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V� 1 *�×

mathematicaÿ? ø�Áþ�N�ñ5Ñ

V� 1 â�
 ë5Ñí5�ø5� N�ñ5Ñ
�e�

1.1 FD9 Ä©
�e�

x3 − 2x+ 1 = 0_� ��H�̀¦ ½̈K��Ð��.

Solve[x^3 - 2 x + 1 == 0]

ÕªaË> 1.1: ��H ½̈
�l�

1.2 �\�&P�
�e�∫ 2π
0 x3 sinxdx_� &h�ì�r°ú̀�כ¦ ½̈K��Ð��. mathematica_� "î
§î
ë�H�Ér ��A�ü< °ú 

��.

Integrate[x^3*Sin[x], {x, 0, 2*Pi}]
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ÕªaË> 1.2: &h�ì�r
�l�

1.3 System of equations ��·e�

���$� ��Hs� e����H(consistent) system�̀¦ Û�¦#Q�Ð��.

2x− 3y + 4z = 2

3x− 2y + z = 0

x+ y − z = 1

_� ��H�Ér (7/10, 9/5, 3/2)Ts���. Mathematica�Ð SX����K��Ð��.

Integrate[x^3*Sin[x], {x, 0, 2*Pi}]

ÕªaË> 1.3: Nonsingular system Û�¦l�

ëß�{9� systems� inconsistent
���� Mathematica��H#Q*�ô�Ç°ú̧�כØ�¦§4�
�t�·ú§>�

�)a��. singular��� d���̀¦ {9�§4�K��Ð��.

2x− 2y + 2z = −2

−x+ y + 3z = 0

−3x+ 3y − 2z = 1

sys={2x - 2y - 2z == -2, -x +y +3z==0,-3x +3y -2z ==1};

sols=Solve[sys, {x, y, z}]
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ÕªaË> 1.4: Singular system Û�¦l�

1.4 Asymptotic expansion

Mathematica command:

In[1]:= CollectAExpandAH1 + Ε XL4E, ΕE

Out[1]= 1 + 4 X Ε + 6 X2 Ε2 + 4 X3 Ε3 + X4 Ε4

ÕªaË> 1.5: Polynomial expansion.

V� 2 â�
 Ü«8�è« Ü«h�e�

2.1 2	� Ü«8�è« Ü«h�e�

y = sinx for −π ≤ x ≤ 2π_� ÕªA�áÔ\�¦ Õª�9�Ð��.

sys = {2 x - 3 y + 4 z == 2, 3 x - 2 y + z == 0, x + y - z == 1};

sols = Solve[sys, {x, y, z}]

s�]j #��Q >h_� �<ÊÃº\�¦ ô�Ç ÕªA�áÔ\� ����?/��.

p1 = Plot[Sin[x], x, -Pi, 2 Pi]

p2 = Plot[ArcSin[x], x,-1, 1, PlotStyle → GrayLevel[0.3], DisplayFunction

→ Identity];

p3 = Plot[x, x, -Pi, 2 Pi, PlotStyle → Dashing[0.01], DisplayFunction →
Identity];

Õª�Q��� ��6£§õ� °ú �Ér ���õ��� ���:r��.
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ÕªaË> 1.6: Sine �<ÊÃº Õªo�l�

2.2 3	�xjS Ü«8�è« Ü«h�e�

��A�_� d��s� 3	�"é¶\�"f #Qb�G>� Õª�9t���H �Ð��.

f(x, y) =
x2y

x4 + 4y2
.

'Í	 ���P: ×�¦\� �<ÊÃº f(x, y)\�¦ &ñ
_�ô�Ç��.

f[x_, y_] = x^2 y/(x^4 + 4 y^2)

Õªo��¦ 3	�"é¶ ÕªA�áÔ\�¦ Õªo�l� 0AK� ��6£§_� "î
§î
#Q\�¦ {9�§4�ô�Ç��.

