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Question 1

(a)

Figure ⟨I⟩: Alice and Bob visual with info

Give the velocity of Alice and Bob, is VA = 0.9c and VB = 0.5c respectivly. We also
know that one light-year (ly), is calculated as followes using, c

def≡ 299792458 m·s−1 .

1 ly= c · (365.242374 day ×24 h/day ×602s · h−1)(10−3 km
m )

1 ly= 9.4605 × 1012km,

and so 12 ly = 12 × (9.4605×1012 km).
Lemma
∆t = t2 − t1, ∆x = 0, ∆x′ = LP
L = d2 − d1, where V t2 = d1 and V t1 = d2 .
∵ ∆x′ = γ(∆x − c∆t · V

c
)

LP = γ(0 + [−∆tV = V t1 − V t2]) = γ(d2 − d1),
∴ LP = γL, or as...

L = LP
γ , length contraction equation.

For Alice

LAlice = LP
γ = 12 ly

√
1 − V 2/c2 = 12 × 9.4605×1012 km·

√
1 − 0.92

LAlice = 4.9485 × 1013 km
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(b)
For Bob, given that V

B
· ∆tBob = 12 · c yr = 12 ly. Using the time dilation equation,

∆tBob = γ∆τ (∆τ ≡ ∆t′
Bob) ,

along the start and end (event) points of Bob’s journy in S ′
(Bob).

V
B

· ∆tBob = 12 · c yr = V
B

· γ∆τ = 0.5c × ∆τ√
1−(0.5c)2/c2

12 · c yr = 0.5c × ∆τ√
1−(0.5c)2/c2

∆τ = ( 12
0.5) yr ×

√
0.75, where unit yr = year.

∆τ = 20.78 yr

SI basis unit for dimension time[T], is the unit second, s. Finally converting from
yr to s (1 yr= 315.5694 × 105 s) gives the duration in Bob’s frame as

∆τ = 6.558 × 108 s

(c)

Figure ⟨II⟩: S{static}, S ′, S ′′ ; the frames for earth, Bob, and Alice. Here the notation
B ⋖ A, has the meaning ”Alice relative to Bob/(observed by Bob)”.

v
B⋖A

=
vA−VB

1−VB

c2 vA

v
B⋖A

= 0.9c−0.5c

(1−0.5�c
��c2 0.9�c)

= 0.9−0.5
1−0.5×0.9c = 8

11c

∴ v
B⋖A

= 0.72 c

v
B⋖A

≈ 0.7273c
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(d)

fr =
√√√√√c − v

c + v
· fs,


if away: v > 0
if towards: v < 0

fr =
√

c−v
c+v · fs =

√
c−c0.5
c+c0.5 · 400 Hz =

√
�c(0.5)
�c(1.5) · 400 Hz = 230.94 Hz

fr = 230.94 Hz

unfortunatly I ran out of time to do futher LATEX formating, so the rest of the
Assignment is hand writen, but the content is the same.
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END OF ASSIGNMENT
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