Fitie ane &% Whowes ot the v, 8, Weathoe Burenu fora sins
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released almost exclusively when the sun is above the horizon. Hoy
ever, the majority of radio-meteoro, m‘;ﬁhic ohservations are made by
the Woather Buresu at night, and therefore the corrugated-paper
inglosure was adopted to reduce heat loes ag much as possible, In
this way satisfactory results have been obtained withous the use of

»
1

Journsd of Reneasch of the Navional Burenn of Stalards Research; Paper 1189,

IR auxilisry means of heating the interior.
*ﬁ ] "_”,“l';;‘; 1' PRI With such an arrangement it becomes necessury to design the
R . QAN ;-ﬁ@m!,-.;gy;};“_. A telemoter so that the sensitive clements can be outside the thermal

inclosure end the motor and contacts inside. OQur method for ao-
complishing this ¢cen be explained by reference to figures 1 and 2,
which are two views of the telemetor, The electric motor, of which
1 is the rotor, is mounted in a light sluminum frame ussd to support
also the pressure, temperature, and humidity elements, P, T, and H,
The conteot sysiem, ', shown in more dotail in figure 2, is mounted
directly on the output spindle of the motor, which turns at a speed
of 4 revolutions per minute, giving four compfate sets of mensuremonts
per minute. The contact system consists of o Bakelite disk y)
rigidly attached to the output spindle and turning with it, Imhmigleci
sadinlly in this disk s the platinum wire, W, which is in eleotrical
centact &t one end with the motor spindle, The exposed side of this
wire, which is bent around and similarly imbedded in the lower surface
of the disls, D, s polished down even with the surface of the disk.
This ggnmts eleotrical contact with the indicating arms without
disturbing their angular position, These indicating arms, as sbown
at 4, figure 2, are fastened to brass sleeves, B, thronded on the outside
and provided with Bakelite buahiné:s inside. Inch of these srms is
thEed with & double prong of fine platinum-iridium wire. The .
Bakelite bushings, lubricated with d%rgn‘ziphita, fit smoothly on the
output spindle of the motor. Tho threaded brass sleeves are con-
nected with their respective indicatin% eloments by the fine Nichrome
wires, N, each ane of which passes from the free end of a sensitive
clement, around a separate threaded sleeve, B, and is attached to a
tension spring, S, anchored through an insulator to the right-hand
side of the frame In figure 1. In this wey linear displacements of the
gensitive elements are transformed into angular displacements of the
indicating arms of the contact system so thet becklesh is reduced
end tho number of moving parts is kept at a minimum, Since the
spindle on which the indicating arms are pivoted is in constant rote-
tion, and ns thers is some vibration in addition from the motor, no
diﬂiculfiy hes been encountered in securing a reliably responsive
sction from the contact arms. - .

Since the elestric motor has considerable power, the limit to the
pressure of the tips of the indicating arms on the Bakelite disk is de-
termined by the indicating systems. This pressure must not be eo
gront as to oause dragging of the contact arms. By use of the plati-
num-iridium tips mentioned above, it has been found cesy fo obtnin
wolisble electric contacts with moderate pressures. To insure the
stability of the indicating systerus relatively powerful elements have
beon used. The bimetallic spiral, T, (fig. 1) and the pressure dia-
phragm, P, have been designed to give strong positive action under all
conditions, For the humidity, element, 2, goldbeaters skin has been
used, which can be readily eus to o size of sufficient strength and has
been found to be severa] times as responsive as humen heir, i re-
sponse to changing conditions of humidity has also been found to be

Fraout d—Assemblod radio meleorngraph ready for rolease,
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To test the effectivencss of the solar ghield and thermal insulation
of the battary box several test flights have been made with models
vssemblod as deseribed above. Weakened signals of varying fre-
quency due to drop in battery temperatures 48 well as slowing of:the
motar would be expecied in the sbsence of sufficient proteotion for'the
battary compartment, In all flights strong fignals of irequency
constent fo 60 kllocgclas (0.001%) were recsived both on .the
ascont and also on the descont where the rate of fall was sufficiently
slow, Insome of the flights the slot eut in the battery box to admit
the telemotor was left open. This resulted in & slowing of the motor

»Lk I N A 1 L \ 1 L
[ 13 ¥ F1

0
PRESSURE

MB :

Fraurn 8.—Calidration o{ curvs of premsure element with redslermined pm‘nt@ ta
s A

o acourasy and reprodusibility,
Bolid eiroles, original eallbration; and opon plgoles, rcelibration, Muximym deviation, 1 miflbar,

at the higher altitudes. When this opening wes properly closed very
little change in motor spend was obsorved. :
The question of necuracy under actuel working conditions is diffioult
to deal with in the absence of a standard for comporison. The best
we con offer is & comparison of one of our records mads on Jug{ 20,
1988 at 6:37 8, m. with one made for the Weather Burean by the Navy,
using & Navy type of instrument ¢ relessed ot a point about 8 miles
awey ab 6:00 2, m, This record is shown in figure 4 plotted on sn
ediabatio chart, There is & consistent difference throughout in the
temperatures, ours being above. At the¥present time we have po
adequate ex]f)lnnation for this diserepancy. It is possible that the
calibration of ono or both instruments used in the above comparisons

PR,
VI Diamond, W, 8, Etoman, Jr,, and ¥, W, Dunmare, Bal, A, Motéer, Soo. 18, '8 (1037,
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Fioonn 9.—Records of Navy type insirument (doltsd Hings) plotted on same chord
with daie (solid Lines) obigined by authors’ snstrument.

Instrumasents relanssd sbout the anmse time a¢ poinis 8 miles apart,

wa in error. Tho general agreement in trends is very satisfactory
and dmdicn.tes that these methods can be used reliably to obtain upper-
sir data,

We acknowledge the aid of the United States Wenther Bureau in
providing means for the construction and tost of the telemetor and for
suggestions regarding improvements and modifications,

Wasningmon, September 28, 1038,
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§ (OSMIC-RAY OBSERVATIONS IN THE STRATOSPHERE
WITH HIGH.SPEED COUNTERS

i By Leon F. Curtiss, Allen V. Astin, Leroy L. Stockmann, and Burrell W, Brown
ABSTRACT

7 . Bramodifieation of n method? reported proviously, obsorvations of coamis-ray
£ intenslty nb high altitwdos have beon mads,
§ A Neher-Harper sireuit has boon used with rolatively large Guolger-Mbler
& tountera so that 2,000 to 3,000 eounts per rinute could bo recorded by moans of
F ndio equipment sont aloft attaclied to free balloons, ‘Uhe countors wore atand-
® wiived in torms of the radiation from 1 mg of radlum af 8 distance of 1 1, and the
& Baimum cosmic-ray intensity was found to be 0.55 perount of this intenalty,
This maximum wpa found to eoour at an atmosiahcrlc pressure of 00 milllbare,
| & vary low Iutonafty at pressures of about § millibars, rtégorted in tha provious
2% poper, was not observod In any of the 15 ascenty in which the data reporiod in the
A present paper weore obtained,

CONTENTS

I. INTRODUCTION

;¥ Inn previous paper? results wore given of cogmic-ray obsorvations
& h the stratosphere, using small, low-speed Geiger-Milllor countors.
3 The counters were carrded aloft by sounding balloons, and the counts
4 vere broadenst to o roceiving station on the ground by a radio trans-
% witer also carried by the balloons. The active volume of oach
§ winter was approximately 1 em?®, and the counting rate af, the alti-
$ tde of maximum intensity wos approximately 60 per minute, Since
§ e counting rate on the ground was less than ono por minute and
§ oo the time vequirved for the aquipment to rench the altilude of
.§ saximum counting rate wns only 90 minutes, the results were subject
‘# v considerable statistieal Muctuation.,

& L v,

;| v’f’r’.‘é‘&fxg{f g?ﬁizn, L. 1, Btaskmara, B, W, Brown, ond 8, A. Korft, Blips, Rov, 54, 25 (1938),
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In the present investigation the size of the counters hes been
inoveased to give a%proxamutely o thirtyfold gain in counting rate.
This inoronse was suflicient to make the curves of counting rate versus
E.ressur? comparable in emoothness to those obtained from observes

ions with ionization chembers. The great sdventege of the counter
method over the ionization chamber for cosmic-ray exglomtion of the
upper etmosphere is that the balloons do not have to be recovered in
order to obtain the data.

