Introducing Lightwave Fourier Analysis

(Comparing wave dynamics to classical behavior in Ch. 3 thru Ch. 5 of Unit 1)

Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/1
CW angular parameters: Wavevector k =2nk=2n/\ and angular frequency w =2mv =27/t

CW wavefunction : \=A expli(kx-wt)]= A cos(kx-wt)+iA sin(kx-wt)

Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vonase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c or.: w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car” geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c”
Visualizing PW wave uncertainty relations for space: Ax-Axk=1 and time: At-Av=1
PW “wrinkles” go away if Fourier “boxcar” is tapered to a softer “Gaussian”

Opposite-pair CW (colliding Tm=+2) Fourier components trace a Cartesian space-time grid
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a LNLroaucing LIRIwave rrOurier dridLysty - -ulSe vwaves (L rv) versus CONRLLUuouS yryraves (Cry)

Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)
CW parameters: Wavelength \ and Wave period T

CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/
CW angular parameters: Wavevector k =2mk=2n/\ and angular frequency w =2mv =27/t

CW wavefunction : \V=A expli(kx-wt)]|= A cos(kx-wt)+iA sin(kx-wt)
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Single panel with k-phasors & Phase zero tracers in space-time
http://www.uark.edu/ua/modphys/markup/BohritWeb.html?scenario=330002
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
=P Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/t
CW angular parameters: Wavevector k =2nk=2n/\ and angular frequency w =2mv =27/T

CW wavefunction : V=A expli(kx-wt)]= A cos(kx-wt)+iAd sm(kx-wt)

C

“All goc”
time: At-Av=1
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

parameters: Wavelengt and wave period T
Cw Wavelength N\ and W od
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/t
CW angular parameters: Wavevector k =2nk=2n/\ and angular frequency w =2mv =27/T

CW wavefunction : V=A expli(kx-wt)]= A cos(kx-wt)+iAd sm(kx-wt)

C

“All goc”
time: At-Av=1
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
= CWW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/t
CW angular parameters: Wavevector k =2nk=2n/\ and angular frequency w =2mv =27/T

CW wavefunction : V=A expli(kx-wt)]= A cos(kx-wt)+iAd sm(kx-wt)

C

“All goc”
time: At-Av=1
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/t
= CIW angular parameters: Wavevector k =2mr=2m/\ and angular frequency w =27v =27/T

CW wavefunction : V=A expli(kx-wt)]= A cos(kx-wt)+iAd sm(kx-wt)

C

“All goc”
time: At-Av=1
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LNLroaucing LIRIwave rrOurier dridLysty - -ulSe vwaves (L rv) versus CONRLLUuouS yryraves (Cry)

Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)
CW parameters: Wavelength \ and Wave period T

CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/
CW angular parameters: Wavevector k =2mk=2n/\ and angular frequency w =2mv =27/t

> CW wavefunction : \V=A expli(kx-wt)]|= A cos(kx-wt)+iA sin(kx-wt)

Wednesday, February 17, 2016
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/t
CW angular parameters: Wavevector k =2nk=2n/\ and angular frequency w =2mv =27/T

CW wavefunction : V=A expli(kx-wt)]= A cos(kx-wt)+iAd sm(kx-wt)

= [Vave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vonase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c or.: w(k)=ck

C

“All goc”
time: At-Av=1
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Position p (in units of L/24) Wavenumber=1 B.Z.no.=1 Mode no.=1 t=66.2¢

Wavefunction :y = €* = ¢*"

R T TSy

e Here (ck =1, w =1)

A — ..

p=3 p=5 p= p=9 p=11 p=13 p=15 p=17 p=19 p=21 p=23

1‘// \\‘
{ |
\ / /
Nd S .
m=|
W= ck
00.0 O) - C
/
e, 11.0055: 88 L k
. 9.00+_1[ .
o o -8. L
» /00U 4
- r\
SN+ »
‘ 30012 :
e N 12 o Ck
1904

