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(JavaScript [iker)
<=1+2; M+21Z2ANLE=
=> Number number 3 <=1+2
=T I => Number number 3
=> String string "12" - N
<=12; EITHRED
zi \l:laurn;\(b_eq pumber 2 ME % 3

N o ) . EEcvarx=1;, @
: )l(Jndefmed undefined undefined Mﬁlirundefinedj
=> Number number 1 ETHREOME X
<=var x; x=1; & BHTIE Number
=> Number number 1 ! “DESIZ

Efak~L
1+2; /I Number number 3 \ -cjiﬁgf-_r
"+ 2" /I String string "12" I8 Q¥ EHEIL
1,2; /I Number number 2 2 FEEEr
var x = 1; // Undefined undefined undefined
X // Number number 1
var x; x= 1; /l Number numl\ber 1 rO; OIS EH#HD
/_/\ JavaScript S AHLHEE. —F

JavaScript &% | gﬁﬁfa%m@w@ ADBROE, BEFRTINS
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<IDOCTYPE html>
<html|>
<head>
<meta charset="utf-8">
<title>a>/)—JL</title>
</head>
<body>
<h3>32")—)L</h3>
<textarea rows="19" cols="80" id=pg autofocus>1 + 2;</textarea>
<br><input type=button onClick=go() value="%£17">
<br>L AT LMD AvtE—D
<br><textarea rows="20" cols="80" id=log></textarea><br>
<script>
var geval = eval;

var logp = document.getElementByld("log");
var pgp = document.getElementByld("pg");
var logd,;

function clog(s) { logp.value +=s; }
function log(s) { logd +=s; }
function typels(obj) {
return(Object.prototype.toString.call(obj).slice(8, -1)); }
function isPrimitive(x) {
return (typeof x)!="object";

function toLiteral(x) {
if (typels(x)=="Number" && isNaN(x)) return "NaN";
if (x === Infinity) return "Infinity";
if ((typels(x)!="Symbol")&&(-x === Infinity)) return "-Infinity";
if (typels(x)=="Set") return "Set("+JSON.stringify([...x])+")";
if (typels(x)=="Map") return "Map("+JSON.stringify([...x])+")";
return JSON.stringify(x);

}
function type(x) { return "™ + (typeof x); }
function isinteger(n) { return n%1 === 0; }
function keys(obj) { return Object.keys(obj); }
function go() {
Iogd = ll";
try {
var v = geval(pgp.value);
clog("<=" + pgp.value + "\n=>"
+ typels(v) + " " + type(v) + " " + toLiteral(v) + "\n");

pgp.value ="";
logp.scrollTop = logp.scrollHeight;

pgp.focus();

catch(e) { clog("<=" + pgp.value + "\n=>! " + e + "\n");

pgp.value ="";
logp.scrollTop = logp.scrollHeight;

pgp.focus();

}
if (logd !'="") clog(logd + "\n");
}
</script>
</body>
</html>
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Sk =T ABRKOME, E21E. =1 OEIE. 3 RABRKXENDS. 3 2HBETHFE . EHOHATIE
1 LAHYERA, TH ERHBOERTIE. -1/2- V(3)/2i.-1/2+ {(3) /21 D5F=DHLMEITHY, &5t
3 BHREETEHIEICHYET,

var x = new Complex(1,0);

var x3 = x.mul(x).mul(x); Iog(xN1 D 3 FEL 1 ’

(1+0i)
A2 - @3)/2i
D 3 FL 1
12+ (3)/2i
D 3 FHL 1

CNEBRRTFELICRTTHE EZARDERITEOTVAIENTNYET,

var x = new Complex(-1/2,-Math.sqrt(3)/2);
var x3 = x.mul(x).mul(x); log(x3)
(1+0i)

var x = new Complex(-1/2,Math.sqrt(3)/2);
var x3 = x.mul(x).mul(x); log(x3)
(1+0i)

var x1 = new Complex(-1/2,-Math.sqrt(3)/2);
var X2 = new Complex 1/2 Math.sqrt(3)/2);