A furthor improvement in the present investigation over earlier
work has been the standerdization of each counter in terms of gamma
radiation from radium,

1I. DESCRIPTION OF BALLOON EQUIPMENT
1. COUNTERS

, Tho general copstruction of the Geiger-Millor counter tubes used
in this investigation may bo seen in figure 1, which shows a typical
tube, The outer eloctrode, or eathode, 13 a copper tube about 1 em i
diameter and 16 em in length. Tho anode is & No, 42 steel wire with
E]ass sleoves at Lhe ends to serve as guards, after the manner deseribed
y Cosyns and de Bruyn.? , f
To securo a broad and lovel platesy, it has been found necessory to
cloan the olectrodes by sputtm'infi). The trentment employed is &
g}odif}cnl‘ion of the mothod described by Diffenbach, Lifshutz, and
awsky, :
Tho eloctrodos are connected to & transformer adjusted to produce
a stondy glow betweon the electrodes in an atmosphero of hydrogen
at & preasure oquivalont to o few millimeters of Iig. "The hydrogen
s changed froquontly and the sputforing permitted to continue for
from 12 to 24 hours, ~Caremust be taken during the sputtering to pre:
vent a degaaition of metal on thoe glass surface so that the nsulation’
may not be ruined. . ;
I{ftar sputtering, the counters are filled and sealed with & mixture of
about, 10 parts of argon to 1 part of hydrogen at & pressure of approxis
matoly 8 om of Hg.  The counters o treated and filled require about
B75 volts for their operation and have an approximately constant
c:fmrﬁ@ing ll'n.te for eny voltage, sither higher or lower, within: 50 volts
of this value,

Journat of Research of the National Bureau of Standsrds Revarch Poper 1254

2. INTHEGRATING CIRCUIT

The wiring diagram of the amplifier and integrating cireuit assock
abod with the counterisshownin figure2, The pulses from the coun.
tor are fed to n high-spood stage of the Neher-Harpoer & {ype. ’
.. 'The major purpose of this stage is to reslore rapidly the counter to,
i#s normal state. The second stage seryes to level the pulses, since’
those coming from the firat stage may have widely differont magni-
tudos. The tube iz arrenged for & sharp cut-off, so that all input:
Iiulaos,_mgmlloss of their magnitude, give the same output signal.

‘e third stage reotifics the pulses snd the rectified current chargoes-
the capacitor, @4. When the cherge on COf is sufficient to flash the;
neon tubo, N, n signal is transmitted through the final stage, actuating.

1 Acad, oy, Dolg., Pul, clr%u wl, ¥, 271 (1034}, h

4 Phya, Rev, &, 1731 (103
 Phya, Rav, &4, H0 {1036).
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g Werelay, Z. The relay is arranged to key the redio transmitter,
F The ﬂasimf voltage of the neon tube and the size of capacitor G,
£ wwoll as the xpaimtude.of the levelad pulses, determine the number
% o counte or discharges in the Geiger-Miiller tube nocessary to ae-
4§ late the reloy. This number has varied from 35 to 100 in the 15
% wits that have boon used for stratosphere soundings.

& The intograting circuit, which is similar in some respoets to one
® dexcribed by Johnson,? is essentis! to prevent a large incrosse in the
& loring ato of the transmitter when the counting rate is stopped up.
& This 18 because of speed limitations of tho ground recording system.
3 1t the earlior work of the authors with low-speed counters the inte-
¥ mling circuit was not essential, It was found thet with the ampli-
g:ng end integrating circuit of figure 2, higher counting rates could
4 behandled than could be provided with counters of the sizo doscribed

" HY 1B
-4]-...--..-........._-....._ -._.;F-..-J...-.
Frouen 2.—Wiring diagram of inlegrating eirouit used with tube counters,
(F=tahe counter N Nwneon Iamp
G0l uf Ryw 2 mogohms Byeeb volig
Ca=0 0001 1w B meEohing Dy 12 volts
Gx-ﬂuiﬂd Hty=1 megohm Bym22 5 volty
Cimf0] pf, Fiy=1 magohm Byetl) volty
Ry=20 mogohiaa By= 135 yolts
By 10 megohms

el, thus approximataly doubling the counting rate.
§  The charncteristic of o typical counter and its nssocintod cirouit as
J $ function of voltage applied to the counter is shown by figure 3,
4 The fact that the counting rate is constant over a 95-volt range shows
# Uat ot only dees tho counior have o satisfactory platoeu but that the
§ Urdling siogo of the amplifier is opornting satisfuctorily, "Tests of
the linearity of the integrating cireuit have besn made in three differ~
g ul ways with equally satisfactory results in each case. With differ.
¥ «t intensilies o? radiation applied to the counter, the flashing rates
flavo been compared to the counting maiss of Cenco countor con-
3 meted directly 1o the output of the first stago of the smplifior #o as to
% rord the impulses of the counter diveetly.  Thoe number of impulses
% ¥t fash was the same for all counting rates tested. The second
% st consisted in placing radium samples of different known intensi~
§ st a fixed distance from the eounter tube. Tho ratios of the differ-
& s in counting rales were the samo as ratios of the differenoces in

8 tFhys, Rov, 53, 014 (1038),

2 & the provious section. Accordi ly two countoers were connected
¥ 'mgmﬁ
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strengthe of radivm sources, The third test involved a fixed quantity
of radium at different distances from the counter. The ratios of the
differonces in counting rates coincided with the expected differences
from inverso-square law oelculations. . ,

a

) / |
0 - . Jweml of Research of the Natsons) Brreau of Standards Reserrch Paper 1254
f_____ QPEAATING MANNE _.,..T !
;] 4 WLTE
: \
2 &
i L L 'l
450 [ 550 &00
VOLTS
Froauns 3.—Operating characoritic of lypical connter showing varialion of counting
rale with opplied vollage. :

&4

The resolving time and maximuna counting rate of the circuit wets
determined by the method suggested by Schafl.” .

In figure 4 the solid line shows Sohiff’s theoretical curve of countin
rato, (V/7T), times resolving time, (r), plotted against the ratio of

4

/’/—\.‘*-..____N J.

&
i
y
i

o
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i

Fraunr 5.—Complete assembly including owwnler Lubes, vacunm-tube eireudd

/ £ 3 4 5 € L baragraph, redio transmatler, and neeesstu y buiterien,

%
Fioune 4.—FEfficlency characleristic of counler cireusl,

N=Total number of puleos counted in time T,
No==Total number of pulses in counter in time T\
7==Roaolving time of sirouit,

purticles through the counter, (V;), to the number racorded by e &
counter, N, ‘I'he maximum counting rate oceurs whan No/N=c sbd-
the resolving time is determined from the value of the maximum,
NrT{T=1fe. Tho circles show tho experimental points which wake

t Phya, Rov. I8, 88 (1069),
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3 thlained by observing the counting rates when radium sources of
¥ diforent known intensities were placed at a fixed distance from the
§ cunter. The values of N, were fixed from the lowar counting rates
& Yhers a linear golation was observed betwesn counting rate and inten-
§ #ty of the source {after allowing for the blank counting rate). Theory
'§ wd oxperimont show the maximum counting rate at the same valus
g o NN, but differ in other Trespects, as shown in the figure, These
¥ diferonces might ocour if the resolving time, r, were not constant, a8

3 T assumed by Schiff, The value obtained for + from this set of
| &ls was 010~ second. In the observations on cosmic reys the
3§ “anting rates nover exceeded a value for Ne/T of 0.05, for which
3 Wues No/N was unity, within o few percont.

