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CURIUM DATA SHEETS

I. CURIUM-24h REFERENCE GOLUMN
A. CURIUM-244 METAL HALF-LIFE: 18.1 y 1

1. Composition

a. Radionuclidic abundance 2
Element Minimum, % Maximum, %
Cm 99.5 99.8
Am 0.5 0.2

An average ©**Cm product will have the
following analysis:

Isotope % Abundance
=+tem 955
2450m .
2460y .
243 0.2

b. Radiochemical purity

Because of their long half-lives, the £*5Cm

(T1/2 = 8000 y), #%%Cm (T1/2 = 6600 y), and ®*3am
(Ty/2 = 8000 y) impurities act as inert diluents
and contribute 0.1% of the total source power.

The radiations from these impurities are weak
gammas or alpha particles and can be neglected
because they are readily shielded. The prompt
gammas and neutrons from the spontaneous Ffission
will be only a few percent of that obtained from
spontaneous fission of “%*%Cm.

Since the “*4cm decays to 24OPu, the plutonium content
in a 100% #**Cm sample will slowly build up after
the final purification step as shown in the following

table.
Time, months 240p, . ¢
0 O
7.2 2.3
18 5.6
36 10.8

90 25.2



CESIUM CHIORIDE (CsCl)

REFERENCE COLUMN

The ratio of *3%Cs to '37Cs activities will
decrease by a factor of ~2.0 every two years
after discharge of the fuel from the reactor.

2. Specific Power 2, 3, b

a. 0.120 watt/g of pure CsCl
0.119 watt/g of 99% CsCl-1% RbCl

b. 25.1 curies of '®7Cs per gram of pure CsCl
2L.85 curies of 37Cs per gram of 99% CsCl—1% RbCl

5. Radiation
a. Alpha particles — None

b. Beta particles 5

Max E, Avg E, Abundance,

Nuclide Mev Mev % w/kilocurie Particles w'' sec”!
13705 1.18  0.k2 8 1.23 0.619 x 102
0.52 0.19 92 7.11 x 102
c. Gamma p)
Energy, Abundance,
Nuclide Mev % w/kilocurie Particles w ! sec™?
137z 0.662 8%.5 3.61 6.46 x 10712
Total gamma power 3.61
Total beta power 1.23
Total gamma and beta power L. 8L
d. Bremsstrahlung 5

Bremsstrahlung radiation from the 1.18-Mev beta
particles is negligible compared to the shielding
required for the 0.662-Mev gamma photons.

The bremsstrahlung radiation from the 0.52-Mev beta
particles will be similar to that from the 0.545-Mev
beta particles of 908y calculated in Ref. 5. These
values are given in Appendix 1, Table 1.

The bremsstrahlung radiation from the 1.18-Mev beta
particles of 1®7Cs will be similar to that from the
0.968-Mev beta particles of 179Tm calculated in Ref. 5.



CESTUM CHLORIDE (CsCl)

REFERENCE COLUMN

These values are given in Appendix 1, Table 2.
More accurate values of the bremsstrahlung
spectrum can be calculated from the computer
program given 1n Ref. 5.

e. Neutron -— none

L. Critical Mass

Cesium-137 and 1%7Ba are not fissionable.

5. Compatibility With Materials of Containment

A CsCl source which was encapsulated in stainless steel 6
and contained 1540 curies of 137Cs showed no signs of
reaction after being opened nine years later. The source
operated at slightly above ambient room temperature.

6. Thermophysical Properties

a. Density

Densgity of CsCl versus temperabure T
Temperature, Densit;yig/cm3
i °C cubic fee liguid
25 3.999
- 100 3.952
200 3.897
300 3.827
400 3.758
469 3.709  3.153
) 500 3,141
| 600 3.095
645 3.072 2.792
Density of molten CsCl in g/cm®
o = %.4782 -(1.0650 x 1073 ) 8

(temperature range 670-905°C)

. Coefficients of thermal expansion
L.718 x 1073/°C 9

(temperature range 50-150°C)



CESTUM CHLORIDE (CsClL)

REFERENCE COLUMN

c. Specific heat and enthalpy
(1) Specific heat in cal g”% °Cc™* 10
CsCl (solid, alpha)
7.59 x 1072 + (7.29 x 107% T)
- (2.71 x 107 172)
(temperature range 385.2-740.5°K)

