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18 2= RN 15 R RS

o # ¥l ( complex numbers ) EEIRBH N EHN—TEHF -
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18 2= RN 15 R RS

o # ¥l ( complex numbers ) EEIRBH N EHN—TEHF -

o RZHHUMEBEHAKMARTRANMOHEN - UHFEE
ERIIRCRIER -

o BEMERREZ RV ERATHREHNEAREEE
73k - TEEIRFEOREIRE -

o WEIRI—MILAR -

c=a+bi (E%f’fﬁ%f’fﬁ)
= zcos B + (zsin )i = ze?| (IBEZERNE)

Hohj= /152 i?2=—-1-
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A JEE AR ] ) 4R

o BEEZBHEFBAUIE (2,0) s (a,b):

a= zcosb,

b= zsinf
o EREMIEEBEE (a,b) —> (2,0):
z=+/a%+ b,

b
0 =tan" ' =,
a

HohigA ¢ o] IHK R atan2(b,a) Hatan2d (b, a) KF -
Bt BaEs#ERE —7m <0 <73 —180° < < 180° -
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BREHNERES
IR AIMEEE ¢ = a1 + bii =zt T
Cy = ag + byi = deiez, E&=NEZERRI T :
o HAMER:

ctc=(arxaz)+ (b £ bo)i,

c) X c@ = (a1ay — bi1ba) + (a1by + bragz)i,
c _aiay+biby  bia—aby.

o a%+b§ ag—i—bg

o AT

€1 £ 2 = (z1 00801 £ z9c0803) + (21 sin 0y £ zo8in bs)i,

€1 X G = (leg)ei(61+92) a_ ﬂef(91—92)

’ () V) 0{?@
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— LR MHRAR R ERH

o BEKEIEWR: RVRE f: C— C MBS -

o MMUME - TIEEE: KECHEHNEZEHEERIREL
EmER - AR A c RN WRSEIERRE Ax= \x, B
A € C BEEHE (eigenvalue) - B xc CN BEEFEMIE

EHRHEIME (eigenvector) °

o M - RN HEIEWR - BMOHRENER - BERMK
B ... .
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B BRI

Q FHARNEE it j REELREE - EMEEE MATLAB
AR V-1 °
>> cl =4 + ix3

cl =

4.0000 + 3.0000i
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B BRI

O EAARE i3l j RELEERE - EWMEERE MATLAB
WAL R V-1 °

>> cl =4 + ix*3
cl =
4.0000 + 3.0000i
Q0 HEEGEHFHNEHMAZE  INL 13 j RKIEEERENE
HED
>> cl =4 + 3i
cl =

4.0000 + 3.0000i
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EEHABERRGESR
o BAREET > > = < <= REEREFNVEEHI D -
>> cl =4 + 3i; c2 3 + 8i;
>> cl > c2

ans =

1 % R c1 > c2 ZBEA (true)!

\\
»
Q
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ERIHEERRGER T
o BAREET > > = < <= REEREFNVEEHI D -
>> cl =4 + 3i; c2 3 + 8i;
>> cl > c2

ans =

1 % BRI c1 > c2 BHEM (true)!
o REEMNRGKERZILEEBRHNEBHE
d=z=+va+h
AN - MAZLEEREHERRIAR/N -

>> compare_abs = [abs(cl), abs(c2)]
compare_abs =

5.0000 8.5440 -
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RER

BE T EEEEENRNT -
@Rl
O BIREEEMIRT: real ~

o MATLAB
LA AS

o SLEPR

D=

imag FRT

O BHEHAB/ERI: abs

angle FHRT -

O HERE: 82 M EHRE BN —AREEFHR
K2 - BIE0 - MATLAB B9 sin  cos * log * sqrt FER I
o URIBESERIBAE - )
L2
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— L IREHE R ERAILA T

BRI 0 pul
conj(c) FHE c WHIES - NR c = a + bi-
A conj(c) = a —bi -
real(c) BEREIEE c WEREMD (real part) °
imag(c) BEIEE c WERED (imaginary part) °
isreal(c) | MRS ¢ ANTRELBEHE D -
BMEME] true & (1) -
abs(c) BERIEE c NBHEA/N -
angle(c) FH atan2(imag(c),real(c)) WA F - 518