var x3 = new Complex \
var a = [x1, x2, x3]; Bc5lE ~

var ¢ = new Canvas()

c.ComplexAxis() %ﬁ(g;ﬁ%:{:@iﬁﬁj— ’ -
c.drawComplex(a
5%

BREIT. BRERIDIHLEAFTY, TREld. £1245° EEEL, KESZE 0.7 BT H6ITY,

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9), ﬁ
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05), «« #EFF @
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1), Tt F
new Complex(-1,-1)]; DR

var ¢ = new Canvas(); SEAO F OMERT ’ N\

c.drawComplex(a); &Rl

05+05i &
var a2 = a.map(function(c) { return c.mul(new Complex(0.5,0.5)); }); BHT+3

var a2 = a.map((c) => c.mul(new Complex(0.5,0.5))); —

c.drawComplex(a2); \/
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HEEHT. a+bi ELVSHT.a &b (FEBLEDT,

function Complex(r,i) {

this.r=r;
this.i = i; —

}
ETHEMBEDR,

TEDEIFEAVANIVRIZBYFET
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KULGOIE. ERMEETLIER. ELEEN BITELGLEE AYYRELTHARADIE FTIH. EER
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Complex.prototype.toString = function() {

return "("  + Math.round(this.r<100)/100 + 7, %
((thiSi<O)?“ - ":" + ") + < *Eiglﬂjzéa—zﬁ
Math.abs(Math.round(this.i*100)/100 ) + " i)";

‘JJI~

var x = new Complex(1,0.5); log(x);
(1+0.5i)

Complex.prototype.equal = function(x) {
return (this+"") == (x+"");
}
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cp =ay+ b1, co=ua9+b

(ag +byi) + (as + boi) = (g +as) + (b + ba)i

Complex.prototype.add = function(x) {
return new Complex(this.r + x.r, this.i + x.i);
!

(ag + byi) — (ag + boi) = (ay —aq) + (b — by )i

Complex.prototype.sub = function(x) {
return new Complex(this.r - x.r, this.i - x.i);

ki

B3 EHRBOHEE?

(a1 + byi)as + bat)
= ajag + byboi® + aybgi + aghyi
= (ajas — bibo) +ilaibs + ashy)

Complex.prototype.mul = function(x) {
var a = this.r;

var b = this.i;
var ¢ = X.I;
var d = X.i;

return new Complex(a*c-b*d,a*d+b*c);

}

B BRBOAKRE?

z=a—1b

Complex.prototype.cnj = function() {
var a = this.r;
var b = this.i;
return new Complex(a,-b);

1

B A=DDEFRHOMHEEE?

PR = |Zz—31 |=qf|1 X —xljg+|:h —.Jf‘lj2

Complex.prototype.distance = function(c) {
return new Complex(
Math.sqgrt((this.r-c.r)*(this.r-c.r) + (this.i-c.i)*(this.i-c.i)), 0);
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iy 4 byt
ag + bai
_ (ay + byi)las — boi)
"~ {ag + boi)(as — bai)

aiaa + biba + (aaby — aiba )i

a3 + b3

g + bybg ol — gl

= + 11— 5
5 + hg

) 7
a5 + b5

Complex.prototype.div = function(x) {
var a = this.r;

var b = this.i;
var c = X.r;
var d = X.i;

return new Complex((a*c+b*d)/(c*c+d*d),(b*c-a*d)/(c*c+d*d));

B FAHARE?
KA TEROKIIHYFETS,

(=Nl

va+bi
— 4 (¢a+v;an+b2 + \/—a+\,‘;ﬂ.2+ﬁﬂ 3)

he OB

va—+ bi

4 (\/a+¢;“+b2_‘/—a+«,;aﬂ+b”i)

