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points, angles, etc. defined

e N0 absolute simultaneity = “time is not absolute”

e add properties to X that satisfy theorems

e — differentiable 4-(pseudo-)manifold

e point particle in space — w:World line in spacetime

e point in spacetime — spacetime “event”
e SR: spacetime = w:Minkowski space
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In A’s coordinate system, B’s worldline is:
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What happens to a photon under Lorentz transformation?
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SR: effect of A on x =t (photons) L

What happens to a photon under Lorentz transformation?

Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s
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SR: effect of A on x =t (photons) L

What happens to a photon under Lorentz transformation?

Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s
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Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s

'\ coshgp —sinho t
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~\ (—sinh ¢ + cosh @)t

=

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011 v

— p6


http://en.wikipedia.org/wiki/Michelson-Morley experiment

SR: effect of A on x =t (photons) L

What happens to a photon under Lorentz transformation?

Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s

'\ coshgp —sinho t
t' ]\ —sinh¢ cosho ¢
B (cosh ¢ — sinh @)t
~\ (—sinh ¢ + cosh @)t

= worldline is z’ = (cosh ¢ — sinh ¢)t =t i.e. the set of
spacetime events

{(t',t") | (cosh ¢ — sinh ¢)t; < t' < (cosh ¢ — sinh ¢)ta}
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What happens to a photon under Lorentz transformation?

Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s

'\ coshgp —sinho t
t' ]\ —sinh¢ cosho ¢
B (cosh ¢ — sinh @)t
~\ (—sinh ¢ + cosh @)t

= worldline is z’ = (cosh ¢ — sinh ¢)t =t i.e. the set of
spacetime events

{(t',t") | (cosh ¢ — sinh ¢)t; < t' < (cosh ¢ — sinh ¢)ta}
e photon speed same in both reference frames

=
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http://en.wikipedia.org/wiki/Michelson-Morley experiment

SR: effect of A on x =t (photons) L

What happens to a photon under Lorentz transformation?

Observer A: photon worldline is the set of spacetime
events {(t,t) |t1 <t < ta} for some ty, s

'\ coshgp —sinho t
t' ]\ —sinh¢ cosho ¢
B (cosh ¢ — sinh ¢)t
~\ (—sinh ¢ + cosh @)t
= worldline is z’ = (cosh ¢ — sinh ¢)t =t i.e. the set of
spacetime events

{(t',t") | (cosh ¢ — sinh ¢)t; < t' < (cosh ¢ — sinh ¢)ta}
e photon speed same in both reference frames
Lo w:Michelson-Morley experiment (1887)
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

/ t!

cosh ¢ — sinh ¢4 x
, — sinh ¢ cosh ¢ t
i

where tanh ¢; = 61 = 0.1
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

/ t!

cosh s —sinh ¢ x’
, — sinh ¢ cosh g9 t/
X

where tanh ¢o = B2 = 0.5
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

/ cosh s —sinh ¢ x’
v — sinh ¢ cosh g9 t/

r Where tanh ¢2 = 82 = 0.5

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

“11(0,0)

but A(p2)A(¢1) = A(p1 + ¢2)

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

1 ( 411 ) = A(p2)A(91) ( ; )
“11(0,0)

but A(p2)A(¢1) = A(p1 + ¢2)

cf. rotation 6; “plus” rotation 6, = rotation 6; + 65

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

1 ( 411 ) = A(p2)A(91) ( ; )
.11 (0,0)

but A(p2)A(¢1) = A(p1 + ¢2)
SO B3 = tanh (¢1 + ¢2)

=
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

1 ( 411 ) = A(p2)A(91) ( ; )
“11(0,0)

but A(p2)A(¢1) = A(p1 + ¢2)

h h
SO (33 = tanh (§b1 T ¢2) — 1Trtlan¢ﬁ;5_1t3ar;hq;22
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SR: adding velocities

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

1 ( 411 ) = A(p2)A(91) ( ; )
“11(0,0)

but A(p2)A(¢1) = A(p1 + ¢2)
SO 63 = tanh (§b1 + ¢2) — 1%21%2

=
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SR: adding velocities L

Interstellar ark travels at 5; = 0.1 from Sun, sends out
rocket at 55 = 0.5; rocket’s speed 33 in Sun frame =7

1 ( 411 ) = A(p2)A(91) ( ; )
“11(0,0)

but A(p2)A(¢1) = A(p1 + ¢2)

SO 03 = tanh (¢1 + ¢2) = 1%21%2 = 13_5ng5 ~ 0.97
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SR: Lorentz factor

A: alternative to hyperbolic trig functions

=
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SR: L orentz factor

A: alternative to hyperbolic trig functions

b | o
cosh¢ = ¢ 4"26

0o

. sinh ¢ :=

coshgp —sinho 2 _
A@) = ‘h bolic funct
(¢) ( ginho  cosho ) w:hyperbolic function

=

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011
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http://en.wikipedia.org/wiki/hyperbolic function

