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C(xo,y0) = . [ln(cos axp) + 2 tanh {cosh“yo cosh 5 +1In [Slnh 5(2y0 - d)]

For plotting purposes, it is best to use non-dimensional variables:

E, = E.ea/po, Ey = Eyea/py, T=oazx, §=ay, d=ad, C(Zo, o) = aC(xo, o)

E, = — cos Z[sinh d 4 sinh(j — d) — sinh §j]/ sinh d
E, = —sin#[cosh(§ — d) — cosh ]/ sinh d
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Figure 1: Electric field vector arrow plot.
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Figure 2: Electric field line plot.
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Mathematica File for Computations Necessary to Generate Electric Field Vector Arrow and
Electric Field Line Plots

fly-] = (Sinh[a * d] + Sinh[a * (y — d)] — Sinh[a * y])/(Cosh[a * (y — d)] — Cosh[a * y])

Sinh[2a]4Sinh[a(—2+y)]—Sinh[ay]
Coshla(—2+y)]—Cosh|ay]

Integrate[f[y], y]

(coa-h[aprsmh[a])(cosh[a]cosh[%} 7Sinh[a]Sinll[%])

iCosh[a]Cosh [%] +iCosh[%y]Sinh[a]

2iArcTan

Coshla] (_ Sinh[ )
Log[—Sinh[a—ay
a + a

Simplify[%)]

2ArcTanh [Cosh[a] —Sinh[a] Tanh[‘f—zy]] Cosh[a]+Log[—Sinh[a—ay]]

g[x] = Sin[a * z]/Cos|a * ;:]

Tan[ax]

Integrate[g|[z], z]

_ Log[Cos|az]]

DSolve[y’[z] == Tan|a * ] * (Cosh[a * (y[z] — d)] — Cosh[a * y[z]])/(Sinh[a * d] + Sinh[a * (y[z] — d)]—

Sinh[a * y[z]]), y, z]

Solve::tdep : The equations appear to involve the variables to be solved for in an essentially non-algebraic way.))

Solve |:_ 2ie2ArcTanh[Cosh[a]fsinh[a]Tanh[%ay[m]”(}osz[a]Cos[am](Cosh[a(72+y[z])]7Cosh[ay[m”) O], yla]
ExT = —Cos[xT] * (1 + (Sinh[yT — dT] — Sinh[yT])/Sinh[dT])

—Cos[xT](1 4 Csch[2](—Sinh[2 — yT] — Sinh[yT]))

EyT = —Sin[xT] * (Cosh[yT — dT] — Cosh[yT])/Sinh[dT]

—(Cosh[2 — yT| — Cosh[yT])Csch|[2]Sin[xT]

dT =2
2
LoadVectorFieldPlots
plotl = PlotVectorField[{ExT, EyT}, {xT, 0,2 x Pi}, {yT,0,dT}, Frame — True, FrameLabel — {ax, ay}]
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T ‘ 5 6
ax

plot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 x Pi,dT}|}
{GrayLevel[0.8], Rectangle[{0, 0}, {27, 2}]}
Show[Graphics[plot2], plot1, Frame — True, FrameLabel — {ax, ay}]
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gfx0_,y0_,y_,d] =

ArcCos[Exp[Log[Cos[x0]] + 2 * Cosh[d/2] * (ArcTanh[Cosh[(d — y0)/2]/Cosh[y0/2]]—
ArcTanh[Cosh[(d — y)/2]/Cosh[y/2]]) + Log[Sinh[d/2 — y0]/(Sinh[d/2 — y])]]]
ArcCos 62(_ATCTa“h[COSh[%Ty]SeCh[%H*ATCT”h[COSh[Q?O]SeCh[yTo]])COSthOS[XO}CSCh[l — y]Sinh[1 — y0]

gl = Graphics[{Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.5875, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.385, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.78, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.195, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.98, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.61, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.18, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.99, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.57, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.8,.1}, {0, 0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.37, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.763, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.935, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.415, .1}, {0,0}, {0, —1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.235, .1}, {0,0}, {0, —1}]}]

