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eM@8K or'= |a b 4¥al=b 8"E., am IfPI, )eeY
9+Pi

28K < a<b 8 "E

+8K > a>b g E

ZA¥MPBK or<= |a b 4¥a<=b 8"E

+4¥MAD8BK or>= |a b 4¥a>=b 8"E

£ a b 0:&"8

s a b 0:8" 8

i - or! ~a 4¥ la 0:88

1zU08K o a \fPi

*1f8K X a xb If Pi

5-Is
4" &~It" G- +5-Is g" GiG®8?Dﬂ!...4¥"}7EDﬂ!... i

", >N#olfPig ' h 113gm8N é&~aC#0 6
S = Intersect[g,h]
(&R\ Intersecis-!s).

\E:Dg!...&eLA&~" G- <", aCHOA_14¥s_{AB} &~28A 4¥S ,g i

4.3.1 <T»5-ls

Relation

Relation[object a, object b] . JpKE s\™2p:07"4 " 2&Jt a' b Uh"l hk"Q i
\E: =65-Is""4 " 28Jt8%:& «qm)- ol fPi ™ &4¥ ¢)¢eYOePi ™ &1 ol fPi8Y%&N$—8K *)¢
eYQePii4¥ oIf Pi8%&UT— *)¢eY9Pilf!3, #oDg!...8%&uUTMD i




Delete
Delete[ Dg!..a] : $tho «Dg!... &Y4I9"GA. G*G®I -RDg!... i

Element
Element[ iU&kt, 8"En] :L iU&— Yl Mn"S$#O!... i

4.3.2 0:&5-Is

Ifl ;)..1%Z,a,b] : Ut,!...12ClII®8N &&~28a, CI"O8N~28&b i
Ifl ;!..1%z,a] : Ut,!...12ClII®8N &&~28a, CI"O8N$O\%CI9L.)R8Dg!... i

4.3.3 8"E5-Is

h 15
Lengthf &d*v] : &d*Iih15

Length[ gmA] : AT-&.gml 'lig

Length[ $@E8f, 8"E x1, 8"E x2] :f$ES8)¥1A2-x1 $¢ x2 Uh"l h 15
Length[ $CE8f, qmA, qnB] :f$ES)¥1A2-)¥1A ™I gmA $¢,qmB UA'Th 15
Length[ 9«Pic, 8"Etl, B8"Et2] :9+Pi c 2-8"E t1 $¢ t2 Uh"lh 15
Length[ 9ePic, qmA, qnB] : 9¢Pi ¢ 2-9«Pi ™I gm A$¢qmB UA1h 15
Length[ iU&L] :L iU&—I h 15(ijU&—I #OO™58)

ifiLU
Area[ gmA, gnB, qnC, ..] . g, B, C, ..4)ee4Y! +©c 1[ifLU
Area[ )¢eY9ePic] : )¢eY9ePi c IifiLU ()¢4¥<ii)e)

“lig

Distance[ qmA, qgnB] : A ' B gmh"l lig

Distance[ gmA, IfPig] : gmA $:I1fPi g |’lig

Distance[ IfPig, IfPih] :IfPi g' h h"lliqi
?w3z 0 1$131 Pih"l "liqClI Oi

<°8

Mod[8"E a, 8"Eb] :a hélt b Iks8



8 8 h62d
Divf 8"Ea, 8"Eb] :ahodlt b1'0O8 488 &

8+F
Slope[ IfPig] : IfPi g I8+F i
\E: =65-1s9'&8NGU$%o *"5 +8+F "aliig (&R\ .021.02] 8H*U )i

OeF
Curvature[ gmA, $E8f] : $E8f)-qm Al 9eF
Curvature[ qmA, 9ePic] : 9Pi c )-gm Al 9°F

%U2
Radius[ )¢ c] : )¢ cl%U2

&+h
Circumference[ )¢eY9ePic] : )¢eY9ePi c | &+h ()¢4¥<i)¢)
Perimeter[ +Oc 1ip] : +©c 1A pl &+h

&R8
Parameter[ 5ZDgPp] : 5ZDgPip | &R8 (A%Pi' Cugmh”l “liq )

