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Alice’s laser

Three scenarios that look the same to Bob

Carla’s laser

moving right Bob moving right
at u=3¢/5 stationary at u=3c/5
tuned to W‘”’t‘x@ tuned to
v,=600THz /S i ) v, =600THz—,
i £ —
Alice’s laser Bob Carla’s laser
stationary moving left at u=-3¢/5 stationary
tuned to tuned to
v,=600THz v,=600THz

Alice’s laser Bob Carla’s laser R
E =1 stationary stationary stationary 4@ L)
E AP tuned up to . tuned downto
v, =1200THz v, =300TH:z
1200THz N 300THz B
SCOUXCE SOURCE

Much cheaper to do this one!$!
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Wp=27 Uy~ %,~600THz 77 1§ -
\&;J)g v,=300THz— () =2 g0
EEEEEEREEREE =2,

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
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Doppler Jeopardy e l 2 R R B B P P

—277,’1) 0,=600THz ,.,x,ﬂ v,=300THz w, 2751}

EEEEEEEEREE

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

4

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL
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DopplerJeopardy e e

— I’ “A
=27V, = %,=600THz & v,=300THz ¢y =27 v,

5‘

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

Sunday, January 29, 2017 20



Doppler Jeopardy - e

,f “A
W,=27TV, ~ v,=600THz & v,=300THz ¢y =27 v,

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

(% U, -V U, -V
u, =V —_grow "R UL _ TR L

group
Kgroup KR_KL UR+UL

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

A

Geometric mean
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Doppler Jeopardy

W=2TT Uy ~— %, =600THzZ

5 ,'_'M:-"‘.
‘f \qv\ !

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

I/lE=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—cC
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

DL 300THz a) 2.7TU

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

v=bv,=v./b = b=Jv. /v, = vU=JU,U,

A

Geometric mean
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Doppler Jeopardy I " T T 1 T 7T

W,=27TV, ~ v,=600THz v,=300THz ¢y =27 v,

Frerm,
l l l l l l l l l l l : V\“ = !

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

I/lE=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—cC
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

UE=b’UL= UR/b = b=\/ Ug /UL = YT Uli.vL i :\ZRSQ(})LOOO
=424

Geometric mean
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Doppler Jeopardy I ** I T 1 T2 7T

W,=27TV, ~ v,=600THz v,=300THz ¢ =27 v,

(1.) To what velocity ug must Bob accelerate so he sees beams with equal frequency vg?
(2.) What 1s that frequency vg ?
Query (1.) has a Jeopardy-style answer-by-question: What 1s beam group velocity?

ME=V =Ugroup=UR—UL=CUR—UL v =Ca)R_a)L= 600 =300

1
=—C
group group
Koo Kp—K,  UptUg w,+w,  600+300 3

Query (2.) similarly: What vg 1s blue-shift bvr of vz and red-shift vr/b of vr?

_bu. = _ _ [0 U, =V,
v=bv,=vU, /b = b=u, /v, = vU=JUU, E RUL

= /180000
=424
V.,,ouy/C is ratio of difference mean v,,,,="5* to arithmetic mean v, =" . Frequency vg=B

is the geometric mean jv,v, of left and right-moving frequencies defining the geometry
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Review: Relawavity p functions ~ Two famous ones Extremes and plot vs. p
Doppler jeopardy % Geometric mean and Relativistic hyperbolas
Animation of e’=2 spacetime and per-spacetime plots

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation
Learning about SIN and COS and...
Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber x

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid
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Thales Mean Geometry (600BCE)

helps “Relawavity”

Thales of y
Miletus \ " . Rl
024-543 BCE Pep-[Time T Iansforme Per-Time
w - axis W’/ axis
| Slope—to vertical 41
F'1 ecgz(z)enc ;mt. 3 ngu c= 3/5 = e

IS s
Arithmetic Mean
3coshp = (1+4)/2
=5/2
‘ence Mean
mhp (4-1)/2
=3/2 Per-Space
- - - CK- axis
2 éBI" =Be»—lc Bb 2Be #4
Red shift = Blue shift =
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Thales Mean Geometry (600BCE)

helps “Relawavity” Thales showed a circle diameter subtends a right angle with any ciyele point P

Thales of )
Miletus
624-543 BCE  Pepr-Time Transformed/Per-Time

W - axis W'/~ axis
Slope-tofvertical
Frequency‘unit: = =

300THZ
‘W Ini

M constructiey of geometric means
f / ‘{4 d relativisticfiyperbolas.
AN N
| | Arit

eads to a convenient

Blue shift =4
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6
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_ Thales of
Miletws—__
624-543 BCE .-

Per-Time

I f A
\\ /////‘
L \e — R / RelaWavity Web Simulation
wo Detailed Thales Geometry
P G’
L | | 'ith'};zeti " Mean ,."/
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|
/ Pen-Space (ck
P
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Red shift
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(a) Laser lab view

750THz or 400nm

600THz or 500nm

Per-Spacetime
(1)' versus CK '

(b) Atom view

3 4
Atom per-space
ck'
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(a) Laser lab view

750THz or 400nm

600THz or 500nm

Atom

Per-Spacetime
(1)' versus CK '

3 4
Atom per-space

ck'

Sunday, January 29, 2017

Time /// % ///
Al . Dilation v ////
om Time 1,0 // %
i At/t=
1/ % // e
L e
NV AN [%’
— =54 H— .
Length
/ / Contraction
§ | /. AL'/L'=
| vV I-v2/c2
A AL'/L=4/5

Atom Space

1.0 :

' - axis

30




(a) Laser lab view

750THz or 400nm

600THz or 500nm

Atom

Per-Spacetime
(1)' versus CK '

-
P OULZ

4
Atom per-space

ck'
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OK! But...
What about “Time Contraction”?
or
“Length dilation”?

