1. Khai bdo bién cap toa do (diém). Ve dudng thing

beginfig(1) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,1lcm);

draw A--B--C; endfig;

2. Ve dudng kin qua cac diém c6 toa do

beginfig(2) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,lcm);

draw A--B--C--cycle; endﬁg7

3. Khai bdo bién ming diém

beginfig(3) pair A[]; A[0]:=(-lcm, -lcm); A[l]:= 1cm —1cm @ @

A[2]:=( lem, lem); Af3]:=(-lcm, lcm); draw A[O - &
A[3]--cycle; draw A[0]--A[2]; draw A[1]--A[3]; endflg, @
4. Vé (cham) mot diém v6i nét bit vé dam (khac mac dinh) @Q

- Y
beginfig(4) pair A; A:=(0,0); B:=(1cm,0); C::(O,&@; draw A
withpen pencircle scaled 4bp;
5. V& v6i nét but vé dam
beginfig(h) pair A, B, C; A:=(0,0); B:=(1cm,0); C:=(0,1cm);

draw A--B--C--cycle; draw A withpen pencircle scaled 4bp; draw

B withpen pencircle scaled 4bp; draw C withpen pencircle scaled
4bp; endfig;
6. Vé v6i nét but dam

beginfig(6) pair A, B, C, D; A:=(0,0); B:=(1cm,0); C:=(1lcm,lcm);
D:=(0,1cm); draw A--B--C--D--cycle; draw A--C; draw B--D;
draw A withpen pencircle scaled 4bp; draw B withpen pencir-

cle scaleddbp; draw C withpen pencircle scaled 4bp; draw D
with: circle scaled 4bp; endfig;
7. ong trung tuyén — Trung diém doan

BN

be&ﬁg(ﬂ pair A, B, C; A:=(0,0); B:=(1cm,0); C:=(0,1cm);
Ndraw A--B--C--cycle; draw 1/2[A, B] --C; draw 1/2[B,C]--A; draw
1/2 [C,A]--B; endfig;

Xac dinh trong tam (tam ty cu)

EN

beginfig(8) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,lcm);
draw A--B--C--cycle; draw 1/2[A,B] --C; draw 1/2[B,C] --A; draw
1/2[C,A] --B; draw 1/3 A + 1/3 B + 1/3 C withpen pencircle

scaled 4bp; endfig;

9. Vé dudng vo6i nét to

beginfig(9) pair A, B, C; A:=(0,0); B:=(1cm,0); C:=(0,1cm);
draw A--B--C--cycle; draw A--B withpen pencircle scaled 2bp;
endfig;



10. Ve dudng c6 mau

AN

beginfig(10) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,1cm);
draw A--B--C--cycle; draw A--B withcolor (green + red); endfig;
11. Duodng nét dut

beginfig(11) pair A, B, C; A:=(0,0); B:=(1cm,0); C:=(0,1cm);
draw A--B; draw B--C dashed evenly; draw C--A dashed with-
dots; endfig;

12. Ve dudng co ban v6i nét to va nhat

beginfig(12) pair A, B, C; A:=(0,0); B:=(lcm,0); C:=(0,1lcm);
draw A--B withpen pencircle scaled 2bp withcolor .8white; draw
B--C withpen pencircle scaled 2bp withcolor .6white; draw C--A
withpen pencircle scaled 2bp withcolor .4white; endfig;

(do)

beginfig(13) pair A, B, C; A:=(0,0); B::(lcm,O)k(O,lcm),
draw A--B--C--cycle; draw 1/2[A,B] --C dashed evenly; draw
1/2[B,C] --A dashed evenly; draw 1/2[C,A] --B dashed evenly;
draw 1/3 A + 1/3 B + 1/3 C withpen pencircle scaled 4bp with-
color red; endfig;

14. Cac duong nét dit

13. Ve dudng co ban gom duong lién va dit nét, chim c6 r&&

O

beginfig(14) draw (0,0)--(3cm,0) dashed evenly scaled 2; draw
(0,-5mm)--(3cm,-5mm) dashed evenly; endfig;
15. Cac duong nét dit

beginfig(15) draw (0,0)--(3cm,0) dashed dashpattern(on 2bp off
3bp); endfig;
16. Cac duong nét dit

beglnﬁ draw (0,0)--(3cm,0) dashed dashpattern(on 1bp off
7@ p off 2bp endfig;

wong c¢6 mii tén & dau mut

Q@’Q @@ [l

eginﬁg(17) pair A, B, C; A:=(0,0); B:=(lcm,0); C:=(0,1cm);
rawarrow C--B--A; drawarrow A--C withpen pencircle scaled
2bp, endfig;

18. Duong c6 miii tén ¢ hai dau mat

N

beginfig(18) pair A, B, C; A:=(0,0); B:=(1cm,0); C:=(0,1cm);
draw C--B--A--cycle; drawdblarrow A--C withpen pencircle scaled
2bp; endfig;

19. Cac duong v6i miii tén & mot dau mit




beginfig(19) draw (-1.5c¢m,0)--(1.5cm,0); draw (0,-1.5cm)--(0,1.5cm);

drawarrow (0,0)--(1cm,0) withpen pencircle scaled 2bp; drawar-
row (0,0)--(0,1cm) withpen pencircle scaled 2bp; endfig;
20. CA4c vi tri dinh trude: Dinh, Day, Phai va Trai clia mot vi
tri
fto?{lght
ottom
beginfig(27) pair A; A := (0,0); draw A withpen pencircle scaled
4bp; label.top(btex Top etex, A); label.bot(btex Bottom etex,
A); label.rt (btex Right etex, A); label.lft(btex Left etex, A);
endfig;
21. Cac vi tri dinh trude: Trén Trai, Trén Phai, Dudi Trai va
Duéi Phai ctia mot vi tri
Upper Left.Upper Right
Lower Left Lower Right

beginfig(28) pair A; A := (0,0); draw A withpen pencircle scaled
4bp; label.ulft(btex Upper Left etex, A); label.urt (btex Upper
Right etex, A); label.llft(btex Lower Left etex, A); label.Irt (btex
Lower Right etex, A); endfig;