Jounnnl of [teeearch of the Nations) Buresu of Staadards 3. BAROGRAPH

The barograph used in this investigation wes of the same type as
% &b used in the entlier work and hae been deseribed in detal) olse-
4 vtere® The sonsitive element of the barograph was a small aneroid
3 tpule of copper-boryllium edloy, ‘The revolving contact arm of the
£ wrograph was driven by a small impulse-type motor which wos
F dequataly powersd by o 1¥volt n-ight” battory, Prossures
% sl be dotermined ¢o within -£2 millibars ovor tho range of prossures
1400 to 5 millibars. 'The possible arror dus to temporature varintions
#tho barograph has been carefully investigated and found to be less
the precision of reading over the ontire range,

[P

4. RADIO TRANSMITTER

The radio tranemitter was also the same as that used in the earlier
wik, It consisted of two typo 30 tubes in push-pull oscillating at
85 megacycles and powered by a 136-volt plate supply. Keying
¥et secomplishod by short-cirouiting a eathode binsin vesistor, The
lor was sufficiently Inrgo so that tho cireuit would not oseillate

the resister were shorted, Consoquently, the tranamitter wig
b axcept for the relatively short times of e g, an important
r it keeping the battery requirements at g, nimtn,

5. BATTERIES

The voltage supply for the counter (BS, fig. 2) was obtained from
ppeady ' A-<180 units. “Each one of these units supplies 45 volts
weighs but 2 ounces, The plate voltage for the tubos of the nm-

a3 well as for the transmitter, was obtaived from By ous V40

to. Hach of thess units furnishos 45 yolis and weighs about 3.5
fotes. The filaments of all tubes required 2 volts for their opera~

5, which was obtained from ordinary fleslilight batieries. It wes
4 most convenient, to eonnect two filaments in sories and heat
with the ourrent from throe flashlight batteries in series,

TFravun G-—Awplifying and inlograling cszembiy.
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6, ASSEMBLY

‘& Yo sssembled balloon equipment is shown in figure 5. The four

& %bes of the smplifier and integrating cirouit, a separate view of which

% Whown in figure 8, are in the conter of the preture.  The plate-supply
S " Fov, 9, 5 (508): 7. Haronsch NDS 28, & (1939 RELIOD,
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hatteries for these tubos, as wall as for the transmitter, aro just bohind m:‘%grb-nf;’;hg‘;?fg’n atrl:g N ézi:?seqtﬁngl e ﬁ?gﬁn:;?a du():oﬂ;%e o
[ 1 '

them. In front of the omplifier are the neon tube aad relay (Z, ﬁg.vﬂ § Tho mothod of asbunting tho rasorder is shown in fgore 7. The

for koying the transmitter, The sccond counter has beon romoved §
but is normally installed just in front of the amplifier. Below the 3 “aglp’fi%’g,fmgdﬁsem%zgei?rtﬂzbgaﬁ;m Aabsfggatimiu;m;ﬁls l{gg;-iligi

i mereascs the eurrent through the meter, M, and actuatles the relay,

amplifior ma{ bo goen the hl%h voltage supply for the counters. To
tho right of the amplifior is the barograph unit, and to the left is the & fis " Surn controls the grid poten tial of tho vo-fillod 885 triody
¢ The plate current of the 885 tube passcs through an electromugnet';

radio trensmitter, The antenna and attachment cord to the ballooas
o 5% which controls a recording stylus,
The complets ground equipment is shown in figure 8. Tho recoiver

arg shown in the upper part of the picture, )
The crate in whioh the etiuipment. is mounted consists of a balsi
<3 %o the right; the plate-current meter of the detector cireuit, the 885
& tobe, amd the power sul)ply ars in the center; and the woxed-tape

wood framo with double Cellophane lining for heat insulation. The
foroi-{t a’rl)d baclk ?ulea of the orate ﬂ{,f r&;‘moved infi ll;e 5. Th; u}nltmgr
AL . Ll 3
ellophane surfnce is lined with blac g}’]"-l’m‘: which sorves both as:8 %y g 4ng recording stylus to the left. Perforated tape, moved by &
¥ Wrocket which is driven by & synchronous motor, is used to secura

wmiform motion of the tape.

hont absorbing surface and as & light ield for tho counters. Tedls
on the interior temparntures of such enclosures when in the strato-
8 l;esrf én daytime have shown the temperature to be within :£15°€C
0 . -

1t was found that moisture enclosed within the frame when the
crate was sealed froquently condensed on parts of the insulation and
interfored with the proper operation of the equipment. This troubls
was oliminated by coating the insulating surfaces well with Suporda
wax and onclosing some coleium chloride in a cheesecloth bag within
the crate when it was sealed, .

The woight of the completely assembled balloon oquipment ready
for attaching to the balloons was approximately 2,200 g.

7. BALLOONS

The counter equipment and radio transmitter were carried aloft
by five or six Dewey and Almy latex balloons, model No. 700, These
balloons have an uninflated dinmeter of about 4 £t and will expand te
approximately 10 ft bofore burating. The balloons were infiated
with hydrogen to have a free lift of ap}f)roxlmatoly 600 g por balloow

TO
RKECORDER

O TO o
AMPLIFIER

Yoves V.—Wiring diagram of detsclor ciroudt used with superregencrative recsiver o
actuale records.

This gave an. ascension rate in excess of that normally used in slrate- V=200 ahm valtags divider
afhere soundings, but it has heen the authors’ experience that highwet G o
sltitudes aro obtained with higher asconsional rates. R fumS Taegetin

"*ho balloons were attached o strings of different lengths to reducs £ Ey100,000 olirn

contact of the balloons with ench other. This was found desirablefa % . . :
proventing both premature and simultancous bursting of the balloos. 48 hﬁ mnﬁle_ record is shown in figure 9. The upward broake in the
4 dorizon line on the tape correspond to signals received from the
III. GROUND EQUIPMENT . 1@ adio transmitter. The double breaks marked “reference doublet”
"% omaspond to regular keyings of the transmitter by the motor-driven
J& wetiet arm.  These reference marks ave received approximatoly four
24 %ues por minute. The break marked “prossure” corresponds to a
5 of the contaet arm by a contact point conneoted to the aneroid
] ( & o upele. The ratio of the distance between a reference doublet and
signal entering the receiver suppressed the regeucrative noise sad ' ure signal to thoe distance betweon two reforenco doublsts gives
causod an incronse in tho current of the detector tube. Tho recejver ‘3 8msssuro of the pressure, The narrow broaks in the horizontal line
wns vory insensilive to noiso, sineo only a definite pulse of waves of the & Murked “cosmic rays” correspond to keyings of the transmitter by
frequency to which the receivor was tuned would suppross the rogener 1§ e intogroting cirouit, These signals are readily discarnible from
ative noise and thus relonse the output current. inary static wi % ¥e barograph signels by both their width and position, The regu-
\}uiw moffeclive, singe it moinly added to the regenerative nob. % Wity of the spacing betwsen the cosmic-ray signals is an indication
"The disndventage of the circuit wes that o signal of at lenst abous % dthe oxtant to which the random fluctuations in the individual dis-
one-lonth second duration was necessary to nctuste tha re & duges of the counter are smoothed out by the integrating cirouit,
This, of course, limits the number of signals per second which the §

The recoiver wsed in this work was & commorcial 5-meter supite,
rogenerative typo. A detector tube of the grid current type was a
to the receiver. In its unexcited condition the regenerative noiss of
the roceiver suppressed the plate current of the detector tube, &
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IV. RESULTS |

A total of 15 successful sets of observations were obtained with 3
equipment of the type just desoribed, between July and Novembet &
1638, A b)'rlPicﬂ.l rocord, which was obtained July 22, is shown in
figure 10. The record shows oxcellent agreerment in results obtained
during both the ascent and descent of the balloons, The ordinale
serle shows the actusl nuinber of discharges per minute in the coube
tors, which for this particular equipment was 48 times the flashibg
rato of the noon tube in the intograting cireuit, or 48 times the numbes
of cosmic-ray radio signals received at the ground station. Then
bor of counts reguired to flash the neon tube was determined by ny
of a Cenco counter,
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Y1agry 10.~Date oblained on a single asceni and deseant, showing counis ﬂl“ ‘-

minule plotted againsl the almospheri¢ prassure i millibars.

