
MATLABõ� õ��<Æ>�íß�

�¦�9@/�<Æ�§ Ãº�<Æõ�

2013-08-05



2



	�YV

V� 1 *�×. MATLAB N�ñ5Ñ 5

]j 1 ]X�. {9�§4�õ� >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

]j 2 ]X�.  7�'� >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

]j 3 ]X�. '��§>= >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

]j 4 ]X�. z�́Ãº\�"f_� >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . 14

]j 5 ]X�. )�Ãº\�"f_� >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . 15

]j 6 ]X�. �<ÊÃº >�íß� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

V� 2 *�×. MATLAB graph 19

]j 1 ]X�. 2	� ÕªA�áÔ Õªo�l� . . . . . . . . . . . . . . . . . . . . . . . . 19

]j 2 ]X�. 3	� ÕªA�áÔ Õªo�l� . . . . . . . . . . . . . . . . . . . . . . . . 22

2.1. 3	� surface Õªo�l� . . . . . . . . . . . . . . . . . . . . . . . 22

2.2. 3	� points Õªo�l� . . . . . . . . . . . . . . . . . . . . . . . 25

2.3. 3	� ÕªA�áÔ\�"f contour X<s�'� ��ÀÒl� . . . . . . . . . . . 26

]j 3 ]X�. ÕªA�áÔ\� ÅÒ$3� V,�l� . . . . . . . . . . . . . . . . . . . . . . . . 26

]j 4 ]X�. Vector Fields . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

]j 5 ]X�. 4�¤�èÃº\�"f ÕªA�áÔ Õªo�l� . . . . . . . . . . . . . . . . . . . . 32

V� 3 *�×. MATLAB �����·�]� 35

]j 1 ]X�. Ø�¦§4� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3



4 	� YV

]j 2 ]X�. {9�§4� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

]j 3 ]X�. X<s�'� ?/�Ð?/l� . . . . . . . . . . . . . . . . . . . . . . . . . 36

]j 4 ]X�. #��Q >h_� ���5Åq�)a ÕªaË>�̀¦ 1lx%ò
�©�Ü¼�Ð ?/�Ð?/l� . . . . . . . . 36

]j 5 ]X�. Excel X<s�'� {9��¦ ?/�Ð?/l� . . . . . . . . . . . . . . . . . . . 37

V� 4 *�×. MATLABø� i�&P�'�×Ça�ÐÏ� 39

]j 1 ]X�. Euler ~½ÓZO� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

V� 5 *�×. MATLABø� ¡�́�¿B��7�Áþ� 43

]j 1 ]X�. The Residue Theorem . . . . . . . . . . . . . . . . . . . . . . 44

]j 2 ]X�. Complex Line Integral . . . . . . . . . . . . . . . . . . . . . . 45

V� 6 *�×. MATLABø� e�
�Áþ� 47

]j 1 ]X�. /BGÒ�¦(Curvature) . . . . . . . . . . . . . . . . . . . . . . . . . 47



1�©�

MATLAB >�íß�

V� 1 â�
 ����]�ø� N�ñ5Ñ

Ãº{9�§4��Ér Command Windowü< Editor\�¦s�6 x½+ÉÃºe����. MATLAB�̀¦s�6 x
�#�

>�íß�½+É ��s	כ 4�¤ú̧�
����� ·ú��¦o�1pus� |�� �â
Äº Editor\�¦ ��6 xô�Ç��. ��6£§�Ér Com-

mand Window�Ð >�íß�ô�Ç çß�éß�ô�Ç \Vs���.

>> a = 1; b=2;c=a+b

c= 3

s� Ø�¦§4��)a��.

Y�L
�l�ü< ��Ðüw!lr, n]jY�L, n]jY�L��H�Ér ��6£§õ� °ú s� >�íß�½+É Ãº e����.

>> a = 1; b=2;n=a*b,d=1/b,e=b^n,f=sqrt(b),g=b^(1/n)

n = 2

d = 0.5000

e = 4

f = 1.414

g = 1.414

"î
§î
ë�H+' ;�Ér>�íß��)a°ú̀�כ¦�o���\�Ø�¦§4�
�t�·ú§�¦MATLABîß�_�Bj�̧o�(Workspace)\�

$��©�ëß� ½+É M: ��H��. ¢̧ô�Ç ô�Ç ×�¦\� #��Q��t� Ø�¦§4� "î
§î
#Q\�¦ jþt M: ,\�¦ s�6 xô�Ç��.
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�ÐÕª �<ÊÃº��H x9�s� ������©�Ãº e�Ð ¿º�¦ >�íß�ô�Ç��.

>> a=log(10);b=log(20);

>> c=a+b

c = 6.9078

x9��̀¦ 2�� 10Ü¼�Ð ½+É M:��H log(2)�� log(10)Ü¼�Ð ��¾º#Q ÅÒ���� MATLAB "î
§î
ë�H

log2ü< log10�̀¦ ��H��.

>> a =log(10)/log(10);b=log(100)/log(10);

>> a1=log10(10);b1=log10(100);c=log2(16);

>> c,d=a+b,d1=a1+b1

c = 3

d = 3

d1 = 3

������©�Ãº��H exps� 9 π��H pi Õªo��¦ #Q�"� Ãº (x)\� @/ô�Ç Ãº�<Æ �<ÊÃº��H cos(x),

sin(x), tan(x), cot(x), asin(x), acos(x), atan(x), acot(x), gamma(n+1)=n × (n −
1) · · · 2× 1s� e����.

Õª ü@ "î
§î
ë�H

clear��H MATLAB\� $��©��)a ���Ãº\�¦ ���]j½+É M: æ¼�����.

���Ãº\�¦ ���×þ�&h�Ü¼�Ð ���]j½+É Ãº e����HX<, s��â
Äº clearvars\�¦ ��H��. \V\�¦ [þt���

>>clearvars a* -except ab

>>clearvars -global -except x*

���¦ {9�§4�
���� ab\�¦ ]jü@ô�Ç a�Ð r����
���H �̧��H ���Ãº��H ���]j÷&>� �)a��. ¿º ���P:

"î
§î
ë�H_� �â
Äº��H X�Ð r����
���H ���Ãº\�¦ ]jü@
��¦ �̧��H ���Ãº��H ���]j�)a��.

clc\�¦ 
���� Ø�¦§4� �o���s� t�0>�����.

whos��H MATLAB Bj�̧o�\� $��©��)a ���Ãº_� 	�"é¶õ� ß¼l�\�¦ �Ð#�ï�r��.

ÅÒ$3�Ü¼�Ð æ¼l� 0Aô�Ç ë�H�©� ·ú¡\� % ¿º��� MATLAB�Ér z�́'�� r� % +'\�"f Õª ×�¦

=åQÂÒì�r��t� {9�t� ·ú§>� �)a��.
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V� 2 â�
 ú̀c'a N�ñ5Ñ

MATLAB�̀¦ s�6 x
�#� 1\�"f 10��t� 1ëß��pu 7£x��
���H  7�'� v1�̀¦ ëß�[þt#Q �Ð��.

>> n=10;v1=1:n

v1= 1 2 3 4 5 6 7 8 9 10

7£xì�r�̀¦ 2�Ð ô�Ç����� v1 = 1 : 2 : ns����¦ æ¼��.

>> n=10;v1=1:2:n

v1= 1 3 5 7 9

s��)a��. ëß���� 10\�"f 1��t� -2ëß��puy���è
�>�ëß�[þt�¦z�·����� n = 10; v1 = n : −2 :

1���¦ æ¼��� �)a��. logspace\�¦ æ¼��� �ÐÕª ß¼l� ëß��pu  7�'�\�¦ ëß���H��.

>> format rat

>> logv1=logspace(-1,4,6)

logv1 = 1/10 1 10 100 1000 10000

 7�'� Y�L�Ér dot "î
§î
#Q\�¦ æ¼���� çß�éß�y�  7�'�çß�_� Y�LÜ¼�Ð ����è­q Ãº e����.

