
                                   

 

 

 

 

1.  A rod 1 meter long is moving along its length with a velocity 0.6c. Calculate its 

length as it appears to an observer (a) on the earth (b) moving with the rod itself. 

 

Data: 

 

𝐋𝟎 = 𝟏 𝐦 

𝒗 = 𝟎. 𝟔 𝒄 

𝑳 =? (𝐨𝐧 𝐭𝐡𝐞 𝐄𝐚𝐫𝐭𝐡)  

𝑳 =? (𝐦𝐨𝐯𝐢𝐧𝐠 𝐰𝐢𝐭𝐡 𝐭𝐡𝐞 𝐫𝐨𝐝) 

SOLUTION: 

𝐋 =  𝑳𝟎  √𝟏 − 
𝒗𝟐

𝒄𝟐
  

𝐋 =  𝟏 ×  √𝟏 − 
(𝟎. 𝟔 𝒄)𝟐

𝒄𝟐
  

 

 

 

𝐋 =  𝟏 ×  √𝟏 − 
𝟎. 𝟑𝟔 𝒄𝟐

𝒄𝟐
 

𝐋 =  𝟏 ×  √𝟏 −  𝟎. 𝟑𝟔   =   𝟏 × √𝟎. 𝟔𝟒 

𝐋 =  𝟎. 𝟖 𝒎 

𝐖𝐡𝐞𝐧 𝐭𝐡𝐞 𝐨𝐛𝐬𝐞𝐫𝐯𝐞𝐫 𝐦𝐨𝐯𝐢𝐧𝐠 𝐰𝐢𝐭𝐡 𝐭𝐡𝐞   

𝐫𝐨𝐝 𝐢𝐭𝐬𝐞𝐥𝐟, 𝐨𝐛𝐬𝐞𝐫𝐯𝐞𝐝 𝐭𝐡𝐞 𝐬𝐚𝐦𝐞 𝐥𝐞𝐧𝐠𝐭𝐡 

𝐋 = 𝟏 𝐦  

 

 

2  How fast would a rocket have to go relative to an observer for its length to be 

contracted to 99% of its length at rest?    

 

Data: 

𝑳 = 𝟗𝟗%  𝐋𝟎 

𝑳 = 𝟎. 𝟗𝟗  𝐋𝟎 

𝒗 =? 

SOLUTION: 

𝐋 =  𝑳𝟎  √𝟏 − 
𝒗𝟐

𝒄𝟐
  

𝟎. 𝟗𝟗 𝑳𝟎  =  𝑳𝟎 ×  √𝟏 − 
(𝟎. 𝟔 𝒄)𝟐

𝒄𝟐
  

𝟎. 𝟗𝟗 =  𝟏 ×  √𝟏 − 
𝒗𝟐 

𝒄𝟐
 

𝐬𝐪𝐮𝐚𝐫𝐢𝐧𝐠 𝐛𝐨𝐭𝐡 𝐭𝐡𝐞 𝐬𝐢𝐝𝐞 

 

(𝟎. 𝟗𝟗)𝟐 =  ( √𝟏 − 
𝒗𝟐 

𝒄𝟐
)

𝟐

 

𝟎. 𝟗𝟖𝟎𝟏 =  𝟏 − 
𝒗𝟐 

𝒄𝟐
 

 
𝒗𝟐 

𝒄𝟐
=  𝟏 − 𝟎. 𝟗𝟖𝟎𝟏 

𝒗𝟐 

𝒄𝟐
=  𝟎. 𝟎𝟏𝟗𝟗 

𝒗𝟐 =  𝟎. 𝟎𝟏𝟗𝟗 𝒄𝟐 

𝒗 =  √𝟎. 𝟎𝟏𝟗𝟗 √𝒄𝟐 

𝒗 =  𝟎. 𝟏𝟒𝟏 ×  𝒄 =   𝟎. 𝟏𝟒𝟏 × 𝟑 × 𝟏𝟎𝟖 

𝒗 =  𝟒. 𝟐𝟑 × 𝟏𝟎𝟕   𝒎/𝒔 
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3 A particle with a proper lifetime of 1 µ s moves through the laboratory at 2.7 x 

108 m/s  (a) What is its lifetime, as measured by observers in the laboratory? (b) 

What will be the distance traversed by it before disintegrating?    

Data: 

∆𝒕𝟎 = 𝟏 𝛍 𝐬 = 𝟏 × 𝟏𝟎
−𝟔 𝒔 

𝒗 = 𝟐. 𝟕 × 𝟏𝟎𝟖  𝒎/𝒔 

∆𝒕 =? 

