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1.1 MuPADOODOODO (Windows OO 0O)

000000 WindowsOOOOODOOOOODOOOODOODOOOO MacO LinuxOOOOOOQOoOOO
0000000000000 000000000000000000D0D000oO0’MuPAD Light’ 0000
O0000DOOMuPADOOOODOOODOO'MuPAD Light 00000000000 P0000000
0000000000o00ooooo00o0o0oo0oDo0oD0o0oo0oo0o00O0OdMacOd Linux 00O
goood..

1.2 00000

0ooo0oooooooneoooooooooooooood?
00000000oooooooooooMePADOODOODOOODOOODOOODOOOOOOOOOOO
0000000000000 000000000000000000 Shiftkey 0000 00O O Return key
00000000000 MePADOOODOOOOOODOOODOOOODOOOODOOOOOOOOOOO
OO0 MuPADOO 10 Returnkey 0000 0000000000000 0ODOOO0OOOODODOOOOO
OOcut&paste 100 0000000000000 0O00O0O0ODO0O0OO0ODO0OO0O0OO0OO0O0O0O0O0, %
gooogo

1.3 0000000

' - MUuPAD Light
File Edit View Session Help

s le|@ 8| fa] bl

MuPAD O OO OOOOOOOOOOOOOtolbar 000000 file’ 00000 SaveAs 000000
00000000 MuPADLight 000 textfile 00 0000000000000 00000000000
00000000 textfileOO OO0 MuPAD O window O O cut&paste (D 0000 0000)000FY

U) OooooO0000000000000000000000000000000000000000000000000000
pooooooooOoooOoo (HoOOoOOOO0ooOO0OO0OO0DOO0obOO00Oo

02 DOO00D0D0000000000000000000000000000000000 0000 tool bar OO O View —
Options — Font — InputRegion 00 0 0 0000000000000 0O0000OOutputRegion 0 0,0000000000
ooooooooooooo

03 MuPAD Pro 0 0 O Onotebook 0000000000000 (MOO0OOONONONOD,00000000..)
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Toolbar 0 0 OO0 Help OO ’Brouse Manual’ 0000000000 toolbar 0000000 OO0OODO
Jddooooooobobbobobboooobooooooooooooogooo

1.5 0000

a+b|a+b
a-b|a-b
axb|axb
4 a/b

a’ aln

goboobooobobobobooobooooog

+,—-,%,+,0000000 +,-,%,/,0 00000000000000000 O0;0000000Enter00d 0
000000 Y000000000000000 0000000000000 e0O0O0OOOD
Enter 0000 >>00000000000000000MuPAD LightO WindowsOOQOQOOQOQOOoOGOO
gobogbogboboobooobooobooobooboon

0oo

0000000 0o 0o

3+%D? °3+4/3; >>13_3

3-(2x3)? e 3-(2x%3); >> -3

2’07 e203; >> 8

2509 e2050; >> 1125899906842624

-2

(%) 09 e (2/3)0 (<2); >>%
(-2)000000000000000000000

@0? e (20 3)02; >> 64

209 «20(302)); >> 512

24x307? e 20 4%3; >> 48

32202 «3/203: >>%

goooooobooboooobooooooMuPADODOODDOODOOODDOODOODOODOODOODOOOODOO
x)J000000000D0OoO0O0oooon

3x+2-2x-3)? e 3xx+2—-2xx-3); >>x+5
%— 23_x? e (x+2)/2-12=x*x)/3; >> —_x6+6

049 0000000 0:000000000MuPADOOOOOOOOOOOO0000OO
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o000 float( ) |
00000n000 | DIGITS:=n |

ooooooOo MuePADOOODOOO 3+%:4.3333333DDDDDDDDDDDDDDDDDDDDD

O0000OMuPADOOOOODOOODOOOODOOODOOO float(); 00000000 O00ODOOOOOO
gooboobogo

%[I ooooo? o float(4/3); 1.333333333
%D ooooo? o float(40/3); 13.33333333
43&5 ooooo? o fl0at(400/3); 133.3333333

0000000000000 0000000000000000000000000000000000
0000000000000000000000 fleat) 00000000000000 MuPADOODOD
00000000000000000000000" MuPADOOOOOO0O (Default)y 00000000
010000000000000000020000000 DIGITS:=20;0000000000PY000
00’=0000:="000000000000000:=0000000000000DIGITS:=20; 0
ODIGITSOOOO00D 20000000 00000oo®

ooooo 200000007 o DIGITS:=20; >> 20
%[I oooo? o float(4/3); >> 1.3333333333333333333

MuPADOOODOOOODOOO,’% 0000000000000

1+ %? o 1+4/3; >> %
1+ %D Dooo? o float(%); >> 2.3333333333333333333

%[I[IDDDDDD;%DDDDDDDDDDDDDD DIGITS:=2000000000000000

1.7 0O0O0OO

MuPAD O OO0OO00OO0DDOOODODOOODOOOOOOOOOOOOmP?

a(00O0) PI
«(000000)|E
(oooo) I
co(0O0O) infinity

B9 digit0 00000000
U9 0pOoO00000’=00000000000000°00°000000000000%fx=20theny:=0"00000000
07 ei000000000000000000000000000000000000000000000000000000



float) DO OOOOOOOOOOOOODIGITS:=10; 0000000000

a0 O00O0O0O0O? o float(PI); >> 3.141592654
e0O00OOOOO? o float(E); >> 2.718281829

1.8 000 (y0)ooo

08)
ooo sqrt()
0O000000(@O0000000) | radsimp()
(00000)oOoo simplify()
oooo expand( )

U9 0000,sqre() 000000

V5502 o sqrt(5)*sqrt(5); >>5
2VI8 + V5002 o 2#sqri(18)+sqrt(50); >> 1127

0000000000000 000000000a>0,amO00000000 av = a,ar = (ay"O

0)0a? =+a000000@O0)0000000000 1120000000011 02: 00000
000000000.)000000

V8 V140 2 o sqrt(8)*sqrt(14); >> 227 147
simplify() 0000000000000

00000000002 o simplify(%); >> 2287
000000000000 00000000000

00000000027 o simplify(%); >> 477

000000000 V8Y14=4V70000000000000000000000000000

1 1
—0n7? o 1/(2+sqrt(3)); >>
2+13 d 3% +2

O000Oradsimp() 00000000000

0oo000o00oo? o radsimp(%); >>2-37
1 _ 2_\/5 _ _ . . .
G e =2 \/§DDD[I[I[I[I[I[I[Irad51mp(),51mphfy()[|[|[I[I[I[I[I[I[I[I[I[I[I[I

0000000000 c casebycase 1000000000000 D0O0OO00OOOOODOOO

1
\8+2 V1502 o sqrt(8+2*sqrt(15)); >> 27 (15% + zﬁ)2
1
00000000027 o radsimp(%); >>27 (157 +47)°

% goooOooo0O000000000000

09 sqrt 0 "square roor’ 000000000000 MMOO0O000 squard 20000000 M simplify()0000000()00
simple 00 0000000000000O00000O0O0O00O0OOO0O0Oradsimp() 0 “simplify radicals” 0 0 O Oradical 00 0O
00’0’o0000000D’000’ 0000000000000 expand 0 00007, 000°’000000000000
0’ooo0’oooopooooooo



O0000000000000000 simplify()D000O00O0OOOO

- L(67 107
goooooooo? o simplify(%); >> 27 +

L L
2%(62 +‘°2)=\/§(§+@)=\/§+\/§= 8+2VI50000000000000000000
0D000000000000000

VI2-6 V302 o sqrt(12-6*sqrt(3)); >> 67 (2 - 3%)

o=

6k 2t
ooooooooo? o simplify(%); >>6%(22 - 22)

0000 {12-6Y3000000000000 radsimp() 00000000
0oooooooo? o radsimp(%); >>3 - 37

JI2-6V3=V34-2V3=V3(V3-1)=3-\3---(x) 0000000000000 radsimp() 0 0
00000000000000,00000000,000000000000000000000000
OOMuPADOOOODOOOOOOOODOOOOOOODOOOOOO MuPADOOODODOOO(x)DO
D00000000,000000000

(3 -V3)?0? o (3-sqrt(3)) 0 2; >> (3 - 37)?
ooooooo.
00o0o00oo0oo? o expand(%); >>12-637

0000000000000 expand() O simplify() 000 0000000000000 O0O0O0O

1.9 000000

agooo 1
a+bi(a,b00)0O0000O | rectform()
NEEE Re()
NEEE Im()

0 10)

191 000000

gooooooooooo o lgoooboobooboobobooooooo Ioboboobooobo

207? eI 2; >> —1

2+3)*07? e 2+3xDDO 2; >> =5+ 121

21",57 o (-I)/(2+1); >> —1/5-2/51
l

00 0QpooU NO00000000000000r rectform O, rectangular form O O 0 , rectangular 0 D000 ° 0000 00° 0
0o0D’00000000000
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00000 a+bi(e,b000)0000000O0OOOF

192 V-a(@>000000

1)

V3000 V3i00007I3* 00000000000 V=30 sqri(-3)000000000

V=307 e sqrt(-3);
- V=40 e —sqrt(—4);

110 00000000 (@CO00)

xO0ogooo ceil(x)
xO0ogooo floor(x)
xO0ogooo round(x)
xO0ooo abs(x)

{x1,x,---y0000

max(Xj, Xz, )

{x1,x,---y0000

min(Xy, Xo, )

nd 00O n!0 00 fact(n)
an binomial(m,n)
n000000 ifactor(n)
{ni,np,---}000000 |iged(ng,ny,---)

{ni,ny,---} 000000

ilem(ng,ny,- )

m+ nQO0

mdiv n

m+ n0O0O0

m mod n

>> 3%1

>> -2]

O Ogo0mnO0000000x,x, 00000000@s00000000000)

3ssoo0oooo? e ceil(3.5); >> 4
3ssoo0oooo? e floor(3.5); >>3
3ssoo0oooo? e round(3.5); >> 4
-50000a? e abs(-5); >>5
{%,2.4,3} ocoooo? e max(5/2,2.4,3); >>3

5 .

5,2.4,3 ocoooo? e min(5/2,2.4,3); >> 2.4
5'a? e 5!; >> 120
sC307? e binomial(5,3); >> 10
4800000007 e ifactor(48); >> 243
{12,30,48y00oooog? e igcd(12,30,48); >> 6
{12,30,48y00oooog? e ilcm(12,30,48); >> 240

Ul 0ooOo000D00000D00D00000000000000000a+bi(e,b000)0000000 rectform) 000000

012 ceilg’00’0floor0° 0 round 0’ 000’ 000000000000 O,0000000000000000000000
000 O00abs O absolute value(D OO ) 000 fact O factorial(0D 0 ) OO O ,binomial 0 2000000 Ointeger 0000
O00000O00Oifactor00000000000DO00O0ODOiged O greatest common divisor of integers’,ilcm [ ’least common
multiple of integers’ 0 0 0 0 O div O divide O 0 mod O modulus 00 00O
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modO divOODOOOOOOOOOO

300 80000000007 e 30 div 8; >> 3
300 8oooooooooo? e 30 mod 8; >> 6
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2 OJOOooog

21 O0O0O0OOODOO

oo expand( )
oooo factor( )

ooo simplify( )
x0000 fxOxOODOOOd collect( f(x) ,x)
godoooooooboooon normal( )

00 fOO00 gwO00000000000 | divide(f(x),g(x))
000 fxy) 0000 gxy)OOooooo
00000 x00000000000000 | divide(f(x),g(x),[x])

0 13)

gooooboobobooboboo,boobbooobbooobLDbooobLbooobLboobLbooooLbooooDo
gooogo

211 00O00O0O0OOO0OO

(P =4x+502=3)0? e (xO2-4x+5*x02-3); >> 2 —4x+50%=-3)
000000 expand() 000000

ooooooo? e expand(%); >> 12x+ 2% -4 +x* - 15

(a+b+c)00007 e expand((a+b+c) 0 2); >> 2ab + 2ac + 2bc + a* + b* + ¢*
a000D000D00000 collect(,a) 100000

al0O0OO0DOODOO? e collect(%,a); >> 2bc+a2+b2+c2+a(2b+2c)
000000 factor() 00D O OD

ooooooooo? e factor(%); >> (a+b+c)?

goboobogoboboobooobooobooobooboon

*-82-90000007
e factor(x] 4—8xx0 2-9); >> (x=3)(x+3)(F + 1)
X +4xy+3y2 +x+5y-20000007

e factor(xJ 2+4+x+y+3xyld 2+x+5%xy—2); >>(x+3y-Dx+y+2)

U139 factor0°00°00000000 collectD’ 000 Odivide 1’00’ 000000000

13



0000000020 00000000000000000O0000DLODO0O0OxO000DODOO
x2+4xy+3y2+x+5y—2=x2+(4y+1)x+(3y2+5y—2)=x2+(4y+1)x+(y+2)(3y—1)

000000000000 (x+3y-Dx+y+2)00000000000020000000000000
O0ax* +bx+c=0@X¥0)0 200 ,000000

ax’ +bx+c=alx—a)x-p0)

0000000000 @O)0D00ODDO0OO MuPADO,5000000 GOOO0O0ODOOODOOOO
000000),0000000000000000000
O+ 423 +2x2-3x-30000007?

e factor(x 0 5+x0 4+2+x0 3+2*x0 2—-3%x—3); >> (x — D2 + 3)(x + 1)?

MuPADOOODOOOOOOOODOOOOOODOOOOOOOOOOODOOOODOOOOOOOOOOOn
0000000000000 000oooooodPYoooo0o00000000000000000
goo

212 000000
00 f(» 000 g 000000000000 divide(f(x),g(x)) 000000

27 - 12x+90 (x+3) 0000000000007
e divide(2+x0 3-12xx+9, x+ 3); >> 2x% —6x+ 6, =9

00000 2x-6x+6,000 -900000000

22 —6x +6

x+3)2x3° -12x +9

23 +6x7

—6x°—12x
—6x%—18x

6x +9

6x+18

-9

2000000,00000000000000000000D0O00000OO00O0DOO0O0ODOOOd
divide(f,g,[x) DO O OOOOOOOOOO

8x*+y’0 ¥ +y? 000000000000 xO000ODDO0O00000?
e divide(8*x0 3+y0 3,x0 2+y 0 2, [x]); >> 8x, y° — 8xy*

8x*+y’0 ¥ +y? 000000000000 yOOOOODODODOOOO?

e divide(8+xx0 3+y0O 3,x0 2+y 0 2, [y]; >>y, 8x3—x2y
8x y
2+ )82 s ) T
8x  +8xy° y +x2y
-8xy*? +y° 8x° — X’y

U4 gpoooOo0oO00O0OO0oO0OO00O0DODoOoon
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213 000000

000000000000 @ouoo0)0normal() 0000000000000 OODOODOOOOOOO

L4 OO QOoO00000

2x2—4x+2
3x+x2—4
e (xO2+3xx—-4)/2+x0 2—-4xx+2), >m
X° —4ax
x+4
e normal(%); > )
-
3xtxi—4  _ (D=1 . x+4
ey = ey = ey 00000000000000000000
2x-3 3x=2
2 -3 00000000000000000

2x-3 3x-2

e 2xx—-3)/(x0 2-3*x+2)—(3xx—-2)/(x0 2-4), >> 2312 P-4
4-x
e normal(%); >> T+ 2 -2
x—4
o factor(%), >> —m
oo
2x-3 B 3x-2  2x-3)x+2)-CBx-2)(x-1) _ x> —6x+38
2 -3x+2 x2-4 (x=-Dx=-2)(x+2) T =D& =2)(x+2)
x—=2)(x—4) x—4

T - DE=2x+2) (= D(x+2)
O0000000000000 normal()0000000000000O0O0ODOOOfactor()00000O0
000000000 00000

22 00O0O0O0O,00000

(0)0 yoOOoOoOooooo y =)
00 f(nO,y0000000000000 |y :=x-> £(x)
00 f(x,y)0,z0000000000000 |z =&y ->£(xy)

fO00000000Ox0O eO0OO subs(f,x = a)
fO00000000Ox0 aqy0 b0O0O0O subs(f,x=a,y =b)
00000 fO000 eval(f)
00 fO000C (OO,000) delete(f)
0 15)
Oy = Qpo,:=0000000007:="00000000000000000000000000000(GIDITS:=20000

o0)yoooooo’-> 0,00 (—>)DDDDDDDDDDD’x—>x2’DD’xDx2DDDDDDDD’DDDDDDDDD
000 subs() O substitute(D D O O) OO Oeval() O evaluate(C OO O )OO0
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221 O00DOOOOOO.

0000000000 = 000000000 x+y0 fO00000000000000f:=x+y0O0O00O0O
000000000000 0000000000000 (000000000000000000000
0)0000000000 =4 0 normal) 00 0000000000000 Osimplify) 000000

0000000000000000000000000900000000000000000000

Sl OO0 000000

2x2—4x+2

3x+x* -4

e bunsu:= 3*x+x0 2-4)/2+*x0 2—-4*x+2),; > —————
( 4z ) 2x* —4x+2
0000000000000 000 normal) 00000000000

x+4
2x—2

e normal(bunsu), >>

000000 normal(%) 000 0000000000000 00O0O0000ODDOO simplify) 00000
gooogoboogoo

x+4

2x -2
00000000000000' 00000 simplify(%)00 (0000)= 424 0 simplify 00000
0000000ooooooooooooon

e simplify(bunsu); >>

222 0000O0DOOOOOO

U poo00000000000000000000000000000000000000000
000°’-> 000000000 f(x)=x*0000000njo00000000000000O00OO0

e nijo:=x->x0 2; >> x — X2
2000000000000000x0yy00D0O0OO %DheikinDDDDDDDDDDDDDDDD
goodgogo

xX+y
2

e heikin := (x,y)—> (x+Vy)/2; >> (x,y) —

223 0O

0000000subs (fx=a),subs(f,x=a,y=b) 00000 F 'Y 00000 f{x)0 x=al 000000000
0 f(a); 00000000

010 MyPADODOOO00000000O0 (PLsimplify 010)000000000000 (Ix00),-000000000000000
0000000000000000 x100)0,.000000 (x100)0000000

S 0ooo00000 simplify 0 normal 00000000000000000

O1® 0oooD f(x»0000000000000000000C0000000000000000000000000000000
000000000000,000000 f(x)00000000000000000000000000000000000
0ooooo

D19 subs(f,x=a,y=b) 0 a— bb—c 000000 OO0DOMOO0OOO,subs(f,[x=a,y=b]), subs(f,(x=a,y=b) 0000000000
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%D’D’DDD,fDDDDDDDDDDDDDDDDDDDDDDDDD

+
o £ =+y)/(x-Y) >> 222
xX=y
00 x=100000000000
1+y
e subs(f,x=1); >>
-y
00 x=000000000000
e subs(f,x = 0); >> —1
x=0000,2 =L =--10000000000000x=1y=2000000000
e subs(f, x=1,y=2), >> -3

O000000000000000x0 %, yd ad0OOO0O0O0OO000O0OO

2
a+a a+1
3 e normal(%);, >>

e subs(f,x=al 2,y =a); >>
—-a a-1

a

goobooboobbobboobooooooooboo

goodoooooboobooooooooooooobooooob0oooooooDooooboooooa
00 nijo := x—> x 0O 2;0 heikin := (x,y)—> (x+y)/2; 0000000000000

e nijo(4); >> 16
e heikin(4,38); >> 6

40200 160040 80000 6000000000000 00000O0OD0OOOODOOOOOOOO
goooobooboboooobood

e heikin(2+xa+3,6xa+1); >>4a +2

Doop8edeed — 120000

0 20)

020 qubs(fx=a)0 f(a) 0000000000000 O00O00OOOO0OO00O0O

e subs(sin(x)),x = PI; >> sin(PI)
00000000 eeval)DODODODOOODODOOODOODO

e eval(%); >> 0
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224 0O0OO0OO0OOOOOOOOO?

gooooobooooboooobooboooboobbobboboboobboooboobLDbooobooono
gooooobooooooooboobbooobooooobooob bbb b booooooLbboboo
gooooog

e kansu := x—> x+4-5; >>x—x+4-5

e simplify(%); >>x— x+4-5
godooobooooboooooobooboobooooon
e siki ;= x+4-75; >>x— x—1

gboboobooobobooboooboooboobbooobooboboon

22,5 00000
0000000000000 00000000000000000O0Odelete) 0000O0O0O0OOO

oy :=x02; >> x?
goobodoydoobbobbooboooboooyoboooboobboobbobboboboobo

e expand((y + x) O 2); >> 2 422 + 1

y=x0000@+y)?=x+2xy+y 00000000Gx+x3)?=x*+2°+x2000000y0000
000000000000 00000000

o delete(y): expand((x+y) O 2); >> 2xy + X +y2

021

226 0O0000ODOOOOOOOO

x<0O0O00O —x . .

fx) = 00000000000000000000 piecewise([ £11,[ £21,---) 00
xoDogooo »°

0000000000000 f000000000000000,000000000

o f := piecewise([x <0, —x],[0 <=x, x O 2]); >>—xifx<0, ¥ if0<=x

00000 (->00000x—>piecewise 1000000000

020 DODOO0O00000000000000O0Oreset();000000()00000

18



23 000O0O0ODOOOODOODODOODO

x>alO0O000 assume(x > a)
xO aOO0DOOO assume(x >= a)
x<aOODOOO assume(x < a)
xO aOO0OOO assume(x <= a)
a<x<bOOOGQOO assume(a < x <b)

00 BOOODOOBOODOODODOOODO | assume(B, _and)

00 BOO0OO0OOBOOODOOOOO assume(B, _or)
x0,Type::name 000 0O0O0O0OOO assume(x, Type :: name)
x0o0ooo delete(x);

000 | Type :: name |
oo Type :: Real
OO0 | Type ::Rational
000 | Type :: Complex
ad Type :: Integer
ad Type :: Even

oog Type :: 0dd

U2 MuyPAD DO OO0D0ODD0OO0OO0DOD0O00ODDDOOOOO0OOOO0ODODOOOODDODOOOOOOo
O000D0abs(x 0 2);0000 xO00ODDODODODOOODOXE? 000 MuPADOOODO,xOO0O0ODOODO
0,000000,00000000000000000000000000,assume()000000000
oooog

x>000000007 e assume(x > 0); >> >0
ooo0oOxo? e abs(x); >> X
x<0Oooooooaga? e delete(x) : assume(x < 0); >> <0
OoOo0O0xo? e abs(x); >>  —x

delete) 00000000 DOO,000000000000F? 0000000000 _and0 or00
00000000000o00000000000Do0on,0000000oo

e assume(x > 0) : assume(x < 5, _and); >>10, 5[ of Type::Real
105[0 0<x<500000000001[05]000 xO5000000Type::RealDODODODOODOONO
000000000x>00 x<5000000000 0<x<5000000000000000O0O0OO
oooOoooo

e assume(® < x < 5); >>10, 5[ of Type::Real

gboobooboooboobogooboo

e assume(x > 0) : assume(x < 5,_and); >>10, 5[ of Type::Real

02) 0pooDox0 00 x>=000000x=>0000000000000000000@O00000000000)0000000
0Oo00o00000o0o

029 abs(x)0 xO0OD0OO0O0O0O0O0O0O (@MO0O0)

029 000 delete(x) D00 000000000000 00000000O0O0O0O0O0O0O00O000O000

19



dododooooooooooboo
e assume(x > 10, _or); >> > 10or ]0, 5[ of Type::Real
000 x>10000 0<x<50000000
e assume(x < 20, _and); >>]0, 5[ of Type :: Real or |10, 20[ of Type :: Real

000 O0<x<5000 10<x<200000000

0000000xyO00O0OO0O0, - =0 -0 qQQOoOoo000000000@xy0000

Xty (x+iy)(x—iy) x2+y?

