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6.642 — Continuum Electromechanics Fall 2008 

Problem Set 1 - Solutions 

Prof. Markus Zahn MIT OpenCourseWare 

Problem 1 

a) 

�2Φ = −ρf/� ⇒ 
∂2Φ

+ 
∂2Φ

= − 
ρ0 

sin(ax)
∂x2 ∂y2 � 

d2Φp ρ0 ρ0
Φp = Φp(x) ⇒ = − sin(ax) ⇒ Φp = sin(ax)

dx2 � a2� 

b) 

ρ0 sin(ax)
ΦT = ΦP + Φh = + + sin(ax)[A sinh(ay) + B cosh(ay)] 

a2�

� ρ0 

� ρ0

ΦT (y = 0) = 0 = sin(ax)
 + B ⇒ B = − 

�a2 �a2 
� ρ0 

� 
ΦT (y = d) = 0 = sin(ax) + A sinh(ad) + B cosh(ad)

�a2 

− ρ0 − B cosh(ad) ρ0 1 − cosh(ad)
A = �a2 

= − 
sinh(ad) �a2 sinh(ad) 

ρ0 1 − cosh(ad)
ΦT (x, y) = 

�a2 
sin(ax) 1 − 

sinh(ad) 
sinh(ay) − cosh(ay) 

ρ0 sinh a(y − d) − sinh ay 
= sin(ax) 1 + 

�a2 sinh ad 

Check: 

ρ0
ΦT (x, y = 0) = [1 − 1] sin ax = 0 

�a2


ρ0

ΦT (x, y = d) = sin ax[1 − 1] = 0 

�a2 

c) 

E = Exix + Eyiy 

∂ΦT ρ0 sinh a(y − d) − sinh ay 
Ex = − = − cos ax 1 + 

∂x �a sinh ad 

∂ΦT ρ0 cosh a(y − d) − cosh ay 
Ey = − = − sin ax 

∂y �a sinh ad 

ρ0 sin ax(cosh(ad) − 1) 
σs(y = 0) = �Ey(y = 0) = − 

a sinh(ad) 

ρ0 sin ax(1 − cosh(ad)) 
σs(y = d) = −�Ey(y = d) = + 

a sinh(ad) 
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d) 

dy Ey sin ax cosh a(y − d) − cosh ay 
= = · 

dx Ex cos ax sinh ad + sinh a(y − d) − sinh ay 

sinh ad + sinh a(y − d) − sinh ay sin ax 
dy = dx 

cosh a(y − d) − cosh ay cos ax 

sin ax ln(cos ax)
dx = −

cos ax a 
�

� 
a 

� 
� � � � 

2 tanh−1 (d − y) 
cosh 

ad 1sinh ad + sinh a(y − d) − sinh ay 1 cosh 2 + ln − sinh 
cosh a(y − d) − cosh ay 

dy = 
a cosh ay 2 2 

a(d − 2y) 
2 

� � � � � � 
ln(cos ax) 1 cosh a 

2 (d − y) ad a 
+ + 2 tanh−1 cosh + ln sinh (2y − d) = C(x0, y0) 

a a cosh ay 2 22 

1 
� � 

cosh a 
2 (d − y0) 

� � 
ad 
� 

a 
� 

C(x0, y0) = ln(cos ax0) + 2 tanh−1 cosh + ln sinh (2y0 − d) 
a cosh ay0 2 22 

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

Ẽx = Ex�a/ρ0, Ẽy = Ey�a/ρ0, x̃ = ax, ỹ = ay, d̃ = ad, C̃(x̃0, ỹ0) = aC(x0, y0) 

Ẽx = − cos x̃[sinh d̃ + sinh(ỹ − d̃) − sinh ỹ]/ sinh d̃ 


Ẽy = − sin x̃[cosh(ỹ − d̃) − cosh ỹ]/ sinh d̃ 


Field lines: 
⎡ ˜ ⎤ 

� � � � �� 
cosh d−ỹ

2 d̃ d̃
ln(cos x̃) + 2 tanh−1 

⎣ 
� �

⎦ cosh + ln sinh ỹ − 
cosh ỹ 2 2 

2 

⎡ ⎤ 
cosh d̃−ỹ0 

� 
˜
� � � 

˜
��


= ln(cos x̃0) + 2 tanh−1 
⎣

� 
2 
�

⎦ cosh 
d d


+ ln sinh ỹ0 − 
cosh ỹ0 2 2 

2 

e) 

0.0 

0.5 

1.0 

1.5 

2.0 

ay
 

0 1 2 3 4 5 6 

ax 

Figure 1: Electric field vector arrow plot. 

dỹ Ẽy sin x̃ cosh(ỹ − d̃) − cosh ỹ 
= = 

dx̃ Ẽx cos x̃ sinh d̃ + sinh(ỹ − d̃) − sinh ỹ 
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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 

f [y ] = (Sinh[a ∗ d] + Sinh[a ∗ (y − d)] − Sinh[a ∗ y])/(Cosh[a ∗ (y − d)] − Cosh[a ∗ y])ff[y ] = (Sinh[a ∗ d] + Sinh[a ∗ (y − d)] − Sinh[a ∗ y])/(Cosh[a ∗ (y − d)] − Cosh[a ∗ y])[y ] = (Sinh[a ∗ d] + Sinh[a ∗ (y − d)] − Sinh[a ∗ y])/(Cosh[a ∗ (y − d)] − Cosh[a ∗ y])
Sinh[2a]+Sinh[a(−2+y)]−Sinh[ay] 

Cosh[a(−2+y)]−Cosh[ay] 

Integrate[f [y], y]IIntegrate[f [y], y]ntegrate[f [y], y]
" # 

(Cosh[a]+Sinh[a])(Cosh[a]Cosh[ ay ]−Sinh[a]Sinh[ ay 
2 2 ])2iArcTan Cosh[a] 

iCosh[a]Cosh[ ay ]+iCosh[ ay ]Sinh[a]
2 2 Log[−Sinh[a−ay]]+ 

a a 

Simplify[%]
SSimplify[%]implify[%]
2ArcTanh[Cosh[a]−Sinh[a]Tanh[ ay ]]Cosh[a]+Log[−Sinh[a−ay]]
2 

a 

g[x ] = Sin[a ∗ x]/Cos[a ∗ x]gg[x ] = Sin[a ∗ x]/Cos[a ∗ x][x ] = Sin[a ∗ x]/Cos[a ∗ x]
Tan[ax] 
Integrate[g[x], x]IIntegrate[g[x], x]ntegrate[g[x], x]

−Log[Cos[ax]] 
a 

DSolve[y�[x] == Tan[a ∗ x] ∗ (Cosh[a ∗ (y[x] − d)] − Cosh[a ∗ y[x]])/(Sinh[a ∗ d] + Sinh[a ∗ (y[x] − d)]−DDSolve[y�[x] == Tan[a ∗ x] ∗ (Cosh[a ∗ (y[x] − d)] − Cosh[a ∗ y[x]])/(Sinh[a ∗ d] + Sinh[a ∗ (y[x] − d)]−Solve[y�[x] == Tan[a ∗ x] ∗ (Cosh[a ∗ (y[x] − d)] − Cosh[a ∗ y[x]])/(Sinh[a ∗ d] + Sinh[a ∗ (y[x] − d)]−
Sinh[a ∗ y[x]]), y, x]SSinh[a ∗ y[x]]), y, x]inh[a ∗ y[x]]), y, x]
Solve::tdep : The equations appear to involve the variables to be solved for in an essentially non-algebraic way.�� 

