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Reference
 

frames

•
 

ICRF: origin
 

in the barycenter
 

of
 

the 
solar

 
system, directions

 
defined

 
on 

“fixed”
 

stars: quasars, LB Lacertae
 objects, galactic

 
nuclei…

 VLBI defined, accuracies
 


 

10-9 rad.
•

 
ITRF: centered

 
on the earth

 
and 

corotating
 

with
 

it
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Quasars

Sloan Digital Survey
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A linear
 

algorithm
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Uncertainty
 

depends
 

on clock
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A gravitational
 

field

The gravitational
 

field
 

shows
 

up when:
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A problem

True

Reconstructed

The error
 

tends
 to

 
grow

 
with

 
time
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for
 

periodic
 independent
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Pulsars as beacons
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Pulsars

•
 


 

2000
•

 
A few

 
hundreds

 
X-ray

 
pulsars

•
 

Millisecond
 

pulsars: 144
–

 
Isolated

 
57

•
 

Extremely
 

good
 

clocks
•

 
Almost

 
fixed

 
positions

 
in the sky

 
but

 uneven
 

distribution.
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Radio-pulsars
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Inconveniencies
 

(radio domain)

•
 

Extremely
 

week signals: N/S 
 

50 dB
•

 
Need

 
for

 
long enough

 
integration

 
time

tbegin time tend
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Integration
 

and folding

We
 

already
 

know
 

the pulsars
 

we
 

use
 

and 
the corresponding

 
templates

 
are available
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Proper
 

motion
 

and period
 

change

•
 

Typical
 

change
 

of
 

the position in 
the sky: 

•
 

Decay
 

of
 

the period: 

•
 

Stability
 

over
 

months
•

 
The change

 
rates

 
are known

•
 

Redundancy
 

for
 

random
 

phenomena
 (glitches)

rad/year 
distance

pc 








  10010 6

dt
d

2115 1010  

T
T



BRDO 20/09/2012 Relativistic Positioning Systems and their 
Scientific Applications

30

Practical
 

problems: huge
 

antennas

Area   10 m2

Not
 

easy to
 

look 
at 4 or more 
sources

 
at a time: 

line
 

of
 

sight
 controlled

 
by

 interferencial
 techniques
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X-ray emitters

• useful out of the 
atmosphere only
• small antennas 
required
• more than one 
antenna required
• smaller 
background noise
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Artificial
 

sources

•
 

Atomic
 

clocks
 

on spacecrafts
 

or 
celestial

 
bodies

•
 

Wide frequency
 

range: 103 ÷ 1011
 

Hz
•

 
Well

 
defined

 
shape

 
and intensity

 
of

 
the 

signal
•

 
Need

 
to

 
know

 
the worldline

 
of

 
the 

emitter
•

 
Small

 
enough

 
acceleration
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Solar system frame
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LASER pulses

• 
 

kHz pulses

•
 

length
 

of
 

a 
pulse: tens

 
of

 
ps

•
 

highly
 collimated

 
beams

 
 

1 mrad
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Other
 

positioning: GPS

•
 

Based
 

on time
 

of
 

flight 
measurement
•

 
requires

 
synchronized

 clocks
•

 
range

 
determined

 
by

 trial and error
•

 
relativity

 
introduced

 as
 

corrections
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LASER ranging

Distances
 with

 millimeter
 accuracy
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Mapping a limited region on 
Earth
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An exercise: four
 

real
 

pulsars
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Static
 

observer
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Uncertainties
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Eppur si muove
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Positioning, General
 Relativity, time

 measurement
 

and science 
in space
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Self
 

positioning
 

of
 

a swarm
 

of
 satellites

Space-time geodesy



BRDO 20/09/2012 Relativistic Positioning Systems and their 
Scientific Applications

44

Locally
 

probing
 

the curvature

Lasers

Mirrors

Freely

 

falling

Tetrahedron

 

with

 

four

 triangular

 

ringlasers
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The effect
 

on frequency
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Corotating
 

device
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A linear cavity
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The effect of curvature and 
anisotropy
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Linearized
 

Riemann
 

tensor.
An example: 
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Orbital
 

gyro
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Arrival
 

times
 

difference
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Beat frequency
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Conclusion
•

 
Light is

 
an

 
intrinsically

 
relativistic

 
probe of

 space-time
•

 
Proper

 
time

 
measurements

 
between

 
the 

arrivals
 

of
 

successive electromagnetic
 

pulses
 are a promising

 
means

 
for

 
an

 
autonomous

 space
 

navigation
 

system 
•

 
Timing plus space-time

 
geodesy

 
can help in 

reconstructing
 

the average
 

corvature
 

in small
 regions

 
of

 
space

 
and can play a role

 
in testing

 GR effects.
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