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TH E CA IBRATICN FACTORS GIVEN I N ThiS REPCRT ARE CUOTIENTS OF T E 
X- CR GA MA - RAY EXFOSvRE A 0 Tr E CH RGE GENERATED 8Y THAT ~ADIATIO · 
IN T~E IONIZA TI Ot\ CHAM BER . Th E AVERAGE CH ARGE LS EC TO COMFUTE TH E 
CALIBRATIOt\ FACTOR IS EASED ON EASuREME TS WITr Tr E WALL CF Tr E 

Ot\IZATION CHA~8ER AT ThE STATEC POLARITY AND FCT E~ TIAL. LEAKAGE 
CORREC IONS WERE AFP LI EC IF NECESSA Y. IF TH E CHAt"BE ~AS OPEt\ TO THE 
ATt"CSPr RE T E ~EASU Et"EN TS WERE ORMALIZED TO CNE STAt\DARC A T ~CSPrERE 
A C 22 CEGRE:S CELSIUS . USE F THE CHAM BER AT CTHE PRESS LR ES AND 
TEf.'PE ATURES REC LI S t\CRMALIZATION OF T~E ION CUR E TS 0 THESE 
R F:REt\CE CC Dl T IO~S . T E NORMA LIZI G FACT R F I S COMP~TEC FRC~ Tr E 
FOLLOW! G EXP ESSICN : 

F = (273.15 + T) /( 295 .1 5 ~) 

WHERE T S THE TE PERA TURE I DEGREES CEL I s , AN 
r IS T E PRESSURE EXPRESSED AS A F ACTI ~ OF A STANDCRO 

ATf.'CSP ERE . (1 STANDARD ATMOSPHERE = 1C1 . 325 KILCPASCALS = 1 13 . 25 
MILLIBA S = 76C MILLI~ETERS OF ~E CURY) 

TrE EXPOSURE ~ATE AT Th E CALIBRATION POS liON hAS EA 5UREC BY A 
F~EE - AIR IC~IZATIO~ CHA BER FOR X RAO IATIO~, A~C BY GRAP~I1E CAVITY 
IOt\IZATI N C A SERS FOR C BA LT- 60 AND C E SIU~-1 3 7 GAMMA AOJATIC~ . 

hE GA~MA - QA Y EXPOSLRE RAT ES WERE CO RRE CT ED T THE CATE OF CALIBRATION , 
-RCM PRE VICUSLY ~EAS ~ VALU ES , BY ECAY CORRECTICNS eASE ( ON 
~ LF - LIVES OF 5 . 27 ANC 3C . C YEAR S, FOR CO BA LT- 6( A~ CESIU~ -1 3 7 

ESPECTI VEL Y. 
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T~E U~C~R TAINTY CF TH E EXPCSURE - RA TE EAS LREMENTS IS EELIEVED TO 
9E wiTHIN C E PERCE~ AND ThE ION CURRENT MEASuREME TS ARE aELIEVEC 
TO 2E ACC RATE TO ~I I~ A FEW TEN TH S F CNE PERCE~T . 

TrE CALIBRA TICN FACTORS ARE COMPOSED OF A ~UMEER F LLCWED 
ey A PL S CR MINUS SIG FOLLOWEC BY A 2- 0IGIT NU BER . ~HE~EVER 

THIS OCCU S IN THE REPCRT , T E I ITIA ~UMBER IS TC BE MUL !PLIED 
SY 1C RA SED TC T E PC~ER INDICA E BY TrE SIGN AN D THE FIN~L 

2-CIGIT ~BER . TrE CALIBRATIO~ FACTOR IS GIV ~ TC FOUR DIGITS TC 
PREVE T ROLN I G ERRORS U TO 0 . 5 PERCENT WrEN THE FIRST DlGIT IS 
UN TY. 

UFO ATICN 0 ECH ' ICA L AS ECTS OF THIS EPORT MAY BE 08 TAINE 
FROM T. P. L FTUS , RA IATION P YSICS C2 1 Q, ~ATIC AL BUREAU OF 
STA CARDS , WAS~I~GTCN , CC 20234 , 3C1 - 921 - 2361 . 

