
SOLUTIONS : CW3



① Only the second and the fourth make sense .

In the first one , the free indices don't match
.

In the third expression the index
k
appears as a

dummy index on the left while it's a free index
on the night. In the fifth , the fu indices

don't match and K appears as
both a fee and

a dummy index on the r.h.es .
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③ The first part is covered in the lectures
.

• Timnehike.A.AE 0

• Spauhike : E.A 70
" Null : I. At = 0

For the second part ,
E : timeline ⇒ A. A = - (A)2+1112 a 0

⇒ IE1 a A° and A > 0 whog
Here I A- I=µttIATtA in the usual

norm of a 3 - vector .
B- : null ⇒ BE = - CB0 )'t IB12 = 0 ⇒ 130=11131

We can choose the + sign why .

Then
,

A. B E - A°B° + I. Is 4- IA1 1BI + E.Be =

= - IA1 1EI + IAIIBI cos0 =

= -1111131 It - use )

⇒ E- Be An - IE1 1BI It- case ) L 0



④ If I is a unit spaah.hu motor ,
then IAI ⇒

.

It follows them - (Att '4=1 ⇒ A = ± Fs .

If A and I an orthogonal ,
then

A. B- = - 3At 2132 = 0

⇒ B
'
= 3g Ao = I 3132

⑤ a) A. B- = gab A
" Bb

IA12 is invariant means that is the same

in all reference Games ,
i. e.
,
it is unchanged

by a honesty tnamf .

b) shown in the lectures .

c) IA12
,
IT3R 70

,
A. Is = 0

( A * B)
a
= III't IT3R -1 2AE°
= IF I

' -11137270



⑥ since A and B- one timelike ,

IA12 = - (Att (A)ZLO , 11312=-11307+11311210

Hence
,
A < A° and B

' LB0 since I ,A
'

,B°,B
"

are all positive . Adding ,
(At B' )2 < (Aot BOY

Hence
,

1A + B- 12 = - IA0-1BO )'t (AtB' )'t 0

⑦ Since A is a 4- vector
, its transformation under

Lorentz tnansf . is given by
Ato = 81A' - v.A)

,
A
"
= HA' -VA )

,
A'' = A' , A'3=A

'

The norm of A
'
is given by

IA12 = - IA0Y-1IA" )'t 1A'
'

)'t 1A
' ' )
'
=

= - JIAO -watt HA -RAY + LA42 + IA3Y

=P Itv2 ) HATHA'T ) t ( A2 )'t CA3Y

=
- IA44 1AI't CA42-1IA't

since 82 It- v2) = 1



⑧
The relation between Cartesian and polar
coordinates is

X = roost , y=rsimm0 ⇒ r=x¥j , 0 = aidan¥

Taking differentials,
dx = cosOdr - rsimo do

dy = simodrtraoso.de

Therefore,
ds2 = dx2t dy2 =

= loose dr - rsimo do )'t ( since drtrwso do)
'

= drat r2 DO2





① Question: geometry
• Consider the object Fij = fiAj - Ojai , when
Ai is a 10,1 ) tensor . Compute the

transformation of Fij under a change of
coordinates

.
xn=xYx ' ') . Is Fij a tension ?

- Solution :

since Ai is a tensor
,
it transforms as

Ai = 0¥ ! A 'j

as for the partial derivatives one has
,

Iii = E Iii

Putting these two results together , we get
Fij = Di Aj - Dj Ai

= 2*1 A'e) -3¥:*.IE#iAH--3IiI3II*A'etffIo*A'e)



- ' %IiAItI¥Eµ¥I
The first tennis on each line canal

.

To see this
,

one realises that they are equal to

3¥? #nfE)A'e=Ii×, Ate

III. £451:) A 's = JIo×iA 's
.

Therefore ,
one is left with

,

Fii = £¥e - III. E¥¥pA 's

= 131dm -3¥:)
= III. III. the

Therefore , Fij transforms as a 192)

tension
.


