
Math 257B Topi
s in Differential Geometry-RelativityLe
ture 1: Introdu
tion.1.2 Spa
etime in prerelativity and Spe
ial relativity.One of the diÆ
ulties in understanding relativity is over
oming our mis
on
eptionsabout spa
e and time from Newtonian physi
s.In Newtonian physi
s we have a 
on
ept of an absolute time and for ea
h �xed timethe universe is a 3 dimensional spa
e of simultaneous events; given an event p, allother events are either in the future of p, in the past of p, or simultaneous to p.However in spe
ial relativity we learn that no information 
an pass faster then thespeed of light and hen
e there is a future light 
one whose interior 
onsist of eventsin the future of p and a past light 
one whose interior 
onsist of events in the pastof p, but everything outside the light 
one is not 
asually related to p.In spe
ial relativity as well as in prerelativity physi
s there is a notion of inertialmotion, i.e. the "nona

elerating motion without subje
t to external for
es.A basi
 postulate is that physi
s should look the same for all inertial observers.If we have inertial observers O and O0, moving apart with 
onstant velo
ity in thex dire
tion, that label the same event by (t; x; y; z) and (t0; x0; y0; z0), thent0 = t; x0 = x� vt; y0 = y; z0 = z;in prerelativity whereas in relativity they are related by a Lorentz transformationt0 = (t� vx)=(1� v2)1=2; x0 = (x� vt)=(1� v2)1=2; y0 = y; z0 = zwhere we have 
hosen units so the speed of light 
 = 1. In fa
t the Lorenz transfor-mations are pre
isely the linear transformations that leave the light 
ones invariant,in other words the speed of light is the same in any inertial frame.1.3 The spa
etime metri
.In prerelativity physi
s the time interval between events 4t as well the spa
ialinterval j4xj between simultaneous events have an absolute meaning.In spe
ial relativity neither of these have absolute meaning and the only observerindependent quantity is the Minkowski metri
�(4t)2 + (4x)2 + (4y)2 + (4z)2In fa
t this is the only quadrati
 form invariant under Lorentz transformations.1.4 General Relativity and gravity.Newton's se
ond law states that mass times a

eleration is equal to the for
e:md2xdt2 = FNewton thought of gravity as a for
e, the for
e on a mass m by a larger mass M isF = �GmMr2where r is the distan
e between M and m.Newton's theory of gravitation is not 
onsistent with spe
ial relativity sin
e itinvokes the notion of instantaneous in
uen
e of one body on another.Einstein's thought that sin
e all bodies fall the same in a gravitational �eld it oughtto be a property of spa
etime itself. A freely falling body is the natural unfor
edstate. It is the motion along a geodesi
 in the spa
etime metri
:d2xidt2 + �ijk dxjdt dxkdt = 0:1