Plot3D[f[x, y], {x, -1/2, 1/2}, {y, -1/2, 1/2}, Axes -> Automatic,

Boxed -> False, PlotPoints -> {50, 50}]

Õª�Q��� ÕªaË>(1.8)s� Ø�¦§4��)a��. s� ÕªaË>\� ContourPlot�̀¦ æ¼��� 1px�¦��� +þAI�

�Ð ����è­q Ãº�̧ e����. 0Aü< °ú s� &ñ
_��)a �<ÊÃº\�

ContourPlot[f[x, y], {x, -1/2, 1/2}, {y, -1/2, 1/2},

PlotPoints -> {50, 50}]

ContourPlot�̀¦��6 xK�"fÕª�9�:r��. ÕªaË>(1.8)_���A�_�ÕªA�áÔ�� contourô�Ç

�̧_þvs���.
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ÕªaË> 1.7: �<ÊÃº #��Q >h Õªo�l�

2.3 Parametric equations Ü«8�è« Ü«h�e�

T\� �'aô�Ç Parametric equations� e����.

x = t+ sin 2t

y = t+ sin 3t where − 2π ≤ t ≤ 2π

Mathematica�Ð��H parameter\�¦ &ñ
_�
�#� ��6 x
���� �)a��.

x[t_]=t+Sin[2t]; y[t_]=t+Sin[3 t]; ParametricPlot[x[t],y[t], t,-2Pi,2Pi,

AspectRatio->Automatic]
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ÕªaË> 1.8: 3	�"é¶ ÕªA�áÔü< Contour ÕªA�áÔ

3	�"é¶ /BG����̀¦ Õªwn= M:\���H ÅÒ�Ð ContourPlot3D\�¦ s�6 x
���� ¼#�o�
���.

\V\�¦ [þt#Q, ��A� d��õ� °ú s� nonparametric form_� Scherk’s fifth surface Õª

aË>(1.10)�̀¦ ContourPlot3D\�¦ ��6 x
�#� Õª�9 �Ð��.

sin z = sinhx sinh y (1.1)

ContourPlot3D[Sin[z]-Sinh[x]Sinh[y],x,-5,5,y,-5,5,z,-Pi,4Pi,Contours->0.0]

parametrically��H ��6£§ d��õ� °ú s� ³ðr�½+É Ãº e����HX<,

x(u, v) = (arc sinh(u), arc sinh(v), arcsin(uv) (1.2)
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ÕªaË> 1.9: Parameter ÕªA�áÔ

s� d���Ér î̈
ç�H/BGÒ�¦(H,mean curvature)�� 0s� ÷&��H minimal surfaces���.

H =
Eg + 2Ff +Ge

2EG− F 2
= 0. (1.3)

V� 3 â�
 First Order Differential Equations

First Order Differential Equations�Ér{9�ìøÍ&h�Ü¼�Ð1lqwn����Ãº t\�_�ô�Ç p(t), q(t)\�

_�ô�Ç d��Ü¼�Ð ����èß���.

dy

dx
+ p(t)y = g(t). (1.4)

3.1 Integrator factors

p�ì�rd��(1.4)\� Integrating factor\�¦ Y�L
�#� ��H�̀¦ ½̈½+É Ãº e����. ��6£§ \V]j\�¦

�Ð��.

dy

dx
= 3y. (1.5)

d��(1.5)_� �ª�Aá¤\� e3t\�¦ Y�L
���� ��H�̀¦ ½̈½+É Ãº e���̀¦ �.���s	כ Mathematica�Ð

��H
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ÕªaË> 1.10: Scherk saddle tower

intf = DSolve[{y’[x] == 3 y[x]}, y[x], x]

s�XO�>� {9�§4�
��¦ #�l�"f t�&ñ
ô�Ç intf�Ð y\� @/ô�Ç �<ÊÃº�Ð ëß�[þt��.

y[x] /. intf

Õª�Q��� >�íß��)a ���õ��� ���:r��.
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ÕªaË> 1.11: Integrating factor

��H�̀¦ ½̈
�#� ÕªaË>Ü¼�Ð Õª�9�Ð��.

