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Ceneral reflection/refraction fornula
and cross-check

7 (%i1)  kill(all);
. (%00) done

7 (%il) NO:1.5;N1: 1.0;
(%01) 1.5
(%02) 1.0

7 (%i3)  defA(dummy) = (

y: h[bar]*omega[0]*f[T],
y1: h[bar]*omega[1]*f[T],
y2: h[bar]*omegal[2]*{[T],
A[O]: (1-y)ly,

Al1]: (1-yl)iy1,

A[2]: (1-y2)ly2,

kill(y)

)$

7 (%i4)  /*th3(theta,n0,n1):= if n1>n0 then theta-asin((n0*s in(theta))/n1)
else -(theta-asin((n0*sin(theta))/n1))$*/nil;
(%04) ni |

? (%i5)  th3(theta,n0,nl1):= asin((n0*sin(theta))/n1)-theta;
no sin( ) j
-0
nl

(%05) th3 6, n0O, nil :=asin (

7 (%i6) th3(.3,1,1.5); th3(.3,1.5,1.);
(%06) - 0.10168924954136
(%07) 0.15925487201513

1 Energy and nonentum conservati on

1.1 Energy

(%i8) E1: omega[0]*A[0] =
A[l]*omega[l] + A[2]*omegal2];
E(%%)ub%=@AﬁwnM
1.2 Refraction case:
(bol d kappa_1)"*2 = (bold kappa O - bold kappa 2)"2
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7 (%i9)  E2: omega[l]*2*A[1]"2*n[1]"2 =
omega[0]*2*A[0]*2*n[0]"2
+ omega[2]"2*A[2]"2*n[0]"2
+ 2*n[0]"2*A[0]*A[2]*omega[0]*omega[2]*cos(2*theta [0]);

(%609) n? of A2=2 N3 oy Ag wp Ay O 2 B) +n3 wp A3+nf f A§

- 1.3 Reflection case:

(bol d kappa_2)*2 = (bold kappa 0O - bold kappa 1)"2

7 (%i10)  E3: omega[2]*2*A[2]*2*n[0]"2 =
omega[0]*2*A[0]*2*n[0]"2
+ omega[1]"2*A[1]"2*n[1]*2
- 2*n[0]*n[1]*A[O]*A[1]*omega[0]*omega[1]*cos(thet a[3));

- (%010) nf B AB=- 2 ng wy Ag N1 wy Ar cof 8} +nf of AR+ of AB

1- phot on t heory

~ 1 1-photon case, refraction-based, onega 1

7 (%i11)  E11: ev(EL[A[0]=1, A[1]=1, Al2]=1]);
(%011) wp=wptwy

7 (%i12)  E12: ev(E2,[A[0]=1, A[1]=1, A[2]=1]);
(%012) n% =2 N§ oy wp €O 2 B) +Nn§ B +NG uh

7 (%i13)  E13: ev(E3,[A[0]=1, A[1]=1, A[2]=1]);
(%013) N p=- 2 Ng ap N1 oy €O B} +n? of +Nf f

- 1.1 Refraction (correct)

? (%i14) E12a: subst(omegal0]-omega[l], omegal2], E12);
- (%014) n?f=2nf an(wp- w) cof 2 8) +n(wp- w) “+nf uf

7 (%i15)  E12b: solve(E12a, omegall]);
No Q)O\Xnﬁ cog 2 @) >+2nFcoy 2 @) +2 ni- n6‘- ng ap o 2 B) - N§ wy

n?- n3 e
No wo\zné cog 2 @) 2+2 n?cog 2 @) +2 n3- N3 +n3 op cog 2 B) +nj 000]

ni- nj

(%015) [ oy =

~ (%i16)  ola: factor(rhs(first(E12b))/omegal0]);
No (\/na cog 2 6y 2+2nfcog 2@y +2 ni- ng - no coy 2 6y - no)

