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BAI TAP MON PHUONG PHAP SO TRONG HAI DUONG HQC
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Peé bai: Cho phuong trinh séng (V2 - )P =0

Gia bai toan tim mode dao dong song ( tim P trong pt P(t)
Véi ¢(z) : C(0)=1500 c= ham tuyén tinh theo d6 sau
C(1000)=1450

Vi mat do ro=1.02. Tinh K va cac mode dao dong twong urng vai 5 mode 1on
nhét.

Bai lam

Phuong trinh truyén séng c6 dang:

V2 1 o =0
2@ oz )P~

Giai phuong trinh trén ta di tim nghiém p voi p = p(r, z, t) la ham cua do sau
z, pham vi r, thoi gian t.

Str dung phuong phap phan tach bién ta dua ham p(r, z, t) vé dang p(r, z, t) =
p(r,z).s(t) vais(t)la ham phu caa thoi gian c6 dang:

s(t) = e7tt (V6i o= 2mf)
Khi d6 nghiém cua phuong trinh c6 dang:

—iwt

p(r,z,t) =p(r,z)e
Bién d6i phuong trinh song vé dang phuong trinh Helmholtz :

10/ op NG ( 1 dp w? —8(2 — 25)6(7)

ror ( c’)’r) P25, p(z) 0r> 2(z) 2wr

Str dung k§ thuat tach bién ta dua phuong trinh trén vé dang p(r, z) = P(2).Q(r)

chung ta cé:
[r 6r( a@f)] [p( )62 (p(lz) ZIZJ %‘ =0

Hai thanh phan trong ngoic vudng ang véi ham riéng cua r va z tuong tng. Vi
vay, cach duy nhat dé phuong trinh c6 thé thoa man 1a néu mdi thanh phan 1a
mot hang s6. Véi hang sé K? phuong trinh da cho c6 dang:

d /1 0P(2) w? " B
plz )dz<p(z) 0z )+ <C2—(Z)_k >P(Z) =0
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Vi dieu kién trong moi truong ta dang xét c6 mat do khong thay doi =
constant , van toc c(z) 1a ham tuyén tinh theo do sau va véi cac diéu kién bién:

Mt ho : P(0)=0 Pay cing: 2 = 0

Phuong trinh cho P c¢6 dang :

o0°Pz o
622 +(C2 _Klim)Pz =0

z

Dé tim nghiém cta phuong trinh ta chia s& chia ludi tir mat toi day thanh N
diém, &p dung cdng thire sai phan dé dua phuong trinh d3 cho vé dang (A-
K21)P=0:

Céac diéu kién bién;

0 7=0

= Mat ho - P(o):0
o oP

7z b ng:. —=0
ay cung pn

Zo Z=D

Phuong trinh sai phan cho cac diém khong bién:

Str dung phuong phap sai phan bac 2 voi budc sai phan bang h c6

(i B
aZPZ at =7 at =14
ot | h
2P P,—2P,+P, 2P, +P,
o’ | h? - n
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. P,+P,-2P
Hay PI — i+l hl;l i
Thay vao phuong trinh

0°P

a2 Tl KIP=0

Ta c0 tai diém z =2,

Ta co két qua

2
ZZZZ:I:)J.+(_2+h2(;)_2)P2+P3+O+O+ ................... +0-kZh*P, =0

2
(&)

2=25,:04+0+. ... +P,_, +(-2+h? ?)PD_l +P, —k2_h?P, , =0

+) Xét tai diém bién trén Z=Z, tai sat mat bién véi P tai Z;=0
o

o°P? otl,_,

017° h

_oP
ot

7=1,

o*P?| P —2P +P, 2P +P,

o |, mM T n
_ 2
Zzzl. P2 h22a+((;)7_k12)a=0
2
0+ (2 2)P1+h—12P2—|<fpl=o

c® h®

2
(-2+h2 2 )R +P, —k?h?R, =0
C
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+) Xét tai diém bién dudi Z= Zp

oP

= =0
OZ |,y
o _oP
op| ozl Ozl 0-P,+P,, -P +P,,
oz |, h 2h? 2h?
P, +P,, @
=1, :—D2hz D-2 +(C—2—k,§)PD =0
1 0% 1
WPD—Z +(?_W)PD _kéPD =0

2
P, +(=1+2h’ %)PD —2k2h?P, =0

Ta c6 két qua

2
2=2,: (=240 2 )P+ P, + 04040+ +0-k’h?R, =0
C
2
z:zz:Pl+(—2+h2(§—2)P2+P3+O+0+ ................... +0-kZh’P, =0
Q)Z
2=25,:040+. ... +P,, +(—2+hzc—2)PD71+ P, -k h°P,, =0
2
2=2,:0+0+0+ .o +PD72+O+(—1+2hZCCO—2)PD—2k,§h2PD=0