>> v1 = [1; 2; 3];

>> v2 = [4 5 6];

>> v3=v1*v2,v4=dot(v1,v2)

v3 = 4 5 6

8 10 12

12 15 18

v4 = 32
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v3��H 	�"é¶ v1(3× 1)ü< v2(1× 3)_� Y�Ls�Ù¼�Ð 3× 3��� '��§>=s� Ø�¦§4�÷&%3��¦ v4��H  7�

'�Y�L_� "î
§î
#Q\�¦ /ú�l� M:ë�H\� Û¼ºú��� °úכs� Ø�¦§4�÷&%3���. v  7�'�_� ß¼l���H

∥v∥ =
√

(v, v) =

√√√√ n∑
k=1

v2k (1.1)

norm(v)Ü¼�Ð ½̈ô�Ç��.

>> v1 = [1; 2; 3];n1=norm(v1)

n1 = 3.7417

ÅÒ#Q��� Ãº_� î̈
ç�H�̀¦ ½̈½+É ��H mean�̀¦ ��H��.

>> e1 = [1 2 3 4 5 6 7 8 9 10];s1=mean(e1)

s1 = 5.5000

¢̧ô�Ç '��§>=\�"f "f�Ð ���Ér "é¶�è\�¦ ¹1Ôl� 0AK�"f��H

>> A = [1 1 7;0 2 0;0 5 3];

>> uA = unique(A)

uA = 0

1

2

3

5

7

unique��H "é¶�è ß¼l�@/�Ð F�C�\P�K� ï�r��.

 7�'�Y�L�Ér cross "î
§î
#Q�Ð ½̈½+É Ãº e����.

>> v1=[1 2 3];v2=[3 2 1];v3=cross(v1,v2)

v3 = -4 8 -4
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V� 3 â�
 �ßjÝ~
 N�ñ5Ñ

'��§>= A,B_� >�íß�K� �Ð��.

>> A = [1 0 0;0 2 0;0 0 3];

>> B = [2 1 0;0 3 1;0 0 4];

>> A+B

ans = 3 1 0

0 5 1

0 0 7

'��§>= A\�¦ {9�§4� r� ��6£§ '���̀¦ {9�§4�½+É M:��H ;�̀¦ {9�§4�ô�Ç��. A+B_� ���õ�°ú̀�כ¦ {9�§4�

½+É ���Ãº\�¦ &ñ
_�
�t� ·ú§��¤�̀¦ M: MATLAB�Ér Õª °ú̀�כ¦ ans\� {9�§4�
�>� �)a��. Y�L
�

l��̧ 0Aü< °ú s� {9�§4�ô�Ç Êê z�́'��
���� �)a��.

>> C=A*B

C = 2 1 0

0 6 2

0 0 12

'��§>= îß�_� "é¶�èz�o� �8
����� Y�L½+É M:��H '��õ� \P��Ð t�&ñ

�#� >�íß�ô�Ç��.

>> A = [1 1 0;0 2 0;0 0 3];

>> B = [2 1 4;0 3 1;0 0 4];

>> c1 =A(1,2)+B(1,3)

c1 = 5

c+t�:r :�̀¦ æ¼��� '��s��� \P� ����̂\�¦ ��ØÔ~�́ Ãº e����.

>> A = [1 1 0;0 2 0;0 0 3];

>> B = [2 1 4;0 3 1;0 0 4];

>> v1 =A(2,:),v2=B(:,3)’
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>> v3 =v1+v2

v1 = 0 2 0

v2 = 4 1 4

v3 = 0 2 4

A\�"f��H ¿º ���P: '��s� B\�"f��H [j ���P: \P�s� y��y�� v1õ� v2\� {9�§4�÷&#Q >�íß�÷&%3�

��. MATLAB\�"f��H '��§>=_� Blockz�o�_� �̧�̀¦ Ãº e����.

>> A = [1 0 0;0 2 0;0 0 3];

>> B = [2 1 0;0 3 1;0 0 4];

>> C = [1 2 3;4 5 6;7 8 9];

>> D = [1 0 0;0 1 0;0 0 1];

>> E = [A B; C D]

E = 1 0 0 2 1 0

0 2 0 0 3 1

0 0 3 0 0 4

1 2 3 1 0 0

4 5 6 0 1 0

7 8 9 0 0 1

Õª�Q��� E'��§>=_� (1,1)�Ér A'��§>=, (1,2)��H B'��§>=, (2,1)�Ér C Õªo��¦ (2,2)_� '��§>=�Ér

Ds���.

s�]j  7�'�ü< '��§>=�̀¦ Y�LK� �Ð��.

>> v1=[1 2 3];A=[1 0 0;0 2 0;0 0 3];v2=A*v1’

v2 = 1

4

9

'��§>=õ�  7�'�_� 	�"é¶�̀¦ ú́�ÆÒl� 0AK� v1\� ’�̀¦ 
�#� ���u�(transpose)\�¦ 
�%i���. >�

íß�
��¦�� 
���H '��§>=s� @/y��'��§>= (diagonal matrix)s���� diag�̀¦ s�6 x
�#� '��§>=�̀¦
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~1�>� ëß�[þt Ãº e����. \V\�¦ [þt#Q x1=[1 2 3]s����¦ 
����

>> A = diga(x1)

A = 1 0 0

0 2 0

0 0 3

s� Ø�¦§4��)a��. ¢̧ô�Ç @/y���̀¦ ×�æd��Ü¼�Ð Õª ��A�ü< 0A_� °ú̧�כ {9�§4�½+É Ãº e����. 7£¤,

>> A=[1 0 0;0 2 0;0 0 3];

A = 0 0 0 0

1 0 0 0

0 2 0 0

0 0 3 0

>> A = diga(x1,1)

A = 0 1 0 0

0 0 2 0

0 0 0 3

0 0 0 0

s� Ø�¦§4��)a��.  7�'��� '��§>=Y�Ls� ��m��� '��§>= Aü< B_� y��y��_� "é¶�è\� Y�L�̀¦ ½+É M:

��H &h� .�̀¦ +�"f >�íß�ô�Ç��.

>> A=[1 2 3;0 2 0;0 0 3];B=[1 2 3;2 2 2;3 3 3];C=A.*B

A = 1 4 9

0 4 0

0 0 9

s� Ø�¦§4��)a��.

sum�̀¦ s�6 x
���� '��§>=_� \P�~½Ó�¾Ó_� "é¶�è\�¦ �� �8
�>� �)a��.
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>> A = [1 1 2;0 2 0;0 0 3];

>> sA = sum(A)

sA= 1 3 5

'��§>=_� ß¼l��� m× n��� "é¶�è�� �̧¿º %ò
_� '��§>= A��H zeros(m,n),

>> m=3;n=2;A=zeros(m,n)

A = 0 0

0 0

0 0

"é¶�è�� �̧¿º 1��� '��§>=�Ér ones(m,n)\�¦ ��H��.

>> m=3;n=2;A=ones(m,n)

A = 1 1 1

1 1 1

@/y��(diagonal)s� 1��� I éß�0A'��§>=�Ér eye(m,n)

>> m=3;n=2;A=eye(m,n)

A = 1 0 0

0 1 0

"î
§î
#Q�Ðëß���H��. '��§>=A��&ñ
~½Ó'��§>={9��â
Äº%i�'��§>=õ�'��§>=d���Ér inv(A)õ� det(A)�Ð

½̈ô�Ç��.

>> A=[1 2;3 4];

>> inA=inv(A),d=det(A);

inA = -2.0000 1.0000

1.5000 -0.5000

d = -2
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'��§>=_� rank\�¦ SX����
��¦�� ½+É M:��H rank\�¦ ��H��.

>> A = [3 2 -2; -3 -1 3; 1 2 0];

>> rank_A = rank(A)

rank_A = 3

MATLAB\�"f��H eigenvalue\�¦ ½̈½+É Ãº�̧ e����HX< eig(A)\�¦ ��6 x
���� ~1�>� ½̈

½+É Ãº e����.