22.  Ghi nhan A tai vi trf Trén Ph&i céia diém (0,0).
duge vé bang cham to (duge danh dau)

y AN
beginfig(29) pair A; A := (0,0); dotlabel.urt(btex A N ;
endfig; G o)

23. Ghi nhan A, B vA C cho cac dinh cta mot k@glac cac
dinh duge danh dau.

Diém

¢

N

A B

beginfig(30) pair A, B, C; A:=(0,0); B:=(lcm,0); C:=(0,1lcm);
draw A--B--C--cycle; dotlabel.llft(btex A etex, A); dotlabel.lrt(btex
B etex, B); dotlabel.top(btex C etex, C); endfig;

@‘\\>
&
>

@beg1§ w=lcm; pair A,B,C,D,E.F.G; A := (-uu); B :=
Q = (u,
™

@

24. Ghi nhan s6 cho cac canh mot tam gidc

1IN

1

beginfig(31) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,1cm);
draw A--B--C--cycle; label.bot(btex 1 etex, 1/2[A,B]); label.lft (btex
1 etex, 1/2[A,C]); label.urt(btex v/2 etex, 1/2[B,C]); endfig;

25.  Ghi nhin cho cac diém. Mot vi du minh hoa

> Py

u); D := (-u,0); E := (0,0); F := (u,0); draw
D draw A——E draw A--F; draw B--D; draw B--E; draw B--
F draw C--D; draw C--E; draw C--F; dotlabel. top(btex a etex,
; dotlabel. top(btex b etex, B); dotlabel.top(btex c etex, C);
dotlabel bot(btex a’ etex, D); dotlabel.bot(btex V' etex, E); dot-
label.bot(btex ¢’ etex, F); endfig;
26. Ve duong tron don vi: La dudng tron ¢6 tam (0,0) dudng
kinh bing 1 don vi (méc dinh)

beginfig(33) draw fullcircle; endfig;
27. Danh dau goc toa do. V& dudng tron tam (0,0) dudng

kinh 1cm

beginfig(34) draw (0,0) withpen pencircle scaled 4bp; draw full-
circle scaled lcm; endfig;



28. Danh diu gbc toa do va vé 4nh duong tron don vi dudng beginfig(40) draw (0,0) .. (0,lcm) .. (lem,0) .. (lem,lcm) ..
kinh 1cm qua phép tinh tién vecto (lcm,lcm) cycle; endfig;

32. Mot cach vé dudng tron khic

beginfig(35) draw (0,0) withpen pencircle scaled 4bp; draw full-

O

circle scaled 1cm shifted (Lem,lem); endfig; beginfig(41) pair A, B, C, D; A:=(0,0); B:=(1cm,0); C:=(1cm,lcm);
29. Danh diu cac diém bing cic khuyén tron (hinh tron réng D::(O,l(im);,dravv: A..]\B..C..]?..cycl,e; ergdﬁg;
ruot). Chu y thém vé cic phép tinh tién. 33.  MgRgach vé dudng tron khac nira

O

&
AN & @

beginfig(36) pair A, B, C; A:=(0,0); B:=(1lcm,0); C:=(0,1cm); Qp@ be@@g(éﬁ) draw (0,0) .. (Lem,lem) .. cycle; endfig;
draw A--B--C--cycle; fill fullcircle scaled 4bp shifted A withcolor \3 4. Mot duong cong vé theo phuong up

white; fill fullcircle scaled 4bp shifted B withcolor white; fill full- @ N\
circle scaled 4bp shifted C withcolor white; draw fullcircle scaled @ @ D@
4bp shifted A; draw fullcircle scaled 4bp shifted B; draw fullcircle @ @
scaled 4bp shifted C; endfig; @
30. Noi cac diém béang cac duong cong Bezier & && beginfig(47) draw (0,0)up .. (2cm,0)up .. cycle; endfig;
& @ 35. Goéc va duong thing vé theo phuwong. Danh dau goc.
(D 3 -

beginfig(37) draw (0,0) .. (0,lcm) .. (lcm,0) .. m,lcm);
draw (0,0) withpen pencircle scaled 4bp; draw (0,1cm) withpen
pencircle scaled 4bp; draw (1cm,0) withpen pencircle scaled 4bp;
draw (lcm,lem) withpen pencircle scaled 4bp; endfig;

31. Ve duong s6 8 nim ngang

OO

beginfig(48) alpha := 30; draw (0,0) --2cm*dir 0; draw (0,0) -
-2cm*dir alpha; draw lcm * dir 0 dir 90 .. lcm * dir alpha
dir(90+alpha); endfig;

36. Danh diu goc theo kiéu khac

"R



beginfig(49) alpha := 30; draw (0,0) --2cm*dir 0; draw (0,0) -

-2cm*dir alpha; draw lcm * dir 0 dir 90 ..

lem * dir alpha

dir(90+alpha); draw 1.1cm * dir 0 dir 90 .. 1.lem * dir alpha
dir(90+alpha); endfig;
37. Tam gidc. Dinh nghia ham (macro) dé x4c dinh cdch danh
dau goéc trong mot tam gidc. Mot cach viét ‘vong lap’

beginfig(50)
def draw_angle(expr A, 0, B, n) =

draw_angle_(A,0,B,5mm) ;
if n>1 : draw_angle_(A,0,B,4.5mm); fi;
if n>2 : draw_angle_(A,0,B,4mm); fi;
if n>3 : draw_angle_(A,0,B,5.5mm); fi;

enddef;

def draw_angle_(expr A,0,B,d) =
draw (0 + d*unitvector(A-0))