Solve −2ie 
2ArcTanh[Cosh[a]−Sinh[a]Tanh[ 2

1 ay[x]]]Cosh[a]
Cos[ax](Cosh[a(−2+y[x])]−Cosh[ay[x]]) == C[1], y[x]

a 

ExT = −Cos[xT] ∗ (1 + (Sinh[yT − dT] − Sinh[yT])/Sinh[dT])ExExT = −Cos[xT] ∗ (1 + (Sinh[yT − dT] − Sinh[yT])/Sinh[dT])T = −Cos[xT] ∗ (1 + (Sinh[yT − dT] − Sinh[yT])/Sinh[dT])
−Cos[xT](1 + Csch[2](−Sinh[2 − yT] − Sinh[yT])) 
EyT = −Sin[xT] ∗ (Cosh[yT − dT] − Cosh[yT])/Sinh[dT]EyEyT = −Sin[xT] ∗ (Cosh[yT − dT] − Cosh[yT])/Sinh[dT]T = −Sin[xT] ∗ (Cosh[yT − dT] − Cosh[yT])/Sinh[dT]
−(Cosh[2 − yT] − Cosh[yT])Csch[2]Sin[xT] 
dT = 2ddT = 2T = 2
2 
LoadVectorFieldPlots̀LLoadVectorFieldPlots̀oadVectorFieldPlots̀
plot1 = PlotVectorField[{ExT, EyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}, Frame → True, FrameLabel → {ax, ay}]pplot1 = PlotVectorField[{ExT, EyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}, Frame → True, FrameLabel → {ax, ay}]lot1 = PlotVectorField[{ExT, EyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}, Frame → True, FrameLabel → {ax, ay}]

0.0 

0.5 

1.0 

1.5 

2.0 

ay
 

0 1 2 3 4 5 6 

ax 

plot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}pplot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}lot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}
{GrayLevel[0.8], Rectangle[{0, 0}, {2π, 2}]} 
Show[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]SShow[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]how[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]
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0.0 
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1.0 

1.5 

2.0 

ay
 

0 1 2 3 4 5 6 

ax 

g[x0 , y0 , y , d ] =
gg[x0 , y0 , y , d ] =[x0 , y0 , y , d ] =
ArcCos[Exp[Log[Cos[x0]] + 2 ∗ Cosh[d/2] ∗ (ArcTanh[Cosh[(d − y0)/2]/Cosh[y0/2]]−
AArcCos[Exp[Log[Cos[x0]] + 2 ∗ Cosh[d/2] ∗ (ArcTanh[Cosh[(d − y0)/2]/Cosh[y0/2]]−rcCos[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])]]]
AArcTanh[Cosh[(d − y)/2]/Cosh[y/2]]) + Log[Sinh[d/2 − y0]/(Sinh[d/2 − y])]]]rcTanh[Cosh[(d − y)/2]/Cosh[y/2]]) + Log[Sinh[d/2 − y0]/(Sinh[d/2 − y])]]]

2(−ArcTanh[Cosh[ 2−y ]Sech[ y ]]+ArcTanh[Cosh[ 2−y0 ]Sech[ y0 ]])Cosh[1]ArcCos e 2 2 2 2 Cos[x0]Csch[1 − y]Sinh[1 − y0]


g1 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.5875, .1}, {0, 0}, {0,−1}],
gg1 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.5875, .1}, {0, 0}, {0,−1}],1 = 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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.385, .1}, {0, 0}, {0,−1}],ext[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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.78, .1}, {0, 0}, {0,−1}],ext[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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.195, .1}, {0, 0}, {0,−1}],ext[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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.98, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.98, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.61, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.61, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.61, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.18, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.18, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.18, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.99, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.99, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.99, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.57, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.57, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.57, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.8, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.8, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.8, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.37, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.37, .1}, {0, 0}, {0,−1}],ext[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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.763, .1}, {0, 0}, {0,−1}],ext[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}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.935, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.935, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.415, .1}, {0, 0}, {0,−1}],
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.415, .1}, {0, 0}, {0,−1}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.415, .1}, {0, 0}, {0,−1}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.235, .1}, {0, 0}, {0,−1}]}]
TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.235, .1}, {0, 0}, {0,−1}]}]ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.235, .1}, {0, 0}, {0,−1}]}]

q1 = ParametricPlot[{{g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {g[Pi/16, 0, y, 2], y}, {g[Pi/8, 0, y, 2], y},qq1 = ParametricPlot[{{g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {g[Pi/16, 0, y, 2], y}, {g[Pi/8, 0, y, 2], y},1 = ParametricPlot[{{g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {g[Pi/16, 0, y, 2], y}, {g[Pi/8, 0, y, 2], y},
{g[3 ∗ Pi/16, 0, y, 2], y}, {g[Pi/4, 0, y, 2], y}, {g[5 ∗ Pi/16, 0, y, 2], y}, {g[3 ∗ Pi/8, 0, y, 2], y},{{g[3 ∗ Pi/16, 0, y, 2], y}, {g[Pi/4, 0, y, 2], y}, {g[5 ∗ Pi/16, 0, y, 2], y}, {g[3 ∗ Pi/8, 0, y, 2], y},g[3 ∗ Pi/16, 0, y, 2], y}, {g[Pi/4, 0, y, 2], y}, {g[5 ∗ Pi/16, 0, y, 2], y}, {g[3 ∗ Pi/8, 0, y, 2], y},
{g[7 ∗ Pi/16, 0, y, 2], y}, {g[Pi/2, 0, y, 2], y}, {g[9 ∗ Pi/16, 0, y, 2], y}, {g[5 ∗ Pi/8, 0, y, 2], y},{{g[7 ∗ Pi/16, 0, y, 2], y}, {g[Pi/2, 0, y, 2], y}, {g[9 ∗ Pi/16, 0, y, 2], y}, {g[5 ∗ Pi/8, 0, y, 2], y},g[7 ∗ Pi/16, 0, y, 2], y}, {g[Pi/2, 0, y, 2], y}, {g[9 ∗ Pi/16, 0, y, 2], y}, {g[5 ∗ Pi/8, 0, y, 2], y},
{g[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},{{g[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},g[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},
{g[15 ∗ Pi/16, 0, y, 2], y}, {g[Pi, 0, y, 2], y}}, {y, 0, 1}]{{g[15 ∗ Pi/16, 0, y, 2], y}, {g[Pi, 0, y, 2], y}}, {y, 0, 1}]g[15 ∗ Pi/16, 0, y, 2], y}, {g[Pi, 0, y, 2], y}}, {y, 0, 1}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0ComplexInfinitySinh[1], "MT"]\) encountered.�� 

0.2 

0.4 

0.6 

0.8 

1.0 

0.5 1.0 1.5 2.0 2.5 3.0 

a1 = {Graphics[Arrow[{{.06, .06}, {.05, .05}}]], Graphics[Arrow[{{3.09, .06}, {3.10, .05}}]]}aa1 = {Graphics[Arrow[{{.06, .06}, {.05, .05}}]], Graphics[Arrow[{{3.09, .06}, {3.10, .05}}]]}1 = {Graphics[Arrow[{{.06, .06}, {.05, .05}}]], Graphics[Arrow[{{3.09, .06}, {3.10, .05}}]]}
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{, } 
s1 = Show[g1, a1, q1]ss1 = Show[g1, a1, q1]1 = Show[g1, a1, q1]

