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Problem 3*
(a)

D€e,)=0
— Juer) —Tyer =0 (Tg, =0)
= Ou€e, +0ue, =0
= 0,06, + 0,0,¢, =0 (1)
= 0,0,€, + 0,06, =0 (2)
= 0,0,€, + 0,0,€, =0 (3)

M-@-@ = —20,0,c,=0

= 0,06, =0

(b)

0,06, =0
= Oy, = M, (with M, independent of x)
= & =Mu2"+ P, (with P, independent of x)

Since we have D(,€,) = 0,6,y = 0 and 9,6, = My, we have M,y = 0. Thus M, is independent of x
and antisymmetric, and P, is independent of x.

(c)

P, corresponds to translations and M, to rotations and Lorentz boosts. For example, translations in
the z-direction are given by
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boosts in the xz-direction are given by
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and rotations about the x-axis are given by
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P, has four independent components (translation in each direction), and M,,, has 6 independent com-
ponents (rotation and boost in each spatial direction). Thus there are ten linearly independent Killing

4(4+1)

vectors. From Problem 1, a 4-dimensional space can have a maximum of =—— = 10 independent Killing
vectors, and so Minkowski space is maximally symmetric.

Problem 4*
(a)

From Homework 2 Problem 3,

G = g = T}, =T, +6,0,n|Q| + 6,0, n|Q| — g,,0* In|Q|

Thus in the context of this question, with

Q—e? = 0,In|Q| — 0,9,
Juv = N == Ff;l, — (”)Fﬁy =0,

Juv = Guv = f‘ﬁy — (g)Fﬁy =T

we have
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T, =008, + 8§)9,® — 1,0 .

R = gMVR,u)\u/\

= 6_2(1’77,“, (8>\F2u - 8MF§V + ]‘—‘le]‘—‘§0‘ -

KUF,L):U)

NIy, = 0x(000,® + 6,0, — 1, 0" D)
= 0,0, + 0,0,P — 1,000 ®
= O\, = 0,0"® + 9,0"D — 40,0*®
= —20,0"®

9,T%, = 0,(0,® + 49,0 — 9,P)
= 49,0,
= "9,I}, = 40,0"d

Iy, =0,0,®+ 6,0, —1,,0°®

— T, =00 + 070 — 407D
= 2079

I, = 0,® + 49,0 — 0,
=40,

= nuyFZVl—‘ﬁa = (_280) (480(1))

—80,207 ®



I5, = 0500\® + 60, ® — 1,0°® [y =06,0,®+06,0,% — 00
= "T%, = "7 0\D + 650" ® — 5407

= "I,y = (P0A® + 650" ® — 6807) (050, ® + 6,05® — 1,00’ )
= 0 DD + 052D — 40,0 D
+ 40,00 ® 4 0,00 — 0, DO
— 0, 0"® — 40,90° ® + 9, PO
= —20,00"d

@, @). @), @. = R=e2%(-20,0'® — 40,0"® — 89,P0°® + 20, D" P)
= —6e** (0,0"® + 0,90" )

(b)

uv = ez(bmw
X N + 291,
= N + Py
= hu, =291,

1
Fﬁp = 5"7”0 (al/hap + 8phm/ - 8ah1/p)
=" NopOy® + 1510, ® — 1,0, P)

Yy =0
oo = 1" (1000 ® + 15000 P — 1000; P)
— 9,0

ol _ —0;®, and so the ® in this question is the gravita-

Thus, similarly to the lecture notes, we have <z =
tional potential. For a slow moving particle we have

v _lp p=r=0
71 0 otherwise

R = r*¢"Ty R = —6e2*(0,0"® + 0,00"®)

= —e 2%x2) ~ —66_2{)8“8“(1)
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For a spherically symmetric mass we have

, r=>R
p(r)={p°

0, r<R
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We need ®(r) and its derivative to be continuous at r = R.
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(c)
B 4 Th i’ =0
— i + (400D + 405 — 1asd"®) i3 =0

— B 0D + i OpD — i OPD = 0
— ip’ + 2 (x"au(I)) :.Eu - 0

(Null geodesics = last term = 0)

— it = —2(i"0,®) "

As the equation for Z* is linear in &*, then the corresponding path of the geodesic is a straight line, and

so is not deflected by the presence of any mass.