{ d*unitvector(A-0) rotated 90 }

{ d*unitvector(B-0) rotated 90 }
(0 + d*unitvector(B-0));

enddef;

pair
A :=
B :
C :
draw
draw

draw_
draw_

endfig;

A, B, C;

(0,0);

(3¢cm,0);
(1cm,2c¢cm) ;
A--B--C--cycle;
angle(B,A,C,1);
angle(C,B,A,2);
angle(A,C,B,3);

38. Xac dinh giao diém hai duong. (Khé nang gidi hé phuong
trinh tuyén tinh ctia MPost)

beginfi @pair AB,C,D,M; numeric lambda, mu; A=(0,0);
B:@cm); C=(1lem,0); D=(-1cm,2cm); M = lambda [A,B];
[

M C,D]; draw A--B; draw C--D; draw M withpen pencircle

scaled 4bp; endfig;
@ dinh giao diém hai dudng thong qua bién mic dinh

Q@’ WO
O

beginfig(70) pair A,B,C,D,M; A=(0,0); B=(2c¢m,3cm); C=(1cm,0);
D=(-1lcm,2cm); M = whatever [A,B]; M = whatever [C,D]; draw
A--B; draw C--D; draw M withpen pencircle scaled 4bp; endfig;
40. XAc dinh cic diém va giao diém cac dudng.

beginfig(71) pair A,B,C,AA,BB,CC,G; A=(0,0); B=(3cm,0); C=(1cm,2cm);
AA =1/2[B,C];BB=1/2[C,A]; CC=1/2[A,B]; G = whatever
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[A,AA]; G = whatever [B,BB]; draw A--B--C--cycle; draw A--
AA dashed withdots; draw B--BB dashed withdots; draw C--CC
dashed withdots; draw G withpen pencircle scaled 4bp; endfig;
41. Phép tinh tién. Vé cac dudng tron anh ciia mot dudng
tron theo cac phuong (lmm,2mm)...

beginfig(72) path p; p := fullcircle scaled 5mm; draw p; draw p

shifted (lmm,2mm); draw p shifted 2(1mm,2mm); draw p shifted
3(1mm,2mm); draw p shifted 4(1mm,2mm); draw p shifted 5(1mm,2mm);
endfig;

42. Phép quay. Vé mot cung tron va anh ctia n6é qua cic phép

quay (tdm quay la gbc toa truc).

® &
@3’@ @
A oS

beginfig(73) path p; p := (5mm,-5mm) right .. (2cm,0); draw p; @

\=

draw p rotated 10; draw p rotated 20; draw p rotated 36\\8(], raw p
rotated 40; draw p rotated 50; draw p rotated 60; a‘@r ate/ﬁ
70; draw p rotated 80; draw p rotated 90; endfig;dg

43. Phép co truc tung. Vé duong tron dudng kin

dé6 dung phép co dan dé vé dnh clia dudng tron do.

>

beginfig(74) path p; p := fullcircle scaled 5mm; draw p; draw p
xscaled 2; draw p xscaled 3; draw p xscaled 4; endfig;

dImIn sau

Q@’i&@@

NS

44. Dung phép dé vé mot ngi gide déu c6 dinh thi nhéit 13
(1cm,0)

U

beginfig(75) pair A,B,C,D,E; A := (1cm,0); B := A rotated 72;
C := B rotated 72; D := C rotated 72; E := D rotated 72; draw
A--B--C--D--E--cycle; endfig;

45. Vé@@t ngodi sao 5 canh bang phép quay

&

2

fig(76) pair A,B,C,D,E; A := (1cm,0); B := A rotated 72;
%= B rotated 72; D := C rotated 72; E := D rotated 72; draw
A--C--E--B--D--cycle; endfig;

46. Vé va tdo mau cho mot ngodi sao cho cac mién kin sau khi
da xac dinh cac mién d6

2

beginfig(77) pair A,B,C,D,E; A := (1cm,0); B := A rotated 72;
C := B rotated 72; D := C rotated 72; E := D rotated 72; pair
AA, BB, CC, DD, EE; AA = whatever [A, C]; AA = whatever
[B, D]; BB = whatever [B, D]; BB = whatever [C, E]; CC =
whatever [C, E]; CC = whatever [D, A]; DD = whatever [D, AJ;
DD = whatever [E, B]; EE = whatever [E, B]; EE = whatever
[A, C]; fill A--C--E--B--D--cycle withcolor .8white; fill AA--BB--
CC--DD--EE--cycle withcolor white; draw A--C--E--B--D--cycle;
endfig;



47.  Vé gboc tao béi cac truc va dung phép co dan truc z.

beginfig(78) path p; p := (0,0) --(1cm,0); drawarrow p withpen
pencircle scaled 2bp; drawarrow p zscaled (1,2); endfig;
48. Vidu vé tich cic phép quay va tinh tién (dung phép quay

tam ...)
s

|

beginfig(79) u:=lcm; path p; p := (0,0) --(u,0); pair A; A :=
(u,-u); numeric a; a := 90; drawarrow p withpen pencircle scaled
1bp; drawarrow p rotatedaround( A, a ); drawarrow p shifted -A
rotated a shifted A withpen pencircle scaled 1bp dashed with-
dots; endfig;

49. Mot vi du cao cap vé viéc dung két hgp cac phép %
hinh.

beginfig(80) path p; p := (0,0) --(u,0); pair A; A := (u,-u); nu-
meric a; a := 90; drawarrow p withpen pencircle scaled 1bp; draw
A withpen pencircle scaled 4bp; label ulft ( btex A etex, A ); draw
(0,0) withpen pencircle scaled 4bp; label bot ( btex O etex, (0,0)
); for i=0 upto 10: drawarrow p shifted -(i*A/10) withcolor red;

