SU DUNG MAPLE
TRONG HOC TAP, NGHIEN CUU VA GIANG DAY TOAN

Nguyén Chanh T

Khoa Toan, DHSP Hué’

Chuong 1. Giéi thiéu vé phan mém Maple

Maple 12 mot hé thong tinh toan trén cdc biéu thiic dai s6 va minh hoa todn hoc manh mé cua
cong ty Warterloo Maple Inc. (http://www.maplesoft.com ), ra doi khoang nam 1991, dén nay
da phat trién dén phién ban 10. Maple c6 cach cai dat don gian, chay trén tat ca cdc hé diéu
hanh, ¢6 cu tric linh hoat dé sir dung t6i wu c4u hinh mdy va dic biét ¢6 trinh trg gidp ( Help)
rat dé s dung. Tl phién ban 7, Maple cung cap ngay cang nhi€u cdc cong cu truc quan, cac
g6i 1énh tu hoc gén lién vé6i todn phd thong va dai hoc. Uu diém d6 1am cho nhiéu nudc trén
th€ giGi lua chon sir dung Maple ciing cidc phan mém toan hoc khac trong day hoc todn truGe
ddi hoi cta thuc tién va su phét trié n ciia gido duc.

1.1. Cac tinh nang co ban cua Maple.

C6 thé néu vin tit cac chic niang co ban cia Maple nhu sau:

e 1a mot hé thong tinh todn trén cdc biéu thitc dai s6;

e 6 thé thuc hiéc duoc hau hét cac phép todn co ban trong chuong trinh to4n dai hoc va phd
thong;

e cung cp cdc cong cu minh hoa hinh hoc thuan tién géom: vé do thi tinh va dong ctia cac
duong va mat dugc cho bdi cdc ham tuy ¥ trong nhiéu hé toa do khéac nhau;

e moOt ngon ngit 14p trinh don gian va manh mé c6 kha nang tuwong tac v4i cac ngon ngit 1ap
trinh khéc;

e cho phép trich xuit ra cac dinh dang khac nhau nhu LaTex, Word, HTML,...

e Mot cong cu bién soan gido an va bai giang dién ti, thich hop véi cac 16p hoc tuong tac
truc tiép;

e mot trg gido hitu ich cho hoc sinh va sinh vién trong v iéc tu hoc;

1.2. Cau tric va giao dién.

CAu tric tai nguyén cua Maple

e Khi khéi dong Maple, chuong trinh chi tu dong kich hoat nhan ctia Maple bao gom cac
phép todn va chiic nang co ban nhat. Phan nhan chi€ém khoang 10% dung luong cua toan
chuong trinh.

e Cdc dit liéu va chuong trinh con lai cia Maple dugc luu giit trong thu vién Maple va duge
chia ra 2 nhdm: nhém cac 1énh co ban va nhom cac géi 1énh. Maple 9.0 c6 khoang 85 g6i
lénh. G6i 1énh ¢6 thé nap vao bing:

> with(plots):

Lénh cua Maple
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e Leénh dugc gd vao trang 1am viéc (worksheet) tai ddu nhéc 1énh ">" va theo ngdm dinh duoc hién
thi bang font Courier mau do. Mot Iénh dugc két thiic bdi dau " :" hoac dau ;" va dugc ra lénh
thuc hién bang viéc nhan Enter khi con tr6 dang & trén dong lénh.

> factor(2*x7102+x7100-2*x"3-x+60%*x"2+30):

>

e K&t qua cua lénh dugc hién thi ngay bén dudi dong lénh néu dung dau " ;". C6 thé dé dang
diing chudt va ban phim dé thuc hién céc chic niang boi den, copy, paste, cut, delete...doi
v6i dit liéu trén dong 1énh hay két qua thuc hién.

Str dung dich vu trg gitp (Help) trong Maple

Maple c6 dich vu trg gitp kha day du va thuan loi bao gom ci phap, giai thich cach dung va

céc vi du di kém. D€ nhan duoc trg gidp, c6 thé:

e Néu da biét tén lénh thi tir ddu nhic goé vao

> ?factor

e Néu dung mot géi Iénh thi khi nap géi lénh, Maple s& hién thi toan bo lénh trong géi do.

e Mot cach thong dung nita 1a dung trinh Help|Topic Search roi go vao tir khda can tim.

1.3. Luu giir va trich xuat dit liéu.

e Trang lam viéc ciia Maple s& dugc luu giit bang file ¢6 duoi ".mws". File duogc luu giit
bang trinh File|Save. Mot file dd c6 duoc md bang File|Open.

e Ngoai viéc luu giit bing dinh dang clia Maple nhu trén, dit liéu c6 thé dugc trich xuat
thanh cdc dinh dang khdc nhu Word, LaTex hay HTML. Tr ich xuét bang File|Export.

1.4. Cac moi truong lam viéc trong Maple
Maple ¢6 2 moi truong 1am viéc 1a toan va van ban. Sau khi khoi dong, Maple tu dong bat
moi trudng todn. Mudn chuyén sang moi trudng vin ban, kich chudt vao biéu tugng T trén
thanh cong cu hay vao trinh Insert->Text. Nguoc lai, tir moi trudng van ban, kich chuot vao
d&u "[>" trén thanh cong cu hay vao Insert dé chuyén sang moi trudng toan.
> ifactor(58600);

(2)* (5)* (293)

Chuong 2. So lugc vé cac tinh toan s6 hoc, dai s 6 va giai tich trong Maple

2.1 Cac dau phép toan, ham va hang s6 co ban
Cac phép toan va dau phép toan

Ci phap Giai thich Vidu
! giai thura 100!

A Ity thira ans

+ cong a+b

- trir hoac s6 am X -y
* nhan 2%x
/ chia 120/5
< nho hon a<100

> 16n hon b>100
>= 16n hon hoac béang x>=1/2
<= nho hon hoac bang x<=1/2
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bang a=b

= phép gén x:=2/3
Cac ham thong dung
Ci _phap Giai thich Vi du
sin, cos, tan cac ham lugng giac sin(x)
arcsin, arccos, arctan cdc ham LG ngugc arcsin(x)
abs ham tri tuyét doi abs(x)
exp ham mii cosd e exp(x) hay EAx
log hay In ham logaritco s6 e log(x) hay In(x)
log[10] ham logarit co s6 10 log[10](x)
sqrt khai can bac 2 sqrt(3)
Cic hang so thong dung
Ci phap Hing so
Pi L
exp(1) e
infinity 00

2.1. Cac tinh toan sé6 hoc

a) Maple c6 thé lam viéc nhu mét may tinh bo tii hién dai
> 5%3;

> 120/7+27100;

Kha nang tinh todn s6 hoc ctia Maple 12 rét 16n, ¢6 thé lam viéc vé6i nhitng s6 c6 dén
278 _ 268435456 chit s6.

> 300!;
306057512216440636035370461297268629388588804173576999416776 7412594

6533176716867465515291422477573349939147888701726368864263907759
031542268429279069745598412254769302719546040080122157762521 7685
2559653569035067887252643218962642993652045764488303889097539434

9625436053225980776521270822437639449120128678675368305712293681
43649956460498166450227716500185176546469340112226034 72972406633

2585835068701501697941688503537521375549102891264071571548302822
4937952636580145235233156936482233436799254594095276820608062232
1238738388081 70496000000000000000000000000000000000000000000000Q
(000000000000000000000000000

> length(%);
615
Ta thay s6 300.000! c6 1.512.852 chit s0, khoang 20 ngan dong trén man hinh.