(n1-ng (ng+ng

(%016)
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(%i17)  olb: factor(rhs(second(E12b))/omegal0]);
No (\Xné coq 2 ) 242 n?cog 2 9y +2 ni- n8‘+no coq 2 ) +no)

(n1-ng (ng+ng

(%017) -

< 1.2 Reflection

~ (%i18)  El2c: subst(omega[0]-omega[2], omegal[1], E12);
(%018) Nn3( wp- W) 2=2 N§ wp wp €O 2 B) +N3 6+ NG

7 (%i19)  El12d: solve(E12c, omegal2]);
No wo\/né coy 2 ) 242 n? coy 2 @) +2ni- n8‘+n5 op €O 2 B +ayp Ni

n%- nj 2
No Q)O\Xnﬁ coy 2 @) 242 n? cog 2 8y +2ni- n6‘- ng oy o 2 6) - wp n%]

n%- n§

(%019) [ cp=

? (%i20)  o2a: factor(rhs(first(E12d))/omegal0]);
no\fna coq 2 ) 2+2n2 cog 2@y +2 n%- n8‘+n8 coq 2 @) +ni

(n1-ng (ny+ng

(%020)

7 (%i21)  02b: factor(rhs(second(E12d))/omega[0]);
no\ﬁna coy 2 @) 242 n? coq 2 8y +2 ni- n8‘- ng coy 2 @) - nf

(ni-ng (ng+ng

(%021) -

- 1.3 Graphics

7 (%i22)  str: [n[0]=NO, n[1]=N1, theta[0]=thetal];
(%022) [ ng=15, ny1=10, B=6]

” (%i23) pola: ev(ola, str);
polb: ev(olb, str);
po2a: ev(02a, str);
po2b: ev(o2b, str);

023) - 12 (/225 co 2)g 2+2.0cog 2)p - 0.25 - 1.5cog 2)p - 1.5 )

(%024) 1.2 (J2.25 co{ 2)g 2+2.0cof 2)g - 0.25 +15coq 2)g +15 )

(%025) - 0.8 (1.5 225 cog 2)g 2+2.0 coq 2)g - 0.25 +2.25cof 2)@ +1.o)

(026) 0.8 (1.5 2.25cof 2)p 2+2.0cof 2)p - 0.25 - 2.25cof 2)@ - 1.0 )
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7 (%i27)

wxplot2d([pola,polb], [theta,0,%pi/2],
[ylabel, "omega[l] / omega[0]"], [legend, "omla", "

4/15

oml1b")$

' plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s

omewhere in plotting range.
omewhere in plotting range.

T .
omla
B omlb ——
=, T
& 0 .
D -
@27y |= 3
g 2 A
[} ,I —
O L L L L L L
0 0.2 04 06 0.8 1 1.2 14
theta
7 (%i28)  plot2d([pola,polb], [theta,0,%pi/2],

[gnuplot_term, "png linewidth 2.5 font 'Arial' 16

)$
" plot2d: expression evaluates to non-numeric value s
| plot2d: expression evaluates to non-numeric value s

7 (%i29)

- plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s

[ylabel, "omega[l] / omega[0]"], [legend, "omla", "

[gnuplot_out_file, "D:/Doc/Artikel-Eck/ECE-Theorie/

wxplot2d([pola,polb,po2a,po2b], [theta,0,%pi/2],
[ylabel, "omega[1,2] / omega[0]"], [legend, "omla",

omlb"],
size 800,600,

omewhere in plotting range.
omewhere in plotting range.

omewhere in plotting range.
omewhere in plotting range.
omewhere in plotting range.
omewhere in plotting range.

