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Important topics in special relativity   

 The  failure of the Galilean transformations. 

 Lorentz transformations.  

Time and Space in special relativity. 

 Relativistic momentum and Energy. 

Course Objectives 

After completion of this course, student will be able to  

Demonstrate knowledge and broad understanding of Special Relativity.  

 Explain the meaning and significance of the postulate of Special Relativity. 

 Recall the setup and significance of  Michelson-Morley experiment.   

Time dilation: moving clocks run (tick) slower.  (Proper Time). 

Length contraction: moving rods contract.  (Proper Length). 

Loss of simultaneity. 

What causes the Doppler shift for light?  Time dilation, together  with 

geometrical effects. 

Velocity transformation between inertial reference frames. 

  Explain true nature of Lorentz transformation and Doppler effect.  

 Explain  relativistic momentum and Einstein field equations. 
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Relativity (I) 
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  1-1 : Galilean-Newton Relativity  

In order to study General Relativity one starts discussing Special Relativity. To this end, 

it is important to briefy look at pre-relativistic Physics to see how Special Relativity 

arose. 

         The starting point of Special Relativity is the study of motion. For this one 

needs  the following ingredients : 

       Frames of reference. These consist of an origin in space, 3 orthogonal axes and a 

clock. 

 

        Events. :  This notion denotes a single point in space together with a single point 

in time. Thus, events are characterized by 4 real numbers: an ordered triple (x; y; z) 

giving the location in space relative to a _xed coordinate system and a real number 

giving the Newtonian time. One denotes the event by E = (t; x; y; z). 

       There are an infinite number of frames of reference. Motion relative to each frame 

looks, in principle, different. Hence, it is natural to ask: is there a subset of these frames 

which are in some sense simple, preferred or natural? The answer to this question is yes. 

Chapter (1) 

Pre-Relativistic Physics 
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        These are the so-called inertial frames. In an inertial frame an isolated, non-

rotating, un-accelerated body moves on a straight line and uniformly. 

         Inertial frames are not unique. There are actually an infinite number of these. This 

raises the question: can one tell in which inertial frame are we in? It turns out that 

within the framework of Newtonian Mechanics this is not possible. More precisely, one 

has the following : 

Galilean Principle of Relativity :  Laws of mechanics cannot distinguish between 

inertial frames. This implies that there is no absolute rest. In other words, the laws of 

Mechanics retain the same form in different inertial frames.  In this sense, Relativity 

predates Einstein. 

 

1.2 : Laws of Newton 

The three Laws of Newtonian Mechanics4 are : 

(1) Any material body continues in its state of rest or uniform motion (in a straight line) 

unless it is made to change the state by forces acting on it. This principle is equivalent 

to the statement of existence of inertial frames. 

(2) The rate of change of momentum is equal to the force. 

(3) Action and reaction are equal and opposite. 

       These laws or principles, together with the following fundamental assumptions 

(some of which are implicitly assumed in Newton's laws) amount to the Newtonian 

framework: 

1- Absolute time, motion and space as defined in Newton's "Philosophiae Principia 

Mathematica"  

2- Space and time are continuous |i.e. not discrete. This is necessary to make use 

of the Calculus. There is no limit to the accuracy with which quantities such as 

time and space can be measured. 
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3- There is a universal (absolute) time . Different observers in different frames 

measure the same time. In fact, Newton also regarded space to be absolute as 

well.  

        However, the absoluteness of space is not necessary for the development of the 

Newtonian framework, as space intervals turn out to be invariant under Galilean 

transformations. Historically, Newton demanded this for subjective reasons. 

4- Mass remains invariant (absolute) as viewed from different inertial frames. 

5- The Geometry of space is Euclidean. For example, the sum of angles in any 

triangle equals 180 degrees. 

6- lengths or distances are absolute no matter what is the velocity. 

7- Infinitely many inertial frames of reference, each one in relative motion to 

absolute space. 

8- Universal time throughout space where all inertial frames share this universal 

time. 