Complex.prototype.sqrt = function() {
var x = this.r;
var y = this.i;
varm=x*x+y*y;
var r = Math.sqrt(m);
var x1 = Math.sqgrt((r + x) / 2.0);
if (y>0)vary1= Math.sqrt((r - x) / 2.0);
else y1 = -Math.sqrt((r - x) / 2.0);
return new Complex(x1,y1);
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Sk BBR (polar form) IZEAT B AVYRETY,

z=r(cos(0)+isin(0))
r = |z| = sqrt(a® + b?)
6 = arctan(b/a)

function PComplex(r,th) { BRAT 50
this.r=r: /\3‘/7\*577
this.th = th; |
}
PComplex.prototype.toString = function(x) { Z/i@ﬁzztj‘—“—aa_‘—
return "<r:" + Math.round(this.r*100)/100 + X=FF{td 3
" th:" + Math.round(this.th*100)/100 + ‘L}y\yp
"(" + Math.round(this.th/Math.PI*100)/100 + ") >";
}
PComplex.prototype.toComplex = function() { / —
var r = this.r * Math.cos(this.th); ~ BHERXT—5%
var i = this.r * Math.sin(this.th); BEERREIZ
return new Complex(r, i); 12;;@3—5}\/\\/[:
}
Complex.prototype.toPcomplex = function() {
var r = Math.sqgrt(this.r*this.r + this.i*this.i); /ff'gﬁiﬂj‘-“—az—
var th = Math.atan2(this.i,this.r); — WBRRIEIC
return new PComplex(r, th); 1%?@3’6)“/“/[3
}
z/%ar+c1 i)new Complex(1,1); log(c); <J§ﬁ1ﬁﬂ |
var p = c.toPcomplex(); log(p); 1+ E@ﬁ%ﬁ
<r:1.41, th:0.79(0.251) > [SEHRLTHL,
log(p.toComplex()); FTICRLTWWE
(1+1i) El
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Se4: $EBE% (exponential function, TZRARRUI¥IL) EEHETEAYIRTT,

e” = e° (cos(b) + i sin(b))

Complex.prototype.exp = function() {
var r = Math.exp(this.r) * Math.cos(this.i);
var i = Math.exp(this.r) * Math.sin(this.i);
return new Complex(r, i);

}

(-1+01)

e xEBER (logarithmic function, log) Z#5tE T34V YR T,

Log(w) = In(|w|) + i arg(w)
Log(a + b i) = In(sqrt(a® + b%)) + i arctan(b/a)

log((new Complex(0,Math.P1/2)).exp()); [ e ]
(0 +1 I) %TTW]
log((new Complex(0,Math.Pl)).exp()); -~

Complex.prototype.log = function() {
var r = Math.log(Math.sqrt(this.r*this.r + this.i*this.i));
var i = Math.atan2(this.i,this.r);
return new Complex(r, i);

}

log((new Complex(0,1)).log());
(0+1.571i)

log((new Complex(-1,0)).log());
(0+3.141)

K176
A

KE: BRBOREREHEITDIAVYIRTY,

(cos(B)+i sin(8))" = cos(nB) + i sin(nB)
Zm =r m e im@

m=1 — z=re'® =r(cos(0) +isin(H))

=1 ™ (cos(m8) + i sin(mO)) r=|z| = sqrt(a@® + b%>) 6 = arctan(b/a)

Complex.prototype.pow = function(n) {

var th = Math.atan2(this.i,this.r);
var r = rr * Math.cos(n*th);

var i = rr * Math.sin(n*th);

return new Complex(r, i);

}

var rr = Math.pow(Math.sqrt(this.r*this.r + this.i*this.i),n);

var x = new Complex(-1/2,-Math.sqrt(3)/2);log(x);
(-0.5-0.871)

log(x.pow(3));

(1-0i)

log(x.mul(x).mul(x));

(1-0i)

SRRl
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var x1 = new Complex(-1/2,-Math.sqrt(3)/2); ( _
var x2 = new Complex(-1/2,Math.sqrt(3)/2); BRAOES LD

var x3 = new Complex(1,0); \415':115 WEY

var a = [x1, x2, x3];

function dispCArray(d) { /ﬁ‘g‘i;ﬁzo) B 5% XX F

function Canvas(size) {
this.canvas = document.createElement('canvas');
this.canvas.width = (size===undefined)?400:size;
this.canvas.height = (size===undefined)?400:size;
this.canvas.style = "border:solid 1px";

]

return d.reduce((p,c) => p+c.toString(),""); j
!