8 :
omla
= 6 —mn omlb ——
=3 T om2a
2 4 H‘“‘»\_x om2b —
= 9 __J‘}
(%t29) |~ O =y
z -
g —4 _ = o
B ; ; - ; -
0 02 04 06 08 1 1.2 14
theta

paper280/Fig6.png"]

"om1b", "om2a", "om2b
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- 2 1-photon case, reflection-based, onega 2

e

e

]
L

e

L

L

U

L

e

(%i30)
(%030)

(%i31)
(%031)

E11,;

Gp=uptay

E13;
Ng w=- 2 Ny ap N1 oy €O B} +n% of +NF of

2.1 Refraction

(%i32)
(%032)

(%i33)

(%033)

(%i34)

(%034)

(%i35)
(%035)

E13a: subst(omega[0]-omega[l], omega[2], E13);
n8( o~ @) 2=- 2 Ng oy N1 wy cof B} +n? of +1nf 3

E13b: solve(E13a, omega[l]);

2 ng wp N1 coy 6) - 2 n§ ay
[wn= 02 , w=0]

ola: factor(rhs(first(E13b))/omegal0]);
2 ng(nqycoy B} - ng

(n1-ng (ny+ng

olb: factor(rhs(second(E13b))/omega[0]);
0

2.2 Reflection (correct)

(%:i36)
(%036)

(%i37)

(%037)

(%i38)

(%038)

(%i39)

| (%039)

E13c: subst(omega[0]-omega[2], omegal[l], E13);
N8 wf=- 2 ng o N1 wp- ) cog B) +nf( o @) “+nd of

E13d: solve(E13c, omegal2]);

2 ng wyp N1 coy B) - wp NT- NG wy
[ wp=- n2- e , W = 0p]

o2a: factor(rhs(first(E13d))/omega[0]);
2 ngnq coq 6} - nT- nd

(ni-ng (ng+ng

02b: factor(rhs(second(E13d))/omegal0]);
1

2.3 Gaphics

5/15
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7 (%i40)

(%040)

7 (%i41)
(%041)

7 (%i42)

(%042)

7 (%i43)

(%043)
(%044)
(%045)
(%046)

7 (%i47)

(%t47)

7 (%i48)

str: [n[0]=NO, n[1]=N1, theta[O]=theta];
[ n0:1.5, n1:1.0, 6029]

theta[3]: ev(th3(theta[0], n[0], n[1]), str);
asi( 1.5sin )d -0

ola;
2 ng(ngcoy B} - ng

(ni-ng (ng+ng

pola: ev(ola, str);
polb: ev(olb, str);
po2a: ev(02a, str);
po2b: ev(o2b, str);

2.4 (1.0 co{ asif 15sin )® -)o - 1.5 )
0
0.8 (3.0cog asi( 15sif )§ -6 -3.25 )
1

wxplot2d([po2a,po2b], [theta,0,%pi/2], [y,-2.,2.],
[ylabel, "omega[2] / omega[0]"], [legend, "om2a", "

" plot2d: expression evaluates to non-numeric value s

6/15

om2b")$
omewhere in plotting range.

2 T
omZ2a

15 | om2b ——
=)
= 1
€ 05
g .
- 0
= R
g 05 ¢t ““*m\
&€ 2t |
=
o

-15

0 02 04 06 08 1 1.2 14

theta

plot2d([po2a,po2b], [theta,0,%pi/2], [y,-2.,2.],
[ylabel, "omega[2] / omega[0]"], [legend, "om2a", "
[gnuplot_term, "png linewidth 2.5 font 'Arial' 16
[gnuplot_out_file, "D:/Doc/Artikel-Eck/ECE-Theorie/
)$

;plot2d: expression evaluates to non-numeric value s

om2b"],
size 800,600,
paper280/Fig7.png"]

omewhere in plotting range.
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7115