VVVVYV VYV VYV YV VYVYVVYV

ql = ParametricPlot[{{g[0,0,y, 2], y}, { Graphics[{ Text["X", {.5, .2}]}]}, {g[Pi/16,0, y, 2], y}, {9[Pi/8,0,y, 2], y},
{93 * Pi/16,0,y,2],y}, {9[Pi/4,0,y,2],y}, {9[5  Pi/16,0,y,2],y},{g[3 * Pi/8,0,y,2],y},

{9[7 + Pi/16,0,y,2],y},{g[Pi/2,0,y,2],y}, {9[9 * Pi/16,0,y,2],y}, {g[5 * Pi/8,0,v, 2], y},

{9[11 + Pi/16,0,y,2|,y}, {g(3 » Pi/4,0,y,2],y},{g[13 * Pi/16,0,y,2],y}, {g[7  Pi/8,0,y,2],y},

{9(15 * Pi/16,0,y,2],y}, {g[Pi,0,¥,2],y}},{y,0,1}]
oo::indet : Indeterminate expression \!\ (\*StyleBox[0ComplexInfinitySinh[1], "MT"]\) encountered.))
1.0t

0.8
0.6
041
0.2F

\

05 10 15 20 25 30
al = {Graphics[Arrow[{{.06, .06}, {.05,.05}}]], Graphics[Arrow[{{3.09, .06}, {3.10,.05} }]]}
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{1
s1 = Show[gl,al, ql]

g2 = Graphics[{ Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.57,1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.375,1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.77,1.9}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.175, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {1.96, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.59, 1.9}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.15, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.97,1.9}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.55, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.78,1.9}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.35, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.72, 1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {2.92,1.9}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.4,1.9}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {.20, 1.9}, {0,0}, {0,1}]}]

A ANANAANAANANANAANANANAAANA

q2= Pa.rametricPlot[{{g[O, 0,y, 2], 2- y}: {g[Pi/]-Ga 0,y, 2]a 2- y}) {g[Pi/S, 0,y, 2]a 2- y}’ {9[3 * Pi/16’ 0,y, 2]a 2- y}’
{9[Pi/2,0,¥,2],2 — y},{g[9 * Pi/16,0,y,2],2 — y}, {g[5 = Pi/8,0,,2],2 — y}, {g[11 = Pi/16,0,y,2],2 — y},
{9[3 * Pi/4,0,y,2],2 — y},{g[13 « Pi/16,0,y,2],2 — y}, {g[7 « Pi/8,0,,2],2 — y}, {g[15 = Pi/16,0,y,2],2 — y},

{g[lzt’ 0, Y, 2], 2- y}}’ {y’ Oa 1}]

181
161
141

121

05 10 15 20 25 30
a2 = {Graphics[Arrow([{{.06,1.94}, {.05,1.95} }]], Graphics[Arrow[{{3.09,1.94}, {3.10,1.95} }]]}

{1
s2 = Show[g2, a2, q2]
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Show|[s1, s2]

Show|ql, q2, PlotRange — {0,2}]
20
15-

10

051

05 1.0 15 2.0 25 3.0
g3 = Graphics[{Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.5875 + P4i,.1}, {0,0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.385 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.78 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.195 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.98 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.61 + P4,.1}, {0,0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.18 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.99 + P4, .1}, {0,0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.57 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.8 + Pi, .1}, {0, 0}, {0, —1}],

Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.37 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.763 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.935 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.415 + Pi, .1}, {0, 0}, {0, —1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.235 + Pi, .1}, {0, 0}, {0, —1}]}]
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AN ANANANANANANANANANNANANAANNA

q3 = ParametricPlot[{{Pi + ¢[0, 0, y, 2], y}, { Graphics[{ Text["X", {.5, .2}]}]}, {Pi + ¢[Pi/16,0, y, 2], y},

{Pi+ g[Pi/8,0,y,2],y},{Pi+ g[3  Pi/16,0,,2],y}, {Pi + g[Pi/4,0,y,2],y}, {Pi + g[5 » Pi/16,0,y, 2], y},

{Pi+ g[3*Pi/8,0,y,2],y}, {Pi+ g[7 * Pi/16,0,y,2],y}, {Pi + g[Pi/2,0,y,2],y}, {Pi+ g[9 * Pi/16,0,y, 2],y},
{Pi+ g[5x Pi/8,0,y,2],y}, {Pi+ g[11 % Pi/16,0,y,2],y}, {Pi+ g[3 * Pi/4,0,y,2], y}, {Pi + g[13 x Pi/16,0,,2], y},
{Pi+ g[7 + Pi/8,0,y,2], y}, {Pi+ g[15 * Pi/16,0, 9, 2], y}, {Pi + g[Pi, 0,9, 2], y}}, {9, 0, 1}]

oo:indet : Indeterminate expression \!\ (\*StyleBox[0ComplexInfinitySinh[1], "MT"]\) encountered.))

