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THE CALIBRA T ION FAC TO RS GIVEN I N THIS REPORT ARE OU OTJ EN T ~ OF TH E 
X- OR GAMM A- RA Y E XP OSURE AND TH E CHARGE Gn JERATED B Y T ~A T RA DI ATI ON r 

IN THE IONIZATION CH AM BER . THE AV ERAGE CH ARGE : USED TO COMPU rTE l HE 
CA IBRATION FACTOR IS BA SED ON ME ASUREM ENTS WI TH THE WAL L OF T HE 
I O~ I ZAT I ON CHA,..BfR AT T HE ST AT ED POLAR .I TY AND P OTENT IA L • . LEAK AGE 
CORRE CTIONS EkE APP LI ED IF NECES SARY. : IF THE CHAM B ER WAS OP EN TO TH E 
AT"'OSPHERE THE MEAS UREMENTS WE RE NORMAL I ZE D rr or ONE S TA NOtARD :AT MCSPHERE 
AN 22 DEGREES CELS I US• USE OF THE CHAMBER AT OTHE R PR ESSURE S AND 
TE14PERATURES REOU I RE S ORMA LIZATION OF THE ION CURRE NTS TO TH ESE 
REFERENCE CONDI TI O S• THE NORMALIZING FAC l OR F IS COMP UT E) IFR O ~l TH E 
FOLLOW I NG EXPRESSION : 

F = <273e15 + T>l< 295 e1 5 H) 

WHE~E T IS THE TEMPER AT UR E IN DE GRE ES ~ E LSlU S 1 AND 
H I S THE PRESSU RE E XPR ESS ED AS A FR A CTI ON OF A STA NDARD 

ATMOSPHERE . <1 ST ANDARD AT MOSP HER E = 1 0:1 e S25 KILOP ASCALS = 10 : 1 ~ e 25 • 
MI LLIBARS= 760 ~M HG ) 

T H E E)( P 0 SUR E R ~ T E AT T H E CAl I B R AT I 0 N P 06 I T I 0 N W AS M E AS U R E D BY A 
FREE - A I R IONIZA TI ON CHAMBER FOR X RAD IAT IQ N, r AND BY GRA PHIT E: C A ~ITY : 
IONIZA TI ON CHAMBERS FOR CORA LT-60 AND CESIUM- 1 3 7 GAM MA RADIA ·T I O • 
THE GAMMA - RA Y EXPOS RE RATES WER E CORREC TED IT O THE DA TE OF CAL '1 8R AT I ON, 
FROM PRE IOUS LY ME ASURED V AL UES, BY DECAY CO RRECTIONS B ASE) ON ' 
HALF -LI VES OF 5e27 AN D 30 • 0 YEAR S, FOR COBA l lf - '6 0 AND• CES .IUM-'137 
RESPE CT I VEL Y . 
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THE I HERE T FILTRATI ON OF THE X- RAY TUBE USED FOR THE MF ~NO 
H F B E AM 0 U A L I Tl E S I S E 0 U I V A l E N T T 0 1• 5 · M H 0 F I A L U M I N U~ • T H I S · I S A N 
AVfR AGE VAL UE DERI VED FR OM ME ASUREMENTS AT 60 AND 100 KV e THE 
IN ER ENT F JL TRA TIO N OF HE X- RAY TUBE USED FOR THE L- BEAM QUALITIES · IS 
1e 0 MM OF RER YLLI UM e 

THE UNCER T AI I TY OF THE EXPOSUR E- RATE MEASUREMENTS IS BELI E \EO TO 
BE ~'! T HIN ONE PER CEN T AND T E ION CURRE T MEASUREMEN TS ARE BE L EVE J I 
TO R.E ACCURATE TO WITHIN A FEW TENTHS OF ONE PERCENT• · 

THE CA LI BR ATION FACTO RS GIVEN IN COLUM N 4 ARE COM POSED OF A 
NUMBER FOLLOWED BY A PLUS OR MINUS SIGN FOLLOWED BY A 2-DI GIT 
U~~RER. WHERE VER TH S OCCURS IN THE REPORT.J THE INI TIAL ' NUMBE R IS 

