Wavenumber integration for multilayer ocean

environments
Jiang Zhu, Hangting Cao

I. SUMMARY

Assume a horizontally stratified environment shown in Fig. 1.The source lies in (7, z5) = (0,35), the
receiver lies in (7, 2,) = (0,25). There are Ny,yer = 30 layers. From Fig. 1, one can see that there are
Nayer — 1 = 29 interfaces. For the first interface (the layer between one and two), its position is z = 0.
Let z; denote the position (depth) of the bottom of the ith layer. In the problem, we set z; = (i — 1)d,,
t=1,--+, Niayer — 1, where d, = 5. For the top Nj,yer — 1 layers, we set the sound speed ¢; = 1500m/s,
the density p; = 1g/cm3, i = 1,-++, Nlayer — 1. For the last layer, we set 2y, .. = Nayerd.. And

CNpyer = 1800m/s, p,,,.. = 1.8g/cm?. The source strength and the pressure are

4
S, = —p—;, (1)
p(r) = pwt(w,r), 2)

where ¢ (w, r) is the displacement potential.
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Fig. 1: Horizontally stratified environment
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We define v, (ky, zm)

w(ky, z
Vi (kry 2m) = ( ) , the bottom of the m th layer or the top of the m + 1 th layer
Uzz(kra Z)

3)
which contains the displacements and stresses at interface m. Similarly, define the degree-of-freedom
vector a,,(k,) for layer number m as composed of the complex amplitudes of the downgoing and

upgoing solutions

A (kr)
am(kr) = ) 4)
A (k)
define the local coefficient matrix ¢, (k;, 2)
(. 2) —ik e k=2 ik, etk=2 5)
Cm\Fr,2) = . . :
_pmw2e_1kzz _meQelkzz
We know that
Vm(krazm) = Cm(krazm)am(kr)a Vm(krvzm—l) = Cm(kmzm—l)am(kr)- (6)
The above relationship reveals that
Vm(kra Zm—l) = Pm(kr)vm(kr, Zm) = Cm(kra Zm—l) [Cm(kra Zm)}ilvm(kra Zm)- (7)

Using the continuity of the field parameters at the interfaces, we can establish a matrix relation between

the field parameters at some interface m and the parameters at a lower interface n (n < m)

m

Vn(kra Zn) = Pn—f—l(kr)vn—i-l(k'rv Zn-i—l) = H Pi(kr)vm(kry Zm)- ()
i=n-+1
Since
pNw?
UZZ(kT7 zN—l) - w(kTu ZN—l); (9)
1kz7N
we rewrite vy_1(k,, zy—1) as
w(ky, z2nN-1) 1
vn_1(kr,2n_1) = = 2 w(kr, 2n-1), (10)
Uzz(kryzN—l) _?]ZYN
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Set w(ky,zy—1) = 1 (we will solve w(k,, zy—_1) later), and calculate v, (k,, z,) and vgs(k,, z5) at the
receiver and source interface.

Calculate the uppermost surface vy(k,, z1) as

1 (kr,y 21) HP HP VN (ks 2y 1) + ¥ (kr, 25)]

1=s+1
~ wke 2n1) + = , (1)
UZZ(kTa Zl) &ZZ(kTa 21) 0
where
S, |
V(krz)=| 7 |. (12)
0
We obtain
AZZ k?"?
wller, ox_y) = — 22zt 21) (13)

Oz2 (kr7 Zl)

via (11). Knowing v(k;, z), using the Hankel transform for each component of v(k,, z)

f(r,2) = /0 " Flns 2) o (1) e, (14)

we obtain v(r, z).
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