~EASL EMEt TS SLPERVISEC BY T . P. LOFTUS 

REFORT APPROVEC BY R. LCEVINGER ~ 

FOR THE IRECTCR 
g y 

• Jr ~ \6 Ott-

• 

WILLIAP R. CTT 
CHIEF, RAOIATIO PrYSICS OIVISICN 
CENTER F R RAD ATI CN RESEA CH 

ATIC A EASURE ~E~T LAEORATORY 
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NATICI\AL SUREA OF STANDARDS REPORT CF CALIE ATION 

BATTELLE NCRTHWES T LAB . 
RICHLAI\C , ~A 99352 

C PI TEC IONIZATIOI\ CHAMBER 
MOCEL P~ - 3( SERIAL NUMBER CII30 . 4277 
CPEN TO Th E AT~OSP~ERE w~EN TESTE 
COLLECTIO POTENTIIlL : - 30C . 

e::A 
C CE 

S 6C 
5C 
1CG 

M15C 
H1C C 
M2CC 

h150 
t-12CC 
H25C 

H3CC 
CS137 
C0 - 6C 

HALF-VALL= LAYc~ 

ft L C u 
(~M) ( ~M) 

2 . 80 
4.20 
5 . 0 

1 0 . 2 
1 3 . 50 
14. 90 

17. 00 
1 9 . 80 
21.7 

23 . 30 

. 089 
0 .142 
0 . 2C 

0 . 67 
1.14 
1. 6 9 

2 . 5 
4 .1 
5 . 2 

6 . 2 
1C. 8 
14 . 9 

CAL BRATTON FACTOR 
22 OEG C AND 1 AT~ 

1.1 05 +0 8 RIC 
1 . C88+08 RI C 
1. 095+08 RI C 

1.G99+C 8 RI C 
1.111+0 RI C 
1.1 08+0 I C 

1.11 9 +08 / C 
1.1 25+ 8 RI C 
1 . 12 9+08 RI C 

CIST 

( M) 

1 • 5 c 
. 78 

1 • 5 c 

1. 5C 
. 78 

1. sc 

. 78 

. 78 

. 78 

1 .1 20 +0 8 RI C . 78 
*1 .1 49+0 8 RI C 1. 95 
*1 . 147+C 8 RI C 1.95 

- '5 ~~ /hvltetfV:> (Jf-/}1\l 6Q_ -

EEAM 
SIZE 
( ti.M ) 

c 56 
c 47 
c 5 

c 56 
c 47 
c 56 

c 47 
c 47 
c 47 

c 47 
- C 4C 6 

C379 

EXP 
ATE 

(R / S) 

. 3 - 02 
3 . 6 - 03 
4 . 5 - 02 

4 . C- 02 
1 . 6 - 03 

. 5-02 

~ - ~ . -
6 . 4- 03 
5 . 4 - 03 

3 . 4- < 
5 . 2- ~ 

1 . 6 - C3 

CALI8RATICN T~E CAVIT Y WAS P SITIONEC I T E CE~TER OF T~ E EEAM 
E STE PE FE OICULAR TC THE BEA~ OIRECTIO • T~E ~ ITE DOT 

T E SOURCE OF RACIATICN. 

2 .- 14 A~PERES WAS Th E LEAKAGE C~ RENT ~EAS EO BEFCRE CALIERATICN . 

1.CC5 hAS TH E RA TIC OF T~E CURRE T MEASLREO FOR FULL COLLECTION 
PO E 'TIAL C TbE CLR EI\T FOR HALF CCLLECTIO~ PO TENTIAL FOR A CURR EI\T 

F 1. 0- C9 AMPERES . A CETAILE SATURATICN STUDY WAS NOT CA~RIEO 
CU T A 0 CORRECTION FOR LAC CF SATU ATION WAS AFPLIE TC THE AlA . 

* THE C AMeER WALL THICKNESS WAS INCREASE FOR THIS BEAM L ALIT~ BY 
AOCITICN OF T E S ELL SUPPLIEC wiT THE CHA BE • 

cmEcsrf.j~· 
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EXPLANATION OF CHAMBER CALIBRATION TABLE 
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The beam code identifies important beam parameters. For x radiation the let­
ters L, M, H, and S stand for light, moderate, heavy, and special filtration, 
respectively, and the number following the letter is the constant potential 
across th e x-ray t ube. For gamma radiation the beam code i dentifies the radio­
nuclide. 

The half-value layers in aluminum and in copper have been determined by a free­
air chamber for x radiation. The Cu HVLs for 6 0co and 137 Cs are calculated. 
The calibration factors or correction factors are listed in order of increasing 
Al HVL. 

The calibration factor or correction factor is defined on the first page of 
this report. If the chamber was open to the atmosphere, the factor has been 
normalized to the temperature and pressure shown at the top of the column. 
When the entry is a calibration factor, it is in special units (roentgens per 
coulomb). When the entry is a correction factor, it is dimensionless. If the 
correction factor is followed by a number, the number gives the approximate 
percent of full-scale electrometer reading at which the calibration was per­
formed. 

The distance shown is that between the radiation source and the detector center 
or th e reference line. For thin-window chambers with no reference line, the 
window surf ace is the plane of reference. 

The beam size is the perpendicular distance from the center line of the cali ­
bration beam to the 50 percent intensity line. For circular fields the letter 
C precedes the dimension. For square fields the letter S precedes the dimen­
sion, and the chamber axis is perpendicular to a side of the square. If no 
let t er precedes the dimension a special field was used and its dimensions are 
given in a note at the bottom of the table. 