>> A=[1 2;3 4];

>> lambda=eig(A);

lambda =

-0.3723

5.3723

¢̧ô�Ç det(A− λI)��H

>> A = [3 2 -2; -3 -1 3; 1 2 0];

>> lambda = roots(poly(A))

lambda =

-1.0000

2.0000

1.0000

roots(poly(A))\�¦ s�6 x
�#� ½̈ô�Ç��. Õªo��¦ ÅÒ#Q��� λ\� @/K� rref\�¦ æ¼��� eigen-

vectors�� >�íß��)a��.

>> A = [3 2 -2; -3 -1 3; 1 2 0];

>> eignv1 = rref(A-2*eye(3))

eignv1 =
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1 0 0

0 1 -1

0 0 0

e��_�_�Ãº\�¦��t���Hèß�Ãº'��§>=�Ér rand(m,n)ç�H1pxì�r�í (uniform distribution,

open interval (0,1))\�¦ ��6 xô�Ç��.

>> m=3;n=2;R1=rand(3,2)

R1 =

0.8147 0.9134

0.9058 0.6324

0.1270 0.0975

randn(m,n)�̀¦ ��6 x
���� î̈
ç�Hs� 0 ³ðï�r¼#�	��� 1���&ñ
½©ì�r�í_�'��§>=s�ëß�[þt#Q ���

��.

V� 4 â�
 ��
ÊÁUc"��+ N�ñ5Ñ

ì�rÃº +þAd��Ü¼�Ð ³ð�&³
�l� format rat.

>> format rat

>> a= 1/2,b=0.5

a = 1/2

b = 1/2

�èÃº �Å	P:��o���t� ³ð�&³
�l� format short.

>> format short

>> a= 1/3

a = 0.3333
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�èÃº \P���$Á	P:��o���t� ³ð�&³
�l� format long.

>> format long

>> a= 1/3

a = 0.333333333333333

MATLAB\�"f_�z�́Ãº°úכ×�æ���©�	�H°úכ���MAX = 1.797693134862315×10+308s�

�Å��̀¦ �â
Äº InfÜ¼�Ð ³ðr��)a��. ¢̧ô�Ç 0/0s��� inf / inf��� �â
Äº\�¦ >�íß�½+É M: ���õ� °úכ

�Ér not a number NaNs� Ø�¦§4��)a��. >�íß�s��� X<s�'�\�¦ ��ÀÒ�� �Ð��� NaNs� e��

��Ht� SX����½+É M:�� e����. Õª M:\���H isnan�̀¦ ��H��. Õª�Q��� Õª K�{©�
���H '��§>=_�

°úכs� NaNs���� 1�̀¦ Ø�¦§4�
�>� �)a��. Ãº�� �>rF�
�t� ·ú§��H �â
Äº\�¦ SX����½+É r�\���H

isemptyÜ¼�Ð SX����
���� �)a��. \V\�¦ [þt#Q |9�½+Ë A\� ��Áº��� Ãº�� [þt#Q��t� ·ú§��¤��

��� isempty(A)��H 1�̀¦ Ø�¦§4�
�>� �)a��.

V� 5 â�
 )�ÊÁUc"��+ N�ñ5Ñ

>>z1= 1+4*j+2+9*i

3.0000 +13.0000i

MATLAB\�"f��H ·ú��� Ï@ i�� j\� @/K� s�p� &ñ
_�÷&t� ·ú§��¤����� ��1lxÜ¼�Ð 4�¤�èÃº

�Ð ���d��
�>� �)a��.

0A d���̀¦ i, j\�¦ ��6 x
�t� ·ú§�¦ jþt Ãº�̧ e����.

>>x1= 1;y1=4;x2=2;y2=9;

>>z1=complex(x1,y1);z2=complex(x2,y2);

>>z3=z1+z2

z3 = 3.0000 +13.0000i

4�¤�èÃº_� ß¼l�ü< y���Ér absü< angle Õªo��¦ compass\�¦ s�6 x
���� ½̈½+É Ãº e����.

>>z1=complex(sqrt(2)/2,sqrt(2)/2);

>>ab=abs(z1),an=angle(z1)*180/pi,compass(z1)
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ab = 1

an = 0.7071

  0.2

  0.4

  0.6

  0.8

  1

30

210

60

240

90

270

120

300

150

330

180 0

ÕªaË> 1.1: compass z�́'�� r� Ø�¦§4�÷&��H 4�¤�èÃº_� ß¼l�ü< y��

4�¤�èÃº °úכ_� (��YU(conjugate)��H conj(z1), z�́Ãº��H real(z1), )�Ãº��H imag(z1)

{9�§4�
���� ���:r��.

>>z1=complex(sqrt(2)/2,sqrt(2)/2);

>>z1c=conj(z1),x1=real(z1),y1=imag(z1)

z1c = 0.7071 - 0.7071i

x1 = 0.7071

y1 = 0.7071

V� 6 â�
 Áþ�ÊÁ N�ñ5Ñ

MATLAB\�"f �<ÊÃº_� ��H�̀¦ ½̈½+É Ãº e����. ��6£§õ� °ú �Ér �<ÊÃº�� e�����¦ 
���.

f(x) = x2 − x− 6

Õª�Q��� ��H�Ér x = −2ü< x = 3Ü¼�Ð ½̈½+É Ãº e����. MATLAB_� fzero�̀¦ s�6 x
�#�

��H�̀¦ ½̈K��Ð��.



]j 6 ]X� �<ÊÃº >�íß� 17

>> func=@(x)[x^2-x-6]; x0=-3;

>> z1=fzero(func,x0)

Õª�Q��� MATLAB�Ér func\� x2 − x− 6_� �<ÊÃº\�¦ x\� @/K� {9�§4�
�>� ÷&�¦ fzero�Ér

x0_� ��H%�\� ����s� e����H ��H 
���\�¦ Ø�¦§4�
�>� �)a��. x0_� �©�Ãº°úכ @/���\� #3�0A°úכ

x0=[0 4]�̀¦ V,�Ü¼��� Õª #3�0A îß�\� ��Hs� 
���{9� M: Õª ��H�̀¦ Ø�¦§4�
�>� �)a��.

s����\���H �<ÊÃº_� °ú̀�כ¦ ½̈K� �Ð��. MATLAB\�"f ÅÒ#Q��� inline�<ÊÃº\�¦ ��6 x
�#�

Õª °ú̀�כ¦ ½̈½+É Ãº�̧ e���¦ çß�éß�y� @�Ð Õª �<ÊÃº °ú̀�כ¦ ½̈½+É Ãº�̧ e����. ��6£§�̀¦ �Ð��.

>> f0=(@(x)(cos(x)));f1=inline(’cos(x)’);

>> f0(pi),f1(pi)

ans =

-1

ans =

-1

Õª�Q��� Õª �<ÊÃº f0ü< f1\� @/K�"f ú́���H °úכs� ���̧��H �¦̀�	כ SX����½+É Ãº e����.
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2�©�

MATLAB graph

V� 1 â�
 2	� Ü«8�è« Ü«h�e�

çß�éß�y� y = x2_� ÕªA�áÔ\�¦ Õª�9�Ð��. (��ÉÓ'���H ���5Åq&h���� /BG����̀¦ ���d��½+É Ãº \O�Ü¼

Ù¼�Ð /BG����̀¦ n1pxì�r
�#� /BG����̀¦ Õªo�>� �)a��. Editor\� ��A�ü< °ú s� "î
§î
ë�H�̀¦ +�

�Ð��.
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ÕªaË> 2.1: plot

clc;clear;

n=12;

19
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for i=1:n

x(i)=i-1;

end

y=x.^2

figure(1),

plot(x,y,’o’)

figure(2),

plot(x,y)

0A�ï×¼\�"f forë�H�̀¦æ¼t�·ú§�¦ x=linspace(0,11,n)�Ð+��̧1lx{9�ô�Ç���õ�\�¦%3���H��.