IRITIZEHRT H A
YyRERELZELT:

IEjj'ﬁ?G)ﬂF—\ﬂ‘//i‘Z’é\
RRTHELEINTVZ
TY . EHE new ¢
niE. EHEOFv

this.ctx = this.canvas.getContext('2d"); ’37\"&;1’51’1«7%?' o 'U'ff
document.body.appendChild(this.canvas); AEHEELGENE—D
) 400 (ZLET, -

Canvas.prototype.clear = function() {
var ctx = this.ctx;

_ FoL AZROBENE
var canvas = this.canvas; —

ctx.clearRect(0,0,this.canvas.width,this.canvas.height);
return this;

— _EHETHAVINTS

Canvas.prototype.drawComplex = function(cpx) {
var ctx = this.ctx;
var canvas = this.canvas;
ctx.beginPath();

e mmomsEs e

ctx.moveTo(cv(cpx[0].r),canvas.width-cv(cpx[0].i)); < Ez2¢ BEEEH

for (var i=1; i<cpx.length; i++)
ctx.lineTo(cv(cpx[i].r),canvas.width-cv(cpx[i].i));

ctx.closePath();

ctx.stroke();

return this;

function cv(d) { return (d + 2)*(canvas.width/4); }

FERETDEATRE
HELFEY . KR~
REFBUFET,
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Canvas.prototype.plotComplex = function(cpx,b) {
var color = (b===undefined)?0:b; . "
var ctx = this.ctx; %I’;‘?{’G%’E%*ﬂ’é
ctx fillStyle = "rgb(" + color + "," + color + "," + color +")"; 5x.fBELI-BAS
var canvas = this.canvas; T (0~255)D A%
ctx fillRect(cv(cpx.r)-1,canvas.width- cv(cpx )-1,2,2); < %R 7 5. Canvas
ctx fillStyle = "rgb(" + color + "," + color + "," + color +")"; \7710)}\/J|~
return this;
function cv(d) { return (d + 2)*(canvas.width/4); }

}

Complex.prototype.plotComplex = function(c,b) {
var color = (b===undefined)?0:b; S TERKE—
var ctx = c.ctx; 5z EELF-H %,
ctx fillStyle = "rgb(" + color +"," + color +"," + color +")", X (0~255) DA%
var canvas = c.canvas;
ctx filRect(cv(this.r)-1,canvas.width-cv(this.i)-1,2,2); ~N fT:_zinOIInp'eX
return this; \ i s
function cv(d) { return (d + 2)*(canvas.width/4); }

) | =74

>
var d = new Complex(1,1); log(d); = *Eiﬁmw”éj
(1+1i)
var a = [new Complex(1,1), new Complex(2,2), new Complex(3,3)];
log(dispCArray(a)); T o~
(1+10)2+20)3+31) S ORNEE
log(a.reduce(function(p,c) { return p+c.toString(); },"")); l L
(1+1)2+2i)(3+3i)
log(a.reduce((p,c) => p+c.toString(),"™)); reduce #E->TH
(1+1)2+2i)(3+3i) RRTEFT

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9), ﬁ = 47451 l
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05),
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1),
new Complex(-1,-1)];

10 EDEEHR
TRELI-FD

var ¢ = new Canvas();
c.drawComplex(a);

INE—UF R

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9),
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05),
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1),
new Complex(-1,-1)];

var ¢ = new Canvas();

a.forEach(function(e)}{e.plotComplex(c);});