> ifactor(1512852);
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(2)* (3) (11) (73) (157)
> FermatPrime:=2"(2*n)+1;
FermatPrime := 21

> [seq(FermatPrime,n=1..6)];
[5, 17, 257, 65537, 4294967297, 18446744073709551617

> map(ifactor,%);
[ (5), (17), (257), (65537), (641) (6700417), (67280421310721) (274177)]

b) Cac ham trén s6 nguyén
> isprime(1388990297):

> nextprime(123456789):

> prevprime(123456789):

> ilem(786,120):

> iged(786,120):

> irem(786,120):

> iquo(786,120):

>

Ngoai ra con ¢ céac lénh sau:
max, min Tim s6 16n nhat va nho nhét trong tap cac so cho trude.
iroot Tim nghiém nguyén x4p xi can bac n cta 1 s6 nguyeén.
isqrt Tim nghiém nguyén x4p xi can bac 2 ctia 1 s6 nguyeén.
mod Céc phép todn trén hé thang du modulo.
rsolve Giai phuong trinh ham nho cac cong thic truy hoi.
convert Chuyén ddi s6 nguyén sang cdc hé co s6 khac nhau.

¢) Tinh toan chinh xac va gan ding

e Khi lam viéc v6i s6 hitu ty hoac can thic, Maple ¢6 kha nang tinh toan véi két qua chinh
xdc. Diéu nay hét stic quan trong khi can cdc tinh todn nhiéu budc.

> A:=7/3+6"10/7;

> 37(2/5);

> Pi;

e Tuy nhién, khi cdn Maple ciing c6 thé tinh gin ding v6i do chinh xdc tly y.
> evalf(10/3);

> B:=7.0/3+6"10/7;

> evalf(31(2/5),20);

> evalf(Pi,100);

e Maple lam viéc thuén 1gi trén cac so phic:
> (2+2*1)/(1-3*I);

> sqrt(1+D);

> evalf(%);

d) Tinh téng, tich hiru han va vé han
3.1. Tinh tong hitu han.
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100 .
. 1+ .
Vi du: Tinh téng ), 14 - Tacothé hotc 1a ding 2 l¢nh
i=1

> Sum((1+i)/(1+i"4),i=1..20);
> value(%);

Hoac tinh truc ti€p:

> sum((1+i)/(1+i*4),i=1..20);
3.2. Tinh tong vo han.

2 1 2
Vi du: Tinh tong Z @ Tuong tu nhu trén, ta c6 thé dung
k=1

> Sum(1/k*2,k=1..infinity);
> value(%);

Hoac

> sum(1/k*2,k=1..infinity);
>

Hoan toan tuong tu vdi tinh tong, ta c¢6 thé tinh céc tich hitu han va vo han véi Maple. Cach
lam nhu trén véi viéc thay 1énh Sum hay sum bdi Product hay product.

2.3. Cac tinh toan dai so

2.3.1. C4c tinh toan trén biéu thirc dai sé

Gdn tén cho biéu thiic va tri cho bién

Dung phép ":=" dé gén tén va Iénh "subs" dé gén tri cho bién.
> A:=a*x"2+b*x+c:

> Al:=subs(a=1,b=2,c=1,A):

Bién doi biéu thirc dai s6
Lénh Khai trién vé6i expand

> B:=(x+1)*(x-2)+3%*x+2;
> expand(A);

> expand(sin(x+y));

> L:=exp(a+In(b));

> expand(%);

Lénh don gian biéu thitc v6i simplify

> C:=cos(x)5+sin(x) 4+2*cos(x) 2 -2*sin(x) A 2-cos(2*#x);
> simplify(C);

> simplify(sin(x)*2+In(3*x)+cos(x)*2);

> simplify(sin(x)*2+In(3*x)+cos(x)*2,'trig");

> simplify(sin(x)*2+In(3*x)+cos(x)"2,'In");

Luu y: Lénh simplify 12 mot Iénh rat "mo hé" do khong c6 mot tiéu chuén rd rang cho su don
gian héa. Nhiéu khi uu tién ctia Maple trong viéc don gian mot bi éu thiic khong giong nhu
ky vong ctia ngudi dung. Hon thé né can rat nhiéu bo nhé dé simplify. Trong da so trudng hop,
1énh expand 1a mot Iénh don gian t6t hon.

> 7seq

Nguoc lai véi expand la Iénh factor va combine
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> expand((x-2)*(x+3));

> factor(%);

> expand(e” (2*x+y)+sin(2#x));
> combine(%);

Lénh chudn héa véi normal, dac biét dung dé don gian cac phan thitc vé dang chuén tic

> PT:=(x"2-y"2)/(xA3+y A 3+3%x A 2*y+3%x*yA2);
> normal(PT);
> factor(PT);

Lénh convert cho phép chuyén cac biéu thitc vé cac da ng biéu dién khac nhau

> convert(sin(x),exp);

> M:=Matrix([[a,b],[x,y]]);
> convert(M,'listlist');

> convert(M,set);

> convert(%,list);

Lénh map cho phép gan lénh dong thoi cho nhiéu bién trong bang hay tap.

> bang:=[Pi/3,0,-Pi/2];

> map(sin,bang);

> fi=x->x"2+x-1;

> map(fs{'l’o’l});

> map(f,[-1,0,1]);

chi y su khac nhau cua hai két qua trén.

Tinh toan trén da thirc

Cac 1énh thong dung

Lénh sdp xép da thirc v6i sort va collect
> fi=x A 2+1+3*x+4%x " 4-3*x\5;

> sort(f,x);

> gi=yA3+x A 2%y 2+a*xM3;

> sort(g);

> sort(g,[x,y]);

> sort(g,[y,x]);

> sort(g,[y,x],plex);

> hi=x*y+x*y*z-3*y*z 2+xX+2%x+y  3+x"4;
> collect(h,x);

> collect(h,y);

> collect(h,z);

Xac dinh hé s6 va bac véi lénh coeff va degree

> h:=t N -4¥x A 3*y*z4y A 3-3FyF2A 2+ xFy +X*Z+X;
> sort(h);
> degree(h);
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> degree(h,y);
> ldegree(h);
> ldegree(h,x);
> coeff(h,z);

> coeff(h,z,2);
> coeffs(h);

> lcoeff(h,t);

Cac lénh cho phép chia da thitc v6i rem, quo va divide
> ri=rem(x"4+2#*xA2+x-1,x*2+2%*x+3,X);

> ri=quo(x*4+2*x A 2+x-1,x"2+2%x+3,x);

> divide(x*4+2*x " 2+x-1,x"2+2%x+3);

> divide(x"2-y"2,x-y);

> ?gcdex

Phan tich da thiic thanh nhan tit véi lénh factor

>

Lénh factor phan tich da thitc thanh nhan tir trén trudng sinh ra béi truong s6 hitu ty va cac hé
s0 cua da thic.

> factor(x*3+3);

> factor(x*3+3,32(1/3));

> factor(x*3+3,{(-3)*(1/2),37(1/3)});

Tham s6 ctia Iénh factor c6 thé 1a real hay complex néu nhu muén phan tich thanh nhan tir trén
truong sO thuc hay phitc. Chi y rang khi d6 két qua cho hé s 1a cac so gan diing.

> factor(x*3+3.0);
> factor(x*3+3,real);
> factor(x”3+3,complex);

Gidi phuong trinh, bdt phuong trinh va hé phuong trinh
Véi 1énh solve va fsolve

> restart;

> equs:={x+2%y-8,x"2-2%x-3};

> equ:=x"3+x"2-x;

> soll:=solve(equ);

> sol:=solve(equ,{x});

Co6 thé kiém tra lai két qua bang lénh eval:
> sol[1];s0l[2];sol[3];

> expand(subs(x=sol1[2],equ));

> expand(eval(equ,x=sol1[2]));

> seq(expand(eval(equ,sol[i])),i=1..3);

Hay thuc hién viéc thwr lai v6i soll trén.
KQ:

Muon thir lai véi soll, can dung

> eval(equ,x=sol1[1]);

C6 thé trich xudt cdc nghiém thanh bo theo thi tu dinh trudc véi cdc nghiém nhiéu thanh
phan.
> equs;
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> sols:=solve(equs,{x,y});

> x1:=eval(x,so0ls[2]);

> seq(eval(x,sols[i]),i=1..2);

Ciing c6 thé trich xuét cdc nghiém thanh bo theo thit tu dinh trudc.
> eval([x,y],sol1[2]);

> eval([y,x],sol1[2]);

Cach khédc dé kiém tra nghiém 1a ding Iénh map:

> map(subs,[sol[1],so0l[2]],equ);

Chu ¥ rang 1énh map khong thé tic dong trén dit liéu c¢6 dinh dang tap hop:
> map(subs,sol,equ);

> map(subs,[sol],equ);

Hay thir dung 1énh map v6i nghiém ctia equ cho trén.