0000000000000000000000000000000000000000 (Type:name) O
ooooooooooooi®

e assume(x, Type :: Real) : assume(y, Type :: Real); >> Type :: Real
1
e 1/(x+y=x1); >
x+1y
e rectform(%); >> — al 5 +(— > Y > )I
X2 +y X2 +y

zO0 x+iy(x,y00)OO0OO0O0OO rectform(z) OO0 00 0O0(@OUOOO0O0ODOO)0DOO0OO0O0O0OO
goobooboobbobob,gobboobooboooog

025 assume(x>=0): assume(x<0,.or); 000 O0000000O0..

20



3 Jooooooood

000 f=00 x0000OO solve(f=0,x)
000 f>00 x0000O0O solve(f>0,x)
O0000 f=0,g=00 x,y0O0O00O0O solve( {f=0,g=0},{x,y})
oo0ooo f>0,g>00 x,y00O0O0O0O solve( {f>0,g>0},{x,y})
0D00000 (00 x=---0000000000) | float()
000000 (RootOf 000000 OOOOOONO) | map(,float)
a>b | a>b
a<b |a<b
al b |a>=b
al b | a<=b
axb a<>b
0 26)
3.1 00000

0000000000000 00O0solve(DO0,000000),0000000000000000O0D0O0

¥ -3x+2=00007?
esolve(x 2—-3*x+2=0,Xx); >> {1,2}

¥ -3x+1=00x000000000 {1,2)000000000000{})0000000000C?2D
00000000000000000000000+a0 «* 00000000000

2x2-5x+1=00007?

2

L n
e solve(*x0 2—-5%x+1=0,%); >>{5/4_1ZLZ ’5/4+1ZL }

000000000000 00I00000002x+3x+4=00007?
e solve(2sx 0 2+3%x+4=0.%): >> {—%123%—3/4,%123%—3/4}

D00000000000003Y 2V38 nooooo0000000000000000000

x0000000000000 1000000000000000000000O

X -3x+2=00007

esolve(x 2-3%x+2=0) >>{[x = 1],[x = 2]}

02 3000000000 0000000000000000000default 00, solve(fx)x) 0000000000000
0000000 RootOf() 000000 DDD n00 (0 3)000000000000O0solve, MaxDegree=n) 0 0 00
MaxDegree(0 00 0)000000000solve 000000000000 0000000000@O00000000000)

02) gpgx=1000x=200x=10x=200000000@0000)0000000000 {}00000000000
ooooOoooo[]lo000oo

21



00020000000000000000000000000000002x+y=10x00000007?
esolve(x+2+y=1,%); >> {1 -2y}

2x+y=10y00000007

esolve(x+2*y=1,y); >>{

}

(SY P

1
2

goboobooobobobobooobooooog

000000000000 00o00x-x-22+x+1=00007?

esolve(xd 4—-x03-2xx02+x+1=0,%); >>{—1,1,

=
|

¥

N il
+

=

——

0000,00000000000000fx)=x*-x-2¥+x+100000
fD=1-1-2+1+1=0, fD)=1+1-2-1+1=0
O000f0MO -0 x+1H)0000000f®O x-Hx+1)OO000
[ = =D+ DO —x=1)
O000f(x=00000

1+ V5
2

x=+1, 00007 -x-1=0e= x==I1, x=

00000000000057=+50000000000000000

32 00O0O0ODO

0000,000000000000000000,0 0000000000000 <=>=000000
oooi?®

¥ -3x+2<00007?

esolve(x 2—-3*x+2<0,Xx); >>11,2[
¥ -3x+2000007?

esolve(x 2—-3*x+2<=0,Xx); >>[1,2]

OOooO0ON2[0 1l<x<2[12]1010x0200000032

00000000000 infinitity(eo) O, —infinity(—e0) 000000000 O

U%) 0oo00=<00000000000000000M0000000000000000000000000
02 112[00000000000[121(10 x02)00000000000000000

22



2>40007

e solve(x O 2 > 4,x);

x in ]-infinity, -2[ union ]2, infinity[

mion0000000000000000000-c0o<x<-20002<x<o000000000000O0
gooboobogo

goooo,bogbooooooobooo,booboooboobboobboon

¥+1<00007?
esolve(x 2+ 1<0,x); >>{}

00000000000O0,0000000ooooP3Y 00000000000 000000ooMuPAD
gooooboogoo

¥-2x+1000007?
esolve(x 2—-2+x+1<=0,Xx); >>{}

¥-2x+100e= x-1)’)000000,000x=1000000000 MuPADO’ 000’0000
0000000 MePADOOOODOODOOO,0000000000000000000O

33 0OOogo

000000,000000000000000000000¢{})00000oooood3y

{x+y=2 0oo?
x=y=0

e solve({fx+y=2,x—y = 0)}); >>{[x =1,y =1]}

x+y+z =2 O
P+y?+y’=14 -..Q 000O?
P+y+2=20 -

esolve({x+y+z=2,x02+y02+z02=14,x0 3+y0d 3+z0 3 =20}),
>>{x=1,y=-2,z=3],[x=1,y=3,z=-2],[x =2,y =1,z = 3],
[x=-2,y=3,z=1],[x=3,y=1,z=-2],[x =3,y =-2,z= 1]}

030 0poooEi‘?+1=-4+1<0000 x=20000000000,00000 MuPADOOOODOOO
03 (yooooooOoOoOo

23



O00@+y+2)? =X+ +22+2xy+yz+2zx)00000QO,Q000

22 = 14+ 2(xy +yz+2%) & xy +yz+2x = =5 @
P+y+2 -3x07=x+y+ )P+ +2-xy—-yz-z0)0000,Q03.® 000

20 —=3xyz =2-{l4 - (-5)} = xyz =-6 O
O,®,600 xy,z000000000
£-200-5t+6=0= (- DHt-3)(t+2)=0=1=13,-2
doodooooooood
{x,y,2} ={1,3,-2}

goo,0bbooboobooobooooog

oo
googoog xyO
xg—y2 =4x-1
y3—)c2 =4y-1

06

ogoooooog
(1)x2+xy+y2+x+y:4DDDDDDDDD
Qxy0000000

gbooogbooobooboooooboobboobooboooo

ogood
(HO-00
O =y + (=) =4 —y) &= (=) +xy +37) + (= P +y) = 4x - y)
x—yx0000
PHxy+y +x+y=4 0oooo

Q) x+y=u, xy=v000001)00

W-V+u=4d=v=u+u-4 )
O+@0O0

Py -y =dx+y) -2

= (x+)° = 3ay(x +y) - {(x + )2 - 29} = 4(x +y) - 2

= u’ —3uv— (u*-2v) =4u-2 @

®@00

W =3u +u- - +2 +u-d-du+2=0= P+ -5u+3=0
= u-1*u+3)=0
—u=1u=-3

24



Q00 uvODODO
(u,v)=(1,-2)000 (-3,2) ®
() W) =(1,-2) = x+y=1l,xy=-2000,
(x,y) =(2,-1), (-1,2)
() (u,v)=(-3,2) = x+y=-3,xy=20010,
(x,y) = (=2,-1), (-1,-2)
OooOo0oooOon
(x,y) = (2,-1,(-1,2),(-2,-1),(-1,-2) ~(0)
00000 MuPADOOOOOOODO
{f—yz =4x-1---@

ooo?
Y-x =4y-1---Q

esolve({x0 3-y0O 2=4xx-1,y0 3-x02=4xy-1});
>>{lx=-1y==2],[x=~-1,y=2], [x=-2,y=-1],[x =2,y = ~1],
[x = v,y = RootOf( X28)* — (X28)* — 4(X28) + 1, X28)]}

0 32)

3.4 000 0RootOf O MaxDegree

000 RootOffx) 00D D0D xO f=000 D0DU0O00DD0O00O0OO0OODOD0OOOx=y,00,y00
O000:;y' -y’ -4y+1=000000000000000000000 x=y0000,000
Y-y =4y-1e=y -y’ -4y+1=0000000MPADO0000DDOOOOOOOOOOOOO
000000000000 Roofof() IDDDDOOODDOUOOADD (nU3)00000000000O
0 O O solve(f,MaxDegree=n) 0 0 0 0 MaxDegree=n 0 00 000000000000y =y —4y+1=0
03000000000000000000

e solve(yd 3—y0O 2—-4xy+1=0,y, MaxDegree = 3); >>00000

00000000,0000000000000000000000000002 +3x2+9%+5=000
gooogo

e solve(x O 3+3*x O 2+9%x+5=0,MaxDegree=3);

2 1 2
1 3 43 4’T I 1,1 43
=47 -2 | x=— -3 _1-=37(47 + ,
>> X x=— 5 > ( 2)
45 4% I,1,1 4%
x= - —1+53z(4s+ 2)

gooooooooo,bbooooobbobooogb bbb bbbboooobbboO,bbbb o
gooooboooobooooboooob, bbb booboobbobobboobLDbbooboboo

03) (x28)0000,0000000000000000000X28)00000 MuPADOOODODOO0OO0O0OOO00OO,O
0028000 MuPADOOOOOOOO0OO0OOODO
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3.5 J000O0O00OO0oD0O

0000000000000000000,0000000000000000000000000000
0,00000000000 float() DORootOf) 100000000000 O0DODO, map(,foat) 0000
OFP¥ 000002 +32+9%+5=0000000000000

e solve(x O +3*x 0 2+9*x+5=0,MaxDegree=3);
4% 4% 41 I .
= 2

>>x=4%—73—1,x= 7 5 3

4% 4% I 1 43
S SR E YR
T )

X

0000000000000 x=000000000000000000000flecat0000O000O

e float(%);
>> {[x = =0.6725199979], [x = —1.163740001 — 2.4658532731], [x = —1.163740001 + 2.4658532731]}

0000y -y’ -4y+1=000000000000

e solve(y] 3—y[0 2—4%y+1=0); >>y inRootOf((X9)’ — (X9)> — 4(X9) + 1, X9)
O0000000OmapOO0O0DODO
e map(%, float); >>yin{-1.699628148,0.2391232783,2.46050487}

gooboogooooobood

36 DO0OOODOOODOOO

solve) 00000000000 00000000000000O0Dassume()00000
assume(x,Type:Rea) 00000000 0F 3

F¥+1=0000007
e assume(x, Type :: Real) : esolve(xO 2+1=1); >>{}

00000000000’ 000’ 000000 =-1000x=+%0000000000000000
O0000000,000000000 x000000000O0.deletex)00000000

e delete(x): esolve(xd 2+1=1); >>{[x=-Lx=1]}

gboobooboooboobogooboo

033) maps([x,y,---],DDDD)D,[X,y,---]DDDDDDDDDDDDDDDDDDDDDDDD-maps([4,9,5],sqrt);>>[2,3,5%]D
00000 map) 0,00 {}0000 []00000000000feat) D0000000000000 @O0O00)

034 assume(x,Type:Real) 0 ”x D0 0000000000000 000000000000O0,000000000000000O
(oooooo)
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ogooo oo
n
sum(a(k), k = 1..n) > a
k=1
rec(000,a(n),0000) oooooo
solve(rec(DO0O,a(n),0000)) | OOOOO

0 35)

41 0OOODOOO

MuPADOO,0000{1,3,5,7,9,---}00000000000000,000000000000000
O000000000000000000000000000000 n0000000000000000
O000000ooooooooooom 3o

42 0OO0ODO

n

DDDquDDDDDDDD,nDDDDD;EPQDDDDDD,wm@jkﬂJﬂDDDDDDDD
k=1

Zk2 ? o sum(k 0 2,k = 1..3); >> 14
k=1
O00012+22+32=1+4+9=14000000 n0000000000000O00O0O

n 2 3
Zkz? e sumk 0 2,k = 1..n); £, non
6 2
k=1
0000000000000 0000000000000000000Ofactor()00O0O00OO
e factor(%); >>1/6n(n+1)2n+1)

sum() 000000 A000000000000000D000O00O0O00OO0OO0O00O0Od

n
Zzi esum(2 0 i,i=1.n) >>22"-2
i=1

039 sum 00000000 0Orec O recursion formula0 0 0) 000 O00recer 10000’ 0000000000)Y 000000
Jo0oooooOo’ooooo’oooooo
03 g,=2n-1(mn=1,2,3,---)000000000a,000000,000000000

{a,} 0 suretn.a0000000000O0O00O00ODO
e suretu.a:=n—->2*n-1; >>n—2n-1
n01000000000000000000C0000OC0O0O0O00ODO

e suretu-a(10); >> 19
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RN

n
Doi=24224 242" =

i=1

0000000000000000%,, ey 000000000037

202" = 1)

=22"-1)=2-2"-2
1 ( )

o sum(1/(k * (k + 1)),k = 1..n) >> 2
n+1

— 1
0000000000 7=+

;ng(%_ k-lrl)
(2t

1
- uu

000000 00oooooooooonP3®

43 00O

{a,) 00000, rec(00,an),0000)000000000O000D000O00000 a1 =3,a0=50
0000000000000 am00000000ooooooogod3®

431 0O0OO0O0OO

03 gpopoo0O0kk+) 000000000 0kk+)D00000000000000000001/k/(k+1)00000000

oo
038)

DDDDDDDak:m:kL—M O00,f(k)=+0000 a4 =fk)-fk+1)0000000000

n

iak = D UfG) - flke+ 1))

=1 k=1
=) - SO+ {fQ - O} +{fB) = fD}+---+{f(n) - fn+ 1)}
=fM-fln+1)

ooooooooo DDDDDuk_f(k) f(k+1)uk_f(k) f(k+2)DD 0000000000 0O@EoOo0o0ono)oo
00000000000000,%), +=++4++4++-L0000D000D0000DO0ODOODOOOO0

03 QooOo0000,000 (@000 CO0000)00000000000000000O0400000000000000
0000, a(m+1)=2*%a(n),a(n)=2*a(n-1), 0000 am+2)=2*a(n+) D000 O0O00000COCOOOO0OO a(n)O am+1)0
0000000000 o0OO0On0O0ODOOD ki0ODODODOODDOODOOODOOODOO

28



0000 (1) ap =2an,a =3000000000000
e rec(a(n+1)=2*a(n),a(n),a(1)=3); >> —2a(n) + a(n + 1),a(n),{a(l) = 3}

000000 2a,+a,+1 =0,y =300000000{e,}00000000O0O000O0O0O0 (@ O0)=0000
O00000000000000000,000 solve()O0OOOOO

e solve(%); >> { 32" }

2

gopbooobooogboboboboooobog

e solve (rec(a(n+l)=2%*a(n),a(n),a(l)=3)); >> { 322,1 }

00 Oda =2a,a1=3,0003,00200000000a,=3-2""'000000000000000
goo

0000000000 @ =ap+2n,a, =1 0000000000
e solve(rec(a(n+ 1) = a(n)+ 2 *n, a(n),a(l) = 1)); >>{n?—n+1)

O000{a,) 000000 {b,) 0000 be=2k0000

n—1
a,,=a1+22k=1+n(n—1)=n2—n+1
k=1

oooooo
(3)00000000du =pan+q(p,g00)0000:dm =2a,+1,a;=10000000000

e solve(an+1)=2=x*a(n)+ 1,a(n),a(l) = 1); >> (2" - 1}

O00e=2+1000 o=-10000,00000000 (-HOOODOO
ny1 =20, +1 &= ay1 +1=2(a, + 1)
0000{a,+1}0, 00 +1=2,00 20000000000

ap,+1=2.2""1=2on
0a,=2"-1

gooboobogo

4000000000 a4 =-2+,qy=100000000000

ap+3

e rec(a(n+ 1) =a(m)/(a(n) + 3),a(n),a(l)=1): e solve(%);

a(n)

>> solve(rec (a(n +1)— a) +3

,am),{a(l) = 1}))
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0000000000000000000 MuPADOOODOOOODOOOOOOOOOOOOOOOO
MuPAD OO 0OOO0OOO0OO0OO0OO0OO0OO0OO0OO0OO0O0O0O0000D0OOD nO00000000OO00O0OO0OO0OOOOOO
oY 00, 000000000000

ay ==2-00000000

ap+3

000 b,=-0000,
buy1 =3b, + 1

00000000000 0ae=3a+100 a:—%DDDDDDDD

1 1
bn+l + ? =3 (bn + ?)