A summary of all the rosults obtained is given in tablo 1. Coluss
1 of the tablo gives the date on which the observations were mad
and columnn 2 gives the number of counts necessaxy to {lash the
tube of the integrating circuit. Column 8 shows the numbet:
counts produced m each sob of B(ﬂu ment by ) mg of radium
1 m from the couniers. Although the counters wore made as nestly
nliko as was reasonably possible, there ave ovidently real differenées
in the sensitivities of the counters. These differences are mnde &pe
aront by comparing the stendard deviation of the values of columaX
rom thelr tean with the devintion ono would expect if an equivalsd
numbor of obsorvations were taken with a single countor under e
stont condilions. Tho expectod standard deviation of a single obsets
vation of N events, distibuted ot rondom (that is, aceording e

Jaatmat of Resenrels of the National Burean of Standerds
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The superregoneistive rocoiver I on the righl. Tho doleclm direwt o)
westvor i i the conter,  Tha tapio recodler 14 oa the lef

¥iqung 8.—Complcte receiving cqus pment.
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Poisson’s law), is N'/%, ‘The total number of evenis or counts involved
5 3,820X15X5==249,000 (since onch of the 15 values in the table
represents the averago over 5 minutes). The expected standard do-
vietlon of this value would be 498 for the 75-minute period, which
would give an expected, standard doviation of 7, in the average covnte
g rate, por minute. This expected value of 7 for & single counter
8 50 much less than the nctual standard deviation, 110, of the 15
§ comnters, from their mean that there is little doubt that rea! differeonces
3 ovisbin the sensitivities of the counters,

Tap1d L~Summary and analysic of obsarvations
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dirle.
[N U] £5 L] *00a ) 0.002] 0.08% ... 2.0

sOuly thaw values avorapoed,
*Omitting July 22, 1038, nverago=6.89; standard davintlon=0.016,

Tn column 4 of table 1 is listed, for each sounding, the maximum
bserved counting vate obtained during the flight; and column &
pies the averege prossure, in millibars, obsorved at the time of
seximum counting.  Although the pressure could ba read to the
baresh 2 millibars, the prossuro at the maximum counting rate could
W astimatod to only the noarest 5 millibars. Tho nverago value of
‘the pressure ot which the counting ralo is o maximum is 5§ millibars,
vhich corresponds to an aliitude of 00,500 [t The porcontage
#indard deviption of the values of column 4 from their nverage, 4.7
jercent, is only slightly greater than for column 2, 3.3 poreent. An
wrease of about (his amount is nob unexpected [mcmtsa of tho in-
aensed uncertainties of measurement. It was hoped that by taking
weount of the differences in sensitivities of the various counters the
devintions could bo reduced. Accordingly, in colwnn 8 aro listed
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the ratios of the maximum counting rates of column 4 to the standard ;3
counting rates of column 3. These ratios, with one excoption, arg 3
noticeably more self-consistent than the meximum counting rates; §
Omitting the data of July 22, the porcentage standard deviation
the ratios from their mean is loss than 2 percent; including it the des
viation is 4 parcent, 'This one ratio is sufficiently ont of line with thé
other 14 values to justify one of two eonclusions, (1) something was
wrong with the equipment, or (2) the cosmic-tay intensity at 63
millibars was abnormally fligh on July 22, 1938. There wos n¢
obvious inadequacy in the performance of the equipment, as if
ovident by roferring back to ﬁﬁure 10, which is the record of the
flight for this data, On the other hand, an cxamination of records
from other lnhoratories hos shown no deparfures from normel og
this date of oither the cosmig-ra intenslti! at sea Jevel, or magnetié
or golar phonomena. Acoordingly, thers Is no resson to chooso one
conclugion over the other. . . :
In column 7 are shown the ratios of the maximum counting rates
to tho counting at 200 millibars. The consistency of the datn of this
column morely indicates that the eurves for all flights, such as shown ia
firura 8, had the seme goenoral shape. The agreement would probe
ably be still botter wore 1t not for the facts (1), that counting rate wes
changing ropidly with time, end (2), that the counting time was
extramaly short, The data for 500 millibers, which are shown in
column 8, 830 vory orratic for not only ave the counting rates varym
and the counting period short, but the counting rate is low
apprecinbly influenced by the blank counting rate. . :
g‘he blank counting rate reprosents the spontancous dischargoe rats
of the counter in the absenco of radiation. It wes determined by
observing the counting rate in an iron shield of sufficient thickvess 3§
to absorb gamma radistion and then subtracting from this value tﬁ
number of counts expeoted from cosmic reys. Kolhbrater s
Janossy ® have estimated the cosmic-ray intensity at sea level 13 0.8
article per om? per minute, which value gives 19 counts per minuly
or our counters, This counting rate wos then subtracted from the |
counting rates observod in the iron shield, and the remainder corves
sponds to tho blank counting rates listed in column 9 of the table 1.
The minimuln pressure attained in each flight is listed in column
10, end the ratio of counting rate at this pressure to the meximum
counting rate is given in column 11, The munimum pressures recorded
in nino of thess flights differ by no more then the precision of reading,
g0 the counting rates at minimum pressitre have been averaged for y
these flights. This gives & counting rate at 10 millibars equal 10
0.82 poreont of the maximum covnting rete. The very low coun;
rate obtainod in ene high-nltitude flight in our earlier work has ney
been repeated, so it is probable that the eetlier data were erratie.
Inasmuck 48 the barometrie capsules showed uncertainties 48 lerge
88 2 millibars during oalibration, the error at 10 millibars may,
as large as =20 &ercent,. The altitudo corresponding to 10 milie
bars is approximately 101,000 £t, and the uncertainty in reading the.
barograph mesns that the actual altitude attained may differ from '%
this figure by a.meximately + 5,000 ft, . o
An estimate of the ratio of the maximum cosmie-ray intensily ¥ =
seu-lovel intensity omn bo obteined by making use of tho date of 3R

v Z, Phyaik 83, 310 (1038},
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Kolborater axd Janossy referred to above. Those data pave a saae

3 level counting rate of 19 for our counters, which is one ninoty-fifth of
U Wo pverage value of the maximum counting rate, 1,810 per minute.

This ratio is not directly comperable to similar ratios obtained by
aization chambers because of the divectional effect of the counters,
At son. lovel, where the cosmic rays are predominantly vertical, the
efiective area of the counters is essentially the produoct of the length

§ wd diameter. At high altifudes, bowever, observations such as
g hose mada in the stratosphere balloon Beplorer IT ' have shown the

vttical and horizontal components to be nearly equal. With such o
directional distribution the avornge offective aren of tho coumters
wed in our work has been found by integration to be vory nearly

% 30 percent of the offective aren to vortical radintion. This mesns
2 that the ratie of our mazimum count to ground count—that is, 95—
$ whould be approximataly one-half the same ratio obtained by ionize~
£ i{on-chamber measurements,

In the standardization of the counters with gamma radiation the

ndivm was placed in tho plane of the axis of the sounters and at right
-3 :ﬁles to thoir axis, so that tho offective area oxposed to the gamma,

ation was approximetely ove-holf the effective aren for vertical

 ndiation or very nearly the aume as the effective ares to nondiree-
«& tional radintion. Because of this it is believed that a reliable oati-
B mate of the maximum cosmic-ray infonsity has boen obtained by use
& of tho stondardized counters. This gives, as previously shown, o
3 :}n]nmum counting rate equivalont to 0.54 mg of radium at o digtance
> m,

Wasmnaron, August 8, 1939,
W, F. 0, Bwan, O. L. Looker, asd W. E. Dantorth, Phys, Rov. 1, 369 (1687,
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FREQUENCY METER FOR USE WITH GEIGER-MULLER
COUNTER

By Leon F. Curtiss and Burrell W, Brown

——

ABSTRACT

Ap improved circuit i3 described for reading the rate of pulses from & Geiger-
walier counter! Based on the usual procedure of levelingb:nd rectifying the
pulses to charge 2 condenser, the improvements concetn & bridge-type vacuum-
tubt voltmeter to read the voltage on the copdenser and an arrangement to com-~

psgte parasitic potentials developed in the Tectifier for the pulses. An sde-

f potentisls from one amall transformer is deseribed, which renders

in portable instuments. Particular care has been taken to de-

ltage of the alternating-current mains

ted. A modifieation of the eircuit for Tapidly
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I, INTRODUCTION

The usé of Géigar-Miiller counters can be extended considerably if -
the acces:’og equipment for their operation can be made lﬁ%ht enough
to be readily portable and at the same time thoroughly reliab%e.
Many attempts have been made to achieve this result, but in geveral
| the equipment that has been found satisfactory is too heavy, and that
which has been sufficiently light is not reliable, since their compo-
nents are operated beyond their normal capacity. Now that the vapor-
glled Geiger-Miiller counters have been shown to be guite ? trust-
E worthy when, simple precsutions are taken in preparing them, the way
is open for the development of accessory circuts, operated directly
 from alternating-current mains, which are of moderate weight and In
which all parts are opersted within their specified rating. There is
presented here a description of one such circuit that has given very
good performance. Completely assembled in a metal case, the device
weighs slightly less then 15 pounds.

