UNIVERSITI SAINS MALAYSIA

First Semester Examination
Academic Session 2008/2009

November 2008

ZCT 533/4 — Dosimetry and Radiation Protection
[Dosimetri dan Perlindungan Sinaran]

Duration: 3 hours
[Masa : 3 jam]

Please ensure that this examination paper contains SEVENTEEN printed pages before
you begin the examination.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH BELAS muka surat
yang bercetak sebelum anda memulakan Dpeperiksaan ini.]

Instruction: Answer all FOUR (4) questions. Students are allowed to answer all
questions in Bahasa Malaysia or in English.

[Arahan: Jawab semua EMPAT (4) soalan. Pelajar dibenarkan menjawab semua.
soalan sama ada dalam Bahasa Malaysia atau Bahasa Inggeris.]
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Absorbed dose of 4 Gy to the whole body is fatal to man. The absorbed energy is
distributed uniformly in a 70 kg man and there is no heat loss. ‘

[Dos serapan 4 Gy pada keseluruhan badan biasanya memberi maut kepada
manusia. Katakan tenaga setara dengan dos ini ditabarkan secara seragam di
dalam seorang manusia yang beratmya 70 kg dan tiada haba yang hilang.]

i) Calculate the rise in temperature in the man.
[Hitungkan kenaikan suhu pada orang itu.]

ii) Why is the dose fatal to man although the temperature rise is small?
[Mengapakah dos ini membawa maut kepada manusia walaupun kenazkan
suhunya hanya kecil saja? ]

Assume spemﬁc heat of man is similar to specific heat of water i.e.
s=4200J kg 'K
[Andazkan spesifik manusia sama dengan haba spesifik air zaztu s=4200J kg
K]
(30/100)

Explain the difference between mass attenuation coefficient and mass stopping
power.
[Terangkan perbezaan antara pekali pengecilan jisim dan kuasa penghentian
Jisim]

(20/100)

Photons m™s ke V™" (X 10%)
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Energy (keV)

« 240 30



b)

iii)

[ZCT533]

.-3-

Calculate the total fluence.
[Hitungkan jumlah fluens]

Plot the differential flux density against energy in the graph provided.
[Plotkan ketumpatan fluks tenaga diferensial pada tenaga dalam graf
yang diberi]

Calculate the total energy fluence.
[Hitungkan jumlah tenaga fluens]

Calculate the mean photon energy with respect to fluence.
[Hitungkan tenaga purata foton merujuk pada fluens]

Calculate the absorbed dose in water where the fluence passes through it.
State any assumptions used.
[Hitungkan dos serapan dalam air Jika fluens foton melaluinya. Nyatakan
sebarang anggapan yang digunakan. 7

. (50/100)

State Bragg-Gray theory and its assumptions.
[Nyatakan teorem Bragg — Gray dan anggapannnya.]

(25/100)

Explain the differences and similarities between Spencer theory and Bragg-Gray

theory.

[Terangkan perbezaan dan kesamaan antara teori Spencer dan teori Bragg —

Gray]

(25/100)
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A ‘beam of electrons whose fluence is 2 x 10" cm™ hits a LiF chip
perpendicularly. Thickness of chip is 1.0 mm and the surface area is 3.0 x 3.0
mm?. Calculate the absorbed dose in chip if the energy of electron is (i) 300 keV
and (11) 2 MeV. Explain your answers. Assume path lengthening of electron in
LiF 1s 5%.
[Bim elektron yang fluensnya 2 x 1 0’ cm 2 menghentam suatu czp LiF secara
bertegak lurus. Ketebalan cipnya 1.0 mm dan luasnya 3.0 x 3.0 mm’ . Hitunglkan
dos serapan dalam cip jika tenaga elektronnya (i) 300 keV dan (1) 2 MeV.
Jelaskan jawapan anda. Anggapkan pemanjangan lintasan elektron dalam LiF
ialah 5 %.]
(50/100)

A calibrated ion chamber is used to calibrate a 6 MV photon beam in water. The -
ion chamber gave a reading of Y nC at 5 cm depth in the water phantom. Discuss
the varions corrections that are applied to obtain the dose at dmsx from the ion
chamber reading.
[Suatu kebuk pengionan yang ditentukur digunakan untuk menentukur 6 MV bim
foton dalam air. Kebuk pengionan memberi bacaan Y nC pada kedalaman 5 cm
dalam fantom air. Bincangkan pembetulan-pembetulan yang perlu-dilaksanakan
untuk mendapat dos pada dye dari bacaan kebuk pengionan. |

(50/100)

A perspex phantom is used to calibrate a 6 MV photon beam A cyhndncal air 1on
chamber has a wall thickness (polystyrene) of 0.20 g cm’ % and an inner diameter
of 5 mm. The ion chamber is placed at a depth of 5 cm in the phantom. NyAjo=
1.05 x 10" R/C (T =22°C , P = 760 torr ) for Co — 60 for this chamber. Charge
collected is 2.50 x 10® C at P = 750 torr & T = 20.0 °C and the ion collection
efficiency 1s 0.985.

[Suatu fantom perspek digunakan untuk mententukur bim foton 6 MV. Suatu
kebuk pengionan udara berbentuk silinder mempunyai ketebalan dinding
(polystyrene) 0.20 g em™ dan garis pusat dalaman 5 mm. Kebuk pengionan di
letak 5 cm dalam fantom, Ny Aion = 1.05 x 10"° RC (T =22°C, P = 760 torr )
bagi Co — 60 untuk kebuk ini. Cas pengumpulannya ialah 2.50 x 1 0 C pada P =
750 torr & T = 20.0 °C dan kecekapan pengumpulan ion = 0.985]

1) Calculate the N pairthe chamber.
[Hitungkan Npaarq bagi kebuk ini.]
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11) Calculate the absorbed dose in perspex at this depth.
[Hitungkan dos serapan dalam perspek pada kedalaman ini.]
State any assumptions.

[Nyatakan andaian-andaian]
Bw=1.003

(%) ;i:rlystyrene =0.904 (CO - 60)

(% PerpeE _ 1 093 (6 MV photon)

air

&) 1103 (6 MV photon
L p

polystyrene

(50/100)
Discuss briefly the interaction between
[Bincangkan secara ringkas tindakbalas antara ]
1) Thermal neutron and tissue.
[neutron terma dengan tisu]
11) Fast neutron and tissue.
[neutron cepat dengan tisu]
(30/100)

Discuss briefly the thermo luminescence processes that occur in a LiF chip.
[Bincangkan secara ringkas proses-proses termoluminesens yang berlaku dalam
suaty cip LiF]

(35/100)

State the differences between stochastic and deterministic effects in radiation
protection. Which effect has greater importance in radiation protection? Why?
[Nyatakan perbezaan antara kesan stokastik dan deterministik  dalam
perlindungan sinaran. Kesan manakah yang lebih penting dalam perlindungan
sinaran? Mengapa?] '

(35/100)
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Datz Table for Compounds and Mixtures®

) Densizy Electron density /
Material (g/em™y (10% o/g) (eVy!
A-150 plastic’ 1.127 3.306 65.1
Adipose tissue .

