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VA TiM HIEU Y NGHIA VAT LI CUA NGHIEM CAC PHUONG TRINH SONG
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Dao dong cua soi ddy gan chit tai hai ddu mat va ciia mang voi bién gin chit duge mo phong va
phén tich y nghia vat ly bang cach sir dung phan mém Wolfram Mathematica (WM). Két qua cho
thdy rang hinh anh dong trong mo phong duoc thuc hién qua cac code chuong trinh WM c¢6 thé
gitp ngudi hoc d& dang quan sat va hiéu duoc cac ¥ nghia vat 1y cua bai toan. Céac két qua mo
phong cling chi ra kha nang ing dung WM trong nghién ctru va giang day.

Tiwr khoa: Ngon ngit ldp trinh, dao dong, song, ddy, mang, dé thi, mé phong.

MO PAU
Khi nghién ctru cac dao dong bang phuong
phéap toan hoc, ta phai giai cac phuong trinh
s6ng. Trong két qua, cac ham mo ta dao dong
thuong duoc cho bang biéu thirc toan hoc kha
phtic tap. Chang han, khi xét dao dong tu do
cia soi day gan chat tai hai ddu mut, giai
phuong trinh song mot chidu ta thu duoc
nghiém c6 dang nhu sau [6], [7], [8]:

kmat knx

u(x,t):Z(akcos@ i —)
=] L

C6 thé thay, tir cac ham nay, rat kho co the;
hinh dung duoc soi ddy dao dong nhu thé
nao. Néu chi str dung cac phuong phap truyen
théng dé vé dang soi day ¢ cdc thoi diém
khac nhau thi }on rat n}neu thoi gian ma két
qua thu duogc rat han ché, thi€u chinh xac.
Nham giai quyét nhirng ton tai néu trén, dong
thoi cling 14 gop phan huéng tng chu truong
“Tang cuong ung dung cong nghé thong tin
trong gido duc — dao tao” ctia Bang va Chinh
phu, trong bai bao nay, ching t6i xin chia sé
cach ding phin mém Wolfram Mathematica
(WM) dé mo phong cac dao dong va tim hiéu
y nghia vat i cta chdng.

PHUONG PHAP NGHIEN CUU

C6 modt sb phan mém cé thé dap ung dugc
nhitng yéu cau dit ra trén day nhung ching toi
chon WM vi nhan thdy WM c6 nhiéu tinh ning
gitp giai tot quyét van dé dat ra [1], [2], [3], [4].
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Sau day chung t6i xin trinh bay mét s6 cau triic
1énh ctia WM qua céc vi du cu thé [4].
Vi du 1: Dé nhap cac ham

f(x) =4 - X* + sinx,
kmx

kt
t)=(a,cos— +b sm— sin—,
U(x,t) = ( L L ) L

taviét: f[x_]:= V4 - x>+ Sin[x]
uk[x_,t ]:=(ak*Cos[k*Pi*t/L]+ bk*
Sin[k*Pi*t/L])*Sin[k*Pi*x/L]
Vi du 2: Pé tinh tich phan ham f(x) = xsinx
trén doan [0,rt], ta viét:
Integrate[x*Sin[x],{x,0,Pi}]
Vi du 3: Pé vé’dé thi ham f(x) = xsinx trén
doan [-n,m] ta viét: Plot[x*Sin[x],{X,-Pi,Pi}]
Vi du 4: Pé tinh tong 26 s h,ang
ue(x,t)(k=1,2,3,...) da nhép ¢ vi du 1, ta viét:
Sum[uk[x,t],{k,1,26}]
Vi du 5: Dé lap diy 101 diém thudc dd thi
ham f(x) = sinx c6 hoanh d6 dang km.0,01,
ta viét:
Table[{k*Pi*0.01,Sin[k*Pi*0.01]},{k,0,100}]
Vi du 6: Dé tao hinh anh dong mé phong dao
dong cua day trén ,doan [O;n]’ trong khoang
thoi gian tur t;= 0 dén t, = 8 bict pl’lu:orng trinh
dao dong la u(x,t) = sint.sinx, ta viet:
Animate[Plot[Sin[x]*Sin[t],{x,0,Pi}].{t,0,8,0.01}]

69


mailto:honglinhkhoalydhsptn@gmail.com

Nguyén Hong Linh va Drg

Tap chi KHOA HQC & CONG NGHE

169(09): 69 - 73

KET QUA VA THAO LUAN

Mb phéng va tim hiéu dao dong tu do ciia
day hiru han c6 hai mit gan chit

Bai todn 1. Xét dao dong tu do cua day hiru
han, gin chit tai hai mat x = 0, x = L, biét do
léch ban dau 1a f(x), van toc ban dau la
F(x)[6,7,8].