Lénh solve cé thé cho biét tdt cd cdc nghiém chinh xdc cua da thirc 1 bién cé bdc khong
qud 4, tirc la nghiém biéu dién bdng can thirc.

> solve(x"3+2*x+8);

Tuy nhién, v6i phuong trinh bac 4, do nghiém bang cén thiic qua phic ta p va khong ¢6 tinh tGng
dung cao, Maple ngdm dinh dua ra nghiém duéi dang RootOf. Tuy nhién ta c¢6 thé nhan dugc nghiém
chinh xdc bang cach chon _EnvExplicit:=true.

> solve(x"4+x"3-9);
> evalf(%);

> _EnvExplicit:=true:
> solve(x*4+x"3-9):

Véi cdc da thitc 1 bién cé bdc cao hon 5, lénh solve cho nghiém RootOf va c6 thé nhdn
duoc nghiém xdp xi bang evalf.

> solve(x"7+x"5+x"2+x+1);
> evalf(%,20);

Lénh solve dé giai cac phuong trinh siéu viét hodc chia can thic.

> solve(2*cos(x) " 10-x+1,{x});
> evalf(%);

> solve(In(x)+x+1,x);

> evalf(%);

Khi giai cdc phuong trinh phtic tap, Maple thuong chi cho ta 1 nghiém. Can dung ciac danh
gid khac dé c6 thé tim ra cdc nghiém khdc, hoidc c6 thé ding lénh fsolve. Day 12 Iénh tim
nghiém x4p xi, va c6 thé tim nghiém véi céc di éu kién han ché.

> f:=3%2Ax+2*3Ax-5Mx-1;
> sol:=solve(f,x);

> fsolve(f);

> evalf(sol);

> fsolve({f=0},{x},-4..0);

Lénh solve cé thé dung dé gidi hé phuong trinh va bdt phuong trinh.
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> pts:={x+y+2*t-1,3%x+2*y+3-t,x+y-t};

> solve(pts,{x,y,t});

> solve(x"2+3*x+1>0,x);

> ptsl:={x+y+2*¥t-1,3*x+2*y+3-t,x+y-t>0};
> solve(pts1,{x,y,t});

Han ché cua lénh solve

e Khong thé tim nghiém 1 cach triét dé, nhat 12 v6i cdc ham siéu viét hodc phiic tap. Can st
dung két hop vé6i do thi va cdc phuong phdp ddnh gid khdc dé tim hét tat ca cdc nghiém.

e Can luon luon kiém tra lai nghiém béng cdch dung lénh eval.
> equ:=(x-2)"2/(x"2-4);

> sol:=solve(equ,{x});

> eval(equ,sol);

Cac lénh tim nghiém khac

Lénh isolve dé tim nghiém nguyén

> isolve(2#x+3*y);

> isolve(2#x-3);

Léng msolve dé tim nghiém nguyén modulo p

> msolve({2*x-7*y+1,3*x-7*y-5},9);

So sanh vai:

> solve({2*x-7*y+1,3*x-7*y-5});

> msolve(2n=3,11);

> solve(2n=3);

Lénh rsolve dé gidi cdc bai todn truy hoi

> restart;

> rsolve({f(n)=f(n-1)+f(n-2),f(0)=1,f(1)=1},{f(n)});

Doc gia quan tam c6 thé tim hiéu thém céc lénh nang cao vé vin dé nay trong gaéi lénh
LREtools.

Lénh dsolve dé gidi cdc phuong trinh vi phdn (xem phan tinh todn ctia Maple véi giai tich)
> ?polytools

2.3.2. Pai so tuyén tinh voi cac goi lénh linalg va LinearAlgebra

Tt version 7 trd di, Maple cung cép thém 1 g6i Iénh LinearAlgebra bén canh géi 1énh linalg
da c6 truée day. Hau nhu tit ca cédc chiic nang trong linalg déu dugc tich hop lai trong
LinearAlgebra véi cil phap tuong tu, cong thém mot s6 chiic nang mdi.

Ma tran va cac phép toan co ban

Tao véc to, ma tran véi cac lénh vector/Vector, matrix/Matrix va array/Array
> restart;

> u:=vector([a,b]);

> Ul:=Vector([a,b]);

> U2:=Vector[row]([a,b]);

> A0:=matrix([[a[11],a[12],a[13]], [a[21],a[22],a [23]]]) ;
> B0:=Matrix([[b[11],b[12],b[13]],[b[21],b[22],b[23]]1]) ;
> A0[1,2];B0[1,2];

> a[11]:=0;b[11]:=0;

> A0;B0;

> evalm(A0);

> A0[1,1]:=0;
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> A:=matrix(3,2,[2,1,2,-2,a,b]);

> A1::matrix([[2,1],[2, '2]’[aab]]);
> B:=Matrix([[2’1]s[2’ '2],[a’b]]);
> Bl:=<<2,2,a>|<1,-2,b>>;

> whattype(A);whattype(B);

> LinearAlgebra[Equal](B,B1);
> linalg[equal](A,B1);

Ma tran ciing c6 thé tao nén boi 1énh array/Array. Thuc ra lénh matrix ma mot dang dix liéu
dac biét clia array. Tuy nhién di€éu d6 khong ding v6i Matrix.

> T:=array([[2,1],[2,-2],[a,b]]);

> type(T,matrix);

> Tl::Array([[Z,l],[Z, '2]’[a,b]]);

> type(T1,Matrix);

> B+T1;

Cé thé ding lénh convert dé chuyén cdc dang vé ma trdn
> A;B;

> B2:=convert(A,Matrix);

> whattype(B2);

> LL:=[[2,1],[2,-2],[a,b]];

> whattype(LL);

> convert(LL,matrix);whattype(%);
> convert(LL,Matrix);whattype(%);

Cdc ma tran duoc xdy dung ddc biét

> matrix(1,2,4);Matrix(1,2,3);
> matrix(1,2);Matrix(1,2);Matrix(3);
> M:=Matrix(3,3,shape=identity);

Rt nhiéu tlly chon méi cho 1énh Matrix. Dung lénh ?Matrix né€u muén tim hi€u thém.
> f2=(i,j)->X A (i+j+1);
> matrix(3,2,f);

Truy xudt cdc phan tie ciia ma tran

> B:=Matrix([[2,1],[2,-2],[a,b]]);
> B[3,1];

> convert(B,Vector[row]);
> convert(B,set);
> C:=Matrix(5,(i,j)->2*i+j);

Dé trich xuidt mot phan hay toan bo mot dong hay cot, ta dung:
> C[5,1..3], C[3..5,2];C[2,1..-1];C[1..-1,4];

Dé trich xuat mot ma tran con, thay thé cdc toa do bang c4c khoang:
> C[3..5,1..3];
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Cac phép toan trén ma tran

> restart;

> with(LinearAlgebra):

> A:=Matrix([[a,1,c],[2,-b,1]]);

> B:=Matrix([[x,y,1],[¢,2,z]]);

e Phép cong ma tran

> A+B;

> Add(A,B);

> A-B;

e Phép cong ma tran véi 1 s6 duoc xem nhu cong v6i mot ma tran hang:
> 2+A;

e Phép nhan v6 huéng

> 3*A;

>3.A;

Néu muon dung phép nhan bang "." thi phai c¢6 khoang tréng sau phép toan.

e Phép nhan hai ma tran

> C:=RandomMatrix(3,2);
> C.A;
Chu y khong can khoang trong sau phép toan "." .