CsCl (solid, beta)
b8 x 1072 + (1.05 x 107% 1)
- (5.29 x 107 T772)
(temperature range 753.7-904.9°K)
CsCl (Liquid)
8.23 x 1072 + (2.54 x 1075 T)
(temperature range 923.6-1168.0°K)

(2) Enthalpy in calories/mole 10
CsCl (solidj alpha)
Hp - Ho7s.1s = -3705 + 12.78 T + (6.1h
x 107* ) + (k.56 x 10%* 771)
(temperature range 385.2-7h0.5°K, *0.5%)
CsCl (solid, beta)
Hp - Hezas,is = 1365 + 0.805 T + (8.82
x 107% 7)) + (8.91 x 10% 77%)
(temperature range 795.7-904.9°K, *0.5%)
CsCl (liquid)
Hy - Haza, 15 = -0.69 + 13.86 7 + (2.14 x 107° 77)
(temperature range 923.6-1168.0°K, £0.5%)

d. Temperature of phase transformations

(1) Melting point - 645°C 11
(2) Boiling point -- 1300°C 11
(3) Melting temperatures of CsCl-BaClz mixtures 12
Mole % CsCl Temperature, °C

50 125

60 630

70 51k

80 580

90 599

100 657

86.5 568



CESIUM CHIORIDE (CsCl)
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Latent heats of phase transformations

AH transition (469°C) 1.8 kcal/mole, T
cubic to fece

A fusion 4.9 % 0.1 kcal/mole 13

OH vaporiation  38.2 * 2.0 keal/mole 13

Vapor pressure
11.076 x 10% 5 . 1000

log Py, = 11.346 - T 5 g =5 1k
(T is in °K)
Thermal conductivity
cal cm™* sec”t °¢”d Tenperature, °C 15
0.001456 46
0.001365 89
Determined on 87.9% theoretically dense
pellets of CsCl.
Thermal diffusivity
cm?{sec Temperature, °C
0.0050 46
0.004T 89
Calculated by dividing the thermal conductivity
by the product of the specific heat and density.
Viscosity
n, centipoise Temperature, °C 16
1.45 667
1.06 T2
0.8k T
0.68 8ot
0.56 87T
0.52 897
Surface tension
dyn/cm Temperature, °C 7
89.2 664
81.9 771
13.7 881
66.4 979
61.6 1035

56.3 1080



CESLUM CHIORIDE (CsCl)

e

O

Total hemispherical emittance

Spectral emissivity

A value of 0.9 can be assumed.

Crystallography

cubic, body centered

a = 4.11% kX

Solubilities

g per 100 g water Temperature, °C
162.53 0.7
197.2 29.9
229, 4 60.2
259.6 89.5
290.0 119. 4

Diffusion rates

Mechanical Properties

a.

b.

Hardness

Crush strength

Chemical Properties

Qe

Heat and free energy of formation, entropy

(1)

(2)

(3)

Chemical reactions and reaction rates (oxygen,
nitrogen, water, steam, hydrogen, liquid

Heat of formation

AH°p = -106.% kcal/mole

Free cnergy of formation

AR = -99.6 keal/mole

Entropy

S2gg = 23.9 eu

metals, other)

(1)
(2)
(%)
()

Oxygen - no reaction
Nitrogen — no reaction
Water - soluble

Inorganic acids — soluble

REFERENCE COLUMN

18

18

11

11

11

18



CESIUM CHLORIDE (CsCl)

REFERENCE COLUMN

9. Biological Tolerances 19

Maximun permissible body burdens and maximum
permissible concentrations of 1%7Cs in air and in
water were taken from Ref. 19 and are given in the
table on the following page.

JO. Shielding Data

Gamma dose rates from 1%7Cs power sources of 100,
200, 500, 1000, 2000, 5000, 10,000, and 20,000
watts with iron, lead, and uranium shielding are
given in Figs. 1-8. FExtra shielding is required
when 13%Cs impurity is present in the *®7Cs source
because of the higher energy gamma photons of 2%Cs
compared to *37Cs.