9- All laws of physics are the same in all inertial frames of reference whether at rest 

or in motion relative to absolute space. 

10-Speed of light is instantaneous (information transmission is instantaneous). 

11-  All possibilities of unbounded, relative motion. 

12- Newton's Law of Universal Gravitation holds as derived from Newton's 

"Axioms, or Laws of Motion". 

13- Inertial frames of reference are related by Galilean rules of transformation - i.e., 

simple vector addition and subtraction . 

14- Action at a distance - corpuscular theory of the ( luminiferous ) aether. 

15- Euclidean geometry of space - Cartesian or polar coordinates systems. 

16- Conservation Laws of energy, mass and momentum. 

17- Gravity attraction is directly related to mass and inversely to absolute distance. 
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18- Bodies or objects are constituted of matter whose measure is the amount of ( 

inertial ) mass. 

19- Energy and mass are distinct entities as is force  
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Galilean Transformation : 

Conditions of the Galilean Transformation 

 Parallel axes 

 O’ has a constant relative velocity in the x-direction with respect to O 

 Time (t) for all observers is a Fundamental invariant, i.e., the same for all inertial 

observers 

 Time is universal, so therefore t = t’. 
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Sucesse  Or  Advanteges  of Galilean Transformation : 

Galileo Transformation has proved several of physics' laws such as conservation of 

mass , energy,  momentum, and second newton's law.   

Frailer of Galilean Transformation : 

Maxwell's equations, which summaries electricity and magnetism, cause the Galilean 

Transformation to fail on following : 

1. Galilean Transformation failed to explain the actual result of Michelson-

Morley experiment. 

2. They are not invariant under the Galilean Transformation.  
3. Galilean Transformation failed to prove unchanged of electromagnetism's  

laws , specially  the rectilinear theory of light. 

4. They predict the speed of light is independent of the inertial reference frames 

instead of ( ) as required by Galilean Relativity. 

Example : The nature of rectilinear propagation of light 

Assume there is a signal of light moves by a velocity (C)  in Either medium , if there is 
an observer exist in this medium and measures the light speed as (C). If there is 
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another observer exist in another inertial frame reference and moves with relative 
velocity (v)  with respect to the first inertial reference frame. This observer will  
measure light velocity given by C - v  , if he moves in the same direction of light 
propagation and he will measures it by C + v  , if he was moves in opposite  direction 
of the propagation of light as shown in the following Fig.            

 
 

 
 
 
 
This means that, the speed of light not constant , it differ from reference frame to 
another, and it only has constant value at inertial reference frame , it is the Either 
medium. 
The Transition to Modern Relativity  
●Although Newton’s laws of motion had the same form under the Galilean 
transformation, Maxwell’s equations did not. 
●In 1905, Albert Einstein proposed a fundamental connection between space and time 
and that Newton’s laws are only an approximation.  
1: The Need for Ether 
●The wave nature of light suggested that there existed a propagation medium called 
the luminiferous ether or just ether.  

 Ether had to have such a low density that the planets could move through 
it without loss of energy  

C - v 

C + v 

C v 
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 It also had to have an elasticity to support the high velocity of light waves   
Maxwell’s Equations   

●In Maxwell’s theory the speed of light, in terms of the permeability and permittivity of 
free space, was given by 

 
●Thus the velocity of light between moving systems must be a constant 
An Absolute Reference System 
●Ether was proposed as an absolute reference system in which the speed of light was 
this constant and from which other measurements could be made. 
●The Michelson-Morley experiment was an attempt to show the existence of ether.  
2.2: The Michelson-Morley Experiment 
 Albert Michelson (1852–1931) was the first U.S. citizen to receive the Nobel 

Prize for Physics (1907), and built an extremely precise device called an 

interferometer to measure the minute phase difference between two light 

waves traveling in mutually orthogonal directions. 