ÕªaË> 1.12: solution graph

V� 4 â�
 Second-Order Linear Equations

4
d2y

dt2
− y = t− 2− 5 cos t− e−t/2.

DSolve\�¦ ��6 x
���� ��H�̀¦ ½̈½+É Ãº e����. Mathematica�Ð ��6£§õ� °ú s� {9�§4�

K��Ð��.

sol1 = DSolve[4 y’’[t]- y[t]== t -2 -5Cos[t] -Exp[-t/2], y[t], t]
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Õªo��¦ d���̀¦ çß�éß�y� K��Ð��.

Simplify[sol1]

ÕªaË> 1.13: Second Order Equation

4.1 Nonlinear Differential EquationUc"��+ N�ñ5Ñ

��6£§ d��\�"f ��H�̀¦ �'a¹1ÏK� �Ð��.

dx

dt
= x(1− x− y),

dy

dt
= y(0.5− 0.25y − 0.75x) where x and y are nonnegative. (1.6)

Mathematica�Ð 0A_� ÅÒ#Q��� d���̀¦ F (x, y)ü< G(x, y)�Ð &ñ
_�ô�Ç��.

F[x_,y_] := x(1 - x - y)

G[x_,y_] := y(0.5 - 0.25 x - 0.75 x)

s�]j s� d��(algebraic equation)�̀¦ Û�¦#Q critical points\�¦ ½̈ô�Ç��.

x(1− x− y) = 0

y(0.5− 0.25x− 0.75y) = 0

Õª�Q��� critical points��H (0, 0), (1, 0), (0, 2) Õªo��¦ (0.5, 0.5)s� ���:r��.

Mathematica�Ð��H��H(the solutions of the system)�̀¦ SolofSys�Ð¿º�¦��A�ü<

°ú s� {9�§4� Êê z�́'��ô�Ç��.

SolofSys = Solve[{F[x,y] ==0, G[x,y]==0},{x,y}]
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ÕªaË> 1.14: Mathematica�Ð critical points\�¦ ½̈ô�Ç ���õ�°úכ

·ú¡_�d��Ü¼�Ðó�r���õ�ü<°ú �Ér critical points\�¦Ø�¦§4�ô�Ç��. critical points\�¦ ½̈

Ùþ¡Ü¼��� y�� &h� ��H%�\�"f ��H(linear approximated)_� �̧_þv�̀¦ �'a¹1Ï
���.

7£¤, Jacobian matrix J��H

J =

Fx(x, y) Fy(x, y)

Gx(x, y) Gy(x, y)

 =

1− 2x− y −x

−0.75y 0.5− 0.5y − 0.75x

 (1.7)

x = 0, y = 0s���� ��6£§ linear system�̀¦ %3�>� �)a��.

d

dt

x

y

 =

1 0

0 0.5


x

y

 (1.8)

0A d��(1.8)_� eigenvaluesü< eigenvectors�̀¦ ½̈
����

r1 = 1, ξ1 =

1

0

 ; r2 = 0.5, ξ2 =

0

1

 .

����"f general solution�Érx

y

 = c1

1

0

 et + c2

0

1

 e0.5t
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x = 1, y = 0��� �â
Äº, ��6£§ linear system�̀¦ %3�>� �)a��.

d

dt

x

y

 =

−1 −1

0 −0.25


x

y

 (1.9)

0A d��(1.11)_� eigenvaluesü< eigenvectors�̀¦ ½̈
����

r1 = −1, ξ1 =

1

0

 ; r2 = −0.25, ξ2 =

4

3

 .