7 (%i49)  wxplot2d([pola,polb,po2a,po2b], [theta,0,%pi/2],
| [ylabel, "omega[1,2] / omega[0]"], [legend, "omla", "omlb", "om2a", "om2b
plot2d: expression evaluates to non-numeric value s omewhere in plotting range.
plot2d: expression evaluates to non-numeric value s omewhere in plotting range.
2 .
/ omla ——
= 1.5 P omlb ——
T - omZza —
o 1 om?h ———
E
o
— 05
(%6t49) | <
I 0
o
- T
5 -05 "“\.\II
)
0 02 04 06 08 1 12 14
theta
L]

Mutliple Planck oscillator theory

1 Planck oscillator theory, refraction-based, one

~ (%i50)
(%050)

kill(A,theta);
done

7 (%i51)

El; EZ;
(%051) wp AO:U)Z A2+(_01 A1
(%052) n% of AZ=2 Nn§ wy Ag ap Ap cog 2 thet ay +nf «h A3+nF of A

- 1.1 Refraction (correct)

7 (%i53)  El2a: ratsubst(A[0]*omega[0]-A[1]*omegal[1], A[2]*om egal[2], E2);
(%053) n% of AT 2 NG of Ad- 2 n§ ap Ag wy A) cog 2 theta) +nf of AZ- 2 n§ wy Ag oy

Ar+2ng o5 AS

7 (%i54)  defA(0);

. (%054) done
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7 (%i55)  E12b: ev(E12a);
n%(:l-'(k)lhbarf'l')2 na(:l-'(k)lhbarf'l')2
(%055) Y = Y +cogy 2 thetay
hbar fT hbar fT

2na(]-‘(JkX)hbarf'l')2 2n8(1- wp hpar f9 (1- 0 Npar T 2na(]-‘(JkX)hbarf'l')2

- + -

hfar f % hfar f % hfar f %
2n6(1- o hpar T (1- 0y hpar F9)
o 17

" (%i56)  El12c: solve(E12b, omega[l])$

7 (%i57)  ola: factor(rhs(first(E12c)));
(%057) ( ng (,oo\/ng cof 2theta) >+2n?coq 2thetay +2 n?- n8‘ hpar f1- N6 wp
cof 2thetay hpa f1- NGy hpar f1- No
\/né cof 2theta) >+2nfcoq 2theta) +2 n?- n8‘+n8 cof 2thetay +ng)/ ((ng- ng
7( n1+ng hpar f1)

? (%i58)  olb: factor(rhs(second(E12c)));
(%058) - ( ng %Jng cof 2theta) >+2n?coq 2theta) +2 n?- n8‘h,Jar f 1+n3 ap
cof 2thetay hpa f1+Nb oy hpar f1- No
\/n8 cof 2theta) °+2nfcoq 2theta) +2 n?- n8‘- ngcog 2thetay -nf)/ ((ng- ng
7( N1 +ng hpar f 1)

< 1.2 Reflection

" (%i59) kill(A,theta);
(%059) done

7 (%i60) E1; E2;
(%060) (V) AO:U)Z A2+(_01 Al
(%061) n% of AT=2 N§ wy Ag ap Ap cog 2 thet ay +nf «h A3+nF of A

? (%i62) E12d: ratsubst(A[0]*omega[0]-A[2]*omega[2], A[1]*om ega[l], E2);
(%062) N?( w5 A3- 2 ap Ag wp A+ b A =2 NG ayp Ag up Ap cof 2 thetay +n§ wp AZ+ng

G

7 (%i63)  defA(0);

. (%063) done
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7 (wi64)  El2e: ev(E12d);
(:I-'(Uzhbarf'l')2 (:I-'(Jk)ohbarf'l')2 2(1- wphpar F9(1-aphpy f9)
(%064) ni 2 2 + 2 2 ) 2 2 =
hbarfT hbarfT hbarfT
N8(1- ey hpar TP 2 NB(L- ophpgr FD 2 2n3cog 2thetay (1- awphpar F9 (1 wp Npar 9
+ +
hgar f £ hgar f £ hgar f £

" (%i65)  E12f: solve(E12e, omega[2])$

7 (%i66)  02a: factor(rhs(first(E121)));