Eat%Uh
FirstAxisLength[ )¢eY9ePic]: )¢eY9ePi c |hafi%Uh 4¥ :at%Uh

$pat%Uh
SecondAxisLength[  )¢eY9ePic] : )¢eY9+Pi c |Jlat%Uh 4¥$ ajat%Uh

Excentricity
Excentricity| )¢eY9ePic] : )¢eY9+Pi c |ig2RF
JbR™\EdZ 6 Excentricity 8%4"Se¥s-ae €=0KIl 5¢-ae4XCl

LOSe

Integral] $ES8f, 8"Ea, 8"EDb] : —N&X) 2- a $¢ b 1iALU aLUS$e & i
\E:=65-159'&8NGU$%$SEB-ath"l iiLU i

Integral] $E8f, $E8g, 8"Ea, 8"EDb] : \—N&2-a $¢b Uh" e f(x)
g(x) 41+1iAL0 i



\E: =65-1s 1&~GU$% ' g $ES8 Uh"liALU i
\E: &R\ ce.)LUge

LowerSum[ $E8f, 8"Ea, 8"Eb, 8"En] : $ES8f )- [a,b] %Ih"It n "sh ;,%I>N
$%ol ifiLU &' |

\E: =65-1s9'&8NPU$%ob 1* &' | h 8H1A i

™!

UpperSum[ $E8f, 8"Ea, 8"E b, 8"En] : $ES8f ) [a,b] %ih"t n "3h ;%I
>N$%ol ifiLU ™" §

\E: =05-!S!I5&~PU$%ob * ™' | h 8H1A i

b|ir

lteration[ $E8f, 8"Ex0, 8"En] :

— XOd\[-!r#0 f$ES8N =° & 1.A8%\—NEH(F(f(...f(x0))))
NS": )-)R8 f(x) = x"2 U2 & lteration[f, 3, 2] 5-1sl OR:+Cl

(39)?=81

9e+19:.2"E

Min[ 8"Ea, 8"Eb] : 5-a' b ¥%a.zZR”

Max[8"Ea, 8"EDb] :5-a' b Ya+R”

$egm>c

AffineRatio[ gm, gmB, gnC]:5-$Pi"gn A B, Cl eUtlt ACIOeBClle
$OC qm4i)-10QyI 16<

13>c

CrossRatiof] gmA, gnB, qnC, gnD] : 5-$ Pi)igm A, B,C,DI!3>¢c , $ %
AffineRatio[B, C, D] / AffineRatio[A, C, D]

4.3.4 \als

\al5

Angle[ &drvl, &drv2] vl v2#@& d*h'l +\a (1Z8KO $¢ 360°)
Angle[ IfPi g, IfPih] : #olfPi U8H& & d*h"l +\a (1Z8KO $¢ 360°)



Angle[ gmA, gmB, qnC] :BA ' BC h"l+i\a (1Z8KO0 $¢ 360°), B Clj'gm
Angle[ gmA, qgmB, \al5 ]: 'tPi>D AB Cl,Zc eGuU$%.+1.ZCl l\ai

\E: . 9'&8NGU$%GB qmad%d$%o" | &u «"Sqm i

Angle[ )¢teY9ePic] :)¢eY9ePi ¢ Eatfl a@\a&R\5-Is Axe9
Angle[ & d*v] :x-at$¢& drv Uh'l +l\a

Angle[ gmA] : x-at$eqmil +i\a

Angle[ 8"E n] : .—+8"E n a@6j4Y\alfOR:+!Z8K0 $¢ 2pi Uh")
Angle[ +©c 1fip] : Gu$kOc 1i | 4197#06\a

4.3.5 oqmm

gmm

Point[ IfPi g] :GU$% i g ™ «gm

Point] )¢eY9ePic] : GUSHEYIPi ™ sqm(", : )¢ i<fi)¢ iih9ePi
Point[ $E8f] :GU$%E SE8 ™ «gm