-12-11-10 -9 -8 6-5-4-3-2-101 2 3 45

Wavevector k (in units of 25/L)
solo right 18& over linear dispersion + k-histogram

http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1CW_K+1 2016HP

§ 9 1011 12

Wednesday, February 17, 2016


http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=1CW_K+1_2016HP
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=1CW_K+1_2016HP

Position p (in units of L/24) Wavenumber=1 B.Z.no.=1 Mode no.=1 t=66.2¢

Wavefunction :y = €* = ¢*"
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Position p (in units of L/24) Fourier Control On Mode No. 2 t=3.08
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/
CW angular parameters: Wavevector k =2mk=2m/\ and angular frequency w =2mv =2n/T

CW wavefunction : \V=A expli(kx-wt)]|= A cos(kx-wt)+iA sin(kx-wt)

= [Vave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vpnase=w(k)/k <mm
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

c
“All goc”
time: Af-Av=1

Wednesday, February 17, 2016 25



Position p (in units of L/24) Fourier Control On Mode No. 2 t=3.08
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Position p (in units of L/24)
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Introducing lightwave Fourier analysis - Pulse Waves (PW) versus Continuous Waves (CW)
Simplest is CW (Continuous Wave, Cosine Wave, Colored Wave, Complex Wave,...)

CW parameters: Wavelength \ and Wave period T
CW inverse parameters: Wavelnumber k=1/\ and Wave frequency v =1/
CW angular parameters: Wavevector k =2mk=2m/\ and angular frequency w =2mv =2n/T

CW wavefunction : \V=A expli(kx-wt)]|= A cos(kx-wt)+iA sin(kx-wt)

Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
= Special case: Lightwave linear dispersion:Vphase=c=w(k)=ck <=

c
“All goc”
time: Af-Av=1
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Position p (in units of L/24) Fourier Control On Mode No. 2 t=3.8
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Position p (in units of L/24) Fourier Control On Mode No. 2 t=3.08

== ) —\)
——

y"?;\Y‘vv'v- =0 ','.v'_’%i -
4

<’
VA °
BAT =2 N~ U SN

T p=3 =5 p=]  p=9 p=Il p=13 p=15  p=IT p=19  p=2l  p=23

x=2is?
k k
W=2nv @ — Q =C
271 radians dr -k _C
k=2mK = " 4@“‘ ,
| A meter e ity
100.0 S\Op \7@\0
Wavevector “ase
11.00 m: . )A Angular 1%
) (K) 18.00 e ) FI'@(lllency
. s.Lm:j-‘O'g — W=2T7V
100430 [ \/ .
-12-11-10 -9 -8 1 -3-2-101 2 3 4 8 9 10 11 12 radians
Wavevector k (in units of 27t/L) sec

Usually we plot light waves unit slope =w/ck=1 for phase velocity since “All colors go c”
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

= [ntroducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW <
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
time: At-Av=1
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avelength \ C \N
\\ —————q—_‘_‘_%\ .
Time
Must be .
dispersion-free ct 0 Period T
for this to be! fsec
= ¢ =2.9979245810°m/s =
AR ~0.3 pmifs ~1 filns L , &y .
0.0 0.5pm 1.0pm 0.0 0.51m 1.0pm

Tt helps to introduce two archetypes of light waves and contrast them.

The first (PW) 1s a Particle-like Wave or part of a Pulse-Wave train.
The second (CW) 1s a Coherent Wave or part of a Continuous-Wave train.

(1) The PW archetype

PW amplitude is ZERO (mostly...)
everywhere except here...and here...and here...

..or Cosine Wave ...or Colored Wave

(2) The CW archetype
CW amplitude is NON-zero (exactly!)
everywhere except here...and here...and here...and here...

aSH e s

N 0
PW amplitude... ¢ V \/ \/

ZEROS.
...but has sharp PEAKS.
...1s best defined by where it /S.

