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Aberration analysis of a wedge-plate display

Student: Sen-Nien Chun Advisor: Dr. Jyh-Long Chern

Institute of Electro-Optics Engineering

National Chiao Tung University

Abstract

In this thesis, the mathematical model of the.wedge plate is established by the ray
tracing skill. The aberration of-the wedge plate is derived from this model, and the
third order aberrations are computed. In wedge plate, there are some regions that no
rays reach, dark zone. In this thesis; the-Tposition of dark zone is analytically
determined and verified by direct numerical simulation with a software package,
TracePro. As an exploration, a 0.7-inch"thick plastic acrylic wedge plate that with
14-inch screen diagonal, in which the ratio of the thickness versus the screen diagonal
is 1:20, is analyzed. Finally, the influences of the change of wedge vertex angle and
refraction index on aberration are also analyzed.
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x10[Ae | = -Csc[0.8970362220226088° + A8]
(0.7 Sec[1l0° + A8] +2.990887605686958" Sin[0.B8970362220226088" + A0 -
17.437 Sin[10 ° + A8] - 0.7 Sin[10 ° + A@] Tan[10 ° + A@])
x15[ae | = -Csc[0.%040245405308613° + Al
(0.7 Sec[1l5 ° + A®] + 4.880324857078182" Sin[0.9040245405308613" + A8 -
17.437 Sin[15° + A@] - 0.7 Sin[15 ° + A@] Tan[15 ° + A8]) ;
x20[A6 | = -Csc[0.9110128590391138° + A8]
(0.7 Sec[20° +A8] +6.712389112999929" Sin[0.9110128590391138" + A8] -
17.43" Sin[20° + A8] - 0.7 Sin[20 ° + A@] Tan[20 ° + A8]) ;

Plot [ {x05[Ae], x10[ae], x15[ae], x20[ae]}, {ae, -2°, 2°},
TextStyle - {FontFamily — "Times", FontSize - 30}, AxesLabel = {"ae", "Ax"},
Ticks - {{-2°, 2°}, Range[-0.8, 0.8, 0.4]}, PlotRange - {-0.8, 0.8},
PlotLegend — {ve=5°", 6 "g=10°",6 m@=15°" "g=20°"},
Plotstvle - [ {BGBColor([1l, 0, 0]}, {EGBColor[0, 1, 0]}, {BRGEColor[0, O, 1]1,
{REGEColor[1, 0, 1]1}}, LegendPosition - {1.0, -.7%,
AxesStvle - {Thickness[0.01]}]
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<< Graphics Legend’

ApertureRadius = 0.35;

90° - el[p] - ec
1]

f[p_] =HalfWidth - 0.7 hm-Csc[el[p] + 2 &v Ceiling| T
- v

(-b[p] Sec[ol]p]] +Sin[el[p]] (LZ+b[p] Tan[el[p]]));

fp=0.7;

k1l = ApertureRadius - ApertureRadius »p;

hl = 2 » ApertureRadius - b1,

ell = HrcSin[ (ApertureRadins +p - fp+h) / (11 ’\){ (cl2 + (ApertureRadins +p - fp*h) 2) ] ]

81[ [ mresi [ sin[ArcTan| Tlperturenadd:iuswp—fpwh 11 ] ror [ bl ] ] 11
; ¢Sin = cTan | — HES H
p_+. n L2
91[ f: I-lrc";‘in[ Sin [ArcTan| m—— d"'s“-"‘fP"h I ] . Brc-Tan[ b1 ]] t=2%0v - 0811,
ety i a 4 ' .2 HE .
b[ / Arosi [ Sin [ArcTan [ mert“ehﬂiu‘g"p_m"h 11 ] AreT [ bl ]] b1
; ¢Sin = AreTan| — HES ;
p_ n L2 '

[ fpertureRadiusrp-fprh ] ]

Sin[AreTan 3

b[p_ £ chSin[

k1
a ]-:I—lrcTan[E]] 1=

hl
b1+ — (Tan[2 *év - 811] - Tan[&811])
Tan[év] - Tan[e11]
h=0.2;
Halfwidth
ms= ————;
h

=1;
n=1.5h1872;
L2 =17.43;

Halfwidth = 3.4315;

8c = ArcSin[l /fn];

8v = ArcTan |2 + ApertureRadins fL2] ;

Plot [f[p], {p, -1, 1.0}, TextStyle - {FontFamily » "Times", FontSize -+ 25},
AxesLabel -+ {"p", "total aberration"}, Ticks - {{-1, 0, 1}, Range[-9, 4, 5]},
PlotRange -+ {-9, 4}]
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ApertureRadius = 0.35;
b =0.00000000000001;
n=1.49309; (+EETg7+)
L2 =17.43;

8c = AreSin[l /n];