000 {b,+5}000 b+ =5,0030000000000

b,,+%=%.3"-‘=%'3"
oo
ogoooo
1 2
N T (@)

MuPADOOOOOOO,0000000000000000O000D0OO0O00OO

432 O0O00O0O0OO

MuPAD O ,300000; apes + pan +qa, =0(p,q00)0000003

Apas — 3ans1 +2a, = 0,01 = 1,a, =200000000000000 {a(l)=1,a2)=2)00000000
000000000 O0000O0

e rec(a(n+2)—3xan+ 1)+ 2=*xam)=0,an),{a(l)=1,a(2) =2}):

2}1
e solve(%); >> {7}

00000000 £2-3t+2=0000+¢=1,200000000

{ any2 — 2an+l =dp+1 — 2an T ®

apy2 — Apyl = 2(an+l - ay)

040 gpo x,000000,00000000

30



Oooooo®,eo0

an+l_2an=a2_2al =0 ®,
Apyl —Aap = 2’l_l(a2 - al) = 2’1_1 ®,
oooooo®@Q@ -@ o0

ay = 2n—l

gobooobooboboooobood

433 0JO0OOO
D4 MuyPAD O OO ODODO;

Qp+l = pay + qbn
b,s1 = ra, + sb,

0000000000 00ooo0oooo0oo00oooO00o3000000ooo0oooDooooogo
gboobooobogoboobooboo

U4) opoooo,00000000,0000000
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5 Ooono

ogood
sin x sin(x)
CoS x cos(x)
tan x tan(x)
~000)]| PI
ogooooon
ooooo simplify()
ooooooooo combine(,sincos)
f(x) Osin0 cosO00O000 | rewrite(f(x),sincos)
fOtanO00ODOOO rewrite(f(x),tan)

0 42)

sinx,cosx,tanx J 0 00O sin(x),cos(x)tan(x) I 00 0000000000000 0OO0OOOOOOOO
000 (rad) 0000 ()OD0DO0D0O0OO00O0ODOO0O0OD (yOOOO0OPIODOOOOOOOOOOOOO
120000000000000000000

0000000 10000000 10000000020 pPQOOOO0OO

(POQUOOO(MOODODOO)=0 POOODO

! Q L o ¥ Q0,1 ¥
-1 / ' -1 / \! ‘I: 4///\” -1 -\\%\
NEARNPARN VARN ¥

oo 1o oo 20 00 30 oo 4o

ooo,l0000oo 200,000 3400 180°=7TDDDD,9O°=%DDDDDDDDDDDALSC’:%

DDDDﬁW:%DDDDQW%D%{MMD,&Wz—%DDDDDDDDDDDDDDDDDDD
0000000000000 0000000000000000000000@O00000000000
ooooo)

51 OO0O0O0ODO

04) combineD’ 00O0DOOO0D,00000000D0’ 0000000000000, combine()J000,a"-¢" =a™ 000
0000000 Orewdite D " 0000’ 000000 rewrite( ,exp)rewrite( ,ln) D0 00000 ¢0000000,00000
0000 (00D0000)
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00 O sin(90°),¢08(90°),tan(45°) 00000 000000000000000 90° = £ rad,45° = £ rad O
O0O0O000000O000O0O0oO

sin(%) a? e sin(PI/2); >> 1
cos (%) a? e cos(PI/2), >> 0
tan(%) a? e tan(PI/4); >> 1

0000000000 sin(90°) = 1,c0890°) = 0,tan(45°) = 1 0 0000000000000 0000O
00000,00000000000000000000000000000C0 Sin(x)00000000

x°=x><%80radDDDDDDDDDDDDDDDDDDDDDD

Sin:= x— > sin(x/180 x PI);

000 sin(60°) 00 0000000000000 0O0O

W
=

sin(60°) O ? e Sin(60); >>

[\

cos,tan 000000000
Cos := x— > cos(x/180 * PI);, Tan := x— > tan(x/180 % PI);

oo0o0oooooo ()oooooo

52 0O0O0OODO

000000000000 0000O0solve()D000OD000ODO0OODOODOOOOOODOOOODOO
¢Gyooooooo,0o0oooo %DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
goo

(DHsinx)=10007 e solve(sin(x), x); >>1/2«PI+2« X1+ Pl|X1inZ_
z0O00OOOOO0O000000@O00000000000)00000ssin(x)=1000 £+2nr(r000
YOODOOOODODOxODDOOOOO0ODOOO0O0O00O assume()P4¥ 000000000000
Q) sin(x) =100 x<27) 0000000000000 0O00OO0

e assume(® <= x < 2 x PI); >> [0, 2 * PI[ of Type :: Real

[02«PI[0,0000002r 000000000000 fType:Rea”’0 00 0000000000000
0000000 x0000000000000000000000000000

e solve(sin(x)=1,x); >> %

e unassume(x);

04) assume 0’0000’ 000000000000 O00O00D0O0D0O00O00O0O0DO00O000020000000000000
U4 gpoooooooo
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0000000 2000000000000 wnassume(x); 10000 x0000000 00 x<2700
00000000000 dP® 00000000000 x<2r 0000000000000 unassume(x);
0000000 0000ooooooon

(B)cos(x) =100 x<2m 00000000 O0O0OOODOOOO

e solve(cos(x) = 1,x); >> 0

000o0o0gooo ()0ooo0oo0o0o0o0oDooooo00ooo0oooo0oooooooDogoooon
goooooo

(4) sin(x+60°) =4+ (00 x<360°) 0007

60° = 17,360° = 27 (rad) 0 0 O

-3
. R 1 R . 1 1
sm(x+60)=3(0D x<360)(=>sm(x+?7r)=3(0ﬂ x < 2m)

O0o0ooooooo,MuPADOODOOOOOOOO

e solve(sin(x + PI/3) = 1/2,x); >> %, HT”
ogood
1 1 1 S 13 11
sin(x+ ?n)z 5 00 x<2n) = x+ ?71'2 %,Tﬂ = x= %,—6” « x =90°,330°

goooobooboooooboooobooobooobooboobbobboobbooooo

MuPAD [ sinx+cos’x=10000000000000000,

(5)2cos’x+5sinx+1=000 x<27) 0000000000000 0000000OOO0

e assume(0 <=x<2*PI); >> [0, 2 * PI[ of Type :: Real
11
e solve(2*cos(x) O 2+5%sin(x)+1=0); >> {[x = %r] , [x = Tﬂ]}

O0Ocos?x=1-sin*>x0000

2cos’x+5sinx+1=0¢ 2(1 —sin’x) +5sinx+ 1 =0 & 2sin> x — 5sinx—3 =0
1
— (2sinx+ 1)(sinx—3) =0 < sinx = — 5 sinx =3

-10sinx0 1000

gooooboogoo

0000000ooo0ooo0o0oooooooooooogoooooooooooogg,MuPAD O
sinx +siny = 1

inx+ V3 =1 O
sin x cos x {cosx+cosy=\/§

gooooog

045 ynassume(x) 00000 Odelete(x) 00D OO0
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53 OOOODO

oooooo MePADODOODOODOODOOOOOOOOOO

54 0O0O0O0O
O000000000000000Oexpand()?4 000000

e expand(sin(x+y));
o expand(cos(x+y));

0000 simplify( ), 0 00 combine( ,sincos) ®4? 000000
e simplify(sin(x)* cos(y) + cos(x) * sin(y));
e simplify(cos(x)* cos(y)— sin(x) = sin(y));
e combine(sin(x) * cos(y) + cos(x) * sin(y), sincos);

e combine(cos(x) * cos(y) — sin(x) * sin(y), sincos);

00000 expand() 000000

e expand(sin(2 * x));

e expand(cos(2 * x));
0000 simplify( ), 000 combine( ,sincos) D00 000
e simplify(2 * sin(x) * cos(y));
e simplify(cos(x)0 2 —sin(x) O 2);
e combine(2 * sin(x) * cos(y), sincos);

e combine(cos(x) 0 2 —sin(x) 0 2, sincos);

>> cos(y) sin(x) + cos(x) sin(y)

>> cos(x) cos(y) — sin(x) sin(y)

>> sin(x + y)
>> cos(x +y)
>> sin(x + y)

>> cos(x +y)

>> 2 cos(x) sin(x)

>> cos(x)? — sin(x)?

>> sin(2x)
>> cos(2x)
>> sin(2x)

>> cos(2x)

000000000000000Osinx+ V3cosx=100000000C0FP4®

55 O0O0OODOODO

000000,00000000000000000000D00000 casebycaseJO0OOOOOOO
MuPADOOOOOOOOOOOOOO0O0O0O0O0O00O0O0O0OOOOO, combine(,sincos), rewrite(,sincos),

rewrite( ,tan),simplify() 00000000

040 gpoooOo0000OO0o0O00O0oo

047 combine O,  combine(a* x a¥); >>¢™ 00000’000 1000000’ 0000000000

048 OO OMuPAD DO z=x+iy(x,y00)000 argz00D00 arg(x,y) D00 0000000000000 000,000000

gooooooobo,000ooooooooooooooooooo
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combine( f(x),sincos)y — 0000000000 0O00O0O
rewrite( f(x), sincos) —sinOcos000O0O0O0OOO
rewrite( f(x), tan) —tan0 00000000

combine 00000000000 0OOrewriteD simplify 000000000

1

o simplify(1 + 1/tan(x) O 2); > W +

simplify 00 0000000000000 Orewrite 00 000sin0cos000000O0O0ONO

1 2
e rewrite(1 + 1/tan(x) O 2); sin(x)

cos(x)?

O000sin0 cos0000000000O0O00O0O00O simplify()0O00OO0OD0OO

1

e simplify(%); g cos(x)?

U0 tan 0 O0OO0OOO0ODOOO

((tan 72+ 1)2
e rewrite(1/ cos(x) O 2); >> = 7 D

(1 - (tan %)2)2

O0000tns 00000000000,

X , X .2 X COSZ%—SiHZ%
Cosx =C082-|—|=cos" — —sin" > = ——————
2 2 2 cos? 5 +sin” &
oo0oooooooo COSZ%DDDD
2 x
Sll’li
T 1 —tan* £
Cosx = —— = R
L 1 +tan* 5
cos? 5
Ooo@oOoooooooooooooog
0 49)
0 49)
sinxO0 000000
sin%
) ) X x X 2sin 5 cos 5 zcos% 2tan 5
smx:smz-(—):Zsm—cos—: = —— = T
2 2 2 c052%+51n % ]+Sln7 1 + tan >
cos? &
DDDDtan%:tDDDD
sinx:%
1-12 --(00)
cosx= 75

DDDDDDsinx,cosxDtan%DDDDDDDDDD
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000 sin®x+cos’>x00000000000

e rewrite(sin(x) O 2 + cos(x) O 2); >> sin(x)” + cos(x)?

rewrite ] 000 0000000000000 0O000 sinOcosO0000000O0OODOODOSsimplify O
gobooobooooboooooo

o simplify(sin(x) O 2 + cos(x) O 2); >> 1

gobooobooboboooobood

56 0O0OO

000000o0ooooo0,00o0o0g0ooo MelPADOODOOOOODOO0O0OOO0OOOOODOOOOOO
00 sinx+cos?x=100000000000? 00000 @00000000000)000000
0000000oo00oo00ooooooooooooooo0 MuPADODOOOOOOO,00000O
gooooooooobooob (obobobooobooobo)yboob,D0bobobooboobOoo
goo

37



6 DO0OOooono

0 50)

a* al x
e* exp(x)
log, x log(a, x)
logx(ODOOO) In(x)
ogono simplify()
godoooooooooood combine()

UdebloboonboboOod

combine(, exp)

b ebdboobbobO

combine(,1n)

00000 eoononoo rewrite(,exp)
00000 eoononoo rewrite(,1n)
«(00D0000) E

UShopoooooo0o0oo,000000000 MuePADOOOOOOOOO

6.1 0OOODO

a>000004000000Ra=av,Va"=a* 0000000000a<000000Rfa=-4-a0
ooooo

(H)V2700000000 V27=27000000000000000@00000000000)

e 270 (1/3): >> 277
0000000000000 00000,simplify000000

e simplify(%); >>3
()V2v30000ooo?

o 201 (1/4)% 80 (1/4); >> 27 8%

o simplify(%); >> 167

e simplify(%); >> 2

27 #8T = (2x8)T =167 =V16=200000000a<000000Ra=-4—a000000

3)V=3+810D000000 V-3=-Y30000,00000000000

>> 817 — 37¥

>>23%

e —30 (1/3)+(81) 0O (1/3);
e simplify(%);

050 ¢ logxO00 M OOOOOO

B5D exp(x) O ’exponential function’ (J000) D000 D000 INO logarithm natural( 0 00) D 0000000000 (OO
0000y 000000000y 00000000000000 EOOOOOOOOOOOOOOsimplify0000000
00000000000’ 00’0000000000000
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O00V=3+V8l=-V3+3V3=2V3=2-30000

googo

X+y X X=y

axa =a,a +a =a
(@) =a” (@>0,b>0,x,y000)
(ab)* = a* b*

O MvPADOOOOOOOOOOOOOOOODOODOOOOOOOO

e all x*al y; >>a* a

(x+y)

o simplify(%); >>a

000000000 combine() 000000000 OO00OODOOODOOO

e @l x)0y; >> (a')
o simplify(%); >> (a*)
e combine(%); >> a®

O0000000000000 combine( )0 00000000 0ODOOOOOO

e al x*b O x; >> a*b*
e combine(%); >> a*b*
o simplify(%); >> a*b*

combine() 0,0 0000000000000 000OOOO0OOOOO0OO0OODOO0OOsimplify(%) 000
gooboobooobobuoboboobooooboooboooboobbobboo

e all (3/2)+al (1/2); >> g2
e (ab (1/3) 0 6; >> a?
e all 3x(1/a)0 3; >> 1

= @) =a0 = x (LY =@x 1Y =1=100000000000000

1

o all (1/3)*(1/a) 0 (1/3); oo g (i)‘T

a

at x(H)37=@x1)v =17 =100000000,00000000000000«000000000
U000000«>00000000000000000 52

e assume(a > 0); >> >0
e all (1/3)=(1/a)0 (1/3); >> 1

00000000o0oo0ooooo0oooooooooooooooooMuPADOODDOOOOOOOOOO
gboobogboogoboooobooobboobbooon

052 4 <00000MuPADOO a0 (I/m)000 x000000000000000 z0 a+bi(e,b00)0000000 rectform(z)
1
0000 erectform((-1) 0 (1/3); >> 1 +3Z/000000
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6.2 0O0O0OODO

log, x 0 log(a,x), log x?°¥ 0 In(x) (nooo 0000 0000000MuPAD 00000000000 e00

Jo0)yoooOooOoooooooobooboooooooooooooooao
log,x=ye=x=a"(O0)
log, xy = log, x + log,y
log, x" = rlog, x
log, b = &2

log.a

(x>0,y>0,a>0,ax1,b>0,c>0,cx1)

o, jgfdodooboobooooon
e log(2, 8); >> 3
log,8=300000000000logq2+1log,5=1og,,10=1000000007?
e log(10, 2)+log(10, 5); >>log,2 + log;, 5

simplify, combine 0 0 00000000000 P34

3logg2 =logg2*=1000000007
e 3log(8,2); >> 310g(8,2)
OO000simplify 0 combine 0000000000000 0O0OO0OOOOOO
o float(%); >> 1.0

1000001.000000000000 MuPADOOODODODOOOO 1.000000000000DO00O0
0000doooooooooo0oo0dD0oD0000o0oMuPADOOD OO D OOOOOOOOOOO
rewrite(,In) 0 OIn(x)=log, x 000000000000

In(5)
In(3)

e rewrite(log(3,5), In); >>

D00 logs5= 2500000000

039 Jog, x0ODDOOODOO0O0 e0000,000000
05 0O000 rewrite(,ln) 0000000 e000000

In2 In5

o rewrite(%, In); > 10 + n10

normal 0000000000

In2 + In5

1 .
e normal(%); 10

000 combine 0000000000

e combine(%, In); >> 1
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O0e0000000OO0DOOOOQO combine(,ln)000

e 3*In(2); >> 31n(2)
e combine(%, In); >> In(8)

3logg2000000000,00 e000000000°000000

6.3 UOO0OO0OO0OO

O00000000000o0O0solve0 00000000, 0000000000000

2=80000000000000000 x=3000
e solve(2 O x=8); >> x in { 1/In(2)*(2*I*PI*(X5)+In(8)) — X5 in Z_ }

ZDDDDDDDDDDDDx:%(nDDD)DDDDDDDD,DDDDDDDDDDDDDDD
O0@O00D00000000000000000000)0000000000,00000000000

OOType:Real 0O D D000 O0ODO0OOOOOOOODOO

_ In(3)
" In(2)

e assume(x,Type::Real): solve(2 00 x=8); >> X

e - -30000000000000000000000000000.00000000000

e assume(x,Type::Real): solve(E O x=3); >> x = In(3)
e solve(In(x)=3); >> x = exp(3)
1
o solve(In(x*(2*x+1))=0); >> {[x =-1], [x = ?]}
oOoooo

1
1ogx(2x+1)=0<=>x(2x+1)=1<=>2x2+x—1=0<=>x=—1,x=3

goooobod

MuPADO OO e0000,000000000000000000OCC00O0DOOCOODOOO

64 OO

0000000 o,00 10000000000000000039

05 0OoOooO0 10000000000000000,000000000060000000000000 60000 (17000
gooooooooooooooobooooo
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00
|3WDDDDDD?M&&=QMHDDDDDDDD

gooo

log;,3'" = 1001log, 3 = 100 x 0.4771 = 47.71
Ooooo3'%g 10vY'oooong
1047 < 3100 < 1048
10048 0000000000000010%¥04900000000000000000000
48 0 -(0)

00000000o0o00oo0oo00oooooooooooo MuPADOOODOOOOOOOO

e 30 100; >> 515377520732011331036461129765621272702107522001

0o0o0oooo 48000000

6.5 00O

MuPADOOOOOOODOOO (0ODOO0OD0O)ODODOOODOO0O0OOO0O0OOOOO,0000000
00000oDo0oooooooooooooo MuPADODOOOOOOO,0000000000000OO
goooo@booooboboooobo)bobo,0ooboboobooooooooo
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7 000 (@D)

00 lim f(x) limit(f(x),x=a)
o0 f(x) diff(f(x),x)
0000 [ f(xdx int(f(x),x)

000 [ f(dx | int(f(x)x=a T b)

0 56)

71 00

limf(x) O limitf(x),x=a) 000 000x 0000000000000 000000000000
X—a

y=f(x)0O00O A(a,f(a)) D00 Pla+h, f(a+h)DO OO
0,00 ApOOOO

fla+h)—fl@  fla+h) - fa)
(a+h)—a B h

y = f(x) §f<,” +h) - f(a)

000,00 PO0O0O0OOD ADOOOODO,O00 APODOOO,
00000 A0DDO0OOO0OOODOOOOoOOoOOoOog A
gooooboogoo

fla+h) - f(a)

.fW)=£% ,

0000y=f(»0,x=a00000000; f(@)0000
oooo

f=x*0000f (0000000000

oy o flavh) - fla . (a + h)? —a?
A N P
2
= lim 280" _ fina + k) = 2a
h—0 h h—0

OooOMvPADOOOOOOOOOO
f(x)=x2DDDDDDDDD®DD fle000D00O0,00000000000000000O
e limit(((a+h)d 2—ad 2)/h,h=0); >> 2a

gooboobogo

059 diff O “differentiate(0 00 0) 00O int O integral( 0 ) 000000000000 int(f(x),x=allb); 00.00000
oo0oo20000000000MO200000000
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72 00O

fO0xO0000000000diffdx),x)00000000

%(x3+3x2)D? e diff(x 0 3+3%x0 2,%); >> 6x + 322

(FP+3x%)y =3+6x000000000000000,dif(x)0000°x 0000000000000
gooo

di(ax3+bx)D? ediff(axx 0O 3+b*x,Xx); >> b+ 3ax’

x

di(ax3+bx)D? ediff(axx0O 3+b=xx,a); >> x°
a

200000 300000 « 0000000000000 0O0ODODODOOOOOOOOOOOOOO
MuPADOOODOOOODOOOO0OOOO0OO(DOOOOOO0OOO0OO0,00000000000)

73 00O0OO

fO0xO00000000000 intfx)x) 0000000000 x’(000)00000000O0

3
f(x2+3)de? eint(x0 2+ 3,x): >>3x+xT

f(x2+3)dx=%+3X+CDDDDDDDDDDDMUPADDDDDDDD cooOooooooo
2 . A
t*dt 07 eint(td 2,1t); >>?
ftzde? eint(tO 2,x); >> 1% x

000000000 '_—;,xDDDDDDDDtszDDDDDDDDDDDDDDDDDDDDDDD
goood

74 000
741 000O0ODOD

fx)0x000 x=a00x=b000000000 int(f(x),x=a.b)y0 00007

2
f(x2+3)de oog? eint(x0 2+3,x=1.2); >> 16/3
1

05D i ar (@0 k=100 k=n00000)0 sum(a.k=1.n) 00000 00000)0000000000
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goo
ﬁz(f+3)dx=[%+3x]i:(%+6)_(%+3):ﬁ

gooooboogoo

X 3
f(t2+3)dt[|[l[l? eint(td 2+3,t=1.%); >> 3x+%—10/3
1
000 xOO0OOoOOoooooooooo

o diff(%, x); >> x> +3

ooo
X 3 3 3

2 _[L x_(x (1 _ X _ 10

fl(t +3)dt—[3 +3t]l—(—+3x) (—3 +3)_—3 +3x— -2

oo xoogooog

gooboogooooobood

@o) di f F(dt = f(x)
X a
gpooogo
7.4.2 %[I[I
on

B
f (v )~ p)dx =~ (B - )

gpoogoood %DDDDDDDDDDDDDDDDDDDD
goboobooboooooooooooboobbooboobog,y =
x-o)x-p0x000000000 SO00OO

B —_ N3
s =f{—<x—a)<x—ﬁ>}dx= %

gooogo
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y=@-a)x-p)

-B-a
7/

0000000 MuPADOODOODOOOOOOOOO

3 3 20 _ 2(_g —
e int((x—a)*(x—-b),x = a.b); >>bT—aT+ab2—a2b— a ; b + b ; b

goooooboogoog

1
e factor(%); >> _E(_l +b)

goo,0bbogboobooobooooobood

0o
y=x0y=2x+50000000S00000

o000
X =2x+50000

P-2x-5=0e=x=1+ V6

a=1-V6,8=1+V6000002-2x-5=(x-a)(x-pA 00000000000

B B B
S=bfax+5—ﬁmx=—j}ﬁ—zx—ﬁdpz—j}x—mu—ﬁmx

Z%w"“%“ém+V@—U—V@f=%a%wzsﬁ

0000000000000 ooooMuPADOOODOOOODOODOO
o int2+*x+5—-—x0 2,x=1-sqrt(6)..1 + sqrt(6));

6% +1)3 ~ (1-67)3
3

1-67)>
( )+ 3

>> 1067 + (67 + 1)? —
sfsisisfsfsisfsfs)s

e expand(%); >> 867
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86T =8V OO OOOOOOD