The Michelson Interferometer 
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1-AC is parallel to the motion of the Earth inducing an “ether wind” 
2. Light from source S is split by mirror A and travels to mirrors C and D in 
mutually perpendicular directions 
3. After reflection the beams recombine at A slightly out of phase due to the 
“ether wind” as viewed by telescope E. 

Typical interferometer fringe pattern expected when the system is 
rotated by 90° 

 
 

 The Analysis 
Assuming the Galilean Transformation 
Time t1 from A to C and back: 

 
Time t

2
 from A to D and back: 

 
So that the change in time is: 

 
Upon rotating the apparatus, the optical path lengths ℓ1 and ℓ2 are interchanged 

producing a different change in time: (note the change in denominators) 
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Thus a time difference between rotations is given by: 

 
and upon a binomial expansion, assuming v/c << 1, this reduces to 

 

Because , this expression can be simplified by using the following binomial 

expansion after dropping all terms higher than second order: 

 

In our case, , and we find 

 

The time difference between the two light beams gives rise to a phase difference 

between the beams, producing the interference fringe pattern when they combine at the 

position of the telescope. A difference in the pattern (Fig. 1.6) should be detected by 

rotating the interferometer through 90
o
 in a horizontal plane, such that the two beams 

exchange roles. Then 
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Figure 1.6: Interference fringe schematic showing (a) fringes before rotation 

and (b) expected fringe shift after a rotation of the interferometer by 90 o. 

The corresponding fringe shift is equal to this path difference divided by the wavelength 

of light ,  , because a change in path of 1 wavelength corresponds to a shift of 1 fringe. 

 

Specifically, using light of wavelength 500 nm, and  we find a 

fringe shift for rotation through 90
o
 of 

 

Result: The precision instrument designed by Michelson and Morley had the capability 

of detecting a shift in the fringe pattern as small as 0.01 fringe. However, they detected 

no shift in the fringe pattern. 

Results 
●Using the Earth’s orbital speed as:            V = 3 × 104 m/s 

●together with                                                ℓ1 ≈ ℓ2  = 1.2 m 

●So that the time difference becomes       Δt’ − Δt ≈ v2(ℓ1 + ℓ2)/c3 = 8 × 10−17 s 

●Although a very small number, it was within the experimental range of measurement 

for light waves. 

Michelson’s Conclusion 

●Michelson noted that he should be able to detect a phase shift of light due to 

the time difference between path lengths but found none.  

●He thus concluded that the hypothesis of the stationary ether must be 

incorrect. 

●After several repeats and refinements with assistance from Edward Morley 

(1893-1923), again a null result.  

●Thus, ether does not seem to exist! 
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Possible Explanations 

●Many explanations were proposed but the most popular was the ether drag 

hypothesis. 

 This hypothesis suggested that the Earth somehow “dragged” the ether 

along as it rotates on its axis and revolves about the sun. 

This was contradicted by stellar abberation wherein telescopes had to be tilted to 

observe starlight due to the Earth’s motion. If ether was dragged along, this tilting 

would not exist. The Michelson-Morley experiment has been refined and repeated 

many times. Several of these results from the period 1881-1930 are summarized in 

figure (6). On the vertical axis we plot the observed fringe shift and on the horizontal 

axis we plot the expected fringe shift as calculated from the Galilean transformation. If 

the speed of light is constant, then zero fringe shift is expected. In practice a small 

fringe shift is observed due to the finite precision of the experimental apparatus. 

 

The difficulties raised by this null result were tremendous, not only implying that light 

waves were a new kind of wave propagating without a medium but that the Galilean 

transformations were flawed for inertial frames moving at high relative speeds. The 

stage was set for Albert Einstein, who solved these problems in 1905 with his special 

theory of relativity. 
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Chapter (2) 

 

Relativity (I) 
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Difference between the special and general  theories of 

The special theory of relativity  

• The special theory of  relativity is based on two ideas: all observers measure the same 

speed of light in a vacuum, regardless of their speed relative to the light source; and 

there is no absolute frame of reference.  

