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i) aaba = 1 the indexX is repeated both up and down

↳
according to Einstein's sumation convention
it means That I is summed over all its possible
valves

↳
↓ is a dummy index

&

ii) a bic = d · as in the case above B is once up and once
down - Bis a dummy index
· & appears once in both sides of the equation

↓
I is not summed aver - ↓ is a free index

iii) ab =d both & andB appear ance in both sides of the
- do not come in the pairequation and they

up-down

↓
L and B one free indexes

b
1 2 3

1) albe= -2 and B only appear ance per side , and no index is

repeated in the same term

2
no summation convention is used!

2) aba = 1 -a is used once up and once down -> it means sumnation over

& all values et d.
Summation convention is used !

3) = 1 + ↓ is used again once up and once down

&
summation convention is used !



a

lins element : ds = -dt + dtdx +dx

S
Using the fact that I cal rewrite this usingthe quadratic formula I get :

di = get
de + 2gtadtdx + gexdx

I notice that since the metric is simmetric : St "Set

now I match the coeff .
Ahm by term :

dt -> Get:
- 1

dtdx + 28+x = 1
+

ftx
=

8x : E
da18xx = 7

-> (n) =(t)

bux = (2) + vi = z
,
v" = 1

,
a fr

V . = gpVV = ge (Vt)" + 28VV* + 8xx (V)" (scen product

Now I substitute the values of the components :

V . = ()z +2(z)z(z) + (x)(z)) = - z + z + 7



Since fot
= -118x=7, I consider the (- +) form :

& Y . F To - timelike
Y .T = o - lightlike
T.0 - spacelike

-condering the equation :

. = - z) + z + 1

S 7 first find the Zeros :

-z + 1 + 1 =0sz - z - 70 + 7 =1 = E
= Ers,

Since the sign of the I is negative the parabola associated with
the equation opens downword :

I
⑧ E so:

↑. xo - timelike + Exz
-
orz7z +

T .T = 0 - lightlike - z = E

V . To e spacelite -E



if the radial curve has constant t -> o
, 9 also will be constant :

↓ dt = do = da = 0

substituting in the line element , I get :

ds = (7-Ar)" ar

proper lingert I along this curveis :

e =S = Si1-Arar I use absolute value because
&

7 a distance element cannot be

negative
1)A10 :

1 -Ar = 1 + 1AIr =0

e = S( - Ar)dr = [r-Ap] = R- Er

2) Ado , Rete= Ira

l = R - Er
3) Aso

,
R > +c = 1 /A

e = S"(1-Ar)ar + &(Ar -1) dr
f(1 - Ar) dr = r- Er , SAr"-1) dr = Ar-r
de = 2(r - tri) + (Ar -R)

substitute re = 1IVA

e(R)=AR



do = R (da +anodd")

↓ hab = diag (RR'sinta) ,
Veteth = Risino

A(r) = S. S. Rand dodd = da ri

a) the metric tensor far isa 4x4 symmetric motrix

& we car write the line element as : da =

fas exdxe

comparing the 2 expressions :

800
=7

Mon tero components

fi San Fas
= ent

in matrix forl :

-7 00 &

Sap
= ( O e

+24to O &+ut
O O e O

O O o ent

far diag (-7,
24T

,e
the determinant of a diagonal matrix is the product of

the element of the digonal :

det (fas) = - · (emt)" = -ent



light rays more along curves where da = 0.

assoming fixed (t ,y) ,
we have dy = dz =o

as = - dt2 + e24tdx = 0

=
+ (t) = = Sentdt = = 14 +

-n as we cal see in the

Space-time diagran
the leget cores become narrow

increasing t

-x



We want a coord transformation t = < (n)

such that : ds = & (n)( - dy + dx) + dy) + dz)

from point b :

ds = -et2 + etexh

equating the 2 equations I get :

- dt e ent dx = " (m) (-dy + d+2)

where I conder only (t , t)

- dt + entax = - r (y)dn2 +r (n)de

where t = + (n)

eint = +" (m)

E dt = e (n)d22-> dt2 = entd4

dn = eutdt
-Ut

M(t) = e elt + n(t) = -let const
-Un(t) = e

-4
+ - nt = en( -un)

-(n) = ent = genc-nm) =
1

een cron)
-In

-(n) =m



a) ds = - (1- )et + (1-dr + ridd
is the line element

( (
metric

82p =

-

c) tensor

O O r2

for the variational Minciple , we have to extremize the proper time
between 2 points

B

YAB = SdT
di = -dS

TAB
= /((1-dE - (1-mar-rapJ

parametriting the curve lang + :

TAB=at [(1- * ) (fot) - (2- E
=

(t) r(
where :

5 = 0 At A T= 1 at B
and

Tar= E
the Lagrangian is :

L = /(1-)(e)" (1 - 2)
= (ary-r(

1 = (( - 2m)E - (1- 2mjzq-r202]
with Id=*



varying the Lagrangian with respect to the b coordinate :

= o Since do not depend explicity from

* (L (-2rip) = - 1 ved
but Lor = d+re
G =- p) da

-

sp de

Euler-Lagrangian equation :

)+-) = 0

(2) = e

(5) = 0

*xL
si di



the expression for the geodes equation for 2 =dis

+
that is :

+(
from b) :

& (ro-zr+r
and

Ad to comparing the 2 expeone

No
E = Tr = =e



the general expression for the Christoffel symbel is

Sartor
with d = d

from point a) :

Set =
- (1-) , for = (1-2) , 800 = ri

all the other elements ore Zero

the only non zero derivative isd = Ir and the

only goo to is gop

Sab tra .=

=
E = = =
the rewet is the some ora