75 0000OOODOO

MuPAD O O,abs(x) 0 xOOOOOOoOooom®

2
I=f|x2—1|deDDDDDDDDD
-1

e int(abs(x 0O 2-1)), x=-1..2); >>%
o0 -1000000/000000000000
l ? ’ y=l-1|
I= | (=0 = Didx+ | (= Ddx
-1 1
. x 1 X 2
_[_T+x]_1+[?_ ]1
1 1 8 1
=l-—+1]-(=-1 —=-2|-({=-1
3o+ 1
=— [Q0ooo 0o 1 2 ot

76 00O

000000 a0 x0cO gx)0 f(x),cO xO0 b0 f(x)O gx) O

O00x=a,x=b,y=f(x),y=¢gx) 0000000000000 S
goooo

C b
s - f (F() — g)dx + f (g(x) — F(V)dx
C b
_ f () — g(ldx + f () — gl
b
= f |f(x) — g(x)ldx

000000000 |f0)-gx 0000000000

05 (0oO0D0O0)0DO000eabs(-5); >>5000000
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"y = g(x)

00
OPOODOy=x00000000 A(,)O000000O X y=p

00000 OP 00 y=x*00000 x=10000000
000 SOO000O0ooO0 pO000OODOOOOOOO
opO0OOOODOOO

000 MuPADOOOODOOOODOOOOO

oooo
O00O00PEA OO0 (0 1)00O0DDO0000O0000 OPOOO y=nx00O000,

1
S=f|tx—x2|dx
0

1 1
:f(tx—xz)dx+f(x2—tx)dx
0 1
[tx2 X [x3 1x* 1

2 3 btz T
$ 8 1 t $ 8
(= )04 [=-=]-[— - =
2 3 372 3 2
_ror 1
3 273
ggog
1
A 1
B v
— S = — =|t-— —. (¢ - +
dt 2
V2 V2 Solls[N[0O0] /" ]g

oooosSoooooo«oon



oooooo poObOO

1 1)
p = ~(0)
[
OO0 MuPADOOOOO0OO0OOOOODOODODO absOO0O00O0O00OO0OO
000000000 ¢¢0 100000
e assume(® <=t <= 1); >> [0, 1] of Type::Real
o0oOooooooooon

e int(txx—x0 2),x=0..1);

>> i t+1
3 2 3
OO0 SHO0oo00oooo0oo«0o00oooaon
. , 1
o diff(%).0); >> - =
$'(n=000000000
23
e solve(%); >> |t = 3

DDDDDDDDDDDDDDDDDDDDDI:%DDDDDDDDDDDDDDDDDD,DDDDD
gooo

77 000

MuPADOOOOOOOOO,00000000000000000,000000000000POOO
0Pt 0000000 OPOO;y=x00000,00000000000000000000000
gooooobooobbooobbooobboobbooo, bbb obLboooDoo
goobooobooooboooboooobooooboboooboobb bbb oLoLo
MuPADOOOOOOODOOOODOOOOODOOO
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8 Ooo (@ I

0 59)
oo
lim a, limit(a(n),n = infinity),
lim f(x) limit(f(x),x = a);
X—da
lim0 f(x) | limit(£(x),x = a,Right);
x—a+
limof(x) limit(f(x),x = a,Left);
X—a—!
oo
oo f(x) diff(f(x),x)
nO000 f9%) diff(f(x),x $n);
0000 [ f(xdx int(£(x),x)
000 [ f(dx | int(£(x),x = alDb)
ogooooon
sin x sin(x)
coS X cos(x)
tan x tan(x)
a* al x
e’ exp(x)DODO EDO x
log, x log(a, x)
logx(0O000) In(x)
~O00) PI
e(0O0OO00O0O) E
co(0O0O) infinity
0 60)

81 00O (0O)
811 O000O0O0O

MuPAD 0 0O eo(0 00) O infinity, —co(0 0 0) O —infinity 0 0 O

lim §Z—:é 09 e limit((2 *n— 1)/(3%n - 2),n = infinity); >> %

Jlim 23':__21 0?2 e limit(2+n0 2-1)/(3*n—2),n =infinity); >> infinity
Jl_}rg % 0? e limit((-2+*n0 2-1)/(3*n—2),n=infinity), >> —infinity
lim (n + %) 0?7 e limit((1+1/n)%n = infinity); >> exp(1)

0 0poooO0000(@O0)00000000000000000,000 (@0)000000000000
060 diff O “differentiate(0 00 0) 00O int O integral(00) 000000000 int(f(x),x=allb); 00.00000000
020000000000MO200000000

50



MuPADOOOe* 0 exp(x) 0000 exp(l)=¢' =e. 00000000000 ¢e0000;

n
e = lim (n+ i)

n—oo n

goooobod

812 OOOOOO

0o0o0ooooooooooooooooooo S, 000000000000 limS, 000000000

n—oo

0000000000000 {a 00 n000000 sum(ak).k=1.n);000F PsumO0000000
00o0o00,000000000000
1 2 n—1
S:1+?+(_) +...+(_) 4o oo (%)

goooobod

& k=1
nDDDDD;S,,:Z(%) ooo,s, O
k=1

e sum((1/2)0 (k- 1),k = 1..n); >>2-2(1/2)"
ogoooooood
e limit(%,n = infinity), >> 2

000000 1,00 20000000000 A00000 S,0,
11_Ln 1n
s o M-G)) :2_2(_)

1-4 2

00000, 000,
lim S, =2
n—oo

gooooog

813 OOOOO

000000,0000000000000limf(x) 0 limit(fx),x=a);0000000

X—a

gopbooooboogoo

lim sinx 4, e limit(sin(x)/x,x = 0); >> 1
xX— X

CO) OO0 D0000D sumkD 2k=1.3)0 Y3 k*=12+22+32=14000000
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goboobogbobooboooboobboobooon

2
lim cos”(x)

- 0? e limit(cos(x)?/(1 — sin(x)),x = PI/2); >> 2
=% 1 —sinx

DDD%—X:IDDDD,X—)%DDDt—>ODDDD

2 cos? .2 2
cos 0 _ ( = Tim S0 L = Jim L=COS L _ i) 4 cosr) =2
n

. 2
lim = lim
(%—t) =0 1 —cost 0 1—cost 10

x—=% 1-sinx =0 1 _gj

gobooobooooboooobood

h _
lim<=L g9

lim e limit((EO h-1)/h,h = 0); >> 1
}1_%1 k)ga%t) 0? e limit(In(l +t)/t,t =0); >> 1
lim(1 + HT0? e limit((1+t) 0 (1/t),t = 0); >> exp(1)
)}1_{2 (x + %)x o2 e limit((1+ 1/x)*,x = infinity); >> exp(1)
xgr_noo (x + %)x o2 e limit((1+ 1/x)*,x = —infinity); >> exp(1)

MuPAD 00 e* =exp(x) D0 00000, exp()=e' =e0000000000000000000

" log(1
lim =L - | fim 214D

X
=1 <zlim(l+t)+ =e¢ < lim (X+L) —e
h=0  h =0 t =0

X—+00 X

goooobod

814 O0OOODOOO

DDD,DDDDDDDDxl_i}gl-of(x),xl_i}[r)rlof(x)DDDDDDDDDD”XD al000o0o0o0odgabonog
O0(@CO000oo)ooooo”O0”x0al000000000 ad0O00O0@OOOO0OO0)YODOoooo>”o0
000OMWPADO0000000000000000 lim f(0 0 limit(f(x),x = a,Right), lim f(x)
O limit(fx),x = a,Left) 00 %

DDDf(x)ZXXTlDDDDDDDDDDDDDDD

a? e limit(x/(x—1),x = 1,Right), infinity
x—1+0 x — 1
lim X 09 o limit(x/(x—1),x = 1,Left); — infinity
x—=1-0 X —
lirrll 0? o limit(x/(x—1),x=1); undefined
=1 X =

0 goooOo < Left>0O <Right>000000’00000’0000000MePADOODOODOOOOOODOOOOOODO
gooooooooooboobooo
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O0O0x>1000 x%>0,x<1[|[|[| x+l<0[|,[|[| x—100000000000000o0000d
goood

=00 lim X _ -

’ x—-1-0 x — 1

=140 x — 1

00000000000000000 lime, -5 000000000

000 MuPADODODOOOOOODOOOO0OO0O0ODOOy=f(x)0000 «0 x0b00000000
plotfunc2d(f(x),x=a.b) 000000 0Oyd0O00O0O c0O yOdODOOOOOOO plotfunc2d(f(x),x=a..b,y=c..d)
0oooood® 000000 y=-24 00000 -10x03,-100y0 10000000000
oooog

e plotfunc2d(x/(x—1),x=-1..3,y = —10..10);

0000000000000 00000d windowOOOOOOODOOOOOOOOOOO

wilx—=11]
¥y 10w

000000 x=10000000000000000x=100000000000000000000
O000o00OMuPADODOOODOOOOODOOOODOOOOOOOOODOOO0OOOO0OOOOOOOO

06) NOODOO00D0O000000000D000plotfunc2d O plot(@ O )+function(d 0)+2d2 00)0 00, 000000000
ooooooo
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82 OO

fO0xO0000000000diffdx),x)00000000

821 0O00OODOOOOO

gbobooobogoboooboooboon

(sinx)’ | cosx ey e’
(cosx) | —sinx (log x)’ %
(tanx)’ | —— (@) | ax!

MuPADOOOO0O0OO0OOOMuPADOOOOOOOOD ()00000 E,O0 € = exp(x), log x = In(x)@
noo)0000000@O0O000000000)

(sinx)’'00 ? e diff(sin(x), x); >> cos(x)
(cosx)'0? e diff(cos(x),x); >> —sin(x)
(tanx)’'0 ? e diff(tan(x), x); >> tan(x)? + 1
(eo? e diff(exp(x),Xx); >> exp(x)
1
(logx)'0? e diff(In(x), x); >> —
x
x*'0? ediff(x0 a,x); >> q x47!
1
(Vx)'0? e diff(sqrt(x),x); >> -
2x7
(tanx) = —b— = 1+ tan’x, (V) = (x7) = $x77 = # Dooooooooofe
83 0000

nd000 f™x) 0 difffx),x $n) 0000 FH 6
fx)=x0020000003000000000000

P09 o diff(x 0 3,x52); bx
00 o diff(x 0 3,x9$3); 6

0000 (3 =3x%,(x3) =Bx%) =6x,(x3)” =(6x)’=60000000000

84 ODUO0OOODODOO

goboooboooobooooboo

O (w+v)Y =u +Vv
O (wv) =u'v+uw/
0 u ! — uv-u

oooooon ng(x))' - S (g(x)g'(x)

06) MuPAD 0000000 O Odiff(tan(x),x); O O O O Orewrite(%,sincos); simplify(%); 0 O O O O O rewrite(f(x),sincos) O f(x) O
sin(x) 0 cos(x) 00000000000 OOOODO
06 NoO$0O00000D0 0000000’ 000000000ekO 2$k=1.5; >>1,49,1625000000
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00000,00000000000000000000000000000000000000O diffoo
gooogo

(M (&) oooooooo

x2+1

7 2x(7x — 6)

o di g — 2 .
diff(7 «x—-6)/(x* +1),x); >> 241 (2 + 1)

00000000 O00O00Onormal(%) 000000

12x =72 +7
e normal(%); S>> X7 X T
(%) 232 + x4+ 1
o0oooooooooooooon
e factor(%); >> —L%iq
P +1)
"6 0o (@) (&e) 0opoo0o00o0o
. . . cos(x) cos(x)(1 — sin(x))
e diff((1+ sin(x))/(1 — sin(x)), x); —— -
(« (x)/( (%)), x) Sin(0) + 1 (sin(0) + 1

factor 0, 000000000000

S (—=2) cos(x)

e factor(%), (sin(x) + 1)?

gboobooboooboobogooboo

1—sinx\" (1 =sinx)’(1 +sinx) — (1 —sinx)(1 + sinx)’
1 +sinx

B (1 + sin x)2
—cos x(1 + sinx) — (1 — sin x) cos x
(1 + sin x)?
2 cos x
(sinx + 1)?

000000o0ooo0oooooooooooooooo,MuPADODO, 00000000000 O0O0O0O
DD]67)
85 OOODO

fO0 x00000000D000 intfx),x) 00000000 0OMuPADOOOOODO COOODOOOO
gbbooobooboboooboooooooboo

fe"dx e +C f sinxdx | —cosx+C
f %dx log|x| + C fcos xdx | sinx+C
fx”dx(aﬂg— 1) ’(‘:; +C fﬁdx tanx + C

069 00 factor(); 000000000000 normal(%);0 factor(%); 00 0 0O factor(%); 000000000
0¢) DOODOD0O000000000000000000000000000000000000000000000000000
oooo
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MuvPADOOOOOGQGQOGQOQO
fe"dx 0? e int(exp(x),x); exp(x)

fidx 0? e int(1l/x,Xx); >> In(x)
X

In(x) = log(x),exp(x) =" 0000000000000 O0ODOOO0OOOOOO

fsin xdx 07 e int(sin(x), x); >> —cos(x)
fcos xdx 07 e int(cos(x),x); >> sin(x)
1 . 2 sin(2x)
dx07? t(1 0 2,x); _
fcoszx * * int(l/cos() %) 2cos(2x) + 1

DDDDD,f;dxztanxDDDDDDDDtanxDDDDDDDDDDD

cos? x

4 tan x
2(1 — tan(x)?) N 2}

1 + tan(x)?

e rewrite(%, tan); >>

(1 + tan(x)?) {

normal 0000000000
e normal(%); >> tan x
godoooboobooooooooobboooboooobooooog
i+51n(2x)
4

3 cos(x) 3 cos(3x)
2 6

fcos2 xdx 07 e int(cos(x)?,x); >>

fsin 2xcos xdx 07 e int(sin(2 * x) * cos(x), X);

O000cos?x = 2 OO

1+ cos2x in?2
2 = | —— gy = L S
fcos xdx—f 3 dx >t T4 +C

0000000000 sin2xcosx = +(sin3x+sinx) 000

1
fsiancosxdx = fi(sin3x+ sin x)dx = _%fx - % +C

0000, 0000000000MePADO0OODOOOOODOOODOOOOOOOOOOOOOOOOO
gooogo
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86 UOO

gboboobooobobooboooboooboobbooobooboboon

T
f sin xdx 00 ? e int(sin(x),x = 0..PI); >> 2
0
7
f cosxdx O ? e int(cos(x),x = 0..PI/2); >> 1
0
1
f efdx07? e int(E5,x=0.1); >>exp(l) -1
0
2
f —dx 07?7 e int(1l/x,x=1.2); >> In(2)
1 X
' 1
f(ex —eNdx0? e int(E0 x—EO (-x),x = —1..1); >> exp(l) - ———
1 exp(—1)
oooooa? o simplify(%); >> 0

8
Jﬂ—fi?:gdxﬂ? o int(x/(x0 2-6%x+8),x=6.8);  >>3In4)—2In2) - In(6)
6 X°—0X

8
ooooo? e combine(%, 1n); >> ln?

goo

s

=1

fﬂsinxdxz[—cosx];r=2 f%cosxdxz[sinx]0
0 0

\er—[ﬂV-—l fﬁd-{b " = log2
Oe x=|e) =e 1xx_ gx|, =1og

1

1
f(ex—e_")dx = [ex+e_x] = (e+e H=(e'+e) =0
-1
8

8
by 2 1 8 8
_ = - =21 -4 -1 -2
f; x2—6x+8dx L(x—él x—2)dx [oglx |]6 [oglx |]6

=2(log4 —log2) — (log6 —log4)
=2log2 —(log2 +1log3) +2log2 =3log2 —log3 = log%

MuPAD 00 ¢, logx 00000 expx),In(x) 00 00000,0000000000002000000
00000000000000000000000000Osimplify(00000), combine(,In) (logx 0 O
00000), normal (O00), factor 00 0)0000000000000000000 flea@0O0)0O
000000000000000000000

MuPADD OO0O0O0O000DOO0OO00OOOOODOO0O0O0OO000O0O intO00O0O0O00O0OOd

¢ sin(rl 2
f de 0? e int(sin(PI = In(x))/x,x = 1..E); >> —
1 X T

2 1
S 2ep@d) 1

e
f x> log xdx [0 ? e int(x 0 2% 1In(x),x = 1.E); 9 9
1
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x|l — e
t|0 - =«

e o3 1 1 i 1 2
[ = - [ it = [ - ot} = =
| - z Jo T 0 T

00000000nrlogx=¢0000,%dx =dt,

goo

e e 3., 3 e 3 1 3 3 23 1
flleogxdxzfl(%) logxdxz[%logx]j—fl%.;dx=%—[%]j=%+§

Oooooooooooogrre®

87 DUO0ODLOODDODO

x(xOOOO)O MuPADODO abs(x) 000000000 OMuPADOOOODOOOOOO, 000000
gobooboogboboobobooooboog

T
f |cos xldx O ? e int(abs(cos(x)),x = 0 ..PI); >> 2
0
21 1
f | sinx + cos x|dx O ? e int(abs(sin(x) + cos(x)),x = 0..2 x PI); >>427
0
21
f [3sinx +2cosx|dx O? e int(abs(3 * sin(x) + 2 * cos(x)),x = 0..2 = PI); >> 0
0

gooboobogo

T % T ks
flcosxldxzf cosxdx+f(—cosx)dxz[sinx]2 —[sinx]”” =2
0 0 z 0 2
. . x x x| 0 — 2m
D0O00000sinx+cosx= V2sin(x+Z)000,x+%=/r00000dx=d, - _
t|7 - 27+
27 27+ 5
O f | sin x + cos x|dx = \/EI sin t|dt
0 :

0000 sint 0000 270000

x
2n+ 5

2 T
V2| sint|dt = \/Ef |sint|dt=2\/§fsintdt=2\/§[—cost]g=4\/§
0 0

ISE

0000000000 0oo0oooooooo0oo0oDoooo0oo0RoODUooooooooooon
0,4v1300000000)%% 00000,00000000000000000000000000
goooobod

06) DooOoO0DO0000 MuPADOOOOOOOOOOOOOOOOOOOOOO
06) 0o0o 3sinxy+2cosx=000000000000000000000000O00OO(@O 2n—tan-'_%,mn—tan-'_%)
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8.8 OO

000000 a0 x0cO gx)0 f(x),cO xO0 b0 f(x)O gx) O
O00x=a,x=b,y=f(x),y=gx)0000000O00C0OOOOOS

oo0ooo
¢ b L~y = g(x)
S =f{f(X)—g(X)}dX+f{g(X)—f(X)}dx
a C
C b
= f |f(x) — g(0)ldx + f |f(x) — g(x)ldx
a C
b
= fa If () = g(W)ldx = I
000000000 |[f(x)—gx) 0000000000 - ; - x
0o
00000 Cy:y=sinx(00 x0Onx),C, : y=sin3x(00 xOn) O Y
000000000 S00000 ¥ Zsing
fe) a n

wlN

y = sin3x

OO0MuwPADOOODOOOD0S = [|sin3x—sinxdx 000000000000000

8§27
3

4
e int(abs(sin(3 * x) — sin(x)),x = 0..PI); >> -3

gboobooboooboobogooboo
gooo
0<x<Z0000000x000a@O<a<4)0000030000000

sina = sin3a & sina = 3sina —4sin’ @ < 4sin’ @ — 2sina =0

1 1
— sina(sina - —) (sina + —) =0

V2 V2

0O<e<Z2000

sinag = — << a«a

\)
NI




¢,G;000x=400000000

S @ z
5 = f (sin3x — sinx)dx + f (sin x — sin 3x)dx
0 1%

= —lcos3x+cosxa+ —cosx+ lcos3x H
3 0 3 a

1 1 1
(—? cos 3a + cosa) - (—? + 1) +0- (? cos 3a — cosa)

2 2 2 3n T 2
Z—?COS3Q+ZCOSQ—?Z—?COST+ZCOSZ—?
_4V2-2
B 3

goo

ooooooPE™ooooooon?

oo
00000 Cy:y=sinx(00 x0Onx),Cp : y=sin2x(00 xOx) O Y

ooooooooosSooooon

y =2sin2x

: n
N 7
(0] . X

I
2

OO0MuwPADOOODODODO0S = [ |sinx—2sin2xdx 000000000000000

e int(abs(sin(x) — 2 * sin(2 * X)), x = 0..PI); >> 2

gboobooboooboobogooboo
O0000<x<n0O00D000OO0O0x0O000 aO<ao<mOoooooooooog

. . . . . 1
sina = 2sin2a < sina = 4sinacosa < sina(l —4cosa) =0 < cosa = T

(03 T
S = f (2sin2x — sin x)dx + f (sinx — 2 sin2x)dx
0 a

(3 T

= [—cos2x+cosx]0 +[—cosx+0052x]

(03
=(—cos2a+cosa)—0+2—(cos2a — cosa)

=-2cos2a+2cosa+2 = —2(20052a— 1)+2cosa+2

070 DpODOOOMapleD 000000000000 -4+442000000000000000000 MuPADOOOOOD
00oO00Ooo0o0o
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cosa=+000

