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UHAToANadss (nuclear reaction) aNmsU Ao iuesit
a+X—=>Y+b or X(a, b)Y (D

Tavil a, b luesdtlsznonsesenmainadss wu p, n,a w3o 4
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NIAUNWIDN (mass defect formula)

Q= | Mx)+m,—MY)=my | (u)c?(931.5MeV /u - ?)
AM

nnawmg Q > 0 wljAsewuinlam)assnasnu (endoergic)
wag @ < 0 WlwilATomuugadunaanu (exoergic)



NIIDEN

1H+ PN = 2C + 3He
M(*H) = 1.007825u, M(*He) = 4.002603u, M(**N) =
15.000109u, M(*2C) = 12.000000u

AM = 15.000109 4 1.00797 — 12.000000 — 2.00260 = 0.005331u
— @ = (0.005331u - ¢®)(931.5MeV /u - ¢?) = +4.97MeV



NIIDEN
sHe +7*N — 30 +1H
M(**N) = 14.003074u, M(}7O) = 16.999132u

AM = 4.002603 + 14.003704 — 16.999132 — 1.007825 = —0.00065u
Q = (—0.00065u - c?)(931.5MeV /u - c?) = —0.605MeV



UgATemuuena I (fission)

0n+3§_’5U — 236U 114Ba+§gKr +30n
v —_—
compound nucleus fission fragments
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m, = 1.008665u, M(#°U) = 235.043930u, M (14 Ba) =
143.922953u, M(3°Kr) = 88.917636u

AM = 235.043930 — 143.922953 — 88.917636 — 2(1.008665) = 0.116u
Q = (0.116u - c®)(931.5MeV /u - c?) = +108.06 MeV



ﬂﬁﬁ?mgﬂiﬂ (chain reactions)



UMM URAONTIN (fusion) \BW °H +3H — *He + 1n
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‘He + 3.5 MeV
n + 14.1 MeV
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+ Triple-alpha () *He+He = "B,
|He buriag) i "B+ *He — e 4

+ Carbon burming

« Omygen buming

Mo M0 Ty

; —+ "0+ 24 e .
—"p+'H
— 5 +9he
i . —~"5+n
. + Silicon burning i i
H - burning . i bkl
5 P 5 a i+ 81 — "Nit+y,
H+ H > H+ " + v (nutring) o e
i s ¥Fe g 2t 420,

H+H > He+y

JHe + JHe —» JHe + 2/H

4'H > JHe+ 28" + 2y + 2v



Fuel

Products Ignition
Temperature
Hydrogen Helium 10K
Helium Carbon, 10'K
Oxygen
Carbon Oxygen, Neon, 5x10°K
Sodium,
Magnesi
Neon Oxygen, 10°K
Oxygen Magnesium to 2x10°K
Sulphur
Silicon Iron and 3x10°K
nearby
elements
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Life Cycle of The Sun
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Betelgeuse (642.5ly) and Rigel (864.3ly)
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(radiations attenuation coefficient: )

I(x) = I(0)e™"* (2)

= ! ¢

W /(x) AMANNENTENNENIAADT NITLANNEN (M) X



ANHNINUTI T ITanaenIania (half value layer: HVL)

1 In?2 .
(60 = 210 = (o) e s v 2 093

1%
1(0)
1(0) 1(x) X
== 0.51(0)
u
o 3 0.251(0)
FVL VL 5
X-rays Half-Value Layer, mm (inch)
ae:’];)\’(:lmgc Lead Concrete
50 0.06 (0.002) 2.32(0.170)
100 0.27 (0.010) 15.10 (0.595) |
150 0.30(0.012) 22.32 (0.879)
200 0.52 (0.021) 25.0 (0.984)
250 0.88 (0.035) 28.0(1.102)
300 1.47 (0.055) 31.21 (1.229)
400 2.5 (0.098) 33.0(1.299)
1000 7.9 (0.311) 44.45 (1.75)
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WA UADUUIVTZHLNN (stopping power)

Stopping power

Bragg curve of charged particles

Distance in matter

o

| Bragg peak

Range: R



Beta Particle Range (cm)

RANGE OF BETA PARTICLES FOR SELECTED MATERIALS
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Measurement Unit

