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The phonon heat capacity implies that:

Cy x T° andhence ST’
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. (i) Working case: ]("3 = 42.2umols and éleak =0.43uW
Faulty case: N; = 8.8 umol s and Oleak = 0.66 uW

Hence cause of problem is low circulation rate of helium-3.

(i) Consider kinetic energy.
2 2
2 Iy 2 I3

Hence E;g/kg =49K

. (i) blood flow is approximately Newtonian in large vessels:

shear rate at arterial wall = 320 s

(i) Thrust= pAvs(vy -Vv,)=27.7kN
Power input = 221 kW
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Hints and Tips for PHYM432, General Relativity and Cosmology

1. Lorentz transformation:
:ZJOI — ,Y{m() . gcz_ml}

2V = ’Y{ml — _1613;0}
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T = ot
Writing
' —ct' = vy(z — vt) — y(ct —vz/c)
=y +v/c)z — yet(v/c+ 1) = (z — ct)y(1 +v/c)
T’ —ct/
= (1
—— = (1 +v/c)
Similarly,

z' +ct' = y(z — vt) + y(ct — vz/c)
=yl —-v/c)z+yet(v/c—1) = (z — ct)y(1 —v/c)

Ty Y .
Hence, £=% and Z*<% are independent of events.
T—ct z-+ct

These results immediately show that the speed of light is same in both reference
frames and that effect of LT is to stretch z + c¢t. The invariance of the space time
interval follows from isotropy of space and invariance of speed of light.

Separation of (2,1,4,5) and (1,1, -3, -5) is (—1,0, ~7, —10) and ds? is -148.

In §', when v = ¢/2 and y = 1/4/3, events become (1.57,0, 4, 5) and (0.57, 0.5, —7, —10)
and separation is (—v, 0.5y, —7,—10) and ds? is -148. ds? are identical as required.

2. This is book work.
3. Derivation of gravitational red-shift is book work.

4. Gravitational forces acting on an observer are equivalent to the effect of an acceler-
ating reference frame where a non-linear transformation of the coordinates occurs.

As an example if a particle is moving relative to a lift accelerating vertically upwards
with acceleration a, then

Ml = —Mgg — M4a

where y is local coordinate, ie. coordinate relative to lift floor. Note that gravitational
force can be eliminated if choose frame in free fall where a = —mgg/m; which is
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independent of mass if m; = m,. Thus inertial forces can be eliminated by change of
reference frame. This demonstrates that an inertial force is introduced when a frame
accelerates wrt an inertial one. Note that observer S seeing an accelerating particle,
which is free in frame S, would not be able to distinguish whether S’ is accelerating
wrt S or whether there is inertial force acting on particle. Thus equivalence principle
states that gravity is an inertial force so that m; = mg and gravity can be eliminated
locally by choice of frame in free fall also called the local inertial frame (LIF). In

addition, the laws of special relativity are obeyed locally in LIF. Important to note
tidal forces are not eliminated.

Equation of motion in LIF is (* = 0

From é:l = 07 and Cl = \/gj g'l — %fﬂl,
T
1

gt 4+ ——=3' =0,

23:?/ 2 vzl

then fl = —

These are required derivatives

'The equations of motion of the free particle are

1_ 1
2z5

i'=0 for i1,

Hence z . -

An inertial force is one which is proportional to mass and hence can be removed
locally by an appropriate choice of reference frame. The gravitational acceleration is

I 1.1

and the gravitational force is m times this and is then an inertial force.
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