Astronomy A3/A4H, Physics P4H
Gravitation and Relativity I: Example Sheet 1

1. In an inertial frame Newton’s law may be written as
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Show that Newton’s law still holds under a coordinate transformation
" = R;:cj +o't+c

(where R;'-, v* and ¢! are time-independent) provided that F"* = R;Fj

2. For the transformations
a* = Rila? +vi't + ¢}
2" = RQ;-x'j + volt + cé
show that

" = Skl +w't+a
where S;- = RQ}chf, w' = RQ}cvlk + vyt and o' = Rgz-clj +cb

Comment on your answer.

3. Show that, for any u, v
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and that
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Hence, or otherwise, show that the components of the Kronecker delta are identical
in any coordinate system, i.e.
5 = ot

4. The basis vectors, {e},e5}, of a rotating coordinate system, {z'!, 22}, are given by
€] = coswtél + sinwt ey

eh, = —sinwté] + coswt €3

where {€7, €3} are the basis vectors of an inertial, Cartesian system of coordinates

{z!, z%}.



Show that

Further, show that we can write these two equations in the form
dt
where 9] = Q2 =0and Q2 = - =w

The displacement vector of a particle is & = z'é; = :v’ie—i.. By differentiating this

expression, show that the velocity vector may be written as

dz dz" R
7 = :c:<:v +:v'JQ;~)eg

dt dt

By differentiating again, write down an expression for the acceleration vector in
terms of the components in the rotating coordinate system. Compare your answer

with the result for the Cartesian frame.
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