Maximum Permissible Body Burdens and Maximum Permissibie Concentratjons

for Redionuclides in Air and irn Water for Occupational Exposure

Organ of reference
(critical organ
underscored )

Radionuciide and

Max. permissible
ourden in total
vody, g{uc)

Maximum permissible concentrations, uc/cm®

For L0-nr week

For 168-hr week

type of decsy Water Air Water Air
550837 Total Body 30 L x 100% 6x10°% 2x10"% 2x10°
(B=,7,e7) Liver 40 5x 107% 8 x107® 2x 10 3x107®
Spleen 50 6 x 107* g9 x 1078 2 x 107% 3 x 1078
Muscle 50 7Tx 107% 1077 2 x 107% 4 x 1078
(801) { pope 100 1073 2x 1077 5x107% 7 x 107®
Kidney 100 1072 2 x 1077 5 x 107 8 x 107®
| Lung 300 5x 1078 6 x 1077 2 x 107% 2 x 1077
K GI {sI)* 0.02 5 x 107° 8 x 107® 2 x 107°
Z/;Egﬁ w078 5 x 107°
(Inso1) \ oI (r1T)* 1078 2 x 1077k x 107* 8 x 1078

* N T . : i i1 i 53 !
The abbreviations GI, SI, and LLI refer to gastrointestinal tract, small intestine, and lower large

intestine, respectively.
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Sources of Cesium-137. Center of source to dose point separation
distance = 100 cm.



DOSE RATE (millirads/hr)

11

ORNL. DWG 63-8469

PR

POWER IN
WATTS

103 = =

102

SHIELD THICKNESS (cm)

Fig. 3. (amma Dose Rates from Lead-Shielded Isotopic Power
Sources of Cesium-137. Center of source to dose point separation
distance = 100 cm.



RATE {miilircds/hr)

DOSE

12

ORNL DWG 63-8470
L .

103 e s sk,

102

10!

SHIELD THICKNESS (cm)

Fig. 4. Gamma Dose Rates from Uranium-Shielded Isotopic Power
Sources of Cesium-137. Center of source to dose point separation
distance = 100 cm.




15

ORNL-DWG. 63-3301

-
’F‘F

T
wal

!
L~

7

» g
]
/

n"’r
-
/

N\
-\ N
AV IS N
AN SIS
DN N
X\‘ AN
NN
o> 104 L} NN N N .
5 B W0 N . i, SN =
E NN T — POWER IN WATTS
3 AN N N ~J e
w AN N T~ 20,000
o
[} 105 « - \\ \‘\\ 5’000
SN . —
. M ~—
N ey —— e T—— 2,000
™., e o~ o e———
\\ \\ \\ 1,000
ot . \ 500
\‘. \
.- e ——
. . 200
‘\
100

0 100 200 300 400 500 600 700 800 900 1000
DISTANCE FROM CENTER OF SOURCE (cm)

Fig. 5. Gamma Dose Rates Contribubed by a 1% Impurity of Cesium-134
in Cesium-137 Isotopic Power Sources as a Function of Distance from
Center of Source. Cesium-134% is assumed to contribute 1% of the beta
activity due to cesium-137; refer to Fig. 1.



107

10°

10% |

{millirads/hr )

03

DCOSE RATE

10! ==

|O~I SRR SRR SUUR . . [SSCUDU B —

0 2 4 (3] 8 10 12 14 16 18 20 22 24 26 28 30

SHIELD THICKNESS (cm)

Fig. 6. Gamma Dose Rates Contribubted by a 1% Impurity of
Cesium-134% in Tron-Shielded Isotopic Power Sources of Cesium-137.
Center of source to dose point separation distance = 100 cm.
Cesium~134 is assumed to contribute 1% of the beta activity due

to cesium-137; refer to Fig. 2.



DOSE RATE {millirads/hr )

ORNL DWG 63-8472

108, U g .
IO7 ''''''''''''''''''''''''' ,,,;:,“,I' I U Nt S e A e P S s — -
los \\\\\ [0S FRN USSR NS R .
"'\""\ ~—7 R (et S S——
NN ITITX |
AN Ny T |
\\ 1
10° \\\\\ AAAAA :
N Y S O S R — 4:
AN NANN '
u 1
™.
|04 \ s\\ - \ -
- o
RN
< X AN POWER IN
,,,,, N NN WATTS
3 \ N ‘?Q
10 ; o o
AN 'OO h -
— - 8,20
— O =
N S0 ™ N
\\\\ ’Q%Q\\ \\\\
102 : SOO 3 <
- eoo\ N
. /Oos b N
Iol ....... . \
"""""""""""" R \\ \\
=
~
<
I ........................... S U S,

0 ] 2 3 4 5 6 7 8 9 10 1
SHIELLD THICKNESS (cm)

Fig. 7. Gamma Dose Rates Contributed by a 1%
Cesium-134% in Lead-Shielded Isotopic Power Sources
Center of source to dose point separation distance
Cesium-134 is assumed to contribute 1% of the beta
to cesium-137; refer to Fig. 3.