(Fat, ICRPY 0.92 3.363 63.2
Nt 1.205 x 107" 3.006 85.7
Bone, cortical (ICRPY [.85 3.139 106.4
Calcium fluoride, CaF, 3.18 2.931 166
Carbon dioxide, CO, 1.842 x 1077 3.010 85.0
Cesium iodide, Csl 4.51 2.503 353
Lithiumn fluoride, LiF 2.64 2.786 94.0
Lucite, (CsHeOa), 1.19 3.248 74.0
Musdle, skeletal (ICRP) - 1.04 3.308 75.3
Mylar, (C,HgOy), 1:.40 3.134 718.7
Nylon, -[ypc 6

(CeH,, NO), 1.14 3.299 63.9
Polycarbonate

(CsH1.04), 1.20 3.173 73.4
Polyethylene (C5HL,), 0.94 3.435 37.4
Polyimide (CypHoN,Os5) 1.42, 3.087 79.6
Polypropylene (C,Hs), 0.90, 3.372 39.2
Polystyrene (CgHy), 1.06 3.238 68.7
Polyvinyl Chloride

(C,H4Cl),. 1.30 3.083 108.2
Pyrex (borosilicate glass)? 2.23 2.993 134
Silicon dioxide, SiO, 2.32 3.007 139.2
Silver bromide, AgBr 6.47 2.629 487
Sodium jodide, Nal 3.67 2.571 452
Teflon, (C,F,), 2.20 2.890 99.1
TE gas (methane-based)? 1.064 x 107° 3.312 61.2
TE gzs (propane-based)! 1.826 % 1077 314 59.5
TE liguid (no sucrosey 1.070 3.313. 74.2
Water, H,O 0.0952 3.343 75.0
*Datz {rom Berger and Scitzer (1983)
®Sce compositions in Appendix B3
“Assuming T = 20°C., P = ! arm., and Charles’ Law for gases applies.

Q- o . .
I'is the mean excitation potential for stopping power, sce Chaprer 5.
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CHAMBER WALL THICKNESS (g/cm?)

FIGURE 13.7c. Fraction « of ionization due to electrons arising in the chamber wall, as a
function of mass wall thickness, for *Co vy-rays [Lempert et al. (1983), as adapted by AAPM
(1983)]. Reproduced with permission from R. J. Schulz and The American Institute of Physics.
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FIGURE 13.75. Fraction o of ionization due to electrons from the chamber wall irradiated by
x-rays with nominal acceleration potentials of 2 to 50 MV. The dashed portions of the curves are
extrapolations of the experimental data. [Lempert et al. (1983), as adapted by AAPM (1983).
Reproduced with permission from R. J. Schulz and The American Institute of Physics.]

...10/-

247



'
o
w
=
Q
],

-10-

Aol

4ol

.GGI0°0 0910°0 61¢0°0 651070 , 891070 9236070 nmﬂo.o ¢910°0 [4444N GF10°0 161070 50000 01
$910°0 69710°0 0%20°0 L910°0 "EL10°0 $¥20°0 9910°0 0L10°0 &¥c0°0 ¢S10°0 LGTO70 £¢c00 g
8L10°0 £810°0 $420°0 8L10°0 F810°0 ¥120°0 081070 c810°0 L2070 $910°0 891070 06070 9
681070 £610°0 00£0°0 L810°0 'T610°0 L6070 161070 S610°0 £0€0°0 $L10°0 81070 9L30°0- i
$0c0°0 L0200 L€€0°0 0020°0 $020°0 1€60°0 902070 60¢0°0 0v60°0 9810°0 681070 80£0°0 £
GZZ0'0  L8T00 ¢6¢0°0 612070 1280°0 8¢0°0 L2000 650070 96¢£0°0 G0z0'0 000’0, 8G£0°0 ¢
LGZ0°0 66200 68%0°0 6¥20°0 162070 ¢l¥0°0 09¢0°0 79200 £6¥0°0 ¥£60°0 9¢c0°0 ¥¥70°0 4
08¢0°0 2820°0 04G0°0 0L20°0 ¢Le0°0 6%G0°0 ¢8¢0°0 $820°0 GL60°0 $G60°0 96e0°0 L1600 (|
90£0°0 80£0°0 669070 §660°0 L620°0 G1.90°0 6060°0 : -TIE00 90L0°0 8L30°0 08200 G£90°0 01
gIc0’0 81070 8LL0°0 90¢0°0 L0€0°0 162070 1266070 12€0°0 68L0°0 68¢0°0 68¢0°0 90L0°0 80
GZE00 9z£0°0 9880°0 $1€0°0 CIg0'0 ©9680°0 666£0°0 6250°0 $¥680°0°  66¢0°0 962070 $080°0 90
8¢£0°0 8200 8660°0 L1E0°0 L1£0°0 9¢60°0 0€c0°0 066070 9960°0 960070 L620°0 898070 G0
62e0°0 G600 col'o GIE0°0 G1£0°0 ¢01°0 82¢0°0  8¢E0°0 90170 YA NN G6230°0 $660°0 0
LIE0°0 L1070 grI1 o 01€0°0 018070 $I1°0 61¢0°0 61£0°0 G110 L820°0 L820°0 . LOT°0 €0
$6¢0°0 $620°0 9€1°0 10€0°0 T0£0°0 £el’0 L620°0 L6200 LETT0 897070 89¢20°0 ¥21°0 Z0
GLT0O 0 GLc0'0 0G1°0 G0g0°0 G0g0'0 0S1°0 L22¢0°0 L2200 JG1°0 062070 06e0°0 9¢1°0 (Y G}
9620°0 9620’0 0L1°0 £880°0 L8EOD'O 181°0 9630’0 9GZ0°0 1£1°0 $£a0°0 $£20°0 G610 010
$9¢0°0 $9¢0°0 £€81°0 L§G0°0 LEG0°0 6020 ¢9t0°0. ¢9¢00 GRI0 £¥20°0 £¥c0°0 L9170 8070
82£0°0 82£0°0 $0¢°0 8660°0 8660°0 €L2°0 0¢60°0 02£0°0 S0¢’0 GOE0°0 m_,,cmo.o L8170 9070
1¢¥0°0 1£%0°0 ¥66°0 191°0 19170 9%¢°0 81%0°0 81¥0°0 Gee'0 90%0°0 90%0°0 90470 S0°0
10070 10L0°0 L9¢°0 +0¢°0- $06°0 11670 L£90°0 LL90°0 L9270 8990°0 . _.8990°0 84270 00

¥G1°0 ¥G1°0 GLE 0 0¢L°0 0cL0 796°0 . 6%1°0 6¥1.0 12670 %170 gy 0 06670 £0°0

£eG°0 £86°0 96L°0 "9%°¢C 9%°¢ 6L°C 61670 ¢ise 8LL 0O 11670 11670 8GL°0 o070

T4 FANN! ¥9°1 ¥8°6 $8°G 269 8¢’1 801 09°1 JXAR! L3} 961 G10°0

L8°Y FAL 4 0€°6G 261 ¢'61 ¢'0¢ 6L°% 6L 12°6 19°% 19°% $0° G 1070
/o i o oM i dy d/on i dd d/* dy dd  (AIN)
J , - . FREN

o108 gt} .