. W
Lime Vi 7
Atom T Dilation y
om Time 10 "
i At/t=
1/ % // e
L e
Ul il S
Af/E N o L2
— =5/4 :
Length
/ / Contraction
S /. AL'/L'=
| vV T-v2/c2
A AL'/L=4/5 Atom Space
1.0 X' - axis
yd
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Review: Relawavity p functions ~ Two famous ones Extremes and plot vs. p
Doppler jeopardy Geometric mean and Relativistic hyperbolas
% Animation of e’=2 spacetime and per-spacetime plots

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation
Learning about SIN and COS and...
Derivation of relativistic quantum mechanics
What’s the matter with mass? Shining some light on the Elephant in the room
Relativistic action and Lagrangian-Hamiltonian relations
Poincare’ and Hamilton-Jacobi equations

Relativistic optical transitions and Compton recoil formulae
Feynman diagram geometry
Compton recoil related to rocket velocity formula

Comparing 2"-quantization “photon” number N and 15-quantization wavenumber x

Relawavity in accelerated frames
Laser up-tuning by Alice and down-tuning by Carla makes g-acceleration grid
Analysis of constant-g grid compared to zero-g Minkowsi grid
Animation of mechanics and metrology of constant-g grid
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¥ Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation

Sunday, January 29, 2017

34



Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)
toa [Transverse®relativity parameter: Stellar aberration angle O

*ewis Carroll Epstein, Relativitatstheorie, Birkhduser, (2004) gatier Engish version (1985)-

We used notion O

Observer fixed below star sees it directly overhead. for stellar-ab-angle,
. . . . 66ﬂ d t’)
Observer going u sees star at angle in u direction. ](fpstelﬁlp §ot?§tere’2t)ed

) /
- ~y in O analysis or in
' Stellar aberration angleO: *S A \ relglon of 0 and .

/

c tanhp=u=csinc

y

k()

@ Bookstores.com

Purchase at:
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http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
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http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized
http://www.amazon.com/gp/offer-listing/093521805X/ref=sr_1_1_twi_pap_1_olp?s=books&ie=UTF8&qid=1450032326&sr=1-1&keywords=Relativity+Visualized

Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
3 [ongitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time ct vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”)
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT)
Proper time CT

cT=N(ct - (x')?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L'=IN1-12/c2
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsmoc =1L /\/CZ/UZ-I ~ L u/c
Epstein’s trick 1s to

turn a hyperbolic form ¢t = \/(ct’)z —(x’)* into a circular form: \/ (cT)’ +(x)" =(ct")

Proper length
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Comparing Longitudinal relativity parameter:Rapidity 0 = loge(Doppler Shift)

toa Transverse*relativity parameter: Stellar aberration angle

*Lewis Carroll Epstein, Relativitdtstheorie, Birkhaduser, (2004 ) atier Engish version (1985)-

Proper time cT vs. coordinate space x - (L. C. Epstein’s “Cosmic Speedometer”) | -
Particles P and P" have speed u in (x',ct’) and speed c in (x, cT) el
Proper time CT

ct=N(ct )*-(x’)?

Coordinate FEinstein time dilation: _
x'=(u/c)ct’ =ut’ ct’=cT seco=cT coshp = C’C/\/ 102/

Lorentz length contraction.

L’= L sechp = Lcoso = L-\/I u’/c?

Contracted L’

L/=IN1-u2/c?
\
L

Proper Time asimultaneity.

¢ AT= L’ sinhp = L cosc sinhp
= L cosO tan |
=Lsmoc =1L /\/CZ/UZ-I ~ L u/c
Epstein’s trick 1s to

turn a hyperbolic form ¢t = \/(Ct’)z —(x’)* into a circular form: \/ (cT)’ +(x)" =(ct")
Then everything (and everybody) always goes speed ¢ through (x’,c7) space!