Dung phuong phap toan hoc, ta thu duogc
nghiém nhu sau[6,7,8]:

il kra kmat, . kmx
u(x,t acos—+bS| n—-)sin— (1
(xt)= ;( - - ) ) 1)
trong do
2% kmx 0 kmx
a,=— | f(x)cos— dx b=—/|F sm—dx 2
R A km! F @

Chuong trinh Code 1 mo l?ho’ng dao dong cua
ddy hitu han co hai mut gan chat
Ta dung WM lap chuong trinh mo phéng dao
dong cua day trong bai toan 17 véi cac két qua
(1), (2) va cac dicu kién cu thé nhu sau:
a=1h=01,L=2;
f(x) = 4hx(L—-x)/L%, (0 <
F(x) = 0;[6,7,8]
Clear[a,L,k,n,h,x,t,u,i,bk,ak,uk]
=1;L=2;h=0.1;n=128;f[x_]:=4*h*x*(L-
X)/L%F[x_]=0;
ak=(2/L)*Integrate[f[x]*Sin[k*Pi*x/L],[x,0,L]];

X < L);

0.004 - =

\\ / ~0.002}
= 0004}

i e ?
10 1S 20 / u's\ 10 / 20 1 1o ] 4o
/ s \ /

bk=(2/k*Pi*a)*Integrate[F[x]*Sin[k*Pi*x/L
LIXO.LIL;
uk[x_t_k_]= (ak* Cos[k*Pi*a*t/L]+ bk*
Sin[k*Pi*a*t/L])*Sin[k*Pi*x/L];
Animate[Plot[{uk[x,t,3],0.005,0.005},{x,0,L
H.{t,0,8,0.1}]
ux_,t_J=Sum[uk[xt,k],{k,1,n}];
h1=Table[Plot[{u[Xt],-
hlh}l{XIO’L}]Y{t’O787O1}]’
d1={h1[[1]],h1[[6]],h1[[16]].h1[[21]]}
Animate[h1[[i]],{i,1,81,1}]
h2=Table[{0.02*i,u[0.02*i,t]},{i,0,100}];
Animate[ListPlot[%,PlotRange—~>{{0,2} {-
h,h}},Gridlines—Automatic],{t,0,8,0.1}]
Plot[{u[0.3,t],u[1,t],u[1.5,t]},{t,0,12},GridLi
nes—Automatic]
Cdc két qua thu dwoc khi chay chirong trinh
Code 1
- Hinh anh dong: mé6 phong dao dong cua
day, cua nhi€u diém trén day(hinh 2), cta
ham riéng ux(x,t) (chon k = 3) vdi
. kmat kmx
sin——)sin—
L

kmrat
u, (x,t) =(a,cos——+Db
G0 = (@, L K 3

(hinh 1).

- Dang soi day tai cac thoi diém ta tiy chon:
t,=0;t,=0,5;t=1,5; t, =2 (hinh 3).

- o thi dao dong theo thai gian cua cac diém
tay chon: x = 0,3; x = 1; x = 1,5 (hinh 4).

Hinh 1. Trich mét s6 hinh danh dong quan sat d‘u’Uc vé dao dong ciia ham riéng uz(X,t)

—-0.05

0.05

-0.10 L

Hinh 2. Trich mét s6 hinh anh déng quan sat dwege vé dao déng ciia nhleu diém trén day
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Hinh 3. Hinh anh soi ddy lan lwot tai cac thoi diém: t; = 0;t,=0,5; t; = 1,5; t, = 2.
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Hinh 4. Do thi dao déng theo thoi gian ciia cdc diém x, = I(dwong sin cd bién do lon nhat);
x = 0,3(duwong sin cé bién dg nhé nhat); x = 1,5

os [

1o |

Két ludn vt Ii rit ra duoc doi véi dao dong
tw do ciia déy c6 hai miit gin chdt

Moi diém trén day (trr hai mat) déu dao
dong diéu hoa véi cing pha, cung tan sb
nhung bi€n d6 phu thudc vao hoanh d¢ x
ctia chiing. Cac diém nay cung mot luc dat
d6 1éch cuc dai va cung mot Iuc di qua vi tri
can bang. Dao dong cua cac ham riéng, day
c6 dang song dung.

M6 phéng dao dong tu do ctia mang c6
bién gin chit

Bai toan 2

O thoi diém ban dau t = 0, mot mang vudng
canh L c6 dang u(x,y,0) = Axy(L-x)(L-y),
(A = const). Mang dao dong khong c6 van
tdc ban dau. Hay nghién ciru dao dong tu do
ciia mang gin chat theo chu tuyén [5], [6],

[8].