Cac phép bién doi so cap va phép chuyén vi

> with(LinearAlgebra):

A = <<1,2,3>|<4,5,6>|<7,8,9>>;

> RowOperation(A, 3, 3);

> ColumnOperation(A, [1,3]);

> RowOperation(A, [1,3], -2);

Dong thit 1 duoc thay boi (d1-2*d3).
> A:=RandomMatrix(3,2);

> Transpose(A);

Pinh thitc va ma tran nghich dao

> restart;with(LinearAlgebra):

> A:= Matrix([[b[11],b[12],b[13]],[b[21],b[22],b[23]],[b[31],b[32],b[33]1]) ;
> Determinant(A);

>

> C:=RandomMatrix(3,3);

> MatrixInverse(C);

Da thitc dac trung. Gia tri riéng va véc to riéng

> with(LinearAlgebra):

M := <<-2,0,0>|<1,0,0>|<0,3,2>>;
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> CharacteristicPolynomial(M,x);

> solve(%,x);

> Eigenvalues(M,output="list');

> Eigenvectors(M);

Céc cot ciia ma tran bén phai la cic véc to riéng tng vdi cac gia tri riéng cho trong cot bén
trai.

Cac dang chuin tic

Dang rit gon Gauss va Gauss -Jordan

Pay la dang chuén téic ting dung trong khi gidi hé phuong trinh tuyén
> restart;with(LinearAlgebra):

> A:=RandomMatrix(4,6);

> b:=<1,0,-2,3>;

> GaussianElimination(A);

> GaussianElimination(A,'method'="'FractionFree');

> ReducedRowEchelonForm(<A|b>);

Dang chuén tic Jordan

> with(LinearAlgebra):

A = <<0,-2,-2,-2>|<-3,1,1,-3>|<1,-1,-1,1>|<2,2,2,4>>;
J := JordanForm(A);

> Eigenvalues(A, output="list');

> Q := JordanForm(A, output='Q");
>QMN-1).A.Q;

>

Dang chun tic hiru ty

> restart;

> with(LinearAlgebra):

A = <<0,1,1,1,1>|<2,-2,0,-2,-4>|<0,0,1,1,3>|<-6,0,-3,-1,-3>|<2,2,2,2,4>>;
> FrobeniusForm(A);

> factor( CharacteristicPolynomial(A, x) );

> (F,Q):=RationalCanonicalForm(A,output=['F','Q']);

> FrobeniusForm(A,output='Q');

>QMN-1).A.Q;

Chiéu va co sé cia khong gian véc to

Bai tap

Cho hé pttt:

[-X1L+2x2+6x3-8Xx4—-14x5+3%x6=0,2XL+4x2+x3-8x4+5x5-x6=0, :
—3X1+X2+4x3-9x4-10x5=0,3x1-2x2-x3+12x4-Xx5+4x6=0,
5x1+7x2+11x3—-11x4—-19x5+9x6=0]

1) Hay l1ap ma tran hé s6 cta hé.

2) Chiing t6 ring ma tran trén c6 thé nhan cac cot ctia x1, x2,x3 1am co s& cu khong gian

nghiém

3) Biéu thi tuyén tinh x4,x5,x6 qua x1,x2,x3.

4) Giai hé phuong trinh trén.
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> restart;

> with(LinearAlgebra):A := <<1,2,4>|<0,2,2>|<1,0,2>|<0,0,0>>;
> RowSpace(A);

> GramSchmidt(%);

> ColumnSpace(A);

>B:=
Matrix(5,6,[[-1,2,6,-8,-14,3],[2,4,1,-8,5,-1],[-3,1,4,-9,-10,0],[3,-2,-1,12,-1,4],[5,7,11,-11,-19,9]]);
> GenerateEquations(B,[x1,x2,x3,x4,x5,x6]);

>

> Rank(B);

> ColumnSpace(B);

> RedB:=ReducedRowEchelonForm(B);

> B1:=DeleteColumn(B,.4..6);Rank(B1);

> B2:=ColumnSpace(B):

> v1:=B1[1..-1,1];v2:=B1[1..-1,2]:v3:=B1[1..-1,3]:v4:=B[1..-1,4];v5:=B[1..-1,5]:v6:=B[1..-1,6]:
> <<LinearSolve(B1,v4)>|<LinearSolve(B1,v5)>|<LinearSolve(B1,v6)>>;

> NullSpace(B);

Hé phuong trinh tuyén tinh
> restart;
> with(LinearAlgebra):
> sys := [ 3*x[1]+2*x[2]+3*x[3]-2*x[4] = 1,
x[1]+ x[2]+ x[3] =3,
x[1]+2%x[2]+ x[3]- x[4] = 2 Jsvar:=[x[1],x[2],x[3],x[4]];
>
(A, b) := GenerateMatrix(sys,var);
> Al:=GenerateMatrix(sys,var,augmented=true);
> LinearSolve(Al);
> LinearSolve(A,b);
> GenerateEquations(A,[x1,x2,x3,x4],<1, -1,0>);
> GenerateEquations(A1,[x1,x2,x3,x4]);

2.4. Cac tinh toan giai tich
a) Xac dinh ham va lénh map
Ham 1 bién:

> fi=x->a*x"2+b*x+c;

> £(2);

V6i ham nhiéu bién:

> g:=(X,y,z)->X"2+y*2-z2;

> g(3,4,5);

Ham tirg doan c6 thé dinh nghia boi 1énh piecewise(), cu tric duoc minh hoa qua vi du sau:

> fi=piecewise(x<0,1,x<1,x,x<2,3 -x,sin(x)+2);
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Lénh map thuong dung dé xac dinh gid tri cia 1 ham tai mot diy céc gid tri ¢ Gia bién
> fi=x->x"2-x+1;

> Ist:=[-2,-1,-1/2,0,1,2,3/2,4];

> map(f,Ist);

b) Cac phép tinh toan co ban

bl) Tim gioi han

> limit(exp(x),x=-infinity);

> limit(exp(x),x=infinity);

> Limit(exp(x),x=-infinity)=limit(exp(x),x=-infinity);;

> limit(1/x,x=0);

b2) Tinh dao ham

Lénh diff hoac D cho phép tinh dao ham ctia ham 1 bién hoac dao ham riéng. Ci phap dugc
minh hoa qua céc vi du sau:

> diff(7#x*2 + 4*x/3, x); diff(5*x"2 - Pi*x"3, x);

> g:=x->x"2-exp(x)+sin(x);

> D(g);

b3) Tich phan

e Tinh tich phan bat dinh bang lénh int(ham, bién).
> int(x*2-x+2,X);

> Int(x*2-x+2,X);

> value(%);

e Tinh tich phan x4c dinh int(ham, mién).

> restart;

> fi=x->x-2%sin(x)+1;

> int(f,-5..8);

Chuong 3. Cong cu vé hinh va minh hoa trong Maple

3.1. Vé hinh trong hé toa do Descartes

a) Lénh plot va plot3d dé vé do thi ham hién va tham sé

e Lénh vé hinh don gian va thong dung nhat 1a plot (trong mat phéng) va plot3d (trong
khong gian 3 chiéu). Cac l1énh nay ndm trong phan nhan cua Maple. Ci phdp:

plot(f(x),x=a..b,options) va plot3d(f(x,y),x=a..b,y=c..d,options).

