Lecture 35.

Serial Compton scattering and accelerating frames 11
(Ch. 7-8 of Unit 2 4.24.12)

Serial Compton scattering and acceleration plot
Geometric construction
Compton wavelength and formulae Lecture 34 review
Some numerology: Which is bigger...H-atom or an electron?
Bouncing pulse wave (PW) vs (CW) shrinking laser
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Biggest mystery of all: Pair production
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Two consecutive Compton processes
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Serial Compton scattering and acceleration plot
— Geometric construction
Compton wavelength and formulae
Some numerology: Which is bigger...H-atom or an electron?
Bouncing pulse wave (PW) vs (CW) shrinking laser
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Bohr Radius
ap=0.5E-10 m

a():OC_l i

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

Bohr model has electron orbiting at radius » so centrifugal force balances Coulomb attraction to the opposite charged proton.
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Bohr Radius
ap=0.5E-10 m

a():OC_1 i

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

Bohr model has electron orbiting at radius » so centrifugal force balances Coulomb attraction to the opposite charged proton.

2 2 2.2 2 2.2 2 2
my~ e or my-r e or r:47t80mev r :47r80(mevr) :47r80£

2 r N 4re 2 2 2
477:80r 0 e m e m,e

Bohr hypothesis: orbital momentum ¢ is a multiple N of 7 or
{=mevr=Nh (N=1,2,..).
This gives the atomic Bohr radius ay) =0.05nm
2
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It also implies rear-relativistic electron orbit speed v that is fraction I/N of 0.073c.
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¢ mgc  mlp,p, ¢ ML Age h* N N 4meqhc 137.

The dimensionless ratio a.=e2/(4me,hc)=1/137.036 is called the fine-structure constant o.
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Dirac Radius
dp=19E-13m

o lr.=R=0ua

Compton wavelength &
X=2dy=3.9 E-13 m

>

Bohr Radius
ap=0.5 E-10 m

El()=O(_1 i

Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.

Bohr model has electron orbiting at radius 7 so centrifugal force balances Coulomb attraction to the opposite charged proton.
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Now, some numerology of Dirac’s electron radius involving zwirerbewegung Where w. o peveoiuns = 2me2/h=1.56-10°!(radian)Hz

Wzitterbewegung r=c or
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FDirac = €l W-isierpereoine =0 2me = 1.93-10-9 m relates to the Compton wavelength R=h/mc=3.8616-10"7 m

C

(Some crazy “thing
going ¢ around a
circle!)

Reduced Compton wavelength: 2 R=h/mc=2.4263-101°
or Compton “‘circumference”

2.4263102175+33%10-12m
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Fig.84.2 Various electron radii and their relative sizes related by fine-structure constant o. = 1/137.
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FDirac = €l W-isierpereoine =0 2me = 1.93-10-9 m relates to the Compton wavelength R=h/mc=3.8616-10"7 m
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Compton wavelength and formulae

Some numerology: Which is bigger...H-atom or an electron?
= Bouncing pulse wave (PW) vs (CW) shrinking laser
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(a) PW bouncing ball (shift eP=2) (b) CW accordian node squeeze:
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Fig. 7.8 Space-time nets (a) PW zigzag paths bounce. (b) CW nodes squeeze like an accordian.
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Relativistic acceleration
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Biggest mystery of all: Pair production
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Acceleration by chirping laser pairs
Varying acceleration (General case)

Varying local acceleration p = p(7)
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Fig. 8.1 Optical wave frames by red-and-

Only green-light is seen by observers
on the greg accelerated trajectory

X

At x = x-ct At 1 W ‘

frequency is frequency is

e P etP .
Chirping
_ Tunable Laser

3

Chirping
Tunable Laser

Only green-light is seen by observers
on the green constant-g hyberbola

)/2=x = x() cosh(p)

(x5
. )/2= ct = x() sinh(p)

