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18 2= RN 15 R RS

o 8% ( complex numbers ) EEZEBHNEHNW—EHF -

o RZHHIMBHAKMARTRANMO HEN - UHFEE
ERBURCRIER -

o BEMFERREZ - RMMERATREHNEAREEE
7355 - T REIRF BRI RE -

o BRI —MILAR -

c=a+bi (EAREZERKNZA)
= zcos 0 + (zsin )i = ze?| (IBEERTFE)

Hopj= /I gE i2=—-1-
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A JEE AR ] ) 4R

o BESIEHE IS (7,0) — (3, b):

a= zcos#,

b= zsin6
o EBAEBIBEIE (2,b) —> (,0):

= VAP,

0 =tan"' -,

| o

Holga 9 o LIBHMK M atan2 (b, a) Batan2d (b,a) K5
HBEABESERE —7 <60 <73 —180° << 180° °
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EHNELES

T RIMEEE ¢, = a1 + bii =zt T
Cy = ag + byi = dei€2, E&=NRZERRI T :

o HRAMT I

ato= (31 + 32) + (b1 + bg)i,

c1 X @ = (ajag — bibz) + (a1ba + byaz)i,
c aias + b1 by bias — a1 b .

& a2 + b’ a% + b3

o AT

€1 £ 2 = (z1co80; £ zcos03) + (21 sin by £ zpsin )i,

1 Z1 g, —
-1 2L i(01-02)

Q A%

i(601+6
Cl X Cg = (2122)61( 1+ 2),
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RE|EERMAE

O FFRANEE i3l j REEERE - EmEETT MATLAB
WA V-1 -
>> cl =4 + ix3
cl =
4.0000 + 3.0000i
QO BEETHFNEIN2ZE - ML i3 j RIEEEFNE
ZE -
> cl =4 + 3i
cl =

4.0000 + 3.0000i
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EEEEAREGRES T

o FARES S >, > = < i < = HEUEREHNEHIT S -
>> cl = 4 + 3i; c2 3 + 8i
>> cl > c2
ans =

1 % RRFT c1 > 2 SHH (true)!
o REEMEAGERE ZLEREHIBEHE

ld =z=+Va%+ b?
AR/ - T A BECEEEE BRI A/ -

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

5.0000 8.5440 ¥
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REUR

o MATLAB B18 Y FZZIEEEEENHR -
o BRI MU H=TELERI :
O BURREBIART(: real -~ imag FRH -

O BEEEAERI: abs - angle FHI -

O HERE: g2 /EHRE BN —AREETHR
ERE] - BIU0 - MATLAB B9 sin  cos * log * sqrt HFERI

oI DURIBE AR B -
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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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HHNEBRLER (X LB)

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 (4f{iz[8])
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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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HHNEBRLER (X LB)

Plot of Phase Portrait (fZEAT[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 (fHi/Elih 1)
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ZHUEPES
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_HEEE — e Al

o MIMMERZIN 4  HWHSHMET -
° Eﬁl@%/ VRIS - ﬁi’-iﬁ Iz A AR it

it :2i:R7|

= g17 | an | an [ w3 | a9 ER 3x4 g%EkE -
: a3 [ @t 22 23 24 EleEs - ETE
w | ® G “iy Gy od I (FU4T)
E g7 G.1} (3.2) (3.3) (3.4) wET

BT BT BT 84T

= 2mE
=ihEd BR3Ix4x2 (34T 2E) 0

[ ] ez | a3z ] aen =T - DS — (BT IR i
g | =im [ azn [ o3| aan [j@42 i
e | = [@n [ @an | @an | @an 642 —
= 35 | GL1) | G2} | B3 | G4a1)

18
®iT m2T MIT B4 e &
£ D@Q

= 24
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— MR SIRYE T

Q@ B—#SiE _#HMEIIFTER -
>> a = [1 234; 567 8; 910 11 12];
>> a( :,2) = zeros(3,4)
- %ﬁz a 2@ 3 x4x2 gypEs -

© FH MATLAB REZERIVER -
>> b ones (4,4,2)
>> ¢ = randn(2,2,3)
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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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Section 8.3
_nﬁ.ﬂ:/
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— MBI HARRVAE E]

*® 641 EEHHIRIEENE]
& & | 3 5

plot3ix,y,z) | DRILARE x,y & z ARSNGB BESHOLE @ &
e R

plot3(a,y,z, "str' ) | LURHIZER st FTiEE0S TS = 2B
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B plot3 AYEEH (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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B3, plot3 HYEEHI (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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RS

nE

HE 2 = flx, y) FOEITZ?