SOLUTION: 

∆𝒕 =  
∆𝒕𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

∆𝒕 =  
𝟏 × 𝟏𝟎−𝟔

√𝟏 − 
(𝟐. 𝟕 × 𝟏𝟎𝟖)𝟐

(𝟑 × 𝟏𝟎𝟖)𝟐

    

 

∆𝒕 =  
𝟏 × 𝟏𝟎−𝟔

√𝟏 − 𝟎. 𝟖𝟏
 =  

𝟏 × 𝟏𝟎−𝟔

√𝟎. 𝟏𝟗
    

∆𝒕 =  
𝟏 × 𝟏𝟎−𝟔

𝟎. 𝟒𝟑𝟓𝟖𝟖
  

∆𝒕 =  𝟐. 𝟐𝟗𝟒 × 𝟏𝟎−𝟔  𝒔  
 

𝑺 = 𝒗  ∆𝒕 

𝑺 = (𝟐. 𝟕 × 𝟏𝟎𝟖)  (𝟐. 𝟐𝟗𝟒 × 𝟏𝟎−𝟔) 

𝑺 = 𝟔𝟏𝟗. 𝟑𝟖 𝒎 

 

 

 

4. At what speed is a particle moving if the mass is equal to three times its rest mass? 

 

Data: 

𝒗 =? 

𝒎 = 𝟑 𝒎𝟎 

SOLUTION: 

𝒎 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 𝟑 𝒎𝟎 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

𝟑 =  
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 

Squaring both sides 

 

(𝟑)𝟐 = 

(

 
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

 

)

 

𝟐

 

 𝟗 =  
𝟏

𝟏 − 
𝒗𝟐

𝒄𝟐

 

𝟏 − 
𝒗𝟐

𝒄𝟐
= 
𝟏

𝟗
 

𝒗𝟐

𝒄𝟐
=  𝟏 − 

𝟏

𝟗
  =    

𝟖

𝟗
 

𝒗𝟐  =    
𝟖

𝟗
  𝑪𝟐 

√𝒗𝟐  =   √ 
𝟖

𝟗
  √𝑪𝟐 

𝒗 =   √ 
𝟖

𝟗
  𝒄 

𝒗 =   
𝟐 √𝟐

𝟑
  𝒄 

 

 



5.  How much energy is produced if 4 kg of a substance is fully converted into 

energy? 

Data: 

𝒎 = 𝟒 𝐤𝐠 

𝑪 = 𝟑 × 𝟏𝟎𝟖  𝒎/𝒔 

𝑬 =? 

SOLUTION: 

𝑬 =  𝒎 𝒄𝟐    
 

𝑬 = (𝟒) (𝟑 × 𝟏𝟎𝟖)𝟐    

𝑬 = (𝟒) (𝟗 ×  𝟏𝟎𝟏𝟔) 

𝑬 = 𝟑𝟔 × 𝟏𝟎𝟏𝟔 

𝑬 = 𝟑. 𝟔 × 𝟏𝟎𝟏𝟕 𝑱 

 

 

6.  Calculate the rest energy of an electron in joules and in electron volts. 

 

Data: 

𝒎 = 𝟗. 𝟏 × 𝟏𝟎−𝟑𝟏  𝐤𝐠 

𝑪 = 𝟑 × 𝟏𝟎𝟖  𝒎/𝒔 

𝑬 =? 

SOLUTION: 

𝑬 =  𝒎 𝒄𝟐    

𝑬 = (𝟗. 𝟏 × 𝟏𝟎−𝟑𝟏 ) (𝟑 × 𝟏𝟎𝟖)𝟐    

𝑬 = (𝟗. 𝟏 × 𝟏𝟎−𝟑𝟏 ) (𝟗 ×  𝟏𝟎𝟏𝟔) 

 

𝑬 = 𝟖. 𝟏𝟗  × 𝟏𝟎−𝟏𝟒 𝑱 

Energy in electron volt 

𝟏 𝒆𝑽 = 𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗 𝑱 

𝑬 =
𝟖. 𝟏𝟗  × 𝟏𝟎−𝟏𝟒

𝟏. 𝟔 × 𝟏𝟎−𝟏𝟗
 

𝑬 = 𝟓𝟏𝟏 × 𝟏𝟎𝟑 

𝑬 = 𝟎. 𝟓𝟏𝟏 × 𝟏𝟎𝟔 𝒆𝑽 

𝑬 = 𝟎. 𝟓𝟏𝟏  𝑴𝒆𝑽 

 

7.   Calculate the K.E. of an electron moving with a velocity of 0.98 times the velocity 

of light in the laboratory system.       