(%066) ( ng (,oo\/ng cof 2theta) >+2n?coq 2thetay +2 n?- n8‘ hpar fT7+N6 wp
cof 2thetay hpa f 1+ NE hpa f1-No
\/né cof 2theta) >+2nfcoq 2theta) +2 n?- n8‘- ngcog 2thetay -ng)/ ((ng- ng
7( N1 +ng hpar f1)

? (%i67)  02b: factor(rhs(second(E12f)));
(%067) - ( ng %Jng cof 2theta) >+2n?cog 2theta) +2 n?- n8‘h,Jar f1-n8 up
co{ 2thetay hpar f1- oy Nt hpar f1-No
\/n8 cof 2theta) °+2nfcoq 2theta)y +2 n?- n8‘+n8 cof 2thetay +ng)/ ((ng- ng
7( N1 +ng hpar f 1)

- 1.3 Graphics

" (%i68)  str: [N[0]=NO, n[1]=N1, h[bar]=6.62618e-34, f[T]=1/ (1.38066e-23*293),
theta[O]=theta, omega[0]=1.e12];

(%068) [ ng=1.5, ny=1.0, hy, =6.6261800000000001 10 34  f =
2.4719838941350153 10 29, thetag=t heta, ¢=1.0 10 12]

7 (%i69) pola: ev(ola, str)$
polb: ev(olb, str)$
po2a: ev(02a, str)$
po2b: ev(o2b, str)$
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7 (%iT73)

(%t73)

7 (%iT4)

7 (%iT5)

(%t75)

wxplot2d([pola,polb], [theta,0,%pi/2],
[ylabel, "omega[1]"], [legend, "om1a", "om1b"])$

' plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s

10/15

omewhere in plotting range.
omewhere in plotting range.

1e+013

S5e+012
0
-5e+012 | /
-1e+013 | 5
-1 5+013 | S
2e+013 ¢t e
-2.5e+013

omegal1]
.,

“omla
omlb ——

plot2d([pola,polb], [theta,0,%pi/2],
[ylabel, "omega[1]"], [legend, "omla", "om1b"],
[gnuplot_term, "png linewidth 2.5 font 'Arial' 16

[gnuplot_out_file, "D:/Doc/Artikel-Eck/ECE-Theorie/

)$

" plot2d: expression evaluates to non-numeric value s
| plot2d: expression evaluates to non-numeric value s

wxplot2d([pola,polb,po2a,po2b], [theta,0,%pi/2],
[ylabel, "omega[1,2]"], [legend, "omla", "omlb", "o
- plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s

14

size 800,600,
paper280/Fig8.png"]

omewhere in plotting range.
omewhere in plotting range.

m2a", "om2b"])$
omewhere in plotting range.
omewhere in plotting range.
omewhere in plotting range.
omewhere in plotting range.

4e+013 . .
omla
3e+013 omlb ——
- omZ2Za
_ 2e+013 . om2p ——
] \\
—  1e+013 R
W
o 0 e
E P
© 1e+013 -
__F_,f’
2e+013 +
-3e+013 : : : : : : .
0 02 04 06 038 1 12 14
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- 2 Planck oscillator theory, reflection-based,

" (%i76) kill(A,theta);

. (%076) done

7 (%i77)  EL; ES3;
(%077) wp Ao=wp Axtwy Ar
(%078) N§ «h A5=- 2 Ng apy Ag N1 wy Aq cog theta} +n? of AZ+nf wf Af

- 2.1 Refraction

? (%i79) E13a: ratsubst(A[0]*omega[0]-A[1]*omegal[1], A[2]*om egal2], E3);
(%079) N3 of AT- 2 ap Ag wy A +wd AY =- 2 ng ay Ag N1 wy Ap cog theta} +n? of AZ+
ndf A

7 (%i80)  defA(0);

. (%080) done

~ (%i81) E13b: ev(E13a);