JU.ZJZ poIElNg auog edwon IDIEAA Y o104

(panurjuo))

€A XIANUdAY

11/

48



[ZCT 533]

‘1ySam E U %1°Z PUe ‘' %%°8 ‘8D %G

‘6% st (toydsoyd () u® D),
(896 1) sueag AQ M31A3I 3Y) W _uu:m;a:a se qEqqni "H [ Jo ®iEp 2y walj paatop s1om
seouaisjaayiog (QL61) X111y Wolj 3. U tyen) pue tger) 10y asoyi ((6961) .:m_.ur:m UI0I] UINEY QIR UOY3 ], pue ‘17 '] ‘1rf 1a) eie(q,

£L10°0 €L10°0 £¥10°0 $610°0 351070 £010°0 007
SL10°0 SL10°0 6¥10°0 1%10°0 0S10°0 £110°0 08
621070 6L10°0 091070 5S10°0 0910°0 1ET0°0 09
$810°0. $810°0 6910°0 1910°0 8910°0 Z¥10°0 06
261070 7610°0 0810°0 €L10°0 621070 9610°0 0b-
€020°0 02070 861070 0610°0 9610°0 GLIOO 0¢
63200 622070 $250°0 L120°0 3250°0 £020°0 0%
. L3070 8%20°0 $%20°0 9£30°0 1%20°0 1220°0 Gl
. 0120°0 1220°0 8950°0 8520°0 $920°0 ¢he0°0 01
— 1820°0 1820°0 LLTO"0 £920°0 €L30°0 0520°0 80
' 063070 06200 $820°0 ¥L20°0 1820°0 9620°0 90
£630°0 £620°0 9820°0 9.20°0 2820°0 8620°0 60 -
563070, $620°0 ¥830°0 $L30°0 1820°0 $520°0 $°0
96300 9620°0 9L30°0 19920°0 L3070 8%20°0 £0
LT£00 GI£0°0 86200 6%20°0 9620°0 653070 20
645070 £LEOD £¥50°0 ¥£20°0 £%50°0 0120°0 5170
£690°0 £L90°0 $500°0 $320°0 1%20°0 8L10°0 01°0
811°0 FI1°0 $630°0 0%20°0 0L20°0 651070 80°0
962°0 L¥2'0 8%£0°0 £€260°0 1650°0 LE10°0 90°0
9¢+°0 61%°0 98+%0°0 8F%0°0 9960°0 Gz10°0 Go°0
0680 818°0 £€80°0 £9.0°0 oo.r“o CI10°0 . .@o.o
£€0°C 96°1 161°0 iZANY §€2°0 811070 £0°0
98°9 99°9 $L9°0 £09°0 12870 $020°0 200
1°91 L°GT [ 691 6T G0 9z¥0°0 $10°0
LIS £L70S 9z°9 19°G 19°L 0S1°0 1070
UL AdED i :le) “(¢d0) AT d g (APW)
) uoya L, ASaouy
Leyg-L

LEIP3JA] SnOTIR A 10] AM\NEQV dy**7 syusroyyaon wvonydiosqy-4A8isuyg mmmu\m

a NHQZMH&.de

.. 12/-

249



LST0°0 991070 1gZ0°0  IST00 . SSI0°0  STZO0 8FI00 £SI0°0 012000 S¥IO0 0SI00  90%0°0

0r
TE910°0 0LT10°0 IAYAVNS: .w.n:c.__c 99100 86200 8G10°0 ¢910°0 1660°0  SST10°0 661070 L¢c0°0 8
21070 841070 £9¢0°0 081070 ¢810°0 9£¢0°0 €L10°0 LLTI0°0 99¢0°0 121070 ¥L10°0 £9¢0°0 9
6£10°0 $810°0 $8¢0°0 61070 G610°0 €0€0°0 ¥810°0 L8T0°0 ¢620°0 ¢8I0°0 G810°0 68¢0°0 S
0610°0 +610°0 $1£0°0 60¢0°0  T1¢0°0 Gys0°0 6610°0 602070 6¢60°0 861070 002¢0°0 9¢60°0 4
L0200 60¢0°0 09EG°0 46c0°0 ¥6¢0°0 607070 0¢¢0°0 TL50°0 £8€0°0 61¢0°0 1¢¢0°0 18€0°0 g
&8¢0 GELN0 ¥¥0°0 £920°0 89¢0°0 €0G0°0 £620°0 $GC0°0 8.%0°0 5Ge0°0 £6¢0°0 943070 [4
2Ge0'0 $620°0 GI6oo 16¢0°0 262070 165070 GLT0'0 947070 6650°0 GL20°0 6L20°0 L6600 S1
LLT0°0 642070 £€90°0 616070 6IE0°0 §ZL0°0 106070 406070 989070 00€0°0 005070 £890°0 01
ATAVN0) 88¢0°0 04070 6¢€0°0 0€g0'0 £080°0 T1g0’0 21600 £9L40°0 0T€0°0 [160°0 19L0°0 80D
166070 G660°0 108070 L£E0°0 86£0°0 6160°0 6160°0 61€0°0 6980°0 81€£0°0 671€0°0 £980°0 9019
%ﬂ L6200 L6200 8980°0 0F€0°0 0+E0°0 ¥660°0 6c€0°0 ¢2€0°0 6£60°0 12€0°0 I2€0°0 LE6OO o\
| 668070 6620°0 566070 LEEO™0 LEEO0 60170 816070 81€0°0 . €010 8100 815070 €010 ¥0
| 682070 682070 LOE°0 8¢£0°'0 826070 AN 0I€0'0 01070 SIT0 60600 60£0°0 CI1°0° £0
92£¢0°0 946070 T 08070 £060°0 . O¥I°0 L820°0 L8200 €El°0 98¢0°0 982070 66170 zo
¥L42¢0°0 ¥L¢0°0 6ET70 6.20°0 6220°0° FGI°0 99200 992070 95170 £9¢0°0 £92¢0°0 S¥1°0 SE'O

B¢YO 0 8¢¥0°0 - 06170 82¢0°0 826070 £81°0 " &geo’o 686070 9L1°0  L1¢0°0 L1070 £L1°0 8070
894070 892070 %270 6¢a0'0 4¢e0'0 961°0 742070 ¥5¢0°0 I61°0. .8IC0°0 . 81200 981°0 90°0

66600 466070 991°0 £vc0°0 £v¢0°0 €L1°0 86¢0°0 8€c0°0 Gor1°0 1€20°0 16¢0°0 $91°0 010
W 6610 ¢e10 66¢°0 8636070 85¢0°0 L0¢'0 [060°0 1060°0 60Z°0.-. 9€T0°0  9€¢0°0 L61°0 ©  G00
7

5800 AN 0¢%°0 G620°0 G620°0 G20 LEF0°0 LEF0°0 €620 00£0°0 - 00£0°0 9120 ¥0°0

| $66°0 $6670 €BL'0  GECO'0  GECO0 892°0  6680°0 , 668070 0080  T9S0°0 9500 19270 €0°0

| ¥6°1 $6°1 $6°¢ 08170 0810 S6v 0 0r¢’0  01£°0. Geae 0 £61°0 €610 6¢¥0 - 200

| SLY GL' ¥ I1°G 19%°0 19%°0 .\‘mm.c €8L°0 - £€8L°0 L0771 ¢e¥y'0 ¢6%°0 $9.°0 C10°0

W G'91 G971 L1 6971 6971 ¥0'¢ * 16°¢ 16°¢ 1¢°¢ 281 ¢8°1 L1'¢ 1070
m dyd as/td - d dyd g/ . d d/n dyn dy d/* d/d d (A2
“sse[d xa1h ] _ auajdyiadjog xadsiog ‘se[dixo[J ausaifisdjog ABaauy

- ‘o1onT] ‘arejleIaA [AqI Hewedd

N : . (panuyuoy) ¢ d XIANAIIV:



[ZCT 533]