Point[ +Oc 1fip] : GU$%+OcC 1fi ™ «qm

Point[ & d*v] : GU$Bd* v ™ egm

Pointf gmP, & d*v] : GU$%o2iPl LS& d*v U2 | gm

Yaqma¥ Ya2R

Midpointf qgmA, qnB] :A"' B | Ygm

Midpointf Pi>Ds] : Pi>D sl ¥gm

Center[ )¢eY9ePic] : )¢eY9ePi cl ¥a2R(", : )¢ i<fi)¢ iih9ePi

Cugm

Focus[ )¢eY9+Pic] : )¢eY9ePi cl Cugm
j'qm

Vertex| )¢eY9ePic] : )¢eY9ePiclj'gm

d\2R
Centroid[ +©c 1fp] : +©c 1fi p 1 d\2R



13gm

Intersect| IfPi g, IfPih] :IfPi g' hI!3gm

Intersect]  IfPi g, )¢eY9ePic] : IfPig ')¢eY9ePi c |4I9713qgm (9++©2"S)

Intersect]  IfPi g, )¢eY9Pic, 8"En] : IfPi g ')¢eY9Pi c IM» n "§!13gm

Intersect]  )¢eY9ePic, )¢eY9ePid] : #@)¢eY9ePic ' d 14I9713gm (9++©4"%)

Intersect]  )¢eY9ePicl, )¢teY9ePic2, 8"En] : #@)¢eY9Pic' dIM» n"$
13gm

Intersect]  +Oj’1zfl, +O'1zf2] : +©j12fl '+©j"1z f2 1419713gm

Intersect| +Oj"1z2f1, +©j"1zf2, 8"En] : +©j"1zf1 '+©j"1z f2 I M» n "3!3

qm

Intersect]  +©"12f, IfPi g] : +©"1z f 'IfPi g |4i9"13gm

Intersect| +Oj"12f, IfPig, 8"En] : +O"1zf 'IfPi g | M» n "§!13gm

Intersect]  $E8f, $E8g, qmA] : $E8f ' g ) ,Zgm AI4i9713gm (DEj¢?d

Intersect]  $E8f, IfPig, qgmA] : $E8f 'IfPi g)-,Z gmA 14i9713gm (Dé
j¢2d)

?w3Z 6 '5&R\ <°00 >.(!Sqm

>N:E
Root[ +©j"1zf] : +©j"1zf | 419™:E
Root[ $GE8f, 8"E a] : $ES )-",Z'"E a *"S:E (DE&j¢?d)

Root[ $E8f, 8"E a, 8"E b] : $&E8f )- [a, b%ih"l:E (" G-+e%!U?d g 6 False
Position Method)

Extremum

Extremum[ +©j"1zf] : +©j"1zf 14197 Icw<"E (gn)
&\9eqm

InflectionPoint[ +©j"12 1] : +©j"1zf |1 419°&\9eqm

43.6 &d*

& dr
Vector[ gmA, gnB] : 2-gmA $,gnB/ & d*
Vector[ gmA] : gmAl!UQy& d»



8H& & d*
Directionf IfPig] : IfPi g |8H& & d®
\E: IfPi8HL31Zax + by = c U8H& & d"Cl (b, - a)
(=10& d»
UnitVector]  IfPi g] : IfPi g U(=IU8H& & d»

UnitVector[ & d*v] :T-& d’v &8H& | (=!U& d»

?d& d*
PerpendicularVector| IfPig] : IfPi g |?2d&d”
\E:IfPi8HLS1Z | 2d& d Cl (a, b)

PerpendicularVector| &drv]  &dM v 1 ?2d& dM
\E:& d”(a, b) ?d& d"Cl (- b, a)

(=1U?d& d»

UnitPerpendicularVector| IfPi g] : IfPi g I(='U?d & d*
UnitPerpendicularVector| &drv] : &dM v I (=IU2d & d
OeF & d

CurvatureVector| gmy, $E8f] : $EBf)-gm Al 9eF & d*
CurvatureVector| gmA, 9ePic] : 9°Pi c )-gmAIl9eF & d"

4.3.7 Pi>D

Pi>D

Segment[ gmA, qnmB] : gqmA ' B h"IPi>D

Segment[ gm\, 8"E a] :It ACI ' gméPi>Dh Cl a | Pi>D
\E: 9'&8NG+G®&U *"$Pi>DM~gm i

4.3.8 “HRi

LPi
Ray[ gmA, qnB] : “gm A b©bYB gml .“Pi
Ray[ gmd, &d*v] : "gm A £8H& & d*Clv I .“Pi