TO BE ..,U LTIPliED BY 10 R AIS ED TO THE P::>WER INDICATED B Y THE ISIG! 
AN THE F I NAL 2 -0 1 IT NUMB ER• THE CALIBRATION! FACTOR IS· GIVEN TO 
FOUR DIGiTS TO PRE ENT ROU ND I G ERRORS UP TO Oe5 PERC ENT WHEN Ht 
FIRST D I GI T IS UN ITY• 

I F ORMATION ON TEt::HN IC AL AS 'PECTS OF TH I S REPORT MAY BE OBTAINED ! 
FROM T e Pe LOFTUS, RADI ATIO N PHYSIC S C21 , NAT~ONA L BUREAU OF 
STAND ARDS, WAS4INGTON J OC 20 23 4, 3 01 -921 -2 361 . 

ME~SUREMENTS SUPER VI SED BY le Pe LOFTUS 

EPORT APPROVED BY Re LO E VINGER ~ 

FOR THE DIRECTOR 
BY 

a1\!AaJJ~ 
ELHER He ElSENHO~ER 

DEPU TY CHIEF , RADIA T ION PH YSICS DI V ISION 
CENTER FOR RADIATION RESE ARCH 
NAT IO AL MEASUREMENT LABORAT ORY 
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N~TIONAL BUREAU OF S TA NDARDS REP OR T OF C AL I BR AT I ON 

BATli.:LLE NORTHWEST LABORATOR Y 
RICHLAND, WA 99352 

VICTOREE~ C4AMBER 
MODEL n SA SER I A L NUMBER 14 9 
OPfN TO THE ATMOSPHERE WHEN TESTED 
COLLECTION POTENTI~l : -300· 

1 2 3 4 5 6 7 8 
BE AM CONST EFFECT C ALIBRAT I ON FA C TOR AL DIST R E A M EXP 
co _ E POT EN ENERG Y 22 DEG c AND 1 :ATM H L S I Z•E RATE 

CKV) (KEY) < MM > CC M) < MM > (R/S) 

L-D ~0 1e386+0 9 RI C = 3·5 7 5 +.05 /K G .o 7 5 0 c 4 3 1•4+0 
L - E 20 1e3L.0 + 09 R/ C = 3 .45 8 + 0 5 / KG .23 50 c 4 3 7. 8 -0 2 
L-G 3 1·344 + 09 RI C = 3 e468 + 05 /KG! e3 6 . 5 0 c 4 3 1·5-0 1 

L - :J 50 1.351+09 R / C = 3 .48 7+ 0 5 /K G 1 •02 5 0 c 4 3 1.9-01 
L-1< 75 1 e338 + 0 9 R/ C = 3 e4 53+ 0 5 /K G 1e86 50 c 4 ~ 2.5-0 1 
L-t-4 100 1e316+09 R/ C = 3e396 + 05 / KG 2 .78 50 c 4 3 3 e 2-0 .1 

MFC 60 1e361+09 R/ C = 3.51 3+ 0 5 / KG 2 .7 9 100 c 3 "'!- 2·5-02 
MFE 75 1 • 3 4 0 +0 9 R /C = 3 e458 + 5 /KGI 3e3 9 100 c 3 3 4.2-02 

DURING CALI~RATION THE C A VI TV WAS POSITIONED IN THE CENT ER OF THE BE ·AM 
WITH THE STEM PARALLEL TO T HE BEAM . D I REC T ION• 

2 • -1 5 AMPERES \1 AS THE l E AKA G E C UR REN T ME AS UR E 0 8 EF 0 R E CA L I BR AT JON • 

1.G04 'AS THE RATIO OF THE CURRE T MEASURED FOR F ULL COL LECT I ON 
POTENTIAL TO THE CURRENT FOR HALF COLLECTION: POTENTI AL FO R A C LRRENTt 
OF 7e8-11 AMPERES. A DETAILED SATURATION STUDY WAS NOT CARRIED 
OUl AND NO CORRECTION FOR LACK OF SATURATION WAS APPLIED TO THE DA TA . · 

C~ECKEO Bvf.j~· 
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EYPLANATION OF COLUMNS IN CHAMBER C~LI I BRAT ION TAB LEI 