0.8
0.6
0.4 ¢

/0%

4.0 4.5

a3 = {Graphics[Arrow([{{.24 + Pi, .23}, {.25 + P1, .24}}]], Graphics[Arrow[{{2.91 + P4, .23}, {2.90 + P4i, .24} }]]}
{,}
Show|[q3]

10+
0.8
0.6
0.4 ¢

%l T

s3 = Show[g3, 93, a3]

™
B

Show|[%, Frame->True, FrameTicks — True, FrameLabel — {ax, ay}]

5.0 55 6.0

Show|s1, s2, s3]
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g4 = Graphics[{Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.56 + Pi, 2 — .1}, {0,0}, {0,1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.37 + Pi, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.76 + P1i,2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.17 + P1i, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {1.95 + Pi,2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.59 + P1i,2 — .1}, {0, 0}, {0,1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.15 + Pi, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.97 + Pi, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.54 + P1i, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.78 + Pi,2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.34 + P1i,2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.73 + Pi, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2.915 + Pi, 2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.40 + Pi,2 — .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {.21 + Pi,2 — .1}, {0, 0}, {0, 1}]}]

VVVVV YV VYV VYV VYV YVVY

q4 = Pa.rametricPlot[{{Pi + g[oa 0: Y, 2]: 2- y}7 {Pi + g[Pi/16$ Oa Y, 2]a 2- y}’ {Pi + g[Pl/87 0) Y, 2]) 2- y}’
{Pi+ g[3 = Pi/16,0,y,2],2 — y}, {Pi+ g[Pi/4,0,y,2],2 — y}, {Pi+ g[5* Pi/16,0,y,2],2 — y},
{Pi+ g[3*Pi/8,0,y,2],2 — y}, {Pi+ g[7 x Pi/16,0,y,2],2 — y},{Pi + g[Pi/2,0,9,2],2 — y},
{Pi+ g[9%Pi/16,0,y,2],2 — y}, {Pi+ g[5 x Pi/8,0,y,2],2 — y}, {Pi + g[11 * Pi/16,0,y,2],2 — y},
{Pi + 9[3 * Pi/4, 0,y, 2]7 2-— y}’ {Pi + 9[13 * Pi/16707 Y, 2], 2-— y}’ {Pi + 9[7 * Pi/8, 0,y, 2]’ 2- y},
{Pi + 9[15 * Pi/lﬁa 0: Y, 2]: 2-— y}7 {Pi + g[Pi, 0: Y, 2]: 2-— y}}’ {y’ 07 1}]

\i
1.6
14}
1.2

40 45 5.0 55 6.0
a4 = {Graphics[Arrow[{{.29 + Pi, 2 — .27}, {.30 + Pi, 2 — .28}}]],
Graphics[Arrow[{{2 * Pi — .29,2 — .27}, {2 x Pi — .30, 2 — .28} }]|}

.
s4 = Show|g4, g4, ad]
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Show[s1,s2,s3, s4]

v /

Show[%, Frame->True, FrameTicks — True, FrameLabel — {ax, ay}]
20F" ‘ ‘ ‘ ‘ ; :

R\
ZEO ‘ ' |

ax
g5 = Graphics[{ Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .1}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .2}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .3}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .4}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .5}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .6}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .7}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .8}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, .9}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0,1.},{-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0,1.1}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0,1.2}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.3}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.4}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.5}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.6}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.7}, {-1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0, 1.8}, {—1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {0,1.9},{—1,0}]}]

10
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AANAANAAAANAANAANAANAAANAANANANAANAANANA

@5 = ParametricPlot[{{g[0, .1,¥, 2], 3}, {4[0, -2, ¥, 2], y}, {9[0, .3,%,2], 4}, {9[0, 4,9, 2],3}, {90, .5,v, 2], 4},
{90, .6,9,2],y},{g(0,.7,9, 2], 4y}, {9[0, -8,9, 2], y}, {90, .9, 9, 2], ¥}, {g[0, 1,9, 2], ¥}, {g[0, 1.1, 9, 2], y},
{9[0,1.2,3,2],y},{g[0,1.3,3,2],y},{g[0,1.4,9,2],y},{g[0,1.5,9, 2], y},{g[0,1.6,3, 2], y},

{900,1.7,y,2],},{g(0,1.8,9,2],y},{g[0, 1.9, 9, 2], y}}, {y, .1, 1.9}]
oo::indet : Indeterminate expression \!\ (\*StyleBox[0oco, "MT"]\) encountered.

