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pé bai: Cho phuong trinh song

T il P=
c2(z)ot2)

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

V61 mat do rp=1.02. Tinh K va cac mode dao dong tuong ing véi 5 mode 16n nht.
Bai lam:

Phuong trinh truyén song c6 dang:

T " Vo= 0
c2(z) ot? p=

Gidi phuong trinh trén ta di tim nghiém p véi p = p(r, z,t) 1a ham cua do sau z, pham vi
1, thoi gian t.

St dung phuong phap phan tach bién ta dwa ham p(r,zt) vé dang p(r,zt) =
p(r, z).s(t)véi s(t)la ham phu cua thoi gian ¢ dang:
s(t) = e7tt (véi o= 2mf)
Khi d6é nghiém cta phuong trinh c6 dang:
p(r,z,t) = p(r,z)e" @t

Bién d6i phuong trinh séng vé dang phuong trinhHelmholtz :

10/ dp 1 ap w? —6(2 —25)6(1)

r 6r< 6r) TPy, ( (2) 67”) c? (z) 2wr
Str dung k¥ thuat tach bién ta dwa phuong trinh trén vé dang p(r,z) = P(z).Q(r) chiing

ta co:
[11” 667"< ZQ)] [p( )3z 0z (p(lz) (Z}Z) czw_(z)l =0




Hai thanh phantrong ngodcvudnging véi ham riéng ctarvaztuong Gng. Vi vy, cach duy
nhit dé phuong trinh c6 thé thoa manlanéumdi thanh phanlamot hang sd. V6i hiang sdK?
phuong trinh da cho c6 dang:

d /1 0P(2) w? , B
MZ)E(p(Z) 0z ) * <c2(z) —k )P(Z) =0

Véi diéu kién trong moi truong ta dang xét co6 mat do khong thay ddi = constant, van
toc c(z) la ham tuyén tinh theo do sau va voi céac diéu kién bién:

Mit h : P(0)=0

Day cung: Z—i =0

__ap
z=H* 0z

DY A Cn oP
bicu kién lién tuc: —
0z z=H~

Phuong trinh cho P c6 dang :
0°Pz o’ )
022 +(C2 _KH,m)Pz=0

z

Pé tim nghiém cua phuong trinh ta chia s& chia ludi tir mat toi day thanh N diém, 4p
dung cong thirc sai phan dé dua phuong trinh di cho vé dang (A-K*T)P=0:

X¢ét tai cac diém khong nam trén bién: Z= 2y 75 Zp.,

P -2P+ P o’

zZ=2z,: e (Cz—kj)Pzzo
1 o’ 2 1
s b (c_z_h_z)Pz o b ~k;P, =0

2
P+ (=2+h> 2P, + P, — k2h*P, = 0
C

Ta c6 két qua tuong tu tai cac diém 7=7,.7,

Xét diém Z, tai bién trén mit: P(Z¢)=0
oP|  oP

el Ta

z=Z

0*P?
0z?

z=Z)




a2p2 ])Zo _2P21 +])Zz _2P21 +F)Zz

02> - h? h?

z=zZ

P,-2P o’

z=2z: P +(Cz_k12)P1=O
o’ 2 1
O+(C—2—h—2)Pl+h—2P2—k12P1 =0

2
(-2 + h> (;)—Z)Pl + P, —k’h’P =0

Xét diém tai bién day Z=Zp,

o,
aZ Z:ZD
op| _op

621) — aZ z=z aZ z=zp—1 — PD—l _PD
oz* . h h?

—P. +P :
Z:ZD:%+((§—2—IQZ))PD=O
1 o 1 5
FPD—I_i_(C_z_h_z)PD_kDPD:O

2

P +(-1+7 (;)—Z)PD —k2K’P, =0

Ta c6 két qua

2
z:zlz(—2+hzcc°—2)Pl+PZ+0+0+0+ ..................... +0—k!n’B =0
2
z:zzzP1+(—2+h2(:—2)P2+P3+0+O+ ................... +0— k2P, =0
(02
z=2, 040+ ... +P, +(—2+hzc—2)PD71 +P,—k; WP, , =0

2
2=2,:0+0+0+ e +PD_1+0+(—1+h2(j—2)PD—k§h2PD:O
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K= e 21):
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K3 h? Pp

Nghiém 1a N véc to v tuong ung voi gia tri rieng K.
Ap dung gii bai toan véi cac diéu kién:

Mit bién phang, sau 100m.

Van tbc truyén am la ham tuyén tinh theo do sau voi gia tri van tdc tai bé mat 1a c(0)=
1500 m/s, tai day la ¢(D)=1450 m/s.

Mat do p = 1.02.

Tan sb f= 5500(Hz).

bay cung.

Ta sé& di tinh truong séng cua ngudn phat & do sau 70m.

Cach giai:
Ta chia d6 sau thanh 1000 diém nat khoang cach cac diém nat 12 0.1 m.