�� �� �� �� �� � � ���
 

g2 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.57, 1.9}, {0, 0}, {0, 1}],gg2 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.57, 1.9}, {0, 0}, {0, 1}],2 = 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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.375, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.77, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.175, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {1.96, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.59, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.15, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.97, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.55, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.78, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.35, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.72, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {2.92, 1.9}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.4, 1.9}, {0, 0}, {0, 1}],ext[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}]}]TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.20, 1.9}, {0, 0}, {0, 1}]}]ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {.20, 1.9}, {0, 0}, {0, 1}]}]

q2 = ParametricPlot[{{g[0, 0, y, 2], 2 − y}, {g[Pi/16, 0, y, 2], 2 − y}, {g[Pi/8, 0, y, 2], 2 − y}, {g[3 ∗ Pi/16, 0, y, 2], 2 − y},qq2 = ParametricPlot[{{g[0, 0, y, 2], 2 − y}, {g[Pi/16, 0, y, 2], 2 − y}, {g[Pi/8, 0, y, 2], 2 − y}, {g[3 ∗ Pi/16, 0, y, 2], 2 − y},2 = ParametricPlot[{{g[0, 0, y, 2], 2 − y}, {g[Pi/16, 0, y, 2], 2 − y}, {g[Pi/8, 0, y, 2], 2 − y}, {g[3 ∗ Pi/16, 0, y, 2], 2 − y},
{g[Pi/4, 0, y, 2], 2 − y}, {g[5 ∗ Pi/16, 0, y, 2], 2 − y}, {g[3 ∗ Pi/8, 0, y, 2], 2 − y}, {g[7 ∗ Pi/16, 0, y, 2], 2 − y},{{g[Pi/4, 0, y, 2], 2 − y}, {g[5 ∗ Pi/16, 0, y, 2], 2 − y}, {g[3 ∗ Pi/8, 0, y, 2], 2 − y}, {g[7 ∗ Pi/16, 0, y, 2], 2 − y},g[Pi/4, 0, y, 2], 2 − y}, {g[5 ∗ Pi/16, 0, y, 2], 2 − y}, {g[3 ∗ Pi/8, 0, y, 2], 2 − y}, {g[7 ∗ Pi/16, 0, y, 2], 2 − y},
{g[Pi/2, 0, y, 2], 2 − y}, {g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {g[11 ∗ Pi/16, 0, y, 2], 2 − y},{{g[Pi/2, 0, y, 2], 2 − y}, {g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {g[11 ∗ Pi/16, 0, y, 2], 2 − y},g[Pi/2, 0, y, 2], 2 − y}, {g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {g[11 ∗ Pi/16, 0, y, 2], 2 − y},
{g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {g[7 ∗ Pi/8, 0, y, 2], 2 − y}, {g[15 ∗ Pi/16, 0, y, 2], 2 − y},{{g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {g[7 ∗ Pi/8, 0, y, 2], 2 − y}, {g[15 ∗ Pi/16, 0, y, 2], 2 − y},g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {g[7 ∗ Pi/8, 0, y, 2], 2 − y}, {g[15 ∗ Pi/16, 0, y, 2], 2 − y},
{g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]{g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]{g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]

1.2 

1.4 

1.6 

1.8 

2.0 

0.5 1.0 1.5 2.0 2.5 3.0 

a2 = {Graphics[Arrow[{{.06, 1.94}, {.05, 1.95}}]], Graphics[Arrow[{{3.09, 1.94}, {3.10, 1.95}}]]}
aa2 = {Graphics[Arrow[{{.06, 1.94}, {.05, 1.95}}]], Graphics[Arrow[{{3.09, 1.94}, {3.10, 1.95}}]]}2 = {Graphics[Arrow[{{.06, 1.94}, {.05, 1.95}}]], Graphics[Arrow[{{3.09, 1.94}, {3.10, 1.95}}]]}
{, }

s2 = Show[g2, a2, q2]
ss2 = Show[g2, a2, q2]2 = Show[g2, a2, q2]
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�� �� �� �� �� � � ���
 

Show[s1, s2]SShow[s1, s2]how[s1, s2]

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

Show[q1, q2, PlotRange → {0, 2}]SShow[q1, q2, PlotRange → {0, 2}]how[q1, q2, PlotRange → {0, 2}]
2.0 

1.5 

1.0 

0.5 

Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize
Text[StyleForm[" < ", FontSizeTText[StyleForm[" < ", FontSizeext[StyleForm[" < ", FontSize

→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight
→ 14, FontWeight→→ 14, FontWeight14, FontWeight

0.5 1.0 1.5 2.0 2.5 3.0 

g3 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.5875 + Pi, .1}, {0, 0}, {0,−1}],gg3 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.5875 + Pi, .1}, {0, 0}, {0,−1}],3 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.5875 + Pi, .1}, {0, 0}, {0,−1}],
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→
→→→

"Bold"], {1.385 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {1.385 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {1.385 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {1.78 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {1.78 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {1.78 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {1.195 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {1.195 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {1.195 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {1.98 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {1.98 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {1.98 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {.61 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {.61 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {.61 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {2.18 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {2.18 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {2.18 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {.99 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {.99 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {.99 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {2.57 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {2.57 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {2.57 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {.8 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {.8 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {.8 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {2.37 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {2.37 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {2.37 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {2.763 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {2.763 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {2.763 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {2.935 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {2.935 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {2.935 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {.415 + Pi, .1}, {0, 0}, {0,−1}],""Bold"], {.415 + Pi, .1}, {0, 0}, {0,−1}],Bold"], {.415 + Pi, .1}, {0, 0}, {0,−1}],
"Bold"], {.235 + Pi, .1}, {0, 0}, {0,−1}]}]""Bold"], {.235 + Pi, .1}, {0, 0}, {0,−1}]}]Bold"], {.235 + Pi, .1}, {0, 0}, {0,−1}]}]
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q3 = ParametricPlot[{{Pi + g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {Pi + g[Pi/16, 0, y, 2], y},qq3 = ParametricPlot[{{Pi + g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {Pi + g[Pi/16, 0, y, 2], y},3 = ParametricPlot[{{Pi + g[0, 0, y, 2], y}, {Graphics[{Text["X", {.5, .2}]}]}, {Pi + g[Pi/16, 0, y, 2], y},
{Pi + g[Pi/8, 0, y, 2], y}, {Pi + g[3 ∗ Pi/16, 0, y, 2], y}, {Pi + g[Pi/4, 0, y, 2], y}, {Pi + g[5 ∗ Pi/16, 0, y, 2], y},{{Pi + g[Pi/8, 0, y, 2], y}, {Pi + g[3 ∗ Pi/16, 0, y, 2], y}, {Pi + g[Pi/4, 0, y, 2], y}, {Pi + g[5 ∗ Pi/16, 0, y, 2], y},Pi + g[Pi/8, 0, y, 2], y}, {Pi + g[3 ∗ Pi/16, 0, y, 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[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[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[5 ∗ 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 ∗ Pi/16, 0, y, 2], y},{{Pi + g[5 ∗ 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 ∗ Pi/16, 0, y, 2], y},Pi + g[5 ∗ 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 ∗ Pi/16, 0, y, 2], y},
{Pi + g[7 ∗ Pi/8, 0, y, 2], y}, {Pi + g[15 ∗ Pi/16, 0, y, 2], y}, {Pi + g[Pi, 0, y, 2], y}}, {y, 0, 1}]{{Pi + g[7 ∗ Pi/8, 0, y, 2], y}, {Pi + g[15 ∗ Pi/16, 0, y, 2], y}, {Pi + g[Pi, 0, y, 2], y}}, {y, 0, 1}]Pi + g[7 ∗ Pi/8, 0, y, 2], y}, {Pi + g[15 ∗ Pi/16, 0, y, 2], y}, {Pi + g[Pi, 0, y, 2], y}}, {y, 0, 1}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0ComplexInfinitySinh[1], "MT"]\) encountered.�� 