13

endfor; for i=0 upto 10: drawarrow p shifted -A rotated (i*a/10)
withcolor green; endfor; for i=0 upto 10: drawarrow p shifted -A
rotated a shifted (i*A/10) withcolor blue; endfor; endfig;

50. Tryc tam tam gidc. Cach xac dinh hinh chiéu ctia diém
trén mot dudng

beginfig pair A,B,C,AA ,BB,CC,H; A=(0,0); B=(3cm,0); C=(1lcm,2cm);
AA hatever * (B-C) rotated 90; AA = whatever [B,C];
B = whatever * (A-C) rotated 90; BB = whatever [A,C];
CC =C = whatever * (A-B) rotated 90; CC = whatever [A,B];

@ ever [A,AA]; H = whatever [B,BB]; draw A--B--C--
@ w A--AA; draw B--BB; draw C--CC; draw H withpen

cycl
peyrcle scaled 4bp; endfig;

X’)lo. Xac dinh truc tam cia mot tam gidc
9,

&

= W

beginfig(82) pair A,B,C,H; A=(0,0); B=(3cm,0); C=(1lcm,2cm);
H - A = whatever * (B-C) rotated 90; H - B = whatever * (A-
C) rotated 90; draw A--B--C--cycle; draw H withpen pencircle
scaled 4bp; endfig;

52. X4&c dinh tam dudng tron ngoai tiép va vé dudng tron

14



ngoai tiép

N

beginfig(83) pair A,B,C,0; A=(0,0); B=(3cm,0); C=(lcm,2cm);
O - 1/2[B,C] = whatever * (B-C) rotated 90; O - 1/2[A,B] =
whatever * (A-B) rotated 90; draw A--B--C--cycle; draw O with-
pen pencircle scaled 4bp; draw fullcircle scaled 2abs(O-A) shifted
O; endfig;

53. Vidu vé mot phép bién hinh tu tao. Dinh nghia mot phép
bién hinh

beginfig(84) pair A,B,C,D; u:=2cm; A=(0,0); B=(u,0); C=(u,u); ©©>

D:(07u)§ & &
transform T; A transformed T = 1/5[A,B]; B transformed @
1/5[B,C]; C transformed T = 1/5[C,D]; §

path p; p = A--B--C--D--cycle; draw p; draw p transtﬁﬁzd T; ®§

endfig; &@ @

54. Mot dinh nghia ctia phép bién hinh khac

beginfig(85) pair A,B,C,D; u:=2cm; A=(0,0); B=(u,0); C=(u,u);
D=(0,u);

15

O

N\
&

A

N

&

transform T; A transformed T = 1/5[A,B]; B transformed T =
1/5[B,C]; C transformed T = 1/5[C,D];

path p; p = A--B--C--D--cycle; for i=0 upto 100: draw p; p:=p
transformed T; endfor; endfig;

55. Vidu két hop ctia phép bién hinh tu tao va phép bién hinh
da c6 (phép quay)

beginf} w:=1cm; pair A,B,C,D,E: A := (0,u); B := A rotated
724 rotated 72; D := C rotated 72; E := D rotated 72;
transform T; A transformed T = 1/5[A,B]; B transformed T =

E le; draw p; p := p transformed T; draw p; p := p
tra@@rmed T; draw p; p := p transformed T; draw p; endfig;
56, Hai dau mit ctia duong kinh duong tron

@éS[B&C transformed T = 1/5[C,D]; path p; p := A--B--C-

beginfig(87) u:=3mm; fill fullcircle scaled 2u withcolor .8white;
fill fullcircle scaled u shifted (u*dir30) withcolor .8white; fill full-
circle scaled u shifted (u*dir150) withcolor .8white; endfig;

57. Cac tia phat xudt tit mot didm v tao véi nhau nhirng géc
béng nhau (ding phép quay)

16



beginfig(100) pair A; A:=(2cm,2cm); drawarrow origin--A; drawar-

row (origin-—-A) rotated -1/3 angle(A); drawarrow (origin--A) ro-
tated -2/3 angle(A); drawarrow (origin--A) rotated -angle(A);
endfig;

58. Céc tia phat xuét tit mot diém va tao v6i nhau nhitng goc
béng nhau (ding phép quay)

beginfig(101) pair A,B; A:=(1lcm,2cm); B:=(2cm,lcm); numeric
alpha; alpha = angle(A) - angle(B); drawarrow origin--A; drawar-
row origin--B; drawarrow (origin--A) rotated -1/3 alpha; drawar-
row (origin--A) rotated -2/3 alpha; drawarrow (origin—-A) ro-
tated -alpha; endfig;

59. Dudng tron Euler

&&

,QQ

beginfig(103) pair A,AA,B,BB,C,CC,0,H; A= 3cm,0)
C=(lcm,2cm); AA = 1/2[13 C]; BB = 1/2 [A, C CC %&A J;
O -1/2[BB,CC] = whatever * (BB-CC) rotated 90 @

= whatever * (AA-BB) rotated 90; draw A——B—— Nexcle; draw
AA withpen pencircle scaled 4bp; draw BB withpen pencircle
scaled 4bp; draw CC withpen pencircle scaled 4bp; draw full-
circle scaled 2abs(O-AA) shifted O; pair AABB,CC; AA - A
= whatever * (B-C) rotated 90; AA = whatever [B,C]; BB - B
= whatever * (A-C) rotated 90; BB = whatever [A,C]; CC -
C = whatever * (A-B) rotated 90; CC = whatever [A,B]; draw
A--AA; draw B--BB; draw C--CC; draw AA withpen pencircle
scaled 4bp; draw BB withpen pencircle scaled 4bp; draw CC
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(2w M--B; draw M--C; M-h = whatever * (B-C) rotated 90; h