����"f general solution�Érx

y

 = c1

1

0

 e−t + c2

 4

−3

 e−0.25t.

x = 0, y = 2��� �â
Äº\��̧, Ä»��
�>� ��6£§ linear system�̀¦ %3�>� �)a��.

d

dt

x

y

 =

 −1 0

−1.5 −0.5


x

y

 (1.10)

0A d��(1.11)_� eigenvaluesü< eigenvectors�̀¦ ½̈
����

r1 = −1, ξ1 =

1

3

 ; r2 = −0.5, ξ2 =

0

1

 .

����"f general solution�Érx

y

 = c1

1

3

 e−t + c2

0

1

 e−0.5t.
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x = 0.5, y = 0.5��� �â
Äº, linear system�Ér ��6£§õ� °ú ��.

d

dt

x

y

 =

 −0.5 −0.5

−0.375 −0.125


x

y

 (1.11)

0A d��(1.11)_� eigenvaluesü< eigenvectors�̀¦ ½̈
����

r1 =
−5 +

√
57

16
≃ 0.1594, ξ1 =

 1

(−3−
√
57)/8

 ≃

 1

−1.3187

 ,

r2 = −−5−
√
57

16
≃ −0.7844, ξ2 =

 1

(−3 +
√
57)/8

 ≃

 1

0.5687

 .

����"f general solution�Érx

y

 = c1

 1

−1.3187

 e−0.1594t + c2

 1

0.5687

 e−0.7844t.

mathematica�Ð�̧ Õª�9�Ð��.

Äº��� critical points\�¦&ñ
_�K��Ð��. (x0, y0)\�¦'Í	���P:&h�(0, 0)Ü¼�Ð°ú �Érd��

Ü¼�Ð (x1, y1)�Ér &h�(0, 2), (x2, y2)�Ér &h�(0.5, 0.5)Ü¼�Ð ��t�}�� &h��Ér (x3, y3)�Ér

&h�(0, 2)Ü¼�Ð &ñ
_�ô�Ç��.

x0=SolofSys[[1,1,2]];

y0=SolofSys[[1,2,2]];

x1=SolofSys[[2,1,2]];

y1=SolofSys[[2,2,2]];

x2=SolofSys[[3,1,2]];

y2=SolofSys[[3,2,2]];

x3=SolofSys[[4,1,2]];

y3=SolofSys[[4,2,2]];
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Õªo��¦ critical points_� |9�½+Ë�̀¦ SSETCRs����¦ &ñ
_�ô�Ç��.

SETCR={{x0,y0},{x1,y1},{x2,y2},{x3,y3}};

ÕªaË> 1.15: critical pointsü< Õª |9�½+Ë�̀¦ &ñ
_�ô�Ç��.

��6£§Ü¼�Ð  7�'��9�×¼(vectorfield)\�¦ Õª�9�Ð��.  7�'��9�×¼_� #3�0A��H 0 ≤
x ≤ 1.5ü< 0 ≤ y ≤ 2�Ð ¿º��. ÕªaË>�̀¦ Õªo���H Mathematica "î
§î
ë�H�Ér ��A�

ü< °ú ��.

Fig = VectorFieldPlot[{F[x, y], G[x, y]}, {x, 0, 1.5}, {y, 0, 2},

Axes -> True, AxesLabel -> {x, y}, AxesOrigin -> {0, 0},

Background -> LightBlue,

Epilog -> {PointSize[Large], Point[SSETCR]}, ImageMargins -> 5,

PlotRange -> {{-.1, 1.6}, {-0.1, 2.1}},

Ticks -> {{0, 0.25, 0.5, 0.75, 1, 1.25, 1.5}, {0, 0.5, 1, 1.5, 2}}]
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ÕªaË> 1.16:  7�'��9�×¼\�¦ Õª�9�:r��.

mathematica�Ð Critical Points ÅÒ���_� ��H�̀¦ ¶ú�(R�Ð��. d��(1.7)�Ér ��A�

ü< °ú s� >�íß�½+É Ãº e����. J��H LMÜ¼�Ð &ñ
_�
�%i���. Õªo��¦ MatrixForm�̀¦

��6 x
�#� d���̀¦ ó�r��.