0.2 

0.4 

0.6 

0.8 

1.0 

4.0 4.5 5.0 5.5 6.0 

a3 = {Graphics[Arrow[{{.24 + Pi, .23}, {.25 + Pi, .24}}]], Graphics[Arrow[{{2.91 + Pi, .23}, {2.90 + Pi, .24}}]]}aa3 = {Graphics[Arrow[{{.24 + Pi, .23}, {.25 + Pi, .24}}]], Graphics[Arrow[{{2.91 + Pi, .23}, {2.90 + Pi, .24}}]]}3 = {Graphics[Arrow[{{.24 + Pi, .23}, {.25 + Pi, .24}}]], Graphics[Arrow[{{2.91 + Pi, .23}, {2.90 + Pi, .24}}]]}
{, } 
Show[q3]SShow[q3]how[q3]

0.2 

0.4 

0.6 

0.8 

1.0 

4.0 4.5 5.0 5.5 6.0 

s3 = Show[g3, q3, a3]ss3 = Show[g3, q3, a3]3 = Show[g3, q3, a3]

�� �� �� �� �� � � ���
 

Show[s1, s2, s3]SShow[s1, s2, s3]how[s1, s2, s3]

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

Show[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]SShow[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]how[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]
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ay
 

2.0 

1.5 

1.0 

0.5 

0.0 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

0 1 2 3 4 5 6


ax


g4 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.56 + Pi, 2 − .1}, {0, 0}, {0, 1}],gg4 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.56 + Pi, 2 − .1}, {0, 0}, {0, 1}],4 = 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}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.37 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.37 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.76 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.76 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.76 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.17 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.17 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.17 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.95 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.95 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {1.95 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.59 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.59 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.59 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.15 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.15 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.97 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.97 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.54 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.54 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.54 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.78 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.78 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.78 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.34 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.34 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.34 + Pi, 2 − .1}, {0, 0}, {0, 1}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.73 + Pi, 2 − .1}, {0, 0}, {0, 1}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.73 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2.915 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.40 + Pi, 2 − .1}, {0, 0}, {0, 1}],ext[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}]}]TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.21 + Pi, 2 − .1}, {0, 0}, {0, 1}]}]ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {.21 + Pi, 2 − .1}, {0, 0}, {0, 1}]}]

q4 = ParametricPlot[{{Pi + g[0, 0, y, 2], 2 − y}, {Pi + g[Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/8, 0, y, 2], 2 − y},
qq4 = ParametricPlot[{{Pi + g[0, 0, y, 2], 2 − y}, {Pi + g[Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/8, 0, y, 2], 2 − y},4 = ParametricPlot[{{Pi + g[0, 0, y, 2], 2 − y}, {Pi + g[Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/8, 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/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/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 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/2, 0, y, 2], 2 − y},
{{Pi + g[3 ∗ Pi/8, 0, y, 2], 2 − y}, {Pi + g[7 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/2, 0, y, 2], 2 − y},Pi + g[3 ∗ Pi/8, 0, y, 2], 2 − y}, {Pi + g[7 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi/2, 0, y, 2], 2 − y},
{Pi + g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {Pi + g[11 ∗ Pi/16, 0, y, 2], 2 − y},
{{Pi + g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {Pi + g[11 ∗ Pi/16, 0, y, 2], 2 − y},Pi + g[9 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[5 ∗ Pi/8, 0, y, 2], 2 − y}, {Pi + g[11 ∗ Pi/16, 0, y, 2], 2 − y},
{Pi + g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {Pi + g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[7 ∗ Pi/8, 0, y, 2], 2 − y},
{{Pi + g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {Pi + g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[7 ∗ Pi/8, 0, y, 2], 2 − y},Pi + g[3 ∗ Pi/4, 0, y, 2], 2 − y}, {Pi + g[13 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[7 ∗ Pi/8, 0, y, 2], 2 − y},
{Pi + g[15 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]
{{Pi + g[15 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]Pi + g[15 ∗ Pi/16, 0, y, 2], 2 − y}, {Pi + g[Pi, 0, y, 2], 2 − y}}, {y, 0, 1}]

1.2 

1.4 

1.6 

1.8 

2.0 

4.0 4.5 5.0 5.5 6.0 

a4 = {Graphics[Arrow[{{.29 + Pi, 2 − .27}, {.30 + Pi, 2 − .28}}]],
aa4 = {Graphics[Arrow[{{.29 + Pi, 2 − .27}, {.30 + Pi, 2 − .28}}]],4 = {Graphics[Arrow[{{.29 + Pi, 2 − .27}, {.30 + Pi, 2 − .28}}]],
Graphics[Arrow[{{2 ∗ Pi − .29, 2 − .27}, {2 ∗ Pi − .30, 2 − .28}}]]}
GGraphics[Arrow[{{2 ∗ Pi − .29, 2 − .27}, {2 ∗ Pi − .30, 2 − .28}}]]}raphics[Arrow[{{2 ∗ Pi − .29, 2 − .27}, {2 ∗ Pi − .30, 2 − .28}}]]}
{, }

s4 = Show[g4, q4, a4]
ss4 = Show[g4, q4, a4]4 = Show[g4, q4, a4]
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�� �� �� �� �� � � ���
 

Show[s1, s2, s3, s4]SShow[s1, s2, s3, s4]how[s1, s2, s3, s4]

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

Show[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]SShow[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]how[%, Frame->True, FrameTicks → True, FrameLabel → {ax, ay}]

ay
 

2.0 

1.5 

1.0 

0.5 

0.0 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

�� �� �� �� �� � � ���
 

0 1 2 3 4 5 6


ax


g5 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .1}, {−1, 0}],gg5 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .1}, {−1, 0}],5 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .1}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .2}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .2}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .2}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .3}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .3}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .3}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .4}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .4}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .4}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .5}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .5}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .5}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .6}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .6}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .6}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .7}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .7}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .7}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .8}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .8}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .8}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .9}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .9}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, .9}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.1}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.1}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.1}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.2}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.2}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.2}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.3}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.3}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.3}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.4}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.4}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.4}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.5}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.5}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.5}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.6}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.6}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.6}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.7}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.7}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.7}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.8}, {−1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.8}, {−1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.8}, {−1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.9}, {−1, 0}]}]TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.9}, {−1, 0}]}]ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {0, 1.9}, {−1, 0}]}]
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Problem Set 1 6.642, Fall 2008 