&

withpen pencircle scaled 4bp; H = whatever [A,AA]; H = what-
ever [B,BB]; draw 1/2 [A,H] withpen pencircle scaled 4bp; draw
1/2 [B,H] withpen pencircle scaled 4bp; draw 1/2 [C,H] withpen
pencircle scaled 4bp; endfig;

60. Dudong tron noi tiép va cac phan gidc trong

O

beginﬁg(104) pair A,B,C,M,h; w:=2cm; A=(0,0); B=(2u,-.5u);
draw A--B--C--cycle; (M-A) = whatever * ( (A-C)
rota /2( angle(B-A) - angle(C-A)) ); (M-B) = whatever *

@A rotated 1/2( angle(C-B) - angle(A-B)) ); draw M--A;

= whatever[B,C]; draw fullcircle scaled 2 abs(M-h) shifted M;
endfig;
61. Haielip

beginfig(109) u:=1cm; path a,b,c,d; a = (-u,-.2u)up .. tension
1.2 .. (u,.2u)down; b = a rotated 90; ¢ = b rotated 90; d =
¢ rotated 90; fill buildeycle(a,b,c,d) withcolor .8white; draw a;
draw b; draw c; draw d; endfig;

62. Ve hai duong tron giao nhau ¢6 danh dau phan giao



beginfig(110) w:=1cm; path c[]; c[l] := fullcircle scaled u; c[2]
:= c[1] shifted (0,.5u); draw c[1] dashed evenly; draw c[2] dashed
evenly; draw buildeycle(c[1],c[2]) withpen pencircle scaled 1bp;
endfig;

63. Ba duong tron giao nhau cé mau

)

beginfig(111) path a,b,c; a = fullcircle scaled 2u shifted (.5u,0);
b = a rotated (360/3); ¢ = b rotated (360/3); fill a withcolor
red; fill b withcolor green; fill ¢ withcolor blue; fill buildcycle(a,b)
withcolor red + green; fill buildeycle(b,c) withcolor green + blue;
fill buildcycle(c,a) withcolor blue + red; fill buildcycle(a,b,c)
withcolor white; draw a; draw b; draw c; endfig;

64. Hai parabol cit nhau trén Oy

beginfig(112)

def compute_curve(suffix f) (expr xmin, xmax, xinc) =

( (zxmin,f (xmin))
for x=xmin+xinc step xinc until xmax:
(x,£(x))
endfor )
enddef;

vardef f(expr x) = x**2 + 1 enddef;
vardef g(expr x) = 2 - (x-1)**2 enddef;

path p, q;
p := compute_curve(f, -1, 1.5, .1) scaled 1cm;
q := compute_curve(g, -.5, 2, .1) scaled 1lcm;

fill buildcycle(p,reverse q) withcolor red+green;
draw p withpen pencircle scaled 1bp;
draw q withpen pencircle scaled 1bp;
draw (-1cm,0)-- (2c¢m,0);
draw (0,g(-.5)*1cm)-- (0,f(1.5)*1cm);
endfig;

65@@ vong lap dé vé cac diém

Q@Q ©©§ . .

\\

beginfig(118) for i=0 step 1 until 3: draw lcm*right rotated
(i*90) withpen pencircle scaled 4bp; endfor; endfig;
66. V& Hinh vuong bang vong lap

beginfig(119) draw for i=0 step 1 until 3: lcm*right rotated
(i*90) --endfor cycle; endfig;
67. Ve Ngii giac déu bing vong lip

20



beginfig(120) n:=5; draw for i=0 step 1 until n-1: lem™up ro- drawarrow (point i of p) --lecm * unitvector(direction i of p)
tated (i*360/n) --endfor cycle; endfig; shifted point i of p; endfor; endfig;
68. Ve Luc giac déu bang vong lap 71. Truc c6 tickmark thua

beginfig(121) n:=7; draw for i=0 step 1 until n-1: lecm*up ro-
tated (i*360/n) --endfor cycle; endfig; @
69. Vé mot cung tron vi xic dinh cac diém trén cung tron do

beginfig(124) w:=1cm; draw (-2u,0)--(2u,0); draw (0,-2u)--(0,2u);
r i=-2&btep u until 2u: draw (i,u/20)--(i,-u/20); draw (u/20,i)-

g@ -(-u ﬁ endfor; endfig;

72N Truc ¢6 tickmark day (dung vong lap)

\ <
O &
beginfig(122) path p; p = (0,0) .. (-lem,2cm) .. (2cm,lcm) @ @
. (lem,0); draw p; n:=10; for i=0 step 1 until n: draw point @ {
(i/n*length(p)) of p withpen pencircle scaled 4bp; endfor; encg@ &
70. Ve mot cung tron va vé tiép tuyén ciia cung tron dé ta AN
mot $6 noi \ @Q
beginfig(125) u:=1cm; draw (-2u,0)--(2u,0); draw (0,-2u)--(0,2u);
for i=-2u step u until 2u: draw (i,u/10)--(i,-u/10); draw (u/10,i)-
-(-u/10,i); endfor; for i=-2u step u/5 until 2u: draw (i,u/20)--(i,-
u/20); draw (u/20,i)--(-u/20,1); endfor; endfig;

beginfig(123) path p; p = (0,0) .. (-lem,2cm) .. (2cm,lcm) ..
(Lem,0); draw p; n:=10; for i=0 step length(p)/n until length(p):
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73. Ve lu6i 6 vudng (dung vong lip)

beginfig(126) u:=1cm; draw (-2u,0)--(2u,0); draw (0,-2u)--(0,2u);
for i=-2u step u until 2u: draw (i,2u)--(i,-2u); draw (2u,i)--(-
2u,i); endfor; endfig;