-13-
APPENDIX E. (Continued)
Polystyrene
’ ENERGY. STOPPIMG POWER . CSDA RADIATION .DEHS.EFF.
COLLISION RADIATIVE .TOTAL RAKGE YIELD CORR.
(DELTA)
MeV MoV cml/g HMaV cmisg MeV exl’yg g/cml
0.0100 2.223E%0] 2.932E-03 2.224E+0} 2,546E-04 7.406E-05 0.0
0.0125 1.863E+01 2.992E~03 1.869E+01 3.777E~04 2.869E-05 0.0
0.0150 1.621E+0) 2.999E-03 1.621E+01 5.218E-04 1.027E-04 0.0
0.0175 1.437E+01 3,004E-03 1,438E¥01 §.459E-0% }+.162E-04 0.0
10,0200 1.296E+01 3.008E-0Q3 1.296E+01 3. 698E-04 1.292E-04 0.0
0.0250 1.091E+01 3.017E-03 1.0931E+01 1.292E-03 1.543E-04 0.0
5.0300 9.485E+00 3,027E-03 9.483E+00 1,785E-03 1.782E-04 0.0
0.0350 &8.440E+00 3.037E-03 3.443E+00 2.345E-03 2.013E-04 0.0
0.0400 7.637E+00 3.063E~03 7.640E+00 2.963E-03 2.235E-04 0.0
0.0450 7.000E+0Q 3.061E-03 7.003E+00 J.¢53E-03 2.452E-04 0.0
0.0500 6.481E+00 3.074E-03 §.48GE+00 4,395E-03 2.662E-04 0.0
0.0550 6.051E+Q0 3, 028E-03 §.054E¥00 5.194E-03 2.867E-04 0.0
0.0600 S5.633E+C0 3.103E-03 5.691E+00 6§.047E-03 3.063E-04 0.0 i
0.0700 5.108E+00 3.135E-03 5.111E+00 7.905E-03 3.453E-04 0.0
0.0800 6.666E+00 3.169E-03 4,.669E+00 9,955E=03 3. A34E-04 0.0 =
0.0900 4.317E+00 3.206E-03 4,320E+00 1.218E-02 4.197E-04 0.0
0.1000 4.034E+00 3.244E-03 4 ,038E+00 1.458E-02 4 S550E-04 0.0 '
0.1250 3.520E+00 3 35QE-03 3.523E+00 2.124E-02 5.396E~-04 0.0
0.1500 - 3.172E+00 3.463E~03 I.176E+00 2.873E-02 €.199E-04 0.0
0.1750 2.923L+00 3.584E-03 2.926E+00 3.695E-02 6.967E-04 0.0
0.2000 2.735E+400 3.711E-03 2.739E+00 4,.579E-02 7.709E-04 0.0
0.2500 2.475E400 3.985E-03 2.479E+00 6.504E-02 9.131E-04 0.0
0.3000 2.305E400 4.784E—03 2.303%E*00 3.598E-02 1.050E-03 0.0
0.3500 =2.187E+00 4.606E—03 2.192E+00 1.082E-01 1.182E-03 0.0
0.4000 2.101E400 4 .945E~03 2.106E+00 1.315E-01 1.312E-03 2.729E-03
0.64500 2.035E#00 5.304E=03 2.040E#00 1.557E~01 1.441E-03 2.633E-02
0.5000 1.984E+00 5.680E-03 1.990E+00 1,805E-01 1.570E-03 5.420E-02
0.5500 1.943E+0C0 6.071E-03 {.950E+00 2.05%E-01 1.699E-03 8.333E-02
5.6000 1.911E100 6.a75E-03 1.913E+00 -2.318E-01 1.327E-03 1.152E-01
0.7000  1.364E+00 7 .322E~03 1,871E+00 2.866E-01 2.087E-03 1.310E-01
0.2000 1.332Et+00 8.212E-03 1.3402400 3.385E-01 2.349E-03 2.492E-01
0.9000 1.210E+00 9.142E~03 1.319E+00 3.932E-01 2. 615E-03 3.179E-01
1.0000 1.798E+00 1.011E-02 1.804E+00 A 424E-01 2.835E-03 3.362E-01
1.2500° 1.773E+00 1.267E-02 1.786E+0Q0 5.878E-01 3.577E-03 5.515E-01
1.5000 1.766E+0Q0 1.541E-02 1.781E+00 7.281E-01 §_.293E-03 7.064E-01
1.7500 1.765E+0Q0 1.230E-02 1.733E%0Q0 g.684E-01 5.030E-03 3.501E-01
2.0000 1.763E+00 2.132E-02 1.789E+00 1.008E+0Q0O 5.7383E-03 9,834E-0)
2.5000 1.773E+00 2.766E-02 1.2806E+00 1.287E+00 7.352E-03 1.222E+00
1.0000 1.791E+Q0 3.435E-02 y,825E+00 1.562E+00 3.970E-03 1.431E+00
S 3.5000 1.804E+00 4.132E-02 1 .345E+00 1.335E+00 1.063E-02 1.616E+00
6.0000 1.316E+00 4 .352E-02 1.865EF0O 2.104E400 1.233E-02 1.T32E+00"
4.5000 1.223E+00 5.593E-02 1.284E+00 2.371E+00 1.405E~02 1.932E+00
5. 0000 1.839E+00. §.353E-02 1.902E+00 2.635E+00 1.530E-02 2.070E+00
5.5000 Y.349E+00 7 129E-02 1.920E*00 2.897E+00 1.757E-02 2.197E+0Q0
: 0000 1.859E+00 7.949E-02 1.933E+OO 3 iseE+00 1.936E-02 2.316L+00
7.0000 1.376E+00 §.539E~02 1.971E+00 3.667E¥00 2.297E-02 2.531E+00
% 0000 1.291E+000 1.120E-01 2.003E+00 A 171E+00 2.662E-02 2.722E%00
9.9000 - 1.904E+00 1 290E-01 2.033E#+00 4 666E+00 “3.029E-02 2.496E+00
10.0000 V.916E+00 1.4664E-01 2.062E+00 5, 155E+00 3.399E-02 3.054E+00
12.5000 1.940L*00 { 909E-01 2.)31E+00 6.34TE+00 6.325E-02 3.403E+00
15.0000 1.960E*00 2.36TE-01. 2.196E+00 7.502E+00 5.269E~02 3.702E+00
17.5000 1.975E+00 2 &3IS5E-01 2.259E400 3.525E+00 §.166E-n2 3.963E+00
~0.0000 1.989E%00 3.311E7010 2.320E+00 9.717E+00 7 072E-02 4.196E*00
5S 0000 2.010E#00 4.282E-01 2.439E+0S 1 132E+01 3.344E-02 G.596EH00
30.0000° 2.027E400 5.270E-0) 2.854E+00 1,382E+01 1.056E-01 4,933E+00
35.0600 2.041E%00 §.271E-01 2.669E*00 1.574E%01 1.220E-01 5.223E+00
40,0000 2.053E+00 7.284E-01 2.78Z2E+00 |.757E401  1,373E-0) 5.473E+00
45 0000 2.065E*00 3.306E-01 2.394E+00 1 933E+01 1.530E-01  5.704E+00
50.0000 2.073E%00 9.334E-01 3,006E+00 2.103E+0) 1.676E-01 5.9038E+00
25 0000 2.081E+00 1.037E*00 3.113EH00 5 265E+01 1.&16E-01 6.093EF00
15 0000 2.089E+00 1 .141E*00 3.230E%00 5 42¢E+01 1.951E-01 6.263E+00
50 0000 2.102E+00 1.351E200 3.452E200 5 723E+01 2.206E-01 6.565E+00
30 0000 2.113E+00 1.562E%00 3.675E400 1 00sE+01  T.G39E-01 6 .22BE00
50 0000 2.123E+400 1.774E+00 3.897E%00 1 268E+01  2.653E-0) 7.060E*00