 

Data: 

𝑬𝒌 =? 

𝒗 = 𝟎. 𝟗𝟖 𝒄 

𝑬 =? 

SOLUTION: 

𝑬 = 𝒎 𝒄𝟐 

𝑬 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

  ×  𝒄𝟐  

𝑬 = 
𝒎𝟎 𝒄

𝟐

√𝟏 − 
(𝟎. 𝟗𝟖 𝒄)𝟐

𝒄𝟐

    

 

𝑬 =  
𝒎𝟎 𝒄

𝟐

√𝟏 − 
𝟎. 𝟗𝟔𝟎𝟒 × 𝒄𝟐

𝒄𝟐

= 
𝒎𝟎 𝒄

𝟐

√𝟏 − 𝟎. 𝟗𝟔𝟎𝟒
   

𝑬 = 𝟓  𝒎𝟎 𝒄
𝟐  

Now 

𝐸 =  𝒎𝟎 𝒄
𝟐  +  𝑬𝒌     

 𝟓 𝒎𝟎 𝒄
𝟐 = 𝒎𝟎 𝒄

𝟐  +  𝑬𝒌 

 𝟓 𝒎𝟎 𝒄
𝟐 − 𝒎𝟎 𝒄

𝟐 = 𝑬𝒌 

𝑬𝒌  = 𝟒 𝒎𝟎 𝒄
𝟐 = 𝟒(𝟗. 𝟏 × 𝟏𝟎−𝟑𝟏)(𝟑 × 𝟏𝟎𝟖)𝟐 

𝑬𝒌  = 𝟑. 𝟐𝟕 ×  𝟏𝟎
−𝟏𝟑 𝑱   



8.  At what velocity does the K.E. of a particle equal its rest energy? 

 

Data: 

𝒗 =? 

𝑬𝒌 = 𝒎𝟎𝒄
𝟐 

SOLUTION: 

𝑬 =  𝒎𝟎 𝒄
𝟐 + 𝑬𝒌 

𝑬 =  𝒎𝟎 𝒄
𝟐 + 𝒎𝟎 𝒄

𝟐 

𝑬 =   𝟐 𝒎𝟎 𝒄
𝟐 

𝑬 = 𝒎 𝒄𝟐 

𝑬 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

 × 𝒄𝟐    

 𝟐 𝒎𝟎 𝒄
𝟐  =  

𝒎𝟎 𝒄
𝟐

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

𝟐 =  
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 

 

Squaring both sides 

(𝟐)𝟐 = 

(

 
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

 

)

 

𝟐

 

𝟒 =  
𝟏

𝟏 − 
𝒗𝟐

𝒄𝟐

 

𝟏 − 
𝒗𝟐

𝒄𝟐
= 
𝟏

𝟒
 

𝒗𝟐

𝒄𝟐
=  𝟏 − 

𝟏

𝟒
  =    

𝟑

𝟒
 

𝒗𝟐  =    
𝟑

𝟒
  𝑪𝟐 

√𝒗𝟐  =   √ 
𝟑

𝟒
  √𝑪𝟐 

𝒗 =   √ 
𝟑

𝟒
  𝒄 

𝒗 =   
 √𝟑

𝟐
  𝒄 

 



9.  A particle of rest mass mo moves with speed  
𝑪

√𝟐
.   Calculate its mass, momentum, 

total energy and kinetic energy.       

 

Data: 

𝒗 =
𝒄

√𝟐
  𝒎/𝒔 

𝒎 =? 

𝑷 =? 

𝑬 =? 

SOLUTION: 

𝒎 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

𝒎 = 
𝒎𝟎

√
𝟏 − 

(
𝒄

√𝟐
)
𝟐

𝒄𝟐

  =  
𝒎𝟎

√𝟏 − 
𝒄𝟐

𝟐 𝒄𝟐

     

𝒎 = 
𝒎𝟎

√𝟏 −
 𝟏
𝟐

   =  
𝒎𝟎

√ 𝟏
𝟐

  

