
Special Relativity Questions on the Physics GRE subject test 



ℓ = V ∆t 

We know V = 0.8c 

This is how one measures length by means of a time interval 

ℓ is the length contracted result: ℓ = 1 meter / γ 

𝛾𝛾 =
1

1 − 𝑉𝑉/𝑐𝑐 2
=

1
1 − 4/5 2

=
1

9/25
=

5
3 

Hence ∆𝑡𝑡 =
ℓ
𝑉𝑉 =

1 𝑚𝑚 × 3/5
4
5 𝑐𝑐

=
3
4

1 𝑚𝑚
𝑐𝑐 = 2.5 𝑛𝑛𝑛𝑛 The answer is “B” 



The lifetime is the proper lifetime 𝜏𝜏, measured in the rest frame of the muon 

As measured in the lab frame, the lifetime of the muon is dilated: 𝜏𝜏𝐿𝐿𝐿𝐿𝐿𝐿 = 𝛾𝛾𝛾𝛾 

𝛾𝛾 =
1

1 − 𝑉𝑉/𝑐𝑐 2
=

1
1 − 4/5 2

=
1

9/25
=

5
3 In this case: 

Hence: 𝜏𝜏𝐿𝐿𝐿𝐿𝐿𝐿 = 𝛾𝛾𝛾𝛾 =
5
3 × 2.2 𝜇𝜇𝜇𝜇 = 3.67𝜇𝜇𝜇𝜇 

At the observed speed, the muons will travel a distance (on average) of: ∆𝑥𝑥𝐿𝐿𝐿𝐿𝐿𝐿 = 𝜏𝜏𝐿𝐿𝐿𝐿𝐿𝐿 × 𝑉𝑉 ≅ 880 𝑚𝑚 

The answer is “C” 



Remember the red-shift formula: 𝑓𝑓0
𝑓𝑓

= 1+𝛽𝛽
1−𝛽𝛽

 But in this case we are given wavelengths 
rather than frequency.  Use 𝑓𝑓 = 𝑐𝑐/𝜆𝜆 

Hence: 𝜆𝜆
𝜆𝜆0

= 1+𝛽𝛽
1−𝛽𝛽

 In this case we are given that : 𝜆𝜆
𝜆𝜆0

= 4
3
 

Solving for 𝛽𝛽 we find: 𝛽𝛽 =
𝜆𝜆
𝜆𝜆0

2
−1

𝜆𝜆
𝜆𝜆0

2
+1

=
16
9 −1
16
9 +1

= 7
25

= 28
100

 

The answer is “A” 
Note the attempt to confuse you 
with the “hydrogen-β line”! 



x 

S 
S’ 

x’ 

V 

0 m 10 m 5 m 
The two flashes arrive simultaneously at the observer in S, but Δ𝑡𝑡′ = 13 𝑛𝑛𝑛𝑛 in S’ 

Use the Lorentz transformation for time: 𝑡𝑡′ = 𝛾𝛾 𝑡𝑡 − 𝑥𝑥𝑥𝑥/𝑐𝑐2  

In this case: 𝑡𝑡2′ − 𝑡𝑡1′ = Δ𝑡𝑡′ = 𝛾𝛾 𝑡𝑡2 −
𝑥𝑥2𝑉𝑉
𝑐𝑐2

− 𝑡𝑡1 + 𝑥𝑥1𝑉𝑉
𝑐𝑐2

 

But: 𝑡𝑡1 = 𝑡𝑡2 = 0  so that Δ𝑡𝑡′ = 𝛾𝛾 𝑉𝑉
𝑐𝑐2

10 𝑚𝑚 We want to find 𝑉𝑉, or equivalently 𝛽𝛽 

Note that 𝛾𝛾 𝑉𝑉
𝑐𝑐2

= 𝛾𝛾𝛾𝛾/𝑐𝑐 and one can find that 𝛾𝛾2𝛽𝛽2 = 𝛽𝛽2

1−𝛽𝛽2
  

After some algebra, one finds:  𝛽𝛽 = 𝑥𝑥
1+𝑥𝑥2

 with 𝑥𝑥 = 𝑐𝑐Δ𝑡𝑡𝑡
10 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

= 0.39 (dimension-less)  

Finally:  𝛽𝛽 = 0.39
1+0.392

= 0.36 The answer is “C” This is the 3rd hardest question on the exam 



Earth 
β β 

From the observed length contraction we know 
that the two spacecraft approach each other 
such that 𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 5/3.  This corresponds to 𝛽𝛽𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 4/5 

Earth 
𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 5/3 

ℓ =
1 𝑚𝑚
𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 0.6 𝑚𝑚 

From Earth’s IRF: 

From the left spaceship’s (LSS) IRF: 

β 

Earth 
𝛾𝛾𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 5/3 

From the right spaceship’s (RSS) IRF: 

β 

The LSS observes earth approaching at speed 𝛽𝛽𝑐𝑐 

The RSS observes earth approaching at speed 𝛽𝛽𝑐𝑐 

In the LSS IRF: 𝑣𝑣𝑥𝑥 = −𝛽𝛽𝑐𝑐 

In the RSS IRF: 𝑣𝑣𝑥𝑥′ = +𝛽𝛽𝑐𝑐 

𝑣𝑣𝑥𝑥 is the speed of earth in the LSS IRF 

𝑣𝑣𝑥𝑥’ is the speed of earth in the RSS IRF 

These two IRFs are moving 
at relative speed V = -(4/5)c 
(minus because they are approaching each other) 

Use the Lorentz velocity transformation law 
to translate the Earth’s velocity between the 
two IRFs: 

𝑣𝑣𝑥𝑥 =
𝑣𝑣𝑥𝑥′ + 𝑉𝑉

1 + 𝑉𝑉𝑣𝑣𝑥𝑥′/𝑐𝑐2
 

Solve for 𝛽𝛽 and you get 𝛽𝛽 = 1/2 The answer is “B” 



Special Relativity 
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A 
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