> ?plot

> plot(x*sin(3*x),x=0..2*Pi);

Chi y ring lénh trén v& d6 thi ham Y =XSIN(3X) v6i X tir 0 dén 7 . Tuong tu Iénh sau vé d6

thi ham z=f(X,y¥) trong mién chi ra:

> plot3d(x*sin(3*y),x=-1..1,y=0..Pi);

Kich chuot trén hinh V&, ta ¢6 thé quay hinh vé& dé xem bang cdc géc do tiy y. Trén thanh

cong cu mdi, ¢ cac ty chon dé xem. Hiy sir dung!

e (6 thé vé& nhiéu do thi trong cing mot hinh:

> plot({x*sin(3*x),x*2+2%*x -4},x=-2*%Pi..2*Pi);

Khi kich chudt trén hinh v&, c6 cac tuy chon trén thanh cong cu méi. Hay st dung!

> plot3d([x*sin(3*y),x-y],x=-1..1,y=-Pi..Pi,color=[red,blue]);

V6i géi lénh plots, c6 thé dung lénh display.
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b) Save hinh vé bang cac dinh dang khac nhau

Hay trd lai do thi:

> plot3d({x*sin(3*y),x-y},x=-1..1,y=-Pi..Pi);

Khi kich ndt phai cia chuot, phia dudi cac cong cu diéu chinh hinh v€& 1a nit Export As, cho
phép ta luu gitt hinh vé ra cac dinh dang khac nhau. Xem lénh ?plotsetup dé biét thém cdch
diéu chinh hinh vé khi save.

¢) Po thi cia ham tham s6
C6 3 dang ham tham s6 ting v6i dudng cong trong mat phang, mat trong khong gian va dudng
cong trong khong gian.

Trong mat phang, ct phap la:

plot([ f(t), g(t), t=a..b], options).
Vi du:
> plot([3*cos(t),sin(t),t=0..2%Pi]):

D6 thi mat phang trong khong gian, ci phép la:
plot3d([ f(s,t), g(s,t), h(s,t)], s=a..b, t=c..d, options).

> plot3d([ 2*t-3*sA2%sin(t), s*t, 2¥s-3*cos(t)], s=-2..2, t=-2..2);

V6i duong cong tham s6 trong khong gian, dung 1énh spacecurve trong géi 1énh plots. Cu
phap:
spacecurve([f(t),g(t),h(t)],t=a..b,options).
> with(plots):
> spacecurve([sin(3*t)*cos(t),sin(3*t)*sin(t),t],t=0..Pi,shading=z);
d) Gai lénh plots
Vé6i go6i lénh plots, Maple cung cap rit nhiéu cong cu cho viéc vé cac dang dé thi khac nhau
Lénh pointplot va pointplot3d dé vé tirng diém
Trong mat phang:
> with(plots):
> pointplot({[1,3],[2,4],[3,4]}):
Hoac:
> pointplot([1,3,2,4,3,4]):
> f:=n->n/(n+1);
> pointplot({seq([n,f(n)],n=1..50)},symbol=box):
Hiy st dung cac tuy chon "circle,diamond,cross" ctia symbol. Ciing c6 thé diéu chinh c&
cua diém béng options symbolsize, ¢ ngdm dinh 1a 10pt.

Tuong tu, trong khong gian, 1énh vé ting diém duoc diing nhu sau:

> pointplot3d({[3,2,-11,[2,3,41,(5,6,01}):

Ta phéi thay ¢& hodc hinh dang ctia diém thi méi dé nhin thay trong khong gian

> pointplot3d([0,1,1,1,-1,2,3,0,5],symbol=box ,axes=BOXED):

> pointplot3d([0,1,1,1,-1,2,3,0,5],symbol=box,symbolsize=18 ,axes=BOXED):

Chii y Viéc vé& ting diém ciing c6 thé thuc hién véi lénh plot va plot3d thong thudng ma
khong can phai kich hoat géi lénh plots. Khi d6 trong options cta plot va plot3d, chon
style=point.

Lénh display dé biéu dién nhiéu do thi trén cing mot hinh
> with(plots):
> S:=plot3d(4-x"2-2*y*2,x=-4..4,y=-3..3):
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> P:=plot3d(6-4*y,x=-4..4,y=-3..3):
> display(S):
> display(S,P):

R6 nét va min héa do thi

a) Lam r6 nét cuia do thi bang tuy chon thickness

> fi=x->exp(x/2);

> plot({f(x),f(-x)},x=-3..3,thickness=4):

Gia tri ngam dinh cta thickness 1a 0. Gia tri cao nhat 1a 15.

b) Min héa béang cich tang gia tri cia numpoints hay véi grid.

> plot3d((x*2+y”?2)/sin(x*y),x=-1..1,y=-1..1,axes=normal):

so sanh vai:

> plot3d((x*2+y"2)/sin(x*y),x=-1..1,y=-1..1,axes=normal,numpoints=1000):

Mapleding gia tri ngdm dinh 1a 645(pt)=25x25. Khi dua vao gia tri n cho numpoints thi
1

Maple s€ te dong gan [ n° ] diém cho mién x4c dinh cua ting bién.

Mot cach khac dé min héa d6 thi 1a xac dinh gi4 tri cho options grid.
> plot3d(sin(x)/yA2,x=-Pi..Pi,y=-1..1,grid=[30,40]):

Diéu chinh mau cho do thi

Maud cho d6 thi dugc diéu chinh bang options color
> with(plots):

> fi=x->x"4-4*x"3+10;

> C:=plot(f(x),x=-1..4,color=red):

> tl:=plot(f(0),x=-1..1,color=blue):

> t2:=plot(f(3),x=2..4,color=blue):

> display(C,t1,t2):

Dung trinh tr¢ gidp trong Maple dé xem céc mau c6 sdn. Ngudi dung c6 thé dinh nghia mau
md&i nhu cach huéng dan trong:
> ?plot[color]

Mot cach khac dé diéu chinh do dam cia mau séc 1a dung options shading nhu vi du sau:

> plot3d(x*y,x=-2..2,y=-2..2,shading=z):
> plot3d(x*y,x=-2..2,y=-2..2):

Diéu chinh ty lé giita cdc truc toa do
Khi v&, Maple tu dong diéu chinh ty 1é trén céc truc toa do sao cho hinh v& vira vdéi kich c&
hién thi cua trang 1am viéc. Nghia 1a, do dai don vi trén méi truc toa do khong nhat thiét bing
nhau. Diéu d6 doi khi 1am cho hinh vé& khong that. Tuly chon scaling=constrained bat buoc
Maple v€ hinh theo ty 1& 1:1 d6i véi cac truc toa do'
> plot3d([cos(x)/(y*2-1)],x=0..2%Pi,y=0..2%Pi,scaling=constrained):
>
Cadc options khdc: discont, view, label...
a) St dung discont=true dé bo di cac dudng néi tai cdc diém khong lién tuc.
> plot(tan(x),x=-Pi..Pi);
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> plot(tan(x),x=-Pi..Pi,y=-4..4);
> plot(tan(x),x=-Pi..Pi,y=-4..4,discont=true);

b) Str dung view dé han ché hinh v& tai mot phan nao do.
> plot3d(2*x"2+yA2,x=-2..2,y=-3..3,style=patchcontour,axes=normal);
> plot3d(2*x"2+yA2,x=-2..2,y=-3..3,style=patchcontour,axes=normal,view=0..8);

c) Options label ding dé dat tén cho céc truc toa do.

