Q10 The given metric is that of a plane in plane polar coordinates, with z' representing the radial
eoordinate |traditionally p) and £* representing the angular coordinate (traditionally ¢). It follows that the
curvature is everywhere zero and the geodesics are straight lines. With this in mind, C, is a circle and C3 a
siraight line. Thuz Cs iz & geodesic and O i not, while the surface is flat.

Qi1 Statement (a) is false. The radial coordinate does not have direct metrical significance. [The
proper length of the rod is actually Ar/f (1 - Emlﬂ-’jc?r}”:.]

Statement (b) 15 true. Adding a constant to f docs not change the metric,

Q12 Statement {a) is false. In fact, Ar/At = of1 — 2mGfc?r) for a light pulse with Ar= 0. (Light
travels along null geodesics. )

Statement (b) is true. A freely falling observer would measure the speed of light as e, but note that ArfAt < ¢
for a hght pulse.

013 Statemnent (a) is true. If Ar > cAf, then (A7)? < 0 and no communication is possible.
Statement, (b} is true. If (Af)® = 0 then Ar < eAf

The second statement implies the first if ight requires & time Ad > Arfe, then so does a matenal particle, and
hence events with Ad < Arfe are not causally related.

Q14 A is true, as shown by the statements about Birkhof"s theorsm in Unit 12. E is also true
az shown by evaluating the Schwarzschild radivs wsing the formula ry = 'EGml.":]. All Lhe other statements
contradict statements made in Unit 12

Q15 From Section 2 of Unit 12 the time required s given by
o
mirz) —7iry) = = li = (—)

ry
i "i rz :F."E
o [1 "
{See Errata 3, Unit 12, page 15, equation 6.)

In this case, ryfry = 2 % 1075, o

irj = wiryj _
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Q16 The lifetime of the described black haole s proportional Lo m?, nol m?, Thus lem F s false. All
the others are supporied by the text of Unit 12,