Ideal PW shape 1s a Dirac Delta function.

Wednesday, February 17, 2016

...1s mostly NON-zero with rounded crests and troughs.
...but has sharp ZEROS.
...1s best defined by where it IS NOT.

Ideal CW shape 1s a cosine wave (cos(®))
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
= Building PW from CW components using “Fourier Control” app-panel <=
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
time: At-Av=1
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P “ N Use Wavelt “Fourier Control” to put in any Fourier components you like! C g U

(Launch) (Local Controls) (Scenarios] (Resume) (s:n'-o) (ZeroAmps) T-Scale= 1 O ——

Jean-Baptiste ‘=
Joseph Fourier
1768-1830
n o =] ( D= =8 =20 =22 D=
Va —
0SS RRAaaAARRnEANNN
GEﬁG‘,- L AN A 'D' A /G A AT
p p=9 * p=Hl == p=i p=l7 ~‘p=l—~p=2
Wave amplitudes vs. position p (p in units of L/24)
Click-Drag from dots to change amplitudes. Click here to zero all:
Wave amplitude vs. wavevector m (m in units of 27/L)
T
e
/ \\
/ \
, " ) 0 0 GO , '.l . P . o
‘1»2, ZZZP(HQ]\I~l(>l\lL1»I’ILI(H) -8-7-6-5%4-3-2-10 3\3\4\5»__\(1’,"7 8 O l()l]lll%lll\l(wl l\l‘) ()’1233.21
\\ //
AN /

solo right 1-CW over linear dispersion + k-histogram
http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1CW_K+1_2016HP
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PW

Use Wavelt “Fourier Control” to put in any Fourier components you like!

(Launch ) (Local Controls ) (Scenarios )  (Resume ) (SetT=0) (ZeroAmps) T-Scale= 1 p -

: t
Jean-Baptiste

Joseph Fourier
1768-1830

Wave amplitudes vs. position p (p in units of L./24)
Click-Drag from dots to change amplitudes. Click here to zero all:
Wave amplitude vs. wavevector m (m in units of 27t/L)

m=l m=3 m=5
This is called a “Boxcar” spectrum when
each Fourier component-m has same amplitude

solo right 1-CW over linear dispersion + k-histogram
http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1CW_K+1 2016HP
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PW

Use Wavelt “Fourier Control” to put in any Fourier components you like!

(Launch ) (Local Controls ) (Scenarios )  (Resume ) (SetT=0) (ZeroAmps) T-Scale= 1 p -

: t
Jean-Baptiste

Joseph Fourier
1768-1830

Wave amplitudes vs. position p (p in units of L./24)
Click-Drag from dots to change amplitudes. Click here to zero all:
Wave amplitude vs. wavevector m (m in units of 27t/L)

m=0 to myax=23

:»2 3

o=l =3 s m=] m=9 m=ll m=13 m=15 m=17 m=19 m=21 m
This is called a “Boxcar” spectrum when
each Fourier component-m has same amplitude

solo right 1-CW over linear dispersion + k-histogram (But Cllfel”naflng iphaSeS)
http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1CW_K+1 2016HP

Wednesday, February 17, 2016
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
= Fourier PW “box-car” geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
time: At-Av=1

Wednesday, February 17, 2016

37



PW

PW forms are also called

'\ | CW terms interfering constructively | f\ |
Wave Packets (WP) :’i <— (narrow regions of pil<s)—>i -~
. i CW terms interfering destructively i |
SICE | wide regigps of zeros d ol | | o
they arc A/-‘/ \‘l\* | (this ®-dimension is
. . V \/ \/ V .\q):kx - ¢  lime and/or space)
interfering ' o
sums of ;5
many

CW terms tcos(20)

(10-Cosine Waves
make up this pulse

+cos(30)

+cos(40) /

CW terms a reosty) /
also called

Color Waves

LI\

A

+cos(60)

+cos(70)

A

or
Fourier Feoso \
Spectral +eosC
Components +eos(109)