) )
oo:indet : Indeterminate expression \!\ (\*StyleBox[0co, "MT"]\) encountered.))
oo::indet : Indeterminate expression \!\ (\*StyleBox[0oco, "MT"]\) encountered.))

General::stop : Further output of \!\ (\*StyleBox[oo::indet, "MT"]\) will be suppressed during this calculation.))

0.5 1.0 15
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s5 = Show[g5, q5]

Show([s1, 52,83, 4, s5]

/

g6 = Graphics[{ Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi,.1},{-1, 0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .2}, {—1, 0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .3}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .4}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .5}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .6}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, .7}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .8}, {—1, 0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {P4i, .9}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.}, {-1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.1}, {-1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.2}, {-1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.3}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.4}, {-1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.5}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.6}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.7}, {-1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.8}, {—1,0}],
Text[StyleForm[" > ", FontSize — 14, FontWeight — "Bold"], {Pi, 1.9}, {—1,0}]}]

12
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q6 = Pa.rametricPlot[{{Pi - 9[0, Ly, 2], y}7 {Pi - 9[0, 2,y, 2], y}’ {Pi - 9[0, 3,9, 2]’ y}’ {Pi - 9[0: '4, Y, 2]’ y}’

{Pi - 9[0, 5,9, 2], y}7 {Pi - 9[0, 6,9, 2], y}’ {Pi - 9[0; 1,9, 2]’ y}’ {Pi - 9[0: 8,9, 2]’ y}’ {Pi - 9[0: 9,9, 2]’ y}a

{Pi - 9[01 11 Y, 2]1 y}a {Pl - g[O, 111 Y, 2]1 ?/}, {Pl - g[oa 12, Y, 2], y}, {Pi - 9[01 13, Y, 2], y}, {Pl - 9[01 14, Y, 2], y},

EPi I .g[ga}]lg’, Y, 2], ’!/}, {Pl - 9[07 16, Y, 2], y}, {Pl - g[O7 171 Y, 2]’ y}1 {Pl - g[O, 18) Y, 2]) y}) {Pi - g[oi 197 Y, 2]7 y}},
Y,.1, 1.

oo::indet : Indeterminate expression \!\ (\*StyleBox[0co, "MT"]\) encountered.))

oo::indet : Indeterminate expression \!\ (\*StyleBox[0co, "MT"]\) encountered.))

oo:indet : Indeterminate expression \!\ (\*StyleBox[0oo, "MT"]\) encountered.))

General::stop : Further output of \!\ (\*StyleBox[oo::indet, "MT"]\) will be suppressed during this calculation.))

15K

1.6q

0.5

| . . . . | . . . . |
2.0 2.5 3.0

q7 = Pa.ra.metrlcPlot[{{Pi + 9[01 '17 Y, 2]7 y}) {Pi + 9[01 '2, Y, 2], y}, {Pi + 9[01 '3, Y, 2], y}, {Pi + 9[01 '4, Y, 2], ZI},

{Pi+ g[0,.5,9,2],y}, {Pi+ g[0,.6,y,2],y}, {Pi+g[0,.7,9,2],y}, {Pi+ g[0, .8,y,2],y}, {Pi+ ¢[0, .9, 9,2], 4},

{Pi+g[0,1,y,2],y}, {Pi+g[0,1.1,9,2],y}, {Pi+ g[0,1.2,y,2],y}, {Pi+ g[0,1.3,y,2],y}, {Pi+ g[0,1.4,9,2],y},

EPi -ll- sll[g,}]l-5, v, 2], y}, {Pi+ g[0,1.6,y,2],y}, {Pi+ g[0,1.7,3,2],y}, {Pi + ¢[0, 1.8,y, 2], y}, {Pi+ g[0,1.9,y, 2], y}},
Y,.-1, 1.

oo:indet : Indeterminate expression \!\ (\*StyleBox[0oo, "MT"]\) encountered.))

oo:indet : Indeterminate expression \!\ (\*StyleBox[0oo, "MT"]\) encountered.))

oo:indet : Indeterminate expression \!\ (\*StyleBox[0oo, "MT"]\) encountered.))