> plot(-4*t*2+2%t+40.1,t=0..3,labels=["Thoi gian"," Nhiet

do" ],labeldirections=[horizontal,vertical],labelfont=[ TIMES,BOLD,14],axesfont=[ HELVETI
CA,14));

>

>

e) D6 thi ham an

Do thi ham dn trong mdt phdng
implicitplot(f(x,y),a..b,c..d,options)

> with(plots):

> implicitplot(x*2+y*2=1, x=-1..1, y=-1..1):

> p:= proc(x,y) if x<y then x"2+y*2-2 else 2*x-y-1 end if end proc:

implicitplot(p, -2..2, -1..3);

C6 thé vé& nhiéu d6 thi véi lénh implicitplot. Vi du
> implicitplot([x"2-y*2=1, y=exp(x)], x=-Pi..Pi, y=-Pi..Pi,
color=[blue, green], legend=[plot1,plot2]);
Do thi ham dn trong khong gian
Ci phap:
implicitplot3d(f(x,y),x=a..b,y=c..d,z=e..f,options)
hay
implicitplot3d(f(x,y),a..b,c..d,e..f,options)
> EP:=1/4%x"2+1/9%yA2-z = 0;
> HP:= 1/4%x"2-1/9%y"2-z = 0;
> EC:=1/4%x"2+1/9%yA2-272 = 0;
> ES:=1/4%x"2+1/9%y"2+22 = 1;
> H1:= 1/4*xA2+1/9%y"2-272 = 1;
> H2:= 1/4%x"2+1/9%y"2-272 = -1;
> with(plots):
> implicitplot3d(EP,x=-5..5,y=-7..7,2=-2..2, axes=boxed);
> implicitplot3d(HP,x=-5..5,y=-7..7,2=-2..2, axes=boxed);
> implicitplot3d(EC,x=-5..5,y=-7..7,2=-2..2, axes=boxed);

Maple vé cac mat nay véi grid ngam dinh 1a [10,10,10]. Do d6 dinh cua Eliptic Cone (0,0,0)
khong duoc Maple gan diém vé&. Mudn 1am cho hinh vé chinh xdc hon, ta can diéu chinh grid
hodc tang numpoints, vi du:

> implicitplot3d(EC,x=-5..5,y=-7..7,2=-2..2,grid=[9,9,9], axes=boxed);

> implicitplot3d(EC,x=-5..5,y=-7..7,2=-2..2,numpoints=2000, axes=boxed);

Dé c6 dugc cdc hinh vé chat lugng cao hon, can vé Elliptic cone trong hé toa do tru.
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3.2. Vé hinh trong cac hé toa do khac
Maple cho phép vé do thi trong céc hé toa do khdc. So v6i d6 thi ham 4n, d6 thi trong hé toa
do cuc, tru hay cau thuong cho chat luong cao hon.
a) Trong hé toa do cuc
Véi options coords=polar trong 1énh plot, Maple s& v& do thi trong hé toa do cuc. To a do cua
mdi diém trong hé toa do cuc 1a ( rtheta ), trong d6 I 12 khodng cich tir diém dén goc toa
do va 0 1a géc dinh huéng giita nita dudng thing chon trudc va vée to t ao bdi diém do.
Maple doi hoi ' 1a mot ham ctia 9 . Cu phap la:

plot(r( 6 ), 6 =a..b, coords=polar,options).
> plot(sin(4*t),t=0..2*Pi,coords=polar,scaling=constrained);

Dang tham s6 trong hé toa do cuc c6 ci phap 1énh nhu sau :
plot([r( ), 6 (t),t=a..b], coords=polar,options).

> plot([cos(t), 3*t,t=0..Pi], coords=polar);

Vi gobi 1énh plots, 1énh vé trong toa do cuc la polarplot véi ci phap hoan toan tuong tu nhu

trén va khong can phai c6 tily chon coords=polar.

b) Trong hé toa do tru

Trong hé toa do tru, toa do clia mdi di€ém dugc cho bdi (T, 0,2), trong d6 (r, 0 ) 1a toa do cuc
ctia hinh chiéu ctia diém trén mat phang (O Xy) va z 1a khoang céch tir diém d6 dén mot truc
Oz. Maple doi hoi r 12 mot ham cia 0 va z.

e Dung Iénh plot3d véi tity chon coords=cylindrical.
Cu phép la:
plot3d(r( 6 ,z), 0 =a..b,z=c..d, coords=cylindrical,options).

> plot3d(theta*sqrt(1-z),theta=0..2%Pi,z=0..1,coords=cylindrical,axes=normal):
V6i ham tham sd, cu phap 1a

plot3d([r(s,t), © (s,t),z(s,t)],s=a..b,t=c..d, coords=cylindrical,options) .
> plot3d([s,t,s*2+t*2],s=-1..1,t=0..2*Pi,coords=cylindrical,axes=normal);
b) Dung lénh cylinderplot trong géi 1énh plots.
Cd phép hoan toan tuong tu nhu 1énh plot3d véi tily chon coords=cylindrical dugc bo di.

Hay thuc tap vé€ lai c4c hinh trén.
Thuc hanh vé mat Elliptic cone trong toa do tru. So sanh véi két qua trong ham an.

e dp dung v€ mat Eliptic Cone trong toa do tru

Ta viét toa do ctia Elliptic cone trong hé toa do tru la . . Vi
viettoa co Pt glictoa doty 1rcos(t)+1rsm(t) 2.0
4 9 a
¢ ? N 7z Z 6 Z
Maple muodn r 1a mot ham cua ¢ va z, ching ta ta c6 ngay: r= (1] .
2

(9-5sin(t)?)
> with(plots):
> cylinderplot(6/((9-5%sin(t)*2)*(1/2))*z,t=0..2%Pi,z=-2..2,axes=boxed):
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Cac mat bac 2 trong hé toa do tru

Ta viét toa do cta Elliptic cone trong hé toa do tru la . Vi Maple

rcos(t) rsn(t) _,
7 + 9 -z2°=0
6z

muon r 1a mot ham cua 7 va z, ching ta ta c6 ngay: r= T
4/ 9-5sn(t)

> with(plots):
> cylinderplot(6/((9-5*sin(t)*2)*(1/2))*z,t=0..2%Pi,z= -2..2,axes=boxed);

V6i mat Ellipsoids:

>

cylinderplot([6*sqrt(1-z/2)/sqrt(9*cos(theta) * 2+4* sin(theta) * 2)],theta=-Pi..Pi,z=-1..1,axes=no
rmal);

Vé6i mat Hyperboloid 1 va 2 tang

>

cylinderplot([6*sqrt(1+z"2)/sqrt(9*cos(theta) * 2+4*sin(theta)*2)],theta= -Pi..Pi,z=-4..4,axes=n
ormal);

>
cylinderplot([6*sqrt(-1+z"2)/sqrt(9*cos(theta) * 2+4*sin(theta)* 2)], theta=-Pi..Pi,z=-3..3,axes=n
ormal);

Mait Paraboloids Elliptic and Hyperbolic

> cylinderplot([6*sqrt(z)/sqrt(9*cos(theta)* 2+4*sin(theta)*2)],theta= -Pi..Pi,z=0..2);

>

cylinderplot([6*sqrt(z)/sqrt(9*cos(theta)*2 -4*sin(theta) " 2)],theta=-3..3,z=-1..1,axes=normal);
>

¢) Trong hé toa do cau
Toa do clia mot diém M trong hé toa do cAula (T, 0, ¢), trong d6 r 1a khoang cdch dén goc
toa do, goc O 1a géc cuc clia hinh chiéu ctia M trén (Oxy) va ¢ 1a géc giita (Oxy) véi
vec(OM). Maple yéu cdu r 1a mot ham cua 0 va ¢ .
a) Dung tuy chon coords=spherical véi lénh plot3d.
Cu phép la:

plot3d(r( 9, ¢ ), 0 =a..b, ¢ =c..d, coords=spherical,options)

> plot3d(1+sin(phi)-cos(theta),theta=0..2*Pi,phi=0..Pi,coords=spherical,numpoints=2000);

Vi ham tham s6, cd phap la:
plot3d([r(s,t), O (s,t), ¢ (s,t)],s=a..b,t=c..d, coords=spherical,options).
> plot3d([s*3+t"3,s+t,t],5=0..2*%Pi,t=0..Pi, coords=spherical);

b) Véi goi Iénh plots, v& hinh trong toa do ciu bang 1¢ nh sphereplot, véi ct phép tuong tu nhu
v6i plot3d nhung tily chon coords=spherical dugc bo di. Hay thuc hanh vé lai cic mat trén.