Bang phwong phap toan hoc, ta thu duoc nghiém cta bai toan nhu sau [5], [6], [8]:

> nat

@)

. (2n+D)nx . (2m+1)nx
BAAL* & SIn .SIn
- L
u(xy.t) = 6 Z 3 3
F A ——— 2n+1)’2m+1)

Chuong trinh code 2 mo phong dao dong tw
do ciia mang c6 bién gan chait

Ta dung WM dé lap chuong trinh md phong
dao dong cua mang cho bdi (3), trong do ta
cho cac hing sb cac gia tri cu thé nhu sau:

64AL* 1

30
Clear[L,k,m,n,x,y,t,uumn,h1,h2,i,p,q,s,d1,d2]
L=1;h=1/30;p=2*n+1;q=2*m+1;k= (p? +q)"%
— 3% N3
S=pg
umnx_,y_,t_]=(h/s)*Sin[p*Pi*x/L]*
Sin[(g*Pi*y/L]* Cos[k*Pi*t/L];
u[x_y_,t ]=Sumfumn[x,y,t],{n,0,5},{m,0,5}];
h1=Table[Plot3D[u[x,y,t],{x,0,1}{y,0,1},PI
otRange—{-0.035,0.035}],{t,0,6,0.1}];

d1={ h1[[1]],h1[[3]],h1[[10]],h1[[12]]}

L=1;a=1; h=

cos(\/(2n +1)%+(2m +1)*.—

Animate[h1[i],{i,1,61,1}]
h2=Table[Plot[u[0.5,y,1].{y.0,1},
PlotRange—{-0.035,0.035}],{t,0,6,0.1}];
d2={ h2[[1]],h2[[3]].h2[[6]].h2[[8]]}
Animate[h2[i],{i,1,61,1}]
Animate[Plot3D[(h/3%)*Sin[3*Pi*x/L]*
Sin[3*Pi*y/L]*Cos[3* \2 *Pi*t/L],
{x,0,1},{y,0,1}, PlotRange—{-0.035,0.035}],
{t,0,6,0.1}]

Plot[{ u[0.2,0.5,{], u[0.3,0.5,{], u[0.5,0.5,}.{0.8}]

Cac két qud thu dwoc khi chay chuwong trinh
code 2

Hinh anh cua mang tai cac thoi diém t, =
0,t,=2, 3= 9,t,= 11(Hinh 5)

- Dang cta duong x = 0,5 tai c4c thoi diém
t]_:O,t2:2,t3:5,t4:7(H\|nh6).
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- Hinh anh dong: mé phong dao déng cua mang, cua duong x = 0,5, cua ham riéng uy; =
(h/3%)sin(3nx/L)sin(3ny/L)cos(3+/2 wt/L), (quan sét trén man hinh va hinh 7).
- P4 thi biéu dién dao dong cua cac diém (0,2;0,5), (0,3;0,5), (0,5;0,5) (Hinh 8).

3 7
1.0
N
B /0.5
05 f
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7

Hinh 6. Dang ciia duwong x = 0,5 trén mang tai cdc thoi diém t,=0,t,=2,t, =5, t,=

B

o. o=

.o
=

==

.

Hinh 8. D6 thi dao dgng theo thoi gian ciia cdc diém (0,2;0,5) (dwong sin c6 bién dg bé nhat), (0,5,0,5)
(dwong sin co bién do lon nhat), (0,3,0,5)(dwong con lai)

Két lugn vdt Ii rit ra dwoe doi Véi dao dong
tu do cua mang cé bién gdan chat

Moi diém trén mang (trir cac diém bién) déu
dao dong diéu hoa véi cing pha, ciing tan

) nhung bién d6 phu thudc vao toa do (x, y)
clia chung. Cac diém nay cing mot luc dat do
léch cuc dai va cung mdt lac di qua vi tri can
bang. Dao dong ctia mang c6 dang song dimg.
KET LUAN

Trong bai bao nay, dao dong ty do cia Soi
day c6 hai diu mat gin chat va dao dong tu
do ciia mang véi céc bién gin chat da duoc
chang téi md phong va phan tich y nghia vat
ly bang céach str dung phan mém WM. Ching
to6i da thyc hién mé phong thanh cbng hinh
anh dong cua hai bai toan trén. Két qua md
phong cho thay hinh anh dong kha séat voi
thuc té, giup nguoi hoc dé dang quan sat va
hiéu dugc cic ¥ nghia vat Iy cua bai toan.
Hon nira, thdng qua qué trinh phén tich hinh
anh dong, chung t6i da phat hién kha nang
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g dung duoc cua phan mém WM trong tién
trinh day hoc va nghién ctu.
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SUMMARY

APPLICATION OF WOLFRAM MATHEMATICA SOFTWARE

TO SIMULATE OSCILLATION AND FIND THE PHYSICAL MEANING
OF WAVE EQUATION SOLUTION

Nguyen Hong Linh", Nguyen Hai Yen
University of Education - TNU

The oscillation of the strands attached at both ends and of the bound membrane was simulated and
analyzed using the Wolfram Mathematica (WM) software. The results show that animations in
simulation performed through the WM program code can help the learner to easily observe and
understand the physical meaning of the problem. The simulation results also show the applicability
of WM in research and teaching.

Keywords: programming language, oscillation, wave, strings, membrane, graph, simulation.
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