! L. Curtiss, NBS J. Besearch 23, 479 (1939) RPI246.
F.J Davissnd L. F. Cartiss, & BS J. Besearch 29, 405 (1042) RE1509.
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Il. CIRCUIT FOR GAMMA-RAY EXPOSURE METER

A diagram of the circuit for operating and xeading the output of 8§
Goiger-Miiller countor is shown in figuro 1. Since one object is te}
reducs weight, the powor transformer selected is the smallest of thomf,
made commercially for the operation of radio sets. Tho secondarys
which is conter-tapped, delivers a total a-¢ voltage of abont 650 volis
and will carry about 40 milliamperes, In addition, it liag a 5-vop
and & 6.3-volt filament winding, The problom of obtaining aboulf

1,200 volts and 150 volts d-c from this transformer is solved by usingg:

one-helf the secondary to provide the Clposibiv'a o{ven-sup}l)ly voltag
and the compleio secondary, connecto

]

G'M
L]

to o voltage-doubling ecircuity

= 1200 volts ‘

+ 86 volls

Mt

Gr ~BE volis

Fiaunm 1,— Wiring diagram for gamma-ray exposure meter.

M= 1o 200 po; TaMo-watt neon bulbg; G-Mavanor-itled Colger-Miller counter, Tim@SLT; Ty=VRIN
“LamBirg; .&w':;y’ TiubXs; Ty R160; T Toetanoor, P-B010; Crm 100jual, thics Cym3b0 s, il §
c&m picly Inden; €3, Cym8 i, oc!rol{l.iu; o g.?‘n 1 Cami] o, pspe;ﬁeuo})g! 2000 volts, Crulyh
1,000 valle} %u-ﬁ& d,soctrgljtic; By ml miegomi B .,J;ant}e 3 ciegolirn; 2616, nhms-hm, g"%ﬁ ¥

ohns; N megohing, w10 55 Lt o=

B < 0,000 oIy Fya, der, 6,000 OhS; 100 006 Wlins: Jwee3,H00 DRmR, * T

b

as shown, to

Srovido the highor negative voltagc.l Half-wavo recti}
fication is use

io both cases. Tho lower voltage, to supply the pla

voltages of tho amplifying and indicating cireuit, is stabilized by s

VIi-160 voltago-rogutator tube, The highor voltage, to provide the
operating potentiel for the Geiger-Miller counter, is stabilized by sf.
sorios of 1/10-watt noon lamps that has been thoroughly sged f
oporstion on altornating cwrrent for at leest 2 wocks. It has bea
found that lamps 5o aged maintain the same congtant voltago acros}
their terminals for very long periods of time, A’ voltage-stabilizing
civewit conneoted as shown will show fluctuations unreadable on s
1,500-volt elactrostatic voltmetor when the ‘J{unary voltago of thf
transformer is varied [rom 100 to 130 volts. ‘Theactual chango ma
be ns much as 5 to 10 volts. This is sufficient regulation for a Geiger}
Milller tube with reasonably %ood plateau, and will produce & neglg
Dble change in tho indication of a good counter. . _

When using Geiger-Miiller countors of thoe vaper-filied type vers
littlo smplifiention and leveling of pulses is required. Therefore, flt
relatively simple civcuit shown is cntirely adequate. The first triode
goclion of T, provides the required amplification of the negative puls
from the counter G—M, Theso pulses are applied 1o tho %rid of this
{tioda through & conventionsal resistance-capncity coupling, Thi

F bypassing the diode by way of € without rectifiention,

£ two gections, T

] supgly voltage in the range from 100 to 130 volis,

Frequoncy Meler for Geiger-Miller Counter 5B
pulses al the plate, now posilive, aro sufficiont Lo saturate the second
trlode atag‘f:, which is operated at zero biss, Thorefore, the positive
pulses applied to the grid of this triodo result in grid reelifications so
thet the main ]i)ulses at tho plato of this stage are positive, somewhat
broadened, and of oqual height and width. = As the triode sido of G
bocomes positive, the diode side accumulaies an excess of positive
chargo which flows through the diodo to ground; thus, aflor the return
of the plate of the second ball of 7 to normal potential, & nogetive
charge is loft, at the diodo plate of Ci, which flows through By to the
RO circuit, charging it negalively, Xy sorves to prevent the pulses from
nder these
conditions, an equel charge of negraiive sipn is applied to the condenser
%, for each pulse, Sinco condonser O has a resistor, 7, connectod

£ ncross i, the potential across tho condoneor will rise to a constant
. value for o constant rato of pulses from tho Geigor-Milller counter.

Therefore, to obtain a reading proportional o the rate of pulses at

o £ he Geigor-Milller counter, a roliabla clectronic voltmoter is required

to mensure the voliago mceross condonsor Gy I'his is pl'ovidcd by the
twin-triede T3, with the two scctions connocted in a bridge cironit with
& micvoammoler, M, eonnoclod botweon tho plate terminals of the

fese triodes are operatod at a negative bies provided
tirough high-resistanco cathode resistors By and By in such a way

E that the readings of the moter are fairly indopondent of the character-
£ istics of the triode sections. A balancing potentiometer, Ry, is pro-
. vided to adjust the circuit for the vesiclyal effocls of differonces b

etwoon
the triode sections, ‘This adjustment is made with the Geiger-Mitller
comnter disconnected. Tn goneral, it need only bhe changed when
roplacing a tube, . \

To balance out certain parasitic potentiels arising from tho use of a
diodo to rectify the pulses from the counter, the two grids of the twin

g triode, T3, are connected in identicel cireuits, each to one section of the
£ twin (iiode, 7y In addition, it in desireblo 1o compensatio the blank

eountinﬁl rato of Inrgor Geiger-Mtllor tubes so that the motor roads
zoro in the absence of & souree of radiation. Thisis done by applying & -
ghight positive bias to the grid of the voltmetor tuboe atteched lo the
condenser, %, by a bleedor eircuit composed of resistors Bis and B,
This adjustmeni can bo mado by propor svloction of R and Hio

. for a given Geiger-Milller tube and nced be changed only when
f replacing this tubo.

ho resullant cireuit has the lollowing desirable characteristica:

1. ‘The reading of the meter, M, is quiio accurately proportional to
the rate of pulses from the counter. The calibration of inlensity of
radintion versus the reading of tho metor is a straight. lino passing
through the origin in & comrcetly adjusicd cireuit. This is shown in
figuro 2, which 1s o typicel ealibration for one of these circuits.

2, The reading of the meter is practically indopendent of tho e-¢
his 30-volt change
produces less than o 2 percent change in the rending of the moter.

3. No component is operated above ils norma) rating, so that failure
of vacuam tubes, condensers, and resistors is reduced to a minimum,

4, All potentials, both posilive and nogative, see obtained from one
transformner, thus reducing ihe weight and with no saerifice i por-
{formance,
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Fiounr 3,—Wiring diagram for circusl for rapidly decaying sources.

M, Ty 0AUT; Ty thTde T), Fy=0IC0 TymGX R 1, Ty VRIS, TawB28; Tye2X2 OLe0.02 ul, Cpm B pl 1
743500 volLe, Comd i Cimth s, Gyomd pls Cum o6 Gl uf, Cim.8 4t Gyl o 100 volis; Camab &
Ciim=B ul; €hgemt uf, 2,000 voits; Fy=0.| shogohin; FHye 50,000 chms; Ry, Hm8) megohnis; 18, Rig=(.¢ meg
ohimw; &y w0,87 MOROINT; Ry=? Mogobaus; Ky 8 nidgohma; Rew=00,000 ohms; b =500 ohums, R, s, Rwe
000 chiow; }{?u-l.ooé ol Fiywm5,000 Ohmts; Ryge2 Tatgohms; Riyw$h000 ohms; Riw=10,000 obr:
9= 100,000 ohing, . 4
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1IY. ADJUSTMENT OF SENSBITIVITY

. Since the first twin triode operates as & unil to provide the required
: pulses for rectification, tho only circnit change required to alter the
reading of the meter, M, for a givon pulse rate, is that of changing tho
' eapaoitance of €. Incressing this value for C; will increase the
quantity of charge per pulse applied to 5. This means of adjust-
, ment is adequate for such ;imrposes ns to adjust the meter reading
% %0 that o given intensity will come at an appropriate scale division.
;Lm;ie changes in sensitivity are best obtained by changing the size
of the Geigor-Miillor counter tube. The range of intensity that can
bs measured with a given counter will usually cxiond ic about 10
L {imes the lowest valuo for which the counter will give o salisfactory
- reading.  Above this valus thoe rato of pulsos is so high that the “dead
L {ime” %lestroys the lineariby of xesponwe. Therefore, the large countors
useful for the measurerront of low intensitics faii to operate satis-
factorily when the intensity rises above a cortain limit, The remed
: 1310 uso a sraaller counter tube for {he higher intensities. The cireuit
.described hore works equally well, with minor modifications, for
> Geigar-Milller tube counters ranging in size from 0.6 by 1.0 ¢m to
5by 30 em, according to our exporience. The calibration eurveahown
in figure 2 is for o countor tube 1 by 1 cm as b gamma-roy dosnge
indicator for an 8-hour exposure in terms of roentgons.