SR: Lorentz factor

A: alternative to hyperbolic trig functions

= tanh ¢

v o= (1-p%)7Y2 =
Lorentz factor

B v = cosh ¢
A(B) = ( oA ) By = sinh ¢

o-M-[Al-[B]-lcal -[c -|[Z¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |[Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |IADM|-cacl| SR+GR Feb-Jun 2011
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SR: model summary

Minkowski spacetime: draw a correct diagram

=
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SR: model summary

Minkowski spacetime: draw a correct diagram

Lorentz transformation (boost) A(¢) or A

=
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SR: model summary

Minkowski spacetime: draw a correct diagram
Lorentz transformation (boost) A(¢) or A

refuse the assumption of absolute simultaneity (time)

=
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SR: worldline time dilation L

. cosh ¢

_— e = =\ = =

sinh ¢
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SR: worldline time dilation L

. cosh ¢

_— e = =\ = =

sinh ¢

cosh ¢ =~

=
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SR: worldline time dilation L

. cosh ¢

_— e = =\ = =

(0,0)

sinh ¢

LCOSh¢E,yE]_—_ﬁ2
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SR: worldline time dilation L

. cosh ¢

_— e = =\ = =

(0,0)

sinh ¢

1

coshg =v= —
|- Vi
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SR: worldline time dilation L

worldline “time dilation”
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SR: worldlinetimedilation

worldline “time dilation”

muons: mean lifetime
2197 ns <« 15 km

X

sinh ¢

0o-M-[Al-[B]-lcal -[¢ -|[Z¢ - ¥]-[t+-[x—|-1z - [xy]-[SR |[Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011
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SR: worldlinetimedilation

worldline “time dilation”

muons: mean lifetime
2197 ns <« 15 km

X

sinh ¢

time dilation = muons
coshp =v=—=-—=>1 can hit the ground

0-M-[Al-[B]-lcal -[¢ -|[Z¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |[Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |IADM|-cacl| SR+GR Feb-Jun 2011
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011 V -p.l1




SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢

-(0,0) cosh ¢

v/As%(q,p) = cosh ¢ — Bsinh ¢

=
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

&

B sinh ¢ = 3%y

sinh ¢
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SR: worldsheet space contraction L

P
B sinh ¢ = 5%y '

sinh ¢

-(0,0) cosh ¢

VAs%2(q,p) =yt <1 worldsheet “space contraction”

=
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SR: worldsheet space contraction L
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SR: worldsheet space contraction L

A1 1 _ cosh ¢ — sinh ¢
— 0 sinh ¢ — 3 cosh ¢
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SR: worldsheet space contraction L

At ( 1 ) B ( cosh ¢(1 — 32) )
—f3 cosh ¢( tanh ¢ — tanh ¢)

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011 V -p.12




SR: worldsheet space contraction L
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SR: worldsheet space contraction L

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011 V -p.12




SR: worldsheet space contraction L
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SR: worldsheet space contraction L

VAs%(q,p) =7 1 <1 worldsheet “space contraction”

=
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SR: Doppler shift L
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SR: Doppler shift L

see photon worldline calculation

=
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SR: Doppler shift L

see photon worldline calculation
r" = (cosh ¢ + sinh ¢)t

=

0o-M-[Al-|B]-lcal -[¢ - ¢ - ¥]-[t+|-[x—|-1z - [xy]-[SR |Riem -[tens - max| |[EFE |[Eq -[Sch/-[FL |/ADM|-cacl| SR+GR Feb-Jun 2011 V -p.13




SR: Doppler shift L

see photon worldline calculation
r" = (cosh ¢ + sinh ¢)x

=
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SR: Doppler shift L

see photon worldline calculation
t' [z = cosh ¢ + sinh ¢

=
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SR: Doppler shift L

see photon worldline calculation
'z =y + By

=
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SR: Doppler shift L

see photon worldline calculation
'z =~(1+0)

=
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SR: Doppler shift L

see photon worldline calculation
t'Jz = 5(1+f) = L2

V152

=
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SR: Doppler shift L

see photon worldline calculation

1 2
o'/ =v(1+0) = \/(1£BJ)F(’Z)+B)
-
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SR: Doppler shift L

see photon worldline calculation
_ _ /140
v fr=~(1+08)=1/123

=
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SR: Doppler shift L

see photon worldline calculation
1+z:=N/A=~(1+08)= /32 redshift

5
=
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SR: Doppler shift L

see photon worldline calculation

1+z:=N/A=~(1+8)= /15 redshift

=when g <«1,z~pf

=
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SR: relativistic aberration L

y (x,y) plane
O
i \90’_\'?3'
pAN
A /// 1
= e !
/’/9 E X
(0,0,0) cos 6 |
( ____________

(2, y) frame

=
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SR: relativistic aberration L

y (x,y) plane
O
i \(;0’_\'?3'
pAN
A /// 1
= e !
/’/9 E X
(0,0,0) cos 6 |
( ____________

(2, y) frame

event B: (x,y,t) = (cosf,sinf, 1)

=
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SR: relativistic aberration
event B: (x,y,t) = (cosf,sinf, 1)

=
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SR: relativistic aberration L

event B: (x,y,t) = (cosf,sinf, 1)

cos 6
A1 sin 6
1

=
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