• To a stationary observer watching an object travelling at close to the speed of light: 

time appears to slow down; mass appears to increase, and length in the direction of 

travel appears to decrease. 

 • Because all motion is relative, an observer travelling at close to the speed of light 

(relative to a ‘stationary’ observer) will see that time, mass and length for a stationary 

observer have all changed.  

• Objects with mass cannot reach or exceed the speed of light.  

• Energy and mass are equivalent (E = mc2). 

The General  theory of relativity   

•Space and time merge into four-dimensional spacetime.  

• Large masses distort spacetime.  

• Gravity results from the distortion of  spacetime.  

• Gravity causes light to bend towards large masses because of the distortion of  

spacetime.  

• Time runs slower in areas where the gravitational field is stronger. Einstein versus 

Newton  

in areas where the gravitational field is stronger. Einstein versus Newton  

 

Chapter (2) : Relativity (I) 
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21 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

 

Success or Advantages of Special Relativity Postulates:  

1. No absolute time, motion or space, rather ( space - time ) spacetime 

2. Lengths contract at velocities approaching c relative to stationary observers. 

3. Infinitely many inertial frames of reference, each one in relative motion to each other 

4. Each inertial frame has its own time dilation 

5. All laws of physics are the same in all inertial frames of reference which leads to the 

invariance of the speed of light, c 

6. Speed of light is finite ( information is finite transmitted ) 

7. All possibilities of unbounded, relative motion with upper limit of velocities of 

bodies and particles held at c, speed of light 

8. Newton's Law of Universal Gravitation is only true as an approximation of physical 

reality for relative velocities v << c 

9. Inertial frames of reference are related by (Fitzgerald -) Lorentz Transformation rules  
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10. Conservation Laws of energy, mass and momentum are maintained but in 

relativistic terms with finite c 

11. Energy and mass are equivalent, force being a manifestation of energy  
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Lorentz Transformation can be written as :   

 

 

 

 

 

 

 

 

 

22

2
`

`

`

22

`

/1

/

/1

CV

CVxt
t

ZZ

yy

CV

Vtx
x















 

22

2
`

`

`

22

`

/1

/

/1

CV

CVxt
t

ZZ

yy

CV

Vtx
X















 
Inverse 

relations 



27 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

Lorentz Transformation for velocity can be written as :   
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The Inverse Lorentz velocity transformation 
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properties of   
Recall β = v/c < 1 for all observers. 

1)     equals 1 only when v = 0. 

2)  Graph of β: (note v ≠ c) 
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Important sucsseses of the special relativity 

1- Time dilation 

The  most important outcome of Lorentz transformation that   ) tt ` hTsi . (  means that, 

if we put a clock inside different coordinates, the rate of its rotation will changes . 

      To explain the mean of  time dilation using Einstein train experiment , if there is a 

light signal emits from a bulb light  exist at train's car surface and incident on a mirror 

fixed at top roof of the car and reflected back the surface. The  train moves with  

velocity (v) .   

Event : Is the Light Signal  , studding its propagation  from the starting point of its 

emission until it reflection  from the fixed mirror at roof of the  train's car surface .   

 Observers O and O
~
 : Suppose there are two observers,  one  exist at fixed inertial 

reference frame  (O
~
). and the other exist inside the train's car (O).  

 

First: Measurements of  the Observer at a fixed inertial reference frame  (O
~
). 

The observer (O
~
). Measures the travel of time by dividing the resultant distance by the 

speed of light  .   

    The O
~
 observer will measure the time of this event by dividing resultant distance by 

the speed of light  .   
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  Notes : The  O
~
 observer  is fixed with respect to  

the event , its position coordinates doesn't change  

between the starting and ending the event as shown  

in the drown fighter.    

     Travel distance equals twice height of roof of the  

train's car ) 2 L\  (  and the  event time period with 

 respect to O
~
 observer   calculated as : 

 

Second: Measurements of  the moving observere (O). 