74. Mot hinh trang tri.

beginfig(131) transform T; uw:=1lcm; z1=(0,2u); n := 5; for i=1
upto n-1: z[i+1] = z1 rotated (360*i/n); endfor zl tr rmed @}6
T = .1[z1,22]; 22 transformed T = .1[22,23]; 23 tra sﬁ@e

.1[z3,74]; path p; p = for i=1 upto n: z[i] ——endfor le; for i= 0
upto 100: fill p withcolor .8*white; p := p transformed T; fill p
withcolor white; p := p transformed T; endfor; endfig;
75. Gidn d6 qua hé nhi phan
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beginfig(132) w:=1cm; pair A[]; numeric n; n:=7; A[0] = (u,0);
for i=1 upto n-1: A[i] = A[0] rotated (360/n*i); endfor; for i=0
upto n-1: draw A[i] withpen pencircle scaled 4bp; for j=0 upto
n-1: if i<>j: draw A[i]--A[j] fi; endfor; endfor; endfig;

76. Gidn do quan he

o
@
aQ
.
—
~

w:=2cm; numeric n,m; n:=4; m:=5; pair A[], B[]

to n-1: Afi+1]-A[i] = (0,.2u); endfor; for j=1 upto m-1:

BJj] = (0,.2u); endfor; (0,0) for i=1 upto n: + A[i] endfor

(0,0); £0,0) for j=1 upto m: + B[j] endfor = (4u,0); for i=1
pto aw A[i] withpen pencircle scaled 4bp; endfor; for j=1

up Q draw BJ[j] withpen pencircle scaled 4bp; endfor; for i=1

uptS n: for j=1 upto m: draw A[i]--BJ[j]; endfor; endfor; endfig;
7. Gidn d6 quan hé

beginfig(134) u:=1cm; numeric n,m; n:=3; m:=3; pair A[], B];
for i=1 upto n-1: A[i+1]-AJi] = (.5u,0); endfor; for j=1 upto m-1:
B[j+1]-B[j] = (.5u,0); endfor; (0,0) for i=1 upto n: + A[i] endfor
= (0,0); (0,0) for j=1 upto m: + B[j] endfor = (0,4u); for i=1
upto n: draw Ali] withpen pencircle scaled 4bp; endfor; for j=1
upto m: draw BJj] withpen pencircle scaled 4bp; endfor; for i=1
upto n: for j=1 upto m: draw A[i]--B[j]; endfor; endfor; endfig;
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78. Mot hinh khan, dung mang va phép quay

beginfig(135) pair A[],

B[]; numeric n; n:=6; for i=0 upto n-

1: Afi] = lem * right rotated (i*360/n); B[i] = 2cm * right
rotated (i*360/n); endfor; A[n] = A[0]; B[n] = B[0]; for i=0
upto n-1: draw A[i] --A[i+1] --B[i+1] --B[i]; draw A[i] withpen

pencircle scaled 4bp; draw B[i] withpen pencircle scaled 4bp;
endfor; endfig;
79. Cay nhi phan

S
§* @@

beginfig(136) numeric n; n:=5; pair O,A,B,C,D; ); A
= lem*up; B = 2cm™up rotatedabout(A,30); C = 2cm*up; D
= 2cm*up rotatedabout(A,-30); for i=0 upto n-1: draw (O--A-
-C) rotated (i*360/n); draw (B--A--D) rotated (i*360/n); draw
A rotated (i*360/n) withpen pencircle scaled 4bp; draw B ro-
tated (i*360/n) withpen pencircle scaled 4bp; draw C rotated
(i*360/n) withpen pencircle scaled 4bp; draw D rotated (i*360/n)
withpen pencircle scaled 4bp; endfor; draw O withpen pencircle
scaled 4bp; endfig;
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X—P"abs (B-A); exitif 1 > 1/2 tot; endfor; 1/2[A B] enddef;

80. Dudng cong va xac dinh cac diém trén do6

-

beginfig(158) path p; p := (0,0)up .. (lcm,lcm) .. (lem,0); draw
p; draw point 1/2length(p) of p withpen pencircle scaled 4bp
withcolor red; draw point (arctime (1/2 arclength(p)) of p) of p
withpen pencircle scaled 4bp; endfig;
81. Duﬁ&g cong vi cdc diém trén d6 véi cdc dau mii tén

) vardef milieu(expr p) = save Litot,A,B; numeric

glnﬁ
Ltot @Pair A B; tot := longueur(p); :=0; B := point 0 of p; for

i: @step .01 until length(p): A := B; B := point i of p; 1 :=

path p; p := (0,0)up .. (lcm lem) .. (lem,0); draw p; draw
point 1/2length(p) of p withpen pencircle scaled 4bp withcolor
red; draw milieu(p) withpen pencircle scaled 4bp; endfig;

Chii y: Chiing ta c6é diing dén mot vai macro dinh nghia trong
file MACROS.MP

82. Dudng cong vi cic diém trén d6

beginfig(160)
vardef milieu_time(expr p) =
save 1,i,tot,A,B,t;
numeric 1l,tot,i,t;
pair A,B;
tot := longueur(p);
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1:=0;
B := point O of p;
for i:=0 step .01 until length(p):

t:=1;
A := B;
B := point i of p;
1 := l+abs(B-A4);
exitif 1 > 1/2 tot;
endfor;
t % Pas de point-virgule
enddef;

save arrowhead;

vardef arrowhead expr p =
save A,u; pair A,u;
A := milieu(p);

u := unitvector(direction milieu_time(p) of p);
A--(A - ahlength¥u rotated 15) --
(A - ahlength*u rotated -15) -- cycle
enddef;
u:=1cm;
drawarrow (0,0) .. (-u,u) .. (u,u);
endfig;

83. Dudng cong va cic diém tren d6

beginfig(161)
save arrowhead;
vardef arrowhead expr p =
save A,B,u; pair A,B,u;