linspace��H r����&h��̀¦ 1 Õªo��¦ =åQ&h��̀¦ 11Ü¼�Ð 
�#� n½̈çß�ëß��pu ��¾º#Q"f  7�'�°úכ

Ü¼�ÐìøÍ8̈�ô�Ç��. z�́]j�Ð��HÕªaË>1°ú s�&h�[þt�ÐÕª�9t�t�ëß�MATLAB\�"f��1lxÜ¼�Ð

/BG���Ü¼�Ð Õª�9ï�r��.

s����\���H{���2³/BG���(closed curve)_�ÕªaË>�̀¦Õª�9�Ð��. s����\��̧ plot�̀¦s�6 x
����

Õªwn= Ãº e����. ��ëß� îß�õ� µ1Ú�̀¦ ½̈Z>�
��9�¦ ½+É M:��H fill�̀¦ æ¼�̧2�¤ ô�Ç��.
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ÕªaË> 2.2: plotõ� fill�Ð {���2³ /BG��� Õªo�l�

clc;clear;

x=[1 2 3 3 3 2 1 1 1];

y=[1 1 1 2 3 3 3 2 1];

figure(1),

plot(x,y)
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axis ([-1 6 -1 6])

figure(2),

fill(x,y,1)

axis ([-1 6 -1 6])

clcü< clear�ÉrÛ¼ß¼wn�àÔ(script)\�¦�íl��o
�l�0A�<Ês��¦0Aü<°ú s� xü< y_�{���2³ýa

³ð�� e�����¦ e�����¦ ½+É M: plot�̀¦ ��6 x
���� f������̀¦ Õª�9ÅÒ�¦ fill�̀¦ ��6 x
���� {���2³

/BG���_� Ò�o�̀¦ G�0>ï�r��. #�l�\�"f��H axis ([-1 6 -1 6])�̀¦ ��6 x
�#� Ø�¦§4�
���H ÕªaË>

_� #3�0A\�¦ t�&ñ
K� ÅÒ%3���.

f���§ýa�§�� ��m��� �FGýa³ð_� d���̀¦ Õªwn= M:\���H polar\�¦ ��6 x
���� ~1�>� Õªwn= Ãº

e����. ��6£§ ÕªaË>�Ér r = θ_� d���̀¦ 0 ≤ θ ≤ 4π��t� Õª�2; �.���s	כ

theta = 0 : 0.05 : 4 * pi;

r = 2*sin(theta);

polar ( theta, r )

C��â
s� "é¶s� ����� ��y��+þA�̀¦ "é¶ô�Ç����� pol2cartü< plot�̀¦ s�6 x
���� �)a��.
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A four−leafrose produced by r=2sin2θ.

ÕªaË> 2.3: polarü< pol2cart\�¦ s�6 xô�Ç Õªo�l�

theta=linspace(0,2*pi,200);

r=2*sin(2*theta);

[x,y]=pol2cart(theta,r);
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plot(x,y)

axis equal

xlabel(’x-axis’),ylabel(’y-axis’)

title(’A four-leafrose produced by r=2sin 2 theta.’)

¢̧ô�ÇÕªA�áÔ\�¦ Õªo�l� 0AK�d���̀¦&ñ
o�½+É M:ô�Ç���Ãº(x�� y)\�@/K�&ñ
o�
�l���#Q

�9Ö�¦ �â
Äº�� e����. MATLAB�̀¦ :�xK� Õªwn= M:�̧ s���� ë�H]j�� e���̀¦ Ãº e����. s����

�â
Äº ezplot\�¦ æ¼��� ¼#�o�
�>� Õªwn= Ãº e����. ��A�ü< °ú �Ér d��s� e�����¦ 
���.

(x2 + y2)2 − (x2 − y2) = 0

0Aü< °ú �Ér d���̀¦ Õªo�l� 0AK� ezplot�̀¦ z�́'��K� �Ð��.

>> ezplot(’(2*x^2+y^2)^2-(x^2-y^2)’,[-1,1,-0.5,0.5])

Õª�Q��� ÕªaË>s� Ø�¦§4��)a��.

−1 −0.5 0 0.5 1
−0.5

0

0.5
(2 x

2
+y

2
)
2
−(x

2
−y

2
) = 0

x

y

ÕªaË> 2.4: ezplot\�¦ s�6 xô�Ç Õªo�l� xü< y_� #3�0A��H [−1 1]× [−0.5 0.5]s���.

V� 2 â�
 3	� Ü«8�è« Ü«h�e�

2.1 3	� surface Ü«h�e�

meshgird��H x»¡¤õ� y»¡¤_� 7�'� x1ü< y1\�¦Óü�#Q 3	�"é¶ÕªA�áÔ\�¦Õªo��̧2�¤'��§>=&ñ


_�%i��̀¦ ëß�[þt#Q ï�r��.
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• 3	�"é¶ ÕªA�áÔ\�¦ ëß�[þtl� 0AK� &ñ
_�%i� xx, yy ëß�[þt��.

>> x1 = [0 1 2 3 4 5]; y1=[-5 -4 -3 -2 -1 0];

>> [xx yy]=meshgrid(x1,y1);

ÕªaË> 2.5: meshgrid

xx��H'��§>=_����Ð�Ð�����"f 7�'� x1_�°ú̀�כ¦��t�>�÷&�¦ yy��H[j�Ð�Ð?/�9�����"f

 7�'� y1_� °ú̀�כ¦ ��t�>� �)a��. ëß���� x1�̀¦ [j�Ð�Ð y1�̀¦ ��Ë̈�¦ z�·����� ndgird\�¦

��6 xô�Ç��.

>> x1 = [0 1 2 3 4 5]; y1=[-5 -4 -3 -2 -1 0];

>> [xx yy]=ndgrid(x1,y1);

0A_� meshgrid\�¦ ��6 x
�#� &ñ
_�%i� Ω = [0 5]× [−5 0]\�"f_� /BG���

z = 12− x2 + y2

\�¦ Õª�9 �Ð��.

>> x1 = [-4 -3 -2 -1 0 1 2 3 4]; y1=[-4 -3 -2 -1 0 1 2 3 4];

>> [xx yy]=meshgrid(x1,y1);

>> zz=12-xx.^2+yy.^2;

>> mesh(xx,yy,zz);

2	�"é¶ x, y\� &ñ
_��)a 3	�"é¶ ÕªA�áÔ\�¦ Õªwn= M:\���H mesh\�¦ ��H��.

trisurfü< quiver3

clc;clear;

p=[0 0 0;1 1 1;-1 1 1;-1 -1 1;1 -1 1];
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ÕªaË> 2.6: mesh\�¦ s�6 xô�Ç ÕªA�áÔ

t=[1 2 3; 1 3 4; 1 4 5; 1 5 2];

len=length(t);

figure(1), trisurf(t, p(:,1), p(:,2),p(:,3))

for i=1:len;

v1=p(t(i,2),:)-p(t(i,1),:);

v2=p(t(i,3),:)-p(t(i,1),:);

n(i,:)=cross(v1,v2);

nrm=norm(n(i,:));

n(i,:)=n(i,:)/nrm;

end

figure(2),

quiver3(zeros(len,1),zeros(len,1),zeros(len,1),n(:,1),n(:,2),n(:,3))

trisurf_� 'Í	 ���P:\���H ������½+É [j &h�_� ��� ñ\�¦ æ¼�¦ ��6£§\���H &h�[þt_� x, y, z ýa³ð

\�¦ æ¼��� ���y���o(triangulation)�)a ÕªaË>s� ���:r��. ��6£§ ÕªaË>Ü¼�Ð quiver3��H  7�'�

�� r����½+É x, y, zýa³ð\�¦ æ¼�¦ y��y��_�  7�'�_� x, y, z\�¦ r���� &h� ýa³ð ��6£§Ü¼�Ð {9�§4�


���� �)a��.
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ÕªaË> 2.7: trisurfü< quiver3\�¦ s�6 xô�Ç ÕªA�áÔ

2.2 3	� points Ü«h�e�

scatter3\�¦ ��6 x
���� ���ª�ô�Ç ß¼l�ü< Ò�o�̀¦ ��t���H &h��̀¦ 3	�"é¶ ÕªA�áÔ îß�\� Õªwn=

Ãº e����.