𝒎 =  √𝟐   𝒎𝟎  

Relativistic momentum 

𝑷 =  𝒎 𝒗 

𝑷 = √𝟐   𝒎𝟎  ×
𝒄

√𝟐
 

Total energy 

𝑷 = 𝒎𝟎 𝒄 

𝑬 =   𝒎 𝒄𝟐 

𝑬 =   √𝟐   𝒎𝟎  𝒄
𝟐 

Kinetic energy 

𝑬 =    𝒎𝟎  𝒄
𝟐  + 𝑬𝒌 

√𝟐   𝒎𝟎  𝒄
𝟐 =    𝒎𝟎  𝒄

𝟐  + 𝑬𝒌 

𝟏. 𝟒𝟏𝟒𝟐   𝒎𝟎  𝒄
𝟐 −  𝒎𝟎  𝒄

𝟐 = 𝑬𝒌 

𝟎. 𝟒𝟏𝟒𝟐   𝒎𝟎  𝒄
𝟐 = 𝑬𝒌 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10.  The nearest star to Earth is Proximal Centauri, 4.3 light years away. A spaceship 

with a constant speed of 0.800c relative to the Earth travels toward the star. 

(a)  How much time would elapse on a clock as measured by travelers on the 

spacecraft? 

(b)  How long does the trip take according to Earth observers? 

 

Data: 

𝑺 = 𝟒. 𝟑 𝐥𝐢𝐠𝐡𝐭 −  𝐲𝐞𝐚𝐫 

𝟏 𝒍𝒊𝒈𝒉𝒕 𝒚𝒆𝒂𝒓 = 𝟗. 𝟒𝟔𝟏 × 𝟏𝟎𝟏𝟓 𝒎 

𝑺 = 𝟒. 𝟑 × 𝟗. 𝟒𝟔𝟏 × 𝟏𝟎𝟏𝟓  

𝑺 = 𝟒. 𝟎𝟔𝟖𝟐𝟑 × 𝟏𝟎𝟏𝟔 𝒎 

𝒗 = 𝟎. 𝟖𝟎𝟎 𝒄 

∆𝒕 =? 

SOLUTION: 

 

𝑺 =   𝒗 𝒕  

∆𝒕𝑬𝒂𝒓𝒕𝒉 =  
𝑺

𝒗
 =

𝑺

𝟎. 𝟖𝟎𝟎 𝑪
  

∆𝒕𝑬𝒂𝒓𝒕𝒉 =  
𝟒. 𝟎𝟔𝟖𝟐𝟑 × 𝟏𝟎𝟏𝟔

𝟎. 𝟖𝟎𝟎 × (𝟑 × 𝟏𝟎𝟖)
 

∆𝒕𝑬𝒂𝒓𝒕𝒉 =   𝟏. 𝟔𝟗𝟓 ×  𝟏𝟎
𝟖  𝒔 

Time in year 

∆𝒕𝑬𝒂𝒓𝒕𝒉 =  
𝟏. 𝟔𝟗𝟓 ×  𝟏𝟎𝟖  𝒔

𝟑. 𝟏𝟓𝟔 × 𝟏𝟎𝟕
 

∆𝒕𝑬𝒂𝒓𝒕𝒉 =   𝟓. 𝟑𝟕 𝒚𝒆𝒂𝒓𝒔 

 

∆𝒕𝑬𝒂𝒓𝒕𝒉 = 
∆𝒕𝒔𝒉𝒊𝒑

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

𝟏. 𝟔𝟗𝟓 × 𝟏𝟎𝟖 = 
∆𝒕𝒔𝒉𝒊𝒑

√𝟏 − 
(𝟎. 𝟖𝟎𝟎 𝒄)𝟐

𝒄𝟐

    

 

 

 

𝟏. 𝟔𝟗𝟓 × 𝟏𝟎𝟖 = 
∆𝒕𝒔𝒉𝒊𝒑

√𝟏 − 
(𝟎. 𝟖𝟎𝟎 𝒄)𝟐

𝒄𝟐

    

𝟏. 𝟔𝟗𝟓 × 𝟏𝟎𝟖 = 
∆𝒕𝒔𝒉𝒊𝒑

√𝟏 −  𝟎. 𝟔𝟒𝟎
    

 

𝟏. 𝟔𝟗𝟓 × 𝟏𝟎𝟖 = 
∆𝒕𝒔𝒉𝒊𝒑

𝟎. 𝟔𝟎𝟎
 

∆𝒕𝒔𝒉𝒊𝒑   = 𝟏. 𝟔𝟗𝟓 × 𝟏𝟎
𝟖  × 𝟎. 𝟔𝟎𝟎 

∆𝒕𝒔𝒉𝒊𝒑   = 𝟏. 𝟎𝟏𝟕 × 𝟏𝟎
𝟖 𝐬𝐞𝐜 

∆𝒕𝒔𝒉𝒊𝒑   =
𝟏. 𝟎𝟏𝟕 × 𝟏𝟎𝟖

𝟑. 𝟏𝟓𝟔 × 𝟏𝟎𝟕
  

∆𝒕𝒔𝒉𝒊𝒑   = 𝟑. 𝟐𝟐𝟓 𝐲𝐞𝐚𝐫𝐬 

 

 

 



 

WORKED EXAMPLES 
 

 

1 The pendulum's period is measured to be 3.00 s in the inertial frame of the  

pendulum. What is the period as measured by an observer moving at a speed of 

0.950 c with respect to the pendulum? 