Proper length
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Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

> “Occams Sword” and summary of 16 parameter functions of p and o
Applications to optical waveguide, spherical waves, and accelerator radiation

Sunday, January 29, 2017

39



This map has circle sector arc-area o = 0.6435 Also it 1s set to hyperbola sector arc-area p = 0.6931
set to angle £o = 36.87°=0.6435radian angle Zp=v =30.96°
. -
in(o)=0.6000 = tanh(p) =35 Beosh(p)+Bsinh(p)=Be "
tan(0)=0.7500 = sinh(p) =3/4 A \
sec(0)=1.2500 = cosh(p) =5/4 PRV
cos(0)=0.8000 = sech(p) =4/5 o
cot(0)=1.3333 = csch(p) =4/3 L0
csc(o0)=1.6667 = coth(p) =35/3 5 on S
— 0 S
(pytsinh(p)=3+2=20=¢" = /
—sinh(p)=3-3=12=¢" & N
A 3
L4’ Half-Sum Bsinh(p) 3
h( o) = _Sum-
cosh(p) 2 Half-Eifference X QQJ
. ¢’ —e P Trig-Formulae for : O
sinh(p) = > exponentials e*” Sz |
\/{?/)
®
e
g )
2 G :
= =
3 0 D 7 =2
ad e Scs
= (0)
. - N
Bcosh(p)-Bsinh(p)+Be™ aa
Btanﬁt(p)
Thales (ircle BCOthgjp) >
(links e "to e™")
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Summary of optical wave parameters for relativity and QM
...and their geometry

v'= W Yo
axis An aid to
(Units of 300THz) o / pattern recognition:
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% Y Q S %C) O |
e OR ¢ ccam
C
; P Sword
o
& W (we=315)
C’ PRI ' sﬁoﬂ“e Tt C’ Bsinh p :
circle gl / P

N p . )

Beosh p

Beoshp 'O

Bsech p

P 9\ v
WO B B
—— 2 A —2 B '&O«“ Be *p —/\ - k
CWC\'Q ~ N Doppler N
v Btanhp ) G' blue-shift anhp sechpb S
. stellar X /_,_t-{_f/' stellar
| 1 angle o S| pd angle o
(@ /"-./’7 m
S /é n - A
8 ~ | Be™P
BeP P | Doppler
Doppler pd - red-shift
red-shift e

-1 0, A " ; O A C
< Besch p > 1\ I%a p %; axts
—Br—(—I Bb— -
Red shift Blue shift

RelaWavity Web Simulation
{perSpace - perTime All}

Sunday, January 29, 2017 41


http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=3%7C6&minkGridPosCells=0

RelaWavity Web Simulation

An aid to
pattern recognition:

coshp . O

Occam'
Sword
(u/c=3/5)
/
Al
k
e
S
\
A C

{perSpace - perlime All}

RelaWavity Web Simulation

v'=wor
axls
(Units of 300THz)
GQ\O .
=
¢
: ?@\,:5@“
, sinh p MS
C y chle ) 6 P:
P
a) K €+p
Doppler
0 tanh p G’ blue-shift
A stellar Y
I angle o _ g
B P 11 al 8
‘ B
_p b e
- o szp}f?;t
rea-sni
Vv (V] /l T C
rou group group group group group b Doppler / L
g p ¢ UA 2’A KA TA Vgroup e C /{/ v
Y .
phase ¢ Kp hase Tphase vphase )’phase Vphase 1 axils
phase K, T, v, /’LA C blle)Engler
rapy tanhp sinhp | sechp coshp | cschp cothp | €™
S;ZZ‘Z 7 sino tano COSO seco coto csco | l/e”
ﬁzg B 1 1-3° 1 B-1 1 1+B
c 1 B2-1 1 -8 1 B 1-B
3 3 4 5 4 5 2
o 2=06 =2=075|-=080 ==125| —=133 ==167 | ==2.0
5 4 5 4 3 3 1

Sunday, January 29, 2017

Expanded Table of Relativistic Relations

Table of 12 wave parameters
(includes inverses) for relativity

...and values for u/c=3/5
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Rapidity p related to stellar aberration angle o and L. C. Epstein’s approach to relativity
Longitudinal hyperbolic p-geometry connects to transverse circular o-geometry

“Occams Sword” and summary of 16 parameter functions of p and o
3 Applications to optical waveguide, spherical waves, and accelerator radiation
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
to (kx ky)per-space-per-space

Relativistic mode with near-c Vgoup=c/2 and Vynase=2c . (Low dispersion.) to (x,ct) space-time
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,y) space-space
to (kx ky)per-space-per-space
to (x,ct) space-time
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Optical wave guide relativistic geometry aided by Occam’s Sword
geometry applies to (x,)) space-space

Relativistic mode with near-c Vgoup=c/2 and Vynase=2c . (Low dispersion.)
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http://www.uark.edu/ua/modphys/markup/GuideItWeb.html?scenario=230

(a) Spherical wave pair
In Alice-Carla frame
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Spherical wave relativistic geometry
Also, aided by Occam’s Sword
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(a) Spherical wave pair | stellar angle o = sin"'(u/c)
In Alice-Carla frame
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b) Spherical wave pair
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http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=207
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=207
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=206
http://www.uark.edu/ua/modphys/markup/RelativItWeb.html?scenario=206
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C1
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C1
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.3333&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=2
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http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3
http://www.uark.edu/ua/modphys/markup/RelaWavityWeb.html?plotType=6%7C3&protractorInd=0&protractorVectorCnt=720&velocity=0.75&gCircleInd=1&asympInd=2&insetInfoInd=1&ssCurvedElementsInd=0&vertBranchInd=1&swordTypeInd=1&swordLineWidth=3