BOEH c WAE -
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EEE R E

MATLAB £ #ERNE ABHERNBEF I BLEMAAR -
PUEFEEELREL (complex-valued function)

y(t) = e " (cost+isint), 0<t<d4n
NEF A -

EEER A EE
0:pi/20:4%pi;
y = exp(-0.2#*t) .*(cos(t)+i*sin(t));
plot(t,y, 'LineWidth',2);
title('\bf Plot of Complex Function vs Time');
xlabel('\bf \it t');
ylabel('\bf \it y(t)');
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HHNEBRLER (X LB)

Plot of Complex Function vs Time
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73E—: EBERMETHNER

t = 0:pi/20:4*pi;

y = exp(-0.2xt) .*(cos(t)+i*sin(t));
plot(t,real(y), 'b-"', 'LineWidth',2);

hold on;

plot(t,imag(y),'r--', 'LineWidth',2);
title('\bf Plot of Complex Function vs Time');
xlabel('\bf \it t');

ylabel('\bf \it y(t)');

legend('real part','imag. part');

hold off;
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B BIRV4E

Hung-Yuan Fan (3

B4R (& LH)

Plot of Complex Function vs Time
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735 ERERBETLNER

t = 0:pi/20:4xpi;

y = exp(-0.2%t) .*(cos(t)+i*sin(t));
plot(y,'b-', 'LineWidth',2);

title('\bf Plot of Phase Portrait (HHUE)');
xlabel('\bf Real Part');

ylabel('\bf Imaginary Part');
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HHNEBRLER (X LB)

Plot of Phase Portrait (i{i[&])
0a . - T T T
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HiE=: EEERMETHNER

t = 0:pi/20:4%*pi;

y = exp(-0.2*t) .*x(cos(t)+i*sin(t));
polar(angle(y) ,abs(y));

title('\bf Plot of Phase Portrait (MREEAZ[E)');
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B BIRV4E

Hung-Yuan Fan

B4R (& LH)

Plot of Phase Portrait (i HE¥[E])
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FEN: ERERBEFNER (BBIR)

t = linspace(0,4*pi,4ed);

y = exp(-0.2xt) .*x(cos(t)+i*sin(t));

comet (real (y) ,imag(y));

title('\bf Plot of Phase Portrait (FEMIEIEIZR)');
xlabel('\bf Real Part');

ylabel('\bf Imaginary Part');
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HHNEBRLER (X LB)

Plot of Phase Portrait ({fl{i[ElihaE)
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A5
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_HEEE — e Al

o MIMMEDZIN 4  HWHSHMRET -
_,\EIEXM\ AL ~ fTELE = (B4 E AR -

@B

& s13 an | a2 | w3) | 1.4 B2 34 8%Ek -
L omem [ @) | @2 | @) | @9 g g — R
# fotEaIm (347)
® | ®mm [ an [ 62 | 63 | 60 | mam

F|IT B|2T BT 4T

& 2
== BR3x4x2 (351417 28 8

[ ] ez | a3y ] aso =4pE7 - BEIBE—BITEN
& gm [ o | azy | asn [ s [jEs MRl Rl ) oom
e | =mem [@n [@an [ @an | @sn (@42 —_—
= g3 | @L) | Gal) | Gan | Gan

#=13
FIF BT BT BT «E
3
= AR

B2
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— MR SIRYE T

O HH—#EZE _AERESIFTER -
[t 234; 567 8; 910 11 12];

>> a =
>> a(:,:,2) = zeros(3,4)
% Z8 a 2@ 3 x4x2 WA -
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— MR SIRYE T

O HBH—#sE _M#REIIPTEMN -
> a=[1234; 567 8; 910 11 12];
>> a(:,:,2) = zeros(3,4)
% BE a 2@ 3x4x2 BypE3 -