4.3.9 +©c 1ii

+©c 1ii

Polygon[ gmA, qgnmB, qnC,.] : GAO®S.)gm B, C,...41)e4Y! +©c 1fi
Polygon[ qmA, gmB, 8"En] : 97 n "§‘gml =0+©c 1fi (%"5{ gmA ' B)

4.3.10 IfPi

IfPi

Line[ gmA, qgnB] : b©b¥A gm' Bgml IfPi
Line[ gmA, IfPig] : b©b¥A gm £1 ZU8K | IfPi
Line[ gmA, & d*v] : bObYgmm £8H& Clv | IfPi

* | fPi
Perpendicular]  gqmA, IfPi g]: bObYqgmh £%If8K g IIfPi
Perpendicular]  gqmA, & d*v] : bObYgmA £*1f8K& d™ v | IfPi

Ya* Pi
LineBisector| gmA, qnB] : Pi>DAB |1 $ePi
LineBisector| Pi>Ds] :s Pi>DI 1 $«Pi

\al $-Pi

AngularBisector| gmi, qmB, qnC] : \aABC I\al $Pi
\E: B Cl\al j'qm

AngularBisector[ IfPi g, IfPih] :IfPi g' hl\al $Pi

$—Pi
Tangent[ gmA, )teY9ePic] :)¢eY9ePic bYqml (41971 )$-Pi

Tangent][ IfPi g, )¢eY9ePic] : )teY9ePi c 14i9°1 ZUBKIfPi g | $-Pi
Tangent] 8"E a, $ES8f] :f(x) )- x=a 8NI $—Pi

Tangent] gmA, $E8f :f(x) )- x=x(A) 8NI $—Pi

Tangent] gmA, 9+Pic] : 9+Pi c bYqnA | $—Pi



ACDbAPi
Asymptote[ ih9ePi h] : ih9«Pi hl#gACb Pi

A%Pi
Directrix[ 5ZD@Pp] : 5ZDgPip | A%Pi

.ceLAat
Axes[ )teY9+Pic] : )¢eY9ePicl .ceLAat

Eat
FirstAxis[  )¢eY9ePic] : )¢eY9ePic |hatd¥ :at

$pat
SecondAxis[ )¢eY9+Pic] : )¢eY9ePi c | J|at4¥$ ajat

< Pi
Polar[ gmA, )¢eY9ePic] : gmh If.0e8K)¢teY9+Pr | < Pi

2 Pi

Diameter[ IfPi g, )teY9ePic] : )teY9ePi ¢ 1 ZU8SKIfPi g |2 Pi
Diameter] & d*v, )teY9ePic] : )¢eY9ePi c 1ZU8K d" v |2 Pi

4.3.11 )¢eY9ePi

)

Circle] qgmM, 8"Er] :)¢2RM £%U2Clr 1)¢
Circle[] gmM, Pi>Ds] : )¢2RM £%U2Cl 1h15
Circle[ gmM, gmA] : )¢2R M £bObYgnA 1)¢
Circle[ gmA, qgmB, qgnC] : b©bY "gmAi Bi Cl)¢

Us$-)¢

OsculatingCircle[ gmd, $E8f] : $E&Ef).gmAIl.US-)¢
OsculatingCircle[ gmd, 9¢Pic] : 9°Pi c )-gmAl.U$-)¢



<fi)¢

Ellipse[ qnF, qnG, 8"E a] : Cugm@®, G £h at%Uh Cl a | <ii)¢

\E:  2Tj—+T8KGl 'lig

Ellipse[ qnF, qnG, Pi>Ds ]: Cugm®, G £h at%Uh M@8KPi>D h 15l <fi)¢

ih9ePi

Hyperbola] qnF, qmG, 8"E a] : Cugm@, G £h at%Uh Cl a | ih9+Pi

\E: .. FGI 'lig

Hyperbola] qnF, qnG, Pi>Ds] : Cugm@, G £h ai%Uh CIPi>B h 15 ih9«Pi
5ZDgPi

Parabola] qnF, |[fPig] : Cugm@® £A%PICYH | 5ZDgPi

)¢eY9ePi
Conic[ gmA, gnB, qnC, qmD, qmE] : bObY!#qw, B, C, D, E |)¢eY9ePi
\E: 1S)jgm ce&)- *IfPi ™ i

4.3.12 $ES8

+$ES a2=%- &

Derivative]  $@E8f] : $ES8f(x) | 2=%-

Derivative]  $@E8f, 8"E n] : $ESf(X) | n =°2=%.