ÕªaË> 2.8: scatter3 s�6 xô�Ç ÕªA�áÔ

clc;clear;

t=linspace(0,10*pi,255); t=t(:);

red=[1 0 0]; blue=[0 01];
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x=sin(t); y=cos(t);

frac=t/(10*pi); color=frac*red+(1-frac)*blue;

scatter3(x,y,t,200,color,’filled’)

2.3 3	� Ü«8�è«Uc"� contour PLl�'a ��ÇÙe�

X<s�'�\�¦ 1px�¦���Ü¼�Ð ����?/ �Ð��. ��A�ü< °ú �Ér X<s�'�A�� e�����¦ 
���. s� X<

ÕªaË> 2.9: contour "î
§î
ë�H æ¼l�.

s�'�\�"f 0_� °úכëß� ÆÒØ�¦
��9��� ��A�ü< °ú s� {9�§4�ô�Ç��.

[c h]=contour(A,[0 0]);

Õª�Q��� 1px�¦���s� 0��� X<s�'��̀¦ �̧�Ér contour '��§>= c�� Ø�¦§4��)a��. c_� 'Í	���P: '��

�Ér x_� ýa³ðs� 9 ¿º ���P: '���Ér y°ú̀�כ¦ _�p�ô�Ç��.

V� 3 â�
 Ü«8�è«Uc ÌÁ�7� Ûy�e�

title(′text′)��H ÕªA�áÔ_� ]j3lq�̀¦ ��H��.

xlabel(′text′)ü< ylabel(′text′)��H x»¡¤õ� y»¡¤_� ���Ãº\�¦ ³ðr�K� ï�r��.

grid on�Ér ÅÒ#Q��� ÕªA�áÔ\� ���������̀¦ Òqt$í
ô�Ç��.

axis imageÜ¼�Ð��H Òqt$í

��¦�� 
���H ÕªA�áÔ_� #3�0A\�¦ &ñ
K�ï�r��.

set(gca,′ xtick′, [])��H x»¡¤_� tick 7£¤, ýa³ðÕüw��\�¦ \O�E�ï�r��.
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ÕªaË> 2.10: contour�Ð zero-level set_� ÕªaË>

#��Q>h_�ÕªA�áÔ\�¦í�H"f@/�ÐØ�¦§4�Êê��1lxÜ¼�Ð jpg�� bmp�Ð$��©�
�l�0AK� saveas

"î
§î
ë�H�̀¦ ��6 x
���� ~1�>� Õª ���õ� ÕªA�áÔ\�¦ ���Ér s�2£§Ü¼�Ð $��©�½+É Ãº e��>� �)a��.

for it=1:100

fnam=sprintf(’figure0 %2.2d’,it);

saveas(gcf,fnam,’bmp’);

axis image, getframe(gcf);

end

0Aü< °ú s� {9�§4�
���� ��{9� s�2£§s� figure1.bmp\�"f figure100.bmp��t� 100>h_� Õª

aË> ��{9�s� ���Ér s�2£§Ü¼�Ð $��©��)a��.

V� 4 â�
 Vector Fields

��6£§_� �©�p�ì�r ~½Ó&ñ
d�� Ordinary Difference equation(ODE)�̀¦ Û�¦#Q�Ð��.

dy

dx
=

3x2 + 4x+ 2

2(y − 1)
(2.1)

clc;clear;

[x,y]=meshgrid(-3:.4:3,-3:.4:3);

dy=3*x.^2+4*x+2;

dx=2*(y-1);
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dyu=dy./sqrt(dy.^2+dx.^2);

dxu=dx./sqrt(dy.^2+dx.^2);

quiver(x,y,dxu,dyu)

grid off

quiver��H x»¡¤ü< y»¡¤Ü¼�Ð Óü���� ýa³ð(meshgrid)_� ô�Ç &h�\�"f  7�'�_� $í
ì�r�̀¦ ³ð

r�ô�Ç��.

p�ì�r ~½Ó&ñ
d�� (2.1)�̀¦ ��A�ü< °ú s� ��Ë̈#Q �íl�°úכ ë�H]j\�¦ ó�r��.

2(y − 1)dy = (3x2 + 4x+ 2)dx

y2 − 2y = x3 + 2x2 + 2x+ c

�íl�°úכ y(0) = −1�̀¦ ��������¦ 
���� ��H�Ér ��6£§õ� °ú ��.

y = 1−
√

x3 + 2x2 + 2x+ 4

clc;clear;

hold on

fplot(’1-(x.^3+2*x.^2+2*x-1)^(1/2)’,[0.35,2])

fplot(’1+(x.^3+2*x.^2+2*x-1)^(1/2)’,[0.35,2])

fplot(’1-(x.^3+2*x.^2+2*x+1)^(1/2)’,[-1.0,2])

fplot(’1+(x.^3+2*x.^2+2*x+1)^(1/2)’,[-1.0,2])

fplot(’1-(x.^3+2*x.^2+2*x+4)^(1/2)’,[-2,1.5])

fplot(’1+(x.^3+2*x.^2+2*x+4)^(1/2)’,[-2,1.5])

fplot(’1-(x.^3+2*x.^2+2*x+6)^(1/2)’,[-2.28,1.5])

fplot(’1+(x.^3+2*x.^2+2*x+6)^(1/2)’,[-2.28,1.5])

axis ([-3 3 -2.5 3])

s����\���H ode45�̀¦ ��6 x
�#� Õª�9�Ð��. ode45�Ér Runge-Kutta ~½ÓZO��̀¦ ��6 x


�#� Ãºu�K�$3�&h�Ü¼�Ð p�ì�r~½Ó&ñ
d���̀¦ Û�¦>� �)a��. ��6£§õ� °ú �Ér p�ì�r~½Ó&ñ
d��s� e����
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ÕªaË> 2.11: quiverü< fplot�̀¦ s�6 xô�Ç ÕªA�áÔ

�¦ 
���.

y′′ + 2y′ + y = e−t (2.2)

�íl��̧|	��Ér

y(0) = 1, y′(0) = 1

s���.

Õª�Q��� y1 = y, y2 = y′s����¦ 
��¦ y1õ� y2\� @/ô�Ç �<ÊÃº\�¦ &ñ
_�K� �Ð��.

function dy = ode_examp1(t,y)

y1=y(1);

y2=y(2);

dy1 = y2;

dy2 = -2*y2 -y1 +2*exp(-t);

dy = [dy1;dy2];

�&³F� directory\��<ÊÃº��{9��̀¦$��©�
��¦ Command Window\���6£§õ�°ú s�{9�

§4�ô�Ç��.
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>> [t,y]=ode45(@ode_examp1,[0 10],[1;0]);

"î
§î
ë�H F�c ñ ×�æ @��H �<ÊÃº\�¦ ÂÒØÔl� 0Aô�Ç l� ñs� 9 t_� #3�0A��H [0 10]��t� s� 9 �í

l��̧|	� y1(0) = 1, y2(0) = 0s�Ù¼�Ð [1;0]�̀¦ {9�§4�
�%i���. s�]j ��H�̀¦ Õªo�l� 0AK�

plot"î
§î
ë�H�̀¦ z�́'��K� �:r��.

>> plot(t,y(:,1))

ode45\� _�K� Òqt$í
�)a y_� 'Í	 ���P: \P�s� ��Hs�Ù¼�Ð y(:,1)ëß� Ø�¦§4�
�%i���. Õª�Q��� K�
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ÕªaË> 2.12: ode45\�¦ s�6 xô�Ç plot

$3�K�ü< q��§K� �Ð��.