© B MATLAB NZELRKTLER -
>> b = ones(4,4,2)
>> ¢ = randn(2,2,3)
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BE D HEFESIRVAEE A/
o HRTndims: FAZKREVISZHEIESIRVMEE -

>> ndims(c)

ans =

3
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BE D HEFESIRVAEE A/
o HRTndims: FAZKREVISZHEIESIRVMEE -

>> ndims(c)

ans =
3
o M size: FAREVSZHEFESIRIA/N »
>> size(c)
ans =

2 2 3
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— MBI HARRVAE E]

=641 o ehiRiaERE]
g 5% R

plot3ix,y,z) | DREIMAE «,y B z KEXERGSEEE—EESHOLUE 8
e S i

plot3(x,y,z,"str'y | DUEHISER st ATIEE0E THEBH = i ZRdhie
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BT plot3 RYEEAY (1/2)

t = linspace(0,30,120);
plot3(t.*sin(t),t.*cos(t),t,'-ro');
title('\bf Plot of 3D Parametric Curve');
xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');
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5 R (ﬁ(tg)

Plot of 3D Parametric Curve
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BRI plot3 AYEEHI (2/2)

t = linspace(0,30,120);
plot3(t.*sin(t),t.*cos(t),t,'-ro',...
t.*sin(t) ,t.*cos(t),-t,'-bd');

title('\bf Plot of 3D Parametric Curve');
xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');
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SHHRBELER (R LH)

Plot of 3D Parametric Curve
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AT A SR E 2 = fx, y) ROBITZ?

o WIRIHH fx,y) T
z= f(X,y)
- Bl o4 H R B0 — MR E ) -

RBLET (x,y) NARHZD

@ RZEZf

AR (x,7,2)

o) T%l
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& = B R

Step 1 17 x BAFN y BAT5 [0 ERY _#ERE5 xx B2 yy ©
o HEFHESAHRBEAMEINAETE -
o AT meshgrid BEIERMIES -
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& = B R

Step 1 17 x BAFN y BAT5 [0 ERY _#ERE5 xx B2 yy ©
o HEFHESAHRBEAMEINAETE -
o AT meshgrid BEIERMIES -

Step 2 Y7 z #i5 ) ER _#EES 2z -
o EREHAESAHBBEMAMES 2z FUTE -
o FHERE z = flx,y) WEEAPESBER Y — MEfES) 2z
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& = B R

Step 1 17 x A0 y 87510 EAY —AEMESI xx B yy -
o HEFHESAHRBEAMEINAETE -
o AT meshgrid BEIERMIES -

Step 2 Y7 z #i5 ) ER _#EES 2z -
o EREHAESAHBBEMAMES 2z FUTE -
o FHERE z = flx,y) WEEAPESBER Y — MEfES) 2z

Step 3 EAHARRINER-HETLNESHKE -
o mesh(xx,yy,zz): EX—AMHEE (mesh) S ERIEE
(wireframe) -
o surf(xx,yy,zz): EF—EAHEE (surface) °
o contour(xx,yy,zz): EX—(EFS#&E (contour) -
o ZEFEMEA title * xlabel * ylabel * zlabel FEKT(IE/NE
A SEIE e
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MATLAB ol EE RS L #fE5? (1/2)

IR x - y 8 FEURAVAEAERL (grid points) BUE IR
X:{XMXQ-/"'?XNL y:[yl,y2,"'7_)/m]7
MATLAB E& _# M5 xx 2 yy BB MIIFEEAZ

X1 X2 0 Xp ywvn»nn - n
X1 X2 - Xp oo Y2 o0 Y2

XX = : : : e Rmxn’ yy: : : : 6 Rmxn
X1 X2 -+ Xp Ym Ym - Ym
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MATLAB ol EE RS L #fE51? (2/2)

I - B2 z SR ARER S 2z REEER

f(Xl, )/1) f(X2, )/1) T (Xm Y1)

fixi,y2)  fxo,y2) - f(Xnva) .
7z = ) . eR ,

f(xla )’m) f(X27ym) e f(Xnym)