The exposure rate at which the calibration was performed is given in the last 
column . If the chamber is used to measure an exposure rate that is signifi­
cant ly diff erent from that used f or the calibration it may be necessary t o 
correct for recombination loss. 

The effective energy is given on the last page of this report for those beams 
for which it is believed to be a meaningful characterization of the beam qual­
ity . For gamma radiation the effective energy is the photon energy. 

For x radiation the effective energy is computed from good-geometry copper 
attenuation data . The initial slope of the attenuation curve is used to deter­
mine an attenuation coefficient, and the photon energy associated with this 
coeff i cient is the "effective energy". The energy vs attenuation-coefficient 
data used for this purpose are taken from J.H. Hubbell, Int. J. Appl. Radiat . 
Isot . 33, 1269 (1982). For beam codes H50 to H300, the effective energy in 
kilo-e~ctron volt s is well represented by Eeff = 0.861 V - 6.1, where V is the 
constant potential i n kilovolts. 
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Beam Previous 
Code Code 

LlO L-B 
Ll5 L-C 
L20 L-D 
L30 
L40 
L50 
L80 
uoo L-M 

M20 
M30 L-G 
M40 
M50 L-I 
M60 MFB 
MlOO MFG 
Ml50 MFI 

00 
MFO 

HlO 
H15 
H20 
H30 
H40 
H50 HFC 
H60 
HlOO 
Hl50 HFG 
H200 HFI 
H250 HFK 
H300 

S75 L-K J 
S60 MFC 

Cs-137 Cs-137 
Co-60 Co-60 

Al 
(mm) 

0 
0 
0 
0 .265 
0.50 
0 .639 
1. 284 
1.978 

0.230 
0.50 
0.786 
1.021 
1.51 
5.0 
5.0 
4.1 
5.0 
4.0 

0.105 
0.500 
1.021 
4.13 
4.05 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.1 

1.504 
4.0 

CONVENTIONAL CALIBRATION CONDITIONS FOR 
X- AND GAMMA-RAY MEASURING INSTRUMENTS 

Added Filter Half-Value Homogeneity Effective 
Layer Coefficient Energy 

Cu Sn Pb Al Cu Al Cu 
(mm) (mm) (mm) (rnrn) (mm) (keV) 

0.029 79 
0.050 74 
0 .071 76 
0.22 60 
0 .49 57 
0. 75 58 
1.83 58 . 
2.8 59 

0.152 79 
0.36 64 
0.73 66 
1.02 0.032 66 62 
1.68 0.052 68 64 
5.0 0.20 72 55 

0.25 10.2 0.67 87 62 
1.12 14.9 1.69 95 69 
3.2 18.5 3.2 98 86 

6.5 21.9 5.3 100 97 

0.048 89 
0.152 87 
0.36 88 
1.23 0.038 93 94 

0.26 2.9 0.093 94 95 
0.10 4.2 0.142 92 90 38 

0.61 6.0 0.24 94 89 46 
5.2 13.5 1.14 100 94 80 
4 .0 1.51 17.0 2.5 100 95 120 
0.60 4.16 0. 77 19. 8 4.1 100 99 166 
0.60 1.04 2.72 21.7 5.2 100 98 211 

3.0 5.0 23.3 6.2 99 98 252 

1.86 63 
2.8 0.089 75 70 

10.8 662 
14.9 1250 
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Dis- Exposure Rate 
tance Min. Max. 

(em) (mR/s) (R / s) 

25 0.001 1.7 
25 0.001 4.2 
50 0.001 3.3 
50 0.001 0.4 
50 0 .001 0.4 
50 0.001 0.4 
50 0.001 0.4 
50 0.001 0.4 

50 0.001 0.5 
50 0.001 0.3 
50 0.001 0.3 
50 0.001 0.4 

0.8 0.2 
1.0 0.3 
1.0 0.4 
1.0 0 .3 
1.0 0.2 
0.5 0.08 

25 0.001 0. 003 
25 0.001 0.003 
50 0.001 0.003 
50 0.001 0.003 
50 0.001 0.003 

0.3 0.065 
0.02 0.005 
0.005 0.002 
0.03 0.010 
0 .02 0.006 
0.03 0.005 
0.04 0.003 

50 0.001 0. 4 
0.3 0.06 

1.5 0.1 
1.5 2.5 

For the x-ray beam codes, the letter indic~tes light, moderate, heavy, and special 
filtration, and the number is the constant potential in kilovolts. 

• The inherent filtration is approximately 
1.0 mm Be for beam codes Ll0-L100, M20-M50, Hl0 -H40, and S75; and 
3.0 TT1TI Be for beam codes t-'60-M300, H50-H300, and S60. 

The half-value layers for Cs-1 37 and Co-60 are calculat ed. 

The homogeneity coeffi cient is taken as 100 x 1st HVL/2nd HVL. 


