
Introduction to the Controlled 

thermal Fusion



Homework 2.6



Homework 2.6

𝑭𝑹
(𝑵)

=
𝟏

𝟒𝝅𝝐𝟎𝒓𝒄
𝟐

𝟑

𝟒𝝅𝒓𝟎
𝟑
න

𝑽

𝒄𝒐𝒔𝒆𝒄𝒉𝟐
𝒓𝟐

𝒓𝒄
𝟐
𝒄𝒐𝒔𝜶𝒅𝒓𝒆𝑹~

𝟏

𝒌𝟐
න
𝒓𝟎

𝑨𝟏/𝟑𝒓𝟎

𝒄𝒐𝒔𝒆𝒄𝒉𝟐
𝒓𝟐

𝒓𝒄
𝟐
𝒄𝒐𝒔𝜶𝒓𝟐𝒅𝒓



Homework 3.3



Homework 3.3

fusion reaction rate

[Nuclear Fusion, 17, 873]



Homework 3.3. the effect of temperature profile

nu_n=0, constant density profile



Homework 3.3. the effect of temperature profile

Peaked Ti profile leads to high alpha power, however, 

extremum exists. 

nu_n=0 nu_n=2



Homework 3.3. the effect of density profile

nu_T=2, peaked Ti profile



Homework 3.3. the effect of density profile

Peaked density profile leads to monotonic alpha power 

increase 
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Homework 4.1

𝒑𝝉𝑬 increases linearly along with the engineering energy gain factor 𝑸𝑬
No alpha heating power, the self-sustained plasma completely  depends on the 

external heating
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𝒑𝝉𝑬 increases rapidly in the regime 𝑸𝑬 < 𝟐𝟎

Increased alpha heating power facilitates the achieve of the self-sustained burning plasma 𝑸𝑬~∞ , 

because the only perturbation comes from thermal conduction losses and  the bremsstrahlung is 

not considered, which is proportion to n^2 sqrt(T)
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