%�6£§Ü¼�Ð d��(2.2)_� {9�ìøÍ��H(general solution)�̀¦ ½̈
�l� 0AK�

y′′ + 2y′ + y = 0 (2.3)

0A_� d��_� ��H�̀¦ �©�Ãº r�̀¦ ��t��¦ y1(t) = erts����¦ 
���. Õªo��¦ d��(2.3)\� s� ��H

�̀¦ V,�Ü¼��� ��6£§õ� °ú �Ér d���̀¦ %3���H��.

0 = y′′1 + 2y′1 + y1 = (r2 + 2r + 1)ert = (r + 1)ert

����"f r = −1s�Ù¼�Ð y1(t) = e−ts���. ��6£§Ü¼�Ð d’Alembert’s Method�̀¦ &h�6 xô�Ç

��. �̧��H ��Hy(t)�̀¦ #Q�"� t\� @/ô�Ç �<ÊÃº ν(t)õ� y1(t)_� Y�LÜ¼�Ð ����è­q Ãº e�����¦ 
�
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��. Õª�Q��� ��6£§õ� °ú �Ér p�ì�rd���̀¦ %3���H��.

y = νe−t

y′ = (ν ′ − ν)e−t

y′′ = (ν ′′ − 2ν ′ + ν)et

0A d��[þt�̀¦ ��r� d��(2.3)\� V,�Ü¼���

0 = y′′ + 2y′ + y

= ν ′′e−t

s���. Õª�QÙ¼�Ð #Q�"� �©�Ãº c1ü< c2\� @/
�#� ν(t) = c1 + c2ts�Ù¼�Ð {9�ìøÍ��H�Ér

y(t) = ν(t)y1(t) = c1e
−t + c2te

−t

s���. =åQÜ¼�Ð nonhomogeneous equation\�@/ô�Ç particular solution�̀¦ Y = Y (t)��

�¦ 
��¦ p�&ñ
 >�Ãº ~½ÓZO�(Method of Undetermined Coefficients)Ü¼�Ð ��H�̀¦ ½̈K� �:r

��. Õª�Q��� ��H�Ér Y ′′ + 2Y ′ + 2Y = 2e−t ëß�7á¤
�Ù¼�Ð ��H�̀¦ ��6£§õ� °ú s� ��&ñ

�>�

÷&���

Y (t) = eαt(A0t
2 +A1t+A2)

s� d��_� �©�Ãº α, A0, A1, A2��H ��6£§�̀¦ :�xK� ���&ñ
�)a��.

2e−t = Y ′′ + 2Y ′ + 2Y

=
[
(α+ 1)2A1

]
t2eαt +

[
4(α+ 1)A0 + (α+ 1)2A1

]
teαt

+
[
2αA0 + 2(α+ 1)A1 + (α+ 1)2A2

]
eαt

α�� -1{9� M: 2A0e
−t�� ÷&#Q A0 = 1s��¦ A1 = A2 = 0s� �)a��. ����"f particular

solution�Ér Y (t) = t2e−ts��¦ �íl� �̧|	��̀¦ &h�6 x
���� ��H�Ér

y(t) = e−t + te−t + t2e−t

s���. K�$3�K���H ��A�ü< °ú s� MATLABÜ¼�Ð Õªwn= Ãº e����.
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clc;clear;

n=100;

t=linspace(0,10,n);

c1=1;c2=1;

y=c1*exp(-t)+c2*t.*exp(-t)+t.^2.*exp(-t);

figure(2),

plot(t,y)

V� 5 â�
 ¡�́�¿ÊÁUc"� Ü«8�è« Ü«h�e�

4�¤�èÃº\�¦ ��t���H &ñ
_�%i� Ω ⊂ C\�"f

Ω = {η| −∞ ≤ Re(η) ≤ ∞, 0 ≤ Im(η) ≤ π},

��6£§õ� °ú �Ér �<ÊÃº(exponential mapping, meromorphic function)�� e�����¦ 
�

��.

z(η) =
√
1 + eη.

Õª�Q���s��<ÊÃº��HýeÄº�Ð|��{�(The domain of parallelism)\�¦ (1,0)�����(pole)

"é¶_� {9�ÂÒì�rÜ¼�Ð �Ð?/>� �)a��.

clc;clear;

nu=50; nv=50;

uu =linspace(-2,3,nu);

vv =linspace(0,pi,nu);

figure(1),

[u,v]=meshgrid(uu, vv);

plot(v,u,’b-’)

for ii=1:nu

for jj=1:nv

h(ii,jj) = uu(ii) + vv(jj)*i;
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ÕªaË> 2.13: η\�"f zÜ¼�Ð_� �<ÊÃº, (η) =
√
1 + eη�̀¦ s�6 xô�Ç 4�¤�èÃº ÕªA�áÔ

end

end

figure(2),

plot(sqrt(1+exp(h)),’b’)

axis square; grid on
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3�©�

MATLAB {9�Ø�¦§4�

V� 1 â�
 ��·�]�

>�íß�
���H ×�æçß�s���H =åQs� ��"f ���õ�°ú̀�כ¦ Ø�¦§4�½+É ��¹כ��9 e����. Õª��� �â
Äº disp "î


§î
ë�H�̀¦ ��H��.

clc;clear;

n=9;str=’ ¬Éá£Ïò’;

disp(str)

disp(n)

0Aü< °ú s� {9�§4�
��¦ z�́'��
����

¬Éá£Ïò

9

s� ���:r��. ë�H�©�s��� éß�#Q ×�æçß�\� Õüw��\�¦ ¶ú�{9�
��¦ z�·Ü¼��� sprintf\�¦ +��̧ �)a��.

>> n = 9;

>> sprintf(’ ¬Éá£Ïò %d’,n)

¬Éá£Ïò 9
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Ø�¦§4��̀¦ ���r� "3�ÆÒ�¦ ���'��
��9��� pause�Ér ��H��. pause(t)\�"f t�í ëß��pu_� "3�ÆÒ%3�

���� z�́'���̀¦ ���'��
�>� �)a��.

V� 2 â�
 ����]�

load\�¦æ¼�����ÅÒ	�HX<s�'��̧~1�>�{9�§4�½+ÉÃºe����. �&³F� directory\� data.dat��

��H ��{9�\� X<s�'��� $��©�÷&#Qe�����¦ 
���.

%%%%% data.dat %%%%%

1 2 3

2 3 4

3 3 3

Õª�Q��� load data.dat���¦ {9�§4�
���� workspace\� data�� {9�§4��)a��.

V� 3 â�
 PLl�'a 6��×6�e�

MATLAB_� workspace\�$��©��)aX<s�'�\�¦��{9��ÐØ�¦§4�½+ÉÃºe����. ��§î
 points��

��H X<s�'��� MATLAB\� $��©�÷&#Q e�����¦ 
���.

fid=fopen(’points.m’,’w’);

fprintf(fid,’%f %f %f \n’,points);

fclose(fid);

0Aü< °ú s� {9�§4�
���� points.ms�����H ��{9��̀¦ Òqt$í

��¦ points_� x, y, z_� 3>h_� '��

�̀¦ ��{9��Ð æ¼>� �)a��.

V� 4 â�
 #b�a 5��+ ¥o>¢4́ÛÖS Ü«ÍÏ�£�· �â ÆZ�(�×ãÃ�× 6��×6�e�

Äº��� #��Q >h_� ���5Åq�)a ÕªaË>�̀¦ ëß���H��. Õªo��¦ Õª ÕªaË>_� s�2£§�̀¦ 7£x��
���H &ñ
Ãº

�Ð ³ð�&³
�#� y�� ÕªaË>�̀¦ áÔYUe��Ü¼�Ð t�&ñ
ô�Ç��.

filename = sprintf(’figure%d’, i);

saveas(gcf, filename, ’jpg’);
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pause(0.1)

M(i) = getframe;

#�l�"f filename�Ér���5Åq�)a&ñ
Ãº_���{9�s�2£§�̀¦~ÃÎ��ÕªÕªaË>�̀¦ saveas�Ð
�#� jpg��

{9� +þAd��Ü¼�Ð $��©�
��¦ i���P: áÔYUe���̀¦ M(i)Ü¼�Ð $��©�
�>� �)a��. Õªo��¦ ��A�ü<

°ú s� {9�§4�
���� movies.avi����H %ò
�©���{9�s� ëß�[þt#Q �����.

