
 

 

B1 a)  𝑡𝐸 =
𝑥

𝑣
=

4.2 𝑐 𝑦𝑒𝑎𝑟

0.75 𝑐
= 5.6 𝑦𝑒𝑎𝑟𝑠 

 

b)  Use formula for time dilation: 

  𝑡𝐶 = 𝑡𝐸√1 −
𝑣2

𝑐2 = 𝑡𝐸√1 − 0.752 = 3.7 𝑦𝑒𝑎𝑟𝑠 

 

c) Zero. In their reference frame they are at rest. 

 

d)   The Doppler shift is 

𝑓𝐸 = √
1 + 𝑣/𝑐

1 − 𝑣/𝑐
𝑓𝐶 

One way of getting this is thinking in terms of a Lorentz transformations. The energy of the signal 

according to Earth is: 

𝐸𝐸 = 𝛾(𝐸𝐶 + 𝑣 𝑝𝑐𝑐) 

However, since photons are massless 𝐸𝐶 = 𝑐𝑝𝐶. This,  

𝐸𝐸 = 𝛾 (1 +
𝑣

𝑐
) 𝐸𝐶  



=
(1 +

𝑣
𝑐

) 𝐸𝐶

√1 −
𝑣2

𝑐2

                         𝑈𝑠𝑒 1 −
𝑣2

𝑐2
= (1 −

𝑣

𝑐
) (1 +

𝑣

𝑐
) 

=
(1 +

𝑣
𝑐

) 𝐸𝐶

√(1 −
𝑣
𝑐

) (1 +
𝑣
𝑐

)

 

→   𝐸𝐸 = √
1 +

𝑣
𝑐

1 −
𝑣
𝑐

  𝐸𝐶   

 

Substitute 𝐸 = ℏ𝑓 (technically, don’t need to invoke quantum mechanics, but it’s quicker and gives right 

answer): 

ℏ𝑓𝐸 = √
1 +

𝑣
𝑐

1 −
𝑣
𝑐

  ℏ𝑓𝐶   

→  𝑓𝐸 = √
1 +

𝑣
𝑐

1 −
𝑣
𝑐

  𝑓𝐶   

 

Now, since the signal and ship are going in opposite directions take 𝑣 = −0.75𝑐 

2.0 𝐺𝐻𝑧 = √
1 − 0.75

1 + 0.75
  𝑓𝐶 

2.0 𝐺𝐻𝑧 =
1

√7 
 𝑓𝐶 

 → 𝑓𝐶 = 5.3 𝐺𝐻𝑧 

Note: when objects move towards you the signal gets blue shifted (i.e., frequency increases); when 

objects move away the signal get red shifted (i.e., frequency decreases). Thus, the signal sent to Earth is 

going to be red shifted and should be sent at a higher frequency. Thus, if you get confused by signs take 

the physics into account. 

 