1 THE BEAM CODE , A COMBINATION OF LETTERS THAT IDENTIFIES ! I MPO RTANT 
PARAMETERS. THE LETTERS l-, MF, AND HF STAND FO R LIGHT, MODERftTE , 
AND HEAVY FJLTPATION RESPECTIVEL Y• FOR GAMM A RADIATION THE CO DE 
IDE~TTFIES THE RADIONUCLIOE e 

2 THE CONSTANT PO TE NTIAL ACROSS THE X-RAY TUBE• 

3 THE EFFFCTJVE ENERGYe FOR GAMMA RADIATION, , THE NUMBER LI SlE D IN 
THIS COLUMN IS THE PHOTON ENERGY '• · FOR X RAD!IA ·TI O , THE NUHRER LISIED 
IS OMPUTED FROM GOOD - GEOMETR y COPPER ABSORPTION OA TAe ABSORP TJON 
COEFFICIE NTS , DETERMINED AT SEVERAL POINTS ON THE CURVE, ARF U ~ ED TO 
ESTIMATE THE VALUE OF THE COEFFICIENT AS · THE COP PER THICKNESS ~~ 

REOUCED TO ZE ROe THE PHOTON ENERGY ASSOCIATED ! IIITH THIS COEFF I CIE NTt 
S THE • EF F ECT! E ENERGY '• THE ENERGY . VS ABSORPTION-COEF FIC <IE n O~T~ 

US ED F 0 R' T H I S P U R P 0 E I S • IT H R A Y L El G H S C A T T E R I N G ' =TA K EN F R 0 M A B l E S 
IN SRDS- RS 29 RY J• He HUBBELL (1 969>• THE EF FEC TIVE EN ERGY ' ~ 
GIVEN ONL Y WHERE IT IS BELIEVED TO BE A MEAN1NGFUL CHARA CTERlZATIO 
OF THE BEAM QUAL ITY• 

4 THE OLIBRAT IO nCTOR DEFINED IN THE BODY OF THE REPORT, "l'N 
SPECIAL U ITS <ROENTGENS PER COULOMB) AND I · SI UNITS < Rf CIPRO CM. 
KILOGRfiMS)e 

5 THE FIRST HALF - VALUE LA YER IN ALUMINUM AS ! DETERMINED RY A FREE-
#.I R IONIZATION CHAMBER. THE CALIBRATION FACTORS ARE LISTE D liN · lHE 
ORDER OF INCREASING L HVLe TH E CU HVLS FOR THE SAME BE AM QUA Lili Es : 
ARE 'GIVE IN THE TABLE ON THE LAST PAGE OF THIS REPORT. 

6 THE DISTANCE BETWEEN THE RA DI AliON SOURCE ' AND THE DET ECTO I< 
CENTER OR THE REFERENCE LINE• FOR THIN - <W I NDO W CHAMBERS THAT ~ H ~•E "JO t 
REFERENCE LINE, THE WI NDOW SURFACE IS TH E H•HBER REFERENCE. : 

7 THE P ·RPEN DICULAR DISTANCE FROM THE CENTER LINE OF THE 
CALIBRATION BEAM TO THE 50 PER CENT INTEN S ITY! LINEe FOR CIRCUL Ar< 
FIELDS THE LETTER C PRECEDES THE DIMENSION GIVEN"e · FOR SQUAR E "F:U:ELOS 
THE LETTER S PRECEDES THE DI MENS ION GI ~EN . UNLESS OTHERWISE . S PECIFIED 
THE CHAMBER AXIS IS PERPENDICU AR TO A SIDE OF THE SQUA RE • IF 00 
LE TER PRECEDES THE DIMENSION A SP ECIAL FIELD WAS USED AND ITS 
DI~ENSIONS ARE GIVEN IN A NOTE AT THE BOTTDH OF TH E TABLE• 

