
Exam II SolutionsNovember 8, 2006Ryan Gavin1i) length 
ontra
tion, L
γ = 100 m

5/4
= 80 mii) no length 
ontra
tion in transverse dire
tions, L = 60 miii) proper time is in the Earth frame, so ∆trocket frame = γ∆tEarth frame = (5

4
)(3 hrs) ≈ 3.8 hrs2i) yes. as long as the slope of the worldline 
onne
ting the two events (team A buzzing and team B buzzing) is lessthen 1, you 
an always �nd a frame whose velo
ity relative to the �host's frame� is less than c, but greater than thevelo
ity for the two events to be simultaneous (whi
h is found in part ii) ). in this primed frame, team B buzzingo

urs before team A buzzes.ii) yes, when, in the primed frame, ∆t′ = 0

γ(∆t − v
c2 ∆x) = 0

∆t = v
c2 ∆x

c∆t
∆x = v

c = β. however, c∆t
∆x is the slope of the worldline (in the unprimed �host's� frame) 
onne
ting team A andteam B buzzing, whi
h is 1

2
.so, v = 1

2
c3i) ∆ttrip = 26 ly

.99c = 26.3yearsii) ∆tsignal = 26

.99cyears + 26years = 52.3yearsiii) ∆ttravler =
∆ttrip

γ = 26 ly
.99c

1

γ = 3.71years , where γ = 7.09.4i) if gas is moving towards us, then the light should be of higher frequen
y and lower wavelength - blue shifted. this
orresponds to the λ = 499.8nm peak 
urve. 1



ii) to �nd the velo
ity, we need to use both the blue shifted and red shifted peaks with the Doppler shift equa-tions for ea
h.blue shifted, moving towards us: fblue = c
λ=499.8 nm = f0

√

1+β
1−β →

c
λ=499.8 nm

√

1−β
1+β = f0red shifted, moving away from us: fred = c

λ=501.6 nm = f0

√

1−β
1+β →

c
λ=501.6 nm

√

1+β
1−β = f0setting the two equations equal to ea
h other

c
λ=499.8 nm

√

1−β
1+β = c

λ=501.6 nm

√

1+β
1−βremember, we are looking to solve for β.so, 501.6 nm

499.8 nm = 1+β
1−βsolving for β , we see that β = 0.00180, or v = 0.00180c.iii) the gravitational for
e serves as the 
entripital for
e to keep the gas in 
ir
ular motion:

GmgasMcore

r2 =
mgasv2

rsolving for Mcore

Mcore = v2r
G = 4.1 × 1039 kg, where v = 0.00180c from part ii), r = 100 ly as stated in the problem, and G is thegravitational 
onstant
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