\E: 37 1& G- f(x) 97 Ir  Derivativelf] e T1& G- f'(X) 9z I

Derivative[f, 2] i

LUS$e
Integral]  $ES8f] : $ESA(X) | ce.)LUSe
\E: &R\ )LUse

+Oj"12
Polynomial[ $@E8f] : $E8fI.ah 1z
NS": +©j"1Z[(x - 3)"2] G+GG®’ - 6x + 9

?+%a.ah 17

TaylorPolynomial[ $E8f, 8"Ea, 8"En] : $ES8 f(x) .ceqmx=a | n =°?+%a



.ah 1z

$E8

Function] $E8f, 8"Ea, 8"Eb] : G:G® $ES-SEST | .)R8*nhR$ASK[a,b] %l
hll

L 1Z$ES
37&~"G-0"&5-Is If (&R\5-Is If) "8?2+-$ES i
\E: 37&~.ceb *$ES " G-2=$+' LUSe & u>N$%eT—$ 1e$SES | 13qm &=0, *T»| $ES8 <2

NS":

f(x) = If[x < 3, sin(x), x"2] e=0$E8 ITH 8K
sin(x) H x<3
X H x 3i

4.3.13 &R8 9+Pi

Curve[ 8.1Z7 el, 8.17 e2, &R8t, 8"Ea, 8"Eb] :
G+tG®16<"(1, e2)9+Pie$ ¥2 el,e2CI&R8174"G-&R8 téa<=t<=hd
NS" : ¢ = Curve[2 cos(t), 2 sin(t), t, 0, 2 pi]

Derivative[  9ePi c] : 9+Pi c | 2=$9¢Pi

\E:&R8 9+Pi&~!t#"$ES *<?" G- |
NS": aC#0c(3) 9)m#B t =3 8Nl gm16<”i

\E: 37&~G+" 82qmOt$ )-9-Pi ™7i «"582gm (&R\ <°OC+" 82¢m g &I5&R\ 5-Is

Poinf). GABK&R8a ' b Cl%d3Ul &37&~)-=0"G-A;*8 (&R\<°OC= A'; )i

4.3.14 )¢17 401i

\E: )¢1MI'r8"ECI$h15¢& 401l Ir8 "ECI$ALU i

%U)¢
Semicircle[  gmA, qgnmB] : Pi>DAB. ™| %U)¢



17
CircularArc| qmM, gmA, gnB] )¢2RCIM & gmCl A i ONgm@ 1)¢19
\E: gmB ceieVi)-)¢1q ™
CircumcircularArc[ gmd, qnB, qnC] : bO©bY “"gmA, B, C1)¢1]
Arc[ )¢eY9ePic, qgmA, qgnB] : !1Z8K)teY9+Pi c ()¢4¥<ii)¢) ™I #agqmA, Bh"l 1Y
Arc[ )¢eY9ePic, 8"Etl, 8"Et2] :1Z8K)¢teY9Pi ¢ ™#@g&R8tl ' t2 "Eh"I
11 &)¢eY9+Pi cCl 38! &R8 17 :
0 )¢: (rcos(t), rsin)$ ¥ r CDEl %U2 i
0 <fi)¢: (acos(t), bsin®)$ ¥4 a' b Clhat' Jat%Uh

401
CircularSector[ grM, gmA, qnB] : )¢2RCIM & gmCl A, ONgm@ 1401#
\E: gmB ceisVI)-11 ™ |

CircumcircularSector[ gmd, qnB, qnC] :bO©bY “gmA, B, C 1401
Sector[ )¢eY9ePi c, gqmA, qgnB] : !Z8K)¢eY9+Pi c ()C4¥<i)¢) ™I #agmA, B h"l
)¢eY9ePi401i%I

