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Fig. 3.5 from
CMwBang!

Ch. 3 of Unit 8.
Fig. 8.3.5 Dispersion hyperbolas for 2-CW interference (a) Laser lab view. (b)Atom frame view.

Per-space-time has Minkowski coordinates, too!
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Newtonian speed u~cρ

Relativistic
group wave
speed u=c tanh ρ

Rare but important case where

with LARGE Δk
(not infinitesimal)

dω
dk =

Δω
Δk
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Rapidity ρ approaches u/c

GGrroouupp vveelloocciittyy u aanndd pphhaassee vveelloocciittyy c2/u
aarree hhyyppeerrbboolliicc ttaannggeenntt ssllooppeess
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Newtonian speed u~cρ
Relativistic
group wave
speed u=c tanh ρ
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How optical CW group and phase properties give relativistic mechanics 
What’s the Matter with Mass?

Brief look at Higgs
Three kinds of mass (Einstein rest mass, Galilean momentum mass, Newtonian inertial mass) 

What’s the matter with light?
Bohr-Schrodinger (BS) approximation throws out Mc2

Relativistic Classical and Quantum Mechanics
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1 ρ2 + ...)   where: ρ  u
c
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cp'=hck'
cctt

cctt''

Energy
E=hω

Momentum
cp=hck

Mc2
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(a) Einstein-Planck Dispersion

(b) DeBroglie-Bohr Dispersion

E'=hω'
E2 - c2p2 =(Mc2)2

photon: M=0
E = c p

E = p2/2M

E = B m2

tachyon:

Bohr - Schrodinger Dispersion

Einstein - Planck Dispersion
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M
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22001133 HHiiggggss ““BBoossoonn””

M
Higgs

=? (No simple formula)
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http://www.ph.ed.ac.uk/higgs/
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Fig. 6.7.1-2 
from

Principles of
Symmetry, 

Dynamics and
Spectroscopy

Higgs Model based on Molecular
Symmetry Stability (Jahn, Teller, Renner, …)

E1,2-Coordinate Plots

38Thursday, February 20, 2014



How optical CW group and phase properties give relativistic mechanics 
What’s the Matter with Mass?

Brief look at Higgs
Three kinds of mass (Einstein rest mass, Galilean momentum mass, Newtonian inertial mass) 

What’s the matter with light?
Bohr-Schrodinger (BS) approximation throws out Mc2

Relativistic Classical and Quantum Mechanics
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pp

M
rest

uu
1. Rest mass MN=hhυN/c

2 based on Planck’s law E=hhυN=Nhhυ1
Rest mass: Mrest=E/c

2=hhυN/c
2 (Is ρ-invariant)

2. Momentum mass is defined by Galileo’s old formula p=Mu with newer forms for
momentum p=Mrestu·cosh ρ=Mrestu·/(1-u

2/c2)1/2 and group velocity u = dω/dk.
It is the ratio p/u of momentum to velocity.

Momentum mass: Mmomentum =p/u =Mrestcosh ρ (Not ρ-invariant)
=Mrest/(1-u

2/c2)1/2

3. Effective mass is defined by Newton’s old formula F=Ma with newer forms
for F=dp/dt=dk/dt and a=du/dt= to give F/a=(dk/dt)(dt/du)=dk/du=/(du/dk).
It is the ratio F/a of change of momentum to the change of velocity,

Effective mass: Meffective =/(du/dk)=/(d2ω/dk2) (Not ρ-invariant)
=Mrestcosh

3ρ=Mrest/(1-u
2/c2)3/2

WWhhaatt’’ss tthhee MMaatttteerr WWiitthh LLiigghhtt?? Three definitions of “optical mass”

ρ
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How optical CW group and phase properties give relativistic mechanics 
What’s the Matter with Mass?

Brief look at Higgs
Three kinds of mass (Einstein rest mass, Galilean momentum mass, Newtonian inertial mass) 

What’s the matter with light?  (Not too much.)
Bohr-Schrodinger (BS) approximation throws out Mc2

Relativistic Classical and Quantum Mechanics
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Mrest(γ)=0                       Mmom(γ)=p/c=k/c=ω/c2                           Meff(γ)=∞

Equations (4.11) in Unit 2

Three kinds of mass for photon γ  in CW relativistic theory  

(1)Einstein rest mass               (2)  Galilean momentum mass                 (3) Newtonian inertial mass
      Mrest=                                         Mmom=p/u=                                             Mmom=F/a=

 

ω proper

c2
 

k
dω
dk  


d 2ω
dk 2

A 2-CW 600THz cavity has zero total momentum p, but each photon adds a tiny mass Mγ to it.