Impurity of
of Ceslum~13T.
= 100 cm.
activity due



16

ORNL DWG 63-8473
io® e S — 7 . - N .

N ). ¥ — e -
AV R N e e I A R S e I SR R
\ B e e e i s
AY U

105 —— &

RO = e e e S ——
AN \\ N - AU R R T T
NN\ VNN [T T L
M\WIR Y

M\ I

A NN

- b \\'\'\:},\,\\ Q\:\\:\ ''''''''' o —
£ A WA AN -
P — AAN \\\ AN NAN .
g e NN |
DN
E |02 e —— \\ {\\ \\ \)\75‘?7 A S YRS S— S Ek— ——
= N NN POWER IN :
< - NN \Q\\\ YL\TTS ,,,,,,,,, B —
77 u | \\\\ NN
g NI | |
° Iol ........... N \\ N\ /OOO [ . -
N RS DN
I B ] ON R T B
A R S NN\, O .
| RN |
N\ N2 |
| L L \ o\o\‘ 77777
— SN Oo\; N
""" < N -
- - B\R ARNAY —
. | AN \\\\
107 bt \\\ \\ N
— = RN —
BV LAY

102 \\\A\\

2 3 4 5 6 T 8 9 10 1 2 13 14 15

SHIELD THICKNESS (cm)

Fig. 8. Gamma Dose Rates Contributed by a 1% Impurity of
Cesium-134 in Uranium-Shielded Isotopic Power Sources of Cesium-137.
Center of source to dose point separation distance = 100 cun.
Cesium-134 is assumed to contribute 1% of the beta activity due
to cesium-137; refer to Fig. 4.



[ C—

T

B, CESIUM SULFATE (CssS04)

l.

24

Composition

e

Radionuclidic Abundance

The cesium product contains >99% cesium and
<1% rubidium. The radionuclidic abundances
are given in Section I.A.1l.

Radiochemical Purity

The principal radiochemical impurity in the
157¢s fission product is '2%Cs (Ty/o = 2.1 y),
whose content in aged wastes is 2-5% of the
13705 activity. The ratio of *®%Cs to the
13705 activities will decrease by a factor of
~2.0 every two years as a result of decay.

Specific Power

REFERENCE COLUMN

a. 0.111 watt/g of pure Csp804
0.110 watt/g of 99% C55804~1% RoSp0,
b. 253.3% curies of 27(s per gram of pure Cs-S04 2, 3, 4
23.1 curies of *®7Cs per gram of 99% Css504~1%
RboS0,
Radiation
The radiation is given under Section I.A.3.
Critical Mass
Cesium-137 and Y%7Ba are not fissionable.
Compatibility With Materials of Contalnment
Thermophysical Properties
a. Density
h.243 grams/cm® — density of pure CsoS04 20
b2k grams/cm® — density of 99% Cs2804~1% RbsS04
b. Coefficients of thermal expansion
c. Specific heat and enthalpy
(1) Specific heat
0.088 cal g™t °¢7?t 21

(2) Enthalpy in calories
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CESIUM SULFATE (CssS04)

d.

Temperatures of phase transformations
(1) Melting point — 1019°C
(2) Boiling point

Latent heats of phase transformations
AH (fusion) 15 kecal/mole
(estimated from NasSOs and KoS04)

Vapor pressure
Thermal conductivity
Thermal diffusivity
Viscosity

Surface tension

dyn/cm Temperature, °C
111.3 1036
105.0 1105
97.3 1221
87.4 1423
83.0 1530

Total hemispherical emittance

Spectral emissivity

A value of 0.9 can be assumed.

Crystallography

rhombic (K>S0, type)

a = 6.2 kX

b = 10.9% KX

c = 8.23 kX

Solubilities

g per 100 g water Temperature, °C
167.6 .7
18404 30,k
199.4 59.5
21L4.8 89.8

22k, 5 108.6

REFERENCE COLUMN

20

21

1T

18

18
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CESIUM SULFATE (Cs5804)

10.