 

Data: 

∆𝒕𝟎 = 𝟑. 𝟎𝟎 𝒔 

𝒗 = 𝟎. 𝟗𝟓 𝒄 

∆𝒕 =? 

SOLUTION: 

∆𝒕 =  
∆𝒕𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 

∆𝒕 =  
𝟑. 𝟎𝟎

√𝟏 − 
(𝟎. 𝟗𝟓 𝒄)𝟐

(𝒄)𝟐

    

 

∆𝒕 =  
𝟑. 𝟎𝟎

√𝟏 −  𝟎. 𝟗𝟎𝟐𝟓
 

∆𝒕 =  
𝟑. 𝟎𝟎

𝟎. 𝟑𝟏𝟐𝟐
 

∆𝒕 =  𝟗. 𝟔𝟏 𝒔 

 

 

2 A starship is measured to be 125 m long while at rest with respect to an observer. 

If this starship flies past the observer at a speed of 0.99 c, what length will the 

observer measure for the starship? 

Data: 

𝐋𝟎 = 𝟏𝟐𝟓 𝐦 

𝒗 = 𝟎. 𝟗𝟗 𝐜 

𝑳 =? 

SOLUTION: 

𝐋 =  𝑳𝟎  √𝟏 − 
𝒗𝟐

𝒄𝟐
  

𝐋 =  𝟏𝟐𝟓 ×  √𝟏 − 
(𝟎. 𝟗𝟗 𝒄)𝟐

𝒄𝟐
  

 

𝐋 =  𝟏𝟐𝟓 ×  √𝟏 − (𝟎. 𝟗𝟗 )𝟐  

𝐋 =  𝟏𝟐𝟓 ×  √𝟎. 𝟎𝟏𝟗𝟗 

𝐋 =  𝟑. 𝟓𝟐 𝒎 

 

 

 

 

 

 



3 At what speed will an object's relativistic mass be twice its rest mass?    

 

Data: 

𝒗 =? 

𝒎 = 𝟐 𝒎𝟎 

SOLUTION: 

𝒎 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 𝟐 𝒎𝟎 = 
𝒎𝟎

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

𝟐 =  
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

    

 

Squaring both sides 

 

(𝟐)𝟐 = 

(

 
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

 

)

 

𝟐

 

 𝟒 =  
𝟏

𝟏 − 
𝒗𝟐

𝒄𝟐

 

𝟏 − 
𝒗𝟐

𝒄𝟐
= 
𝟏

𝟒
 

𝒗𝟐

𝒄𝟐
=  𝟏 − 

𝟏

𝟒
  =    

𝟑

𝟒
 

𝒗𝟐  =    
𝟑

𝟒
  𝑪𝟐 

√𝒗𝟐  =   √ 
𝟑

𝟒
  √𝑪𝟐 

𝒗 =   √ 
𝟑

𝟒
  𝒄 

𝒗 =   
√𝟑 

𝟐
  𝒄 

 

 

4  An electron has a velocity of 0.990  c. Calculate the relativistic factor γ using the 

Relativity Formula. 

Data: 

𝒗 = 𝟎. 𝟗𝟗 𝐜 

𝜸 =? 

SOLUTION: 

𝛄 =    
𝟏

√𝟏 − 
𝒗𝟐

𝒄𝟐

  

𝛄 =   
𝟏

√𝟏 − 
(𝟎. 𝟗𝟗 𝒄)𝟐

𝒄𝟐

  

 

𝛄 =    
𝟏

√𝟏 − (𝟎. 𝟗𝟗 )𝟐
  

𝛄 =    
𝟏

√𝟎. 𝟎𝟏𝟗𝟗
 

𝛄 =  
𝟏

𝟎. 𝟏𝟒𝟏
 

𝛄 =  𝟕. 𝟎𝟗  

Therefore the relativistic factor will 

be 7.09. 

 