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APPENDIX E. (Continued)
Air (Dry)
IMERG STOPPING POWEIR C3DA RADIATION DEXS.EFF.
. COLLISIOH RADIATIVE TOTAL RAKRGE YIELD CORR., -
. (DELTAD
MoV MoV cal/g MeV cml/g MV enisy g/eml
0.0100 1.97SE¢01  3.897E-03 1.¥76E+01 2.3I3E-0¢ 1.082E-04 0.0
0.0125 1.453E+01 3.321E-03 1.643E+0] 4.26%E~04 1,21%E-04% 0.0
68150 1.445E+01 3.Y37E~03 1.445E+01 5.B80E-04 1.506E-0& 0.0
0.0175 1.283E+01 I.94LE-03 1.233E+01 7.728E=-04 1.706E-04 0.0
6.0200 |.IS7TE+01 3.§54E-03 {.1358E+0} 9.781C~04 1.893E-¢4 0.0
0.$250 $.753E400 S.966E~03 §.757E400 1. 451E~03 2.24TE-0¢ 0.0
6.0300 &.692E+00 I.978E-03 B.AIEEH0O 2.001E-03 2.618E-04 0.0
0.0350 7.563E+00 3.986E-03 V. 5ETEHQC 2.626E-03 2.955E-04 0.0
0.0400 6.B4BE400 3.998E-03 ¢.852E400 3.322E-03  3.280E-04¢ 0.0
0.0450 6.231E+00 4.011E=-03 &.285E+00 &, 085E~03 3.534E-0¢ 0.0
0.0500 5.819E+0C 4.025E-03 5.325E400 6, $12E=-63 J.900E-04 0.0
0.0550 S5.435E+00 &.040E-03 5. AS0T#00 S.E01E-03 &.197E-04 0.0
0.0600 .5.111E40C 4.057E-03 5,115Z+00 6. 750E~03 4.433I-04 0.0
0.0700 4&.5YIE+00  A.0$3E-03 §.597E+00 3.817E~03 B.04%E~04 0.0
0.0800 &,1%8E+00 ~4,133E-03 4,202E+00 1.110E~02 5.5Y0E-04 0.0
0.6900 3.Z34E+00 &, 175E-03 3.E90E+E0 1.357E~02 §.112E-0¢ 0.0
0.1000  3.633L+0¢ ~4.222E-03 I.E3TEH00  1.623E~02 6.€13E-04 0.0
0.1250 3.172E400 4.3483E-03 I 1T77EH00 | 2.342E-02 7.326L-0%& 0.0
01500 2.B61E+00 4,4B5E-03 2.863L%00 3.193E-02 BL9BE-0% 0.0
¢.1750, 2.637EF00  4.633E-03 2.642E400. 4 103E-02 "'1.00¢E-03 0.0
€.2000 2.470E+00 4.739E-03 2.4TRE406 T BUOB2E=02. A 1M11E-03 0.0
0.2500 2.236E400 5.126E-03 2.242E400° 7.2128~02 1.311E43 ¢.0
0.3000 2.0BAE+00 5.495E-03 2.089E+00 9,.327E-Q02 1.502E-¢3 9.0
0.3500 1.97BE+00 5.330E-03 1.3BAE+00 1.193E-01  1.833E-03 0.0
\ . :
6.4000 3.902E+0Q 6.311E-03 1.908E+0D 1.456E=-01 1.84%E-03 6.0
0.64500 1.B45E400 6.757E-0S 1.852E400 1.722E=01 2.042E-03 6.0
0.5000 T1.802E+#00 7.223E-03 1.809E400 1.995E~01 2,225E-43 0.0
0.5500 1.7&9E400 7.703ET03 1.7T7EE4CO 2.274E~01 2.401E-03 4.0
6.6006 1.743E+00 B8.210E-03 1.751E+00 2.%58E-01 2.577E-¢3 0.0
0.7000 1.706E+00 9.258E-03 {.718E+00 3.135E-Q1 2.9%29E-03 0.0
©0.8000 1.633E+00 1.03¢E-02 1.634EH0Q ‘3.722E~61 3.283E-03 0.0
0.9000 1.66%9E400 1.151E-02 1.631E400 4.315E-01 3.638E~03 0.0
1.0000 1.661E400 1.271E-02 1.474L+00 £.912E=01 3.997E~03 L 0.9
1.2500 1.655E+00 1.588E-02 1:671E400  §.403E~C1 &, 906E~03° 0.0
1.5000 1.661E400 1.927E-02 {.68QE+00 7.300E~01 5.B36E-03 0.0
1.7500 . 1.672E+00 2.284E-~02 1.694E40¢0 9, 382E~01 €.784T-03 0.0
2.0000 1.634E400 2.456E-02 1.711E400 (1.085E$C0 7.743E-03 0.0
2.5000 1.712E400  3.437E-02 1.747E400  1.374E4+60 2.716E-03 0.0
3.0000 1.740E+00 ~ &.260E-02 1.783E400 .1.653E+00 1.173E~02 0.0
3.5000 1.786E+00 B.115E-02 13170400 1.933E+00 1.377E-82 0.0
4.0000 J.790E+00 5.999E-¢2 1.850E+00 2.203E400 1.533E-02 9.0
4.5000- 1.812E+00 6.%08E-02 {.B52E+00 2.478E400 1.792E-02 0.0
5,0000 1.83I3E+00 7.833E-02 1.911E+00 2.7ADE400 2.001K-02 0.0
- §.5000 1.852E+00 B8.7B7E-02 1.%40E#00 2.9915400 2.211E-02 0.0
§.0000 1.870E400 9.7354E~02 1.96EEH00 .3.255E%00 2.422E-02 0.0
7.0000 1.Y¥02E+00 1.173E-01 2.020E4+00 3.757TE+00 2.345E-02 6.0
5.0000 1.931E+00 1.376E-0} 2.063E+00 4.243E400 3,264%E-02 0.9
3.0000 1,356E+00 1.534E-01 2.113E+00 4.724E400  3.632E-02 0.0
10.0000 1.379E400 1.795E-81 2.159E+00 5. {92E4+00 4,313Z-02 0.0
12.5000 2.02%E+00 2.337E-01 2.242E+00 6.323E400 5.156E-02 0.0
15.0000 2.06YE+00 2.295E-01 2 35%E+00 7.405E+00 (.131E-02 ¢.0
17.5000 2.104E+00 J.AS&4E-0] Z.451E¢00 B,AR4E400 7.185E-~02 0.0
20.0000; 2.134E+00 &4.042E-01 2.539E+00 9.446E+00 2.147E-02 0.0
25.0000 2.135E+00 3.219E-01 2.707E+00  3.135E4Q01 1.006E~0) 9.0
30.0000 2.226E+00 6.417E-01 2.868E400 1.315E+01 1. 186E~01 7.634L-03
15,0000 2,257E+00 7.630E-01 I.020E+00 1.ABSE#01  1.357E-01 5.9834E-02
40.0000 2.282E+00 B8.355E-01 3.167E+00 T.646E401 1.520E-01 1.373E-01
45,0000 2.302E¢00. 1.00%E+00 3.3T1E4D0 1.301E+01 1,676E-01 2.246E-01
£0.0000 2,31¥E+00 1.133E+00 TASZEF00  1.363E¥01  1.823E-01 3.192E-0)
55,0000 2.334E+00 1.233E400 J.SY2L+00 2. 0%0E40Y  1.963E-01 4.120E-01
§0.0000 2.347E+00 1.3B4E+00 3.731E400 2.22TE+01 2.104E-01 §.029E-01
70.0000 2.36YE+00 1.637E+0Q ¢ 006E+00  2.486E40) 2.361E-01 §.762E-0)
20.0000 2,387E+00 1. E92E+00 4. 27YE400 2.727E+0) 2.5%8E-01 3.365L-01
30.0000 2.403E+00 2.148E+0Q 4 551E400 2.954E+01 ‘2.818E~01 9.842L-C1
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APPENDIX E. (Continued)