Viét duéi dang ma tran:

(A-K?1P =0
2
<—2+h2°’—2) 1 0 oo 0
C
2
A 1 <_2+h2°c°—2> 0
2
0 0 0 ... 1 (2+h*2)
0 0 0 ... 1
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K{h? P,
KZh? - P,
_K5—1h2 Py
K5h? Pp

Nghiém la N véc to v twong (ng vai gia tri riéng K.
Ap dung giai bai toan véi cac diéu kién:
M3t bién phang, sau 100m.

Van téc truyén am 1a ham tuyén tinh theo d6 sau véi gia tri van tc tai bé mat Ia
c(0)= 1500 m/s, tai day la c¢(D)=1450 m/s.

Mat d6 p = 1.02.

Tan sb f= 5000(Hz).

Day cung.

Ta s& di tinh truong séng caa ngudn phat ¢ do sau 70m.
Céch giai:

Ta chia d6 sau thanh 1000 diém nut khoang cach cac diém nat 1a 0.1 m.

Chuong trinh giai trén matlab:

function ffsong/()

close all;

dh=.1;% dh= buoc chia

ro=1.02;% ro = mat do

f=5500;% £ =tan so

D=100;% D= do sau

%5c=1500;1la toc truyen song tai day

N=ceil (D/dh) ;% so nut

clft;

c=linspace (1500,1450,N)% ham van toc tuyen tinh
theo do sau

z=dh:dh:D;% do sau, xet trong he toa do de cac

% gial vol dieu kien bien tren 1
A=make model (dh,c,f,N); % tinh ma tran A
[V,K]=SolveEigsA(A); % tinh tri rieng
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% ve hinh
figure (1) ;
subplot(1,4,1);
plot (V(:,1:5),2z);
xlabel ('v'");
ylabel ('do sau');
subplot(1l,4,2);
dua vec to V ve gia tri duong

o\°

for m=1:5
V(:,m)=V(:,m).*(V(:,m)./(abs(V(:,m))))
end;

plot (V(:,1),z,"'r");

xlabel ('V mode 1");

ylabel ('do sau');

hold on;

[K(:)]

% tinh truong song

mode =5;% tinh 5 mode lon nhat cua truong song
r = 100:1:1000;

r=r*le3;

zSource = ceil (D/dh/(5/3));

Pzr=Pressure (K(l:mode),V(:,1l:mode), r, zSource) ;
[zz rr]=meshgrid(z,r);

figure (2);

surface(rr,zz,abs (Pzxr'));

shading interp

colorbar;

function A = make model (adh,c, f,N)
g=ones (1,N-1);
omega=2*pi () *f;
d=-2+adh.”2.*omega”2./c.”2.*ones (1,N) ;
A=diag(d) + diag(g,1) + diag(g,-1);
% diem o day
A (end,end-1)=0
A (end,end-2)=0

function [V,K]=SolveEigA (A)
[V,K]=eig(A);
K=diag (K) ;

[K, index]=sort (K);
index=flipud (index) ;
K=flipud (K) ;
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K=sqgrt (K) ;
V=fliplr (V) ;

function [V,K]=SolveEigsA (A)
[V,K]=eigs (sparse (A), 50, "Im") ;
K=diag (K) ;

K=sqgrt (K) ;

Q

o

function Pzr=Pressure (K,V,r,zSource);
Pzk = V*diag(V(zSource, :));
Pkr = K(:)*reshape(r,1,length(r));
Pkr = exp (i*Pkr)./sqgrt (Pkr);
Pzr = Pzk*Pkr *i*exp (i*pi()/4)/sqgrt(8*pi);

Tir d6 ta thu duoc két qua:  Véc to riéng tng véi 5 mode ta chon va vec to riéng
ung vai mode 1

100 T 100 //_\’/__‘,
90 - 90 - 4
80 - . 80 - .
70 - 70+ i
60 - . 60 - .
g 50 + . % 50 - .
o -
40 + - 40k |
30+ . 30+ .
20 - 20 F 4
10+ . 10+ .
%j 0 0.5 UU UE 0.4

v \V mode 1
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Va céc tri riéng cia ma tran ~ Phan b niang luong:
A

5tririéng | 5tririéng
K max K min

WAW\WWI'RWM\W\mv"lm‘mwnu‘ AN VANV

2.3807 2.3432

2.3787 2.3426

23771 2.3420

2.3757 2.3415

2.3744 2.3409