Hoh - m Z2RE y WTREEHE n EOE x NoRER -

Note: ERTTRETTRAEIESH RO - B LIES
B2 2z
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gt

EFEBE x=1,23 My=1,23 4 HHELERESRKE
2= flxy) = /R + 7

B, Bl MATLAB SUfalae E RSl xx M yy?
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BHIES (K LE)

> xx =[123;123;123; 12 3]

XX =

1
1
1
1

NN NN
w wWw w w
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BHIES (K LE)

> xx =[123;123;123; 12 3]

XX =

NN NN
= w w w w

>> vy 11; 222; 333; 44 4]

yy

SN -
S wWw N -
W NN -
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(EJ=E) meshgrid PR = 2 17 P B

# 6.1.2 meshgrid() g9{EA
[ e 5

meshgrid (vx,vy) LA 8 v A2 x B BRI BEE0IE @ bl v 105 y B @ ERIES
B ER - AR PRIE AR o BE yy - LU= HERRERTT

>> vx = 1:3; vy = 1:4;

>> [xx,yy] = meshgrid(vx,vy)
% B AR xx ~ yy B EREAIRVAERARE)
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E LA BAOIUEL 2= fx, y) NAEE:
>> zz = sqrt(xx. 2+yy."2); % BUREEN ] 2z

>> mesh(xx,yy,zz)
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B3R - HAMOIUEL z= f(x,y) KNEHEE:

>> surf (xx,yy,22)
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|

iﬂ 5l

ERE 4<x<4PR -3<y<3EEL REEBNIAIE
RS 0.1 - @REE

z=fx,y) = e 0-5(<+0.5(x=)?)

WAEEE - HEENSESRE -
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fERRA nesh IR (& L)

[xx,yy] = meshgrid(-4:0.1:4,-3:0.1:3);
zz = exp(-0.5*%(xx."2+0.5%(xx-yy)."2));
mesh (xx,yy,22) ;

title('\bf Mesh Plot');

xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');
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SHHRBELER (R LH)

Mesh Plot

0.8
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BRKT surf BA2RHE (L)

[xx,yy] = meshgrid(-4:0.1:4,-3:0.1:3);
zz = exp(-0.5*%(xx."2+0.5%(xx-yy)."2));
surf (xx,yy,22z) ;

title('\bf Surf Plot');

xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 45/64



BHINEBEAR (K LER)

Surf Plot
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ERE contour MRS (&_LHI)

[xx,yy] = meshgrid(-4:0.1:4,-3:0.1:3);
zz = exp(-0.5%(xx.”2+0.5%(xx-yy) . 2));
contour (xx,yy,2z) ;

title('\bf Contour Plot');

xlabel('\bf x');

ylabel('\bf y');
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HHNEBRLER (X LB)

Contour Plot
T T T
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LA T meshc B2 waterfall

2 H FH
meshcler, yy,z) | EHIEEE - BERBE T HENHREESEE

waterfall (o, yy,zz) | DUDRSVATNRIEE =) IEE
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ERERIU vaterfall MRS (& _LHI)

[xx,yy] = meshgrid(-4:0.1:4,-3:0.1:3);
zz = exp(-0.5*%(xx."2+0.5%(xx-yy)."2));
waterfall (xx,yy,zz) ;

title('\bf Waterfall Plot');
xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');
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SHHRBELER (R LH)

Waterfall Plot

0.8
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{ERERT meshc MRS
x = linspace(-8,8,30);

y = x; [xx,yy]l = meshgrid(x,y);

expr = sqrt(xx. 2+yy."2);
zz = sin(expr) ./ (expr+eps);
meshc (xx,yy,22) ;

title('\bf Meshc Plot');
xlabel('\bf x');
ylabel('\bf y');
zlabel('\bf z');

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan
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SHHRBELER (R LH)

Meshc Plot

/ /‘///( 3 s
\X\;\\%{a
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AT, surf B2 surfc