)

Water (Liguid)

LXERGY STOPPIXG POWER c3D4 RADIATIOK DINS.EFF.
COLLISION RADIATIVEL TOTAL RANGE YILLD CDRRX.
. (DELTA}
HaV MaV calsg MaV exiszg HeV cal/g g/enl
' 0.0100 2.256E401 3.398C-¢3 2,257C+#01 2.513E-04 9.408F-05 0.0
0.0125 1.397E+01 3,327E-03 1.83BE+01 3.728E~04 1,133E-04 0.0
0.0150 1.44TE+01 S.344E=03 1.647L+#01 5.147C-04 1,.314E-06 0.0
6 0175 1.461C+01 3, 955E-03 1.461E+91 &, 751C-04 1.492E-04 0.0
0.0200 1.317C401 $.163E-03 1.318C+01 3.56E-04 1.661E-04 0.0
0.0250 1.109E+0%1 3.$74E-03 |.110E+0l 1,272E~03 1.990E-04 0.0
0.0300 %.653E400 3.3584C-03 y,657E+00 1.736E-¢3 2.301E-04 .0.0
0.0350 &.532E400 3.994L-03 8.536L+00 2.304E-03 2.59%E-04 0.0
0.0400 7.777E+00 4.005C-03 7.781E+00 2.913C-03 2.834E-04 0.4
0.0450 7.130L400 &.013E-03 7.134L¢00 3.591L-03 3,165C-04 0.0
6.0500 6.603E400 &.031C~03 &.807E400 4.320L-03 3.435E-04 0.0
0.0550 &.165E+00 4 .044L-03 6.170E+00 5.103E-03 3.633L-04 0.0
0.0600 5.797E+00 4,062C-05 5.801E+00 5.340C-03 3.953E-04 0.0
0.6700 5.207L+00 4,098C~03 5.211L400 7.742E-¢3 4.432E-04 0.0
0.0500 &,757E+00 4. 133E-03 4,762C+00 9.773L-03 4.331L-04 0.0 - -
0.0900 4.402C400 &, 1A1C-03 4.407C+00 .1.176L-02 5.393C-04 0.0 -
§.1000 4, FISE+00 4,225E-03 4,1200+00. 1.431[-02 5.341C-04. 0.0
0.1250 3.5%1E%00 4.355E-03 3.396E400 2.083E-02 &.Y12C-04 0.0
9.1500 3.238E+40 & 494L-03 3.242L+00 2.317C-02 7.328E-04 0.0
0.1750 2.354E+00 4.443E=-03 2,.983E+00 3.622[-02 &.2374E-04 0.0
0,2000 2.7%3E400 .4 ,8501L-03 2,7Y8L+00 & 437E-02 3.324L-06 ¢.0
0.2500 2.528L+00 5.141C~03 2.833Er00 6.372E-02 1.161E-03 0.0
0.3000 2.355C+00 5,.514L-03 2.340L%00 B.4Z1C-02 1.331C-03 0.0
0.3500 2,235E+00 5,313L~43 2.2%1L+00 1.060L-01 1.49%6E-03 0.0
0.4000 2.14BE+00 €.33YC-03 2Z.154F+00 1.283L-01 1.833E-03 0.0
0.6%500 2.083E+00 §.737C-03 2.0%0Lk00 1.523L-0% 1.813E-03 0.0
0.5000 2.938L400 7.257E-03 2.041E+00 1.764L-¢1 1.374E-03 0.0
0.5500 1.¥95E4Q00 7.747C-43 2.005E+00 2Z.013L-61 2.134E-03 1,103E~02
0.4000 1.36JE+00 &.254L-03 1,972E+¢0 2.2§5L-91 2.292E-03 2.738E-02
5.7000 1.Y17E400 ¥.312E£-03 1.926E+00 2.778L-91 2.403L-03 7.433E-02
2.5000 1.386E+00 1_.0R}E-02 1.3%6L+¢0 3.302L-¢1 2.9223L-03 1.267C-0)
09,9000 1.364L+00 1 ,159E-02 1.878L+*00 3.832L-01 3.231L-03 1.335E-01
1.0000 1.:343E400 1.280C~02 1.382L+00 &.367C-01 3.579C-03 2.42BT-0)
1.2500 1,329C400 1.400C-92 1,845C+00 5.717E-91 4 416E-03 3.944E-0)
1.5000 1,322E400 1,942C-02 1.8410+00 7.073L-01 3.281L~03 35,437E-0)
1.7500 1,321E+00 2.303E-02 1.344Ce00 B, 432L-¢1 &, 171L-03 6.366C-01
2.0000 1,424E*00 2.673E-02 1,350E+00 9.7335E-01 7.085E-03 8.218T-0!
2.5000 1.834E+00 '3.46BL-42 1.,862L*00 1.247C+00 J,969E-03 1.043Es00
3.0000 |.344E400 4 .299E-52 1.289C400 1.514LC+00 1.092E-02 1.233E:00
1.5000 ) JE3AL400 5.184L-02 1.910L+00 1.777L400  1.291E-02 1.424L+00
4,0000 1,870L400 4.0%8C~02 1.931L+00 2.037L400 1.495E-92 1.660E+%00
«.5000 1.382C400 §.974E-02 1.951L+00 Z2.295L+00 1.702E-02 1,321L+00
5.5000 V,59ZL00 7 ,Y17E-02 1.971f+00 2.550E+00 1,311L-02 1.167E+00
5.5000 1.902L+00 &.875L-0Z 1.¥Y1E#00 2,402LC+00 2.123E-02 2.100E'00
£,0000 1,911L100 9.854L~02 2,010E+00 3.052E+00 2.336E-02 2.227E20%
7.0000 1.928C+00 1 ,183L-01 2,0470+00 3.545E400 2.]66E-02 2.453E+00
3.0000 1, 9430s00 1,391C-91 2,082L+00 & 030E+00 3,200E-02 2.652E%*00
7.0000 1.955LC+00 1.601L~01 ~Z.I16L%00 &.506E408 3.636L-02 2.431E-00
10,0000 1.9363L+00 1.814E-91 Z,14YE+00 4.975L400 4,0720-02 2.192[%30
12.5000 _1.9130+00 2.362L-91 2.230C+00 &.117L400 3,163L-02 3.361L4100
15,3000 2.014L400 Z2.925EC-0t Z,306L+00 7.I1YE+00 ¢.243L-02 3.433Ec00
17,5000 Z.031L+00  3.501L-01 2.381C4+00 B.285C400 7,30%L-02 J3.885E%00
20.0000 2.046C+00 &, CB6E-01 Z.%%hE+00 3.320E+00 &.353E-02 4.107L+00
25.0000 2.070C»00 5,277LC-01 2.598C+00 1.130Es01 1.0390~01 4 437E+00
10,6000 2.589L400 4 ,43YC-01 2,738C*00 1.I17C+01 1.2I3L-91 4.206E¢00
15,0000 2.1050+00  7,716L-01 2.875C+00 1.&%CLv01 1.413L-01 5.082E+n0
40,9000 2. 11300 B, ¥55E-01 3.013E+00 1.E45T¥01  1.5%4E-01  5.325F400
L5.2000 - 2. 1290500  1,021Le00 3.150C¢00 1.828L+401 1,742L-~Qf 5,544L%00
$0.%000 7 2.133C+00 t.IK4Ce00 1, 2B6L+00 1,383[+01 1.923E-01° 1,7410400
55,9000 2.1%3L+00 1.273L+00 3.421Ce00 2,.132L¢0) 2.074C-0%1 3.§T1Ce00
§0.0000 2, 156Lr100 1 ,A00LC+00 3.5560+00 2.274F%0) 2.22C20-01 .4, 237E400
70,0000 2,470L00C0 1. b654L400 5.327[+00 2.547L401 2.4V4L-0) 5. 1233E00
30,0000 2,122[0400, 1. 3140400 &, 044E200 2.79%[201 2,747C-9) 6,441 Ee00
90,5000 2, 19304007 2,173C+00 4, 344C+00 3.035Cs01  2.178L-01 4.371Lv00