Wavelt animation: 24 Spectral Components
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PW

PW forms are also called
Wave Packets (WP) %
since
they are

interfering

sums of ;5
many

CW terms tcos(20)

(10-Cosine Waves
make up this pulse

+cos(30)

+cos(40) /

+cos(5
CW terms a costt)

also called +cos(60)

Color Waves

+cos(70)

or
Fourier reosty \
Spectral reos(y)
Components +eos(109)

Wednesday, February 17, 2016

. CW terms interfering constructively |
<—— (narrow regions of peaks)—#»

CW terms interfering destructively

(wide regigps of zeros
| AR

A y 4

| "v VAVAVAWAWANY. v"

LI\

-
|
i
(this ®-dimension is
:\q):kx -t time and/or space)

Wavelt animation: 24 Spectral Components

Sum geometric series: S=1+a+a’+a’+a”---+a" for: a ="
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PW

PW torms are also called
Wave Packets (WP) %
since
they are

interfering
sums of

cos(")

many
CW terms tcos(20)

(10-Cosine Waves
make up this pulse

+cos(30)

+cos(40) /

+cos(5
CW terms a oS

also called +cos(60)

Color Waves +os(70)

or
Fourier Feoso \
Spectral +eosC
Components +eos(109)
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CW terms interfering constructively !

<—— (narrow regions of peaks)—§»

|
CW terms interfering destructively

|
|
|
|
ZEros :

(wide regigps of
A W A

| "v VAVAV I WA v"

Sum geometric series: S=1+a+a’+a’+a’---+a

LI\

A

A

-
|
i
(this ®-dimension is
:\q):kx -t time and/or space)

aS=

n

for: a = ¢

a+a’+a’+a*--+a"+a""

Wavelt animation: 24 Spectral Components
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PW

PW torms are also called
Wave Packets (WP) %
since
they are

interfering
sums of

cos(")

many
CW terms tcos(20)

(10-Cosine Waves
make up this pulse

+cos(30)

+cos(40) /

+cos(5
CW terms a oS

also called +cos(60)

Color Waves +os(70)

or
Fourier Feoso \
Spectral +eosC
Components +eos(109)
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CW terms interfering constructively | fi |
|

Sum geometric series: S=1+a+a’+a’+a’---+a

aS=

<4—— (narrow regions of peaks—§» | | —
| | |
i CW terms interfering destructively i i
: (wide regiws of zeros | _ _ o
| | V . v N (Fhls ¢-dimension is
: \/ \/ ! :\(1)=kx _ ¢ time and/or space)

n

for: a = ¢

a+a’+a’+a*--+a"+a""

I-a)S=1

Y/
A n 4

n+l

Wavelt animation: 24 Spectral Components

¢
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PW

PW forms are also called

[\ | CW terms interfering constructively | f\ !
Wave Packets (WP) —® ||| (narrow regions of peaks)—#» [ | <—
Since > i i CW terms interfering destructively i i
AR (wide regigps of zeros I _ _ o
they are | | v A | (this ®-dimension is
. . | | VAVAVAVAVAVAVAY ‘ I\(l)=kx _ ¢ time and/or space)
interfering —~ , A S a4 ] y
Sum geometric series: S=1+a+a"+a’+a"---+a" for:a=e
sums of cos(") 2, 3. 4 +1
many aS= a+ta +a+a’---+a"+a"
CW terms *cos(29) 1-a)S=1 -a"!
(10-Cosine Waves n+l n+l n+l
make up this pulse l_an+1 a?la 2 -q?
+cos(3) 5= 1-a -1 11
/ a’ \ a *-a*
+cos(40)
+cos(50)
CW terms a
also called Fcos(60)
Color Waves

+cos(70)

Y/
A n 4

or
Fourier Feoso \
Spectral +eosC
Components +eos(109)

Wavelt animation: 24 Spectral Components
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PW