F6L4 swf() B surfe( RBIEIER
B O =
surt (xx,py,2z) DRILIERIBA0T « ~ y 2 2 R 2 S SATAERNOUREME o ~ yy B 22
PRI HH =#ERY eiE B
surfe o, yy,zz) & swf - BEEF T SEFERHREEROESRE

Note: Hvx * vyD A& xy BIERBEANEE - 8l
@ mesh(vx,vy,zz) * meshc(vx,vy,zz) DRIFNIEZ
mesh (xx,yy,zz) * meshc(xx,yy,zz) wEMRE—1x

°

e surf (vx,vy,zz) * suurfc(vx,vy,zz) DAIFES
surf (xx,yy,zz) ° surfc(xx,yy,zz) BEMER &

o
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ERR surfc KRS (F_LH)

x = linspace(-8,8,30);

y = x; [xx,yy] = meshgrid(x,y);
expr = sqrt(xx. 2+yy. 2);

zz = sin(expr) ./ (expr+eps);
surfc(xx,yy,zz) ;

title('\bf Surfc Plot');
xlabel('\bf x');

ylabel('\bf y');

zlabel('\bf z');
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SHHRBELER (R LH)

Surfc Plot
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AN
|\E|

B 2 — 448 B bR =

B FRESEE - NIR O REAVAE D = ARV EZ:

| 8

ezmesh('f', [xmin,xmax,ymin,ymax] ,n)

Plnxn E#RBEEL FAO=#ER
FElE xy S#E% n B - BIFERER
27 < x,y<27m H n = 60

ezmeshc('f', [xmin,xmax,ymin,ymax],n)

Bt EBREETFTHBERESHE

ezsurf ('f', [xmin,xmax,ymin,ymax] ,n)

[E ezmesh - (BB HEZE LEE

ezsurfc('f', [xmin,xmax,ymin,ymax],n)

Bt EBEFFLBRTESHE

Hung-Yuan Fan
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AT, ezmesh RYEEH

>> ezmesh('exp(-0.2*x)*cos(t)', [-pi,2*pi,-2,12],36)

exp(-0.2 x) cos(t)
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AT, ezsurf RIEEHI

>> ezsurf(y2x2' 36) % z=flx,y) =y’ — x> WETF
% REVET 2 —EENME (Hyperbolic Paraboloid) °
% % (0,0) @—E#Es (saddle point) -
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3

ES YRV B

\

EZEEHE EET—F (xy 2) WwE NIESHGRE:

x=fu,v), y=g(uv), z=h(uv),
HOZYEEBE unin < U< Unax M Vinin < V < Viax * 24P O] F

BT ezsurf B2 ezmesh S HSEHEMIETR -
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3

ES YRV B

\

EEBHE LEMT—R (x,y,2) WE NIE2EHER:
x=fu,v), y=g(uv), z=h(uv),
HPZEHEBS unin < U < Unax M Vinin < V< Vinax - HAAOTF]

BT ezsurf B2 ezmesh S HSEHEMIETR -

@ ezsurf('f','g','h', [umin, umax,vmin,vmax]): ey
S HHEE

@ ezmesh('f','g','h', [umin, umax,vmin,vmax]): kst
SEBBE

o MMEZEMRE oJAHK M alpha(value) fHEE - HP value 77
o % 1 WEHERRERZ 1°
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sin(u),

MUY
N
CLLCEECCEEEErpr AR
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A
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st
v

cos(u), y

x=

0.5

«10*
05
05

>> ezsurf('cos(uw)', 'sin(uw)','v', [0,2%pi,-1e4,1e4])




EUBKERHEE (1/2)

>> ezsurf(sin(u)*cos(v) ', 'sin(u)*sin(v) ', 'cos(u)',...
[0,pi,0,2%pil)

x =sin(u) cos(v), y = sin(u) sin(v), z = cos(u)
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EUBKENHEE (2/2)

>> ezsurf('sin(u)*cos(v) ', 'sin(uw)*sin(v)"','cos(w)',...
>> alpha(0) % ST ZBRARVEMIIKER!

x =sin(u) cos(v), y = sin(u) sin(v), z = cos(u)
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Thank you for your attention!
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