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APPENDIX E. (Continued )
Lithium Fluoride
ENERGY STOPPING POWER CSDA RADIATION - DENS.EFF.
COLLISION RADIATIVE TOTAL RANGE YIELD CORR.
(DELTA)
MaV MeV calsg MeV calszg HMeV cal/g g/cal
6.0100 1.796E+01 5,678E-03 1.796E+01 3. 181E-04 1.117E-0% 0.0
0.0125 1.513E+0) 3.712E-03 ].514E+01 §.704E-04% 1.344E-04 0.0
0.0150 1.315E+01 3.735E-03 1.316E+01 6.480E-08 1,561E-04 0.0
0.0175 1.168E+01 3.750E-03 1.169E#01 8.501E-04 1.770E-04 0.0
0.0200 1,055E+01 3.762E-03 Y.055E+01 1.076E-03 1.973E-04 0.0
0.0250 &.394E+00 3.779E-03 8, 898E+00 1.594E-03 2.360E-0¢ 0.0
0.0300 7.748E+00 3.792E-03 7.751E+00 2.198E-03 2.729E-04 0.0
0.0350 6.902E+00 3.804E-03 6.906E+00 2,.883E-03 3.082E-04 0.0
0.0600 6.252E400 3.815E-03 6.256E+00 J.645E-03 1.,423E-04 0.0
0.0650 5.736E+00 3,.827E-03 8 . 739E+00 6.480E-03 3.752E-04 0.0
6.05060 5.315E+0C 31.840E-03 5.319E+00 5 336E-03 4.071E-04 0.0
9.055¢0 §,.965E400 3,853E-03 4. 969E+00 6.359E-03 4, 382E-0¢ 0.0
0.0600 &.67QE+0Q 3,367E~03 4, 676E+00 7.397E-03 4.684E-04 0.0
0.0700 4.193E+00 3.898E-03 4. 202E400 9.659E-03 5.269E-04 0.0
0.0200 3,333E+00 3,932E-03 3,842E+00 1,215E-02 5.831E-0¢ 0.0
0.0500 3.553E+00 3.970E-03 3. 557E+00 1.486E-02 6.372E-04 6.0
0.1000 3.323E400 4. 011E-03 3.327E+00 1.777E-02 6.8396E-04 9.0
0.1250 2.903E+00Q 4,125E-03 2.907E+00 2.584E-02 3.143E-04 0.0
0.1500 2.619E+00 4,253E-03 2.623E+00 3,.492E-02 §.321E-04 0.0
0.1750 2.415E+00 §.392E-03 2.419E+00 4. 436E-02 1.045E-03 9.0
0.2000 2.261E+00 §.540E-03 2.266E%00 5,555E-02 1.153E-03 (.0
0.2500 2.048E+00 4, 863E-03 2.053E+00 7.881E-02 | . 360E-03 &.058E-03
0.3000 1.907E+00 5,215E-03 $.912E400 1.041E-01 1.553E-03 2.1368E-02
0.,3500 J.&09E+00 5.592E-03 1.814E400 1.310E-01 1.750E-03 1,978E-02
§.6000 1.737E+00 5,992E-03 1.743E+00 1.591E-01 1.93%E-03 §.095E-02
0.4500 1.683E400 6&.412E~03 1.630E+00 1.883E-01 2.125E-03 3.445E-02
0.5000 1.642E+00 6.852E~03 1.649E+00 Z.183E-01 2.310E-03 1,093E-0)
0.5500 1.609E+00 7 308E~03 1.617E+00 2.489E-01 2.495E-03 1.367E-01
0.6000 1.583E+00 7.779E~03 1.591E400 2.801E-01 2.679E-03 ) .648E-0]
0.7000 1,546E400 8§ .765E-03 y. 5550400 3.6437E-¢} 31.048E-03 2.236E-01
0.8000 1.521E+00 9,800E-03 1.530E+00 4. 086E-01 3.419E-03 2.246E-0)
0.9000 1.503E400 1.088E-02 1.514E+00 4.743E-01 3.T94E-03 y.467E-01
1.0000 1.491E+00 1,200E-02 1.504E400 5, 406E-0) 4.173E-03 4.093E-0)
1.2500 1,476E+00 1,499E-02 1.491E+00 7,077E-01 5.141E~03 5.644E-0)
1.5000 1.471E+00 1,818E-02 1.489E400 3.756E-01 6.138E-03 7.142E-01
1.7500 1.471E+00 2.154E-02 1.493E+00 1.043E+00 7.163E-03 8.568E-01
2.0000 1.874E+9Q0 2.505E-02 1.499E+00 1.210E400 3.214E-03 9.917E-01
2.5000 1.483E+00 3.244E-02 1.515E+400 1.542E400 1.038E-02 1.240E+00
3.0000 1.493E+00 4,021E-02 1.533E+00 1. 870E+00 1.262E-02 1.461E400
3.5000 1.503E+400 4,830E-02 1.552E+00 2.194E+00 1.491E-02 1.660E+00
4.0900 1.513E+00 5. 666E-02 1.570E400 2.515E400 1.725E-02 1 :B839E+Q0
§.,5000 .1,523E+00 §.524E-02 1.588E+00 2.832E400 1.962E-02 2.003E+00
5.0000 1.531.E400 7.602E-02 1.605E+00 3.145E400 2.202E-02 2.154E400
5.5000 1.53%E+00 8.298E-02 1.622E+00 3.455E400 2.444E-02 2.293E+00
§.0000 1.547E+00 §.211E-02 1.639E+00 3.761E+00 2 t37E-02 2.422E+00
7.0000 1.560E+00 j‘.108£‘01 1.671E400 4,365E400 J.178E-02 2.655E+400
3.0000 1.572E+00 ’1,299E-0) 1.702E400 4, 958E+00 y.672E-02 2.861E+#00
9.0000 1.583E+00 1:494E-01 1.732E400 5,.541E+00 §.168E-02 3.046E*00
10.0000 }.592E+00 1.693E-01 1.761E400 ﬁ.]]lE‘OO § . 663E-02 3.214E*00
12.5000 1.612E+00 2.201E-01 1 .832E+00 7 504E+00 5.394E-02 3.577E+0Q0
15.0000 1.629E+00 2.723E-01 1.901E+00 5.344E400 7.103E-02 3.88)E+00
17.5000 1.642E+00 31.256E-01 1.9568E400 1,016E40) §.299E-02 §,1643E+00
20.0000 1.654E400 3,797E-01 2.034E400 1,135E+01 9.463E-02 § . 374E+00
25,0000 1.673E+00 §,396E-01 2.V63E+00 1.377E+01 1.171E-01 & .769E+00
30.0000 1.638E+00 6,014E-01 2.289E400 1,602E+01 !, 334E-0! 5.099E+00Q
35.0000 1,700E+00 7.146E-01 2.415E400 1,814E401 1.585E-01 5.333E+00
60.0000 1.711E+00 &.289E-01 2.540E+00 2.016E+01 1.776E-01 5.633E+00
65,0000 1.720E+00 9,441E-01 2.666E400 2.208E+01 1.957E-01 5.356E+00
50.0000 1,728E400 1.060E+00 2.788E+00 2,392E+01 2. 129E-01 6.057E400
55.0000 1.736E+00 1.177E+00Q 2.912E+00 2.5647E+01 2.292E-0) 6 .240E+00
$0.0000 1,762E400 1.294E+00 T 036E+00 2.735E+0! 2 .467E-01 &,408E+00
70.0000 1,754L+00 1,.530E+Q0 3.283E+00 3,052E+01 2.735E-01 6.707E+00
30.0000 1.764E+00 1.767TE+00 5.531E+00 3. 346EFD] 2.998E-01 6.963E+00
90.0000 1.772E+00 2.008E+00 3. T78E+00 3.619E+01 3.238E-01 7.1993E+00