- IV, CIRCUIT FOR RAPIDLY DECAYING SOURCES

In the adeptation of the preceding ecireuit to the use of Geiger-
- Mitllor counters for rapidly decaying sources and for use with getivated
foils in direct contact with the counter, considerable changes are
neceszery. The high-voliage polarity must be reversed and applied
to the central elecirode through a resistor, so thet the outer clectrode
may be operated at ground potential. To allow flexibility in use and
F deaplicity in replacement of faulty or badly contaminated counters,
s 3-{oot single econductor, low-capacity, shiclded cable and one
' amphenol cable connector are used to connect the counter to the
- smplifior.  For simplicity in comnoceting the counter to tho cable, a
shorti soction of the high-voliago wire and counter terminal wore loft
: unshielded, with no apqumnt trouble from pick-up of stray clecirical
§ dissurbances, The Ingl-voltago selector, 8y, pormits counters with
widely different working voltages to be used with a minimum of
§', trouble in going from one to the other, A switch and voltege dividor
< systom is provided for connecting the voltmeter eircuit to the high
; voltage for rapid checks,

< Since linear response to counting rates up to 100,000 per minute is
: desirable, BACY ftubes are substituled s amplificrs, and the time
p constants are kept fairly small. Reforring to figure 3, it is to be noted
L that tho screen-grid voliages on 7% and 75 aroe supplied by difterent
-methods, Ty by a dropping resistor, and T3 by & voltage divider,
 Since more then enough signal is available as the grid of 1% to drive il
: lo_saturation, tho grid is biused beyond the cutofl point, which
reduces the tondeney to oscillate, and therefore oliminates the neces-
ity for decoupling resistors and eapacilors in the plate cireuit, and
nemoves small pulses and ripples due to leakages and mperfact filtering
, in the voltage supplies.
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In this circuit, the pulse arriving &t Fectifier 7: isInegative; there. = - O PIEPARTMENT OF ‘.COM’
fors, to get rectification the plates are tied together and grounded -~ . RESE
and ﬁhe slgneﬁ.g;ls apé)lied to the cat.}i%d% 1Since gmt.h g—c volfage .
supplies are regulated, varistions caused by line-voltage fluctuations 7 -
must be due to changes in heater voltage. In the previocus circuit, Part of Journal of Research ¢
these were balanced out by attaching the voltmeter terminals o -
symmetrical points with reference to the two halves of the 6Hg . .
Here it was found that st normal heater voltage there exisis a potentia} ™. -
of about 0.8 volt between cathode and plate, which is dependent HEATS OF FORMATIC

upon the heater voltage® If, however, the eathode is made abou DIED
1-volt positive with respect to the plate, the line voltage is not likely - . .

to vary enou%h to eause this parasitic potentigl ever fo rise beyond = - By Edward . P
this value. Therefore, the voltage across the BC circuit is depend- ¥ fdwara j. Fn

ent only on the number of pulses arriving gt the rectifier and the
constants chosen for this cirenit. & is a four-point rotary switch.
which offers sensitivity ranges varying from approximstely 3,000 to
100,000 pulses per minute for maximum deflection of the meter. of cambustine el B x
An adged advantage in this cireuit is that the resistor R, between ot gpo g oms of 1,8-butadiene
the rectifier and BC ecircuit can be ss low as 0.1 megohm and stil -
performe quite satisfactorily. In the previous circuit, however, thi
resistor was kept larger to minimize the effect of this parasitic potentia!, ;|
on the linearity of the BC circuit. The smaller the total resistance: “1. Infroduetion._._________
from the eathode of the rectifier fo ground, the higher the number of ¢_- I ?’nifv of energy, molecular
gulses per unit time to which the tank eircuit will respond lnearly * .y ,3-Butadiene_..__.____.
i, however, R, is made too low, the net charge delivered to the tanhi” y: Tayﬁi;e;gu;;,;;;y‘ """"
circuit ger pulse becomes oo small to give adequate voltage with:. ¥I; References.._ . .. .-
reasonable values of B in the RC circuit. T
In instruments where portability anid size are important factors. A
the twin triode is adequate for the bridge-type vacuum-tube volt-_g Vet o,
meter, but a liftle better ?erformanee is obtained if 6X6 tubes are used? . « i%‘he_:Pr‘EWOUSIY publishe.
instead. The reversal of the polarity of the high voltage is, however.« -#- 10zmation of 1 3-butadi
responsible for the greatest change in size and weight. A single power. té@bination of values of ¢
trensformer is no longer adequate for the entire voltage su%ply' o $o-%-butane [2], the heat o
because the ordinery commercial power transformer does not have fef mation of water from ite
sufficient insulation between its windings to withstand 1,500 to 1,80;. $2500n dioxide from its el
volts, which is necessary in this circuit. Since a separate transforme ¢ hest e heat of formation ¢
iz necessary o heat the cathode of 7%, one was chosen that would! 7%2% ¢apacities of n-butane
give 2.5 volts, so that a 2X2 high-vacuum, bigh-voltage rec’aﬁgf;.-'ﬁ 1o, available, & revised
could be used. The panel of o completed instrument is shown 7, be&lt""i?ne can be calculate
figure 4. This model as shown weighs slightly less then 20 pounds. .. % %; c?m.busﬁ‘—:;il of 1,3-1
ocly- Mllman 824 8. Seely, Blectronios, . 4 od. 3 (MoGraw- Bl Book Ca., Toa, New York, X.” Wi i B,r: Eetmbgs:d e g‘f&' §
38,19,20,21,22]. N
uned in this Iaboratory
: fion from the elen

¥alues are given for the heat

WasaiNnaToN, August 7, 1844,
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THIN.-WALLED ALUMINUM BETA-RAY TUBE COUNTERS
By Burrell W, Brown and L. F, Curtiss

ABSTRACT

A deseription Is given of alumimmm-tube Geiger-Miller counters having a wall
thiokness of 0.004 inch and constructed from commercislly available tooth-paste
tpbes. These tubes gs furnished are in the haxd _and have uniform wall
thickness, which enable them to stand complete evacuation without & tendeney

~

Jla By copperplating the aluminum it is posible to soft-solder ftiings
:ggge t.m to c{nst.met & counter that can be ently sealed after flling and
that will maintain it characteristics over & long period,  The procedure reduces

the cost of making thiz type of counter, as the aluminum tubes are inexpensive, and
very simple operstions are required in the construetion of the counters.

CONTENTS
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1. INTRODUCTION

Ap economical method of making thin-walled aluminum Geiger-
Miller counter tubes for the measurement of beta rays. woul atly
increase the usefulness of this type of instrument in the field of radio-
activity. Present methods require, the boring of metal fubes or rods
to a thin wall. This is a delicate and expensive operation, and the
thinnest walls obtainable are approximately 0.007 inch. Thin-walled
counters have aiso been madea b; drawing glass tubing to a thin-walled

This Ex{;oceduze does not give & very
uniform wall, which is usually of & thickness greater than that corre-
sponding to 0.007-inch aluminum. Other methods require the use of
s, which do not yield tubes of very long life as the organic
vapors commonly used in filling counters attack most waxes.