1 1 17
= —4cos”a +2 b=-—+—+d=—
S cos“a +2cosa + 4+2+ 1

O00000!'00000000x000000000000000MuPADOODOOOOOOOOOOO
ogogiRo

89 OUOODOODODODOUODO

MuPAD 0000000000 intlib(integral library) D D D0 0000 0000000000O0O0O00O0OO
00000000000000000000°00° 0000000000 stdlib(standard library; 0 O O
0000)00000000000000computer 100 000000000000000 hold); 000
0000000000000 0Ohold) 0000000000 00000000000000000000
O00000hold0000000000O00O0O0O eval); 000000000000000000 subs();
oo

ff(x)dx Ox=gnODOOO0O intlib :: changevartold(int)(f(x), x),x = g(t));
f: f)dxO x=g(x)0O0000 | intlib:: changevartold(int)(£(x),x = a ..b),x = g(t));
ff(x)g'(x)dx oo0o,0000 intlib :: bypartsthold(int)(£(x) * g'(x), x), g’ (X));
f: fgxdxD 00,0000 |intlib:: bypartsthold(int)(f(x) *g’(x),x = a..b), g (x));

073)

891 0000 (@OOO)

ff(x)dx[l x=g(» 000000000 intlib::changevar(hold(int)(f(x),x),x=g(t)) D 0 00 Ohold O OO
000000000000 00000000000D0 evalOODODOODOOODOODO xOODOODOODOO
wm@)DDDDDDIKLﬂﬂhD1—ﬁﬂDDDDDDDDD

e intlib :: changevarthold(int)(x*(1-x) 0O 5,x),1 —x = 1t); >> int(t® - 1, 1);

hold 000DD,:0000000000000001-x=/00000fx(1-xdx=[(°-r)dt000
00000000000 0000000000000000O0 evalOODOODOD

7
e eval(%); > = - =

000¢:000000000000000 xO0OO0OOOoOOoOO,subs(,)00000

. (I1-»" (d-x°

e subs(%,t =1 - x); > 7 G

U7 0000,00000 Maple 00DDO0OO0OO0O000O00000DOcosx D000 cos'x = arccosx 00000
int(2*sin(2*x)—sin(x),x=0..arccos(1/4))+ int(sin(x)—2*sin(2*x),x=arccos(1/4)).P) 0 D0 000000000 O0OOODOOO
O MuPAD O OOO0OOODO int(2%sin(2*x)—sin(x),x=0..a)+ int(sin(x)-2*sin(2*x),x=a.P) OO0 000000 OOOOODO
gooo

072 changevar(),bypart(),eval(),subs() O O O O O O change variable(O O O O O ),integration by parts(C O O O), evaluate(D O O
0),substitute(I 0000 O00)00000subs(f,x=a)0 fO x=aD 000000

073 hold(); 0000000 ODO0OOintlib :: changevar(hold(int(£(x),x)),x = g(t)); 000000000000
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892 0OOO (DOO)
1
DDDDDDDDDG)[xU—@MxDl—ﬁnDDDDDDDDD
0
e intlib :: changevarthold(int)(x*(1-x)0 5,x=0.1),1-x=1); >> int(t6 —-,r=1.0):

1—x=zDDDDDﬂxa—@Mx:ﬁbﬂq%mmmDDDDDDDDDDDDDDDDDDDDemmD
oooooooo

e eval(%); >> —

00 @) f tidx0 x=tanr00000000000

e intlib :: changevar(thold(int)(1/(1+x 0O 2),x = 0..1),x = tan(t)); >> int(1,t = 0..PI/4);

J tirdx= [F140000000000000eval 0000000000000

e eval(%);, o> ZI
. x‘O - 1 . . )
DDDXZtaIl[DDDD,dXZcogztd[, ,H—ZZI—ZZCOS[DDDDDD
s 7 X +tan?

1 z z ”
1 4 2 1 4 T T
dx = ~ dt= | ldr=|t|' ==
f01+xz * fo“’ cosit fo [l 4

893 0OOOO

000000000020000000000000000000000000000
(1) [xcosxdx 0000000000000 [xcosxdx = [x(sinx)dx00000000000 2000
cosxOdonono

e intlib :: byparts(hold(int)(x * cos(x), x), cos(x)); >> xsin(x) — int(sin(x), x)
fxsinxdx=xsinx—fsinxdeDDDDDDDDDDDDDDDDDevaID 2000000000000
e eval(%); >> cos(x) + x sin(x)
oo
fxcos xdx = fx(sin x)dx = xsinx — f(x)' sin xdx = xsinx — fsin xdx = xsinx + cos x

2

00000000000 [xcosxdy= [ (&) cosxdx 00000000

e intlib :: byparts(hold(int)(x = cos(x), X), X); >>

x’cos(x) . |- x% sin(x)
— |- x
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D0o00000O00Ooooon
() 1=[esinxdx00000000000 [esinxdx=[(e)sinxdx000000000

e I:=intlib :: byparts(hold(int)(exp(x) * sin(x), X), exp(x));
>> exp(x) = sin(x) — int(exp(x) cos(x), X)

0000 = [e'sinxdx= [(e") sinxdx =e'sinx— [ecosxdx0000000000000000000
OD00O00Oeval)J0O0O0O00DOCO

sin(x) exp(x) B cos(x) exp(x)

e eval(%), 3 3

gboboobooobobooboooboooboobbooobooboboon

894 00O

MuPADDDDDDDDDDDDDDDD[I[I[I[I[I[I[I[I[I[IDDDDD,O,%,HDDDDDDDDDD
gooooo,,oggoobooooooobooboooobbbbooobbbboobboboooobLbboboo
gboooob,ogboobooobooooboooboobboo

O0,000000000MuPADO0OOOCDOOOCODOOOOOOOOOOOOOOOODOOOOO,
ooooooooMuPADOOOOOO,000000000000000000D000O0OC0O0OOCOO0O

gooo
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9 bDOOobOon

y=f(x)OOOO (@0 x0O b) plotfunc2d( £(x),x = a ..b)
y=f(x)OOOO (@0 x0 b) plot :: Function2d(f(x),x = a ..b)
f,y)y=00000 (¢0 x0O b,cO yO d) plot :: implicit(f(x,y),x=a.b,y =c.d)
0000000000 (e 0O b) plot :: Curve2d(x(t),y(t)],t = a.b)
000 (rn0)=(f(),g(HHO0OO0O (a0 t0d b) | plot::polar([£(t),g(t)]t =a.Db)

07 MuPAD OO O0O00DO00D0O0O0O00000000000D00000000 y=fx0000000
plotfunc2d 0 0000000000000 00000000000000000O0MUPADOOODOODOD
00000000000000000000000000000000000000000000000
000000000000000000000000000000000000

91 y=f(x)00O0OO
y=f(x)000000e0 x0 b 00000000 plotfunc2d); 0000000000000
plotfunc2d( £(x),x = a..b);

yoOOOcOyOdOOOOOOOOOOOODOOOOOOOOO
plotfunc2d( £(x),x = a.b,y = c.d),;

2000000000000000000,000000000000
plotfunc2d( £(x), g(x),x = a ..b);

sceneoption 00 0000000000000 0O00OCOOOOOOOO020000 sceneoption000O0
go,b0b0bbooboobogoon

plotfunc2d(option, £(x),x = a ..b);
plotfunc2d(optionl,option2,--- , f(x),x = a ..b);

sceneoption 1 00 0000000000000 0O0O0OO,00000000 Scaling, Ticks, BackGround,
ForeGround, Axes, Arrows 0 0 000000 O0O0O0O Scaling=Constrained (00000 O0000O0O)O
Ticks=[20,10](x 00000000 2000y00000000 10000), Title="2 ji kansuu”(2 ji kansuu
0oooooooooOo)yoooo (@Wo)=(hHoooooooooODbhOoOooDOooooOooboooooo
000000000000 Scaling=Constrained 00000000 OTicks,Title 00000000000
goo000000,000000000000o0o0ooo0,0000ooogooooogo®’

B74 plot:0 0O OO0 DOO plot(plot:0)00 00 plot) 00 O0OOOOOOD

875 plotfunc2d O, plot+function+2d2 00 D 000000000 ON0) 0000000 plot:Function2d) 00000000000
000000000000 00000000000000000000 (000000000000000000000)00
oooooOooooo

076 MuPAD O Help O O0Osceneoptiond f(x) 000000000000 0O000,000 plotfunc2d(£(x),x =a.b,option);
000000000000000000000000000000 plotoptiond 000 Colo(OOD0N)Grid 00000
000)0000000000000000000000000000,0000000000000000000 Oplotfunc2d
00 plotoptiond,Grid 0000000000
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9.1.1

(hooooooo

y=f(x)00000000

oo @Eobo)oboooooooooooboooo

y=x=-3x+1(-30 x03)0000

eplotfunc2d(x 3 -3 *x+ 1,x = -3..3);

O000000ooo,00 window 000000000 O0OD0OOOO0OOOOO

i3 - 3T+

.
h

1] 1.25

00 window 0000000000000 0DOOODD OO Graphics-Veam---” 0000000000
O0000000000000000000000000000000000000 y0OOOODOODOO
O00000000 MuPADOODODOO yOOODOOODO (Scale) 100000000000 OO0(OO
15 000000000000)
000000 Scaling=Constrained "7’ 000000000

e plotfunc2d(Scaling = Constrained,x 0 3 —-3*x+ 1,x =-3..3);

577 Constrained 0 00000 »yJOODOOOODOOOOO0DDOOO0DOOUnconstrained 100 000O0MuPADOODOO
000D0D000D0DD0O0000 Unconstrained 00000000000 DO constrai 00 00000000000’ 000
0000 00Scaling=Constrained 0 0 ,MuPAD O scaling 0 000 00000000000O000O0O
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0000000oo0oooo0oooo0ooo000ydoooO0ooD -5S0y0S5S0000000O0O0

eplotfunc2d(x 3-3*x+1,x=-3.3,y = =5..5);

i3 - 3+
v AT
25T
L L D L L
248 .25 D \_/Léﬁ 75
X
P51

-30x0300 -50y050000000000000y00000000000000000 yOdOd
[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[IDDDDDDDf(x)=x3—3x+1[I[I
O0,f/(x)=3x>-3=3(x-1Dx+1)

X 1T T1
S
O 13| N]|-1]/

+
o
|
(e}
+




0000000000000 0000000000000000000000 Ticks®® 00000

Ticks = [n,n,)J0 000 Ticks=n(n, =n, =n000)0000000-0000000000000

ooo
e plotfunc2d(Ticks =10,x0 3 -3 *xx+ 1,x=-3..3,y = =5..5);

i3 - 3+
v 4T
4t
3_

0000ooU00oo0o0oooUoooo0ooooooooooooooooooooooo,oooorooo”
000o0o0ooo@UoObooooo)0doooooooooooooooo,0o00gooo?ood

(00000000000

000000000000 0000000AO0AO0aa,e,log,x,logx O MuPAD OO0 00000
al x,E0 x(000 exp(x)),loga,x),In(x) D 0000y =2 y =log,x, y =x0000000
gooboobobbobobobooboo,0opbo0oo0o0oo0boboobobobboon
Scaling=Constrained 000 x,y 0000000000000 OO

e plotfunc2d(Scaling = Constrained, 2*,109(2,x),%,Xx = =5..5,y = =5..5);

078 tick D00DOOOD00D0 ticktckOOODO)0O0O00’00° 00000000
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y=2"0y=log,x0000000 y=xO000000O00O0000O0O0O0O0OGOOO

2%, log(2, x), x

v T
241
h t 0 }
5 2.5 D 2,
2.5
5

912 O0OO0OOODOOO

0oo0ooooooo@ooo)ooooooooooooMuPADOOOOOOOOOOOOOOOO
DDD[I[I[I[I[I[I[I[I[I[I[I[I[I[I[I[ID[I[I[I[I[I[I[IEP79)y=f(x)[I[I[I[I[I[I[I[I[I[I[I[I[I
y:=x->fx);00000->0,000-00000000x0 f(x)OO0ODOOOOOOOOOOO
00180°=x0000000 f(x)=Sin(x)(0O0O00)0 MuPADO sin(x)(000000)0000O00O00
O Sin(x):sin(

an).mmm

e Sin := x— > sin(x/180 % PI);

000000 y=Sin(x)0°0 x0 360°) 00000

goooobod

e plotfunc2d(Sin(x),x = 0..360);

07 0QOoOo000000000000000000,0000000000,0000000000000
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>> x— > sin(x/180 x PI)



sin(1/120%P1)

05T

0 &0 100 150 % 00 &0 300

000 Scale 0000000000000 0OO000000000O0O,00000 sin(x/180 * PI) O
O000000000000000TitleOption D Tile="0 00007 0000000,00000000
000000 ””0000000000000000000000000 sin(x)&cos(x)” 0000000
0ooof® D000 y=cos(x)(0°0 x0 360°) 0000000000000 OODOOOOOOOON
Ooooooon

e Cos :=x— > cos(x/180 = PI);
e plotfunc2d(Title = "sin(x)&cos(x)”, Sin(x), Cos(x),x = 0..360);

sinCadcos(

00 tan(x)(0°0 x0 360°) 0000000 an(x)’ 00 000000000000

e Tan := x— > tan(x/180 « PI);
e plotfunc2d(Title = "tan(x)”, Tan(x),x = 0..360);

39 99

080 > ”DDDDDDDDD(string)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD goooooo

0000000000000 kono naka ha jiyuu desu... ”
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tan(a]

1500 T
1000 T

00 T

o &0 |1o0 150 o0 250 zo0 SO
500 + x
00D 1

-1500 T

x—90°000 tan(x) » zc0o 0000000000 yOOOOOOOODOODOODOOODOOyOOOO
O00yOoOOOOOODOOOODOOOOOO-100y0O 100000000

e plotfunc2d(Title = "tan(x)”, Tan(x),x = 0..360,y = —10..10);

tan(a]

o107
5 -

1} t t t ’ t t :

1] 0 100 1] Zon 240 2460

x
5T
-0+

gooboogooooobood
goobooooooooooobooboobomobooooooo)ybooooooooooo

sinx + V3 cos(x) = 2 sin(x + 60°)
O0000y=2sinx0 y=sinx+ V3cosxOOODODDOOOODOODOOOOODO

e plotfunc2d(Sin(x) + sqrt(3) = Cos(x), 2 * Sin(x),x = 0..360);
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Sin(1A20% P + 3142 Feos(1 207 R, 2hsing1 S0%PI)

O00O0000 x000000 100 (300,00)000000000y=sinx+V3cosxOOOOO y=2sinx
00000 xO0000 -60°c000000000000000D0O0O0O000O0O0O0
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913 0000000000

x<0O0oo, —x
f(x)z{xm oooo, &

00000000000000000000 piecewise([fi1,[f-],---) 00000 000o0oooon
f000000000000000,000000000

o f := piecewise([x < 0, —x],[0 <= x, x O 2]); >> —xifx <0, X if0<=x
00000 (->»00000x—>piecewise 1000000000 0O0O0OMuPAD OO <,>,0,0 0000
O0<><=>00000000000000000000,-20x020000000000000

e plotfunc2d(f(x),x = —2..2);

piecewizelx <0, =], [0 <=x x"2])
¥ 41

9.1.4 Grid option

0000000 MO0000000000000O,sinx,cosx010000000000 (rad) 00000
OMO000000,000000000000000000,0000’00000000000000
0000 Gridoption 0000 Grid=n(r 0000)0000000r0000000000000000OO
OO0Gridoption 00 0000,000000000000000000OCF3

plotfunc2d( £(x),x = a..b,Grid = n);

08D piecewise=piece+wise [ piece 10 000000000000 wise 1000000000000 0 moneywise, timewise O 0
00000o0o0O0Moo0oo0000ooooooooooooooon

08) oid 0000000000000 00MUPADOOODOONONOOOOOD x000000 f(x)0000000000000
00ooo0o0oO0o0000O000o000000o00o00000000000000000000r00000,000000
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O00y=sini(-20 x02,x30) 0000000000000
y X

e plotfunc2d(sin(1l/x),x = —-2..2);

sinll )
W 171

H

00000000000 00000000 Grid=50000000000000000Tile0O00OO0O0OOOd
goo

e plotfunc2d(Title = ”sin(1/x),Grid = 5007, sin(1/x),x = —2..2,Grid = 500);

ginfl /), Grid=500
b

gboobooboooboobogooboo

000000000000 00 (default) O O,Grid=100 00 O0MuPAD O Help O OOgridoption O f(x) 000000000
0000000, 00d plotfunc2d(Grid =n, f(x),x=a.b); 0000000000 OOOOOOOO
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sint =2l L=t yme=x=—-—@O00)0000x=000000000 -10 100

(2;11%)7(

00000000000 0Xx=00000,00000000000 MuPADODOOOOOOODOO

915 OO00y=f(x)0000(@0O)

goooo,booboobooobooooog

o001

y=e*sinx(0O x0O 400000000000

y=e*sinx(0O xO 400000000000 O0O0OOO0OOO0ODOOOODOO0O2,3r000O0O0O
0000000 A0 3.140000000000000000000O

e plotfunc2d(exp(—x) * sin(x),x = 0..4 = PI);

sin(aexpl-a]
W
03t
025 T
pzt
0.15 H
0.1 4
0.05 §
ar — e 0 125

O0000-03.1400000000000000000000 410 4%x3.14=125600000000
000000000 0o00o0doD x>60000000000000*000000000D0O00O0ODO0O
goooobodyoboobbobbuobbyobboobobooboobooboobbooobobooo
gooboobooobobooobooooboobboobooobo
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y

s+
0.4+
0.7

i : : fﬁiﬁhah : -

0 2 5 5 75 TM——"" 125

x

0zt

000000000000000,00000 y=e%sinx000000000003x0000000
O0x=470 1250000000000000000000000000000OC000O0OO0OOOOOO
goo

00,0000000000 y=+%*0000000-10sinx0 1000

—e0 e sin(x) O e

00000000 sin() =-1 e x=3x 27000000000 x=3x 27000 y=—*000
00 y=e®sinx0000000000000x=47,37000 y=e® 00000 y=e*sinx00

Oooooooo@o)

0ogd 2
y=x0000Oy=V4-x20000000000y=x+V4-x*3(-20x02)00000000

y = \/4——)62[I[I[I[I[I[I[|y=xDDDDDDDDDZDDDDDD yooooooooo,ooo
0oo0oooooooooooooMuPADOOODO300000000000000000000A0O
Scaling=Constrained 10000000000 OTicks=[510100000x00000000 5,y0000
oodo 1ooooooooon

e plotfunc2d(Scaling = Constrained, Ticks = [5, 10],
x,sqrt(4—x0 2),x+sqrt(4—x0 2),x=-2.2);

gbooboooboooobooooog
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PG RS R C ) N ()

b

gooooboooboobooooboooooobooobooboobboobpboooboobboooboo

oo 3
‘ 3
y=f(x)= xzx 1 gbboobogbbuooboobby=xbooboooboooobooo

OO000D0OMuPADOyy=f(x)0 y=x000000000O000O0OOO
e plotfunc2d(x,x 0 3/(x0 2-1),x =-5..5,y = =5..5);

gooooboogoo
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o 3SR =1
W aT

goboobogoboooboobooooboo

0000 xx+x1.00000

;o 32 -1)—x - 2x _ 2(x+ V3)(x - V3)
VST oy T @-p

y0Oooooooooo,f (000000000000 oooooooooooooooooon

x| —co| .- | =3 |- -1 . lol--- 1 oo | V3 |
Y + 0 - - 10| - - 0 +

v | A =2E N meofeo | N[O N | meoleo [ N[ 2] w0

gooooboogoo

.Xj X

—_ Xt —
x2 =1 x2 -1

lim xl 00000 lim{f(x)—x}=0000, x>0 000,y=f(x)0 y=x000000000
X—+00

x—too x2 —

=x0000)

goooooboogoog
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0o 4
|y=ﬂm=V§&2DxDDDDDDDMM%DDDDD

gobooobooboboooobood

e plotfunc2d((xd 3) 0O (1/3),x = -2..2);

G310 430

1786 1
15T
1.25 +

T

0245 T

-2 L

0000000 MuPADOOOa>00000a=a3 D000000000,a<00000 ¥al al
00 3000000000000 000000x<0000 ¥<0000000x70 x<00000
oooooon

1
08) o0 erectform((-1) 0 (1/3);>> + + /000000000 0 0rectformO p+gi(p,g00) 00000000000
0o

78



oo s
|y=ﬂm=0ﬁ—ﬁ@25xmmmDDDDDDDDDDDDDDDDDDDDDDDD

O00000OMuPADO,y=f(x)000000000000MuPADO ¢>00000ae00000 av O
000000000,000 2 -3x000000000000000000

e plotfunc2d((xO 3—-x0 2)0 (1/3),x = -2..2);

goboooboooobooboooobooboboo

3 — =20 1)

i 125 15 175 5

000 MuPADD ¥ - <0000000000000000000MuPADOOD a<00000 a0
003000000000000 4-2<000000000000000000
oooo
as  (@>0000)
a = 0 (@=0000) DD{
—(~a)¥ (@<0000)