Bai giai tréen MATLAB :
functionftsong()
close all;
dh=.1;
p=1.02;
£=5500;
D=100;
c=1500;
N=ceil(D/dh); % N la so nut luoi
c=linspace(1500,1450,N); % tao mot vector co gia tri ngaunhien dc gh
clf;
z=dh:dh:D;
% dieukienbientren
figure(1);
A=make model(dh,c,f,N);
[V.K]=SolveEigsA(A);

% phanve

subplot(1,4,1); % taocactructrong mot phancuacua so do hoa so hang va so cot
duoc chia sau do chon vung de ve

plot(V(:,1:5),2); % (hinhthu 1)ve do thituyentinhtrongkhonggian 2 chieu, vegia tri
X theogia tri y

subplot(1,4,4);

plot(V(:,1)*V(10,1)/abs(V(10,1)),z,' r ');

holdon;

%view(0,-90);
A=make_model 1(dh,c,f,N);
[V,K1]=SolveEigsA(A);

% phanve
subplot(1,4,2);
plot(V(:,1:5),2);
subplot(1,4,4);
plot(V(:,1)*V(10,1)/abs(V(10,1)),z,m-*');
holdon;



%view(0,-90);
A=make model 2(dh,c,f,N);
[V,K2]=SolveEigsA(A);
subplot(1,4,3);
plot(V(:,1:5),2);
subplot(1,4,4);
plot(V(:,1)*V(10,1)/abs(V(10,1)),z,'g");
holdon;
[K(G) K1) K2(:)]
% tinhtruong song
mode =5;
r=100:1:1000;
r=r*le3;
% P= P tainguon
zSource = ceil(D/dh/(10/6));
Pzr=Pressure(K(1:mode),V(:,1:mode),r,zZSource);
[zzrr[=meshgrid(z,r);
figure(2);
surface(rr,zz,abs(Pzr"));
shadinginterp;
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);
function A = make model 1 (dh,c,f,N)
g=ones(1,N-1);
omega=2*pi()*f;
d=-2+dh."2.*omega”2./c."2.*ones(1,N);
A=diag(d) + diag(g,1) + diag(g,-1);
A(1,2)=0;
function A = make model 2 (dh,c,f,N)



g=ones(1,N-1);
omega=2*pi()*f;
=-2+dh.*2.*omega"2./c.”2.*ones(1,N);
A=diag(d) + diag(g,1) + diag(g,-1);
A(1,2)=0.5;
function [V,K]=SolveEigA(A)
[V.K]=eig(A)
K=diag(K);
[K, index]=sort(K);
index=flipud(index); % dao hang tutrenxuongduoi
K=flipud(K);
K=sqrt(K);
% V=tliplr(V);
function [V,K]=SolveEigsA(A)
[V,K]=eigs(sparse(A),50,'1m")
K=diag(K);
K=sqrt(K);

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



K K1 K2
1 2.3807 2.3807 2.3807
2 2.3788 2.3772 2.3788
3 2.3772 2.3788 2.3772
4 2.3757 2.3757 2.3757
5 2.3744 2.3744 2.3744
6 2.3732 2.3732 2.3732
7 2.3721 2.3721 2.3710
8 2.3710 2.3710 2.3721
9 2.3700 2.3700 2.3700
10 2.3690 2.3690 2.3690
11 2.3680 2.3680 2.3680
12 2.3671 2.3662 2.3671
13 2.3662 2.3671 2.3662
14 2.3653 2.3653 2.3653
15 2.3644 2.3644 2.3644
16 2.3636 2.3636 2.3636
17 2.3628 2.3628 2.3628
18 2.3620 2.3612 2.3620
19 2.3612 2.3620 2.3612
20 2.3604 2.3604 2.3604
21 2.3596 2.3596 2.3589




22 2.3589 2.3589 2.3596
23 2.3581 2.3581 2.3581
24 2.3574 2.3574 2.3574
25 2.3567 2.3567 2.3567
26 2.3560 2.3560 2.3560
27 2.3553 2.3553 2.3553
28 2.3546 2.3546 2.3546
29 2.3539 2.3539 2.3539
30 2.3532 2.3532 2.3532
31 2.3525 2.3525 2.3525
32 2.3519 2.3519 2.3519
33 2.3512 2.3512 2.3512
34 2.3506 2.3506 2.3506
35 2.3499 2.3499 2.3499
36 2.3493 2.3493 2.3493
37 2.3487 2.3487 2.3487
38 2.3481 2.3481 2.3481
39 2.3474 2.3474 2.3474
40 2.3468 2.3468 2.3468
41 2.3462 2.3462 2.3462
42 2.3456 2.3456 2.3456
43 2.3450 2.3450 2.3450




44 2.3444 2.3444 2.3444
45 2.3439 2.3439 2.3439
46 2.3433 2.3433 2.3433
47 2.3427 2.3427 2.3427
48 2.3421 2.3421 2.3421
49 2.3416 2.3416 2.3416
50 2.3410 2.3410 2.3410