3.3. Vé hinh dong v6i Maple

Lénh animate tao ra mot chudi cac hinh, theo ngdm dinh 1a 25 hoic 16, va cho hién thi lién
ti€p d€ tao ra hinh dong. Do dao dong clia vi tri ban dau va vi tri két thic duoc xé4c dinh boi
mot bién tham s ¢, goi 1a bién hinh (frame variable).

a) Hinh dong trén mat phang véi lénh animate
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al) Voi ham hién
Cd phap cua 1énh v6i ham hién nhu sau:
animate(plot, [f(x,t),x=a..b],t=c..d,options)
animate(f(x,t),x=a..b,t=c..d,options)
trong d6 toan bo cac options gidng nhu options ctua plot. Sau khi hinh v& dugc thuc hién,
béng cédch kich chuot trén hinh v&, mot menu méi s& xuat hién trén thanh cong cu chinh cta
Maple cho phép diéu khién su clt dong ctia hinh. Hay thuc hanh véi vi du sau:
> restart;
> with(plots):setoptions(thickness=2);
> animate(sin(t*x),x=0..2%Pi,t=1..4,color=blue,scaling=constrained);

Lénh trén c6 s6 khung hinh 12 16. Tham bién hinh ¢ khong hién thi. So sanh véi lénh sau:
> animate(plot,[sin(t*x),x=0..2*Pi,color=blue],t=1..4,scaling=constrained);

Trong animate con ¢c6 mot options mdi so véi plot, d6 1a option frames, cho phép diéu s6
luong khung hinh. S6 Iuwogng cang 16n, su cir dong cang "nhip nh ang" do su khac gitra 2 khung
hinh lién tiép it hon. D€ tang do min cha hinh v&, can tang gi4 tri cia numpoints. Gid tri ngdm
dinh 1a 50. Tuy nhién cang tang s6 lugng, Maple cang can nhiéu thdi gian va bo nhd.

Bai tap:

Hay thuc hién lénh vé trén v6i numpoi nts=200. Hay thay doi ham trén boi cdc ham #sin(x),
sin(x+t), sin(x)+t 10i quan sat hinh dong cua né. Néu Ién y nghia ctia bién hinh .

a2) Véi ham tham sé

Doi v6i ham tham s, 1énh animate dugc sit dung nhu trong cac vi du sau:

> with(plots):
> animate(plot,[[r*2*cos(t),r*sin(t),t=0..2*Pi]],r=1..4,scaling=constrained);
> animate([r*2*cos(t),r*sin(t),t=0..2%Pi],r=1..4,scaling=constrained);
> animate( plot, [[cos(t),sin(t),t=0..A]],
A=0..2%Pi, scaling=constrained, frames=50 );

> animate( plot, [[(1-t*2)/(1+t*2),2%t/(1+t"2),t=-10..A]],
A=-10..10, scaling=constrained, frames=50 );

a3) Trong hé toa do cuc

Cu phéap nhu trong vi du sau:

> restart;with(plots):

> animate(polarplot,[1+a*cos(t),t=0..2*Pi],a= -2..2,scaling=constrained);

> animate(1+a*cos(t),t=0..2%Pi,a=-2..2,coords=polar,scaling=constrained);

Bai tap: Hay vé hinh dong trong toa do cuc cac ham sau va quan sat bién hinh:
1) 2acos(0) wv6i O tir 0.2 7, atir -2..2.
2) a+cos(0) véi O tir 0.2 7, atir-2..2.

2
1 [_ 1x ]
- 2
[

3) ——————— v6i 0=1..2,x=-5..5.

ad) Vé lién tuc voi lénh animatecurve
Maple cung cép thém mot cong cu vé lién tuc mot dudng cong véi 1énh animatecurve trong
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g6i 1énh plots.

> restart;with(plots):

> animatecurve(1/3*x"5-1/2%x-1/10,x=-2..3,view=-5..5,numpoints=200,frames=50);
> animate(plot,[1/3%*x75-1/2%x-1/10,x=-2..t],t=-2..3,color=red,view=-5..5);

Lénh animatecurve cé tat ca cac tiy chon (options) giong nhu animate.

N6 ciing 1am viéc dugc véi ham tham so.
> animatecurve([3*cos(theta),sin(theta),theta=0..2*Pi],scaling=constrained);
b) Hinh dong trong khong gian véi lénh animate va animate3d
Giong nhu trong mat phang, cd phép cta 1énh vé hinh dong trong khong gian la:
animate(plot3d,[f(x,y,t),x=a..b,y=c..d],t=c ..d,options)
hay
animate3d(f(x,y,t),x=a..b,t=c..d,options)
> restart;with(plots):
> animate(plot3d,[ 1-tA2%xA2-t*yA2, x=-1..1, y=-1..1],t=-2..2 );
> animate3d( 1-tA2*x"2-t¥yA2, x=-1..1, y=-1..1,t=-2..2 );

Ngodi ra, v& hinh v6i hAam tham s6 hay ham an, ci phép 1a nhu sau:
animate(plot3d,[[x(s,t,a),y(s,t,a),z(s,t,a)],s=m..n,t=c..d],a=al..a2,options)
> animate(plot3d,[[ 2*t-3*a*s"2%sin(t), a*s*t, 2%s-3*cos(t)], s=-2..2, t=-2..a],a=-2..10);
e Dai v6i ham 4n, ci phép la:
animate(implicitplot,[f(x,y,z,t),x=a..b,y=c..d,z=e..f],t=t1..t2,options)
> HP:= 1/4%x"2-1/9%yA2-z ;
> EC:=1/4%x"2+1/9%y2-22 ;
> animate(implicitplot3d,[1/4%t*x /2 -1/9%yA2-tA2%z,x=-2..2,y=-2..2,2=-2..2],t=-2..2);
> B := plot3d( 1-x*2-y"2, x=-1..1, y=-1..1, style=patchcontour ):
opts := thickness=3, color=red:
animate( spacecurve, [[t,t,1-2¥%tA2], t=-1..A, opts],
A=-1..1, frames=11, background=B );

Chuong 4. Maple trong nghién citu va giang day toan

2.4.1. Géi lénh Student hoé tro cho viéc day va hoc toan.

e Tu Maple 8, géi Iénh Student dugc phat trién tir géi 1énh student truéc d6 nhiam hé tro cho
viéc day va hoc toan & dai hoc va phé thong. Khai thac kha nang ciia géi lénh nay sé dem
dén cho gido vién rat nhiéu cong cu hd trg méi trong phuong phap day hoc. C6 th € néi
ring g6i 1énh nay da dé cap dén tit ca c4c noi dung todn hoc ctia dai hoc va phé thong,
cung cdp nhiéu 1énh va thu tuc cho cdc phép todn va algorithm xuét hién trong chuong
trinh giang day, cung cép nhiéu cong cu tuong tic dudi dang Maplet va ho trg v iéc 1am
tiing budc cac phép toan co ban cua vi tich phan.

e G6i lénh Student c6 3 géi 1énh con 1a Calculusl, LinearAlgebra va Precalculus. D€ nap
tung gdbi 1énh, lam nhu sau:

> with(Student[Precalculus]):

Géi 1énh nay gom nhiéu Tutor. Vi du sau vé Tutor ct a cac ham so cap:

> StandardFunctionsTutor():

Sau khi nhan Enter, mot clra s6 doc 1ap. Ta dua vao ham  f(X) va chuong trinh s& v& do thi

ctia ham f(X) vaham af(x+b)+d trén cling hé toa do.
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e Goi lénh con Calculus1 1a g6i 1énh quan trong nhat ctia Student. N6 chita cdac cong cu hod
tro tir huéng dan thuc hién cac phép tinh vi tich phan cho dén khao sat va vé do thi ham; tir
viéc minh hoa v& ti€p tuyén dudng cong cho dén viéc tinh dién ti ch, thé tich mat tron
X0ay,v.v...