V8=8% =2
V=8=-(8%)=-2

000000 -2 =xx-1D>0=x>1,X-X=x*x-1)0 0= x0 10000000000
00o0o0o00o0oooooooooo

1 (B -3T (x>1000)
Vi -x2={ (x2-x)7 (x<1000)
0 (x=1000)

00000 MePADOOOOOOODOOOOOM=00000000,000000)

o f:=piecewise(x>=1,(x0 3-x0 2)0 (1/3)],[x<1,—-(x0 2—-x0 3)0 (1/3)]);

>> piecewise((-x0 2+x 0 3)% ifl<=x,—-(x0 2-x0 3)% ifx<1)
gooooooooog

e plotfunc2d(Title="(x0 3 -x 0O 2)no 3joukon”,x — 1/3, f(x),x = —-2..2);
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gooboooooobooboboooo@ooo y:x—%DDDDDDDDDDDDDDDDDDDD
gooboooo)oooobooooboobooo

(™3 =22 o Zjoukon

bl

DD,DDDDDDDDDDDDx<O[|[I[I[I[I[|x%=€/}DDDDDDDODDDDDDDDD

)Y =+x 30000000000

y=0F -3
0000x — 230 &= xx0,x%1 000
1 _2 x(3x-2) 3x-2
=P - (G - 20) = =
Y 3 ¥ 3\'7()63 — x2)2 3\3/x(x - 1)2
x |- 0 % 1 ...
Y|+ - 0 + +
10 IN[-8B 2] 0 |2

1L
! 7 000 x> 40 0000y= Vad —x2 0

3
00 Va3 —x2 = 3(x—_%)3—_%x+7=(x—%)“1+ .
good y=x—%[|[|[|[|[|[|[|[|[|[|[|[|[|y=x—%DDDDDDDDDDDDDDDDDDD
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9.2 f(x,y)=000000

D00000x+y -/ =00000 f(x,yy =0000000000y = f(x) 000000 plot-
func2d 000000000 plot:implicit 00000000 0000f(x,y) =000000000
(@0 xO0 b,c0 yd 00000000 Oplot) 00000000000 O0DOO0O

e plot(plot :: implicit(f(x,y),x = a.b,y = c..d));
Jdddd0od0o0oOoOoDOoboooO,0b0b0b0b0000 [oo0oooooao
e plot(plot :: implicit((f(x,y),9(%,y¥)],x =a.b,y =c..d));

scene option(Scaling=Constrained 1 0) 00000000 Oplot0 (ODOO0OOOOO

e plot(
plot :: implicit(£(x,y),x = a..b,y = c..d)

,scene option);

085 plot option(Grid=500 ,Color=RGB:Blue 1 0 ) 0 000000 00 plot:implicit) 000000000
00000 plotoption D00 0000000000000 O0OO0O00OOOOO

e plot (plot: implicit(f(x,y),x=a.b,y =c..d,plot option));

921 OO0OOODOOO

000000000000 +yY =1« ¥+y-1=00000000000000000
-10x01,-10y0 1000000000000000000000O00OO0O00OO0OO0 OShift
000000000 OEnter 0000000000000O0OO0O0O0OOO

e plot(
eplot ::implicitx0d 2+yO0 2-1,x=-1..1,y=-1..1)
°);

O0000x02+y0d2=100000000000000000000000ODO0OOO0O0O

O8) fx,y)=000000000000 (implicit function) 00000. 00000 y=fx) 00000000000 (explicit
function) 0 0 0 0 O O plot:implicit 0 0 000 plotlibrary 000000 implicit 00 0 0000000000000O00O0O
0oooo0ooooooooooooooon

U8%) pooOOO0O0O0O0300000000,0000100000000000000000000000000 Shiftkey 0 O
O0O0O00OReturnkey 000000000
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(IR

0000000000000000 MuPADOOOODOOOO (scale) 0000000000 DOOOscene
option [ Scaling=Constrained 0 Title="x 0 2+y 0 2=1"0000000000000000 89

e plot(
eplot :: implicit(x2 + y2 -1,x=-1.1,y =-1..1)
e ,Scaling = Constrained,Title="x0 2+y 0 2=1");

" pyi=1

086 MuPAD OO 000D scene option O plot:implicit) 0 0000 00000000000,0000000000000000
ooo
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922 000O0ODOOOOOODOOODOO

O0000000O0o0o0ooogooplotfunc2d)000000O0O0OOO0OO [JO0000OOOOODOOO
O0O0Ticks=100 00000000 10000000

e plot(

e plot::implicit(x0O 2/4+y0 2-1,x02/4-y0O 2-1,x02/4-y0O 2+1],x=-5..5,y=-5.5)
e Ticks = 10);

gooogo

2
2—2+y2=1,2—2—y =1, = -y =-1,

goboooboooobooboooobooboboo

X2 X2

923 f(r,y)=00000000O

00 (0010 7000000000000000000 60)0000000000000O00OO0OO0OO0
0000000 o,0000000000000n®D

RN
00 x,y00 xO0%,00 yO5)O

cosx +2cosy =2 e ()
odoooooooooo,0ooooooon
(H)OD,0000000R 00000 »O000000
Q)xy0 ) 0000000000x+y00000 6 0000cosf, 0000000

08 QoOOO0000000D00000000000000000000000,0000000000000000
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00000000000000000000 (1)00000000000000000000000000
0000(0)xO0000 x000000

. . dy dy sin x
—sinx—2siny- — =0 0 —=-——""—<0
* Y dx dx 2siny ®
@OoOO0D0 x00000
d’ . . d
—yzi(—smx)- 1 +(—smx)~i 1 A
dx? dx 2siny dy \ 2siny | dx
= ZCOSX 4 giny. —2Y [ sir}x <0 )
2siny 25sin’y 2siny

OQ00,0000000000000000000DD00O00D

!
2
1
P
X ,
X = 0 J —
z
2

wln

i, i

() l:x+y=k000O0O0D!0 ()00000000000000000 k06 0000!/000 (-)O00O0O0O0O,
000 P(x,y)DODODOO

%%:—1cﬁ—é%f;z—lcﬁsmx=2ﬁny e
pPOOOOOOOOO
cosx+2cosy =2 @
®@®00 x,y00O0D0O0D0O0D0OO00O00DO0000
cos(m—(x+y)) = % = %
6y=x+y000O
cost%:—L -(0)
4

fx,y)y=000000000000000f(x,yy=000000000000000000000 -000
000000000000 0000000f(x,y)y=00000000000000000000 MuPADDO
O00000000000O0sinx+2cosy=200000 00 xD%,OD yD%DDDDDDDD,DD
dooooooogood

e plot(

e plot :: implicit(cos(x)+ 2 = cos(y)— 2,x = 0.PI/2,y = 0..PI/2)

e ,Title ="cosx + 2cosy = 2”);

goboooboooobooboooobooboboo
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cosEtEcosy=2

075 1

0.5 1

025 1

a0 3.140000,000 2000000000000

93 U000 (DhOoODOO)ooooDO

x=f@t),y=¢g(®)(e0 t0 p)DODDODODOO0OO0OOCOOOOOOOOO plot:Curve2d) O plotO OO0 OO0 ODO
oo0oooooooo
e plot(plot :: Curve2d([£f(t),g(t)],t = a..b));

oo oooooooooooo fx,y)y=000000000000000000000000O00O00O0
oo0oooooooon

e plot(

plot :: Curve2d([£1(t),g:(t)],t = a..b)

plot :: Curve2d([£3(s), g2(s)],s = c..d)

)

gobooobooboboooobood

9.3.1 0OODOOOO
00000 (#+y’=400000000;x=2cost,y=2sint(00 0 2r)00000000
e plot(

e plot :: Curve2d([2 = cos(t),2 = sin(t)],t = 0..2 = PI)
e ,Scaling = Constrained);

088 Curve2d ] 200000000000000MUPADODODONONOOODONONOOOD,0000000={}000000000

00000000000 o00=[]000000000000D0000O0Xx000 yODOOOOOOODOOOOODOOOOOO
oo
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00000000;x=¢-sin(f),y=1-cos()(00 0 2r) 00000000 1000 x0000000
0000000 O00O00on

ooOoooooo

y .
x=t—sint
y=1-cost

P(x,y)

2n

djdddooooooooobooboboboboobooooooa
X =t—sint
y=1-cost

O00 MuwpadOODOOOOOOOO

e plot(
e plot :: Curve2d([t —sin(t),1— cos(t)],t =0..2 « PI)
e ,Scaling = Constrained),
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2r=628.-- 00000000000O0O0OO

. 4 x| 0 - 2n
0000 00000000000 SO0000D00000x=¢t-sint00O000 d—’;:l—cost, 0 2 0O
t - T

00O
27 27 d 27
S:f ydxzf y Edgr= | (1-cospids
0 0 dt 0
27

= (1 = 2cost + cos® ndt
0

21 1 2
= f (1 —2cost+ +LSt)dt
0 2
2
= [%t—Zsint+ %sinZt]O’r
=3r

gooo0oooooooMePADOOOOO

eint((1 - cos(t))*diff(t —sin(t),t),t =0..2 xPI); >> 3P]

oooMuPADOOOODOOO

932 20000000000000O0O0O

plotfunc2d O plot:implicit 00000 Curve2d 0000 0002000000000000000000O
DDDDDDplot()DDDDDDDDDDDDDD[I[I[I[I[I[I[I[I[I[I[I[I[I[Iﬂjsg)DDDDDDDD
DDDszcos3t,y=sin3t(ODtD 2ry0000000x=cost,y=sint(00 t0 2n) 00000000
gooooooood

plot(
plot :: Curve2d(Jcos(t) O 3,sin(t) O 3],t =0..2 « PI),
plot :: Curve2d([cos(t),sin(t)],t = 0..2 = PI),

Title = "cycloid to enn”, Scaling = Constrained)

08) OQpplot)0,0000000000000000000000000
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cyzloid ta enn

94 00ODO0O0O0 (O COO0D)
0000 (n6) =(f(t),gr)) 0000 O

e plot(plot :: polar([£(t),g(t)],t = a.b));
000000000 r=f0000(@O0000000000)0

e plot(plot :: polar([£(t),t],t = a.b));

00000000000 0ooo0ddf(x,yy=000000000000000000000000O00O00OO
0000000000000 00000000000oogd plot0O0OO0OO0OOOOO
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000000000r,00 P(x,y)) 0000000600 PO
00000000000 (,6)0000000000 (x,y) 0

X =rcost
y =rsint

Oo0o0ooooooomon)

O000ooooooo ABCOOODOODOOO

(2 3) 805 e (V-g)

gooogo

000 () 0D00000D00000D00000O0DODOOO
0000000 AL)ODOD 100000000 OopP =
OBcos0 OO

r=2cosd

O00000ooo MePADOODOOOOOOOOODOO

e plot(Scaling = Constrained,
e plot :: polar([2 = cos(t),t],t = —PI/2..PI/2)
° )

89
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.
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95 ODUO0OOODOOObOOOD

MuPAD 000000 0O0OO0OOOOODODOODODOODOOODOOOONO plotoption D 1 0000 Color
OO0O00O00dColor=[rgbl(regbd 000 10000)0 RGBOOOOOOODOO Color=RGB::Black,
Color=RGB:Yellow 0 D00 000000000000000

0 90)

0 0 0O 0Color option O Oplotoption D 1 0000000000 plotfunc2d D0 OO0 OO0FY 00
Oy=f(x000000000000000000000000O00OAD0O plot::Function2d) 0D OO0 OO
plot::Function2d 0 0 0 O O, plot::Curve2d 0 plotzpolar 100000000000y =x*0000000
gboboogboooboooog

e plot(
e plot :: Function2d(x O 2,x = —2..2,Color =RGB :: Yellow)

e ,Scaling = Constrained),

00000 plotoption(Color,Grid 0 0 ) OO0 O O0O0OO0OOO0OOO0OOCOOOOOOOOOOO plot:00
000000000000 ,scene option (Scaling, Ticks O 0) 000000000000 O0O0OO0O0OO
plot) 00000000000 DOO00O, 0000000000

O O Oplot:implicit 0 00 O Color 0 00, Colors 0 0 00O Colors = [[Color;],[Color,],--- 100000

09 RGBOOOOOO 300 (Red,GreenBlue) 00000000 ODODODODOONOO[1.0,0,0]=Red, [0,1,01=Green,[0,0,1]=Blue
J[1,1,0]=Yellow, [1,1,1]=Black 00000 1000000000000 O0O00O0O0O0ODODOOOOOODODOOOODOODOOOOO
00000000 RGB:Black, RGB::White, RGB::Green, RGB::Red, RGB::Blue, RGB::Yellow, RGB::Gray, RGB::Magenta,
RGB::Olive, RGB::LightGray, RGB::OliveGreenDark(C O 000 00)00 DOO0’007000

B9 plotfunc2d 0 000 00 scene option O grid 0 O
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ogoooo [I[I[I[Ixz—yzO[I[l[I[l[l plotzimplicit 000 0000000000000 O0O0OO
e plot(
e plot:: implicitx0 2-y,x=-2..2,y =—2..4,Colors = [RGB :: Yellow])

e ,Scaling = Constrained);

00000 O0plot:implicit 0000 20000000000000000 [10000 [£1(x,y), £2(x,y)] O
000000000000 00000OColor0O 000D

96 ODUO0O0OODODODOODOODDOODOODODDOO

pot) 00000000000 O0O0O0O0O000000O0OOOODOO0O0O00000O00OOO0O00
000000000000 000000000000000000000004 plotfunc2d) 0 00O
O, plot:Function2d 0 000000000000 @MOO0D)0D0O0000000O0O0O0O0000O00
(x=cost,y=sin) 0000000000000 (y=x»)00000000O0MM® 00o0oO0ooooog
00000000000000000000000

e plot(

e plot :: Curve2d([cos(t),sin(t)],t = 0..2 = PI,

Color = RGB :: Yellow), -+ - plot option
e plot :: FunctionZd(xz,x = —2..2,Color = RGB :: Blue) -+ plot option
e ,Scaling = Constrained); -+ scene option

gboobooboooboobogooboo

00 0 O Scaling=Constrained 0 0 000000000, sceneoption OO0 plot) DO OO OO0OOO
0000 Color,Grid 000000000 000ODO0O0ODO0OOO00OODOODOOOOOOO plotoption 00O
OOplot:0 000000000 OODOOOODOO

0% gpooooooooooooon x:t,y:tzDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
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97 U0ODOODODODOODO(@EOOO)

MuPADOOOOOOO O0O0O0O0OODOOOOOO0OODDO (Scene optiondd OO 0000 (object) O
00000000 (plotoption) 000 0000,000000000000O0OCOCOOOOO Help -
BrouseMannal 00 00O OO0

1.Scene options

Option O d ood oo
Arrows TRUE,FALSE FALSE xyoooo
Axes Box,Corner,None,Origin Origin xyooooooo
BackGround | RGB::0 0 OO RGB::White ood
ForeGround | RGB::O0 OO0 RGB::Black 000 xyOoo)
LineStyle SolidLines,DashedLines SolidLines oooooo@oooo)
Scaling Constrained,Unconstrained Unconstrained | 000000000000
Ticks Automatic, None[n,,n,] 0 00 n, | Automatic x,yO0OOOOOOOoOoOO
Title ooooo” googoo good
TitlePosition | Above,Below Above googoooo

O O plot options
Option 0 |ooo oo
Color [R,G,B] gooogoood
Grid [n] [100] gooogoood
Title ooooor | gooogoood
TitlePosition | [x,y] oooooooo

BackGround,ForeGround 0 D 0D 0000000000 O0OOOOOODOOOOOOOOO RGB::Black,
RGB::White, RGB::Green, RGB::Red, RGB::Blue, RGB::Yellow, RGB::Gray, RGB::Magenta, RGB::Olive,
RGB::LightGray, RGB::OliveGreenDark(O OO 000 0)00 007000
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10 300 (00)000O0

-gooooooooooobogn =

xy,zO0OO (@OOOO)OooOoDOoOooooO

z=f,yyOOOO (@MO)@O x0O b,cO yO d)
z=f,yyOOOO (@MO)@O x0O b,cO yO d)

plotfunc3d(f(x,y),x =a.b,y=c..d)
plot :: Function3d(f(x,y),x =a.b,y = c..d);

000000000 300000 (@0 O b)

plot :: Curve3d([x(t),y(t),z(t)],t = a.b)

0000oooooo 300000
(adul b,cOvOd)

plot :: Surface3d( [x(u, V), y(u,v), z(u, v)],

u=a.b,v=c.d)

ooooooooooogo@mo)

oooo (6, 000000300000
@d uld b,cO vO d)
0ooo (o, 000000300000
@d uld b,cO vO d)

plot :: spherical([r(u, v), 6(u, v), #(u, v)],
u=a.b,v=c.d)
plot :: cylindrical([p(u, V), #(u,v), z(u, v)],
u=a.b,v=c.d)

09) MuPADODOOOOODOO0DO0O0O0O0DO0DO0O0O00D00D0O00O00z= f(x,y DOODODOOO
plotfunc3d 0 0000 0000000000000 0000000000000000MUPADOOOODO
00000000000000000000000000000000000000000000000
00000000000000000000000000000000000000

101 z=f(x,y) 0000

z=f(x,yyOOOOOOaO xO b, c0y0 d0O00000O0O plotfunc3d); 00O OOOOO0O0OOO
0OF %

plotfunc3d( £f(x,y),x =a.b,y = c..d);
z0000000O0OCOOOO20000000000000000O0O0,0O0000000000A0
plotfunc3d( £(x), g(x),x = a..b);

sceneoption 00 0000000000000 0O00OCOOOOOOOO020000 sceneoption000O0
go,b0b0bbooboobogoon

plotfunc3d(option, f(x,y),x = a.b,y = c..d);
plotfunc3d(optionl,option2,--- ,f(x,y),x =a .b,y = c..d);

0000000000000, scene option O plotoption 1 20000000000 000H%

D93)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDplot::D 00O000oo0 plotplot:0)O000O
Oplot) 0000000000

094 plot:Function3d) 0 0000 0000000000000 O0O000O0O0O0O0O0O0O0O0O0DOOOOO00O000OOO0@OOO

Joooooooooooooooo)oooooo

MuPAD 0O Help O 0O Oscene option 0O fixy) 0 0000 O0O00O0O0ODO0O0ODO0O0O0, 00O

plotfunc3d(f(x,y),x=a.b,y=c.d,option); D 000000000000 DO0O0000OO O Oscene option 0 OO O

095)
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1011 z=f(x,y) 000000000

00o000o0ooooooooooooooooooooooo’ooo0dogdoooogooooog
0 1000000000000

U0 x,yQOoooooobooobooooooboo

=X —2xy+2y* —4y+5 e (%)

googoooon
gooo
xOoooooooo

2=y +y —4y+5
000 yO0DOO00O00O0O
2=(x=-+(y-22+101
O00x=y,00y=200000000000000

2 ~(0)

000000,z=f(ry) =x>-2xy+2y*-4y+50000000000000
0000000000000 z=f(xy) 00000000000 x,yODOOOO
P(x,y, f(x,y) 00000000 xyO0OODOOODOODOOOOD POOOOOOO
00000000000 z=f(x,y)=x*-2xy+2y>-4y+5000000000
ooooo

MuPADOOODOOOOOOOOO

eplotfunc3d(x0 2-2*x*y+2xy 0 2—-4*xy+5x=0.4,y =0..4);

0o0000O00000000000,00000000 Scaling, Ticks, BackGround, ForeGround, Axes, Arrows D 000000
00000 Scaling=Constrained, Ticks=[20,10,510000 (00)=0)000000000000O0O 0O Scaling=Constrained
Jicks 0000000000000 OOplotoption00000Color(CO0O0D00),GridQO0D00O0OO00O0O)0000D00O0OO
plotfunc3d O O plotoption 0, Grid D000 O00000Grid 0000, Grid = [n,,ny] 0000 ,xy0000000000O00
00000 (default) OO Grid=[2020]0 0 00000000000,00000000000000000,0000000A0
goooooo
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WR - Bhuby— dEy+ 2R + 5

0000000000000000000 x=y=20000:0000000000000,(x,y) =
(2,2000000000000000000000000O0O0000000000000000
10 x03,10y03000000000000 Scaling=Constrained % 00000000000
oooo

e plotfunc3d(Scaling = Constrained,x 0 2—2#x*y+2xy0 2—4xy+5,x=1.3,y = 1..3);

WR - Bhuby— dEy+ 2R + 5

3751

2.5 1

00000x=2,y=2000000000000000000000000000 z=f(x,yyO0Ooooo
0000 f(x,yyOODODOODODOOOOOOODOO

0% 0QpOOo0000000000000000 x,y,z00000000000.
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Comment
0000000oooooooOor»io’o0dgooooooooooooooooon?

z

z0 flxy)

0oo (2,2,1)

10.1.2 Vecam OGO O

000000 0000000000000 000000000000MuPADOODOO Veam®? 00O
00 Veam O Window OO OO0 O(@O)