General::stop : Further output of \!\ (\*StyleBox[oo::indet, "MT"]\) will be suppressed during this calculation.))
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T T
86 = Show|[q6, q7, g6]

1.6+

\/ \Y¥ \fY \/ \Y N/ \/ \Y \/ \/ \/ \/ \

05+

\Y \/ \/ \/ \

\

zio‘ T Y
Show|sl, s2, 83, s4, s5, s6]
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g8 = Graphics[{Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 * Pi, .1}, {1, 0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P41, .2}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P41, .3}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P4i, .4}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 x Pi, .5}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P41, .6}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P1, .7}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P4i, .8}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = P41, .9}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 x Pi, 1.}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.1}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.2}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 * Pi, 1.3}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.4}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 % Pi, 1.5}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 % Pi, 1.6}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.7}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.8}, {1,0}],
Text[StyleForm[" < ", FontSize — 14, FontWeight — "Bold"], {2 = Pi, 1.9}, {1,0}]}]

q8 = ParametricPlot[{{2 * Pi — g[0,.1,, 2], 3}, {2 * Pi — ¢[0, .2, 9, 2], y}, {2 * Pi — g[0, .3,%,2], y}, {2 * Pi — g[0, 4,9, 2]},
{2 *Pi— g[Oa 9, Y, 2], y}7 {2 *Pi— 9[0, .6, Y, 2], y}7 {2 * Pi— g[Oa .7, Y, 2], y}7 {2 * Pi— g[Oa -8, Y, 2], y}7

{2 *Pi— 9[0, 9,9, 2], y}7 {2 *Pi— 9[0, 1,y, 2]; y}: {2 *Pi— g[Oa 1.1,y, 2]’ y}a {2 *Pi— 9[0: 1.2,y, 2], y}7

{2 *Pi— 9[01 13, Y, 2], y}, {2 * Pi— 9[07 1'41 Y, 2]1 ?J}, {2 * Pi— g[O, 151 Y, 2]1 y}1 {2 * Pi— g[oa 167 Y, 2]1 y}a

{2+ Pi—g[0,1.7,y,2],y}, {2 * Pi— ¢[0,1.8,9,2], y}, {2 * Pi— g[0,1.9,9,2],3}}, {y,.1,1.9}]

oo:indet : Indeterminate expression \!\ (\*StyleBox[0oo, "MT"]\) encountered.))

oo:indet : Indeterminate expression \!\ (\*StyleBox[0co, "MT"]\) encountered.))

oo:indet : Indeterminate expression \!\ (\*StyleBox[0co, "MT"]\) encountered.))

General::stop : Further output of \!\ (\*StyleBox[oo::indet, "MT"]\) will be suppressed during this calculation.))

15



Problem Set 1

6.642, Fall 2008

15

05F

5.0 55

s8 = Show([g8, q8]

s7 = Plot[{0, 1,2}, {z,0,2 = Pi}]

6.0
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2.0

1.0

05

1 2 3 4 5 6
Linel = Graphics[Line[{{0, 0}, {0, 2}}]]

Line2 = Graphics[Line[{{2 * Pi, 0}, {2 * Pi, 2} }]]

Show[sl, 52,83, 54, 85, $6, 57, 88, Linel, Line2, Frame — True, FrameLabel — {ax, ay}]
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F T T
20 . i
, A
s <
15 b
L <
Z 100 1
051 b
00 : b
| 1 1 1 1 1 1
0 1 2 3 4 5 6
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Problem 2
a)

Because u — oo for y < 0 and y > d, H = 0.

b)

V2A=—pJ = —pJysinaxi,, B=pH=VxA
0%A,  O%A.

