Pre-U Physics Part B

15. Special Relativity

This section includes philosophical and mathematical ideas that are tested in the optional questions on paper 3. Further resources and teaching notes are listed after the specification topics and exercises.

Content headings mapped to spreads

	Specification heading and statements
	Spread Name and number
	Pages in Advanced Physics
	Includes

	Einstein’s special principle of relativity

15.1 – 15.5
	8.23 Special Relativity
	366 - 367
	Aether theory.

Michelson-Morley experiment.

Principle of Relativity.

	
	8.25 Mass and Energy 
	370 - 371
	Extension – E = mc2
(Useful background for work on nuclear physics)

	Time dilation

15.6
	8.24 Time Dilation
	368 - 369
	Time dilation.

Length contraction.

Twin paradox.

	
	9.2 Using Relativity in Particle Physics
	400 - 401
	Particle physics involves particles traveling t close to the speed of light, so relativistic equations must be used.

	Comment: The equivalence principle and general relativity do not appear in the specification but Einstein’s thought experiments about physics in a free fall reference frame is a wonderful example of his way of approaching physical problems and will be of particular interest to those who wish to explore the ‘semantic route’. The spread on ‘curved space’ (12.22) may also be of interest for some although, once again this is extension material.

	Extension
	12.21 General Relativity
	554 - 555
	Eqivalence principle

Gravitational time dilation.

Deflection of light by gravity.

	
	12.22 Curved space
	556 - 557
	Gravity and geometry.


The detailed Pre-U syllabus statements are listed below with suggested exercises from Advanced Physics:

Learning outcomes

The learning outcomes marked with an * asterisk will only be assessed in the optional questions in Section B of Paper 3.

Einstein’s special principle of relativity - Candidates should be able to:

1 * 
recall that Maxwell’s equations describe the electromagnetic field and predict the existence of electromagnetic waves that travel at the speed of light (Maxwell’s equations are not required)

2 * 
recall that analogies with mechanical wave motion led most physicists to assume that electromagnetic waves must be vibrations in an electromagnetic medium (the aether) filling absolute space

3 * 
recall that experiments to measure variations in the speed of light caused by the Earth’s motion through the aether gave null results

4 * 
understand that Einstein’s theory of special relativity dispensed with the aether and postulated that the speed of light is a universal constant

5 * 
state Einstein’s special principle of relativity and recall that the constancy of the speed of light may be interpreted as a consequence of this

Time dilation - Candidates should be able to:

6 * 
explain how Einstein’s postulate leads to the idea of time dilation expressed by the equation
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and that this undermines the ideas of absolute space and time.

Exercises

P369
Q1-2
The ‘gamma’ factor and time dilation.

P401
Q1-5
Relativity in particle physics.

P557
Q1-4
Extension questions about general relativity.

P393
Q19
Postulates of special relativity and time dilation with K-mesons (past A-

level question).

P393
Q20
Michelson-Morley experiment (past A-level question).

P393
Q21
Relativistic energy and momentum (past A-level question).

Resources

Relativity: An Introduction to space-time physics – Steve Adams, Taylor and Francis 1987.

pp35-62 Shows how Einstein solved the problem of linking Maxwell’s electromagnetism to Newton’s mechanics by postulating a principle of relativity. It also derives the formula for time dilation and shows how it was tested.

‘Shut yourself up with some friend....below decks on some large ship and have with you there some flies, butterflies, and other small flying animals. Have a large bowl of water with some fish in it; hang up a bottle that empties drop by drop into a wide vessel beneath it. With the ship standing still observe how the little creatures fly with equal speed to all sides of the cabin. The fish swim indifferently in all directions; the drops fall to the vessel beneath; and in throwing something to your friend, you need throw it no more strongly in one direction than another, the distances being equal; jumping with your feet together, you pass equal spaces in every direction. When you have observed all these things carefully, have the ship proceed with any speed you like, so long as the motion is not fluctuating this way and that. You will discover not the least change in all the effects named, nor could you tell from any of them whether the ship was moving or standing still.’

Galileo: ‘Dialogue Concerning Two New Sciences’ XE "‘Galileo:Dialogue Concerning Two New Sciences’"  in 1638. Quoted from Relativity (Adams) p35

‘The phenomena of electrodynamics as well as those of mechanics possess no properties corresponding to the idea of absolute rest. They suggest rather that .... the same laws of electrodynamics and optics will be valid for all frames of reference in which the equations of mechanics hold good. We will raise this conjecture (the purport of which will hereafter be called the “Principle of Relativity”) to the status of a postulate, and also introduce another postulate, which is only apparently irreconcilable with the former, namely that light is propagated in empty space with a definite velocity c which is independent of the state of motion of the emitting body .... the introduction of a “luminiferous ether” will prove to be superfluous inasmuch as the view here to be developed will not require an “absolutely stationary space”.

(Einstein, 1905 Paper) Quoted from Relativity (Adams) p.67

A comment on the The Twin Paradox:

In the ‘twin paradox’ two twins are together on Earth. Let’s say they are sharing a birthday. One twin then climbs aboard a spacecraft and takes a high speed round trip to a distant star, returning many Earth years later. The effects of time dilation on the traveling twin means that she has aged less than her stay-at-home sister. At the reunion the traveler is visibly (and actually) younger than the stay-at-home.

Sometimes there is confusion over what is supposed to be paradoxical here. It is not the fact that one twin ends up younger than the other. This has been tested experimentally using atomic clocks and works exactly as predicted (although the clocks had to be corrected for both special and general relativistic effects). Then ‘paradox’ arises when we try to analyse the journey from the point of view for he traveler. Surely the situation is symmetric? She sees her sister move away at high speed and then return for the reunion. Shouldn’t the stay-at-home be younger? The reason that this point of view is invalid is that the journeys are not actually symmetric. Whereas the stay-at-home remains in the same inertial reference frame throughout the period of the journey, the traveler does not. She is accelerated several times and this means that, in her reference frame, she has experiences psuedo-gravtational fields that affect the rate of time and bring about the real difference in aging.
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