27

A := milieu(p);
B := p intersectionpoint
(fullcircle scaled ahlength shifted A);
u := unitvector(direction milieu_time(p) of p);
A \noi (A - ahlength*u rotated 30) -- B --
(A - ahlength*u rotated -30) -- cycle
enddef;
u:=1cm;
drawarrow (0,0) .. (-u,u) .. (u,u);

endfig;@
84®Ong cong va cac diém tréen d6

$$\epsfbox{metapost.162}$$
gingQH(162)
sa@> arrowhead;
def arrowhead expr p =

< .
o \ save A,u; pair A,u;

A := milieu(p);
u := unitvector(direction milieu_time(p) of p);
A -- (A - ahlength*u rotated 30) -- A \noi
(A - ahlength*u rotated -30) -- cycle

enddef;

u:=1cm;

drawarrow (0,0) .. (-u,u) .. (u,u);

endfig;

85. Dudng cong vi cic diém trén do

beginfig(163)
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save arrowhead; 87. Lué6i chéo bd cong
vardef arrowhead expr p =

; pai ; ; AVAVAVAVA
save Afufa,b, pair A,u; path a,b; vvvvv
ﬁ : zlll:li-::jlel((:zc));(direction milieu_time(p) of p); %?%ﬁi;veg
a := A{-u} .. (A - ahlength*u rotated 30); %A%A%AéAA

b := A{-u} .. (A - ahlength*u rotated -30);
( a & reverse(a) & b & reverse(b) ) -- cycle %x%x%r
enddef;
beginfig(165) pair A,B,C; C = 3mm*up; A = C rotated 120; B
u:=1cm; =C rot@ -120; plcture pic ; pic:=nullpicture; path p; p :=
drawarrow (0,0) .. (-u,u) .. (u,u); ted 30 .. C(C-A) rotated 30; addto pic doublepath
endfig; n currentpen addto pic doublepath p rotated 120 with-
o L N pen currentpen; addto pic doublepath p rotated -120 withpen
86.  Ludi chéo hinh thoi (binh hanh) rrent for i=- 3 upto 3: for j=-3 upto 3: draw pic shifted(
$‘ ); endfor; endfor; clip currentpicture to (-
201@ 2cm 2(:m (2cm,2cm)f (-2cm,2cm)- cycle; endfig;

°\\8& bd th1 ham sin
SO N
Q Y VAR,

beginfig(164) pair A,B,C; C = 3mm*up; A = C rotated 120;

beginfig(166) ux:=2mm; uy:=5mm; numeric xmin, xmax, ymin,

B = C rotated -120; picture pic ; pic:=nullpicture; a%%%o pic @}6 ymax, M; xmin := -6.3; xmax := 12.6; ymin := -2; ymax := 2;
doublepath A--B--C--cycle withpen currentpen; agdtQ pic do@ M := 100; draw (ux*xmin,0)-(ux*xmax,0); draw (0,uy*ymin)—
blepath A withpen pencircle scaled 4bp; addto p%ublepat (0,uy*ymax); pair a[]; for i=0 upto M: a[i] := ( xmin + (i/M)* (xmax-
B withpen pencircle scaled 4bp; addto pic doublepath C with- xmin), sind(180/3.14*( xmin + (i/M)*(xmax-xmin) )) ) xscaled
pen pencircle scaled 4bp; for i=-3 upto 3: for j=-3 upto 3: draw ux yscaled uy; endfor; draw a[0] for i=1 upto M:-a[i] endfor;
pic shifted( i*(B-A) + j*(C-A) ); endfor; endfor; clip currentpic- endfig;

ture to (-2cm,-2c¢m)--(2c¢m,-2cm)--(2cm,2cm)— (-2cm,2cm)— cy- 89. DO thi ham mi

cle; endfig;
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beginfig(167) ux:=5mm; uy:=2mm; numeric xmin, Xmax, ymin,
ymax, M; xmin := -2; xmax := 2; ymin := -.1; ymax := §;

M := 100; draw (ux*xmin,0)—(ux*xmax,0); draw (0,uy*ymin)—
(0,uy*ymax); pair a[]; for i=0 upto M: a[i] := ( xmin + (i/M)*(xmax-
xmin), mexp(256™*( xmin + (i/M)*(xmax-xmin) )) ) xscaled ux
yscaled uy; endfor; draw a[0] for i=1 upto M:-ali] endfor; endfig;
90. Do thi ham loga

beginfig(168) ux:=5mm; uy:=5mm; numeric xmin, xmax, ymin,

ymax, M; xmin := .2; xmax := 3; ymin := -1.6; ymax := 1.2; M
:=100; draw (ux*-.1,0)—(ux*xmax,0); draw (0,uy*ymin)—(0,uy*ymax);
pair a[]; for i=0 upto M: a[i] := ( xmin + (i/M)*(xmax-xmin),

(1/256)*mlog(( xmin + (i/M)*(xmax-xmin) )) ) xscaled ux yscaled
uy; endfor; draw a[0] for i=1 upto M:—a[i] endfor; endfig;
91. Hinh vé dudng elipsoid

beginfig(169) path p; p = fullcircle scaled 2cm; z @n,o 3

draw p; draw z0 withpen pencircle scaled 2pt;

pair A[]; for i=0 step length(p)/100 until length(p): pair M,N;
M = point i of p; N-M = whatever * direction i of p; N-z0 =
whatever * direction i of p rotated 90; A[i] := N; endfor; draw
for i=0 step length(p)/100 until length(p): A[i] .. endfor cycle;
endfig;
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92. Hinh vé dudng elipsoid khac

beginfig(170) vardef cardiodide(expr p, O) = save i, M,N; numeric
i; for i=0,step length(p)/100 until length(p): hide( pair M,N;
M = @1 of p; N-M = whatever * direction i of p; N-O =
wi@* direction i of p rotated 90; ) N .. endfor cycle enddef;

pa p = fullcircle scaled 2cm; z0 = (-1lem,0); draw p; draw

@(iwithpen pencircle scaled 2pt; draw cardiodide(p,z0); endfig;

h vé elipsoid vi cac tiép tuyén tai diém ...

