1.3 What fraction of the original mass in d-t fusion is actually converted into energy?

Compare this to the case of nuclear fission, Eq.(1.3).
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Origin mass®] t 3+ Fraction.

235 .
- U Fission

E
[(mass of **U) + (mass of n)]x[converting factor from mass to E]
200 MeV
" (235+1)x931.49 {u x (MeV/u)}
=0.091
- d-t Fusion
E
[(mass of d) + (mass of t)]x[converting factor from mass to E]
17.6 MeV

" (2+3)x931.49 [u x (MeV/u)}
=0.378
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1.8 The first artificial nuclear transmutation without the use of radioactive
substances was successfully carried out in the Rutherford Laboratory by
Cockcroft and Walton when they bombarded Lithium (at rest) with 100 keV
proton canal rays (protons accelerated by a voltage of 100 kV and passing
through a hole in the cathode). By scintillations in a Zincblende-screen, the

appearance of a—particles with a kinetic energy of 8.6 MeV was determined.

(a) Formulate the law of energy conservation valid for the above experiment



referring to the nuclear reaction

U 4
;Li+/H —>2,He
and find therefrom the reaction energy, Q,;;, via the involved rest masses

(m,,m, =6.64455x107"" kg, m, ; =11.64743x107 kg).

Solution)
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Q ab = _[(md + me) - (ma + mb )]C2
=-[2m, —(m; +m,)]c*
= —[2x6.64455x107%" — (11.64743x107*" +6.64455x107*")]c?
=1.73x10* keV
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2E,, (He)—100 keV =17.2 MeV = A(KE)

A(KE)=0 o]mz ojux nE Ak,

3.5 Calculate the ratio of bremsstrahlung power to fusion power for a d-t plasma

with N, =N, =10 m* at 2 keV and 20 keV.

Solution)

Fusion power
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Pbr = A\urnine kT
=4.8x10°"nn, KT (Jsec m®, KT inkeV)
=3.0x10*nn, VKT (MeV/sec m*, KT inkeV)

n =n,

—24
Rr _ 4x3.0x107" VKT _ 6.8x10% VKT (KT in keV)
P, 17.6<ov>, <oV>,

=34

at 2 keV

=0.008

at 20 keV