II. THIN-WALLED ALUMINUM TUBES

1% has recently been noted that thin-walled sluminum tubes quite
suitable for the construction of counters are commercially avsilable.
A typical tube is % inch in diameter and 4% inches long, with walls
0.0044 % 0.0004 inch in thickness, The walls are uniform throughout
ﬂ' 3. R. Dunring and 8. M. Siconer, Rav. 5. Instr, 6, 248 (1935); J. Hslpern and O. C. Simpson, 8, 172

VB, Barnes, Rev. Set. Instr. 7, 107 (1936); J. ©. Wang 5. ¥ Marvin eod X. W, Stenstrom 33, 8% {1845).
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the length snd circumference within the limits indicated. Thess tubes
ars mado in &zmtiby a8 containers for such materials as tooth-paste

and are furnished with one end fitted with the conventional ahc?w oap
and the opposito end open, to the full diamater of the tubs, Medeby g
mass-production methods thess tubes are inexpensive and of very §

uniform dimensions, and therefore are suitable 4s a component of a8
bata-ray counter. Thoy are in the hard temper, which enables them. 3
to withstand complete evaouation with no tendency to collapse, %

111, COPPERPLATING THE ALUMINUM TUBE

Tt is of advantage to construct counters that can be flled and
sonled perragnently so thet they will maintain thoir chamicteristios W
over copsiderablo perieds of time. This requires the eliminstion of ¥
wax sopls, gaskets, and mimilar arrangements, To accomplish this . %
with the aluminum-tube counters, it has been found desirabls to plate 3.
the sluminum with copper to permit the use of soft solder in joining
tho parts. Thore are several methods by which an adherent Plating
of copper can be applied to aluminum. For the benefit of thoss wh
mey dosire to conslruct such counters, the method of plating found
moit convenient is desoribed, v e

The first step id to olean the sluminum surfaces to be plated in a
strong solution of potassium hydroxide, immersing the alulinum <&
until & smooth film of watar will spread over it uniformly, indicating A
that the aluminum surface is olean. The next step is to anodize the
aluminum surface. After rinsing all the potassium droxide solution. }
from the aluminum, it is used as an electrods in a solution of 10~ to 15- 23
percont oxalio acid to produce an anodic film on the surface, It i8¢k
convenient to anodize two pleses together by using them as eleotrodes .3
connected to the slternating-current supply hhro:{g s variable-voltags
transformer. Yoitislly, the voltage applied should be of the drder of

1 or 2 volts, and this may be increased to around 50 volts aa the anodie:
filn devalops. Care should be taken to hold the voltage low enough ™
at all times to avoid heating of the solution by the current. Affer.
15 to 20 minutes the aluminum is removed, rinsed in cold water, and
otohed for n fow seconds in a 1-percent hydrofiuoric neid solution untll 3
e shight ovolution of ges is apparent. Xt is then immediately rinsed in ok
cold water, and tho surface is ready for plating, The ugual; copper &
sulfate solution, to which o smell amount of subfuric acid hés been
added, is used for plating, The plating of & layer of copper & few ¥
thousendths of an inch in thickness requires about 20 minutes. In %
oonstructing the counters, both ends of the tubes are plated with &
coppor,  If copper is deposited over o larger ares then is desired, the &
excoss may be romoved ab suy time by etching with strong nitrie acid, 3§
which has little effect on the aluminum, L g3
The otching of the anodio coating with hydrofluoric aoid may be
eliminated if care ia taken to develop & thin coating in the anodizing "%
prooess, The proper thiclnoss is obtained by interrupting theanoediz
ing process when the potential reaches about, 2 volte, Some difficulty -
may be encountered in determining the proper conditions to sécure at 3
adhoront coating of copper by use of this alternative method.

Journad of Restarch of she Nationsl Buresu of Standards

=4

i

' Traune 3. -Compleled counter,

Rewearch Pape 1640

—z-doaiy 0P

IRt p Y
e

o)

e o

T

S R

s

N T



.'iinaZlad Aluminum Beto-Ray Tube Gounters 140

V. CONSTRUCTION OF THE GRIGER-MULLER COUNTER

Tho assembly of the counter is shown in cross soction in figure 1.
t'; Tho ciroular end of the tooth-paste tube, 7, is closed by the coppor’
i bushing, B, which 14 soft soldered to the piatod aluminum_tubo, as
. indicated. The }?“"hi’ﬁg is fitted with a ¥-inch Kovar tubs, X, silver-
goldered in en axial hole, as shown, A ‘short glass tube senled to &
5. provides a support for one end of the contral wire, W, snd 2lso carvies
. atido tube for evacuating, filling, and sealing the counter. The glass
» bubo s continued inside of K to form g sleave around tho contral wire,
The opgogite ond of the alyminura tube is closed by » cop@er plug, P,
- soldered into the smell tubular opening of the tubo, The plug is
- drilled to take 8 small piece of Kovar wire, which carrics a glass bead,
: @, fo gerve as & support for the central wirs at this end,  Tho plug
- apd wire ara sofi soldered in one operation to the aluminum tubs,
¢ proviously copperplated at this point.,
. _The order o aasamb% found convenient is first to silver solder tube
=+ K,into copper bush.ingf . The glass t.ubinﬁ‘is then sealed into K and
%~ the bushing, B, soff solderoed into tubs, 7. The contral wire system is
¢ then made up and lowered into T’ to protrude through the BCreW-cap
. end, COCBEM Iglug, P, is soft soldered to the short Kovar wire and then
into I, The Kovar wire, B, is then pulled into position at the opposite

Som
Fraure 1.~Cross section of assembly of counter.

-‘end and sealed into tho glass, The dimensions are such that there is &
&% moderste temsion on the spring, S. Xt the dimensions exe carefully
% chosen this spring may be eliminated,

. The performance of the finished l?ounter dopends, of course, on the
. typo of filling used. In the counter described here, the usual aleohol-
% argon mixture hes been found to yield platesus and thresholds similar
i o other types of Goiger-Miiller gounters conteining this mixture,
¢ A slopo of 0.1 percent per volt is veadily obtained. A curve showing
% the variation of counting rate with voltage applied to the counter i3
" shown in figure 2, This curve is maintained for several months, which
. # s long as the counters were under observation. Experience indi-
& 'oles that & counter will lealc ocoasionally as o result of impexfect
% wldering. This oan be quickly repaired. Tn o fow cases it was also

. found thot the sluminum tooth-pasto tubes have s small loak probebly

% duoto pin holes. Perheps 5 voroont of the tubes may have this defect,
# which oan be dotected by preliminary evacualion. '
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An Aﬁangement with Small Solid Angle for
Measurement of Beta Rays

1

By Leon F, Curtiss end Burrell W. Broun

An srrangement using a Geiger-M&ller counter witn amall aperture with a radicactive
source at some distance from it is described for counting beta particles. Sources emfifing
only beta rays with maximum energies above 1 million electron volts of the order of I milli-
curie can be measured in terms of the disintegration rate from the observed counting rate
and the solid angle as caleulated from the dimensions of tne apparatus. Ax independent
check of the arrangement shows that this can be dope reliably. A suggestion for disearding
the use of the curfe and substituting & unit consisting of 10° disintegrations per second to
be called the “rutherford” is made. The curie fs properly applicable only to members of

the radium famiiy.

1. Introduction

The development of improved methods for the
production of radioisotopes, resulting in an increase

~ In the use of such radioactive materials, hasled to
b demand for better methods of measurement.
En the simple case where a radioelement emits only
befa particles of fairly high energy, as in the case
of P, it should be comparatively easy to measure
“thestrength of radicactive souress in térms of dis-
Itegrations per second, even for fairly strong
Sources. ‘This has not yet been accomplished,
h?w.ever. Disagresments of the order of 300 per-
¢ent have come to the attention of the authors,
The need for reliable methods of measwring the
Blrength of sources of P is accentusted by its
Dewly developed use in the treatment of leukemia.

% 38 of considerable importance that the amounts

of P2 g5 measured by various laborstories should

be in reasonable sgreement. Otherwise, clinical
Tesults obtained in various parts of the country

.:l‘ter for Beta Rays

from the use of this lement cannot be compared.

The writers have underteken to develop an
arrengeraent, comprising o Geiger-Miiller eounter
and source holder, with = sufficiently low solid
angle thet sources of the order of 1 millicurie can
be counted in it directly. The number of disin-
tegrations per second will then be obtained from

‘the observed counting rate and the solid angle '

determined from the dimensions of the srrange-
ment. .
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II. Geometrical Arrangement

Figure 1 15 & diagram of the counter, chamber,
and souree holder buflt to test the effeciiveness
of this method of measuring beta-ray sources.
A brass tube approximately 60 em long and 4-om
internal dismefer constitutes the chamber. In
this & rumber of baffles, B, are mounted with &
movable shutier, S%, of 3-pue brass af the end
where the source, S, is mounted. This shubler
pemnts 8 messurement of background with a
source in place. The opposité end of the chamber
is closed by & steel plate, P, 6 mm thick with an
sperturs, 4, 4 mm in diameter in the center. A
counter, O, is mounted concentric with A4, which
Is eovered by a mica window of approximately
2 mgfem?, The chamber can be evacuated doxing
observations, The construction of the source
bolder is shown in figure 2. Tt is made of Plexiglas
snd designed to reduce back-scattering from
various pa.rts

The tnost important spunous effect 1o be amacx-
pated in this arTangement Is small-angle scattering
from the walls of the tube, The very small solid
angle used makes this g serious difficulty. Con-
sequently, s series of studies was made of the

. effect of baffles of various materials, at different

locations in the tube, on the counting rate. These
studies revealed that Plex:glas and soft-wax
baffles were cqually effective in producing =
definite minimum counting rate when the source
was in full view of the aperture.