* Graphics - VCam Light

File Edit Yiew Perspective Help
=8| &|a|d|e||¢[%| 2

ToolBar 0000000000000 DOOO0OOOOODOOOD @000000 (ZoomIn), 4000 O
000 ZoomOut),50 0080000000000 00 0000000 O0ODDOOOOOOOOOOO
009100000000000000 (nearer) D00 (farther) 0000000000 O0OODODOOOO
0000000 ood@P® 000000000000 00000o00o0oo0o0oo0o0o0o0o0o0o0n0@,yD00
gooooboooobboooogooobbbbooooobbbboooobLDb bbb bbo
00000000oo0ooooooooooooooon)

¥

O [a,b,0]

0ooooooo OMuPADO OO (0D 0)O

OO0 MuPADOOOOOOCOOOOyOOQOooooOoOO,0000000 x=a.b,y=c.d00O00O0
o000 @dooooo)d (@b,0) 0000000 0ODOO0OOODODOOODOODOOODOOOODOODOO
gooooboooobooooboo

097 virtual camera
0% poooO0o0000000000 MuPAD OO0 O CameraPoint option O FocalPoint option(scene option) 0 00 0 00000 O
0000 [xyzlDOOODOOOODO



1013 z=f(x,y) 00000 f(x,y) D0OOO0O0O0000O

0000000oo0o0 1 0000000000000 0000o0oo0oooooon

00 x,y0OOODOO xO3,00y0 100000000000
z=xy+3x-y+1 e (%)

googoooon
gooo
(H)yOOODO xOOD 0O xO300000000 zODODDO My)O0OOOx0ODOOODOO

z=0+3)x-y+1
O00y+3>000000 0 x000000000D000000OO0O0OD zOx=3000000
M@y)=3(y+3)—y+1=2y+10

OO,y0O 00O yO 100000000000 0000000000 OOODOOOOyYy=1000,
gooo

2x1+10=12 (@)

00000000000000000000000000 z=f(xy) =xy+3x—y+1(00 x0 3,00 yO 1)
000000000000

eplotfunc3dxx*y+3+*x—-y+1,x=0.3,y =0..1);

0D0000000000000 ;00000000000000000000000000000000
00 (x,y)=(3,1)000000000000000000000

At — oy ok +1

1T RS T R

(2.0.0) . (3,1,0
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00 M(»)OOOODODO0OO0OO0O0O000O0y00O00 x0000000000000000 (x,y, £(x, )
0D00PQUOIODCOOODOCOOONOOOOONONOONODD My O0ODODOOODODOOOODOOO ¢z-=
(y+3)x-y+1000000PQUOOCOONOOONONDONONCOONOOONOONONDONONOOOOOONDOO
M(y)0OODODOOOOODOOOO0OO0OO0OO0O0@OOO0O00000000000000000000000
O0OM(y)ODOODDOOOOODOOOOOOO0OO00)

yOODOOOOO z=f(x,y)OOOO
~~oooooo
Q
y0OODODODOOOOO M(y)
P,

y

/
L —] —_—
/

xy0)0oooo

000000000000 oo0ooooooooooO 2000000000000 300000000
gooooboobobooboobooooboooboooboo

101.4 000000 (@O 1)

0000 (Z+y+z2=1)000000000000 MuPADODO 3DO00O0O00000000000 ¢
000000000000z0000000z=++1-x-y?0000,000000000000000
ooooo0oo

e plotfunc3d(sqrt(l — X - yz),x =-1.1,y=-1.1);

goo

>> Error: Plot function(s) must return real numbers.
Type of the returned value is DOM_COMPLEX;

during evaluation of ’plot3d’

gooooOooooooo \/D_DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
00000 max(a,b,e,---); 00000000
e plotfunc3d(sqrt(max(®,1—x% —y?)),x = —-1..1,y = —1..1);
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goo0oooooooooonooo
maxD, 1 — "2 =210 52)

0000000000000 z=000000000000000000000O0D00O00O00OO0O0OOOO
goooooboooobooobboooboobboobo

102 OOOODO

10.21 OO0OO0OOOOOOO?

x=x(1),y=yt),z=2z1 (@D t0 p)0000000000300000 00000000000000
0000000000000 000+(00000000000000000,0000000+:00000
0000 P(x(0),y1),z()00000000000000000000

1022 ODO0O0O0OOOOOO

MuPADOOOOOOOO plot:Curve3dd DO OO OOOODOOODOOO

e plot(
e plot :: Curve3d([x(t),y(t),z(t)],t =a.b)
° )
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000000000oooooodOplot:Curve2d 01000000,00000000000000000
O00200000000000000020000000000000000000000OQ0 (P19

N —

0ADO0OD0O0ODD #00000000000POOOO AP/7
—

000 AP=/7 ¢t000)000

— = — == _
OP=0A+ AP =0A +1tn

000000 P(x,y,2),A(x0, Y0, 20):7% = (a,b,c) 000 O

X X0 a X =xo+at
yl=|y|+t|b| =< y=yo+bt .
z 20 c z=2z0+ct

0000 xy,z00000000 (00000000000
0 AO0,0,)00007 =(1,2,3)0000000000000000(x,y,2) = (0,0,1) +#1,2,3) =
(t,2t,3t+ 1) 000000000000

e plot(
e plot :: Curve3d([t,2+t,3xt+ 1],t =0..3)
°);

gboobooboooboobogooboo

O A0,0,HIDOODO0OOO0O0OOODO0O0OO0ODO0OD0O0OOODOOOOOOOD’ O xO00000
0’00000 00o0o00ooo0oooo0ooDoooooooooooooog

x=cost,y=sint,z=¢t(00 0 10m)

0% gpoo30000000000000000000000000000000000D000000000 Shift00 000
000 RetwrnO0OOOO0ODODO
0100 pppoooOo0D00000000,00000000000
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z=000000000 (x=cost,y=sint,z=00000000000 00000000 zOODOOO
goooo..ogboboooboobooobooobooboo

e plot(
e plot :: Curve3d([cost,sint,t],t = 0..10 = PI)
°);

gbobooobogoboooboooboboon

gooboogooooobood

10.3 0OO0O0O0
10.3.1 0000000

x=f(s,1),y=g(s,1),z=h(s,t) (a0 sO b,cd t0 )DODO0O0OO0OO0O 3000000000000
0o0o0o00doooooOo(@ooO0)yoooooooo (s,n00ooooooog

ooo0’o00’ o000 AODoDoDooo AR,3,H0000
f(0,0) = 2,2(0,0) = 3,h(0,0) =400000000000
OB OCOOD0OOOO B(x,y2,22),C(x3,y3,23), 0 00O
[f(0,4) = x2,8(0,4) = y2,h(0,4) = 221, [f(2,4) = x3,8(2,4) =
v, h(2,4)=z]1000000

oooo” ODOO0oODOoODOoO ¢+ 0OO0O00O0O0GOa0
P(f(s,0),g(s,0),h(s,t)) D 00000000 +O00000
odooooooooor oooooooooood
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10.3.2 0OOOOOOO

OO0OMuPADOOOOOOOODOOODOODOOOO

e plot(
e plot :: Surface3d([x(s, t),y(s,t),z(s,t)],s=a.b,t =c..d)
° )

000000000000 ooooooooooon?!on

0000000000P!1Y 0ooo00000 #,m, 00000000 A, 0000000 POOOO
—
AP=si+mm (5,0 000)000000D0

OP = OA + AP = OA + §71 + i

000000 P&y, 20AK 0,207 = (gny,n),m =
(my,my,m;) 0000

X X0 Ny My X = Xo + sny + tmy
yi=|yo|+s|ny|+t{my| =< y=yo+sn,+1im,
Z 20 n, m; Z7=20+ sn, + tm,

ugbod xyzODOOODOOO s,e00000O0ODODOO

O A0,0,HD0D0007% =(1,0,),7 =(0,1,H)0000000000000000(x,y,2) =(0,0,1)+
s(1,0,)+#0,1,1)=(s,t,s+t+ 1) 0000000000000 000O00O

e plot(
e plot :: Surface3d(s,t,s+t+1],s =0..3,t =0..3)
°);

0000000000000 @DO000D000o0ooo0ooDOn TeolBar OO OOOOOOOOOO
oooooooooobooboooooono)

00 gpoppooooooon

5
012 3 07 0000000000000000000000000 0000000000000000000 m,07 00000
oooooooo
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B3 3 7} 6.25

b

g 3 4/

270

2.h

1033 000000 (DO 2)

0000000 (P+y’+z2=/000000000000
0000000000000 6006 < 21),0¢00¢0x) 00
0000000000 Px,y,p) 00 00000000000
Qx 000000000000 ROOOO, OR=PQ= rsing,
OQ=rcos¢p 00000

X =ORcosf8=rsingcosf

y = ORsinf = rsingsinf <o (%)
z=0Q0 =rcos¢

0000ooooooooo 1ooo00ooooooooooooooooo
Xx =sin¢cosf
y=singsind (00¢0x, 006 < 2n)
Z=1C0s¢

goboooboooobooboooobooboboo

e plot(Scaling = Constrained,
e plot :: Surface3d([sinu* cosv,sinu * sinv,cosu],u = 0.PI,v=0.2 % PI)

° )
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Surface3d) 0000000000000 00000 w=00,v=00 0000000000000 (%)
0000 ¢=00 0000000000000000000 (000)0000000000 ¢=000
000000009 000000000000000000 (000000000000 1350,00
6000 000000000000 Ooogn 09

104 0O0OOOOOODO

1041 ODOOO0O0OOOOO

000ooooooooooooooooooon (ooo
000000000 Px,y,z, POOODOOOOO roonoad
POOOOO,00 r0000O0O0ODOOOOOO
X =rsingcosf
y=rsingsiné “oe ()
Z=rcos¢
ooooooooboono re,e00 [6,9) 00 POOODOO
googgo

0 104)

OpPOOOOO[r6¢]l]0u0vOOOOODODODOODODOD POOOOODOOOOOOOOO MuPAD

0103 gggpo 1350,00 600000000000 x0000000000000000060=135,¢4=30°000000
01 gpgpgoOoOO0O0O00000000 []0000000 ()O0000D0000 0000 A2,0000000
0 [2,0,%Z],8(0,3,3) 000000 [3V2,%,Z]000
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goboooboooobooooboo

e plot(
e plot :: spherical([r(u,v),8(u,v),¢(u,v)],u=a.b,v=c.d)
e )

1042 0000OO (OO 3)
00000000 ¥®+y*’+z2=10000,r=1,000<27,00¢07.60¢ 0000000

[1,6,¢] (0060 27,0 0 ¢0 1)

O00o00oo0oooo MuPADODOOOOOOOOO

e plot(
e plot :: spherical([1,s,t],s =0..2«PI, t =0.PI)
e ,Scaling = Constrained),

gooooboogoboooboooboobbooboobnbooooog

105 00000000

1051 ODOOOOOOOO

O P(x,y,20 zOOOOODO p, P00 zOODDOODOODOODOO Q,
xyOOOOOOOOODOOOO RORO xOODOOODOOOAOOO
gooo

y=psinf T EEED)

X =pcosf
2=z

105 x



0000 p,6,z00 [p,6,Z] 00 POOODODODDOOOODOODO,0 CO0ODO0OOOO zOODOODOO
0oo0oooooooooooo ™
OPOOOOO [p,b8,z] 0 w0 vOOOODODDODODOOODODOD POOODOODOOOOOOOOO MuPAD
dododooooooooooboo

e plot(

e plot :: cylindrical([p(u,v),f0(u,v),z(u,v)],u=a.b,v=c.d)

*);

10.5.2 OOOOOOO

0000000000000 1000 (2+y*=1,00:02)000000000000p=1, 600
006020000

[p,0,z] =[1,6,z] (0060 27,00 z O 2)

gboobooboooobooobooobboobboon

e plot(
e plot :: cylindrical(1,s,z],s =0..2«PI,z=20.2)
e ,Scaling = Constrained),

10.5.3 OOOOOOO

00000000000000000000000000000000000000000000000
00oog A,0,2),000 x*»+y’0 1,z=000000000000

009 oQgpoooUO0o00000O00000 []0000000 ()OOOOO0OOO00 0000 A0,2,) 00000
O [2,%,11,83,0,3) 000000 [3,0,3] 000
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: A(0,0,2) A(0,0,2)

X O B(1,0,0)
AAPQ O AABO OO
goooo
2-z2
lp.6.2] = | =——.6.2| (006 <200 20 2)

gopbooobooogboboboboooobog

e plot(
e plot :: cylindrical([(2-2)/2, s, z], s =0..2*PI, z=0..2)
e ,Scaling = Constrained);

106 U0O0OODOO0OOOOO0ODODOOOODOODOODbO

0000000000000 00000OColoroption(plotoption0 00 0)000000000000OO0OO
000000000000 000O0000o000o00o0o0o0o0oo0oooO0,00o00o0og plotfunc3d
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0O 0 00 Oplot::Function3d 0 O O O O O scene option(Scaling,Ticks,Title 0 00 ) O plot option(Color, Grid O
0)yoOooooooooooooooooood

1061 OOOOOCOOO

RN
x00DO00oOooooo 1000 ¢ 00zOooooooOoooOo 1000 GoOoooooooooo
googb ooood

x000000000000000000 (x,y,2) =(x,cos6,sinf) (000 <2r) 0000000 0000
oooooo0 10000000, x,y,z000 (x,y,2) =(cosb,sinb,z) 000<2n) 00000000000
O [p,6,z2] =[1,6,z] 006 <2m) 000000 xy,z000O00O00000000000000O00

e plot(

e plot :: Surface3d([cos(t),sin(t),z],t =0..2 «PI,z = —-2..2),
e plot :: Surface3d([x, cos(t),sin(t)],t =0..2 *PI,x = —-2..2)
e ,Scaling = Constrained),

gbobooboobobooobooooooooboo

e plot(

e plot :: cylindrical([l,s,z],s =0..2*PI,z=-2..2),

e plot :: Surface3d([x, cos(t),sin(t)],t =0..2 *PI,x = —-2..2)
e ,Scaling = Constrained);

goboooboooobooboooobooboboo

00000000000000000000000000000,000000000000 Gridoption O
000000000000000 Grid=[n,,n,]000 xy000 grid00)0000000x,y,z0000
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00000000000Grid=[50,501 00000 % 00 Grid option O plot option 0 O O O Surface3d()
00000000 00000000 Scaling=Constrained [ scene option D 0 O plot) 000000000
goboooboooooobooooog

plot(
plot :: Surface3d([cos(t),sin(t),z],t =0..2 «PI,z = —2..2,Grid = [50, 50)),
plot :: Surface3d([x, cos(t),sin(t)],t =0..2 *PI,x = —2..2,Grid = [50, 50])

,Scaling = Constrained);

gooooooooooobooogoobobobbooobooobooobboboobobooboOon
MuvPADOOOOOODOODOOOOOOOO

1062 OOOOOCOOO

0000000000000 00oooooooooooD @80 900)OoOooooooooDooooo
goboooboooooobooooog

0og
000 A(0,0,2),000 #+y*04,z=00000000000 x00000000 y*+z2=1000
0000 CcO00000000000 cCo00000oooo0ooooooonoooo

gooobooboboobboo™wooooobboobboob bbb booono
000000 o0o0o0o0oooooo, 00000 oMuPADOOODOODOOOOODOOOOYOOO
ooo0o,0000700’0000000 Surface3dd” 000000000000

0100 Curve3d 0000000 Grid=500000000000000000 Grid00000 Grid=[20,20], 0000 00 Grid= [50]
oooooooo
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goboobogoboooboobooooboo

2-z
_7072
V3

00,000000 zoooooooooo

[0,0,7] =[ ] 0060 27,00 zO 2)

(x,y,2) = (x,cos6,sin8) (0 0 60 )

O00000oooo0o MePADOOOOOOOOODOO

e plot(

e plot :: cylindrical([(2 — z)/sqrt(3),s,z],s =0..2«PI,z=0..2,Grid =[50, 50]),
e plot :: Surface3d([x, cos(t),sin(t)],x = —-1..1,t = 0..PI,Grid =[50, 50])

e ,Scaling = Constrained),

000 Grid=[50,50]0000000000000000O0ODOOOOO0O0OODOO0ODOOO00O0
000000000000 00000 x=000000000000000000000000O0DO000O0
oo bo, bbb boooooo coooooooooooo
gopoooobod

ooooo

ooooo

00 x=000000

goooooooobooooboobuoobooobooboobbobbbooobobbooobooono
goboooboooooobooooog
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10.7 00O0ODO0OODOODOOODOOOODOOD)

MuPAD OOO0OO0O00 00000000000 OCOOO (Sceneoptiond O OO OOODO (object) 000
000000 (plotoption) 0000000, 0000000000000O0D0O0O

10 Scene options

Option O d ood oo
Arrows TRUE,FALSE FALSE xyzOOOO
Axes Box,Corner,None,Origin Origin xyzO0OOOOOO
BackGround | [R,G,B] RGB::White ooag
CameraPoint | [X,y, Z] Automatic ooooad
FocalPoint [x,v, 2] Automatic ooooad
ForeGround | [R,G,B] RGB::Black 000 (xy,zOOO)
LineStyle SolidLines,DashedLines SolidLines oooooo(@ooon)
Scaling Constrained,Unconstrained Unconstrained 000d0ooooooooo
Ticks Automatic,None,[ng, ny,n,],n, | Automatic ooooooo
Title ooooo” goodogo good
(plotfunc3d 0 O 0O)
TitlePosition | Above,Below Above ooooooo
O O plot options
| OptionD | O EEEREE
Color Flat],[Flat,[R,G,B]],[Height], [Height] | OOOOOOOOO

Height,[R1, G1,B1], [R2, G2, B2 ]]

—_, ==

Grid n)(0O0000) [100] DOoooooooo
n;,n | (00000) [20,20]

Title ooooo” o goooooooo

TitlePosition | [x,y] ooooooood

00000 RGBOO [RGB|OODODOODOOODODODDODODOODOOODODOOO RGB::Black,
RGB::White, RGB::Green, RGB::Red, RGB::Blue, RGB::Yellow, RGB::Gray, RGB::Magenta, RGB::Olive,
RGB::LightGray, RGB::OliveGreenDark(O OO 000 0)00 007000

option 00O OO0ODOOODOOODO ,BrouseManual O O scene optionl 0 Oplotoption 000000000
0 [P 107

0107 00 Title option O O plot option O Title option 000, 0000000000000 (00000000000 000O0OOM
scene option O Title option 1 00 0000000000000
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doooooooooooboogoooooob b0 oo ob oo oooooooad
0oo0ooooooooooooooooooooooooon,Grid=[505010 000000000000
Scene option 0 plotoption 0 000000000000 OOOO

e plot(
e plot:: cylindrical([(2 — z)/sqrt(3),s,z],s =0..2«PI,z=0.2
,Grid =[50, 50],Color = [Flat,RGB :: Yellow],TitlePosition =[5, 2],Title = ”cone”),
.-+ plot options
e plot :: Surface3d([x, cos(t),sin(t)],x =-1..1,t = 0..P1
,Grid =[50, 50], Color = [Height,RGB :: Blue,RGB :: Gray],
TitlePosition = [3.2,4],Title = "cylinder”) .-+ plot options

e ,Scaling = Constrained); .-+ scene option

gooboogooooobood

10.8 ODOOOMuPADO MapleO OO DOOO

Maple 0 Mathematica 00 0000000000000 O0000O0OOCMaple00000O00O0OOOOOO
OMapleDOODDOODOODODOOODOOOOOOOMaple00DO0OD0O0OOOOOOOO
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1 5 e

o
RS

71

0.5¢

000,000000000000000OMaple000,000000000000000OMuPAD O
Grid0000000,00000000000000000000OMaple00000000O00OOOOO
000o000oo0oooooo,0dioo0doogoodooooooooooooMuPADOOOOO
goooobogo

MuPAD O0OMaple OO0 D000 O0000O00O00O0D0O0O0OO0OO0OOOMaple00O0O00O0O0OOOO
000000000 OMaple-180 100,MuPAD-00) O OODOODOODOOOOODOOOOOOOOO
O0000000O0Maple0ODOODOO0OOOOOMuPADO Maple DD OO O OO0OOOO0DOOOOOO
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11 00

ogooooon
ooooo matrix()
ogooo,d,n +,—, %
AD0D0OO AO (-1)000 1/A

goooobod

AO00O0O000 (@O xO000) | linalg :: charpoly(A, x)
AOO0O0O linalg :: eigenvalues(d)
AODOOODOOO linalg :: eigenvectors(a)
AO0O0O0O linalg :: jordanForm(A)

111 00000

000000 matix(([OO0O,[020),---,[0 2000000000

2.5) matrix([2, 5]])

(i) matrix(([3], [4]])
(; i) matrix(([1,2],[3,4]])
(3 ?) matrix([a,bl, [c,d]])

00000 []00000000000000000000000000 0 1'% matrix([[2,5]1000 (0O)
0000 (2500)0000000000000000 0matrix([[31,[4])00000000000000
ooooogd o
000000o00000,0000000000000000M00:=000;0000000000000
O00OO0EODIGai)0,e«(000000),(0000)000 MuPADOOOOOODODOOOOOOOOOOO
(H)DADDDDDDDDDDDDDDDDDDD

e A:=matrix([[1,2],[3,4]]); >> (; i)