10 BEOEERCER
LI=F Q/\3—>®DIa
HERLLTER /J
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Canvas.prototype.ComplexAxis = function() {
var ctx = this.ctx;
var canvas = this.canvas;
ctx.strokeStyle = "rgh(255,0,0)";
ctx.beginPath();
ctx.moveTo(canvas.width*0.05,canvas.height*0.5);
ctx.lineTo(canvas.width*0.9, canvas.height*0.5);
ctx.stroke();
ctx.beginPath();
ctx.moveTo(canvas.width*0.85,canvas.height*0.45);
ctx.lineTo(canvas.width*0.9, canvas.height*0.5);
ctx.lineTo(canvas.width*0.85,canvas.height*0.55);
ctx.stroke();
ctx.beginPath();
ctx.moveTo(canvas.width*0.5,canvas.height*0.95);
ctx.lineTo(canvas.width*0.5, canvas.height*0.1);
ctx.stroke();
ctx.beginPath();
ctx.moveTo(canvas.width*0.45,canvas.height*0.15);
ctx.lineTo(canvas.width*0.5, canvas.height*0.1);
ctx.lineTo(canvas.width*0.55,canvas.height*0.15);
ctx.stroke();
ctx.strokeRect(canvas.width*0.25,canvas.height*0.5,2,2

BRHUTEOE
REEEAY IR

( );
ctx.strokeRect(canvas.width*0.75,canvas.height*0.5,2,2);
ctx.strokeRect(canvas.width*0.5,canvas.height*0.25,2,2);
ctx.strokeRect(canvas.width*0.5,canvas.height*0.75,2,2)
ctx.font = "22px sans-serif";
ctx.strokeText("R",canvas.width*0.92,canvas.height*0.52);
ctx.strokeText("l",canvas.width*0.495,canvas.height*0.07);
ctx.strokeText("1",canvas.width*0.52,canvas.height*0.265);
ctx.strokeText("-1",canvas.width*0.52,canvas.height*0.765);
ctx.strokeText("1",canvas.width*0.234,canvas.height*0.57);
ctx.strokeText("-1",canvas.width*0.734,canvas.height*0.57);
ctx.strokeStyle = "rgb(0,0,0)";
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Sk BEREEEDTOTSLNESIH>TWSMKY ., TNEF-T. EZHOHEEEZNAWAHERY, EE&L
YT 2R2ERA KRR, avE1—42%FbhiEE, HEERELEEWLNSKY ., ARXEFBIET SHEH., STERMREIC
oTLESY., SSWVEHEREVWTENRETTLE Y EAEL WIS TLELA S o= LB

n°eN

F9, T AXDOERP., FHEFIVEL1—FEET. ERHOHELZRLTHELLD,

var x = new Complex(1,1); log(x); //E]
1+11i)

var y = new Complex(1,1); log(y); 14
(1410 It

X==y /I Boolean boolean false R N
(x+") == (y+") // Boolean boolean true == [F7FLRLE
x.equal(y) // Boolean boolean true

I

XFIIREETLE

var a = new Complex(1,2); log(a);

(1+2i)

var b = new Complex(3,4); log(b); T
var ¢ = new Complex(5,6); log(c);

(5+6i)

a.mul(b)+"™) == (b.mul(a)+"™) /I Boolean boolean true

(
(a.mul(b).mul(c
(

(
( )+"") == (a.mul(b.mul(c))) /I Boolean boolean true
a.mul(b.add(c)))

== ((a.mul(b).add(a.mul(c)))+"") // Boolean boolean tr

< t&E & RIRKAL
7 Ee Al AL
Z#EA|IL, ab = ba, #£&HI(X. (ab) c = a (bc). S E2BIIL. a (b +c) = ab + ac,

|
var ¢ = new Complex(1,1); log(c); WA E T
(1+11) R ” |
var p = c.toPcomplex(); log(p); T
<r1.41, th:0.79(0.25m) > | eRA-Epizs |
log(p.toComplex()); .
(1+1i) ‘—“‘““————j\@%ﬁe—ﬁﬁﬁﬁm |

1+i (X, BBRTIE. 11.41 (cos(/4) +isin(m/4))] (THYFET,

var x = new Complex(-1/2,-Math.sqrt(3)/2); log(x); J/x =-1/2- J(3)/2 ’
(-0.5-0.871)

log(x.pow(3)); ow *YYRT 3 F
(1-01) Lp ’
log(x.mul(x).mul(x)); . pos L7
(1-01) Imul AYYRT3IE ’
log(x.toPcomplex());

<r1, th-2.09(-0.67T) > — @hRcEg |
var y = new Complex(-1/2,Math.sart(3)2);log(y); —_ =