ÕªaË> 1.17: Jacobian�̀¦ ½̈ô�Ç��.

0A\�"f ½̈ô�Ç LM�̀¦ s�6 x
�#� critical point(x0, y0)\�¦ @/{9�
�#� s� '��§>=

�̀¦ LM0�� ô�Ç��. Õªo��¦ Eigensystem "î
§î
#Q�Ð eigenvalueü< eigenvector\�¦

½̈
���. 'Í	 ���P: ���õ�°úכs� eigenvalue�©�s��¦ �� Qt� ¿º �½Ós� eigenvectors°úכ
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s���. �� Qt� &h�[þt�̧ °ú �Ér ~½ÓZO�Ü¼�Ð 
���� ½̈½+É Ãº e����.

ÕªaË> 1.18: eigenvalueü< eigenvector\�¦ ½̈ô�Ç��.

4.2 mathematica ÃZ�ÂZ�#a�æ·

z�́'��½+É M:��H shift+enter\�¦ ô�Ç��.

→ ³ðr���H − >\�¦ æ¼��� ��1lxÜ¼�Ð ëß�[þt#Q �����.

The Laplace Transform; Differential equations

V� 5 â�
 The Laplace Transform

5.1 Definition of the Laplace Transform

The Laplace transform converts integral and differential equations into al-

gebraic equations. Then the Laplace transform of f , which we will denote

by L{f(t)} or by F (s), is defined by the equation

L{f(t)} = F (s) =

∫ ∞

0
e−stf(t)dt,

whenever this improper integral converges.

The Laplace transform is linear: hence, we have

L{af} = aF, L{f + g} = F +G

for f, g are two functions whose Laplace transforms exists.
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[Example] Find the Laplace transform of f(t) = 5e−2t − 3 sin 4t, t ≥ 0.

[solution]

We may write down L{f(t)} = 5L{e−2t}−3L{sin 4t}. Then, we can calulate

the improper integral as follows

L{f} =
5

s+ 2
− 12

s2 + 16
, s > 0.

Piecewise continuous, if it is continuous there except for a finite number of

jump discontinuities.

[Example] Sketch the graph of the given function and determine whether f is

continuous,piecewise continuous, or neither on the closed interval 0 ≤ t ≤ 3.

f(t) =


t2 0 < t ≤ 1,

1 1 < t ≤ 2,

3− t2

2 2 < t ≤ 3

[solution] Mathematica command:

f [t ] = Piecewise
[{{

t2, 0 ≤ t < 1
}
, {1, 1 < t ≤ 2},

{
3− t2

2 , 2 < t ≤ 3
}}]



t2 0 ≤ t < 1

1 1 < t ≤ 2

3− t2

2 2 < t ≤ 3

0 True

Plot[f [t], {t, 0, 3}]
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[Problem][Problem][Problem] Sketch the graph of the given function and determine whether f is

continuous,piecewise continuous, or neither on the closed interval 0 ≤ t ≤ 3.

f(t) =


t2 0 < t ≤ 1,

1
t−1 1 < t ≤ 2,

2 2 < t ≤ 3

[Example] Find the Laplace transform, f(t) = t.

[solution]

L{t} =

∫ ∞

0
e−sttdt = lim

A→∞

{[
−1

s
e−stt

]A
0

+

∫ A

0

1

s
e−stdt

}
=

1

s2
.

Mathematica command:

LaplaceTransform[t, t, s]

[Problem][Problem][Problem] Find the Laplace transforms, f(t) = t2 and f(t) = tn.

[Example] Find the Laplace transform, if we have f(t) = sin at, t ≥ 0,
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where a is a real constant.

[solution]

L{sin at} = F (s) =

∫ ∞

0
e−st sin atdt, s > 0.

F (s) = lim
A→∞

{[
−e−st cos at

a

]A
0

− s

a

∫ A

0
e−st cos atdt

}
=

a

s2 + a2
, s > 0.