Sector[ )¢eY9ePic, 8"Etl, 8"Et2] : 1Z8K)¢eY9Pi c ™#@&RS8t1 ' t2 "Eh"
1 )¢eY9ePi 401i1%¢)¢eY9+Pi cCl 33!l &R8 17 :
0 )¢: (rcos(t), rsin)$ ¥ r CEl %U2 i
0 <fi)¢: (acos(t), bsin®)$ ¥4 a' b Clhat' Jat%Uh

4.3.15 )¥DO

)¥DOI j'\gm
Corner[ )¥DOpic, 8"E n] : )¥1f picl M» n "§j'gmi
\E 6 n=1 Z+0u §\a & n=2 Z+&, 8\a & n =37+&, ™\a én=47+0u ™\a

4.3.16 a[p
a['p

Locus[ gmQ, qmP] :gmQla[pPia PCI66$Agqm ai
\E: qmP 2Tj—CIDg!(,. 8IfPiiPi>D1)¢ ) ™I «gmi



431718

19
Sequence[ 8.1z e, ~8 i, 8"Ea, 8"EDb] : .-8.17 e \—N&$%" &=a $¢
bi
NS" : L=Sequence[(2, i), I, 1, 5] 9'GG®IMIU&—
(2,1),2.2), ..., (25)}
Sequence[ 8.1z e, "8 i, 8"Ea, 8"Eb, 8"Es] :
—8.12 e \—N&$%" E=a $¢ be £>"=°bi+- s/
NS": L = Sequence[(2, i), i, 1, 5, 0.5] 9'GxGARIMIU&—

{2, 1), (2, 1.5), (2, 2), (2, 2.5),..., (2,5)}
\E: GABK&R8a ' b &~t8%" 8 &371&~"G-A;"8 i
Element[ iU&—, 8"E n] :LiU&—I M»"&n#00
Length[ iU&L] :LiU&+h15a#00 38 &
Min[ iU&L] ::LiU&—I 9¢.7#0!...
Max[ iU&—L] : LiU&—I 9e+T#O!...

b|!r

IterationList[ $E8f, 8"E x0, 8"En] : 9GxG®h 15Ch+1 |iU&— &$ YO
O ClI { x0, f(x0), f(f(x0)), ...} i
NS": .)R8$ES f(x) = x"2 U2 éaC#05-!s
L = IterationList[f, 3, 2] e37.-2&%¢ L ={3, &, (A =1{3, 9, 27}

4.3.18 1 'aad6j

" G- §$!1 5-1s8N 9'G+G®87Dg!... 8&.Dg!...$0 e&f2jZ i

1LS

Translate] qmA, &drv] @ t& d* vi1LSgmA

Translate] IfPig, &d*v] : 1t&d™» v1LSIfPi g
Translate] )¢eY9ePic, &d*v] : t&d* v1LS)teY9ePi c
Translate] $E8c, &d*v] : t&d* v1LS$ES ¢
Translate] +©c 1Ap, &d*v] : t& d* v1LS+©c 1 p

\E: 8?1j'gm &YPi>D!5i7 UG+G® i

Translate[ )¥D(p, &drv] : & d* v1LS)¥1A p



Translate] &d*v, qnP] : .—&d* vLST,gmP

\E: 156R\ -7 & d M LS Ot$

8Za0

Rotate[ gmA, \al5 ]:'t&.gmCl8Za@d Ya2R e.—A gqm8ZJ \a

Rotate[ & d*v, \al5 ]: t&gmCl8Zad ¥a2R e!t\al5 8Zad& d"v

Rotate[ IfPi g, \al5 ]: 't&.gmCl8Za@ V4a2R e't\al5 8Za@IfPig

Rotate[ )¢eY9+Pic, \al5 ]: 't&qmCl8Zad ¥:2R élt\al5 8Zad)teY9+Pic
Rotate[ +©c 1lip, \al5 ]: 't&.gmCl8Za@d ¥a2R et\al5 8Za@+Cc 1ip

\E: 8?1j'gm&YPi>D!5i7 UG+G® i

Rotate[ )¥D(p, \al5 ]: t&.gmCl8Za@d Yu2R élt\al5 ?Nat2BZa@)¥1fip
Rotate[ gmA, \al5 , gnB] : 't BCI8Zad Ya2R elt\al5 8Zadqmi
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