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6- Velocity Transformations: 

      A gain considers two inertial systems     and   ́ moving with relative velocity   along 

the    ́ axes. Consider a particle at P. The velocity of this particle in   is u and  ́ in  ́ . 

 

The velocity component in   and   ́ are 
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Differentiation of the Lorentz Eqn. gives: 
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Substitution of these values in Eqn. (2) gives: 
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Divided by dt we get:  
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Substitute Eqn. (1) we get 
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These are the Lorentz velocity transformations. The invers transformation is obtained by 

replacing   v  by  –v  and interchanging primed and unprimed coordinates: 
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Example: Imagining that light emitted along the   ́ – axis, if   ́     with respect to 

(w.r.t.)  ́ . Find the velocity of light w.r.t. S. 

Solution: 
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                                            اي ان سرعة الضوء في كلا المرجعين لها نفس القيمة

7- Length Contraction: 

       The first of the interesting consequences of the Lorentz Transformation is that length 

no longer has an absolute meaning: the length of an object depends on its motion relative 

to the frame of reference in which its length is being measured. Let us consider a rod 

moving with a velocity vx relative to a frame of reference S, and lying along the X axis. 

This rod is then stationary relative to a frame of reference   ́ which is also moving with a 

velocity vx relative to S. 

 حزكته عهى انجسٍى طول ٌعتًد: يطهق يعُى نه ٌعد نى انطول أٌ هو Lorentz نتحوٌم نلاهتًاو انًثٍزة انُتائج أول

 ، S يزجعً لإطار بانُسبت  vxبسزعت   ٌتحزك قضٍب نُعتبز. فٍه طونه قٍاس ٌتى انذي انًزجعً نلإطار بانُسبت

  vx بسزعت أٌضًا ٌتحزك وانذي ́  انًزجعً نلإطار بانُسبت ثابتاً انقضٍب هذا ٌكوٌ ثى .X انًحور طول عهى وٌقع

  .S إنى بانُسبت

The length of the rod, as measured in  ́ is then 

                    ́   ́  

Where      is known as the proper length of the rod. 

To an observer in S, the length of the rod is:  
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Using Lorentz transformation 
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Substituting these expression in Lo 
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8- Time Dilation: 

  

      Perhaps the most unexpected consequence of the Lorentz transformation is the way in 

which our ‘commonsense’ concept of time has to be drastically modified. 

.جذري بشكم نهىقج" انًُطقً" يفهىيُا حعذٌم بها ٌجب انخً انطزٌقت هً نىرَخز مٌنخحى انًخىقعت غٍز انُخٍجت حكىٌ ربًا  

      Consider two successive events occurring at the same point    ́    in the interval frame  ́. 

Let    ́  and    ́  be the times recorder by an observer in frame   ́ . Then time interval 

measured by the observer is     ́ -   ́ . For the observer in frame S  the time measured is   

          . The time interval between events in  ́ is called the Proper time         ́ -   ́ 

   
  ́ 

  ́

  

√       
          

   
  ́  

  ́
  

√       
 

 Then the time dilation is        
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Example 1:    At what speed does the relativistic value for length differ from the classical 

value by (1) percent? 

(7) 



Solution: 
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   ( نحصل على2( و )1ادلتين )المع بمساواة
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Therefore       √            
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Example 2:   A beam of particles travels at a speed of (0.9c). At this speed, the mean 

lifetime as measured  in the laboratory frame is (5x10
-6

 ) . What is the proper lifetime of the 

particles? 

Solution:  proper lifetime              √         

           √                               

-------------------------------------------------------------------------------------------------------------- 

9 - Relativistic Mass: 

   In Newtonian mechanics, mass is considered to be a constant quantity independent of 

its velocity. In general, if a mass is moving with a velocity (v ) relative to an observer 

then               
  

 √       
 

Where m is the effective mass and m0 is the rest mass. 

10 - Relativistic Momentum: 

 Any relativistic generalization of Newtonian momentum must satisfy two criteria: 
  ٌجب أٌ ٌفً بًعٍارٌٍ وًٍَأي تعًٍى َسبً نهزخى انٍُوت

1. Relativistic momentum must be conserved in all frames of reference. 

 الأطز انًزجعٍت.انزخى انُسبً ٌجب اٌ بكىٌ يحفىظ فً جًٍع 

2. Relativistic momentum must reduce to Newtonian momentum at low speeds. 
ًُخفضتعُذ انسزعاث انىًَ ٌٍجب أٌ ٌقهم انزخى انُسبً إنى انزخى انٍُىح  

The first criterion must be satisfied in order to satisfy Einstein’s first postulate, while the 

second criterion must be satisfied as it is known that Newton’s Laws are correct at 

sufficiently low speeds. 

(8) 



انًعٍار الأول ٌجب اٌ ٌحقق فزضٍت أٌُشخاٌٍ الأونى ، بًٍُا انًعٍار انثاًَ ٌجب أٌ ٌحقق قىاٍٍَ ٍَىحٍ  انخً حكىٌ صحٍحت عُذ 

 انسزعاث انًُخفضت بذرجت كافٍت.

The relativistic momentum of a particle moving with a velocity (v ) as measured with 

respect to a frame of reference S, that satisfies these criteria can be shown to take the 

form: 
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Where    is the rest mass of the particle, i.e. the mass of the particle when at rest, and 

which can be identified with the Newtonian mass of the particle. Einstein then postulated 

that, for a system of particles: 

The total momentum of a system of particles is always conserved in all frames of 

reference, whether or not the total number of particles involved is constant. 

نهجسًٍاث  نكهًفً جًٍع الإطاراث يٍ انًزجع ، سىاء كاٌ انعذد ا ٌكىٌ دائًا يحفىظ انجسًٍاث يكىٌ يٍ انزخى انكهً نُظاو

 انًعٍُت ثابخاً أو لا

11 - Total Relativistic Energy: 

 We can now define a quantity E by:               
  

                                                  or                  
    

This relation implies that mass is a form of energy. Einstein called    
 , the rest energy 

of object . By analogy,      the sum of kinetic energy and rest energy is called the total 

energy E. That is                 

The rest energy of an electron is  

               
                                          

                   
          

             
                       

Often, mass is expressed in terms of MeV/c
2
 so that the electron mass is 0.511MeV/c

2
. 

 A useful relation connect the total energy   , momentum    , and rest energy        
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We can obtain as follow: 

         We have           
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  Multiplying both side of this expression by     , and squaring we get: 
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Using       , and        we get                    
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