PW forms are also called
Wave Packets (WP) %
since
they are

interfering
sums of .50

many
CW terms tcos(20)

(10-Cosine Waves
make up this pulse

+cos(30)

+cos(40) /

+cos(5
CW terms a costt)

also called +cos(60)

Color Waves +os(70)

or |
Fourier reosty \
Spectral reos(y)
Components +eos(109)
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CW terms interfering constructively !

i
/

Wavelt animation: 24 Spectral Components

<4—— (narrow regions of peaks—§» | | —
| CW terms interfering destructively i i
- . ¢ |
| | e reglvs i zer\(i A | (this ¢-dimension is
' VAVAVYAVYAVAVAVAY. ‘ l\(l)=kx- ¢ time and/or space)
Sum geometric series: S=1+a+a’+a’+a*---+a" for: a=e"
2 3 4 1
aS= a+a’+a’+a ---+a"+a""
1
1-a)S=1 -a™
n+l1 n+1 n+1
1
1-a™ a?la ?-a?
S= —
o [ R
a’ \ a *-a?
n+l n+l1 n+1
—ipm :
isle 2 -e ? jp 11 0
—e 2 —e 2
0 0 0
e %2-e? S1n —
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PW

PW forms are also called

[\ | CW terms interfering constructively | f\ !
Wave Packets (WP) % ||| (namowregions of peaks)—# [ {=—
Since i i CW terms interfering destructively i i
(N (wide regivs of zeros | _ _ o
they are | | A& - A (this ¢-dimension is
. . | | VAVAVAVAVAVAVAY ‘ I\(l)=kx _ ¢ time and/or space)
interfering . , o S a4 0 e s
sums of ) um geometric series: dS=1+a+a+a+a ---+a 10or.a=e
COS
many aS= a+a’+a’+a’--+a"+a™"
CW terms *cos(20) 1-a)S=1 -a™
(10-Cosine Waves n+l n+l n+l
make up this pulse l_an+1 a?la 2 -q?
+cos(3) 5= 1 -1 11
/ A a’ \ a *-a*
cos(40) _n+l . n+l . n+1
‘ oo 02 02| e SIn—_—0
+cos(50) —e . . —e 2
CW terms a / / _% % .0
also called Feos(00) € ¢ iy
Color Waves +os(70) J | n+1 p
Or + 8 / ‘\ AN l 5 2 N\ n_l_l
Fourier cos(80) \ ‘ \/ V \ ’ 590 e ¢ ?
Speciral +eos 2
Components +eos(109)
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Wavelt animation.

24 Spectral Components
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

=P Animation of PW obeying lightwave linear dispersion w(k)=ck <
Important Evenson axiom for relativity: “All colors go c¢”
time: At-Av=1

Wednesday, February 17, 2016
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w Time|
P Since “All colors go c¢”

optical PW Fourier (m=1tol1)-components march together
X

1-Way Dirac Delta PW +1
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=4002

Wednesday, February 17, 2016
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
o Important Evenson axiom for relativity: “All colors go ¢” <
time: At-Av=1

Wednesday, February 17, 2016

47



PW Since “All colors go ¢’ optical PW Fourier CW components march together in lock-step