VA, = 922 + 92 = —pJpsinax
d*A,

A, =A@ = deP = —pJpsinax

Ap(z) = % sin ax

A (x,y) = Azp() + Asp(z,y) = sinax [,L;io + C'sinh ay + D cosh ay}

H, =

104, a |:,U/JQ

= ——CcoSaxr | —5
a2

- + C'sinh ay + D cosh ay]
p Oz Iz

Hy(y_O):():—%cosax <Ma€0+D> :>D:_LJO

J
Hy(y=d)=0= —gcosax (M +Csinhad+Dcoshad>

% a?
o et Deoshad o 1-coshad
n sinh ad a2 sinh ad
Ji 1 — coshad
H, = -0 [1 - % sinh ay — coshay] cos ax
a inh a
Ji
= —;O : sci(r)lshaagil [sinh ad — sinh ay + sinh a(y — d)]
1 0A
H, = i 8(3; = %sin ax [C cosh ay + D sinh ay|
1 — coshad
= —% sin ax [cosh ayﬁ + sinh ay]
__Jo sinaz [coshay — cosha(y — d)]
~ a sinhad y Y
Jo sinax
K. (y=0)=—-H,(y=0)=4+—"+ — 1 — cosh ad
(y=0) (y=0)=+—-——(1 - coshad)
Jo sinax
Kz(y d)*Hx(y*d)*_; sinhad(COShad_l)

19
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d)
Equation of field lines: A, (x,y) = A. (20, yo)-

A.(xz,y) = sinax <Mio + C'sinh ay + D cosh ay)
a

J inh
= % sina [1 - zizh chl (1 — coshad) — cosh ay}
wlo sinh ad — sinh ay + sinh a(y — d)
=" sinax _
2 sinh ad
5 ~ A, a?
= ax, =ay, A,=

Y wdo
sin-! sin Zo[sinh d — sinh §jo + sinh(jo — d)]
sinh d — sinh §j 4 sinh(j — d)

=
Il

20 - > >‘ > > ‘ > » ‘ O - 4‘ - - ‘ - - .-
i b 4 » » - - a Y - - - - - -~ i
1 v » > - A A Y b 4 « - ~ - i
15LA V] vy > = A A \ ry 4 <« < w » A
MYV A y y 4 a4 < N~ % A
A 4 4« » >~ A A \ y rF A o 4 A
A A 4 v *' A \ Y 4 y '* vy & kA
Z 10FA A A i \ y \ Y Y i x A A
A Ay N 4 r vy oy Y W A2 4k A
A Aoy o~ 4 2y v 1V A A, g 4 A
osL A » >y w a 4 4 \ 1 A ~ » g p/ "
)\ y Y w a 4 » Y A A = > vy ¢ A
A Yy W~ = = - 4 Y A ~ - > ¥y g \
0.0+ T - - ) - - ) - - ) . » ‘> > <‘> > > O
0 1 2 3 4 5
ax
Figure 3: Magnetic field vector arrow plot.
20+ ! — T ]
I
2
_ S
151 e < ]
- ,,"7 <
2 100 VVV YV OVOA ]
N\ h >
05 . AN > — 111
e |
I —
0o ! T —— 1
0 4 5

f)

Figure 4: Magnetic field line plot.

In Problem le, electric field lines terminate perpendicularly to the electrodes on surface charge. In Problem
2e, the magnetic field lines are parallel to the conducting walls resulting in surface currents.

20
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Mathematica File for Computations Necessary to Generate Magnetic Field Vector Arrow
and Magnetic Field Line Plots

f[x0-,y0_,y—,d] = ArcSin[Sin[x0] * (Sinh[d] — Sinh[y0] + Sinh[y0 — d])/(Sinh[d] — Sinh[y] + Sinh[y — d])]
ArcSin Sin[x0](Sinh[d]—Sinh[d—y0] —Sinh[y0])
Sinh[d]—Sinh[d—y]—Sinh[y]

HxT = (Sin[xT]/Sinh[dT]) * (Cosh[yT] — Cosh[yT — dT])
(—Cosh[dT — yT] + Cosh[yT])Csch[dT]Sin[xT]