0. Diffusion rates

Mechanical Properties

a. Hardness
b. Crush strength

Chemical Properties

a. Heat and free energy of formation, entropy
(1) Heat of formation
AH ¢ = -3%%9.4 kcal/mole
(2) Free energy of formation
AF°¢ = -310.6 keal/mole
(calculated by AF°y = AHp - TAS®p)
(3) Entropy
8308 = 49.2 eu
(calculated by W. Latimer's method)
b. Chemical reactions and reaction rates

(oxygen, nitrogen, water, steam, hydrogen,
liquid metals, other)

(1) Oxygen — no reaction
(2) Nitrogen — no reaction
(3) Water — soluble

(4) Inorganic acids — soluble

Biological Tolerances

Maximum permissible body burdens and maximum
permissible concentration of '®7Cs in air and
water are given under the CsCl Source Form,
Section I.A.9.

Shielding Data

The shielding requirements are presented under
the CsCl Source Form, Section I.A.10.

REFERENCE COLUMN

13

20, 22

22

18

19
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REFERENCE COLUMN
C. CESIUM BOROSILICATE GLASS (Cs20°Bs0s¢4.25105)
1. Composition
a. Radionuclidie Abundance
The cesium product contains >99% cesium and
<1% rubidium. The radionuclidic abundances
are given in Section I.A.l.
b. Radiochemical Purity
The principal radiochemical impurity in the
137Cs fission product is *3%Cs (Ty/5 = 2.1 ¥),
whose content in aged wastes is 2-5% of the
137¢s activity. The ratio of *3%Cs to 137Cs
activities will decrease by a factor of ~2.0
every two years as a result of decay.
2. Bpecific Power
a. 0.065 watt/g of pure cesium glass L
0.064 watt/g of 99% cesium glass—1% rubidium
glass
b. 1%.6 curies of ®7Cs per gram of cesium glass 2, 5, 4
1%.5 curies of *37Cs per gram of 99% cesium
glass—1% rubidium glass
5. Radiation
The radiation is given under Section 1.A.3.
b, (Critical Mass
Cesium-1%7 and *3'Ba are not fissionable.
5. Compatibility With Materials of Contalnment
6. Thermophysical Properties
a. Density
3.1 grams/cmg — density of pure cesium glass 25

3.1 grams/cm® ~ density of 99% cesium glass—1%
rubidium glass
b. Coefficient of thermal expansion

7.0 x 107%/°C for 1.24 Rbz0-1.08 BoOg- ol
7.64 5105 glass



CESIUM BOROSILICATE GLASS (Cs20-Bs0s-U4.25405)

2L

Ce

Specific heat and enthalpy

(1) Specific heat in cal g~t °¢~t

0.148 at 298°C
(2) Enthalpy in calories/mole

Temperature of phase transformations

(1) Softening point — 1200-1300°C

(2) Boiling point

ILatent heats of phase transformations

Vapor pressure

At 1200°C cesium glass will volatilize at
the rate of 35 mg of Csz0°Bp0s per cm?/hr.

Thermal conductivity

cal em~t gec~t °¢-t

Temperature, °C

REFERENCE COLUMN

0.00367
0.004k2L
0.00600
0.00792

115
209
352
LL8

These values are for Pyrex glass.

Thermal diffusivity
0.0117 em®/sec at 298°C

This value was calculated by dividing the
the thermal conductivity by the product of

specific heat and density.
Viscosity

Surface tension

Total hemispherical emittance
Spectral emissivity

Crystallography

Glass shows no long-range X-ray structure.

Solubilities

The leach rate of cesium glass

is

0.2 mg cm=% day~1 of Cs50+Bz0s.

Y
1

N
\N

25



22

CESTUM BOROSILICATE GLASS (Csz0:BsOg-4.28105)

REFERENCE COLUMN

0. Diffusion rates

f. Mechanical Properties

a. Hardness

5=7 on Mohs scale o7

b. Crush strength
3500-7000kg/em™ at room temperature 27 (silicates)

8. Chemical Properties

a. Heat and free energy of formation, entropy
(1) Heat of formation of Csz0+B505+4.28105
AH%p = -1317 kcal/mole 22, 25

oxides and the Na~B compounds)

(2) Free energy of formation
LF° ¢ = =125 keal/mole o2, 25
(calculated by AF°p = AH°. - TAS®p)

(3) Entropy
S2ae = 95.4 eu 22
(estimated by summing the individual oxides)

b. Chemical reactions and reaction rates D%

(oxygen, nitrogen, water, steam,
hydrogen, liquid metals, other)

(1) Oxygen — no reaction
(2) Witrogen — no reaction

1

(3) Water — 0.2 mg cm = day ' of cesium

(4) TInorganic acids — soluble

9. Bioclogical Tolerances

Maximum permissible body burdens and maximum 19
permissible concentration of 137Cs in air and water
are given under the CsCl Source Form, Section 1.A.9.