Position p (in units of L/24) Fourier Control On t=1232

=l p=3 p=> p= =13
c 4N daR daR 4R 4N 10 4K 4 4N 4R 4N 4R AN R daN AR a4k an 4R 4K md)
NI A N A N A N A N S -‘\'“‘;';x-: .'-' o m =1
PV ‘v-= -
(—f——t—t= 'A-"l—A:_.;! = #5‘—.‘-";-‘\_35 B S S m =2
T — - 3.‘ '. '.3 ;.-an—.‘aq-e-‘ “. _._.%-e—.‘_ ‘.3.‘%.9_‘-3 m =3
Q’M 9-1_. “A-A. -zn- &S 2N 7 P 9-4_ o S W v -an m =4
7 - . a———— i S v — S " v — m =5
( L) - A=y 4 A S — 4 rd A "fk» \ \ & AN L —
(a0 O =% Lo~ ST *L_ =T —Co—
B = X T{" S ;-‘«' B~ S—0p —£F e L0 ST < - m=0
=& F\._,--’-r“f,.**--@ i ST z.\} = S e ’,:, T B 0\ 25— m=7
/ > . \ -
= = S %k\ =4 >\/ﬂ< —~a @@= ?\/ﬂ\ - =L \/ﬂ >\/ P‘ﬁ/ﬂ\ —_ m=8
Q‘ %-v v =9 O~ — 5 = v )3 ‘er - & m=s
C= ‘..% S &) 41;;"'-."3- D A E" 4@“’/- 3 eﬁ.\m‘"’ m=10
S —_ A SR - RS
S L)AL %-e" R ‘mrﬁcs"."‘%‘.-'éﬂs 3 m=11
T T TR 45\?«“%*%&%&%&%%}'&;' AT m=12
.-..r/“ - .IA\‘.’AI‘.s ‘.\1‘._ ‘\\‘ R (SN 7 A _4-‘-». 4-'13‘.. N - m=13
S T TP G = D D =S T SRy T U R VG C BSS ST A B
Sy e T R B AT S s T S e g mel
-, N -, R
T M\ Z< X .'l.ﬁ.zfd'..,au\ U S e Nl o S il s N Vo < e > m=15
CAVANS" S AN § TR TP\ G PR Ao R, = T RS S S N VAR,
e W AN -‘- Pa L N .' N 38 ATN o AT S Ao AT m=16
A -AQ R = ‘.\\_ ZoEaVe oW s aNaWa S, wWaVa il s ‘el Wy aWava N m=17
X TSIy P SE AN SOSISOR M S S SRS O A SIS S
S AN YA e eVl 4.\ ., ‘% 2 N> V'l AN RN ADLTGY m=18
V‘s"i‘\ — "._,’A‘%’ = 1%.16‘\“ S Nl ‘e ".“e\ e tatata: " .\\ %N N 1 =19
>
‘ %’ “s' S ';\‘ *'.' ‘..'11 ‘ PENT IR R AR 2R »“‘“ ‘ -l 1;\\ IA\ m =20
e - ".f “" -® ‘é- AN ll\ -‘\“zhe”. ""‘ T RT 2R o',‘ 4 ’ ." 4~\ m=21
%‘.q’ﬁ\‘\" AN e v;“\ ‘!“\Q’.}& CF .”7"‘.’, = ‘:\" R “ AN IA\ o,- “‘ ) m =22
‘ V‘ .’A ‘ *. el e A\\ /.\‘ “ “//.\ //‘\ DN L N m=23
‘ N2 ;" L/ "’ LS A LA - N/ N N\

http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1PW_R_Stacked 2016HP
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
= |isualizing PW wave uncertainty relations for space: Ax-Axk=1 and time: At-Av=1] <
PW “wrinkles” go away if Fourier “boxcar” is tapered to a softer “Gaussian”

Wednesday, February 17, 2016
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Comparing spacetime uncertainty (Ax or At) with per-spacetime bandwidth (Ak or Av)

PW widths reduce proportionally with more CW terms (greater Spectral width)

Space-time width (pulse width) Spectral width (harmonic frequency range)