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APPENDIX E. (Continued)
Teflon -
EHERGY STOPFING POWIR CsDA RADIATION DEMS.EFF,
COLLISION RADIATIVE  TOTAL RANGE TIELD coRX,
, (DELTA)
KeV MeV calrg HeV cmicg MeV cnlsy ysenl .
6.5100 1.BA3L+01 4.211E-03 1.343L+0t 3.103E-04 1.203E-04 0.9
$:0125 1.SSSEAQl 4.267L-03 1.5BQEe0] 4.5E9E-04  1.302L-02 .9
-01%0 1.351Ee01 «.271L-03 1.3B1L+01 €.320E-04 1.743E-08 0.0
80138 1l200Es0l 4.287E-03 1.201E+01 8.287E-04 1.375L-04 0.8
80005 1.534E+01 4.300E-03 1.084L+01 1.042E-03 2.133E-84 0.8
S e Y.141E+00 4.316E-03 .1ACE¢00 1.553E-03 2.623E-03 0.9
09350 7.9¢s5E+c0 4.323£-03 7.970E+00 2.140E-03 3.037L-04 0.0
$:0350 7.098C+00 4.341E-03 - 7.102E+00 2.206L-03 3.428E-04 0.0
0.0400 §.430L+00 4.353E-03 §.433E+00 3.347E-05 3.B03E-04 0.9
8450 5.900E+00 A4.366E-03 S.904E+00 4.339L-03 4.183E-04 9.8
$:0520 S.4GBE+00 4.3Z0E-03 5.472L+00 5.233E-05 A4.522E-04 8.9
0 0590 5.109E400 ¢.395E-03 5.113L+00 €.185E-03 4.BESL-08 8.0
$:9950 ©.808E+00 4.410E-03 &.B10E¢0C 7.194E-03 3.200E-0a 4.9
3:8500 4 32TE+00 4 4A4E-03  4.325L400 " $.391E-93  5.247E-08 0.0
I-0E00 3I.IS1E+00 4.483L-03 3.935Le00 1.1E1E-02 6.A4TE-0R 0.8
3:0300 3.458C+00 4.525L-05 3.663E¢00 1.444E-02 7.0C3E-04 0.0
0.1000 3.421C¢60 4.571E-03 1.628E400 1.727E-02 7.843E-84 0.9
0:1290 2.989E400 €.7O00E-03 2.39AE+0d 2.511E-02 9.021E-04 0.9
-1250 Z.G¥7E00 4.844E-03 2.702L+00 3.392E-02 1.032L-03 8.9
0-1350 2.487C+00 5.000E-03 2.49ZE400 4.337E-02 1.134E-¢3 9.9
072000 2.330E+00 3.167E-03 Z.33SE80  3.395E-02 1.273E-03 0.8
0-2%00 Z.V1iL400 5.S30E-03 Z.117E400 7.631E-02 1.303L-03 0.9
$:2000 T.368Ee00 5.¥2E-03 1.97AE*00 1.810E-01 1.721E-03 8.9
$:3500 1.869E+00 §.353E-03 1.E73E+00  1.271-01 1.331E~63 0.0
0.4000 1.797ES00 6.805E-03 1.304E¢00 1.543L-01 2.137L-03 2.23aE-03
0-500 1.742E+00 7.279E-03 1.74YE+00 1.224E-01 2.341E-03  2.338E-07
0 3300 1I69sEs00 7.775E-03 1.707E+00 Z.IT4E-01 2.343E-03 4.733E-02
22000 1.t43Es00 3.291E-03 1.¢74E+00 2.4100-01 2.744L-03 7.3381-02
 0.6000 1.633E+00 41B23E-03 1.447E:00 2.711E-01 7.945E~03 1.022E-0}
04000 1.600Es00 9.937E-03 1.610Es00 3.326E-01 3.347L-03 1.623E-01
01099 1.573Es00 1.111E-02 1.535Es00 3.952£-01 3.753E-03 Z.233E-01
0000 11353Es00 1.233E-02 1.363Ls00 S.5B7E-01 4.162E-03 2.234E-01
1.0000 1.SASL+00 1.360E-02 1.557L+00 5.227E-01 4.573E-03 3.341E41
13000 1.327Es00 1.697E-02 1.584E+00 &.B1E-01 S.631E-03 3.127E-04
1-2300 1.33zre00 2.057E-02 1.542E+00 B.462E-01 .719E-03 €.E37E-0%
173595 1.522E400 2.437E-02 1.56CE+00. 1.00BL400 7.337E-03 2.834L°01
T lo0e 1l32%Esoe 2.834E-02 1.553Es00 1.169E¢00 I.3BSL-03 3.33ZE-4
2-0900 1.535E+00 3.6G7E-02 1.572L400 1.490E400 1.134E-02 1.178E:00
Z:3000 1.54GE+00 4.56AL-02 1.59ZE+00 1.306L+00 1.377E-02 1.330E°00
3:0000 1.558E+00 S.ASEE-02 1.612E+00 2 11EE#00 1.626E-02 1.378E400
€.0000 1.563E400 6.399E-02 1.6ISE+00 2.42eLs00 [.379E-02 1.748E400
75000 1.5TIEA00 7.367E-02 1.653L+00 2.730E400 2.138Z-62 1.9020400
10000 1.58YC+00 B8.357E-02 1.672E+e0 3.0J1E+00 2.335T-0Z 2.0430900
5. 5000 1.5%8C400 9.347E-02 1.6%32E400 3 323E400 2.656E-02 2.173E400
Z:3090 1.G06E400 1.0A0E-01 1.710E+00 3.622E+00 Z.919L-02 I.234E000
§: 9000 1.621E400 1.250E-01 1.766E+00 4 201E+00 3.447F-02 2.312E490
10800 1.635E+00 1.466E-01 1.781E+00 A.T48E$00 3.378E-02 2.70(E080
5:0000 1.64CL+00 1.6BGE-01 1.815Ls00 5.324E+00 4.505E-02 2Z.880L+00
10.0000 1.657E460 1.910E-01 1.848L+00 3.570E400 5.040E-02 3.033E400
12:9900 1.679E00 2.4EIE-01 [.927E+00 T.194E+00 &.355E-02 3.383E444
123300 17697E+00 3.071E-01 2.00AL+00 8 .AGCEC0D 7.648E-02 3.677E400
1375000 1.712E+00 3.672E-01 2.079Es00 9.631L+00 B.913E-02 3.330E000
70.3000 1.724E+00 &.281E-01 2.152E400 1.087E+01 1.01SE-01 4.133E209
28 0000 1.745E+00 5.521E-01 2.247Le00 1 312E+01 1.232E-01 4.341E490
6310000 1.761E#00 &.7B1E-01 2.4I9E+00 1.523L+01 1.476E-01 &.346E200
3370000 1.774E+00 8.056E-01 Z.57IE#00 1.72IE+01 1.68TE-0T 5.144E400
0.0000 1.785E400 © $.344E-01 2.719E+00 1. J11E+0T 1.BESE-01 5.334E+09
310000 1.795E+00 1.064E400 2.85YL+00 2.091E+01 2.073E-01 B.{14E400
x0.0000 1.BR3E+00 1.195E400 2,935C+00 Z.262E+401 2.253E-Q1 L B14E+CD
300000 1.E1TE+00 1.320E400 3.137L+00 2.425E+01 2.421E-01 3.33¢E100
0.0000 1.BIBE$00 1.ASBE+00 3.27¢E+00 2,520E+01 2.581C-01 €. 1636400
S 00 1.£30E+00 1.724E400 3.534E+00 2.37AE+01 2.873L-01 6.441L300
D e 1i2¢oEt00 1.33{E400 3I.ASTED0 3.14AES01  3.147C-01 €.721E400
§y0.0000 1.84%E+40¢ 2.260E400 &, 109E+00 I.3¥6E¢Q] 3.392E-01 &.952E+¢0
- 0000000 -

259