  Mγ=ω/c2=ω  (1.2·10-51)kg·s=  4.5·10-36kg     (for: ω = 2π·600THz ) 

A 1-CW state has no rest mass, but 1-photon momentum is a non-zero value pγ=Mγ c. (Galilean revemge II.)

  pγ=k=ω/c=ω  (4.5·10-43)kg·m=1.7·10-27kg·m·s-1  (for: ω = 2π·600THz )

What’s the matter with light?
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Mrest(γ)=0                       Mmom(γ)=p/c=k/c=ω/c2                           Meff(γ)=∞

Equations (4.11) in Unit 8

Three kinds of mass for photon γ  in CW relativistic theory  

(1)Einstein rest mass               (2)  Galilean momentum mass                 (3) Newtonian inertial mass
      Mrest=                                         Mmom=p/u=                                             Meff=F/a=

 

ω proper

c2
 

k
dω
dk  


d 2ω
dk 2

A 2-CW 600THz cavity has zero total momentum p, but each photon adds a tiny mass Mγ to it.

  Mγ=ω/c2=ω  (1.2·10-51)kg·s=  4.5·10-36kg     (for: ω = 2π·600THz ) 

A 1-CW state has no rest mass, but 1-photon momentum is a non-zero value pγ=Mγ c. (Galilean revemge II.)

  pγ=k=ω/c=ω  (4.5·10-43)kg·m=1.7·10-27kg·m·s-1  (for: ω = 2π·600THz )

What’s the matter with light?
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      Mrest=                                         Mmom=p/u=                                             Meff=F/a=
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A 1-CW state has no rest mass, but 1-photon momentum is a non-zero value pγ=Mγ c. (Galilean revemge II.)

  pγ=k=ω/c=ω  (4.5·10-43)kg·m=1.7·10-27kg·m·s-1  (for: ω = 2π·600THz )

What’s the matter with light?
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Mrest(γ)=0                       Mmom(γ)=p/c=k/c=ω/c2                           Meff(γ)=∞

Equations (4.11) in Unit 8
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A 1-CW state has no rest mass, but 1-photon momentum is a non-zero value pγ=Mγ c. (Galilean revenge II.)

  pγ=k=ω/c=ω  (4.5·10-43)kg·m=1.7·10-27kg·m·s-1  (for: ω = 2π·600THz )

What’s the matter with light?
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How optical CW group and phase properties give relativistic mechanics 
What’s the Matter with Mass?

Brief look at Higgs
Three kinds of mass (Einstein rest mass, Galilean momentum mass, Newtonian inertial mass) 

What’s the matter with light?
Bohr-Schrodinger (BS) approximation throws out Mc2

Relativistic Classical and Quantum Mechanics
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Bohr-Schrodinger (BS) approximation throws out Mc2

E =
Mc2

1− u2 / c2
= Mc2 coshρ = Mc2 1+ sinh2 ρ = Mc2( )2 + cp( )2

E = Mc2( )2 + cp( )2⎡

⎣
⎢

⎤

⎦
⎥
1/2

≈ Mc2 + 1
2M

p2 BS−approx⎯ →⎯⎯⎯⎯
1
2M

p2

The BS claim: may shift energy origin  (E=Mc2, cp=0) to (E=0, cp=0). (Frequency is relative!)

cp'=hck'
cctt

cctt''

Energy
E=hω

Momentum
cp=hck

Mc2

ωm=49ω1

76543210-1-2-3-4-4-6
m

36

25
16
9
4

(a) Einstein-Planck Dispersion

(b) DeBroglie-Bohr Dispersion

E'=hω'
E2 - c2p2 =(Mc2)2

photon: M=0
E = c p

E = p2/2M

E = B m2

tachyon:

Bohr - Schrodinger Dispersion

Einstein - Planck Dispersion

=dk
dω

k
ω

Group velocity u=Vgroup       is a differential quantity unaffected by origin shift. 

Phase velocity     =Vphase is greatly reduced by deleting Mc2 from E=ω. 

It slows from Vphase=c2/u to a sedate sub-luminal speed of Vgroup/2. 

ω BS (k) = k 2

2M
    gives:   v phase=

ω BS

k
= k

2M

and:   vgroup=
dω BS

dk
= k
M
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(a) Geometry of relativistic transformation
and wave based mechanics

(b) Tangent geometry (u/c=3/5)

(c) Basic construction given u/c=45/53

u/c =3/5
u/c =1

cp =3/4

H =5/4

-L =4/5

cp =45/28

H =53/28

-L=28/45

e-ρ=1/2e-ρ=2/7

(d) u/c=3/5

11

1 1

bb--cciirrccllee

g-circle

p-circle

Fig. 5.5 
Relativistic wave mechanics 
geometry. 
(a) Overview. 

(b-d) Details of contacting 
tangents.
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