 

 

 

 

 

       The  O observer carried out his measurements, but he moves with respect to the 

event ( or the event moves with respect to him)  . Here, the initial and  final point  of  

event occurs at two different positions with respect to the  O observer as shown in a  

given fig.   During this time period  of the event , the train travel forward to the right a 

distance  (vt) , where t  is event time measured by the  O  observer. 

     This Fig. illustrate the path of light signal with respect to the O observer , here the 

path length of the light signal is greater than its path with respect to the O
~
 observer.   

    From the second postulate of special relativity, the velocity of the light signal is 

constant (not change) with respect to  the  tow observers and equals the speed of light 

(c) . Because the path of the light signal with respect to the O observer is longer than 

 

)1(
2 \

\ 
C

L
t
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that of the O
~
 observer, then the measured time by O observer is greater than that of O

~
 

observer.  

~Mathmatical Forms  btween the measurements of the two observers O and O 

       Consider the bold line represents the path of    

 signal light which measured by O
~
 observer, and 

 dashed line represents the path of light measured 

 by O observer . In order to the light travel the  

distance from the surface of train's car to the  

mathematical sing of total time. U mirror in the roof of the car , it spend a half  (t/2)

is the height of the train's car as  
\

L on  the left triangle. Considering theory   seorajsFe

follow :  

 

 

 

 

 

 

 

 

 

 

  We got the relation between time measurements of each observer                  
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(3 )-------------------                        

We put ;  

  Note : Equation (3) represents the measured time dilation according to special 

relativity. Always the parameter,  () > 1   , This leads to    . e.g : this mean that 

the time which measured by a fixed observer  is greater, while the moving watch its 

 measured time seems to be delay with respect to a fixed observer.  

         The studies of time dilation are important in the emission of radiation processes,   

nuclear diffusion and interaction of primary particles, because their velain is 

smallerocities are much greater , because it close to the speed of light.  This cause  the 

changes in ()  parameter values of  are greater.  

Important Notes : 

1- Because the velocity of the train is smaller  than the speed of light , this leads 

to   > 1 .  For this reason, time measurements of  O  > O
~
  e.g :  t   > t\  . 

2- For velocities v << c, such as velocities of  cars, train, rock . These velocities 

are smaller compared to light speed. This mack the calculation of the 

dominator in Eq (3) = 1 . This mack the measurements are equal fro the two 

observers,  This means that dilation of time can not measured except at high 

velocities compared to light speed . 

3- At high velocities , the moving observer watch with respect to the event , it 

measure long time than that of the fixed observer with respect to the event. 

 2211 cv
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4- The proper Time, it is the measured time by the fixed observer with respect 

to the event. 

Example 
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Length Contraction (Lorentz Contraction) 
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Twin Paradox 

The Set-up 
Twins Mary and Frank at age 30 decide on two career paths: Mary decides to become 
an astronaut and to leave on a trip 8 light years (ly) from the Earth at a great speed 
and to return; Frank decides to reside on the Earth. 
 The Problem : Upon Mary’s return, Frank reasons that her clocks measuring her age 
must run slow. As such, she will return younger. However, Mary claims that it is Frank 
who is moving and consequently his clocks must run slow.  
The Paradox :  Who is younger upon Mary’s return? 
 

The Resolution 

1) Frank’s clock is in an inertial system during the entire trip; however, Mary’s 
clock is not. As long as Mary is traveling at constant speed away from Frank, 
both of them can argue that the other twin is aging less rapidly. 

2) When Mary slows down to turn around, she leaves her original inertial system 
and eventually returns in a completely different inertial system. 
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3) Mary’s claim is no longer valid, because she does not remain in the same 
inertial system. There is also no doubt as to who is in the inertial system. Frank 
feels no acceleration during Mary’s entire trip, but Mary does. 

4) Frank’s clock is in an inertial system during the entire trip; however, Mary’s 
clock is not. As long as Mary is traveling at constant speed away from Frank, 
both of them can argue that the other twin is aging less rapidly. 