Radioactivity  Curie

lenizing Roentgen
radiation (R
Absorbed Rad
dose Gray (Gyl
Equivalent Rem
dose/ Sievert
effective (5v)

dose

Measures

Mumber of
particles/sec
from 1 g of
radium

Charge/unit
mass

1 rad = 0.01 Jkg

16Gy=1JNkg

Rem = rad = W

Sw=0GyxW

1R=2.58 x 10~ Ckg

1 rad = 0.01 Gy
1 Gy = 100 rad

1 rem= 001 5v
1 5 =100 rem



rem = radiation absorption equivalent in man

rem = Wg X rad

Radiation type and energy Radiation weighting factor, wg
Photons, all energies 1
Electrons, myons, all energies 1
Neutrons below 10 keV 5
from 10 keV to 100 keV 10
from 100 keV to 2 MeV 20
from 2 MeV to 20 MeV 10
over 20 MeV 5
Protons over 2 MeV 5

Alpha particles, fission fragments, heavy nuclei 20
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Annual limit

Dose limitation for occupational worker and public

Types of limit Occupational Public
(Effective Dose) 20 msv/year 1 msv/year
1.lens of eye 150 msv/year 15 msv/year
2.8kin 500 msv/year 15 msv/year
3 Hands and Feet 500 msv/ year 50 msv/ year
4.Pregnant women 1 msv/year 1 msv /year




Annual limit

Dose limitation for occupational worker and public

Types of limit Occupational Public
(Effective Dose) 20 msv/year 1 msv/year
1.lens of eye 150 msv/year 15 msv/year
2.8kin 500 msv/year 15 msv/year
3 Hands and Feet 500 msv/ year 50 msv/ year
4.Pregnant women 1 msv/year 1 msv /year

Radiation protection = 3L rue
least time, long distance, large shielding

To reduce radiation exposure:

e ! i

Limit Time Increase Distance Use Shielding
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wngnsolduadssnnU] euyuugnda i (fission reactor)

CONTAINMENT STRUCTURE
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Inner Poloidal field coils
(Primary transformer circuit)

Poloidal magnetic field Outer Poloidal field coils

(for plasma positioning and shaping)

Deuterium Hélium
& ©
Tritium Neutron
Resulting Helical Magnetic field Toroidal field coils

Plasma electric current Toroidal magnetic field
(secondary transformer circuit)



China Just Switched on Its ’Artificial Sun’ Nuclear Fusion Reactor
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DIAGNOSIS & THERAPY

Brain imaging ("*F, “*Tc, "1, “N, "*0, "'C) «
Stroke imaging (*"Tc, °F, “0)
Epilepsy (*'I, "'F)
Amyloid plague accumulation
(Alzheimer's disease) (°F, "'C)
Parkinson diseases ("'F, ')

Leukaemia (“P) «
Non-Hodgkin Lymphoma (*''In) (*Y,'*'])

Lung ventilation (*"Kr,*"Tc,*
Lung perfusion imaging

Liver imaging (*Tc, "N, "F) -
Hepatocarcinoma (**'l,"*Re,Y) -

Gastro-intestinal absorption (“"Tc) -

roendocrine tumours -
(Te, iin, °F, %Ga) ("7Lu)

v

Renal filtration studies
Kidney diseases (*"Tc, "I, ")
Adrenal scintigraphy
T, oF, ], )

Bladder imaging (“"Tc) |

Prostate cancer |
('*F, Ga, ""C, "'In) ('7'Lu)

* Primary tumors and metastases ("*F, ''C)
* Oncology therapy (™'l,77Lu,"*Ho,Y)
* Infectious diseases (“'Tc,”Ga,""F)

, Imaging of the salivary glands
and the fachrymal tract (*'Tc)

+ Thyroid diseases therapy (*'l)

» Imaging of the thyroid (=1, ¥, #"Tc, =T))

» Blood studies (“"Tc, '*

“Cr, “Fe, "Ga)

_- Cardiac diseases (“"Tc, 'TI, "N, "0, "*F, “Rb)
- Breast cancer (“7Tc,F)

- Spleen diseases - Biliary function (" Tc)
. Palliative treatment

Bone metastases

(%P, S, 1Sm, *Re, “Ra)

Bone scintigraphy (“Tc, '*F)
" Cervix cancer (' Tc)

- Deep vein thrombasis (*"T¢)

- Polycythaemia and
thrombocythaemia treatment (“P)

* Radiosynovectomy - Polyarthritis
(knee, hand, shoulder; hip)
(1Er, "™ Re, ®Y)
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