(1'0~)1|']barf'|')2 (1'0~)()|']barf'l')2 2(1‘(*XJhbarf‘|)(1'0~)1hbarf'l')
(%081) n§ + - =

hfar T2 hfar f 7 hfar T4
2 2
N(1- g hpar F9° NG(L- wp hpar fD° 2ngngcos theta} (1- oy hpar f9 (1- 0y hpar 9
+ -
hfar T4 hfar T4 hfar T4

"~ (%i82) E13c: solve(E13b, omega[1])$

? (%i83)  ola: factor(rhs(first(E13c)));
2 ng up Ny coy theta} hpy f1-2ndwyhpar f7-2Ng Ny coy theta} +nf+ng

(%083)
(n1-ng (ny+ng hyy v

7 (%i84)  olb: factor(rhs(second(E13c)));

1
(%084)

barfT
2.2 Reflection (correct)

" (%i85) kill(A,theta);
(%085) done

7 (%i86) E1; E3;
(%086) (V) AO:U)Z A2+(_01 A1
(%087) N§ «h A5=- 2 Ng ayy Ag N1 wy Aq cog theta} +n? of AZ+nf§ wf Af

one
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? (%i88)  E13d: ratsubst(A[0]*omega[0]-A[2]*omega[2], A[1]*om ega[l], E3);
(%0088) N§ «h A5=n1(2 Ng ay Ag wp Ax- 2 Ng b AY cog thetay +n?

(0 A8~ 2 up Ao wp Ap+ s AY +N§ o A

7 (%i89)  defA(0);

. (%089) done

7 (%i90)  E13e: ev(E13d);
n3(1- 6 hpar F9)°

(%090) T =n%

bar ' T

2 2
(1'0~)Zhbarf'|') (1'0~)Ohbarf'l') 2(1‘(*XJhbarf‘|)(1'0~)2hbarfT)

+ - +nq cog thetay

hfar f % hfar T % hfar T £
2 2
2no(1- oo hpar FP (1-ophpar FP 2n0(1- wp hpar f9) ng(l'(ﬂohbarf'l')
- +
hfar T £ hfar f £ hfar f £

" (%i91)  E13f: solve(E13e, omega[2])$

7 (%i92)  o2a: factor(rhs(first(E131)));
(%092) -
2ng wp Ny coy theta} hpg f1- wpnfhpa f1-Ng oy hpar f1-2ngngcoy theta} +2 nd

(n1-ng (ny+ng hyy v

7 (%i93)  02b: factor(rhs(second(E13f)));
(%093)  wy

- 2.3 Graphics

7 (%i94)  str: [n[0]=NO, n[1]=N1, h[bar]=6.62618e-34, f[T]=1/ (1.38066e-23*293),
theta[O]=theta, omega[0]=1.e12];

(%094) [ ng=1.5, ny=1.0, hy, =6.6261800000000001 10 34, f =
2.4719838941350153 10 20, thetag=t het a, wy=1.0 10 1?]

? (%i95)  theta[3]: ev(th3(theta[O], n[O], n[1]), str);
(%095) asin 1.5si the)g -theta

7 (%i96) pola: ev(ola, str)$
polb: ev(olb, str)$
po2a: ev(o2a, str)$
po2b: ev(o2b, str)$
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" (%i100)

(%t100)

" (%i101)

" (%i102)

(%t102)

wxplot2d([po2a,po2b], [theta,0,%pi/2],
[ylabel, "omegal[2]"], [legend, "om2a", "om2b"])$

' plot2d: expression evaluates to non-numeric value s

13/15

omewhere in plotting range.

