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Origins	  3A03	  	   	   Midterm—Comments	  and	  Partial	  Solutions	  

MOTTO: If you assume you already know everything, you will learn nothing! 

1. COPERNICANISM: What were the most important factors responsible for the acceptance of 
Copernicanism? Isn’t the idea that the Sun is at rest and the Earth in orbit around it 
incompatible with the relativity of motion? Discuss.  

Factors: simplicity in explanation of retrograde motion of the outer planets; explains why Venus 
and Mercury are never seen far from the Sun (about 40 degrees); gave more accurate predictions 
of angular positions; if epicycles are interpreted as giving orbits, Jupiter and Saturn would have to 
crash through the Earth’s sphere; Tycho’s triangulation of the comets; Galileo’s observations of the 
Moon’s surface and sunspots refutes Aristotle’s idea of the heavenly bodies being made of a 
different kind of matter; allows order of planets’ orbits to be inferred. 

NONFACTORS: removes man from the centre of the universe; reduces number of epicycles; unlike 
the geocentric view it predicts (angular) positions of planets. 

Relativity: the Sun’s being at rest is incompatible with a universal relativity of all motion—rotational 
motion cannot be transformed away by a uniform velocity or acceleration in a straight line. 
Different causal histories would result in different amounts of energy having to be expended to 
make the rest of the universe rotate around the Earth, rather than vice versa. Newton and Leibniz 
understood that. 

NB: Most of you said that there is no incompatibility because the Earth is at rest in our frame. (1) 
But if all motion is relative, then it cannot be false to say that the Sun goes around the Earth. (2) 
Earth’s rotational motion is not inertial—Descartes understood that. (3) Neither Special nor 
General Relativity allow a rotational motion to be transformed away without physical 
consequences. In GR the spacetime encompassing both the Sun and Earth would be differently 
deformed if the Sun were revolving around the Earth. 

2. BUCKET EXPERIMENT: Discuss Newton’s thought experiment with the revolving bucket, 
explaining what aspects of Descartes’ theory of motion it was directed against. Explain, with 
reference to the rival views of Leibniz and Mach, the implications of the thought experiment 
for the question of whether space is relative or absolute. 

Only one of you explained what aspects of Descartes’ theory Newton’s thought experiment was 
directed against. Apart from this there was little to no evidence that any of you had read Descartes 
or tried to understand Leibniz’s arguments. Many had Newton’s bucket spinning in empty space: 
that would presuppose what he is supposed to be proving, that space exists independently of the 
things in it. Also, Mach did not void matter from space in his reply to Newton. 
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3. THE TWIN PARADOX: What is the Twin Paradox of Special Relativity? Explain how the 
distinction between co-ordinate time and proper time resolves the paradox.  

WRONG CLAIMS: SR no longer applies to the acceleration of the travelling twin, but GR does; each 
twin “has” or “enters” a reference frame; time is subjective in SR, or relative to what an observer 
“sees”; proper time is relative to the observer’s frame; the travelling twin would experience time 
slowing down; there is no “correct” or “proper” time because all time is relative; when the twin 
returns to Earth they will be the same age; I repeat, ALL THESE CLAIMS ARE FALSE. Read Arthur’s 
lecture on Special Relativity on the course site for a treatment of how the distinction between co-
ordinate time and proper time resolves the paradox. 

4. THE EQUIVALENCE PRINCIPLE: What is Einstein’s Equivalence Principle? Explain how he 
was led by consideration of this principle to postulate the curvature of spacetime. What 
experimental evidence is there for this principle? 

Answers to this question were generally very good. 

5. RELATIVE MOTION:  

(i) Conservation of relative velocity: u1 – u2  =  v2 – v1 

(ii)  Conservation of momentum: m1u1 + m2u2  =  m1v1 + m2v2 
(iii)  Conservation of kinetic energy: m1u1

2 + m2u2
2  =  m1v1

2 + m2v2
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(a) Show that (iii) follows from (i) and (ii).  

If we rewrite (ii) as   m1u1 – m1v1 =  m2v2 – m2u2     

or      m1(u1 –v1) =  m2(v2 – u2)     (1) 

and (i) as     u1 + v1  =  v2 + u2     (2) 

then multiplying (1) by (2) gives  m1(u1
2 –v1

2) =  m2(v2
2 – u2

2)     (3) 

or      m1u1
2 + m2u2
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2 + m2v2

2   QED 

(b) For what special case is the derivation of (ii) from (i) and (iii) not valid? 

If we divide (3) by (2) we get (1), and therefore (ii). But we cannot divide by zero, so we must 
have u1 ≠ – v1. Thus the derivation is not valid if u1 = – v1, or u2 = – v2: in other words, if the 
bodies have equal and opposite velocities. 

The derivation also assumes that all collisions are perfectly elastic. If this does not hold, then (iii) 
does not hold, so that (ii) cannot therefore be derived from it and (i).  


