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LIGO-GW150914 (10 points)

Part A: Newtonian (conservative) orbits (3.0 points)

A.1 (1.0 pt)

𝑛 =
 
𝛼 =

A.2 (1.0 pt)

𝐴(𝜇, Ω, 𝐿) =

A.3 (1.0 pt)

𝛽 =

Part B: Introducing relativistic dissipation (7.0 points)

B.1 (1.0 pt)

𝑘 =
 
𝑎1 = 𝑎2 = 𝑎3 =
 
𝑏1 = 𝑏2 = 𝑏3 =
 
𝑐12 = 𝑐13 = 𝑐23 =
 
𝑐21 = 𝑐22 = 𝑐23 =
 
𝑐31 = 𝑐32 = 𝑐33 =

B.2 (1.0 pt)

𝜉 =

B.3 (1.0 pt)

𝑀c=
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B.4 (2.0 pt)

𝑝 =

B.5 (1.0 pt)

𝑀c ≃ 𝑀 ≃

B.6 (1.0 pt)

𝐿 ≃ 𝑅⊙
𝑅max

≃ 𝑣col𝑐 ≃
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Where is the neutrino? (10 points)

Part A. ATLAS Detector Physics (4.0 points)

A.1 (0.5 pt)

𝑟 =

A.2 (0.5 pt)

𝑝 =

A.3 (1.0 pt)

𝜉 = 𝑛 = 𝑘 =

A.4 (1.0 pt)

𝛼 =

A.5 (0.5 pt)

Δ𝐸 =

A.6 (0.5 pt)

𝜔(𝑡) =

Part B. Finding the neutrino (6.0 points)

B.1 (1.5 pt)

𝑚2
𝑊 =

B.2 (1.5 pt)

𝑝𝜈
𝑧 = or 𝑝𝜈

𝑧 =

B.3 (1.0 pt)

𝑚t = or 𝑚t =
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B.4 (1.0 pt)

Most likely candidate:
 
 

B.5 (1.0 pt)

𝑑 =
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Physics of Live Systems (10 points)

Part A. The physics of blood flow (4.5 points)

A.1 (1.3 pt)

𝑄𝑖 =

A.2 (0.5 pt)

𝑄0 =

A.3 (2.0 pt)

𝑃out =
 
 
 
Condition:
 

A.4 (0.7 pt)

Maximum ℎ =

Part B. Tumour growth (5.5 points)

B.1 (1.0 pt)

𝑣 =

B.2 (1.7 pt)

Temperature:

B.3 (0.5 pt)

𝒫min =

B.4 (2.3 pt)

𝛿𝑄𝑁−1
𝑄𝑁−1

≃
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