Typical results are shown in table 1 for equally
spaced baffles, consisting of disks ¥ in. thick

Freure l.—Adrrengement of counter, vacuum chamber, ond
source holder,

‘/ Source

closely fitting the internsl diameter of &
with a central hole ¥ . in diametew
diameter of the source was { em.

The optimum diameter of the cireulsr
in the baffies was found to be slightly
then the diameter of the source. Small
at this approximste diamefer had no effec
countmg rate. )

3

" Papgs 1 --Re!aﬁve soa‘timng For different arrar

of baffles
Relati
Nutwber of H
Material connti
baffles mte
1] Lz
3 Brass, - - 3 Q. 5
Plexighas. oo e nrmrs] 3 o
Db L ]
Do. PR 2 .5
| (. © U 3 ]

The effect of internal scattering along t
was further tested by changing ihe so
aperture distance from 60 to 40 cm by m
the source on a rod extending 20 cm into tl
The counting rate observed under these cot
sgreed within less than l-percent wit
caleulated from the ratio of the caleulat

- angles and the counting rate observed at

From the actual dimensions of the &
diameter =4.06 £0.01 mm, and o
aperture distance equals 60.0 0.2 cm, t
angle divided by 4r is computed as 2.8¢
Multiplying the observed counting raie
reciprocal of this number, 3.49X10%, gi

. number of disintegrations per second. .

desired to express this value in millicur
observed count is multiplied by 9.44
sssuming the curia ss 3.7XX10% disintes
per second. ‘This prectice of express
activities in terms of curles is to be conderr
will be explained later,

There are at lesst three disturbing
common to all Geiger-counter messurem
bets rays, which must be considered in con
with the present srrsngement. These ar
scattenng from the source and supporl; gbs
in the mica window and in some casi
absorption in the source. In the present ¢
back-scattering from the support for the
wes reduced H0 & minimum by the selec

= & Jorirnal of Re
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| Eeﬁglas mth = considersble cavity behind the
~ sgudes fo reduce this effect. . “The -Sources were
ited on aluminum 0.00085 in. thick. - How-
the matmal of the soures 1tself wo*uld cause

doc. ’7?3~

. eons:derable bsek—scs,ttermg 83 the phosphorus
.used did not have a high specific activity, and -

there slso would be some’ self-absorption. These

. eﬁects tend o counteraet each olher.

:,‘f N -:. ‘. I]I. Independent Check on Sohd Angle

A number of P® sources wers measured in the
grrangement a8 described. The values obiained
werein general agreement with those expected, but
it became obvious that some independent check
was required to establish the reliability of the
medsurements, For this purposs a thin mica-
window counter of the bell type was consfructed
and arranged so that a source could be mounted
very close to the window in an accurately reprodu-
tible Jocation. This was achieved by mounting
the ecounter with the mica window up and laying
the sources, properly ceniered, dlrectly on the
0unter The curvature of the mica. mndow
srGvided a smsll but definite separation between
% and the source. This arrangement is répre-
;ented in figure 3, where S'is the source and M the
niéa ‘window.,

"To determine the solid angle for thls position of
the source a sample of RaD was prepared from

extracted from pitchblende to be used as a

: Qﬁs The radium content of this ore was
. messured, end the total amount of lead
¥as determined qus.ntltatwely From the shove
- lata and the known weight of lead in the standard,
’he number of beta rays per second from the RaX
- 1 equilibrium with the RaD could be ealeulated.

FiouRE 3.—Micz-window counter.

.:\ter for Beta Rays

The ratio of the observed number of counts to this
caleulated value gives the effective aperture of the
counter. With this information available, an ali-
guot was taken from one of the P* solutions, of
suck amount $0 give & convenient counting rate
in the inverted mica-window counter. The eount-
ing rate multiplied by the above ratio gives the
pumber of disinfegrations per second in the sliguot
of P2, Multiplying agsin by the aliquot ratio,
the number of disintegraiions is obteined in the
original P2 sample, which had previously been
messured in the chamber with small soBd angle.
In msaking these measurements in comparison with
the ReD+}-E standerd, care was teken to deposit
the P* on the same backing material as was used
for the standard and over the same area. This
reduces the back-seattering correction to a small
value, dependent only on the difference in energies
of the RaE and P* bets rays. The mica window
had s thickness ~ 6 mg/fem ? so that the absorp~
tion corrections would also be nearly the same.
When comparing the measuremments in the
arrangement with large solid engle with thoge
obtained in the apparatus with small solid angle,
it is to be noted that whereas the effect of back-
scattering in the former has been reduced, this is
not true for the smell-angle arrangement as there
were several milligrams of phosphorus in the
sources of approximately 0.5-millicurie strength,
Therefore, we woild expect the value obtained in
this case to be somewhat higher than that obtained
from comparison with the RaD+E standard On

" the other hand, for the large solid angle arrange-

ment there is almost no self-absorption of beta
rays in the materisl of the source due to the
smsllness of the sample, whereas in the small
solid-angle apparatus a source of approximately
0.5 mec weighs about 30 mg and extends over a
Lftle less than a square centimeter. The self-
absorption will be considerable under these
conditions, A measurement pave 0.489 me for
30 mg in the high, large solid-angle arrangement
and 0.488 me for the low solid-angle arrangement.
Under the conditions of these measurements the
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results can only be explained if the badk-scattering
effect was approximately offset by self-absorption
within the source. The agreement might be
regarded as fortmifons. 'Therefore, the compari-
son was repeated from the beginning, using freshly
Prepared sources from the same original solution
of P*2 in both pieces of apparatus. The measure-
ments gave 0.504 me in the large solid-angle
counter and 0.502 mc in the low solid-angle

IV. Use of the Curie

It has become the practice to express the
strength of all radioactive sources in terms of
curies. Actually, the curie can be applied logi-
cally only to members of the radium family. This
arises from the fact that the curie was originally
defined 2s “That quantity of radon in equilibrium
with 1 of radium.” Therefore, only members of
the radium family in equilibrium with 1 g of redium
can have this disintegration rate, A further
disadvantage in the wse of this unit is that it is
uncertain {o at least 4 percent and values are in
current use which fall well ouiside these limits.

The solution of this difficulty is remarkably
simple. The intensity of radioactive sourees is
measured actually in terms of disintegrations per
second. Therefore, all that is required is to
designate some convenient rate and give it a

name. We suggest that & convenient rate is 10°
disintegrations per second, and thst the unit be

called & “rutherford,” abbreviated as “rd.” The

.94
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arrangement. This meakes it quite certain the
the low solid-angle chamber gives & reliah
measurement of beta rays from P¥ or any soure:
emitiing only beta rays of approximately th,
sameenergy. Furthermore, this counting arrangs.
ment is independent of any standard and give
the disintegration rate simply by multiplying the
observed counting rate by the solid angle com.
puted from the dimensions of the apparatus,

microrutherford then is the amount undergoing !
disintegration per second and & kilo rutherford, #- =
10* disintegrations per second. In the future it "’r”‘%‘ .
is anticipated that even those nucleii having ?%’\4
fairly complex disintegration schemes will be ¥
measursble in terms of disintegrations per second,
and many car already be treated in this way. o
Thus all confusion that has arisen from the false ;
application of the curie can be eliminated.

+ This subject has been discussed by the National
Research Council Coramittee on Radicactivity,

which, in turn, has suggested that the National

Burean of Standards recommend the use of the

“rutherford” as a genersl unit for the measure
ment of radiosctive sources, This recommends- A
tion was published in Science 108, 712 (1946), and i
will appear shortly in other journals. ":g’
$ies 1
WassiNeToN, May 23, 1046, RS
Journal of Research | o
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