>> movie2avi(M, ’movies.avi’);

V� 5 â�
 Excel PLl�'a ����§ 6��×6�e�

��A�ü<°ú s�ë�H��ü<Õüw���Ð÷&#Qe����H"lo!sq��{9� abc.xls��e�����¦
���. MATLAB

"î
§î
#Q xlsread X<s�'�\�¦ {9�§4� ~ÃÎ�̀¦ Ãº e����.

ÕªaË> 3.1: "lo!sq��{9� {9�l�

[number, text] =xlsread(’abc’);

s����¦ {9�§4�
���� Ãº��H number\� ë�H����H text\� [þt#Q��>� �)a��. s�]j "lo!sq ��{9�

�̀¦ ?/�Ð?/l� 0AK� xlswrite "î
§î
#Q\�¦ +��Ð��. ��A�ü< °ú s� ë�H��ü< Õüw���� �<Êa�

!sq(cell)\� e����.

M = ’a’, ’b’; 1 2; 3 4; 5 5;

Õª�Q��� "lo!sq_� B2\�"f '��§>=�̀¦ +��Ð��. ��A�ü< °ú s� {9�§4��̀¦ ô�Ç��.
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xlswrite(’abcd.xls’, d, ’aaa’, ’B2’)

Õª�Q��� abcd.xlss�����H ��{9��̀¦ ëß�[þt#Q aaa����H sheet_� B2\�¦ r����Ü¼�Ð '��§>=�̀¦ {9�

§4�
�>� �)a��.
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MATLABõ� p�ì�r~½Ó&ñ
d��

V� 1 â�
 Euler '�×ß��

ô�Ç &h� (ti, yi)\�"f 1	� p�ì�r�<ÊÃºf(ti, yi)��H s� &h�\�"f_� l�Ö�¦l�ϕ\�¦ _�p�ô�Ç��.

ϕ = f(ti, yi)

Õª�Q��� s� p�ì�r~½Ó&ñ
d���̀¦ s�6 x
�#� t»¡¤_� ti&h�\�"f hëß��pu s�1lxô�Ç &h� ti+1 = ti + h

\�"f_� yi+1°ú̀�כ¦ ÆÒ&ñ
½+É Ãº e����.

yi+1 = yi + f(ti, yi)h (4.1)

0A d��(4.1)�̀¦ s�6 x
�#� ��H��°ú̀�כ¦ ½̈
���H �¦̀�	כ Euler ~½ÓZO�s����¦ ô�Ç��. ��6£§_� �í

l�°úכ ë�H]j\�¦ �Ð��.

dy

dt
=

3t2 − et

2y − 5
, y(0) = 1 (4.2)

Äº��� d�� (4.2)�̀¦ K�$3�&h�Ü¼�Ð ½̈
�#� Õª °úכõ� Euler ~½ÓZO�Ü¼�Ð ��H��ô�Ç °ú̀�כ¦ q��§K�

�Ð��. K�$3�K�\�¦ ½̈
�l� 0AK� ÅÒ#Q��� d��\� integrating factor e1/2t\�¦ Y�L
��¦ �íl�

°ú̀�כ¦ V,�#Q ��H�̀¦ ½̈
����

y = −13e−t/2 − 4t+ 14 (4.3)
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d��

s���. s�]j Euler ~½ÓZO�Ü¼�Ð y�� t1 = 0.2, t2 = 0.4, · · · , t5 = 1.0\�"f_� yi, i =

1 · · · 5_� °ú̀�כ¦ ÆÒ&ñ
K� �Ð��. t_� ß¼l� ����o(step size)\�¦ {9�&ñ

�>� h = ti+1 − ti =

0.2s����¦ 
���� t1 = 0.2\�"f_� 'Í	 ���P: ÆÒ&ñ
°úכ Y (1) ≈ y(0.2)�Ér ��6£§õ� °ú s� jþt

Ãº e����.

Y (1st) = y(t0) + f(t0, y0) · (h)

y(0.2) ≈ Y (1) = y(0) + f(0, 1) · (0.2)

��ðøÍ��t��Ð ¿º ���P: ÆÒ&ñ
°úכ Y (2)��H 'Í	 ���P: ÆÒ&ñ
°úכ Y (1)�̀¦ s�6 x
����

−0.2 0 0.2 0.4 0.6 0.8 1 1.2
0

0.5

1

1.5

2

2.5

3

intial value

Y(1)

Y(2)

Y(3)

Y(5)Y(4)

ÕªaË> 4.1: �̧Bj��� xü< y(i)_� �'a>�

Y (2nd) = y(t1) + f(t1, y1) · (h)

y(0.4) ≈ Y (2) = Y (1) + f(0.2, Y (1)) · (0.2)

s���. ÕªaË>(4.1)�Ér 0A d��_� y(ti) 1 ≤ i ≤ 5�̀¦ �����·p �.���s	כ

7£¤, ÕªA�áÔ\�"f_� Y (i)��H  7�'�°úכs� 9 y(ti)_� °ú̀�כ¦ ����?/>� �)a��. \V\�¦ [þt#Q

y(3)�Ér y 7�'�_� [j ���P: °úכÜ¼�Ð"f x �̧Bj���_� x = 0.6\� K�{©�
���H °ú̀�כ¦ _�p�ô�Ç��.

Y = [y(t0) + f(t0, y0)h, y(t1) + f(t1, y1)h, y(t2) + f(t2, y2)h, · · · y(t5) + f(t5, y5)h]
T
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��6£§Ü¼�Ð Euler ~½ÓZO��̀¦ ��6 x
�#� t = 1{9� M: y(1.0)�̀¦ °ú̀�כ¦ ÆÒ&ñ

�#� �Ð��. t��s�

_� çß����(h)\�¦ 0.2�Ð ¿º%3�l� ë�H\� y(1.0)_� °úכ�Ér Y 7�'�_� ��$Á	 ���P: °úכ Y (5)s� �)a

��. y�� ti &h�\�"f ��H_� �©�@/ �̧	���H ��6£§õ� °ú s� &ñ
_��)a��.

t y�<ÊÃº°úכ Y 7�'� K�$3�K� ��H��K� �©�@/ �̧	�

0.2 y(0.2) Y(1) 1.5000 1.4371 4.1924

0.4 y(0.4) Y(2) 1.8700 1.7565 6.0695

0.6 y(0.6) Y(3) 2.1230 1.9694 7.2368

0.8 y(0.8) Y(4) 2.2707 2.0858 8.1411

1.0 y(1.0) Y(5) 2.3236 2.1151 8.9743

³ð 4.1: Table (h = 0.2{9� M: K�$3�K�ü< ��H��K�_� �©�@/ �̧	�(relative error))

100× (��H��K�-K�$3�K�)

��H��K�
.

clc;clear;

previous_value=1;

h=0.2;

t=0:h:1;

tend=length(t);

dydt=@(t,y) (3-2*t-0.5*y);

y=zeros(1,tend);err=zeros(tend,1);

y(1)=previous_value;

for i=1:tend-1

y(i+1)=previous_value+dydt(t(i),previous_value)*h;

previous_value=y(i+1);
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d��

0 0.2 0.4 0.6 0.8 1
1

1.2

1.4

1.6

1.8

2

2.2

Analytic solution

Numerical solution;
Euler’s method

ÕªaË> 4.2: K�$3�K�ü< ��H��K�_� 	�s�

end

figure(2),

plot(t,y,’o-’)

hold on

yanly=-13.*exp(-t./2)-4.*t+14;

plot(t,yanly)

axis image

% relative error

err=100*(y(:)-yanly(:))./(y(:));

fprintf(’ t true estimate error\n’)

disp([t’ y’ yanly’ err])
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MATLAB\�"f Z>����Ér t�&ñ
s� \O�Ü¼��� i, j�� 4�¤�èÃº\�¦ ����?/��H Ãº�� �)a��. ëß�{9�

(1 + i)4\�¦ ½̈ô�Ç����� ��A�ü< °ú s� {9�§4�ô�Ç��.