X

>A

CpeP Ly

N

— X0 etp

A / 1 .
Jfrequency WOy =000 € frequency is 1. =Wy e P

Red-chirping
Tunable Laser

=
Red-chirping ||
Tunable Laser "
=—— |
Red-chirping .|
Tunable Laser "

blue-chirped lasers (a)Varying acceleration (b)Constant g

17



4

mirror

spectrum

mirror

'IME o

S
HES

G’nge}ﬁgal C;z“ikps Gi&é@Accelemted Minkowski Grids

i, . ., - . . -, . .
- Jor region inside asymptotic “event horizon”
.,

Trailer has received 10 / ,x’yjf;;f Al

moves ;_ﬁ‘_
oOUT )

-

Coﬁa;:ent w&\»&gs makexkghace-timé*&gordinates of accelerating ship & tmilgffs)

HM"‘\. x\“‘\. 1ﬂ\'\"'\-. \\"\\ ",

™ '-\._‘_.‘ Mx'\. ", h\"\-\. ey
., ., y
- ", ", = -
.\ i
_‘ H"‘x RN“‘-\. x“"-‘x \ Mx& / P P
. '-\._._m --\._h '\-._h_‘ ) H""'-\. P _.»ﬁ::; y .
", x'\-\.x \"\-\._x ", ", .__.-'". .-E_.':": o J / Py A
| - lj ., ., \\ Lab view of L
ﬂ ., s ", : Ship has received 10 |
.. Ship view of . Lorentz Y P
“ variant 5 . contra(;{zngh ﬁf green waves. )
" separation y
proper . parat A BLUE->
-\.__'.. . \ .
.. Separation . = F CHIRP

A o -, f .-
o blue waves. g Ly i i \Jf”

“#1 Ship has received

g - o 'y
- ", ., o
" , ,
., -, - b
™ ", ", o _.'- - - -'..
., -, i o 3
., ., P i -
b ", -, i 5
" ., - - g
., ", g -~ g P
.. ., -, o A - E. c
", ", ’
., ., - o b e
, ", o
. .,

Trailer has received 5 - 7 ‘; #

Circular arc s :

- \S:VG
0

\res ults if

., . ",
. e J{_.:_'.C
H H"-\. RS .-"'-.. e - ¥ "
P T s s T @ B P
: ., --\._Rx__\_ R s J 5 B ”
B ., Ty ot - ‘ i . l h
N - SR g .
s e ; K T Bouncing light
iy o, -~ 2 ; -
F ety 5, _'-',;-'._-' .- w L —~ - -
P S, o =" .
Eoi T R S AE - & #* 1
Hivohih i —~ & | ) -
: o A - | . )
) eyt o g —

. &i‘&?ﬂ == 1T T 1
: Interfering light beams make Minkowski diamondls

A %

Hyperbolic
proper time T

@ —

) /_g,rlff

v\ /4 = ror

Tuesday, April 24, 2012

Fig. 8.2 Accelerated reference frames and their trajectories painted by chirped coherent light
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_(a) Chirped Optical Pulse Train Paths (b) Chirped Optical Minkowski Grid
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Paths closer to the left hand blue-chirping laser have a higher g than flatter ones nearer the red-chirping one.

Each hyperbola has different but fixed location 7, color m, and artificial gravity gthat, by (8.3), are proper invariants of each path.

x?-(ct)? = 17, where: (=c%/g (8.4)
Frequency  and acceleration g vary inversely with the path’s proper location ¢ relative to origin.
® /= c?/g =0 /gy = const. (8.5)
Rapidity p=gt/c in (8.3) has proper time be a product of hyperbolic radius 7 in (8.4) and “angle” p.
cT=pcilg=1Ip (8.6)

This is analogous to a familiar circular arc length formula s = r ¢. Both have a singular center.
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Wave frames of varying acceleration

Relativistic acceleration
Optical “Einstein elevator” and flying-saucer-trailer

— Biggest mystery of all: Pair production
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Fig. 8.3 Dirac matter-antimatter dispersion relations and pair-creation-destruction processes.
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