[Problem][Problem][Problem] Find the Laplace transforms, f(t) = cos at.

Denote that certain rulesrulesrules.

L{af(t) + bg(t)} = aL{f(t)}+ bL{g(t)}. linearity

L{eatf(t)} = L{f(t)}|s→(s−a) first shifting rule

L{f(t− a)H(t− a)} = e−asL{f(t)} second shifting rule

L{fn(t)} = snL{f(t)} − sn−1f(0)− · · · − sfn−2(0)− fn−1(0). t-differentiation

L{tf(t)} = − d
dsL{f(t)} s-differentiation

L{f(t)}L{g(t)} = L{(f ∗ g)(t)} Convolution rule

[Example] Establish the Laplace transform,

L{t sinh at} =
2as

(s2 − a2)2
.

[solution]

L{t sinh at} = − d

ds

( a

s−a2

)
=

2as

(s2 − a2)2
.



24 ]j 1 �©� MATHEMATICAü< õ��<Æ>�íß�

[Problem][Problem][Problem] Find the Laplace transforms, f(t) = t sin at.

Mathematica command:

LaplaceTransform[t ∗ Sin[a ∗ t], t, s]

V� 6 â�
 Solution of Initial Value Problems

[Example] Find the inverse Laplace transform of the given function

F (s) =
2s+ 2

s2 + 2s+ 5

.

[solution]

L−1

{
2s+ 2

s2 + 2s+ 5

}
= 2L−1

{
s+ 1

(s+ 1)2 + 4

}
= 2e−t cos 2t, s > −1.

Mathematica command:

example = InverseLaplaceTransform[(2s+ 2)/(s∧2 + 2s+ 5), s, t];

Complx = ComplexExpand[example];

Simplify[%]

[Problem][Problem][Problem] Find the inverse Laplace transform of the given function

F (s) =
2s− 3

s2 + 2s+ 10
.



]j 6 ]X� SOLUTION OF INITIAL VALUE PROBLEMS 25

[Example] We let F(s)

F (s) =

∫ ∞

0
e−stf(t)dt.

It is possible to show that as far as f is piecewise continuous on 0 ≤ t ≤ A

for positive A and |f(t)| ≤ Keat when t ≥ M . Then show that F ′(s) =

L{−tf(t)}.

[solution]

F ′(s) =
dF

ds
= d

ds

∫∞
0 e−stf(t)dt

=
∫∞
0

d
dse

−stf(t)dt =

∫ ∞

0
(−t)e−stf(t)dt = −

∫ ∞

0
te−stf(t)dt

= −L{tf(t)}

[Problem][Problem][Problem] Show that Fn(s) = L{(−t)nf(t)}.

If f(t) is piecewise continuous and of exponential order on [0,∞) and

L{f(t)} = F (s), then we call f the inverse Laplace transforminverse Laplace transforminverse Laplace transform of F and

denote it by f = L−1{F}. We have same a linearity such that

L−1{c1F + · · ·+ cnFn} = c1L
−1{F1}+ · · · cnL−1{Fn}.

[Example] Use the Laplace transform to solve the given initial value problem.

y′′ − y′ − 6y = 0 y(0) = 1, y(0)′ = −1.
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[solution] Apply Laplace transform to both sides of the differential equa-

tion.

[s2Y (s)− sy(0)− y′(0)]− [sY (s)− y(0)]− 6Y (s) = 0

(s2 − s− 6− Y (s)− s+ 1 + 1 = 0

Y (s) =
s− 2

s2 − s− 6
=

4

5

1

s+ 2
+

1

5

1

s− 3

Therefore,

y(t) = L−1{Y (s)} =
4

5
e−2t +

1

5
e3t.