(-0.5 + 0.87 i) \L -2+ T(3)2
log(y.toPcomplex()); X e ’

. - -
<rA, th:2.09(0.67) > \\L@ﬁﬁtl:%ﬁ |
A2 = LB)2 1F.1 EEBIT 1 O 3 FAR BRAICERT HE,

1 (cos(£27m/3) +isin(x27m/3)) ITHYET,
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CNEBRRTFELICRTTHE EZARDERITEOTWAIENTNYET,

var ¢ = new Canvas()
c.ComplexAxis()

var x1 = new Complex(-1/2,-Math.sqrt(3)/2);
var X2 = new Complex 1/2 Math.sqrt(3)/2);

var x3 = new Complex
var a = [x1, x2, x3]; ECSIME

%@sﬂﬁiﬁT |
c.drawComplex(a
:| 5 |_

ECHZER L

var z1 = new Complex(1,2); log(z1);

var z2 = z1.cnj(); log(z2);
log(z1.toPcomplex());
log(z2.toPcomplex());

var z12 = z1.mul(z2); log(z12);

I(1+2i)
I(1-2i)

/I < r:2.24, th:1.11(0.351) >
/I < 1:2.24, th:-1.11(-0.35T) >

/1 (5+0i)

BVZHE
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BRLPADITHRE THEE - BFH 05

E8H E/RELTOERK
55 ERBEBRITHEADENSTEE S E?

F4 . atbi EWVSERMIE. r (cos O +isin0 ) EWVSTIBRR IICEMRT HENTEET, 22T,

r= 4y (a®+b?%. 8=tan " (b/a) ELSEFEAHYET ., COERLE. MDOERBTTHLLS

ZEIF.EERHTFRLT.

1. REARIZr BT HRRNOZDRIZADINVMLDORSA r £F127325)
2. 61 AET B (RRZEHihELTHEER)

EVWSEBEICIHRYET . 6>0 ALEEER. 6 <0 AoAEEE,

LA R zZ [RRPDTEGEL RaFiDIcA O FZIFEEL-R w (&
W= (z—a)(cosO+isinf)+ a THETEET,
Frzow=z*A+B LS T, [BEICMA . BEIELREFETEET,

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9),
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05),
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1),
new Complex(-1,-1)];

var ¢ = new Canvas();
c.drawComplex(a);

=1
05+05i &
#MTd

var a2 = a.map(function(c) { return c.mul(new Complex(0.5,0.5)); });
var a2 = a.map((c) => c.mul(new Complex(0.5,0.5)));
c.drawComplex(a2);

log((new Complex(0.5,0.5)).toPcomplex());

<r:0.71, th:0.79(0.251) > ECMAScript
By 2015~0 70—
0. 257T 45° A [BlER, A FESIES
Lﬁé 0.71 f& ES Dima

45° A [EER
EX071 0
B&IZi5
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BRLPADITHE T—9EE BRY 05
FE: a+bi ZRTHEVSBEERIRHBEFETHY. EEBBOERETY  BIEEHLLT . HEREVNSITIZE

YFET, IR, ZFEMN . BHEVSEOILERHIREEZMZ L. BENEDLYET , TOBHAEBRTE
BWNMEEERLTLES L ADEETNADONSDDOHLEGED T, ZITlE, THh I GIER I IRIEIZRER
LTHELLD,1.05 LM, 0.95 FHFHALTHELLD,

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9),
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05),
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1),
new Complex(-1,-1)];

¢ = new Canvas();

var a2 = a.map((c) => c.pow(1.05));
c.drawComplex(a2);

var a = [new Complex(-1,1), new Complex(1,1), new Complex(1,0.9),
new Complex(-0.9,0.9), new Complex(-0.9,0.05), new Complex(0.3,0.05),
new Complex(0.3,-0.05), new Complex(-0.9,-0.05), new Complex(-0.9,-1),
new Complex(-1,-1)];

¢ = new Canvas();

var a2 = a.map((c) => c.pow(0.95));
c.drawComplex(a2);




