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Postulate 1B: Speed of light

1A: Inertial frames equiv
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ct ¢

ct' =y (ct — gx)
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A3.
ds? = —c2dt? + dx? + dy? + dz?
Invariant
s?=—=c?t? +x% +y? + 22
Claim
SZ — _CZtIZ +x12 + ..
v 2
= —y? (ct - Zx) +y%(x — vt)® + y? + x?
v v?
=y -c?t? + chtx - C—sz + x?% — 2vxt + v2t? | + y? + z*
2
= y? (—czt2 —C—sz +x%+ v2t2> +y%+ 22
A2.

1
=71

y:—1]2_
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t=lifetime in rest frame=26nsec

t'="-earth

o t' =yt =7.1X26nsec

Distance =vt'= 0.99 X 3 x 108 x 7.1 x 26 x 107° = 54.8 m
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Op is a faster than light path

In frame S, op is forwards in time t,, > t,

In frame S', OP is backwards in time, t,, < t;

= If a faster than light signal is possible, Then in some frames it is forwards in time, but in
other frames it is backwards in time

tanf =

tana =

Slan | g

Where u is the speed of the tachyon
Backwards in time in S’ if the relativity velocity of the frames satisfies
tanf > tana
v ¢ c?
S>—->—2v>—
c u u
Directly from Lorentz transformation

For Op,
v
I — —_——
ct' =y (ct p x)
v
x'=y (x - ECt)
Speed of tachyon u = %

v
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v
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B1: Stellar aberration
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u, = —csina = —csina’ = u/ = Y2
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y(v) T2
a’ sina’
tan— = ————
2 1+ cosa’ y
sina 1+Ecosa

_y<1+%cosa) (1 +%) (14 cosa)

1 sina
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T

xt = (ct,x) = (ct,x,y,2)
E E
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E' E v ,
7=V<——;px)=>E =y(E —vpy)

, vE , vE
=y(m-gg)or=r(n-3)

Dy = Dy
Pz =P
P =y(uwmu
E = y(w)mc?

PH-221 Page 4



Particle vel u in x-direction
B2(b)
E' =y()(y(wmc?* — vy(w)mu)

= y@)y@me? (1-=)

U = u—v
r@) =@y (1-=)
= y(wyme?
v
P’ = y() (y@mu - Zy@me?)
= Y@y em-—(1- )
—ywme

S§Z=—c?t2+x? +y?+ 22

Invariant
EZ
li li !

— C_Z + Px + Py + P,
Invariant
2

= —— +|P|* = —m?c?
c

= |E? = c?IPF = m?ct|
S ' =yW)(E —vpy)
, vE
px=v(®) (px - c_Z)
vE
E” = c?p"? = y(0)*(E — vp)? — ¢’y (v)? (p N c_Z)
vpE  c?v?E?
=y(v)? <E2 — 2Evp + v2%p? — ¢?p? + 2¢? —sz — >

c?v2E?

2

c2

= y(v)? <E2 +v2p? — c2p? —

c
= E2 — C2p2
E2 — 292
p 2
= y2m2c* — y2c2m?u? = m2cty? <1 _ C_2> — m2ct

B3
A
LHC

Epeam = 3.5TeV = 3500GeV

E.,=7TeV

Epeam = V(u)mpcz

1 u
= y(W) = 3500 = ——— = — = 0.99999996
uz
1=z
3b
SPS (stationary target)
u E
P=(z2)
pz = (mc,0)
Epeam = 270GeV
E + mc?

PT#OT,LAB =P +P = ( beam—c 'T_7> = —m?c?
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p2 — _ (Epeam + mc?)? +1P|? = _El%eam
tot CZ — C2
= —2Epeqm M — 2m?c? = —2E,,qmm

E
u _ cm
PTot,CM - (T'Q)

, _ Eén
tot — CZ
KEY step
P2, is invariant
= _Eczm = —2Epeqmm

Ecp =+ ZEbeam"lC2
Eom =+/(2 %270) = 23GeV

2 particle to 2 particle collision

(6.1-compton)

Energy cons

Mom cons

Energy-momentum-mass relation (E? — ¢?|P|? = m?c*)

o E —mc?
Y T E ¥ 3me?
CM (vel v)

1 Ilr "", e
e
r"ﬁ m
Before
After
Special case of equal angle scattering
P,=0
P, =y(w)mv

px = Y(W)(py + VE)

Lab M

P = YW)(P + VE)
Py = P,
Dy Dy
stan-=—SF=——""—
2 pr vyW(P +VE)
X 0 _m 1
MTE T v
- 0,0 N
v , )

v = large, 8 — small
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