(1|cosine/wave
At=1 flindat I CW term - Av=I1v= fundamental frequency
\| /Perio Av =v=1/1
< MOl/'epl"Ol’le L LI L R L L LR R I IR
to 1 10 20 30 40 50
(2|cosine wav T 2 CW terms AV=2V (up to 2nd octave)
_ More — O N L Y L L L L D
At=1/2 / Wavedice Av =2v 2 10 20 30 40 Lo
Av=5v (up to Sth)
oo | More S CWterms
cosine wgvg - = O L L L L L AN A
At =1/5 AR Particle-like Av =50 5 10 20 30 40 ko
/5 Less prone Av=10v (Z/lp to ]Oth)
_ fo '
(1OCOSII’]€W8\/’/€;\S) interference 10 CWterms |!|||||||||||||||||||||||||||||||||||||||||||||||
At=1/10 N[ Av =10v 100 B0
T
(50|cosine wavs) AV=50v -
— 50 CW terms T
At T/SO ‘MAWW/SO |!||||||||| LR LU AT
Av =500 10 20 30 40 50

this dimension is time

this dimension is frequency or per-time

Fourier-Heisenberg product: At *Av =1

(time-frequency uncertainty relation)
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Comparing spacetime uncertainty (Ax or At) with per-spacetime bandwidth (Ak or Av)

PW widths reduce proportionally with more CW terms (greater Spectral width)

Space-time width (pulse width) Spectral width (harmonic frequency range)
(1|cosine/wave
At=1 /i ndqz I CW term - Av=I1v= fundamental frequency
\\ perio AV =v=1/1
< Moreprone L LI L R L L LR R I IR
to 1 10 20 30 40 50
(2|cosine wav TG 2 CW terms AV=20 (up to Ind octave)
I More — fTrrrpreenpueeengpennnpeenngennegennegpeeengueengunnl
At=1/2 Wavelike Av =20 2 10 20 30 40 %o
Av=35v (up to Sth)
o cos | More S CWterms
cosine wgve H H FTrrejpreengpueeenpuenn e ennegneenngueengunnn
At = 1/5 [ /\P@[F‘El]@[l@=ﬂﬂ[k<@ AL =50 A O S S
/5 Less prone Av=10v (up to 10th)
. to '
(10/cosine wa (k;vvw interference 10 CWterms |!|||||||||||||||||||||||||||||||||||||||||||||||
At =1/10 i AL =10V 10 20 30 40 50
/10
(50|cosine wavs) AV=50v -
At = 1/50 e S0 CW terms
! /50 AU :SOU II|IIII‘|II(I)I|IIII|20 III|30I|IIIIAI6II|IIII|SO
this dimension is time this dimension is frequency or per-time
Fourier-Heisenber g pr oduct: At *Av =1 (time-frequency uncertainty relation)
or this dimension is space... Ax Ak =1 if this dimension is wavenumber or per-space...
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
= |isualizing PW wave uncertainty relations for space: Ax-Axk=1 and time: At-Av=1] <
PW “wrinkles” go away if Fourier “boxcar” is tapered to a softer “Gaussian” I””H“h

or “Poissonian’... | | ‘ ‘ ‘ | | |
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PW “wrinkles” go away if Fourier “boxcar’:”HHHHHHHZ’S tapered to a softer “Gaussian I|||”H||||

Position p (in units of L/24) Fourier Control On t=6.79
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http://www.uark.edu/ua/modphys/markup/WaveltWeb.html?scenario=1PW_R_Stacked 2016HP

Wednesday, February 17, 2016 53


http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=1PW_R_Stacked_2016HP
http://www.uark.edu/ua/modphys/markup/WaveItWeb.html?scenario=1PW_R_Stacked_2016HP

PW “wrinkles” go away if Fourier “boxcar’:”HHHHHHHZ’S tapered to a softer “Gaussian I|||”H||||

. .““‘ 1- =22~/
= n=4 e 0 =7 |
[/ V v!." :‘@’!‘ .‘mw. ‘ar;"@'! ." — :v' V vq ‘ )
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”J' P p=2=\/
p= -

Wave amplitudes vs. position p (p in units of L/24)
Click-Drag from dots to change amplitudes. Click here to zero all:
Wave amplitude vs. wavevector m (m 1n units of 27t/L)
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PW “wrinkles” go away if Fourier “boxcar’:”HHHHHHHZ’S tapered to a softer “Gaussian I|||”H||||
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Wavevector k (in units of 27t/L)
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PW “wrinkles” go away if Fourier “boxcar’:”HHHHHHHZ’S tapered to a softer “Gaussian I|||”H||||