HyT = (Cos[xT]/Sinh[dT]) * (Sinh[dT] — Sinh[yT] + Sinh[yT — dT])
Cos[xT]|Csch[dT](Sinh[dT] — Sinh[dT — yT] — Sinh[yT])
LoadVectorFieldPlots

dT =2
2
plot1 = PlotVectorField[{HxT, HyT}, {xT, 0, 2 * Pi}, {yT, 0,dT}]
. » | > > | » o - - - - - - .
i v » - - n o \ » - -« - - - i
N 4 v - = a2 \ Fy A4 «a « ~ » i
N 4 v » n~ A A y 14 4 - ~« - ' A
A 4 i : § A Y 4 ; ; ~ M 4 A
A 4 ) Y M Y \ y Y - vy 3 k A
" U S /U T A A A S\ R S S
A A N ~ Y \ Y v 4 A A
AR U A O S A A T T A N S
I U S S T S (R AR S S S SRR S B
N » - ~ - 4 » \i 4 N - » v ¢ A
& - - - - - 4 ; N n > » » v N
i - - - - - “ A - > > » » i
0 - -5 -€ - - - . »> > > E [ ) g 0
plot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 x Pi,dT}|}
{GrayLevel[0.8], Rectangle[{0, 0}, {27, 2}]}
Show[plotl, Frame — True, FrameLabel — {ax, ay}]
200 > = = = = > ‘i‘ <« - - <« - - .-
IS 4 «
¥ N S TN
A 4 v > -~ A 4 \ » A « ~ ~ » A
D B b T A A N S G
T A 4 4 A b A \ y 4 A4 ~ » 13 A-
i A 1 Y \ Y y i e A A
o A A 4 A Y Y Y Y Y Y g |
& U SO S A A B O B
[ - I 4 4 a ]
SO S A
o.s—A » ~ < - A » Y 4 A [ - 7 bt e
r A ~ - - - - 4 ' A S ) = » ) v ‘ 7
[ A - - - - - - Y A » > > » v i ]
00 ' -« -« = = - - . - > - = = > .-
0 1 2 3 4 5 6

ax

Show[Graphics[plot2], plot1, Frame — True, FrameLabel — {ax, ay}]
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20[ « > > » » > > . - - - - - - o
Y ) » > > ) A Y - - - - - ~w A
A v \ & > > a A Y » - - - ~ ~» A
TS UR A S T S AR G S S S SRR S
SV R D . . S A G S SRR S SR )
A 4 4« » >~ A\l \ y rF A« 4 A
LA A 4 v *i A Y y 4 y { v ¢ A Al
2 10/ A A A i Y y \j \i Y i A A A
FA A [N " ¢ Y Y Y NN 2 4 A A
N T O 2 A B U R B
s A v Y o~ a4 4y ¥ U A~ > g ¢ G
LA y w = - - ’ Y A A ~ > vy A
)\ - ~ << - - Ve Y A n ) » » v A
’A « - - - - - Y n - » > » "
00 -« - = - = - » s > > -
0 1 2 3 4 5 6
ax
d=2
2

pl = ParametricPlot[{{ArcSin[f[Pi/2,.1,v, 2]],y}, {Pi — ArcSin[f[Pi/2,.1,y,2]],y}, {Pi+ ArcSin[f[Pi/2,.1,¥, 2]], ¥},
{2 % Pi — ArcSin[f[Pi/2,.1,y,2]],y}}, {y,0.1,1.9}, PlotRange — {{0, 2 % Pi}, {0, 2} }]

20 o
15 //
1.0t ‘
05} \
\\\— —
0.0 | | L P L
0 1 2 3 4 5 6

p2 = ParametricPlot[{{ArcSin[f[Pi/2, .2,y,2]],y}, {Pi — ArcSin[f[Pi/2,.2,y,2]],y}, {Pi + ArcSin[f[Pi/2, .2,y,2]],y},
{2 % Pi — ArcSin[f[Pi/2,.2,y,2]],y}}, {y,0.2,1.8}, PlotRange — {{0, 2 % Pi}, {0, 2} }]

20¢

15] /// B

10 \

05F \

0.0 ‘ : : —— :
0 1 2 3 4 5 6

p3 = ParametricPlot[{{ArcSin[f[Pi/2, .3,v, 2]], y}, {Pi — ArcSin[f[Pi/2,.3,y,2]],y}, {Pi+ ArcSin[f[Pi/2, .3, ¥, 2]], ¥},
{2 * Pi — ArcSin[f[Pi/2,.3,y,2]],y}}, {y,0.3,1.7}, PlotRange — {{0, 2 % Pi}, {0, 2}}]