10. Shielding Data

The shielding requirements are presented under
the CsCl Source Form, Section 1.4.10.



APPENDTX T
From?gziin%;um%;gdggzioﬁnogtfzzfiizégzigggMizgzi?ﬁef' 5)
Maximum beta-particle energy 0.545 Mev
Average beta-particle energy 0.201 Mev
Bremsstrahlung Within AE energy group
energy group, Mev Photons/beta particle Photons w™t sec
0.020 + 0.01 1.378 x 1072 9,80 x 101°
0.0L0 + 0.01 5.52% x 1073 3.9% x 1019
0.060 * 0.01 2.998 x 1072 2.13 x 1010
0.080 * 0.01 1.841 x 10-3 1.%1 x 1010
0.100 + 0.01 1.208 x 1073 8.59 x 10°
0.120 + 0,01 8.239 x 1074 5.86 x 10°
0.140 = 0.01 5.759 x 10~ k09 x 109
0.160 + 0.01 4.086 x 104 2.91 x 10°
0.180 + 0.01 2.92% x 107% 2.08 x 10°
0.200 *+ 0.01 2.099 x 10™4% 1.49 x 10°
0.220 + 0.01 1.505 x 10~4 1.07 x 10°
0.240 + 0.01 1.074 x 10~¢ 7.6k x 108
0.260 + 0.01 T.604 x 1073 5.41 x 103
0.280 * 0.01 5,315 x 107° 3,78 x 108
0.3%00 + 0,01 Z.654h x 1079 2.60 x 108
0.320 + 0.01 2.458 x 107 1.75 x 108
0.340 + 0.01 1.609 x 1075 1.14k x 108
0.360 *+ 0.01 1.016 x 10~° T.22 x 107
0.380 + 0.01 6.1%5 x 10~¢ 4h.%6 x 107
0.400 + 0.01 3,491 x 107° 2.48 x 107
0.4k20 + 0,01 1.8%5 x 107° 1.70 x 107
0.440 + 0.01 8.638 x 1077 6.14 x 10°
0.460 + 0.01 3,456 x 1077 2.46 x 10°
0.480 = 0.01 1.065 x 107 7.57 x 10°
0.500 + 0.01 2.007 x 1073 1.43 x 105
0.520 + 0.01 1.000 x 10-% 7.11 x 103
0.540 + 0.01 0.000
Total bremsstrahlung energy, Mev/beta particle 1.411 x 107%
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APPENDIX T

Production of Bremsstrahlung Photo
From Thulium-170 Beta 1 in Thulium Oxide Matrix

?Eef. 5)

Maximum beta-particle energy
Average beta-particle energy

0.968 Mev
0.%26 Mev

Bremsstrahlung Within AE energy group o
energy group, Mev Photons/beta varticle Photons w™t see™t
0.050 + 0.025 5.736 x 107% 3.55 x 100
0.100 + 0.025 2.085 x 1072 1.29 x 101°
0.150 % 0.025 1.026 x 1072 6.35 x 107
0.200 + 0.025 5.686 x 107 3,52 x 10°
0.250 + 0.025 3,340 x 1072 2.07 x 10°
0.300 + 0.025 2.020 x 1073 1.25 x 10°
0.350 + 0,025 1.2%36 x 1075 7.65 x 108
0.400 * 0.025 7.551 x 107% L.67 x 108
0.450 + 0,025 h.562 x 107% 2.82 x 108
0.500 + 0.025 2.696 x 1074 1.67 x 10°
0.550 * 0.025 1.542 x 1074 9.54 x 107
0.600 + 0.025 8.410 x 107° 5.21 x 107
0.650 + 0.025 4,296 x 1077 2.66 x 107
0.700 + 0.025 2.000 x 107° 1.24 x 107
0.750 + 0.025 8.1%8 x 107 5.04 x 10°
0.800 £ 0.025 2.680 x 107° 1.66 x 108
0.850 + 0.025 6.111 x 1077 3.78 x 10°
0.900 + 0.025 6.278 x 1078 2,89 x 10%
0.950 + 0.025 2.196 x 107° 1.%6 x 102

Total bremsstrahlung energy, Mev/beta particle 1.0%3 x 1072
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