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L ast lesson in a nutshell!

* Proper time defined as

. , 1 x
dr? = dt* — — | (dr? + dy* + dz*)
* Minkowski space: ¢
| . . ~
=ct,rx'=z,r*=y, =20 T'= X (i=1,2,3)].
1 0 0 0
ds® = gapdr™da , 0 -1 0 0
8 =10 0 -1 0
0 0 0 -1
* A 4-vector is an object that conforms to /e = A%2”. 5
* Introduced ; i
: Y
— 4-velocity U" = 4 Cis

— 4-momentum  pa

The fundamental dyvnamieal law for particle interactions in SR is that 4-

momentum is conserved in any Lorentz frame.
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More on Lorentz Transform

e Invariant
(ds)’ = (dx°)” —(dx")* —(dx*)* —(dx*)’ = g_ dx"dx”
af

~
rotation

— _

—— :
Lorentz transformations

* The Lorentz transform conserve (ds)-.
84X dx" = g cdx”dx’
dx'" dx"
Eap dx’ dx’°
8 a,BAC;/Aﬁé =85

VY VoY
Determinants: -1 |A] |A] -1 so |Al%=1

= gy§
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Particle dynamics in SR: example 1

« Consider 11+ 1 — 1 +n -+ n -+ n woneincident n at rest
Question: Minimum required energy for the incoming n to enable the
reaction?

Answer: At threshold the 4 final neutrons are at rest in the lab frame

P+ B =Fy
= (P + B')(Pra + Paa) = Py Pja = 16(m,,c)
PP, + 2P Py + PPy, = 2(myc)® + 2P P,
= P Psq = T(mac)?.
E

i

. ; ; DB
with PFPECI — g&-‘ﬁplﬂpg — QDDPFPE = MmypC

we finally get the threshold energy

E = Tm,c>.
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Photon emission & absorption

« Consider

u®

o, — d-velocity of emitter, absorber, respectively

E. . = photon energy measured by emitter, absorber, respectively.

Photon 4-momentum
e Then /

Pu" Jaf PPyo
P%" — Py — cPY — F.

E, — Pau, and, E;, — Fyu)
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Photon emission & absorption: example 2

 |n emitter’s frame U 0
ctdr = gogdx®dx”

 |n absorber frame

c2(dr)® gﬂﬁdj:ﬂdj:ﬁ
Adt* — v*dt* = Adt* — RON¢®
a a RE y
dr* dt? — —2d?
2

« On another hand we have;:

E Pue Pl — Tut
<1 . oty [ ‘11 j-lr 'v1
E. Pus he
L T3 r 0 — N ;
Pou? — |7||ul| cos 6 E. u)—|ts|sing
- for photons = B - :
0C e C
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Photon emission & absorption: example 2

« Expliciting the velocity

dd R4 c
| |—”1 P _ - _"1 — uf;: f S—
dr /1= (RaQ/c) V1—(Rs0/c)?

E. A A, | — (R4 /¢)sin o (Doppler shift)
= — = b : (o) er sni
E. " X A /1= (RaQ0) °P

» For f=90 deg this reduces to

A 1= (RaQ/c) [1— (RaQ/c)

Aa VI (RaQ/c)2 | 1+ (RaQ/c)
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Sl (systeme International) versus CGS (cm Gram Second)

» The prescription to convert from CGS to Sl and vice versa is

ES  _ TSI, /a6 _ Jysl.
x-""-’l_?rfn - E‘ N dr ',") _ ) 1
Vameop® (T, q%) = p®1 (T ¢*") JEBY = B!
- a — .
xjr;r?r.uu = H*! €pt ™ = ’ Holt _JHCHF C (Ho€o)
« Example: Lorentz force
_}f {.',_—}{, ]_ﬁ _}ff
- = g (E"+—-v x B™)
(
—gJ (f"f F i —L.IL—«‘
=¥ = Vareg E° + /lgea U B!
/dTeg | s \ Lo
\. .
= ¢"HEY +7 x ZED
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Sl versus CGS (cnt’d)

 Maxwell's equations in Sl and CGS are
S1 G
| ?;’_} =p | ?:’_} = dmp |
? X ﬁ_— r");_ﬁ_ =i V x H — %{"),___J} — 1{—'_}}
VxE+3B=0 VxE+19B =0
| VB=0 VB=0
TT}:(;[I_ﬂ}—I—_"’x_)’}j:l} ?:qi_a}—l—?x?]
Table 2.1: Maxwell's equations in CGS and SI units.

The “real pros” also take ¢=1 (pros because the accept the
equivalence between space and time)... but we won'’t do this!
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