20
15} —
r'/
10f |
05! N
00 Il Il Il Il Il Il
0 1 2 3 4 5 6

p4 = ParametricPlot[{{ArcSin[f[Pi/2, .4,y,2]], y}, {Pi — ArcSin[f[Pi/2, 4,y,2]],y}, {Pi + ArcSin[f[Pi/2, 4,y,2]],y},
{2 x Pi — ArcSin[f[Pi/2, .4,v,2]],v}}, {y,0.4,1.6}, PlotRange — {{0,2 = Pi}, {0,2}}]

22
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201

151

O O

05

*% 1 2 3 s 5 6

p5 = ParametricPlot[{{ArcSin[f[Pi/2, .5,v, 2]], y}, {Pi — ArcSin[f[Pi/2, .5, y,2]], y}, {Pi+ ArcSin[f[Pi/2,.5,y, 2]], ¥},
{2+ Pi — ArcSin[f[Pi/2, 5,4, 2]}, 4}}, {5, 0.5, 1.5}, PlotRange — {{0,2 * Pi}, {0, 2}}]

20¢

15¢

A O (O
05

*% 1 2 3 4 5 6

p6 = ParametricPlot[{{ArcSin[f[Pi/2, .58, y, 2]], ¥}, {Pi — ArcSin[f[Pi/2, .58, v, 2]], y}, {Pi + ArcSin[f[Pi/2, .58,¥,2]], y},
{2 % Pi — ArcSin[f[Pi/2,.58,y,2]],y}}, {y, .58, 1.42}, PlotRange — {{0,2 x Pi}, {0,2}}]
20¢r

15F

1.0F O O

05F

0.0

0 1 2 3 s 5 6
p7 = ParametricPlot[{{ArcSin[f[Pi/2,.02,y, 2]], y}, {Pi — ArcSin[f[Pi/2,.02,y, 2]], y}, {Pi + ArcSin[f[Pi/2,.02,y,2]],y},
{2 % Pi — ArcSin[f[Pi/2,.02,y,2]],y}}, {y, .01,1.99}, PlotRange — {{0,2 x Pi}, {0,2}}]

201

15

1.0

0.5

0.0 ' g !
0 1 2 3 4 5 6

Show(p1, p2, p3, p4, p5, p6, p7]

(E(©)

gl = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2,1.99}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.89}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2,1.77}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.64}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.49}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.32}],

1

(8]

1

o

0.

(&)

0.0
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Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2,.7}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .53}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .38}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .26}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .14}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2,0.05}]}]

V VVVVV

AAANAN A

g2 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 = Pi/2,1.99}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,1.89}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,1.77}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,1.64}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,1.49}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,1.32}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,.7}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2, .53}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 = Pi/2, .38}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2, .26}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2, .14}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 * Pi/2,0.05}]}]

:
:

g3 = Graphics[{ Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.04, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.2, 1}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.39, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.57, 1}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.78,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {1.05,1.}, {0, 0}, {0,1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {1.4,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — 1.45,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — 1.07,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — .82,1.}, {0,0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — .62, 1.}, {0,0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — .42,1.}, {0,0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — .23,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi — .06, 1.}, {0, 0}, {0, 1}]}]

24



Problem Set 1

6.642, Fall 2008

AN ANAN AN A AV V V.V VVY

g4 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .04, 1.}, {0,0}, {0, 1}],

Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .2, 1}, {0,0}, {0,1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .39, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .57,1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .78,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + 1.05, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + 1.4,1.}, {0,0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 * Pi — 1.45, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 « Pi — 1.09, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 * Pi — .83,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 * Pi — .62,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 x Pi — .42,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 x Pi — .23,1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 x Pi — .06,1.},{0,0}, {0, 1}]}]

VV VYV YV YV vV A A A AN ANAA

p8 = Plot[{0, 2}, {z, 0,2 * Pi}]
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2.0

05

1 2 3 4 5 6
Linel = Graphics[Line[{{0, 0}, {0, 2}}]]

Line2 = Graphics[Line[{{2 * Pi, 0}, {2 * Pi, 2} }]]

Show[pl, p2, p3, p4, p5, p6, p7, p8, g1, 82, g3, g4, Linel, Line2, PlotRange — {—.1,2.1},
Frame — True, FrameLabel — {ax, ay}]
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