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12 SURVEYING SPACETIME
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“INVARIANT SPACETIME INTERVAL" FROM REFERENCE SPARK TO SPARK A

(0ota from Toble 1-3)

Laboracory measurements |

Rocket measurements

Time lapse
33.6900 X 102 seconds
= 33.6900 nanoseconds
Multiply by
€=0.299792458
meters per nanosecond

0 convert to meters:

Time lapse

Multiply by
£=0.299792458

o convere to meters:

33.0228 X 10 seconds
= 33.0228 nanoseconds

meters per nanosccond

10,1000 mecers 9.9000 meters
Square the value 102,010 (meters)* Square the value 98.010 (mecers)?
Spatial separation Spacal separation

2.000 mecess =

Square the value and subtract = 4.000 (meters)? Square the value and subtract - 0

Result of subtaction 8.010 (mecers)” Resule of subaction 98.010 (mecers)*
expressed as a expressed as a

number squared = (9.900 mecers)? number squared = (9.900 meters)?
This is the square “This is the square

of what measurement? 9.900 meters of what measurement? 9.900 meters

| S

SAME SPACETIME
INTERVAL

from the reference event

time separations expressed in the same unit. Time is converted to meters: / (meters) =
X 1 (seconds). Then the interval appears in simplified form:

dme  ? space 2
(incerval)? = | separacion | — | separation a6
(meters) (mecers)

‘The invariance of the spacetime interval —its independence of the state of
motion of the observer— forces us to recognize that time cannot be separated from
space. Space and time are parc of a single entity, spacetime. Space has three
dimensions: northward, eastward, and upward. Time has one dimension: onward!
‘The interval combines all four dimensions in a single expression. The geometry of
spacetime is cruly four-dimensional.

‘To recognize the unity of spacetime we follow the procedure that makes a landscape
take on depth — we look at it from several angles. That is why we compare space and
time separations between events A and B as recorded by two different observers in
relative motion.

Why the minus sign in the equation for the interval? Pythagoras tells us to ADD the
squares of northward and eastward Separations 1o get the square of the distance. Who
tells us to SUBTRACT the square of the space separation between events from the square
of their time separation in order to get the square of the spacetime interval?

Space and fime are
part of spacefime




