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• Split sessions into two halves. 1) Teaching Theory  2) Practical C++ 

• 2006-2010: University Of Nottingham, Mathematical Physics MSci 

• A-Levels: Math, Physics, Biology (AAB) 

• AS-Levels: Chemistry, Philosophy (BC) 

• Higher education to date:- 

 

• I came to Coleshill School between 1999-2006. 

• Purpose of this course! To pass on valuable skills, raise some interest for 
physics, provide some University style lecturing, solve some advanced 
problems, help you with UCAS applications or career. 

• 2010-2014: University Of Warwick, PhD on LHCb experiment CERN. 
 

• Any questions so far? 



HEP – Lesson 1 
(High Energy Particle Physics) 

1900 English physicist Lord Rayleigh suggests that physics has,  
 “only a few clouds on the horizon” remaining to be understood 



Lesson 1 – What is Special 
Relativity? 



 
 

 

 

Overview 

09/03/2013 Matthew M Reid 5 

• When was Special Relativity (SR) discovered? 
 

• What is SR? 
 

• Why are we going to learn it? 
 

• Who uses is? 
 

• Outline the intensions of the course. 
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• Have you ever sat in a car next to another car and wondered 
who is moving? Need some relative reference frame maths. 

 



𝒕 = 𝟎 
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• Consider two frames one at rest, S and the other moving at 

𝒗 = 𝟓𝒎𝒔−𝟏 called S’. They both start at the same place at 

time, 𝒕 = 𝟎.  
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• Consider two frames one at rest, S and the other moving at 

𝒗 = 𝟓𝒎𝒔−𝟏 called S’. They both start at the same place at 
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• An explosion occurs at 𝒙 = 𝟏𝟎𝒎 at time 𝒕 = 𝟏𝒔 according to 

the frame S, at what position does the explosion occur in S’? 
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• An explosion occurs at 𝒙 = 𝟏𝟎𝒎 at time 𝒕 = 𝟏𝒔 according to 

the frame S, at what position does the explosion occur in S’? 
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• Consider two frames one at rest, S and the other moving at 
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𝒙 = 𝟏𝟎𝒎 

 

𝒙′ = 𝟏𝟎 − 𝟓(𝟏) 

 

• An explosion occurs at 𝒙 = 𝟏𝟎𝒎 at time 𝒕 = 𝟏𝒔 according to 

the frame S, at what position does the explosion occur in S’? 
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• Note that the last equation “t’=t” tells us that time is 
independent of relative motion of different observers 

• We can generalise and write these transformations known as 
Galilean transformations for motion in one direction. 
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• In Newton's world (1687) there was no speed of light, “c”! 
Hence no restrictions on velocity. 

• Free to move at what ever velocity we like… Infinite!!!! 

• Both players have the ball but 
don’t at the same time!!!! ARGH! 

• The game of passing a football: 

– PARADOX -  sounds nuts but may 
well be fact. 
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• Question: Two cars hit head on in a collision. What is the 
equivalent speed of the impact? 

• Can use relative motion and Galilean transformations to 
show that speed of two relative objects is linear sum. 

• Example. A man on shore (S) 
watches a moving boat (S’) 
and a passenger walking (S’’). 
S’ moving relative to S, S’’ 
moving relative to S’.   

• 𝒙′′ = 𝒙 − 𝒖 + 𝒗 𝒕  

    𝒙′′ = 𝒙 − 𝒗′𝒕,  𝒗′ = 𝒖 + 𝒗 
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• But what happens with LIGHT? If a car travels at speed v, and 

emits light what velocity will an observer record? (v+c)? 

• Michaelson-Morley (1887) experiment. No matter what 
speed you are travelling at, the speed of light is the same in 
all frames! 
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• In 1905, Einstein released a paper that changed the way we 
perceive the world. Enter special relativity! 

• Space (x,y,z) and time (t) were no longer two distinct 
features like in Newtonian mechanics.  
 

• We live in a 4 dimensional world of spacetime (x,y,z,t)   

• This causes many interesting effects including E=mc2, time 
dilation, length contraction. But wait there, 4-dimensions??? 
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• (x,y,z) is a trivial concept to us humans. 

•  (Up, Down, Forward, Backward, Left and Right) 

• What does a 4th Dimension look like (x,y,z,t)?? 

• The mathematics is trivial, add 
one more coordinate. 

 

• Mr 2d cannot conceive a 3D 
world. He could explore a 2D 
map but not out 3D world 
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• Physicists have become adept at finding good examples of 
theory that provide long-term commercial benefit:  
• Quantum theory leading to semiconductors and computer processors. 

• Nuclear magnetic resonance leading to MRI imaging, 

• Particle accelerators leading to beams for cancer treatment.  

• What about Special Relativity? Well it plays a key role in a 
multi-billion dollar industry, the Global Positioning System 
(GPS). TomTom! 

• The satellite clocks are moving at 𝟏𝟒, 𝟎𝟎𝟎𝒌𝒎/𝒉 in orbits that 
circle the Earth twice a day. Special relativity says that rapidly 
moving clocks tick more slowly. Approx 7 microseconds per day. 

• The relativistic time offset of a satellite clock is so large that, if 
left uncompensated, it would cause navigational errors of the 
km order, which increase day by day!! 
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• Covered addition of velocities and Galilean transformations. 

• Seen that a speed of light makes sense and an observational 
fact. 

• A 4th dimension is not such a crazy concept?... Mr. 2D 

• This leads us to a new series of equations called Lorentz 
transformations, realised by Einstein in 1905. 

• Next time – Looking at vectors and coordinate systems. 