o HIREY fix,y) TS - SH—M (xy) - B
z=1f(xy) °

o REMLT (x,y) WHEESZ - BloJ@H RO = HHEE -

EEAR = (x.5.2)

ﬁT%l
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& =B R

Step 1 17 x BAF0 y 8h75[0) ERY _AEMES] xx B2 yy -
o EEFHESIHREM AMMEINMAETE
o fERIKTU meshgrid BHENEMMES] -
Step 2 17 z B3 E ERY _4EFES 2z -
o EREHAEENMBBEMAMS 2z FTE
o HKE z = flx,y) WIZTUEAfEES 217 — 4fE5] 2z -
Step 3 EFARNEZRNER=-HELNESHKE -
o mesh(xx,yy,zz): EX—AHEE (mesh) S ERIEE
(wireframe) -
o surf(xx,yy,zz): EX—EHMEE (surface) -
o contour (xx,yy,zz): EE—({EEFSE (contour) °
o EFHMEM title ~ xlabel ~ ylabel ~ zlabel KT IE/NE
Ryl -

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 33/63



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

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 35/63



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 =

NN NN
= w w w w

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

yy

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

#* ¢.1.2 meshgrid) BY{EMA
[ = &

meshgrid (vx,vy) L& v 3R x 875 RERBEALE - bl w (8K v Bi77 QI EHES
BINIER - B LD PRIE — HEREDE o B2 yy - A= HEREEIPATE

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

>> [xx,yy] = meshgrid(vx,vy)
% B AR xx ~ yy B R AIRVAERARE)
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E A BAOIUEL 2= fx, y) NAEE:
>> zz = sqrt(xx. 2+yy."2); % BIIRKEERN _#ES 2z

>> mesh(xx,yy,zz)

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 39/63



B3R - MAMOIUEL z= f(x,y) KNEHEE:

>> surf (xx,yy,22)

Hung-Yuan Fan , Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 40/63



|

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

08
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FEARN surf WX (FELH)

[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');
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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

B S
meshclar, yy,z) | RHIEE  BERBET HENSREEREE

waterfall (xe,yy,2z) | DD RAVADURIEE = a1 EE
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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

08
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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');
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SHHRBELER (R LH)

Meshc Plot

08
06
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AT, surf B2 surfc

#6.1.4 swf) £ swfe) REWBIERA
ey | % 88

surf (xx,yy,2z2) SBILIERIBARY x ~ y 2 2 EEE S SFTHERBUARE o yy B3 2z
i =M hEE

surfec (xo,yy,zz) Al swf - BEEE T S~ EREETNESRE

Note: &Zvx * vy Bl& Xyﬁﬂiwﬂ,.“ﬁﬁﬁﬁ//ﬂiﬂﬁmi - Al
e mesh(vx,vy,zz) * meshc(vx,vy,zz) DAIFIIES
mesh (xx,yy,zz) > meshc(xx,yy,zz) #&[E: Q%—&
e surf (vx,vy,zz) * suurfc(vx,vy, zz) DRIFES
surf (xx,yy,zz) ° surfc(xx,yy,zz) BEUER

o

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
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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
% BB 2 —EEMNME (Hyperbolic Paraboloid) °
% % (0,0) @— @2 (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),

HAHZEEBR unin < U< tnax M Vinin < V < Vinax * HAETF
BT ezsurf £ ezmesh S5 SEHEAIETFR -

e ezsurf('f','g','h', [umin, umax,vmin,vmax]): #ZH
SEHEE

@ ezmesh('f','g','h', [umin, umax,vmin,vmax]): 1a Bl
SEREEBE

o HHEZEMAE 0K alpha(value) #2E - HP value 27T
o % 1 WEHHMERER 1 -
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>> ezsurf('cos(uw)', 'sin(w)','v', [0,2%pi,-1le4,1e4])

=V

cos(u), y =sin(u), z

x=

mm““wwmmmmmﬁﬁ?-’s‘s
Versrifin® -
AT
H AT
_=__________==_E_._.—E————E———E_—ﬁ
TR DR

(T _=_—===_=_=_=.___€ |

e

A
N
LRVARLAAA Y

SN

LT,
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(w)*sin(v)','cos(u)',
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EB{UDKESRYHH

>> ezsurf ('sin(u)*cos(v) ', 'sin(u)*sin(v)"', 'cos(uw)',
[0,pi,0,2%pil)
>> alpha(0) % TEBABRVEBAMIIKES!

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

Hung-Yuan Fan (32#i8), Dep. of Math., NTNU, Taiwan Chap. 8, Computer Programming 63/63