Mathematica command:

eqn = {y”[t]− y′[t]− 6y[t] == 0}

EQN = LaplaceTransform[eqn, t, s]

InitialCond = {y[0] → 1, y′[0] → −1};

EQN/.InitialCond

Y [s] = Solve[EQN/.InitialCond,LaplaceTransform[y[t], t, s]]

InverseLaplaceTransform[LaplaceTransform[y[t], t, s]/.Y [s], s, t]

[Problem][Problem][Problem]

y(4) − 4y′′′ + 6y′′ − 4y′ + y = 0 y(0) = 0, y(0)′ = 1, y′′(0) = 0, y′′′(0) = 1.

The Unit Step FunctionThe Unit Step FunctionThe Unit Step Function

To deal effectively with functions having jump discontinuities, it is very
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helpful to introduce a function known as the unit step function or Heaviside

function. This function is defined by

u(t) =


0 t < 0,

1 t ≥ 0.

In applications the Heaviside function often represents a force, voltage, cur-

rent, or signal that is turned on at time t = 0, and left on thereafter.

Translations of the Heaviside function are used to turn such functions on at

times other than 0. For a real number c, we define

uc(t) =


0 t < c,

1 t ≥ c.

[Example] Sketch the graph of the given function on the interval t ≥ 0.

g(t) = f(t− 3)u3(t), where f(t) = sin t.

[solution]

Mathematica command:

Plot[Sin[t− 3]HeavisideTheta[t− 3], {t, 0, 10},PlotStyle → Thick]

2 4 6 8 10

-1.0

-0.5

0.5

1.0
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And change the variables a and c.

Mathematica command:

Manipulate[Plot[Sin[t− c]HeavisideTheta[t− c], {t, 0, 10},

PlotRange → {{0, 10}, {−1, 1}},PlotStyle → Thick], {c, 0, 10}]

[Problem][Problem][Problem] Sketch the graph of the given function on the interval t ≥ 0.

g(t) = u1(t) + 3u3(t)− 6u4(t).

[Example] Find the Laplace transform of the given function.

f(t) =


0 t < 2,

(t− 2)2, t ≥ 2.

[solution]

Mathematica command:

f [t ] = Piecewise
[{

{0, t < 2},
{
(t− 2)2, t ≥ 2

}}]
LaplaceTransform[f [t], t, s]

Plot[f [t], {t, 0, 4},PlotStyle → Thick]

Plot
[
HeavisideTheta[t− 2](t− 2)2, {t, 0, 4},PlotStyle → Thick

]
[Problem][Problem][Problem] Find the Laplace transform of the given function.

f(t) =


0 t < π,

t− π π ≤ t < 2π

0, t ≥ 2π.
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[8] F. Catté, P. Lions, J. Morel, T. Coll Image Selective Smoothing and

Edge Detection by Nonliear Diffusion, SIAM J. NUMER. ANAL. vol.

28, No.1, pp. 182-193 (1992)

[9] D. J. Duffy, Finite Difference Methods in Financial Engineering, John

Wiley & Sons, (2006)

[10] A.A. Soliman, A.H.A Ali, K.R. Raslan, Numerical solution for KdV

equation based on similarity reductions, Appl. Math. Modell, (2008),

—.

29



30 �ÃÐ�¦ ë�H��³

[11] C.Herring, Surface Tension as a Motivation for Sintering In, The physics

of Powder Metallurgy, McGraw-Hill, New York, (1951), 143.

[12] Gropp W., Lusk E., Skellum A. Using MPI Portable Parallel Program-

ming with the Message-Passing Interface , 2/E, The MIT Press , (1999)

[13] G. Xu, Discrete Laplace-Beltrami Operator on Sphere and Optimal

Spherical Triangulations, Int. J. Comput. Geometry Appl. 16 (2006) 75–

93.

[14] Z. Li, An Overview of The Immersed Interface Method and its Appli-

cations, Taiwanese journal of mathematics 7, (2003) 1-49.

[15] C. H., Min, Numerical Analysis & Scientific Computing, cheong moon

gak, (2010)
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