5) When Mary slows down to turn around, she leaves her original inertial system 
and eventually returns in a completely different inertial system. 

6) Mary’s claim is no longer valid, because she does not remain in the same 
inertial system. There is also no doubt as to who is in the inertial system. Frank 
feels no acceleration during Mary’s entire trip, but Mary does. 

Spacetime 

●When describing events in relativity, it is convenient to represent events on a 
spacetime diagram.  
●In this diagram one spatial coordinate x, to specify  position, is used and instead of 
time t, ct is used as the  other coordinate so that both coordinates will have 
dimensions of length. 
●Spacetime diagrams were first used by H. Minkowski in 1908 and are often called 
Minkowski diagrams. Paths in Minkowski spacetime are called worldlines. 
 
Spacetime Interval 

Since all observers “see” the same speed of light, then all observers, regardless of 
their  velocities, must see spherical wave fronts. 
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s2 = x2 – c2t2  = (x’)2 – c2 (t’)2  = (s’)2 
 

 
                                                       
                                    
                                                                             
 

 

 

 

 

 
 
 
 
 
 
 
 
  
 
 
 
 
 

Particular Worldlines 

 

Spacetime Diagram 

 

Moving Clocks 

 

Worldlines and Time 
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●If we consider two events, we can determine the quantity Δs
2 
between the two 

events, and we find that it is invariant in any inertial frame. The quantity Δs is known 
as the spacetime interval between two events.  
There are three possibilities for the invariant quantity Δs2: 

1) Δs2 =  0: Δx2 = c2 
Δt2, and the two events can be connected only by a light 

signal. The events are said to have a lightlike separation. 
2) Δs2 > 0: Δx2 > c2 

Δt2, and no signal can travel fast enough to connect the two 
events. The events are not causally connected and are said to have a 
spacelike separation.  

3) Δs2 < 0: Δx2 < c2 
Δt2, and the two events can be causally connected. The 

interval is said to be timelike.  

 
 

 

 

 

The Light Cone 
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Solved Problems 

Problem (1) : The time age for nuclear particle befor transferring to another form 

equals 1.8 x 10
-8 

 sec, when it  at rest in laboratory research. What the time age of 

this  particle when its velocity becomes  0.95 of  light speed? 

Solution 

IN this case ,  ,  Then :  

 

The result shows that the time age of the particle equals three time its time age  
becomes at rest ti  nehw  

 

Problem (2) : what is the speed of the airplane, which has a clock rotates by 

one second delay with another clock exist on Earth frame ?.  

Solution 

Put :               &   

 

 

 
 

Problem (3) : If the average age time  of the Meson particle (    ( which moves 

by a velocity 0.9 c   is  . Calculate its average age in a steady frame 
reference. 

Solution 

   ،  
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Problem (4) : Airplane moves with  respect to the Erath's frame reference by a 
velocity  , its orignal length equals 50 m . what is the decrease in length , 
which seems to be less with respect to an observer exist on the inerial Earth's surface 
frame .  

Solution 

               ، ،  

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

Problem (5) : A particle has a mass  of 5 Kgm , How much its mass when it 
moves by a velocity  0.6 c . ? 

noitulos 
   ، 

 
 

Problem (6) : Particle has a mass 100 Kg, it moves by a velocity 0.8 c. How 

much its resident mass                                 

Solution 
:                                                ، 
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--------------------------------------------------------------------------------------------------------- 

Problem (7) 
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Problem (8) 
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Problem (9) 

 

 

 

 

 

 



47 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

Problem (10) 

 

 

Problem (11) 
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Problem (12) 
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Problem (13) 

 

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

Problem (14) 
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Problem (15) 

 

 

Problem (16) 
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----

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

Problem (17)  
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Problem (18)  
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Chapter (3) 

 

Relativity (II) 
Relativistic Kinematics  
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Relativistic mass (changing mass with velocity) 