8 THE EXPOSURE RATE AT WHICH THE CALIBRATION WAS PERFORMED. I F THE 
CHA BEl? IS USED TO ME ASURE AN EX PO!SURE RATE THfA T IS SIGN.IFICtANTLY 
DI~="FERENT FROM lHAT USED FO THE CALIBRATION IT MAY BE NECESIS A RV TO 
CORRECT FOP RECOMBINATION LOSSe 
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CONVENTIONAl CA LI BR ATI ON CONDITION S 

BE AM 
CODE 

L - 13 
L - C 
l - 0 

L - F 
L-G 
L - I 

FOR )( - AND GAMMA - RAY ME ASU RI NG I NSTRUME NTS 

CONSTANT 
POTENT I AL 

<KV > 
10 
15 
20 

2 
30 
50 

LIGHTL Y 

DIS TA CE 

<CM > 
25 
25 
so 

50 
so 
50 

FI L TERED X 
ADDED 
FILTER* 

Al 
( MM ) 

0 
0 
0 

o.s 
o. s 
1 . 0 

RA YS 
HA L f - VA LU E 

LA YER 
AL . 

OIM > 
e0 2 9 
e 050 
. 0 7 1 

• 23 
• 36 

1 e 02 

L-K 75 50 1•5 1• 8 6 
L - M 100 50 2 e0 2.78 
* 1 HERENT FILTRATION APPROX I MA TELY 1e 1l MM RE e: · 

BEAM 
CODE 

MFR 
MF 
MF~ 

MFC 
t-IFJ 
MFK 

CO S TA T 
PO T ENTIAL 

(KV> 
60 
60 
75 

100 
1 50 
?00 

MODERATEL Y F ILT ERED X RAYS 

ADO EO 
Al 

( MM) 
0 

2.so 
2. 51 

3.50 
3·49 
3. 4 9 

FI LT ER• 
cu · 

( MM ) 
0 
0 
0 

0 
Oe25 
o.so 

HALF- AL UE LAYE R 
AL CU 

<MM ) <MM ) 
1 e 62 
2. 7 9 
3e39 

5 .o 3 
10 ·2 5 
13 e2 0 

Oa090 
Oe 11 6 ' 

0 ·20 
0 . 66 
1e 24 

MF~ 250 3e50 1.0 1 15~80 2 • 2 3 
MF O 250 3a47 3e20 1 8~30 3e2 S 
* l HEPE ' T FILTRATION APPROXIMATE LY 1e 5 M'~ AL 

HEAVI LY FI L TERED X RA YS 

p A GF 5 OF 5 I 

HOMOG Fl\£ I T Yl 
COE FF I CI EN T 
1STA I!..H VL/ 
2~0 A l HVL 

0 . 9 
0 . 7 L. 
0 . 7{; 

0 . 7P. 
0 • . 64 
0. 6 

o. 63 
o. ~9 

HOMOG Cr.£ J TV' 
COEFF ~ CIENT t 

1 Sl A l HV L / 1 
2ND A L HVL f 

o. 6e 
0 . 79 
o. 11.. 

0 I 7 3 
0. 89 
0 . 92 

o. 92 
o. 9~ 

PEAM CO STANT ADDED FILTER* HA L F - VA L UE LAYER E FFEC T H/E 
CODE POTENT! A L AL cu SN PB A L ' cu: .-NE RG Y! 

<K ) < M M) <M M) (M M) CMM > CMM > CMM > <KEV) ' 
HFC 50 2 ·50 0 0 o . 1 o· 4 . 1 9 0 .14 3 3 I 

HFE 1 0'0 2eSO 0 0 o. so 11 :.2 o 0. 74 70 
HFG 150 2e 50 4 .oo 1 . s 1 0 16 .96 2 e45 11 7 ' 

HF I 200 2 a4 7 0 ~ 60 4 ·16 Oa77 19;.6 0 4 .o9 16 7 
HF K 250 2·50 0 . 60 1 .o 4 2 .72 21 :. s 5 5. 2 5 2 1 [) 

* INHERE T FILTRATION A PP R 0 X I M A TEL Y 1. 5 MM AL 

GAMMA RA YS 
RADJO - ENERG Y CALC UlATE D cu 

UCLIDE HALF - AL UE LAY ER 
<KE V <H M) 

CS137 662 1 0:·8 
C0 - 60 1250 14e 9 · 