D000 E=(§9)0,000 0=(§8)0000000000

e E :=matrix([[1,0],[0, 1]]); >> ((1) (1))
e 0 :=matrix([[0, 0], [0, 0]]); >> (8 8)

008 gppopo{(}000000,000000000000
0109 matrix(fab) 00000 []000000 a0 bO0O0DO0O0OO0OMuPADOOOODOOO [a],[b]0000000000O000
0Ooooo0o0oooon
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112 O0OO0O0OO

0000000000000 00000DD000ADDOOOD 1/JADO AQ (-HOOOooooogo@dto
0000000000D0000 FAILOOOOOODDOO0O

e u:=matrix([[1,2]]) >> (1,2) .7 oon
e v:=matrix([[2],[3]]) >>>(§) ¥ ooo
e UxV; >> 8 ...(12)(§)=
e ViU, >>(2 4) () 12)=(38)
. 1 2
e A:=matrix([[1,2],[3,4]); >> (3 4) ---A000
e B:=matrix([[1,2],[-1,-2]); >>(11 ) ---BOODO
5
e 2xA+3%B; >> |3 ... 2A+3B
-2
e AxB; >>( ) ---AB
-2
7 10
e BxA; >>( 7 _10) BA
e A (—1), >>(32 11) A_l
2 T2
° 1/4 >>(32 11) Al
2 T2
e BO (-1); >> FAIL B'OOO
e AxAD (-1) >>(1 ) - AATl=E
. A2
e Al 2; >> (15 22) A
. CECEEY 2
e Al 2x%B; >>(_7 _14) A°B

e A n; >> Error:not a positive multiple [(Dom::Matrix(Dom::ExpressionField()))

::_power]| - A"

00000000 ABSBADDOOOOOO det(B) =1x(-2)-2x(-1)=00000 BOOOOOOODO
ooodP'"Wooooooo0o00200000000000000

O00000000000000000000000000000000000000000000 AO
A:(%)DDDDDDDDDDDDDDDDm&quDDDDDDDDDDDDDDDDDDDDDD

Ol0 oppgpgoOoO0oD 1/AD0OO0O0OODOOooon
D“”A:(gg)DDD det(A)=ad-bcO00000 ADDOO (determinant)y 0000 . det(A)=0000 A-'000D0O000O0O

-1 _ 1 d -b
det(A)%0000 A7 = —L— (_M)DDD
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O0000000000000 delete); 000000000000 0OD0O0OO0OO0OOOOOOOOOO
00000 delete); DODOOODOODOOOO

e delete(a): delete(b): delete(c) : delete(d); >> -~a,b,e,d0 00000
e A:=matrix([[a,b],[c,d]); >> (CCI Z) ---AD00O0
e e :=matrix([[1,0],[0, 1]]); >> ((1) (1)) ~--e(0000)000
e Axe; >>(a b) AE=A
c d
e exA; >>(a b) ~EA=A
c d
__d _ _b_
o 1/A; >> ( —ag+hc —ad;hc ) oAT]
—ad+bc T Tad+be

O00ad-bc=0000000000000000O000O00 MuPADODOODOOOOOOOOOOOOOO
0112)

gbobooboobobooboooooooboo

) ad — bc + be — a(a + d) + a? ab+bd—b(a+d)
*Al2-(a+d)xA+(ad-boje; >>( ac+cd—cla+d) ad—bc+bc—d(a+d)+d2)
. . . ad — bc — ad + bc 0
o simplify(%); >>( 0 ad—bc—ad+bc)
oOooo
2 3 _[ad = bc — ad + bc 0 _ {0 0\ _ -
A°—(a+ d)A + (ad bc)E—( 0 ad—be—ad+bel=lo 0 =0 (*)

00000000oo0gooo MePADOOOOOODOOOOODOOODMODO0OOOOOOOOOODOOOOOO
googod

0000000000000 odoooooooooooooooOMuPADOOOOOOOOOO
goooooo

11.3 000 n0O

000 00000000000 000O00O000OOC0O0DOOODO0OOO0OO0O0O0O0O0OO0O0O MuPADDODO
n0000000A"O0000D0000OD000O0O0D0O0O0000O0O00000000O000O000OO0n
goobooobogo

0112 000 factor(%); 0000 Error: 000 0000000000000 O0O0O0ODOO00O0O0OOOO0
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31 1 0
A:[ J,E:[ J,ﬂm:ﬂMDDDD)DDDDDDDDDDDDD
(WA2-TA+10E=0---(+) 00000000000

Q) f(x»0 2 -7x+1000000000000000

(3)A"00000

gooo

(1(0)0DO00O0O00000000000000
0 113)

Q)2 -7x+100000000000 px+4¢(p,q00)0000000000 gy 0000
f(x)=(x2—7x+10)g(x)+px+q=(x—2)(x—5)g(x)+px+q )

@O0 x=2,x=500000

5n—on
f2)=2"=2p+q P="3
(=24 Ton _ 9, &{n
{f(5)=5"=5p+q q=—52325
ooooooooon
5}1_2” 5'2,1_2'5,1
+ D
3 3 (@)
3OO xO0AOODOOO
f(A) = A" = (A> = 7A + 10E)g(A) + pA + gE O
(HOO A’-7A+10E=0000
A" = pA +qE
5”—2" 5,2!1_2'5n
= A E
3 F 3
_5"-2" (3 1+5.y—2.y 1 0 1522 5m_n @)
- 3 2 4 3 0 1 - 312.5"-2.2" 2.5"4 Q"

0 114)

U3 opopooo0o0o0D0000000000000000000

Ol Do x0 ADDDOOOODOOO 100000 EDODOOOOOOOOOOOOODOOODOONOOD x00000000
0AD0DOCOCOOOOOOOOOOOO

x+2)+Bx+1)=4x+2=(A+2E)+(BA+E)=4A+3E
X(x+2)+1=x>+2x+1 = A(A+2E)+ E=A>+2A+E

0000000000 xy0OOOOO0O A, BO00OOOOOOOOOOO
(x+y? =2 +2xy+y = (A+B? =A>+24B+B*(0000D)
OO0 ABSBAODOODOMA+B?=A+BA+B =A’+AB+BA+B*00000000000
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000 MuPADOOOOOOOOODO0OO0O0OODO0ODOOD0OOD MuPADODOOOODOOOOOOOOO
00 (@QoOOooo0)oDooooooooooo!'y ooo 0000000 X"00000000000
DDDDDDDDDDD@”QDDDDDDDDDDDDDDDDDDDDDDDDDDDDDA:(%)

gooogo:

¥ —(a+d)x+(ad-bc)=0

- (5)

0000 00000 f(x)=x"0 (x000000000 g, 000 px+¢q00000

fx) = {x2 —(a+d)x+(ad — bo)lg(x) + px+¢q

(Haxp0 0000000 o,pO00000

{f(a>=a"=pa+q @
JB=B"=pB+q )
000
E R T X onnonanass
ooo
f(x) = {x* = (a + d)x + (ad — bc)}g(x) + o :gn x+ aﬁ;:ga" 0
A’—(a+d)A+(@d-bo)E=0000Q0 ADDOODO
Py AN i AL
a-p a-p
()e=p0000x° —(@+d)x+(ad-bc)=(x—)’ 00000030
[ =¥ = (x-a)g(x) + px+q QO
000 x00000
S0 =0 = 2(x — @)g(x) + (x ~ @)’ (1) + p @
@0 «00000
{ a" =pa+q SO
na"! = - ®
ooo
p=na"", g=01-n)"
®@ooooon
f(x) = (x = a)*g(x) + na"'x + (1 = n)a" N0

B 115 linalg::charpoly()—characteristic polynomial (0 0 0 0 0)

Ol16 0 f(x)000 g(x) 000000 (remain) 000000 divide(f(x),g(x),Rem) D0 000000 0000000
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A-a)P?=A"-(a+dA+(@d-bo)E=0000Q0 AD0DOODOODO

A" =nad"'A+ (1 - n)a"E

goooooo
n _ an LA QL
osgnonn ar= LB @B B,
a-p a-p oo (k%)
()e=0000 A"=na"'A+(1-na"E
000 a,80

xz—(a+d)x+(ad—bc)=0 e (%)

0000000 DOD0O00000OD0O0O0O0O0D00O0O0O0O00000 MuPADODOOOOOOOO
000000000 O linalg:eigenvalues(x) 0 0 0O 17
0000 (0000000000 3)ooooooooooooooooood

e A:=matrix([[3,1],[2,4]]); >> (g i) ---A000
. 1 0

o e:=matrix([[1,0],(0, 1]); >> (0 1) - Honoboo

e linalg:: eigenvalues(A); >> {2,5} - gooooo

O000e=5,=2000 (x»0000000

22z P
e (50n-20n)/5-2)«xA+(5+*20n-2%x50n)/(5-2)x*e; >>( o Fen g3 2,53,,)
R
000000000 00000 factor(); DO OO0DOO
. 1 22"+ 5" 2"+ 5"
e factor(%), >> 3 (_272n+275n 2n+2,5n)

ooobooooobooboobo0oboob0 e=p00b0ooboobooboobOobDg

0ogd 2

1 -1
A:[4 S]DDDDD,A"(nDDDD)DDDDD

O0000 (»)0000 MuPADOODOOOOO

e A:=matrix([[1,-1],[4,5]]); >> (i _51) --A000
. 1 0

e e:=matrix([[1,0],[0, 11]); >> (0 1) ---E00O0

e linalg:: eigenvalues(d); >> {3} - gooooo

B linalg O linear algebra(0 000 —000000000000000)0000eigen 000000 000°00000000
values 00000’ 0’ 000000000000000000000000000000000
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O000e=3000 (x+x0000000

. 2n—1 ne_ . n—1
enx3"1TxA+(1-n)*3"xe; >(n 343t D) n-3 )

4n - 31 5n-3"1 +3%(—n+ 1)

0000 factor(%) O simplify(%) 000 0000000000000 0O0OO0OOOOOO

3-2n -n
n _ An-1
AT=3 ( e+ 3)

=U00000000000bL000bb0o0buoboobLDbooboo,oboog;,

(a+b)" = ,Coa" + ,C1a"'b + ,Coa"b* + - +,C,b"
000000000000000000000000
A’-6A+9E =0 (A-3E)’=0
D00 B=A-3E=(27)0000A=3E+B0 B=0000000000
A" = (B +3E)" = ,Co(BE)" + ,C13E)"'B + ,C,(3E)"*B* +--- + ,C,B"

000 B?=0000030000000 000000

0 1

_ an-1 3-2n —-n
=3 ( An 43 @)

oooboboobobb0be=p000000000D0000O0ODO0D0IODO0DDODOODOODODODOO
goood

A" = GEY' +n(3E)"'B=3"E+n-3""'B=3" (1 0) +n-3"" ("2 "1)

114 000 00000000000

0000 MuwPADOOOOO A"O00000000000000000000000000000000
0000000000000000000000000O0O0O0O0O0O0O0OOOO0OO00000000000
00000000000000000BASICOOOD0DOO0ODODO00DDOo0ooooogd!®
0000000000000 0000000000 njoomatrix(A); 0 AD n0000000000000O0
0000000000001 0000°;y 0000000000000000°y 0000000000
000’=000:="0000000000000000000Shift00000000 ReturnOOO0D0
O0O0O0Error 00009

U8 MyPADOOODO0OOOOOOOO0OOOODD e«J00000 MuPADOO DD 00O Springer 00 (¥2400) 000000
00000000000 0000000
http://www.xmath.ous.ac.jp/ shimeno/mupad.html
000000000 (@0000000 p510)0000000000000000000000 toolbar— Help—s Brouse
Manual 0000000000000 00O0O00OO0O0O0O0O!?
B9 pjomatix 000 0000000000000000000000O00O0OOOOO

120



njomatrix := proc(x: Dom :: MatrixGroup(2, 2))

local a, b, e, koyuuti;

begin

e :=matrix([[1,0],[0, 1]]);

koyuuti :=1inalg :: eigenvalues(x);

if(nops(koyuuti) = 2) then

a := koyuuti[l];

b := koyuuti[2];

print(factor(simplify((@al n—b 0O n)/(a—b)*x+(a*b0 n—b=*xal n)/(a—Db)=e)));
else a := koyuuti[l];

print(factor(simplify(n+*al (n—1)*x+ (1 —n)*a nx*e)));
end if :

end_proc :

gooogo

njomatrix := proc(x: Dom :: MatrixGroup(2, 2))

nomatrix 000 0000000000000C0O00000 : Dom:MatrixGroup(22) 0O DO OOO0O x
02x2000000000000000000000,proc(x)J00000000O0O0OOOOODO’yO
000000’y 00000000000 000000000000000D0DO000oOoOooOoDoOg

local a, b, e, koyuuti;

Oabekoywuti 0000000000000 OO0BASICOOOOODOOOOOOOOODODOOOOO
O00000ODOlocalDOOODO local 0D DOOD0O0OD0ODODODODODOODOOOOOOOOOOOO
DD:IIZO)

begin 00 endproc 00000 Body 00000000000 DO0OODOOOODOODOOOO (ifO0O
forO,whileO,repeat 00 0000000000000 000O0O0OODOO)OOOODOOODODOOOOOO
gbobodb,ogbooboobbooboobooooog

e :=matrix(([1,0], [0, 1]]);
koyuuti :=1inalg :: eigenvalues(x)

O0000eO000Okoyuti 00O OODOOODOOO

if(nops(koyuuti) = 2) then

a := koyuuti[l];

b := koyuuti|[2];

print(factor(simplify((al n—b 0O n)/(a—b)*x+(a*b0 n—b=*al n)/(a—Db)=e)));

020 QOoOOOO0000000000000000 globalJ0OD0D savea; 00000000
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00000000 200000 00000 200000000 A"D000000O00MOOOOO0O
0000000 A"O0000D0D00D0 (0 oxf000000000000000n0psOO0O0OODO
number of operands 0 0 0 000 000 OO0 O linalg::eigenvalues) D 0 00000 koyuuti 0 0 0000
0 O koyuuti[11,koyuuti[2] 0000 1000,0 2000000000000

else a := koyuuti[l];
print(factor(simplify(n+*al (n—1)*x+ (1 —n)*a nx*e)));
end if

000000 100000000 delsed00 endif 0000000000000 a00000000O0O
A'00000000M0O0000 A" 000000000 (=)0 «=p000000000O00O0O0

ooooooooooifooogn

if(000)then(CDOp)else(00g)endif

000 ((@0OO0)D00oDOO0@Dy) 0000000000 D000DD000@Oy)000DDooOOD
ooooooooor? 2y

O000Onjomatrix(A) D000 2x2000 n 00000000000 OCOO 100000O0OOO

e A:=matrix([[3,1],[2,4]]); >> (g i)
. . 1 2 . 2il + Sil _2n + Sn
e njomatrix(A) >> I\lo2.2m42.50 2r40.5m

000000oooooooogo 2000000

e A:=matrix([1,-1],[4,5)); == (411 _51)
. . 1 (3n-3"'+3:3"%-n+1) -n-3"
e njomatrix(A) > 3 ( 4n - 3" 5n-3"+3-3"(=n+ 1)

0000000000000000000000000 factor000000000O0O0OO

gooooobooooooobobbooooobobooooobL bbb bbboo
O00000o00o0ooooooooooooo MuPADPro0 0000000 OOCODOOOOODOOOO
O00000OOMuPADLight 00 000000000000 0OO0OODOOO

toolbar 00O 0D [file] 00 Save As0 000000000, 00000000000000000O00O0
O Textfile? 22 000000000000000000000000O0O0OOO0OO MePADOODOOOO
00000000000000000000000000000000000000000000

U2 gpooOoOD0O0000000,00else000000000000O
U122 Qppoooo0OO000000000000,0000000000
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gbbodrO00bbobbOo0oboobboobboobooooo
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2000000 A00

googooood
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00000000000000 A"0000000000
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#2(y)=2(5)=22(5) =2 (3
wlo)=2aly)-2 =) -2 ()

ooooooooA0OOon
ooooo,rn=12,3---000
O0ooooooo

@@UUoooooo
A" 1 3 _ on 3(=2)"
204) |2t sy
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-1
2" 3(=2)"\(1 3
no_
0 A" = (2;1+l 4(_2)’1) (2 4)
(2 32\ 1 (4 3
= 2n+l 4(_2);1 B 2 -1
L4262y 3-27-3(-2) (@
= 5 _4'2n+l +8(_2)n 3'2n+l _4(_2);1 ( )

O00000000000000AQO0DOD0DOO0OooOood 2 gooooooloooo 200
DDDDDZDDDDDA”DDDDDDDDDDDDDDDDDDA=(%)DDDDDDDDDDDD
0Oooo00oo0ooooooon

00 AR =kx0000

(A—kE)Tc’:(g) @D

000 A-kE)00DO00O0ODOD0OOOOOODOOO0OO

5 {0\ _ (0
i)}

ﬁ
DDD?#ODDDDDDDDDD(A—kE)DDDDDDDDDDDDDDD

kK b
d-k

= kK-(@+dk+@d-bc)=0

der(A—kE>=der(“; )=(a—k)(d—k)—bc=0 e
ooooOooo kO
X —(a+d)x+(ad-bc)=0 0

0000000000000Q00000000000000 k0®000000QOOO0O0O0000R
000000000000000X=(3)0000

a-—k b x|\ _ (O
o= ()= (o
odda-k,b,c,d-kOOO0O ()DDDDD?DDDDDDDDDDDDDDDa—k,b,C,d—kDDD()
00o00ooooooooo@oon

il N G

U2 ooogo@,QoO0

oood
-1
2 -6\(1 3 -10 6
A‘(4 —8)(2 4) _(—16 10)DDDDDD
0124y =7 -
ddb 0100000000 dx0,

gooooooooooono
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Do000®=().000%=(,4)00000a-kbed-k0OD 0000000000000
Qooooooog X d—k b 0 =

X000000000 (“4)0(,4)0000 0000000 (a—k)d-k -be=
0 (4*)/(;4)0000000000 1000000000 (@040000000)000000

goo

0000 @UOUOD AO0000O0D0 AO0D0DODOOOODOOOOODOOD 1000000000000 0

goo

goboobogobooboooboobboobooo

00 4

-10 6
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-16 10
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0000 k000000000 200000
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oooOooooog
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Hk=-2000,000

goo

(k=2000,000

goo

%= (;) (e2%50)

0000o00gdoo0Od,g,c0000000000000O

k:—ZEIEID[I?zcl(i),k=2[|[|[|[|7c>=cz(é) o (0)
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0000000000000 ¢,00000000000000000000000A00000 %2,
D00 -200000000000 (3),000200000000000 (4)000000000000

00000000 MuPADOOOODOOOOOOOO

linalg::charpoly(A ,x);
linalg::eigenvalues(A);

linalg::eigenvectors(A);

goooooogoog

e A:=matrix([[-10,6][-16, 10]]);

e linalg:: charpoly(A, x);
e linalg:: eigenvalues(d);

e linalg:: eigenvectors(d);

oOoooo

o000 (-2)00000 10,000000000 10
00100 ($)800000 (4)r(3).()#(2) 00
116 00O

1161 1000000000000 0O0O0O00O0

goooooboooo

AODO0O0O0OO @O xyoOoooo
AO0OO0OO0O0OO0OO
AOdOO0OOOOOoOOoOO

s -10 6
-16 10

>> x> —4

>> {-2,2}

3 1
>> [[—2,1](‘1‘),[2,1](%)]

3
D(T),DDD 200000 10,0000000
gogbboboobobboobooboboooo

goo,0bboobooboooboooboooboo

oos

6 a 2 2
P = O00A,PO P'AP =
1 2 b 0

(Da,b,c0000000
QA" (n=1,2,3,--)00000

c

0
]DDDDDD,DDDDDDDDD

oooo
(1)P-‘AP=(32) 00

AP:P(32)<=>(_62 _61)(; 12))2(; lz))(é (C))

6a+12 12+ 6b\ _

(—2a—2 —4—b)_(
6a+12 =2a
12+6b =2
—2a-2 =4
-4-b =bc

—a=-3,b=-1,c=3
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(PT'AP) _(0 ) S PAP= 5

goo

n _ 2" 0 —1
A _P(O 3,,)P
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goo,0bbooboobogo
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gooo
goog,
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O00000000000000O0OMuPADOD AODDOODOOOODOOODOOD

linalg::jordanForm(A);

U2 goooooooooooon

e A:=matrix([6,6],[-2,-1]]); >> (_62 _61)

3
2

e linalg:: eigenvectors(A); >> [[—27 1] (_1. )7[37 1] (_12)]

Doooooooooo2(F)=(7)0.(?)0000000 POOOOOOOOOOOO

e P:=matrix([[-3,-2],[2,1]]): >>’(E? ]?)

Pl'APOOOOOOOOO
2 0
e PO (-1)xA=xP; >>(0 3)
00000000000000000000000000000000000000

e linalg:: jordanForm(A); >> (g g)
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e A:=matrix([[1,-1],[4,5]]); >> (i _51)
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