SOLUTIONS TO ASSIGNMENTS 05 17.11.09

1. ORBIT EQUATION FOR GENERAL STATIC SPHERICALLY SYMMETRIC METRICS

First we extract the constants of motion from the Lagrangian :
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We have r = r(7) but we want to express r as a function of ¢, as we do so this
implies that 7 = r'¢ = L5 and we get with r = 7(¢) and r’ = j—; :
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Finally, we change variable from r to u = 1/r (= ' = —Zj—é) and (4) becomes :
N E?
Buu’2+u2:i+f 5

where B(u) = B(r(u)) = B(2) and the same for A(u).

2. RADIAL FALL & THE REPULSIVE REISSNER-NORDSTROM CORE
We use equation (3) withe= -1, A=B"1=1-224 z—i and L = 0 which after
multiplying both sides by A gives :
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We observe that for ¢ # 0 the dominant term in the effective potential for a small
radius is now positive and we have Veﬁ(r — 0) — oo such that infalling particles

cannot reach r = 0 (as they would need an infinite amount of energy).



3. TENSOR ANALYSIS IV: THE RIEMANN CURVATURE TENSOR

(a) On a scalar we have V¢ = 0,,¢, therefore :

[V;u vu] d) = (vuvu - vuv,u) ¢ (10)
= (Vudy =V, 0.) (11)
= (040 — 0u0) 6 — (T4, —T%,,) Opd (12)
=0 (13)

(b) We just have to compute :
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where in the third equality we dropped all the (u, v)-symmetric terms killed
by the subtraction with the indices exchanged.