q5 = ParametricPlot[{{g[0, .1, y, 2], y}, {g[0, .2, y, 2], y}, {g[0, .3, y, 2], y}, {g[0, .4, y, 2], y}, {g[0, .5, y, 2], y},qq5 = ParametricPlot[{{g[0, .1, y, 2], y}, {g[0, .2, y, 2], y}, {g[0, .3, y, 2], y}, {g[0, .4, y, 2], y}, {g[0, .5, y, 2], y},5 = ParametricPlot[{{g[0, .1, y, 2], y}, {g[0, .2, y, 2], y}, {g[0, .3, y, 2], y}, {g[0, .4, y, 2], y}, {g[0, .5, y, 2], y},
{g[0, .6, y, 2], y}, {g[0, .7, y, 2], y}, {g[0, .8, y, 2], y}, {g[0, .9, y, 2], y}, {g[0, 1, y, 2], y}, {g[0, 1.1, y, 2], y},{{g[0, .6, y, 2], y}, {g[0, .7, y, 2], y}, {g[0, .8, y, 2], y}, {g[0, .9, y, 2], y}, {g[0, 1, y, 2], y}, {g[0, 1.1, y, 2], y},g[0, .6, y, 2], y}, {g[0, .7, y, 2], y}, {g[0, .8, y, 2], y}, {g[0, .9, y, 2], y}, {g[0, 1, y, 2], y}, {g[0, 1.1, y, 2], y},
{g[0, 1.2, y, 2], y}, {g[0, 1.3, y, 2], y}, {g[0, 1.4, y, 2], y}, {g[0, 1.5, y, 2], y}, {g[0, 1.6, y, 2], y},{{g[0, 1.2, y, 2], y}, {g[0, 1.3, y, 2], y}, {g[0, 1.4, y, 2], y}, {g[0, 1.5, y, 2], y}, {g[0, 1.6, y, 2], y},g[0, 1.2, y, 2], y}, {g[0, 1.3, y, 2], y}, {g[0, 1.4, y, 2], y}, {g[0, 1.5, y, 2], y}, {g[0, 1.6, y, 2], y},
{g[0, 1.7, y, 2], y}, {g[0, 1.8, y, 2], y}, {g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]{{g[0, 1.7, y, 2], y}, {g[0, 1.8, y, 2], y}, {g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]g[0, 1.7, y, 2], y}, {g[0, 1.8, y, 2], y}, {g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
General::stop : Further output of \!\(\*StyleBox[∞::indet, "MT"]\) will be suppressed during this calculation.�� 

1.5 

1.0 

0.5 

0.5 1.0 1.5 
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s5 = Show[g5, q5]ss5 = Show[g5, q5]5 = Show[g5, q5]
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Show[s1, s2, s3, s4, s5]SShow[s1, s2, s3, s4, s5]how[s1, s2, s3, s4, s5]
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g6 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .1}, {−1, 0}],gg6 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .1}, {−1, 0}],6 = Graphics[{Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .1}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .2}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .2}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .2}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .3}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .3}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .3}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .4}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .4}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .4}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .5}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .5}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .5}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .6}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .6}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .6}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .7}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .7}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .7}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .8}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .8}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .8}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .9}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .9}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, .9}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.1}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.1}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.1}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.2}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.2}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.2}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.3}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.3}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.3}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.4}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.4}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.4}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.5}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.5}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.5}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.6}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.6}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.6}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.7}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.7}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.7}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.8}, {−1, 0}],TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.8}, {−1, 0}],ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.8}, {−1, 0}],
Text[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.9}, {−1, 0}]}]TText[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.9}, {−1, 0}]}]ext[StyleForm[" > ", FontSize → 14, FontWeight → "Bold"], {Pi, 1.9}, {−1, 0}]}]
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Problem Set 1 6.642, Fall 2008 

q6 = ParametricPlot[{{Pi − g[0, .1, y, 2], y}, {Pi − g[0, .2, y, 2], y}, {Pi − g[0, .3, y, 2], y}, {Pi − g[0, .4, y, 2], y},
qq6 = ParametricPlot[{{Pi − g[0, .1, y, 2], y}, {Pi − g[0, .2, y, 2], y}, {Pi − g[0, .3, y, 2], y}, {Pi − g[0, .4, y, 2], y},6 = ParametricPlot[{{Pi − g[0, .1, y, 2], y}, {Pi − g[0, .2, y, 2], y}, {Pi − g[0, .3, y, 2], y}, {Pi − g[0, .4, y, 2], y},
{Pi − g[0, .5, y, 2], y}, {Pi − g[0, .6, y, 2], y}, {Pi − g[0, .7, y, 2], y}, {Pi − g[0, .8, y, 2], y}, {Pi − g[0, .9, y, 2], y},
{{Pi − g[0, .5, y, 2], y}, {Pi − g[0, .6, y, 2], y}, {Pi − g[0, .7, y, 2], y}, {Pi − g[0, .8, y, 2], y}, {Pi − g[0, .9, y, 2], y},Pi − g[0, .5, y, 2], y}, {Pi − g[0, .6, y, 2], y}, {Pi − g[0, .7, y, 2], y}, {Pi − g[0, .8, y, 2], y}, {Pi − g[0, .9, y, 2], y},
{Pi − g[0, 1, y, 2], y}, {Pi − g[0, 1.1, y, 2], y}, {Pi − g[0, 1.2, y, 2], y}, {Pi − g[0, 1.3, y, 2], y}, {Pi − g[0, 1.4, y, 2], y},
{{Pi − g[0, 1, y, 2], y}, {Pi − g[0, 1.1, y, 2], y}, {Pi − g[0, 1.2, y, 2], y}, {Pi − g[0, 1.3, y, 2], y}, {Pi − g[0, 1.4, y, 2], y},Pi − g[0, 1, y, 2], y}, {Pi − g[0, 1.1, y, 2], y}, {Pi − g[0, 1.2, y, 2], y}, {Pi − g[0, 1.3, y, 2], y}, {Pi − g[0, 1.4, y, 2], y},
{Pi − g[0, 1.5, y, 2], y}, {Pi − g[0, 1.6, y, 2], y}, {Pi − g[0, 1.7, y, 2], y}, {Pi − g[0, 1.8, y, 2], y}, {Pi − g[0, 1.9, y, 2], y}},
{{Pi − g[0, 1.5, y, 2], y}, {Pi − g[0, 1.6, y, 2], y}, {Pi − g[0, 1.7, y, 2], y}, {Pi − g[0, 1.8, y, 2], y}, {Pi − g[0, 1.9, y, 2], y}},Pi − g[0, 1.5, y, 2], y}, {Pi − g[0, 1.6, y, 2], y}, {Pi − g[0, 1.7, y, 2], y}, {Pi − g[0, 1.8, y, 2], y}, {Pi − g[0, 1.9, y, 2], y}},
{y, .1, 1.9}]
{{y, .1, 1.9}]y, .1, 1.9}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.��

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

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

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


1.5 

1.0 

0.5 

2.0 2.5 3.0 

q7 = ParametricPlot[{{Pi + g[0, .1, y, 2], y}, {Pi + g[0, .2, y, 2], y}, {Pi + g[0, .3, y, 2], y}, {Pi + g[0, .4, y, 2], y},
qq7 = ParametricPlot[{{Pi + g[0, .1, y, 2], y}, {Pi + g[0, .2, y, 2], y}, {Pi + g[0, .3, y, 2], y}, {Pi + g[0, .4, y, 2], y},7 = ParametricPlot[{{Pi + g[0, .1, y, 2], y}, {Pi + g[0, .2, y, 2], y}, {Pi + g[0, .3, y, 2], y}, {Pi + g[0, .4, y, 2], y},
{Pi + g[0, .5, y, 2], y}, {Pi + g[0, .6, y, 2], y}, {Pi + g[0, .7, y, 2], y}, {Pi + g[0, .8, y, 2], y}, {Pi + g[0, .9, y, 2], y},
{{Pi + g[0, .5, y, 2], y}, {Pi + g[0, .6, y, 2], y}, {Pi + g[0, .7, y, 2], y}, {Pi + g[0, .8, y, 2], y}, {Pi + g[0, .9, y, 2], y},Pi + g[0, .5, y, 2], y}, {Pi + g[0, .6, y, 2], y}, {Pi + g[0, .7, y, 2], y}, {Pi + g[0, .8, y, 2], y}, {Pi + g[0, .9, y, 2], y},
{Pi + g[0, 1, y, 2], y}, {Pi + g[0, 1.1, y, 2], y}, {Pi + g[0, 1.2, y, 2], y}, {Pi + g[0, 1.3, y, 2], y}, {Pi + g[0, 1.4, y, 2], y},
{{Pi + g[0, 1, y, 2], y}, {Pi + g[0, 1.1, y, 2], y}, {Pi + g[0, 1.2, y, 2], y}, {Pi + g[0, 1.3, y, 2], y}, {Pi + g[0, 1.4, y, 2], y},Pi + g[0, 1, y, 2], y}, {Pi + g[0, 1.1, y, 2], y}, {Pi + g[0, 1.2, y, 2], y}, {Pi + g[0, 1.3, y, 2], y}, {Pi + g[0, 1.4, y, 2], y},
{Pi + g[0, 1.5, y, 2], y}, {Pi + g[0, 1.6, y, 2], y}, {Pi + g[0, 1.7, y, 2], y}, {Pi + g[0, 1.8, y, 2], y}, {Pi + g[0, 1.9, y, 2], y}},
{{Pi + g[0, 1.5, y, 2], y}, {Pi + g[0, 1.6, y, 2], y}, {Pi + g[0, 1.7, y, 2], y}, {Pi + g[0, 1.8, y, 2], y}, {Pi + g[0, 1.9, y, 2], y}},Pi + g[0, 1.5, y, 2], y}, {Pi + g[0, 1.6, y, 2], y}, {Pi + g[0, 1.7, y, 2], y}, {Pi + g[0, 1.8, y, 2], y}, {Pi + g[0, 1.9, y, 2], y}},
{y, .1, 1.9}]
{{y, .1, 1.9}]y, .1, 1.9}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.��

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

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

General::stop : Further output of \!\(\*StyleBox[∞::indet, "MT"]\) will be suppressed during this calculation.��
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Problem Set 1 6.642, Fall 2008 

0.5 

1.0 

1.5 

3.5 4.0 4.5 

s6 = Show[q6, q7, g6]ss6 = Show[q6, q7, g6]6 = Show[q6, q7, g6]

1.5 

1.0 

0.5 

2.0 2.5 3.0 

Show[s1, s2, s3, s4, s5, s6]SShow[s1, s2, s3, s4, s5, s6]how[s1, s2, s3, s4, s5, s6]
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g8 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .1}, {1, 0}],gg8 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .1}, {1, 0}],8 = Graphics[{Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .1}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .2}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .2}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .2}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .3}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .3}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .3}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .4}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .4}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .4}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .5}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .5}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .5}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .6}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .6}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .6}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .7}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .7}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .7}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .8}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .8}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .8}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .9}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .9}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, .9}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.1}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.1}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.1}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.2}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.2}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.2}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.3}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.3}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.3}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.4}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.4}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.4}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.5}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.5}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.5}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.6}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.6}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.6}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.7}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.7}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.7}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.8}, {1, 0}],TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.8}, {1, 0}],ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.8}, {1, 0}],
Text[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.9}, {1, 0}]}]TText[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.9}, {1, 0}]}]ext[StyleForm[" < ", FontSize → 14, FontWeight → "Bold"], {2 ∗ Pi, 1.9}, {1, 0}]}]

q8 = ParametricPlot[{{2 ∗ Pi − g[0, .1, y, 2], y}, {2 ∗ Pi − g[0, .2, y, 2], y}, {2 ∗ Pi − g[0, .3, y, 2], y}, {2 ∗ Pi − g[0, .4, y, 2], y},qq8 = ParametricPlot[{{2 ∗ Pi − g[0, .1, y, 2], y}, {2 ∗ Pi − g[0, .2, y, 2], y}, {2 ∗ Pi − g[0, .3, y, 2], y}, {2 ∗ Pi − g[0, .4, y, 2], y},8 = ParametricPlot[{{2 ∗ Pi − g[0, .1, y, 2], y}, {2 ∗ Pi − g[0, .2, y, 2], y}, {2 ∗ Pi − g[0, .3, y, 2], y}, {2 ∗ Pi − g[0, .4, y, 2], y},
{2 ∗ Pi − g[0, .5, y, 2], y}, {2 ∗ Pi − g[0, .6, y, 2], y}, {2 ∗ Pi − g[0, .7, y, 2], y}, {2 ∗ Pi − g[0, .8, y, 2], y},{{2 ∗ Pi − g[0, .5, y, 2], y}, {2 ∗ Pi − g[0, .6, y, 2], y}, {2 ∗ Pi − g[0, .7, y, 2], y}, {2 ∗ Pi − g[0, .8, y, 2], y},2 ∗ Pi − g[0, .5, y, 2], y}, {2 ∗ Pi − g[0, .6, y, 2], y}, {2 ∗ Pi − g[0, .7, y, 2], y}, {2 ∗ Pi − g[0, .8, y, 2], y},
{2 ∗ Pi − g[0, .9, y, 2], y}, {2 ∗ Pi − g[0, 1, y, 2], y}, {2 ∗ Pi − g[0, 1.1, y, 2], y}, {2 ∗ Pi − g[0, 1.2, y, 2], y},{{2 ∗ Pi − g[0, .9, y, 2], y}, {2 ∗ Pi − g[0, 1, y, 2], y}, {2 ∗ Pi − g[0, 1.1, y, 2], y}, {2 ∗ Pi − g[0, 1.2, y, 2], y},2 ∗ Pi − g[0, .9, y, 2], y}, {2 ∗ Pi − g[0, 1, y, 2], y}, {2 ∗ Pi − g[0, 1.1, y, 2], y}, {2 ∗ Pi − g[0, 1.2, y, 2], y},
{2 ∗ Pi − g[0, 1.3, y, 2], y}, {2 ∗ Pi − g[0, 1.4, y, 2], y}, {2 ∗ Pi − g[0, 1.5, y, 2], y}, {2 ∗ Pi − g[0, 1.6, y, 2], y},{{2 ∗ Pi − g[0, 1.3, y, 2], y}, {2 ∗ Pi − g[0, 1.4, y, 2], y}, {2 ∗ Pi − g[0, 1.5, y, 2], y}, {2 ∗ Pi − g[0, 1.6, y, 2], y},2 ∗ Pi − g[0, 1.3, y, 2], y}, {2 ∗ Pi − g[0, 1.4, y, 2], y}, {2 ∗ Pi − g[0, 1.5, y, 2], y}, {2 ∗ Pi − g[0, 1.6, y, 2], y},
{2 ∗ Pi − g[0, 1.7, y, 2], y}, {2 ∗ Pi − g[0, 1.8, y, 2], y}, {2 ∗ Pi − g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]{{2 ∗ Pi − g[0, 1.7, y, 2], y}, {2 ∗ Pi − g[0, 1.8, y, 2], y}, {2 ∗ Pi − g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]2 ∗ Pi − g[0, 1.7, y, 2], y}, {2 ∗ Pi − g[0, 1.8, y, 2], y}, {2 ∗ Pi − g[0, 1.9, y, 2], y}}, {y, .1, 1.9}]
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
∞::indet : Indeterminate expression \!\(\*StyleBox[0∞, "MT"]\) encountered.�� 
General::stop : Further output of \!\(\*StyleBox[∞::indet, "MT"]\) will be suppressed during this calculation.�� 
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5.0 5.5 6.0 

