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Evolution of Supermassive Black Holes Binary

Part A. Dynamic Friction

A.1 (0.75 pt)
 
𝑘 =
 

A.2 (0.25 pt)
 
Δ𝑝𝑥 =
 

A.3 (0.4 pt)
 
𝐹𝐷𝐹 =
 

A.4 (0.2 pt)
 
logΛ =
 

Part B. Gravitational sligshot

B.1 (0.25 pt)
 
𝑣𝑏𝑖𝑛 =
 
𝐸 =
 

B.2 (0.5 pt)
 
𝑏 =
 

B.3 (1.0 pt)
 
Δ𝑡 =
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B.4 (0.25 pt)
 𝑑𝐸
𝑑𝑡 =
 
(𝑑𝑎

𝑑𝑡 )
𝑆𝑆

=
 

B.5 (1.0 pt)
(formula)
𝑇𝑆𝑆 =
 
(value)
𝑇𝑆𝑆 =

Part C. Emission of gravitational waves

C.1 (0.2 pt)
 
(𝑑𝑎

𝑑𝑡 )
𝐺𝑊

=
 

C.2 (0.7 pt)
 
𝑇𝐺𝑊 =
 

C.3 (0.1 pt)
 
𝑎𝐻 =
 

Part D. Full evolution.

D.1 (0.25 pt)
 
𝑣 =
 

D.2 (0.75 pt)
 
 
(𝑑𝑎

𝑑𝑡 )
𝐷𝐹

=
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D.3 (0.3 pt)
(formula)
𝑎1 =
 
(value)
𝑎1 =
 

D.4 (0.75 pt)
 
𝑇1 =
 

D.5 (0.3 pt)
(formula)
𝑎2 =
 
(value)
𝑎2 =
 

D.6 (1.75 pt)
 
𝑇2 =
 
𝑇3 =
 

D.7 (0.3 pt)
 
𝑇𝑒𝑣 =
 


