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. Special Relativity

. Thelaws of P]ﬁysics are
inclel:)eﬂdent of the inertial

reFerence Frame O{: the observc—:r.

2. The sPeed of light in a vacuum is the

same constant For a” observers.
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A stags still at the coordinate x=0.

Their “world-line” coincides with the time (ct) axis.
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SUPPOSC A moves at constant sl:)eecl VvV In the X clirection:

ck/\ A

X

As world-line is a straight ine of the form ¢t = ax + S

if at t=0, A is at x=0 then # = 0 and so ¢t = ax

, c = C
As A moves at v=x/ T then we find ¢ = — gving ct = —x
V V







SUPPOSC B 1s stationary at x=0, and watches A move at speecl v=x/t:

O M C.\SZ\ A
%

7 %

A has their own frame of reference with coordinates (ct’ x*).

B deduces that the axis (x’=0) the ct’ axis of A is the line ct=(c/v)x
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But, B, wonders what corresl:)oncls to the (£'=0) axis for A:

‘when is now?’
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Two simultaneous events at different Places haPPen at the same time.
We may ask when two events occur so that A witnesses them to be simultaneous.

For the |ightning flashes to be simultaneous for A\, the one at the rear would have to occur before the one

at the front of the train:
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The line of simultaneitg for A (at £=0) defines the x’ axis of As reference frame (as seen bg B).

Itis a straight line tilted towards As motion, flashes on that line equiclistant from A are seen at the

same time bﬂ A (but not bﬂ B
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The Andromeda Paradox

A and B stand still on Earth and look at the Andromeda galaxg (25 million |ight years awag) and marvel that

theg are seeing l_ight emitted 2.5 million years ago.
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Theb speculate that righ‘c now a war council could be meeting on Andromeda to decide whether or not to attack

L attn.
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C walks Past them at v=9 metres per second and Aisagrees.

¢ says “now” on Andromeda the war council is over and the fleet has alreaclg left to attack Earth.
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For their Plane of simultaneitg is tilted towards their motion, theg clisagree about when now is in Andromeda. |

If C was to turn around and walk at v=-9 metres per second Past A and 5. theg could argue that, NOW ON

Anclromecia) no war council has been convened.

Observers in moving frames clisagree about which events are simultaneous.
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A and B agree on the speecl of |ig}1t.

:
The equation for the x’ axis is ct = (—) X
C

Fob =25 million |ight years, and 5 metres per second we find

ct &= dms—1 X (2.5 X 1063681”5), ont~ 152 clags.
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Stationary clock Moving clock (v/c = 0.70)




i

TP Tl D i i NI WO o IR S GRS s S it S SN

How much slower is the moving clock?

Suppose Bis stationarg) and A is moving atv=x/t and B observes As clock.

Theg see t
SUPPOSC t

on As cloc

e

ne Plﬂo’ton move at ¢ alorlg the Ingl:)otenuse) h,ofa rigl’ﬂ: anglecl triangle.

ey see that t seconds have Passecl on their stationarg clock wlﬂenjust one second has Passecl

|
The total distance travelled bﬂ the Photon in As clock is L = 2h = 2\/ (Evt)2 + (%)2 = \/ Vo

But the sPeed of Iight (’the Photon) is constant c=L/t and so

ForO0<v<cthenl < yv) < oo, Overt seconds of As cloc|<3 B measurest = y(v)t' (TIM

(c® —vHt* = c? or
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The Twin Paradox

A and B are identical twins havmg the same age (in Hears)
A travels at v= 4c/5 to a galaxg a distance cJ"‘nght years away. Then returns lmmecllatelg at the same sPeecl

Both “see” each others time runnmg slow:

B comPutes that each |<:g of A’sjoumeg takes tzd/ V=5 years. B ages 10 years waiting for A to return.
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e to time Ailation, B knows that As clock will run slow }39 a factor of
tv) — 4cld) = 0/D
50 years 1C_or B corresponc]s to ) years for A.
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3 then exl:)ects Ato age bﬂjus’t 6 years bg the time theg return (while Bi1s10 years older).

o

However, A makes the same argument and thinks that B is moving and that their clock

Funs SIOW.

A also exl:)ects o be the olcler twin when theg eet again on .”iartlﬂ.

Who is rig]ﬁt?
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o Length Contraction

L + th — ]/
: cis V
The equatlon of As x’ axis is: ¢t = (—) X
C
and (cty,y) lies on the x’ axis, so- e — <1> y
C
hence we have:
7
v
Lotk oy == ¥
C2
2 y 1
— L—(l——);f——=—S
%'S m&w&m‘ oQ' C2 2
Ye A \;g\h cvasitrg. cW\Q.. }/ }/

If A measures a leng’ch |’ then B measuresittobe: L= L'y < L’
LENGTH CONTRACTION
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The Ladder-Barn Paradox

Caleb has a 20 metre ladder and 10 metre barn.

Caleb runs with the ladder at v = ?c —> y(v) =

1
=
=
Jeremy watches bg the barn door and sees that the |ength of the ladder is contracted to 20/ y = 10 metres
and so it fits in the bran and Jeremy can shut the barn door once the ladder is completelg in the barn

However, Caleb sees the ladder to be 20 metres, while the barn, which is moving, towards him is shortened

to 10/y = 5 metres.

How can they both be right?
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Caleb’s rest-frame:
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. = dlv = 20/(/3¢/2)

—> Clp = 40/\/5 light seconds

t. = dfv =5/(\/3cl2)
—> ct; = 10/4/3 light seconds

Now ctr — ¢t = 30/\/§ ~ 173 light seconds (this is
the time the end of the ladder travels after the crash} .

SUPPOSC information about the crash travels at the speecl of lig”:t (From the front to the back of the laclder)

it would take ¢’ = 20/¢ seconds, or ct’=20 light seconds, bg which time the end of the ladder is in the barn.

Caleb and Jeremg both agree the barn door can be s

hut on the ladder.
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‘-i Thanks for thinkin g and listenin 4

Further reacling: Sl:)ecial Relativitg for the Enthusiastic Beginner bﬂ David Morin
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Special Relativity

For the Enthusiastic Beginner
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