s8 = Show[g8, q8]ss8 = Show[g8, q8]8 = Show[g8, q8]
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� 
� 
� 
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� 
� 
� 
� 
� 
� 
� 

s7 = Plot[{0, 1, 2}, {x, 0, 2 ∗ Pi}]ss7 = Plot[{0, 1, 2}, {x, 0, 2 ∗ Pi}]7 = Plot[{0, 1, 2}, {x, 0, 2 ∗ Pi}]
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2.0 

1.5 

1.0 

0.5 

1 2 3 4 5 6 

Line1 = Graphics[Line[{{0, 0}, {0, 2}}]]LLine1 = Graphics[Line[{{0, 0}, {0, 2}}]]ine1 = Graphics[Line[{{0, 0}, {0, 2}}]]

Line2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]LLine2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]ine2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]

Show[s1, s2, s3, s4, s5, s6, s7, s8, Line1, Line2, Frame → True, FrameLabel → {ax, ay}]SShow[s1, s2, s3, s4, s5, s6, s7, s8, Line1, Line2, Frame → True, FrameLabel → {ax, ay}]how[s1, s2, s3, s4, s5, s6, s7, s8, Line1, Line2, Frame → True, FrameLabel → {ax, ay}]
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Problem 2 

a) 
¯Because u → ∞ for y < 0 and y > d, H = 0. 

b) 

Hy(y = 0+) = 0, Hy(y = d−) = 0 

Hx(y = 0+) = −Kz(y = 0), Hx(y = d−) = +Kz(y = d) 

c) 

�2Ā = −µJ̄ = −µJ0 sin ax īz, B̄ = µH̄ = �× Ā

�2Az = 
∂2Az 

+ 
∂2Az 

= −µJ0 sin ax 
∂x2 ∂y2 

d2Azp 
Azp = Azp(x) ⇒ = −µJ0 sin ax 

dx2


µJ0

Azp(x) = sin ax 

a2 

µJ0
Az(x, y) = Azp(x) + Azh(x, y) = sin ax + C sinh ay + D cosh ay 

a2 

1 ∂Az a µJ0
Hy = − 

µ ∂x µ a2 
+ C sinh ay + D cosh ay = − cos ax 

a µJ0 µJ0
Hy(y = 0) = 0 = − 

µ a2 
+ D ⇒ D = −

a2
cos ax 

a µJ0
Hy(y = d) = 0 = − cos ax + C sinh ad + D cosh ad 

µ a2 

µJ0

2
 + D cosh ad µJ0 1 − cosh ad 

C = − a = − · 
sinh ad a2 sinh ad 

J0 1 − cosh ad 
Hy = − 1 − sinh ay − cosh ay cos ax 

a sinh ad


J0 cos ax

= − · [sinh ad − sinh ay + sinh a(y − d)] 

a sinh ad


1 ∂Az a

Hx = · = sin ax [C cosh ay + D sinh ay] 

µ ∂y µ 

J0 1 − cosh ad 
= − sin ax cosh ay + sinh ay 

a sinh ad


J0 sin ax

= − · [cosh ay − cosh a(y − d)] 

a sinh ad


J0 sin ax

Kz(y = 0) = −Hx(y = 0) = + · (1 − cosh ad) 

a sinh ad

J0 sin ax 
Kz(y = d) = Hx(y = d) = − · (cosh ad − 1) 

a sinh ad

19 
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d) 

Equation of field lines: Az(x, y) = Az(x0, y0). 

µJ0
Az(x, y) = sin ax + C sinh ay + D cosh ay 

a2 

µJ0 sinh ay 
= sin ax 1 − (1 − cosh ad) − cosh ay 

a2 sinh ad

µJ0 sinh ad − sinh ay + sinh a(y − d) 
= sin ax 

a2	 sinh ad 

˜ Aza
2 

x̃ = ax, ỹ = ay, Az = 
µJ0 

sin x̃0[sinh d̃ − sinh ỹ0 + sinh(ỹ0 − d̃)] 
x̃ = sin−1


sinh d̃ − sinh ỹ + sinh(ỹ − d̃)


e) 

2.0 

1.5 

1.0 

0.5 

0.0 

0 1 2 3 4 5 6


ax


Figure 3: Magnetic field vector arrow plot. 
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Figure 4: Magnetic field line plot. 

f) 

In Problem 1e, 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. 
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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])]ff[x0 , y0 , y , d ] = ArcSin[Sin[x0] ∗ (Sinh[d] − Sinh[y0] + Sinh[y0 − d])/(Sinh[d] − Sinh[y] + Sinh[y − d])][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])
HHxT = (Sin[xT]/Sinh[dT]) ∗ (Cosh[yT] − Cosh[yT − dT])xT = (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])
HHyT = (Cos[xT]/Sinh[dT]) ∗ (Sinh[dT] − Sinh[yT] + Sinh[yT − dT])yT = (Cos[xT]/Sinh[dT]) ∗ (Sinh[dT] − Sinh[yT] + Sinh[yT − dT])
Cos[xT]Csch[dT](Sinh[dT] − Sinh[dT − yT] − Sinh[yT])

LoadVectorFieldPlots̀ 
LLoadVectorFieldPlots̀oadVectorFieldPlots̀
dT = 2
ddT = 2T = 2
2

plot1 = PlotVectorField[{HxT, HyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}]
pplot1 = PlotVectorField[{HxT, HyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}]lot1 = PlotVectorField[{HxT, HyT}, {xT, 0, 2 ∗ Pi}, {yT, 0, dT}]

plot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}pplot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}lot2 = {GrayLevel[.8], Rectangle[{0, 0}, {2 ∗ Pi, dT}]}
{GrayLevel[0.8], Rectangle[{0, 0}, {2π, 2}]} 
Show[plot1, Frame → True, FrameLabel → {ax, ay}]SShow[plot1, Frame → True, FrameLabel → {ax, ay}]how[plot1, Frame → True, FrameLabel → {ax, ay}]

ay
 

2.0 

1.5 

1.0 

0.5 

0.0 

0	 1 2 3 4 5 6 

ax 

Show[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]SShow[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]how[Graphics[plot2], plot1, Frame → True, FrameLabel → {ax, ay}]
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ay
 