1.2e+013

1e+013 J
8e+012

Be+012

omegal 2]

4e+012

2e+012

“om2a
om2b

0

02 04 06 08
theta

0

plot2d([po2a,po2b], [theta,0,%pi/2],
[ylabel, "omega[2]"], [legend, "om2a", "om2b"],
[gnuplot_term, "png linewidth 2.5 font 'Arial' 16

12

[gnuplot_out_file, "D:/Doc/Artikel-Eck/ECE-Theorie/

)$

;plotZd: expression evaluates to non-numeric value s

wxplot2d([pola,polb,po2a,po2b], [theta,0,%pi/2],
[ylabel, "omega[1,2] / omega[0]"], [legend, "omla",

' plot2d: expression evaluates to non-numeric value s
plot2d: expression evaluates to non-numeric value s

14

size 800,600"],
paper280/Fig9.png"]

omewhere in plotting range.
"omlb", "om2a", "om2b

omewhere in plotting range.
omewhere in plotting range.

1.2e+013 . , . :
|' omla ——
_ 1e+013 | / omlp ——
] Py
= 8e+012 o omz2a ———
ik . ——— om2b ——
E Be+012
o
— 4e+012
o
— Ze+012
m
o 0 b
£ _Ea"‘«\
© -2e+012 \
-Ade+012 - - : - - - :
0 02 04 06 08 1 12 14
theta

- 3 Frequency shift of reflection
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- 3.1 Reflection (correct)
7 (%i103) E13e;
ng( 1- wp Npar F9) 2
(%0103) =n%
har T %
[(1'002hbar fT)2 (1- wo hpar fT)2 2(1- ophpar 9 (1-aphpa 9
+ -
hfar f % hfar f % har T %
[2 No(1- ay hpar 9 (1-wphpar F9 2Nn0(1- ap hpar fT)ZJ ng(l'(ﬂohbar fT)2
- +

2 2 2 2 2 2
hbar fT hbar fT hbar fT

]+ n, coy thetay

7 (%i104)  kill(theta);

(%0104) done

7~ (%i105)  E13h: ratsubst(n[1]/n[0], cos(theta[3]), E13e);
I n8(ﬂ%h%arf2r‘2n80~)2hbarfT+n8_
hBar 7 )
(% wb- wh NE+ng ) hBar F3+H - 2N wp+2 wp NT- 2 N§ ) hpar F7+N3

2 2
hbar f T

(%0105)

? (%i106)  E13i: solve(E13h, omegal2));
oo Npar fr-2

(%0106) [ wp=- h :
bar ' T

, wp=uypl
? (%i107)  02a: (rhs(first(E13i))):;
oo Npar f1-2

(%0107) -
hbar f T

? (%i108)  02b: (rhs(second(E13i)));
(%0108) oy,

- 3.2 Graphics

7 (%i109)  str: [n[1]=N1, h[bar]=6.62618e-34, f[T]=1/(1.38066e -23*293),
theta[O]=theta, omega[0]=1.e12];

| (%0109) [ n;=1.0, hp, =6.6261800000000001 10 34 | f +=2.4719838941350153
1029, thetag=t heta, ¢p=1.0 10 2]

7 (%i110) po2a: ev(02a, str)$
po2b: ev(o2b, str)$
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7 (%i112)  wxplot2d([po2a,po2b], [n[0],1,4], [y,0,1.5e13],
I [ylabel, "omega[2]"], [legend, "om2a", "om2b"])$
14e+013 | | | ' om2a
om2b ——
12e+013
_ 1e+013
(o]
£ 8e+012
Ot112) |E  Be+012
o
4e+012
2e+012
0 L ) L L )
1 15 2 25 3 35 4
n[0]
7 (%i113)  plot2d([po2a,po2b], [n[0],1,4], [y,0,3e13], [y,0,1. 5e13],
[ylabel, "omegal[2]"], [legend, "om2a", "om2b"],
[gnuplot_term, "png linewidth 2.5 font 'Arial' 16 size 800,600,
[gnuplot_out_file, "D:/Doc/Artikel-Eck/ECE-Theorie/ paper280/Fig10.png"]
i )$