Vi du: Khao sat hinh hoc va thé tich cia vat thé tron xoay.
> with(Student[Calculus1]):

> VolumeOfRevolution(cos(x) + 3, sin(x) + 2, x=0..4*Pi);
> VolumeOfRevolution(cos(x) + 3, sin(x) + 2, x=0..4*Pi,output=integral);
> VolumeOfRevolution(cos(x) + 3, sin(x) + 2, x=0..4*Pi, output=plot);

2.4.2. Stt dung Maple nhu mot moi truong day hoc tuong tac.

Viéc day hoc tuong tac 1a mot xu hudng tat yéu cua nén gido duc hién dai, nho ¢6 cac uu
diém néi bat ciia né. Viéc day hoc tuong tdc c6 nhiéu hinh thitc va mitc do phu thudc vao noi
dung va phuong tién day hoc. C6 thé néu ra 3 hinh thiic va mic do sau day:

1) Day trén 16p hoc High Class ca mot mon hoc, mot chwong hoic mot noi dung cu thé. Hinh
thic day hoc nay doi hoi phai ¢6 hé thong high class hién dai.

2) Chi dung 16p hoc High Class trong gio thuc hanh hoac tng véi nodi dung thich hop.

3) Gido vién dung LCD két ndi v6i may tinh dé thuc hién mot s6 khau trong bai giang.

Kha nang chuyén doi giita hai moi truong toan va van ban trong Maple

e Maple c6 2 moi trudng 1am viéc 1a todn va van ban. Nguoi dung c6 thé chuyén déi 1 cdch
dé dang giira 2 moi trudng nay. Khi kich hoat Maple, trang 1am viéc m6 ra véi moi trudng
toan. Con tré nim & ddu nhic > mau do. Mu6n chuyén sang moi trudng van ban, chi can
kich chuot vao biéu tuong T trén thanh cong cu hodc vao Insert | Text, hay ding t6 hop
phim Ctrl+T.

e Trong moi trudong van ban, Maple cho phép bién soan tai liéu theo ciu triic, cho phép hién
thi theo nhiéu tang I16p, rat phu hop vdi viéc gi6i thiéu tdng quan hodc tong két on tap.
Giong nhu mot hé soan thao van ban 1y tudng, Maple cho phép thay déi cdc font chit, mau
séc va dac biét ¢6 thé tao ra cdc bookmark dé truy xuét nhanh chéng dén cdc vi tri tly y
trong trang lam viéc hién hanh hay céc trang 1am viéc khéc; tao ra cdc siéu lién két dé
kich hoat trang 1am viéc khéc, d€ néi v6i trang web hay phén tro gitip clia Maple.

Kha nang tao ra giao an dién tir hoac cac dinh d ang van ban khac.

Maple hd trg ti€éng Viét (font ABC) va c6 thé trich xuét hodc cho phép nhiing cic vin ban cla
Microsoft Office. Ngoai dinh dang Word, Maple cho phép trich xuét ra file LaTex ctia van
ban to4n hay file HTML dé ding nhu mot gido 4n dién tit tré n trang web.

2.4.3. Sit dung Maple nhu mot phuong tién minh hoa cac khai niém toan hoc va
doi tuong hinh hoc.

Vi du: Minh hoa hinh anh tu nhién cua cac duong conic nhu giao tuyén cia mot mat non
va mat phang cat né.

> with(plots):

>
animate(plot3d,[y/3-10,x=-20..t,y=-20..t,color=red,style=PATCHNOGRID],t=-18..17,axes=fra
med,background=plot3d([z*cos(t),z*sin(t),z],z= -20..0,t=-Pi..Pi));

Warning, the name changecoords has been redefined
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t=-18.

Bing cdch thay ddi phuong trinh thich hop clia mit phang ta c6 thiét dién 12 dudng hyperbol
hay parabol.

2.4.4. Str dung Maple dé hinh thanh cac khai niém toan hoc.

Vi du: Khai niém tich phan xac dinh va y nghia hinh hoc cua né.

> restart;

> with(plots):with(student):

> fi=x->x-2*sin(x);
Warning, the name changecoords has been redefined

f:=x—>x—-2sn(x)

> display(seq(middlebox(f(x),x=-2..2,SoHinh),SoHinh=6..80),insequence=true);
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Khi ta kich chut trén hinh v&, trén thanh cong ¢ s€ xuét hién thanh diéu khién hinh vé&. Kich
chuot trén thanh diéu khién, s6 hinh chit nhat ctia tong Riemann s& tang tir 6 1én 80 va din
dan phu kin phan mat gigi han bdi duong cong.

Ghi _chi: Vi Maple, tat ca céc tich phan xac dinh déu tinh duoc néu ham s6 kha tich. Vi nhiing
phuong phap meo muc nhu & phd thong, cdc 16p ham c6 thé tinh dugc tich phan xac dinh vo cling nhd
o VGi s0 cac 16p ham kha tich.

Vidu:

> g:=3*sin(x)/(exp(x)-X);

> int(g,x=-5..5);

> evalf(%);

> plot(g,x=-5..5);

> display(seq(middlebox (g,x=-5..5,S0Hinh),SoHinh=6..80),insequence=true);

2.4.5. St dung Maple dé du doan cac két qua toan hoc.
Vidu: day hoi tu va khong hoi tu

> pointplot([seq([n,sin(n)/(n+1)],n=1..150)],color=blue);

> pointplot([seq([n,abs(sin(n)+1/n)*(sqrt(n))],n=1..1000)],color=blue);

2.4.6. Maple ho tro hoc sinh trong hoat dong tu hoc va thic day tim toi sang tao.
Str dung cdc Tutor trong céc gbi cua Student va cdc hé trg tinh todn ting bude. Vi du sau cho
phép ta 1am véi Tutor vé tinh tich phan.

Vidu 1.

> with(Student[Calculus1]):

IntTutor();

> int(3*sin(x)/(x"2-cos(x)),x=1..2);
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> evalf(%);

>

>

Vi du 2. Giai phuong trinh X+ 1 - €* =0

> fi=x"3+1-exp(x);

> solve(f,x);fsolve(f);

Muén tim cdc nghiém con lai ta thit v& do thi ham f .

> plot(f,x=-3..5,y=-5..15);

Ta thiy phuong con c6 2 nghiém nita trong cac khoang ( -1,0) va (1,2).
> fsolve(f,x=-1..-1/2);fsolve(f,x=1..2);

Béng céch suy luan logic két hop véi d6 thi ta c6 thé chi ra ring phuong trinh ¢6 ding 3
nghiém. Tuong tu, xét phuong trinh g=0 vai:

> g:=3%sin(x)-In(x)-x;

>

2.4.7. Maple ho tro gido vién trong cac hoat dong giang day khac.

C6 thé néu vai y tudng vé viéc sit dung Maple cho céc hoat dong giang day khdc cua gido
vién todn nhu sau:

1) Dung Maple dé tim va soan hé¢ thong bai tap, dé thi theo y muon.

2) Kiém tra cdc két qua clia cac bai toén tinh todn dé€ du doan cdc chitng minh (vi du vé cdc
bai todn giai phuong trinh, phan tich h oac rit gon da thitc, phan thuc...)

3) Soan gido an, vé cdc do thi chinh xdc phuc vu giang day hoac sinh hoat chuyén mon; viét
cac bdo cdo khoa hoc.

4) Cong cu ho trg trong boi dudng hoc sinh gidi hoac hoat dong tap duot nghién ciu khoa
hoc.

5) La nguén dit liéu phong phii dé lua chon cdc kich ban 1én 16p.

6) Maple 1a mot nguén md, cho phép nguodi dung dé dang tao ra céc 1énh va chuong trinh cho
riéng minh bang cdc modun 1énh c6 sdn va rdp n6i bang cac 1énh don gian.

Hué ngay 1 thang 11 nam 2006
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