2.0 

1.5 

1.0 

0.5 

0.0 

0 1 2 3 4 5 6 

ax 

d = 2
dd = 2= 2
2

p1 = ParametricPlot[{{ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .1, y, 2]], y},
pp1 = ParametricPlot[{{ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .1, y, 2]], y},1 = ParametricPlot[{{ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .1, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .1, y, 2]], y},
{2 ∗ Pi − ArcSin[f [Pi/2, .1, y, 2]], y}}, {y, 0.1, 1.9}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
{{2 ∗ Pi − ArcSin[f [Pi/2, .1, y, 2]], y}}, {y, 0.1, 1.9}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .1, y, 2]], y}}, {y, 0.1, 1.9}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]

2.0 

1.5 

1.0 

0.5 

0.0 
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},pp2 = 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 = 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}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .2, y, 2]], y}}, {y, 0.2, 1.8}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .2, y, 2]], y}}, {y, 0.2, 1.8}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
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1.5 

1.0 

0.5 

0.0 
0 1 2 3 4 5 6 

p3 = ParametricPlot[{{ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .3, y, 2]], y},pp3 = ParametricPlot[{{ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .3, y, 2]], y},3 = ParametricPlot[{{ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .3, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .3, y, 2]], y},
{2 ∗ Pi − ArcSin[f [Pi/2, .3, y, 2]], y}}, {y, 0.3, 1.7}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .3, y, 2]], y}}, {y, 0.3, 1.7}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .3, y, 2]], y}}, {y, 0.3, 1.7}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
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1.0 
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0.0 
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},pp4 = 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},4 = 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 ∗ Pi − ArcSin[f [Pi/2, .4, y, 2]], y}}, {y, 0.4, 1.6}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .4, y, 2]], y}}, {y, 0.4, 1.6}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .4, y, 2]], y}}, {y, 0.4, 1.6}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
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1.5 
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0 1 2 3 4 5 6 

p5 = ParametricPlot[{{ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .5, y, 2]], y},pp5 = ParametricPlot[{{ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .5, y, 2]], y},5 = ParametricPlot[{{ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .5, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .5, y, 2]], y},
{2 ∗ Pi − ArcSin[f [Pi/2, .5, y, 2]], y}}, {y, 0.5, 1.5}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .5, y, 2]], y}}, {y, 0.5, 1.5}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .5, y, 2]], y}}, {y, 0.5, 1.5}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
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1.0 

0.5 

0.0 
0 1 2 3 4 5 6 

p6 = ParametricPlot[{{ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .58, y, 2]], y},pp6 = ParametricPlot[{{ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .58, y, 2]], y},6 = ParametricPlot[{{ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi − ArcSin[f [Pi/2, .58, y, 2]], y}, {Pi + ArcSin[f [Pi/2, .58, y, 2]], y},
{2 ∗ Pi − ArcSin[f [Pi/2, .58, y, 2]], y}}, {y, .58, 1.42}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .58, y, 2]], y}}, {y, .58, 1.42}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .58, y, 2]], y}}, {y, .58, 1.42}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]

2.0 

1.5 

1.0 
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0.0 
0 1 2 3 4 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},pp7 = 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},7 = 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 ∗ Pi}, {0, 2}}]{{2 ∗ Pi − ArcSin[f [Pi/2, .02, y, 2]], y}}, {y, .01, 1.99}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]2 ∗ Pi − ArcSin[f [Pi/2, .02, y, 2]], y}}, {y, .01, 1.99}, PlotRange → {{0, 2 ∗ Pi}, {0, 2}}]
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Show[p1, p2, p3, p4, p5, p6, p7]SShow[p1, p2, p3, p4, p5, p6, p7]how[p1, p2, p3, p4, p5, p6, p7]
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g1 = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.99}],gg1 = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.99}],1 = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.99}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.89}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.89}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.89}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.77}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.77}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.77}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.64}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.64}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.64}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.49}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.49}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.49}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.32}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.32}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {Pi/2, 1.32}],
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Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .7}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .7}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .7}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .53}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .53}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .53}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .38}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .38}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .38}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .26}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .26}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .26}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .14}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .14}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, .14}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, 0.05}]}]TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, 0.05}]}]ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi/2, 0.05}]}]
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g2 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.99}],gg2 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.99}],2 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.99}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.89}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.89}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.89}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.77}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.77}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.77}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.64}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.64}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.64}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.49}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.49}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.49}],
Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.32}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.32}],ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 1.32}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .7}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .7}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .7}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .53}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .53}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .53}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .38}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .38}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .38}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .26}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .26}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .26}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .14}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .14}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, .14}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 0.05}]}]TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 0.05}]}]ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {3 ∗ Pi/2, 0.05}]}]
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g3 = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.04, 1.}, {0, 0}, {0, 1}],gg3 = Graphics[{Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.04, 1.}, {0, 0}, {0, 1}],3 = 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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.2, 1}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.2, 1}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.39, 1.}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.39, 1.}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.39, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.57, 1}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.57, 1}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.57, 1}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.78, 1.}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.78, 1.}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {.78, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {1.05, 1.}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {1.05, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {1.4, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − 1.45, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − 1.07, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .82, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .62, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .42, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .23, 1.}, {0, 0}, {0, 1}],ext[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}]}]TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .06, 1.}, {0, 0}, {0, 1}]}]ext[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi − .06, 1.}, {0, 0}, {0, 1}]}]
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g4 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .04, 1.}, {0, 0}, {0, 1}],gg4 = Graphics[{Text[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .04, 1.}, {0, 0}, {0, 1}],4 = 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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .2, 1}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .39, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .57, 1}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + .78, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + 1.05, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" < ", FontSize->14, FontWeight->"Bold"], {Pi + 1.4, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − 1.45, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − 1.09, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .83, 1.}, {0, 0}, {0, 1}],ext[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}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .62, 1.}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .62, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .42, 1.}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .42, 1.}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .42, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .23, 1.}, {0, 0}, {0, 1}],TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .23, 1.}, {0, 0}, {0, 1}],ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .23, 1.}, {0, 0}, {0, 1}],
Text[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .06, 1.}, {0, 0}, {0, 1}]}]TText[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .06, 1.}, {0, 0}, {0, 1}]}]ext[StyleForm[" > ", FontSize->14, FontWeight->"Bold"], {2 ∗ Pi − .06, 1.}, {0, 0}, {0, 1}]}]

p8 = Plot[{0, 2}, {x, 0, 2 ∗ Pi}]pp8 = Plot[{0, 2}, {x, 0, 2 ∗ Pi}]8 = Plot[{0, 2}, {x, 0, 2 ∗ Pi}]
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Line1 = Graphics[Line[{{0, 0}, {0, 2}}]]LLine1 = Graphics[Line[{{0, 0}, {0, 2}}]]ine1 = Graphics[Line[{{0, 0}, {0, 2}}]]

Line2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]LLine2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]ine2 = Graphics[Line[{{2 ∗ Pi, 0}, {2 ∗ Pi, 2}}]]

Show[p1, p2, p3, p4, p5, p6, p7, p8, g1, g2, g3, g4, Line1, Line2, PlotRange → {−.1, 2.1},SShow[p1, p2, p3, p4, p5, p6, p7, p8, g1, g2, g3, g4, Line1, Line2, PlotRange → {−.1, 2.1},how[p1, p2, p3, p4, p5, p6, p7, p8, g1, g2, g3, g4, Line1, Line2, PlotRange → {−.1, 2.1},
Frame → True, FrameLabel → {ax, ay}]FFrame → True, FrameLabel → {ax, ay}]rame → True, FrameLabel → {ax, ay}]
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