beginfig(171) vardef cardiodide(expr p, O) = save i,M,N; numeric
i; for i=0 step length(p)/100 until length(p): hide( pair M,N;
M = point i of p; N-M = whatever * direction i of p; N-O =
whatever * direction i of p rotated 90; ) N .. endfor cycle enddef;
path p; p = fullcircle scaled 2cm; 20 = (-1lem,0); pickup pen-
circle scaled 1pt draw p; draw z0 withpen pencircle scaled 3pt;
draw cardiodide(p,z0); pickup pencircle scaled .4pt pair M,N;
i:=1.5; M = point i of p; N-M = whatever * direction i of p;
N-z0 = whatever * direction i of p rotated 90; draw z0--N; draw
(-1/2)[N,M]—(3/2)[N,M]; draw N withpen pencircle scaled 3pt;
draw M withpen pencircle scaled 3pt; endfig;
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94. Hinh vé nhiéu dudng elipsoid 98. Hinh vé cao cip ¢ t6 mau va co...

@ 99. Hinh vé qué béng da ...

95. Dudng tron va nhidu dusng tron tiép xic @

QZ 10 © Cac duong dic biét trong tam gidc: Phan giac, dudng
tren noi tié
: ox\ ¢ P

&

96. Hinh vé cao cip

@ \ 3@' 101. Céac duong dic biét trong tam gidc. Xay dung tir phép

bién hinh dong dang...

97. Hinh vé cao cip c6 to mau

3
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102.

103.

104.

105.

106.

107.

Dudng cong c¢6 miii tén

D

Dudng cong c6 miii tén

D

Dudng cong ¢6 miii tén

D

DPudng cong c¢6 mii tén

D

DPudng cong ¢6 miii tén

~

Dudng cong c¢6 miii tén

-
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108. Dudng cong c6 mii tén

-

109. Dudng cong c¢6 miii tén

o

110. Dudng cong c6 mii tén

@ 111. Dudng cong c6 miii tén

112. Dudng cong va xac dinh cic diém trén d6

A A



113. 117.
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4.00002 0 118. @@nh bi¢u dién phép tinh tich phan téng Riemann
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<
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Q éﬁ 4 fﬁé‘é
&& && 119. Ve hinh bi¢u dién phép tinh tich phan tong Riemann
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120. Ve hinh biéu dién phép tinh tich phan téng Riemann 123.

/

/

N

N

124.

121. Ve hinh biéu dién phép tinh tich phan téng Riemann @

/

/

\

\

O

%@’Q ©©§ §0@0

<
— @ 0\\25‘ Vé cac dudng song song

@@

O 5
AT S
122. Ve hinh biéu dién phép tinh tich phan téng Riemann &@ B’
O &

k beginfig(203) pair A,B,C,D; u := 3cm; A := (0,0); B := (u,0); D
:= B rotated 72; C := (u,0) + D; draw A--B--C--D--cycle; draw
A--C; draw btex B’ etex shifted 1/3 (A+B+C); draw btex B
etex shifted 1/3 (A+D+C); endfig;
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126. Ve cac duong song song 128. Ve cac duong c6 vi tri dic biét

[

B/

B’ A

beginfig(204) pair A,B,C,D,E,F; numeric d[]; u := 3cm; A :
(OO)B—(uO)D—Brotated72C (u,0) + D; d[0] :=

d[1] := sqrt( 2%(14cosd(72)) ); d[2] := sqrt( 2*(1-cosd(36)) ); A ; D := B rotated 72; C := (u,0) + D; d[0]
= A; B := C; C := D; draw A--B--C--cycle; E := (d1/(d0+d1)) Sq 2* (1+cosd(72)) ); d[2] i= sqrt( 2*(1-cosd(36
[A,C]; F := (d0/(d0+d2)) [A,B]; draw E--C--F--cycle; draw btex = A; B = C C := D; E := (d1/(d0+dl)) [A,C|; F
A etex shifted 1/3(E+C+F); draw B--C--F--cycle; draw btex B ﬁm) ;Bi= 3*(0 E); C:= 3*(F-E);

eglnﬁg 6 palr A,B,C,D,E,F; numeric d[]; u := 3cm; A

)

\_/)d/\c‘
=l

etex shifted 1/3(B+C+E); draw E--F--A--cycle; draw btex B’ C- cycle

etex shifted 1/3(E+F+A); endfig; d0+d2)) [C,A]; draw B--C--D--cycle; draw btex A
127. Ve cac dudng song song etex shlfted 1/3( B+C—|—D) draw B--D--A--cycle; draw btex B’
@ tex shifted 1/3(B-D-+A); endfig:
129 Ve cac dudng c6 vi tri déc biét

beginfig(205) pair A,B,C,D,E,F; numeric d[}; u : &; A :§
(0,0); B := (u,0); D := B rotated 72; C := (u,0) + Ddzaw A--B-

-C--cycle; d[0] := 1; d[1] := sqrt( 2*(1+cosd(72)) ); d[2] := sqrt(

2*(1-cosd(36)) ); B = (d1/(d0-+d1)) [A,CJ; F i= (d0/ (d0+d2)) Triong Vin Chii gidi thic
[A,B]; draw E--F--B--cycle; draw btex A’ etex shifted 1/3(E+F+B);

draw E--A--F--cycle; draw btex B etex shifted 1/3(E+A+F);

draw C--E--B--cycle; draw btex B’ etex shifted 1/3(C+E+B);

endfig;
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