One of the important outcomes of special relativity is the effect of velocity on mass 
of the moving object. From Newtonian mechanics, the velocity of any object has  a 
mass  (m) ,increases under a continuous affecting force according to the following 
equation : 

                                       (1) 

 = velocity at any moment (t) 

a = acceleration of the object  
   This tell us that ,  increased to infinity after an infinite time . This result not 
true , if we consider from the postulate of the special relativity that there is a 
maximum velocity , it is the light speed. To solve this problem, consider the mass 
of the object increases by increasing the velocity of the object according the 
following equation :  

                      (2) 

 =  Rest mass of the object 
m = Mass of the object when it moves by a velocity (v) 
Mass of the object given by : 

                            (3) 
This equation indicates as the velocity of the object close to the light speed , the 
mass of the object highly increases until it becomes infinite value, if  v close to C. 

Chapter  (3) 

Relativistic Kinematic 

Relativity 
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The mass becomes infinity , it need big force to moves, and this force not exist in 
nature. 

       :etih   According to Newtonian mechanics, the mass of the object is constant, 
and it doesn't depend on the its velocity.  This not agree with special relatively, 
because the mass increases by increasing its velocity,  

2

1

22 )/1(/ cvmm   
m0 = Rest mass of the body with respect to the velocity observer  
m = Effective mass of the moving body with velocity (v) 
The above relativistic mas equation tell us , in the direction of the motion, the mass of 
a body in any moving inertial reference frame increases with increasing its velocity and 
reach infinity when (v) close to(C) . But at very low velocity (v),compared to (C), the  
term [  = v2/c2  ] can be neglected, in this case the mass of the body still as it is, as 
it was described in classical mechanics.       
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Problem (1) : If a resident  particle splits into two moving parts in opiate 
direction , their masses and velocities respectively  are 3 Kg and 5.33 Kg and 0.6 c 
and 0.8 c. How much the mass of the original  particle ?   

 

noitulos 

 

Initial Energy = Final Energy  

 

              
 

Problem (2) : Calculate the momentum of electron with kinetic energy equals  
one Million electron volt . 

noitulos 

 
 

whoP e Ttwita ewhoP    gtihwiyg n Ktiyg ewhoP  

 
 

 

 

 

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

----- 

Solved Problems 
 



64 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

Problem (3) : An electron was accelerated from its rest position with  velocity 
0.5c . Calculate the change in its kinetic energy. 

Solution 

 

At the speed 0.5 c : 

 
 

 

Problem (4) : Calculate the Kinetic energy of the electron which its momentum 
equals (2/c) Mev 

Solution 

 
 

 

 

Problem (5) : Calculate the velocity of  an electron its kinetic energy  2 MeV  

noitulos 

 

 

 

 

 



65 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

 

Problem (6) :  
a- Calculate the mass and the velocity, if  its kinetic energy equals 1.5 MeV 
b- What is the energy by the unit of electron volt which required for the electron 

to transfer from its rest position to a velocity equals (0.9 C) 
Solution 

                                                                          (1) 

                                                                           (2) 

  Frome Eq. (1) :              

The electron mass :      

   Light speed :         

 
 

 

 
 

 

The value of  moving  mass equals four time it’s a rest mass 
  

The velocity of the electron from Eq (2) 

 
Squaring  the both side of this equation : 
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 (b) :  Required energy for transferring the electron from rest to 0.9 c  si : 

 

 

 

 

 

 

 

 

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

Problem (7) 
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Problem (8) 
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Problem (9) 
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Problem (10) 

 

 

Problem (11) 
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---------------------------------------------------------- 

Problem (12) 
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Problem (13) 

 

 

 

 

 



73 
Lectures in Special Relativity – Dr. Badry N. Abdalla     -Physics Department- Faculty of Science in Qena- South Valley Oniversity 

 

 

 

Problem (14) 

 

 

 

Problem (15)  
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Problem (16)  
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Chapter (4) 

 

General Relativity  
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Chapter (4) 

General Relativity 

Physicsc 
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