>> (1+i)^(4)

ans =

-4

¢̧ô�Ç p(x) = x2 + 1_� ��H(roots)�̀¦ ¹1Ôl� 0AK�"f��H �<ÊÃº p_� >�Ãº\�¦ 	�YV@/�Ð {9�§4�

ô�Ç Êê roots "î
§î
#Q\�¦ ��6 xô�Ç��.

>> p=[1 0 1];r=roots(p)

r =

0 + 1.0000i

0 - 1.0000i

��H(roots)�Ér i,−ie���̀¦ ·ú� Ãº e����.

�<ÊÃº f�� ������̀¦ �É� ô�Ç &h� a ÅÒ���(neighborhood)\�"f K�$3�&h�(analytic)s��¦ ëß�

{9� limz→a f(z) = ∞s���� �<ÊÃº f_� ô�Ç &h��̀¦ poles����¦ ô�Ç��. ¢̧ô�Ç �<ÊÃº f�� �ª�_�

&ñ
Ãºn�̀¦ °ú��¦ �<ÊÃº g�� &h� a\�"f ��6£§ d��(5.1)�̀¦ ëß�7á¤
����"f \O�#Qt�t�(vanishing)

·ú§�̀¦M:Õª n�̀¦ order���¦
��¦s�ü<°ú s� discrete poles\�¦]jü@
��¦ analyticô�Ç�<Ê
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Ãº\�¦ meromorphics����¦ ô�Ç��.

f(z) =
g(z)

(z − a)n
. (5.1)

V� 1 â�
 The Residue Theorem

4�¤�è�<ÊÃº\�"f residue theorem�Ér complex line integrals�̀¦ >�íß�
���HX< ×�æ¹כ
���.

�<ÊÃº f(x)_� z0\�"f_� residue�Ér Laurent expansion f(z) =
∑∞

n=−∞ an(z − z0)
m,

0 < |z − z0| < ρ\�"f_� >�Ãº a−1\�¦ _�p�ô�Ç��. 7£¤, ��6£§õ� °ú ��.

Res[f(z), z0] = a−1 =
1

2πi

∮
|z=z0|=r

f(z)dz (5.2)

where r is any fixed radius satisfying 0 < r < ρ. (5.3)

\V\�¦ [þt#Q &ñ
_�ü< °ú s� complex line integrals�̀¦ ô�Ç��.

Res[
1

z
, 0] = 1, Res[

1

z − z0)2
, z0] = 0 (5.4)

MATLABÜ¼�Ð ��A�_� d��_� polesõ� residue�̀¦ >�íß�K� �Ð��.

f(z) =
1

z2 + 2iz + 3
(5.5)

residue�̀¦��6 x
���� r�Ér residueü<Õª\�K�{©�
���H p_� poleÕªo��¦ direct term k\�¦

Ø�¦§4�ô�Ç��.

>> p=[1];q=[1 2*i 3];[r,a,k]=residue(p,q)

r =

-0.0000 + 0.2500i

0.0000 - 0.2500i

a =

0 - 3.0000i

0.0000 + 1.0000i

k =

[]
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V� 2 â�
 Complex Line Integral

Complex Line Integral�̀¦>�íß�K��Ð��. ���½̈çß�(straight line segment) 0\�"f 1+i\�

"f
∫ 1+i
0 z2\�¦ ½̈ô�Ç���¦ 
���. Õª�Q��� z\� @/
�#� t\�¦ ��6 x
�#� xü< y�Ð B�>h���Ãº

�o ô�Ç��. 7£¤, z(t) = t + ti, 0 ≤ t ≤ 1. Õª�Q��� x(t) = t, y(t) = t�� ÷&#Q

dz = dx+ idy = (1 + i)dt�̀¦ %3���H��. s�]j &h�ì�r�̀¦ 
����∫ 1+i

0
z2dz =

∫ 1

0
[(1 + i)t]2(1 + i)dt = (1 + i)3

∫ 1

0
t2dt =

(1 + i)3

3
(5.6)

�̀¦ %3���H��. s� >�íß��̀¦ MATLABÜ¼�Ð K��Ð��.

clc;clear;

syms t real;

y=t; x=t; z=simple(x+i*y);

f=z^2;

Integrand=f*diff(z,t);

F=int(Integrand,’t’,0,1);

F=double(F)

F =

-0.6667 + 0.6667i

0A >�íß��̀¦ B�>h���Ãº\�¦ ��6 x
�t� ·ú§�¦ çß�éß�
�>� ½+É Ãº e����H ~½ÓZO��̧ e����. ?/�©��<Ê

Ãº quad\�¦ s�6 x
�#� 0A_� d���̀¦ Û�¦#Q �Ð��.

clc;clear;

f1=’z.^2’;

c1=1+i;

cli=quad(f1,0,c1);

cli =

-0.6667 + 0.6667i
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Õª�Q��� B�>h���Ãº\�¦ ��6 xô�Ç °úכõ� 1lx{9�ô�Ç °ú̀�כ¦ %3��̀¦ Ãº e����.
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MATLABõ� l�
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V� 1 â�
 (Curvature)·���כ�

/BG����̧y��
−→
X : U ⊂ R2 → R3\� �̧�ª� ���íß���(shape operator)����H ��Ér	כ /BG��� �©�_�

ô�Ç ]X� 7�'�\�¦ /BNçß� �©�_�  7�'��Ð �Ð?/ÅÒ��H ���©� S\�¦ ú́�ô�Ç��.

/BG��� �̧y��
−→
X_� ]j 1l��:r +þAd��(First Fundamental Form)

E =:<
−→
Xu,

−→
Xu >, F =:<

−→
Xu,

−→
X v >, G =:<

−→
X v,

−→
X v >

function f1 = EFG(r)

syms u v real;

ru = diff(r, u);

rv = diff(r, v);

E = ru*ru’;

F = ru*rv’;

G = rv*rv’;

f1 = simplify([E, F, G]);

end

]j 2l��:r +þAd��(Second Fundamental Form)
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e =:<
−→
Xuu, N >, f =:<

−→
Xuv, V >, g =:<

−→
X vv, N >

function f2 = LMN(X)

syms u v real;

ru = diff(r, u);

rv = diff(r, v);

ruu = diff(ru, u);

ruv = diff(ru, v);

rvv = diff(rv, v);

n = cross(ru, rv);

UN = n/simple(sqrt(n*n’));

L =UN*ruu’;

M = UN*ruv’;

N = UN*rvv’;

f2 = simplify([L, M, N]);

end

î̈
ç�H /BGÒ�¦ Hü< ��ÄºÛ¼ /BGÒ�¦ K��H ��6£§õ� °ú s� &ñ
_��)a��.

H =
eG− 2Ff +Gg

EG− F 2
K =

eg − f2

EG− F 2
(6.1)

î̈
ç�H /BGÒ�¦ >�íß�
�l�

f = simplify((G*L + E*N - 2*F*M)/(2*E*G - 2*F^2))

��ÄºÛ¼ /BGÒ�¦ >�íß�
�l�

function f = GK(r)

syms u v real;

S = EFG(r);

T = LMN(r);

E = S(1);

F = S(2);

G = S(3);
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L = T(1);

M = T(2); N = T(3);

f = simplify((L*N - M^2)/(E*G - F^2));

end

\V)

clear;clc; syms u v R real; helicoid = [u*cos(v), u*sin(v), v];

aa=GK(helicoid)

simplify(aa)

%Answer: -1/cosh4 u
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