8v = ArcTan[2 « ApertureRadius / L2];
For [i =

1,1 <11, i++,

m=2%i;
xl

Cos [8¢]
®lb

({(LZ +b xCot[Bc+m*x8v]) *Cos[Bc+m+ev] ~-bxCsc[ec+m*ev]) /Cos[ec -2 x0V];
Print["m=",

((LZ+b*Cot[Bc+m*x8v]) *Cos[Bc +m*x6v] -b+Csc[8c+mrev]);
m];
Print["e(deg)=",

(Z -ec-mxev) +180
2
Print["L2-xl=", L2 - x1];

w

1+

Print["L2-xlb=", L2 - x1b];

Print["black band width=", xl - xlb] :|
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<< Graphics Legend’

fp=-0.7;
p=0.0;
£lo_, ev_] =!I

0° -0el[p, ev] - ec ]]
2 ev
(-b[p, ev] sec[el]p, ov]] + sin[el[p, ev]] (L2 + b[p, ev] Tan[el[p, ev]])):

9
HalfWidth - fphm - Csc[el[p, ov] + 2 evceiling |

b1l = ApertureRadius - ApertureRadinus *p;
hl = 2 + ApertureRadius - b1,

el11 - ]lrc-!-;iu[ (AperturaPadius +p - fp+h) / (11 ’\)'r (d2 + (AparturaPadins +p - fp+h) 2) ] ]

el [.D_, ev_ f; ArcSin [% Sin [HrcTan[ ApertureRadius +p - fp+h ] ] ] > ArcTan [ % ] ] :

d
all -
o1[p_, ov_¢; Arcsin[ < sin[Areran[ PENIORAE IO TIRIR 1] areran[ 22 -
2x6v-6ell;
blo_, ov_/; Aresin[ T sin[arcran[ RETESRATLE IO T IR D 1] s areran[22]] 2 b1,
bo_, ev_ s Arosin| 2 sin[areman [ BREEIUERAAT IO IRID 1] prcman [ 22 ]] -
bl + hi (Tan[2 *ev - @11] - Tan[ell]);

Tan[ev] - Tan[ell]

ApertureRadius = 0.35;

h=0.2;
HalfWidth
m= —-—-———-yy
h
d=1;
n=1.49309; (*EEEE/I+)
L2 =17.43;

HalfWwidth = 3.4315;

ec = Arcsin[l fn];

(#¢v-ArcTan|[2+ApertureRadius /L2] ; *)

Plot[f[p, ev], {ev, 1°, 6 °}, TextStyle - {FontFamily -+ "Times", FontSize - 25},
AxesLabel - {"ev", "total aberration"}, Ticks - {{2°, 4°, 6 °}, Range[-5, 0, 2]},
PlotRange - {-5, 0}, AxesStyle — {Thickness[0.007]}, AxesOrigin - {1°, -5}]
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<< Graphics Legend’

fp=0.7;
p=0.0;
8c[n_] = AreSin[1/n];

90 ° -8l[p, n] - 8c[n] ]]
2ev
(-b[p, n] Sec[8l[p, n]] +Sin[el[p, n]] (L2 +b[p, n] Tan[el[p, n]]))

flp_, n_] =HalfWidth - fphm - Csc [91 [p, n] +2e6v (.'eiling[

bl = ApertureRadius - ApertureRadius *p;
hl = 2 « ApertureRadius - b1,
a1l = BrcSin[ (ApertureRadius *xp - fp +h) / [n ‘\/ (d2 + (ApertureRadius +p - fp+h) Z) ] ]

o1[p_, n_/; Arcsin| = sin[Arcran| TRETNESRAGI L TIRID 111 prcqan[ 22 )]
61p_, n_/; Arcsin| = sin[arcran[ PREEITERAANE XD IR IR ] prcran[ 221 -
blo_, n_/; Arcsin[ < sin[arcran[ 2REENMEERAAINI 20 TIRID 11 prcran [ P2]] 2 b1
blo_, n_ /1, Brcsin[ > sin[Arcran| RETESRAGNIIP D IR ID 11| pporan[ 22 ]] -

bl + hi (Tan[2 +ov - @11] - Tan[e11]) ;

Tan[eév] - Tan[e11]

ApertureRadius = 0.35;

h=0.2;
HalfWwidth
m= ————
h
d=1;
L2 =17.43;

HalfWwidth = 3. 4315

ov = ArcTan[2 + ApertureRadius fL2] ;
Plot[f[p, n], {n, 1.45, 1.55}, TextStyle - {FontFamily - "Times", FontSize - 25},
AxesLabel - {"refraction index", "total aberration"},

Ticks - {{1.46, 1.48, 1.5, 1.52, 1.54}, Range[-1.75, -1.4, 0.1]}, PlotRange - {-1.75, -1.4},

AxesStyle » {Thickness[0.007]}]

=011,

=2s%0v-011;
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