D—=10 =] & "/
(N 2NN S

' TS 6 P7 JPEIT ) PELY | pifs [ (el | & PR T

Wave amplitudes vs. position p (p in units of L./24)

Click-Drag from dots to change amplitudes. Click Rere to zero all:
Wave amplitude vs. wavevector m (m in units of 27t/L)
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Position p (in units of 1724) R | \ Fourier Control On t=]
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PW “wrinkles” go away if Fourier “boxcar’:”HHHHHHHZ’S tapered to a softer “Gaussian I||||”H|||

1-Way Gaussian PW -1
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=500
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1-Way Gaussian PW +1
tp://www.uark.edu/ua/modphys/markup/BohrltWeb.html?scenario=5002
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1-Way Gaussian PW -1 _ 1-Way Gaussian PW +1
http://www.uark.edu/ua/modphys/markup/BohrltWeb.html|?scenario=5001 http://www.uark.edu/ua/modphys/markup/BohrltWeb.htm|?scenario=5002

2-Way Gaussian PW +1
http://www.uark.edu/ua/modphys/markup/BohrltWeb.htmI?scenario=5000
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Wave phasors, phasor chain plots, dispersion functions w(k), and phase velocity Vohase=w(k)/k
Special case: Lightwave linear dispersion:Vpnase=c=w(k)=ck

Introducing PW (Pulse Wave, Particle-like Wave, Packet Wave,...) archetypes compared to CW
Building PW from CW components using “Fourier Control” app-panel
Fourier PW “box-car’ geometric series summed

Animation of PW obeying lightwave linear dispersion w(k)=ck
Important Evenson axiom for relativity: “All colors go c¢”
= |isualizing PW wave uncertainty relations for space: Ax-Axk=1 and time: At-Av=1] <
PW “wrinkles” go away if Fourier “boxcar” is tapered to a softer “Gaussian” I””H“h

or “Poissonian’... | | ‘ ‘ ‘ | | |

Opposite-pair CW (colliding Tm=+x2) Fourier components trace a Cartesian space-time grid
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Spacetime animation of head-on collision of two v=600THz CW modes of light

Bohrlt Web Simulation

2 CW ct vs x Plot (ck =42)
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Spacetime animation of head-on collision of two v=600THz CW modes of light

Bohrlt Web Simulation
2 CW ct vs x Plot (ck =£2)

ct-axis

A

TES/3f5=5/3-10"sec.
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V=1 =

6-102waves/sec.

-5 -4 -3 -2 -1 1 2 3 4 5
1 v 1

Wavevector'ck

< >

Click the 'Controls & Scenarios' button to set vars and run preset scenarios
Set the right & left-ward k values with clicks near the dispersion curve or ck axis.

K=1/x=

2-10%waves/m

Bohrlt Web Simulation
2 CW ct vs x Plot (ck =42)
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Opposite-pair CW (colliding ¥m=+2) Fourier components trace a Cartesian space-time grid

o Colliding PW) Fourier components trace space-time “baseball diamonds”
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Spacetime animation of head-on collision of two v=600THz CW modes of light

ct-axis

TES/3f5=5/3-10"sec.

T 5/3]%5{-1\ sec.
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Bohrlt Web Simulation
2 CW ct vs x Plot (ck =+2)
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Bohrlt Web Simulation

2 PW ct vs x Plot (ck mod 2 = 0)
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Opposite-pair CW (colliding Tm=+x2) Fourier components trace a Cartesian space-time grid
Colliding PW lightwaves trace space-time “baseball diamonds”

= [ntroducing CW (colliding +m=+2) Doppler shifted to (m=-1 and m=+4)
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Click the 'Controls & Scenarios' button to set vars and run preset scenarios
Set the right & left-ward k values with clicks near the dispersion curve or ck axis.
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